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Abstract

A novel, highly purified 10% intravenous immunoglobulin (IVIG) formulation was evaluated for both therapeutic efficacy
and safety profile in adult patients diagnosed with persistent or chronic primary immune thrombocytopenia (ITP). This phase
III, multicenter, open-label, single-arm clinical trial enrolled Chinese adult patients diagnosed with persistent or chronic ITP
presenting with baseline platelet counts below 30 x 10°/L. Participants received intravenous administration of 10% IVIG at
a standardized dosage of 1 g/kg/day for two consecutive days. The primary efficacy endpoint was defined as the proportion
of subjects achieving both a platelet count elevation to>30x 10°/L and a minimum two-fold increase from baseline values
within a 7-day post-treatment observation period following the first dose administration. Seventy-two patients were enrolled
and sixty patients completed the study. 52 (72.2%; 95% CI: 60.4, 82.1) patients achieved platelet count >30x 10%/L and
experienced a > twofold increase from baseline within 7 days, and 52 (72.2%; 95% CI: 60.4, 82.1) patients achieved complete
response (CR) or response (R) within 7 days. 64 patients (88.9%; 95% CI: 79.3, 95.1) achieved platelet count > 50 X 10°/L
within 7 days with a median time of 3 days. 71 patients completed the ITP bleeding scale assessment after 7 days, showing
a decrease of 0.6 + 1.07 from baseline. A total of 66 patients (91.7%) reported treatment-emergent adverse events (TEAEs)
during the study, and 37 patients (51.4%) reported adverse drug reactions (ADRs). The most prevalent ADRs with an inci-
dence exceeding 5% included headache (n=12, 16.7%), fever (n=10, 13.9%), decreased white blood cell count (n=5, 6.9%),
and nausea (n=35, 6.9%). The therapeutic regimen of 10% IVIG administered at a dosage of 1 g/kg/day for two consecutive
days demonstrated both favorable safety profiles and clinical efficacy. These robust findings provide substantial evidence
supporting the clinical application of this novel 10% IVIG formulation in the management of adult patients with ITP.
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Introduction

Primary immune thrombocytopenia (ITP) is classified as
an acquired autoimmune hematologic disorder character-
ized by isolated thrombocytopenia resulting from immune-
mediated platelet destruction and impaired megakaryocyte
production, in the absence of other identifiable underly-
ing etiologies [1]. The global annual incidence of primary
immune thrombocytopenia (ITP) in adult populations is
estimated to range between 50 and 100 cases per million
person-years, as supported by epidemiological studies [2,
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3]. However, population-based epidemiological characteris-
tics and demographic distribution patterns of ITP within the
Chinese population remain to be systematically investigated
and comprehensively elucidated [1].

Intravenous immunoglobulin (IVIG), a sterile preparation
derived from purified human plasma through extensive frac-
tionation processes [4], has been utilized in clinical practice
since its initial therapeutic applications in the 1930s [5]. Its
pivotal role in autoimmune disorders was first established in
1981, marking a significant advancement in immunomodula-
tory therapy [6]. Current Chinese clinical guidelines endorse
IVIG as a first-line therapeutic intervention for adult ITP,
with recommended dosing regimens of 1 g/kg administered
over 1-2 days [1].
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While the clinical efficacy of IVIG in ITP management
is well-established in numerous clinical studies [7], its pre-
cise mechanisms of action remain incompletely elucidated.
The pathophysiology of ITP is primarily mediated by anti-
platelet autoantibodies [8], with IgG subtype being the pre-
dominant antibody class identified in patient sera [9]. The
disease mechanism involves the binding of platelet-specific
autoantibodies to membrane glycoproteins, followed by Fc
receptor-mediated recognition and subsequent phagocytosis
by the monocyte-macrophage system [10], leading to accel-
erated platelet destruction.

The investigational product in this study is a 10% IVIG
formulation (National Medical Products Administration
approval number: 2018L.03309), manufactured by Taibang
Biological Ltd. through advanced purification processes.
This phase III clinical investigation evaluated both the ther-
apeutic efficacy and safety profile of this high-purity IVIG
preparation in adult patients with persistent or chronic pri-
mary ITP.

