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Abstract

Cefuroxime and cefazolin are used intravenously pre—caesarean section (CS) to
prophylactically prevent or decrease post—surgical infections. Cefazolin
pharmacokinetics (PK) has been evaluated in obese—pregnant women; while
cefuroxime posology, appropriateness of doses, has not been assessed in this
population. The aim of the current project was to investigate the appropriateness of
cefuroxime dose given to obese—pregnant women at time of CS. Available cefazolin
PK data in an obese-pregnant population was utilised to guide investigation of
cefuroxime PK in an obese—pregnant population. This project comprised of four work
packages: (1) Systematic review to identify information regarding cefazolin PK and rate
of infection when cefazolin was given pre-CS in obese—pregnant women, and a
systematic review to identify information on cefuroxime PK and rate of infection when
cefuroxime is administrated to lean— or obese—pregnant at CS; (2) A research study
was developed to clinically measure cefuroxime concentrations in plasma and adipose
tissue in lean— and obese—pregnant (this study was approved by ethical authorities,
and currently is suspended due to COVID-19 pandemic); (3) A partial validation of an
analytical method to measure cefuroxime concentrations in plasma and adipose tissue
samples using High Performance Liquid Chromatography; and (4) A physiologically
based pharmacokinetic (PBPK) obese—pregnant model was utilised to predict

cefazolin and cefuroxime disposition in such population.

At around 1-1.5 hours post cefuroxime 1500 mg dose, reported clinical cefuroxime
plasma concentrations ranged within 8.7-57 mg/L in lean—pregnant women (4 articles,
n=108 women); while a dose of 750 mg attained a mean plasma concentration of 14.9

mg/L at around 1 hour. There is no publicly available information of cefuroxime adipose



tissue concentration in a lean—pregnant population. To the best of our knowledge,
there is no clinical information regarding cefuroxime plasma or adipose concentrations
in obese—pregnant women. Information from both cefuroxime PK systematic review in
lean—pregnant and PBPK modelling proposed the following: (1) A dose of 1500 mg
cefuroxime appears therapeutically more appropriate than 750 mg dose for obese—
pregnant women undergoing CS, if a minimum inhibitory concentration of 8 mg/L is
required for up to 2 hours post dose; and (2) giving cefuroxime 15-30 minutes before
skin incision is superior to current guidelines (15-60 minutes before skin incision). A
clinical study is required to measure cefuroxime concentrations in plasma and site of
incision to assess the appropriateness of cefuroxime dose in obese-pregnant

population and to use these data to optimise the obese—pregnant PBPK model.
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Chapter 1: Introduction, Rationale and Aims



1.1 Background

Ethical considerations restrict clinical studies in pregnancy, which ultimately limits
knowledge of drugs’ pharmacokinetics (PK) and pharmacodynamics (PD) in pregnant
women. A review revealed that studies evaluating the use of drugs in pregnancy are
either focused on infectious diseases (one-third of studies), or on antepartum
indications (one-third of studies), or on acute labour and delivery issues (1).
Consideration of adequate PK parameters is critical for prescribing drugs in pregnant
women (posology), i.e.: dosage form, dose, dose frequency and route of administration
(2). Clinical guidelines for pregnant women are established using basic PK principles,
observational studies or predictions (2). Insufficient knowledge of PK and PD in
pregnant women increases the risk of sub- or supra-therapeutic dosing, resulting in
either inadequate control of the condition or a harmful effect of the drug to the mother
and foetus (3).

Other conditions during pregnancy may affect PK and PD of drugs. Within obstetric
practice, obesity is a frequently occurring risk factor; across United Kingdom (UK),
around 16-21% of the antenatal population are obese (4, 5). Obesity during pregnancy
can lead to the need for operational delivery, i.e. Caesarean section (CS) (5).

The rate of CS among an obese—pregnant population of Body Mass Index (BMI) =30
Kg/m2 is significantly higher compared to normal-body weight (6). The rate of post-CS
infection is higher among obese—pregnant women compared to those who are not
obese; obesity is considered as major risk factor for infection in CS (7). There are
various measures to decrease and/or prevent post-CS infections. A single intravenous
(IV) dose of antibiotic is recommended pre-CS to decrease and/or prevent post-CS

infections; several studies have investigated the efficacy of different prophylactic



antibiotics in CS (8). Cefazolin is used widely in the United States (US); while in the
UK, cefuroxime is the most commonly used antibiotic in CS (9, 10). Several studies
have investigated cefazolin plasma and adipose tissue (site of incision) concentrations
and rate of post-CS infection in obese—pregnant women to gain an understanding of
optimal dosing (10-16). However, to the best of our knowledge, no clinical study to date

has evaluated the PK and PD of cefuroxime in obese—pregnant women who have had

CS.

Limited information of drugs’ PK and PD in obese—pregnant women, alongside the
rising requirement for the systematic rationalisation of the use of drugs and/or their
doses, call for an urgent attention to the need for predicting the clinical PK outcomes
for these women. Data for PK and PD for such an ethically controlled population can
be predicted using physiologically based pharmacokinetic (PBPK) principles. There
are different simulator programmes that enable prediction of PK data for a specific
population; Simcyp®, for example, is a sophisticated PBPK programme, capable of

predicting pharmacokinetics in a range of populations.

The introduction chapter consist and discuss several domains. This chapter:

e Discusses the PK of drugs considering the physiological and hormonal changes
during pregnancy;
¢ Reviews some PK parameters of certain drugs used in pregnancy;

e Discusses obesity and its complications in pregnancy, focusing on post-CS

infection.

e Reviews PK of cefazolin and cefuroxime;

e Explains the use of PBPK approach and PBPK models within Simcyp®;



e Demonstrates hypothesis, aims and objectives of this project.

1.1.1 Pharmacokinetics of drugs during pregnhancy and labour in the scope of

physiological and hormonal changes

1.1.1.1 Elements influencing drug pharmacokinetics in pregnancy

Pharmacokinetics of drugs, i.e. absorption, distribution, metabolism and elimination,
determines adrug’s plasmal/tissue concentration, which is the core indicator of a drug’s
desired effect or, occasionally, their side effects (2). Different factors are known to
affect a drug’'s pharmacokinetics during pregnancy. These factors are commonly
physiological or hormonal, causing changes at the beginning of the first trimester and
developing in a linear fashion until the end of the third trimester (2, 3). A major change
in the distribution of drugs is the addition of a foetal compartment as shown in Figure

1.1.
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Figure 1.1: General disposition of an intravenous drugs during pregnancy illustrated as

compartmental physiologically based pharmacokinetic model

1.1.1.2 Impact of pregnancy on absorption of orally administered drugs

Physiological changes in pregnancy slows down small intestine transit and gastric
emptying by approximately 30-50%, this is largely mediated by increased
physiological progesterone (2, 17). These changes may reduce the maximum
concentration (Cmax) of an orally administered drug and increase the time of maximum
concentration (tmax), mainly in the third trimester (2, 3). In addition, due to increased
mucus production and decreased secretion of hydrogen ion (H)*, the gastric pH level
will rise, resulting in an increase of weak acid ionization, this would affect the solubility
and dissolution of weak acid in higher pH (2). The increased weak acid ionization is
likely to cause a reduction in weak acids absorption compared to weak bases (2). The

changes of Cmax and tmax may be of lesser importance in repeated dosing of drugs.



However, their alteration becomes critical when they are taken as a single dose or in
anticipation of a rapid onset of action, reducing the effectiveness of orally administered
drugs (2). Many drugs are taken orally for their analgesic and antiemetic effects during
pregnancy, especially when a rapid decrease in pain or nausea and vomiting is desired
(2, 3). However, this, may affecta drug’s absorption and concentration, leading to the
recommendation of administering single-dosed drugs in the evening when the

likelihood of vomiting is low (3).

1.1.1.3 Distribution

The total body weight increases during pregnancy. This is mainly due to a
corresponding expansion in the intravascular and extravascular volume of water, the
water contents in body increases up to 8 Litres (2). For hydrophilic (unbound) drugs,
this produces a larger volume of distribution, while a rising body fat may increase the
volume of distribution (Vd) of lipophilic drugs (18). The change in Vd mainly affects the
drug’s Cmaxand elimination half-life (t1/2), Equation (1.1) and (1.2). Because an increase
in the Vd of a drug may decrease its desired concentration and elongate the ti2, a

higher dose may initially be required to achieve therapeutic drug plasma concentration

(18, 19).
D (1.1)
0 —_— —
Cp= Vs
= 2093 xVq (1.2)
12 = CL

Where Cg is Plasma concentration at zero time (mg/L), D is Dose (mg), Vd is Volume of
distribution (L), tv2 is half-life (h) and CL is Clearance (L/h).



Foetal compartments cause blood perfusion to the uterus to increase, resulting in a
corresponding rise in the apparent Vd. At term, the blood flow to uterus increases from
50 to 500 ml/min, suggesting a 10-fold increase (19). Certain drugs that are not bound
to plasma proteins, are non-ionised and have a small particle size (< 500 Daltons) may

cross the placenta to the foetal compartment (18).

Another gestation-specific alteration that affects Vd during pregnancy is the decrease
in plasma concentration of proteins and/or binding affinity, which ultimately affectsthe
drug-protein binding and free drug concentration in plasma (18-20). This will have a
clinical effect, particularly in the case of drugs with high protein binding (18-20). A
reduction in albumin concentration from 4.2 g/dL in non—pregnant women to 3.6 g/dL
in the second trimester during pregnancy may indirectly attenuate the clinical effect of
many drugs by impacting on their Vd (20). A recent systematic analysis of
pharmacokinetics—induced changes in pregnant women, compared to non—pregnant
women, revealed a significantly consistent increase in Vd in 19 drugs in 67 different
studies (21). This illustrates the great impact of gestation-related alteration of a drug’s

Vd and its potential for an altered clinical effect.

1.1.1.4 Metabolism

Drugs are metabolised through phase | and phase Il reactions, where oxidative
metabolic enzymes have a role in drug metabolism, commonly known as cytochrome
P450 (CYP 450). Table 1.1 summarises the pregnancy-induced changes of the most
fundamental metabolising enzymes in the liver. As shown, the enzymes’ activities can
increase or decrease in pregnancy, which may ultimately increase or decrease the

drug plasmaltissue concentration, affecting its efficacy and safety (19).



Table 1.1: Summary of Cytochrome P450 pregnancy-related changes

Enzyme Pregnancyrelated Examples of Potential CYP substrate References
change used in pregnancy
CYP3A4 Increased Citalopram, Darunavir (22)
CYP2D6 Increased Alprenolol, codeine (23)
CYP2C9 Increased Phenytoin (24)
CYP2C19 | Decreased Proguanil (25)
CYP1A2 Decreased Paracetamol, propranolol (26)
UGT1A4 Increased Lamotrigine (20)
UGT1A1P | Increased Acetaminophen (27)
NAT2 Decreased Caffeine (28)

Adopted from (19), with permission from Elsevier

1.1.1.5 Elimination

During pregnancy, the effective renal plasma flow increases by 50-85%, resulting in
an increase of 40-65% of glomerular filtration rate (29). This has a great impact on
medicines cleared by the kidneys. Increased elimination rate of certain antibiotics
(ampicillin, cefuroxime and cefazolin) and cardiovascular drugs (atenolol and digoxin)
have been reported (30, 31). This can be explained by an increase in the activity of
some renal transporters, resulting in increasing renal secretions (18, 32).
Nevertheless, the overall results is not certainly reduction in observed plasma

concentration; as other gestational changes may counteract clearance changes (30).

1.1.1.6 Foeto-placental compartment

Pregnancy is unique as it has the foeto-placental compartment, where drugs may
distribute. It comprises the placenta, foetal and amniotic fluid. Discussions pertinent to
this area are extensive, and range from drug metabolism by placenta or foetal tissue

to drug accumulation within this compartment. In general, the compartment’s role in



transporting drugs is not passive, as previously discussed (1.1.1.3 Distribution).
However, It is generally acknowledged that all drugs consumed by the mother during

pregnancy will be exposed to the foetal compartment (18).

A recent systematic review has identified a gap in knowledge about PK in pregnancy
and its corresponding clinical effects on the mother and foetus (21). There is
uncertainty about whether alterations in the PK of drugs affect drug efficacy or lead to
a side effect. Itis far from accurate clinical practice to predict or extrapolate an outcome
from a certain population to the pregnant population, without considering the impact of
physiological changes. Certain conditions in pregnancy may affect the physiology of
pregnant women, lessening the possibility of predictions or extrapolations. Certain
serious medical conditions can have a great impact on the status of pregnancy and
that of PK and PD of drugs. Certain common conditions, such as obesity, have
received comparatively limited attention from medical experts, leading to an
underestimate of their impact on drugs’ PK and PD. The next section focuses on

obesity and its complications during pregnancy.

1.1.2 Obesity in preghancy

Obesity in pregnancy is defined as having a BMI at the first antenatal appointment of
30 kg/m?2 or more (33). Table 1.2 presents classes of normal and abnormal body state,
as measured by BMI according to the World Health Organisation (WHO) (34). In UK,
one in 5 pregnant women are obese (BMI: 30-34.99 Kg/mZ2) and one in every 15 cases
of pregnancy is classified as class Il (BMI: 35.00-39.99 Kg/m?2) or class lll (BMI: 240

Kg/m?2) obesity (35, 36). An epidemiological study that evaluated the risk factors for



maternal death between 2003 and 2005 reported obesity as a risk factor, as 28% of

pregnant women who died in this study were obese (36, 37).

Table 1.2: Classification of body state according to Body mass Index

Class Body Mass Index (Kg/m?)
Underweight <18.50

Normal range 18.50 - 24.99
Overweight 225.00

Pre-obese 25.00-29.99
Obeseclass | 30.00-34.99

Obese class Il 35.00-39.99

Obese class Il 240.00

1.1.2.1 Physiological alteration in obese pregnant and non—-pregnant subjects

and its impact on pharmacokinetics and pharmacodynamics of drugs

Obesity in adults results in numerous physiological changes, which can affect drug
disposition. It was thought that obesity did not affect the absorption of drugs. However,
recent studies suggest that the contrary is the case (38). The most influential impact
of obesity on drug disposition involves a change in Va (38). This is a result of an
increase in both body fat and lean body weight, where the body subsequently
increases blood volume, cardiac output and capillary flow to supply the excess body
mass with nutrients and oxygen (38-40). Despite this hemodynamic expansion,
reduced tissue perfusion in the obese has been reported, which may affect drugs’ Vd
(38, 41, 42). Obese and lean subjects reported to have comparable serum albumin
and total protein concentrations (43). However, an increased level of alpha-1-acid
glycoprotein have been reported in obese populations, suggestion possible reduction

in free fraction of basic drugs (43). Variations of Vd in the obese are considerable, with
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their direction and magnitude difficult to predict. The most common practice to predict
change of Vd is by extrapolating it from the total body weight (38). The change in
clearance in the obese seems of lesser significance compared to Vd (38). Results from
studies investigating the effect of obesity on CYP enzymes expression and function
were inconclusive (44). Alterations of CYP2E1 and CYP3A activities have been

reported to be increased and decreased, respectively (44).

The exact physiological alteration in the obese—pregnant women has not been fully
studied. A report on zidovudine concentration, a water-soluble drug, showed that two
obese pregnant patients had a lower maternal zidovudine plasma level than the

average population (45).

1.1.2.2 Risk factors associated with obesity in pregnancy

Being obese in pregnancy is a risk factor for antenatal, intrapartum and postpartum
complications. Table 1.3 lists some of these complications for both the mother and
foetus (46). Obese pregnant women have an increased risk of CS, compared to non-
obese pregnant women. The next sections will discuss CS prevalence, complications

and measures taken to reduce post-CS infections.
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Table 1.3: Summary of several complications associated with obesity in pregnancy

Condition BMI18 - 24.9 BMI 240 Adjusted 95% CI Reference
Prevalence Prevalence Prevalence Prevalence OR(p
(%) (n/N)or (n) (%) (n/N) or (n) value for
trends)

Miscarriage (20 weeks gestation) 7.8 257/3302 14.3 51/359 2.49 1.45-4.26 (47)
Intrauterine foetal death (>22 weeks | 0.253 589/233160 0.5592 82/14669" 1.86 1.39-2.47 (48)
gestation)

Gestational diabetes 0.937 2185/233160 9.292a 1363/146692 11.01 0.25- (48)
Gestational hypertension disease 5.042 3351/66463 17.262 536/3105 FE55D ;1223386 (49)
Preeclampsia 3.095 7217/233160 10.6412 1561/146692 El<.24001) 4.17-4.72 (48)
Eclampsia 0.037 131/353212 0.070 22/31392 2.3 1.4-3.7 (50)
Birth weight >4500 g 2.4 5697/233160 6.42 940/146692 2.74 2.55-2.95 (48)
Preterm birth (22-27 weeks gestation) | 0.17 1703/101451% 0.52 56/10855 2.91 2.21-3.81 (51)
Severe congenital malformations 3.40 25713 470 529 1.37 1.26-1.49 (52)
Malformation of the nervous system 0.09 695 0.18 20 1.88 1.20-2.94 (52)
Congenital heartdefect 1.56 11807 2.26 257 1.44 1.27-1.63 (52)
Neonate sepsis 2.06 1367/66463 3.83 119/3105 1.55P 1.28-1.87 (49)
Neonate ICU 8.85 5880/66463 14.46 449/3105 (1<:(’>)8(‘)’0‘I ) 1.26-1.51 (49)
Caesarean section 224 14872/6646: 46.9 1457/3105 ;213:; 1.93-2.10 (49)

<0.

Table adapted from (46), with permission from Deutscher Aerzte-Verlag Gmbh.
BMI body mass index, Cl confidence interval, ICU, intensive care unit, n number of cases per subgroup; N size of the subgroup ; OR, odds
ratio-2 for BMI 2 35 kg/m?, b Adjusted risk ratio
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1.1.3 Caesarean section complications in obese pregnant women

The rate of CS deliveries in the UK is 23.8% for singleton pregnancies (53). The exact
rate of CS among obese—pregnant population in UK is not available, the rate is
expected higher than of that in lean—pregnant. In 2001, a study of preghancy within
London hospitals indicated increased CS delivers (elective or emergency) in
overweight— and obese-pregnant compared to lean cohort (54). A report by the NHS
East Midlands Maternity Network stated that obese—pregnant are more likely to be
delivered by CS than pregnant women with normal BMI (55). In US, the rate of CS in
obese—pregnant women increases to 33.8%. In class Il or Ill obesity cases, the CS

rate can be as high as 47.4% compared to 20.7% in normal-body weight pregnant (6).

As is the case with all surgeries, the CS encompasses complications, including risk of
bleeding, risk of blood clots, pain, side effects from anaesthesia, and risk of infections.
Table 1.4 displays prevalence of different types of CS in non—obese and obese
populations and associated prevalence of complications for each group (46). Although
CS is accompanied by abdominal infections and endometritis, low grade evidence
suggested CS as a favoured mode of delivery in morbidly obese pregnancies driven

by the anaesthetic risks of an emergency CS (35).

To complicate matters further, epidural anaesthesia tends to have an effect on the PK
of drugs, which alters the hemodynamic of the body, causing decreased systematic
vascular resistance and pooling blood to tissue (56, 57). In practice, the use of IV
isotonic fluid is recommended to avoid hypotension (57), but it also leads to further

alterations in the drug PK by way of an increase in maternal Vd (56).
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Table 1.4: Summary of the complications associated with caesarean section in obese pregnant

Condition BMI18-24.9 BMI 2 40 Adjusted 95% CI References
Prevalence Prevalence Prevalence Prevalence OR (P
(%) (n/N) (%) (n/N) value for
trends)
Caesarean section (total) 22.4 14 872/66463 46.9 1457/3105 2.01° 1.93-2.10 (49)
<0.001
Primary Caesarean section 8.0 5323/66 463 19.3 600/3105 (2.02 D ) 1.88-2.18 (49)
<0.001
Emergency Caesarean section | 9.9 22974/233 160 17.2 2529/146693 (2.1 1 ) 2.01-2.21 (48)
Premature placental abruption 1.4 937/66 463 1.6 51/3105 0.840b 0.63-1.11 (49)
0.04
Puerperal fever 1.7 1132/66 2.7 83/3105 (1.37 b) 1.10-1.71 (49)
Severe puerperal infection 04 260/66463 0.7 23/3105 el 1.15-2.68 (49)
<0.001
Postoperative wound healing | 0.3 209/66463 0.6 19/3105 (2.17° ) 1.34-3.51 (49)
complications (<0.001)
Complications of anaesthesia| 0.149 528/353212 0.245 77131392 1.5 1.2-2.0 (50)
and obstetricinterventions
Severe postpartum | 0.422 1489/353212 0.312 98/31392 0.7 0.6-0.9 (50)
haemorrhage with transfusion
Sepsis 0.323 1140/353212 0.401 126/31392 1.4 1.2-1.7 (50)
Obstetric shock 0.016 56/353212 0.022 7/31392 1.5 0.7-3.3 (50)
ICU admission 0.073 259/353212 0.188 59/31392 2.4 1.8-3.3 (50)
Combined severe maternal | 1.4 5057/353212 2.0 637/31392 1.4 1.3-1.5 (50)
morbidity or mortality

Table adopted from (46), with permission from DEUTSCHER AERZTE-VERLAG GMBH.
BMI body mass index, Cl confidence interval, ICU, intensive care unit, n number of cases per subgroup; N size of the subgroup; OR, odds
ratio. 2 for BMI = 35 kg/m?, ® Adjusted risk ratio
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1.1.4 Post caesarean section infections in obese pregnant women

The rate of post-CS infection is almost 10% in the UK’s general population, of which
0.6% will require hospital re-admission (7). A study evaluating the risk factors for post-
CS infection showed that obesity was a major risk factors for post-CS infection (7). For
every five unit increment of pregnant BMI, the incidence of post-CS wound infection
was reported to double (58, 59). There are some possible reasons for the reported
high rates of post-CS infections in obese pregnant women. Pregnancy alters the
maternal immune system via different mechanisms, which are not fully understood, to
allow development of the foetus (35). To further complicate the situation, it is evident
that immunosuppression originates in adipose tissue (60). Additionally, a higher
degree of hypoperfusion is associated with increased depth of subcutaneous adipose
tissue (61). This may result in a low level of tissue oxygenation, a low level of
neutrophils delivery to the tissue, and thus reduced capability to prevent infection within
adipose tissue (10, 61). Compared to their non—obese counterparts, the obese
population is threatened by a strong possibility of post-CS infections, arising from an
increased volume of the distribution of antibiotics (leading to reduced levels in plasma
and at the site of incision), prolonged operations, and compromised metabolic function

(10, 13, 14).

There are different types of post-CS infections that include fever, wound, surgical site
infections (SSI), endometritis (the inflammation of the lining of the uterus), and urinary
tract infections (7, 8, 12). The most occurring type of SSI is Superficial incisional
infection (Figure 1.2) (62). The most common pathogens causing post-CS infections

are those that exist in skin and in the genital tract, and most notably when the
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membrane is ruptured, allowing the pathogens from intrauterine cavity to invade,
especially in premature labour cases (63). Post-CS infections are commonly
polymicrobial (8). Isolated pathogens from endometrium and wound infections include
Ureaplasma urealyticum, Staphylococcus epidermidis, group B streptococcus and
other streptococcus species, Staphylococcus aureus and coagulase negative
staphylococci, Enterococcus faecalis, Escherichia coli (E. Coli) and other aerobic
gram-negative rods, anaerobes and genital mycoplasmas (63-68). Surgical sites can
be contaminated by normal flora in the skin at the time of the CS surgery, and infected

by Staphylococcus aureus and coagulase negative staphylococci (69, 70).

Skin 4
Superficial
incisional
SSI
subcutaneous
tissue .
Deep soft 1
tissue (fascia ~ Deep
& muscle) | - incisional
SSI
organ/
organ/space - space SSI

Figure 1.2: Cross-sectional schematic of abdominal wall and the classifications of surgical
site infection according to the Centers for Disease Control and Prevention
Figure adopted from (71), with permission from Elsevier
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1.1.5 Preventive measures to decrease post Caesarean section infection in

obese pregnant women

Various measures are effective to decrease post-CS SSI include: skin preparation by
chlorohexidine, hair removal by clippers, cleansing the vaginal area by povidone-iodine
and, closing the subcutaneous tissue by suture (in cases where the wound thickness

is >2cm) and using prophylactic antibiotics (66).

1.1.5.1 Use of prophylactic antibiotics

A Cochrane systematic review of the effect of prophylactic antibiotic showed a 60—70%
decrease in the rate of post-CS wound infections, endometritis and other serious
infections (8). Although there were conflicts suggestions regarding optimal antibiotic
administration in CS, it is recommended to administer a single dose of IV antibiotic 15—
60 min prior to the skin incision (72-74). The most common prophylactic antibiotics are

cephalosporins; cefazolin (in the US), and cefuroxime (in the UK).

1.1.5.2 Potency of cefazolin and cefuroxime antibiotics

Both cefazolin and cefuroxime are bactericidal antibiotics, which inhibit bacterial cell
wall synthesis (75, 76). Due to their broad-spectrum activities and minimal side effects,
they are used to treat a proven (selected gram-positive and gram-negative
microorganisms) or empirically suspected selection of microorganisms (76). Cefazolin
and cefuroxime display time-dependent killing properties: bacterial killing is improved
when the bacteria are exposed to concentrations above the minimum inhibitory
concentration (MIC) for longer durations (77, 78).

The MIC (specifically MICo0, which refers to the lowest concentration of cefazolin and

cefuroxime at which 90% of bacteria isolates are inhibited) required to cover common
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pathogens in CS surgeries has been widely discussed. A two-fold increase in the MIC
of cefazolin, from 4 to 8 mg/L, to cover gram-negative organisms has been
recommended after considering the emerging data on bacterial resistance in CS,
whereas the recommended MIC for gram-positive bacteria is 1 mg/L (10, 79, 80).
Recent guidelines have suggested an MIC breakpoint <4 mg/L (81). Several studies
have explored the appropriateness of cefazolin concentration in plasma and/or tissue
at both 4 and 8 mg/L or pg/g (13, 14). The effective MIC of cefuroxime against post-
CS infection-causing common bacteria has been discussed elsewhere (Chapter 4.
4.1.3.4 Part A: Cefuroxime levels in plasma and adipose tissue, Table 4.1) (82).
Although the suggested breakpoint of cefuroxime MIC of most common causative
bacteria of post-CS infections is less than 1 mg/L, resistant strains may require a higher
concentration. For example, 20% of E. Coli and 50% of Klebsiella require an MIC of
4-16mg/L and >3.1 mg/L, respectively (83-86). In this research, MIC of 2, 4 and 8 mg/L
(plasma) or pg/g (adipose tissue) of cefazolin or cefuroxime were chosen to evaluate
the appropriate antibacterial coverage for the intended population. As higher rates of
SSI were associated with lower antibiotic plasma and adipose tissue concentrations
(87). In a surgical setting, prophylactic antibiotic concentrations (total plasma, free
plasma or targeted tissue concentrations) are anticipated to reach and be sustained
>MIC for the duration of procedure. This is expressed by time of plasma concentration
above MIC (T>MIC) and time of free plasma concentration above MIC (fT>MIC) (88,
89).

1.1.5.3 Intravenous cefazolin pharmacokinetics in different populations

Cefazolin has a range of reported lipophilicity values; the reported (measured or

predicted) cefazolin logP values were —-0.58, —0.4, 0.471 and 0.3 (16, 90-93). Notably,
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cefazolin is highly bound to plasma proteins; moreover, the cefazolin—protein binding
saturation was proven, following which the concentration-dependent fraction unbound
(fu) of cefazolin was reported (cefazolin fureported in healthy subjects were 0.11, 0.19

and 0.225) (94, 95).

Cefazolin is excreted (100%) unchanged through urine via the kidneys (96). In addition
to the glomerular filtration of cefazolin by the kidneys, various transporters are involved
in the tubular secretion of cefazolin (96-99). Cefazolin PK is affected by intra- and inter-
population variability. The PK of cefazolin in non—pregnant healthy adults with a normal
BMI in comparison to pregnant women with a normal BM, obese non—pregnant and
pregnant with a higher BMI (BMI1=30 Kg/m?2) is discussed below. Table 1.5 summaries

the PK of cefazolin and cefuroxime in different populations of interest.

Philipson et al. examined cefazolin PK in pregnant women at 24 weeks of gestation
and postpartum when the menstrual cycle returned and breastfeeding ceased (100).
Postpartum women were considered to be healthy subjects with normal BMI in the
population comparison. With regard to healthy non—pregnant adults with normal BMI
vS. pregnant adults, fu of cefazolin increased during pregnancy to 0.25 (101). This
increase is due to the decreased plasma proteins in the pregnant population. Cefazolin
Vd and CL were higher in the second trimester of pregnancy than in the same
postpartum subjects. The overall changes in PK resulted in decreased plasma area

under the curve (AUC) in pregnant women.

In pregnant women at the time of delivery by CS, the Vd reported was less than that
reported by Philipson et al. in pregnant women in the second trimester (100, 102). It

can be assumed that the apparent cefazolin Vd would increase due to the increased fu
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of cefazolin during the progression of pregnancy and increased total body weight.
However, the observed decrease in cefazolin Vda can be related to alterations of
hemodynamic in CS caused by anaesthesia and blood loss, which affects drugs’ PK
(103); it is less likely that the decrease was due to the analytical methods used in each
study. Cefazolin CL values were nearly similar in both studies. In overweight patients
with limb infections, the reported cefazolin Vd and CL were nearly similar to non—

pregnant subjects with normal BMI (104).

The fu of cefazolin was higher in the obese—pregnant populations (BMI =30 Kg/m?2) at
the time of CS compared to the non—pregnant adults (12). Cefazolin Vd and CL were
higher in obese—pregnant subjects (BMIrange 37.3-46.2 Kg/m?2) at the time of delivery
compared to non—pregnant adults (16). The effects of obesity during pregnancy
compared to normal body weight during pregnancy remained inconclusive in these
studies due to the different dosages used in each study (i.e. effects of cefazolin dose-
dependent fu on cefazolin apparent Vd). The reported cefazolin Vdvalues in different
population indicate extracellular distribution of cefazolin, without intracellular

distribution (105).

In CS, cefazolin is administered intravenously in varying doses at the preoperative
stage. Some guidelines recommend a dose of 2 g for subjects weighing <120 kg, and
3 g for those weighing 2120 kg; both doses of 3 g and 4 g have been evaluated in

obese pregnant women (10, 13, 15, 106).
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Table 1.5: Reported pharmacokinetic parameters of cefazolin and cefuroxime in different populations of interest

Population fu Va (L) Cmax-normalised = Va?(L/Kg) Vss®(L/Kg) CL (L/h)
dose (mg/L/mg)
Cefazolin
Non-pregnant 0.225 (94, 11.6(100) 0.15(100) 0.186(100) 0.149 4.66 (100)
107)

Pregnant (24 GW) 0.25(101) 11.9(100) 0.12(100) 0.172(100) 0.137 7.30(100)
Pregnant, at time of delivery (39.1 9.44 (102) 0.08(102) 0.11(102) 0.09 7.18 (102)
GW)
Overweight 0.15(104) N/A 0.17(104) 0.136 3.72(104)
Obesecand pregnantat time of CS 0.29(12) 13.36(16) 0.073 (16) 0.174 (16) 8.4 (16)

13.45(16) 0.074 (16) 0.17 (16) 6.6 (16)

Cefuroxime
Non-pregnant 0.67 (108)  16.3(109) 0.068 (109) 0.264 0.211 11.9 (109)
Pregnant (29 GW) N/R 17.8 (109) 0.058 (109) 0.276 0.221 16.9 (109)
Pregnant, at time of CS (39.5GW) N/R N/A 0.842(9)¢ 0.673 32.75 (9)¢
0.3514

Pregnant, at time of delivery (41 N/R 19.3(109) 0.058 (109) 0.26 0.21 15.5(109)
GW)
Obese* N/R N/A 0.192 (110)  8.39+3.07 (110)

CS caesarean section, CL clearance, Cmax maximum concentration, fu Fraction unbound, GW Gestational weeks, N/R not

reported, N/A, not applicable, Vd Volume of distribution, Vss volume of distribution at steady state.

a the Vd (L/KQ) is based on the participants mean weight reported in the study.

b The Vssis considered as 80% of Vd(111) unless it has reference (stated in the study) or calculated.

¢ Body Mass Index = 30 kg/m?

dVss calculated using equation Vss = Clearance * Mean residence time of drug in the body (9).
€ The value could be incorrectly calculated/reported in the clinical study, possibly incorrect unit
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1.1.5.4 Intravenous cefuroxime pharmacokinetics in different populations

Cefuroxime is a second-generation cephalosporin that was first used intramuscularly
at the pre-CS stage; today, it is commonly administered intravenously (112). Unlike the
inconclusive lipophilicity status reported for cefazolin, the overall reported lipophilicity
values of cefuroxime were —-0.9 and -0.167 (9, 93, 113-115). Its use in pregnancy is
favoured due to its fewer side effects and low level of protein binding (9). The extent
of cefuroxime bound to protein was only reported in healthy adults. The fraction of
cefuroxime bound to plasma protein was 0.33 (108). The reduction in plasma protein
during pregnancy may not considerably affect the fraction of free cefuroxime
concentrations as compared to cefazolin. Similar to cefazolin, cefuroxime is excreted

unchanged via the kidneys (9, 114, 115).

Philipson et al. reported the Va4 of cefuroxime in pregnant women during and after
delivery (109). These values helped understanding gestational-age changes impact on
cefuroxime PK. In this study, cefuroxime Vd increased in pregnancy at 29 weeks (17.8
L) and then increased at the time of delivery (19.3 L). Cefuroxime CL increased in
pregnant women (16.9 L/h). At delivery, the clearance was decreased (15.5 L/h). Lalic-
Popovic et al. reported substantially increased Vd and CL in pregnant women at
delivery compared to a similar population in Philipson et al.’s study (CL: 0.842 L/Kg,

and Va: 32.59 L/h) (9, 109).

In obese subjects undergoing abdominal surgery, the volume of distribution at steady
state (Vss) was higher, while the CL was lower compared to healthy subjects with
normal BMI (109, 110). The Vd values in different population of interest indicates

extracellular distribution of cefuroxime without intracellular distribution, as of cefazolin
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case; nevertheless, reported Vd values in cefuroxime indicates extended distribution of

cefuroxime compared to cefazolin (105)

Cefuroxime doses used at the pre-CS stage are either 750 or 1500 mg (56). It has
been postulated that 750 mg dose may not achieve sufficient MIC for most common

bacteria in the maternal blood of the population in question (56).

The paucity of data and the need for optimising doses to achieve therapeutic
concentration, especially in the case of antibiotics, necessitate further studies to be
carried out in order to predict optimal dosages. The next section will briefly discuss the
concept of physiologically based pharmacokinetics (PBPK) and the tools needed for

an effective prediction.

1.1.6 Physiologically based Pharmacokinetics

The concept of PBPK was first introduced by Teorell and colleagues in 1937, and
further developed by other researchers (116, 117). In basic terms, PBPK divides the
body organs and tissues into compartments, where each has its own specified volume
and perfusion rate (116). Every species and population has their own modified models
that represent their physiology, anatomy and biochemical compositions. Accordingly,
mechanistic extrapolation is possible from one species or population to another,
enabling prediction of PK and PD outcomes from pre-clinical data (118). This scaling
accounts for physiological, anatomical and biochemical differences from one
population to another to predict an outcome; which all of these factors are causative of
variability of an outcome in different populations either healthy or diseased. Thus, the

PBPK-based predictions ensure a much higher degree of certainty than other
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extrapolations offered according to scaling approaches, involving compartmental or

non-compartmental parameters, i.e. weight, age and/or sex (119).

1.1.6.1 Modelling using Physiologically-based Pharmacokinetics

Modelling relies on different numerical, mathematical and statistical analyses to
simulate an outcome. PBPK modelling consists of two parts: (a) systematic data, which
represent the chosen model with certain physiology, anatomy and biochemistry (e.qg.
transporters and enzymes abundance), and (b) drug-dependant data (including
formulation properties), which represent physiochemical properties of drugs that affect
their dispositions in the body (Figure 1.3) (116). There are different, robustly
programmed PBPK simulators in the market, containing information of both systems
and drugs. These simulators have their own advantages and disadvantages. Simcyp®,
for instance, is a programmatic simulator with both a complex PBPK and PD models

(120).
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Figure 1.3: Building and applications of physiologically based pharmacokinetic (PBPK)
modelling to predict the effects of numerous intrinsic and extrinsic elements on drug
Pharmacokinetics and Pharmacodynamics

Figure adopted from elsewhere (121), with permission from JOHN WILEY AND SONS
ADME absorption, distribution, metabolism, and excretion; MOA mechanism of action; PBPK
physiologically based pharmacokinetic; PD pharmacodynamics; PK pharmacokinetics.

1.1.6.2 Simcyp®

Simcyp® is a user-friendly platform, designed for Model-Based Drug Development
(MBDD); it is annually updated and developed (120). The simulator consists of system
and drug databases, incorporated into Simcyp® Data Management system (120). The
simulator covers a diverse range of populations—healthy or unhealthy—children,
adults, the elderly, the obese, and the pregnant population. In addition, it contains a
variety of validated drugs, and users can create new drugs and new sample
populations; can also adjust the physiochemical parameter of an existing drug, or
change the physiological, anatomical or biochemical composition of an existing

population. Additionally, the Simcyp® simulator contains permeability-limited organs
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models. Functions within Simcyp® are substantial; user can use the Parameter
Estimations function to estimate PK data, and/or use the Sensitively Analysis to
optimise a PK data, predict Drug-Drug interactions and/or extrapolation an in vitro data
to in vivo parameters (e.g. the Simcyp® In Vitro (Data) Analysis (SIVA) Toolkit). The
following sections will describe PBPK models related to the current project —
distribution and permeability-limited kidney models, pregnant populations (including
feto-placenta), and obese and morbidly obese models — and their development within
the Simcyp® simulator. Certain information and figures presented in the following
sections are from the help file incorporated into Simcyp® with permission from the

parent company (i.e., Certara).

1.1.6.3 Distribution Physiological-based pharmacokinetics models in Simcyp®
Users can select either the minimal or full PBPK distribution models. The minimal
PBPK model, with its Single Adjustment Compartment, is a representation of the
systematic compartment, and all tissues, except those of the portal vein and liver, are
lumped into one compartment (Figure 1.4) (122). The volume of the systematic
compartment in the minimal PBPK model within Simcyp® is described by equation
(2.3) (122). If the minimal PBPK distribution model is selected, the Vss value can be
added manually or predicted using methods 1, 2 or 3 (discussed in 1.1.6.7); however,
if the full PBPK distribution model is selected, the Vssis required to be predicted using
methods 1, 2 or 3 (122). Relevantly to this project, the full distribution PBPK model
and available distribution algorithmic features are discussed. Certain prediction
parameters described in the next section are not exclusively accessible to full PBPK

models (e.g., Vss predictions methods) (122).
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Figure 1.4: The Minimal physiologically based pharmacokinetic
distribution model within simcyp

PO oral dose, IV intravenous, SAC Single Adjusting Compartment, Qpv Blood flow in the portal vein, Qu
Hepatic blood flow, Qua Arterial hepatic blood flow, Ka, Kout Eliminationrate constant, K Input rate
constant. Images used with permission from Certara UK (123)

L 1.3
Volume of systematic compartment (K—g) = Ves — Vg — Vsac (2.3)

Where the Vss is volume of distribution at steady state for an average person, Vuisthe apparent
hepatic volume, and Vsac apparent volume related with the Single Adjusting Compartment.

1.1.6.4 The Full Physiological-based pharmacokinetic distribution model in
Simcyp® and functions (methods) to predict Vgs

The full PBPK model describes drug distribution using time-based numeral equations

to predict drugs’ concentrations in different compartmental body organs (blood and/or

plasma, adipose, bone, brain, gut, heart, kidney, liver, lung, muscle, pancreas, skin

and spleen) (Figure 1.5) (124). Complex covariates’ effects (e.g., age, sex, weight,

height (BSA) and tissue volume), that cause inter-individual variability and thus affect

the drug’s PK/PD are accounted for in the simulator (124). Predictions of these
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covariates in virtual populations are generated using correlated Monte Carlo sampling.
Tissue volumes are essential in predicting Vss and concentrations in each tissue

(equations (1.1) and (1.4)) (125, 126).

In compartmental PBPK modelling, the virtual blood perfusion to a compartmental
organ can be perfusion-limited or permeability-limited (discussed in sections 1.1.6.5
and 1.1.6.6). In the full distribution PBPK model within Simcyp®, the default distribution
is set to perfusion-limited; users can switch to a permeability-limited distribution (124).
Pre-built multi-compartment permeability-limited organs are available in the simulator
(gut, liver, kidney, lung and brain) (124). As well, users can add an additional organ
(perfusion- or permeability-limited); as in Figure 1.5, named “Generic”, users can
define the volume and blood flow to the new organ (124). Tissues’ fundamental data
(pH, membrane potential and binding protein) and the relative volume of wet tissues
(comprised of extracellular water, intracellular water, neutral lipids, neutral
phospholipids, fractions of subcellular organelle and acidic phospholipids) are

addressed in the simulator (127, 128).
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Figure 1.5: Full physiologically based pharmacokinetic distribution modelwithin simcyp

IV intravenous dose; PO oral dose. Images used with permission from Certara UK (123)

Vie = V, + Ve*E:PZVt*Kp (14)
t

Where Vss is volume of distribution at steady state; Vp is volume of plasma; Ve is volume of
erythrocyte; E:P is the erythrocyte-plasma partition coefficient; Vt is tissue (t) volume; and Kp
is the tissue-plasma partition coefficient for tissue t.

1.1.6.5 Perfusion-limited distribution

The assumption in perfusion-limited perfusion is that the capillary membrane (which
separates blood from tissue) is particularly permeable to most drugs, especially small
lipophilic molecules, and that diffusion into the interstitial fluid is very fast (124, 129).
In this type of perfusion, the blood flow to the tissue is the rate-limiting factor that affects

drug distribution into the tissue (Figure 1.6) (124, 129).
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Figure 1.6: Perfusion-limited distribution of drug to tissue
Qr Blood flow to unspecified tissue. Images used with permission from Certara UK (123, 124)
1.1.6.6 Permeability-limited distribution
When drugs are unable to diffuse quickly into and out of a tissue, the rate-limiting factor
affecting their distribution is permeability (124). The permeability process depends on
both the drug’s properties and the structure of the capillary-tissue membrane (124).
The drug’s abilty to permeate tissue may Ilimit its distribution; consequently,

redistribution may be constrained by the drug’s release from the tissue (124).

Uptake and efflux transporters on both the intracellular and extracellular sides and
passive clearance permeability parameters of a permeability-limited compartment can
be defined by users (124). Thus, in addition to tissue concentration prediction,

intracellular and extracellular concentrations can be simulated (124).

1.1.6.7 Methods to predict K, and Vss within Simcyp®

Knowledge of drug distribution to individual tissues enables prediction of the Vss,
equation (1.4) (126). Due to ethical restrictions and practical limitations, experimental
data on tissue: plasma partition coefficients (Kp or Ptp) are not frequently available,

especially for human tissues (130). Within the simulator, users can add individual
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values of Kp or estimate a universal Kp scaler and then predict a Vss value using

equation (1.4) (125, 130).

Methods within Simcyp® to predict Kp are as follows: a) using built-in mechanistic
Methods (1, 2 or 3) from physicochemical and in vitro data, or b) estimating a Kp scalar
from a Vss predicted in vitro in animal species (131) . Additionally, users can both
predict the Kp scaler using Methods 1, 2 or 3 and adjust/optimise an individual tissue:
plasma partition coefficient if the user has clinical data on the relevant tissue (131).
The estimated Kp scaler function accounts for inter-individual variability (132). The
default value of the Kp scaler is 1, which represents no scaling factor for Kp (131).
Notably, when an organ is set as a permeability-limited distribution to account for the
transporter, the organ tissue: plasma partition coefficient is not used within the model,

instead, the added permeability-limited data are used (132).

The mechanistic methods used to predict Kp and Vss are the corrected Poulin and Theil
methods (Method 1), the Rodgers and Rowland method (Method 2) and ion
permeability incorporated into the Rodgers and Rowland method (Method 3) (90, 122,
133-138). In all methods, it is generally assumed that tissues are homogenised (i.e.,
well-stirred and perfusion-limited), molecules are passively permeated (i.e., no active
transporter), the distribution is described by binding to natural lipids and natural
phospholipids, and all bindings are considered non-saturating processes (130). A
schematic representation of the concepts and assumptions of Methods 1, 2 and 3 is
illustrated in Figure 1.7 A, B and C, respectively; Table 1.6 summarises the main and
specific assumptions of each method and the data required to use a specific method

(130, 138, 139).
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Method 1 for predicting tissue-partition coefficients for adipose and non-adipose
tissues, proposed by Poulin and Theil (2002) and then modified by Berezhkovskiy
(2004), is described by equations (1.5) and (1.6), respectively (130, 133, 134, 139). In
addition to the general assumption of all methods previously discussed, this method
does not account for the degree of molecules’ ionisation within a tissue (i.e., not
specific to a compound type: neutral, base or acid) (130, 133, 134, 139). The drug
reversibly binds to proteins in plasma and tissue interstitial space; it is distributed

homogenously within the tissue (130, 133, 134, 139).

Method 2, described by Rodgers and co-authors, presented alternate equations that
included splitting the tissue water volume into intracellular and extracellular
components as well as adding the tissue to acidic phospholipid, which accounts for its
effects on drug distribution (90, 130, 135-137). At a steady state, Rodgers and co-
authors assumed that only the unbound, unionised component of the drug can move
across cellmembranes passively and that unbound, unionised drug concentrations are
in balance between intracellular and extracellular water (including plasma). These
equations are anticipated to improve the prediction of tissue: plasma partition
coefficients and thus Vss for strong bases by explicitly accounting for the degree of
ionisation of a molecule at the pH of the compartment in question (90, 130, 135-137).
Rodgers et al. use the terms Kp and Kpu instead of Ptp as described in equation (1.7)
(90, 130, 135-137). Two separate models are proposed in this method depending on
the compound type: a) moderate to strong bases (pKa = 7) and ampholytes (with at
least one basic pKa = 7) (equation (1.8) ), and b) other compound types (neutrals, weak
bases (pKa < 7), acids and ampholytes without a basic pKa = 7) (equation (1.9)) (90,

130, 135-137).
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The unionised form of moderate to strong bases is assumed to dissolve in tissue water,
where it can partition into neutral lipids and neutral phospholipids (130). Binding to
acidic phospholipids is thought to control the distribution of moderate to strong bases
and ampholytes (containing at least one basic pKa 7) within the tissue. As described in
equation (1.8) , [AP]t is the concentration of acidic phospholipids in tissue, and Kaar
is the drug’s affinity constant for acidic phospholipids. The application of a differential
eqguation to red blood cells containing acidic phospholipids yields Kaar values (130).
Notably, red blood cell Kaar values are thought to closely resemble Kaap values for

other tissues (130).

Binding to extracellular proteins rather than acidic phospholipids is assumed to
predominate for other compound types, i.e., those ampholytes without a basic pKa 7,
neutrals, weak bases (pKa 7) and acids (130). This is described in equation (1.9),
where Karr represents a drug’'s affinity constant for extracellular tissue protein
(albumin or lipoprotein) and [PR]t represents the extracellular tissue protein
concentration in tissue (90, 130, 135-137). Karr can be estimated using a method
proposed by Rodgers et al., or it can be calculated directly using an experimental

equilibrium dissociation constant (Kpo) (90, 130, 135-137).

Method 3, the Rodgers and Rowland method with ion membrane permeability, is
similar to Method 2; in advance, it accounts for the permeation of ionised compounds
(equation (1.10)) (90, 130, 135-139). Drug distribution into tissue is composed of
unbound drug fractions in both intracellular and extracellular water as well as drugs
bound to proteins in extracellular water and lipids in the intracellular segment,
assembled with Method 2 (90, 130, 135-139). Contrasting with Method 2, Method 3 is

enhanced to include the membrane potential as well as the passive permeation of
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ionised molecules (the Nernst-Planck equation) through cell membranes, as in
equation (1.11) (90, 130, 135-139). Method 3 is dependent on the knowledge of tissue
membrane potential values, which is lacking in the literature; these values are required

in the parametrisation of the system and affectthe model's performance (138-140).

The selection of a proper method to predict Kp, and thus Vss is summarised in Table
1.7 (138-140). The general selection depends on compound type (i.e., neutral
compounds, all molecules are unionised), the proportion of passive permeability of
ionised fractions vs. neutral fractions and tissue-specific membrane potential (138-

140).
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Figure 1.7: General schemes of Methods 1,2 and 3 used in Simcyp® to predicttissue : plasma
partition coefficient

C,, Cew and Ciw plasma, Extracellular water and intracellular water concentrations (either unbound or
bound, ionised or unionised); NP neutral phospholipids; NL Neutral Lipids; AP Acidic phospholipid; fne,
fneand fap Volume fraction of neutral phospholipids, Neutral Lipids and Acidic phospholipids, J Flux,
Kapassociation constant with Acidic phospholipids. Adopted with permission from (138) and (139).
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Table 1.6: Summery of Methods (1,2 and 3) used to predict tissue partition coefficient within

Simcyp®

Method:

Method-
specific

assumptions

Requirement

General assumptions

Tissue

Compound

Permeability

Method 1

Method 2

e Homogenised tissue

Method 3

e Exclusive passive diffusion (notransporter involvement)

e The distribution is described by binding to neutral lipids

and neutral phospholipids

Adipose or non-
adipose tissue
Not specific for
compound type

Requires limited

composition data

Differential tissue compositions (IW,
EW, NP, NL, PR, pHiw, pHew)
Compound type specific

lonization within IW and EW

lonized fraction is
not permeable

Requires

composition and
pH data

lonized fraction is
permeable

Requires
composition, pH,
ion permeability
and membrane

potential data

IW of Intracellular water, EW Extracellular water, pHiw and pHew pH of Intracellular and Extracelluar
water, NP neutral phospholipids, NL Neutral Lipids, Adopted with permission from (139)
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Where Pup is tissue partition coefficients; Po.w is octanol:buffer partition coefficient; Vnip is
fractional volume of neutral lipids in plasma Vnit fractional volume of neutral lipids in tissue;
Vit is fractional volume of phospholipids in tissue; Vwt is fractional volume of water in
tissue; furis fraction unbound in tissues; fu is fraction unbound in plasma; Dv o:w is olive
oil:buffer partition coefficient; Kpuis unbound tissue plasma partition coefficient Ky is tissue
plasma partition coefficient; Kp w, w is the Ratio of unbound unionized concentration in
tissue to that in plasma; fis the fractional tissue volume; EW is extracellular water; IW is
intracellular water; P is a partition coefficient for unionised species; X and Y are drug
ionisation; Kaar is the affinity constant of a drug for acidic phospholipids; [AP-]: is the
concentration of AP in tissue t, Karr the affinity constant of a drug for extracellular tissue
protein, [PR]: the concentration of extracellular tissue protein (can be albumin or
lipoprotein) in tissue t; Punboundionised j5 passive permeability coefficient of unbound, ionised
molecules; Punbound.unionised j5 passive permeability coefficient of unbound, unionised
molecules where monoprotic (i= 1), and diprotic (i = 2); N the Nernst constant, for cations
and for anions; Yi is calculated according to the pH, compound pKa and type.
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Table 1.7: Comparison of Methods 1 vs. Method 2, and Method 2 vs. Method 3 performance
in prediction Kp and Vss

Compound Method 1 vs Method 2 (139,140) Method 2 vs Method 3 (138)

type
Neutral Both methods performance were Similar performance

compounds similar. However, for highly
lipophilic  neutral compounds,
Method 2 was over-predictive
Acidic Method 2 performed better than Notreported
compounds Method 1, and it is recommended
for acidic drug
Basic With the exception of highly For strong basic, Method 3
compounds lipophilic compounds, Method 2 performed better than Method 2

was marginally better

1.1.6.8 Elimination Physiological-based pharmacokinetics models: a focus on
the permeability-limited kidney model in Simcyp® (Mech KiM)

The mechanistic permeability-limited kidney model (Mech KiM) was added to the
PBPK model within Simcyp® to describe drug disposition and evaluate nephrotoxicity
(124, 141, 142). In vitro data, physicochemical characteristics of a drug and data on
renal physiology are utilised in this model to simulate glomerular filtration, secretion
(active and passive) and renal tubular reabsorption (active and passive) (141). The
sophisticated structure, complex functions/equations and variations of elements that
affect predictions (e.g., compartments’ and/or segments’ volume, pH and flow rate) of
the Mech KiM have been published (141, 142). The main features and functions related

to this project will be discussed.

The structure of the Mech KiM is illustrated in Figure 1.8. The Mech KiM consists of
three main compartments: a renal blood compartment, renal mass compartment and

urinal/tubules compartment (124, 141). The nephron compartment is subdivided into
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eight segments (141). The first segment represents the glomerulus, followed by the
proximal tubule (three segments) and then segments of the loop of Henle, the distal
tubule, followed by collecting ducts (subdivided into cortex and medullary) (141). The
renal compartment is then connected to the bladder (124, 141). Conventional
equations that conserve drug mass balance are used to simulate drug movement
between compartments and through segments (141). The model represents the kidney
arterial blood flow rate (Qkidney), vein blood flow rate (Qvein) and urinal flow (Qurine) (124,
141). The model also describes the passive diffusion clearance (CLrp) values in the
different segments, as illustrated in Figure 1.8 (red arrows) (124, 141). The effects of
both uptake (dashed-lined blue arrows in Figure 1.8) and efflux (dotted-line blue arrows
in Figure 1.8) transporters in the apical and basolateral membranes of the three
proximal tubule segments are also addressed in the model (124, 141). Selectively,
drug metabolism can be accounted for in these segments (green arrows in Figure 1.8)
(124, 141). Thus, the following aspects are characteristic functions incorporated into

the Mech KiM model:

¢ Renal blood bypass in two steps (red circles in Figure 1.8): before glomerulus

(bypass 1), and before the Loop of Henle and succeeding segments (bypass 2)
(124, 141).

e The glomerular filtration rate (GFR) is directly from the renal blood compartment
to the urinal compartment, specifically the glomerulus (filtration) (124, 141).

e Fluid equilibrium within the kidney, which involves fluid flow into and out of the
urinal compartments, renal blood compartments and renal mass cell

compartments (reabsorption and secretion) (124, 141).
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e Passive permeability across each renal cell compartment on the basolateral and
apical membranes (passive representation of secretion and reabsorption) (124,
141).

e Each of the proximal tubular cell compartments (three segments) has
transporters on the basolateral and apical membranes (representation of the
active elements of reabsorption and secretion) (124, 141).

e Changes in the activity and regional distribution of transporters within the
proximal tubular cell compartments can be addressed (124, 141).

o Representation of metabolic clearance (within each of the proximal tubular cell

compartments) (124, 141).

The GFR value can be either added by the user (all males will have similar values and
all females will have similar values that are different from the male values) or simulated
based on creatinine clearance. In latter option, different subjects will have different
GFR values (143). The GFR value is simulated by either the Cockcroft-Gault (CG)
equation (referred to as Method 1 in Simcyp®) or the modification of diet in renal
disease (MDRD) equation (referred to as Method 2 in Simcyp®); equations (1.12) and

(1.13) represent these methods, respectively (141, 144-146).

The available transporters in the Mech KiM are illustrated in Figure 1.9; users can also
add a defined renal transporter (i.e., on the apical or basolateral sides with uptake or
efflux functions) (143). Allometric scaling of renal transporters from in vitro data (i.e.,
CHO and/or HEK293, etc.) is available via system scalars consisting of a) relative
expression factor (REF) or relative activity factor (RAF), b) proximal tubule cells per

gram of kidney (PTC-PGK) and c) kidney weight (141, 147).
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Figure 1.8: The permeability-limited kidney model (Mech Kim) incorporated into Simcyp® model
Q«icney the arterial blood flow rate, Quein the vein blood flow rate, Quine urinal flow, V segment volume, bl blood compartment, ce cellular compartment, ur
urine compartment, glom glomerulus, pt1, 2 and 3 proximal tubule segment 1, 2 and 3, he Loop of Henle, dt distal tubule, cd1 and 2 collecting duct
segment 1 and 2, blad bladder, CLpp passive diffusion clearance, CLyyae Uptake clearance, Clemuw €fflux clearance, Clme:metabolic clearance. Adopted
from (123); Image used with permission from Certara UK (123)
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_ (140 — Age) = Weight  1.73 (1.12)

GFR = 0.814 * Serum Creatine . BSA [+ 0.85if Female]

serum Creatine (1.13)

GFR = 175 * ( 8812 )~115% « (age)~0203 [+ 0.742 if Female]

Where GFR is glomerular filtration rate (mL/min/1.73m?2); BSA is body surface area.

Apical (urine) Kidney Cell Basolateral (blood)

OAT1

Uptake

OAT3

SLC Proteins

ABC Transporters

Figure 1.9: The renal transporters available in the Mech Kim model
within simcyp

MATE multi-drug and toxin extrusion protein, MDR (P-gp) multi-drug resistance glycoprotein, MRP multi-

drug resistant associated proteins, OAT organic anion transporter, OCT organic cation transporter, SLC

solute carrier, ABC adenosine triphosphate-binding cassette. Images used with permission from Certara

UK (123)

1.1.6.9 Sim-pregnancy Physiological-based pharmacokinetics model within
Simcyp®

The Sim—pregnancy model is a representation of a healthy, pregnant Caucasian

woman bearing a single foetus at an age between 18 and 45 years (148). The interface

of the pregnancy tab contains additional data compared to the healthy population,
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which contains the gestational changes of organs and the expansion of the new organ
(i.e., foeto-placental) (148). To activate the Sim—pregnancy model, the Full PBPK
distribution (section 1.1.6.4) must be selected (148). The user can select either one of
the two comprehensive pregnancy models: A) the maternal model or B) the full feto-
maternal model, which contains the multi-compartment placenta model (148). The
maternal model represents age-dependent gestational changes with the addition of the
foeto-placental unit (foetus, placenta, amniotic fluid and uterus) as one compartment;
meanwhile, the full feto-maternal model characterises the components of the foeto-
placental unit in more detail (i.e., it represents PK data for each feto-placental unit)
(148). The maternal physiological data and their coding into the simulator have been
published; Figure 1.10 (A) represents the pregnancy PBPK model developed within
the Simcyp® simulator (149). Gestational changes in tissues’ physiology (adipose,
blood and glomerular filtration rate, blood flow to kidneys, skin and brain) are
considered and allied to such tissues (148). Abduljalil et al. described average
gestational changes incorporated into the generic Sim—pregnancy model using over
35 algorithmic formulas developed by collecting and analysing time variant
physiological, anatomical and metabolic changes during pregnancy in the literature
(149). The foeto-placental data have been published elsewhere; Figure 1.10 (B)
represents the full feto-maternal model (permeability-limited placenta model)

incorporated into Simcyp® (150-152).
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Figure 1.10: The Sim—pregnancy physiological-based pharmacokinetics model (A), coupled with the multi-compartment placenta
model (B)

IV intravenous dose, PO oral dose, EHC enterohepatic recirculation, Q, C¥, and V3 blood flow, concentration and Volume of maternal placenta, Qf, G,
and Vhi blood flow, concentration and volume of feto-placenta, CLrom and CLepr passive diffusionin maternal placental side and fetal-placental side. Images
used with permission from Certara UK (123)
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1.1.6.10 Gestational changes in the Sim—pregnancy Physiological-based
pharmacokinetics model compared to Sim-healthy volunteers

Basic equations utilised to develop the gestational changes of the generic Sim—

pregnancy PBPK model and its graphical expression in the Simcyp® simulator in

version 20 are discussed in the following sections. The Sim—pregnant PBPK model

was not exclusively developed using these formulas, detailed development of such

equations are discussed in Abduljalil et al. (149). The gestational changes scripted into

Sim—pregnancy can be easily modified by the user.

1.1.6.11 Demographics
Data on pregnancy frequencies at each age range from the British Conception
Statistics, England and Wales (2008) Office for National Statistics

(http://www.statistics.gov.uk) was utilised to determine maternal age distribution

incorporated into the Sim—pregnancy model (153). Accordingly, the following
parameters (a = 4.5 and B = 30.35) were used in Equation (1.14) to describe age
distribution within Sim—pregnancy (153, 154). The frequency of the phenotypes of
enzymes and transporter abundance within the pregnancy population (i.e.,
intermediate metaboliser, extensive metaboliser, poor transporting phenotype or
intermediate transporting phenotype) is updated within the simulator (153). Total body
weight gain during pregnancy is scripted into the Sim—pregnancy model according to
Equation (1.15) (32, 149, 155-167). Users can select a gestational age (0-40 weeks)

from the trial design tab (168).

45



a—1 X, \a
r=5() (44

Where ais shape factor of distribution and B is the scale factor of distribution

TBW (kg) = 61.1+ 0.2409 GA + 0.0038 GA2 (1.15)

Where TBW is Total body weight, GA is Gestational age in weeks

1.1.6.12 Organs, tissue and blood flow

1.1.6.13 Tissue volume

The addition of foetal volume and gestational changes in plasma volume, red blood
cell volume and total fat mass (expressed as volume in simulator using specific gravity)
are described in equations (1.16), (1.17), (1.18) and (1.19), respectively (32, 149, 155-
167, 169-189). The graphical expansion of these parameters over the gestational

period and incorporation in Simcyp® are presented in Figure 1.11 (123).

0.955 (1.16)
fetal volume (mL) = 0.01exp {( ) (1 —exp(—0.0702 GA))}
0.0702
Plasma volume (L) = 2.50 — 0.0223 GA + 0.0042 GA? — 0.00007 GA3 (1.17)
Red Blood Cell volume (L) = 1.49 + 0.0098 GA (1.18)
Total fat mass (kg) = 17.14 + 0.1305 GA + 0.0008 GA? (1.19)

Where GA is Gestational age in weeks

1.1.6.14 Blood flows

The change in cardiac output and consequent alteration of blood flow percentages to
the kidneys, brain, adipose tissues and the new organ (foeto-placenta) are
incorporated into the Sim—pregnancy model. Equations (1.20), (1.21) and (1.22)

represent the gestational changes of cardiac output and blood flows to the uterine and
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kidneys (effective renal blood flow), respectively (149, 155, 172, 190-214). Figure 1.12
represents the gestational increase of cardiac output (A) and the gestational

percentages of cardiac blood flows to the foeto-placenta (B), kidney (C) and adipose

(D) (123).

Cardiac output (L/h) =301 + 5.916 GA — 0.088 GA? (1.20)
Uterine blood flow (L/h) = 1.71 + 0.2068 GA + 0.0841 GA? — 0.0015 GA®  (1.21)
Effective renal blood flow (L/h) = 53 + 2.6616 GA — 0.0661 GA? (1.22)

Where GA is Gestational age in weeks
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Figure 1.11: Graphical gestational changes of foeto placental volume (A), plasma volume (B),
red blood cells volume (C) and adipose volume (D) in Sim—Pregnant physiological-based
pharmacokinetics model

Images used with permission from Certara UK (123)
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Figure 1.12: Graphical gestational changes of cardiac output (A), percentages of blood flows
to foeto-placenta (B), kidney (C) and adipose (D) in Sim—Pregnant physiological-based
pharmacokinetics model

Images used with permission from Certara UK (123)
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1.1.6.15 Composition

The gestational expansion of total body water and change in extracellular and
intracellular water at the time variant are described by equations (1.23), (1.24) and
(1.25), respectively (149, 156, 165, 169, 172, 191-195, 215-219). The diagrammatic
extracellular and intracellular water changes during the pregnancy period coded into

the Sim—pregnancy model are shown in Figure 1.13 (123).

Total body water (L) = 31.67 + 0.275 GA + 0.0024 GA? (1.23)
Extracellular water (L) = 11.86 + 0.0187 GA + 0.0016 GA? (1.24)
Intracellular water (L) = 19.81 + 0.5941 GA — 0.0007 GA? (1.25)

Where GA is Gestational age in weeks

1.1.6.16 Blood binding

The gestational reduction in blood protein levels, discussed in section 1.1.1.3
Distribution, are incorporated into the Sim—pregnancy model for albumin and alpha-1-
acid glycoproteins. The collected data were utilised to describe the reduction of plasma
protein levels in general and for aloumin and alpha-1-acid glycoprotein specifically by
equations (1.26), (1.27) and (1.28), respectively (149, 163, 176, 180, 193, 220-231).
Figure 1.14 represents the reduction in albumin and alpha-1-acid glycoprotein plasma

levels in the Sim—pregnancy model (123).

Plasma protein (g/L) = 69.7 + 0.2085 GA — 0.0305 GA? + 0.0006 GA3 (1.26)
Albumin (g/L) = 45.8 — 0.1775 GA — 0.0033 GA? (1.27)
Alpha-1-acid glycoprotein (g/L) = 0.74 — 0.0088 GA + 0.0001 GA? (1.28)

Where GAis Gestational age in weeks
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Figure 1.13: Graphical gestational changes of extracellular (A) and intracellular (B) water in
Sim—Pregnant physiological-based pharmacokinetics model

Images used with permission from Certara UK (123)
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Figure 1.14: Graphical gestational changes of albumin (A) and alpha-1-acid glycoprotein (B)
levels in Sim—Pregnant physiological-based pharmacokinetics model

Images used with permission from Certara UK (123)
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1.1.6.17 Renal function

The complex gestational changes of renal function discussed in section 1.1.1.5
Elimination, have been described algorithmically by Abduljalil el al. (149, 155, 197-202,
232-234). The key physiological element of renal function is the GFR; the gestational
alteration of GFR is described in equation (1.29), and graphically displayed in Figure

1.15 (A) (123, 149).

Glomerular Filtration Rate (mL/min) = 114 + 3.2367 GA — 0.0572 GA? (1.29)

Where GA is Gestational age in weeks

1.1.6.18 Enzymes and transporters

Gestational changes of certain enzymes are incorporated into Sim—pregnancy models
(hepatic enzymes CYP1A2, CYP2D6 and CYP3A4; intestinal enzyme CYP2D6). Other
transporters/enzyme activities during pregnancy can be easily adjusted by the user.
The decreased activity of hepatic CYP1A2 and increased activity of hepatic CYP3A4
and CYP2D6 are described by equations (1.30), (1.31) and (1.32), respectively (149,
235). These equations were updated recently in the newer Simcyp® version, as in

Figure 1.15 (B-D) (123).

CYP1A2 activity (%) = 100 — 3.5814 GA + 0.0495 GA? (1.30)
CYP3A4 activity (%) = 100 + 2.9826 GA — 0.0741 GA? (1.31)
CYP2D6 activity (%) = 100 + 2.2695 GA — 0.0348 GA? (1.32)

Where GA is Gestational age in weeks
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Figure 1.15: Graphical gestational changes of glomerular filtration rate (A) activates of hepatic
CYP1A2 (B), CYP3A4 (C) and CYP2D6 (D) in Sim—Pregnant physiological-based
pharmacokinetics model

Images used with permission from Certara UK (123)
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1.1.6.19 Foeto-placental compartment

The foeto-placental full compartment coupled in Sim—pregnancy, selected electively,
is briefly discussed (Figure 1.10, B). In the current project, the looped foeto-placental
compartment was sufficient to serve the aim of this thesis. The generic foeto-placental
model in Simcyp® has been published in detail elsewhere (150-152). The foeto-
placental model accounts for the placenta, foetus and amniotic fluid changes during

the pregnancy period between 15 and 40 weeks of gestation (236).

In the placental tab, the placental weight, composition, volume, maternal blood flow to
the placenta and transporter abundance gestational changes are described in the
model; this can be edited by the user (237). Amniotic fluid volume changes during the

pregnancy period are defined in the model (238).

The male and female foetus parameters ontogeny in regards to demographics (height,
weight and body surface area) (152, 239), foetal tissue growth and change of blood
flow to these tissues (adipose, bone, brain, gut, heart, kidney, liver, lung, muscle,
pancreas, blood and skin) (151, 240, 241), tissue compositions (extracellular and
intracellular water and fat) (242) and foetal blood binding (haematocrit, Albumin and

Alpha-1 acid glycoprotein) are incorporated in the model (243).

