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ABSTRACT
Background: CT-P10 was the first licensed rituximab biosimilar. This Korean post-marketing surveil-
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lance study evaluated CT-P10 safety and effectiveness in approved indications.

Research design and methods: This prospective, open-label, observational, phase 4 study collected
routine clinical practice data across 27 centers in the Republic of Korea. Patients received their first CT-P10
treatment, per prescribing information, for non-Hodgkin’s lymphoma (NHL), chronic lymphocytic leukemia
(CLL), rheumatoid arthritis (RA), granulomatosis with polyangiitis (GPA), or microscopic polyangiitis (MPA)
during the surveillance period (16 November 2016-15 November 2020). Safety (including adverse events
[AEs] and adverse drug reactions [ADRs]) and disease-specific clinical response (by best overall response
[NHL/CLL], Disease Activity Score in 28-joints [RA], or Birmingham Vasculitis Activity Score for Wegener’s
Granulomatosis [GPA/MPA]) were assessed for <1 year (NHL/CLL) or <24 weeks (RA/GPA/MPA).

Results: The safety population comprised 677 patients (604 NHL, 16 CLL, 42 RA, 7 GPA, 8 MPA). AEs/ADRs
were reported for 68.4%/27.7% (NHL/CLL), 31.0%/14.3% (RA), and 86.7%/13.3% (GPA/MPA) of patients.
Serious AEs and unexpected ADRs did not raise new safety signals. Pneumonia was the most frequent
serious ADR overall. Positive effectiveness outcomes were observed.

Conclusions: Findings were consistent with the known CT-P10/reference rituximab safety profile, with
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high effectiveness observed in NHL/CLL and RA.

1. Introduction

Rituximab was the first monoclonal antibody to receive regulatory
approval for use in oncology and became a best-selling oncology
drug with worldwide sales exceeding $8 billion in 2016 [1].
Reference rituximab (Rituxan®; Genentech, South San Francisco,
CA, US) received US Food and Drug Administration (FDA) regula-
tory approval in 1997 for the treatment of relapsed/refractory low-
grade or follicular, CD20-positive B-cell non-Hodgkin’s lymphoma
(NHL) [2,3]; European Medicines Agency (EMA) regulatory
approval (for MabThera®; Roche, Basel, Switzerland) was granted
in 1998 for the treatment of relapsed/refractory follicular lym-
phoma (FL) [4]. The FDA and EMA subsequently extended the

approval within the NHL indication, and several additional indica-
tions were added. These include chronic lymphocytic leukemia
(CLL), rheumatoid arthritis (RA), granulomatosis with polyangiitis
(GPA), microscopic polyangiitis (MPA), and pemphigus vulgaris
[3,5]. Rituximab is used extensively across a broad range of indica-
tions in routine clinical practice, particularly in NHL [1], for which it
is a component of combination therapy in first- and later-line
treatment settings [6,7].

CT-P10 (Truxima®; Celltrion, Inc., Incheon, Republic of Korea)
was the first rituximab biosimilar to receive regulatory approval
from the Ministry of Food and Drug Safety (Republic of Korea), as
well as the EMA and FDA [8-10], and currently possesses a high
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market share, particularly in the European Union (EU) [11].
Currently, approved indications for CT-P10 include NHL, CLL,
RA, GPA, MPA, and pemphigus vulgaris (the latter is approved
for use in some territories, including the EU) [8-10]. Other
approved rituximab biosimilars include GP2013 (Rixathon®;
Sandoz, Basel, Switzerland) and PF-05280586 (Ruxience®; Pfizer,
NY, USA), which are EMA approved [12]; however, CT-P10 is the
only biosimilar approved in the Republic of Korea. The approval
of CT-P10 was supported by the demonstration of analytical
similarity between CT-P10 and both EU- and US-sourced refer-
ence rituximab [13]. Clinical studies demonstrated the equiva-
lence or similarity of CT-P10 to reference rituximab in terms of
pharmacokinetics, efficacy, safety, and immunogenicity in
patients with RA or FL [14-17], and follow-up studies of patients
enrolled in the pivotal clinical trials further supported the com-
parable long-term efficacy and overall safety between CT-P10
and reference rituximab [18-20]. A recent systematic review and
meta-analysis of 29 randomized controlled clinical trials in
patients with cancer has demonstrated that rituximab biosimi-
lars, including CT-P10, have comparable safety and efficacy pro-
files to reference rituximab in treatment-naive patients [21].
Budget impact analyses have also shown that the introduction
of CT-P10 offers substantial potential cost savings relative to
continued use of the reference product [22,23]. Reallocation of
these savings could enable more patients to access rituximab
treatment with CT-P10 [22,23].

