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ABSTRACT

Background: Analytical data suggesting that
immunoglobulin given intramuscularly (IGIM)
may have reduced protection against hepatitis A
virus (HAV) infection led to an update in the
recommended IGIM dose (0.2 ml/kg).
Methods: This prospective, open-label, single-
arm clinical study evaluated whether a single
0.2 ml/kg dose of IGIM provided protective
levels of anti-HAV antibodies (C 10 mIU/ml for
up to 60 days) in HAV-seronegative healthy
adults.
Results: Of the 28 subjects enrolled and dosed,
26 (93%) completed the study. Mean uncor-
rected anti-HAV antibody titers peaked at
109 mIU/ml on day 5 and stayed above 10 mIU/

ml through day 60 (N = 26). The mean uncor-
rected anti-HAV antibody titers had a median
Tmax of 95.33 h, a mean Cmax of 118 mIU/ml,
and a mean observed Thalf of 63.3 days; base-
line-corrected titers had a median Tmax of
95.33 h, a mean Cmax of 114 mIU/ml, and a
mean observed Thalf of 47.1 days (N = 27). All
subjects (28/28) experienced at least 1 treat-
ment-emergent adverse event (TEAE), with a
total of 83 TEAEs reported; none was serious,
and 96% (80/83) resolved without sequelae.
Most (63%) events judged definitely and possi-
bly related to study treatment involved local-
ized pain due to intramuscular injections. There
were no serious adverse events and no deaths or
discontinuations due to TEAEs.
Conclusions: A single 0.2 ml/kg dose of IGIM
provided protective anti-HAV levels for at least
60 days, with acceptable safety and tolerability
profiles in healthy subjects. Uncorrected and
baseline-corrected pharmacokinetic findings
were similar and consistent with the corre-
sponding sampling points in previous research.
Trial Registration: ClinicalTrials.gov Identifier,
NCT03351933.
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Key Summary Points

Why carry out this study?

Analytical data suggested that
immunoglobulin given intramuscularly
(IGIM) may have reduced protection
against hepatitis A virus (HAV) infection.

Concerns about an association between
the decreasing prevalence of previous
HAV infection among plasma donors and
declining anti-HAV antibody levels in
donor plasma led to an update in the
recommended IGIM dose (0.2 ml/kg).

We hypothesized that a single 0.2 ml/kg
dose of IGIM would provide protective
levels of antibodies to HAV (anti-HAV) for
up to 60 days, with good safety and
tolerability.

What was learned from the study?

Mean uncorrected anti-HAV antibody
titers peaked at 109 mIU/ml on day 5 and
stayed[ 10 mIU/ml through day 60 (N =
26).

A single 0.2 ml/kg dose of IGIM provided
protective anti-HAV levels for at least 60
days, with acceptable safety and
tolerability profiles in healthy subjects.

INTRODUCTION

Hepatitis A is an infectious disease caused by the
hepatitis A virus (HAV), a 27-nm picornavirus
that infects humans after an incubation period
of 14–28 days [1]. In 2000, the World Health
Organization estimated that there were 1.5
million clinical cases of hepatitis A worldwide
[2]; in 2015, it estimated the global burden of
disease for hepatitis A fatalities at 0.8%
(n = 11,000) [3]. Hepatitis A is usually acquired
by the fecal-oral route and evolves rarely into
fulminant hepatitis [4]. When symptoms are
present, they generally resolve within

2 months, but some patients are affected for as
long as 6 months. HAV-associated jaundice can
progress to acute liver failure [5–7]. In the USA,
11% to 25% of reported hepatitis A cases [8, 9]
require 4 days of hospitalization and 4 outpa-
tient visits [9], resulting in the loss of work for
27 days. The risk of HAV-associated complica-
tions and hospitalization is highest in elderly
patients [10–12].