Materials and methods

This prospective, open-label, single-arm, multicenter phase
III clinical trial was conducted across ten tertiary hospitals
in China between July 2020 and August 2021 to evaluate the
therapeutic efficacy and safety profile of a novel 10% IVIG
formulation in adult patients diagnosed with primary ITP
presenting with baseline platelet counts below 30 x 10°/L.

The treatment protocol consisted of IVIG administration
at a dose of 1 g/kg/day for two consecutive days, initiated at
an infusion rate of 0.5 mg/kg/min (0.005 ml/kg/min) for the
first 15 min, followed by gradual titration to a maximum tol-
erated rate of 8 mg/kg/min (0.08 mL/kg/min), with continu-
ous monitoring of vital signs and potential adverse reactions.

The primary efficacy endpoint was defined as the pro-
portion of subjects achieving both a platelet count eleva-
tion to>30x 10°/L and a minimum two-fold increase from
baseline values within a 7-day post-treatment observation
period following the initial administration of the investiga-
tional product.

Study patients

Following written informed consent acquisition, poten-
tial participants underwent comprehensive screening pro-
cedures. Eligible subjects included both male and female
patients meeting the following inclusion criteria: 1) age
between 18 and 65 years; 2) confirmed diagnosis of primary
ITP for a minimum duration of 3 months preceding study
enrollment; 3) baseline platelet count below 30x 10°/L.
The exclusion criteria were rigorously defined as fol-
lows: 1) secondary thrombocytopenia attributable to other
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underlying pathologies; 2) documented hypersensitivity to
immunoglobulin preparations or plasma-derived products; 3)
concurrent autoimmune hemolytic anemia; 4) administration
of intravenous immunoglobulin, anti-D immunoglobulin,
blood products, immunosuppressive agents, or immunomod-
ulatory investigational therapies within 4 weeks prior to
consent; 5) treatment with rituximab or live-attenuated vac-
cines within 8 weeks preceding screening; 6) use of recom-
binant human thrombopoietin, thrombopoietin receptor
agonists, or other platelet-enhancing investigational agents
within 2 weeks prior to enrollment; 7) hepatic dysfunction
evidenced by alanine aminotransferase (ALT) or aspartate
aminotransferase (AST) levels exceeding threefold the upper
limit of normal (ULN), or total bilirubin > 1.5 X ULN; 8)
poorly controlled hypertension (grade II or higher); 9) renal
impairment defined as serum creatinine > 1.5 X ULN or cre-
atinine clearance < 60 mL/min (calculated using Cockcroft-
Gault formula); 10) pregnancy or lactation status.

Measurements

Blood samples were collected via standardized venipuncture
from the antecubital vein using sterile, single-use systems.
For platelet counts, whole blood was collected in EDTA
tubes, while plasma samples for biomarker analysis were
collected in sodium citrate tubes (3.2% or 3.8%), gently
inverted 8—10 times post-collection. EDTA samples were
analyzed within 2 h, and citrated plasma was centrifuged at
1500 % g for 15 min at 4 °C within 30 min, with the superna-
tant stored at — 80 °C. Platelet counts were determined using
automated hematology analyzers (Beckman Coulter UniCel
DxH), and biomarker analyses were performed via ELISA,
flow cytometry, or mass spectrometry, with quality control
measures including duplicate readings and calibration with
known standards.

Efficacy outcome

The primary efficacy endpoint was defined as the propor-
tion of subjects achieving both a platelet count elevation
to>30x 10°/L and a minimum two-fold increase from
baseline values within a 7-day post-treatment observation
period following the initial administration of the investi-
gational product. The secondary efficacy outcomes of the
study included the followings: 1) The proportion of patients
attaining platelet counts > 50 x 10°/L and the correspond-
ing median time-to-response during the 7-day post-treatment
period; 2) The percentage of patients meeting dual criteria
within 7 days post-infusion: a) platelet count>30x 10°/L,
and b) > twofold increase from baseline platelet count;3)
Response rates and median time-to-response, where
Response (R) was defined as achieving both platelet
count > 30 x 10°/L and > twofold increase from baseline,



Clinical and Experimental Medicine (2025) 25:153

Page3of9 153

and Complete Response (CR) was defined as platelet count
normalization to > 100 x 10%/L, within the 7-day evaluation
window; 4) The proportion of patients experiencing relapse,
defined as platelet count decrease below response criteria,
within 28 days following initial treatment;5) Longitudinal
changes in ITP-specific bleeding scale scores at days 7 and
14 post-treatment initiation.

