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Abstract

Introduction: Haemophilia A patients require perioperative clotting factor replace-

ment to limit excessive bleeding. Weight-based dosing of Factor VIII (FVIII) does not

account for inter-individual pharmacokinetic (PK) variability, and may lead to subopti-

mal FVIII exposure.

Aim: To perform an external validation of a previously developed population PK

(popPK) model of perioperative FVIII in haemophilia A patients.

Methods:Aretrospective chart review identifiedperioperativehaemophiliaApatients

at the University of North Carolina (UNC) between April 2014 and November 2019.

Patient data was used to externally validate a previously published popPK model pro-

posed by Hazendonk. Based on these validation results, a modified popPK model was

developed to characterize FVIII PK in our patients.Dosing simulationswere performed

using this model to compare FVIII target attainment between intermittent bolus (IB)

and continuous infusion (CI) administrationmethods.

Results: A total of 521 FVIII concentrations, drawn from 34 patients, were analysed.

Validation analyses revealed that the Hazendonk model did not fully capture FVIII PK

in the UNC cohort. Therefore, a modified one-compartment model, with weight and

age as covariates on clearance (CL), was developed. Dosing simulations revealed that

CI resulted in improved target attainment by 16%, with reduced overall FVIII usage by

58 IU/kg, compared to IB.

Conclusion: External validation revealed a previously published popPKmodel of FVIII

did not adequately characterize UNC patients, likely due to differences in patient
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populations. Future prospective studies are needed to evaluate our model prior to

implementation into clinical practice.

KEYWORDS

dosing simulation, external validation, factor VIII, haemophilia A, perioperative, population phar-
macokinetics

1 INTRODUCTION

Haemophilia A is a rare X-linked bleeding disorder caused by a qualita-

tive or quantitative Factor VIII (FVIII) deficiency.1 FVIII deficiency pre-

vents adequate thrombin generation and predisposes these patients

to chronic recurrent spontaneous bleeds.2 Additionally, haemophilia A

patients require exogenous clotting factor administration prior to and

after surgical procedures to ensure adequate perioperative haemosta-

sis. In clinical practice, clotting factor replacement is often performed

using weight-based FVIII dosing strategies. However, weight-based

FVIII dosing does not account for known inter-individual FVIII phar-

macokinetic (PK) variability other than weight,3,4 and weight-based

dosing can lead to suboptimal (over- or under-exposure) treatment

that can result in prolonged bleeding and delayed wound healing.5,6

The source of FVIII PK variability can be attributed to the factor con-

centrate, age, bleeding intensity (if present), and the level of physical

activity.2,7,8 Therefore, in order to facilitate FVIII dosing tailored to a

patient’s specific PK parameters, there is a need to develop a novel

FVIII dosing strategy that can account for inter-individual variability.

Bayesian adaptive dosing refers to the process of predicting

a patient’s optimal dose using both drug concentrations drawn

from that patient, as well as established population PK (popPK)

modeling.9 If the published popPK model is both robust and has

been externally validated, limited PK sampling can performed to

allow for individual PK parameters to be estimated, and can then

be used to simulate possible dosing schedules.3,10 External valida-

tion is crucial because it can determine how robust and repro-

ducible a model is, and is considered the most stringent form of

model validation.11 This form ofmodel validation should be performed

prior to clinical implementation of a popPK model to ensure model

transportability.12

In 2016, Hazendonk et al. published the first popPK model charac-

terizing FVIII PK in the perioperative setting.13 The studywas compre-

hensive, utilized PK data based on the standard one-stage assay (OSA)

used in clinical practice, and included a third generation FVIII prod-

uct. Therefore, this popPK model could be an ideal candidate for clin-

ical implementation of Bayesian adaptive dosing. The objective of this

study was to perform an external validation of the Hazendonk popPK

model in an independent patient cohort from the University of North

Carolina (UNC) Medical Center. If external validation showed that the

Hazendonk model did not fully capture FVIII PK in the UNC cohort, a

secondary objective was to develop amodified popPKmodel with data

derived fromUNC patients.