Although there is no treatment for HAV
infection, pre- and postexposure prophylaxis
with the hepatitis A vaccine and/or
immunoglobulin (IG) administered via the
intramuscular route (IGIM) effectively prevents
HAV infection [13–19]. Vaccination is recom-
mended for individuals aged C 12 months, and
IGIM is recommended for infants, people aged
C 40 years, and those with chronic liver disease
or in whom vaccination is contraindicated [16].
After the 2017 publication of data showing that
IG manufactured from plasma donors with
declining herd immunity to HAV yielded low
anti-HAV IG potencies [20], concerns were
raised about an association between the
decreasing prevalence of previous HAV infec-
tion among plasma donors and declining anti-
HAV antibody levels in donor plasma. In
response, IGIM dosing instructions were upda-
ted for international travel to areas with high or
intermediate hepatitis A endemicity up to
1 month (0.1 ml/kg), up to 2 months (0.2 ml/
kg), and C 2 months (0.2 ml/kg every 2 months)
[16]. One formulation of IGIM (GamaSTAN,
Grifols Therapeutics LLC, Research Triangle
Park, NC, USA) is a sterile, preservative-free
solution that can be used for prophylaxis
against infection by HAV, measles, varicella,
and rubella viruses, and it is the only IG product
with an approved indication for HAV prophy-
laxis [21]. Unlike previous IG formulations,
which relied on the solvent detergent method
of viral inactivation, IGIM is manufactured
from human plasma using a new purification
scheme that employs caprylate/chromatogra-
phy steps based on the processes of Cohn
[22, 23] and Oncley [24]; the resulting IGIM is
purer and more closely reflects the
immunoglobulin G subclass distribution found
in plasma [25, 26]. The objectives of this study
in HAV-seronegative healthy subjects were to
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evaluate whether a single 0.2 ml/kg dose of
IGIM provides protective levels of antibodies to
HAV (anti-HAV) for up to 60 days, assess the
pharmacokinetic (PK) parameters of anti-HAV
antibodies following a single 0.2 ml/kg IM dose
of IGIM, and evaluate safety and tolerability.

METHODS

Oversight

Standards for Good Clinical Practice (GCP) were
adhered to for all procedures in this study. The
investigators ensured that the study was con-
ducted in full conformance with appropriate
local laws and regulations and the 1964 Hel-
sinki Declaration and its later amendments or
comparable ethical standards. The protocol and
protocol amendments for this study were pre-
pared in accordance with International Council
for Harmonisation of Technical Requirements
for Registration of Pharmaceuticals for Human
Use (ICH) Guidelines (and any other relevant
regulations). The protocol, protocol amend-
ments, and informed consent form were
reviewed and approved by the Midlands Insti-
tutional Review Board (Prairie Village, KS) prior
to implementation. Regulatory approvals,
authorizations, and notifications, where
required, were in place and fully documented
prior to study start. The Institutional Review
Board had to supply to the sponsor, upon
request, a list of members involved in the review
and approval of the protocol, protocol amend-
ments and consent form, and a statement to
confirm that the IRB was organized and oper-
ating according to GCP Guidelines and appli-
cable laws and regulations. Written informed
consent for the complete study was obtained
from each subject at the screening visit before
any study-specific procedure took place. Partic-
ipation in the study and date of informed con-
sent given by the subject and/or legal
representatives was documented appropriately
in subjects’ files. Subjects were given a copy of
their signed and dated informed consent form.

Study Conduct

This prospective, single-arm, open-label study
was conducted at a phase 1 clinical research
unit (CRU) in the USA (Vince and Associates,
Overland Park, KS) to assess the safety and tol-
erability of a single 0.2 ml/kg dose of IGIM in
HAV-seronegative healthy subjects. The study
was conducted in accordance with the Decla-
ration of Helsinki, Good Clinical Practice
guidelines of the International Conference on
Harmonisation, as well as applicable regulatory
requirements. MidLands Independent Review
Board, Overland Park, KS, reviewed, approved,
and monitored the study conduct. All subjects
provided written informed consent before par-
ticipating in the study.

The study included 14 visits. During the
screening period (days - 28 to - 2), subjects
provided informed consent and study personnel
reviewed the eligibility criteria, documented the
medical history and demographics, conducted
clinical laboratory assessments, and performed
safety assessments.

On day - 1, subjects were admitted to the
CRU. The following assessments were per-
formed: (1) eligibility review, (2) recording of
concomitant medications and adverse events
(AEs), (3) vital sign measurement, (4) clinical
laboratory assessments, and (5) a symptom-di-
rected physical examination and electrocardio-
gram (ECG). Subjects were housed in the CRU
from day-1 (the day prior to the first dose
administration [day 1]).

On day 1, within 60 min before dosing, virus
safety retention samples were collected, vital
signs measured, and concomitant medications
and AEs recorded. A single 0.2 ml/kg IGIM dose
was administered, vital signs were measured
before and after IGIM injection, and injection
sites were evaluated post-IGIM administration.
Furthermore, a PK blood sample was collected
prior to treatment, 60 min postdose, and 12 h
postdose.

On day 2, study personnel recorded con-
comitant medications and AEs, collected a PK
blood sample, evaluated the injection sites, and
performed a symptom-directed physical exami-
nation approximately 24 h after IGIM adminis-
tration and prior to discharge from the CRU.
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On days 3, 4, 5, 7, 10, 14, 21, 28, 60, 79, and
115, PK blood samples were collected, and
concomitant medications and AEs were recor-
ded. Additionally, on days 5, 28, and 60, vital
signs were measured, and symptom-directed
physical examinations and clinical laboratory
assessments were conducted.

At the final visit (day 150)/early discontinu-
ation visit, the following procedures were per-
formed: (1) collection of PK blood sample and
virus retention samples, (2) recording of con-
comitant medications and AEs, (3) full physical
examination, (4) vital signs measurement, and
(5) clinical laboratory assessments.