If the permeability-limited placenta (full feto-placenta) model is activated, the
mechanistic placenta and foetal models will be applied (147). As illustrated in Figure
1.10 (B), passive clearance of drugs to and from the placenta is added in the model
(147). Additionally, placenta transporters (both foetal and maternal sides) are available

in the model for users to define (153).
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1.1.6.20 Obesity Physiological-based pharmacokinetics models within
Simcyp®

The Simcyp® simulator contains obese and morbidly obese PBPK models (244). Data

regarding key demographical, physical and biochemical parameters of obese and

morbidly populations were collected, analysed and utilised to develop these models

(244, 245). Major population-specific parameters incorporated into the Sim—obese and

Sim—morbidly obese models are briefly discussed in the next section

1.1.6.21 Physiological changes incorporated into the Sim—-obese and
morbidly obese Physiological-based pharmacokinetics models

In line with the WHQO'’s definition of obesity, the obese population in Simcyp® were the
subjects of a BMI between 30—-40 Kg/m2 (obese class | and obese class II), while the
morbidly obese population were subjects of a BMI >40 kg/m2 (obese class lll) (244,
245). Information regarding obesity and morbid obesity frequency age distribution for
males and females from the dataset of the Health Survey for England (2003) was used
to describe the age distribution for each gender in obesity models within the simulator
(245). Height and body surface area were parametrised in Sim-obese and Sim-—

morbidly obese models (245).

Hemodynamic changes in obese populations discussed in section 1.1.2.1 were
incorporated into the obese Simcyp® populations. The increased cardiac output in
obese and morbidly obese populations (by around 15%) compared to lean subjects
was scripted in models; this was achievable through the incorporation of an algorithmic
relationship with BSA (244, 245). The change in cardiac output is directly applied to
percentage changes in blood perfusion to tissues in these PBPK populations (244-

248). However, the percentages of blood flows to certain organs (e.g., the brain and
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kidney) were not increased according to the increased cardiac output; as evident in the
literature, the blood flows to these tissue are similar to those of the lean cohort (43,
244, 245, 249, 250). To account for this similarity, the in silico blood flows to these
organs decreased after increasing cardiac output in the obese population. The
absolute blood flows to the remaining tissues were increased according to the updated
cardiac output (244, 245). The reported increase in plasma alpha-1 acid glycoprotein
by 103% and 123% is scripted into the obese and morbidly obese PBPK models,

respectively (43, 244, 245, 251, 252).

The liver volume enlargement in obese and morbidly obese populations is updated in
these models; the models are also parametrised for enzyme expression changes (244,
245). The increased expression of CYP2E1l (60%) and decreased expression of
CYP3A4 (36%) and CYP3A5 (41%) are applied to the models (244, 245, 250, 253-
264). Additionally, the observed increase in GFR in the obese and morbidly obese are

coded in the virtual models (244, 245).

1.1.6.22 Developing a combined obese—pregnant Physiological-based

pharmacokinetics model within Simcyp®

As previously addressed, the knowledge of physiological changes and their influence
on drugs’ PK is limited for the obese—pregnant population (section 1.1.2.1). It is
possible to explore the PK of a drug of interest in an obese—pregnant virtual population
without incorporating data on physiological changes in such a population. As the Sim—
pregnancy algorithmic gestational changes are applied to a healthy population (pre-
pregnant or baseline), a combined obese and pregnant model within the Simcyp®

simulator is achievable by adjusting the basic physiological and biochemical
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parameters of these healthy data (pre-pregnant or baseline) to obese subjects. This
will allow bypassing the development of PK and physiological equations describing the

PK exclusively in obese—pregnant PBPK models in such time-restricted projects.

The rationale of this PhD project is to investigate the appropriateness of cefuroxime
doses used in clinical practice for obese—pregnant women requiring CS. It aims to
determine whether cefuroxime plasma and adipose tissue concentrations are above
MIC in the obese—pregnant population at the time of CS. The exact hypothesis, aims

and objectives are listed in the following sections.

1.2 Hypothesis

Obese—pregnant women with a BMI 230 kg/m?2 and requiring CS will have decreased
cefuroxime levels, possibly sub-therapeutic, in plasma and adipose tissue at the time
of skin incision or skin closure compared to pregnant adults with a BMI of 18.5-29.99
kg/m2. Accordingly, they may require additional or higher initial doses of prophylactic
cefuroxime. Table 1.8 represents the facts and assumptions used, which the

hypothesis was generated.

57



Table 1.8: Facts and assumptions lead to the generation of current project hypothesis

Facts

Obesity causes diluent effects to

drugs’ concentrations (38)

Obese subjects have tissue hypo-
perfusion (38, 41, 42)

A higher rate of post-CS infection
is reported in obese-pregnant
compared to non-obese pregnant

women (58, 59)

Cefazolin, a comparable antibiotic
used in CS, has a range of LogP
cefuroxime is

values, while

hydrophilic (9, 16, 90-93, 113-115).

1.3 Aims

Assumption

Cefuroxime plasma and tissue
concentrations in obese—pregnant women
are decreased compared to normal body
weight pregnant adults

Cefuroxime concentrations in  obese—
pregnant adults at the site of CS (adipose
tissue) is decreased compared to pregnant
adults with normal body weight.
Although obese—pregnant adults’ immune
systems are compromised due to different
factors, increased rate of post-CS infection
can be explained by prophylactic antibiotic
sub-therapeutic concentrations.

The reported cefuroxime and cefazolin logP
logP  of

cefazolin.

ranges suggested lowered

cefuroxime  compared to
Postulating that cefuroxime penetration to
adipose tissue is lower than that of cefazolin

in CS.

The general aim of this project is to investigate the appropriateness of cefuroximedose
given prophylactically to obese— pregnant women at the time of CS. The detailed aims

are:

e To undertake a thorough literature search to identify and report cefuroxime

concentration in maternal plasma and/or adipose tissue at the time of skin
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incision and skin closure in pregnant women (obese and non—obese) requiring
CS.

To undertake a thorough literature search to report and compare the rate of post
CS infections in pregnant women (obese and non—obese) who have received a
single dose of IV cefuroxime at the pre-CS stage without co-administration of
antibiotics compared to placebo (or no antibiotic) or other antibiotics.

To undertake a thorough literature search to identify and report cefazolin
concentration in maternal plasma and/or adipose tissue at the time of skin
incision and skin closure in obese—pregnant women requiring CS.

To undertake a thorough literature search to report the rate of post CS infections
in obese—pregnant women who have received a single dose of IV cefazolin at
the pre-CS stage without co-administration of antibiotics compared to placebo
(or no antibiotic) or other antibiotics.

To conduct a partial validation of previously described method quantifying
cefuroxime in human blood and subcutaneous adipose tissue using high-
performance liquid chromatography (HPLC).

To measure, clinically, cefuroxime concentrations in plasma and adipose tissue
in obese and non—obese pregnant women at time of CS.

To report rate of post-CS infections in obese and non—obese pregnant women
when given cefuroxime at time of CS.

To develop PBPK models of obese—pregnant women and predict cefuroxime
and cefazolin plasma and adipose tissue concentration in the obese and non—
obese pregnant population when different doses are administered at 39.5

weeks’ gestation.
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In case of sub-therapeutic cefuroxime plasma/adipose tissue concentrations is
proven, to recommend suitable dose for cefuroxime in obese—pregnant

women requiring CS.

1.4 Objectives

To systematically review the literature: to assess whether the administration of
different doses of IV cefuroxime at the pre-CS stage will provide sufficient
coverage against common microbial pathogens in pregnant women requiring
CS by attaining a sufficient MIC (i.e. 2, 4 or 8 mg/L or 2, 4 or 8 ug/g) in both
plasma and adipose tissue. (Chapter 2)

To systematically review the literature: to assess whether the administration of
different doses of a single IV cefuroxime at the pre-CS stage will provide
sufficient coverage against common microbial pathogens in this population by
reducing the rate and possibility of infection at the post-CS stage compared to
placebo (or no antibiotic) or other prophylactic antibiotics given prior to CS.
(Chapter 2)

To systematically review the literature: to assess whether the administration of
different doses of IV cefazolin at the pre-CS stage will provide sufficient
coverage against common microbial pathogens in the obese—pregnant women
requiring CS by attaining a sufficient MIC (i.e. 2, 4 or 8 mg/L or 2, 4 or 8 pg/g)
in both plasma and adipose tissue. (Chapter 2)

To systematically review the literature: to assess whether the administration of
different doses of a single IV cefazolin at the pre-CS stage will provide sufficient
coverage against common microbial pathogens in the obese—pregnant women

requiring CS by reducing the rate and possibility of infection at the post-CS
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stage compared to placebo (or no antibiotic) or other prophylactic antibiotics
given prior to CS. (Chapter 2)

Test the linearity of cefuroxime, carry-over effect, lower limit of detection (LLOD)
and lower limit of quantification (LLOQ) and matrix effect (blood and adipose
tissue) on cefuroxime chromatograms. (Chapter 3)

To develop a protocol for a pilot study to measure cefuroxime concentrations in

plasma and adipose tissue at time of CS (Chapter 4).

To conduct a clinical pilot study at a maternity hospital to collect samples
(plasma and adipose tissues) from obese and non—obese pregnant women, and
report post-CS infections after administration cefuroxime at time of CS.

Using Simcyp® simulator, cefazolin and cefuroxime compounds disposition
were predicted and compared to clinical PK data in different populations of

interest. (Chapter 5).

Pregnant population within Simcyp® were adjusted to predict cefazolin and

cefuroxime in obese—pregnant. (Chapter 5).
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Chapter 2: Systematic Review to Evaluate Pharmacokinetics of Cefuroxime and
Cefazolin in Obese-Pregnant Women Undergoing Caesarean Section and

Rate of Surgical Site Infection
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The aim of this chapter was to systematically review literature to collect
data forthe development of PBPK models and the design of a pilot clinical
study to measure cefuroxime levels in obese-pregnant women. Due to
variations in the data available for PK and the SSI post-CS, it was decided
that separate systematic reviews be conducted for each antibiotic and for
each domain. These systematic reviews are referred to as: (a) systematic
review of studies on the outcomes of cefuroxime PK (CFX-PK) in
pregnant women; (b) systematic review of studies on postsurgical
cefuroxime infection (CFX-INF); (c) systematic review of studies of
cefazolin PK (CFZ-PK) outcomes in pregnant women; and (d) systematic

review of postsurgical cefazolin infection (CFZ-INF).

Publication from this chapter:

The systematic review of CFX-PK and CFX-INF was published in European
Journal of Obstetrics & Gynecology and Reproductive Biology, the manuscript
was incorporated to this thesis upon permission statement by publisher:

Elsevier (https://www .elsevier.com/about/policies/copyright/permissions)

“Authors can include their articles in full or in part in a thesis or dissertation for
non-commercial purposes.”. Numbering of heading, tables and figures were
only adjusted to be consistence with the current report. The Full article
reference is: Alrammaal HH, Batchelor HK, Morris RK, Chong HP. Efficacy of
perioperative cefuroxime as a prophylactic antibiotic in women requiring

caesarean section: A systematic review. Eur J Obstet Gynecol Reprod Biol.
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2019 Nov;242:71-78. doi: 10.1016/j.ejogrb.2019.08.022. Epub 2019 Aug 31.
PMID: 31569027. Which can be found at:

https://pubmed.ncbi.nlm.nih.gov/31569027/. Contributions of authors were

mentioned within the paper.

The CFX-PK and CFX-INF systematic review was presented also at the Annual
Academic Meeting held at the Royal College of Obstetricians and
Gynaecologists in London on 17-18 January 2019 as a poster presentation
and published at the An International Journal of Obstetrics & Gynaecology. The
poster is included in the appendix section, Figure 7.1. The Full reference is:
(2019), Blair Bell Research Society: Annual Academic Meeting Abstracts.

BJOG: Int J Obstet Gy, 126: el25-el41. https://doi.org/10.1111/1471-

0528.15677 .

A part of CFZ-PK meta-analysis was presented as a poster abstract at the
Annual Academic Meeting of Royal College of Obstetricians and
Gynaecologists held in London on the 27th and 28th of February 2020; The
poster is included in the appendix section, Figure 7.2.

Note: In the published journal article, one value regarding cefuroxime
concentration was incorrectly typed only in—text (underlined in current thesis
version). This value was correctly added in figures and tables. It was advised to

correct this value in any publishable updates of the systematic review.
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Tweetable abstract (110 characters)

Inconclusive data reported on cefuroximelevels in women requiring C-Section, with no

data in obese women.

2.1.1 Abstract

Intravenous (IV) Cefuroxime (CFX) is widely used in Caesarean Section (CS) as a
prophylactic antibiotic. The objective of this systematic review to compare CFX
concentration in maternal blood and adipose tissue with the incidence of surgical site
infection (SSI) following IV CFX in non-obese and obese women undergoing CS. A
search in Medline, EMBASE, Cochrane, Web of Science, CINHAL Plus, Scopus and
Google Scholar was conducted without language or date restrictions. Published
articles or abstracts reporting CFX concentration or rates of SSI following CFX IV
administration in adult women requiring CS were included. Studies were screened by
title and abstract. Quality of studies was assessed via the ClinPK Statement checklist
(Pharmacokinetics studies), or Joanna Briggs Institute Critical Appraisal Tools (SSI
studies). The Cochrane Effective Practice and Organisation of Care checklist
evaluated the risk of bias (SSI studies). There were no studies evaluating CFX
concentrations in obese women undergoing CS. For non-obese women, CFX plasma
concentrations ranged from 9.85 to 95.25mg/L within 30-60min of administration
(1500mg dose; 4 articles, n=108 women). Plasma CFX concentrations were above the
minimum inhibitory concentration (8mg/L) for up to 3 hours post-dose. No studies
reported on CFX concentration in adipose tissue. Reported rates of SSI were 4.7%

and 6.8% after administration of a single 1500mg dose of CFX administrated after cord

72



clamping (n=144 women). There is limited data on pharmacokinetics of CFX for CS.

There were no studies that reported CFX concentrations or SSI in obese women.

Funding: Not applicable.

Keywords: Cefuroxime; Caesarean Section; Pharmacokinetics; Surgical Site

Infection; Pregnant women,; obese.

2.1.2 Introduction

The use of perioperative antibiotics has transformed the surgical landscape and it is
standard practice for intravenous (IV) administration of a broad-spectrum antibiotic to
minimise the incidence of surgical site infection (SSI). A single dose of IV prophylactic
antibiotics is recommended at the time of caesarean section (CS) before skin incision
(265). However, it is unclear if there is any advantage of one antibiotic over another,
both in terms of choice of drug and dosage, in obese women undergoing CS. (12, 14,

265, 266)

The prevalence of maternal obesity varies across the UK; in the East of England, the
rate is 6.23%, whilst in London 3.46% are obese (36). The rate of CS in the obese
population is 33.8% rising to 47.4% in class Il or Il obesity (6). The rate of post-CS
infection is higher among obese pregnant women compared to those who are not
obese (7). Women who were overweight, obese and morbidly obese had an adjusted
odds ratio for infection of 1.64 (95% CI 1.22-2.1), 2.41 (95%CI 1.73-3.37) and 3.67

(95%CI 2.62-5.16) respectively (7).

The optimal doses of peri-CS antibiotics in the obese pregnant population is unclear.

Several studies have investigated an increased dose of cefazolin (CFZ) (3 g) for obese
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pregnant women to achieve adequate antibiotic levels compared to the usual dose (29)
(10, 11, 13). Cefuroxime (CFX) is a second-generation cephalosporin, used in
pregnancy due to a low incidence of side effects and a low level of protein binding (9).
As with CFZ, CFX is excreted in an unaltered form by the kidneys. However, the
lipophilicity of CFX is much lower than CFZ (logP values -0.167 vs. 0.3) (9, 90, 114,
115). Therefore, higher doses of CFX may be required to achieve adequate adipose
tissue levels and thus prevent SSI. The minimum inhibitory concentration (MIC) is the
lowest concentration of an antibiotic that inhibits the growth of a certain strain of
bacteria. The MIC of CFX for the most common causative bacteria of post-CS
infections is <1mg/L (56). Certain strains may require a higher concentration of 4mg/L
or 8mg/L (81, 83, 267). In this review, MIC of 4 and 8 mg/L were chosen to evaluate
appropriate CFX coverage for the intended population to ensure proper antibiotic

coverage against these strains.

We sought to systematically review the literature to compare CFX concentrations in
plasma and subcutaneous adipose tissue in non-obese and obese pregnant women
requiring CS who were administered IV CFX peri-operatively; and to compare

incidence of SSI in both groups.

Due to variations in reported data for pharmacokinetics (PK) and the infection rates,
we conducted separate systematic reviews for each output parameter: (a) the CFX
PK systematic review (CFX-PK) of studies on CFX concentrations in plasma and
adipose tissue in pregnant women and (b) the systematic review of CFX and

postsurgical infection (CFX-INF).
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2.1.2.1 Scope of the Research

In March 2018, a search was conducted using the Cochrane Library’s Cochrane
Database of Systematic Reviews (CDSR) to identify any systematic reviews or meta-
analyses addressing the search questions. There were no systematic reviews or meta-
analyses evaluating the PK or rate of infection of CFX in pregnant women undergoing
CsS.

2.1.2.2 Reporting Strategy

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
checklist was used as guidance thorough this systematic review (Appendixes: Table
7.7) (268).

2.1.3 Methods

2.1.3.1 Search Strategy and data bases

Relevant electronic databases were searched using a research strategy that was
constructed using Medical Subject Headings (MeSH) terms and keywords from
MEDLINE, using the term harvesting template suggested by the National Institute of
Health (Appendixes: S1). The strategy was then adapted to the other databases to
establish homogenous search terms in all the databases selected (Appendixes: Table
7.7).

The following databases were searched including all available years, with no
restrictions on the language or study setting: MEDLINE/Ovid (1948 to March 2018),
Embase (1974 to March 2018), the Cochrane Library’s CDSR, CINAHL Plus, Scopus
and Web of Science (search until March 2018 for CFX-PK, until April for CFX-INF).

The search was updated in May 2019.
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An additional specific search was conducted using Google Scholar, with the following
phrases for each systematic review with no time restrictions. The first two-hundred
titles were reviewed.
e CFX-PK “pharmacokinetics of cefuroxime in pregnancy”. Last searched on 31
May 2019
o CFX-INF “Cefuroxime and infection in caesarean section”. Last searched on 31
May 2019
The references of the included articles, were screened to identify additional articles of

interest; the articles identified were then added and screened for eligibility.

2.1.3.2 Protocol and registration

The systematic reviews’ protocols were registered on the International prospective

register of systematic reviews (CRD42018106945 and CRD42018107192).

2.1.3.3 Relevant Articles

References yielded from the databases were exported into EndNote X8, and the
duplicates were removed. The articles were then screened by titles and abstracts
(Appendices Table 7.1). Full text of each article was examined to further assess
eligibility.

2.1.3.4 Quality Assessment and Risk of Bias

The quality and risk of bias assessment were done by two reviewers (HA, HB), in case

of conflicts, a discussion was made with a third reviewer for a final decision (HC).

2.1.3.5 Pharmacokinetics studies:
For the CFX-PK, the ClinPK Statement checklist was used to evaluate the quality of

the methodology in each of the PK studies and risk of bias (269). This checklist was
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comprehensively formulated specifically for PK studies; it was used previously in a
similar study (21). The checklist contained 24 items; however, 4 items (11, 12, 20 and
21) were excluded from this study because they were irrelevant to the inclusion criteria
(Appendices: Table 7.2). If the item was applicable and existed in the study, it was
scored as 2. If the item was applicable and did not exist in the study, it was scored as
a 0 for that item. If the item was not applicable or there was insufficient data, the item
was scored as 1. Therefore, the total score for the modified ClinPK Statement checklist

used in this study was 40.

2.1.3.6 Infection studies:

Study quality for CFX-INF was assessed by the Joanna Briggs Institute (JBI) Critical
Appraisal Tools (270). This tool was selected as it comprehensively assesses different
types of study design. For the risk of bias, the Cochrane Effective Practice and

Organisation of Care (EPOC) checklist was used (271).

2.1.3.7 Data Analysis

Whenever applicable, the mean and standard deviation (SD) was calculated for the
concentration or rate of infection. Meta-analysis and statistical analysis was performed
where applicable.

2.1.4 Results

2.1.4.1 Cefuroxime pharmacokinetics systematic review

2.1.4.2 Literature Retrieval and Study Selection

Sixty-six titles were identified from the search strategy. After removing duplicates, 48

records were screened for inclusion based on the titles and abstracts, resulting in 37
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studies being excluded (Figure 2.1). The full text of 11 studies were reviewed to assess
eligibility. Four studies fulfilled the inclusion criteria, and were evaluated for the risk of
bias and quality. The PK data was then extracted for further analysis. None of those
studies reported PK in obese pregnant women. No additional studies were identified

that were eligible forinclusion in the updated search conducted in May 2019.

2.1.4.3 Data Extraction

The PK data was extracted from the studies directly as reported or calculated based
on figures presented (e.g. extraction from the time-concentration curve using an online
website (272)) (Table 2.1). A time-concentration curve was generated for each of the
included studies (Figure 2.2). In the study by Bousfield et al.(273), the data provided
for the maternal blood was presented as scattered data in a graph with no
differentiation of each time-point for each patient, nor mean plasma concentration for
each time point, based on 10 patients.

2.1.4.4 Comparison of PK findings from Cefuroxime dose in women prior to CS
The studies identified in non-obese pregnant women will be discussed in chronological
order in order to evaluate the growing body of knowledge of CFX PK in CS. It should
be noted that the quality of three of the studies was low. The CIlinPK Statement
checklist scores were 24, 25 and 31 out of 40 for the Bousfield et al.(273), Roumen et
al. (274) and Holt et al. (56) studies, respectively. However, Lalic-Popovic et al. (9)
scored higher, with a ClinPK Statement checklist score of 38/40 (Appendixes: Table
7.3). All studies were included, despite low ClinPK score, due to the paucity of data
identified. This difference in quality was primarily due to the date of publication and the
greater emphasis on methodology and reporting in recent times. All of the studies

measured CFX concentrations using high-performance liquid chromatography, with
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the exception of the study by Bousfield et al.(273), in which the agar plate diffusion
method was used. None of the included studies investigated CFX adipose tissue

concentrations.

At time points closest to one hour, there was great variation in reported mean CFX
concentrations: 9.47 mg/L, 32.55 mg/L and 74.76 mg/L in Lalic-Popovic et al. (9),
Roumen et al. (274) and Bousfield et al. (273) studies, respectively (average CFX
concentration was calculated from four points closer to one hour in Bousfield et al.
(273)). These differences may relate to the interpatient variability or the assay methods
used.

Bousfield et al.(273) investigated an IV bolus administration of 1500 mg of CFX pre-
delivery in 10 pregnant women in labour who delivered vaginally and 10 pregnant
women scheduled for elective CS. In the CS deliveries, the CFX injection time varied
from 48 min to 337 min prior to delivery. The maternal blood was analysed for CFX
guantification before delivery and at 30 min intervals until delivery.

Roumen et al.(274) evaluated the PK of CFX in 6 pregnant patients with preterm
premature membrane ruptures, 4 of whom underwent CS. The authors measured CFX
concentrations in the maternal plasma, amniotic fluid, umbilical cord blood and
placental blood after three IV doses of 1500 mg of CFX (8 hours apart) (274). The
mean+ SD CFX plasma levels and were 32.55+5.20 mg/L 1 hour after the injection (for
4 patients) and 1.50+0.43 mg/L after 8 hours (for 3 patients). This study did not report
the body weights of the pregnant women.

Holt et al.(56) compared two doses of CFX (750 vs. 1500 mg) in patients that had
similar median body weights (71.5 vs. 74 kg, respectively). The authors reported that

the CFX placental transfer during delivery was unaffected by the mother’s body weight,
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with no information reported regarding the effect of mothers’ body weight on maternal
CFX concentration. Additionally, in the low dose group (750 mg of CFX), the mean
sampling time was shorter than in the higher dose group (1500 mg of CFX), although
this was not statistically significant: 65 minutes [95% confidence interval (Cl1)=48.8—
96.5] vs. 37 minutes (95% Cl=22.8-58.3), respectively. In a subset analysis with
comparable sampling time of the low dose group (47 minutes, 95% CI=32.1-67.5),
maternal blood CFX concentrations were dose dependent. The group administered the
higher CFX dose (1500 mg) had significantly higher CFX concentrations in the
maternal blood when compared to the subset of those administered the lower dose
(750 mg) (CFX concentration 51.9 vs. 19.4, P<0.001) (56). Holt et al.(56) concluded
that 31% of women administered the lower dose (750 mg) would have insufficient CFX
concentrations against some strains of Escherichia coli (E. coli) and Klebsiella at 75
min post administration.

In a recent study, a dose of 1500 mg CFX pre-CS was investigated in healthy,
hypertensive and diabetic pregnant women (9). Initial means of CFX plasma
concentration were comparable among the three groups. The mean CFX concentration
in plasma at delivery in the diabetic group was significantly higher than those in the
other groups (18.54+7.30 mg/L in diabetic group, 9.47+6.28 mg/L in control group and
11.53+8.54 mg/L in hypertensive group; P< 0.05). The diabetic group had shorter
sampling time (t=56.14+31.12 min) compared to the control group (t=99.28+47.76 min)
and hypertensive group (t=79.57+£54.04 min). It should be noted that the minimum CFX
plasma concentration reported at time of delivery were 0.9 mg/L, 2.04 mg/L and 9.85
mg/L in the control, hypertensive and diabetic group, respectively. Lean body weight-

normalised volume of distribution, a hypothetical volume expressing the extent of drug
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distribution in plasma and body, of CFX was significantly lower in the diabetic group
than in the control and hypertensive groups (537.78+91.73ml/kg in diabetic group;
1364.58+621.98 m/Kg in control group and 1120.92+515.24 ml/Kg in hypertensive
group; P< 0.05). This difference in volume of distribution may relate to the low logP
value of CFX and its poor penetration into lipophilic tissues.

2.1.4.5 Cefuroxime and Caesarean Section surgical site infection

2.1.4.6 Literature Retrieval, Study Selection and Data Extraction

Fifty-seven records were screened for inclusion based on the titles and abstracts
(Figure 2.1). The full text of 13 studies were reviewed to assess their eligibility. Three
studies were eligible, and they were evaluated for the risk of bias and quality. Data
were extracted (Table 2.2). Included studies evaluated single dose CFX administered
after umbilical cord clamping; of those, 2 studies evaluated 1500 mg dosages and 1
study evaluated a 750 mg dose. Further data interpretation was not manageable as
the 2 studies had different comparators; one study compared CFX to no antibiotic and
the other to ampicillin/sulbactam antibiotic (275-277). No additional studies were
identified that were eligible for inclusion in the updated search conducted in May 2019
2.1.4.7 Comparison of rate of infection reported in selected studies

All three studies were randomised controlled trials (275-277). Two studies had
acceptable quality assessment and risk of bias evaluation, except for Kristensen et al
(Appendixes: Table 7.4 and Table 7.5) (275). Kirstensen et al. (275) compared CFX
(750mg) vs. no antibiotic, Rizk et al. (276) compared CFX (1500mg) vs. no antibiotic
and Ziogos et al. (277) compared CFX (1500mg) vs. ampicillin/Sulbactam (3g).
Patients were monitored for infection by medical team while patients were hospitalised

for delivery until discharged in all studies (275-277); in addition to a weekly clinical and
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laboratory monitoring for 30-days in Ziogos et al.(277) and at a 6 weeks post-OP visit
in Rizk et al.(276). Reported rates of infection are listed in Table 2.2. Kristensen et al.
(275) demonstrated a clear advantage of IV CFX, where 1.96% of patients had a
defined infection in the treatment group compared to 19.2% in the group that did not
receive antibiotics. Although this was not replicated in the Rizk et al. (276) study, as
higher dose of CFX (1500mg) was given to 59 women and no antibiotic to 61 women.
The rate of SSI were 6.8% in CFX group compared to 4.9% in the “no antibiotic”
groups. Finally, in the Ziogos et al. (277) study the incidence of SSI was 4.7% in 85
women who received 1500 mg CFX compared to 6.6% in 91 women who received

ampicillin/Sulbactam.

The meanzt SD of body weights of the women in Rizk et al. (276) study were 87123 in
CFX group vs. 81+17 in control group; while in Kristensen et al. (275) it were, at
operation, 74.9+ 11.7 in CFX group vs. 75.6 = 11.5 in control group. In Ziogos et al.
(277), 44.7% of CFX group and 41.8% of the ampicillin/sulbactam group had a BMI of
= 30 kg/m?; the authors did not report infection rate when groups are classified by
antibiotic administered and BMI. In this study, the univariate analysis showed no
association between the overall post-op infection or post-op SSI with BMI (regardless
to the antibiotic assigned). Our robust search strategy did not identify studies
evaluating the SSI after CS in obese pregnant women who were given CFX

perioperatively.
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(A) - (B) -

Figure 2.1: Flow diagram of full text (A) Cefuroxime Pharmacokinetics studies and (B) that were screened, assessed for eligibility

SR: systematic review, MA: meta-analysis, CS: caesarean section, CFX: Cefuroxime.
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Table 2.1: Summary of the data extracted from the eligible studies of Cefuroxime pharmacokinetics systematic review.

Study Aims and Subjects Sample | Intervention Type of | Cefuroxime Concentration | ClinPK
size sample mg/L at time point
score
140
Bousfield | Aim: To investigate the placental transfer | 10 IV cefuroxime | Maternal | Ct48 min = 74.762 24
et al. | of IV cefuroxime (1500 mgq), pre- | blood Ct88 min = 32.952
(273) Subjects: Pregnant women delivered by CS
| elective CS _ _ _
Roumen | Aim: To investigate cefuroxime PK in| 4 IV cefuroxime | Maternal | Data for the 1st dose: 25
et al. | maternal blood and amniotic fluid and in (1500 mg TID), | blood Ct1 hour=32.55b
(274) foetal placenta, plasma cefuroxime first dose was Ct8 hours=1.5°
concentration in women with preterm pre-CS
premature rupture of the membrane.
Subjects: Pregnant women with preterm
premature membrane rupture _
Holtetal. | Aim: To compare concentrations of | 39 IV cefuroxime | Maternal | Group A (750 mg) (n = 26): 31
(56) different cefuroxime doses in pregnant (750 or 1500 | blood Ct65 min = 14.9¢
women at time of delivery. mg), pre-CS Subset of Group A (750 mg) (n
Subjects: Pregnant women at risk of = 20):
infection (CS). Ct47 min = 19.4°€
Group B (1500 mg) (n =13):
Ct 37 min = 51.9€
Lalic- Aim: To report transplacental transfer of | 53 IV cefuroxime | Maternal | Ct61.67 min in control =41.14€| 38
Popovic | cefuroxime in pregnant women vs. (1500 mg), pre- | plasma Ct99.28 min in control=9.47¢
etal. (9) pregnant with GD or HT. CS Ct46.28 minin HT =40.03¢

Subjects: Healthy pregnant women,
pregnant women with GD or pregnant
women with HT

Ct79.57 minin HT = 11.53¢
Ct28.50 min in GD = 42.95¢
Ct56.14 min in GD = 18.54¢

CS: caesarean section, IV: intravenous, TID: 3 times per day, GE: gestational diabetes, HT: hypertension, Ct: concentration at time point
2 Time and cefuroxime concentration are means of individual patients’ data reported.
b Cefuroxime concentrations are means of individual patients’ data reported.

¢ Time and cefuroxime concentration are reported as mean
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A (Lalic-Popovic, M. et al, 2016) 1500 mg, control group
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A (Lalic-Popovic, M. et al, 2016) 1500 mg, diabetic group

+ (Holtetal, 1994) 750 mg

"""""""" MIC 8 mg/L

®9
e o ¢ .
A o A®
PY [
- [ J
o A o ®
IS + ©
c o o
g 10 OA ® ®
©
= )
c
8 ....................................................................................
c [ J
o
o
o
g [} ®
5 1 ¢
,5 [ 1] ®
©
o
0.1
0 1 2 3 4 5 6 7 8

Time (hours)

® (Bousfield, P. et al, 1981) 1500 mg
(Roumen, M et al, 1990) 1500 mg
(Holt et al, 1994) 1500 mg
---- MIC 4 mg/L

Figure 2.2: Reported Cefuroxime concentration in maternal plasma after an intravenous dose of 1500 mg or 750 mg in pregnant women

underwent caesarean section.

85




Table 2.2: Summary of extracted data from Cefuroxime post Caesarean section infection systematic review.

Study Type of Definition by Author Time of Cefuroxime Comparator
infection administration
dose ' n(N) % Name n(N) %
(mg) (dose)
Kristensen all postCS after cord 750 2(102) 1.96  no 19(99 @ 19.19
et al. (275) INF clamping antibiotic | )
postCS “FM, uterine tenderness and abnormal lochia.” 1(102) 0.96 6(99) @ 6.06
endometritis
wound “FM. cellulitis, and/or purulentdischarge fromthe wound.” 0(102) ' O 1(99) @ 1.01
infection
UTI “FM. and a positive urine culture (> 105 colonies per 0(102) 0 2(99) @ 2.02
millilitre).”
pneumonia “FM and abnormal clinical or radiological finding” 0(102) 0 1(99) @ 1.01
FUO “FM occurring inthe absence of any objective finding” 1(102) | 0.96 9(99) 9.09
Rizk et al. febrile “temperature of >38°c (excluding thefirst2 postoperative = after cord 1500 @ 6(59) 10.2  no 6(61) 9.8
(276) morbidity days)” clamping antibiotic
endometritis | “uterinetenderness and offensive lochiaaccompanying 3(59) 5.1 2(61) 3.3
fever in the absence of other obvious factors indicating
infection elsewhere with or without positive endometrial
cultures”
wound “presence of wound induration, erythemaor purulent 1(59) 1.7 1(61) 1.6
infections discharge with or without positive cultures fromthe
incision site, with or without fever”
UTI “Presence of more than 10° colonies of asingle bacterial 3(59) 5.1 3(61) 4.9
species per milliliter ofthe postoperative urine specimen”
Ziogos et All postCS As by (278) after umbilical | 1500 @ 5(85) 59 A AMP/SA | 8(91) 88
al. (277) INF cord clamping M(@3g)
Post CS Fever 238°C with one or more of the following: foul 2(85) 24 2(91) 22
Endometritis = smelling lochia, uterine tendernessand “leucocytosis of
>12.000 after exclusion other site ofinfection that
developed withinthe first 5 days after the delivery”
Post CSSSI | As by (278) 4(85) 47 6(91) 6.6
(including
Endometritis)

AMP/SAM: ampicillin/Sulbactam; CS: caesarean section; FUO: fever of unknown origin; FM: Fever morbidity, defined by author as oral
temperature of 28°C, two readings 6 h apart, excluding the first 24 h following CS; INF: infection; n number of patients developed infection;
N total number of patients
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2.1.5 Discussion

2.1.5.1 Cefuroxime plasma and adipose tissue concentration in obese

pregnant women

There was no information regarding CFX concentrations in obese pregnant women to
allow comparison to non-obese women. Therefore, we evaluated plasma CFX
concentrations in the non-obese population from literature identified through our
search (9.85 to 95.25 mg/L within 30-60 min of administration 1500 mg CFX) with
reported median CFX plasma concertation in the same population (57.2 mg/L, 82 min
after administration of 2g CFZ) (10). The lipophilicity of CFX s lower than of CFZ, logP
values are -0.167 and 0.3, respectively (9, 90, 114, 115). This fact, suggests that CFX
is less able to penetrate adipose tissue compared to CFZ; therefore, the concentrations
of CFX theoretically suspected to be lower than the reported median CFZ adipose
tissue concentrations. The median adipose concentration values for CFZ in an obese
population at skin incision ranged from 4.70 to 10.7 pg/g following a 2 g dose of CFZ

and from 6.35 to 22.4 pg/g following a 3 g dose of CFZ (10, 11, 13, 14).

One study reported plasma and adipose tissue concentration of CFX in six morbidly
obese non-pregnant patients (110). The meant SD maximum concentration (Cmax) of
CEX in plasma was 66.8+18.9mg/L at 0.60+0.22 hour post dose, while CFX Cmax in
adipose tissue was 39.2+26.4 ug/g at 1.00+0.28 hour post dose (110). Although these
results show reasonable penetration of CFX into adipose tissue, the authors reported
insufficient MIC against E. Coli at times of prolonged surgeries (110). However, due to
the unique physiological changes associated with pregnancy, specifically, with plasma
volume expansion, it is inaccurate practice to extrapolate these results to the pregnant
cohort of women undergoing CS (21).
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2.1.5.2 Rate of post caesarean section infection

The lowest rate of infection in the CFX group was reported by Kristensen et al. (275)
which is interesting because patients received lower doses of CFX (750 mg) at non-
elective CS. The relatively short period of follow-up (till discharge) could explain the
low rate of infection (7). That this study was undertaken in 1990 could be a reflection
both of the bacterial sensitivity to antibiotics and the population at the time. As
previously indicated, maternal BMI has increased with time, as has antimicrobial

resistance in recent times (279).

The highest rate of infection in the CFX groups was found in the study by Rizk et al.
(276). Meant SD weight reported in this study was 87+23 kg for CFX group; this study
had the fewest number of patients (n=59) for CFX group compared to same group in
other studies. However, in this study only patients requiring elective CS were included,
in contrast to the other studies (non-elective in Kristensen et al. (275) and both elective

and non-elective in Ziogos et al. (277)).

Arecent systematic review highlighted the need for evaluating infection control bundle,
infection control practice and intrinsic risk factors to assess their impact on post CS
SSI (280). These would not have been in existence at the time the studies on
perioperative CFX and infection were undertaken, and thus, none of the studies
reported on the delivery of infection prevention bundles of care. We are therefore

unable to comment if bundles of care impacted on the SSI rate.

To the best of our knowledge there were no studies specifically investigating the rate
of infection when CFX was administrated 30-60 min before skin incision; in this review,

all included studies administrated CFX after cord clamping. This is not the current
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practice, since it will not allow enough time for the drug to reach the adipose tissue and

provide sufficient coverage at the time of surgery (14).

A published protocol of a Danish randomised control study evaluating the rate of
infection post CS was found (281); the study aimed to compare a single dose of 1500
mg CFX administered 15-60 minutes before skin incision to the same dose after cord
clamping. However, the study status was withdrawn in 2013, with no patients enrolled.

The exact reasons for withdrawal of the study are unknown (281).

2.1.6 Strengths of the study
This research is the first systematic view that addressed CFX concentrations and rate
of SSI in pregnant women requiring CS. The novelty of this search will enable further

research in this field to determine appropriate dosing strategies for CFX.

2.1.7 Study limitations

Our search strategy could not identify one related study in CFX-INF; nevertheless, the
study was not eligible (282). In CFX-PK, a total of 108 pregnant women were included
in the CFX group, of whom 5 delivered spontaneously. It was considered that the type
of anaesthesia and fluid administered in CS could affectthe PK of drugs, specifically

volume of distribution. Nevertheless, the effect of these convergences could be minor.

2.1.8 Conclusions

To the best of our knowledge, there is no study evaluating the effectiveness of CFX (in
terms of CFX concentration or rate of infection post-CS) as a single 1V dose peri-CS in
obese pregnant women. Additionally, there were no studies assessing CFX
concentrations in adipose tissue of non-obese pregnant women requiring CS.

Evidence regarding the use of CFX in non-obese pregnant women requiring CSis very
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sparse. There were no studies evaluating the rate of infection of single dose CFX
administered as the current guidelines (30-60 min before skin incision). Owing to the
importance of antibiotic resistance, future research should prioritise evaluating CFX
concentration in adipose tissue for both non-obese and obese pregnant women to

ensure therapeutic effectiveness from a pharmacological and clinical perspective.
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2.2 Cefazolin pharmacokinetics and rate of infection post caesarean section:
Systematic review and Meta-analysis

2.2.1.1 Scope of theresearch

The CDSR was searched in March 2018 to identify systematic review and meta-

analysis of identical objectives. There was one meta-analysis abstract evaluating

cefazolin pharmacokinetics in obese—pregnant women, this analysis was limited to

include only randomised controlled trials (RCT) (283). The current research includes

RCT, observational and other types of study design (Appendixes: Table 7.8).

2.2.1.2 Reporting strategy
The PRISMA statement was used while conducting this systematic review as guidance

(268).

2.2.2 Methods

2.2.2.1 Search strategy and databases

The search strategy and databases described in section 2.1.3.1 were used in this
systematic review. The databases were searched on April 2018; for CFZ-PK, a search
update was conducted in September 2019. The MeSH terms and keywords used for
the search are listed in Appendixes: section 7.1.1.1. Phrases used for Google Scholar

search were as following:

e CFZ-PK “pharmacokinetics of cefazolin in obese pregnant”

e CFZ INF: “cefazolin and cesarean wound complications and infection in obese*

pregnant women”
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2.2.2.2 Protocol and registration

The registration number of CFZ-PK and CFZ-INF systematic review protocols’ on the
International prospective register of systematic reviews are CRD42018108904 and
CRD42018108919, respectively.

2.2.2.3 Relevant articles

Using EndNote X8, duplicate of references from databases were removed. The

references were then screened in sequence by tittles, abstract and full text.

2.2.2.4 Eligibility criteria

Studies that reported cefazolin concentrations in adult pregnant women requiring CS
when cefazolin was given perioperatively were included in CFZ-PK review. For CFZ-
INF, studies reported incidence of SSI after CS when cefazolin was given
perioperatively to obese—pregnant women were considered eligible. Detailed eligibility

criteria are listed in Appendixes Table 7.8.

2.2.2.5 Data extraction

The data of interest were extracted from the included studies to an Excel sheet, with

calculations or data extraction from figures, whenever appropriate. The data extracted

included:

e Details about the demographics of the population: age, BMI, co-morbidities (in
addition to pregnancy) and ethnicity.

e Cefazolin concentrations in plasma or adipose tissue any anytime point.

e Rate of infection in a population following cefazolin administered as a prophylactic

antibiotic in CS.
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e Details about the overall infection control procedure to note other measures to
reduce infection which may include: skin preparation with chlorohexidine, hair
removal by clippers, cleansing the vaginal area by povidone-iodine, if the wound
thickness is >2 cm and closure of subcutaneous tissue by suture.

e Details about how the post-surgical infection was measured (self-report, report by
healthcare team, confirmation by healthcare team, use of additional antibiotics etc)

e Where possible details about the infection to include the location (SSI, UTI and
endometritis) and timing of infection report and duration of infection.

2.2.2.6 Quality assessment and risk of bias

2.2.2.7 Pharmacokinetics studies

The ClinPK Statement checklist was used to assess the quality of the methodology

and risk of bias of the included studies in the CFZ-PK systematic review (269). The

checklist was utilised as described in section 2.1.3.5.

2.2.2.8 Infection studies
The studies’ quality and risk of bias of eligible studies of CFX-INF systematic review

were evaluated using the JBI Critical Appraisal Tools and the EPOC checklist.

2.2.2.9 Data Analysis

The means and SD were calculated for cefazolin concentrations; rate of infection was
calculated. Meta-analysis was performed, whenever applicable. In case of conducting
a meta-analysis, a random effectwould be use to reflect differences of data distribution
between studies. A sub group-analysis and sensitivity analysis were performed if

necessary.
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2.2.3 Results
2.2.3.1 Cefazolin pharmacokinetics systematic review and meta-analysis

2.2.3.2 Literature retrieval and study selection

Forty-one titles were assessed for eligibility after removing duplicates. Eight full texts
were thoroughly reviewed, one study was excluded and seven studies were included

in the CFZ-PK systematic review (Figure 2.3).

The quality assessments and risks of bias of the studies were acceptable. The ClinPK
score of the eligible studies ranged from 34 to 39 out of 40 (Appendix: Table 7.10).
Data of interest were extracted, and Table 2.3 shows the means and median of
cefazolin concentrations in the plasma and total adipose tissue. All such means and
medians were above the MIC of 4 mg/L or ug/g, but the MIC of 8 ug/g was not achieved

in all the included studies.

An empirical analysis was performed that included all seven studies, in which non—
obese (BMI 20-29.9 kg/m?) subjects who were administered 2 g of cefazolin were
compared with obese (BMI =30 kg/m2) cohort who received different doses (2, 3, and
4 g) of cefazolin. Table 2.4 represents the means and the median of the empirical
analysis of the cefazolin concentration reported in the included studies. The means
and the median were above the MIC of 8 mg/L or 8 ug/g, except one study where the
mean adipose cefazolin concentration at the time of skin closure in the non—obese

pregnant group (BMI 20-29.9 kg/m2) that received 2 g of cefazolin was 7.5 pg/g.

A subgroup analysis was conducted to report specific cefazolin concentrations
stratified by obese group. The non—obese subjects (BMI 20-29.9 kg/m?2) who received

2 g of cefazolin were compared with the combined classes | and Il obese subjects (BMI
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30-39.9 kg/m2,to whom were administered either 2 or 3 g of cefazolin) and the class
[l obese subjects (BMI 240 kg/m?, to whom were administered either 2 or 3 g of
cefazolin) (Figure 2.4). In this subgroup analysis, the studies of Young et al. (16), Groff
et al. (12) and Stitely et al. (15) were excluded because the groups they studies had
BMIs >30 kg/m2 (Young et al. and Groff et al.) or >35 kg/m2 (Stitely et al.) with no
subgrouping differentiation according to BMI (12, 15, 16). Figure 2.4 illustrates the
averages of the reported medians of the cefazolin concentration in both the plasma
and total adipose tissue at time of skin incision and the skin closure. The number of
patients pooled for each concentration from the four included studies are shown within
the bars (for the plasma) or above the bars (for the adipose tissue). The exact average
concentrations are presented below the bars. The average cefazolin concentrations in
the maternal plasma were above the MIC of 8 mg/L. All the obese—pregnant (BMI =30
kg/m2)who received 2 g of cefazolin had a cefazolin concentration above the MIC of 4
Mg/g but under the MIC of 8 ug/g in adipose tissue at both times of the skin incision
and the skin closure. Similarly, the class Ill obese pregnant women (BMI 240 kg/m?2)
who received a higher dose (3 g) of cefazolin had an adipose concentration under the
MIC of 8 pg/g at time of the skin incision and closure. Table 2.5 represent the
percentages of the reported cefazolin concentration samples under the MIC of 4 or 8

mg/ml or pg/g in each study.
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(A) (B)
Figure 2.3: Flow diagram of cefazolin (A) Pharmacokinetics and (B) surgical site infections studies that were screened, assessed for
eligibility.

SR: systematic review, SSI: surgical site infection, MA: meta-analysis, CS: caesarean section, CFZ: Cefazolin
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Table 2.3: Summary of the data extracted from the eligible studies of cefazolin pharmacokinetics systematic review.

Study BMI Average serum concentration mg/L? Average adipose tissue concentration pug/g? Clin
Kg/m? 2 g Group 3 g ormore Group® 2 g Group 3 g or more Group® zciz(or
Incision Closure Incision Closure Incision Closure Incision Closure e
Pevzner <30 65.20+£30 NM 9.37+2.7 9.07+6.4 35
et al. 30-39.9 | 54.9+41.3 NM 6.37+2.3 6.61+£3.3
240 49.94+20.7 | NM 4.35+1.2 4.70+1.5
Stitely >35 155.45+50.9 | 83.49+34.97 | 346.16+166. | 150.12455.5 | 18.36+6.68 | 21.73+£16.02 | 40.11£24.10 | 34.89+17.42 ( 39
et al. 7 01 4
Young >30 | 94.52 59.38 175.65 100 7.40 (54— | 11.80(9.2— | 12.00(5.4— | 146 (10.8— | 38
et al. 9.4) 16.2) 16.0) 20.8)
Swank <30 57.2(48.6— | NM 8.7 (8.4— 7.5(5.0- 35
et al. 66.3)° 11.2)° 10.1)
3040 | 42.60(27.3— | NM 166.7(143.8 | NM 6.50(4.2— 5.10 (4.0- 22.40(20.3— | 24.80(18.9—
64.8)° -185.7) 7.2)° 9.3) 34,4) 34.1)
>40 39.7(35.5- | NM 176.5(127.9 | NM 4.70(3.1- 4.30(3.5~ 9.60(7.6— 7.1(6.2-9.8)
71.5)° —192.6) 5.0)° 6.2) 15.8)
Maqgio | All >30 | 100.7(90.4— | 75.1(68.9— | 153.7(123.7 | 83.8(61.7— | 9.4(5.1- 8.4(4.4- 11.7(7.0- 8.7(6.7- 36
et al. 134.2) 78.4) —166) 115.3) 13.4) 13.2) 18.3) 18.8)
30-39.9 10.7(7.2— 11.4(7.6— 13.0(10.1— | 15.2(8.5-
21.2) 18.5) 24.2) 21.2)
240 8.9(5.0- 5.6(4.1-9.0) | 7.0(6.2— 7.5(5.4-8.5)
10.6) 13.1)
Kram et | 30-39.9 | NM 41.6(26.3— 5.30(3.0- 4.45(2.78— 37
al. 57.0) 9.6) 7.25)
240 NM 45.3(36.7— 6.35(3.90— | 6.90(2.60—
68.3) 8.40) 10.6)
Groff et <25 135.4¢ 844 34
al. >30 1444 91.2¢

a all data reported were median and IQR except that reported by Pevzner et al. and Stitely et al., were means and SD

b all studies in 3 g or more group evaluated the use of 3 g except Sistelly et al. compared 2 g with 4 g;
¢ data of the 2 g group in Swank et al. were median of the reported means in Pevzner et al.

9 The timing of sampling was =7 min after administration (selected as initial) and =6 min after delivery (selected as Closure). CFZ: cefazolin,
NM not measured, AT adipose Tissue, P Plasma,
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Table 2.4: Summery of cefazolin pharmacokinetics systematic review empirical analysis of lean—pregnant women (BMI 20-29.9 kg/m?2) vs.
obese—pregnant (BMI 230kg/m2) when given diffrentdoses of cefazolin (2, 3 or4 q)

Average of Serum Concentration mg/L Average of Adipose Tissue Concentration ug/g
Dose: 2g Group 3 g Group 4g Group 2g Group 3 g Group 4g Group
_Time at skin: | Incision Closure | Incision Closure | Incision Closure Incis_ion CICEJre Incision Closure | Incision Closure
BMI: 20- 96.3 84 8.7 7.5
29.9 kg/m?
BMI: 230 96.16 7017 | 168.14 76.36 | 346.16 150.12 8.61 9.29 12.41 12.42 40.11 34.98
kg/m?
3 200
? 180
° 160
g 140
*g 120
£ 100
= 80
8 60
c
o 40 30
T 20 9 . 10 88 % 2 s 10 89 22 46
‘_g‘ 0 : — 4_—;
E CFZ plasma Conc. at skinincision | CFZ plasma Conc. at skin closure cFz adlpose_Tls_Sl_Je Conc. atskin | CFZ Adipose Tissue Conc. at skin
incision closure
M 20-29.9 (2g) 96.3 84 8.7 7.5
M 30-39.9 (2g) 93.3 66.4 7.5 6.983333333
™ 30-39.9 (3g) 166.7 17.7 20
>40 (2g) 39.7 6.8 4.95
m>40 (3g) 176.5 453 7.65 7.17

Figure 2.4: lllustration of sub grouping analysis of cefazolin pharmacokinetics systematic review.
The numbers within or above columns are numbers of participants in each group in the sub-analysis. CFZ cefazolin; Conc. concentrations.
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Table 2.5: Reported percentages of cefazolin samples under the minimum inhibitory
concentration of 4 or 8 mg/L or ug/g in the eligible studies of CFZ-PK systematic review.

Study Definition of inadequate sample Dose BMI % of samples
cefazolin concentration by (9) kg/m2 under MIC
author MIC of = MIC of

4mg/L | 8 mg/L
orug/g orug/g

Pevzner “Patients with initial or closing | adipose @ 2 30-39.9 0%
et al. adipose concentration less tissue
(284) than 4 pg/g” 240 40%
Kram et = “Inadequate concentrations in | adipose 2or @ 237.3 59.5% @ 86.9%
al. (13)  one or more tissue types” tissue 3
“Within one or both blood blood 2or 2373 8.33%
sample types” 3
Maggio 2 30-39.9 33.3%
etal. “Adipose tissue adipose 3 30-39.9 6.3%
(14) concentration- opening” tissue | 2 =40 46.2%
3 240 53.9%
2 30-39.9 33.3%
“Adipose tissue adipose 3 30-39.9 18.8%
concentration- closing” tissue 2 240 69.2%
3 240 66.7%
Swank @ Percentage of samples with adipose 3 3040 0%
et al. MIC < 8 pg/g, %- initial tissue 3 >40 28.6%
(10) Percentage of samples with  adipose = 3 30-40 71%
MIC < 8 ug/g, %- closure tissue 3 >40 571%
Young @ Adipose samples< 4 ug/g adipose 2 >30 7.7%
etal. prior to fascial entry tissue 3 >30 16.7%
(16)

2.2.3.3 Meta-analysis of the cefazolin concentrations in the adipose tissue

Of the seven studies that reported cefazolin concentrations in obese—pregnant women,
six studies reported cefazolin total adipose tissue concentrations (10, 13-16, 284). A
meta-analysis of the cefazolin initial adipose tissue concentrations was conducted to
compare the 2 g cefazolin dose with the >2 g cefazolin dose in the obese—pregnant
women (BMI 230 kg/m2). A total of four studies were included in the meta-analysis

which a comparison of 2 g vs. >2 g cefazolin were investigated in obese—pregnant
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women (BMI =30 kg/m?2) in included studies (13-16). One study had reported the mean
and SD of the initial cefazolin adipose tissue concentration (15), and the other studies
had reported the median and interquartile range (13, 14, 16). The means and SDs
were estimated using the Wan et al. and Cochrane Handbook equations, respectively
(285, 286). Equation (2.1) is the Wan et al. equation for estimating the mean, and
equation (2.2) is the Cochrane Handbook equation for estimating the SD from the
interquartile range (285, 286). The meta-analysis of the four studies revealed
significant lower cefazolin concentrations at time of skin incision (p = 0.03), thus
favouring the 2 g dose (as a function of the lower value had an improved outcome)
over the >2 g dose in the obese—pregnant women (BMI 230 kg/m?2) (12 = 31%) (Figure
2.5, A). A sensitivity analysis was conducted for this meta-analysis, and the results are

reported in the next section (2.2.3.3.1.1Sensitivity-analysis).

Another meta-analysis was conducted of the initial cefazolin concentrations in the
adipose tissue after the administration of 2 g of cefazolin to the obese—pregnant
women (BMI 30-39.9 kg/m?) versus the morbidly obese—pregnant women (BMI 240
kg/m2). Two studies were eligible for inclusion in the analysis. In one study, the mean
and SD were estimated using equations 2.1 and 2.2, respectively (14). Givinga 2 g
dose of cefazolin to obese— vs. morbidly obese—pregnant women showed significantly
lower initial cefazolin adipose tissue concentrations in the morbidly obese—pregnant

women compared than the obese cohort (p = 0.005; 12= 0%) (Figure 2.6, A).

In another subset of the meta-analysis, the administration of 3 g of cefazolin to obese—
pregnant women (BMI 30-39.9 kg/m?2) and to morbidly obese—pregnant women (BMI
240 kg/m?2) was investigated. The mean and SD of the two included studies were

estimated using equations 2.1 and 2.2, respectively (10, 14). The 3 g dose of cefazolin

76



led to a significant lower initial adipose tissue concentration in the morbidly obese—
pregnant women than in the obese pregnant women (p = 0.006; 12= 70%) (Figure 2.6,

B).

2.2.3.3.1.1 Sensitivity-analysis

A sensitivity analysis of the 2 g vs. >2 g cefazolin dose to obese-pregnant women was
performed. Omitting the study of Stitely et al., which investigated the 2 g dose vs. the
4 g dose in obese—pregnant women, revealed an insignificant difference in the initial
cefazolin adipose tissue concentration when 2 g vs. 3 g of cefazolin was given to the
obese—pregnant women (p = 0.07; 12= 0%) (Figure 2.5, B). When the study of Maggio
et al. was further deleted, the initial cefazolin adipose tissue concentration
insignificantly differed in the obese—pregnant women after the administration of 2 g vs.
3 g of cefazolin (p=0.21; 12=0%) (Figure 2.5, C). All in all, the clinical significant
dependent on the target MIC and whether sufficient number of samples reached the

cut-off MIC, which will be discussed in other sections (section 2.2.4.2).

g~ N +m+q; (2.1)
3
_ @ (2.2)
S 1.35

Where Xis mean, qu is the first quartile, gzis the third quartile, mis the median and S is the
standard deviation
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Figure 2.5: Meta-analysis of cefazolin initial total adipose tissue concentrations in obese—pregnant women (BMI =30 kg/m?)
(A) Represent meta-analysis of obese—pregnant when given 2 g vs. >2g; (B) and (C) sensitivity-analysis of meta-analysis whereas different studies
were omitted due to increased heterogeneity
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Figure 2.6: Meta-analysis of cefazolin initial total adipose concentrations in obese—pregnant women with a BMI of 30-30.9 kg/m? vs. 240

kg/m?when given (A) 2 g or (B) 3 g dose of cefazolin
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2.2.3.4 Cefazolin post Caesarean section infection systematic review

After removing duplicates, fifty-two titles were assessed for eligibility. Twelve full texts
were thoroughly reviewed, and four articles were included in the CFZ-INF systematic
review (Figure 2.3). The studies’ quality assessments and risks of bias were
considered acceptable (Appendix: Table 7.11 and Table 7.12). Table 2.6 summarises
the data extracted from the eligible studies in the CFZ-INF systematic review. Only one
study was originally conducted to report SSI post-CS (287); the other studies aimed to
measure cefazolin levels in obese—pregnant women, but their insufficient sample sizes
affect their SSI detection. The study conducted focusing on CFZ-INF was a
retrospective study (287); one study was a double-blind randomised controlled trial
(14); one study was randomised (15); and one study was an observational study (284).
In terms of the scope of the studies, one study reported the SSI when a dose of 2 g of
cefazolin was given to pregnant women with an increasing BMI (<30 kg/m2vs. 30—
39.9 kg/m2 vs. 240 kg/m2); two studies compared 2 g vs. 3 g of cefazolin given to
obese—pregnant women and one study compared 2 g vs. 4 g of cefazolin given to

obese—pregnant women (BMI 235 kg/m?2).

The highest SSI rate was 40% in the obese—pregnant women (BMI 240 kg/mZ2) who
were given 2 g of cefazolin (n=5 women) and there was no SSl incidence in the obese—
pregnant women with a lower BMI (<30 kg/m2or 30-39.9 kg/m2) who were given a
similar dose of cefazolin (n = 10 women in each group arm) (284). The next highest
SSI rate was 13.1% in the morbidly obese—pregnant women who were given 2 g or 3
g of cefazolin (175 and 160 women, respectively) (287). One study did not report any

SSl incidence in the obese—pregnant women given 2 g or 4 g of cefazolin (15). The
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last study reported higher SSI rates of 6.89% vs. 3.57% in the obese group that was

given 3 g vs. 2 g of cefazolin, respectively (14).

2.2.3.5 Cefazolin post Caesarean section infection meta-analysis

A meta-analysis of three studies that reported >2 g vs. 2 g of cefazolin given pre-CS
to obese—pregnant women were conducted. Figure 2.7 (A) shows a forest plot of the
non-significant differences in the SSI rates in the obese—pregnant women when given
2 g vs. >2 g of cefazolin pre-CS (P = 0.78, 12=0%). A sub-group analysis of studies
reported 2 g vs. 3 g was conducted (Figure 2.7, B). The SSI incidence insignificantly

differed when 2 g vs. 3 g of cefazolin was given to obese—pregnant women.
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Table 2.6: Summary of extracted data from cefazolin post caesarean section infection systematic review.

Type of follow up Duration Definition | Time of cefazolin | Dose | BMI Participants %
of follow of SSI by administration (9) kg/m?(rang | developing SSI
up authors e) (Total Number of
Participants)
Pevzner | Chartreview 6 weeks Not defined | Preoperative 30— | 2 <30 0(10) 0
etal,, postpartum §0 mln before skin 5 30355 9(10) 5
2011 incision
2 240 2(5) 40

Stitelyet | Review of medical | 6-8 weeks | As defined | Preoperative, a 2 46.02 0(11) 0
al., 2013 | record at 6-8 weeks | postpartum | by National | mean of 12 min

postpartum; if Healthcare | before skin

participants had no Safety incision

medical Network 4 4323 0(9) 0

documentation of criteria

postpartum visit, (288)

telephone contact was

made to obtain

information
Ahmadzi | Retrospective review | 30 days as defined | Preoperative 2 49.9 (46.8— | 23(175) 13.1
aetal, of chart and medical | postpartum | by CDCa 54.2)
2015 record 3 53(49.6— | 21(160) 13.1

56.9)

Maggio review of medical | 6—-8 weeks | Notdefined | Preoperative, 22 2 38.9 1(28) 3.57
etal,, record and participants | postpartum min before skin (35.4-45.6)
2015 contact at 6-8 weeks | © incision 3 39.3(36.7- | 2(29) 6.89

post CS 44 8)

CS: caesarean section; CDC: Centers for Disease Control and Prevention; SSI: surgical site infection.
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Maggio et al. 2 24 1 28 253% 0030080148 2014
Total (95% CI) 198 214 100.0% 0.01 [-0.05, 0.07]
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B 3o 20 Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Ahmadzia et al. 21 160 23 175 T1E6% -0.00 [-0.07,0.07] 2014
Maggio et al. 2 24 1 28 284% 003008 0148 2014
Total (95% CI) 189 203 100.0% 0.01 [-0.05, 0.07]
Total events 23 24
Heterogeneity: Tau?= 0.00; Chi*= 0.23, df=1 (P = 0.63% F= 0% 5_1 -IIII 7 5 IZIIE
Testfor overall effect Z=030(F=0.77) 3g 24

Figure 2.7: Meta-analysis of studies reported 2 g vs. higher doses of cefazolin initial total adipose concentrations in obese—pregnant women
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2.2.4 Discussion

2.2.4.1 Cefazolin pharmacokinetics systematic review

In contrast to the dearth of published research on cefuroxime, there is considerable
evidence to evaluate the use of cefazolin in pregnant women requiring CS.
Nevertheless, the optimal doses of cefazolin that can be administered to obese—
pregnant women is still a subject of controversy. This is due to the targeted MIC of
most pathogens that cause infection post-CS. MICs of 2, 4, and 8 mg/L or ug/g have

been reported (13, 14, 81).

One of the excluded studies on CFZ-PK fulfilled the eligibility criteria, but it was
excluded due to the inability to extract the cefazolin levels from the abstract's Figure
(289). The authors of this study investigated only the cefazolin levels in the maternal
blood and the umbilical cord blood; cefazolin adipose tissue was not reported in the

abstract.

A relatively higher total adipose cefazolin concentration at time of skin closure than
time of skin incision was observed in certain obese—pregnant women (BMI = 30 kg/m?2)
groups who were given either 2 g or >2 g of cefazolin (Table 2.3). This can be
explained by the differences in the time of cefazolin administration to the initial skin
incision reported; i.e., the time to the maximum adipose tissue concentration was less
than the time from cefazolin administration to the skin incision. All the studies reported
administration of cefazolin 30—60 min pre-CS, except in Young et al. (within 30 min,
with the average time from the administration to fascial entry, 3—4 min) and Stitely et
al. (the average time from the cefazolin administration to the skin incision was 12 min)

(15, 16).
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Due to probable skewed data of cefazolin concentrations, most of the cefazolin
concentrations data were reported as medians and interquartile ranges in the eligible
studies for the CFZ-PK systematic review. In the current CFZ-PK analysis and
subgroup analysis, the average medians were calculated and are presented in Table
2.4 and Figure 2.4. Although this is not an optimal statistical practice, these average
medians give an empirical idea of combined limited information of interest. This was
not the case in the CFZ-PK meta-analysis, as means were predicted from the medians

(equation 2.1).

2.2.4.2 Meta-analysis of cefazolin concentrations in adipose tissue and dealing

with missing data

The current meta-analysis of four studies showed a significantly higher cefazolin
adipose tissue concentration at the time of the adipose opening when a dose of >2 g
vs. 2 g of cefazolin was given to obese pregnant women (Figure 2.5, A). The between-
study heterogeneity is considerably unimportant to moderate heterogeneity (12 =
31%)(286). In general, reasons for detected heterogeneity can be clinical,
methodological and/or statistical differences between the studies (286). In the current
meta-analysis (Figure 2.5, A), all the studies compared 2 g to 3 g of cefazolin, expect
for one study that compared 2 g to 4 g (15). Another variance between the studies is
the differences in the time from the cefazolin administration to the time of the adipose
sample collection (initial), which was discussed in section 2.2.4.1. Finally, in Kram et
al., obese class | and Il pregnant women (BMI 30-39.9 kg/m2) were given 2g of
cefazolin, whereas obese class Ill pregnant women (BMI 240 kg/m?2) were given 3 g of

cefazolin.
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After a sensitivity analysis was conducted (Figure 2.5) by sequentially deleting the
study of Stitely et al. (B) and then the study of Young et al. (C), the heterogeneity
became insignificant (12 = 0%). However cefazolin adipose tissue concentrations at
time of skin incision were statistically insignificant when 2 g of cefazolin was given to
obese—pregnant women compared to 3 g. Nevertheless, Kram et al. was included in
both sensitivity analysis studies, where the discussed dosing strategy (2 g for obese
classes | and Il and 3 g for obese class Ill) possibly affected the insignificant outcome

observed in the sensitivity analysis.

When the meta-analysis was stratified according to the BMI (Figure 2.6), where the
obese—pregnant women with a BMI of 30-39.9 kg/m?2vs. a BMI 240 kg/m? were given
(A) a2gor(B) 3 gdose of cefazolin; the initial cefazolin adipose tissue concentrations
significantly differ between obese groups (2 g: P = 0.005; and 3 g: P = 0.006). The
heterogeneity was unimportant in the 2 g case (12 = 0%), but it was high in the 3 g case
(I2 = 70%) which represent possible substantial heterogeneity. By reviewing the
studies’ methodology, they had relatively similar sampling time; interestingly, the
studies included in the lower heterogeneity meta-analysis (i.e. 2 g) used different
analytical method to analyse cefazolin concentrations, whereas the studies that were
included in the meta-analysis with higher heterogeneity (i.e., 3 g) used similar
analytical methods. In this case, the between-studies heterogeneity can't be

explained; often, a high heterogeneity indicates differences in the methods used (286).

Most of the studies included in the meta-analysis reported the median and the
interquartile range rather than the means and SDs, which suggests that skewed data
of cefazolin plasma and adipose tissue concentrations were observed in these studies.

According to the Cochrane Handbook regarding dealing with missing data in
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conducting a meta-analysis, (A) studies with missing data can be omitted from the
analysis; (B) missing data can be imputed fromrelated data in the study, or (C) missing
data may be statistically calculated. Obviously, options A and B are unfeasible in the
current CFZ-PK meta-analysis to retrieve the missing data, i.e., the means and SDs of
cefazolin adipose tissue concentrations. Weir et al. had systematically reviewed
available approaches to estimating the means and SDs (290). They performed
different scenarios, from deleting a study or studies with missing data to estimating
missing data. The overall conclusion was that estimating SDs from ranges preserves
the precision and performs best compared to deleting the study with missing data.
While estimating the means prevents loss of precision and shows the best
performance compared to omitting a study or studies by using the median and
interquartile range formula, superior results were observed when studies were omitted
in some cases. In a practical session hosted by Cochrane Training and presented by
the author above, the author had suggested the use of the Cochrane equation to
estimate the means (equation 2.2) and the use of the Wan et al. equation to estimate
the SD (equation 2.1) whenever medians and interquartile ranges are reported (285,
286, 290, 291). Thus, these methods were selected to estimate the means and SDs in
the meta-analysis. Furthermore, Shi et al. developed a statistical method of reporting
the extent of the skewedness of data when reporting medians and interquartile ranges,
which are incorporated into a user-friendly online calculator (292, 293). The
skewedness of datasets used for meta-analysis were investigated using the website;
out of 10 datasets used to calculate the means and SDs, Shi et al. considered two

datasets significantly skewed (10, 14).
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A previous meta-analysis abstract by Maggio et al. showed sufficient coverage of 2 g
cefazolin across classes I, I, and Il obese—pregnant patients, which presented results
according to a target MIC of 2 ug/g. All in all, the optimal measure to investigate the
appropriateness of cefazolin (a time-dependent antibiotic, section 1.1.5.2) dosage in
obese—pregnant women is not statistical investigation of the different cefazolin
concentrations of 2 g and >2 g, but measuring the time of the cefazolin adipose
concentration above the target MIC for the desired time (i.e., T>MIC). None of the
included studies had investigated the T>MIC. However, in the 2 g obese—pregnant
group, out of the nine data points of cefazolin adipose tissue concentrations at the time
of skin closure (in means or medians) reported, 66.7% of the reported cefazolin
concentrations were under the MIC of 8 ug/g, whereas in the >2 g dose group, out of
the seven cefazolin time-concentration data reported at the time of skin closure, 42.9%
were under the MIC of 8 ug/g (Table 2.3). All the reported means and medians of the
plasma and adipose tissue concentrations were above the MIC of 4 mg/L and 4 ug/g.
Nevertheless, the reported medians of the adipose concentrations in the included CFZ-
PK studies suggest skewed data and variations of the reported adipose
concentrations. Five of the CFZ-PK studies had reported percentages of cefazolin
adipose tissue or blood samples with concentrations under a desired MIC (Table 2.5).
In one study, the cefazolin adipose tissue samples (initial or closure) of the obese—
pregnant women (BMI 240 kg/m2) who received 2 g of cefazolin reportedly had
concentrations that were 40% less than the MIC of 4 ug/g (284). In another study,
33.3% of the samples were under the MIC of 8 ug/g of obese group with a BMI 30—
39.9 kg/m2 who were given 2 g dose of cefazolin (14). In Young et al., 7.7% of the

cefazolin adipose tissue samples were under the MIC of 4 ug/g in the obese—pregnant

88



women (BMI >30 kg/m2, reported median 39.3 kg/m?2) who received 2 g of cefazolin;
whereas it were 16.7% in the obese—pregnant (BMI >30 kg/m2, reported median 39
kg/m2) who received 3 g of cefazolin (16). In obese—pregnant with higher BMI (240
kg/m?2) who were given a 2 g dose of cefazolin, the samples of cefazolin adipose
concentrations at time of skin incision and closure were under the MIC of 8 pg/g by
46.2% and 69.2%, respectively; whereas those of same obese group who received 3
g dose, 53.9% and 66.7% of the cefazolin adipose tissue samples were under the MIC

of 8 ug/g at time of the skin incision and closure, respectively (14).