Safety evaluation

Following informed consent acquisition, safety assessments
were conducted and documented in accordance with the
study protocol, including longitudinal monitoring of vital
signs, clinical symptomatology, adverse event profiles, and
serial laboratory evaluations.

Statistical analysis

The sample size calculation was based on the following
parameters: the anticipated overall response rate within
7 days post-treatment was estimated at 77%, with a prede-
fined threshold of 60% (corresponding to the lower bound of
the two-sided 95% confidence interval). Assuming a type I
error rate (o) of 0.05 (two-sided) and statistical power (1-3)
of 80%, a minimum of 60 evaluable cases was required. To
account for potential attrition, the sample size was increased
by 20%, resulting in a planned enrollment of 72 participants.

Continuous variables were expressed as mean + standard
deviation (SD) with median (range) values, while categori-
cal variables were presented as frequencies and percentages.
All statistical analyses were conducted using SAS statistical
software (version 9.4; SAS Institute Inc., Cary, NC, USA).

Results

A total of 101 patients were screened, of which 72 patients
were enrolled and 60 patients completed the study (Fig. 1).
All 72 patients met the criteria of the full analysis set.

The medication compliance of all enrolled patients dur-
ing the treatment period was in the range of 80-120%. The
average cumulative dose of the investigational product per
patient was 126.27 g (median of 121.50 g).

Patients

Patients age ranged from 19 to 65 years (mean
41.0+12.33 years) (Table 1 Comparison of Baseline Char-
acteristics). Twenty-four patients were male (33.3%). The
weight ranged from 43 to 95 kg (mean 63.13 +12.164), and
the mean of body mass index was 23.69 +3.406. The mean
time of ITP diagnosis was 54.12 + 58.390 months (median of
31.20 months). Twenty-seven patients had a history of bleed-
ing. Two patients had refractory ITP defined as the failure
to achieve a response or loss of response after splenectomy.

Fig.1 Diagram of study flow
Screening (N=101)

Screening failed (N=29) :

Not fulfill inclusion criteria (N=17)

Fulfill exclusion criteriaN=10)
Fulfill exclusion criteria and the participant
withdraw (N=1)

A4

Enrolled

Participants withdraw (N=1)

A 4

Using Investigational

Withdraw the trial (N=12) :

product (N=72) Withdraw informed consent (N=6)
Lack of efficacy (N=1)
» Poor compliance (N=1)
Loss of follow up (N=1)
v Others (N=3)
finished (N=60)
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Table 1 Comparison of baseline characteristics

Baseline Results
N 72
Age (years)
Mean +SD 41.0+12.33
Median (range) 41.5 (19~65)
Body mass index (kg/m?)
Mean +SD 23.69 +3.406

Median (range) 23.20 (15.9~34.1)

Sex
Male n (%) 24 (33.3)
Female n (%) 48 (66.7)
History of ITP
Time from diagnosis (months)
Mean +SD 54.12+58.390
Median (range) 31.20 (3~282.4)
Phase
Refractory n (%) 2(2.8)
Persistent n (%) 23 (31.9)
Chronic n (%) 47 (65.3)
Treatment history
Newly diagnosed without prior treatment n 4(5.6)
(%)
Previous treatment history n (%) 68 (94.4)
Bleeding
Yes n (%) 45 (62.5)
No n (%) 27 (37.5)

A total of 68 patients (94.4%) had been previously treated
for ITP.

Efficacy

All 72 enrolled patients were included in the full analysis set
(FAS), while 5 patients were excluded from the per-protocol
set (PPS) due to protocol deviations.

