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Abstract

Aims: Children with primary immunodeficiency (PID) and secondary antibody
deficiency (SAD) often require immunoglobulin replacement therapy due to low
plasma immunoglobulin G (IgG) levels and recurrent infections. Existing pharmacoki-
netic models for immunoglobulin in PID patients predominantly focus on adults, with
limited attention to secondary antibody deficiencies and a lesser emphasis on
paediatric populations. This study aims to investigate the pharmacokinetic properties
of 1gG in paediatric patients with PID and SAD.

Methods: Population pharmacokinetic analysis for PID and SAD children treated with
intravenous immunoglobulin at a tertiary paediatric centre was conducted using
NONMEM® (7.5.1). Dosing simulations to achieve therapeutic levels of 6 and 8 gL ~*
were performed.

Results: A population pharmacokinetic analysis of 64 patients (median age 4.08
years, range 0.06-16.8) was performed. A two-compartment model with first-order
elimination, incorporating both additive and proportional residual error, adequately
described the data. Interindividual variability was modelled on clearance, volume of
distribution and baseline IgG levels, with allometric scaling to a 70-kg body weight
applied a priori. The estimated clearance was 0.308 L~ day~* 70 kg~ (95% Cl 0.23,
0.67), and the volume of distribution was 10.96 L= 70 kg~* (95% Cl 5.97, 15.79).
Patients with SAD exhibited a lower clearance rate of 54% compared with PID
patients. Dosing simulations indicated that the recommended SAD dosing regimen
maintained therapeutic IgG levels in the simulated population. However, only 44.8%
to 51.9% of patients with PID achieved target IgG levels with the standard regimen.
Conclusions: This study provides insights into immunoglobulin pharmacokinetics in
paediatric PID and SAD patients, guiding optimised dosing strategies. Administering a
loading dose would improve the probability of maintaining therapeutic IgG levels dur-

ing the 4-week dosing interval.
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INTRODUCTION

Immunoglobulin replacement therapy (IgRT) is used to manage
patients with both primary immunodeficiency (PID) and secondary
antibody deficiency (SAD). In contrast to PID, which results from
genetic defects of the immune system, SAD arises from external influ-
ences such as malnutrition, HIV infection and haematological malig-
nancies and their treatment.!™ Recent years have seen the
introduction of novel therapies targeting B cells, such as rituximab
and chimeric antigen receptor T cell (CAR-T) therapy, which are now
available for children to treat autoimmune diseases and haematologi-
cal conditions.>® Increased use of B cell-depleting novel therapies, as
well as improved recognition and diagnosis of PID disorders, contrib-
uted to a 6% to 8% annual increase in the demand for immunoglobulin
G (IgG) globally between 2010 and 2018.7 Yet, with the significant
geographical imbalance in the global supply of plasma and the cost
burden, the use of 1gG needs to be rationalized.

Children with PID and SAD can have serious, prolonged and
sometimes life-threatening infections.2? PID patients with severely
impaired or absent humoral response are managed by a combination
of prophylactic antimicrobials and IgRT. Immunoglobulins, produced
by B cells in response to antigens, are crucial for adaptive immunity,
with 1gG being the most abundant in peripheral blood, and vital
against extracellular infections. Despite its routine use, there is a pau-
city of published evidence on the management of IgRT in PID chil-
dren. Guideline-recommended starting doses for PID patients range
between 0.4-0.6 gkg™! per month, with target troughs recom-
mended at 28-10 gL~ by British Society for Immunology and
United Kingdom Primary Immunodeficiency Network (BSI-UKPIN), or
>5-8 g L by American Academy of Allergy Asthma and Immunology
(AAAI), all with dose adjustment based on clinical response.l°-12
Rituximab and CAR-T cells are engineered to target different antigens
on B cells, resulting in B cell aplasia. B cell suppression typically lasts
for 6 months but can persist for years with profound effects.*>#
Hypogammaglobulinaemia is more frequent in children post CAR-T
therapy compared with adults, with increased severity and duration of
hypogammaglobulinaemia.'*> IgRT in SAD is less well established.'®
Due to the lack of clinical trials and robust studies to support its use,
dosing is based on experiences from PID.%” The current recommended
dose for SAD is 0.4-0.6 g kg~ ! every 4 weeks, with dose adjustments
based on clinical response.’®*® The optimal target trough level is
unclear and experts have not reached a consensus. %2718 Overall,
the target trough IgG levels have been suggested to remain above
6 g L7192 with some patients with severe disease burden poten-
tially benefitting from a trough level of 10 g L=1.2%1” For the pediatric
cohort, recommendations on the target trough level are even more
limited. NHS England suggests keeping at least the lower limit of the
age-specific serum IgG reference range.*?