2 MATERIAL AND METHODS

2.1 Patient recruitment and sample collection

This study was approved by the UNC Institutional Review Board (UNC

17-3250). A retrospective chart review was conducted to identify

eligible patients. Eligibility criteria included adult patients between

18 and 79 years who underwent surgery at UNC Medical Center

between April 2014 and November 2019, and were treated with

perioperative FVIII concentrates. For this study, standard half-life

(SHL) product was used for the replacement therapy. Eligible patients

also had quantified FVIII concentrations after the FVIII concentrates

were administered on Day 0 as part of standard of care. For eligible

patients, baseline clinical and demographic characteristics extracted

from the electronic medical record included age, weight, ABO blood

type, and FVIII concentration. FVIII concentrations were measured

by an OSA.14 Historic FVIII concentrations were reviewed to deter-

mine the baseline concentration for each patient. Patients were cat-

egorized as mild (initial FVIII concentration >.05 IU/ml), moderate

(initial FVIII concentration .01-.05 IU/ml), or severe (initial FVIII con-

centration < .01 IU/ml) haemophilia.15 Patients were excluded if

perioperative FVIII concentrationswere not quantified after FVIII con-

centrates were administered. Descriptive statistics were used to sum-

marize patient baseline characteristics. Surgery was categorized into

low,moderate or high risk, according to the International Classification

of Disease.16 Major surgeries were defined as those with moderate to

high risk.

2.2 External validation of a prior popPK model

The UNC patient dataset was used to assess the predictive perfor-

mance of the Hazendonk model, which is a two-compartment model

with age, blood group O, and major surgery as covariates.13 External

validation was performed by fixing all of the fixed and random effect

parameters from the Hazendonk model. Predictive performance was

evaluated by calculating the bias and precision using mean prediction

error (MPE; Equation 1) and mean absolute prediction error (MAPE;

Equation2), respectively,whereN is thenumberof observations,PREDj

is the jth population predicted concentration, and observationj is the

jth observation. Additionally, predictive performance of themodel was

also assessed using the goodness of fit plots, prediction-corrected

visual predictive checks (pcVPC) and the model was bootstrapped
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1000 times to compare the95%confidence intervals of parameter esti-

mates.

MPE =
1
N

∑(
PREDj − observationj

observationj

)
x 100 (1)

MAPE =
1
N

∑(|||||
PREDj − observationj

observationj

|||||
)
x100 (2)

All popPK analyseswere performed usingNONMEM (version 7.4.3;

Icon Development Solutions, Ellicott City, MD, USA). All data manipu-

lation and visualization of diagnostic plots were executed using R (ver-

sion 3.2, R Foundation for Statistical Computing, Vienna, Austria), and

RStudio (version .99, RStudio, Boston,MA,USA), with the packages lat-

tice, latticeExtra, and ggplot2.17–19 Perl-speaks-NONMEM (PsN) (ver-

sion 4.7.0; Uppsala Pharmacometrics, Uppsala, Sweden) was utilized

for the bootstrap analyses.13,17,20,21

2.3 UNC model development and validation

Based on previously published models of FVIII, both one- and two-

compartment models were evaluated on the UNC dataset. Propor-

tional and mixed (proportional and additive) residual error models

were explored. Allometric weight was included a priori with an expo-

nent of .75 for clearance (CL) and 1 for volume of distribution (V).13

Three approacheswere employed to account for the endogenous FVIII

concentrations at baseline: (1) incorporating an inter-occasion variabil-

ity to account for different baseline concentrations for each patient

(M1); (2) a compartmental reset using the historical lowest FVIII con-

centrations for each patient (M2)22; and (3) a compartmental reset

using the first available FVIII concentrations for each patient (M3).