The primary efficacy endpoint was achieved in 52 patients
(72.2%; 95% confidence interval [CI]: 60.4-82.1%), demon-
strating both a platelet count elevation to >30x 10%/L and a
minimum two-fold increase from baseline values within the
7-day post-treatment observation period. (Table 2).

A total of 23 patients (31.9% of patients; 95% CI:21.4,
44.0) achieved CR, 28 patients (40.3% of patients; 95% CI:
28.9, 52.5) achieved R, 4 patients (5.6% of patients; 95%
CI: 1.5, 13.6) had no response, and 16 patients (22.2% of
patients; 95% CI: 13.3, 33.6) experienced relapse within
7 days (Table 2). 52 (72.2%) patients achieved CR or R
within 7 days of the initial investigational product and the
median time was 3 days (95% CI:3.0, 4.0). The percentage
of patients who achieved CR or R at each time point during
treatment is shown in Fig. 2. Totally, 38 patients (73.1%)
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who had achieved R or CR experienced relapse within
28 days.

Platelet assessments

The peak platelet count across the study population reached
a mean of 185.7x 10°/L (median: 143.5x 10°/L), with a
median time-to-peak of 6 days (range: 1-14 days) (Table 2).
Notably, 64 patients (88.9%; 95% CI: 79.3-95.1) achieved
platelet counts > 50 x 10%/L within 7 days (median time:
3 days), with temporal response patterns illustrated in
Fig. 3. Furthermore, 66 patients (91.7%; 95% CI: 82.7-96.9)
attained platelet counts > 30 10°/L on at least one occasion
during the 7-day evaluation period (Fig. 3).

Bleeding assessments

Seventy-one patients completed the ITP bleeding scale
assessment after 7 days, showing a decrease of 0.6 +1.07
from baseline. Additionally, sixty-eight patients completed
the ITP bleeding scale assessment at day 14 after treatment,
also showing a decrease of 0.6 + 1.14 from baseline. Specific
values are presented in Table 2.

Safety

A total of 66 patients (91.7%) reported treatment-emergent
adverse events (TEAEs) during the study, and 37 patients
(51.4%) reported adverse drug reactions (ADRs). None sub-
ject quit the trial because of TEAEs.

Serious Adverse Events (SAEs) were observed in 9
patients (12.5%) with a total of 11 times, including rashes,
purpura, oral bleeding, gastrointestinal bleeding, thrombocy-
topenia, anemia, acute cholecystitis, and pregnancy. Except
one subject died of severe gastrointestinal bleeding due to
refractory thrombocytopenia, all other SAEs have recovered
or resolved.

The most prevalent ADRs with an incidence exceeding
5% included headache (n=12, 16.7%), fever (n=10, 13.9%),
decreased white blood cell count (n=5, 6.9%), and nau-
sea (n=5, 6.9%). Notably, all ADRs have been resolved or
recovered. Specific ADRs are detailed in Table 3.

Discussion

Primary ITP represents a prevalent acquired hemorrhagic
disorder characterized by isolated thrombocytopenia [1].
IVIG has been accepted as one of the effective treatments
for ITP in many guidelines [1, 11-13]. The immunomodu-
latory mechanisms of IVIG in ITP treatment are multifac-
torial, including: 1) Fc receptor blockade in splenic mac-
rophages, preventing phagocytosis of antibody-opsonized
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Table 2 Efficacy outcomes (full

- Efficacy variable Results
analysis set)
N 72
Platelet
Maximum platelet count (1 0%/L)
Mean=+SD 185.7+138.90

Median (range)

Time to maximum platelet count (days)
Mean+SD
Median (range)

Platelet > 30 x 10%/L and > twofold increase from baseline within 7 days
Yes n (%)[95 CI]
No n (%)

Platelet > 50 x 10%/L within 7 days
>50% 10°/L n (%)
Median time of platelet > 50 x 10°/L (days)
<50% 10%/L n (%)

Platelet > 30 10"9/L and at least tripled from the baseline within 7 days
Yes n (%)
No n (%)

Response/complete response/no response/relapse

Percentage
Complete response n (%)[95% CI]
Response n (%)[95% CI]
No response n (%)[95% CI]
Relapse n (%)[95% CI]