Current guidelines for cefazolin susceptibility testing identified a MIC breakpoint of <2
mg/L for Enterobacteriaceae and a MIC of <4 mg/L for Staphylococcus spp. as
sensitive for cefazolin (81). Table 2.7 represent summary of the conclusion driven by
reported cefazolin mean (or medians) and individual values reported under a targeted
MIC adipose concentrations in studies included in CFZ-PK systematic review. Aiming
foraMIC of 4 ug/g, a2 g dose of cefazolin seems sufficient against common pathogens
that cause SSI post-CS in obese—pregnant women with a BMI of 30-39.9 kg/mz2.
However, data are insufficient to support the administration of a similar dose to obese—
pregnant women with a higher BMI (= 40 kg/m?) when a MIC of 4 uyg/g is desired;
whereas when aiming for the upper limit of MIC (8 ug/g), the dose of 3 g appears
inadequate for obese—pregnant women with a BMI of = 40 kg/m? to achieve an

appropriate MIC at the site of the skin incision.

In cases where it is desired that the cefazolin adipose concentrations achieve a target
MIC, it is crucial to investigate T>MIC. If a target MIC is achieved and not maintained

for the duration of the CS, the optimal practice is to re-administer cefazolin than
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increase the dose, due to the time-Killing properties discussed in section 1.1.5.2. If a
target MIC is not reached in the adipose tissue, a higher cefazolin dose can be
suggested; but in this case, studies investigating cefazolin placental transfer are

warranted.

Table 2.7: Dose efficiency in the highlight of reported means (or medians) and individual values
of cefazolin adipose tissue concntrations

BMI 30-39.9 kg/m? >40 kg/m?
MIC 2 3 2 3
2 Data Support this Data Support this Data Support this Data Support this
ug/g | dose dose dose dose
4 Data Support this Data Support this Inconclusive Inconclusive
Hg/g | dose dose (Reported Means
and medians were
above the MIC; the
reported individua
of cefazolin
adipose tissue
concentrations
under MIC was
40%)
8 Insufficient dose, Data Supportthis Insufficient, may Insufficient, may
ug/g | may require higher require higher or require higher or
or repeatable dose repeatable dose repeatable dose

2.2.4.3 Cefazolin post Caesarean section infection systematic review

To the best of our knowledge, the current CFZ-INF systematic review is the first
systematic review to report studies that investigated SSI after the administration of
cefazolin pre-CS to obese—pregnant women. Although four studies were included in

the CFZ-INF systematic review, only one retrospective study was directed originally to
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report incidence of SSI in obese—pregnant women (287). This study had the highest
sample size among all the studies. The SSI rates reported in the former study in which
obese—pregnant women were given 2 g vs. 3 g were comparable (13.1%); however,
the 3 g dose group had a higher BMI than the 2 g dose group. From this study, it can
be postulated that giving a decreased dose of 2 g of cefazolin to both groups might
have resulted in non-comparable SSIs; i.e., a higher SSI rate in the obese—pregnant
women with a higher BMI. All in all, the author considered the reported SSI incidence
“too high” in terms of the consequent mortality and cost of management of the SSI
(287). The study reported several limitations that included the possibility of a missing
SSl due to a merely retrospective medical review with no participant contact; possibly
different CS protocols of different centres that might have affected the SSI rate and
might not have been reported in the study; and a sample size that was insufficient to
report the intended 67% SSI reduction (287). Interestingly, in one study that compared
the 2g and 3g cefazolin, the 3g-dose group had a higher SSI than the 2g-dose group;
but this study reported higher inadequate cefazolin adipose concentration samples
(samples of concentrations less than the MIC of 8 ug/g) in the 3g group compared to
the 2g group (Table 2.5) (14). However, in another study, the levels of cefazolin
adipose concentration of two participants who developed post-CS SSI (out of five
recruited) of obese pregnant women (BMI 240 kg/m?2) were 2.7 ug/g and 2.9 ug/g at
the initial skin incision and 3.8 ug/g and 2.8 ug/g at the time of skin closure when a 2g
dose of cefazolin was given pre-CS (284). These data could support the augmented
SSI preventive effect of selecting a target cut-point MIC of 4 ug/g rather than 2 ug/g;

while the current data cannot support the same for a MIC of 8 ug/g.
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2.2.4.4 Cefazolin post Caesarean section infection meta-analysis

The current meta-analysis and sub-group analysis showed no significant difference in
SSl incidence post-CS when given 2g vs. 3 g or > 2g of cefazolin to obese-pregnant
women. However, the studies’ limitations discussed in section 2.2.4.3 possibly affected

the observed insignificant results.

In 2021, two systematic reviews and meta-analyses were published regarding SSI.
One focused on SSI generally following CS in obese—pregnant women (regardless of
the type or dose of the antibiotic given) (294), while the other focused on SSI when
cefazolin was given to pregnant women in general (obese and non—obese) (295). None
of the reviews had a scope similar to that of the current meta-analysis of CFZ-INF

studies.

From the viewpoint of the SSI incidence and the recruited CFZ-INF studies, the 2 g

dose seems insufficient for obese—pregnant women with a BMI 240 kg/m?2.

2.2.4.5 Study limitations

In the CFZ-PK systematic review, it was desired that the obese groups be divided into
those with a BMI of 30-39.9 and those with a BMI 240 kg/mZ2. There was a slight risk
of the two groups overlapping with the obese groups in the study of Swank et al. (24
patients with a BMI of 30—40 kg/m2and 23 patients with a BMI >40 kg/m2). Additionally,
in the results synthesis presented in Table 2.4, , one means reported by Stitely et al.
was added to the median of the cefazolin concentrations in the 2g group. This is not
an optimal practice; however, this would not significantly affectthe results where the

conclusions were mainly driven by other results synthesis.
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2.2.5 Conclusion

Different studies have investigated cefazolin levels in obese—pregnant women at the
time of CS. Due to the diverse MIC target cut-offs, and small sample size led to
discrepancy of recommendation in these studies. Targeting a higher cefazolin adipose
tissue MIC will require either a 3 g dose of cefazolin or re-dosing when a longer CS is

expected or both, especially with obese—pregnant women with a BMI of 240 kg/m?2.

2.3 Narrative review of eligible studies published since last update of
systematic review

In July 2021, three databases (Cochrane, MEDLINE, and Embase) were updated to

explore eligible studies recently published on CFX-PK, CFX-INF, CFZ-PK, and CFZ-

INF. Only three databases were updated due to Ph.D. time limitations, and these

databases were selected due to their robust retrieving results from saved searches

compared to other databases.

2.3.1 Cefuroxime pharmacokinetics and post caesarean section infection
For CFX-PK, no study has evaluated the cefuroxime levels in obese—pregnant women,

and neither there was no update to of CFX-PK in non—-obese pregnant women.

For CFX-INF, a recent study had investigated the infection rate post-CS when the
patients were given 2 g of cefuroxime at different timing of surgery; one of the group
had a 2 g cefuroxime 30—45 min before CS (296). The full article was not accessible.
All'in all, the study reported the superior effect of single dose cefuroxime given 30 min
before CS compared to other tested dosing intervals in terms of infection prevention

and reduction of the length of the hospital stay (296).
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2.3.2 Cefazolin pharmacokinetics and post caesarean section infection

A recent study was considered eligible for inclusion in the CFZ-PK systematic review
(297). The study evaluated the use of 2 g (only one patient received 3 g) of cefazolin
in 12 obese—pregnant women (BMI >35 kg/m?2) at the time of elective CS. Furthermore,
the data were utilised to simulate cefazolin disposition in obese—pregnant women given
different doses of cefazolin using Pmetrics. The author reported the probability of target
attainment at a fT>MIC of 2 pg/g for a 3 h. The total cefazolin plasma concentrations
were above the MIC of 8 mg/L for the 180 min sampling duration, and the minimum
and maximum free cefazolin plasma concentrations were 7.7 mg/L and 73.1 mgl/L,
respectively. The free median adipose tissue interstitial fluid (ISF) remained above the
MIC of 2 ug/g at each sampling point; however, two participants did not maintain
cefazolin adipose concentrations above 2 ug/g for the 150 min sampling duration. Eley
et al. suggested re-administration of cefazolin at 2 hours when the duration of the CS
might exceed 3 hours for patients weighing 90-150 kg to maintain a free ISF adipose
tissue concentration >2 pg/g. The authors accredited that higher MIC targets would
require different doses. There was no comparison in the study; and thus the current
meta-analysis of CFZ-PK would be wunchanged; as would the pooled
descriptive analysis because eleven participants received 2 g of cefazolin and one
received 3 g; and the reported adipose cefazolin concentrations were of unbound ISF
concentrations (i.e. cannot be added to the comparison of total cefazolin adipose
concentration meta-analysis) (297). The cefazolin re-dosing suggestion of Eley et al.

supports the conclusion in section 2.2.5.

Regarding the update search of CFZ-INF, no study was considered eligible; however,

two recent studies have investigated SSI when giving cefazolin. A retrospective study
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demonstrated no superior effect of a 3 g dose of cefazolin compared to 2 g in
decreasing post-CS SSI rates (both non—obese and obese—pregnant) at time of CS
(298). However, the study reported significant differences in the BMI (and other
demographic characteristics) in the 2 g vs. 3 g doses; the participants who received
the 3 g dose were less obese, had lower estimated blood loss, and were less diabetic.
Generally, the study did not report SSI rates specifically for obese—pregnant women,
thus, illegible. Another recent randomised study compared the SSI rate when using
staples vs. suture in obese—pregnant women (BMI 240 kg/m?2) (299). However, 93% of
the women received cefazolin pre-CS, 17% co-administered azithromycin and 12%

had vaginal antisepsis with iodine. Thus, the study was illegible (299).
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Chapter 3: Partial Validation to Quantify Cefuroxime in Blood and Adipose

Tissue using High Performance Liquid Chromatography
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The aim of this chapter was to provide an analytical method to measure
cefuroxime in plasma and adipose tissue samples from non obese and

obese—pregnant women undergoing CS.

3.1 Introduction

Cefuroxime levels in plasma and subcutaneous adipose tissue have not previously
been investigated in obese—pregnant women requiring caesarean sections (300). A
protocol for a pilot study to investigate cefuroxime concentrations in plasma and
subcutaneous adipose tissue of obese—pregnant women requiring caesarean sections
was formulated and submitted for review (IRAS244803 - RG_18-237), later it was
approved (chapter 4). This pilot study will permit transfer of plasma and adipose
samples from women undergoing CS to be provided to the University of Birmingham
for analysis to support this research project. A validated analytical method was
required to measure cefuroxime in plasma and adipose tissue. Plasma and adipose
tissue can be analysed, to quantify cefuroxime concentration through different
methods: reverse phase high-performance liquid chromatography (RP-HPLC) is a
commonly used method (110). Different sample preparations have been described, to
analyse cefuroxime and similar compounds (cefazolin) in biological samples (13, 110,
301). The development and validation of a method to analyse compounds in biological
samples, needs to be fully validated (new compound or new method), partially

validated (previously described protocol in the literature with minor changes in method
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or sample processing procedure) or cross-validated (validation of similar methods

across different laboratories) (302).

Previously described methods reported as validated method to measure cefuroxime
concentrations in human blood and subcutaneous adipose tissue was selected and
minor alterations were applied (due to different HPLC machine available at Pharmacy
laboratory at University of Birmingham and different column); thus at least a partial
validation was required (Table 3.1) (13, 110). According to Food and Drug
Administration (FDA) guidelines, “one intra-assay accuracy and precision
determination to a nearly full validation” can be investigated through partial validation
(302). In the context of this PhD timeframe, linearity, carry-over, detection and
guantification limits, stability, accuracy and selectivity were investigated. The
acceptance criteria for these tests were similar to both the FDA’s and the European
Medicine Agency’s (EMA) guidelines; however, EMA guidelines were more precise in

describing the practical handling of this data (303, 304).
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Table 3.1: Previously described method and sample preparation to quantify cefuroxime in
human plasma and adipose tissue and changes made to the current method

Previously described

Changes made

HPLC conditions
HPLC machine

Column

Mobile phase

Flow rate

Injection volume

(110)
Agilent 1100
Ci1s Discovery®; Supelco,
Bellefonte, PA
0.05M potassium dihydrogen
phosphate buffer and acetonitrile
(90:10)
2mL/min
20puL

Agilent 1260
C1s InfinityLab Poroshell

0.05M potassium dihydrogen
phosphate buffer and acetonitrie
(85:15)

1.2 ml/min

20 L

Sample preparation of adipose tissue (13, 305)

Sample
treatment
Addition of
liquid

Sonication

Centrifugation

Fat were finely sliced

PBS added at a mass of double
the fat weight, extracted at 4°C for
5h

samples sonicated for 10 min at
35% power (5 seconds pulse)
followed by cooling (10 seconds)
centrifuged at 5000g

fat tissue was homogenised

PBS added at a mass of double
the fat weight

samples sonicated for 10 min at
35% power (5 seconds pulse)

followed by cooling (10 seconds)
centrifuged for 30 min at 14000

speed

PBS Phosphate buffer saline

3.2 Aims and objectives

3.2.1 Aims

To investigate and conduct a partial validation of previously described methods

reported as validated methods quantifying cefuroxime in human blood and

subcutaneous adipose tissue with minor changes (Table 3.1). (13, 110).

3.2.2 Objectives

1- Test the linearity of cefuroxime concentrations using AUC.
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2- Test the carry-over effectto investigate contamination of blank samples by the
analytes (re-appearance of analyte peak).

3- Investigate the lower limit of detection (LLOD) and lower Ilimit of
guantification (LLOQ) in an aqueous solution, blood and adipose tissue.

4- Examine the matrix effect (blood and adipose tissue) on cefuroxime
chromatograms.

5- Test the stability of cefuroxime (in terms of peak shape by means of diode-
array detector system peak purity investigated, retention time (RT) and quantity)
in aqueous solution, blood and adipose tissue, after sample processing and the
extraction of cefuroxime from animal blood and adipose tissue under relevant
storage conditions.

6- Develop a sample preparation protocol, to obtain an accepted recovery
percentage of cefuroxime when spiked to blood and fat tissue.

7- Select an internal standard (IS), to optimise the quantification of cefuroxime in
blood and adipose tissue.

8- Investigate the cefuroxime octanol/water partition coefficient (LogP).

9- Test the selectivity of this method, by using different compounds (caffeine,
paracetamol, omeprazole, ibuprofen).

3.3 Methods
Optimising HPLC conditions

3.3.1.1 Chemicals
Cefuroxime (Cefuroxime sodium: SIGMA), vancomycin (Vancomycin HCL: TOKU-E),
cefazolin (Cefazolin Sodium: Acros Organics 98%), ceftriaxone (Ceftriaxone Sodium:

Sigma-Aldrich) indapamide (Alfa Aesar), phenacetine (MedChemExpress), potassium
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dihydrogen phosphate (Alfa Aesar) phosphate buffer saline (SIGMA), acetonitrile

(Sigma-Aldrich), 1-Octanol (Merck).

3.3.1.2 Apparatus
An Agilent 1260 series high-performance liquid chromatography with diode-array
detector system (HPLC-DAD) was used. Data obtained was analysed using

Chromatography Data System (OpenLab Software, Agilent).

3.3.1.3 Chromatographic conditions

A C18 Column (InfinityLab Poroshell 120 EC-C18, 3.0 x 150 mm, 2.7 ym) connected
to a SecurityGuard column (SecurityGuard™ cartridges for C18 HPLC column 4.0 x 3
mm) were used. Different detection wavelengths reported in literature were tested at
274 nm (301), 275 nm (9, 306) and 280 nm (110) to record the most effective response.
The flow rate was set at 1.2 ml/min (110), injection volume was 20 pL (110). All
samples were filtered before injection using a 13 mm polytetrafluoroethylene (0.45 pm)

syringe filter (Fisher brand). The sample run time was 30 min.

3.3.1.4 Mobile phase selection

Different mobile phase solutions, proportions and pH adjustment were tested, to
produce an efficient cefuroxime peak shape and a clear chromatogram that is clearly
differentiated from the blank and tissue noise peaks. Cefuroxime solutions (100 pg/ml)

were analysed using different mobile phase solutions in which all were isocratic:

1- A mixture of 0.05 M potassium dihydrogen phosphate buffer (pH=4.7):
acetonitrile. Different proportions of acetonitrile were used at 30%, 20%, 15%

and 10%.

101



2- A mixture of 0.05 M potassium dihydrogen phosphate buffer (pH adjusted
to 2.5): acetonitrile. Different proportions of acetonitrile were used at 30%,

20%, 15% and 10%.

3- A mixture of methanol: water. Different proportions of methanol were used at

25% and 60%.

3.3.2 Linearity (Calibration curve)

Linearity was tested in triplicate and a calibration curve was established using different
cefuroxime concentrations in a solution (water: Acetonitrile 50:50) (0.5, 1, 10, 25, 50,
100 and 150 pg/ml). Excel 2016 was used, to fit a linear least square regression to the

generated data. Cefuroxime sodium is freely soluble in water (100 mg/ml) (307).

3.3.3 Carry-over
A high concentration (150 pg/ml) of cefuroxime solution (acetonitrile: water 40:60), was
injected in HPLC, followed by a blank sample (acetonitrile: water 50:50), to test the

effect of carry-over.

3.3.4 Lower limit of detection and lower limit of quantification in solution

A series of low cefuroxime concentration solutions (0.0001-0.4 pg/ml of water:
Acetonitrile 60:40) were analysed, to investigate the LLOD and LLOQ of cefuroxime in
the solutions using the Visual Evaluation Method (308). In this method, low
concentrations of analyte were injected into HPLC starting with the lowest
concentration. The first analyte peak that appears in the chromatogram was the LLOD
concentration, while the first quantification of the analyte peak (i.e., AUC) was the

LLOQ concentration. (308). Additionally, LLOD and LLOQ were calculated from a
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calibration curve using equations 3.1 and 3.2, to compare the measured and calculated

results (308).

standard deviation of the response (SD) (3.1)
slope of the calibration curve (S)

Detection limit = 3.3(

e e SD (3.2)
Quantification limit = 10(?)

Where SD is the standard deviation of the AUC of the lowest concentration tested.

3.3.5 Matrix effect

Subcutaneous adipose tissue (pig adipose tissue purchased from Birmingham Indoor
Market, B5 4RW) was spiked (a known concentration of cefuroxime solution was
added to a known weight of adipose tissue using a pipette) with a cefuroxime solution
(50 pg/ml of water: Acetonitrile 60:40 solution), to test the matrix effect on cefuroxime

chromatograms.

3.3.6 Accuracy

3.3.6.1 Using phosphate buffer saline

Recovery percentages of high, medium and low cefuroxime concentrations (200 pg/ml,
50 pg/ml and 10 pg/ml of water: Acetonitrile 60:40 solution) after spiking subcutaneous
adipose tissue, were tested and compared to quality control samples (samples of the
same concentration of cefuroxime solution used to spike the tissue). A known adipose
tissue weight was spiked directly with cefuroxime solution. Then, phosphate buffer
saline (PBS) was added (at a mass of double the fat weight) (305). The fat tissue was
homogenised (Homogeniser 150 Fisherbrand with stainless steel probes 7 mm). The
samples were then sonicated (Sonicator with Probe, Fisherbrand) for 10 min at 35%

power (5 sec pulse), followed by cooling (10 sec) (13). The samples were then
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centrifuged (VWR Mega Star 600R) for 30 min at 14000 speed using a graduated filter
Eppendorf (0.22 pm cellulose acetate). Supernatants were injected into HPLC. The
remaining adipose tissue in the Eppendorf filter was spiked with PBS (0.5 ml) and
centrifuged again, to extract all cefuroxime and supernatant injected into HPLC. The
extraction process was not controlled, analyte extraction was dependent on the
collection of supernatants. The sum of all AUC represented the concentration of
cefuroxime added. The acceptance criteria for an accurate method was selected as a
recovery percentage within £ 15% of the quality control sample (a sample of a known

concentration of cefuroxime solution, not in the matrix) (308).

3.3.6.2 Using Methanol as extraction solvent

A trial using methanol as a liquid extractor was carried out, to improve the partitioning
of cefuroxime (200 pg/ml) from the adipose tissue to the liquid phase. The method is
the same as described above (Using phosphate buffer saline), although methanol was

used instead of PBS.

3.3.6.3 Testing the effect of sample preparation (adipose tissue accuracy) on
cefuroxime chromatogram

As the extraction of cefuroxime analyte had various steps, the analyte could be lost
and/or degraded. A trial to explore the effect of sample preparation on cefuroxime
guantification and chromatograms was carried out in the solution (not the matrix), to
compare the results with those of the quality control sample (the sample was not
processed). The cefuroxime solution and PBS were homogenised for 3, 5 and 10 min,
and then these samples were analysed. Other samples of the cefuroxime solution and

PBS were homogenised for 3, 5 and 10 min, and then sonicated as described; these
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samples were then analysed. Lastly, to test the loss of cefuroxime during
centrifugation, the cefuroxime solution and PBS were homogenised for 3, 5 and 10
min, and then sonicated and centrifuged once as described above; these samples
were then analysed. PBS was added to the Eppendorf filter and centrifuged again;
these samples were subsequently analysed. This process was repeated for a last time

(third run) and the samples were analysed.

3.3.7 Stability

3.3.7.1 Stability of cefuroxime solution

A quality control sample of the cefuroxime solution was prepared (stock solution) and

analysed on day 1; the stock solution was stored in amber glass at 4°C. Samples from

the stock solution were analysed on day 7 and day 14.

3.3.7.2 Stability of cefuroxime in frozen animal adipose tissue (Freeze-thaw
stability)

The aim of this experiment was to test the effect of adipose tissue and its constituents

on the cefuroxime chromatogram. Different subcutaneous adipose tissue sections

were spiked with low, medium and high cefuroxime concentrations (10, 50 and 200

pg/ml); the spiked adipose tissues (low, medium and high cefuroxime concentrations)

were processed and analysed on day 1, as described in Accuracy and Using

phosphate buffer saline section 3.3.6.1. Other spiked adipose tissues were stored in

a —80°C freezer. On day 7 of storage, 3 different spiked adipose tissues (low, medium

and high cefuroxime concentrations) were processed and analysed, while another 3

different spiked adipose tissues (low, medium and high cefuroxime concentrations)

were processed and analysed on day 14 of storage in a -80°C freezer.
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3.3.7.3 Stability of cefuroxime samples after extraction from animal adipose
tissue (Extracted or processed sample stability)

The spiked adipose tissues with cefuroxime (low, medium and high concentrations)

were processed and analysed on day 1, as described in the Accuracy and Using

phosphate buffer saline sections (3.3.6.1). The extracted samples were stored in

amber HPLC vials at 4°C. These samples were then analysed again on day 7 and day

14.

3.3.8 Octanol/water partition coefficient (LogP) of cefuroxime: Shake-flask

method

Cefuroxime was dissolved in 100 ml of water (200 pg/ml); 3 ml of this solution was
added to 3 ml of n-octanol and that solution was shaken for 24 hours at 4°C. Then, the
two phases were allowed to separate for 24 hours and after separation the cefuroxime
content was measured by HPLC in both the water and the n-octanol. The partition

coefficient (LogP) of the cefuroxime was calculated using equation 3.3 (309).

L [Solute in octanol] (3.3)
8 [Solute in water]

LogPoct/wat =

3.3.9 Selection of internal standard

The cefuroxime solution samples were analysed in the presence of different
compounds (cefazolin, ceftriaxone, indapamide, vancomycin and phenacetine), to

select is the most appropriate internal standard.
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3.4 Results

3.4.1 Optimising HPLC conditions

An efficient separation in terms of peak shape (symmetrical, no tailing) and convenient
retention time (RT <20 min) was achieved when the mixture of 0.05 M potassium
dihydrogen phosphate buffer (pH adjusted to 2.5): acetonitrile (85:15) was used as a
mobile phase (Figure 3.1, G). This was selected as a mobile phase for all further

experiments.
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Figure 3.1: Cefuroxime Yc‘:‘H‘romatograms when using different mixtures c';lefnobile phase
A mixture of 0.05 M potassium dihydrogen phosphate buffer: acetonitrile with different
proportion of acetonitrile were used (A) 30%, (B) 20%, (C) 15%, (D) 10%; and same mixture
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with adjusted pH (2.5) when different proportion of acetonitrile were used (E) 30%, (F) 20%,
(G) 15% and (H) 10%; and when a mixture of methanol: water were investigated with different
proportion of methanol were used (1) 60% and (J) 25%.

3.4.2 Linearity (Calibration curve)

The generated AUC showed linearity over the tested cefuroxime concentrations from
0.5 to 150 pg/ml, Y = 239.62x - 290.19 and R? = 0.9995, where X is cefuroxime

concentration, Y is AUC and R is the correlation coefficient (Figure 3.2).
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y=239.62x-290.19
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cefuroxime concentration pg/ml
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Figure 3.2: Calibration curve of cefuroxime solution using the mobile phase 0.05 M potassium
dihydrogen phosphate buffer (adjusted to pH 2.5): acetonitrile (85:15) at a detection
wavelength of 274 nm.

3.4.3 Carry-over

The analysis of a blank sample after an analysis of high cefuroxime concentration

showed no interference.

3.4.4 Lower limit of detection and lower limit of quantification in solution

The LLOD and LLOQ of cefuroxime in solutions when analysed by HPLC (Visual
Evaluation Method) were 0.1 pg/ml and 0.3 pg/ml, respectively. However, the
calculated LLOD and LLOQ were 0.18 pyg/ml and 0.55 pg/ml, respectively. Notably, the

LLOQ calculated using the Standard Deviation of the Response and the Slope method
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is comparable to the LLOQ reported in the validated HPLC method (0.5 pg/ml), the

study did not report the LLOD (110).

3.45 Matrix effect

There was no matrix interference on cefuroxime peak (Figure 3.3).
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Figure 3.3: Adipose tissue effecton Cefuroxime chromatogram

(A) Analysed sample of adipose tissue without cefuroxime, (B) analysed sample of adipose
tissue with cefuroxime

3.4.6 Accuracy

3.4.6.1 Using phosphate buffer saline
The recovery percentages of cefuroxime were 122.80%, 107.13% and 95.02% for low,
medium and high concentrations, respectively, compared to the quality control

samples.

3.4.6.2 Using Methanol

The recovery percentage of cefuroximewas 86.84%. However, methanol had an effect

on cefuroxime peak (fronting and shoulder peaks) (Figure 3.4).

3.4.6.3 Testing the effect of sample preparation (adipose tissue accuracy) on
cefuroxime chromatogram

The sample preparation and cefuroxime extraction from adipose tissue, did not affect

cefuroxime peak shape. A cefuroxime chromatogram showed a related substance

peak, as explained in the Discussion section 3.5.
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Figure 3.4: Effect of methanol on cefuroxime peak when used as liquid extraction fromadipose
tissue

3.4.7 Stability

The stability of the cefuroxime solutions and the stability of the cefuroxime in frozen
animal adipose tissue were within the acceptance criteria; however, the extracted
cefuroxime sample stability was above the accepted range for high and medium
cefuroxime concentrations (129.84% and 118.94%, respectively). The cefuroxime
chromatograms showed related substance peaks (degradation or present in

cefuroxime isoforms) in all stability studies (Figure 3.5).
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Figure 3.5: Stability of Cefuroxime in solution, frozen adipose tissue and after extraction (A),
cefuroxime chromatogram in extraction stability studies (B), and extracted UV spectrumat a
retention time of 19 and 25 minutes (C).

3.4.8 Octanol/water partition coefficient (LogP) of cefuroxime: Shake-flask
method

The measured cefuroxime LogPoctwat Wwas —-1.5. This represented the higher affinity of

cefuroxime in the aqueous phase compared to the lipid phase. Reported cefuroxime

logP in literature are listed in Table 3.2.
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3.4.9 Selection of internal standard

Table 3.2 represents the IS investigated with their chemical structure, LogP and
chromatogram of the IS with cefuroxime. Four compounds were not tested due to time

restrictions; yet, they were mentioned in the table.
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Table 3.2: Chemical structure, LogP and chromatogram of proposed internal standard and cefuroxime in solution*

Compound Structure LogP reported | Separation Reference
or predicted for usage
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Continue Table 3.2: Chemical structure, LogP and chromatogram of proposed intemal standard and cefuroxime in solution

Compound

Structure

LogP reported
or predicted

Separation

Reference
for usage
as|S

Indapamide

(319)
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/NHZ

s
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d %
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Continue Table 3.2: Chemical structure, LogP and chromatogram of proposed intemal standard and cefuroxime in solution

Compound Structure LogP reported | Separation Reference
or predicted for usage
aslS
Phenacetin* 1_58 (324’ - DAD1ASIQ=274,1 Ref=0ff DAD1B,5ig=250.1 Ref=gfT DADIC,Sig=20,4 Ref=of (326)
AR :
/Lk N Zuao]
H b
=l X4
4004 ] tL)K
(323) T T T F & B %
Time fminj
cefotaxime c{ -0.5 (328) Not Tested (329)
N 0.14(328)
AN /' w "
= N B s -1.4(328)
o) );\/
H,N o)
2 o fv Y
0”7 “OoH ©
(327)
cefalexin NH, 0.65(331) Not Tested (333)
H (334)
H
O/S/ NG L8 0.55(332)
(0] N
o -2.1(332)
O OH
(330)
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Continue Table 3.2: Chemical structure, LogP and chromatogram of proposed internal standard and cefuroxime in solution

Compound | Structure LogP reported | Separation Reference
or predicted for usage as
IS
cefoxitin N\o H g -0.02(336) Not Tested (337)
C;/ﬁ(rj:( 0.22(336)
s © g N 7 OTNHQ 0.29(336)
0
o” “oH
(335)
tazobactam HQ o -1.8(339) Not Tested (340)
! -1.4(339)
S No 2N
) R
o/ oH
(338)

* all tested IS were tested using C18 column with as described in method; except for Vancomycin and phenacetine, a C18 column with a
particle size of 5 um was used

IS internal standard; CFX cefuroxime
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3.5 Discussion

Cefuroxime is an acidic compound that at a high pH value is (ionised) soluble in polar
solvents, while at a lower pH value (unionised) is more soluble in organic solvents
(341). The adjustment of mobile phase pH had a crucial role on cefuroxime peak
symmetry. This can be explained by the pKa of cefuroxime (pKa 3.15). By adjusting the
pH to 2.5, unionised cefuroxime had higher affinity for the stationery phase (apolar)
than the mobile phase. It is recommended that the pH of the mobile phase should be
+ 1 unit different from the pKa of the analyte, as it can improve selectivity, peak shape
and RT; however, extremely low and high pH can affect column lifetime (342). The RT
shifting of the cefuroxime peak was observed. This is related to adjusting the mobile
phase pH closer to the pKa of the analyte (pH sensitivity); another reason could be the
uncontrolled temperature of the column. The peak (RT 16 min) on the cefuroxime
chromatogram observed in the stability studies, is a “related substance” to cefuroxime,
as shown on the extracted UV spectra (Figure 3.5: B and C). This is not caused by the
matrix effect, as this peak was observed in the stock solution stability.

It is worth noting the effect of methanol on cefuroxime separation with or without mobile
phase pH adjustment (when used either as a mobile phase or as a solvent in adipose
tissue recovery); although methanol is widely used in analytical chemistry, various
reports in the literature highlighted that separation of compound and peak shape can
be different when methanol is used as a mobile phase compared to acetonitrile (343).
Methanol had an accepted elution when used as 60% of the mobile phase; however,

the matrix interfered with the cefuroxime peak at a decreased RT (4 min).

The recoveries of medium and high cefuroxime concentrations were within the

acceptance criteria, with the low cefuroxime concentration 7% above the acceptance
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criteria; however, the quality control sample was 8.76 pg/ml and recovery was 10.75
pg/ml. The accuracy and extraction of cefuroxime from the adipose tissue can be
optimised, by using an internal standard and optimisation extraction of cefuroxime from

adipose tissue (using a solid-phase extraction and/or tissue lysis) (344).

The researchers questioned the requirement of using an IS, as the FDA and EMA used
the word “should” (345). However, in the trial to use IS, phenacetine represented a
desirable RT and efficient peak shape, compared to other compounds. Nevertheless,
due to differences between phenacetine and cefuroxime LogP, a trial to prove similar
extractions of cefuroxime and phenacetine from adipose tissue is required. Other
compounds with a similar LogP to cefuroxime were intended to investigate; however,
compounds with a similar LogP and structure would elute at relatively similar times

(e.g. cefazolin Table 3.2).

The extraction of cefuroxime from adipose tissue using a solid-phase extraction is a
promising alternative option. However, solid-phase extraction is not available at the
current Pharmacy research laboratory; additionally, this can be time-consuming.
Different tissue lysis compounds/kits have been used to digest adipose tissue. This
can be beneficial in extraction cefuroxime; however, this could also increase the small
lipid content in samples injected in HPLC (344). The efficiency of the current
cefuroxime adipose tissue samples homogenisation can be investigated further by
spiking homogenised adipose tissue with cefuroxime and then analysing samples to

ensure optimal extraction and recovery of cefuroxime.
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Regarding cefuroxime related peak appeared in stability testing, itis recommended to
further investigate it through force degradation tests to understand degradation
pathways (346). It is postulated that the increased recoveries observed in stability
testing can be related to a cefuroxime degradation products, DAD investigation of
cefuroxime recovery peak should be directed to ensure that the increased in recovery

is not from impurity or degradation under the main cefuroxime peak.

Quantifying free drug concentration in ISF via Microdialysis has been widely used for
clinical solid tissues and whenever |V infusion is used. Indeed, the use of Microdialysis
has significant advantages; however, it is a minimal invasive technique which requires
validation and calibration while in the operation room, with further analysis by HPLC or
other analytical method (301). In the forthcoming PK pilot study at Birmingham
Women's Hospital, the collection of solid samples are acceptable, while discussion

regarding the optimal analytical method to measure cefuroxime was questioned.

3.6 Limitations and optimisations

1- Column pressure was a constant issue; this can have a great impact on analyte
and IS RT. The increased column pressure could be related to the use of the
relatively small particle size of the C18 column, and the wrong installation of the
guard column. The validation of this method can be optimised using a C18
column with a particle size of 5 um connected to a C18 guard.

2- Due to high deviations observed in established calibration curve (Figure 3.2), it
was suggested to conduct a precision test to ensure appropriateness of
cefuroxime weighing. If this was still an issue, it is recommended to use a single

robust calibration curve instead of averages of triplicate measures. Further, it
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was recommended to use broader linearity (maximum and minimum linear
concentrations).

The recovery of cefuroxime from adipose tissue can be optimised, by using a
representative 1S. The appropriateness of using an IS should be investigated in
adipose tissue, to evidence the descriptive recovery of IS, compared to the
analyte.

The reported validated method in the literature to quantify cefuroxime in blood
and adipose tissue, is a part of a PK study. This study had no appendices to
review the exact results of the validation. In a PhD timeframe, with a focus on
PK study, conducting a full validation can be challenging.

The column temperature and the samples temperature (preparation and
injection) were not controlled, though the column temperature and sample
preparation and injection temperature were maintained at room temperature of
around 25°C within the laboratory. The validation of this method can be
improved by controling the column temperature, the autosampler tray
temperature and sample preparations at low temperature (to ensure minimum
penetration of Fatty compound in tested solution) by liquid nitrogen,

Filter adsorption studies can be performed to assess analyte loss caused by

membrane filter adsorption.

The initial selection of HPLC method was based on the availability of HPLC in

pharmacy research laboratory, where this research was being conducted, and the wide

reported use of HPLC in similar studies as the current study to measure

cefuroxime/cefazolin in plasma and adipose tissue (9, 78, 102). Due to the discussed

limitations of the current HPLC method and time-frame in a PhD, It was decided to use
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mass spectrometry (MS) in quantifying cefuroxime in another laboratory within the
University of Birmingham with an MS expert assistance. The use of MS to quantify
cefuroxime and cefazolin in plasma and adipose tissue has been largely reported in
the literature (16, 297, 329, 347, 348). Initial discussion was made with other
colleagues to prepare a protocol to quantify cefuroxime in plasma and adipose tissue
using cefuroxime isotope as an IS. In addition to the high separation capability and
sensitivity of MS; the added advantage of using MS with cefuroxime isotope will enable
compensation of any technical variations and losing of analyte during sample
preparations, storage and testing (349). Unfortunately, due to COVID-19 pandemic,

the analytical method development using MS was suspended.

3.7 Conclusion

Partial validation, and indeed validation, to quantify cefuroxime in plasma and
subcutaneous adipose tissue is a broad area. The reported method showed a
cefuroxime recovery from adipose tissue slightly outside of the acceptance range;
further optimisation needs to be conducted. With consideration of the PhD timeframe,
the use of MS and assistance in analysing cefuroxime via MS is considered

acceptable.
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Chapter 4: Clinical Study to Assess the Pharmacokinetics of Cefuroxime and
its Prophylactic Efficacy in Lean and Obese Pregnant Women after

Caesarean Section (C-LACE)
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The aim of this chapter was to develop a protocol to conduct a pilot study
to collect blood and adipose tissue samples from pregnant women (obese
and normal body wright) undergoing elective CS at Birmingham women’s
hospital. Further, to follow participants postpartum and review

participants’ file to record incidences of post-CS infections.

Publication from this chapter:

The protocol to conduct the pilot study at Birmingham women’s hospital was
published in Pilot and Feasibility Studies Journal, the manuscript was incorporated
to this thesis theses upon permission statement by publisher BioMed Central

(BMC) (https://www.biomedcentral.com/about/policies/license-agreement) “You

are free to: *Share — copy and redistribute the material in any medium or format.
*Adapt — remix, transform, and build upon the material for any purpose, even
commercially. Under the following terms: «Attribution— you must give appropriate
credit, provide a link to the license, and indicate if changes were made. You may
do so in any reasonable manner, but not in any way that suggests the licensor
endorses you or your use. *No additional restrictions—you may not apply legal
terms or technological measures that legally restrict others from doing anything the
license permits”.; and by Journal

(https://pilotfeasibilitystudies.biomedcentral.com/about) “As an author of an article

published in Pilot and Feasibility Studies you retain the copyright of your article and
you are free to reproduce and disseminate your work (for further details, see the
BMC license agreement)”. Numbering of heading, tables and figures were only

adjusted to be consistence with the current report. The Full article reference is:
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Alrammaal HH, Batchelor HK, Chong HP, Hodgetts Morton V, Morris RK.
Prophylactic perioperative cefuroxime levels in plasma and adipose tissue at the
time of caesarean section (C-LACE): a protocol fora pilot experimental, prospective
study with non-probability sampling to determine interpatient variability. Pilot
Feasibility Stud. 2021;7(1):54. doi:10.1186/s40814-021-00794-3. Which can be

found at: https://pilotfeasibilitystudies. biomedcentral.com/articles/10.1186/s40814 -

021-00794-3 . Contributions of authors were mentioned within the paper.

This chapter is branched to:

e The published protocol of C-LACE study (section 4.1);

e Pathway of C-LACE study and logistics at Birmingham Women's Hospital
(section 4.2);

e Summary of anticipated data cleaning and management plan (section 4.3);

e COVID-19 pandemic disruption on conducting C-LACE study (section 4.4).

Considerations regarding this chapter:

e The current publication represent the C-LACE study protocol where approved
by the Health Research Authority (HRA) and Health and Care Research Wales
(HCRW) ethics. The study protocol submitted and approved by HRA is included
in appendixes (section 7.2.2.1).

e Amendment: One minor amendment was submitted, where only the Chief
Investigator role/ship was shifted from Dr.Hannah Batchelor to Dr.Victoria

Hodgetts-Morton. This was approved by HRA (appendixes section7.2.4.1).
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4.1.1 Abstract
Background: The aim of the C-LACE study is to measure cefuroxime concentration
in plasma and adipose tissue of non-obese and obese pregnant women undergoing

caesarean section.

Methods: This study plans to compare maternal cefuroxime concentrations (plasma
and adipose tissue), at time of skin incision and time of skin closure during a caesarean
section from non-obese (Body Mass Index BMI<30 kg/m?) and obese (BMI=30 kg/m?)
pregnant women. The incidence of post-surgical site infection will also be measured.
At least 15 participants are required for each arm (non-obese vs obese) with a total of
30 participants. The study participants will be followed up between 30 and 40 days
post caesarean section to record details of any post-caesarean surgical infection to
explore correlations between BMI; measured cefuroxime concentrations and post

caesarean infection rates.

Discussion: This pilot study will allow the development of a model testing the inter-
patient variability in plasma and adipose tissue concentrations of cefuroxime. The
results will facilitate the development of a larger study to determine whether differences
in cefuroxime plasma and tissue concentration in obese and non-obese women can

support development of a physiologically-based pharmacokinetic model. This model



can then be used to propose dosing adjustments that can be used in a further trial to

optimise cefuroxime dosing for women undergoing Caesarean section.

Trial Registration:  https://www.isrctn.com/; ISRCTN17527512 (Registered on

26/10/2020).
Keywords

Caesarean section; Cefuroxime; Pharmacokinetics; Obese; Pregnant women; Surgical

site infection.
Administrative information

This protocol follows the SPIRIT checklist (items of the checklist are numbered in a

curly brackets).
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the Time of Caesarean Section (C-LACE): A Protocol foraPilotexperimental,
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variability to define the sample size for a full trial

Trial registration https:/www.isrctn.com/; ISRCTN17527512 (Registered on 26/10/2020).
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Chief investigator: Hannah Batchelor is a senior lecturer in pharmacedtics,
formulation and drug delivery within the School of Pharmacy at the University
of Birmingham. Her research focuses on the design and manipulation of
medicines to create age-appropriate drug formulations to maximise clinical
efficacy in paediatric patients. Hannah is an expert in prediction of medicines
performance and has experience in the design and development of novel
physiologically based pharmacokinetic models. She has experience in
working on trials that evaluate human tissue samples (eg PaedGIFT #IRAS
251909). Anintegral part of herdepartment’s workis the development of drug
delivery systems, including construction of new formulations, stability testing
and development to market together with social and behavioural research into
the perceptions, attitudes and values of patients towards medicines use.
Hannah managed the ACCEPT study, a successful multi-centre, portfolio
status clinical trial which involved 14 NHS sites across the West Midlands and
recruited in excess of 600 participants. This study involved interacting with
both paediatric patients and their parents to identify their views towards

children’s medicines. http:/Mmww.hra.nhs.uk/news/research-
summaries/accept-methodology-to-assess-acceptability-of-paediatric-
medicines/

Local Principal Investigator: Dr Katie Morris, Reader in Maternal and Fetal
Health, University of Birmingham. Her research aims to improve the care for
women with multiple pregnancies, fetal anomalies, growth restriction, reducing
infection in maternity and prevention of preterm birth, employing prognostic
and diagnostic research, modelling, systematic reviews and clinical trials. She
has received research funding from the HTA, RfPB, MRC and charities. She
sits on the RCOG Research Committee, Scientific Advisory Committee, RfPB
West Midlands Panel, British Maternal and Fetal Medicine Society Executive
Committee as scientific abstract co-ordinator and is Clinical Speciality Lead
for Reproductive Health and Childbirth for the West Midlands. She was Cl of
the NIHR RfPB funded PREPS trial which was a randomised controlled trial
recruiting women undergoing CS.

Victoria Hodgetts-Morton is a clinical research fellow working on large clinical
trials at Birmingham Women’s Hospital including C-Stitch and PREPS.
Researcher: Hanadi Alrammaal is a PhD student at the School of Phamacy,
University of Birmingham under the supervision of Hannah Batchelor. Hanadi
is an experience researcher and has been trained in both GCP and handling
of tissues. This study forms the basis of her PhD.

Trial sponsor {5b} | University of Birmingham
Dr Birgit Whitman
Head of Research Governance and Integrity

Role the trial Study funder and sponsor had no role in the study design; collection,
sponsor and funder | management, analysis, and interpretation of data; nor in writing of the report
{5c} or the decision to submit the report for publication.

4.1.2 Background {6a}

The prevalence of obesity in pregnant women in England at the time of booking a
Caesarean section (CS) has been reported to be 16% (350, 351). One complication of
obesity in pregnancy relates to the requirement for operative delivery, i.e. CS. The rate

of CS in an obese (Body Mass Index BMI=30 kg/m?) pregnant population is 33.8% (6).



The rate of post-CS infection is higher amongst obese pregnant women compared to
those who are not obese; the adjusted odds ratio of surgical site infection in an obese
population was reported to be 2.41 (95% CI 1.73-3.37) (7). Prophylactic single dose
perioperative intravenous (IV) antibiotic is recommended for CS; and several studies
have examined the use of alternative antibiotics, with cefazolin being the most
commonly used in the US and cefuroxime in the UK. Numerous studies have focussed
on the use of cefazolin in obese patients undergoing CS to gain an understanding of
optimal dosing and clinical outcomes (12). Several studies proposed an increased
dose of cefazolin (3g) compared to the standard dose (2g) for obese pregnant women
to achieve sufficient antibiotic levels during CS (10, 11, 13). It was postulated by Holt
et al. (in 1994) that doses of cefuroxime up to 1500mg may not achieve sufficient
minimum inhibitory concentration (MIC) for most of the common bacteria in maternal
blood during CS (56). Sub-therapeutic antibiotic concentration is a crucial factor in
global bacterial resistance. It is essential that the therapeutic concentration of antibiotic
is achieved in both maternal blood and at the site of incision during CS for effective
therapy. No study to date has measured cefuroxime concentrations in blood and
adipose tissue in obese pregnant women undergoing CS (300). Thus, a study to
explore the drug concentration in this population at the time of CS is essential. This
study will analyse cefuroxime concentration in plasma and adipose tissue samples to
accurately measure levels achieved in non-obese and obese pregnant women
undergoing CS to confirm if therapeutical cefuroxime levels are reached in plasma and
adipose tissue. Further, to use the measured cefuroxime concentrations to verify a
physiologically-based pharmacokinetic (PBPK) model of cefuroxime in CS to explore

the impact of (i) dose and (ii) BMI post administration of cefuroxime on both blood and



tissue cefuroxime concentrations in an obese population and suggest a dose

adjustment if required and applicable.

4.1.2.1 Objectives {7}

The main objective of conducting this pilot and feasibility study is to assess the process
and protocol of recruiting patients, sample collection, follow-up and procedure of C-
LACE. Also to gain an understanding of cefuroxime concentrations in normal-body
weight pregnant vs. obese pregnant women. The primary objective is to measure the
concentration of cefuroxime in the collected blood and tissue samples using an
appropriate analytical method and to assess whether cefuroxime administered
provides concentrations above the MIC in both the blood and adipose tissue for all
patients regardless of their BMI. Additionally, to assess whether there are differences

in cefuroxime concentrations from obese vs non-obese women.

4.1.2.2 Trial design {8}

A single centre experimental, prospective pilot study with non-probability sampling.

4.1.3 Methods/Design

4.1.3.1 Aims and methodologies

To measure cefuroxime concentration in plasma and adipose tissue (within the
incision) at time of skin incision and skin closure in obese and non-obese pregnant
patients requiring CS. Moreover, to explore the relationship between dose of
cefuroxime administered and concentration measured in both blood and adipose tissue
with respect to BMI of the patient. To measure the incidence of post CS infections in

obese and non-obese pregnant women at 30-40 days post CS; and to assess if the



rate of infection is correlated with BMI, dose administered and cefuroxime blood or

adipose tissue concentrations.

Cefuroxime is administrated to pregnant women undergoing CS as per Birmingham

Women'’s Hospital protocol; i.e. IV infusion 30-60 minutes before skin incision.

4.1.3.2 Outcomes {12}
4.1.3.3 Outcomes of C-LACE pilot and feasibility study are:

Patients’ recruitment rate.

Collecting samples strategies’.

Analytical method for Sample analysis.

Data collection and forms completion.

Follow-up and participants’ retention.

4.1.3.4 Part A: Cefuroxime levels in plasma and adipose tissue

The minimum inhibitory concentration is not harmonised between guidelines, thus the
time above the minimum inhibitory concentration (T>MIC) will be reported for MIC
values of 1, 4 and 8 mg/L(12, 301) as these values correlate to the most common

bacteria involved in post CS surgical infections (Table 4.1).



Table 4.1: Most common bacteria causative of infection post Caesarean Section and the

minimum inhibitory concentration range/Breakpoint

Microorganism MIC range/Breakpoint (mg/L)
(12, 81, 301, 352)
Gram Negative Escherichia coli 0.001-8
Bacteria Haemophilus influenzae 2
Klebsiella oxytoca 8
Proteus mirabilis 0.001-8
Ureaplasma urealyticum ND
Gram Positive Enterococcus faecalis ND
Bacteria Staphylococcus aureus 4
Staphylococcus epidermidis  0.25-4
Streptococcus pneumoniae 1
Other Organisms Raoultella ornithinolytica 0.001-8
Morganella morganii ND

4.1.3.5 Part B: Surgical site Infection

The rate of surgical site infection will be reported in non-obese and obese pregnant
women undergoing CS. This study will follow the definition of surgical infection as per
the definitions set out by the US Centre's for Disease Control and Prevention (Centre's

for Disease Control and Prevention 2019) (353).

4.1.3.6 Target population
The target population are non-obese and obese pregnant women undergoing elective

CS at Birmingham Women’s Hospital.

4.1.3.7 Eligibility criteria {10}

4.1.3.7.1.1Inclusion Criteria

e Pregnant women 18 years to 50 years old, with a singleton pregnancy undergoing
elective CS at 37 weeks or over.

o Participant is able to give consent and agree to sample storage.

e Participant agrees to be contacted for follow-up



e Participant contributing to the study needs to be able to read and/or understand

English.

4.1.3.7.1.2Exclusion criteria

e Multiple pregnancy

e Previous CS that resulted in a surgical site infection

e Emergency CS.

e Any non-elective CS including those requiring early delivery without threat to
maternal or foetal health that were not previously planned.

e Body Mass Index (BMI) less than18 kg/m?2 or greater than or equal to 45kg/m? (At
time of first pregnancy appointment and at time of delivery).

e Currently enrolled in a randomized controlled trial for an intervention to reduce
post-operative surgical site infection

e Diabetes (type 1, type 2 or gestational)

e Hypertension

e Renal disease

e Cardiovascular disease (e.g. Maternal structural cardiac disease)

e Liver disease

o Inflammatory bowel disease (e.g. Crohn’s disease or ulcerative colitis)

e Cephalosporin or penicillin allergy

e Administration of antibiotic within 1 week prior to delivery

e Suspected pre-existing infection (including Chorioamnionitis)

e Autoimmune disease (e.g. Systemic lupus erythematosus, Rheumatoid arthritis)

e Chronic use of corticosteroid



e History of wound breakdown in an abdominal surgery

e Prior laparotomy for any indication (e.g. Previous ovarian cystectomy or previous

bowel surgery)

4.1.3.8 Setting {9}
This single centre study will take place at Birmingham Women's Hospital which is a
large teaching hospital that is part of Birmingham Women’s and Children’s Hospital

NHS Foundation Trust.

4.1.3.9 Participant selection and enrolment

Any patient (18-50 years) who requires a CS as part of their clinical care will be
screened for inclusion. The potential participants will be identified using hospital clinical
lists, where lists relate to a pre-booked CS a Good Clinical Practice (GCP) trained
research midwife who is a member of the clinical care team will assess eligibility of
patients to participate in the study according to inclusion/exclusion criteria using
Screening Form. The woman will then be provided with the participant information
sheet at this meeting by the research midwife. In addition, if a pregnant woman is
booked for CS at a meeting they may be informed about the study by a research
midwife or their clinical care team and provided with a participant information sheet.
The participants will receive information about the study well in advance (at prior clinic
appointments) and at least 24 hours prior to CS so that all participants have sufficient

time to consider taking part.

This study plans to compare data from obese (BMI=30 kg/m?2) and non-obese women

(BMI<30 kg/m?2) at time of booking (10-14 weeks of pregnancy). Atleast 15 participants

10



are required for each arm with a total of 30 participants. The study sequence is

summarised in Table 4.2.

Table 4.2: Summary of the C-LACE study sequence and methodology

Timing Activity

Caesarean Section | Clinic list will be reviewed for eligible participants using the
Booking clinic Screening Form

On day of Caesarean | A venflon cannula will be inserted into the woman as part of
Section the research process to enable withdrawal of the required

blood samples without the need for additional needles. This
second access point will ensure that the blood sampling is
minimally disruptive to the CS procedure.

At 30-40 days post| Participant’'s medical file and notes will be reviewed by the
Caesarean Section research midwife to identify any post-surgical site infection
which will be recorded on the 6 week outcome fomm
Research midwife will attempt to contact the participant 3
times between 30 and 40 days post CS to complete the
follow up interview form.

Samples analysis Blood and adipose tissue will be analysed by LC-MS/MS
340

GCP: Good Clinical Practicé, C%: Caesarean Section, LC-MS/MS: Liquid Chromatography
with tandem mass spectrometry

41.3.10 Screening for eligibility and recruitment {15}
A GCP trained research midwife will assess eligibility of patients to participate in the

study according to inclusion/exclusion criteria using Screening Form.

41.3.11 Ineligible and non-recruited participants
Certain ineligible are stated in exclusion criteria. Research midwives/clinician will
review and reassess each potential participant and confirm eligibility of patients to

participate in the study at the day of CS.

41.3.12 Patient consent {26a}
A suitably qualified research midwife or doctor who is also part of the clinical care team

will introduce the study to the woman at their pre-operative assessment. A Participant
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Information Sheet (PIS) will be provided to facilitate this process. Investigators will
ensure that they adequately explain the aim, anticipated benefits and potential hazards
of taking part in the trial to the woman. They will also stress that participation is
voluntary and that the woman is free to refuse to take part and may withdraw from the
trial at any time. The woman will be given adequate time to read the PIS and to discuss
their potential participation and be given the opportunity to ask questions. If the woman
expresses an interest in participating in the trial, they will be asked to sign and date the
latest version of the Informed Consent Form at least 24 hours prior to CS. The woman
will be asked for her consent to withdraw 3 blood samples (with a maximum volume of
10mL blood per sample) and 2 fat tissue and for collection of outcome data from their
medical records and a telephone interview at 30-40 days postnatal that will take

approximately 5-15 minutes.

4.1.3.13 Withdrawal of study participants
Each participant has the right to withdraw from the study at any time and this will not
affecttheir clinical care. In addition, the Investigator may discontinue to participate from

the study at any time if the Investigator considers it necessary for any reason including:

¢ Ineligibility (either arising during the study or retrospectively having been
overlooked at screening)

e Withdrawal of Consent

Withdrawal from the study will result in exclusion of the data for that participant from

analysis; provided that the withdrawal occurs within 3 months of data collection.
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4.1.3.14 Study assessments {13}
The study assessment and paperwork associated are summarised in Table 4.2 (forms

are in the online supplementary file).

4.1.3.15 Data collection methods {18a}
Background information will be collected from each participant using the Baseline

Form. This information is required for interpretation of the data and dissemination.

Following collection of the data from all forms (Screening, Consent, Baseline, Eligibility
Reassessment, Operation, Discharge, follow up interview, 6 week Record Check) will
be filled, signed and shared via secure system; this system can be accessed at the
University and the Hospital and ensures security of data, any data entered will be

anonymised.

The study has two parts: part A, which is blood and adipose tissue sampling for
cefuroxime concentrations; part B, is a follow up of patients postpartum at between 30-

40 days to record the incidence of post-surgical infection.
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Table 4.3: Schedule of assessments and associated paperwork

Visit

Screening form

Consent
form

Baseline
form

Eligibility
Reassessment form

CS Procedure
form

Collection and
labelling of
samples

Discharge
form

Followup
interview form

Medical
Record
check
form

Eligibility
Check

Consentat
least
| 24 hpreCS

Day of CS until
discharge

Follow-up
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4.1.3.16 Part A: Sample collection at Caesarean Section

The clinical care team will record the time of cefuroxime administration, dose
administered, type of anaesthesia used, blood loss and other relevant clinical
information. Five samples will be collected: 1 blood sample at time of skin incision, 1
blood sample at time of skin closure, 1 blood sample at recovery room (<3 hours
following CS), 1 adipose tissue sample (approximately 1 cmfrom the skin in the middle
of the Pfannesnstiel or vertical midline incision) at skin incision and one adipose tissue

sample (from a similar location to sample 1) just prior to skin closure.

4.1.3.16.1.1 Blood sample and adipose tissue analysis

The concentration of cefuroxime in blood and adipose tissue will be quantified using

standard laboratory methods (340).

4.1.3.17 Part B: Follow up for post-surgical infection

At between 30-40 days post CS, the study participants will be contacted by telephone
by a research nurse/midwife from the research team and a review will be made to
record any type of post-surgical infection. The Follow-up Interview Form will be used
to record the details of any infection reported. If the participant attended to the hospital
for a postnatal appointment at 30-40 days, the interview can be conducted at that time

to minimise the burden to the participant.
4.1.3.17.1.1 Plans to promote participant retention and complete follow-up

{18b}

Patient medical notes will be reviewed by a member of the clinical care team using the

30-40 days Outcome Form to identify whether there has been a reported post-surgical
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infection. Post-surgical infection is defined as per the definitions set out by the US

Centre's for Disease Control and Prevention (353).

4.1.3.18 Data management {19} and confidentiality {27}

All participants will be given a study ID upon recruitment to the study. A spreadsheet
that links study ID to patient ID will be held at Birmingham Women’s and Children’s
Hospital NHS Foundation Trust under the control of the local PI. This information will
be password protected and stored on an encrypted computer that conforms to the

standard NHS security requirements.

The study ID will be used on all forms; this information provides anonymised data to
the University of Birmingham that no longer has any personal identifiable data.
Following collection the data from all forms will be entered on a secure system at the
NHS site (undertaken by the research midwife); this system can be accessed at the

University and ensures anonymity for the participants.

All processes will be carried out with respect to participant confidentiality. All participant
data will anonymised by being replaced with a study ID number prior to data sharing
with the University of Birmingham. The anonymity code will only be known to the local
site Pl and associated research nurse/midwife team. The data will be controlled by

usernames and encrypted passwords.

4.1.3.19 Statistics {20a}, sample size {14} and study assessment

There is no predefined sample size yet sufficient numbers are required to provide an
estimate of average values as well as the level of inter-patient variability. Previous work
to measure the concentration of antibiotics in plasma and in tissue in obese and non-

obese pregnant women following CS has used sample sizes of 14 in each arm to detect
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differences in adipose antibiotic concentration (10, 16). Therefore in this study we plan
to recruit 15 women in each arm (BMI <30 kg/m? and BMI 230 kg/m?2). The BMI
measurements will be taken from the women at their time of booking appointment
which occurs between 10-14 weeks of pregnancy. The BMI of participants immediately
prior to CS will be determined to review any major changes during their pregnancy
which may affect the results, for example a change from <30 kg/mZ2 to an extremely

obese participant at CS.

The differences in mean concentration values in plasma and adipose tissue between
the obese and non-obese populations will be compared using ANOVA analysis to
determine whether there are significant differences. SPSS software will be used for all
statistical analysis. The rate and type of infection will be analysed. The rate of infections
will be analysed in correlation with (1) dose administered, (2) BMI, (3) cefuroxime

concentrations at both sites at time of skin incision and skin closure.

4.1.3.20 Success criteria and assessment of C-LACE pilot and feasibility
study
These criteria applied to participants consented and did not withdraw from the study

at any time-point of C-LACE study

e Patients’ recruitment rate: As per Birmingham Women’s Hospital Caesarean

Section rate, recruitment of 30 patients would be achievable easily within 3 months.
If this was not achieved, the protocol (specific inclusion and exclusion criteria) would

be reviewed and reassessed.

e Collecting samples: This pilot and feasibility study would be considered successful

if plasma and adipose tissue samples at the time of incision and time of closure and

17



plasma sample at time of recovery were successfully collected for 275% of
participant in each arm. If this was not achievable, the sampling strategies will be

revised and reassessed.

Sample analysis: This pilot and feasibility study would be considered successful if
280% of plasma and adipose tissue samples collected were successfully analysed
via the analytical method described; If not, sampling handling, transferring and

sample analysis protocol will be revised and reassessed.

Data collecting: This pilot and feasibility study would be considered successful if =

80% of data collecting forms was fulfilled for each participant; if not, logistics and

study procedure of C-LACE study will be revised at Birmingham Women’s Hospital.

Follow-up: The described follow-up protocol will be considered successful if
participants’ retention were = 80%. The participant will be considered as lost to
follow up, if the participant couldn't contacted and the patients file and notes were

not reviewed.

Analysis and sub-analysis of outcomes and success criteria of C-LACE pilot and

feasibility study will be made to explore the reasons of unsuccessful.

4.1.3.21 Missing data and lost to follow-up {20C}

Every attempt will be made to collect full follow-up data for all study participants; it is

thus anticipated that missing data will be minimal. The main analysis will use available

data only, however, the amount of missing data will be assessed, and if necessary,

sensitivity analyses will be undertaken. If the participant couldn’t be contacted, but the

patients’” medical records and notes were reviewed, the participant will be considered
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enrolled in the follow up. The patient will be considered as lost to follow up, if the

participant couldn’t contacted and the patients file and notes were not reviewed.

4.1.3.22 Data monitoring {21a}

The study may be monitored, or audited in accordance with the current approved
protocol, GCP, relevant regulations and standard operating procedures. This study
does not include blinding and patients are following the standard clinical pathway
where the only intervention is the taking of adipose tissue and plasma samples

therefore a data monitoring committee is not required.

4.1.3.23 Access to data {29}

All data will be collected only after the participant freely gave written consent to process
their data in accordance with GDPR (this consent in included within the consent form
for the study). Direct access to shared secure system will be granted to authorised
representatives from the Sponsor and host institution for monitoring and/or audit of the

study to ensure compliance with regulations.

4.1.3.24 Harms {22}

The research protocol does not expose the participants to any risks as the study does
not affect their clinical treatment. The collection of additional blood samples and
adipose tissue samples during CS are the only additional study specific procedures.
These additional blood samples will be taken by a clinical member of the research
team trained in phlebotomy. There is a consent request for these study specific
procedures to minimise the changes to routine clinical care and reduce the burden to

participants. The risks associated with this research are minimal to participants.
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All participants will be contacted at 30-40 days following CS to ask about post-surgical
infections; this will not affect their clinical care in any way and does not pose any risks

to participants.

4.1.3.25 Provisions for post-trial care {30}

Participants within this trial will follow standard clinical procedures with the intervention
being taking plasma and adipose tissues samples thus there is no specific post-trial
care. As the participants are NHS patients, indemnity is provided through the NHS
schemes. The University of Birmingham provides clinical research insurance for

studies that it sponsors. This insurance is provided via membership of UMAL.

4.1.3.26 Auditing {23}
The study may be monitored, or audited in accordance with the current approved

protocol, GCP, relevant regulations and standard operating procedures.

4.1.3.27 Protocol amendments {25}

The Investigator will submit and, where necessary, obtain approval from the Health
Research Authority (HRA) and Health and Care Research Wales (HCRW) for all
substantial amendments to the original approved documents.

4.1.4 Discussion

4.1.4.1 Interpatient Pharmacokinetic variability of cefuroxime

Due to the great variability associated with pharmacokinetic measurements, the use of
PBPK modelling is a common tool to understand the distribution of drugs. Specialist
software packages are available that include details on pregnant population
characteristic’s. SIMCYP software will be used to model the blood and adipose

concentrations of cefuroxime and to compare this modelled data to the experimental
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results from the C-LACE study. It is anticipated that this clinical data coupled with
PBPK models will inform any future changes to doses of cefuroxime used for CS,

particularly in relation to obese women.

4.1.4.2 Definition of the End of Study
The end of study is the date at which the follow-up interview is conducted at 30-40

days following CS. This is where the follow-up ends for all participants.

4.1.4.3 Patient and public involvement

A similar study conducted by Victoria Hodgetts Morton and Katie Morris (PREPS trial)
involved the public and patients; those involved were supportive of any research
undertaken to minimise the risks of post-surgical infections following CS(354). Informal
discussions about this study with women who have had CS have all been positive as

the burden of participation is minimised where possible.

4.1.4.4 Ethics and dissemination {31a-b-c}

Results of this trial will be submitted for publication in a peer-reviewed journal. The
manuscript will be prepared by HHA and HKB with contributions from the local PI
(RKM) and the local researcher (VHM) and authorship will be determined by mutual
agreement. Authors must acknowledge that the trial was performed with the support
of Saudi Arabian Government. Currently, there is no Plans for granting public access

to the full protocol, participant-level dataset, and statistical code

4.1.4.5 Provenance and peer review
The protocol has been peer reviewed within the research team and by the research
and governance team at the University of Birmingham as part of the agreement to

sponsor the study and by the University of Birmingham’s Clinical Research
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Compliance Team (CRCT). Further, this protocol have been reviewed and approved

by HRA and HCRW.

4.1.5 Trial Status
Ethical approval is granted (C-LACE protocol v0.4, 02 January 2020); the anticipated
date of recruitment was 1st of September 2020; requirement expected to be completed

on 1st of December 2020). This study was delayed due to COVID-19 epidemic.

4.1.6 List of Abbreviations

BMI  Body Mass Index

CS Caesarean Section

GCP Good Clinical Practice

AV Intravenous

LC-MS/MS Liquid Chromatography with tandem mass spectrometry

MIC  Minimum Inhibitory Concentration

PBPK physiologically based pharmacokinetic

PIS  Participant Information Sheet

T>MIC Time above the Minimum Inhibitory Concentration

4.1.7 Declaration

4.1.7.1 Ethics approval {24} and consent to participate
The study has been approved by the Health Research Authority (HRA) and Health and

Care Research Wales (HCRW)(19/EM/0356). Written, informed consent to participate

will be obtained from all participants.
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4.1.7.2 Consent for publication

Not applicable

4.1.7.3 Availability of data and materials

Direct access will be granted to authorised representatives from the Sponsor and host
institution for monitoring and/or audit of the study to ensure compliance with
regulations. Access to the data retrieved from participants will be restricted. The clinical
research team are those based at the Hospital and the paperwork will not be
transferred to the University of Birmingham. Following collection the data from all forms
will be entered on a secure system at the NHS site (undertaken by the research
midwife); this system can be accessed at the University and ensures anonymity for the
participants. Researcher from the research team from the University of Birmingham

will used the anonymous data to perform the data analysis.
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4.2 Pathway of C-LACE study and logistics at Birmingham Women's Hospital
4.2.1 Before requirement of participant into C-LACE study

4.2.2 Acronym and logo of C-LACE study

Identification parts were included in the pilot study to ensure easy communication while
conducting research with the hospital staff. Specifically, an acronym and a logo were
developed. The acronym, C-LACE, denoted “Cefuroxime level at CS time”; it was
determined that “LACE” may have a calming effect on participants. The logo can be

seen in Figure 4.1; it used the letter C and a lace-like fabric pattern.