What is already known about this subject

o Existing pharmacokinetic models for immunoglobulin in
primary immunodeficiency patients predominantly focus
on adults, with limited attention to secondary antibody
deficiencies and a lesser emphasis on pediatric
populations.

e The

(e.g., CAR-T cell therapy, rituximab) and newer monoclo-

growing use of B cell-depleting therapies
nal antibodies therapies impacting on B cell function,
combined with improved diagnosis of primary immunode-
ficiency disorders, increase the discrepancy between

global supply and demand.

What this study adds

e Secondary antibody deficiency patients exhibit 54%
lower clearance than primary immunodeficient patients
meaning for the same dose, they will have higher immu-
noglobulin concentrations.

e Primary immunodeficiency patients are less likely to
achieve therapeutic targets with the recommended dos-
ing regimen. A loading dose could improve the probability

of maintaining therapeutic levels.

Pharmacokinetic Ig studies that include pediatric cohorts are sum-
marized in Table 1. The majority of the patient cohorts in these stud-
ies consist of patients with PID. Evaluated covariates include disease
type and severity, age, total body weight, concurrent use of immuno-
suppressants, gender and comorbidities. Incorporating weight as a
covariate consistently improved the model performance across these
studies. The measured IgG plasma levels reflect both endogenous and
exogenous IgG, complicating the assessment of the specific effects of
exogenous IgG following an infusion. To isolate the exogenous IgG
component, most studies assumed a fixed endogenous IgG level of
4 g L™, However, Fokkink et al.?? and Li et al.?® successfully esti-
mated the endogenous baseline IgG level as a model parameter. The
presence of B cells, which produce IgG, can be an indicator of endoge-
nous 1gG production. CD19+ B cell count is one of the most reliable
surface biomarkers for B cells, as CD19 is expressed from the pre-B
cell stage through to terminal differentiation into plasma cells.*° Fok-
kink et al.?? tested the influence of CD19+ B cell count on the base-
line 1gG levels and it had a significant impact on model improvement.

The measurement of IgM can also serve as an indicator of B cell
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function. Upon activation, B cells initially produce IgM during the early
stages of a primary antibody response. As the immune response
matures activated B cell clones undergo immunoglobulin class switch-
ing, changing predominant antibody production away from IgM to
other more specialized antibody classes, including 1gG.%* The inclusion
of these B cell-related biomarkers in pharmacokinetic models can
enhance the accuracy of exogenous IgG level estimation.

This study aimed to develop a pharmacokinetic model to inform
dosing strategies for intravenous immunoglobulin replacement ther-

apy in PID and SAD pediatric patients.

2 | MATERIALS AND METHODS

21 | Patientdata

A retrospective analysis of de-identified data captured by electronic
health records in a tertiary pediatric hospital was performed. Children
who received intravenous Ig for PID and SAD between April 2019
and April 2024 were included. Current dosing policy mirrors that of

NHSE immunoglobulin commissioning policy,*?

where PID patients
receive 0.3 g kg~ ! every 3 weeks and SAD patients receive 0.5 g kg~*
every 4 weeks. As the analysis utilized de-identified retrospective
data, patients' and parents' informed consent was not required. The
study received approval from the London and Southeast Research
Ethics Committee (Reference No. 21/LO/0646).

De-identified data were collected, including demographics (age,
weight and sex), treatment details (dose and timing of Ig), medical his-
tory (cause of SAD) and immunology blood results (baseline 1gG levels,
absolute CD19+ B cell count, IgM and 1gG plasma levels). Plasma IgG
levels were measured using an immunoturbidimetric assay, with a
lower limit of quantification (LLOQ) of 0.07 g L.