The total duration of study participation for
subjects who completed the study was up to
178 days.

Subjects

Eligible subjects included healthy adults willing
and able to provide written informed consent.
Subjects of childbearing potential agreed to use
an effective contraceptive; those of nonchild-
bearing potential had to be surgically sterile or
in a menopausal state.

Subjects were excluded from participation if
they were vaccinated against HAV, had positive
anti-HAV antibodies in the blood sample, and
had previously received any type of IG within
the past 12 months prior to study treatment
administration. Subjects with prolonged pro-
thrombin time and activated partial thrombo-
plastin time or with a platelet count \
100 9 109/l were also excluded. Furthermore,
subjects were not eligible if they had any acute
or chronic medical, surgical, or psychiatric sig-
nificant condition or laboratory abnormality at
screening or before treatment that might
increase the risk associated with participation or
administration of study treatment or interfere
with the successful completion or interpreta-
tion of the study results.

Treatments

The study treatment was the GamaSTAN brand
of polyvalent human IGIM, a clear to opales-
cent, colorless to pale yellow, sterile, 15–18%

protein solution that contained a minimum of
20 IU/ml of anti-HAV antibodies with no
preservative.

On day 1, a single 0.2 ml/kg dose of IGIM
was administered intramuscularly in the upper
thigh or deltoid muscle of the nondominant
arm or leg.

For each subject, the total volume of IGIM
administered was prepared based on the sub-
ject’s total body weight at screening. The
number of injection sites was determined by the
total volume of IGIM and a maximum injection
volume of 5 ml per injection site. Multiple
injection sites were used to reduce local pain
and discomfort.

Selection of Doses

An IGIM dose of 0.2 ml/kg was chosen because
it is the recommended dose for prophylaxis
prior to exposure to HAV for people traveling to
endemic areas [14, 16, 17]. With the half-life of
IGIM being approximately 23 days [21, 27], a
150-day follow-up period was chosen to cover
approximately 5 half-lives.

Assessments

The primary efficacy variable was the propor-
tion of subjects maintaining protective anti-
HAV antibody levels (defined as baseline-un-
corrected anti-HAV antibody titer C 10 mIU/ml
in serum) after Tmax up to 60 days following
IGIM administration. The anti-HAV screening
test was qualitative. At the day 1 visit and later
time points, a quantitative anti-HAV test with a
lower level of quantitation of\ 4.00 mIU/ml
was validated to determine the levels for the PK
analysis. Total anti-HAV antibody levels in
serum were measured throughout the study,
and serum samples were analyzed by BioAgi-
lytix Labs (Durham, NC, USA) via a validated
enzyme immunoassay for the quantitation of
anti-hepatitis A immunoglobulin in human
serum.

The PK parameters of interest were area
under the serum concentration time curve
extrapolated to infinity (AUC0-?); cumulative
area under the serum concentration time curve
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from 0 to time of last observed quantifiable
serum concentration (AUC0-T); maximum
observed serum concentration (Cmax); time of
maximum observed serum concentration
(Tmax); apparent elimination rate constant (kz);
terminal elimination half-life (Thalf); apparent
total serum clearance (ClTOT/F), where F is the
systemic availability of the administered dose;
and apparent volume of distribution (VD/F),
where F is the systemic availability of the
administered dose. Pharmacokinetic parameters
were estimated using both anti-HAV antibody
baseline-uncorrected and -corrected levels.

Safety variables in this study were AEs, which
included serious AEs (SAEs); suspected adverse
drug reactions (ADRs, defined as treatment-
emergent AEs [TEAEs] judged either as definitely
or possibly related to study treatment); and
adverse reactions (ARs, defined as a suspected
ADR for which there was a reason to conclude
that the drug caused the event). Other safety
variables included clinical laboratory parame-
ters consisting of chemistry, hematology, and
urinalysis; physical examination; and vital signs
(heart rate, blood pressure [systolic and dias-
tolic], respiration rate, and body temperature).

Sample Size

The sample size was chosen in agreement with
the Food and Drug Administration (FDA) based
on clinical considerations. A dropout rate of
30% was assumed, and it was estimated that 28
healthy subjects would need to be enrolled and
treated to ensure an evaluable cohort of 20
subjects.

Blinding

No blinding or randomization scheme was
implemented.

Statistical Analysis

The PK analyses were generated using Phoenix�

WinNonlin� version 8.0, Phoenix� ConnectTM

version 1.3.1, and other statistical analyses were
generated using SAS version 9.4 using the mixed
procedure.

The efficacy analyses were performed on the
evaluable population, which was defined as all
subjects who received the entire IGIM dose and
had no major protocol deviations that would
have affected the efficacy analysis up to day 60.