Figure 4.1: Logo of C-LACE study

4.2.3 The anticipated preparations and results of C-LACE

The C-LACE forms that were developed, which are discussed in section 4.1.3.15, were
adopted with respect to format and flow from a previous feasibility study conducted at
clinical setting including Birmingham Women's Hospital (PREPS) (354, 355). That
study aimed to investigate the effectiveness of using 0.05% chlorhexidine for vaginal

cleansing to reduce post-CS infections; its control group used no cleansing (354, 355).
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The same follow-up interview and six-week outcome forms were chosen to be used in
the present study as in PREPS (with some minor alterations) (354, 355). Where
applicable, the flow and strategy used in PREPS was chosen for the C-LACE study.
This was done to provide the hospital staff with a familiar routine to follow rather than
introducing a new strategy; as hospital staff were familiar with PREPS study.
Consequently, it would encourage the staff to participate in the study. It was planned
to conduct an introductory lecture of C-LACE study to the hospital staff interested in

conducting the pilot study and this would be followed by a workshop.

It was intended to prepare and distributed packages which contains several printed C-
LACE forms: screening, consent, patient contact details, baseline, reassessment of
eligibility, operative, discharge, 6 weeks outcome and interview forms. They would also
include trial identity wristbands, consent stickers, and sample collection label stickers.
The first page would contain a study steps checklist. One pack and checklist was to be

used for each participant

Subsequently, two papers would be posted in the outpatient clinic as the leading
strategy for recruiting eligible women. The sheets suggested introduction of C-LACE
study to possible eligible women (suggestions for consenting), shared the steps
involved in the study, and mentioned completing paperwork. The aforementioned
checklist and both these papers are discussed in the following pages. An account was
created on twitter aiming to provide more information on C-LACE study (found at

https://mobile.twitter.com/CLACE28360041).

The anticipated enrolment rate and follow up (as per defined) would be expected to be

adequate. The discussed PREPS study at Birmingham Women's Hospital had a
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recruitment rate of 128% of targeted sample size, 93% of them received the
intervention (355). Follow up rates using medical records and telephone were 96% and
68%, respectively (355). The study authors’ perspective of the C-LACE enrolment rate
of 30 obese—pregnant and 30 lean pregnant women would be completed within around

4 weeks.

The anticipated PK results from the C-LACE study are discussed in the highlight of
PBPK modelling results in section 6.1 (Anticipated cefuroxime concentrations results

from C-LACE study).
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C-LACE Pathway and checklist

Please tick bullet point to confirm action

o Discuss C-LACE at earliest opportunity, i.e. when booking CS
o Provide the Patient information sheet

v

Consent-Complete: -

o Use the envelope in pack to record participant trial number
Consent form atleast 24 before CS (1 pack, 1 main notes, 1 patient)
Inform Dr.Victoria Hodgetts-Morton of patients’ enrolment
Consent sticker (Stick on main notes)

Baseline form (pack)
Patient Contact Information Form (pack)

Dayof CS

Complete the Eligibility Reassessment Formuwithin 24 h priorto CS (Pack)
Place C-LACE wristband on

Insert venflon cannula to withdraw blood samples

Contact Researcher to collect samples (seebelow)

v

Complete Operative form (pack)

Complete Samples sticker (pack) stick it to sample box
1 blood sample at time of skin incision

1 adipose tissue sample at time of skin incision

1 blood sample at time of skin closure

1 blood sample in recovery

1 adipose tissue sample at time of skin closure

All Samples inside a box with ice

Handle samples to researcher to transfer samples

0O 0O 0 OO

O 0 O O

O 00O 0000 O0O0

(@]

Complete Discharge Form (pack)

At 6 week% post CS

o Review patient notes and complete the 6 Weeks Outcome Form (Pack)
o Interview patient by phone and complete interview form (pack)

o After completing interview form, Discard contact Details form and hand
pack to researcher

Dr.Victoria Hodgetts-Morton Contact Details:_

Researcher contact details:
Name : Hanadi AIRammaal Email:
Phone (mobile): (Deleted in thesis for privacy)
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C-LACE completing the paperwork steps . :

&

* After finishing the interview form, _

and handle the pack to researcher

Step Paperwork Where to find Where to leave
_ Screening form Pack Pack
_ Patient information sheet ~ Pack Patient
Consent form Pack Top copy — Pack
Middle copy — in main
notes
Bottom copy - to patient
Consent sticker Pack Stick to main notes
(medical file)
_ Patient contact details foom Pack Pack *
_ Baseline form Pack Pack
4 Reassessment of eligibility pack Leave the form in pack,
form and contact researcher
PLEASE complete this (see below) to prepare for
sample transfer to UoB
within 24H pre CS
_ Trial identity band pack patients
_ Insert cannula patients
m Operative form pack Pack
Samples Sticker pack Stick to samples box, for
researcher to pick up
ASAP
m Discharge form pack Pack
“ 6 weeks outcome form Pack Pack
“ Interview form pack pack

Researcher contact details:

Hanadi AIRammaal

Email: puy,

Phone (mobile): (Deleted in thesis for privacy)

Please confirm Date and estimated Time for pick up
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Suggestions for consenting

Introduce yourself

Explain that you would like to talk to her about some research to see if she would like
to take part.

That she does not have to take part if she doesn't want to and that if she does consent,
she is free to withdraw at any time

Explain the study

As with all operations there is a small risk of developing an infection afterwards, C-
LACE is looking at whether the usual antibiotic given before CS is sufficient to reduce
this risk. And wither the drug concentration is affected by patients’ weight and height.

NO change in the usual medical care plan

The care both you and baby receive will stay exactly the same, except we will have
samples from your blood and small amount from belly fat tissue to measure the
antibiotic concentration.

Explain about the samples

The samples will then be taking after you are numb from the anaesthetic. We will then
contact you again, 30—-40 days after you've had your baby for a 10 minute phone
conversation to see how you're recovery went.
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4.3 Summary of anticipated data cleaning and management plan

Once data collection sheets are shared, data will be coded and entered in Excel. The
data cleaning process would be done as described by Royal Papworth Hospital (356).
Data distribution (i.e., normal or skewed distribution) will be statistically evaluated, and
an appropriate statistical method (statistical analysis test, central tendency and

variability) will be used accordingly.

4.4 COVID-19 pandemic disruption on conducting C-LACE study

4.4.1 Suspension of C-LACE study and current status

The researcher and supervisors had been planning and developing the protocol that
would be used in the study since 2018. The C-LACE study was a top priority as it was
the backbone of the research, alongside the systematic review and laboratory work.
As conducting and completing the C-LACE study would provide valuable information
that would be used to directly assess current cefuroxime dosing in clinical setting and

to assist with PBPK modelling.

The ethical approval of C-LACE study was granted in late January 2020—but just two
months later, the WHO declared COVID-19 as a pandemic (357). This affected the
current research. Healthcare resources, including staff, were burdened by the crisis,
and research within hospitals that was unrelated to COVID-19 was suspended.
Further, the laboratories at the University of Birmingham closed for several months.
This affected the validation process with respect to developing an analytical method
for measuring cefuroxime in the blood and adipose samples that would be collected
during the C-LACE study. Several attempts were made to begin the C-LACE study

despite these challenges, but none were successful—mainly due to staff shortages.
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The C-LACE study is at a steady status, where a Confirmation of Capacity & Capability
was granted from Birmingham Women’s and Children’s Hospital NHS Foundation
Trust R&D in January 2021. Nonetheless, the researcher’s supervisors decided to
submit the PhD thesis in the middle of 2021 without the results of the C-LACE study.
The decision was made because it remained difficult to predict the start of the C-LACE

study.
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Chapter 5: Application of Physiologically-Based Pharmacokinetics Cefazolin
and Cefuroxime Models in Healthy, Pregnancy and Obese Models and
Development of a Combined Pregnancy and Obese Physiologically-Based

Pharmacokinetics Model
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The aim of this chapter was to use available PBPK models within
Simcyp® simulator to predict cefazolin and cefuroxime concentrations

(plasma and adipose) in lean non—pregnant, lean—pregnant, obese and

obese—pregnant populations
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Caesarean section, Obese—pregnant, Adipose exposure.
This manuscript is written in British English

5.1.1 Abstract

Intravenous (IV) cefuroxime and cefazolin are used prophylactically in caesarean
section (CS). Currently, there are concerns regarding sub-optimal dosing in obese—
pregnant women compared to lean—pregnant prior to CS. The current study used a
physiologically-based pharmacokinetic (PBPK) model to predict cefazolin and
cefuroxime pharmacokinetics in obese—pregnant women at the time of CS and the
duration that the drug concentration remains above a target concentration (2, 4 or 8
pg/ml or pg/g). Cefazolin and cefuroxime PBPK models were first built using clinical
data in lean non—pregnant and in obese non—pregnant populations. Models were then
used to predict cefazolin and cefuroxime pharmacokinetics data in lean— and obese—
pregnant. Cefazolin and cefuroxime models sufficiently described plasma, unbound
plasma and unbound adipose interstitial fluid (ISF) concentrations in non—pregnant and
pregnant populations. Predictions indicated that an IV 1500 mg cefuroxime dose can
achieve unbound plasma and unbound ISF cefuroxime concentration of 28 ug/g up to
2 hours post dose in obese—pregnant. Re-dosing should be considered if CS was not
completed within 2-hours post cefuroxime administration for both lean— or obese—
pregnant, if cefuroxime concentrations of 28 ug/mL is required. A time of 15-30
minutes between cefuroxime administration and the start of skin incision in obese—
pregnant women is preferable to provide sufficient protection. A clinical study to
measure cefuroxime adipose concentration in pregnant and obese—pregnant women

is warranted.
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5.1.2 Introduction

Cefuroxime and cefazolin are used widely as intravenous prophylactic antibiotics in
surgical settings (9, 10). Although their efficacy has been compared in clinical practice,
their pharmacokinetics differ (Table 5.1) (76, 358). The plasma unbound fraction (fu) of
cefazolin and cefuroxime are different in lean non pregnant; 0.225 and 0.67,
respectively (94, 107, 108). While the reported lipophilicity of cefuroxime is lower than
cefazolin (Log P values of -0.90 vs. -0.58, respectively) (91, 359). Cefuroxime’s
apparent volume of distribution (Vd) is approximately 1.4—fold higher than that of
cefazolin in non—-obese non—pregnant subjects (100, 109). Both drugs are cleared
entirely by the kidneys (97-99, 113). Transporter medicated clearance is believed to
be responsible for 50-80% of cefazolin total clearance (360). While for cefuroxime,

approximately 45-50% is reported to be cleared by tubular secretion (108).

Physiological and biochemical alterations, observed in pregnancy, can greatly impact
drug kinetics (361, 362). The increased incidence of obesity within the pregnant
population further complicates predictions of drug kinetics as obesity can also affect
drugs kinetics (363). The extent and direction of clinical impacts of both obesity and
gestation on pharmacokinetics and pharmacodynamics (PK/PD) has not been clearly
established for the majority of drugs. While cefazolin PK/PD in obese—pregnant
women, body mass index (BMI) 230 kg/m?2, has been investigated due to concerns
around sub-optimal dosing in this population compared with those of normal body
weight (BMI 18.50-24.99 kg/m?2); to date, there is no information regarding disposition

of cefuroxime in an obese—pregnant population (10-16, 300).

The physiologically-based pharmacokinetics (PBPK) approach has the potential to

predict drug exposure in pregnant women based on the drug’s physiochemical
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properties and knowledge of physiological changes during pregnancy (364). The
motivation to conduct this study is to predict cefazolin and cefuroxime concentrations
in plasma, total adipose tissue and adipose interstitial fluid (ISF) in non—obese and
obese—pregnant women using a PBPK approach to ensure optimised dosing of these
drugs at caesarean section (CS). This study aims were: to develop PBPK models for
cefuroxime and cefazolin in non—pregnant, non—obese subjects as well as in obese
non—pregnant subjects using available clinical data of serum and adipose tissue (total
adipose concentrations or free antibiotic adipose ISF concentration) for cefazolin and
cefuroxime concentrations; subsequently to use the developed model to predict the
exposure in non—obese pregnant and in obese—pregnant populations. Although the
minimum inhibitory concentrations required to inhibit the growth of 90% of organisms
(MICo90) of cefuroxime and cefazolin for most of the common causative bacteria of post
CS infections is 1-2 pg/mL, various bacterial strains may require higher
concentrations. Simulated plasma and adipose tissue concentrations of different dose s
were compared to a range of MICoo (i.e. 2, 4 and 8 pg/mL) (12, 301). The timing of
administration relative to skin incision was also investigated to ensure that
concentrations are >MICgo at the time of incision and during CS. This report follows the

checklist suggested for pharmacometric studies (365).
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Table 5.1: Reported pharmacokinetic parameters of cefazolin and cefuroxime in different populations

Population fu Va (L) Va? (L/Kg) Vss®(L/Kg) CL (L/h)
Cefazolin

Non-pregnant 0.225 (94, 107) 11.6(100) 0.186(100) 0.149 4.66 (100)

Pregnant (24 GW) 0.25(101) 11.9 (100) 0.172(100) 0.137 7.30(100)

Pregnant, at time of delivery (39.1 GW) 9.44 (102) 0.11(102) 0.09 7.18 (102)

Overweight 0.15(104) 0.17(104) 0.136 3.72(104)

Obesecand pregnant at time of CS 0.29(12) 13.36 (16) 13.45 (16) 0.174 (16) 8.4 (16)
0.17 (16) 6.6 (16)

Cefuroxime

Non-pregnant 0.67 (108) 16.3 (109) 0.264 0.211 11.9 (109)

Pregnant (29 GW) N/R 17.8 (109) 0.276 0.221 16.9 (109)

Pregnant, at time of CS (39.5 GW) N/R 0.842(9) 0.673 32.75(9)
0.351d

Pregnant, at time of delivery (41 GW) N/R 19.3 (109) 0.26 0.21 15.5(109)

Obesec N/R 0.192 (110) 8.39+3.07 (110)

CS caesarean section, CL clearance, fu Fraction unbound, GW Gestational weeks, N/R not reported, VaVolume of distribution, Vss volume
of distribution at steady state.

a the Va (L/KQ) is based on the participants mean weight reported in the study.

b The Vssis considered as 80% of Va(111) unlessit has reference (stated in the study) or calculated.

¢ Body Mass Index = 30 kg/m?

dV/ss calculated using equation Vss = Clearance * Mean residence time of drug in the body (9).
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5.1.3 Materials and Methods

5.1.3.1 Model building

Both cefazolin and cefuroxime disposition were investigated in: a) non—obese (lean),
non—pregnant (BMI 18.50-24.99 kg/m?2), b) obese non—pregnant (BMI =30 kg/m?2), c)
pregnant non—obese (lean—pregnant) (BMI 18.50-24.99 kg/m?2) and d) obese—
pregnant (BMI =230 kg/m2) populations. As in vivo cefuroxime disposition data was
unavailable for obese—pregnant (BMI =30 kg/m?2) populations, cefazolin was selected
to build a new obese—pregnant model; then, cefuroxime concentration in obese—
pregnant women was simulated using the developed obese—pregnant population

model.

The Simcyp Simulator (Simcyp Version 20 Release 1) was used. The compound files
were developed using a full PBPK (multi-compartment) distribution model and the
volume of distribution at steady state (Vss) was predicted using Rodgers and Rowland
method within the Simcyp simulator (90, 135). To predict the free cefazolin and
cefuroxime ISF adipose concentrations, the adipose tissue extracellular fraction
unbound (fut) was assumed to be equal to plasma fu. The glomerular filtration rate is
predicted using the modification of diet in renal disease (MDRD) equation (146). The
mechanistic kidney permeability model (Mech KiM) was used to account for
transporters kinetics (Table 5.2) (141, 142). The pregnancy model was coupled with
the Mech KiM model as illustrated in supplementary document, Figure 7.3. For
predicting the exposure in the obese non—pregnant population, the obese population
model within the simulator was used. For predicting the exposure during pregnancy,
the pregnancy population model within the simulator was selected. Physiological

changes during pregnancy relevant to this model and the way they have been
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incorporation in the simulator during pregnancy have been published (149, 366). The
maternal PBPK model was used without incorporation of the multi-compartmental feto-
placental model; this was considered sufficient to serve the aim of this study. Key
equations used to predict cefazolin and cefuroxime disposition in lean—pregnant,
obese— and morbidly obese—pregnant are illustrated in supplementary document

(Equations (7.2) to (7.16)).

For obese—pregnant, the default non—pregnant physiology of obese subjects or
morbidly obese (in terms of tissue blood flows) in simulator was used as a pre-
pregnancy baseline; for which the physiological changes during pregnancy were
applied (supplementary document Table 7.14). Any change to the tissue blood flow
during pregnancy were kept as pre-defined in the simulator for the pregnant subjects.
The pre-pregnant weight was changed in the population demographic to allow
prediction of pregnancy weight (at 39.5 gestational weeks) of either 97.8 Kg (obese—
pregnant) or 128 kg (morbidly obese—pregnant) to reflect weight in obese—pregnant

subjects.

5.1.3.2 Physiologically Based Pharmacokinetic simulation design

Covariates (age, sex, and gestational age) were set to the mean as reported in the
clinical studies. If these covariates were not reported, the default populations’
predefined characteristics within the simulator were selected (Table 5.3 and Table 5.4).
If the predicted mean weight was different from the reported mean weight in clinical
studies by more than £5 kg, the weight within the simulator was adjusted to the mean
reported weight £5 kg. This was done by adjusting the non—pregnant bodyweight code
within the Lua script in the population demographic. Simulations were executed after

matching the doses to those used in the clinical studies. All virtual studies were set to
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20 trials per run. Empowering the simulations of all studies using 20 virtual trials for the
reported sample size was selected to increase the confidence around the obtained PK

parameters.
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Table 5.2: Physiochemical properties and pharmacokinetics values of cefazolin and
cefuroxime for healthy subjects used in compounds building using simcyp 20.

Compound Cefazolin Cefuroxime

Parameter Value Reference | Value Reference

Molecular weight (g/mol) 4545 (367) 42439 (359)

LogP -0.58 (368) -1.51

Compound Type Monoprotic Monoprotic (359)
Acid Acid

Acid PKa 3.6 (368) 3.15 (359)

B/P 0.55 (369) 0.56 (113)

fu 0.225 (94,107) | 0.67 (108)

Vss (L/Kg) 0.12 0.2262

K, Scalar 1 1

Adipose tissue: plasma partition | Default Default

coefficient (0.06) (0.12)

Lung tissue: plasma partition | 0.23 (370) Default

coefficient (0.43)

Muscle tissue: plasma partition | 0.033 (370) Default

coefficient (0.25)

Skin tissue: plasma partition | 0.09 (371) Default

coefficient (0.53)

Kidney tissue: plasma partition | Default Default

coefficient (0.21) (0.36)

Clep, baser (ML/min/108cells) 2.07E-08 (369) N/A

Clep, apical (ML/min/108 cells) 2.07E-08 (369) N/A

fUkidney cenl 1 N/A

fUUrine 1 N/A

CLintt (ML/min/10¢€ cells) by Ty | 0.208 (369) 91524 (113)

(OAT1)

CLintt (ML/min/10¢€ cells) by Ty | 7.28 (369) N/A

(OAT3)

CLint,T (ML/min/10€ cells) by Terra | 41.43 (99) 10° (113)

(MRP4)

B/P blood to plasma partition ratio, Log P partition coefficient, fu fraction unbound, Vss volume
of distribution at steady state, Kp tissue-to-plasma partition coefficient, CLintT in vitro
transporter-mediated intrinsic clearance Cleo passive diffusion clearance, Clr renal clearance,
Terr,a efflux transporter on apical membrane, Tup,b uptake transporter on basolateral membrane,

N/A not applicable.

TMeasured using shake-flask method

2Predicted using Rodgers and Rowland method within the Simcyp simulator (90, 135).
3Mean value fromrats and rabbits (370)
4 Optimised by Hsu et al. (113) using serum concentration time profile

5 Optimised by Hsu et al. (113) based on urine data
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Table 5.3: Summary of study designs used for cefazolin Physiologically Based Pharmacokinetic model building.

Population Study Population Dose Infusiontime Number of Age years Weight Mean GA
code and modelused (mg) (min) subjects (minimum- (kg) (weeks)
reference (proportion of maximum)

_ female)
Lean non—pregnant 001 (100) Sim-Healthy 500 2 6 (1) N/S? 62.3 N/A
Volunteers
002 (372) Sim-Healthy 1000 N/S (used 2 17(0) 21-42 N/S? N/A
Volunteers min)
Pregnant 003 (100) Sim- 500 2 6 (1) N/S1 67.92 24.5
Pregnancy
004 (10, Sim- 2000 4 10(1) 28 (23-32) 65.72 39.1
284) Pregnancy
005(102) Sim- 1000 IV bolus (N/S 20(1) 32.5(23-43) 79.32 39
Pregnancy used 1 min)

Obese 006 (78) Sim-Obese 2000 IV bolus (N/S 37(0.7) 18-60 1272 N/A

used 1 min)

Obese—pregnant 007 (16) Sim- 2000 3 13 (1) 29 (23.5-34) 113.624 39.3

Pregnancy?

008 (16) Sim- 3000 3 13(1) 31(30-35) 10825 39
Pregnancy?

009 (14) Sim- 2000 IV bolus (N/S 28(1) 30 (25.5-34) 10326 39.2
Pregnancy? used 1 min)

Morbidly obese— 0091 (15) Sim- 2000 IV push (0.75 11(1) 31.09° 129.142 38.75

pregnant Pregnancy’ min)

GA gestational age, N/A not applicable, N/S not stated in the clinical study,

TUsed the default value of the selected population in Simcyp simulator

2Weight was adjusted within simulator to report the mean observed weight + 5 Kg

3 The pre-pregnancy tissue flow rate was modified as obese

4Reported BMI at time of delivery as 42.9 Kg/m?, suggested weight as 113.6 if height is around 163cm
5 Reported BMI at time of delivery as 41.8 Kg/m?, suggested weight as 108 if height is around 163cm

6 Reported BMI at time of delivery as 38.9 Kg/m2, suggested weight as 103 if height is around 163cm
"The pre-pregnancy tissue flow rate was modified as morbidly obese
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Table 5.4: Summary of study designs used for cefuroxime Physiologically Based Pharmacokinetic model building.

Population Studycodeand Populationmodel Dose Infusion Numberof Age Weight Mean GA

reference used (mg) (min) subjects (minimum- (kg) (weeks)

(proportion maximum)
of female) vyears

Lean non- 01 (305) Sim-Healthy Volunteers 1500 N/S (used 2 12 (N/SY) N/S1 N/St N/A
pregnant min)

02 (109) Sim-Healthy Volunteers 750 1 7(1) N/S? 61.72 N/A

03 (373) Sim-Healthy Volunteers 1500 30 23 (0.26) (19-31) 762 N/A

04 Garton A (374) Sim-Healthy Volunteers 750 20 10 (0.5) 32(18-48) 72 N/A

05 Garton B (374) Sim-Healthy Volunteers 1500 20 10 (0.5) 32(18-48) 722 N/A
Pregnant 06 Philipson PRG Sim-Pregnancy 750 1 7(1) N/S? 64.4 29

(109)

07 Philipson DLR Sim-Pregnancy 750 1 7(1) N/S1 74 41(used

(109) 40)

08 (9) Sim-Pregnancy 1500 1 18 (1) 23-37 78.94 39.5

09 (273) Sim-Pregnancy 1500 IV bolus(N/S 10(1) 16-323 74 .42 At term

used 1 min) (used 39)
091 (273) Sim-Pregnancy 1500 IV bolus(N/S 10(1) 17-363 70.32 At term
used 1 min) (used 39)

Obese 092 (110) Sim-Morbidly Obese 1500 154 6(1) 19-76 131.66% N/A
Obese— 1 Sim-Pregnancy® 750 1 50 (1) 23-37 97.8¢ 39.5
pregnant 2 Sim-Pregnancy?® 1500 1 50 (1) 23-37 97.86 395
Morbidly 3 Sim-Pregnancy’ 750 1 50 (1) 23-37 1288 395
obese- -
pregnant 4 Sim-Pregnancy’ 1500 1 50 (1) 23-37 1288 39.5

GA gestational age, DLR at time of delivery, N/A not applicable, N/S not stated in the clinical study, PRG pregnant. ' Used the default
value of the selected populationin simcyp simulator; 2Weight was adjusted within simulator to report the mean observed weight £ 5 Kg;

3 The minimal age for pregnant in simcyp is 20 years; # Didn’t mention the exact infusion time, stated as “short term infusion” suggested as
15 min; ® The pre-pregnancy tissue flow rate was modified as obese; 6 A pre-pregnancy weight of 80 Kg was selected; 7 The pre-
pregnancy tissue flow rate was modified as morbidly obese; & A pre-pregnancy weight of 105 Kg was selected.
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5.1.3.3 Evaluation and refinement of cefazolin PBPK model in lean non—
pregnant, obese non—pregnant, lean—pregnant and obese—pregnant
subjects.
The physiochemical and pharmacokinetic inputs for the PBPK model of cefazolin are
shown in Table 5.2 (375). Cefazolin is excreted (approximately 100%) as unchanged
drug in the urine (376). In addition to the glomerular filtration of cefazolin, different
transporters are involved in its tubular secretion (97-99). Recently, the activity of renal
OAT3 has been shown to increase by approximately 2.2 during the 1st trimester, 1.7
during the 2nd trimester and 1.3—fold during the 3 trimester (377). The permeability
limited kidney model was used to represent the transporters involved in cefazolin
clearance. The gestational age-dependent activity of OAT3 was updated in maternal

model according to a recent publication as shown in Equation (5.1) (375).

The PBPK cefazolin model was evaluated using a) two independent
pharmacokinetics studies on lean non—pregnant subjects (100, 372), b) three
independent pharmacokinetics studies conducted in pregnant populations (10, 100,
102, 284), c) one study in an obese population (78) and d) four independent
pharmacokinetics datasets from obese— and morbidly obese—pregnant populations

(14-16) (Figure 5.1).

Renal OAT3 pregnancy (fold change) (5.1)
= 1x (14 0.195 % GW - 0.0093 * GW?+ 0.0001154 * GW?3)

Where GW is Gestational Week.

148



PBPK non-obese non— PK data of healthy (non-

pregnant model: pregnant) subjects
optimization and 2 CFZ. 5 CFX
verification ( : )
PBPK pregnant/obese pregnant obese PK data
models: optimization PK data (1 CEZ, 1 CFX)
and verification (3 CFZ,5 CFX) .

PBPK obese—pregnant

model: optimization and modified obese-pregnant
ve?iﬂcation population (5 CFZ)

o CFX concentration in obese-pregnant population
Application: PBPK 750 mg to obese- and morbidily obese-pregnant

obese—pregnant model 1500 mg to obese-and morbidilly obese-pregnant

Figure 5.1: Summary of study optimization, evaluation and application of physiologically-
based pharmacokinetics models in population of interest

Number in practice represent number of clinical pharmacokinetics data sets used for validation
of each drug physiologically-based pharmacokinetics model in an exact population; CFX
cefuroxime, CFZ cefazolin, PBPK Physiologically-based pharmacokinetics, PK
pharmacokinetics.

5.1.3.4 Evaluation and refinement of cefuroxime PBPK model in lean non-
pregnant, obese non-pregnant, lean—pregnant subjects.

An existing compound file for cefuroxime has been developed previously by Hsu et al.
using the Simcyp simulator version 12.1 in lean non—pregnant subjects (113). The
model was reproducible in version 20. The physiochemical properties and
pharmacokinetic parameters of the PBPK cefuroxime model are summarised in in
Table 5.2. The predicted Log P used in Hsu et al. was -0.9, this was replaced by an
experimental value of -1.5 measured in-house using the shake-flask method

(supplementary document, 7.3.1.1 Method7.3.1.1). Despite the fact that the model was
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not sensitive to the Log P change, the measured value was kept in the model for
documentation purposes. A global tissues-plasma partition coefficient (Kp) scalar of 1
was used. The Mech KiM model was used to describe the uptake and efflux of active

secretion of cefuroxime in the kidney as described by Hsu et al. (113).

The PBPK cefuroxime model was assessed using a) five pharmacokinetics datasets
from lean non—pregnant subjects (109, 305, 373, 374), b) five observed
pharmacokinetics datasets from pregnant populations (9, 109, 273) and c) a single set
of observed pharmacokinetics data in obese patients who underwent abdominal

surgery (110) (Figure 5.1).

5.1.3.5 Acceptance Criteria

The PBPK models were considered successful if the simulated plasma area under the
curve (AUC) and/or plasma maximum concentration (Cmax) (or first reported time
concentration point) were within 2—fold of the observed AUC and/or Cmax. Additionally,
visual checks of the observed and simulated concentration-time profiles were
performed and considered for accepting the model prediction. Study quality and
sample size of studies selected for optimisation of the PBPK models were considered;
and any limitation in the study methodology that may affect results of observed
cefuroxime and/or cefazolin concentration was countered (378, 379). For all model
executions, the reported sample size in each clinical study was replicated in 20 trials

of virtual populations.

5.1.3.6 Application of obese—pregnant model to predict cefuroxime disposition
Four clinical scenarios were explored, where 750 mg (study 1) and 1500 mg (study 2)

doses of cefuroxime were tested in the obese—pregnant population (BMI 30-34.9
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kg/m2); further, 750 mg (study 3) and 1500 mg (study 4) doses of cefuroxime were
tested in the morbidly obese—pregnant population (BMI =235 kg/m?). In each scenario,
the plasma concentrations were presented for cefuroxime administered at 15, 30 or 60

min before the start of skin incision in CS.

Sources and approaches to analyse constants (or assumptions), covariates and
scripted algorithm of selected PBPK models in different populations of interest have
been discussed in literature (90, 135, 141, 142, 146, 149, 245, 366). The scope of the
current study is utilisation of these PBPK models to predict cefazolin and cefuroxime
in different populations including obese—pregnant population without the necessity to
develop algorithmic equations exclusively for this population; rather using scripted
obese population’s physiological data and pregnancy gestational changes algorithm

within simulator.

Due to unavailability of adipose tissue concentrations in healthy volunteer, the selected
models were first “piloted” using observed data of plasma, free plasma and unbound
adipose tissue concentrations of cefazolin and cefuroxime in subjects undergoing

surgical procedures.

5.1.4 Results

5.1.4.1 Cefazolin PBPK model

The observed cefazolin total, free plasma and adipose tissue ISF concentrations
utilised to pilot cefazolin PBPK predictions and simulated concentrations are presented
in Figure 5.2. Simulated cefazolin AUC and Cmax (or the first reported time
concentration point) were within 2—fold of the observed data; the exception was the

total adipose concentration in Stitely et al. (Table 5.5 and Table 5.6). The observed
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and mean simulated plasma concentrations time profiles for cefazolin are shown in
Figure 5.3; and cefazolin total adipose concentrations time profiles are shown in Figure

5.4.

All simulated cefazolin plasma concentrations (for the examined doses of 500, 1000,
2000 and 3000 mg) were above the MICoo, of 8 pg/mL for a mean time of 6.11 hours,
4 pg/mL for a mean time of 7.92 hours and 2 pg/mL for a mean time of 9.8 hours
following infusion. In an obese—pregnant population (BMI =230 kg/m?2), the simulated
time of free cefazolin plasma concentrations were above the MICqo (fT>MIC) of 8
pug/mL was a mean of 3.52 hours, 4 ug/mL up to a mean of 5.28 hours and 2 pg/mL up
to a mean of 7.16 hours following infusion of a 2000 mg dose (supplementary

document, Results section Table 7.15).
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Figure 5.2: Simulated and observed cefazolin time concentrations curves in non—obese and
obese subjects required surgical procedures

Time-concentrations curves represent observed and simulated cefazolin (a) total plasma, (b)
unbound plasma, and (e) unbound adipose tissue cefazolin concentrations in non—obese
subjects; and simulated and observed (c) total plasma, (d) unbound plasma, and (f) unbound
adipose tissue cefazolin concentrations in obese subjects (380).
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Table 5.5: Observed vs simulated area under the curve, serum concentration and clearance of cefazolin.

Study code AUC (mg/L.h) Cefazolin serum concentration (ug/mL) at time point Clearance (L/h)
and reference 5o Sim. Ratio' | Timepoint  Obs. Sim. (5%, 95t Ratio' | Obs. Sim. Ratio'
(min) percentile)
001 (100) 110 130.27 1.18 Cios 73.24 66.26 0.90 404 391 0.97 |
(51.82, 82.85)
002 (372) 236.152  262.60 1.11 Ca.s 188.6 152.72 0.81 3.8 4.01 1.06
(128.60, 179.57)
003 (100) 75.7 84.37 1.11 Co 60.07 57.38 0.96 73 622 085
(45.56, 73.06)
004 (10, 284) N/R3 362.97 N/A Cs2 57.2 95.74 1.67 N/R 5.76 N/A
(60.07, 135.05)
005 (102) 139.272  172.24 1.24 Cmax 82.53 105.60 1.28 718 599  0.83
(86.73, 126.67)
006 (78) N/R3 415.86 N/A Ci6 159.96 131.55 0.82 N/R 5.04 N/A
(110.07, 155.41)
007 (16) 2343  307.48 1.31 Cmax 146.15 163.31 112 8.4 6.17 073
(133.85, 203.67)
008 (16) 4534  446.82 0.99 Cmax 223.74 249.68 1.12 6.6 6.35 0.96
(199.69, 301.13)
009 (14) N/R3 316.33 N/A Ca4s 100.7 116.01 1.15 N/R 6.53 N/A
(84.16, 161.83)
0091 (15) N/R3 294.52 N/A C12 155.45 115.28 0.74 N/R 7.04 N/A
(85.84, 153.94)

AUC area under the curve, Cmax maximum concentration, N/A not applicable, N/R not reported, Obs. Observed, Sim. Simulated, numbers
in brackets representthe 5" and 95 percentile.
1 Ratio of predicted/observed

2 calculated using Area under the curve = pp—
3 The AUC could not be estimated, insufficient concentration-time points

Dose
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Table 5.6: Observed and simulated adipose tissue concentrations of cefazolin and simulated time above MIC g0

Studycode | Adipose tissue concentration (ug/g) at time | Simulated time (hour) of total Simulated time (hour) of free
and point adipose tissue concentration ISF adipose tissue
reference above MICy concentration above MICs,
Time Obs. Pred. (5", 95" Ratio’ [T>MICof T>MICof T>MICof | T>MICof T>MICof T>MIC of
point percentile) 2 ug/g 4 ug/g 8 ug/g 2 ug/g 4 ua/g 8 ua/g
(min)
001 (100) Cmax N/R 4.52 N/A 2.04 0.6 NA 4.08 2.52 1.08
(3.12,6.29)
002 (372) Cmax N/R 7.62 N/A 3.6 2.04 NA 6 4.2 2.52
(5.17,10.84)
003 (100) Cmax N/R 4.01 N/A 1.32 0.24 NA 3 1.8 0.72
(2.56,5.72)
004 (10, Csai1s 8.7 14.21 1.63 3.72 2.52 1.44 5.76 4.56 3.24
284) (10.90,18.55)
005 (102) Cmax N/R 6.88 N/A 2.52 1.32 NA 4.8 3.36 2.04
(4.47,10.11)
006 (78) Cie 8.78 9.18 1.05 5.52 3.24 0.96 9 6.48 4.08
(7.33,10.91)
007 (16) Cas 12.4 9.85 0.79 4.08 24 0.84 7.08 5.28 3.48
(7.30,13.86)
008 (16) Cas 16.8 14.39(10.78, 0.86 5.04 3.36 1.8 8.04 6.24 4.44
19.59)
009 (14) Cas 9.4 10.08 1.07 4.08 24 0.96 6.96 5.16 3.48
_ (7.67,13.79)
0091 (15) Ci2 18.36+6.68 8.89 0.482
(6.16, 12.05)
Ceo 21.73+£16.02 6.85 0.322 — — L e B et
(4.95,9.01)

Cmax maximum concentration, ISF interstitial fluid, N/A not applicable, N/R not reported, T>MIC Time above the minimum inhibitory

concentration.

1 Ratio of predicted/observed
2 Qutside the 2—fold criteria.
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Figure 5.3: Simulated and observed plasma time concentrations curves of cefazolin in different
population.

(a) and (b) represent simulated and observed plasma time concentrations curves of cefazolin
in lean non—pregnant subjects (100, 372); (c), (d) and (e) in pregnant subjects (10, 100, 102,
284); (f) in obese subjects (78); (g), (h), (i) and (j) in obese—pregnant subjects (14-16). Emors
bars represent standard deviation in (b), (f) and (j); interquartile range in (d) and (i); 95t and
5th percentile in (e); and standard error of mean in (g) and (h).
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Figure 5.4: Simulated and observed adipose tissue time concentrations curves of cefazolin in
different population.

(a) and (b) represent simulated and observed adipose time concentrations curves of
cefazolin in lean non—pregnant subjects (100, 372); (c), (d) and (e) in pregnant subjects
(10, 100, 102, 284); (f) in obese subjects (78); (g), (h), (i) and (j) in obese—pregnant
subjects (14-16). Errors bars represent interquartile range in (d), (g), (h) and (i); and
standard deviations in (f) and (j).
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5.1.4.2 Cefuroxime PBPK model
The observed and simulated cefuroxime total, free plasma and adipose tissue ISF
concentrations utilised to preliminary predict cefuroxime concentrations are presented

in Figure 5.5.

All simulated data of AUC and Cmax (or first reported time concentration point)
cefuroxime concentrations (serum and adipose tissue) were within 2—fold of the
observed data; the exceptions were the AUC in Lalic-Popovic et al. and the adipose
tissue concentrations in Lovering et al. (Table 5.7 and Table 5.8). The observed and
mean simulated plasma concentrations time profiles for cefuroxime are shown in
Figure 5.6; and cefuroxime adipose concentrations time profiles are shown in Figure
5.7. The predicted cefuroxime plasma 5t percentile was superior in describing
cefuroxime clearance phase compared to the predicted mean in lean pregnant (Figure
5.66 f-j). The predicted 5t percentile of cefuroxime plasma concentration was utilised
to evaluate cefuroxime T>MIC in both lean— and obese—pregnant at time of CS. The
predicted 5t percentile of cefuroxime plasma concentration in lean—pregnant at term,
was 2MICoo of 8 pg/mL up to 1.6 hours post 750 mg cefuroxime dose; and 2.3 hours

post 1500 mg cefuroxime dose (supplementary document, Table 7.16.
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Figure 5.5: Simulated and observed cefuroxime time concentrations curves in overweight
subjects

(a) Total plasma and (b) adipose tissue cefuroxime concentrations in overweight subjects
required surgery (381), and (c¢) unbound plasma cefuroxime concentrations in overweight
subjects required cerebral Microdialysis for neurochemical monitoring (306)

5.1.4.3 Cefuroxime PBPK model application in obese—pregnant population

Simulated 5t percentile cefuroxime plasma concentrations were above the MICgo of 8
pMg/mL for a duration of 1.63 hours after 750 mg dose and 2.45 hours after 1500 mg
dose; and above 4 pug/mL for a duration of 2.45 hours post 750 mg dose, and 3.45
hours post 1500 mg dose and for both obese—pregnant and morbidly obese—pregnant
populations (Supplementary document Table 7.16). The simulated 5t percentile of
cefuroxime fT>MIC of 8 ug/mL was 3.9 hours, 4 ug/mL was 3 hours, and 2 uyg/mL was
2 hours following infusion of a 1500 mg dose in in both obese—pregnant categories
(studies code 2 and 4) (Supplementary document Table 7.16). In all in silico scenarios,
cefuroxime mean total adipose tissue concentrations were above the MICoa0 of 2 ug/g,
only higher doses of cefuroxime (i.e., 1500 mg) achieved an MICg0 24 pg/g, the MICwp
of 8 pg/g was not reached in both obese—pregnant categories. Cefuroxime free ISF
concentrations were 28 ug/g for up to around 1.86 hours (5t percentile: 1.25 hours)

after 750 mg dose and up to around 3.3 hours (5t percentile: 2.2 hours) after 1500 mg
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dose both obese—pregnant and morbidly obese—pregnant populations (Supplementary

document Table 7.17.
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Table 5.7: Observed vs simulated area under the curve, serum concentration and clearance of cefuroxime

Study code AUC (mg/L.h) Cefuroxime serum concentration (ug/mL) at time point Clearance (L/h)
and
reference Obs. Sim. Ratio' | Time point Obs. Sim. (5!, 95" percentile) Ratio’ Obs. Sim. Ratio?
(min)
01 (305) N/RZ. 15099 N/A | Cuwo 130.8 91.04 (69.23,114.79) 0.70 N/R- 1136 N/A
02 (109) 60.8 75.79 1.25 Cos 51.48 52.19 (41.15, 63.31) 1.01 11.9 12.14 1.02
03 (373) 124 153.89 1.24 | Cies 56.35 65.21 (53.63,78.74) 1.16 12.09% 10.99 0.91
04 (374) 77 78.03 1.01 C20 75.29 58.61(45.73,73.63) 0.78 9.74% 1148 1.18
05 (374) 137 157.20 1.15 Cis 82.08 110.83 (86.74,138.67) 1.35 10.93 11.48 1.05
06 (109) 42.0 61.09 145 |[Crs 43.56 45.29 (37.65, 53.94) 1.04 16.9 11.98 0.71
07 (109) 46.7 63.33 1.36 | Co 43.83 39.73(33.94, 46.55) 0.91 15.5 11.57 0.75
08 (9) 50.79 123.154 2.424 | Ce267 4114 38.30 (26.21, 51.46) 0.93 32.75 11.764 0.364
09 (273) N/R 121.51 N/A Cao 55.2 56.02 (42.21,71.86) 1.01 N/R 11.92 N/A
091(273) N/R 123.86 N/A Cas 74.8 4551 (31.75, 57.04) 0.61 N/R 11.57 N/A
092 (110) 158.7 130.76 0.82 | Cao 64.25 48.13 (39.02,57.18) 0.75 8.39 12.33 1.47
1 N/A 60.98 N/A Cmax N/A 37.75(30.74, 45.99) N/A N/A 11.98 N/A
2 N/A 121.97 N/A Cmax N/A 75.51(61.48,91.97) N/A N/A 11.98 N/A
3 N/A 57.40 N/A Cmax N/A 31.76 (25.84, 38.35) N/A N/A 12.85 N/A
4 N/A 114.79 N/A Cmax N/A 63.52(51.67,76.70) N/A N/A 12.85 N/A

AUC area under the curve, Cmax maximum concentration, N/A not applicable, N/R not reported, Sim. Simulated, numbers in brackets
represent the 5t and 95t percentile.
1 Ratio of predicted/observed

2 The AUC could not be estimated, insufficient concentration-time points
3 Calculated using Clearance =
4 Qutside the 2—fold criteria

Dose

Area under the curve
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Table 5.8: Observed and simulated adipose tissue concentrations of cefuroxime and simulated time above MICa0

Study code Adipose tissue concentration (ug/g) at time | Simulated time (hour) of total Simulated time (hour) of free
and point adipose tissue concentration ISF adipose tissue
reference above MICq concentration above MICg,
Time Obs. Pred. (5t, 95" Ratio’ | T>MIC of T>MICof T>MICof | T>MICof T>MICof T>MIC of
point percentile) 2 ug/g 4 ug/g 8 ug/g 2 ug/g 4 ug/g 8 ug/g
(min)
01 (305) Cio 16.5 6.55(3.38,10.48) 0.402 2.35 1.09 N/A 6.32 4.88 3.49
02 (109) Cmax N/R 4.24 (2.44,6.83) N/A 1.14 0.18 N/A 4.32 3.18 2.10
03 (373) Cmax N/R 5.53(3.51,7.93) N/A 2.52 1.26 N/A 6.60 5.10 3.72
04 (374) Cmax N/R 3.19(1.87,4.60) N/A 1.215 N/A N/A 495 3.60 2.30
05 (374) Cmax N/R 6.36 (3.84,9.10) N/A 2.46 1.20 N/A 6.36 492 3.60
06 (109) Cmax N/R 3.15(2.25,4.49) N/A 0.9 N/A N/A 414 3.00 1.86
07 (109) Cmax N/R 2.88(2.16, 3.80) N/A 0.84 NA N/A 4.50 3.24 2.04
08 (9) Cmax N/R 5.72(4.35,7.32) N/A 2.04 0.84 N/A 5.76 4.44 3.24
09 (273) Cmax N/R 6.14 (3.75,10.81) N/A 1.92 0.84 N/A 5.52 4.32 3.12
091 (273) Cmax N/R  6.88(3.86, 10.45) N/A 1.92 0.84 NA 5.40 4.20 3.12
092 (110) Cmax 36.06° 33.743(29.62, 0.94 2.1 0.66 N/A 6.72 5.10 3.48
37.84)
Scenario1® | Cmax N/A 2.72(1.82,4.05) N/A 0.6 N/A N/A 4.68 3.24 1.92
Scenario 2° | Cmax N/A 5.43(3.64,8.10) N/A 1.92 0.6 N/A 6.12 4.68 3.24
Scenario 3® | Cmax N/A 2.22(1.68,2.88) N/A 0.36 N/A N/A 4.92 3.36 1.8
Scenario 4 | Cmax N/A 4.44 (3.36,5.75) N/A 1.8 0.36 N/A 6.48 492 3.36

Cmax maximum concentration, N/A not applicable, N/R not reported, T>MIC Time above the minimum inhibitory concentration, numbersin
brackets represent the 5™ and 95" percentile.

1 Ratio of predicted/observed; 2 outside the 2-fold criteria; 2 unbound adipose interstitial fluid

4 Assessed scenarios: 750 mg (scenario 1) and 1500 mg (scenario 2) in the obese—pregnant population and 750 mg (scenario 3) and
1500 mg (scenario 4) in the morbidly obese—pregnant population
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Cefuroxime plasma concentration (ug/mL)

)] (k)
Time (hours)
Predicted cefuroxime concentration O Observed qefuroxime plasma
95t and 5t percentile of predicted cefuroxime concentration conceniration
= MIC%4 ug/MmL e —— = MICg0 8 ug/mL MICg 2 pg/mL

Figure 5.6: Simulated and observed plasma time concentrations curves of cefuroxime in
different population

(a), (b), (c), (d) and (e) represent simulated and observed plasma-time concentrations curves
of cefuroxime in lean non—pregnant subjects (109, 273, 305, 373, 374); (f), (g), (h), (i) and (j)
in lean pregnant subjects (9, 109); and (k) in obese subjects (110). Errors bars standard
deviation of the observed concentrations in (h) and (k).
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Cefuroxime adipose concentration (ug/g)

Time (hours)

Predicted cefuroxime total adipose concentration o Observed cefuroxime total
95t and 5% percentile of predicted cefuroxime concentration adipose concentration
MICs0 2 pg/g
A Observed cefuroxime unbound adipose interstitial fluid concentration MiCo 4 Hg/g

............ Predicted cefuroxime unbound adiposeinterstitial fluid concentration = = ~ MiC0 8 hg/g

Figure 5.7: Simulated and observed adipose tissue time concentrations curves of cefuroxime
in different population.

(a), (b), (c), (d) and (e) represent simulated and observed adipose-time concentrations curves
of cefuroxime in lean non—pregnant subjects (109, 273, 305, 373, 374); (f), (g), (h), (i) and (j)
in pregnant subjects (9, 109); (k) in obese subjects (110). Errors bars represent standard
deviation of the observed concentrations in (k).
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Figure 5.8: Simulated plasma, unbound adipose interstitial fluid and total adipose
concentrations-time curves of cefuroxime (750 and 1500 mg doses) in obese—pregnant
population.

Predicted mean cefuroxime plasma (a), unbound adipose interstitial fluid (¢), and total
adipose (e) concentrations in obese—pregnant of 750 and 1500 mg doses; and
predicted mean cefuroxime plasma (b), unbound adipose interstitial fluid (d), and total
adipose (f) concentrations in morbidly obese—pregnant of 750 and 1500 mg doses.
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5.1.5 Discussion

The current study developed an obese—pregnant PBPK model to describe plasma and
adipose tissue concentrations of cefazolin. This model was utlized to predict
cefuroxime plasma and adipose tissue concentrations in non—obese pregnant (BMI

18.50-24.99 kg/m?2) and obese—pregnant women (BMI 230 kg/m?2).

5.1.5.1 Cefazolin

The PBPK model of cefazolin was considered adequate in predicting both plasma and
adipose concentrations of cefazolin; however, the simulated cefazolin total adipose
concentrations in morbidly obese—pregnant women (study code 0091), were not within
two-fold of the clinically reported mean adipose tissue concentration of 18.36+6.68
pg/g at time of skin incision and 21.73+16.02 ug/g at time of skin closure following 2000
mg cefazolin administration (15). The simulated adipose concentration in lean—
pregnant at 31 min was 14.21 pg/g compared to an observed median value of 8.7 ug/g
(interquartile range 5.7-11.2 pg/g); and at 82 min, the simulated adipose concentration
was 8.3 ug/g compared to an observed value of 7.5 ug/g (interquartile range 5-10.1
pg/g) (10, 284). The simulated total adipose tissue cefazolin concentrations in obese—
pregnant at 4, 24 25, 41 and 60 min were 5.29, 10.08, 9.85, 8.68 and 7.62 ug/g,
respectively; compared to observed values of 7.4, 9.4, 12.4, 11.8 and 8.4 ug/g,
respectively following 2000 mg cefazolin dose administrations (studies codes 007 and
009) (14, 16). Additionally, higher dose of cefazolin (3000 mg) was adequately
described via the PBPK obese—pregnant model (study code 008) (16). The under
predicted values compared to observed values in Stitely et al. suggests higher
distribution in vivo compared to the simulation. The current under-simulated result of

cefazolin adipose tissue concentrations in morbidly obese—pregnant were accepted,
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as the PBPK lean— and obese—pregnant models sufficiently described cefazolin

observed adipose tissue concentration in lean— and obese—pregnant women.

The model indicates that cefazolin doses of 21000 mg can achieve a mean total
cefazolin adipose tissue concentration above the MICoo0 of 4 pg/g in all populations;
while a dose of 500 can achieve similar MICoo (i.e., 4 pg/g) in only lean non—pregnant
subjects or lean—pregnant subjects. A cefazolin dose of 22000 mg can achieve higher
MICoo (i.e., 8 pg/g) in all included populations. In all tested cefazolin scenarios, the free
cefazolin adipose ISF concentrations were >8 ug/g. Increased body weight in pregnant
women decreases concentrations (plasma and adipose) at a time point compared to
lean—pregnant, while the T>MIC are relatively similar or higher in obese compared to

non—obese cohorts.

5.1.5.2 Cefuroxime

The PBPK cefuroxime model successfully predicted cefuroxime plasma, free plasma
and ISF adipose concentrations. Limited data are available for cefuroxime exposure in
homogenised total adipose tissue (both intracellular and extracellular) or intracellular
solely. The model simulated comparable plasma concentration to the observed value
at 60 min in pregnant women (9). The simulated concentrations of cefuroxime in
pregnant women suggested higher in vivo clearance than of that predicted in silico (9).
In a study of obese participants, where cefuroxime adipose tissue was sampled via
clinical microdialysis (free extracellular cefuroxime), the simulated plasma and adipose
concentrations were comparable to the observed values (110). The differences of
simulated and observed cefuroxime adipose tissue concentrations in Lovering et al.
study possibly suggest higher in vivo intracellular cefuroxime penetration than of that

predicted (305). Cefuroxime doses of 750 mg and 1500 mg provided an unbound
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cefuroxime adipose ISF concentrations above the MICoo of 8 pg/g for means of 2.07
hours and 3.50 hours, respectively in lean non—pregnant, obese non—pregnant, and
lean—pregnant populations. The PBPK cefuroxime model was used to explore
cefuroxime disposition in obese—pregnant women. Similar doses within different
obese—pregnant categorises had relatively comparable T>MIC and fT>MIC of plasma

cefuroxime concentrations (Table 5.9).

In pregnant women at same gestational age with different body weight, although a
comparable dose (1500 mg) achieved higher cefuroxime Cmax (plasma or adipose) in
lean-pregnant than obese cohorts, the simulated T>MIC were similar or shorter in
lean—pregnant compared to of those obese— or morbidly obese—pregnant (studies
code 08-091, 2 and 4). This was also noticed in predicted T>MIC of obese (nhon—
pregnant) subjects compared to lean (non—pregnant) subjects (studies code 092 and
01). The elongated T>MIC of plasma, free plasma and ISF cefuroxime concentration
with an increased weight can be explained by an increased cefuroxime half-life due to
increased Vd in obese subjects compared to lean cohort, the effect of CL on drug

disposition in obese subjects seems minor compared to Vd (38).

A prime factor affecting T>MIC after CS is timing of administration cefuroxime;
longitudinal timing from cefuroxime administration to start of CS decreases T>MIC after
surgery. It is recommended to administer prophylactic antibiotics 15-60 min before
skin incision to allow drug distribution to adipose tissue and ensure sufficient T>MIC
after completion of surgery (382). This study emphasised timing from prophylactic
antibiotic administration to skin incision; administration of 1500 mg cefuroxime 15, 30
or 60 min before skin incision simulated a plasma T>MIC of 8 pg/mL after skin incision

in obese—pregnant categories for the 5% percentile of 2.2, 1.95 and 1.45 hours,
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respectively. And fT>MIC of 1.75, 1.5 and 1 hour/s after virtual administration of 1500
mg at 15, 30 and 60 min before skin incision (Table 5.9). The current PBPK adequately
predicted the mean time to maximum cefuroxime adipose tissue concentration (tmax) in
Hosmann et al. (ISF) and Lovering et al. (total adipose), while the predicted unbound
cefuroxime ISF adipose tissue concentrations tmax was shorter compared to observed
time in Barbour et al..The simulated cefuroxime total adipose concentration tmax (1500
mg) in obese—pregnant was 7.2 min, and in morbidly obese—pregnant was 14.4 min. If
a 750 mg cefuroxime dose was given 60 min pre-CS, at the end of 1 hour duration CS
(i.e. 2 hours post cefuroxime dose), only around 45.2% of obese—pregnant subjects
will achieve a cefuroxime free plasma concentration =8 pyg/mL; and 44.2% of unbound
cefuroxime adipose tissue ISF. For the same scenarios (750 mg cefuroxime dose given
virtually 60 min pre-CS), 37.5%o0f morbidly obese—pregnant subjects will attain a
cefuroxime free plasma concentration =28 ug/mL, and 36.2% will achieve a free
cefuroxime ISF adipose tissue concentration of 8 ug/g or above at the end of 1 hour
duration CS. These data support cefuroxime administration of no longer than 30 min
before skin incision in different obese—pregnant categories to allow sufficient

cefuroxime adipose T>MIC during and after surgery.
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Table 5.9: Time above the minimum inhibitory concentration of plasma and free plasma (2, 4 and 8 yg/mL) cefuroxime concentrations of

different cefuroxime doses given virtually to obese—pregnant and morbidly obese—pregnant

Dose Time from administration MICs Obese—pregnant women Morbidly obese—pregnant
(mg) to skin incision (4g/mL) T>MIC hours fT>MIC hours T>MIC hours fT>MIC hours
750 15 min 2 5.03(3.15,7.55) 4 43(2.75,6.75) 5.39(3.25, 8.05) 4.67(2.75,7.05)
4 3.71(2.15,5.63) 3.11(1.75, 4.67) 3.83(2.25,5.75) 3.11(1.75, 4.95)
8 2.27(1.45,3.71) 1.67(0.95, 2.75) 2.27(1.31, 3.55) 1.55(0.85, 2.65)
30 min 2 4.78(2.9,7.3) 4.18(2.5,6.5) 5.14(3,7.8) 4.42(2.5,6.8)
4 3.46(1.9,5.38) 2.86(1.5,4.42) 3.58(2,5.5) 2.86(1.5,4.7)
8 2.02(1.2, 3.46) 1.42(0.7, 2.5) 2.02(1.06, 3.3) 1.3(0.6,2.4)
1h 2 4.28(2.4,6.8) 3.68(2, 6) 4.64(2.5,7.3) 3.92(2,6.3)
4 2.96(1.4,4.88) 2.36(1, 3.92) 3.08(1.5,5) 2.36(1,4.2)
8 1.52(0.7, 2.96) 0.92(0.2,2) 1.52(0.56, 2.8) 0.8(0.1,1.9)
1500 15 min 2 6.59(3.95, 9.35) 5.87(3.55, 8.65) 7.07(4.15,10.35) @ 6.35(3.75, 9.25)
4 5.03(3.15,7.55) 4.43(2.75,6.75) 5.39(3.25, 8.05) 4.67(2.75,7.05)
8 3.71(2.15, 5.65) 3.11(1.75, 4.65) 3.83(2.25,5.75) 3.11(1.75, 4.95)
30 min 2 6.34(3.7,9.1) 5.62(3.3,8.4) 6.82(3.9,10.1) 6.1(3.5,9)
4 4.78(2.9,7.3) 4.18(2.5,6.5) 5.14(3,7.8) 4.42(2.5,6.8)
8 3.46(1.9,5.4) 2.86(1.5,4.4) 3.58(2,5.5) 2.86(1.5,4.7)
1h 2 5.84(3.2, 8.6) 5.12(2.8,7.9) 6.32(3.4,9.6) 5.6(3, 8.5)
4 4.28(2.4,6.8) 3.68(2,6) 4.64(2.5,7.3) 3.92(2,6.3)
8 2.96(1.4,4.9) 2.36(1,3.9) 3.08(1.5,5) 2.36(1,4.2)

MICs0 minimum inhibitory concentration required to inhibit the growth of 90% of organisms, fT>MIC time of free concentration above the
minimum inhibitory concentration, T>MIC Time above the minimum inhibitory concentration. Numbers in brackets represent T>MIC and,
fT>MIC of 5t and 95t percentile.
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The reported mean cefuroxime total adipose tissue (intracellular and extracellular)
penetration percentages compared to systematic plasma cefuroxime concentration
was 16% post 1500 mg dose (19% at 30 min)(305). The reported mean plasma
concentrations of lean—pregnant women undergoing CS at around 1 hour post
cefuroxime dosing were 14.9 pyg/mL (750 mg dose) and 41.14 pg/mL (1500 mg dose)
(9, 56). Direct extrapolation (of 19% cefuroxime penetrations to total adipose tissue
compared to the predicted mean cefuroxime plasma concentrations) would suggest a
total adipose concentration at around 1 hour of 2.8 pg/g (750 mg) and 7.8 pg/g (1500
mg) in lean—pregnant. While such extrapolation in obese— or morbidly obese— pregnant
would propose total cefuroxime concentrations of around 4.5 ug/g (750 mg dose) and
8.9 ug/g (1500 mg dose) at 30 minutes post dosing according to the mean predicted

plasma concentrations in such populations.

The current guidelines recommend re-dosing prophylactic antibiotic when the surgery
duration exceeds the antibiotic half-life; the mean reported half-life of cefuroxime in
pregnant women is 75.63+22.10 min (9, 383). Other guidelines recommend re-dosing
cefuroxime if surgery exceed 2 half-lives of prophylactic antibiotic (106). According to
observed clinical cefuroxime plasma concentration in lean—pregnant and predicted
mean and 5% percentile of cefuroxime plasma, free plasma and ISF adipose
concentrations (irrespective to total cefuroxime adipose tissue concentration),
cefuroxime 750 mg dose is sufficient if: (1) a MICoo of 4 pg/g or pg/mL are desired for
at least 95% of women at 1 hour post dose (redoes if the CS is delayed more than 2
hours to maintain MICe024 ug/g or ug/mL), or (2) a MICgo of 8 pug/g or pg/mL are desired
for at least 75% of women at 1 hour post dose (consider redosing if the CS is delayed

more than around 1.5 hours post dose, to maintain cefuroxime plasma above target
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MICoo of 4 pg/mL) (Table 7.17 and Table 7.18). In other situations, cefuroxime 1500
mg dose is recommended if MICqo of 28 ug/g are desired for at least 95% of women at
2 hour post dose; If the CS is delayed >2 hours post cefuroxime administration of 1500
mg in lean—, obese— or morbidly obese—pregnant, a second dose might be required to
maintain cefuroxime concentrations =8 ug/g or pg/mL (Table 7.17 and Table 7.18).

Balancing the benefit vs. the maternal/foetal safety should be considered (384).

In the last decade, vast number of studies have reported antibiotic concentrations
when given prophylactically at the time of clean—clean-contaminated surgeries with
inconsistent recommendations. Since 2011, 8 trials were conducted to measure
cefazolin concentrations in obese-pregnant women undergoing CS, where all studies
measured cefazolin plasma concentrations (10, 12-16, 284, 297), 6 studies measured
cefazolin total adipose tissue concentrations (10, 13-16, 284, 297), and 1 study
measured free cefazolin ISF adipose concentration (297). Number of studies reported

percentages of adipose tissue samples did not reach a target MICoo.

The dilemma in prophylactic antibiotic dosing in different population undergoing a
procedure arises from a lack of MICogo cut-off value standardisation and small sample
size of the clinical studies. Another reason for disagreement within literature regarding
antibiotic posology in a surgical procedure is the imprecise guidelines of the targeted
site or cellular targeted segment of antibiotic concentration; i.e., plasma, free plasma,
total adipose (extracellular and intracellular) or/and adipose ISF (free extracellular)

concentration.

According to a report by the Antibiotic Stewardship Program regarding the ‘Dosing of

antimicrobials for Obese Patients’, limited evidence for beta-lactam antibiotics, such
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as penicillins and cephalosporins, regarding dose adjustment in obese patients was
acknowledged. The reported statement, ‘These are hydrophilic drugs and are not
usually dosed according to weight’, is accurate; however, other factors may control
hydrophilic antibiotic penetration into adipose tissue, such as its pKa and its ionization
in biological tissue (385). Nevertheless, the report mentioned the recommended
increased prophylactic doses of hydrophilic cefazolin and vancomycin for subjects
weighing > 120 kg and 80 kg, respectively, by The South Australian Expert Advisory
Group on Antimicrobial Resistance (385, 386). The main factors directed such dose

adjustment are the alterations of Vd and CL in obese population (387).

The predictions of cefuroxime intracellular concentrations require further optimisation.
The selected Rodgers and Rowland method to predict cefuroxime plasma: tissue Kp
and Vss do not account for transporters involvement in drug tissue cellular penetrations
neither penetration of ionized drug molecules, while it accounts for the concentrations
of ionized molecules formed within the segment of a tissue (90, 135-137). Cefuroxime
is an acidic compound (pKa 3.15), it is expected that increased of ionized cefuroxime
molecules are formed at a biological tissue (pH =~ 7-7.4) compared to the unionized
molecules (388). Further techniques can be incorporated into the cefuroxime PBPK
model to improve adipose intracellular cefuroxime concentration prediction. The
selection of the Rodgers and Rowland method with ion membrane permeability, named
Method 3 in Simcyp, may enhance the prediction of intracellular adipose cefuroxime
penetration, as it will allow ionized forms to permeate the intracellular segment of a
tissue (90, 135-138). However, this method requires parametrisation of tissue pH,
tissue composition, ion permeability, and membrane potential data, which might not be

available in literature (138, 140). Both Methods 2 and 3 neglect transport involvement
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in compound disposition through a tissue. To account for transporter involvement, if
proven in vitro, the selected permeability-limited adipose tissue can be further
optimised to improve the prediction of cefuroxime disposition to intracellular adipose
tissue. This will require extensive data gathering and analysis of the physiological and
chemical structure of adipose tissue and in vitro analysis of transporters involved in
cefuroxime adipose penetration, if applicable (389). Then, the development of an in
vitro to in vivo correlation; and allocate a proper scaling factor/s. A permeability -limited
model of adipose tissue can be parametrised according to the observed in vitro data

(390, 391).

Although this PBPK model adequately described cefuroxime unbound ISF adipose
tissue concentrations obese subjects, a clinical study is required to measure
cefuroxime adipose concentration at the site of skin incision in CS. If sub-therapeutic
adipose tissue cefuroxime concentration is proven, timing and dosage of cefuroxime
should be reviewed. If atarget MICqois reached and sustained for sufficient time before
the surgery interval, timing from cefuroxime administration to skin incision should be
decreased (not less than 7 min) or the dose regimen augmented with a second dose
rather than increasing a single dose of cefuroxime due to the time-Kkilling properties of
cefuroxime (77). If the clinical dose of 1500 mg fails to attain the desired T>MIC or
does not reach a desired MICo0 value at any point, a study is warranted to investigate
the efficacy, safety and transplacental transfer of higher cefuroxime doses or consider
an alternative prophylactic antibiotic. A protocol has been developed by our group to
investigate cefuroxime pharmacokinetics in obese—pregnant women during CS, but

the clinical study was postponed due to the COVID-19 pandemic (82).
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Cefazolin was selected as a reference drug to guide building knowledge of cefuroxime
disposition in obese—pregnant women based on several similarities between cefazolin
and cefuroxime (i.e., used in the same setting as CS, non-metabolised by liver, and
relatively have similar pKa and molecular weight) (97-99). However, it is acknowledged
that there are several physiochemical and PK differences. For example, the chemical
structure, fu, LogP, and dose-dependent fu characteristics of cefazolin and the
involvement of transporters OAT3 in cefazolin clearance are dissimilarities between

the two compounds (91, 93-95, 97, 108).

The current study had a few limitations. Several studies used for the verification of
pregnant and/or obese—pregnant PBPK model were of women undergoing CS. In the
current study, the models were not parametrised to count for the effect of CS on
pharmacokinetics. It may be considered a limitation because fluid administered and
the type of anaesthesia given at time of CS can alter the pharmacokinetics of drugs,
mainly Vd. Another possible limitation of the current prediction of adipose tissue
antibiotic concentration that was based on the total subcutaneous adipose tissue in the
body (i.e. not specifically in abdominal tissue). This study assumed that cefuroxime
and cefazolin distributes evenly to different types of adipose tissues in the body.
Additionally, changes in the activity of renal transporters during pregnancy, if modified
by obesity, were not considered in the model for OAT1 and MRP4. The current PBPK
model did not account for the reported cefazolin fu dose-dependent kinetics;
nevertheless, the model sufficiently described cefazolin concentrations post different
escalating doses. Finally, no dynamic PD model was incorporated in the developed

models.
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5.1.6 Conclusion

The PBPK model developed for obese—pregnant women is adequate for predicting
plasma cefuroxime concentrations in that population. While this study presented the
simulated data for adipose tissue cefuroxime concentrations in pregnant and obese—
pregnant women, a clinical study to quantify cefuroxime concentration in adipose
tissue is necessary to validate the obese—pregnant model and further investigate

cefuroxime posology in the population of interest.
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Chapter 6: Anticipated Results from C-LACE Study, General Discussion,

Conclusion and Application
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6.1 Anticipated cefuroxime concentrations results from C-LACE study

The expected cefuroxime adipose tissue concentrations in non—obese pregnant
women, and anticipated cefuroxime plasma and adipose tissue concentrations in
obese—pregnant women, will be discussed with the help of information gathered from

a systematic review and PBPK modelling.