Response or complete response within 7 days
Response/complete response n (%)[95% Cl]
Median time of response/complete response (days) [95% CI]

No response/relapse n (%)

Achieving response/complete response and experiencing relapse within 28 days

N
Relapse n (%)[95% CI]
No relapse n (%)
ITP bleeding scale score
Baseline
N
Mean+SD
Median (range)
7 days
N (N Miss)
Mean+SD
Median (range)
14 days
N (N Miss)
Mean+SD
Median (range)

143.5 (18~771)

6.0+2.54
6.0 (1~14)

52 (72.2)[60.4,82.1]
20 (27.8)

64 (88.9)[79.3,95.1]
3[NA, NA]
8 (11.1)

66 (91.7)[82.7,96.9]
6(8.3)

23 (31.9)[21.4,44.0]
29 (40.3)[28.9,52.5]
4(5.6)[1.5,13.6]

16 (22.2)[13.3,33.6]

52 (72.2)[60.4,82.1]
3[3.0,4.0]
20 (27.8)

52
38 (73.1)[59.0,84.4]
14 (26.9)

72
1.1+1.18
1.0 (0~6)

71 (1)
0.4+0.74
0(0~3)

68 (4)
0.4+0.94
0(0~5)

platelets; 2) modulation of autoantibody production and While IVIG formulations are commercially available at
binding capacity, coupled with inflammatory cytokine  various concentrations (typically 5% or 10%), only 5% prep-
suppression; and 3) inhibition of complement-mediated  arations are currently marketed in China. This study investi-
platelet destruction. gates a novel, highly purified 10% IVIG formulation, which
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has received clinical trial authorization from the National
Medical Products Administration (NMPA) for the treatment
of persistent or chronic ITP [13].

In this study, 72.2% patients achieved platelet
count >30x 10°/L and experienced a > twofold increase
from baseline after the initial investigational product admin-
istration within 7 days, which was similar to the other 10%
IVIG reported by clinical trial [14—17]. The other 10% IVIG
showed a response rate of 75.7% for GC5107A [14], 63.2%
(95% CI: 46.0, 78.2) for IQYMUNE® [15], 52.9% (95%
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CI: 35.1, 70.2) for Yimmugo® [16], 80.7% (95% CI: 69.2,
89.3) for Privigen® [17], 80-6% (95 CI: 63-98, 91-81%) for
Panzyga® [18], and so on. The median time to achieve plate-
let count> 50 x 10%/L, was 3 days, which was similar to the
other 10% IVIG reported by clinical trial [17].

Safety analysis revealed that while 91.7% of patients
experienced TEAEs, the majority were mild to moder-
ate in severity. ADRs were reported in 51.4% of subjects,
consistent with established safety profiles of other 10%
IVIG formulations [17], with all events resolving without
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Table 3 SPmmarY of adverss.: Adverse drug reactions Results