The PK analyses were performed on the PK
population, which was defined as all subjects
who received the entire IGIM dose and who
provided sufficient serum concentration data to
facilitate calculation of PK parameters. Blood
samples were not retested for PK reasons in this
study, and antibody titer values\4.00 mIU/ml
were set to zero. The PK parameters were
derived from the anti-HAV antibody baseline-
uncorrected and -corrected serum concentra-
tions (titers) versus time up to day 150 using
noncompartmental analysis.

Safety analyses were performed on the safety
population, which was defined as all subjects
who received any amount of IGIM. Parameters
included the incidence of AEs, suspected ADRs,
ARs, clinical laboratory values, vital signs, and
physical examination findings.

RESULTS

Subjects

In total, 28 subjects were enrolled and received
IGIM. Subjects were enrolled between Novem-
ber 2017 and July 2018.

Of the 146 screened subjects (8 were
rescreened), 28 were enrolled and received a
single 0.2 ml/kg IGIM dose, and 93% (26/28) of
subjects completed the study (Fig. 1). As the
IGIM volume injected at a single injection site
could not exceed 5 ml, 22 subjects received 3
injections, and 6 subjects received 4 injections.
Two subjects discontinued the study: 1 with-
drew consent on day 54, and 1 was lost to fol-
low-up on day 20.

The study population included 15 females
and 13 males (Table 1). Most subjects were
white (64.3%, 18/28), and the safety population
had a mean age of 41 years (range 22–61 years),
a mean weight of 68.8 kg (range 52.1–99.5 kg),
and a mean body mass index of 23.51 kg/m2

(range 19.4–28.2 kg/m2 at enrollment).
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Of the 28 subjects enrolled, 26 who com-
pleted the study were included in the efficacy-
evaluable population. Two subjects who dis-
continued early had no anti-HAV titer data for
multiple time points, including day 60, and
were excluded from the efficacy-evaluable pop-
ulation. Altogether, 27 subjects were included
in the PK population, with 1 subject excluded
because of early study discontinuation. Twenty-
eight subjects received IGIM and were included
in the safety population.

Five subjects (18%) received concomitant
medications during the study. The most com-
mon concomitant medications were (1) acet-
aminophen for headache (n = 1), upper
respiratory tract infection (n = 1), and influenza
(n = 1) and (2) ibuprofen for headache and
influenza (n = 1) and injection site reaction—
pain left thigh (n = 1). Other medications were
used only by single subjects.

Efficacy

All 26 subjects achieved a baseline uncorrected
anti-HAV antibody titer[10 mIU/ml at day 60.
Following a single 0.2 ml/kg dose of IGIM,
uncorrected anti-HAV antibody titers increased
with peak mean titers occurring at day 5 (mean
uncorrected titer = 109 mIU/ml). Anti-HAV
antibody titers decreased slightly after day 5 but
maintained mean uncorrected levels above the
protective threshold of 10 mIU/ml through day
60, when the lower bound of the 90% CI was
22.5 mIU/ml, and through day 115.

Upon review, all 28 enrolled subjects were
non-reactive in the qualitative assays for an
anti-HAV test at screening; at baseline (day 1,
predose), the anti-HAV antibody titer
was\ 10 mIU/ml for 26 subjects utilizing the
quantitative assay. A post hoc baseline-cor-
rected analysis with the predose concentration
was performed. Baseline-corrected titers were[
10 mIU/ml at day 60 for 24 of 26 subjects
(92.3%). Two subjects (7.7%) had baseline-

Fig. 1 Disposition of subjects. a Discontinued on day 54. b Discontinued on day 20
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corrected antibody titers below 10 mIU/ml at
day 60. Their corrected antibody titers were
slightly below the protective threshold
(8.14 mIU/ml and 8.59 mIU/ml, respectively),
their baseline-uncorrected data were[10 mIU/
ml at day 60 (12.6 mIU/ml and 13.2 mIU/ml,
respectively) when the lower bound of the 90%
confidence interval was 19.1, and on day 28
titers were well above threshold (33.0 mIU/ml
and 46.9 mIU/ml, respectively). The mean
baseline-corrected anti-HAV antibody titers
were similar to the uncorrected titers and are
summarized in Table 2.

Pharmacokinetics

Fourteen antibody titer values were set to
missing for the PK analysis due to early termi-
nation by 2 subjects.

For baseline-corrected PK data, mean Cmax

was 114 mIU/ml, median Tmax was 95.33 h
(range 47.00–312.52 h), mean AUC0-T was
98,100 mIU*h/ml, mean Thalf observed was
47.1 days, mean ClTOT/F was 2.57 ml/h, the

mean VD/F was 4180 ml, and the Thalf using a
truncated schedule at day 28 was 30.5 days. The
mean AUC0-? with the truncated data at day
28 was similar to values obtained at day 150
(114,000 h*mIU/ml and 112,000 h*mIU/ml,
respectively). Concentration versus time pro-
files are presented in linear and semi-logarith-
mic scales for uncorrected (Fig. 2) and baseline-
corrected (Fig. 3) values.