2.2 | Model development

The base structural model was first evaluated as one- and two-
compartment models. Residual variability was assessed according to
an additive and/or proportional error model. Interindividual variability
(I1V) was evaluated for clearance, volume of distribution and baseline
1gG, assuming a log-normal distribution. For the base model selection,
the Akaike information criteria (AIC) was used to compare non-nested
models, while the objective function value (OFV) was utilized for
nested model comparisons.

In this study, measured IgG was assumed to be the sum of endog-
enous IgG, the baseline 1gG (CBAS) level prior to treatment and exog-
enous therapeutic 1g.2° Therefore, individual prediction of total 1gG in
the model incorporated both the baseline of Ig and the prediction
from the model representing the contribution of the therapeutic drug.

The IgG levels prior to treatment initiation for children with SAD
were assumed to be baseline Ig levels (median 3.11 g L™%). As all PID
patients were established long-term patients on IgRT, their baseline

IgG levels were assumed to be 4 g L1.32

. BRITISH 1645
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Allometric size based on weight scaling of clearance and volume

terms were added a priori:

e 0
Parameter; = Parameter o x (%) x exp(nq), (1)

where Parameter,,, is the parameter estimates of population and
Parameter; is individual estimate of parameter. ¢; is the individual value
of the covariate and ¢ is the typical value of the covariate in the popu-
lation. In the fixed allometric weight scaling, ¢; represented the individ-
ual body weight, with ¢ set to 70kg. The parameter 6 assigned a
power of 0.75 for clearance and intercompartmental clearance, while
the volume of distribution was scaled with a power of 1.3° Stepwise
forward inclusion and elimination were used to select covariates follow-
ing the chi-squared distribution; a drop in the log-likelihood ratio of
>3.84 per degree of freedom (p <.05), corresponding to each covariate
being tested, was needed to be significant at a level of >6.63 per degree
of freedom (p <.01). Tested covariates were selected based on known
potential effects on Ig pharmacokinetics, including patient demo-
graphics (sex, weight and age) and laboratory data (absolute CD19+ B
cell count and IgM) and type of antibody deficiency.

The effects of sex and antibody deficiency (PID vs. SAD) on clear-
ance (CL) and volume of distribution (Vd) were explored. Sex and dis-
ease type were coded as binary categorical variables, with males and
PID coded as O and females and SAD coded as 1. The effects of sex
and disease type on CL and Vd were introduced into the model, both
parameterized by 641. The model equations for Cl and Vd are given by

CLi = CLpop x 65 x exp(ny), @

and similarly for Vd, with corresponding population parameters.

The impact of age, absolute CD19+ B cell count and IgM levels on
CL, Vd and CBAS were also evaluated. CBAS represents the typical
baseline 1gG concentration for the population, while absolute CD19+ B
cell count B¢p19 and IgM level B4 are individual-specific values. The

effect of age, CD19+ B cell count and IgM were evaluated as follows:

Ci\ Ocovariate
CLi = Clpop % (g) x exp(17y), (3)

and similarly for Vd and CBAS, with corresponding population param-
eters where 4.08 is the median value of age (years), 0.8 for absolute
CD19+ B cell count (x 1077 cell L™%) and 0.21 is the median value of
IgM level (g LY.

Due to the presence of younger children (under 2 years old) in
the population, postmenstrual age (PMA) was evaluated using the sig-
moid hyperbolic or Hill's model®3:

PMAH!

CLi=Clpop x VAT PR n PMA?g"

4)

where PMA is the postmenstrual age in weeks, PMAs, is the PMA
when CL has reached 50% of adult function and Hill relates to the
shape or sigmoidicity of clearance.
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Population pharmacokinetic modelling and simulation were con-
ducted using a first-order conditional estimation method with interac-
tion (FOCEI) in NONMEM (7.5.1). Graphical diagnostics developed
with Xpose (4.7.2) guided model development. In conjunction with
the information criterion, the goodness-of-fit plots (observation vs.
population prediction [PRED], observation vs. individual prediction,
conditional weighted residual [CWRES] vs. time, CWRES vs. PRED)
and prediction-corrected visual predictive checks, non-parametric
bootstrap (1000 samples) and realistic parameter estimates were used

as criteria for model selection.