Covariates collected for every patient include sex, ABO blood type,

FVIII product, surgery type, age, FVIII baseline concentration, FVIII

dose, haemoglobin, and haematocrit. Covariates with sufficient data

that showed a clear trend with inter-individual variability (IIV) of CL or

V were statistically evaluated. Continuous and categorical covariates

were assessed using the Equations 3 and 4, respectively, where

PARcov = 1 + 𝜃 × (COVi − COVmed) (3)

PARcov = 1 + 𝜃 × COVi (4)

COVi denotes the covariate, which for categorical variables is for-

matted tobe0or1,COVmed denotes themedian covariate value across

the entire dataset, PARCOV denotes covariate effect on the parameter,

and θ denotes the fixed effects of the parameter estimate. Physiologic

plausibility, goodness-of-fit plots, reduction in IIV and residual error,

and a decrease in the objective function value (OFV) of > 3.8 (p < .05)

were used to select the final model. The lower limit of quantification

(LLOQ) was defined as <.01 IU/ml. If < 5% of the concentrations were

not quantifiable, below the limit of quantification data were excluded

frommodelling using themethod incorporating inter-occasion variabil-

ity (M1); otherwise, the compartmental reset method using the lowest

FVIII value (M2) was used.

2.4 Dosing simulations

Based on the population distribution of age, weight, and known base-

line FVIII concentration in the UNC patients, 500 virtual patients were

simulated. The virtual patientswere createdbasedon thedemographic

distribution from the UNC patient dataset, where the median age for

virtual patients was 51.7 years (range 24.3-80.0 years), median weight

was 87.1 kg (50.5-135.6 kg), and mean historic low FVIII concentra-

tions for mild, moderate, and severe patients were .27 IU/ml (standard

deviation [SD] ± .12 IU/ml), .031 IU/ml; (SD ± .011 IU/ml), and .0045

IU/ml (SD ± .0026 IU/ml), respectively. Simulations were performed

to compare FVIII target attainment when FVIII was administered by

continuous infusion (CI) versus intermittent bolus (IB). Target attain-

ment was simulated in virtual patients withmild, moderate, and severe

haemophilia A. Simulationswere only performed for the first 48 h after

surgery, as patients typically undergo dose adjustment based on rou-

tine plasma FVIII concentrationmonitoring after 48 h. For the IB strat-

egy, the simulated dose was 50 IU/kg every 8 h; for the simulated CI

strategy, the first IV bolus dose was 50 IU/kg, and the CI of 4 IU/kg/h

was started simultaneously. For the IB dose, the Cavg was calculated as

AUCtau/Tau. The FVIII activity from the first 48 h was simulated, and

target attainment was measured as the mean FVIII activity. The pro-

portion of patients who achieved target concentrations was based on

an institutional goal of .8-1.2 IU/ml replacement factor activity.

3 RESULTS

3.1 Patient baseline characteristics

Forty-three adult patients with haemophilia A underwent surgery and

received FVIII at UNC between April 2014 and November 2019. Nine

patientswere excluded due to perioperative FVIII concentrationswere

not quantified or accessible after FVIII concentrates were adminis-

tered on Day 0 (n= 6), missing blood type (n= 2), and single FVIII con-

centration available (n = 1), as shown in Figure 1. Thirty-four patients

were included in the final analyses. Among these patients, 97% were

male, and most surgeries (91%) were classified as major (Table 1). The

one female patient was a symptomatic carrier. Themedian range of the

dosing the patients received was 45.3 IU/kg with a frequency of every

12 h. A total of 521 PK samples were available, with a median of 14

(range 1-34) samples per patient

3.2 External validation of prior population
pharmacokinetic model

The MPE and MAPE are shown in Table 2. The predictive perfor-

mance of the Hazendonkmodel was evaluated using UNC patient data
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F IGURE 1 Study schematic. The flow chart below describes the process with which patients were identified from the University of North
CarolinaMedical Center institutional electronic medical record (n= 43), andwhy nine patients were excluded. FVIII, factor VIII

(n= 34). Less than 80% of the bootstrap runs were minimized success-

fully. The 95% confidence intervals for eachmodel parameter hadwide

ranges, with the median values deviating substantially from the origi-

nal values derived in the Hazendonk model (Table 3). Notably, covari-

ate effects of blood type on CL, surgery type on CL, and age on V in

the central compartment, crossed the threshold for non-significance

(Table3). The goodness of fit plot of the external validation showed that

the observed versus predicted FVIII concentrations deviated from the

line of unity at higher predicted FVIII concentrations, indicating that

the Hazendonk model may not adequately characterize FVIII concen-

trations among the UNC patients (Figure 2).