Results for uncorrected and baseline-cor-
rected PK parameters are shown in Tables 3, 4,
and 5. For uncorrected data, the mean Cmax of
the anti-HAV antibody was 118 mIU/ml, and
the median Tmax was 95.33 h (range
47.0–312.5 h). The mean AUC0-T was 112,000
mIU*h/ml. The mean Thalf observed was
63.3 days, the mean ClTOT/F was 2.17 ml/h, and
the mean VD/F was 4790 ml. In addition, Thalf

values obtained in nonprespecified analyses
using a truncated schedule at day 28 (sampling
up to 28 days) was 28.5 days. The mean AUC0–?

with the truncated data at day 28
(116,000 h*mIU/ml) was similar to the uncor-
rected value at day 150 (136,000 h*mIU/ml).

Safety

Eighty-three TEAEs were reported for all 28
subjects who received a single 0.2 ml/kg IGIM
dose. The TEAEs that occurred in at least 2
subjects are summarized in Table 6. Overall, the
most frequently reported TEAE was injection
site pain, with 71% (20/28) of subjects experi-
encing 52 events. The onset of the injection site
pain TEAEs ranged from immediately after IGIM
administration to 23 h postdose with a duration
ranged between 1 min and 7 days. The remain-
ing TEAEs were headache (18% [5/28] of sub-
jects, 5 events); vascular access site hemorrhage
(7% of subjects [2/28], 3 events); and neutrophil
count decreased, white blood cell count
decreased, and nasal congestion (7% [2/28]
subjects, 2 events each). Most TEAEs were mild
(82% [23/28] of subjects, 78 events), but 18% (5/
28) of subjects had moderate TEAEs of vertigo,
upper respiratory tract infection, skin lesion,
headache, and injection site pain. No SAEs were
reported.

Table 1 Demographics and baseline characteristics (safety
population, N = 28)

Sex, n (%)

Female 15 (54)

Male 13 (46)

Childbearing potential, n (%) (females only)

Yes 5 (33)

No 10 (67)

Race, n (%)

White 18 (64)

Black or African American 9 (32)

American Indian or Alaska Native 1 (4)

Age, years, mean (SD) 41 (10)

Weight, kg, mean (SD) 68.8 (11.0)

Body mass index, kg/m2, mean (SD) 23.5 (2.1)

SD standard deviation
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Altogether, 79% (22/28) of subjects had 55
TEAEs that were considered definitely related to
the study treatment; 18% of these subjects (4/
22) also experienced 6 TEAEs that were judged
possibly related to the study treatment. Six
subjects (21%) experienced 22 TEAEs that were
unrelated to the study treatment. The incidence
of suspected ADRs (TEAEs definitely/possibly
related to treatment) was 78.6% (22/28) and was
largely driven by the number of injection site-
related reactions. The most frequently experi-
enced suspected ADR was injection site pain
(71%, 20/28 subjects, 52 events); injection site
hemorrhage and injection site reaction were
each reported in 1 of 28 subjects (4%). The only
other suspected ADR reported by at least 2
subjects was headache (7%, 2/28, 2 events). All
other suspected ADRs (fatigue, influenza,
paraesthesia, somnolence, and nasal conges-
tion) were reported by 1 subject (3.6%, 1/28).

A total of 3 TEAEs of moderate severity that
were unrelated to study treatment remained
unresolved at the end of the study. One subject
experienced vertigo on day 140, received a chi-
ropractic adjustment on day 142, and had a
normal physical examination at the final visit;
vertigo was still present on day 153, with no
change in frequency or severity from its initial
occurrence, and the subject confirmed being
followed by a chiropractor. A second subject

was exposed to a child with strep throat,
developed an upper respiratory tract infection
on day 148, and began concomitant treatment
with antibiotics; at follow-up (day 158), the
infection was still ongoing, and symptoms were
stable. A third subject reported a clinically sig-
nificant skin lesion (dark plaque type) on the
right upper arm on day 53 that was treated with
topical antibiotics and improved but remained
unresolved at the final visit on day 148. At fol-
low-up (day 158), the lesion persisted with no
change in severity from its initial appearance.
No deaths occurred during the study. Addi-
tionally, there were no study discontinuations
due to AEs or SAEs and no hypersensitivity
events related to IGIM.

Clinically significant findings in laboratory
parameters and physical examinations were
associated with TEAEs during the study, but
none were related to study treatment. There
were no clinically significant findings in vital
signs.