2.3 | Dose simulations

Simulations were performed using the final population pharmacoki-
netic model in NONMEM (7.5.1) with parameter uncertainty incor-
porated via sampling from the variance-covariance matrix (n = 1000
replicates). A total of 1000 virtual pediatric patients were generated
using the median values of relevant covariates (weight, IgM, type of
immunodeficiency and absolute CD19+ B cell count) observed in
the modelled cohort, with between-subject and residual variability
retained from the model. Simulated regimens included maintenance
doses of 0.4, 0.5 and 0.6 gkg ! every 21 or 28 days, with and
without a single loading dose of 1 g kg™! on Day 0. These regimens
were selected to reflect clinically practical dosing used in PID
and SAD patients. In line with NHS England commissioning policy,
these patients minimal target level of PID was set to be >8 and
6 gL' for SAD. For each regimen, median and 95% prediction
intervals for plasma IgG concentrations over the dosing interval
were generated, and the proportion of days with concentrations
above the lowest recommended therapeutic thresholds was

calculated.

TABLE 2 Patient demographics.

24 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to corre-
sponding entries in http://www.guidetopharmacology.org and are
permanently archived in the Concise Guide to PHARMACOLOGY
2021/22.34%

3 | RESULT

Sixty-four children, aged between 3 weeks to 16.8 years, with a
median weight of 18.6 (3.15-95.3 kg), received intravenous Ig for PID
and SAD during the study period. Four hundred forty-four blood sam-
ples were taken at various time points (Tables 2 and 3). The cohort
consisted of 44 PID and 20 SAD patients, of which 15 of SAD patients
had antibody deficiencies due to rituximab, and five due to CAR-T cell
therapy. The overall median baseline 1gG level before the initiation of
IgRT was 4 gL (0.64-6.1 gL™Y) and the absolute CD19+ B cell
count was 0.07 x 10~ cell L™ (0-6.07 x 1077 cell L™2). The median
dose given was 0.56 g kg™! (0.24 to 1.38 gkg™1) every 28 days. All

observations were above the limit of quantification.

3.1 | Pharmacokinetic modelling

The pharmacokinetic data were adequately described by a two-
compartment model, which showed a significant reduction in the OFV
by 115.0 and the AIC by 162.6 compared with the one-compartment
model. Goodness-of-fit plots also indicated a better fit to the observed
data. IV was parameterised using a variance-covariance matrix to
quantify population variability for CL, Vd and CBAS. A combined error

model (additive and proportional) was employed to describe residual

Patient demographics Total PID SAD

No. of patients 64 44 20

Age (years) 4.08 (0.06-16.8) 4.02 (0.06-16.8) 8.37 (0.6-16.2)
Median weight (kg) 18.6 (3.15-95.3) 13.65(3.15-56.6) 22.1(5.6-95.3)
Sex (M) 41 29 12

Median dose (g kg ™?) 0.56 (0.24-1.38) 0.64 (0.24-1.38) 0.52(0.27-1.09)
Baseline Ig (g L™2) 4(0.64-6.1) 4 FIX 4(0.64-4.92)

IgM (g LY 0.21(0.03-5.61) 0.23(0.03-4.97) 0.22(0.05-5.61)
Absolute CD19+ cell count x 10~ cell L™* 0.07 (0-6.07) 0.12 (0-6.07) 0.07 (0-0.85)

Abbreviations: PID, primary immunodeficiency; SAD, secondary antibody deficiency.

TABLE 3 Summary of IVIG products administered.

Products
Privigen
Octagam

Gamunex

Manufacturer

CSL Behring UK Limited

Octapharma Limited
Grifols UK Ltd

No. of patients
53

9

2

Median dose (g kg~ ?) (range)
0.58 (0.27-1.38)
0.54 (0.24-1.09)
0.36 (0.36-1.27)