Cefuroxime mean penetration to total adipose tissue (total extracellular and
intracellular) relative to systematic concentrations was reported as 16% in subjects
undergoing hip replacement surgery (19% at 30 min). In other studies, the calculated
average penetration percentage to ISF (unbound cefuroxime) at the distribution phase
was around 50-66% (Table 6.1) (110, 305). As illustrated by Barbour et al. (obese
subjects) and Hanberg et al.’s studies, the different percentages of cefuroxime plasm:
adipose tissue partitioning at different time points and high penetration rates at the
distribution phase (up to 66% at 0.37 hours post administration of cefuroxime) may
indicate that cefuroxime penetration to ISF adipose tissue is dependent on cefuroxime
systematic concentration (i.e., representation of equilibrium distribution) and is not
entirely restricted by its logP properties. While the reported total cefuroxime adipose
penetration percentages in Lovering et al. indicates limited penetration of cefuroxime

to adipose intracellular segment.
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Table 6.1: Percentages of cefuroxime penetration to adipose tissue compared to cefuroxime systematic plasma concentrations

Study and | Reported cefuroxime plasma Reported cefuroxime adipose concentrations % of Cefuroxime adipose
reference concentrations at time point tissue penetration compared
Time (h) Concentration Subcellular Time (h) Concentration to plasma concentrations
(mg/L) concentration (Mg/9)
Lovering et al. 0.17 130.8 Both intracellular 0.17 16.5 13.22
(305) 0.33 94.3 and extracellular 0.33 13.5 15.4°
0.50 83.3 concentrations 0.50 15 19.12
Barbour et al. 0.50 64.25 Extracellular 0.50 21.93 34.12°
(110) 0.99 48.60 unbound 0.83 26.22 53.96°
2 30.37 concentration 217 17.20 56.62°
3 19.63 3.17 12.25 62.43°
4 19.16 417 7.74 40.39°
6 10.28 5.83 3.44 33.45°
Hanberg et al., 0.12 96.74 Extracellular 0.12 8.75 9.05°
(381) 0.37 71.80 unbound 0.37 44.02 61.31°
0.75 51.12 concentration 0.75 46.65 91.24
1.25 34.64 1.25 40.52 116.98°
1.74 29.60 1.74 36.08 121.92°
2.25 22.33 2.25 26.12 116.98°
2.74 16.44 2.74 20.21 122.94°
3.50 10.69 3.50 15.37 143.89°
5.50 4.44 5.50 9.43 212.37°

2 Reported in the study
b Calculated from the observed plasma and adipose tissue concentrations at a relevant similar time points

180




A selected average cefuroxime penetration to adipose tissue of 16—100% of systematic
cefuroxime concentrations would predict adipose tissue concentrations, as illustrated
in Table 6.2. The 16% could represent both total intracellular and extracellular
concentrations, while ~40-100% could represent the unbound extracellular (i.e., ISF)
concentration. As described in Table 6.2, the dose intensity greatly impacted
cefuroxime adipose concentration compared to increased body weight. According to
current PBPK obese—pregnant cefuroxime model, an increase in body weight by
around 20% and 30% would cause a reduction in cefuroxime unbound ISF adipose
tissue concentrations by around 2.11 ug/g (7.3%) and 5 pg/g (17.2%) compared to
lean pregnant women. Statistical differences are not relevant to the cefuroxime PK/PD
correlation; clinical significance depends on reaching a targeted MIC. The application
and assessment of cefuroxime posology in obese—pregnant women, according to the
above findings (i.e., body weight and cefuroxime unbound ISF adipose tissue
concentration linkage), is dependent on the observed adipose tissue concentration in

lean—pregnant women, which is not currently available.
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Table 6.2: Predicted cefuroxime adipose concentrations via direct extrapolation from reported plasma concentrations in lean—pregnant
undergoing caesarean section (16% and 100%), and via PBPK modelling and predicted effect of body weight on cefuroxime adipose tissue
concentrations

Study and | Dose | Time | Reported | Expected cefuroxime | Predicted cefuroxime total | Predicted cefuroxime unbound
reference (mg) | (min) | plasma adipose concentrations | adipose concentrations using | ISF adipose concentrations
conc. (ng/g) if penetration | PBPK model in different virtual | using PBPK model in different
(mg/L) percentages of | population virtual population
systematic non— Obese— | Morbidly non— Obese— | Morbidly
concentrations to obese pregnant | obese— obese pregnant | obese—
adipose tissue were | pregnant pregnant | pregnant pregnant
16%—100%
Holt et al. (56) 750 65 14.9 2.38-14.9 1.77 1.62 1.45 14.17 13.15 11.803
Holt et al. (56) 1500 37 51.9 8.30-51.9 4.69 423 3.67 37.64 34.41 29.87
Bousfield et al. | 1500 48 74.76 11.96-74.76 4.19 3.79 3.34 33.61 30.84 27.16
(273)
Bousfield et al. | 1500 60 32.55 5.21-32.55 3.71 3.39 3.02 29.79 27.54 24.58
(273)
Lalic—popovicetal. | 1500 | 61.67 41.14 6.5841.14 3.67 3.35 2.99 29.43 27.23 24.34
(9)
Bousfield et al. | 1500 88 32.95 5.27-32.95 2.82 2.63 2.41 22.60 21.35 19.62
(273)
Lalic—popovicetal. | 1500 | 99.28 9.47 1.52-9.47 2.53 2.38 2.21 20.29 19.35 17.98
(9)
Predicted weight (Kg): 80.19 97 127.21
Average reduction of predicted adipose concentrations in obese pregnant group compared to lean pregnant | Referenc 2.11 5
(of 1500 mg dose): | evalue
% reduction of predicted adipose concentrations in obese pregnant group compared to lean pregnant (of | Referenc 7.3 17.2
1500 mg dose): ] evalue
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A key element in assessing the suggested timing of cefuroxime administration relative
to CS initiation is cefuroxime adipose tissue tmax. These were discussed previously in
the highlight of PBPK prediction chapter, note that this was based on predictions alone

as there was no clinical data available (5.1.5.2 Cefuroxime).

In the Lovering study, the last sampled total adipose tissue concentration was 30 min
post administration. In the coherent adipose tissue sampling studies of Barbour et al.
(obese subjects) and Hanberg et al., cefuroxime unbound ISF adipose tmax were
1.00£0.28 hours and 45 min (range: 23-75 min), respectively (110, 305). The current
PBPK models adequately predicted the mean cefuroxime adipose tissue tmax
concentration in Hosmann et al. (ISF) and Lovering et al. (total adipose), while the
predicted cefuroxime ISF adipose tissue concentrations tmax was under predicted
compared to observed time in Barbour et al. The PBPK predicted cefuroxime adipose
(total) tmax was 14 min in lean—pregnant, 7 min obese—pregnant, and 14 min in the

morbidly obese—pregnant women.

The current predicted cefuroxime adipose tissue concentrations (either via direct
extrapolation of cefuroxime adipose tissue penetrations or PBPK modelling) and
predicted adipose tissue tmax support giving cefuroxime 15-30 min before skin incision
at time of CS, instead of 60 min. The targeted MIC determines whether cefuroxime
current doses (750 mg and 1500 mg) are sufficient or if an additional dose is required

(Discussed in 5.1.5.2 Cefuroxime).

6.2 General discussion
Due to discussed similarities of cefazolin and cefuroxime compounds (5.1.5

Discussion), cefazolin was chosen as a reference drug to aid in the development of
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knowledge about cefuroxime disposition in obese—pregnant (96-99). However, there
are a number of physiochemical and PK variations of cefazolin and cefuroxime to be
cautiously considered (9, 16, 90-99, 108, 113-115). Identification of these differences
controlled the extent of utilisation of cefazolin as a reference drug and thus, limited
interconnection of the knowledge of PK from cefazolin to cefuroxime in the obese—
pregnant population. To elaborate, for example, the correlation between cefazolin
doses, subjects’ weight, and reported cefazolin adipose concentrations from the
cefazolin systematic review was not investigated in the context of this research. Due
to the dose-dependent fu effect, which is not considered a characteristic PK parameter
of cefuroxime and other PK dissimilarities, this correlation may not be necessary

applied to the case of cefuroxime.

Literature review and systematic review provided knowledge of cefazolin and
cefuroxime PK in populations of interest; additionally, identified gaps in knowledge and
elements causing disagreements in dosage recommendations between studies
reporting concentrations of an antibiotic given prophylactically in a population. The
research gap for cefuroxime is considered empirical and population gap; while for
cefazolin is empirical and theoretical gap. The question of whether a prophylactic
antibiotic should be given to pregnant women at the time of CS has been addressed
in a meta-analysis with a clear advantage of giving antibiotics compared to no antibiotic
in CS; however, the consequences of administration of an antibiotic at the time of CS

on neonate was uncertain (392).

Although several studies had investigated cefazolin deposition in obese—pregnant
women when given different doses and several attempts were conducted to combine

evidence to draw conclusions, it was challenging to reach a conclusion. This relates to
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the discussed studies’ heterogeneity, small sample size and different targeted MIC
values. Despite between studies similarities/differences of antibiotics’ plasma or tissue
concentrations, the disagreement of dose recommendation arises mainly in the

targeted MIC values.

Another reason for disagreement within literature regarding antibiotic posology in a
surgical procedure is the unclear cellular targeted segment. Many studies had reported
the total adipose concentrations via conventional adipose tissue -collection and
analytical sampling, while other reported the unbound antibiotic adipose ISF
concentrations via Microdialysis. The extracellular (i.e. ISF), in cefuroxime and
cefazolin cases, is higher compared to intracellular. Figure 6.1 (A), represent
theoretical cefazolin and cefuroxime penetration to extracellular and intracellular
segments of adipose tissue, the yellow tab represent the blood flow and blue colour
shade represent the concentrations intensity (darker shade represent higher
concentration). When reporting the total adipose tissue concentrations in clinical
setting (via conventional method), the concentration is not representing the actual
concentration in each cellular segment (Figure 6.1, B). For certain medication, the
intracellular concentrations correlate to drug PK/PD rather than extracellular or total
tissue concentrations. Itis unusual to measure intracellular drug concentrations in vivo;
however, it is possible in vitro (389). Overall, to best of our knowledge, there is no
information regarding the optimal cellular targeting segment in cefazolin or cefuroxime.

The PBPK modelling enable investigating such penetrations with acceptable validity.
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(A) ~

Figure 6.1: Cefazolin and cefuroxime penetration to adipose extracellular and
intracellular segments

(A) Representthe actual penetration (no penetration or limited penetration), and (B) Represent
the false impression from conventional adipose tissue sampling and analysing

The hypothesis that decreased cefuroxime adipose tissue concentrations in obese—
pregnant compared to lean cohort can be supported by the observed significant
differences of cefazolin initial concentration in different obesity groups when given
similar doses (2.2.3.3 Meta-analysis of the cefazolin concentrations in the adipose
tissue: Figure 2.6). Decreased dug tissue concentrations in the obese—pregnant
population can be explained by increased Vd and CL due to both gestation and obesity
effects and decreased tissue vascularity due to increased adiposity (10). Some studies
included in the CFZ-PK systematic review investigated correlations of pregnant body-

based weight (BMI, actual or lean body weight) and cefazolin dose and/or
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concentrations with divergent results (12-14, 284). It is anticipated to update and
further investigate cefazolin systematic review in terms of correlating body weight,
cefazolin dose, cefazolin plasma and adipose concentrations. Additionally, it was
planned to clinically investigate the correlations of cefuroxime in the C-LACE study.
The correlation between body weight and cefazolin adipose tissue can be extrapolated
to cefuroxime to some extent, while a correlation between an increased dose and an
observed cefazolin adipose tissue concentration cannot be applied to cefuroxime, as
discussed previously. Thoughtful consideration of pathophysiological effectsof obesity
on the rate of SSI (for example, decreased immunity) before correlation of an obese

class, antibiotic (dose, concentrations) and reported SSI rate.

The current project emphasises the impractical linear extrapolation of PK from one
population to another and the value of using a compound as a reference drug to guide

knowledge of another drug’s PK.

In 2013, US-based organisations, the American Society of Health-System Pharmacists
and the Infectious Diseases Society of America suggested a 2 g dose of cefazolin
when used prophylactically in surgery and an increasing dose of 3 g to those patients
weighing = 120 kg (106). In April 2019, the Australian Therapeutic Guidelines updated
the previous recommendation of 2 g of cefazolin given within 60 min of skin incision in
CS, regardless of mothers’ weight, to an increased dose of 3 g of cefazolin for women
weighing > 120 kg (297). The National Institute for Health & Care Excellence guidelines
in the UK recommend cefuroxime in CS without dose adjustment (74). Until around
2018, cefuroxime prophylactic doses in CS settings were either 750 mg or 1500 mg at
Birmingham Women’s Hospital, regardless of the mother’s weight. This was changed

to a standardised dose of 1500 mg.
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The selection of adipose tissue as a target tissue to evaluate the effectiveness of
intraoperative cefazolin and whether an increased dose should be suggested in obese
patients (non—pregnant) undergoing clean—clean-contaminated surgery has been
recently discussed by Blum et al. (393). The author claimed that increasing the
cefazolin dose: 1) will not increase adipose concentrations due to its hydrophilicity, and
2) will not improve SSI prevention due to cefazolin time-dependent kinetics (393). In
regards to the second claim, it is accepted for the obese—pregnant population if a
targeted adipose MIC is achieved and maintained for sufficient time (i.e., duration of
CS); scenarios of failing to achieve a targeted MIC or T>MIC were discussed (5.1.5.2

Cefuroxime).

Regarding the first claim, the reported increased cefazolin adipose tissue
concentrations with an increased dose cannot support or reject the author’s statements
due to the effect of cefazolin dose-dependent fu. For cefuroxime, however, in the study
by Lalic-Popovic et al., the diabetic group with a higher mean body weight compared
to the control group (statistically insignificant), the diabetic group had a significantly
higher dose per lean body compared to the control group (9). This observation, if
proven that the diabetic condition does not affect drug distribution to fat tissue, may
support the author’s claims. According to Barbour et al., cefuroxime adipose tissue
ISF: plasma penetration percentages; the cefuroxime penetration to and from the ISF
adipose tissue is in equilibrium with plasma cefuroxime concentrations (Table 6.1)
(110). The in silico sensitivity analysis of LogP and cefuroxime adipose tissue
concentration showed no effect of logP on cefuroxime adipose tissue concentrations
— although this could be a false effect related to the use of Method 2 rather than

Method 3 (explained further in paragraph of PBPK model optimisation). The reported
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high cefuroxime adipose penetration rates and sensitivity analysis of cefuroxime LogP
counteract the claims by Blum et al. (increased antibiotics dose will not increase
adipose tissue concentrations) and the current project assumption of limited
cefuroxime adipose tissue penetration due to its hydrophilicity characteristics (393).
However, reported cefuroxime Vd values and total adipose tissue suggest limited
intracellular penetration, the limited penetration can be driven by numerus
physiochemical properties not only LogP. Overall, a final conclusion can be drawn from
a large clinical study assessing cefuroxime concentrations in plasma and adipose
tissue (or other targeted tissue/s) at the time of delivery for both obese and non—obese

pregnant women.

If dose adjustment is required, it is recommended in the guidelines that weight-dose
adjustment should be based on ‘time of delivery weight' rather than pre-pregnancy
weight, first antenatal booking, or time of booking. The weight based adjustment
element and cut-off value to guide dose adjustment are suggested for further
investigation; i.e. dose adjustment based on body weight or BMI, and cute-value of

body weight to increase cefuroxime dose.

The best phrase can be used to coherently describe the ratio of model predictions’
benefits to their uncertainty, as said by George Box: ‘All models are wrong, some
models are useful’ (394). PBPK modelling is greatly implemented and required by drug
authorities to assess drugs’ PD/PK and posology (395-397). Simcyp®, specifically, has
been utilised widely to inform PD/PK of new drug applications in the FDA (398). The
Simcyp® simulator was selected to conduct the current study due to its sophisticated—
user friendlily characteristic to build the obese—pregnant population in a reasonable

time scale. As discussed previously (section 1.1.6.22), developing new
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equations/algorithms exclusively for the obese—pregnant population was not the scope

of this study.

There was no further investigation of cefuroxime dosage regimens adjustment (if
required) via Simcyp® modelling; as models needs further validation of cefuroxime
intracellular adipose tissue penetration. To the best of our knowledge, there is no
clinical information regarding cefuroxime penetration into biological adipose tissue in

non-diseased subjects and does not require surgery (305, 399, 400).

The approach used to predict cefazolin and cefuroxime concentrations in obese—
pregnant women was the PBPK ‘Bottom-Up’ approach. Additionally, tissue: plasma
partitioning and CL was optimised using observed data (i.e. population
pharmacokinetics); thus, the ‘Top-Down’ approach was partially involved in such work
(401, 402). Although the ‘Top-Down’ approach can be utilised to optimise prediction of
cefuroxime adipose tissue, optimisation of observed cefuroxime adipose tissue from
subjects undergoing hip replacement to optimise of healthy PBPK model can be a
limitation due to discussed possible hemodynamic alterations from the use of

aesthesia and isotonic solutions within surgery, which may affect the drug’s PK.

Information on cefuroxime concentrations in adipose tissue in healthy subjects can be
utilised to optimise the PBPK model at the initial PBPK model development stage,
which is ethically restricted. Coherent gathering and analysis of clinically reported
cefuroxime tissue concentrations can be utlised to further optimise the PBPK

cefuroxime model (i.e. population pharmacokinetics).

In the context of the current project, once data are available of either approach — in

vitro in vivo cefuroxime adipose tissue partition or clinical measurements of cefuroxime
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adipose tissue concentrations in healthy or populations of interest— the PBPK
cefuroxime model can be optimised accordingly. The validity of the PBPK model can

be assessed; the model predictions would be further ‘trusted’ after such validation.

General strengths, limitations and possible optimisations have been previously
discussed; the strengths and limitations of the whole project will be discussed. The
strength of this project relied on collaborative work between clinical and academic
sectors; in which a concern regarding optimal cefuroxime dose has been addressed
by a physician in a clinical setting due to observed increased SSI rate post CS,
conformation of lacking information in literature has led to the current project. The
development of the C-LACE protocol was a result of extensive meetings between
academics and clinicians at Birmingham Women'’s Hospital. The C-LACE protocol was
patient-oriented. To exemplify, the addition of using a venflon cannula was to ensure
preserving a precious moment of mothers holding their babies for the first time (crossed
hands) and minimising distribution of the CS procedure, while ensuring withdrawal of
blood samples at the time of skin closure. Although deviations in routine healthcare
practice are expected to be minimised in observational studies, such an addition is of
ethical necessity. The systematic review search was coherent; several databases were
screened, for English and non-English publications. The coherent systematic review
and literature review of this project identified the element of controversies between
studies related to the current project; i.e. dosing antibiotic in obese population
compared to lean cohort, which had been discussed previously. Systematic review and
protocol of C-LACE were peer-reviewed and were adjusted/optimised at the time of
review. This project supports the mission of the ‘Health Equity’ approach, where time,

effort and resources should be directed to ensure equal treatment within and across

191



population/s (403). The ‘one-dose-fits-all’ approach is disclaimed intensely in the

current project.

The major constraint of the current project is that it was not conducted as planned due
to the COVID-19 pandemic. This was discussed in section 4.4.1: Suspension of C-
LACE study and current status. It was initially aimed to utilise the results of cefuroxime
plasma and adipose tissue concentrations from the C-LACE study in the development
of a PBPK obese—pregnant model using Simcyp®. Information collected from 30
participants would be utlised to improve the validity of the PBPK models and
predictions in obese—pregnant women. Then, cefuroxime PK can be explored in the
PBPK models within Simcyp® to predict cefuroxime concentrations in: 1) larger sample
size of population, 2) extreme obesity, and 3) predict other dose strategies, if required.
Having no data on cefuroxime adipose tissue concentrations in pregnant women, as
well as plasma and adipose tissue concentrations in obese—pregnant women, it was
agreed to use cefazolin as a reference drug to apprise regarding PBPK obese-—
pregnant models’ efficiency in predicting plasma and adipose tissue concentrations.
However, the differences between cefazolin and cefuroxime were considered. All in
all, researchers of this project are aiming to conduct the C-LACE study and continue

the above mentioned prediction.

6.2.1 Key findings and fulfilment of the research aims and objectives

e There is no clinical information on cefuroxime plasma and adipose tissue

concentrations or the rate of SSI (when given cefuroxime) in obese—pregnant

women undergoing CS.
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There is no clinical information on cefuroxime adipose tissue concentrations in
pregnant women with lean body weight at the time of CS.

Studies have reported a rate of SSI when cefuroxime was prophylactically given
to pregnant women at the time of CS; cefuroxime was given after cord
clamping—which is not the current clinical practice.

Both cefuroxime doses (750 mg and 1500 mg) achieved sufficient plasma
concentrations; in one study, plasma T>MIC was up to around 3 hours (Figure
2.2) post 1500 mg cefuroxime dose in lean—pregnant women at the time of CS.
A dose of 750 mg cefuroxime had a clinical plasma concentration of 14.9 mg/L
at around 1 hour; cefuroxime adipose concentrations predict range was 2.38—
14.9 ug/g (directly extrapolated from observed cefuroxime adipose tissue
penetration in subjects undergoing surgeries 16-100%; where lower
concentrations represent total adipose concentrations, and higher represents
unbound adipose ISF concentrations).

A dose of 1500 mg in lean—pregnant reported as 41.14 mg/L post 1 hour of
cefuroxime dosing and predicted values of adipose tissue was 6.58-41.14 ug/g
in lean—pregnant women (directly extrapolated from observed cefuroxime
adipose tissue penetration in subjects undergoing surgeries 16—100%; where
lower percentages represent total adipose concentrations, and higher

represents unbound adipose ISF concentrations).

A dose of 1500 mg in obese—pregnant predicted (PBPK) a plasma
concentration of around 33.18 mg/L post 1 hour of cefuroxime dosing; and via
directly extrapolation from observed cefuroxime total adipose tissue penetration

in subjects undergoing surgeries (16—100%; as lower represent total adipose
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6.3

and higher represent unbound adipose ISF concentrations), cefuroxime
adipose tissue concentrations would be around 5.3-33.18 ug/g post 1 hour of

dosing in obese—pregnant.

Identification of knowledge gaps and elements of recommendation

disagreements (MIC value, targeted tissue site to measure antibiotic efficacy,
BMI vs. actual body weight for dose adjustment).

Cefazolin and cefuroxime dose recommendations depend on the targeted MIC
value, which is a point of argument in the published literature.

Given similar doses to different obesity classes in obese—pregnant women
yielded significantly different initial cefazolin adipose tissue concentrations.
PBPK modelling of cefuroxime adipose tissue concentrations was independent
of its logP value, this can be validated by the use of Method 3 to account for
ionised molecules penetration.

To optimally quantify cefuroxime in adipose tissue: 1) sensitivity of MS is
superior to HPLC, and 2) use Microdialysis for targeted cefuroxime unbound
ISF or conventional sampling technique for total adipose concentration
(intracellular and extracellular), the Microdialysis requires calibrations at the

time of surgery.

Applications

The implications of this research may direct nation and international guidelines

regarding the dosing of prophylactic antibiotics in CS or other procedures requiring

prophylactic antibiotics.
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Extensive informative meetings between physicians and researchers were conducted
to discuss gaps in knowledge in assessing cefuroxime clinical doses and to develop a
constructive, patient-oriented protocol to evaluate cefuroxime doses in the population

of interest.

In the last decade, different studies have reported antibiotic concentrations when given
prophylactically at the time of clean—clean-contaminated surgeries with inconsistent
recommendations. The dilemma in prophylactic antibiotic dosing in different population
undergoing a procedure arises from alack of MIC value standardisation. Knowing such
gaps may direct further investigation of prophylactic antibiotic concentrations research,

limit unnecessary research, and preserve time, effort and resources.

The current project aims were parallel with those of the Antibiotic Stewardship
Programme, where antibiotic prescribing should be optimised to decrease: (1) Infection
rate, (2) Treatment failures, (3) Clostridioides difficile infections, (4) Adverse effects,

(5) Antibiotic resistance, and (6) Hospital costs and lengths of stay(404).

The current project findings would inform the suggested project between authorities
(including decision making and guiding of program as such of Antibiotic Stewardship
Program), clinicians and researchers to further investigate dosing of prophylactic

cefuroxime in obese—pregnant women.

The focus of clinical research, specifically PK and dosing-wise, in the past few decades
has been on special populations, and their deviation from the typically recruited healthy
population in the drug development process. The current combined obese—pregnant
PBPK modelling would support posology in such a population and the anticipated

individualised treatment in the future of subjects within this population via model-
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informed software (405). Notably, cefuroxime and cefazolin are not metabolized by
liver enzymes; other applications of the developed obese—pregnant PBPK population
will required updating the bassline of the pre-pregnancy metabolizer enzymes to those
of obese or morbidly obese PBPK models (244). Overall, assessing model
performance is a critical step that should be guided by authorities before introducing

dosing-informed models in a clinical setting.

6.4 Conclusion

The current report suggests cefazolin dose recommendations according to several
targeted adipose MIC values. Using PBPK modelling, when targeting for an MIC value
of 8 yg/g, a dose of 750 mg seems insufficient for obese—pregnant women at the time
of CS. In silico prediction suggests the administration of cefuroxime 15-30 min before
a skin incision in CS. PBPK continually supports knowledge of drugs’ PK, specifically
if there are ethical or pandemic restrictions as of the current project. A constructive
collaborative project between clinicians, researchers and authorities is essential to
standardise antibiotics PK/PD correlations and MIC values. A clinical study to measure
cefuroxime adipose tissue concentration in obese—pregnant women is required. If
cefuroxime targeted T>MIC is insufficient, re-dosing should be considered rather than

an increased dose.

6.5 Future work and recommendations

The suggested future work, with directed references, are listed in chronological order.

e What is the target MIC cut-off value? Should the target MIC value be
standardised or should it be per clinical setting? Does targeting for higher

MIC values (i.e. 8 and 16 mg/L or pg/g) would considered as prophylactic
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management? A major reason for disagreements regarding the published
studies recommendation about posology of antibiotics in a special population
lies within the target MIC value (10, 79-81, 83-86, 393).

Should antibiotic plasma concentrations be related solely to antibiotic
efficacy? Alternatively, should it include a site of incision PK/PD
correlation (as of current clinical practice)? Is adipose tissue targeting
considered the optimal tissue to assess concentration at the site of
incision of CS? Is extracellular, intracellular or both prophylactic
antibiotic concentrations relates to its efficacy?(393)

What are the correlations between cefuroxime doses, plasma and
adipose concentrations in obese—pregnant women?

What is the correlation between increased body weight and clinical
reduction in cefazolin/cefuroxime plasma and adipose tissue
concentrations in obese—pregnant women?

Optimisation of C-LACE study: Analytical method used to measure
cefuroxime in adipose tissue. It is acceptable to collect samples of adipose
tissue viathe conventional method (i.e. collecting physical adipose tissue) in the
pilot study and analyse it using MS; if the pilot study then proceeds to a larger
study, use the Microdialysis technique for unbound adipose ISF concentrations
(which needs calibrations at the time of CS) and the conventional method for
total adipose antibiotic concentrations. In both adipose collections technique,
concentrations data will be utilised to validate the PBPK model and then predict

the other cellular segment/s concentrations.

197



C-LACE study: Is there a need for a larger clinical study? First, validate the
PBPK model. If data from the C-LACE study proven to: 1) cefuroxime
concentrations (at targeted site, plasma, adipose, both or others) under an
targeted MIC, and or 2) T>MIC were under-therapeutic, it is suggested to first
validate the PBPK models and then conduct an extended virtual studies to
investigate cefuroxime levels in obese—pregnant women.

Optimisation of the PBPK model: if the model was optimised and validated.
What is the consequence (PK/PD) of an increased or added cefuroxime
dose to the foetal? Validate the model using the multi—compartment placenta
model to predict cefuroxime foetal transfer (406). When to re-dose (according
to surgery duration or post-delivery, regardless of surgery duration to
bypass foetal excessive transfer of cefuroxime (384))? Should cefuroxime
dose be adjusted based on BMI or weight (lean, total or adjusted body
weight)? Does a subject with normal body weight but high waist
circumference (Abdominal or truncal obesity) need dose adjustment?
According to literature, adjusted body weight and establishing a dose factor,
such as that used in aminoglycosides, seems promising for cefuroxime dose
adjustment if required (385, 407). Consider re-dosing with topical

cefuroxime formula (408).

If the predicted results were sub-therapeutics (under MIC, or insufficient T>MIC of

a targeted tissue), a larger clinical study is warranted. The in silico prediction will

allow understanding of the possible effects of an increased or repeated dose of

cefuroxime and the clinical implications of this on foetal and guide posology in

clinical study.
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Clinical study to investigate PK/PD of cefuroxime and rate of SSI in lean— and
obese—pregnant women and cefuroxime placental transfer at time of CS (multi-
centres? What is the sample size?). As discussed, a thoughtful consideration
of the targeted MIC value and targeted site of efficacy should be made before
conducting such research. Using MS is essential in such a study.

If cefuroxime was therapeutically inadequate in CS setting for either lean—
or obese-pregnant women, what other antibiotics could be used
prophylactically in such a setting? (392).

Guidelines update. Whenever the dose adjustment of cefuroxime is advisory,
the dose adjustments (either actual, lean or adjusted body weight) should be

stated at the time of CS rather than at the ‘time of booking’.

What is the algorithmic correlation of V4 and Vs (409, 410)
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7.1 Appendix of Chapter 2 “Systematic Review to Evaluate Pharmacokinetics
of Cefuroxime and Cefazolin in Obese-Pregnant Women Undergoing

Caesarean Section and Rate of Surgical Site Infection”

Does perioperative intravenous Cefuroxime provide sufficient R

microbial inhibition in pregnant women undergoing caesarean -

section? a systematic review of pharmacokinetic studies and surgical site infection rates. BIRMINGHAM
Hanadi H. Alrammaal’, Hannah K. Batchelor!, Hsu P. Chong??

2 Beminghorm Wemerts
3 nsttuta for Mitablc and

vty of Biomingham, Edgbactan, Birmingham, Unlted Kingsdom, B15 77

Birmingham Women's
ity Bimingharm, Bvminghar, Uniiod Kingdom and Children’s

/1) |I’Itr0duct]on ’4) RESUltS NHS Foundation Trust

* Intravenous (IV) Cefuroxime (CFX) is Pharmacokinetic Studies:
widely used as a prophylactic antibiotic| . Ng studies were identified that evaluated CFX in obese pregnant women

in Caesarean Section (CS). requiring CS.

« The rate of CS among obese pregnant * Four studies were included on non-obese pregnant women (n=108
women is 33.8%, with higher rates of "'Avl?n:e;)' drministered 1500 me CFX: sud d 1500me CFX
47.4% in class Il or 11l obesity 7503 r:gwss administere mg CFX; one study compare mg Vs

+ The rate of post-CS infection is higher + Maternal plasma concentrations reported ranged from 18.54 to 84.0 mg/L
among obese pregnant women within 30-60 min of administration (1500mg dose).

. + All studies showed plasma concentrations above the MIC (8mg/L) for up to
’2) Research Question S hours post.dose.
* Are CFX concentrations in maternal + No information on CFX concentration in subcutaneous adipose tissue was
‘? blood and adipose tissue sufficient to
H found.

decrease/prevent the rate of surgical
site infection (SSI) following IV CFX in
non-obese and obese pregnant

women?
3) Method

PROSPERQ  registration # CRD
42018106945, and CRD 42018107192

Multiple databases (Medline, EMBASE,
Cochrane, Web of Science, CINHAL, 0 1 2 3
Scopus and Google Scholar) were &

searched until March 2018 without - = MicE g
language or date restrictions. Studies Fig 1: Reparted Cefuroxime concentration in maternal plasma after an intravenous dose of 1500 mg
or 750 mg in pregnant women who underwent CS, data from all 4 studies included (CNT Control
subject, GD gestational diabetes, HT hypertension).

cefuroxime Concentration mg/L

41ime “‘):\ 6 7 8 9
500 mg (Rousmen, M et al, 1990) 1500 mg
= =M 2y

al, 2016) 1500 mg

were screened by title and abstract

according to the eligibility criteria.
J g ¥ Surgical Site infection rate studies:

* Quality of studies was assessed via the + Three studies reported rates of SSI after administration a single dose of
ClinPK  Statement  checklist ~ for CFX (either 1500mg or 750mg), in all cases CFX was administered after
Pharmacokinetic (PK) studies; or Joanna cord clamping (n=246 women).

Briggs Institute Critical Appraisal Tools + Rates of SSI ranged from 1.96 — 4.7%, there was insufficient detail to allow
for SSI studies. further data comparisons. ® L ]

+ The Cochrane Effective Practice and ; ?

Data available for non obese pregnant women Obese pregnant women
Organisation of Care checklist evaluated
the risk of bias for SSI studies. Cefuroxime plasma Vs X
Concentration

* Studies reporting PK data or rate of SSI | “Cefuroxime adipose X X
after CS were included without | "ssueconcentration
language or date restrictions. :{r‘af:;g:urglcal e \/(demavauameun administration CFX following cord X

dlamping)

1 .
9 Conclusions

+ Data on CFX for CS is fragmented in the literature, there is no evidence that current dosing regimens provide adequate
antibiotic cover at the site of incision or that the dose used is linked to reduction in SSI.

* None of the studies reported on CFX PK either independently or in relation to 551 in obese women.
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For the Annual Academic Meeting of Royal College of Obstetricians and Gynaecologists held in London on the 17t and 18 of January 2019.

Figure 7.1: Poster presentation of cefuroxime systematic review at the Annual Academic
Meeting held at the Royal College of Obstetricians and Gynaecologists
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fl) Introduction rz)mm
* Cefazolin (CFZ) is administered at caesarean To compare reported CFZ adipose tissue concentrations at time

section (CS) to minimise post-operative infection.

Dosing in obese pregnant women has been
investigated previously with no conclusive standard dose (2g) vs. higher doses (>2g) in obese pregnant
guidance on appropriate dosing by weight (or BMI).

of skin incision and skin closure following administration of a

women ( BMI2 30Kg/m?) requiring CS.

‘3) Method

* Databases (Cochrane, Scopus, CINAHL, Medline, EMBASE, Web of Science, Scopus and Google Scholar) were searched

including studies’ references without language or time restrictions until March 2018.

« Studies that reported CFZ adipose tissue concentrations in adult pregnant women requiring CS when CFZ was given

perioperatively were included.
= Studies’ quality was assessed using the ClinPK statement checklist.
* For meta-analysis: means (1) and standard deviations (2) were estimated whenever applicable.
‘4) Results

Descriptive analysis:

Six studies were eligible for inclusion (n=233 women); Studies’ quality scores ranged from 34 to 38 (out of 40).

Included studies evaluated doses of 2g, 3g and/or 4g CFZ. The time from CFZ administration to skin incision varied across the

studies (median time ranged from 3-92 min). Reported median CFZ adipose concentration represented in Tablel (1).

Reported median CFZ adipose tissue concentration pg/g 3 studies evaluated

CFZ umbilical cord
Dose .\3@ .\i'60 ﬁ/ concentration!
g’fv ) I I i I
At time of skin incision #% 4.7t018 6.35t022.4 40.11 4
At time of skin closure \‘.’:“ 43t021.73 6.9 to 24.8 3498

Meta-analysis:

Meta-analysis of four studies (n=179 women) demonstrated significantly lower mean adipose CFZ concentrations at the time

skin incision in the 2g vs >2g groups (p=0.03). However, there was study heterogeneity (12=31%).

29 >2g Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Slitely, 2013 18.36 669 11 4011 241 9 146% -1.24[-2.22,-0.26] 2013 —
Young 2015 74 296 13 1113 785 13 204% -0.61-1.40,0.18] 2015 -
Maggio 2015 9.3 615 28 12.33 837 25 350% -0.41[083,012] 2015 &
Kram 2017 597 489 63 6.22 333 13 300% -0.05[-0.65,054] 2017 -
Total {95% CI) 115 64 100.0% -0.46 [-0.88, -0.05] L4
Heterogeneity: Tau® = 0.06; Chi®= 4,35, df= 3 (P = 0.23); F=31% o % 3 0
Test for overall effect: Z= 2.19 (P = 0.03) 29 »2g

Figure 1: Meta-analysis of 4 studies comparing 2g vs >2g in obese pregnant women requiring caesarean section

@) Conclusion

2g CFZ results in significantly lower adipose tissue concentrations compared to >2g CFZ, and could be a contributing factor to

surgical site infection. Further research evaluating clinical correlation is required.
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1-Wan, X., Wang, W, Liu, ), et al. Estimating the sample mean and standard deviation from the sample size, median, range and/ar interquartile range. BMC Med Res Methodol 14, 135 (2014). hitps://dol.org/10.1186/1471-2286-14-135
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Figure 7.2: part of CFZ-PK meta-analysis presented as a poster abstract at the Annual
Academic Meeting of Royal College of Obstetricians and Gynaecologists

7.1.1 Appendix of the published study “Efficacy of perioperative
cefuroxime as a prophylactic antibiotic in women requiring

caesarean section: A systematic review:
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7.1.1.1 Appendix S1: Search Strategy (example from Medline)

1-
2-

exp Pregnancy/ or exp PREGNANT WOMEN/ or exp Pregnancy Complications/
(Gravid or child bearing or childbearing or gravidity or intrauterine pregnancy or
labor presentation or labour presentation or pregnancy maintenance or pregnancy
trimesters or diseases complicating pregnancy or gestational complication or
pregnancy complications, cardiovascular or pregnancy complications,
haematologic or pregnancy complications, hematologic or pregnancy
complications, infectious or pregnancy complications, neoplastic or preghancy
complications, parasitic).mp.

#1 or #2

exp Cesarean Section/

(birth,caesarean or caesarean birth or caesarian birth or caesarian section or
cesarean delivery or cesarian section or elective repeat cesarean section or
fetectomy or repeated cesarotomy or sectio caesarea).mp.

#4 or #5

exp CEFUROXIME/

(alporin or altacef or anaptivan or aprok or aprokam or biocefal or cefoxurime or
cefumax or (cefuroxime and dextrose in duplex container) or cefuroxime sodium
or ceplus or ceroxime or curocef or curoxim or curoxima or curoxime or eroxmit
or froxal or fucerox or furoxime or intracef or kefazol or kefurim or kefurox or kesint
or laxinat or maxil or polixima or prokam or sn 107 or supacef or ucefaxim or
ultroxim or uroxime or vekfazolin).mp.

(anikef or axetil e47 or axetine or axoril or axurocef or bearcef or cci 15641 or
ccil5641 or cefamar or ceflour or cefogen or ceftil or ceftin or cefudura or
cefuhexal or cefuracet or cefurax or cefuril or cefuro-puren or cefurox-wolff or
cefuroxime 1 acetoxyethyl ester or cefuroxime axetil ester or cefutil or cekonin or
celocid or cepazine or cervin or cethixim or cetoxil or deltrox or elobact or froxime
or kalcef or magnaspor or mufexine or novador or oraxim or romicef or roxbi or
sharox-500 or sn 407 or sn407 or ximaken or zinat or zinnat or zonef or zoref).mp.

10-#7 or #8 or #9
11-exp PHARMACOKINETICS/
12-(body drug relation or drug body relation or kinetic profile or pharmaceutical kinetic

or pharmaco-kinetic or pharmacological kinetic or tissue concentration or blood
concentration or Plasma concentration or clearance or CL or distribution or
volume of distribution or VD or absorption or metabolism or excretion or maximum
concentration or Cmax or time to maximum concentration or Tmax or Ctrough or
area under the curve or AUC or half-life or half life or "t1/2" or trough concentration
or protein binding).mp

13-#11 or #12
14-exp Surgical wound infection/
15-(SSI or (surgical infection) or (surgical infections) or (infection, surgical) or (post-

operative wound infection) or (post-operative wound infections) ).mp.

16-#14 or #15
17-#3 and #6 and #10 and #13 (for CFX-PK)
18-#3 and #6 and #10 and #16 (for CFX-INF)
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Table 7.1: Cefuroxime pharmacokinetics and infection systematic reviews' inclusion and exclusion criteria.

Study

Population

Intervention

Outcomes

Cefuroxime PK

Inclusion

Quantitative study (randomised
controlled trial, controlled trial,
observational study, single case
study)

Published research
Pregnantwomen
18 yearsold orolder

Patients undergoing caesarean
sections (scheduled oremergency)

Administered cefuroxime
intravenously perioperative
caesarean section, with or without
other prophylactic antibiotics

At least one observed
pharmacokinetics parameter
including Maternal plasmaor adipose
tissue Cefuroxime concentration (i.e.,
clearance, area under the curve,
maximum concentration)

Exclusion

» Qualitative study (audit,
systematic review, literature

review, meta-analysis)

» Simulation/predicted study
with no observed/clinical data

» Patients undergoing some

other surgery

e Administered other

prophylactic antibioticsthan

cefuroxime

e Otheroutcomes (e.g., surgical
site infection rate, hospital

stay rate)

» Predicted pharmacokinetics

data

Cefuroxime SSI

Inclusion

Quantitative or qualitative
study (randomised controlled
trial, controlled trial,
observational study, audit)

Published research
Pregnantwomen
18 yearsold orolder

Patients undergoing
caesarean sections
(scheduled oremergency)

Administered single dose of
cefuroxime intravenously
perioperative caesarean
section, withoutother
prophylactic antibiotics

Any post-surgicalinfection
outcome ( including SSI)

Exclusion

» Single case study, systematic
review, literature review, meta-
analysis

» Simulation/predicted study with
no observed/clinical data

» Patients undergoingsomeother
surgery

e Administration of cefuroxime
with other prophylactic antibiotic

» Administered other prophylactic
antibiotics

» Multiple doses of Cefuroxime

e Otherformula (example
intramuscular)

o Other outcomes for example
hospital stay.
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Table 7.2: ClinPK Statement checklist scoring system for the studies assessed in the cefuroxime pharmacokinetics systematic review.
Adopted from (269)

section item checklistitem
number
Title/ | 1 The titleidentifies the drug(s) and patient population(s) studied
abstract | 2 The abstract minimally includes the name of the drug(s) studied, route of administration, populationin whomitwas studied, and results
of the primary objective and major clinical pharmacokinetic findings
Background | 3 Pharmacokinetic data (i.e. absorption, distribution, metabolism, excretion) that are known and relevantto the drugs being studied are
described
4 An explanation ofthe study rationaleis provided
5 Specific objectives or hypotheses are provided
Method | 6 Eligibility criteria of study participants are described
7 Co-administration (or lack thereof) of study drug(s)with other potentially interacting drugs or food within this study is described
8 Drug preparation and administration characteristics, including dose, route, formulation, infusion duration (ifapplicable), and frequency
are described
9 Body fluid or tissue sampling (timing, frequency, and storage) for quantitative drug measurement are described
10 Validation of quantitative bioanalytical methods used in the study are referenced or described ifapplicable
1 Pharmacokinetic modeling methodsand software used are described, including assumptions made regarding the number of
compartments and order ofkinetics (zero, first, or mixed order)
12 Forpopulation pharmacokinetic studies, covariates incorporated into pharmacokineticmodels are identified and described
13 Formulas for calculated variables (such as creatinine clearance, body surface area, AUC, and adjusted body weight) are providedor
referenced
14 The specific body weight used in drug dosing and pharmacokinetic calculationsare reported
(i.e. ideal body weightvs. actual body weightvs. adjusted body weight)
15 Statistical methods, including software used, are described
Results | 16 Study withdrawals or subjects lostto follow-up (orlack thereof) are reported
17 Quantification of missing or excluded datais provided ifapplicable
18 All relevantvariables that may explain inter- and intrapatient pharmacokinetic variability (including age, sex, end-organ function,
ethnicity, weightor BMI, health status or severity ofillness, and pertinent co-morbidities) are provided with appropriate measures of
variance
19 Results of pharmacokinetic analyses are reported with appropriate measures of precision (such as range or 95 % confidenceintervals)
20 Studies in patients receiving extracorporeal drug removal (i.e. dialysis) should reportthe mode of drug removal, type of fil ters used,
duration oftherapy, and relevantflow rates
21 In studies of drug bioavailability comparing two formulations ofthe same drug, F, AUC,
Cmax, and tmax should be reported
discussion/ | 22 Study limitations describing potential sources of bias and imprecision, where relevant,
conclusion should be described
23 The relevance of study findings (applicability, external validity)is described
other | 24 Funding sources and conflicts ofinterest for the authors are disclosed
information
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Table 7.3: ClinPK quality assessment result of cefuroxime pharmacokinetics systematicreview

Section Checklist (Bousfield et al. (Roumen et al. (Holtetal, 1994) (Lalic-Popovic
Item 1981) 1990) et al., 2016)
Number Score outof 40
Title/abstract 1 2 2 2 2
2 2 1 2 2
Background 3 2 1 2 2
4 2 2 2 2
5 0 0 1 2
Methods 6 2 2 2 2
7 1 2 1 2
8 2 2 2 2
9 2 2 2 2
10 2 2 2 2
1 0 2 2 1
12 1 1 1 2
13 0 0 2 2
Results 14 2 0 1 2
15 1 1 1 2
16 1 1 2 2
17 0 1 2 2
Discussion/c 18 0 1 0 1
onclusion
19 2 2 2 2
Other 20 0 0 0 2
information
Total mark 40 24 25 31 38

Table 7.4: Risk of bias assessment of cefuroxime post caesarean section systematic review
by the Cochrane Effective Practice and Organisation of Care checklist

Item Study
Kristensen et al., Rizk et al., 1998 Ziogosetal., 2010
1990
Judgment (Lowrisk, High risk, Unclear)

Adequate sequence generation? High risk Low risk Low risk
Allocation concealment? High risk Low risk Low risk
Blinding? High risk Low risk High risk
Incomplete outcome data addressed? Unclear unclear Unclearrisk
Free of selective reporting? Unclear Low risk Low risk
Free of other bias? Low risk Low risk Low risk
Baseline outcomes similar? Low risk Low risk Low risk
Free of contamination? Low risk Low risk Low risk
Baseline characteristics similar? Low risk Low risk Low risk
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Table 7.5: Quality assessment of studies included in cefuroxime post caesarean section
infection systematic review by Joanna Briggs Institute Critical Appraisal Checklist for
Randomized Controlled Trials

Item Study
Kristensen et Rizk et al., Ziogos et
al., 1990 1998 al., 2010
Judgment(Yes, No, Unclear, not
applicable)
1. Was true randomization used for assignment of No Yes Yes
participants to treatment groups?
2. Was allocation to treatment groups concealed? Unclear Yes Yes
3. Were treatment groups similar at the baseline? Yes Yes Yes
4. Were participants blind to treatment assignment? Yes Yes Yes
5. Were those delivering treatment blind to treatment Yes Yes No
assignment?
6. Were outcomes assessors blind to treatment Yes Yes No
assignment?
7. Were treatment groups treated identically other than the Unclear Yes Yes
intervention of interest?
8. Was follow up complete and if not, were differences Unclear Yes Yes

between groups in terms of their follow up adequately
described and analyzed?

9. Were participants analyzed in the groups to which they Unclear Yes Yes
were randomized?

10. Were outcomes measured in the same way for treatment Yes Yes Yes
groups?

11. Were outcomes measured in a reliable way? No Yes Yes

12. Was appropriate statistical analysis used? Yes Yes Yes

13. Was the trial design appropriate, and any deviations Yes Unclear Unclear

from the standard rct design (individual randomization,
parallel groups) accounted for in the conduct and
analysis of the trial?

207



Table 7.6: Summary of the terms used for the cefuroxime pharmacokinetic and infection systematic review in MEDLINE database.

abdominal delivery

¢ section (ob)
c-section (ob)
c-sections (ob)
caesarean section
caesarean sections
cesarean section
cesarean sections
deliveries, abdominal
delivery, abdominal
postcesarean section

208

caesarean birth
caesarian birth
caesarian section
cesarean delivery
cesarian section

electiverepeat cesarean section

fetectomy
repeated cesarotomy
sectio caesarea

Term Selected terms MeSH terms Keywords Boolean
term
Pregnant | Pregnancy gestation child bearing OR
pregnancies childbearing
pregnancy gravidity
intrauterine pregnancy
labor presentation
labour presentation
pregnancy maintenance
pregnancy trimesters
Pregnantwoman pregnantwoman Gravid OR
pregnantwomen
woman, pregnant
women, pregnhant
Pregnancy Complications  complication, pregnancy diseases complicating pregnancy OR
complications, pregnancy gestational complication
pregnancy complication pregnancy complications, cardiovascular
pregnancy complications pregnancy complications, haematologic
pregnancy complications, hematologic
pregnancy complications, infectious
pregnancy complications, neoplastic
pregnancy complications, parasitic
C-section | Cesarean Section abdominal deliveries birth,caesarean And




Term

Selected terms

MeSH terms

Keywords Boolean
term

Cefuroxime

Pharmacokin
etics

infection

Cefuroxime

cefuroxime axetil

Pharmacokinetics

Surgical wound infection

cefuroxime

cephuroxime
ketocef
Zinacef

drug kinetics
kinetics, drug
pharmacokinetics

infection, postoperative wound
infection, surgical site
infection, surgical wound
infections, postoperative wound
infections, surgical site
infections, surgical wound
postoperative wound infection

alporin or altacef or anaptivan or aprok or aprokamor OR
biocefal or cefoxurime or cefumax or (cefuroxime and

dextrose in duplex container) or cefuroxime sodiumor

ceplus or ceroxime or curocefor curoximor curoximaor
curoxime or eroxmitor froxal or fucerox or furoxime or

intracef or kefazol or kefurim or kefurox or kesintor laxinat
ormaxil or poliximaor prokamor sn 107 or supacefor

ucefaxim or ultroxim or uroxime or vekfazolin or zinacef

anikefor axetil e47 or axetine or axoril or axurocefor And
bearcef orcci 15641 or cci15641 or cefamar or ceflour or
cefogen or ceftil or ceftin or cefudura or cefuhexal or

cefuracet or cefurax or cefuril or cefuro-puren or cefurox-

wolff or cefuroxime 1 acetoxyethyl ester or cefuroxime

axetil ester or cefutil or cekonin or celocid or cepazine or

cervin or cethiximor cetoxil or deltrox or elobact or froxime

or kalcef ormagnaspor or mufexine or novador or oraxim
orromicefor roxbi or sharox-500 or sn 407 or sn407 or

ximaken or Zinat or zZinnat or zonef or zoref

body drug relation ordrug bodyrelation or Kinetic profile
(drug) or pharmaceutical kinetic or pharmaco-kinetic or
pharmacological kinetic or Tissue concentration or Blood
concentration or Plasmaconcentrationor clearanceor CL
ordistribution or volume of distribution or VD or absorption
or metabolism or excretion or maximum concentration or
Cmax or time to maximum concentrationor Tmax or
Ctrough or area under the curve or AUC or half-life or half
life or "t1/2" or trough concentration or protein binding

Ssi

surgical infection

surgical infections

infection, surgical

post-operative wound infection

post-operative wound infections
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Term

Selected terms

MeSH terms Keywords

Boolean
term

postoperative wound infections
surgical site infection

surgical site infections

surgical wound infection
surgical wound infections
wound infection, postoperative
wound infection, surgical
wound infections, postoperative
wound infections, surgical
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Table 7.7: the PRISMA Statement checklist for current study

Section/topic ‘ # ‘ Checklist item Reported on
page #

TITLE

Title | 1 I Identify thereportas a systematic review, meta-analysis, or both. Cover

ABSTRACT

Structured summary | 2 | Providea structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 1,2
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications
of key findings; systematic review registration number.

INTRODUCTION

Rationale Describe therationale for the reviewin the contextofwhat is already known.

Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).

METHODS

Protocoland 5 Indicateifa review protocolexists, ifand where it can be accessed (e.g., Web address), and, ifavailable, provide 56

registration registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, appendix
language, publication status) used as criteria for elig ibility, giving rationale.

Information sources | 7 Describe all information sources (e.g., databases with dates of coverage, contactwith study authors to identify 56
additional studies) in the search and date lastsearched.

Search 8 | Present full electronic search strategy for atleast one database, includingany limits used, such thatit could be appendix
repeated.

Study selection 9 | State the process for selectingstudies (i.e., screening, eligibility, included in systematic review, and, ifapplicable, 7
included in the meta-analysis).

Data collection 10 | Describe method of data extraction fromreports (e.g., piloted forms, independently, in duplicate) and any processes for | 7

process obtaining and confirming datafrominvestigators.

Data items 11 | List and defineall variables for which datawere sought(e.g., PICOS, funding sources) and any assumptions and 7
simplifications made.

Risk of bias in 12 | Describe methods used for assessing riskofbias ofindividual studies (including specification of whether this was done | 8

individual studies at the study or outcome level), and how this informationis to be used in any data synthesis.

Summary measures | 13 | State the principal summary measures (e.g., risk ratio, difference in means). 8
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Synthesis ofresults

14

Describe the methods of handling data and combiningresults of studies, ifdone, including measures of consistency
(e.g., 1) for each meta-analysis.

systematic review.

Risk of bias across 15 | Specify any assessmentofrisk of bias that may affect the cumulative evidence (e.g., publication bias, selective NA

studies reporting within studies).

Additional analyses | 16 | Describe methods ofadditional analyses (e.g., sensitivity or subgroup analyses, meta-regression), ifdone, indicating NA
which were pre-specified.

R

RESULTS

Study selection 17 | Givenumbers of studies screened, assessed for eligibility, and included inthe review, with reasons for exclusions at appendix
each stage, ideally with a flow diagram.

Study 18 | Foreach study, presentcharacteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and Table1,2

characteristics provide thecitations.

Risk of bias within 19 | Present data on risk of bias of each study and, ifavailable, any outcome level assessment (see item 12). appendix

studies

Results ofindividua | 20 | Forall outcomes considered (benefits orharms), present, for each study: (a) simple summary data for each intervention | Table1,2 and

studies group (b) effect estimates and confidenceintervals, ideallywith aforestplot. Figure2

Synthesis ofresults | 21 | Present results of each meta-analysis done, including confidenceintervals and measures of consistency. NA

Risk of bias across | 22 | Present results of any assessmentof risk of bias across studies (see Item 15). NA

studies

Additional analysis | 23 | Giveresults ofadditional analyses, ifdone (e.g ., sensitivity or subg roup analyses, meta-reg ression [see ltem 16D. NA

DISCUSSION

Summary of 24 | Summarize the main findings including the strength of evidence for each main outcome; consider theirrelevancetokey | 13-15

evidence groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g.,incomplete retrieval of 15
identified research, reporting bias).

Conclusions 26 | Provide a general interpretation oftheresults in the contextofother evidence, and implications for future research. 15

P
FUNDING
Funding 27 | Describe sources offunding for the systematic review and other support(e.g., supply ofdata); role of funders for the 16

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA
Statement. PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed 1000097
For more information, visit: www.prisma-statement.org.
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7.1.2 Appendix of Cefazolin pharmacokinetics systematic review and Meta-

analysis and rate of infection post Caesarean section.

7.1.2.1 Appendix S2: Search Strategy (example from Medline)

1-
2-

10-
11-

12-
13-
14-

15-
16-
17-

18-

exp Pregnancy/ or exp PREGNANT WOMEN/ or exp Pregnancy Complications/
(Gravid or child bearing or childbearing or gravidity or intrauterine pregnancy or
labor presentation or labour presentation or pregnancy maintenance or
pregnancy trimesters or diseases complicating pregnancy or gestational
complication or pregnancy complications, cardiovascular or pregnancy
complications, haematologic or pregnancy complications, hematologic or
pregnancy complications, infectious or pregnancy complications, neoplastic or
pregnancy complications, parasitic).mp.
#1 or #2
exp Cesarean Section/
(birth,caesarean or caesarean birth or caesarian birth or caesarian section or
cesarean delivery or cesarian section or elective repeat cesarean section or
fetectomy or repeated cesarotomy or sectio caesarea).mp.
#4 or #5
exp PHARMACOKINETICS/
(body drug relation or drug body relation or kinetic profile or pharmaceutical
kinetic or pharmaco-kinetic or pharmacological kinetic or tissue concentration or
blood concentration or Plasma concentration or clearance or CL or distribution
or volume of distribution or VD or absorption or metabolism or excretion or
maximum concentration or Cmax or time to maximum concentration or Tmax or
Ctrough or area under the curve or AUC or half-life or half life or "t1/2" or trough
concentration or protein binding).mp
#7 or #8
exp Surgical wound infection/
(SSI or (surgical infection) or (surgical infections) or (infection, surgical) or (post-
operative wound infection) or (post-operative wound infections) ).mp.
#10 or #11
exp Obesity/ or exp overweight/
(Obese or High BMI or High body mass index or adipose tissue hyperplasia or
adipositas or adiposity or alimentary obesity or (body weight, excess) or fat
overload syndrome or nutritional obesity or obesitas or (BMI 30 kg/m2) or (BMI
30 kg m2) or (body mass index 30 kg/m2) (body mass index 30 kg m2)).map
#13 or #14
exp CEFAZOLIN/
((ancef in dextrose 5%) or Ansef or anzolin or basocef or biozolin or cefacidal
or cefamezine or cefarad or cefazin or cefazol or (cefazolin and dextrose) or
cefazolina or cefazoline or (cefazoline panpharma) or celmetin or cezolin or
elzogram or faxilen or fazolin or fonvicol or izacef or kefarin or kefazin or
kefazolin or kezolin or kofatol or kurgan or lupex or oricef or orizolin or reflin or
sanzol or stancef or stazolin or surzolin or uzolin or vulmizolin or zaconil or
zolecef or zolicef or zolidina).mp.
#16 or #17
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19- #3 and #6 and #9 and #15 and #18 (for CFZ-PK)
20- #3 and #6 and #12 and #15 and #18 (for CFZ-INF)
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Table 7.8: Cefazolin pharmacokinetics and infection systematic reviews' inclusion and exclusion criteria.

Study

Population

Intervention

Outcomes

Cefazolin PK

Inclusion

Quantitative study (randomised
controlledtrial, controlledtrial,
observational study, single case
study)

Published research

Pregnantwomen

18 yearsold or older

BMlis 30 or above

undergoing caesarean sections
(scheduled oremergency)
Administered Cefazolin
intravenously pre-caesarean
section, with or without other
prophylactic antibiotics

Atleastone observed
pharmacokinetics parameter
including Maternal plasma or
adipose tissue cefazolin
concentration(i.e., clearance,
area under the curve, maximum
concentration)

Exclusion

e (Qualitative study (audit,
systematic review, literature
review, meta-analysis)
Unpublishedresearch
Simulation/predicted study
with no observed/clinical data

e Patients undergoing some
other surgery

e Administered other

prophylactic antibiotics

e Other outcomes (e.g., surgical

site infection rate, hospital
stay rate)

e Predicted pharmacokinetics

data

Cefazolin INF

Inclusion

Quantitative or qualitative
study (randomised controlled
trial, controlledtrial,
observational study, audit)
Published research

Pregnantwomen
18 years old or older
BMlis 30 or above
undergoing caesarean sections
(scheduled oremergency)
Administered single dose of
Cefazolinintravenously pre-
caesarean section, without
other prophylactic antibiotics

Any post-surgical infection
outcome ( including SSI)

Exclusion

Single case study, systematic
review, literaturereview,
meta-analysis
Simulation/predicted study
with no observed/clinical data

Patients undergoing some
other surgery

Administration of cefazolin
with other prophylactic
antibiotic

Administered other
prophylactic antibiotics
Multiple doses of cefazolin
Other formula (example
intramuscular)

Other outcomes forexample
hospital stay.
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Table 7.9: Summary of the terms used for the cefazolin pharmacokinetic and surgical site infection systematic review in the MEDLINE

database.
Term Selected terms MeSH terms Keywords Boolean term
Pregnant Pregnancy gestation child bearing OR
pregnancies childbearing
pregnancy gravidity
intrauterine pregnancy
labor presentation
labour presentation
pregnancy maintenance
pregnancy trimesters
Pregnantwoman pregnantwoman Gravid OR
pregnantwomen
woman, pregnhant
women, preghant
Pregnancy Complications complication, pregnancy diseases complicating pregnancy AND
complications, pregnancy gestational complication
pregnancy complication pregnancy complications, cardiovascular
pregnancy complications pregnancy complications, haematologic
pregnancy complications, hematologic
pregnancy complications, infectious
pregnancy complications, neoplastic
pregnancy complications, parasitic
Obese Obesity appetite depressants Obese
body weight High BMI
diet, reducing High body mass index
skinfoldthickness
lipectomy
anti-obesity agents
bariatrics
overweight adiposetissue hyperplasia
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adipositas

adiposity [MeSH Descriptor]
alimentary obesity

body weight,excess

fat overload syndrome
nutritional obesity

obesitas

BMI 30 ka/m?

bmi 30 kg m2



Term Selected terms MeSH terms Keywords Boolean term
body mass index 30 kg/m2
body mass index 30kg m2
C-section Cesarean Section abdominal deliveries birth,caesarean And
abdominal delivery caesarean birth
c section (ob) caesarian birth
c-section (ob) caesarian section
c-sections (ob) cesarean delivery
caesarean section cesarian section
caesarean sections electiverepeat cesarean section
cesarean section fetectomy
cesarean sections repeated cesarotomy
deliveries, abdominal sectio caesarea
delivery, abdominal
postcesarean section
Cefazolin Cefazolin ancef (ancefin dextrose 5%) or Ansef or anzolin or basocefor OR
cefamedin biozolin or cefacidal or cefamezine or cefarad or cefazin or
cefamezine cefazol or (cefazolin and dextrose) or cefazolinaor
cefazolin cefazoline or (cefazoline panpharma) or celmetin or cezolin
cefazolin sodium or elzogram or faxilen orfazolin or fonvicol orizacefor
cephamezine kefarin or kefazin or kefazolin or kezolin or kofatol or
cephazolin kurgan orlupex or oricefor orizolinorreflin or sanzol or
cephazolin, sodium stancefor stazolin or surzolin or uzolin or vulmizolin or
gramaxin zaconil or zoleceforzoliceforzolidina
kefzol
sodium, cefazolin
sodiumcephazolin
totacef
Pharmacoki | Pharmacokinetics drug Kinetics body drug relation or drug bodyrelation or kinetic profile
netics Kinetics, drug (drug) or pharmaceutical kinetic or pharmaco-kinetic or
pharmacokinetics pharmacological kinetic or Tissue concentration or Blood
concentration orPlasmaconcentrationor clearanceor CL
ordistribution or volume of distribution or VD or absorption
or metabolism or excretion or maximum concentrationor
Cmax or time to maximum concentrationor Tmax or
Ctrough or area under the curveor AUC or half-life or half
life or "t1/2" ortrough concentration or protein binding
infection Surgical wound infection infection, postoperative wound SSi

infection, surgical site

surgical infection



Term

Selected terms

MeSH terms

Keywords

Boolean term

infection, surgical wound
infections, postoperative wound
infections, surgical site
infections, surgical wound
postoperative wound infection
postoperative wound infections
surgical siteinfection

surgical site infections

surgical wound infection
surgical wound infections
wound infection, postoperative
wound infection, surgical
wound infections, postoperative
wound infections, surgical
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surgical infections

infection, surgical
post-operative wound infection
post-operative wound infections



Table 7.10: ClinPK quality assessment result of cefazolin pharmacokinetics systematic review

Section Checklist Pevzneret Stitelyetal., Maggioet Swanketal. Youngetal., Krametal, Groffetal,
item al., 2011 2013 al., 2015) 2015 2015) 2017) 2017)
number Score out of 40
Title/Abstract | 1 2 2 2 2 2 2 2
2 2 2 2 2 2 2 2
Background | 3 0 1 1 1 1 0 1
4 2 2 2 2 2 2 2
5 2 2 2 1 1 2 2
Methods 6 2 2 2 2 2 2 2
7 1 2 2 1 2 2 2
8 2 2 2 2 2 2 2
9 2 2 2 2 2 2 2
10 2 2 2 2 2 2 2
11 1 2 1 2 2 1 1
12 2 2 2 2 2 2 2
13 2 2 2 2 2 2 2
Results 14 2 2 2 2 2 2 1
15 2 2 2 1 2 2 1
16 2 2 1 2 2 2 1
17 2 2 1 2 2 2 1
Discussion/ 18 1 2 2 2 2 2 2
Conclusion 19 2 2 2 2 2 2 2
Other 20 2 2 2 0 2 2 2
Information
Total Mark 40 35 39 36 35 38 37 34
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Table 7.11: Risk of bias assessment of cefazolin post caesarean section infection systematic
review by the Cochrane Effective Practice and Organisation of Care checklist

Item Study
Pevzner et Stitely et al., Ahmadziaet Maggioetal.,
al., 2011 2013 al., 2015 2015
Judgment(Lowrisk, High risk, Unclear)

Adequate sequence generation? High risk Low risk High risk Low risk
Allocation concealment? High risk High risk High risk Unclear
Blinding? High risk High risk High risk Low risk
Incomplete outcome data addressed? High risk Unclear Low risk Low risk
Free of selective reporting? Low risk Unclear Low risk Low risk
Free of other bias? Low risk Unclear Low risk Low risk
Baseline outcomes similar? Low risk Low risk Low risk Low risk
Free of contamination? High risk High risk High risk High risk
Baseline characteristics similar? Low risk Low risk High risk Low risk

Table 7.12: Quality assessment of studies included in cefazolin post caesarean section
infection systematic review by Joanna Briggs Institute Critical Appraisal Checklist for
Randomized Controlled Trials

Item Study
Pevzner Stitely et Ahmadzia Maggio et
et al,, al., 2013 et al., al., 2015
2011 2015
Judgment(Yes, No, Unclear, notapplicable)
1. Was true randomization used for assignment of NA Yes NA Yes
participants to treatment groups?
2. Was allocation to treatment groups concealed? NA No NA Yes
3. Were treatment groups similar at the baseline? Yes Yes No Yes
4. Were participants blind to treatment NA No NA Yes
assignment?
5. Were those delivering treatment blind to NA No NA Yes
treatment assignment?
6. Were outcomes assessors blind to treatment NA No NA Yes
assignment?
7. Were treatment groups treated identically other NA Unclear No Unclear
than the intervention of interest?
8. Was follow up complete and if not, were No Unclear Yes Yes

differences between groups in terms of their
follow up adequately described and analyzed?

9. Were participants analyzed in the groups to NA Yes NA Yes
which they were randomized?

10. Were outcomes measured in the same way for Yes Yes Yes Yes
treatment groups?

11. Were outcomes measured in a reliable way? Yes Yes Yes Yes

12. Was appropriate statistical analysis used? Yes Yes Yes Yes

13. Was the trial design appropriate, and any NA Yes NA Yes

deviations from the standard rct design
(individual randomization, parallel groups)
accounted for in the conduct and analysis of the
trial?
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Table 7.13: the PRISMA Statement checklist for cefazolin systematic review and meta-analysis

Section/topic ‘ # ‘ Checklist item Reported on
section #

TITLE

Title | 1 I Identify thereportas a systematic review, meta-analysis, or both. Section 2.2

ABSTRACT

Structured summary 2 | Providea structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, NA
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications
of key findings; systematic review registration number.

INTRODUCTION

Rationale Describe therationale for the reviewin the contextofwhat is already known. NA

Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 14
outcomes, and study design (PICOS).

METHODS

Protocoland 5| Indicateifa review protocolexists, ifand where it can be accessed (e.g., Web address), and, ifavailable, provide Section

registration registration information including registration number. 2222

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length offollow-up) and report characteristics (e.g., years considered, appendix
language, publication status) used as criteria foreligibility, givingrationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify Section
additional studies) in the search and date lastsearched. 2221

Search 8 | Present full electronic search strategy for atleast one database, includingany limits used, such thatit could be appendix
repeated.

Study selection 9| State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, ifapplicable, Section
included in the meta-analysis). 2223

Data collection 10 | Describe method of data extraction fromreports (e.g., piloted forms, independently, in duplicate) and any processes for | NA

process obtaining and confirming datafrominvestigators.

Data items 11 | List and define all variables for which datawere sought(e.g., PICOS, funding sources) and any assumptions and Section
simplifications made. 2225

Risk of bias in 12 | Describe methods used for assessing riskofbias ofindividual studies (including specification of whether this was done | Section

individual studies at the study or outcome level), and how this informationis to be used in any data synthesis. 2226

Summary measures | 13| State the principal summary measures (e.g., risk ratio, difference in means). Section

2229
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Synthesis ofresults

Risk of bias across
studies

14

15

Describe the methods of handling dataand combining results of studies, ifdone, including measures of consistency
(e.g., 1) for each meta-analysis.

Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective
reporting within studies).

Section
2229

NA

Additional analyses

16

Describe methods ofadditional analyses (e.g., sensitivity or subgroup analyses, meta-regression), ifdone, indicating
which were pre-specified.

Section2.2.2.9

R
RESULTS
Study selection 17 | Givenumbers of studies screened, assessed for eligibility, and included inthe review, with reasons for exclusions at appendix
each stage, ideally with a flow diagram.

Study 18 | Foreach study, presentcharacteristicsfor which data were extracted (e.g., study size, PICOS, follow-up period)and Table 2.6

characteristics providethecitations.