3.3 UNC model development and validation

A total of 521 FVIII concentrations were available for the popPK

model development, but using observed baseline FVIII concentrations

resulted in imprecise parameter estimates. The M1 and M2 strategies

attempted to account for the baseline values, but also resulted in

imprecise parameter estimates. Therefore, a compartmental initial-

ization method (M3) was used, where the first FVIII concentration

measured after the initial bolus marked the baseline. Using the

compartmental initialization method resulted in a total of 456 FVIII

concentrations available for analyses among the 34 patients. The final

modified UNC popPK model was a one-compartment model with age

(years) and weight (kg) included as significant covariates:

CL (mL∕h) = 188 ∗ (WT∕70)
0.75

∗ (1–0.0131 ∗ (AGE–57))

V (mL) = 5820 ∗ (WT∕70)

Theory-based allometry was applied to scale CL and V parameters

using a standard weight of 70 kg, and an inverse relationship between

age and CL.23 The proportional error model accounted for residual

error, and the IIV on CL was less than that on V (Table 4). Based on

visual inspection, the UNC data did not support a two-compartment

model, unlike the published Hazendonk model. Population predictions

from the final modified UNC model (Figure 3) better represented the

PK profile of the observed FVIII concentrations than did the Hazen-

donk model (Figure 2). Last, a pcVPC was performed, and showed that

approximately 91% of the prediction-corrected FVIII concentrations

fell within the 90%prediction interval based on the finalmodifiedUNC

popPKmodel (Figure 4).

3.4 Dosing simulation

Figure 5 and Table 5 depict the results from the dosing simulations. In

simulated severe haemophilia A patients (initial FVIII <.01 IU/ml), the

proportion of patients that attained the target FVIII concentrations on
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TABLE 1 Patient baseline demographic and clinical characteristics

Variables Values

Number of patients (N) 34

Age (years, median [range]) 51.7 (24.3-80.0)

Weight (kg, median [range]) 87.1 (50.5-135.6)

Sex (N, %)

Male 33 (97.1)

Female 1 (2.9)

Blood type (N, %)

TypeO 13 (38.2)

Other blood type 21 (61.8)

Haemoglobin (g/dl, median [range]) 13.1 (5.8-16.7)

Haematocrit (%, median [range]) 38.6 (20.3-48.9)

Surgery types (N, %)

Major surgeries 51 (91.1)

Minor surgeries 5 (8.9)

Haemophilia severity

Mild (> .05 IU/ml) 11

Moderate (.01-.05 IU/ml) 5

Severe (< .01 IU/ml) 18

FVIII Dose (IU, median [range]) 3560 (124.2-7944)

Product type

Monoclonal 135

Recombinant (Xyntha/Refacto) 270

Recombinant (Obizur) 13

Infusion duration

≤5min 166

>5min to≤1 h 22

>1 h 230

TABLE 2 MPE andMAPE for Hazendonkmodel and the
University of North Carolinamodel predictive performances

Hazendonk

model UNCmodel

MPE (%) 24.7 (-96.7, 261) 14.2 (-54.5, 168)

MAPE (%) 56.7 (1.7, 261) 41.5 (1.4, 168)

Abbreviations: MPE, mean prediction error; MAPE, mean absolute predic-

tion error.

The mean, 2.5th and 97.5th percentile of MPE and MAPE are presented in

the table.

Day2when treatedwith IBandCIwere21.0%and37.0%, respectively.

In simulatedmoderate patients (initial FVIII .01-.05 IU/ml), the propor-

tion of patients that attained target FVIII concentrations when treated

with IB andCIwere 20.0%and20.6%, respectively. Inmild haemophilia

A patients (initial FVIII > .05 IU/ml), the proportion of patients that

attained target FVIII concentrations when treated with IB and CI were

14.8% and 28.2%, respectively. ByDay 2, more patients simulatedwith

F IGURE 2 Goodness of fit plot for the external validation. The
plot depicts the observed FVIII concentrations (Y-axis) plotted against
themodel-predicted FVIII concentrations (X-axis). The red solid
circles denote population predicted FVIII concentrations, whereas the
blue triangles denote the individual predicted FVIII concentrations
(which ideally match observed FVIII concentrations in University of
North CarolinaMedical Center patients). The red and blue lines
represent the trend line for the population and individual predictions,
respectively. The diagonal grey line represents the line of unity. FVIII,
factor VIII

IB had supratherapeutic FVIII concentrations than with simulated CI

(77.0% vs. 50.2%, respectively). Last, the simulation estimated that CI

would require less FVIII usage (242 IU/kg) compared to IB (300 IU/kg).