No. of PID patients
37

6

1
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variability. Allometric exponents for clearance (8¢) and volume (6y)
were first estimated in the base model. The estimated 6, was 0.783
(SE 0.119; 95% CI 0.55, 1.02), and 6y, was 0.743 (SE 0.128; 95% Cl
0.492, 0.994). Both confidence intervals included the theory-based
values of 0.75 (clearance) and 1.0 (volume).>® However, estimating 68y
was associated with a marked loss of precision in distribution volumes
and intercompartmental clearance (e.g., V1 RSE increased from 10.7%
to 30.5%), indicating parameter collinearity. When only 6. was esti-
mated, the value (0.788; SE 0.109; 95% CI 0.574, 1.002) remained close
to the theoretical 0.75 without improving model fit (AOFV = 0.17, not
significant). Based on these results, the exponents of the final model
were fixed. Typical parameter estimates for CL, intercompartmental
clearance (Q) and Vd were allometrically scaled to a 70 kg individual.
The estimated values were 0.308 L day~? 70 kg~? for CL and 10.96 L
70 kg™t for Vd (Table 4). All typical parameter estimates had relative
standard errors (RSEs) below 20%, and shrinkage for the random effects
was no larger than 40%. The model demonstrated good robustness, as
confirmed by bootstrap analysis, with bootstrap estimates closely
matching the final parameter estimates.

Incorporating antibody deficiency type on both CL and CBAS, as
well as IgM cell count on CBAS, significantly improved the model's fit,
with a reduction in the OFV by 52.5 and improved visual diagnostic
plots. The difference in apparent clearance between SAD and PID
patients resulted in a significant variation in clearance rates, with the
clearance for SAD patients being half that of PID patients. In contrast,
no significant decrease in OFV was found when introducing age,
PMA, sex and absolute CD19+ cell count, hence, not significantly

contribute to further improvement of the model.

4 | SIMULATION RESULTS

The median concentrations at the 50% percentile for each simulation

time point were shown in Figure 1. Following infusions of 0.4, 0.5 and

TABLE 4

Final model parameter estimates

CL(Lday ' 70 kg™}) 0.308 (15)
V1(L70kg™?) 3.59 (15)
Q(Lday 70 kg™ 1.08 (16)
V2 (L70 kg™ 7.37 (20)
CBAS (g L™} 5.67 (10)
Type of immunodeficiency on CBAS 0.541 (18)
Type of immunodeficiency on CL 0.542 (21)
IgM on CBAS 0.11 (10)
IV CL (%) 42.7 (27) [36]
IV V2 (%) 138.6 (30) [35]
IV CBAS (%) 49.3(16) [13]

Additive error (g L™%) 0.812 (11) [11]

Proportional error (%) 11.7 (10%) [11]

Note: All parameters are allometrically scaled to 70 kg.

Estimates (RSE%) [shrinkage%]

0.6 g kg2, the predicted exposure (area under the curve [AUC]) was
200.2 (Cl 194.4, 206.2), 211.5 (Cl 205.6, 217.5) and 222.4 (Cl 216.6,
228.5) g L=t day ™%, respectively, over a 28-day interval. While the
probability of achieving the therapeutic target of SAD patients of
6 g L~* was between 63.8% (Cl 60.9, 66.6) and 72.1% (Cl 69.4, 74.4),
the likelihood of achieving the PID therapeutic target of 8 gL™!
decreased to 43.8% to 51.9%. The simulated plasma levels dropped
below 8 g L™t at 5, 6 and 7 days post infusion, respectively. Compari-
sons were made between a one-off loading dose of 1 gkg™* at Day
0 and no-loading dose scenarios of the recommended doses to evalu-
ate optimal dosing strategies. Following infusions of 0.5 g kg™* with
or without 1 g kg™ on Day 0, the normalized AUC per day was 7.6
(C17.3,7.8)and 17.9 (C1 17.5, 18.2) g L~ day %, respectively, allowing
48.7% (Cl 46.0, 51.8) and 62.7% (Cl 60.1, 65.2) of dosing intervals to
maintain a concentration above 8 g L1 (Figure 2). Reducing the dos-
ing interval from 0.4 g kg~ * every 28 days to 0.3 g kg~* every 21 days
did not improve predicted exposure, yielding normalized AUC values
of 7.2 (Cl 7.20, 7.58) g Lt day ' and 6.9 (Cl 6.75, 7.14)g L™* day 1,
respectively. However, when a 1 g kg™ loading dose was adminis-
tered at Day 0O, the percentage of target attainment (PTA) increased

with a shorter dosing interval.