Risk of bias within 19 | Present data on risk of bias of each study and, ifavailable, any outcome level assessment (see item 12). appendix

studies

Results ofindividua 20 | Forall outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each Table 2.6

studies intervention group (b) effect estimates and confidence intervals, ideally with aforestplot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. Sections
2233 and
2235

Risk of bias across 22 | Present results of any assessmentof risk of bias across studies (see Item 15). NA

studies

Additional analysis 23 | Giveresults ofadditional analyses, ifdone (e.g., sensitivity or subgroup analyses, meta-regression [see ltem 16]). Sections
2233 and
223.3.1.1

DISCUSSION

Summary of 24 | Summarize the main findings including the strength of evidence for each main outcome; consider theirrelevance to Section 2.2.4

evidence key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations atstudy and outcomelevel (e.g., risk ofbias), and at review-level (e.g.,incomplete retrieval of Section

identified research, reporting bias). 2245

Conclusions 26 | Providea general interpretation of the results in the contextof other evidence, and implications for future research. Section 2.2.5

FUNDING

Funding 27 | Describe sources offunding for the systematic review and other support(e.g., supply ofdata); role of funders for the NA

systematic review.
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7.2 Appendix of Chapter 4 “Observational Study to Assess the
Pharmacokinetics of Cefuroxime and its Prophylactic Efficacy in Obese
Pregnant women after Caesarean Section (C-LACE)”

7.2.1 Appendix of the published Protocol “Prophylactic Perioperative
Cefuroxime Levels in Plasma and Adipose Tissue at the Time of
Caesarean Section (C-LACE): A Protocol for a Pilot experimental,
prospective study with non-probability sampling to determine
interpatient variability.”

7.2.1.1 Additional file 1
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UNIVERSITYOF INHS|
B BIRMINGHAM Birmingham Women's

and Children’s
NMS Foundation Trust

UNIVERSITYO¥ INHS|
E BIRMINGHAM Birmingham Women's
and Children’s

NHS Foundation Trust

CONSENT FORM for the participant {32} Participant name:
C-LACE: Cefuroxime Levels After Caesarean Section Signature: Date:

Participant Study ID Number:

Please initialbox Name of person taking consent:

| confirmthat | have read and understood the Participant information sheet (v0.2 Sidinatirs: Date:
16-09-2019) for the above study. ignature: ate:

| have had the opportunity to ask questions and all my questions have been

s : Original copy for the study sitefile. one copy for the medical records and one for the participant
answered to my satisfaction.

IRASH# 244803 Informed Consent Form v0.4 18" December 2019

| understand my participation is voluntary and thatlam free to withdraw at any
time, without giving any reason, without my medical care or legal rights being
affected.

| understand that sections of my medical notes may be reviewed by responsible
individuals from Birmingham Women’s Hospital, University of Birmingham as
Sponsor or regulatory authorities, where it is relevant to my taking part in
research. |give permission for these individuals to have access to these records.

| Agree to my medical records being accessed to share the following information

aboutme (in an anonymised format) with the University of Birmingham (ethnicity;
height; weight; site from where sample(s) removed; Caesarean Section operative
information; follow up information).

| agree to the collection of blood samples and tissue samples taken during
Caesarean Section and for these samples to be transported and stored at the
University of Birmingham for use in this research project.

| agree to being contacted by a research midwife from Birmingham Women's
Hospital by telephone 30-40 days after my Caesarean Section and being asked
questions about whether | have had an infection as a result of my C-section.

The procedures regarding confidentiality have been clearly explained to me (e.g.
anonymization of data, efc.).

| acknowledge that the data will be stored at the University of Birmingham for
period of 10 years and Birmingham Women's Hospital for 25 years in line with
local Hospital policy, with the access restricted only to the research team.

10 | The use of the data in research, publications has been explained to me. [ will not
be mentioned by name in any publications as the data will be coded and non-
identifiable.

11 | | agree to my personal information being collected and processed for the purpose
of the study in accordance with General Data Protection Regulation (GDPR).

12 | | agree to participatein this study.

13 | OPTIONAL: | agree to any remaining tissue to be used in other research at the
University of Birmingham with the relevant ethical approval. | understand that this
will be a donation from me to the University of Birmingham.
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UNIVERSITYO¥ INHS|
E BIRMINGHAM Birmingham Women's
and Children’s

NHS Foundation Trust

Sample collection at C-Section {33}

The clinical care team will use the following forms: Operation Form and Discharge Form torecord the time
of cefuroxime administration, dose administered, type of anaesthesia used, blood loss and other
information (see documents/appendixes). Five samples will be collected: 1 blood sample at time of skin
incision, 1 blood sample at time of skin closure, 1 blood sample at recovery room, 1 adipose tissue sample
(approximately 1 cm from the skin in the middle of the Pfannesnstiel or vertical midline incision) at skin
incision and one adipose tissue sample just prior to skin closure.

The first sample of blood will be taken at time of skin incision. After the operation, take another blood
sample will be collected as close to the time of delivery as possible and the final blood sample will be taken
in the recovery room. The samples will either be taken from a cannula inserted in the participant’shand via
a cannula, or taken by a very small ‘butterfly’ needle from the participant’s hand or foot. Ifthe samples are
taken from their foot this will be numb from the anaesthetic and will not hurt. The research team will
discuss with the participant how best to take these samples in line with their personal preferences.

Just before your baby is delivered, we will ask your doctor to remove a small amount of the fatfrom under
the skin on your tummy. This will be a very small amount (about the size of a 50p coin). During your C-
section, you will have an anaesthetic so you should not feel any pain. Your doctor will deliver the baby and
placenta then stich the womb. Just before your skin is stitched, your doctor will remove a second 50p sized
sample of fat. Taking these small fat samples will take less than a minute each so the overall procedure is
only a maximum of two minutes longerthan without the fat samples.

The securely sealed specimen sample tube will be labelled with the participant identification number which
will correspond to the details held on the background information (Sample Label). These samples will be
stored refrigerated as soon after collection as possible by the laboratories at Birmingham Women’s and
Children’s Hospital NHS Foundation Trust and all samples will be couriered within a cool box (on ice) to the
University of Birmingham (using an approved courier for transport of human samples). Prior to any human
tissue transport, all human tissues will be packed into a sealed container, and labelled with the following
information: Human Tissue Sample, Sample Reference Number, Tissue type, details of medium/
preservative, date of packing.

Upon arrival at the University the samples will be handled according to the University of Birmingham Health
and Safety Guidance (GUIDANCE/26/WHBFT/14) and in accordance with the HTA and local procedures.
Samples will be stored at the University of Birmingham in dedicated locked areas of -80°C freezersthat are
suitable for storage of human samples.

At the University of Birmingham, the process of characterisation will be performed within a laboratory
settings on batches of samples. SOPs are in place for subsequent processing of samples. The work at the
University of Birmingham will be conducted within the Pharmaceutics Laboratory in the Sir Robert Aitken
building. The facilities are HTAcompliant.

Sample Storage and Destruction

Local storage of samples at Birmingham Women'’s Hospital will be managed by the Laboratory R&D team
where samples will be refrigerated upon receipt and then packaged appropriately for transfer to the
University of Birmingham using an approved courier.

All human tissue will be packed into a sealed container prior to transport and labelled with the following
information:

Human Tissue Sample
Sample Reference Number:
Tissue Type:
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Details of medium/preservative if applicable: Note that no preservative will be used for these samples.
Date of packing:
UN 3373 warning label

The container will then be packed into a box and labelled with an approved human tissue sample hazard
warning label = UN 3373.

Samples will be stored atthe University of Birminghamin appropriate freezer boxes within a -80°C locked
freezer in compliance with the HTA legislation. Each freezer box will be labelled with: (i) the name of the
researcher; (i) the PI’s name; (iii) the study name; (iv) the study ethics reference number; (v) the date the
trial began; (vi) the sample type in the box; (vii) the latest date by which the contents of the box must be
destroyed/disposed of. Each sample will be labelled with the study identification number (which will not
include any personal details of the participant).

The researchteam have requested consent to store any remaining tissue that is left over after this study
touse for other research atthe University of Birmingham. This further research will require approval from
a research ethics committee. If no further researchis planned and the samples need to be discarded this
will be undertaken by placing samples into double autoclave bags and sent for autoclaving. Autoclaved
waste will then be placed into yellow clinical waste bags and marked for incineration.

Sample Handling in the laboratory

Human samples will be handled according to the University of Birmingham Health and Safety Guidance
(GUIDANCE/26/WHBFT/14) and in accordance with the HTA and local procedures. Samples will be stored
at the University of Birmingham in dedicated locked areas of -80°C freezersthatare suitable for storage of
human samples.

University of Birmingham Health and Safety Policy (UHSP/9/BS/14) requires that risk assessment of all work
with biological materials must be carried out in advance of work commencing. This work was submitted to
the University of Birmingham Advisory Group for the Control of Biological Hazards “Measuring cefuroxime
concentrationin human plasma and adipose tissue” - Ref: AG 16_03 (approved in May 2018).

All work will be conducted within ADCP level 2 containment. As per standard laboratory practice the
researcherwill wear laboratory coat and nitrile gloves when handling human samples.

Chemgene HLDAL for disinfection validated to BS EN 14476:2005 will be used to clean all apparatus both
prior to and following contact with the human samples used within this study. This will be diluted to 1:20
(with deionised water) to ensure that there is no risk of contamination due to contact with human samples.

Human blood and tissue will be kept in-80°C freezers, which will be located in a room with limited access
to authorised staff. These freezersare specified for human tissue storage only (not animal origin).

Methodology for characterisation of samples collected

The concentration of cefuroxime in blood and adipose tissue will be quantified using standard laboratory
methods. Full methodology is available as SOPs within the pharmacy research laboratory.
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C-LACE ScreeningForm

Section 1 - Details of the Participant
Initialsof the woman: First, Middle, Last ‘ ’Date of Birth: e.g. 37-JAN-1997 - -

Section 2 - Screenings

Inclusion Checklist
Age of woman isbetween 18 yearsto 50 years? Tick one (ONo O Yes
With a singleton pregnancy? Tick one ONo O Yes
Having an elective Caesarean Section? Tick one (ONo O Yes
Caesarean scheduled forat 37 weeks orover (237weeks)? Tick one ONo O Yes
With no known allergy to cefuroxime,cephalosporinorpenicilin? 7ick one ONo O Yes
Exclusion Checklist
Previously had an infection following a Caesarean Section? Tickone ONo O Yes
Body Mass Index (BMI)less than18 kg/m?atfirst pregnancy appointment? Tick one ONo O Yes
Body Mass Index (BMI) greaterthan or equal to 45kg/m? at first pregnancy appointment? 7ick one ONo O Yes
Currently enrolled inan RCT foran intervention to reduce post-operative surgical site infection? 7ick one ONo O Yes
Has Diabetes(type 1, Type 2 orgestation)? 7ick one QNo O Yes
Diagnosed with Hypertension? Tick one (ONo () Yes
Diagnosed with renal disease? Tickone ONo O Yes
Has a CardiovascularDisease (eg. Matemal structural cardiac disease)? 7ick one ONo OYes
Has liverdisease? Tickone ONo O Yes
Has inflammatory bowel di (eg Crohn’sdi or ulcerative colitis)? Tickone No () Yes
Prior laparotomy forany indication (eg. Previousovarian cystectomy orbowelsurgery)? Tick one ONo O Yes
Suspected pre-existing infection (including Chorioamnionitis)? 7ick one ONo O Yes
Has autoimmune disease (eg SLE, Rheumataid arthritis)? Tick one OnNo O Yes
Chronic use of corticosteroid? Tick one ONo () Yes
History of wound breakdown in an abdominal surgery? T/ck one ONo O Yes
If this form was completed more than 1 week pre CS please do not answer this question: Administration ONo O vYes

of antibiotic within 1 weekprior to delivery?

Please note: if any of the shaded boxes above are ticked, then the womanisineligible to take partin thisstudy. Please sign and date the form. If
the women is eligible then please providethe participant information sheet to the woman.

Does the womanwish to take partin C-LACE study? ONo O Yes
Section 3 - Form Completion Details
Full name of person completing form: Signature of person completing form: Date:
IRAS#244803

226



UNIVERSITYO¥ NHS

Birmingham Women's
BIRMINGHAM "9a nd Children‘s

NHS Foundation Trust

C-LACE BaselineForm|

Section 1 - Participant Details
Participant Trial No:

Section 2 - Baseline Demographics

Booking BMI: . kg/m? Booking Weight: . kg Height: cm
Booking BMI: BMI at time of booking CS Booking weight: BMI at time of booking CS

Ethnicity: Tickone

(" British European (| Irish European (| EastEuropean | North European | ISouth European | |West European

(" INorth African | Sub-Saharan African | Middle Eastem | lIndian | | Pakistani [ | Bangladeshi | | Chinese
() OtherFarEast | ) South EastAsia | Caribbean ( iOher | Declinedto give information

\_/

Section 3 - Pre-pregnancyMedical Conditions and PregnancyHistory

Please tick NO if the conditionsdo not apply.

Whatis the woman's paiity? e.g. 07, 02, efc. l___”__’ ‘N[nan of previous caesarean sections? | )0 | 1 1( 12 [ 13 (1 >4

J /

Has the woman everhad any otheropen abdominal surgery (excludingcaesarean section)? Tickone (_) No i') Yes

If YES, please specify:

Section 4 - This Pregnancy
Egtimated Date of Delivery: e.g. 37-JAN-2019 - -

Section 5 - Smoking, Drugs &Alcohol Use

Was the woman an ongoing smoker at booking in thispregnancy? Tickone O No O Yé§

Has the woman used non prescribed recreational drugs in this pregnancy (e.g. cocaine)? Tick one (“) No

N\
L Yes

If YES, please specify

Has the woman consumed alcohol inthispregnancy? Tick one CiNo  ( iYes " IFYES, how many unitsperweek? ___ units

Section 6 - Form Completion Details

Full name of person completing form: Signature of person completing form: Date: e.g. 31-JAN-2017

IRAS#244803
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C-LACE eligibility reassessment form

PLEASE complete this within 24H pre CS

Section 1 - Participant Details

Participant Study ID number:

Section 2 — Current BMI
Current BMI: . kg/m2 Curmrent Weight: kg Height: cm

Section 3 — Eligibility re-assessment

Inclusion Checklist
Having an elective Caesarean Section? Tickone (ONo O Yes
Caesarean scheduled forat 37 weeks or over (237weeks)?? Tick one ONo O Yes
With no known allergy to cefuroxime, cephalosporinorpenicilin? Tick one Ono O Yes
Exclusion Checklist
Curmrently enrolled inan RCT foran intervention to reduce post-operative surgical site infection? 7ick one ONo () Yes
Current Body Mass Index (BMI)less than orequal to 18kg/m?? Tick one ONo (O Yes
Current Body Mass Index (BMI) greaterthan or equalto 45ky/m?®? Tick one ONo O Yes
Has Diabetes(type 1, Type 2 orgestation)? Tick one (ONo () Yes
Has pregnancy induced hypertension? Tick one (ONo () Yes
Has a CardiovascularDisease (eg. Matemal structural cardiac disease)? Tick one ONo O Yes
Has Renal dissase? Tick one ONo OYes
Has Liverdisease? Tickone (ONo O Yes
Has suspected pre-existing infection (including Chorioamnionitis)? 7Tick one ONo O Yes
Has received an antibioticinthe past 1 weekprior to delivery? ONo O Yes
Please note:if any of the shaded boxes above are ticked, then the womanis ineligible to take part in thisstudy. Please sgn and date the form.

Section 4 - Form Completion Details

Full name of person completing form: Signature of person completingform: Date:

IRAS#244803
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C-LACE OperationForm|

Section 1 - Participant Details
Participant Study ID Number:

Section 2 — Currentweightand height
Current Weight: kg Height: cm Gestational age in weeksat time of CS Weeks

Drug Name/ Strength Dose Frequency Route Starting Date Discontinuation date Comments
e.g:

o1 @ = = =

02 - = - .

03 & = = e

Ifmore than 4 medicines,
- - complete this table and tick

this box( ,\,'

04

Section 4 - Details of the Caesarean Section

Was the Caesaran section perfformed inlabour? Tickone | |No Yes IFYES, howmanycmdilated? _______cm

Did the woman have rupture of membranesbefore the caesarean section? Tickone | 1 No (i Yes
If YES, date of rupture of membranes: - - Time of rupture of membranes: 2451
Type of anaesthesia Tick one (') General :’ “IRegional Time of administration of anesthesia 2451
Any additional fluid administered e.g. |V isotonic fluid? ) No ()Yes Type of the fluid :g. |V isotonic fluid
Edtimated fluid administrated: mls Estimated bloodloss: mis

Section 5: Prophylactic antibiotic administration:

Drug Name: Dose : Frequency Route Exact time of Timing from ad ministration to Comments
e.g 1500 antibiotic given knife to skin incision e.g 30 min
e.g Cefuroxime mg egonce | eglV | 24h prior Skin incision or 60min
post Skin closure

o1 E

02 )

03 _

Ifmore than 4 antibiotics,
= complete this table and tick this

box ‘(J

04

IRAS#244803
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Section 6 - Operation Details

Date of CS decision: e.g.31-JAN-2019 = = Time of CS decision: 24 h -

w

Timeknife to skin: 24 h -
Date of knife to skin: e.g.31-/AN-2019 - -

Time of knifeto uterus: 24 h -
Date of knife to uterus: e.g.31-JAN-2019 - -

Time baby delivered: 24 h -
Date baby delivered: ¢.5.31-JAN-2019 - -

Time placenta delivered: 24 h -
Date placenta delivered: e.g.31-JAN-2019 - -

Date Skin Closure: e.g.31-JAN-2019 - - Time skin closure skin: 24 h =

Time out pftheatre: 24h -
Date woman out of theatre: e.g.31-JAN-2019 - -

Abdominal incision Tick one ) Midline | iTransverse Thickness of adipose tissue cm | Estimate | | Measured

7

Uterine incision: Tickone | | lower segment | Classical | Tshaped [ |Extension into upper

Section 7 - Details ofsamples collected

Sample  Type of sample Site of fat tissue collected Date taken e.g.31-JAN- Time taken Time within CS Tick one
number 2019 24 h
1 (" JBlood sample O at time of skin incision
(") attime of skin dosure
2 ‘:i-:‘,‘ Blood sample O at time of skin incision
() attime of skin dosure
2 ’\-' Blood sample 2 = 2 Q during recovery
3 L-) adipose tissue (_' upper segment of fatlayer O at time of skin incision
[ ) middle segmentof fat () attime of skin dosure
sample layer _ ¥ .
[_‘,J lower segment of fat layer
4 ‘:-) adipose tissue ‘:-:f' upper segment of fatlayer O at time of skin incision
() middle segmentof fat (") attime of skin dosure
sample layer R

‘ :' lower segment of fat layer A = -

Section 10 - Form Completion Details

Full name of person completing form: Signature of person completing form: Date: e.g. 37-JAN-2019

IRAS#244803
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C-LACE Trial Discharge

Section 1 - Participant Details
Patienttrial No:

Section 2 - Discharge Details
Discharge date: e.g. 371-JAN-2017

Discharge time: 24hr

Section 3 - Antibiotics

Was the woman prescribed a course of antibioticspostnatally? Tick one C:I No {'f) Yes
If No, please go to Section 4, If YES, complete the following regarding antibioticsgiven postnatally
Drug Name/ Dose c.g 1500 | Frequency =.; = Route =.g./\/ Starting Date =.g. 31-/A\-| Discontinuation date ¢.g. Comments
Strength eg: c.g mg twice 2019 31-JAN-2019
Cefuroxime
1 DD-MMM-Y XYY ¥ | DD-MMM-Y Y Y ¥
2

If more than 2 antibictic, complete
this table and tick this box' :'

Was the woman discharged on antibiotics? Tick one | 'No [ \Yes

\

Were the antibioticsused fora suspected/confirmed surgical site infection (e.g. uterine, pelvic, abdominal wound, perineal)? Tick one

L) No [ Yes
If the discharge antibioticare asreported in table above, please go to section 4; if the discharge antibioticdifferent from reported antibioticin
table above, then complete thistable regarding discharge antibiotic
Drug Name/ Dose . 1500 | Frequency =.g | Route c.g. /\/ |Starting Date ¢.g. 31-/A/N- | Discontinuation date = g. Comments
Strength eg: c.g mg twice 2019 31-JAN-2019
Cefuroxime
1 DD-MMM-YYY ¥ | DD-MMM-Y Y Y Y
2

If more than 5 antibiotic, complete

\
this table and tick this box '

Section 4 - Suspected or Confirmed Infection

Did the woman develop a fever (238°C) during herinpatientstay? 7ick one 1 No; Temp <38°C lf"',' Yes; Temp238°C

uterus/pelvis? Tick one

Was an infection suspected and/or confirmed in the

p

T No () Yes|

atemal concem

| Clinical concem
[ 1Both

If YES, was infection prompted by matemal and/or clinical concem? Tick one
Om

Was an infection suspected and/or confirmed in the
abdominal wound? Tick one

U No [ Yes

/

Tial

I Matemal concem

inical concem

) Both

If YES, was infection prompted by matemal and/or clinical concem? Tick one

perineum? Tick one

Was an infection suspected and/or confirmed in the

" No 'jf' Yes

I Matemal concem
[ I Clinical concem
[ ) Both

If YES, was infection prompted by matemal and/or clinical concem? Tick one

If any shaded box is ticked in section 4, please complete rest of form. If not, please sign and date the form

IRAS#244803
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CY 4
Section 5 - Signs & Symptoms

Did the woman have any of the following? Answer all

Abnormal uterine tendemess (INo [ Yes|Abdominal wound tendemess (JNo [ iYes
Abnormal uterine involution [ JNo () Yes| Abnomallochia (JNo [ \Yes
Abnormal temperature CINo [ IYes

Did the woman have a clinical diagnosisof endometritisrequiring treatment? Tick one (') No (_1 Yes

If YES, date of clinical diagnossof endometritis: e.g. 37-JAN-2017 DD-MMM=YYYY

Did the woman meet the CDC definition of endometritis below? (see CDC definition) Tickone (UNo [ ) Yes
The definitionasperthe CDC are: Patient hasorganisms cultured from endometrial fluid ortissue (including amniotic fluid) OR Patient hasat least
two of the following: fever (238°C), pain or tendemess (uterine or abdominal), orpurulent drainage from uterus (day 0 - 30)

Section 6 - Microbiology

Did the woman have any microbiology samplestaken post operatively? Tickone . No lf'jl Yes
If No, goto Section7

Was a blood culture sample taken? Tick one CINo ()Yes
IfYES, did the blood cultures grow any micro-organisms? 7ickone If YES, please specify the micro-organisms

" INo

\:_) Yes
Was a skin wound swab sample taken? Tick one (INo [ )Yes
IfYES, did the skin wound swab grow any micro-organisms? 7/ck one If YES, please specify the micro-organisms

\:.:l No

() Yes
Was a vaginal swab sampletaken? Tickone (INo [ )Yes
IfYES, did the v aginal swab grow any micro-organisms? 7/ck one If YES, please specify the micro-organisms

(INo

[ 1 Yes
Was an MSU sample taken? Tick one TiNo (iYes
If YES, did the MSU grow any micro-organisms? Tick one If YES, please specify the micro-organisms

( _) No

Oes
If any other samples were taken, please gecify site and micro-organism if positive culture:

Section 7 - Severity of Infection

Was the woman admitted to level 2 orlevel 3 care (e.g. HDU) as a result of a suspected/confirmed infection? Tick one [_) No C) Yes

- =

Did the woman develop sepsis prior to discharge from hospital? Tick one [ JNo [ IYes

IfYES, date of diagnosisof sepsis e.g. 31-JAN-2017 -

Did the infection delay the woman's discharge from hospital? Tick one INo [ )Yes

IRAS#244803
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7.2.1.3 Additional file 3

B SPIRITV

STANDARD PROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Section/item Item Description
No
Administrative information
Title 1 Descriptive title identifying the study design, population, interventions, and, if applicable, =
trial acronym
Trial registration 2a Trial identifier and registry name. If not yet registered, name of intended registry \
2b All items from the World Health Organization Trial Registration Data Set NA
Protocol version 3 Date and version identifier vV
Funding 4 Sources and types of financial, material, and other support \
Roles and 5a Names, affiliations, and roles of protocol contributors \
responsibilities 5b Name and contact information for the trial sponsor v
5c Role of study sponsor and funders, if any, in study design; collection, management, \

analysis, and interpretation of data; writing of the report; and the decision to submit the
report for publication, including whether they will have ultimate authority over any of
these activities

5d Composition, roles, and responsibilities of the coordinating centre, steering committee, NA single
endpoint adjudication committee, data management team, and other individuals or centre trial
groups overseeing the trial, if applicable (see Item 21afor data monitoring committee)
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Introduction

Background and
rationale

Objectives
Trial design

6a

6b

o~

Description of research question and justification for undertaking the trial, including
summary of relevant studies (published and unpublished) examining benefits and harms
for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg, parallel group, crossover, factorial,
single group), allocation ratio, and framework (eg, superiority, equivalence,
noninferiority, exploratory)

Methods: Participants, interventions,and outcomes

Study setting

Eligibility criteria

Interventions

Outcomes

9

10

11a

11b

11c

11d

12

Description of study settings (eg, community clinic, academic hospital) and list of
countries where data will be collected. Reference to where list of study sites can be
obtained

Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study
centres and individuals who will perform the interventions (eg, surgeons,
psychotherapists)

Interventions for each group with sufficient detail to allow replication, including how and
when they will be administered

Criteria for discontinuing or modifying allocated interventions for a given trial participant
(eg, drug dose change in response to harms, participant request, or
improving/worsening disease)

Strategies to improve adherence to intervention protocols, and any procedures for
monitoring adherence (eg, drug tablet retum, laboratory tests)

Relevant concomitant care and interventions that are permitted or prohibited during the
trial

Primary, secondary, and other outcomes, including the specific measurement variable
(eg, systolic blood pressure), analysis metric (eg, change from baseline, final value, time
to event), method of aggregation (eg, median, proportion), and time point for each
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comparator
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NA
Not RCT
NA
Not RCT

NA

Not RCT
NA

Not RCT
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Participant timeline = 13

outcome. Explanation of the clinical relevance of chosen efficacy and harm outcomes is
strongly recommended

Time schedule of enrolment, interventions (including any run-ins and washouts),
assessments, and visits for participants. A schematic diagram is highly recommended
(see Figure)

Estimated number of participants needed to achieve study objectives and how it was
determined, including clinical and statistical assumptions supporting any sample size
calculations

Strategies for achieving adequate participant enrolment to reach target sample size

Methods: Assignment of interventions (for controlled trials)

Sample size 14
Recruitment 15
Allocation:
Sequence 16a
generation
Allocation 16b
concealment
mechanism
Implementation 16¢c

Blinding (masking) @ 17a

Method of generating the allocation sequence (eg, computer-generated random
numbers), and list of any factors for stratification. Toreduce predictability of arandom
sequence, details of any planned restriction (eg, blocking) should be provided in a
separate document that is unavailable to those who enrol participants or assign
interventions

Mechanism of implementing the allocation sequence (eg, central telephone; sequentially
numbered, opaque, sealed envelopes), describing any steps to conceal the sequence
until interventions are assigned

Who will generate the allocation sequence, who will enrol participants, and who will
assign participants to interventions

Who will be blinded after assignment to interventions (eg, trial participants, care
providers, outcome assessors, data analysts), and how

If blinded, circumstances under which unblinding is permissible, and procedure for
revealing a participant’s allocated intervention during the trial

Methods: Data collection, management, and analysis

17b
Data collection 18a
methods

18b

Plans for assessment and collection of outcome, baseline, and other trial data, including
any related processes to promote data quality (eg, duplicate measurements, training of
assessors) and a description of study instruments (eg, questionnaires, laboratory tests)
along with their reliability and validity, if known. Reference to where data collection forms
can be found, if not in the protocol

Plans to promote participant retention and complete follow-up, including list of any
outcome data to be collected for participants who discontinue or deviate from
intervention protocols
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Data management @ 19 Plans for data entry, coding, security, and storage, including any related processes to \
promote data quality (eg, double data entry; range checks fordata values). Reference to
where details of data management procedures can be found, if not in the protocol
Statistical methods = 20a @ Statistical methods for analysing primary and secondary outcomes. Reference to where \
other details of the statistical analysis plan can be found, if not in the protocol
20b | Methods for any additional analyses (eg, subgroup and adjusted analyses) NA not
necessary in
the pilot study
20c  Definition of analysis population relating to protocol non-adherence (eg, as randomised =
analysis), and any statistical methods to handle missing data (eg, multiple imputation)
Methods: Monitoring
Data monitoring 21a = Composition of data monitoring committee (DMC); summary of its role and reporting v
structure; statement of whether it is independent from the sponsor and competing
interests; and reference to where further details about its charter can be found, if notin
the protocol. Alternatively, an explanation of why a DMC is not needed

21b | Description of any interim analyses and stopping guidelines, including who will have NA pilot study
access to these interim results and make the final decision to terminate the trial with no
intervention
Harms 22 Plans for collecting, assessing, reporting, and managing solicited and spontaneously v\
reported adverse events and other unintended effects of trial interventions or trial
conduct
Auditing 23 Frequency and procedures for auditing trial conduct, if any, and whether the process will =

be independent from investigators and the sponsor
Ethics and dissemination

Research ethics 24 Plans for seeking research ethics committee/institutional review board (REC/IRB) v
approval approval

Protocol 25 Plans for communicating important protocol modifications (eg, changes to eligibility v\
amendments criteria, outcomes, analyses) to relevant parties (eg, investigators, REC/IRBs, trial

participants, trial registries, journals, regulators)
Consentorassent = 26a = Who will obtain informed consent or assent from potential trial participants or authorised =
surrogates, and how (see ltem 32)
26b | Additional consent provisions for collection and use of participant data and biological NA no ancillary
specimens in ancillary studies, if applicable studies
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Confidentiality 27 How personal information about potential and enrolled participants will be collected, \
shared, and maintained in order to protect confidentiality before, during, and after the

trial
Declaration of 28 Financial and other competing interests for principal investigators for the overall trial and \
interests each study site
Access to data 29 Statement of who will have access to the final trial dataset, and disclosure of contractual =
agreements that limit such access for investigators
Ancillary and post- @ 30 Provisions, if any, for ancillary and post-trial care, and for compensation to those who v
trial care suffer harm from trial participation
Dissemination 31a | Plans for investigators and sponsor to communicate trial results to participants, \
policy healthcare professionals, the public, and other relevant groups (eg, via publication,
reporting in results databases, or other data sharing arrangements), including any
publication restrictions
31b  Authorship eligibility guidelines and any intended use of professional writers \
31c | Plans, if any, for granting public access to the full protocol, participant-level dataset, and =
statistical code
Appendices
Informed consent 32 Model consent form and other related documentation given to participants and v
materials authorised surrogates
Biological 33 Plans for collection, laboratory evaluation, and storage of biological specimens for \
specimens genetic or molecular analysis in the current trial and for future use in ancillary studies, if

applicable
*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important
clarification on the items. Amendments to the protocol should be tracked and dated. The SPIRIT checklistis copyrighted by the SPIRIT
Group under the Creative Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” license.

237



7.2.2 Study Protocol and additional forms related to C-LACE study

7.2.2.1 Study protocol
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Summary

This protocol describes the study “Understanding pharmacokinetic distribution of cefuroxime when

given prior to Caesarean section in body fatand blood”. This study will be conducted at Birmingham

Women'’s Hospital. This study will adhere to the University of Birmingham’s Clinical Trials Quality

Management System (QMS).. The study will be conducted in compliance with the protocol, the Data

Protection Act (2018) and other regulatory requirements as appropriate. The research will be

Z conducted according to the legal framework for use of human tissues in research embodied in the
7 \ Human Tissue Act.

/74 . N
; .'4,//.1;1 C-LACE: Cefuroxime Levels After Caesarean Section

Versionnumberand date: Version 0.4 2" January 2020
Sponsor: University of Birmingham

Funder: Fundingis available forthis project as part of the researcher’s (PhD student Hanadi
Alrammaal) funding from the Saudi Arabian Government.

IRAS number: 244803

Sponsor Reference Number: RG_18-237 (ERN_18-1539)

UNDERSTANDING
Chief Investigator: REC Reference Number:
PHARMACOKINETIC Hannah Batchelor
DISTRIBUTION OF Local Principal Investigator: ’

Chief Investigator: Dr Hannah Batchelor

Protocol Amendments

CEFUROXIME WHEN GIVEN Katie Morris

The followi d and/or inistrative have been made to this protocol

g
PRIOR TO CAESAREAN Researchers: since theimplementation ofthe first approved version.
Victoria Hodgetts-Morton Amendment Date of Protocol Type of Summary ofamendment
SECTION IN BODY FAT AND Hanadi AIrammaal number | amendment Vefs:;’" amendment
number
BLOOD
IRASH# 244803 RG
Page1of23 Protocolv0.4 2" January 2020

239



] UNIVERSITYOF
BIRMINGHAM Birmingham Women's
and Children’s
NHS Foundation Trast
Contact list
Chief investigator:
Dr Hannah Batchelor
School of Pharmacy, Institute of Clinical Sciences, Robert Aitken Building, University of Birmingham,
Edgbaston, B15 2TT
Tel:
Email:

Local Principal investigator

Dr Katie Morris

Birmingt Women’s Hospital, Bir
Edgbaston, Birmingham, B152TG

Institute of Metabolism and Systems Research, University of Birmingham, Edgbaston, B15 2TT
Emaiﬁ

Researchers

Dr Victoria Hodgetts Morton

Birmingham Women’s Hospital, Birmingham Women's and Children's NHS Foundation Trust,
Edgbaston, Birmingham, B152TG

Institute of Applied Health Research, University of Birmingham, Edgbaston, B15 2TT

Email:
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School of Pharmacy, Institute of Clinical Sciences,

Robert Aitken Bui , University of ingham, Edgbaston, B152TT
Email address:
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The undersigned confirm that the following protocol has been agreed and accepted and that the Chief
Investigator agreesto adhere to the signed University of Birmingham’sSponsorship Cl declaration.

| agree toensure that the confid: | inf ionc ined in this document will not be used for any
other purpose other than the eval or duct of the ion without the prior written
consent of the Sponsor

I also confirm that | will make the findings of the study publicall ilable through publi orother

dissemination tools without any unnecessary delay and that an honest accurate and transparent
account of the study will be given; and that any discrepancies from the study as planned in this
protocol will be explained.

TrialName:  C-LACE: Cefuroxime Levels After Caesarean Section
Protocol Version Number: Version: ____
Protocol Version Date: __ [ /

Chief Investigator:

Name: [please print):....Hannah Batchelor...........
Sponsor statement:

Where the University of Birmingham takes on the sponsor role for protocol development oversight,
the signing of the IRAS form by the sponsor will serve as confirmation of approval of this protocol.
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1. Summary and Scientific Justifications

1.1.  Summary of the study 2.1. Protocol contributors
This protocol was written jointly by the researcher (Hanadi Alrammaal); chief investigator (Hannah
This study will evaluate the concentration of Cefuroxime in stomach adipose tissue and blood from Batchelor); local principal investigator (Katie Morris) and clinical researcher (Victoria Hodgetts-

pregnant women undergoing scheduled Caesarean section (standard care). Analysis will explore the
impact of BMI (body mass index) vs dose of cefuroxime on the concentrations of drug determined.
The study participants will be followed up between 30 and 40 days post C-section to record details of
any post-caesarean infection to explore correlationsin BMI:measured cefuroxime concentrations and
post caesareaninfection rates.

Morton).

2.2. Study Flow Chart

ic list will be reviewed by the clinic team in conjunction with a research
midwife employed at Birmingham Women's Hospital for eligible participants
using the Screening form
Eligible women will be provided with a participant information sheet by a

2. Synopsis research midwife
Woman reminded of the study by a research midwife using a second copy of
the participant information sheet
Study Title C-LACE: Cefuroxime Levels After Caesarean Section Eligibility of women rechecked by a research midwife using the
Understanding pharmacokinetic distribution of cefuroxime when reassessment of eligibility form, prior to obtaining consent.
given prior to caesarean section in body fat and blood GCP trained research midwife will talk to participant about the study and
Internalref. RG 18-237 answer any questions; if participant willing the informed consent form will
- be completed (by research midwife)
ERN_18-1539 Research midwife will complete the baseline form.
Study Design Experimental, prospective study with non-probability sampling The consent sticker will be completed and placed in the notes by the
Study Participants Women under.going_C?es.arean-Sectionwhere cefuroxime is used as ;i?:::l lrgl(;‘;v:; will be completed by the researchmidwife and placed on
the prophylactic antibiotic the participantswrist
Planned Sample Size This study plans to compare data from obese (BMI>30 kg/m?) and The research midwife will complete the participant contact details for the
non-obese women (BMI<30 kg/m2) at time of booking (10-14 weeks of follow-up
pregnancy). Sample pots will be prepared by the research midwife and provided to the

obstetrician

A venflon cannula will be inserted into the woman as part of the research
process to enable withdrawal of the required blood samples without the
need for additional needles. This second access point will ensure that the

At least 15 participants are required for eacharm with a total of 30
participants

Planned Study Period 18 months starting in November 2019

Objectives Outcome Measures blood sampling is minimally disruptive to the CS procedure.
N . X Research midwife will inform the researcher that samples will be available
Primary To measure the concentration of Measurement of cefuroxime later that day
cefuroxime in maternal blood and  concentration in blood and Blood and adipose tissue samples will be collected at time of CS by the
adipose tissue at defined periods post adipose tissue and s iEiEER

IV administration when used as a comparison of values in

These samples will be placed into the pre-prepared pots
prophylactic antibiotic for Caesarean- obese and non-obese

The pots will be labelled using the sample sticker by the research midwife

section. patients and taken to laboratory services for storage and packaging
Laboratory services will inform the pharmacyresearch lab at UoB that the
Secondary To measure the incidence of post- Incidence of post-surgical site samples areready for collection.

Operation form will be completed by the research midwife.

Research midwife will complete the Discharge form using patient notes
Research midwife will attempt to contact the participant 3 times between
30 and 40 days post CS to complete the follow up interview form.

surgical site infections from the same infections recorded and
patients at 30-40 days post C-section comparison of values in
obese and non-obese

patients
IRAS# 244803 RG IRAS# 244803 RG
Page6 of 23 Protocol v0.42" January 2020 Page7 of 23 Protocol v0.4 2" January 2020

242



UNIVERSITYOF
BIRMINGHAM

INHS|

Birmingham Women'’s
and Children’s

NHS Foundation Trust

Participant’s medical file and notes will be reviewed by the research midwife
to identify any post-surgical site infection which will be recorded on the 6
week outcome form

CS = Caesarean Section

2.3. Background and Scientific Justification
It was estimated in the 2000s that the prevalence of obesity in pregnant women in England was 16-
20% [1, 2]. Being obese and pregnant may have an effect on the mother and foetus. One complication
of obesity in pregnancy relates to the requirement for operative delivery, i.e. Caesarean section (CS).

The rate of CS among a pregnant, obese population is 33.8% [3]. The rate of post-CS infection is higher
among obese pregnant women compared to those who are not obese. Wloch et al found that the
adjusted odds ratio of surgical site infection in the obese population was 2.41 (95% Cl 1.73-3.37) [4].
There are various ways to decrease and/or prevent post-CS infections. Single dose pre-CS intravenous
(IV) antibiotic is recommended and several studies have examined the use of different antibiotics in
CS, with cefazolinin the US and cefuroxime in the UK being the most commonly used drugs. Numerous
studies have focussed on the use of cefazolin in obese patients to gain an understanding of optimal
dosing and clinical outcomes [5]. Several studies proposed an increased dose of cefazolin (3 g)
compared to the usual dose (2g) for obese pregnant women to achieve sufficient antibiotic levels [6-
8]. It was postulated by Holt et al. (in 1994) that doses of cefuroxime up to 1500mg may not achieve
sufficient MIC for most of the common bacteria in the maternal blood during CS [9]. Sub-therapeutic
antibiotic concentration is a crucial factor in global bacterial resistance. It is essential that the
therapeutic concentration of cefuroxime is achieved in both maternal blood and at the site of incision
during CS for effective therapy. This study will take blood and adipose tissue samples to accurately
measure levels achieved. Due to the great variability associated with pharmacokinetic measurements
the use of physiologically based pharmacokinetic (PBPK) modelling is a common tool to understand
the distribution of drugs. Specialist software packages are available that include details on pregnant
populations. In this study we will use SimCYP software to model the blood and adipose concentrations
of cefuroxime and we will compare this modelled data to the experimental results. It is anticipated
that this clinical data coupled with PBPK models will inform any future changes to doses of
cefuroxime used for CS, particularly in relationto obese women.

To the best of our knowledge, no study to date has measured cefuroxime concentrations in blood and
adipose tissue as a function of body mass index (BMI)in pregnant women who have had CS. Thus, a
study to explore the drug concentrationin this population at the time of CS is essential.

3. Aims and Objectives

3.1. Primary Aims

1- To measure cefuroxime concentration in maternal blood at time of skin incision and skin
closure in obese and non-obese pregnant patients requiring CS.

2- To measure cefuroxime concentration in adipose tissue (within the incision) at time of skin
incision and skin closure in obese and non-obese pregnant

3- To explore the relationship between dose of cefuroxime administered and concentration
measured in both blood and adipose tissue with respect to the Body Mass Index (BMl) of the

patient
IRAS# 244803 RG
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3.2.Secondary Aims

1- To use the measured cefuroxime concentrations to verify a Physiologically based
pharmacokinetic modelling (PBPK) model of cefuroxime in CS to explore the impact of (i) dose
and (i) time of incision post administration on both blood and tissue concentrations in an
obese population

2- Tomeasure the rate of infections in obese and non-obese pregnant women at 30-40 days post

cs.

To assess if the rate of infection is correlated with BMI, dose administered and cefuroxime

blood or adipose tissue concentrations.

b

3.3. Objectives

1- To collect maternal blood samples and samples of adipose tissue from the site of incision at
specific times post cefuroxime administration (skin incision and skin closure) when used as a
prophylactic antibiotic in CS

2- Tomeasure the concentration of cefuroxime in the collected blood and tissue samples using
an appropriate analytical method.

3- To use the measured concentrations of cefuroxime to verify a PBPK model of cefuroxime in
pregnant women

4- To assess whether cefuroxime administered provides concentrations above the minimum
inhibitory concentration (MIC) in both the blood and adipose tissue for all patients regardless
of their BMI.

4. Study Design

4.1. Patient and public involvement
A similar study conducted by Victoria Hodgetts Morton and Katie Morris (PREPS trial) involved the
public and patients; those involved were supportive of any research undertaken to minimise the
risks of post-surgical infections following CS [10].

Informal discussions about this study with women who have had CS have all been positive as the
burden of participation is minimised where possible.

4.2. Study setting
This single centre study will take place at Birmingham Women'’s Hospital which is a large teaching
hospital that is part of Birmingham Women’s and Children’s Hospital NHS Foundation Trust.

In a typical month (based on June 2018) 15 women with a BMI>30 kg/m?2 had an elective CS; there
are plenty of matched controls therefore there are sufficient patients that can be recruited to this
study.

The clinical members of the research team; Victoria Hodgetts-Mortonand Katie Morris are involved
in several research studies and are experienced in clinical research specifically studies that reduce
the risk of post surgical infection following CS.

4.3.Research team
The research team brings together clinical and academic expertise.
Chief investigator: Hannah Batchelor is a senior lecturer in pharmaceutics, formulation and drug
of Ph acya n if h focuse e
IRAS# 244803 RG
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design and manipulation of medicines to create age-appropriate drug formulations to maximise
clinical efficacyin paediatric patients. Hannahis an expert in prediction of medicines performance and
has experience in the design and development of novel physiologically based pharmacokinetic models.
She has experience in working on trials that evaluate human tissue samples (eg PaedGIFT #IRAS
251909). An integral part of her department’s work is the development of drug delivery systems,
including construction of new formulations, stability testing and development to market together with
social and behavioural research into the perceptions, attitudes and values of patients towards
medicines use. Hannah managed the ACCEPT study, a successful multi-centre, portfolio status clinical
trial which involved 14 NHS sites across the West Midlands and recruited in excess of 600 participants.
This study involved interacting with both paediatric patients and their parents to identify their views
towards children’s medicines. http://www.hra.nhs.uk/news/research-summaries/accept-
methodology-to-assess-acceptability-of-paediatric-medicines/

Local Principal Investigator: Dr Katie Morris, Reader in Maternal and Fetal Health, University of
Birmingham. Her research aims to improve the care for women with multiple pregnancies, fetal
anomalies, growth restriction, reducing infection in maternity and prevention of preterm birth,
employing prognostic and diagnostic research, modelling, systematic reviews and clinical trials. She
has received research funding from the HTA, RfPB, MRC and charities. She sits on the RCOG Research
Committee, Scientific Advisory Committee, RfPB West Midlands Panel, British Maternal and Fetal
Medicine Society Executive Committee as scientific abstract co-ordinator and s Clinical Speciality Lead
for Reproductive Health and Childbirth for the West Midlands. She was CI of the NIHR RfPB funded
PREPS trial which wasa randomised controlled trial recruiting women undergoing CS.

Victoria Hodgetts-Morton s a clinical research fellow working on large clinical trials at Birmingham
Women'’s Hospital including C-Stitch and PREPS.

Researcher: Hanadi Alrammaalis a PhD student at the School of Pharmacy, University of Birmingham
under the supervision of Hannah Batchelor. Hanadiis an experience researcher and has been trained
in both GCP and handling of tissues. This study forms the basis of her PhD.

5. Study sequence

5.1. Participant identification
Any patient (over 18 years) who requiresa CS as part of their clinical care will be screened for inclusion.

The potential participants will be identified using hospital clinical lists, where lists relate to a pre-
booked CS a GCP trained research midwife who is a member of the clinical care team will assess
eligibility of patients to participate in the study according to inclusion/exclusion criteria (Screening
Form). The woman will then be provided with the participant information sheet at this meeting by the
research midwife.

In addition, if a pregnant woman is booked for CS at a meeting they may be informed about the study
by a research midwife or their clinical care team and provided with a participant information sheet
(Participant Information Sheet). A GCP trained research midwife will assess eligibility of patients to
participate in the study according to inclusion/exclusion criteria (Screening Form).

The participants will receive information about the study wellin advance (at prior clinic appointments)
and at least 24 hours prior to CS so that all participants have sufficient time to consider taking part.

The study team agreed that patients’ General Practitioner will not be notified of patients’ participation
in the study as it will not affect their care/treatment plan.

IRAS# 244803 RG
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This study plans to compare data from obese (BMI>30 kg/m2) and non-obese women (BMI<30
kg/m?) at time of booking (10-14 weeks of pregnancy).

At least 15 participants are required for eacharm with a total of 30 participants.

u
o

. Inclusion criteria

e Pregnant women 18 years to 50 years old, with a singleton pregnancy undergoing elective
Caesarean Sectionat 37 weeks or over (Category 4 CS); with no known allergyto cefuroxime,
cephalosporin or penicillin.

Participant is able togive consent and agree tosample storage.

Participant agreesto be contacted for follow-up

e Participant contributing to the study needs to be able to read and/or understand English.

5.3. Exclusion criteria

Multiple pregnancy

Previous Caesarean Section that resulted in a surgical site infection

Emergency Caesarean Section (Caesarean categories1 & 2)

Any non-elective Caesarean Section including those requiring early delivery without threat
to maternal or foetal health that were not previously planned (Category 3 CS)

e Body Mass Index (BMI) less than18 kg/m? or greater than or equal to 45kg/m? (At time of
first pregnancy appointment and at time of delivery).

Participant contributing to the study is unable to read and/or understand English.
Currently enrolled in an RCT for an intervention to reduce post-operative surgical site

infection
e Diabetes(type 1, Type 2 or gestation)
e Hypertension
e Renaldisease
e Cardiovascular disease (eg. Maternalstructural cardiac disease)
e Liver disease
e Inflammatorybowel disease (eg Crohn’s disease or ulcerative colitis)
e Cephalosporin or penicillin allergy
e Administration of antibiotic within 1 week prior to delivery
e Suspected pre-existing infection (including Chorioamnionitis)

Autoimmune disease (eg SLE, Rheumatoid arthritis)

e Chronic use of corticosteroid

e History of wound breakdown in an abdominal surgery

e Prior laparotomy for any indication (eg. Previous ovarian cystectomy or previous bowel
surgery)

5.4. Recruitment for prospective study
At least 24 hours before CS, the participant will be greeted by a GCP trained research nurse/midwife
and asked whether they received the participant information sheet (Participant Information Sheet).
They will then be asked if they have any questions about the information provided and whether they
areinterested in participating in the study. The study will be briefly verbally described to the potential
participant. Again they will be provided with an opportunity to ask any questions. Research

IRAS# 244803 RG
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midwives/clinician will review and reassess each potential participant and confirm eligibility of
patients to participate in the study at the day of CS (Eligibility Reassessment Form).

5.5. Informed Consent

A suitably qualified research midwife or doctor who is also part of the clinical care team will introduce
the study to the woman at their pre- operative assessment. A Participant Information Sheet (PIS)
(Participant Information Sheet) will be provided to facilitate this process. Investigators will ensure that
they adequately explain the aim, anticipated benefits and potential hazards of taking partin the trial
to the woman. They will also stress that participationis voluntary and that the woman is free to refuse
to take partand may withdraw from the trial at any time. The woman will be given adequate time to
read the PISand to discuss their potential participationand be given the opportunity to ask questions.
If the woman expresses an interest in participating in the trial, they will be asked to sign and date the
latest version of the Informed Consent Form (ICF) at least 24 hours prior to CS. The woman will be
asked for her consent to withdraw 2 blood samples (with a maximum volume of 10mL blood per
sample) and 2 fat tissue and for collection of outcome data from their medical recordsand a telephone
interview at 30-40 days postnatal that will take approximately 5-15 minutes. It will be the
responsibility of the investigator to obtain written informed consent for each participant prior to
performing any trial related procedure. Research midwives and doctors can both take informed
consent for the trialas long as theyare GCP trained and this responsibility has been delegated tothem
by the Principal Investigator (PI) as captured on the Site Delegation Log. The consent form will be
provided in triplicate (as a carbon copy version) to facilitate the process on a busy labour ward. Each
box on the consent form should be initialled by the woman and the form signed by the woman and
the delegated research staff. A copy of the consent form will be given to the woman, a copy filed in
the medical records with the PIS and the original signed form will be retained at the study site file
(Birmingham Women'’s Hospital). Once the woman is entered into the trial, the woman's trial number
will be entered on the ICF maintained in the Investigator Site file only. Details of the informed consent
discussions will be recordedin the woman's medical notes. This willinclude date of consent, the name
of the trial, summary of discussion, version number of the PIS, the Study ID given to the participant
and version number of the ICF. Where consent is obtained on the same day that the trial related
assessments are due tostart, a note should be made in the medical notes asto what time the consent
was obtained and what time the procedures started. At the telephone interview the woman's
continued willingness to participate in the trial will be ascertained and documented (C-LACE Follow
Up Interview). Throughout the trial the woman will have the opportunity to ask questions about the
trial. At the time of taking consent the woman will provide contact details to facilitate the telephone
interview using Contact details form which will be managed by the research midwife.

Upon signing consent the woman will be allocated a participant study 1D number; this will be a random
sequence of 5 numbers. Each participant will be allocateda pack of study documents in an envelope
labelled with the participant study ID number; all documents within the envelope will have the
participant study ID number pre-filled. Blank copies of all paperwork will also be available to the
researchteam should additional copies be required for any participant.

IRAS# 244803 RG
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5.6. Discontinuation/Withdrawal of Participants from Study
Each participant has the right to withdraw from the study at any time and this will not affect their
clinical care. In addition, the Investigator may discontinue a participant from the study atany time if
the Investigator considers it necessary for any reason including:

e Ineligibility (either arising during the study or retrospectively having been overlooked at
screening)
e Withdrawal of Consent

Withdrawal from the study will result in exclusion of the data for that participant from analysis;
provided that the withdrawal occurs within 3 months of data collection.

Withdrawal of consent will require the keeper of the database to inform the research team of the
study ID so that the associated data can be deleted and excluded from further analysis. Where analysis
has already taken place (within the 3 months) the data will be deleted and not included in the final
analysis and dissemination. Samplesalready collected will be destroyed in accordance with the Human
Tissue Act 2004. Withdrawal beyond 3 months following dissemination will not be possible (this is
detailed in the patient information sheet), however, any remaining samples will be destroyed in
accordance with the Human Tissue Act 2004.

5.7. Definition of the End of Study
The end of study is the date at which the follow-up interview is conducted at 30-40 days following CS.
This is where the follow-up ends for all participants.

The study will run for a maximum of 18 months and research data generated by the study will be kept
for a period of 10 years at university of Birmingham and for 25 years at the NHS trust. Standard
procedures for archiving data will be followed at Birmingham Women’s Hospital. Research data will
be held electronically on the University password protected computers, only the Chief Investigator
and the immediate research team will have access to the study data. Given the time to collate the
data, we feel that the study outcomes may not be of particular interest to participants. The study
outcomes will primarily be of interest to the scientific community and clinicians and will be published
in peer-reviewed journals and disseminated at scientific conferences. A poster will be made available
to the public for the participants to be informed in case they are interested to see the results of the
study. This will be hosted on Dr Hannah Batchelor’s personal web pages, as statedin the participant
information sheet (www.hannahbatchelor.com).

5.1.Schedule of Assessments and associated paperwork

Medical
Record
check

Screening | Consent | Baseline | Eligibility cs Collection | Discharge | Follow
form Reassessment | Procedure | of form up
form form samples,
samples

labels

interview
form form

Consent

atleast

24 hpre

CS

IRAS# 244803 RG
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until

6. Study Procedures

Upon signing consent for the study each participant will be allocated a study ID number to manage
anonymity in data analysis and interpretation. A spreadsheet that links study 1D to patient ID will be
held at Birmingham Women’s and Children’s Hospital NHS Foundation Trust under the control of the
local principal investigator. This information will be password protected and stored on an encrypted
computer that conforms to the standard NHS security requirements.

Background information will be collected from each participant using the Baseline Form. This
information is required for interpretation of the data and dissemination.

Following collection of the data from all forms (Screening, Consent, Baseline, Eligibility Reassessment,
Operation, Discharge, follow up interview, 6 week Record Check) will be entered on a shared secure
system (Bear Share:
https://intranet.birmingham.ac.uk/it/teams/infrastructure/research/bear/B EARDataShare/BEARDat
aShare.aspx) which is provided by the University of Birmingham; this system can be accessed at the
University and the Hospital and ensures security of data, any data entered will be anonymised.

The study has two parts: part A, which is blood and adipose tissue sampling for cefuroxime
concentrations, part B, is a follow up of patients postpartum at between 30-40 days to record the
incidence of post-surgical infection.

6.1. Part A: Sample collection at C-Section
The duration of the participant participation in part A will last as long as the CS procedure lasts. No
additional visits for the collection of the additional human blood or tissue are required. However, a
follow up interview will be conducted at 30-40 days postpartum (see 6.2.Part B: Follow up for post-
surgical infection)

The clinical care team will use the following forms: Operation Form and Discharge Form to record the
time of cefuroxime administration, dose administered, type of anaesthesia used, blood loss and other
information (see documents/appendixes). Five samples will be collected: 1 blood sample at time of
skin incision, 1 blood sample at time of skin closure, 1 blood sample at recovery room, 1 adipose tissue
sample (approximately 1 cm from the skin in the middle of the Pfannesnstiel or vertical midline
incision) at skin incision and one adipose tissue sample just prior to skin closure.

The first sample of blood will be taken at time of skin incision. After the operation, take another blood
sample will be collected as close to the time of delivery as possible and the final blood sample will be
taken in the recovery room. The samples will either be taken from a cannula inserted in the
participant’s hand via a cannula, or taken by a very small ‘butterfly’ needle from the participant’s hand
or foot. If the samples are taken from their foot this will be numb from the anaesthetic and will not
hurt. The research team will discuss with the participant how best to take these samples in line with
their personal preferences.
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Just before your baby is delivered, we will ask your doctor to remove a small amount of the fat from
under the skin on your tummy. This will be avery small amount (about the size of a 50p coin). During
your C-section, you will have an anaestheticso you should not feel any pain. Your doctor will deliver
the baby and placenta then stich the womb. Just before your skin is stitched, your doctor will remove
a second 50p sized sample of fat. Taking these small fat samples will take less than a minute each so
the overall procedure is only a maximum of two minutes longer than without the fat samples.

The securely sealed specimen sample tube will be labelled with the participant identification number
which will correspond to the details held on the background information (Sample Label). These
samples will be stored refrigerated as soon after collection as possible by the laboratories at
Birmingham Women'’s and Children’s Hospital NHS Foundation Trust and all samples will be couriered
within a cool box (on ice) to the University of Birmingham (using an approved courier for transport of
human samples). Prior to any human tissue transport, all human tissues will be packed into a sealed
container, and labelled with the following information: Human Tissue Sample, Sample Reference
Number, Tissue type, details of medium/ preservative, date of packing.

Upon arrival at the University the samples will be handled according to the University of Birmingham
Health and Safety Guidance (GUIDANCE/26/WHBFT/14) and in accordance with the HTA and local
procedures. Samples will be stored at the University of Birmingham in dedicated locked areas of -80°C
freezersthat are suitable for storage of human samples.

At the University of Birmingham, the process of characterisation will be performed withina laboratory
settings on batches of samples. SOPs are in place for subsequent processing of samples. The work at
the University of Birmingham will be conducted within the Pharmaceutics Laboratoryin the Sir Robert
Aitken building. The facilities are HTA compliant.

6.1.1. Sample Storage and Destruction
Local storage of samples at Birmingham Women’s Hospital will be managed by the Laboratory R&D
team where samples will be refrigerated upon receipt and then packaged appropriately for transfer
to the University of Birmingham using anapproved courier.

All human tissue will be packed into a sealed container prior to transport and labelled with the
following information:

Human Tissue Sample

Sample Reference Number:

Tissue Type:

Details of medium/preservative if applicable: Note that no preservative will be used for these samples.
Date of packing:

UN 3373 warning label

The container will then be packed into a box and labelled with an approved human tissue sample
hazard warning label — UN 3373.

Samples will be stored at the University of Birmingham in appropriate freezer boxes within a -80°C
locked freezer in compliance with the HTA legislation. Each freezer box will be labelled with: (i) the
name of the researcher; (ii) the PI’s name; (iii) the study name; (iv) the study ethics reference number;
(v) the date the trial began; (vi) the sample type in the box; (vii) the latest date by which the contents
of the box must be destroyed/disposed of. Each sample will be labelled with the study identification
number (which will not include any personal details of the participant).
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The research team have requested consent to store any remaining tissue thatis left over after this
study to use for other research at the University of Birmingham. This further research will require
approval from a research ethics committee. If no further research is planned and the samples need
to be discarded this will be undertaken by placing samples into double autoclave bags and sent for
autoclaving. Autoclaved waste will then be placed into yellow clinical waste bags and marked for
incineration.

6.1.2. Sample Handling in the laboratory
Human samples will be handled according to the University of Birmingham Health and Safety Guidance
(GUIDANCE/26/WHBFT/14) and in accordance with the HTA and local procedures. Samples will be
stored at the University of Birmingham in dedicated locked areas of -80°C freezers that are suitable
for storage of human samples.

University of Birmingham Health and Safety Policy (UHSP/9/BS/14) requires that risk assessment of all
work with biological materials must be carried out in advance of work commencing. This work was
submitted to the University of Birmingham Advisory Group for the Control of Biological Hazards
“Measuring cefuroxime concentration in human plasma and adipose tissue” - Ref: AG 16_03
(approved in May 2018).

All work will be conducted within ADCP level 2 containment. As per standard laboratory practice the
researcher will wear laboratory coat and nitrile gloves when handling human samples.

Chemgene HLDAL for disinfection validated to BS EN 14476:2005 will be used to clean all apparatus
both prior toand following contact with the human samples used within this study. This will be diluted
to 1:20 (with deionised water) to ensure that there is no risk of contamination due to contact with
human samples.

Human blood and tissue will be kept in-80°C freezers, which will be located in a room with limited
access to authorised staff. These freezers are specified for human tissue storage only (not animal
origin).

6.1.3. Methodology for characterisation of samples collected

The concentration of cefuroxime in blood and adipose tissue will be quantified using standard
laboratory methods. Full methodology is available as SOPs within the pharmacy research laboratory.

6.2. Part B: Follow up for post-surgical infection
At between 30-40 days post CS, the study participants will be contacted by telephone by a research
nurse/midwife from the research teamand a review will be made to record any type of post surgical
infection. The Follow-up Interview Form will be used to record the details of any infection reported.
If the participant attended to the hospital for a postnatal appointment at 30-40 days, the interview
can be conducted at that time to minimise the burden to the participant.

The participant will be contacted by the researcher/research nurse/midwife and reminded of the
study. In addition to the signed informed consent, a verbal consent to participate in the follow-up
aspect will be obtained and recorded on the follow up sheet. Additionally, patient medical notes will
be reviewed by a member of the clinical care team using the 30-40 days Outcome Form to identify
whether there has been a reported post-surgical infection. Post-surgical infection is defined as per the
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definitions set out by the US Centre's for Disease Control and Prevention (Centre's for Disease Control
and Prevention 2019) [11].

6.2.1. Safety reporting
The principles of safety reporting for non-CTIMP studies as outlined by the Health Research
Authority will be used for this project.

In brief, only reports of Adverse events (AEs) Serious Adverse Events (SAEs) that are:

e related to the study (ie they resulted from any of the research procedures); defined as from
taking the first blood sample to completion of the CS

will be reviewed by the researchteamto determine whether a change in protocol is required.

We plan to undertake simple reviews of participants following the first 5 procedures to ensure that
our risk assessment is correct; for example if more thantwo of the first five participants experience
an untoward event we will halt the study and investigate alternative methods of blood and adipose
tissue collection.

Definition of AE and SAE (taken from NRES):

Adverse Events (AEs) are any unfavourable and unintended signs, including abnormal laboratory
results, symptoms or a disease associated with treatment.

Serious Adverse Events (SAEs) are defined as any untoward medical occurrence(s) that at any dose
results in death, hospitalisation or prolongation of existing hospitalisation, persistent or significant
disability/incapacity or a congenital anomaly or birth defect.

7. Statistics and Analysis

7.1. Description of Statistical Methods
The differences in mean concentration values in blood and adipose tissue between the obese and non-
obese populations will be compared using ANOVA analysis to determine whether there are significant
differences. SPSS software will be used for all statistical analysis. As a PhD student at the University of
Birmingham the researcher has access to an expert statistician (Sayeed Haque) who will assist with
analysis.

7.2. The Number of Participants
There is no predefined sample size yet sufficient numbers are required to provide an estimate of
average values as well as the level of variability. Previous work to measure the concentration of
antibiotics in plasma and in tissue in obese and non-obese pregnant women following CS has used
sample sizes of 14 in each arm to detect differences in adipose antibiotic concentration [12, 13].
Therefore in this study we plan to recruit 15 women in each arm (BMI <30 kg/m? and BMI >30 kg/m?).
The BMI measurements will be taken from the women at their time of booking appointment which
occurs between 10-14 weeks of pregnancy. The BMI of participants immediately prior to CS will be
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determined to review any major changes during their pregnancy which may affect the results, for
example a change from <30 kg/m? to an extremely obese participant at CS.

7.3. Analysis of Outcome Measures
To compare the concentration of cefuroxime in maternal blood and adipose tissue in obese vs non-
obese women following a C-section.

To determine how many of the concentrationsare above the MICfor cefuroxime (8mg/L).

7.4. Specific secondary outcome

The patients will be contacted at between 30-40 days post CS to record any incidence of surgical site
infections postpartum. The rate and type of infection will be recorded and analysed. The rate of
infections will be analysed in correlation with (1) dose administered, (2) BMI, (3) cefuroxime
concentrations at both sites at time of skin incision and skin closure.

7.1. Missing data and lost to follow-up
Every attempt will be made to collect full follow-up data for all study participants; it is thus anticipated
that missing data will be minimal. The main analysis will use available data only, however, the amount
of missing data will be assessed, and if necessary, sensitivity analyses will be undertaken. If the
participant couldn’t be contacted, but the patients’ medical records and notes were reviewed, the
participant will be considered enrolled in the follow up. The patient will be considered as lost to follow
up, if the participant couldn’t contacted and the patients file and notes were not reviewed.

8. Data Management.

In compliance with the Data Protection Act 2018, Good Clinical Practice standards (GCP) and General
Data Protection Regulation 2018 (GDPR)

8.1. Access to Data
All data will be collected only after the participant freely gave written consent to process their data
in accordance with GDPR (this consent in included within the consent form for the study).

Direct access will be granted to authorised representatives from the Sponsor and host institution for
monitoring and/or audit of the study to ensure compliance with regulations.

Access tothe data retrieved from participants will be restricted; the table below lists the data collected
and who will have access to this information. The clinical research team are those based at the Hospital
and the paperwork will not be transferredto the University of Birmingham.
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%ﬁ”
S
Reassessment of eligibility form

Paperwork Who retains access

Screeningform Clinical research team in study site file

Patientinformation sheet Patient retains a copy

Copy retainedin the study site file
Consentform Top copy — Clinical researchteam instudy
sitefile

Middle copy — in patients medical notes
Bottom copy —to patient

Consentsticker Stick to main notes (medical file)

Patient contact details form Clinical research team in study site file

Baseline form Clinical research team in study site file;
anonymised on completion so data can be
shared with University of Birmingham
Clinical research team in study site file;
anonymised on completion so data can be
shared with University of Birmingham

Trial identity band Patient

Operative form Clinical research team in study site file;
anonymised on completion so data can be
shared with University of Birmingham
Samples Sticker Stick to samples box, for researcher to pick
up ASAP

Clinical research team in study site file;
anonymised on completionso data can be

shared with University of Birmingham

Discharge form

6 weeks outcome form Clinical research team in study site file;
anonymised on completion so data can be
shared with University of Birmingham
Follow-upinterview form Clinical research team in study site file;
anonymised on completion so data can be

shared with University of Birmingham

The personal identifiable data collected will include names on consent forms and contact details for
the follow up telephone interview. This information will be stored at the local site (Birmingham
Women'’s and Children’s Hospital NHS Foundation Trust) and not transferred to the University of
Birmingham. Paper transcripts of the background information will be securely stored at Birmingham
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Women'’s Hospital prior to transcription into the shared secure system (Bear Share). All information
transferred on to the designated study encrypted computer will have restricted password protected
access to only those directly involved in the research.

All participants will be given a study ID upon recruitment to the study. A spreadsheet that links study
ID to patient ID will be held at Birmingham Women’s and Children’s Hospital NHS Foundation Trust
under the control of the local PI. This information will be password protected and stored on an
encrypted computer that conforms to the standard NHS security requirements.

The study ID will be used on all forms; this information provides anonymised data to the University of
Birmingham that no longer has any personal identifiable data. Following collection the data from all
forms will be enteredon a secure system at the NHS site (undertaken by the research midwife); this
system can be accessed at the University and ensures anonymity for the participants. (Bear Share:
https://intranet.birmingham.ac.uk/it/teams/infrastructure/research/bear/BEARDataShare/BEARDat
aShare.aspx).

8.2. Data Recording and Record Keeping
8.2.1. Data Recording
All processes will be carried out with respect to participant confidentiality. All participant data will
anonymised by being replaced with a study ID number prior todata sharing with the University of
Birmingham. The anonymity code will only be known to the local site Pl and associated research
nurse/midwife team. The data will be controlled by usernames and encrypted passwords.

8.2.2. Record Keeping
Itis the responsibility of the PI toensure all essential trial documentation and source documents (e.g.
signed ICFs, Investigator Site Files, Pharmacy Files, participants' hospital notes etc.) at their site are
securely retained for 25 years as per hospital policy. Original consent forms and relevant
documentation will be retained at the study site (University of Birmingham) under the supervision of
the CI for 10 years.

9. Dissemination of Study Results

The study will run for 18 months and research data generated by the study will be kept for a period of
10 years in accordance with the University of Birmingham policy [14]. Research data will be held
electronically on the University password protected computers, only the Chief Investigator and the
immediate research team will have access to the study data.

The study outcomes will primarily be of interest to the scientific community and clinicians and the
findings from the study will also be reported in a non-identifiable format via peer-reviewed journals
and disseminated at scientific conferences. A poster will be made available to the public for the
participantsto be informed in case they are interested to see the results of the study.

Medical practitioners especially paediatricians, nurses, pharmacists and psychologists may also find
the results of this study relevant to their field of work. Findings of the study will be distributed to
healthcare professionals and the public via the following website www.hannahbatchelor.com.

10. Quality Assurance Procedures
The study may be monitored, or audited in accordance with the current approved protocol, GCP,
relevant regulations and standard operating procedures.
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11. Ethical and Regulatory Considerations

11.1. Peer review
The protocol has been peer reviewed within the researchteam and by the researchand governance
team at the University of Birminghamas part of the agreement tosponsor the study and by the
University of Birmingham’s Clinical Research Compliance Team (CRCT).

11.2. Declaration of Helsinki
The Investigator will ensure that this study is conducted in accordance with the UK Policy Framework
for Health and Social Care Research, Good Clinical Practice (GCP) standards, the General Data
Protection Regulation (GDPR 2018) and Declaration of Helsinki.