4 DISCUSSION

The current weight-based dosing algorithm for FVIII in the perioper-

ative period does not account for FVIII PK variability and can lead to

suboptimal FVIII exposure, and thus, increased risk of spontaneous

bleeding and delayedwound healing in adult haemophilia A patients.5,6

Therefore, precision dosing approaches can improve upon the stan-

dardweight-based dosing paradigm to reduce the subtherapeutic FVIII

concentrations and spontaneous bleeding and improve stewardship of

FVIII usage. However, previous research has demonstrated that popPK

models developed outside of the perioperative setting do not reliably

predict postoperative FVIII concentrations. Rather, popPKmodels that

specifically characterize perioperative FVIII PK are needed to perform

iterative dose adjustments that employ Bayesian methodologies.24,25

However, before these methodologies can be applied to a new tar-

get population, external validation of the model is an essential step to

ensure model generalizability across patients populations and porta-

bility into clinical practice. Therefore, our study aimed to perform an
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TABLE 3 Bootstrap results from fitting UNC dataset to the Hazendonkmodel

Parameter

Estimates from theHazendonk

model13
Estimates from fitting UNC

dataset to the Hazendonkmodel

Minimization Successful N/A 799/1000

CL (ml/h) 150 180 (46, 600)

CL-Age -.172 -.51 (-1.5, -.016)

CL-Blood Type 1.26 .92 (.66, 1.3)

CL-Surgery Type .933 1.2 (.34, 2.2)

V1 (ml) 2810 4100 (2600, 5800)

V1-Age -.0898 -.65 (-1.5, .47)

V2 (ml) 1900 1300 (570, 95000)

Q (ml/h) 160 72 (28, 1400)

ReFacto Adjustment .344 N/A

Additive Error (IU/ml) (Centers 1–3) 15 (Centers 4–5) 5 .47 (.41, .53)

Proportional Error (%) (Centers 1–3) 18 (Centers 4–5) 23 3.3e-03 (3.2e-03, 3.3e-03)

IIV-V1a .0692 69 (44, 91)

IIV (CL-V1)b .0437 .48 (-.14, .88)

IIV-CLc .130 33 (21, 82)

Abbreviations: CL, clearance; IIV, inter-individual variability; Q, intercompartmental clearance between the central and peripheral compartment; UNC, Uni-

versity of North CarolinaMedical Center; V1, volume of distribution in the central compartment; V2, volume of distribution in the peripheral compartment.

Predictive performance of theHazendonkmodel was evaluated using theUNCdataset. Estimates from fitting theUNCdataset are reported asmedianswith

95% confidence intervals
aVariance of the IIV for the central volume of distribution.
bCovariance of the IIV between clearance and central volume of distribution.
cVariance of the IIV for clearance.

TABLE 4 Final parameter estimates and bootstrap for the UNCmodel

Hazendonk et al. Model Bootstrap UNC Model Bootstrap

Minimization successful N/A 799/1000 Minimization successful N/A 1000/1000

CL (ml/h)a 150 180 (46, 600) CL (ml/h)b 190 190 (160, 220)

CL: Effect of agec -.17 -.51 (-1.5, -.016) CL: Effect of Aged -.013 -.013 (-.024, -.0031)

CL: Effect of blood type 1.26 .92 (.66, 1.3)

CL: Effect of severity of

surgical procedure

.93 1.2 (.34, 2.2)

V1 (ml) 2810 4100 (2600, 5800) V1 (ml) 5800 5800 (4300, 7600)

V1: Effect of age -.09 -.65 (-1.5, .47)

V2 (ml) 1900 1300 (570, 95000)

Q (ml/h) 160 72 (28, 1400)

Additive error (IU/ml) (Center-based) .47 (.41, .53)