5 | DISCUSSION

This study elucidates the pharmacokinetic properties of intravenous
Ig in pediatric patients with PID and SAD using real-world clinical
data collected from a diverse pediatric population. The pharmacoki-
netics were proficiently described by a two-compartment model,
allometrically scaled to 70 kg, incorporating IV on CL, Vd and base-
line Ig level. We evaluated a maturation function because age-
related maturation of IgG handling is biologically plausible: Neonatal
B cells are largely naive and class-switching is limited,®® and

although switched B cells and memory subsets gradually increase,

Pharmacokinetic parameter estimates for the base and final models including the bootstrap analysis.

Bootstrap median Bootstrap 95% confidence interval

0.401 0.23-0.67
3.8 2.37-4.59
1.09 0.91-5.44
6.97 3.6-11.2
6.02 5.0-7.22
0.502 0.37-0.64
0.44 0.22-0.65
0.1 0.03-0.16
47.83 28.5-75.9
137.1 80.5-187.8
44.7 32.1-57.9
0.595 0.09728-0.9964
227 0.786-7.68
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they only reach adult-like frequencies by adolescence and IgG levels
reach only ~70% of adult concentrations by 1 year of age®” As
Gonzalez-Sales et al. note, reliable estimation of allometric expo-
nents requires wide dispersion in the size metric (e.g., bodyweight)
and sufficient data across developmental stages.>® While our dataset
covered a substantial weight range (3.15-95.3 kg), the sample size
was relatively small (n = 64) and entirely pediatric, with limited cov-
erage of older adolescents and no adults. Under these conditions,
simultaneous estimation of size exponents and a maturation func-
tion proved unstable and did not improve model fit or reduce unex-

plained variability. For these reasons, fixed theory-based allometric

various maintenance doses at Day
21 or 28.

exponents (CL o WT%7%, V o« WTO) were applied. Some studies
have questioned the use of theory-based allometry in combination
this

parameterisation or obscure the true maturation signal.>**° In our

with maturation models, as approach can risk over-

case, fixing the exponents allowed size effects to be standardized,
reducing collinearity with age and enabling a cleaner evaluation of
maturation. The absence of improvement in fit suggests that any
maturation effect was either small relative to IV or not sufficiently
informed by the available data. A contributing factor may be the
presence of maternally transferred IgG, which can sustain IgG levels

in infants for up to 6 months post birth.**
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The PID clearance (0.308 L day~! 70 kg™?) is moderately higher
than several adult leaning PID models (Table 1), which is plausible
given residual maturation effects in children (even after theory-based
allometry), as well as trough-enriched sampling and inter-study assay/
formulation differences. In contrast, the estimated Ig clearance in our
pediatric SAD cohort was lower than in PID. At first glance, this con-
flicts with Tortorici et al., who reported similar CL in adult PID and
SAD with a larger Vd in SAD.2° One explanation lies in cohort differ-
ences. In the United Kingdom, SAD patients usually initiate IgRT when
baseline IgG is <4 g L=%'2 and in our cohort, many had profound B
cell depletion after rituximab or CAR-T therapy. These children are
typically heavily pretreated, having failed multiple lines of leukaemia
therapy, which may alter Ig metabolism and less compensatory capac-
ity through impaired B cell compartments, reduced plasma cell survival
or disrupted neonatal Fc receptor (FcRn)-mediated recycling. By con-
trast, adult SAD and PID groups are generally more balanced in their
treatment histories, reducing this effect.

A second explanation is methodological. Previous models often
fixed baseline IgG at 4 g L™! or estimated higher values. If the true
baseline is lower, fixing it too high forces the model to increase CL to
match trough observations. Here, baseline 1gG was estimated directly,
with 1gM included as a proxy for humoral capacity. The estimated
baseline IgG level was 5.67 g L~ for PID patients, which is consistent
with values reported by Li et al. in a large cohort of PID patients aged
less than 2 to 83 years.?® In contrast, SAD children showed roughly
50% lower baselines, in line with their profound B cell depletion. This
lower baseline naturally yielded a lower apparent clearance, linking
the two findings. Taken together, these results suggest that the appar-
ently reduced clearance in SAD reflects both the biology of a heavily
pretreated pediatric population and the need to estimate baseline 1gG
rather than fix it. Incorporating IgM as a covariate further stabilized
baseline estimation and improved the biological plausibility of clear-
ance results.