11.3. Guidelines for Good Clinical Practice
The Investigator will ensure that this study is conducted in accordance with relevant regulations and
with Good Clinical Practice and in adherence with Sponsor policies and procedures. According to
the MHRA'salgorithm Is it a clinical trial of a medicinal product? This is not a CTIMP study as there is
no difference to the participant’s clinical pathway as a result of participating in this study.

11.4. Approvals
The protocol, informed consent form, participant information sheet and any proposed advertising
material will be submitted to an appropriate Research Ethics Committee (REC), and HRA for written
approval.

The Investigator will submit and, where necessary, obtain approval from the above parties for all
substantial amendments to the original approved documents. The CI and local Pl will be responsible
for ensuring that all the appropriate approvals from participating organisations are in place prior to
patients being enrolled into the study.

11.5. Reporting
The Cl shall submit once a year throughout the study, or on request, an Annual Progress report tothe
REC Committee, HRA (where required) host organisation and Sponsor. In addition, an End of Study
notification and final report will be submitted to the same parties.

Any breaches in protocol and/or GCP would be reported to the relevant ethics committee within 7
days. The Chief Investigator will notify the Sponsor within 24 hours of becoming aware of a violation.

11.6. Participant Confidentiality
The study staff will ensure that the participants’ anonymity is maintained. The participants will be
identified only by a participant study 1D number on all study documents and any electronic database,
with the exception of the consent form, where participant name and initials may be added and the
patient contact details that will be used for the follow up interview. All documents will be stored
securely and only accessible by study staff and authorised personnel. The study will comply with the
Data Protection Act, which requires data to be anonymised as soon as itis practical to do so.

The participant’s confidentiality will be ensured via the processes described in section 8.2 (Data
recording and record keeping).

11.7. Expenses and Benefits
No expenses or benefits will be paid as part of this study.
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11.8. Assessment and management of risk
The research protocol does not expose the participantsto any risks as the study does not affect their
clinical treatment. The collection of additional blood samples and adipose tissue samples during CS
are the only additional study specific procedures. These additional blood samples will be taken by a
clinical member of the research team trained in phlebotomy. There is a consent request for these
study specific procedures to minimise the changes to routine clinical care and reduce the burden to
participants. The risks associated with this research are minimal to participants.

All participants will be contacted at 30-40 days following CS to ask about post-surgical infections; this
will not affect their clinical care in any wayand does not pose any risks to participants.

The researcher will be exposed to human tissue samples. The researcher will be trained in the safe
handling of biological materialsand will have received the necessary inoculations. The researcher will
use appropriate personal protective equipment at all times when handling human materialsand will
ensure that these are disposed of in accordance with the HTA legislation.

12.  Finance and Insurance

12.1. Funding
The trial will be financed from funds associated with Hanadi Alrammaal’s PhD which is funded by the
Saudi Government. The details of the funding have been drawn up in a separate agreement.

12.2. Insurance
As the participants are NHS patients, indemnity is provided through the NHS schemes. The University
of Birmingham provides clinical research insurance for studies that it sponsors. This insurance is
provided via membership of UMAL.

13.  Publication Policy

Results of this trial will be submitted for publication in a peer-reviewed journal. The manuscript will
be prepared by Hanadi Alrammaal and Dr.Hannah Batchelor with contributions from the local PI (Katie
Morris) and the local researcher (Victoria Hodgetts-Morton) and authorship will be determined by
mutual agreement.

Authors must acknowledge that the trial was performed with the support of Saudi Arabian
Government.

IRAS# 244803 RG
Page 22 of 23 Protocolv0.4 2" January 2020

250

UNIVERSITYOF
BIRMINGHAM

INHS|

Birmingham Women'’s
and Children’s

NHS Foundation Trust

References

1. Kanagalingam, M.G., et al., Changesin booking body mass index over a decade: retrospective

analysis from a Glasgow Maternity Hospital. Bjog, 2005. 112(10): p. 1431-3.
2. Heslehurst, N., et al., Trendsin maternal obesity incidence rates, demographic predictors,
and health inequalities in 36,821 women over a 15-year period. Bjog, 2007. 114(2): p. 187-
94.
3. Weiss, J.L., et al., Obesity, obstetric complications and cesarean delivery rate--a population-
based screening study. Am J Obstet Gynecol, 2004. 190(4): p. 1091-7.
4. Wiloch, C., etal., Risk factors for surgical site infection following caesarean section in
England: results from a multicentre cohort study. Bjog, 2012. 119(11): p. 1324-33.
5. Groff, S.M., etal., Effect of maternal obesity on Maternal-Fetal transfer of preoperative
cefazolin at cesarean section. Journal of Pediatric Pharmacology and Therapeutics, 2017.
22(3): p. 227-232.
6. Swank, M.L., etal., Increased 3-gram cefazolin dosing for cesarean delivery prophylaxis in
obese women. American Journal of Obstetrics and Gynecology, 2015. 213(3).
7. Kram, J.J.F., et al., Does current cefazolin dosing achieve adequate tissue and blood
concentrations in obese women undergoing cesarean section? European Journal of
Obstetrics, Gynecology, & Reproductive Biology, 2017. 210: p. 334-341.
8. Chan, K., et al., Effects of maternal obesity on tissue concentrations of prophylactic cefazolin
during cesarean delivery. AmericanJournal of Obstetrics and Gynecology, 2011. 204 (1
SUPPL.): p. 524.

9. Holt, D.E., etal., THE PLACENTAL-TRANSFER OF CEFUROXIME AT PARTURITION. European
Journal of Obstetrics Gynecology and Reproductive Biology, 1994. 54(3): p. 177-180.
10. Weckesser, A., etal., Women’s perspectives on caesarean section recovery, infection and the

PREPS trial: a qualitative pilot study. BMC Pregnancy and Childbirth, 2019. 19(1): p. 245.
11. Prevention, C.f.D.C.a., Surgical Site Infection (SSI) Event. 2019: p. 34.

12. Swank, M.L., etal., Increased 3-gram cefazolin dosing for cesarean delivery prophylaxis in
obese women. AmericanJournal of Obstetrics and Gynecology, 2015. 213(3): p. 415e1-
415e8.
13. Young, O.M., et al., Pharmacokinetics of cefazolin prophylaxis in obese gravidae at time of
cesarean delivery. American Journal of Obstetrics and Gynecology, 2015. 213(4): p. 541.e1-
541.e7.
14. Birmingham, U.o., Research Data Management Policy.

https://intranet.birmingham.ac.uk/as/libraryservices/library/research/rdm/Policies/Researc
h-Data-Management-
Policy.aspxhttps://intranet.birmingham.ac.uk/as/libraryservices/library/research/rdm/Polici
es/Research-Data-Management-Policy.aspx, Updated January 2018.

IRAS# 244803 RG
Page 23 of 23 Protocolv0.4 2" January 2020



7.2.3 Additional forms related to C-LACE study

7.2.3.1 Participant Information Sheet

251



UNIVERSITYOF
BIRMINGHAM NHS

~ N Birmingham Women'’s
ClaceTrial and Children’s

NHS Foundation Trust

UNIVERSITYOF
BIRMINGHAM NHS

Birmingham Women’s
and Children’s

NHS Foundation Trust

C-laceTrial

Participant Information Sheet
C-LACE: Cefuroxime Levels After Caesarean Section

Full title of research study: understanding pharmacokinetic distribution of cefuroxime when given
prior to caesarean section in body fat and blood.

Summary of the Participant Information Sheet:

Doctors and Pharmacists at Birmingham Women’s Hospital and the University of Birmingham, School
of Pharmacy are investigating how the body mass index of the woman affects the concentration of
the standard antibiotic (Cefuroxime) given to women prior to having a Caesarean section. They are
particularly interested in the concentration of antibiotic in the blood and at the site of incision
(tummy).

You have received this information sheet as you are scheduled to have a Caesarean Section at
Birmingham Women'’s Hospital and are eligible to take partin this study.

In this research study we will use information from you and your medical records. We will only use
information that we need for the research study. We will let very few people know your name or
contact details, and only if they really need it for this study. Everyone involved in this study will keep
your data safe and secure. We will also follow all privacy rules.

At the end of the study we will save some of the data in case we need to check it and for future
research.

We will make sure no-one can work out who you are from the reports we write.
The information sheet tells you more about this study and what it involves.
This study is sponsored by University of Birmingham.

Please read the following information and if you have any queries, please discuss them with your
friends, relatives or your hospital doctor or midwife. Please ask if there is anything that s not clear or
if you would like more information.

Why we aredoing this research?

Antibiotics are given prior to a Caesarean section (C-section) to reduce the chance of an infection
following the procedure. At Birmingham Women’s Hospital, Cefuroxime is the antibiotic drug that is
usually used (if a woman does not have a severe penicillin allergy, note that if you have a penicillin
allergy then you are NOT eligible to participate in this trial). Every patient receives the same dose of
antibiotic regardless of their height, weight and body mass index (BMI). Currently, approximately 1 in
10 women develop an infection following a C-section which can affect a woman’s recovery.

The likelihood of getting an infection increases with the woman’s body mass index and we want to
know if this is related to the concentration of cefuroxime that is present in the blood and site of
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incision at the time of the C-section.

This research will assess whether the same dose of the antibiotic (cefuroxime) provides an adequate
antibiotic coverage/concentration in all women; or whether women with a higher body mass index
(BMI)would benefit from a higher dose of the drug. We will look at the concentration of antibiotic in
blood and fat samples (within the incision) to see what level of antibiotic cover is reached in allwomen
who participate.

The results from this study will be used to develop computer based models that better predict what
dose would be required for a woman based on her height and weight. This may influence a change in
dosing for the future, and in so doing reduce the rate of infection aftera C-Section.

This research study is being undertaken as part of an educational qualification (a PhD) by Hanadi
Alrammaal, at the School of Pharmacy at the University of Birmingham under the supervision of Dr
Victoria Hodgetts-Morton. The local Principal Investigator is Dr Katie Morris, who is an obstetrician at
Birmingham Women’s Hospital and a researcher at the University of Birmingham. The research project
has been funded by the PhD grant for Hanadi Alrammaal which is paid by the Saudi government. The
University of Birmingham are responsible for sponsoring the research.

As a participantwhatdo | havetodo?

We will need to use information from you and from your medical records for this research project.

This information will include your:
e Initials
e Name
e Contact details
e Body mass index (related to your height and weight)
e Detailsof the drugs used during your Caesarean Section
e General details about your health at the time of your Caesarean Section

People at Birmingham Women’s Hospital will use this information to do the research or to check your
records to make sure that the research is being done properly.

People who do not need to know who you are will not be able to see your name or contact details.
Your data will have a code number instead. Some of this information and the blood and fat samples
will be transferred to the University of Birmingham, this information and the samples will use a coded
number and there will be no identifiable information that is transferred to the University of

Birmingham.
We will keep all information about you safe and secure.

Once we have finished the study, we will keep some of the data so we can check the results. We will
write our reports in a way that no-one can work out that you took part in the study.
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We would also like your permission to take three blood samples (each one of less than 10mL (two
teaspoons) and two small samples of fat from your tummy during your Caesarean section.

The first sample of blood will be taken at time of skin incision. After your operation, we will need to
take another blood sample as close to the time of delivery as possible and the final blood sample will
be takenin the recovery room. The samples will either be taken from a cannula inserted in your hand,
the insertion of the cannula will be uncomfortable, or the samples taken by a very small ‘butterfly
needle from your hand or foot. If the samples are taken from your foot this will be numb from the
anaesthetic and will not hurt. We will discuss with you how best to take these samples in line with
your personal preferences.

Just before your baby is delivered, we will ask your doctor to remove a small amount of the fat from
under the skin on your tummy. This will be a very small amount (about the size of a 50p coin). During
your C-section, you will have an anaestheticso you should not feel any pain. Your doctor will deliver
the baby and placenta then stich the womb. Just before your skin is stitched, your doctor will remove
a second 50p sized sample of fat. Taking these small fat samples will take less than a minute eachso
the overall procedure is only a maximum of two minutes longer than without the fat samples.

By taking these three samples of blood and two samples of fat, we will be able to see how the
Cefuroxime antibiotic concentration in your body changes during your operation. These samples will
be collected into sample tubes and transported to the University of Birmingham. The analysis to
determine the drug concentrations will be done at the University of Birmingham.

You will also be asked if you consent to any remaining tissue that is left over after this study is
completed being used for other research at the University of Birmingham. This further research will
require approval from a research ethics committee.

We would also like your permission to contact you by telephone between 30-40 days after your C-
section to ask about whether you have had an infection as a result of the C-section. This telephone

call will take a maximum of 15 minutes.

Howlongdo | need to take part for?

You canstop being part of the study at any time, without giving a reason, but we will keep information
about you that we already have.

As well as the samples taken on the day of your C-Section we would like your permission to contact
you by telephone once between 30-40 days after your C-section toask a few questions and to find out
if you have had an infection.

If we cannot contact you or you choose to stop taking part in the study, we would like to continue
collecting information about your health from your medical notes. If you do not want this to happen,
tell us and we will stop. We would like to look at your medical notes to see if thereis any record of an
infection as a result of your C-section. There are no additional Hospital visits involved in this study.

We need to manage your records in specific ways for the research to be reliable. This means that we
won’t be able to let you see or change the data we hold about you.

IRAS#244803
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Will peopleknowthat the samples belong to me?

The samples will be anonymised at the Hospital so the researchersat the University will not know who
provided the sample. However, some details from your Hospital notes will be linked to the sample,
using a study number. These include your: ethnicity; height; weight; location from where the fat
sample was collected; times that samples were taken and additional details about the C-section
procedure (anaesthetic used; dose of antibiotic used). This information will not include any details
that can identify you.

Am | eligible to participate?

We will be seeking to recruit healthy women who are experiencing a normal pregnancy. We are
interested in women with a range of body mass index values so that we know as much as possible
about cefuroxime concentrations.

As this is a pilot study a limited budget prevents us from providing translation services for those
participantsunable toread and understand English. Participation has no direct benefits to participants
thus exclusion on this basis does not affect the standard of care provided.

Are there any risks or benefits?

There are no direct health benefits to participants. The findings from this study will help us determine
the appropriate antibiotic dosing strategy used in future for patients with a high BMI that need a C-
section.

We do not believe that there are any major disadvantages or risks to taking part in this study. The
additional procedures that you will receive are (i) insertion of an additional cannula for the taking of
three additional blood samples and (i) the removal of two samples of fat. The blood will be taken by
a trained healthcare professional using standard methods to take blood; the risks associated with
taking blood samples are minimal. The samples of fat will be taken from you whilst the skin is open
for the C-section; you will be anaesthetized so will not feel any pain from this process. The amount of
fat takenis small (about the size of a 50p coin) and this will not lead to visible differences to your body
following your C-section.

Your doctor will explain all the risks that are associated with a C-section.

What happenswhen the research projectis completed?

We will publish our results. This may take up to 3 years as it takes time to collect and analyse all the
data that we need. We will not name any of the participants and all the data will be anonymised so
no one will be able toidentify you

We will also create a poster that describes this study that you (and other participants) canaccess once
the work is complete. A link will be available on Dr Hannah Batchelor’s personal web pages:
www.hannahbatchelor.com

IRAS#244803
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If you withdraw your consent to participate within 3 months of your C-section all data associated with Chief investigator: Dr Victoria Hodgetts Morton( v.a.h.morton@bham.ac.uk )
you will be destroyed and the samples previously collected will be destroyed in accordance with the
Human Tissue Act 2004 (HTA). A decision to withdraw after 3 months means that the data has already Local investigator: Dr Katie Morris (r.k. morris@bham.ac.uk)

been analysed and anonymised it will not be possible todelete your data. All data will be anonymised

inany publication and it will not be possible to identify you from this output. Head of Research Governance and Integrity at the University of Birmingham: Dr Birgit Whitman

researchgovernance@ contacts.bham.ac.uk oron the phone: 0121 415 8011

What if something goes wrong? L ) . . X
If you would like independent advice about this study or have any complaints about this research,

If you wish to complain about any aspect of the way you have been approached or treated during please contact the hospital’s Patient Advice and Liaison Service (PALS) Office on 0121 335 8226 or
the course of this study you should contact the following: email BWC.formalcomplaints@nhs.net.

Birgit Whitman, the University of Birmingham’s Head of Research Integrity and Governance, who is

anindependent point of contact for research participants:
P P B s Or you can note them here and bring this on the day of your appointment.

E-mail: researchgovernance@contacts.bham.ac.uk Phone: tel. 0121 415 8011

Alternatively, please contact the hospital’s Patient Advice and Liaison Service (PALS) Office on 0121
335 8226 or email BWC.formalcomplaints@nhs.net.

In the event that something does gowrong and you are harmed during the research and this is due
to someone's negligence then you may have grounds for a legal action for compensation against the
University of Birmingham or Birmingham Women’s Hospital but you may have to pay your legal
costs. The normal National Health Service complaints mechanisms will still be available to you (if
appropriate). Will my information be keptin private?

Definitely, it is our main dutyand priority to ensure that all your details will remain strictly confidential .
Your name and any other personal details will be kept at the hospital. You will be given a study
number, which will be recorded against your name and this record will be kept at the hospital, any
documents or tissue leaving the hospital will only be identified with this study number.

The final page of this document provides full details of how your data will be managed.
Will I be offered reimbursements?

There will be no reimbursements offered as part of this study.

Who has reviewed the research?

All research in the NHS is looked at by an independent group of people, called a Research Ethics
Committee, to protect participants’ interests. This study has been reviewed and given favourable
opinion by the East Midlands (Leicester Central) Research Ethics Committee.

Thankyou...foryour time and for considering participationin this study!

If you have any questions atall, please contact:

IRAS#244803 IRAS#244803
Participant Information Sheet v0.4 Page5 of 8 26" December2019 Participant Information Sheet v0.4 Page6 of 8 26" December2019

254



NIVERSITYOF
e INHS|

UNIVERSITYOF
BIRMINGHAM NHS

BIRMINGHAM

Birmingham Women'’s
and Children’s

NHS Foundation Trust

Birmingham Women'’s
and Children’s

NHS Foundation Trust

&{%&V&” C-LaceTrial

j&;@% & C-laceTrial
=,

Appendix: Data Management Information

In order to carry out the research project described above, we will need to collect information about
you, and some of this information will be your personal data. Under data protection law, we have to
provide you with very specific information about what we do with your data and about your rights.
We have set out below the key information you need to know about how we will use your personal
data.

The University of Birmingham Edgbaston, Birmingham B15 2TT is the data controller for the personal
data that we process in relation to you.

The legaljustification we have under data protection law for processing your personal datais that it
is necessary for our research, which is a task we carryout in the public interest. We will not share
your personal data with any third party.

The University takes great care to ensure that personal data is handled, stored and disposed of
confidentially and securely. Our staff receive regular data protection training, and the University has
put in place organisational and technical measures so that personal data is processed in accordance
with the data protection principles set out in data protection law.

The University has an Information Security Management System based on 1S027001 with a range of
controls covering the protection of personal information. Annual security awarenesstraining is
mandatory for staff and the University is accredited under the NHS Information Governance Toolkit,
the Payment Card Industry Data Security Standard and is in the process of gaining Cyber Essentials
Plus for defined services.

In relation to this project, data collected will be kept strictly confidential in a secure locked cupboard
at the University of Birmingham where access is restricted to the research team.

How long will my personal data be kept?

Your data will be retained at the University of Birmingham for 10 years after the publication of the
research outcomes and for 25 years at Birmingham Women’s Hospital. If you withdraw from the
project, we will keep the information we have already obtained but, to safeguard your rights, we will
use the minimum personally-identifiable information possible.

Your rights in relation to your data

e You may have the following rightsin respect of your personal data:

e Theright to access to your data (often referred to as a Subject Access Request).

e The right to rectification of inaccuracies in your data.

e Therightto erasure of your data (in certain circumstances).

e The right to restrict processing of your data (in certain circumstances).

e Theright to object to the processing of your data (in certain circumstances).

e The right to ask for your personal data to be transferred electronically to a third party.

However, your rights to access, change or move your information are limited, as we need to manage

IRAS#244803
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your information in specific ways in order for the researchto be reliable and accurate. Ifyou
withdraw from the project, we will keep the information we have already obtained but, to safeguard
your rights, we will use the minimum personally-identifiable information possible.

If you would like more information on your rights, would like to exercise any right or have any
queries relating toour processing of your personal data, please contact:

The Information Compliance Manager, Legal Services, The University of Birmingham, Edgbaston,
Birmingham B15 2TT

Email: dataprotection@contacts.bham.ac.uk Telephone: +44 (0)121 414 3916

If you wish to make a complaint about how your datais being or has been processed, please contact
our Data Protection Officer.

Mrs Carolyn Pike, OBE, The Data Protection Officer, Legal Services, The University of Birmingham,
Edgbaston, Birmingham B15 2TT

Email: dataprotection@contacts.bham.ac.uk Telephone: +44 (0)121 414 3916

You also have a right to complain to the Information Commissioner's Office (1CO) about the wayin
which we process your personal data. You can make a complaint using the 1CO’s website.

IRAS#244803
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7.2.3.2 Contact Details Form

<Insertlocal site header - delete this text upon completion> C-LACE Trial

C-LACE Contact details Form

Section 1 - Participant Details

Initials: First, Middle Last I:I:I:l Date of Birth: e.g. 31-JAN-1997

Participant Study ID number:

LTI T]

Section 2 — Participant Contact Details

Please complete ALL detailsto ensure we can contact the participantfor the telephone interview

Last Name:

First Name:

Contact phone numbers Telephone Number (Home): Telephone Number (Mobile):

Any commentson preferred day/time to call
or preferred number

Section 3 - Form Completion Details

Full name of person completing form: Signature of person completing form: Date: e.g. 31-JAN-2017

IRAS#244803 Contact detailsform v0.2 (16-09-2019)
CONFIDENTIAL to be retainedin study s'te file once completed

Page 1
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7.2.3.3 Consent Sticker

Trial Consent Documentation
Sticker to be placed in main notes

PIS given: No Yes /Date
Happy to participate:. ' No Yes
Consented: No Yes / Date
Consented by: Name Sig:

Consent forms filed

Top copy in pack Yes
Middle copy to patient Yes
Bottom copy in main notes Yes

Patient aware that she can withdraw _ Yes
IRAS# 244803, Consent Sticker v0.4 18th December 2019

7.2.3.4 Sample label
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<Insertlocal site header - delete this text upon completion>. C-LACE Trial

C-LACE Sample Sticker

Section 1 — participant Details
Participant Study ID number:

Section 2 — Box Content

This box contains (please tick box) Sample Reference Number:is patient Trial

p k e.g.23722/1

1 human bloodsample. taken at tine of skin incision at CS procedure
!

1 human bloodsample. taken at tine of skin closure at CS procedure

/

1 human bloodsample, taken during recovery from CS procedure

/

1 human adipose tissue sample. iaken at time of skinincision at CS procedure

/

Thuman adipose tissue sample. iaken at time of skinincision at CS procedure

OO0 00

/

Section 3 — addresses
Thisbox intended to be transferred from Birmingham Women's Hospital

To:Pharmacy Research Lab, Sir Robert Aitken Institute for Medical Research, University of Birmingham, Edgbaston B152TT, Birmin gham, UK
contact details: Mrs.Hanadi Alrammaal phone number 07477143102 or

Email: hha706@student.bham.ac.uk

Section 4 - Form Completion Details

Full name of person completing form: Signature of person completing form: Date: e.g. 31-JAN-2019

IRAS#244803 Sample labelform v0.3(30-10-2019)

Page 1of 1

7.2.3.5 Follow up interview form
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\ Postnatal Interview — Day 30-40
Cefuroxime levels after CS

(Please dispose of THIS SHEET CONFIDENTIALLY once interview is complete)

Participant Details

surname: [T T T T T T T T T T T

e 1 [ [ [ [ [ [ [ [ | ]

Participant Study 1D number EEEED

Home Phone Number | | | I | | | | | | |

MobilePhone Number [ [ [ [ [ [ [ [ [ [ ]

C-section Details

Date of C-section EI:' EI:' l:l:l
Scheduled 30 day Interview Date I:':l I:':l l:':l

Pertinent information for contact:
(e.g. time of day to call; preferred day

of week)

Please dispose of THIS SHEET CONFIDENTIALLY once interviewis complete

IRASH 244803
Follow-up Questionnaire v0.2 Page 1 of 6

16t September 2019
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Postnatal Interview — Day 30-40
Cefuroxime levels after CS

Day 30-40 Telephone ContactLog

30-40 Day contact attempts
*This should be done between 30-40 days post C-Section —with a maximum of 3 attemptsduring
this period where each attempt is separated by at least 2 days*

Date

Time Days post CS Notes

i
i
i

Interview not conducted D

L1 ]

]

Interview conducted l:l

Notes:

Interview not conducted D

]
]

Interview conducted l:l

Notes:

Interview not conducted |:|

|—|—| Interview conducted l:l

N
Do o

]

Notes:

Unable to Contact

If you are unable to contact the participant for an interview, please give details:

IRASH 244803
Follow-up Questionnaire v0.2 Page 10f 6 16t September 2019




Postnatal Interview — Day 30-40
Cefuroxime levels after CS

30-40 day interview

Participant Details

Participant Study ID number Dj:lj:l
N I I I I

Telephone Interview |:| In Hospital Interview I:l

Date of Interview

Script
‘Make Introductions....”

Thank you for agreeing to receive a further telephone interview following your C-section. We really
appreciate your time.

You previously gave consent for us to call you; please can you confirm that you are willing to

proceed with this interview: YES/NO

The interviews will not be recorded so please bear with me while | write information down.

1. Doyou feel you have recovered | a)Not atall Notes:
well from your caesarean
section? b) Alittle \:’

c) Quite a bit D
d) Alot ]

2. Doyou feel you cancare for
yourself as you would expect?

a) Not atall E’ Notes:
b)Alittle [ ]
c) Quite a bit |:|

d) Alot ]
3. Haveyou sought advice froma | Yes |:| No I:'
healthcare professional because
of a problem with your CS? This | Notes:
does not include routine
planned follow-up
appointments

IRAS# 244803

Follow-up Questionnaire v0.2 Page 2 of 6 16t September 2019
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4. Haveyou been diagnosed with
an infection since leaving
hospital?

5. About your infection:
>5a. Who diagnosed your infection?

>5b. Where was/is your infection?

>5c. Were you prescribed antibiotics
for this infection?

>5d. Doyou remember the name of
the antibiotic?

>5e. Were you readmitted into
hospital for this infection?

>5f. If YES (to Q5e), wasthis the
hospital where you had your baby?

Postnatal Interview — Day 30-40
Cefuroxime levels after CS

If YES please continue; if NO please go to question 6

a)GP Yes I:I No D

b) Drat the hospital where you
had your baby  Yes El No

c) Drat a different
hospital Ves|:| No I:l

Yes|:| Nol:l

d) Other
Please specify:

a) Womb/pelvis

VESD " \:l
Yes \:’ No I:l

b) CS wound

c) Vaginal/perineal

wound Yes D No \:l
d) Other Yes I:l No I:l

Please specify:

Yes |:| Nol:l

Yes|:| name of antibiotic No|:|
Yes |:| No I:l

If NO please go to question 6

Yes \:I No ‘:’
pateadmitted [ [ ] [T ] [T ]
Datedischarged:EI:] EI:] ED

IRASH 244803
Follow-up Questionnaire v0.2

Page 3 of 6 16t September 2019




Postnatal Interview — Day 30-40
Cefuroxime levels after CS

6. Haveyou had, or felt like you
have had, a high temperature or
fever since leaving hospital after
your CS?

>6a. If YES, did you seek medical
advice?
Provide details of advice received

Yes ‘:l No I:l

Yes |:| No I:l

7. Haveyou had any of the
following concerns with your CS
wound?

a) Redness

Yes [ [ No [ ]
b) Pain Yes |:| No |:|
¢) Discharge/oozing Yes || No [_]
d) Heat ves [ | No [ ]
€) Wound opening upYes || No [_]

8. Haveyou had any abnormal
period-like pain since your CS?

Yes |:| No I:l

9. Do you have any feedback about
the trial?

Yes No If YES please tell us:

10. Haveyou found the interview
process difficult?

a) Not atall |:| Notes:

b)Alitle |
c) Quite a bit \:|
d) Alot ]
Length of interview
Duration: |:|:| |:|:|
IRASH 244803
Follow-up Questionnaire v0.2 Page 4 of 6 16t September 2019

Postnatal Interview — Day 30-40
&&&f Cefuroxime levels after CS
Once thisinterviewis completed, Please discard only first page with

the thislogo ﬁ

Interview conducted by: Name:
Date: - -

Signature:

IRAS# 244803

Follow-up Questionnaire v0.2 Page 50f 6 16t September 2019
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7.2.3.6 Medical Record 6 weeks outcome form
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ocal site header - delete this text upon completion>

C-LACE Trial 6 week outcome form

C-LACE Trial

Section 1 - Participant Details

Participant Study ID number:

Section 2 — Hospital Attendance

Did the women attend hospital fora possible infection AFTER her

discharge home since givingbirth? Tickone ' No [ . Yes

IfYES, how many attendances? ¢.g. 07, 02

If NO.- this form iscomplete, please sign and date form. If YES-please complete the remainder of the form

Please complete a separate form for each attendance

Which attendance doesthisform referto? ¢.g. 07, 02

What was the outcome of the attendance? 7ick one

! Attended triage and returned home

Attended triage and admitted to hospital

Date attended: Time attended: 24/r .

If ADMITTED to hospital, dateof discharge: - -

If ADMITTED, time discharged: 24/ .

Section 3 - Antibiotics

Was the woman ibed a course of ? Tick one (INo [ Yes
If No, please go to Section 4, If YES, p the following y
Drug Name/ Dose ¢.g 1500 Frequency ©.g Route ©.0. |/ Starting Date ©.0. 37- | Discontinuation date Comments
Strengthe.g: 2.0 mg twice JAN-2019 e.g. 31-JAN-2019

Cefuroxime
1
2
. DD-MMM-YYYY|DD-MMM-YYYY
4 i more than 4antbiolic, complete

L-l .| L=l - _ |tistable and tickthis box |

Were the antibioti fora surgical site infection (e.g. uterine, pelvic, abdominal wound, perineal)? 7/ck one

0 No [ ves

Section 4 - Suspected or Confirmed Infection

Did the woman develop a fever (238°C) during herinpatientstay? 7ick one _ No; Temp <38°C es; Temp=238°C.

Was an infection suspected and/or confirmed in the

It YES, was infection prompted by matemal and/or clinical concem? Tick one
uterus/pelvis? Tick one ¢

. Matemal concem

[ No [ . Yes ‘\::‘ Clinical concermn
! Both

Was an infection suspected and/or confirmed in the
abdominal wound? Tick one

If YES, was infection prompted by matemal and/or clinical concem? Tick one

! Matemal concem
 Clinical concern
( Both

Was an infection suspected and/or confirmed in the
perineum? Tick one

It YES, was infection prompted by matemal and/or clinical concem? Tick one

. Matemal concern
L Yes (| Clinical concern

this text

ns & Symptoms

C-LACE Trial

Did the woman have any of the following? Answer all

Abnormal uterine tenderness
Abnormal uterine involuton
Abnormal temperature

!Yes | Abdominal wound tenderness

Abnormal lochia

Yes
No [ 'Yes

Did the woman have a clinical ? Tick one

If YES, date of clinical diagnosisof endometritis: e.g. 371-JAN-2017 - -

Did the woman meet the CDC definition of endometritis below? (see CDC definition )/ ic/kone L:J No
The definitionasperthe CDC are: Patient cultured from fluidortissue (i

two of the following: fever (238°C), pain or (uterine or orpurulentdrainage from

Section 6 - Microbiology

Did the woman have any microbi postoperatively? 7ickone

If No, go to Section 7

Was a blood culture sample taken? 7ick one [ No

If YES, did the blood cultures grow any micro-organisms? 7/ck one

Was a skinwound swab sample taken? Tick one

If YES, did the skin g y mi I Tickone
No

) Yes

If YES, please specify the micro-organisms:

Was a vaginal swab sampletaken? //ckone

If YES, did the vaginal swab grow any micro-organisms? 7/ck one

‘No

If YES, please specify the micro-organisms:

Was an MSU sample taken? Tickone

If YES, did the MSU grow any micro-organisms? 7ick one
(No

O Yes

If YES, please specify the micro-organisms:

If any other samples were taken, please specify site and micro-organism if positive culture:

Section 7 - Severity of Infectiol

Was the woman admitted to level 2 orlevel 3 care (e.g. HDU) as a result of a suspected/confirmed infection? Tickone INo

If YES, date of admittance to level 2 orlevel 3 care (e.g. HDU): €.g. 31-JAN-2017 -

Did the woman develop sepsis during her attendance? 7ick one

 Both

IRAS#244803 6 week outcome form v0.2 (16-09-2019)
Page 1of 2

If YES, date of diagnosisof sepsis: e.0. 31-JAN-2017 - -

Section 8 - Form Completion Details

Full name of person completing form: Signature of person completing form: Date:

IRAS#244803 6 week outcome form v0.2 (16-09-2019)



7.2.4 Ethical approval and paperwork related to C-LACE study

7.2.4.1 Health Research Authority and Health and Care Research Wales

Approval Letter

Ymchwil lechyd m
a Gofal Cymru

Health and Care Health Research
Research Wales Authority

Dr Hannah Batchelor

Senior Lecturer in Pharmaceutics, Formulation and
Drug Delivery

University of Birmingham

University of Birmingham

School of Pharmacy

Birmingham

B152TT

Email: hra.approval@nhs.net

HCRW.approvals@wales.nhs.uk

22 January 2020

Dear Dr Batchelor

HRA and Health and Care
Research Wales (HCRW)

Approval Letter

Study title: Understanding pharmacokinetic distribution of
cefuroxime when given prior to Caesarean section in
body fat and blood

IRAS project ID: 244803
REC reference: 19/EM/0356
Sponsor Organization not set

| am pleased to confirm that HRA and Health and Care Research Wales (HCRW) Approval
has been given for the above referenced study, on the basis described in the application form,
protocol, supporting documentation and any clarifications received. You should not expect to
receive anything further relating to this application.

Please now work with participating NHS organisations to confirm capacity and capability, in
line with the instructions provided in the “Information to support study set up” section towards
the end of this letter.

How should | work with participating NHS/HSC organisations in Northern Ireland and
Scotland?

HRA and HCRW Approval does not apply to NHS/HSC organisations within Northern Ireland
and Scotland.

If you indicated in your IRAS form that you do have participating organisations in either of
these devolved administrations, the final document set and the study wide governance report
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(including this letter) have been sent to the coordinating centre of each participating nation.
The relevant national coordinating function/s will contact you as appropriate.

Please see |IRAS Help for information on working with NHS/HSC organisations in Northern
Ireland and Scotland.

How should | work with participating non-NHS organisations?
HRA and HCRW Approval does not apply to non-NHS organisations. You should work with
your non-NHS organisations to obtain local agreement in accordance with their procedures.

What are my notification responsibilities during the study?

The standard conditions document “After Ethical Review — guidance for sponsors and
investigators”, issued with your REC favourable opinion, gives detailed guidance on reporting
expectations for studies, including:

¢ Registration of research

¢ Notifying amendments

¢ Notifying the end of the study
The HRA website also provides guidance on these topics, and is updated in the light of
changes in reporting expectations or procedures.

Who should | contact for further information?
Please do not hesitate to contact me for assistance with this application. My contact details
are below.

Your IRAS project ID is 244803. Please quote this on all correspondence.

Yours sincerely,
Barbara Cuddon

Approvals Specialist

Email: hra.approval@nhs.net

Copy to: Dr Birgit Whitman
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List of Documents

The final document set assessed and approved by HRA and HCRW Approval is listed below.

Document Version Date
Contract/Study Agreement template [Letter] 25 September 2019
Contract/Study Agreement template [Letter]

Covering letter on headed paper [Cover letter] 19 September 2019
Covering letter on headed paper [Cover letter] 26 December 2019
Evidence of Sponsor insurance or indemnity (non NHS Sponsors 08 November 2019
only) [Letter]

HRA Schedule of Events [HRA Assessed Version] 1.0 22 November 2019
IRAS Application Form [IRAS_Form_21112019] 21 November 2019
IRAS Application Form XML file [IRAS_Form_21112019] 21 November 2019
Letter from sponsor [Sponsor letter] 08 November 2019
Non-validated questionnaire [Baseline form] 0.2 16 September 2019
Non-validated questionnaire [Sample label] 0.3 30 October 2019
Non-validated questionnaire [Operation form] 0.3 30 October 2019
Non-validated questionnaire [Screening form] 0.3 30 October 2019
Non-validated questionnaire [Discharge form] 0.2 16 September 2019
Non-validated questionnaire [Follow up interview form] 0.2 16 September 2019
Non-validated questionnaire [6 weeks outcome form] 0.2 16 September 2019
Non-validated questionnaire [Eligibility reassessment form] 0.2 16 September 2019
Non-validated questionnaire [Contact details] 0.2 16 September 2019

Participant consent form [Consent sticker] 0.4 18 December 2019
Participant consent form [ICF] 0.5 21 January 2020
Participant information sheet (PIS) [PIS Tracked change] 0.4 26 December 2019
Participant information sheet (PIS) [PIS Clean Version] 0.4 26 December 2019
Research protocol or project proposal [Protocol] 0.4 02 January 2020
Summary CV for Chief Investigator (Cl) [Summary CV] 16 September 2019
Summary CV for student [CV] 25 November 2019
Summary CV for supervisor (student research) [CV] 09 September 2019
Summary CV for supervisor (student research) [CV] 16 September 2019
Summary CV for supervisor (student research) [CV] 06 May 2019
Summary of any applicable exclusions to sponsor insurance (non- |0.1 08 November 2019
NHS sponsors only) [Letter]
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Information to support study set up

IRAS project ID 244803

The below provides all parties with information to support the arranging and confirming of capacity and capability with participating NHS
organisations in England and Wales. This is intended to be an accurate reflection of the study at the time of issue of this letter.

Types of Expectations related to | Agreement to be | Funding Oversight HR Good Practice Resource
participating confirmation of used arrangements expectations Pack expectations

NHS capacity and capability

organisation

Al sites will Research activities An Organisation Study funding will | Itis expected that | No Honorary Research
perform the should not commence at | |nformation be provided to a Principal Contracts, Letters of Access or
same research participating NHS Document has sites as per the Investigator would | pre-engagement checks are
activities | organisations in England | peen submitted Organisation be appointed at expected for local sta‘ﬁ‘ )
therefore lhere I8 | or Wales prior to their and the sponsar s Information study sites. employed by the participating
only one site formal confirmation of s Document NHS organisations. Where
type. not requesting and arrangements are not already in

capacity and capability
to deliver the study.

does not expect
any other site
agreement o be
used.

place, research staff not
employed by the NHS host
organisation undertaking any of
the research activities listed in
the research application would
be expected to obtain an
honorary research contract from
one NHS organisation (if
university employed), followed
by Letters of Access for
subsequent organisations. This
would be on the basis of a
Research Passport (if university
employed) or an NHS to NHS
confirmation of pre-engagement

checks letter (if NHS employed).
These should confirm enhanced
DBS checks, including
appropriate barred list checks,
and occupational health
clearance.

Other information to aid study set-up and delivery

This details any other information that may be helpful to sponsors and participating NHS organisations in England and Wales in study set-up.

The applicant has indicated that they do not intend to apply for inclusion on the NIHR CRN Portfolio.
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7.2.4.2 Amendment ethical approval letter

Health Research
Authority
East Mi -1 Central Ethics Committee
The Old Chapel
Foyal Standard Place
Nettingham
NG1 6FS
T
24 August 2020
Mrs Hanadi H A Alrammaal
School of Pharmacy
University of Birmingham
Birmingham, UK
B152TT
Dear Mrs Alrammaal
Study title: L di ic distribution of cefuroxime
when given pnor to Caesarean section in body fat and
blood
REC reference: 19/EM/0356
Amendment number: AM 01 244803
Amendment date: 04/08/2020
IRAS project ID: 244803
The above was by the Sub-C i in P ce.
Ethical opinion

The members of the Committee taking part in the review gave a favourable ethical opinion
of the amendment on the basis described in the notice of amendment form and supporting
documentation.

Approved documents

The d: and approved at the meeting were:
2] Version Date
c Tool [ Tool] 1 06 July 2020
Other [IRAS_Form) 04 August 2020
Participant information sheet (PIS) (PIS C-LACE v1.4] 14 27 July 2020
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[Research protosal or project proposal [C-LACE protacol v1.4] [14
|Summary CV for Chief Investigator (Cl) [CV chief investigator] |1

[27 Juy 2020 |
|27 July 2020 |

Membership of the Committee

The members of the Committee who took part in the review are listed on the attached
sheet.

Working with NHS Care Organisations
Sponsors should ensure that they notify the R&D office for the relevant NHS care

of this in line with the terms detailed in the categorisation email
issued by the lead nation for the study.

Amendments related to COVID-19

We will update your research summary for the above study on the research summaries
section of our website. During this public health emergency, it is vital that everyone can

ptly identify all rels related to COVID-19 that is taking place globally. If
you haw not already done so, please register your study on a public registry as soon as
possible and provide the HRA with the registration detail, which will be posted alongside
other information relating to your project.

Statement of compliance
The Cc ittee is i n with the >:] for
R h Ethics C fully with the Standard Operalmg Procedures for

Research Ethics Committees in the UK,
HRA Leaming
We are pi o and

and online leaming opportunities— see details at:
improving-research/leaming/

staff to our HRA Learning Events

[ IRAS Project ID - 224803: Please quote this number on all corresp ]

Yours sincerely

On Behalf Of
Mrs Rita Patel
Chair

E-mail: nhs.uk




East Midlands - Leicester Central Research Ethics Committee

Attendance at Sub-Committee of the REC meeting on 14 August 2020

Committee Members:

Manager - retired

Name Profession Present Notes
Mr Richard Hovey Business Analyst Yes
Mrs Rita Patel Contracts and Innovation | Yes Chair

Also in attendance:

Name

Position (or reason for attending)

Mr Taimoor Hassan

Approval Administrator
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Reference: IRAS Version 5.13

19/EM/0356

IRAS Form

The integrated dataset required for your project will be created from the answers you give to the following questions. The
system will generate only those questions and sections which (a) apply to your study type and (b) are required by the
bodies reviewing your study. Please ensure you answer all the questions before proceeding with your applications.

Please complete the questions in order. If you change the response lo a question, please select 'Save’ and review all the
questions as your change may have affected subsequent questions.

Please enter a short title for this project (maximum 70 characters)
C-LACE: Cefuroxime Levels After Caesarean Section

1.1s your project research?

@ Yes {)No

2. Select one category from the list below:
() Clinical trial of an investigational medicinal product

(O Clinical investigation or other study of a medical device

() Combined trial of an investigational medicinal product and an investigational medical device

() Other clinical trial to study a novel intervention or randomised clinical trial ta compare interventions in clinical practice
(@ Basic science study involving procedures with human participants

() Study administering questionnaires/interviews for quantitative analysis, or using mixed quantitative/qualitative
methodology

() Study involving qualitative methads only

() Study limited 1o working with human tissue samples (or other human biological samples) and data (specific project
only)

() Study limited to working with data (specific project only)

(O Research tissue bank

(O Research database
If your work does not fit any of these categories, select the option below:

) Other study

2a. Will the study involve the use of any medical device without a CE Mark, or a CE marked device which has been
modified or will be used outside its intended purposes?

OYes @No

2b. Please answer the following question(s):

a) Does the study involve the use of any ionising radiation? (OYes  @No
b) Will you be taking new human tissue samples (or other human biological samples)? @Yes (ONo
OYes @No

©) Will you be using existing human tissue samples (or other human biclogical samples)?

Date: 15/11/2019 1
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7.2.4.3 The Integrated Research Application System approved form

Reference: IRAS Version 5.13

19/EM/0356

IRAS Form

d) Will the study involve any other clinical procedures with participants (e.g. MR, ultrasound,
physical examination)?

OYes @No

3. In which countries of the UK will the research sites be located?(Tick all that apply)

[ England
[ Scotland

[ Wales

[ Northern Ireland

3a. In which country of the UK will the lead NHS R&D office be located:
@ England

) Scotland

) Wales.

() Northern Ireland

) This study does not involve the NHS

4. Which applications do you require?

[ IRAS Form
[] Confidentiality Advisory Group (CAG)
[ Her Majesty's Prison and Probation Service (HMPPS)

Most research projects require review by a REC within the UK Health Departments’ Research Ethics Service. Is
your study exempt from REC review?

OYes @No

5. Will any research sites in this study be NHS organisations?

@Yes (Mo

5a. Are all the research costs and infrastructure costs (funding for the support and facilities needed to carry out
research e.g. NHS Support costs) for this study provided by a NIHR Biomedical Research Centre, NIHR Collaboration for
Leadership in Health Research and Care (CLAHRC), NIHR Patient Safety Translational Research Centre or Medtech and
In Vitro Diagnostic Cooperative in all study sites?

Please see information button for further details.

O Yes

Please see information button for further details.

@) No

5b. Do you wish to make an application for the study to be considered for NIHR Clinical Research Network (CRN)
Support and inclusion in the NIHR Clinical Research Network Portfolio?

Please see information button for further details.

OYes @HMNo

The NIHR Clinical Research Network provides researchers with the practical support they need to make clinical studies

Date: 15/11/2019 2



IRAS Form Reference: IRAS Version 5,13

19/EM/0356
happen in the NHS e.g. by providing access to the people and facilities needed to carry out research “on the ground”.

If you select yes to this question, you must complete a NIHR Clinical Research Network (CRN) Portfolio Application Form
(PAF) immediately after completing this project filter question and before itting other licati Failing to Jall

the PAF ahead of other applications e.g. HRA Approval, may mean that you will be unable to access NIHR CRN Support for
your study.

6. Do you plan to include any participants who are children?

(Yes @ No

7. Do you plan at any stage of the project to undertake
for themselves?

O Yes

g adults lacking capacity to consent

@ No

Answer Yes if you plan to recruit living participants aged 16 or over who lack capacity, or to refain them in the study following
loss of capacity. Intrusive research means any research with the living requiring consent in law. This includes use of
identifiable tissue samples or p L ion, except where ication is being made to the Confidentiality Advisory
Group to set aside the law duty of co iality in England and Wales. Please consult the guidance notes for
further information on the legal frameworks for research involving adults lacking capacity in the UK.

8. Do you plan to include any participants who are prisoners or young offenders in the custody of HM Prison Service or
who are offenders supervised by the probation service in England or Wales?

OYes @No

9. |s the study or any part of it being undertaken as an educational project?

@Yes (ONo

Please describe briefly the invalvement of the student(s):
This project is undertaken as part of a PhD research, the researcher is the PhD student

9a. Is the project being undertaken in part fulfilment of a PhD or other doctorate?

@Yes (ONo

10. Will this research be financially supported by the United States Department of Health and Human Services or any of
its divisions, agencies or programs?

O Yes

@ No

11. Will identifiable patient data be accessed outside the care team without prior consent at any stage of the project
including i i i ial participants)?

OYes  @No

Date: 15/11/2019 3
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IRAS Form Reference: IRAS Version 5.13

19/EM/0356

Integrated Research Application System
Application Form for Basic science study involving procedures with human pa pants

IRAS Form (project information)

Please refer to the E-Submission and Checkiist tabs for instructions on submitting this application.

The Chief Investigator should complete this form. Guidance on the questions is available wherever you see this
symbol displayed. We recommend reading the guidance first. The complete guidance and a glossary are available by
selecting Help.

Please define any terms or acronyms that might not be familar to lay reviewers of the application

Short title and version number: (maximum 70 characters - this will be inserted as header on all forms)
C-LACE: Cefuroxime Levels After Caesarean Section

Please complete these details after you have booked the REC application for review.

REC Name:
Leicester Central

REC Reference Number:
19/EM/0356

Submission date:
15/11/2019

A1, Full title of the research:

Understanding pharmacokinetic distribution of cefuroxime when given prior to Caesarean section in body fat and
blood

A2-1, Educational projects

Name and contact details of student(s):

Student 1
Title Forename/Initials Surname
Mrs Hanadi H A Alrammaal
Address School of Pharmacy
University of Birmingham
Birmingham, UK
Post Code B152TT
E-mail Hha706@student.bham.ac.uk
Telephone 07477143102
Fax
Give details of the educational course or degree for which this research is being undertaken:
Name and level of course/ degree:

Date: 15/11/2019 4



IRAS Form Reference:

19/EM/0356
PhD in Pharmacy

Name of educational establishment:
University of Birmingham

Name and contact details of academic supervisor(s):
Academic supervisor 1

Tille Forename/Initials Surname
Dr Hannah Batchelor

Address School of Pharmacy
College of Medical and Dental Sciences
L ity of Birmi UK
Post Code B152TT
E-mail
Tolephone
Fax
Academic supervisor 2
Title Forename/Initials Surname
Dr  Victoria Hedgetts Morton
Address Academic Unit, 3rd Floor
Bimingham Women's Hospital
Post Code B152TG
E-mail

e [
Fax

Please state which academic supervisor(s) has responsibility for which student(s):
Flease click "Save now" before completing his table, This will énsure that all of the sludent and academic Superisor
delalls are shown correctly.

Student(s) Academic supervisor(s)
Student 1 Mrs Hanadi H A [V Dr Hannah Batchelor
Alrammaal

[S0r Vicloria  Hodgetts Morton

IRAS Version 5.13

A copy of a current CV for the student and the academic supervisor (maximum 2 pages of Ad) must be submitted with the
application.

A2-2, Who will act as Chief Investigator for this study?

O Student
@ Academic supervisor
O Other

A3-1. Chief Investigator:

Date: 15/11/2019 5

272

IRAS Form Reference: IRAS Version 5.13
19/EMI0356
Title Forenamellnitials Surname
Dr  Hannah Batchelor
Paost Senlor Lecturer in Pharmaceutics, Formulation and Drug Delivery
Qualifications BSc, PhD
ORCID ID 00000002 8729 9951
Employer University of Birmingham
Work Address University of Birmingham
Schoeol of Pharmacy
Birmingham
Post Code B152TT
Work E-mail
* Personal E-mail
Work Telephone
* Personal Telephone/Mobile
Fax

* This information Is optional. It will not be piaced in the public domain or disclosed to any other third party without prior
consent.

A copy of a current CV (maximum 2 pages of Ad) for the Chief with the

must be submi

Ad. Who is the contact on behalf of the sponsor for all relating to for this project?
This contact wall receive copies of all commespondence from REC and HRA/R&D reviewers that is sent to the CI.

Title Forename/Initials Surname
Dr  Birgit ‘Whitman

Address Head of Research Governance and Integrity
Room 117, Aston Webb Building
University of Birmingham
Post Code B152TT
E-malil g bham.ac uk
Telephone 01214158011
Fax

AS-1. Research reference numbers. Please give any relevant references for your study:

\pplic s own number, e.g. R & D (if RG 18-237
avallable). -
Sponsor'siprotocol number.

Protocol Version: V0.3

Protocol Date: 30/10/2019
Funder’s referance number (enter the reference number or state not Not applicable
applicable):

Project

website:

Registry reference number(s):

The UK Policy Framework for Health and Social Care Research sets out the principle of making information about
publicly avai . F Article 19 of the World Medical Association Declaration of Helsinki adopted

in 2008 states that “every clinical trial mus! be registered on & publicly before of the

first subject”; and the Intemational Committee of Medical Joumal Editors (ICMJE) will consider a clinical trial for

publication only if it has been registered in an appropriate registry. Please see guidance for more information.

Date: 15/11/2019 6




Reference: IRAS Version 5,13

19/EM/0356

IRAS Form

International Standard Randomised Controlled Trial Number (ISRCTN):
ClinicalTrials.gov Identifier (NCT number):

Additional reference number(s):

Reference Number

Ref.Number Description

A5-2. Is this application linked to a previous study or another current application?
{Yes @ No

Please give brief delails and reference numbers.

AB-1. Summary of the study. Please provide a brief summary of the research (maximum 300 words) using language

easily by lay and of the public. Where the research is reviewed by a REC within the UK
Health Departments’ Research Ethics Service, this summary will be published on the Health Research Authority (HRA)
website following the ethical review. Please refer to the question specific guidance for this question.

This study will evaluate the concentration of Cefuroxime in stomach adipose tissue and blood from pregnant women
undergoing a scheduled Caesarean section, Analysis will explore the impact of BMI (body mass index) vs dose of
cefuroxime on the concentrations of drug determined. The study participants will be followed up between 30 and 40
days post C-section to record details of any post-caesarean infection to explore correlations in BMI:measured
cefuroxime concentrations and post caesarean infection rates.

AB-2. Summary of main issues. Please summarise the main ethical, legal, or management issues arising from your study
and say how you have addressed them.

Not ail studies raise significant issues. Some studies may have straightforward ethical or ofher issues that can be identified
and managed routinely. Others may present significant issues requiring further consideration by a REC, HRA, or other
review body (as appropriate to the issue). Studies that present a minimal risk to participants may raise complex
organisational or legal issues. You should try to consider all the types of issues that the different reviewers may need to
consider.

This study was designed to minimise the burden to participants yet maximise access to samples for research.

The main issues for ethical consideration are the collection and analysis of blood samples and adipose tissue
samples from the site of incision. Our study setting and population were selected due to the links to routine clinical
practice. During C-section the abdomen is open therefore there is direct access to harvest samples from adipose
tissue. A second venflon cannula will be used to withdraw the three blood samples required for this study to minimise
the burden of needles to the participant and also disruption during the procedure. Where possible we have tried to
minimise the disruption to the participant during their clinical procedure.

We want to follow-up with women at between 30-40 days post C-section and have tried to minimise the length of
interview. We have also asked for access lo medical notes in cases where we cannot contact the women.

The anonymisation of samples minimises the risk of identification of participants and the close working relationship
between the University and Hospital provides a background of collaborative research.

for this Please tick all that apply:

| AT. Select the appropriate gy

Date: 15/11/2019 T

273

Reference: IRAS Version 5.13

19/EM/0356

IRAS Form

[[] Case series/ case nole review

[[] Case contral

[ Cehort cbservation

[[] Controlled trial without randomisation
[[] Cross-sectional study

O Database analysis

[] Epidemiology

E Feasibility/ pilot study

[ Laboratory study

E Metanalysis

[] Qualitative research

E Questionnaire, interview or observation study
[[1Randomised controlled trial

[[] Other (please specify)

A10. What is the principal research question/objective? Please pul this in language comprehensible to a lay person

This study will evaluate whether the concentrations of cefuroxime (the drug used as a prophylactic antibiotic) reach the
same levels in blood and at the site of incision during a C-section when the patient is obese compared to a non-
obese patient.

A11. What are the
a lay person

? Please put this in language comprehensible o

To see if the concentration of cefuroxime reached in blood and tissue are linked to the rate of post surgical infection
following a C-section

A12. What is the scientific justification for the research? Please put this in language comprehensible to a lay person.

It was estimated in the 2000s that the prevalence of obesity in pregnant women in England was 16-20% [1, 2]. Being
obese and pregnant may have an effect on the mother and foetus. One complication of abesity in pregnancy relates to
the requirement for operative delivery, i.e. Caesarean section (CS).

The rate of CS among a pregnant, obese population is 33.8% [3]. The rate of post-CS infection is higher among obese
pregnant women compared to those who are not obese. Wloch et al found that the adjusted odds ratio of surgical site
infection in the obese population was 2.41 (95% CI 1.73-3.37) [4]. There are various ways to decrease and/or prevent
post-CS infections. Single dose pre-CS intravenous (IV) antibiotic is recommended and several studies have
examined the use of different antibictics in CS, with cefazolin in the US and cefuroxime in the UK being the most
commonly used drugs. Numerous studies have focussed on the use of cefazolin in obese patients to gain an
understanding of optimal dosing and clinical outcomes [5]. Several studies proposed an increased dose of cefazolin
(3 g) compared to the usual dose (2g) for obese pregnant women to achieve sufficient antibiotic levels [6-8]. It was
postulated by Holt et al. (in 1994) that doses of cefuroxime up to 1500mg may not achieve sufficient MIC for most of the
common bacteria in the maternal blood during CS [3]. Sub-therapeutic antibiotic concentration is a crucial factor in
global bacterial resistance. It is essential that the therapeutic concentration of cefuroxime is achieved in both maternal
plasma and at the site of incision during CS for effective therapy. This study will take plasma and adipose tissue
samples to accurately measure levels achieved. Due to the great variability associated with pharmacokinetic
measurements the use of physiologically based pharmacokinetic (PBPK) modelling is a common tool to understand
the distribution of drugs. Sp ist software p are il that include details on pregnant populations. In
this study we will use SImCYP software to model the plasma and adipose concentrations of cefuroxime and we will
compare this modelled data to the experimental results. It is anticipated that this clinical data coupled with PBPK
models will inform any future changes to doses of cefuroxime used for CS, particularly in relation to obese women.

To the best of our knowledge, no study to date has measured cefuroxime concentrations in plasma and adipose
tissue as a function of body mass index (BMI) in pregnant women who have had CS. Thus, a study to explore the drug
concentration in this population at the time of CS is essential.

Date: 15/11/2019 8
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A13. Please summarise your design and methodology. It should be clear exactly what will happen to the research
participant, how many times and in what order. Please complete this section in language comprehensible to the lay person
Do not simply reproduce or refer to the profocol. Further guidance is available in the guidance notes.

Study Procedures

Upon signing consent for the study each participant will be allocated a study ID number to manage anonymity in data
analysis and interpretation. A spreadsheet that links study ID to patient ID will be held at Birmingham Women’s and
Children’s Hospital NHS Foundation Trust under the control of the local principal investigator. This information will be
password protected and stored on an encrypted computer that conforms to the standard NHS security requirements
Background information will be collected from each participant using the Baseline Form. This information is required
for interpretation of the data and dissemination.

Following collection of the data from all forms (Screening, Consent, Baseline, Eligibility Reassessment, Operation,
Discharge, follow up interview, 6 week Record Check) all data will be entered on a shared secure system (Bear
Share: https:/fintranet.birmingham.ac.uk/i infrastructurefresearc
h/bear/BEARDataShare/BEARDataShare.aspx) which is provided by the University of Birmingham; this system can be
accessed at the University and the Hospital and ensures security of data, any data entered will be anonymised.

The study has two parts: part A, which is blood and adipose tissue sampling for cefuroxime concentrations, part B, is a
follow up of patients postpartum at between 30-40 days to record the incidence of post-surgical infection

Part A: Sample collection at C-Section

The duration of the participant participation in part A will last as long as the CS procedure lasts plus an additional up to
two minutes to allow for collection of adipose tissue. No additional visits for the collection of the human blood or tissue
are required. However, a follow up interview will be conducted at 30-40 days postpartum (see 6.2.Part B: Follow up for
post-surgical infection)

The clinical care team will use the following forms: Operation Form and Discharge Form to record the time of
cefuroxime administration, dose administered, type of anaesthesia used, blood loss and other information (see
documents/appendixes). Five samples will be collected: 1 maternal blood sample at time of skin incision, 1 blood
sample at time of skin closure, 1 blood sample in the recovery room, 1 adipose tissue sample (approximately 1 cm
from the skin in the middle of the Plannesnstiel or vertical midline incision) at skin incision and one adipose tissue
sample just prior to skin closure.

Part B: Follow up for post-surgical infection

At between 30-40 days post CS, the study participants will be contacted by telephone by a research nurse/midwife
from the research team and a review will be made to record any type of post surgical infection. The Follow-up
Interview Form will be used to record the details of any infection reported. If the participant attended to the hospital for a
postnatal appointment at 30-40 days, the interview will be conducted at that time to minimise the burden to the
participant

The participant will be by the researc ch nu idwife and reminded of the study. In addition to
the signed informed consent, a verbal consent to participate in the follow-up aspect will be obtained and recorded on
the follow up sheet. Additionally, patient medical notes will be reviewed by a member of the clinical care team using
the 30-40 days Outcome Form to identify whether there has been a reported post-surgical infection. Post-surgical
infection is defined as per the definitions set out by the US Centre's for Disease Control and Prevention (Centre's for
Disease Control and Prevention 2019) [12]

IRAS Version 5,13

A14-1.In which aspects of the research process have you actively involved, or will you involve, patients, service users,
andlor their carers, or members of the public?

[ Design of the research

[[] Management of the research

[[] Undertaking the research

E Analysis of results

[[] Dissemination of findings

E None of the above

Give details of involvement, or if none please justify the absence of involvement

Informal discussions about this study with women who have had CS have all been positive as the burden of
participation is minimised where possible.

A similar study conducted by Victoria Hodgetts Morton and Katie Morris (PREPS trial) involved the public and patients;
those involved were supportive of any research undertaken to minimise the risks of post-surgical infections following
cs[10].

Date: 15/11/2019 9

274

IRAS Form Reference:

19/EM/0356

IRAS Version 5.13

A15. What is the sample group or cohort to be studied in this research?
Select all that apply:

[] Blood

[ Cancer

[] Cardiovascular

O Congenital Disorders

[] Dementias and Neurodegeneralive Diseases

[] Diabetes

[ Ear

O Eye

[[] Generic Health Relevance

[ Infection

[] Inflammatory and Immune Sysiem
E Injuries and Accidents

[ Mental Health

[[] Metabolic and Endocrine

[1 Musculoskeletal

E Neurological

[]Oral and Gastraintestinal

[[] Paediatrics

[ Renal and Urogenital

E Reproductive Health and Childbirth

[[] Respiratory
[ Skin
[ Stroke
Gender: Female participants only
Lower age limit: 18 Years
Upper age limit: 50 Years
A17-1. Please list the principal inclusion criteria (list the most important, max 5000 ck

- Pregnant women 18 years to 50 years old, with a singleton pregnancy undergoing elective Caesarean Section at 37
weeks or over (Category 4 CS); with no known allergy to cefuroxime, cephalosporin or penicillin.

+ Participant is able to give consent and agree to sample storage.

+ Participant agrees to be contacted for follow-up

* Participant contributing to the study needs to be able to read and/or understand English

A17-2. Please list the principal exclusion criteria (list the most i max 5000 ch )

+ Multiple pregnancy
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. Previous Caesarean Section that resulted in a surgical site infection

+ Emergency Caesarean Section (Caesarean categories 1 & 2)

= Any non-elective Caesarean Section including those requiring early delivery without threat to maternal or foetal health
that were not previously planned (Category 3 CS)

+ Body Mass Index (BMI) less than18 kg/m2 or greater than or equal to 45kgim2 (At time of first pregnancy appointment
or at time of delivery).

= Participant contributing to the study is unable to read and/or understand English.

= Currently enralled in an RCT for an intervention to reduce post-operative surgical site infection
= Diabetes (type 1, Type 2 or gestation)

* Hypertension

* Renal disease

+ Cardiovascular disease (eg. Maternal structural cardiac disease)

= Liver disease

= Inflammatory bowel disease (eg Crohn’s disease or ulcerative colitis)

+ Cephalosporin or penicillin allergy

+ Administration of antibiotic within 1 week prior to delivery

« Suspected pre-existing infection (including Chorioamnionitis)

+ Autoimmune disease (eg SLE, Rheumatoid arthritis)

= Chronic use of corticosteroid

= History of wound breakdown in an abdominal surgery

+ Prior laparotomy for any indication (eg. Previous ovarian cystectomy or previous bowel surgery)

A18. Give details of all linical inter (s) or p: that will be received by participants as part of the
research protocol. These include seeking consent, interviews, non-clinical observations and use of questionnaires.

Please complete the columns for each intervention/procedure as follows:
1. Total number of interventions/procedures to be received by each participant as part of the research protocol.

2. If this intervention/procedure would be routinely given to participants as part of their care outside the research,
how many of the total would be routine?

3. Average time taken per intervention/procedure (minutes, hours or days)
4. Details of who will conduct the intervention/procedure, and where it will take place

Intervention or procedure 123 4

Provide background information to study 1 0 10 Research team (CI or nominated research midwife)via

participant minutes distribution of patient information sheet at previous
appointment and within 24 hours prior to the procedure

Review inclusion/exclusion criteriaand 1 0 10 Research team (Cl or nominated research midwife)

obtain consent minutes within 24 hours prior to the procedure

Follow-up telephone call to participant 1 10 Research team (CI or nominated research midwife) by

(or participant can attend the Hospital for minutes telephone 30-40 days post C-Section

the follow up interview)

A19. Give details of any clinical intervention(s) or procedure(s) to be received by participants as part of the research
protocol. These include uses of medicinal products or devices, other medical treatments or assessments, mental health
interventions, imaging investigations and taking samples of human biclogical material. include procedures which might be
received as rouline clinical care outside of the research.

Please complete the columns for each intervention/procedure as follows:
1. Total number of interventions/procedures to be received by each participant as part of the research protocol.

2. If this intervention/procedure would be routinely given to participants as part of their care outside the research,
how many of the total would be routine?

3. Average time taken per intervention/procedure (minutes, hours or days).
4. Details of who will conduct the intervention/procedure, and where it will take place.

Intervention or procedure 123 4

Date: 15/11/2019 1
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Insert cannula to take blood samples 1 0 10 Clinical member of the research team, likely to be the
minutes anaesthetist

Sample collection adipose tissueat 1 0 1 Obstetrician in the delivery room

skin incision minute

Sample collection adipose tissueat 1 0 1 Obstetrician in the delivery room

skin closure minute

Sample collection Maternal bloodat 1 0 5 Clinical member of the research team trained in phlebotomy

skin incision minutes in the delivery room

Sample collection blood at skin 1056 Clinical member of the research team trained in phlebotomy

closure minutes in the delivery room

Sample collection blood atrecovery 1 0 5 Clinical member of the research team trained in phlebotomy

room minutes in the recovery room

A21. How long do you expect each participant to be in the study in total?

The duration of the study will be up to 40 days; with the first part taking place within 24 hours prior to the C-section, the
C-section and the follow up being at between 30-40 days post the C-section.

A22. What are the potential risks and burdens for research participants and how will you minimise them?

For all studies, describe any potential adverse effects, pain, discomfort, distress, intrusion, inconvenience or changes
to lifestyfe. Only describe risks or burdens that could accur as a result of participation in the research. Say what steps
would be taken to minimise risks and burdens as far as possibie.

There are no direct health benefits to participants. However, the findings from this study will help us determine the
appropriate antibiotic dosing strategy used in future for patients with a high BMI that need a C-section.

We do not believe that there are any major disadvantages or risks to taking part in this study. The only additional
procedures that the participants will receive are (i) insertion of a dedicated venflon cannula for the taking of additional
blood samples and (i) the removal of two samples of fat. The blood will be taken by a trained healthcare professional
using standard methods to take blood; the risks associated with taking blood samples are minimal. The samples of
fat will be taken whilst the skin is open for the C-section; the participant will be anaesthetized so will not feel any pain
from this process. The amount of fat taken is small (about the size of a 50p coin) and this will not lead to visible
differences to the participant's body following the C-section.

The use of small samples was selected to minimise the risks to participants

A24. What is the potential for benefit to research participants?

There are no direct health benefits to participants. However, the findings from this study will help us determine the
appropriate antibiotic dosing strategy used in future for patients with a high BMI that need a C-section to ensure
optimal antibiotic concentration and decrease bacterial resistance.

A27-1. How will p ial particil records or ples be identified? Who will carry this out and what resources
will be used?For example, identification may involve a disease register, compulerised search of GP records, or review of
medical records. indicate whether this will be done by the direct healthcare team or by researchers acting under
arrangements with the responsible care organisation(s).

Any patient (between 18 -50 years) wha requires a CS as part of their clinical care will be screened for inclusion. The
potential participants will be identified using hospital notes and future clinic lists, this will be undertaken by the clinical
care team within Birmingham Women's and Children’s Hospital NHS Foundation Trust who will have access to the
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clinical notes.

Pregnant women have appointments at Birmingham Women's Hospital during pregnancy and at any of these
mestings they will be informed of the study and provided with a participant information sheet (Participant Information
Sheet) if they are booked for CS. The participants will receive information about the study at least 24 hours prior to CS.

A27-2. Will the identification of ial partici| involve r
information of patients, service users or any other person?

ing or screening the identifiable personal

@Yes (ONo

Please give details below:

Any patient (between 18 -50 years) who requires a CS as part of their clinical care will be screened for inclusion. The
potential participants will be identified using hospital notes and future clinic lists, this will be undertaken by the clinical
care team within Birmingham Women's and Children’s Hospital NHS Foundation Trust who will have access to the
clinical notes.