Proportional error (%) (Center-based) .0033 (.0032, .0033) Proportional error (%) 32 32 (27, 37)

IIV on CL (%) 26 33 (21, 82) IIV on CL (%) 47 45 (33, 64)

Covariance between CL

and V1

.46 .48 (-.14, .88)

IIV on V1 (%) 36 69 (44, 91) IIV on V1 (%) 74 72 (48, 96)

Abbreviations: CL, clearance; IIV, inter-individual variability; Q, intercompartmental clearance between V1 andV2; UNC, University of North CarolinaMedi-

cal Center; V1, central compartment volume of distribution; V2, peripheral compartment volume of distribution.

The final estimates for the parameters from the population PKmodel.
aExpected clearance for a 68 kg, 40 year-old, non-O blood type, minor surgery patient.
bExpected clearance for a 70 kg, 57 year-old patient.
cAs an exponent on age centered at 40 year-old
dAs fractional change per year.
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F IGURE 3 Goodness of fit plot for the University of North
CarolinaMedical Center model. The plot depicts the observed FVIII
concentrations (Y-axis) plotted against themodel-predicted FVIII
concentrations (X-axis). The red solid circles denote population
predicted FVIII concentrations, whereas the blue triangles denote the
individual predicted FVIII concentrations. The red and blue lines
represent the trend line for the population and individual predictions,
respectively. The diagonal grey line represents the line of unity. FVIII,
factor VIII

external validation of the previously published Hazendonkmodel in an

independent patient cohort fromUNC.

Several differences in the baseline study data utilized for model

development may have contributed to the Hazendonk model failing to

capture the perioperative FVIII PK among UNC patients. Firstly, many

UNC patients (85.3%) received prophylactic FVIII doses prior to hospi-

tal admission, resulting in higher predicted than measured FVIII con-

centrations when fitting the Hazendonk model to these patient data

(Figure 2). Adjustment for baseline FVIII concentrations using the M1

and M2 strategies were attempted, but did not resolve the imprecise

predictions. Second, 14%of theHazendonk patients were treatedwith

a B-domain deleted FVIII concentrate. While we attempted to correct

for this in the UNC model development, underprediction of FVIII con-

centrations likely occurred as a result. Third, and likely most impor-

tant, patient baseline demographics differed significantly between the

two cohorts. For instance, there was wider range of total body weight

among UNC patients (50-137 vs. 73-90 kg), a higher frequency of

major surgery (91.1% vs. 61.4%), and that the UNC cohort was only

comprised of adult patients. The Hazendonk model was recently vali-

dated to a larger cohort of paediatric population.26 To this point, less

than 80% of the bootstrap runs minimized successfully, which could be

attributed to the demographic differences between the two cohorts or

our relatively small sample size.

Because the Hazendonk model did not adequately characterize

FVIII concentrations among UNC patients, a modified popPK model
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F IGURE 4 Prediction-corrected visual predictive check. The diagram depicts the visual predictive check of the final UNCMCpopPKmodel as
well as the Hazendonk popPKmodel. The X-axis denotes the time after last dose in hours whereas the Y-axis denotes the prediction corrected
FVIII concentrations (IU/ml). The two blue dashed lines represent the 5th and the 95th percentiles of the observed FVIII concentrations while the
red solid line represents themedian of the observed FVIII concentrations. Shaded area represents the 95% confidence interval predicted by the
model for themedian, 5th, and the 95th percentile of the FVIII concentrations. Centers 1-3 refer to the three out of the five treatment centers
used in the Hazendonkmodel.13 FVIII, factor VIII; popPK, population PK; UNC, University of North CarolinaMedical Center

F IGURE 5 Dosing simulation results for intermittent bolus and continuous infusion. The simulated FVIII concentrations are shown below
based on themodified UNC population pharmacokinetic model. The X-axis denotes the time after the patient was admitted while the Y-axis
denotes the FVIII concentrations (IU/ml). The three panels from left to right represent patients withmild (initial FVIII concentration> .05 IU/ml),
moderate (initial FVIII concentration .01-.05 IU/ml), and severe haemophilia A (initial FVIII concentration< .01 IU/ml). The red line and shaded area
represent themedian, and the 95% prediction interval of the simulated results for CI while the blue line and shaded area represent those of the IB
dose. CI, continuous infusion; FVIII, factor VIII; IB, intermittent bolus
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was developed. A one-compartment model adequately characterized

theFVIII PKprofile inUNChaemophiliaApatients undergoing surgery.