DISCUSSION

In this study, the primary efficacy objective was
to evaluate whether a single 0.2 ml/kg dose of
IGIM provided protective levels of anti-HAV
antibodies in HAV-seronegative healthy

Table 2 Serum anti-HAV titers at day 60 (evaluable population, N = 26)

Parameter, mIU/mla Baseline corrected Uncorrected

Mean (SD) 21.8 (8.0) 25.7 (9.6)

Minimum 8.1 11.1

Median 22.4 26.2

Maximum 37.0 41.7

CV% 36.8 37.2

90% CI lower mean 19.1 22.5

90% CI upper mean 24.4 28.9

Geometric mean 20.2 23.8

Two subjects were excluded from the efficacy-evaluable population
CV% coefficient of variation, SD standard deviation, CI confidence interval
a Values at the lower limit of quantitation (\ 4.00 mIU/ml) were set to 0 for descriptive statistics and noncompartmental
analysis
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Fig. 2 Mean serum uncorrected concentration-time pro-
file of anti-HAV antibody following a single 0.2 ml/kg
dose of IGIM on linear (a) and semi-log (b) scales (PK
population). HAV hepatitis A virus, IGIM

immunoglobulin via intramuscular injection. The blue
reference line is set at the protective threshold of 10 mIU/
ml
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Fig. 3 Mean serum baseline-corrected concentration-time
profile of anti-HAV antibody following a single 0.2 ml/kg
dose of IGIM on linear (a) and semi-log (b) scales (PK

population). HAV hepatitis A virus, IGIM immunoglob-
ulin via intramuscular injection. The blue reference line is
set at the protective threshold of 10 mIU/ml
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subjects for up to 60 days. The results show that
all IGIM-treated subjects (100%) in the efficacy
population achieved an uncorrected anti-HAV
antibody titer [ 10 mIU/ml starting at 12 h
postdose and continuing through day 60. The
majority of baseline-corrected titers (92.3%)
were also maintained above 10 mIU/ml through
day 60. Mean anti-HAV antibody titers
remained above the protective threshold of
10 mIU/ml through day 60, with the lower
bound of the 90% CI[10 mIU/ml. In the 2
IGIM-treated subjects who had baseline-cor-
rected antibody levels below the protective
threshold levels, it is important to note that
their baseline uncorrected data were[10 mIU/
ml at day 60 (12.6 mIU/ml and 13.2 mIU/ml,
respectively), and on day 28 titers were well
above threshold (33.0 mIU/ml and 46.9 mIU/
ml, respectively).

The safety and tolerability of IGIM manu-
factured using a new method were as expected,

and most AEs were due to injection site-related
reactions. Injection site hemorrhage and injec-
tion site reaction were reported each in 1 sub-
ject. Two suspected ADRs of headache were
reported. No systemic hypersensitivity, throm-
botic, or other potential for serious reactions
associated with normal immunoglobulins (e.g.,
renal dysfunction or hemolysis) were reported
in this study. These results align with the
known safety profile of the previous IGIM
manufactured method, for which injection site
pain and inflammation, headache, and fatigue
adverse reactions as well as others were reported
during the postmarketing surveillance [21].

The absolute lower limit of anti-HAV IgG
required to prevent HAV infection has not been
defined, but 10 mIU/ml is recognized as the
lowest effective dose for providing the minimal
protection for HAV prophylaxis [28]. The min-
imum anti-HAV IgG potency is at least 100 IU/
ml [29]. After a 2017 study showed that few

Table 3 Uncorrected pharmacokinetic parameters for anti-HAV antibody (PK population, N = 27)

AUC02?

(h*mIU/ml)
AUC02T

(h*mIU/ml)
Cmax

(mIU/
ml)

Tmax

(h)
Thalf

(h)
ClTOT/
F (ml/h)

VD/
F (ml)

kZ (1/h) Thalf
a(h)

N 26 27 27 27 26 26 26 26 14

Mean 136,000 112,000 118 116.02 1520 2.17 4790 0.0005 683

SD 38,700 30,200 40.0 55.34 545 0.694 2490 0.0001 269

Minimum 64,700 56,600 61.8 47.00 949 1.10 2500 0.0002 295

Median 133,000 111,000 119 95.33 1330 1.99 3940 0.0005 621

Maximum 215,000 165,000 248 312.52 2940 4.08 13,700 0.0007 1200

CV% 28.4 27.1 33.8 47.7 35.8 32.0 52.0 26.5 39.3

CI 90%

lower

mean

123,000 102,000 105 97.9 1340 1.94 3950 0.000454 556

CI 90%

upper

mean

149,000 121,000 131 134 1710 2.40 5620 0.000542 810

Geometric

meanb
131,000 107,000 113 107 1450 2.07 4330 0.000478 635

HAV hepatitis A virus, SD standard deviation, CV% coefficient of variation, CI confidence interval
a Estimated with a truncated sampling schedule of 28 days
b Calculated by the exponential of the mean of log(concentration) values
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commercially available IG preparations met
these specifications [20], a new anti-HAV titer
specification of at least 10 IU/ml was approved
and instituted for IGIM [16], and dosing
instructions for hepatitis. Pre- and post-expo-
sure prophylaxis indications were updated
[16, 17]. In response, Grifols committed to
performing a clinical study with an IGIM puri-
fied using a new manufacturing method to
ensure that the level of protection met the
newly instituted anti-HAV specification. The
results of the present study demonstrate that
IGIM provided protective anti-HAV levels of at
least 20 IU/ml for at least 60 days.