A27-3. Describe what measures will be taken to ensure there is no breach of any duty of confidentiality owed to
patients, service users or any other person in the process of identifying potential participants.indicate what steps have
been or will be taken to inform patients and service users of the potential use of their records for this purpose. Describe the
arrangements to ensure that the wishes of patients and service users regarding access to their records are respected.
Please consuit the guidance notes on this topic.

Identification of the potential participants will be undertaken using patient notes and clinic lists as is standard practice
in research. This will be conducted by the clinical care teams and as a result there are no additional measures
required to ensure that there is no breach of confidentiality

A27-4. Will researchers or individuals other than the direct care team have access to
of any potential participants?

O Yes

personal d

@) No

A28. Will any participants be recruited by publicity through posters, leaflets, adverts or websites?

OYes (@No

A29. How and by whom will potential participants first be approached?

At least 24 before CS, the participant will be greeted by a GCP trained research nurse/midwife and asked whether they
received the participant information sheet (Participant Information Sheet). They will then be asked if they have any
questions about the information provided and whether they are interested in participating in the study. The study will be
briefly verbally described to the potential participant. Again they will be provided with an opportunity to ask any
questions. Research midwives/clinician will review and reassess and confirm eligibility of patients to participate in the
study at the day of CS (E ility Reassessment Form).

A30-1. Will you obtain informed consent from or on behalf of research participants?

@Yes (ONo

If you will be obtaining consent from adult participants, please give details of who will take consent and how it will be
done, with details of any steps to provide information (a written information sheet, videos, or interactive material).
Arrangements for adults unable to consent for themselves should be described separately in Part B Section 6, and for
children in Part B Section 7.

If you plan to seek informed consent from vulnerable groups, say how you will ensure that consent is voluntary and
fully informed.

A suitably qualified research midwife or doctor will introduce the study to the woman at their pre- operative
assessment. A Participant Information Sheet (PIS) will be provided to facilitate this process. Investigators will ensure
that they adequately explain the aim, trial treatment, anticipated benefits and potential hazards of taking part in the trial
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to the woman. They will also stress that participation is voluntary and that the woman is free to refuse to take part and
may withdraw from the trial at any time. The woman will be given adequate time to read the PIS and lo discuss their
potential participation and be given the opportunity to ask questions. If the woman expresses an interest in
participating in the trial, they will be asked to sign and date the latest version of the Informed Consent Form at least
24 hours prior to CS. The woman will be asked for her consent to withdraw 3 blood samples and 2 fat tissue and for
collection of outcome data from their medical records and a telephone interview at 30-40 days postnatal that will take
approximately 5-15 minutes. The woman will be asked to give explicit consent for the regulatory authorities, members
of the research team and or representatives of the sponsor to be given direct access to their medical records. 1t will
be the responsibility of the investigator to obtain written informed consent for each participant prior to performing any
trial related procedure. Research midwives and doctors can both take informed consent for the trial as long as they
are GCP trained and this responsibility has been delegated to them by the Principal Investigator (Pl) as captured on
the Site Delegation Log. The consent form will be provided in triplicate (as a carbon copy version) to facilitate the
process on a busy labour ward. Each box on the consent form should be initialled by the woman and the form signed
by the woman and the delegated research staff. A copy of the consent form will be given to the woman, a copy filed in
the medical records with the PIS and the original signed form will be will be retained at the study site (Birmingham
Women's Hospital). Once the woman is entered into the trial, the woman's trial number will be entered on the ICF
maintained in the Investigator Site file. Details of the informed consent discussions will be recorded in the woman's
medical notes. This will include date of consent, the name of the trial, summary of discussion, version number of the
PIS, the Study D given to the participant and version number of the ICF. Where consent is obtained on the same day
that the trial related assessments are due to start, a note should be made in the medical notes as to what lime the
consent was obtained and what time the procedures started. At the telephone interview the woman's willingness to
continue in the trial will be ascertained and documented (C-LACE Follow Up Interview). Throughout the trial the
woman will have the opportunity to ask questions about the trial. At the time of taking consent the woman will provide
contact details to facilitate the telephone interview using Contact details form which will be managed by the research
midwife.

Upon signing consent the woman will be allocated a participant study ID number; this will be a random sequence of
5 numbers. Each participant will be allocated a pack of study documents in an envelope labelled with the participant
study ID number; all documents within the envelope will have the participant study 1D number pre-filled. Blank copies
of all paperwork will also be available to the research team should additional copies be required for any participant.

If you are not obtaining consent, please explain why not.

Please enclose a copy of the information sheel(s) and consent formys).

‘A30-2. Will you record informed consent (or advice from consultees) in writing?

@Yes (J)No

A31. How long will you allow potential participants to decide whether or not to take part?

Pregnant women have appointments at Birmingham Women's Hospital during pregnancy and at any of these
meetings they will be informed of the study and provided with a participant information sheet (Participant Information
Sheet) if they are booked for CS. The participants will receive information about the study at least 24 hours prior to CS.

/A32. Will you recruit any participants who are involved in current research or have recently been involved in any
research prior to recruitment?

O Yes

O No

(@) Not Known

If Yes, please give details and justify their inclusion. If Not Known, what steps will you take to find out?

We will exclude any participants who are currently enrolled in an RCT for an intervention to reduce post-operative
surgical site infection

However we will not check about there engagement in other clinical research as it is not relevant to this study.

verbal ions or

A33-1. What arrangements have been made for persons who might not
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written information given in English, or who have special

needs?(e.g. . use of ir

One of the inclusion criteria for the study is, "Participant contributing to the study needs to be able to read and/or
understand English".

As there are no direct benefits to participants we have excluded those who cannot understand the study
documentation as the study team are unable to be confident that they consent to the study

IRAS Version 5,13

A35. What steps would you take if a participant, who has given
study? Tick one option only.

consent, loses capacity to consent during the

) The participant and all identifiable data or tissue collected would be withdrawn from the study. Data or tissue which
is not identifiable to the research team may be retained.
) The participant would be withdrawn from the study. Identifiable data or tissue already collected with consent would

be retained and used in the study. No further data or tissue would be collected or any other research procedures carried
out on or in relation to the participant.

() The participant would continue to be included in the study.
C Not applicable — informed consent will not be sought from any participants in this research.

@) Not applicable — it is not practicable for the research team to monitor capacity and continued capacity will be
assumed

Further details:

A36. Will you be undertaking any of the following activities at any stage (including in the identification of potential
participants)?(Tick as appropriate)
[[] Access to medical records by those outside the direct healthcare team
[ Access to social care records by those outside the direct social care team
[[] Electronic transfer by magnetic or optical media, email or computer networks
[] Sharing of personal data with other organisations
|: Export of personal data outside the EEA
[ Use of personal addresses, postcodes, faxes, emails or telephone numbers.
[[] Publication of direct quotations from respondents
[] Publication of data that might allow identification of individuals
| Use of audio/visual recording devices

[ Storage of personal data on any of the following:

[ Manual files (includes paper or film)
ENHS computers

D Social Care Service computers
[]Home or other personal computers
O University computers

[[] Private company computers
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O Laptop computers

Further details:

Personal data generated within this study will be retained at the Hospital and will not be transferred to the University of
Birmingham

All personal data will be stored using standard NHS mechanisms to ensure that this is secure

IRAS Version 5.13

A37. Please describe the physical security arrangements for storage of personal data during the study?

The personal identifiable data collected will include names on consent forms and contact details for the follow up
telephone interview. This information will be stored at the local site (Birmingham Women's and Children's Hospital
NHS Foundation Trust) and not transferred to the University of Birmingham. Paper transcripts of the background
information will be securely stored at Birmingham Women's Hospital prior to transcription into the shared secure
system (Bear Share). All information transferred on to the designated study encrypted computer will have restricted
password protected access to only those directly involved in the research.

All participants will be given a study 1D upon recruitment to the study. A spreadsheet that links study ID to patient ID
will be held at Birmingham Women's and Children's Hospital NHS Foundation Trust under the control of the local PI.
This information will be password protected and stored on an encrypted computer that conforms to the standard NHS
security requirements.

The study ID will be used on all forms: this information provides anonymised data to the University of Birmingham that
no longer has any personal identifiable data. Following collection the data from all forms will be entered on a secure
system at the NHS site (undertaken by the research midwife); this system can be accessed at the University and
ensures anonymity for the participants. (Bear Share: https://intranet birmingham.ac.uk/itteams/infrastructure/researc
h/bear/BEARDataShare/BEARDataShare.aspx).

A38. How will you ensure the confidentiality of personal data?Please provide a general statement of the policy and
procedures for ensuring cor iality, e.g. n or pseudony 1 of data.

The study staff will ensure that the participants’ anonymity is maintained. The participants will be identified only by a
participant study ID number on all study documents and any electronic database, that are shared with the University of
Birmingham.

All documents will be stored securely and only accessible by study staff and authorised personnel. The study will
comply with the Data Protection Act, which requires data to be anonymised as soon as it is practical to do so.

The study ID will be used on all forms so that this information provides anonymised data to the research team at
Birmingham. Those processing the data and responsible for the dissemination will only ever receive anonymised
data.

A40. Who will have access to participants’ personal data during the study? Where access is by individuals outside the
direct care team, please justify and say whether consent will be sought.

Direct access to data will be granted to authorised representatives from the Sponsor and host institution for
monitoring and/or audit of the study to ensure compliance with regulations. This is clearly stated on the consent form.
The clinical care team will review clinic notes to identify potential participants and a research nurse/midwife will
complete the background information required to accompany each sample that is obtained. This is standard practice
in research

studies.

Ad1. Where will the data generated by the study be analysed and by whom?

The data will be analysed by Hanadi Alrammaal under the supervision of Dr Hannah Batchelor at the University of
Birmingham. Analysis of the anonymised data will be undertaken in a secure office.

A42. Who will have control of and act as the custodian for the data generated by the study?
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Tile Forename/Initials Surname

Dr  Hannah Batchelor
Post Senior Lecturer in Pharmaceutics
Qualifications BSc PhD
Work Addrass School of Pharmacy
College of Medical and Dental Sciences
University of Birmingham, Birmingham, UK
Post Coce B152TT
Work Telephone
Fax

A43. How long will personal data be stored or accessed after the study has ended?

() Less than 3 months.
(O3 =-6months

(6 =12months
(12 months - 3 years
(@ Over 3 years

I fonger than 12 months, please fustify:
A ding to the University of Birmi 's Code of Practice all research data is stored for 10 years and at
Birmingham Women's Hospital all research data is stored for 25 years according to their local policy.

A44. For how long will you store research data generated by the study?

Years: 10
Months:

A45. Please give details of the long term arrangements for storage of research data after the study has ended.Say
wheve data wil be slored, who will have access and the arrangements (o ensure secunty.

The data will be securely stored within the office of Dr Hannah Balchelor in a locked cabinet to prevent any
unauthorised access.

Access to the consent  forms will be to the i team at Birmingham Women's Hospital.
Study data will be stored according to kocal policy at Birmingham Women's Hospital to ensure that this is securely
archived.

INCENTIVES AND PAYMENTS

A48, Will receive any of or any other benefits or incentives
for taking part in this research?
OYes @No
AAT. Wil receive any over and above normal salary, or any other benefits or
incentives, for taking part in this research?
QOYes  @No
Date: 15/11/2019 17
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A48. Does the Chief Investigator or any other i have any direct il (e.g.
financial, share holding, tc.) in the P g or funding the that may
give rise to a possible conflict of interest?
QOYes @No

NOTIFICATION OF OTHER PROFESSIONALS

A49-1. Will you inform the parti General F
for their care) that they are taking part in the study?

(andlor any other health or care professional responsible

(OYes @No
If Yes, pleass enclose a copy of the for the GP/health with a version number and date.
AS0. Will the be on a public ?

The UK Policy Framework for Health and Social Care Research sets out the principle of making information about
publicly avai F Articte 19 of the World Medical Association Declaration of Helsinki adopted
in 2008 states that “every cfinical tnal must be registered on a publicly before i of the
first subject”; and the Intemational Committee of Medical Joumal Editors (ICMJE) will consider a clinical tial for
pubiication only if it has been registered in an appropriate registry. Please see guidance for more information.

@vYes (ONo

Please give delalls, or justity if not registering the research,
This study will be registered on clinicaltrials gov

Please ensure that you have entered registry reference number(s) in question A5-1.

AS51. How do you intend to report and disseminate the results of the study? Tick as appropriate:

[ Peer reviewed scientific joumnals

() Internal report

[V Conference presantation

[V Publication on website

[] Other publication

] to reg y

[[] Access to raw data and right to publish freely by all investigators in study or by Independent Steering Committee
on behalf of all investigators

D No plans to report or disseminate the rasults

[[] Other (please specify)
AS52. If you will be using identifiable personal data, how will y that will be when
publishing the results?
The study cutcomes will primarily be of interest to the y and and the findings from the
study will also be reported in a format via pi lewed journals and di at scientifi

conferences. A poster will be made available to the public for the participants to be informed in case they are
interasted to see the results of the study via the following website
www.hannahbatchelor.com.

Date: 15/11/2019 18



Reference: IRAS Version 5.13

19/EMI0356

IRAS Form

A53. Will you inform participants of the results?
@Yes ONo
Please give dolails of how you will inform participants or justify if not doing so.

Findings of the study will be di d via the g websile vww.
This informaticn is detailed on the patient information sheets for this study.

5. Scientific and Statistical Review

A54. How has the scientific quality of the been d?Tick as approprii
[[]Independent extemal review
[[] Review within a company
[[]Review within a multi-centre research group
or host

[ Review within the Chief ig S i
[ Review within the research taam

[ Review by educational superviscr
[J]Other

Justify and describe the review process and outcome. If the review has been undertaken but not seen by the
researcher, give dotaiis of the body which has undertaken the reviow:

This has been by the team and the team at the | of

For all studies except non-doctoral student research, please enclose a copy of any avaflable scientific critique reports,
together with any related correspondence.

For non-docloral student research, please enclose & copy of the from your ional supervisor/
A56. How have the statistical aspects of the been Tick as appropri
[[]Review by by funder or sponaor
[[] Otner review by independent statistician
[[] Review by company statistician
[] Review by a statistician within the Chief Investigator's institution
Review by a statistician within the research team or muiti-centre group
B Review by educational superviser
[[] Other review by with relevant
No review y as only fr ies and will be — details of input not
required
In all cases please give details below of the i ible for reviewing the aspocts. If advice has
been provided in confidence, give details of the and

Title Forename/initials Surname

Dr Sayeed Haque
Department Institute of Applied Health Research
L y of Birmingl
Work Address University of Birmingham
College of Medical and Dental Sciences
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Post Code B152TT
Telophone [N
Fax
Mobile
e

Please enclose a copy of any available comments or reports from a stalistician.

AST. What is the primary outcome measure for the study?

Ci of in blood and adipose tissue from obese and non-obese patients
AS58. What are the v (if any)
of 81 and of values in obese and non-obese patients

AS9. What Is the sample size for the research? How many psmcbsnmmples/dma racards do you plan to study In
total? If there is more than one group, please give further details below.

Total UK sample size 30

Total sample size UK): 30

Total in European Economic Area: 30

Further details.

There is no predefined sample size yet sufficent numbers are mquiod to provide an estimate of average values as
well as the level of variability. Previous work to the in plasma and in tissue in

of
obese and b women 9 CS has used sample sizes of 14 in each arm to detect differences
in adipose antibiotic ooncmttatton [2.3). Therefore in this study we plan to recruit 15 women in each arm (BMI <30 and
BMI >30).

A60. How was the sample size decided upon? If a formal sampie size calculation was used, indicate how this was done,
giving fo justfy and the

There is no predefined sample size yet sufficent numbers are required to provide an estimate of average values as
well as the level of work to the of in plasma and in tissue in
obese and non-obese pregnant women following CS has used sample sizes of 14 in each arm to detect differences
in adipose antibiotic concentration [2, 3]. Therefore in this study we plan to recruit 15 women in each arm (EMI <30 and
BMI >30)

AB1. Will participants be allocated to groups at random?

QOYes @No
A62, Ploase describe the methods of analysis or other approp 0.g. for ) by
which the data will be evaluated to meet the study objectives.

The In mean values In plasma and adipose tissue the obese and b

populations will be compared using ANOVA analysis to determine whether there are significant differences. SPSS

software will be used for all statistical analysis.

| A63. Other key investigators/collaborators. Please include all gran! co-applican!s, prolocol co-authors and other key
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of the Chief " 's feam, it ing non-doctoral student researchers. L ! |

AE5. Has external funding for the research been secured?

Titke Foranamellnitials Sumame Flease lick at Jeast one check box.

Dr  Katie Morrs [[] Funding secured from one or more funders
Post Reader In Matemal Fetal Medicine [ External funding application to one or more funders in progress
Qualifications MBChB, PhD, MRCOG

L of Birmingh [ No application for extemal funding will be made

Work Address Institute of Applied Health Research

College of Medical and Dental Sciences
. . What type of research project is this?

University of UK
Post Code B152TT () Standalone project
Telephone () Project that is part of a programme grant
Fax () Project that is part of a Centre grant

Mobie

@ Project that is part of a award/ training award
weeros [
() Other
Other - please state:
AB4. Details )

A66. Has responsibility for any specific tivities or pi oy been dtoa (other
A€4-1. Sponsor than a co-sponsor listed in AB4-1) ? Please give details of subcontractors if applicable.
OYes @No
Lead Sponsor
Status: (O NHS or HSC care organisation Commercial status.  Non- AB7. Has this or a similar application been previously rejected by a Research Ethics Committee in the UK or another
Commercial country?
@ Academic
() Pharmaceutical industry QOYes  @Neo
{0 Medical device industry
) Local Authority

Please provide a copy of the unfavourabie opinion ietter(s). You should expiain in your answer o question A6-2 how the

O Other social care provider (including voluntary sector or pri reasons for the unfavourable opinion have been addressed in this application.

organisation)
() Cther

ABB-1. Give details of the lead NHS R&D contact for this research:
If Other, please specify:

Tille Forename/initials Surname

Elizabeth Adey
Contact person Organisation Birmingham Women's and Children's NHS Foundation Trust
Address R&D Office
Name of ion L y of Birmi Mindelsohn Way
Given name Birgit
Family name Whitman Paost Code B152TG
Address University of Birmingham Work Email bwe.research@nhs.net
Townjcty Birmingham Telephone _
Post code B152TT Fax
Country UNITED KINGDOM Mobile
Telephone
Fax Details can be obtained from the NHS R&D Forum website; nilp iwww raforum nhs uk
E-mail 9 @ bham ac.uk
A€9-1. How long do you expect the study to last in the UK?
Date: 15/11/2019 21 Date: 15/11/2019 22
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Planned start date: 06/01/2020
Planned end date: 30/04/2021
Total duration:

Years: 1 Months: 3 Days: 25

AT0. Definition of the end of trial, and justification in the case where it is not the last visit of the last subject undergoing
the trial ("

The end of study is the date at which the follow-up interview is conducted at 30-40 days following CS. This is where the
follow-up ends for all participants.

AT71-1. Is this study?

@) Single centre
(O Multicentre

AT71-2. Where will the research take place? (Tick as appropriate)

[™ England

[] Scotland

[J wales

[[] Northern Ireland

[] Other countries in European Economic Area

Total UK sites in study 1

Does this trial involve countries outside the EU?

{OYes (O No

A72. Which organisations in the UK will host the research?Please indicate the type of organisation by ticking the box and
give approximate numbers if known:

[v NHS organisations in England 1

0O NHS organisations in Wales

[[] NHS organisations in Scotland

0 HSC organisations in Northern Ireland

[[] GP practices in England

O GP practices in Wales

[[] GP practices in Scotland

[: GP practices in Northern Ireland

[] Joint health and social care agencies (eg

community mental health teams)
[] Local authorities

[[1Phase 1 trial units
[] Prison establishments
[[] Probation areas

[[] Independent (private or voluntary sector)
organisations
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[] Educational establishments
[: Independent research units

O Other (give details)

Total UK sites in study: 1

AT3-1. Will be

OYes @No

through any other than the sites listed above?

AT6-1. What arrangements will be made for insurance and/or indemnity to meet the potential legal liability of the
sponsor(s) for harm to participants arising from the management of the research? Please tick box(es) as applicable

Note: Where a NHS organisation has agreed to act as sponsor or co-sponsor, indemnily is provided through NHS schemes.
Indicate if this applies (there is no need (o provide documentary evidence). For all other sponsors, please describe the
arrangements and provide evidence.

[: NHS indemnity scheme will apply (NHS sponsors only)

[ Other insurance or indemnily arrangements will apply (give details below)

The University of Birmingham has in force a Public Liability Policy and/or Clinical Trial policy which provides cover for
claims for "negligent harm” and the activities here are included with that coverage

Please enclose a copy of relevant documents.

AT6-2. What arrangements will be made for insurance and/ or indemnity to meet the potential legal liability of the
sponsor(s) or employer(s) for harm to participants arising from the design of the research? Piease lick box(es) as
applicable.

Note: Where researchers with substantive NHS employment contracts have designed the research, indemnity is provided
through NHS schemes. Indicate if this applies (there is no need to provide documentary evidence). For other protacol
authors (e.g. company employees, university members), please describe the arrangements and provide evidence.

[1 NHS indemnity scheme will apply (protocol authors with NHS contracts only)

[ Other insurance or indemnity arrangements will apply (give details below)

The University of Birmingham has in force a Public Liability Policy and/or Clinical Trial policy which provides cover for
claims for "negligent harm™ and the activities here are included with that coverage

Please enclose a copy of relevant documents.

A76-3. What arrangements will be made for insurance and/ or indemnity to meet the potential legal liability of
investigators/collaborators arising from harm to partici in the conduct of the h?

Note: Where the participants are NHS patients, indemnity is provided through the NHS schemes or through professional
indemnity. Indicate if this applies to the whole study (there is no need to provide documentary evidence). Where non-NHS
sites are to be included in the research, including private practices, please describe the arrangements which will be made at
these sites and provide evidence.

™~ NHS indemnity scheme or professional indemnity will apply (participants recruited at NHS sites only)

Date: 15/11/2019 24



IRAS Form Reference:

19/EM/0356

IRAS Version 5,13

[ Research includes non-NHS sites (give details of insurance/ indemnity arrangements for these sites below)

Please enclose a copy of relevant documents.

AT78. Could the

lead to the P! 1t of a new product/process or the generation of intellectual property?

() Yes @ No () Notsure

1. What types of human tissue or other biological material will be included in the study?

Samples collected as part of this study will include:

Maternal blood samples collected at the time of incision and time of skin closure during a C-section and at time of
waiting in recovery room

Adipose tissue collected from the abdomen of women at the time of incision and time of skin closure during a C-
section

2. Who will collect the samples?

The samples will be collected by those undertaking the C-section and placed into

appropriate sample containers. These samples will be stored refrigerated as soon after collection as possible by the
laboratories at Birmingham Women's and Children's Hospital NHS Foundation Trust and all samples will be
couriered within a cool box (on ice) to the University of Birmingham (using an approved courier for transport of human
samples). Prior to any human tissue transport, all human tissues will be packed into a sealed container, and labelled
with the following information: Human Tissue Sample, Sample Reference Number, Tissue type, details of medium/
preservative, date of packing

Upon arrival at the University the samples will be handled according to the University of Birmingham Health and Safety
Guidance (GUIDANCE/26/WHBFT/14) and in accordance with the HTA and local procedures. Samples will be stored at
the University of Birmingham in dedicated locked areas of -80°C freezers that are suitable for storage of human
samples.

At the University of Birmingham, the process of characterisation will be performed within a laboratory settings on
batches of samples. SOPs are in place for subsequent processing of samples. The work at the University of
Birmingham will be conducted within the Pharmaceutics Laboratory in the Sir Robert Aitken building. The facilities are
HTA compliant.

3. Who will the samples be removed from?

E Living donors
[[] The deceased

4. Will informed consent be obtained from living donors for use of the samples? Please tick as appropriate

In this research?

@Yes (ONo

In future research?
@ Yes () No () Notapplicable

6. Will any tissues or cells be used for human application or to carry out testing for human application in this research?
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OYes @No

8. Will the samples be stored: [Tick as appropriate]

In fully anonymised form? (link to donor broken)

(Yes @ No

In linked anonymised form? (linked to stored tissue but donor not identifiable to researchers)

@Yes ()No

If Yes, say who will have access to the code and personal information about the donor.

All participants will be given a study ID upon recruitment to the study. A spreadsheet that links study 1D to patient ID
will be held at Birmingham Women's and Children's Hospital NHS Foundation Trust under the control of Katie
Morris. This information will be password protected and stored on an encrypted computer that conforms to the
standard NHS security requirements,

The study ID will be used on all paperwork to provide anonymised data to the research team at the University of
Birmingham that no longer has any personal identifiable data. The relevant data will be entered on a shared secure
system (Bear Share) (undertaken by the clinical research team under the supervision of Katie Morris); this system
can be accessed at the University and ensures anonymity for the participants.

In a form in which the donor could be identifiable to researchers?

Yes @ No

9. What types of test or analysis will be carried out on the samples?

The concentration of cefuroxime in plasma and adipose tissue will be quantified using high-performance liquid
chromatography-ultraviolet (HPLC-UV). The methodology will replicate previous work conducted by Barbour et al
(2009) [11]. Full methodology is available as SOPs within the pharmacy research laboratory.

10. Will the research involve the analysis or use of human DNA in the samples?

OYes @No

M.1s it p

that the h could prod findings of clinical significance for donors or their relatives?

)Yes @ No
J ®

12. If so, will arrangements be made to notify the individuals concerned?

(O Yes () No @) Not applicable

13. Give details of where the samples will be stored, whe will have access and the custodial arrangements.

Human samples will be handled according to the University of Birmingham Health and Safety Guidance
(GUIDANCE/26/\WHBFT/14) and in accordance with the HTA and local procedures. Samples will be stored at the
University of Birmingham in dedicated locked areas of -80°C freezers that are suitable for storage of human samples.
The freezers will be located in a room with limited access to authorised staff. These freezers are specified for human
tissue storage only (not animal origin).

14. What will happen to the samples at the end of the research? Please tick all that apply and give further details

[[] Transfer to research tissue bank
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(If the bank is in England, Wales or Northern Ireland the institution will require a licence from the Human Tissue
Authonty to store relevant material for possibie further research.)
[ Storage by research team pending ethical approval for use in another project

(Unless the researcher’s institution holds a storage licence from the Human Tissue Authority, or the tissue Is stored in
Scotfand, or it is not relevant matenal, a further application for ethical review should be submitted before the end of
this project }

D Storage by research team as parl of a new research lissue bank
(The institution will require a licence from the Human Tissue Authorily if the bank will be storing relevant material in

England, Wales or Irotand. A sep ion for ethical review of the tissue bank may also be
submitted.)

[ Storage by research team of biological material which is not ‘relevant material” for the purposes of the Human
Tissue Act

[V Dispesal in accordance with the Human Tissue Authority's Code of Practice

[7] Other

[7) Not yet known

Please give further details of the proposed arrangements:

The research team have requested consent to store any remaining tissue that is left over after this study to use for
other at the Uni ity of Birmil This further wiill require approval from a research ethics
committee. If no further approvals have been made prior to the end of the study the samples will be destroyed as per
the HTA reuirement

IRAS Version 5.13
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PART C: Overview of research sites

Please enter details of the host organisations (Local Authority, NHS or other) in the UK that will be responsible for the
research sites. For further information please refer to guidance.
Investigator
identifier Research site Investigator Name
IN1
@ NHS/HSC Site
Forename  Katie
N
() Non-NHS/HSC Site Middle
name
Family Morris
Organisation  BIRMINGHAM WOMEN'S AND CHILDRENS ~ "@M¢
name NHS FOUNDATION TRUST emat [
Address STEELHOUSE LANE g':f;ﬂw" MBCHB, PhD, MRCOG
BIRMINGHAM WEST MIDLANDS Country. . UNITED KINGDOM
Post Code B4 6NH
Country ENGLAND
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D1. Declaration by Chief Investigator

. The information in this form is accurate to the best of my knowledge and belief and | take full responsibility for
it

~

. | undertake to fulfil the responsibilities of the chief investigator for this study as set out in the UK Palicy
Framework for Health and Social Care Research.

w

. | undertake to abide by the ethical principles underlying the Declaration of Helsinki and good practice
guidelines on the proper conduct of research

IS

. If the research is approved | undertake to adhere to the study protocol, the terms of the full application as
approved and any conditions set out by review bodies in giving approval.

o

. | undertake to notify review bodies of substantial amendments to the protocol or the terms of the approved
application, and to seek a favourable opinion from the main REC before implementing the amendment.

@

. | undertake to submit annual progress reports setting out the progress of the research, as required by review
bodies.

~

. | am aware of my responsibility to be up to date and comply with the requirements of the law and relevant
guidelines relating to security and confidentiality of patient or other personal data, including the need to register
when necessary with the appropriate Data Protection Officer. | understand that | am not permitted to disclose
identifiable data to third parties unless the disclosure has the consent of the data subject or, in the case of
patient data in England and Wales, the disclosure is covered by the terms of an approval under Section 251 of
the NHS Act 2006.

«

. | understand that research records/data may be subject to inspection by review bodies for audit purposes if
required.

w©

. 1 understand that any personal data in this application will be held by review bodies and their operational
managers and that this will be managed according to the principles established in the Data Protection Act
2018.

10. | understand that the information contained in this application, any supperting documentation and all
correspondence with review bodies or their operational managers relating to the application:

o

Will be held by the REC (where applicable) until at least 3 years after the end of the study; and by NHS

R&D offices (where the research requires NHS management permission) in accordance with the NHS
Code of Practice on Records Management.

May be disclosed to the operational managers of review bodies, or the appointing authority for the REC
(where applicable), in order to check that the application has been processed correctly or to investigate
any complaint.

May be seen by auditors appeinted to undertake accreditation of RECs (where applicable).

Will be subject to the provisions of the Freedom of Information Acts and may be disclosed in response
to requests made under the Acts except where statutory exemptions apply.

o May be sent by email to REC members.

o

o

. I understand that information relating to this research, including the contact details on this application, may be
held on national research information systems, and that this will be managed according to the principles
established in the Data Protection Act 2018.

12. Where the research is reviewed by a REC within the UK Health Departments Research Ethics Service, |
understand that the summary of this study will be published on the website of the Health Research Authority
(HRA) together with the contact point for enquiries named below. Publication will take place no earlier than 3
months after the issue of the ethics committee's final opinion or the withdrawal of the application.

Contact point for publication(Not applicable for R&D Forms)
HRA would like to include a contact point with the published summary of the study for those wishing to seek further
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information. We would be grateful if you would indicate one of the contact poinis below.
@) Chief Investigator
() Sponsor
() Study co-ordinator
() Student
() Other — please give details
() None

Access to application for training purposes (Not applicable for R&D Forms)
Optional - please tick as appropriate:

[ | would be content for members of other RECs to have access to the information in the application in confidence

for training purposes. All personal identifiers and references to sponsors, funders and research units would be
removed.

IRAS Version 5.13

Signature:

Print Name: Hannah Batchelor

Date: 08/11/2019 (dd/mm/iyyyy)
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D2. Declaration by the sponsor's representative

If there is more than one sponsor, this declaration should be signed on behalf of the co-sponsors by a representative
of the lead sponsor named at A64-1.

I confirm that:

. This research proposal has been discussed with the Chief Investigator and agreement in principle to
sponsor the research is in place.

N

An appropriate process of scientific critique has demonstrated that this research proposal is worthwhile and
of high scientific quality.

Ld

Any necessary indemnity or insurance arrangements, as described in question A78, will be in place before
this research starts. Insurance or indemnity policies will be renewed for the duration of the study where
necessary.

S

Arrangements will be in place before the study starts for the research team to access resources and support
to deliver the research as proposed.

bad

Arrar to allocate respor for the r i, m

be in place before the research starts.

ing and reperting of the research will

=]

The responsibilities of sponsors set out in the UK Policy Framework for Health and Social Care Research will
be fulfilled in relation to this research.

Please note: The declarations below do not form pari of the application for approval above. They will not be
by the R h Ethics C i

~

Where the research is reviewed by a REC within the UK Health Departments Research Ethics Service, |
understand that the summary of this study will be published on the website of the National Research Ethics
Service (NRES), together with the contact point for enquiries named in this application. Publication will take
place no earlier than 3 months after issue of the ethics committee's final opinion or the withdrawal of the
application

el

Specifically, for submissions to the Research Ethics Committees (RECs) | declare that any and all clinical
trials approved by the HRA since 30th September 2013 (as defined on IRAS categories as clinical trials of
medicines, devices, combination of medicines and devices or other clinical trials) have been registered on a
publically accessible register in compliance with the HRA registration requirements for the UK, or that any
deferral granted by the HRA still applies.

Signature:

Print Name:

Post:

Organisation:

Date: (dd/mmiyyyy)

Date: 15/11/2019 3
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D3. Declaration for student projects by academic supervisor(s)

1. | have read and approved both the research proposal and this application. | am satisfied that the scientific content
of the research is satisf; ry for an qualification at this level

2. I undertake to fulfil the responsibilities of the supervisor for this study as set out in the UK Policy Framework for
Health and Social Care Research.

3. | take responsibility for ensuring that this study is conducted in accordance with the ethical principles underlying
the Declaration of Helsinki and good practice guidelines on the proper conduct of research, in conjunction with
clinical supervisors as appropriate.

4. | take responsibility for ensuring that the applicant is up to date and complies with the requirements of the law and
relevant guidelines relating to security and confidentiality of patient and other personal data, in conjunction with
clinical supervisors as appropriate.

Academic supervisor 1

Signature:
Print Name: Hannah Balchelor
Post: Senior Lecturer in Pharmaceutics, Formulation and Drug Delivery

Organisation: University of Birmingham
Dale: 08/11/2019 (dd/mmiyyyy)

Academic supervisor 2

Signature:
Print Name: Victoria Hodgetts Morton
Post: Clinical Research Fellow

Organisation: Birmingham Women's Hospital

Date: 08/11/2019 (dd/mmiyyyy)

Date: 15/11/2019 32



7.2.4 .4 University of Birmingham Trial sponsor and insurance letters

UMAL

TO WHOM IT MAY CONCERN 9t October 2019
Our Reference: Q917

Dear Sir/Madam

THE UNIVERSITY OF BIRMINGHAM AND ALL ITS SUBSIDIARY COMPANIES

We confirm that the above Institution is a Member of U.M. Association Limited and Clinical Trials cover is in
force in respect of the Trial below subject to the cover period, terms, conditions and exceptions:

CLINICAL TRIAL COVERAGE
Clinical Trial ‘C-LACE’ - Cefuroxime Levels After Caesarean Section
Certificate of Entry No. UMO034/95
Period of Indemnity 15" August 2019 to 31* July 2020
Limit Of Indemnity £30,000,000 Limit any one event and in the aggregate for any one
Period of Indemnity including claims costs and expenses for all Clinical
Trials undertaken by the University
Basis of Cover Legal Liability or No Fault Cover
Indemnity To the University of Birmingham, its employees and its students
Cover provided by U.M. Association Limited and Excess Cover Provider QBE Europe SA/NV
Yours faithfully

Paul Cusition
For U.M. Association Limited

5 St Helen's Place, London EC3A 6AB | T: 020 7847 8670 | www.umal.co.uk

U.M.Association Ltd (registered in England & Wales, no. 2731799) is the Appointed Representative (FCA firm reference no. 417806)
of Hasilwood Management Services Ltd (registered in England & Wales, no. 9295343) which is authorised and regulated by the / gy
Financial Conduct Authority (FCA firm reference no. 665752). Hasilwood Management Services Ltd is a wholly owned subsidiary of _, ‘

U.M. Association Ltd, The registered address of both companies is 5 St Helen's Place, London, EC3A 6AB. Hasilwood Management 1SO %001
REGISTERED FIRM

Services Ltd VAT Registration Number: 212249835,
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UNIVERSITYOF
BIRMINGHAM

FINANCE OFFICE
To Whom It May Concern,
Friday, 8 November 2019
Dear Sir/ Madam,
Project Title: Und ing phar kinetic distribution of cefuroxime when given prior to

Caesarean section in body fat and blood
Sponsor Reference: RG_18-237

The University currently Clinical R h | through bership of UMAL, this
cover is rencwable annually on 1% August and the University ensures that there are no gaps in cover.

We conﬁnn that the Umvcmty will arrange i for the above h for the duration of the

h project i g human parti g legal liability cover. This will be subjem to
the terms, conditions and cxeepnons of the relevant llabllny insurance policies as detailed in the
current trial documentation.

The University will provide notification if there are any changes to the provider in a parti year or
if the indemnity limits change. Copies of the trial specific annual confirmatory letters will be
available upon request,

Yours faithfull

Dr Birgit Whitman
Head of Research Governance and Integrity

Uni y of Birmi Edab Bi

wi wwwfnaneeblnmacut

B15 2TT United Kingdom
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UNIVERSITYOF
#5 BIRMINGHAM
FINANCE OFFICE

Dr Hannah Batchelor
School of Pharmacy
University of Birmingham
Friday, 8 November 2019

Dear Dr Hannah Batchelor

Project Title: Under har kinetic distribution of cefuroxime when given
prior to Cunmn section in body fat and bleod

IRAS ID: 244803

Sponsor Reference: RG_18-237

UoB Ethics Reference: ERN_18-1539

Under the requij of UK Policy F: k for Health and Social Care Research, the University
of Birmingham agrees to act as Sponsor for this project. Sponsorship is subjcct to you obmmng a
favourable cthical opinion, HRA approval and NHS R&D PP where approp

As Chief Investigator, you must ensure that local study recruitment does not commence until all
applicable approvals have been obwned Where a study is or becomes multi-site you are responsible
for that at I sites does not until local approvals have been
obtained.

Following receipt of all relevant approvals, you should ensure that any subsequent amendments are
notified to the Sponsor, REC, HRA and relevant NHS R&D Office(s), and that an annual progress
report is submitted to the Sponsor, REC and NHS R&D departments where requested.

Plense ensure you are fatmlm with thc Umvmny of Birmingham Code of Practice for Research
: i /1 and any appropriate College

or School guldelmes
Finally please contact rescarchgovemance(@contacts.bham.ac.uk should you have any queries.

You may show this letter to external organisations.

You

Birgit Whitman
Head of R h G and I

ce: Hanadi Alrammaal (student researcher)

U y of B Birming B15 2TT United Kingdom
w: www.finance.bham.ac.uk




7.2.4.5 Saudi Arabian financial insurance letter

ROVALEVBASY OFSHLDIRABA NN N DBASTOFSDARS R

(ULTURALBUREAU T A et CULTURALBUREAU i
LONDON ot LONDON o

Financial Sponsorship

University of Birmingham

Thel it o Bk ; ’
Student Name HANADI HASSAN A ALRAMMAAL

Student Name HANADI HASSAN A ALRAMMAAL Our Ret 1054606262

Our Ref 11054606262 Academic Stage ESL/Phd

Academic Stage |ESL/Phd Course Degree Title Pharmacy

Course Degree Title | Pharmacy Course Dates and Foes 09/01/2020-19/12/2020{) @GBP 10000

Course Dates and Fees 08/01/2020-19/12:2020() @GBP 10000

The Saudi Arabian Cuftural Bureau (SACB| hereby confirms that the above named s a Saudi

Government Scholarship holder. SACB is therefore responsible for paying the students tuition fees of the

above mentioned course and duration only. Payments will be made upon receipt of confirmation of

ion. This financial ip letter does not cover any On-Line or distance learning courses

and students are NOT allowed to register for these courses without prior parmission from SAGE.

Given the above referenced student is part of the sponsorship scheme we require reports on histher
and on bi based. Any ised absence ing 2 days, fail

to register, suspension or withdrawal from the course should be kindly reported to us without delay.

To ensure all payments are made a completed copy of this form in addition to all original invoices should

be sent to the Bureau. Please note that payment will be made against original invoices only.

For further guidance please refer to the attached checklist.

To avoid delay in processing any documents please quote our reference on all correspondence

relating to the student. Should you require any assistance do not hesitate to contact us on this

email: communications@uk.moe gov.sa

To be completed by the School/College or university:

I confirm that the Mr. /Miss/Mrs. has
been registered for the program shown above and commenced his/her studies
on_ /1

Yours shsrely, Name and contact details of Academic Supervisor/ Course Director / Tutor:

Dr. Abdulaziz Saleh Alraddadi t;mmt Faculty:

Acting Saudi Cultural Attaché to the United Kingdom Email: i

s =)
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7.2.4.6 Birmingham Women’s and Children’s Hospital NHS Foundation Trust

R&D Confirmation of Capacity & Capability letter
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NHS|

Birmingham Women'’s
and Children’s

NHS Foundation Trust

Birmingham Women’s and Children's NHS Foundation Trust
Birmingham Women's Hos pital

Mindelsohn Way

Edgbaston Birmingham B15 2TG

Tel: 0121 335 8046

BWC.research@ nhs.net

Research and Development

DATE: 12 Jan 2021

ClPIName: Katie Morris

Department: Fetal Medicine

Birmingham Women's and Children's NHS Foundation Trust

Dear PI

Re: Birmi 'sand Chi 's Hospital NHS F ion Trust R&D Confirmation of
Capacity & Capability

Project Title: C-LACE: Cefuroxime Levels After Caesarean Section
IRAS Ref: 244803

R&D No: 20/BW/OGN/NO/478

Protocol: Version 1.4 dated 27 July 2020

Thank you for informing Birmingham Women's and Children's NHS Foundation Trust's R&D office of
the above project.

I can confirm that Birmingham Women's & Children's NHS Foundation Trust has the capacity ad
capability to deliver the above referenced study and therefore is issuing R&D Confirmation of Capacity
& Capability for this project up to and including AM 01.

Please find attached our signed agreements as confirmation.
R&D Confirmation of Capacity and Capability of the study is subject to the following conditions:
« If you have not already done so you must ensure that you and other members of the research
team complete Good Clinical Practice ('GCP') training and a copy of your certificate
forwarded to the R&D Department before conducting your research.

« The research is conductedin Iune wuth the guidance given within the UK Policy Framework for

Healthand Social Care R where approp! the Medicines for Human Use (Clinical
Trial) Regulations 2004. You must also apply the principles of ICH Good Clinical Practice n
conduct of your research,

« The research will be conducted in compliance with Trust Policies and carried out inaccordance
with the General Data Protection Regulation (2018), Human Tissue Act 2004, Health & Salety
at Work Act and the Caldicott principles and NHS Code of Confidentiality.

Version 2.1 19/11//2018
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* Any proposed changes or amendments to the protocol vill be notified to the ethics committee,
the research sponsor and the R&D Manager/R&D Facilitator.

e The UK Policy Framework for Health and Social Care Research published by the Health

Hesearch Authority (HRA) and the UK Health Departments make clear that appropriate

of y, and clear ing of responsibility is fur to good

overall govamance of research. Youmust ensure (hat all researchers not employed by the

Trust follow the standardised procedures for issuing Honorary Research Contracts (HRC) or

Leiters olAccess (LOA) as lald down In the Heseareh in lhe HR Good Practice Resource Pack

« Procedures are in place to ensure collection of high quality, accurate data and the integrity and
conditionality of data during processing and storage.

* Upon pletion of the h you must plete an End of Study report and submit this to
Ethics and copy in the R&D Manager/R&D Fadilitator at Birmingham Women'’s and Children's
NHS Foundatlon Trust.  hitpu//vaww.hra.nhs.uk/research-community/end-of-study-anc:

« If your project has been adopted by the National Institute for Health Research (NIHR) portfolio
you will be required to provde monthly recruitment figures to the R&D Office (or manually
update the R&D Database with this (EDGE) and address any issues affecting recruitment.

+ That the Chief/Principal Investigator and the research team should be familiar with BWC trial
Standard Operanng Procedures These SOPS can be found at lne bllowing Iocahon onthe
trust intranet. b | ntsr/re
Wﬂa&hﬁw

« The study will be run as outlined in roles and responsibilities section ofthe CI'PI Agreement
which has been duly signed and retumedto R& D

Please see attached Initial HRA approval and REC approval letterdated 22 Jan 2020 and REC approval
for snl)slanual amendments AMO1 dated 24 Aug 2020 for d and approved by R&D.
All app can be d via EDGE using the local project reference.

May |also draw your attention to the UK Poir.y Framawurk Iov Hoal!h and Soual Cam Raseamh Mld\
can be found on the intermnet 3 res
islati k-poli

n €5

and remlnd you that al
research wnhun the Trust should be run to the sta.ndavds as outhned in this document. Guidance and
advice is always available from the Department of Research and Development should you require it &
any stage of your project.

Your research activity is now covered by NHS indemnity as set out in HSG (96) 48, and your trial has
been entered into the Trusts' database.

The Trust conducts regular audits to monitor 10% of all projects on an annual basis. You must comply
vith the requests as they have the authority to audit your site files at any time.

If you have any queries relating to R&D, please do not hesitate to contact me. The Trust wishes you
success with your research,

Yours sincerely

Headof R& D

Version 2.1 19/11//2018



7.3 Appendix of Chapter 5 “Observational Study to Assess the
Pharmacokinetics of Cefuroxime and its Prophylactic Efficacy in Obese

Pregnant women after Caesarean Section (C-LACE)”

7.3.1 Application of Physiologically Based Pharmacokinetic Model to Predict

Cefazolin and Cefuroxime Disposition in Obese Pregnhant Women.
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Supplementary Material

7.3.1.1 Method

7.3.1.2 Study selection for the Physiologically-based Pharmacokinetics
models:

The selection of studies used in cefazolin or cefuroxime Physiologically-based

Pharmacokinetics (PBPK) models was dependent on a) the availability of observed

cefazolin and cefuroxime adipose tissue concentrations, b) the analytical techniques

used in analysing drugs in blood and adipose tissue, c) ClinPK scores (269) and d) the

overall availability of data.

7.3.1.3 Cefazolin

The Philipson study (healthy and pregnant populations) was selected because it
represented the gestational differences in women. The study identified the PK of
cefazolin of the subjects at the time of pregnancy and after delivery, on the return of
the menstrual cycle and at the end of breastfeeding (100). Therefore, it will allow the
comparison of cefazolin PK parameters at the time of pregnancy compared to a healthy

population.

Ritta and Ravin used different dosing than Philipson et al. (100, 372). Elkomy et al.
represented cefazolin PK at the time of caesarean section (CS) compared to other
studies at the time of pregnancy (102). Pevzner et al. reported cefazolin concentrations
in adipose tissue in normal-weight pregnant women at the time of CS (10, 284). Chen
et al. reported cefazolin concentrations in adipose tissue in obese subjects undergoing

bariatric surgery with no other conditions (78).
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Many studies analysed cefazolin in the obese-pregnant population (10-16). Out of 40
score, the highest ClinPK scores were reported by Stitely et al. (39), Young et al. (38),
Kram et al. (37) and Maggio et al. (36) (13-16). Kram et al. used a modified Kirby-Baure
assay, whichis not considered to be arobust technique for analysing cefazolin in blood
and adipose tissue. As a result, Young et al. and Stitely et al. were selected to
investigate the appropriately of the PBPK obese-pregnant model to predict cefazolin

concentrations in plasma and adipose compared to observed data.

7.3.1.4 Cefuroxime

The study by Lovering et al. (healthy population) was selected because it reported
cefuroxime adipose tissue concentrations in subjects underwent hip replacement, this
was used to optimise cefuroxime adipose tissue: Plasma partition coefficient (305).
Studies by Kegdel et al. and Garton et al. (healthy populations) were used previously
in the study by Hsu et al. to predict cefuroxime concentrations in pregnancy PBPK
model using Simcyp V12.1 (113, 373, 374). These studies were included in this work
to capture the similarities and differences of in-silico prediction of Simcyp version 20 to

the older version.

For the Philipson and Stiernstedt study, healthy and pregnant women were selected
as representative of the gestational differences in women during pregnancy and at
delivery (109). Additionally, it identified the PK of cefuroxime of these women after
delivery, on the return of the menstrual cycle and cessation of breastfeeding. This data
will allow the comparison of the cefuroxime PK parameter during pregnancy with the
healthy population. Lalic et al. was selected because they reported the highest ClinPK

score among other related studies (9, 300). Barbour et al. reported cefuroxime
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concentrations in the blood and adipose tissue of obese women undergoing abdominal

surgery (110).

7.3.1.5 Cefuroxime logP

The Log P used in Hsu et al. was -0.9; this was predicted using ADMET PredictorTM
(113). In our study, Log P was measured using the shake-flask method. Cefuroxime
was dissolved in 100 ml of water (200 pg/ml); 3 ml of this solution was added to 3 ml
of n-octanol and that solution was shaken for 24 hours at 4°C. Then, the two phases
were allowed to separate for 24 hours and after separation the cefuroxime content was
measured by high-performance liquid chromatography in both the water and the n-
octanol using a previously published validated method with minor modification (13,
110). The partition coefficient of the cefuroxime was calculated using equation (7.1)
(309). The resulting Log P was -1.5. A sensitivity analysis of cefuroxime Log P range
values from -3 to 3 was performed using cefuroxime-observed plasma concentrations

in healthy subjects.

L [Solute in octanol] (7.1)
8 [Solute in water]

LogPoct/wat =

7.3.1.6 PBPK models of non—obese non-pregnant, obese, pregnant and
obese-pregnant populations

Figure S1 represent the pregnancy PBPK model coupled with the kidney permeability

model used within simcyp (141, 142, 149, 366). The GFR value is simulated the

modification of diet in renal disease (MDRD) equation (referred to as Method 2 in

Simcyp®); equation (7.2) represent this method (141, 146).
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7.3.1.7 Organs, tissue and blood flow

7.3.1.8 Tissue volume
The addition of fetal volume and gestational changes in plasma volume, red blood cell
volume and total fat mass (expressed as volume in simulator using specific gravity)

are described in equations (7.3), (7.4), (7.5) and (7.6), respectively (149).

7.3.1.9 Blood flows

The change in cardiac output and consequent alteration of blood flow percentages to
the kidneys, brain, adipose tissues and the new organ (feto-placenta) are incorporated
into the Sim—pregnancy model. Equations (7.7), (7.8) and (7.9) represent the
gestational changes of cardiac output and blood flows to the uterine and kidneys

(effective renal blood flow), respectively (149).

7.3.1.10 Composition
The gestational expansion of total body water and change in extracellular and
intracellular water at the time variant are described by equations (7.10), (7.11) and

(7.12), respectively (149).

7.31.11 Blood binding

The gestational reduction in blood protein levels are incorporated into the Sim-—
pregnancy model for aloumin and alpha-1-acid glycoproteins. The collected data were
utilised to describe the reduction of plasma protein levels in general and for aloumin
and alpha-1-acid glycoprotein specifically by equations (7.13), (7.14) and (7.15),

respectively (149).
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7.3.1.12 Renal function
The complex gestational changes of renal function have been described algorithmically
by Abduljalil el al. (149). The key physiological element of renal function is the GFR;

the gestational alteration of GFR is described in equation (7.16) (123, 149).

7.3.1.13 Developing a combined obese—pregnant Physiological-based
pharmacokinetics model within Simcyp®

The knowledge of physiological changes and their influence on drugs’ PKiis limited for
the obese—pregnant population. It is possible to explore the PK of a drug of interest in
an obese—pregnant virtual population without incorporating data on physiological
changes in such a population. As the Sim—pregnancy algorithmic gestational changes
are applied to a healthy population (pre-pregnant or baseline), a combined obese and
pregnant model within the Simcyp® simulator is achievable by adjusting the basic
physiological and biochemical parameters of these healthy (pre-pregnant or baseline)
to obese subjects. This will allow bypassing the development of PK and physiological
equations describing the PK exclusively in obese—pregnant PBPK models in such time-
restricted projects. For obese—pregnant PBPK model, additional to the weight
adjustment, the tissue blood flows of obese and morbidly obese subjects were used
as the baseline (pre-pregnant) of obese— and morbidly obese—pregnant PBPK model

(Table S 1).
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Figure 7.3: Pregnancy (Maternal) PBPK model coupled with MechKiM model

Note: For MechKiM model: both renal blood flow and GFR are gestational age dependent, hence the flows between kidney compartments
are gestational age dependent (Solid black arrows). Broken arrows represent directions of efflux and uptake transporters.
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serum Creatine (7.2)

GFR = 175 * ( 542 Y1154 4 (age) 2% [x0.742 if Female]

0.955
0.0702

(7.3)

fetal volume (mL) = 0.01exp {( )(1 — exp (—0.0702 GA))}

Plasma volume (L) = 2.50 — 0.0223 GA + 0.0042 GA? — 0.00007 GA®  (7.4)

Red Blood Cell volume (L) = 1.49 + 0.0098 GA (7.5)
Total fat mass (kg) = 17.14 + 0.1305 GA + 0.0008 GA? (7.6)
Cardiac output (L/h) = 301 + 5.916 GA — 0.088 GA® (7.7)

Uterine blood flow (L/h) = 1.71 + 0.2068 GA + 0.0841 GA? — 0.0015 GA® (7.8)

Effective renal blood flow (L/h) = 53 + 2.6616 GA — 0.0661 GA? (7.9)
Total body water (L) = 31.67 + 0.275 GA + 0.0024 GA? (7.120)
Extracellular water (L) = 11.86 + 0.0187 GA+ 0.0016 GA? (7.11)
Intracellular water (L) = 19.81+ 0.5941 GA — 0.0007 GA? (7.12)

Plasma protein (g/L) = 69.7 + 0.2085 GA — 0.0305 GA? + 0.0006 GA®  (7.13)

Albumin (g/L) = 45.8 — 0.1775 GA — 0.0033 GA? (7.14)
Alpha-T-acid glycoprotein (g/L) = 0.74 — 0.0088 GA + 0.0001 GA? (7.15)
Glomerular Filtration Rate = 114 + 3.2367 GA— 0.0572 GA? (7.16)

Where GFR is glomerular filtration rate (mL/min/1.73m?); GA is Gestational age in weeks

7.3.1.14 Results
Tables S2 and S3 represent simulated time above the minimum inhibitory
concentrations required to inhibit the growth of 90% of most common organisms

causing post CS infection (MICe0) of cefazolin and cefuroxime, respectively.

Predicted time above MIC90 (2, 4 and 8 pg/mL or pg/g) of cefuroxime plasma, free
plasma and adipose tissue concentration in lean non—pregnant, lean—pregnant,
obese— and morbidly obese—pregnant after administration of either 750 mg or 1500

mg cefuroxime dose are presented in table S4. The percentages of subjects attaining
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a target MICaoat 1.5 hours and 2 hours are illustrated in table S5. The 1.5 hours and 2

hours were selected to investigate percentages of subjects achieving targeted MIC

post cefuroxime administration of 30 min or 60 min pre CS of 1 hours.

Table 7.14: Tissue blood flow rates in female subjects in Simcyp simulator

Population | Predefined tissue blood flow as percentage | Mean predicted tissue blood
of cardiac output (Mean predicted L/h) flow L/h using discussed
equations at 40 weeks
gestational
Non—obese, Obese Morbidly Lean— obese— Morbidly
non—pregnant (baseline of obese pregnant pregnant obese—
(baseline of obese— pregnant
pregnant pregnant
PBPK PBPK
population) population)
Adipose 8.5(20.62) 14.8 (37.34) 17.2(58.42) | 29.34 62.07 80.01
Bone 5(17.42) 5(17.36) 5(18.63) 13.66 16.59 18.41
Brain 12 (41.81) 10.4 (37.36) 9.7 (36.50) 39.02 41.09 42.51
Stomach 1(3.48) 0.9(3.12) 0.8 (2.98) 2.73 2.99 2.95
and
esophagus
Small 11 (35.75) 9.5(31.98) 8.9 (32.42) 30.05 31.53 32.76
intestine
Villi 6 (20.90) 5.4 (18.56) 4.9(18.38) 16.39 17.26 18.04
Large 5(14.85) 4.3(13.17) 4 (14.04) 13.66 14.27 14.73
intestine
Heart 5(14.85) 5(14.85) 5 (17.40) 13.66 16.59 18.41
Kidney 17 (64.36) 14.7 (57.56) 13.8(53.87) | 46.68 49.05 51.07
Liver 6.5 (22.64) 5.6 (20.20) 5.3(19.87) 17.76 18.59 19.51
(arterial)
Liver 21.5(68.48) 18.5(61.22) 17.4 (62.85) | 58.73 61.40 64.05
(portal)
Lung 100 (348.38) 100(347.21) 100(372.52) | 360.33 437.79 485.60
Muscle 12 (54.65) 12 (54.21) 12 (50.85) 32.78 39.83 4418
Pancreas 1(3.48) 1(3.47) 1(3.73) 2.73 3.32 3.68
Skin 5(17.42) 6.6 (21.41) 7.2 (26.45) 29.19 46.81 56.64
Spleen 3(7.88) 2.5(7.02) 2.4 (8.08) 8.19 8.63 8.84
Feto- 0.6 35.49 43.12 47.82
Placenta
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Table 7.15: Simulated time of cefazolin plasma and free plasma above minimum inhibitory concentration required to inhibit the growth of
90% of organisms

Study code Dose Time (hour) Simulated cefazolin plasma Time (hour) Simulated free plasma
(mg) concentration above MIC90 cefazolin concentration above MIC90
T>MIC of 2 T>MIC of 4 T>MIC of 8 fT>MIC of 2| fT>MIC of 4 fT>MIC of 8
Mg/mL Mg/mL pMg/mL ug/mL Mg/mL Mg/mL
001 (100) 500 7.68 5.88 4.32 4.08 2.52 1.08
002 (372) 1000 10.2 8.16 6.24 5.88 4.08 24
003 (100) 500 54 4.2 2.88 2.88 1.8 0.72
004 (10, 284) 2000 8.4 6.96 5.64 5.88 4.56 3.24
005 (102) 1000 7.68 6.12 4.56 4.8 3.36 2.04
006 (78) 2000 14.76 12 9.36 9.12 6.48 4.08
007 (16) 2000 10.56 8.64 6.72 7.08 5.28 3.6
008 (16) 3000 11.64 9.6 7.68 8.04 6.24 444
009 (14) 2000 10.44 8.52 6.6 6.96 5.16 3.48
0091 (15) 2000 11.28 9.12 7.08 7.44 54 3.48
Mean in all population @ All 9.80 7.92 6.11 6.22 449 2.86
(001-0091) doses
Only 11.09 9.05 7.08 7.30 5.38 3.58
2000
Mean in Obese-pregnant | 2000 10.76 8.76 6.80 7.16 5.28 3.52

(007,009 and 0091)
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Table 7.16: Simulated time of cefuroxime plasma and free plasma above minimum inhibitory concentration required to inhibit the growth of

90% of organisms

Study code

01 (305)
02 (109)
03 (373)
04 (374)
05 (374)
06 (109)
07 (109)
08 (9)

09 (273)
091 (273)
092 (110)
1

2
3
4
Mean of studies 01-05

and 092
Mean of studies 01-091

Dose
(mg)

1500
750
1500
750
1500
750
750
1500
1500
1500
1500
750
1500
750
1500

Both 750
and 1500
Both 750
and 1500

Time (hour) Simulated cefuroxime plasma
concentration above MIC90
T>MIC of 2 T>MIC of 4 T>MIC of 8

Hug/mL
7.15

4.98

7.44

5.67

7.14

468

5.04 (3.2, 6.9)
6.36 (4, 8.9)
6.12(3.7,8.28)
6 (3.84, 8.04)
7.56
5.28(3.4,7.8)
6.84(4.2,9.6)
5.64(3.5, 8.3)

7.32 (44,
10.6)
6.66

6.19

Mg/mL
5.65

3.78

5.88

4.28

5.70

3.48
3.72(2.4,5.3)
5.04(3.1,7.1)
4.80(3,6.72)
4.8(3.12,6.6)
5.88
3.96(2.4, 6)
5.28(3.4,7.8)
4.08(2.5, 6)
5.64 (3.5, 8.3)

5.19

4.82

301

Mg/mL
4.21

2.70

4.44

2.97

4.26

2.34
2.52(1.6, 3.5)
3.72(2.3,5.3)
3.60(2.28,5.2)
3.6(2.28,5.04)
4.26

252 (1.7, 4)
3.96(2.4,5.9)
2.52(1.56,3.8)
4.08 (2.5, 6)

3.81

3.51

Time

(hour)

Simulated

free

plasma

cefuroxime concentration above MIC90
fT>MIC of 2 fT>MIC of 4 fT>MIC of 8

Mg/mL
6.24

432

6.54

4.86

6.30

4.08
4.44(2.9,6.1)
5.76(3.6,7.9)
5.52(3.48,7 6)
5.4 (3.6,7.44)
6.66
4.68(3,7)
6.12(3.8, 8.9)
4.92(3,7.3)
6.6 (4,9.5)

5.82

5.47

Mg/mL
4.80

3.12

5.04

3.51

4.86

294
3.18(2.1,4.4)
4.44(2.8,6.2)
4.32(2.76,6)
4.2(2.8,5.88)
5.04

3.36(2, 5)
468(3,7)
3.36(2, 5.2)
4.92(3,7.3)

4.40

413

Mg/mL
3.36

2.04

3.66

225

3.48

1.80
1.98(1.3,2.8)
3.24(1.9,4.6)
3.12(1.92,4.4)
3.12(1.9,4.32)
3.42
1.92(1.2, 3)
3.36 (2,4.9)
1.8(1.1,2.9)
3.36 (2,5.2)

3.04

2.86



Mean in all population Both 750 6.21 4.80 3.45 5.50 412 2.79
(01-4) and 1500

Mean of obese-| Both 750 @ 6.27 474 3.27 5.58 4.08 2.61
pregnant population and 1500

BMI2 30 kg/m2(1-4)

Mean of obese-| 1500 7.08 5.46 4.02 6.36 4.8 3.36
pregnant population

BMI2 30 kg/m2(2 and 4)

The 5% percentile of Both 750 3.87 2.95 2.04 3.45 25 1.57
obese-pregnant and 1500

population BMI2 30

kg/m?(1-4)

The 5t percentile of Only750 3.45 2.45 1.63 3 2 1.15

obese-pregnant
population BMIz 30
kg/m?(1 and 3)

The 5t percentile of Only 4.3 3.45 2.45 3.9 3 2
obese-pregnant 1500

population BMI2 30

kg/m2(2 and 4)

fT>MIC time of free concentration above the minimum inhibitory concentration, T>MIC Time above the minimum inhibitory concentration
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Table 7.17: Simulated time of cefuroxime plasma, free plasma and adipose tissue concentrations above minimum inhibitory concentration
required to inhibit the growth of 90% of organisms (2, 4 and 8 pug/mL or pug/g) post dose of 750 mg and 1500 mg, and dose efficacy when
given cefuroxime 30 min or 60 min pre CS of 1 hour.

population  MICq @ Simulated mean T>MICgq (hours) of 750 mg cefuroxime dose Simulated mean T>MIC (hours) of 1500 mg cefuroxime dose

Plasma | Free Total ISF Dose recommendation Plasma  Free Total ISF Dose
plasma adipose if cefuroxime was given plasma adipose recommendation if
30 or 60 min before cefuroxime was
surgery (of 1 hour given 30 or 60 min
duration CS) before surgery (of 1
hour duration CS)
30 min or| 60 min 30 minor | 60 min
less less
Lean 2 4.98 4.32 1.14 4.32 Sufficient | Sufficient = 7.15 6.24 2.35 6.32 Sufficient = Sufficient
Non- 4 3.78 3.12 0.18 3.18 Sufficient | Sufficient = 5.65 4.80 1.09 4.88 Sufficient | Sufficient
pregnant 8 2.70 2.04 N/A 2.10 Sufficient | Sufficient @ 4.21 3.36 N/A 3.49 Sufficient = Sufficient
Lean— 2 5.04 4.44 0.84 4.5 (3, | Sufficient | Sufficient @ 6.36(4, 5.76 2.04 5.76 Sufficient | Sufficient
Pregnant (3.2, (2.9, 6.1) 8.9) (3.6, (3.7, 8)
6.9) 6.1) 7.9)
4 3.72 3.18 N/A 3.24 Sufficient | Sufficient = 5.04 4.44 0.84 4.44 Sufficient = Sufficient
(2.4, (2.1, (2.2, (3.1, (2.8, (2.9,
5.3) 4.4) 4.5) 7.1) 6.2) 6.2)
8 2.52 1.98 N/A 2.04 Sufficient | Sufficient = 3.72 3.24 N/A 3.24 Sufficient | Sufficient
(1.6, (1.3, (1.4, (2.3, (1.9, (2.2,
3.5) 2.8) 2.9) 5.3) 4.6) 4.6)
Obese— 2 53 47 (3, 0.6 4.68 (3, Sufficient = Sufficient 6.84 6.12 1.92 6.12 Sufficient = Sufficient
pregnant (3.4, 7) 6.8) 4.2, (3.8, (3.8,
7.8) 9.6) 8.9) 8.8)
4 3.96 3.36(2 N/A 3.24 Sufficient | Sufficient @ 5.28 4.68 0.6 4.68(3, Sufficient Sufficient
(2.4,6)  5) (2.2, (3.4, 3,7) 6.8)
4.9) 7.8)
8 2.52 1.92 N/A 1.92 Insufficient Insufficient 3.96 3.36 N/A 3.24 Sufficient = Sufficient
(1.7,4) (1.2, 3) (1.3, 3) (2.4, (2,4.9) (2.2,
5.9) 4.9)
Morbidly 2 5.64 492 (3, | 0.36 4.92 Sufficient | Sufficient = 7.32 6.6 (4, 1.8 6.48 Sufficient | Sufficient
Obese— (3.5, 7.3) (3.1, (4.4, 9.5) 4.1,
pregnant 8.3) 7.2) 10.6 9.4)
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4 4.08 3.36 (2, N/A 3.36 Sufficient = Sufficient = 5.64 4.92 0.36 4.92 Sufficient | Sufficient

(2.5,6) 5.2) (2.2, 5) (3.5 | (3,7.3) 3.1,
8.3) 7.2)
8 252 1.8 N/A 1.8 Insufficient | Insufficient  4.08 | 3.36 | N/A 3.36  Sufficient Sufficient
(1.56, (1.1, (1.2, (2.5,6)  (2,5.2) (2.2, 5)
3.8) 2.9) 2.8)

Data in bracets represents 5th, 95t percentile
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Table 7.18: Simulated percentages of Obese— and morbidly Obese—pregnant subjects achieving plasma, free plasma and interstitial fluid
adipose tissue concentrations above minimum inhibitory concentration (2, 4 and 8 yg/mL or ug/g) at 1.5 hours and 2 hours post dose of
750 mg and1500 mg

populatio MICy | Simulated % of subjects Dose current dose Simulated % of subjects Dose current dose
n 0 achieved T>MICqy (hours) post achieve a targeted % achieved T>MICy (hours) post achieve a targeted %
750 mg cefuroxime dose at 1.5 | of subjects attaininga | 1500 mg cefuroxime dose at1.5 | of subjects attaining a
hour (2 hours) target MIC, if hour (2 hours) target MIC, if
Plasm Free  Total ISF | cefuroxime were given | Plasm Free Total ISF | cefuroxime were given
a plasm adipos before surgeryat30or | a plasm adipos before surgery at 30 or
a e 60 min before surgery a e 60 min before surgery
30minor | 60 min 30 minor | 60 min
less | | [less |
75 95 |75 95 75 95 |75 95
% % % % % % % %
Obese— 2 100 100 0.4(0) 100 Yes Yes | Yes Yes | 100 100 84 (42) 100 Yes Yes | Yes Yes
pregnant (100) (100) (100) (100) (100) (100)
4 100 99.9 0(0) 100 Yes Yes | Yes Yes | 100 100 0.4(0) 100 Yes Yes | Yes Yes
(99.6) (97) (97.2 (100) (100) (100)
)
8 98.6 84.6 0(0) 857 | Yes No [No No | 100 99.9 0(0) 100 | Yes Yes | Yes Yes
(83.4) (45.2) 44.2 (99.6) (97) (97.2
) )
Morbidly 2 100 100 0(0) 100 Yes Yes | Yes Yes | 100 100 75.6 100 Yes Yes | Yes Yes
Obese— (100) (100) (100) (100) (100) (34.2) (100)
pregnant 4 100 99.9 0(0) 100 Yes Yes | Yes Yes | 100 100 0(0) 100 Yes Yes | Yes Yes
(99.6) (96.8) (97.7 (100) (100) (100)
)
8 96.1 75.8 0(0) 78.2 | Yes No [No No | 100 99.9 0(0) 100 | Yes Yes | Yes Yes
(79.5) (37.5) (36.2 (99.6) (96.8) (97.7
) )
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