Age was identified as statistically significant covariate and had an

inverse relationship with CL, which suggests FVIII CL decreases with

increased age. The UNC dataset was limited to only one or two sam-

ples following each dose, which did not support multi-compartmental

modelling. Importantly, the resulting final model’s CL and V estimates,

scaled to a standard weight of 70 kg, are similar to published reports in

adults.27,28 Final parameter estimates from the modified model were

comparable to the Hazendonk model estimates, with the exception

that we observed a lesser impact of age on CL (Table 4).

Dosing simulations were performed to compare target attainment

against FVIII usage and cost, using the two most commonly used FVIII

administration methods used in clinical practice: CI and IB dosing. Our

findings are similar to those previously published, which demonstrated

that CI resulted in a higher percentage of target attainment, and

reduced overall FVIII usage.29,30 Notably, simulation results from the

modified model revealed that <21% of patients were subtherapeutic

at Day 2, which suggests that our model maybe be an effective tool to

ensure optimal FVIII exposure, prevent excessive bleeding, and avoid

a longer duration of postoperative FVIII use. However, at Day 2 the

model also predicted a high percentage of patients with suprather-

apeutic concentrations. Future application of this model will involve

evaluating its use to reduce the percentage of supratherapeutic

patients and to reduce unnecessary FVIII usage and costs to both

patients and the health-system. Despite these findings, it is important

to recognize the increased technical and logistical challenges that are

inherent to CI of factor products.

The sample size of our cohort of perioperative UNC haemophilia

A patients treated with FVIII (n = 34) is relatively small for an

external validation, which could have limited distributions of relevant

covariates. This may ultimately explain why covariates identified in

the Hazendonk model did not remain significant in our modified UNC

popPKmodel. Despite this limitation, our findings represent an impor-

tant contribution because they highlight the power of Bayesian-based

FVIII adaptive dosing, and should be validated externally at other aca-

demic centers. The real-world nature of our study also presented a

second limitation because using the recorded FVIII concentrations

may not have accurately depicted the true lowest FVIII concentra-

tion, which could have affected how baseline FVIII concentrations

were defined for each patient. Had patients been followed prospec-

tively prior to surgery, it is possible that quantification of baseline

measured FVIII concentrations may have impacted both the Hazen-

donk model external validation and the UNC popPK model develop-

ment. Furthermore, our study used OSA to quantify FVIII concentra-

tion, which may limit the external validity of these results to stud-

ies that use chromogenic assay. Additionally, there was no washout

period for patients who received prophylactic FVIII prior to hospital

admission, yet our study is innovative because it utilizes real-world

data and the final model captures what practicing haematologists will

encounter. Similarly, a study conducted byMcEneny-King et al. also did

not include awashout period as the study utilized real-world data from

theWeb Accessible Population Pharmacokinetic Service-Haemophilia

(WAPPS-Hemo).31 But, McEneny-King did not use a compartmental

reset method to account for endogenous FVIII concentrations, which

could have limited the ability of their model to capture the full phys-

iologic picture of FVIII in adult haemophilia A patients undergoing

surgery. Last, von Willebrand factor (VWF), a carrier protein for FVIII

that protects FVIII from protease degradation, could also impact FVIII

PK.32,33 However, VWF concentrations are not drawn as routine care

at UNC, thereby were not available to PK analysis.

5 CONCLUSION

We are the first to perform an external validation of a previously

published popPK model of perioperative FVIII for adult haemophilia

A patients undergoing surgery.13 The predictive performance of the

Hazendonk model did not fully capture FVIII PK in the UNC cohort.

Therefore, amodifiedFVIII popPKmodelwasdeveloped thatwasmore

specific to UNC patients. Future prospective studies are needed to

evaluate the external validity of the UNC popPK model prior to clini-

cal implementation in this patient population.
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