Information on IG product titers and anti-
body levels after passive immunization to pre-
vent hepatitis A in humans is scarce, mainly
because successful prophylaxis of hepatitis A
with IG was demonstrated long before the 1973
discovery of HAV [30]. In 1945, for example, a
0.3 ml/kg dose of IGIM was shown to be pro-
tective during a hepatitis A outbreak in a sum-
mer camp [31], and in 1954, a dose of 0.01 ml/

kg was found to be near the minimal effective
dose during an outbreak in a closed institution
[32]; both reports used IG with unknown anti-
HAV antibody content. A prospective study
published in 1991 reported results in 23 HAV-
seronegative subjects who were passively
immunized with standard doses
(0.016–0.022 ml/kg) of a hepatitis A IG prepa-
ration containing 100 IU anti-HAV/ml that
produced anti-HAV antibody levels of 21 mIU/
ml at day 4 after administration [33]. A 1993
prospective study (N = 49) of anti-HAV anti-
body levels after passive immunization with
5 ml IGIM alone found that the geometric mean
titer was 96 mIU/ml day 5, 58 mIU/ml at month
1, 22 mIU/ml at month 2, 1 mIU/ml at month
5, and not detectable at month 6 [34].

Pharmacokinetic parameters for IGIM were
generally predictable and in line with the results
of previous research. However, the uncorrected
Thalf was longer than the baseline-corrected Thalf

(63 days vs 47 days), and both Thalf values were
longer than the mean Thalf (22–27 days)

Table 4 Baseline-corrected pharmacokinetic parameters for anti-HAV antibody (PK population, N = 27)

AUC02?

(h*mIU/ml)
AUC02T

(h*mIU/ml)
Cmax

(mIU/ml)
Tmax

(h)
Thalf

(h)
ClTOT/
F (ml/h)

VD/
F (ml)

kZ (1/h) Thalf
a

(h)

N 26 27 27 27 26 26 26 26 11

Mean 112,000 98,100 114 116.02 1130 2.57 4180 0.0007 731

SD 26,700 23,400 38.3 55.34 561 0.679 2610 0.0003 226

Minimum 52,900 52,700 61.8 47.00 427 1.77 1900 0.0002 486

Median 116,000 97,100 114 95.33 1010 2.49 3180 0.0007 662

Maximum 180,000 136,000 241 312.52 2840 4.08 13,700 0.0016 1100

CV% 23.8 23.8 33.5 47.7 49.8 26.4 62.4 41.3 30.9

CI 90% lower

mean

103,000 90,500 102 97.9 938 2.34 3310 0.000638 607

CI 90%

upper

mean

121,000 106,000 127 134 1310 2.80 5060 0.000843 854

Geometric

meanb
109,000 95,200 109 107 1020 2.49 3670 0.000679 702

HAV hepatitis A virus, SD standard deviation, CV% coefficient of variation, CI confidence interval
a Estimated with a truncated sampling schedule of 28 days
b Calculated by the exponential of the mean of log(concentration) values
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reported for other IGIM (not HAV-specific) with
sampling days from 28 to 35 days [35–37]. This
likely occurred because of shorter sampling data
periods in previously reported data and the fact
that for each subject with different Thalf values,
the terminal slope of the corrected concentra-
tion versus time curve in the log scale was
steeper than the uncorrected curve. The vari-
ance in terminal slope had the effect of
increasing corrected kZ values, which were

estimated by linear regression of the terminal
linear portion of the log concentration versus
time curve, and reducing the corrected Thalf,
which was calculated as ln2/kZ. It is also possible
that the negligible target-mediated elimination
of IgGs in this study was a factor—subjects were
not suffering from the infection—even
accounting for the heterogeneity of IgG and its
wide distribution of half-lives. In addition, var-
ious IgG subclasses may interact differently with
Fc receptors (which prolong Thalf) differently, as
glycosylation and other post-translational
modifications can also affect binding to Fc

Table 5 Exposure to IGIM (safety population, N = 28)

Total volume prepared, ml

Mean (SD) 13.76 (2.202)

Median 13.55

Min, max 10.4, 19.9

Total volume administrated, ml

Mean (SD) 13.76 (2.202)