Our model incorporated estimated baseline 1gG levels to account
for endogenous antibody and evaluated the ability of absolute
CD19+ B cell counts and IgM plasma levels to inform these baseline
1gG levels. The class of antibodies produced by a B cell is determined
by the heavy chain constant region gene being expressed. IgM is the
first antibody produced upon activation and plays a vital role in early
immune responses. Antibody class switching begins in clonally
expanded antigen specific B cells from 6 days after primary activation,
whereby the production of IgM is switched to other classes of anti-
bodies, including 1gG.*? Hence, 1gM levels directly reflect B cell activ-
ity and antibody production, providing a snapshot of the functional
capacity of the humoral immune system.

In contrast, absolute CD19+ B cell count measures the number
of B cells but does not directly assess their functional capacity to pro-
duce specific antibodies such as IgG. While absolute CD19+ cell
count is a reliable marker for identifying B cells, it does not provide
information on their activation status or antibody-producing capabil-
ity. Therefore, I1gM levels is a more direct and dynamic indicator of B
cell function, as it reflects the immediate antibody response and the

ongoing activity of the humoral immune system. Including IgM levels

in the model better informs the endogenous IgG levels being pro-
duced, thereby enhancing the understanding of the effect of the ther-
apeutic IgG being administered.

The recommended dose for SAD, ranging from 0.4 to 0.6 gL™!

121617 maintains the therapeutic target (26 g L™%) for

every 4 weeks,
at least 63.8% of days during the dosing interval for the studied popu-
lation (Figure 2). However, for PID patients with a higher recom-
mended therapeutic target, only a smaller fraction (between 43.8%
and 51.9%) of the simulated population reached their target at the
recommended dose. Initiating therapy with a single loading dose of
1 g kg™ followed by 0.4 g kg~* on Day 28 increases the proportion
of days above the therapeutic level to 60.7% and normalized AUC per
day to 17.5 g L~ day*. Reducing the dosing interval from 0.4 g kg ™!

every 28 days to 0.3 gkg™?

every 21 days, when combined with a
loading dose of 1 g kg™?, further increases the likelihood of maintain-
ing Ig levels above 8 gL™! to 66.5%. This approach may accelerate
the time to reach steady-state IgG levels and reduce the overall main-
tenance Ig requirement. This regimen would be particularly beneficial
for patients with severe clinical conditions, such as end-organ disease
or severe bronchiectasis, who may require rapid elevation of IgG
plasma levels.2%1¢1743 | inking plasma IgG levels with therapeutic bio-
markers, such as quality of life including infection rates, would be use-
ful in guiding future model development and dose-efficacy
assessment and thereby providing a more personalized approach to
managing children with PID and SAD.

This model aimed to investigate the pharmacokinetic properties
of IG in a pediatric cohort. Despite the relatively small sample size of
64 pediatric patients, we managed to capture a wide spectrum of age
and body size range of the pediatric population and be statistically
powered with a sufficient number of optimally timed samples to yield
the unbiased and precise pharmacokinetic parameters.** However,
the majority of the samples collected were trough levels. While trough
samples are useful for understanding steady-state conditions and min-
imum drug concentrations, they do not provide a comprehensive pic-
ture of the pharmacokinetic profile, particularly for assessing peak
levels and overall exposure. The inability to accurately obtain the
baseline 1gG levels for PID patients and variability in baseline 1gG
levels observed for SAD in this study (0.64 to 6.1 g L~1) underscores
the challenge of accurately describing endogenous IgG contributions
as there is no reliable method to measure endogenous IgG levels
when receiving IgRT directly. Future studies with larger sample sizes,
a more comprehensive sampling strategy and prospective designs are
warranted to validate these findings and address the limitations iden-

tified in this analysis.

6 | CONCLUSION

IgRT can alleviate symptomatic hypogammaglobulinaemia, thereby
reducing the burden of infection risk for both PID and SAD children.
The pharmacokinetic model developed in this study served as a valu-
able tool for clinicians managing immunoglobulin therapy in pediatric

patients with PID and SAD. By individualizing the dosing strategy, this


https://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=2985

CHENG ET AL.

1650 BRITISH
p PHARMACOLOGICAL:
N SOCIETY
(>

model could help optimize therapy, reduce infection risks and improve

patient outcomes.
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