drug reactions (safety analysis

set) N (%) Times
N 72
Total n (%) 37(51.4) 80
Nervous system disorders n (%) 13 (18.1) 18
Headache n (%) 12 (16.7) 16
Dizziness n (%) 2(2.8) 2
General disorders and administration site conditions n (%) 13 (18.1) 15
Fever n (%) 10 (13.9) 10
Fatigue n (%) 34.2) 3
Discomfort at the infusion site n (%) 1(1.4) 1
Chest discomfort n (%) 1(1.4) 1
Investigations n (%) 10 (13.9) 13
Decreased white blood cell count n (%) 5(6.9) 5
Decreased neutrophil count n (%) 2(2.8) 3
Increased heart rate n (%) 1(1.4) 1
Elevated blood bilirubin n (%) 1(1.4) 1
Increased platelet count n (%) 1(1.4) 1
Elevated blood pressure n (%) 1(1.4) 2
Gastrointestinal disorders n (%) 8 (11.1) 12
Nausea n (%) 5(6.9) 5
Vomiting n (%) 34.2) 5
Cheilitis n (%) 1(1.4) 1
Gingival bleeding n (%) 1(1.4) 1
Blood and lymphatic system disorders n (%) 5(6.9) 7
Anemia n (%) 2(2.8) 3
Hemolytic anemia n (%) 2(2.8) 2
Hemolysis n (%) 1(1.4) 1
Acholuric jaundice n (%) 1(1.4) 1
Hepatobiliary disorders n (%) 4(5.6) 4
Abnormal liver function n (%) 34.2) 3
Hyperbilirubinemia n (%) 1(1.4) 1
Vascular disorders n (%) 34.2) 4
Hypotension n (%) 34.2) 4
Skin and subcutaneous tissue disorders n (%) 2(2.8) 2
Rash n (%) 2(2.8) 2
Metabolism and nutrition disorders n (%) 1(1.4) 1
Anorexia n (%) 1(1.4) 1
Infections and infestations n (%) 1(1.4) 1
Upper respiratory tract infection n (%) 1(1.4) 1
Musculoskeletal and connective tissue disorders n (%) 1(1.4) 1
Limb pain n (%) 1(1.4) 1
Respiratory, thoracic and mediastinal disorders n (%) 1(1.4) 1
Cough n (%) 1(1.4) 1
Cardiac disorders n (%) 1(1.4) 1
Sinus arrhythmia n (%) 1(1.4) 1

sequelae. Nine serious adverse events (SAEs) were docu-
mented, including one mortality case attributed to disease
progression and subsequent massive gastrointestinal hem-
orrhage. Notably, the fatal event occurred approximately

3 months post-infusion, with no causal relationship to
the investigational product, as evidenced by the subject's
positive initial treatment response and absence of infu-
sion-related adverse effects. The investigational 10% IVIG
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demonstrated favorable tolerability, with an adverse event
profile comparable to existing IVIG products. The most
frequently observed ADRs included headache (20.8%),
pyrexia, leukopenia, and nausea, consistent with estab-
lished safety data [18]. All headache events were mild
and self-limiting, with severity and incidence rates within
expected parameters.

Manufactured by Taibang Biological Ltd [19]. the inves-
tigational product undergoes rigorous viral safety measures,
including low-temperature ethanol fractionation, caprylic
acid precipitation, ion-exchange chromatography, low pH
incubation, and pasteurization. Comprehensive viral safety
was confirmed through serological testing, with all patients
testing negative for HBsAg, anti-HCV, anti-HIV, and anti-
Treponema pallidum antibodies pre- and post-treatment, and
no reported viral transmissions [20].

This novel 10% IVIG formulation offers distinct phar-
macokinetic advantages, including a 34% reduction in
infusion time compared to standard 5% formulations while
maintaining comparable therapeutic efficacy and safety
profiles [19]. The established dosing regimen of 1 g/kg/
day for two consecutive days demonstrated both clinical
efficacy and favorable safety, supporting its therapeutic
application in adult ITP management.

Based on the current findings, we hypothesize that a
single-dose IVIG regimen (1 g/kg administered once) may
demonstrate comparable therapeutic efficacy to the con-
ventional two-dose regimen (2 X 1 g/kg over two days), as
our phase III trial established that the novel 10% IVIG for-
mulation exhibits comparable efficacy and safety profiles
to existing IVIG therapies in adult primary ITP patients.
The rationale for exploring a single-dose regimen is sup-
ported by IVIG's rapid immunomodulatory effects (typi-
cally within 24-48 h post-infusion), preliminary clinical
evidence suggesting satisfactory therapeutic response in
some patients with a single dose, and potential healthcare
optimization through reduced hospitalization duration and
treatment costs. However, a well-designed randomized
controlled trial (RCT) comparing single-dose versus stand-
ard two-dose regimens is essential to establish non-infe-
riority or potential superiority of the simplified approach,
with future investigations incorporating expanded multi-
center participation to ensure robust implementation. If
non-inferiority is established, the single-dose regimen
could emerge as a more cost-effective and patient-friendly
treatment paradigm, potentially influencing guideline
updates and clinical practice, while demonstrating inferior
efficacy would reinforce the necessity of the two-dose regi-
men as the standard of care for optimal platelet recovery.
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