Median 13.55

Min, max 10.4, 19.9

Treatment compliance,a %

Mean (SD) 100.0 (0.00)

Median 100.0

Min, max 100, 100

Duration of treatment administration, min

Mean (SD) 1.3 (0.70)

Median 1.0

Min, max 0, 3

Injection site,b n (%)

Left upper arm 18 (64)

Left upper thigh 28 (100)

Right upper arm 20 (71)

Right upper thigh 24 (86)

IGIM immunoglobulin via intramuscular injection, SD
standard deviation
a Total volume administered divided by total volume
prepared multiplied by 100%
b Includes[ 1 injection site per subject per treatment

Table 6 Treatment-emergent adverse events occurring in
at least two subjects (safety population, N = 28)

Event, n (%) Subjectsa

(N = 28)
Events
(N = 83b)

Any TEAE 28 (100) 83 (100)

General disorders and

administration site

conditions

22 (79) 55 (66)

Injection site pain 20 (71) 52 (63)

Injury, poisoning and

procedural complications

3 (11) 4 (5)

Vascular access site

hemorrhage

2 (7) 3 (4)

Investigations 2 (7) 4 (5)

Neutrophil count decreased 2 (7) 2 (2)

White blood cell count

decreased

2 (7) 2 (2)

Nervous system disorders 6 (21) 7 (8)

Headache 5 (18) 5 (6)

Respiratory, thoracic and

mediastinal disorders

2 (7) 2 (2)

Nasal congestion 2 (7) 2 (2)

TEAE treatment-emergent adverse event
a Each subject is counted only once for each level of
summary
b Total number of TEAEs is the denominator for all
percentages in the events column
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receptors. Consequently, the longer sampling in
the present study may have skewed the calcu-
lated result towards the longer Thalf IgG subsets.
A post hoc truncated Thalf analysis at day 28 was
similar to values reported previously in the lit-
erature (baseline-corrected Thalf of 30.5 days and
baseline-uncorrected Thalf of 28.5 days).

In this study, a single 0.2 ml/kg IM IGIM
dose was shown to be safe and well tolerated,
with all TEAEs mild or moderate in intensity,
most (71%) related to injection site pain, and
the vast majority (96%) resolved without
sequelae at the end of follow-up. The assess-
ment of safety did not reveal any new safety
signals or a pattern of clinically relevant chan-
ges in laboratory parameters, and any abnor-
malities recorded during the study were
consistent with those that might reasonably be
expected with the use of polyclonal IGs.

Limitations of this study include the small
number of subjects and the use of a surrogate
efficacy outcome. The sample size was appro-
priate to assess PK. A study assessing clinical
outcomes would have required the recruitment
of an unfeasibly large number of subjects to be
appropriately powered to detect a clinically
meaningful and statistically significant differ-
ence. In addition, because the Advisory Com-
mittee on Immunization Practices recommends
HAV vaccination for prophylaxis for travelers
aged at least 12 months, whereas IGIM is rec-
ommended for prophylaxis only in infants,
adults aged at least 40 years, individuals with
chronic liver disease, and those with a con-
traindication to HAV vaccination [16], the
generalizability of these findings is limited.

Studies determining whether the protective
antibody threshold is clinically relevant would
be necessary to allow the design and conduct of
well-controlled studies in the hepatitis A pre-
and post-exposure prophylaxis setting. The
efficacy of hepatitis A prophylaxis with passive
immunization has been historically demon-
strated, but there are no recent studies devoted
to assessment of specific high-risk populations.
As a result, most of the data on the effectiveness
of passive immunization for pre- and post-ex-
posure hepatitis A prophylaxis come from
studies performed long ago with a risk of bias,
highlighting the need for new research using

strong clinical outcomes and modern method-
ologic standards. At the same time, due to the
nature of this treatment, using placebo control
group comparisons in clinical studies would
pose significant ethical and logistical concerns
for future clinical developments. This could
potentially be addressed by using appropriate
PK/pharmacodynamics modeling and simula-
tion methods once protective thresholds have
been confirmed.

CONCLUSIONS

Following a single dose of 0.2 ml/kg IGIM, all 26
subjects in the evaluable population achieved
anti-HAV uncorrected titers[ 10 mIU/ml after
Tmax through day 60. For mean baseline-cor-
rected values, anti-HAV antibody titers showed
a Tmax of 95.33 h, a Cmax of 114 mIU/ml, and an
observed Thalf of 1130 h (47.1 days). For mean
uncorrected values, anti-HAV antibody titers
rose rapidly following a single 0.2 ml/kg dose of
IGIM to reach a median Tmax at 95.33 h with a
mean Cmax of 118 mIU/ml and observed mean
Thalf of 1520 h (63.3 days). A single 0.2 ml/kg
IGIM dose was safe and well tolerated in HAV-
seronegative healthy adults.
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