Post-marketing surveillance (PMS) studies are an impor-
tant component of ongoing safety monitoring following reg-
ulatory approval [24,25]. Following launch of a drug product,
a broad spectrum of patients with a range of comorbidities,
and those taking various concomitant medications, are
exposed to the drug during routine clinical practice, includ-
ing patients who may not have been eligible for inclusion in
clinical trials [25]. Thus, PMS studies provide important infor-
mation on the benéefit/risk profile of the drug in the real-
world patient population [26]. In addition, real-world safety
evaluation has the potential to detect rare adverse effects or
variability in responses, due to biological or behavioral fac-
tors, which were not detected in trial populations [25,26]. In
the context of biosimilar development, PMS studies can pro-
vide evidence for the safety and effectiveness of a product in
indications where approval was based on extrapolation of
comparative data in other indications [27,28]. In the case of
CT-P10, the biosimilarity of CT-P10 to reference rituximab
comprehensively demonstrated in patients with RA and FL
during the clinical development program formed the basis of
CT-P10 approval in other indications licensed for reference
rituximab [29], in accordance with regulatory guidelines
[30,31]. This included the indications of diffuse large B-cell
lymphoma (DLBCL), CLL, GPA, and MPA [29].

The present PMS study evaluated the safety and effective-
ness of CT-P10 in patients with NHL (including DLBCL and FL),
CLL, RA, GPA, and MPA during routine clinical practice in the
Republic of Korea. The objective was to investigate the type
and frequency of unexpected adverse events (AEs), adverse
drug reactions (ADRs), and serious AEs, and to identify factors
that affect safety and effectiveness.

2. Patients and methods
2.1. Study design

A prospective, open-label, observational, phase 4, post-
marketing cohort study was conducted at 27 medical
centers or hospitals in the Republic of Korea
(Supplementary Tables 1 and 2). Surveys were com-
pleted by physicians at the institutions to capture infor-
mation about CT-P10 treatment during the surveillance
period of 16 November 2016 to 15 November 2020.
Patients with NHL or CLL were followed for up to 1 year
after the first administration of CT-P10, while patients with
RA, GPA, or MPA were followed for up to 24 weeks after
the first administration of CT-P10.

The study adhered to the ethical principles of the
Declaration of Helsinki for the conduct of medical research
involving human subjects, and ethical approval was obtained
from appropriate local Institutional Review Boards at each of
the 27 study sites (Supplementary Table 1). All participants
provided written informed consent.

2.2. Patients

The study enrolled patients eligible to receive CT-P10 for
the first time for the approved indications of NHL, CLL, RA,
GPA, or MPA in the Republic of Korea [32]. Eligible patients
had not received CT-P10 treatment prior to the surveil-
lance period; however, patients were permitted to have
previously received treatment with other rituximab pro-
ducts (termed ‘switched’ patients), or to have initiated
rituximab treatment with CT-P10 during the surveillance
period (termed ‘rituximab-naive’ patients). Specifically,
relevant approved indications for CT-P10 in NHL were the
treatment of previously untreated patients with Stage IlI/IV
FL, in combination with chemotherapy; maintenance ther-
apy for patients with previously untreated Stage IlI/IV FL
who had responded to induction therapy; treatment of
patients with Stage Ill/IV FL who had relapsed or were
chemo-resistant; and treatment of patients with CD20-
positive DLBCL NHL, in combination with cyclophospha-
mide, doxorubicin, vincristine, and prednisone (CHOP) che-
motherapy. In CLL, the relevant approved indication was
the treatment of patients with previously untreated and
relapsed/refractory CLL. For RA, the approved indication
was for use of CT-P10, in combination with methotrexate,
for the treatment of adult patients with severe active RA
who had an inadequate response or intolerance to other
disease-modifying antirheumatic medicinal products,
including one or more tumor necrosis factor inhibitor
therapies. For patients with severely active GPA and MPA,
the relevant indication for CT-P10 was for the treatment of
adult patients in combination with glucocorticoids.
Patients prohibited from receiving CT-P10 according to
the prescribing information, patients using CT-P10 for
non-approved indications, and patients considered by the
investigator to be unsuitable for participation were
excluded from the study.



2.3. Treatment

CT-P10 was recommended to be administered as an intrave-
nous infusion according to the Korean Ministry of Food and
Drug Safety prescribing information [32]. For patients with FL,
CT-P10 was administered at a dosage of 375 mg/m? body
surface area (BSA) per cycle of chemotherapy, for up to 8
cycles as induction therapy, followed by maintenance treat-
ment once every 2 months or once every 3 months for
patients with previously untreated FL or relapsed/refractory
FL, respectively, until disease progression or a maximum of
2 years. For patients with chemo-resistant FL or in the second
or subsequent relapse after chemotherapy, CT-P10 was admi-
nistered at a dosage of 375 mg/m? BSA once weekly for
4 weeks. For patients with DLBCL, CT-P10 was administered
at a dosage of 375 mg/m? BSA per cycle of CHOP chemother-
apy. For patients with CLL, CT-P10 was administered at a
dosage of 375 mg/m? BSA for the first fludarabine and cyclo-
phosphamide chemotherapy cycle, followed by 500 mg/m?
BSA for Cycles 2—-6. For patients with RA, CT-P10 was adminis-
tered as a 1,000 mg dose followed by a second 1,000 mg dose
after 2 weeks. For patients with GPA or MPA, CT-P10 was
administered at a dosage of 375 mg/m? BSA once weekly for
4 weeks, with maintenance therapy administered as two 500
mg infusions separated by 2 weeks (with subsequent 500 mg
infusions administered at Months 6, 12, 18, and every 6 months
thereafter based on clinical evaluation).

2.4. Endpoints and assessments

Safety and effectiveness were assessed during a 1-year (NHL
and CLL) or 24-week (RA and GPA/MPA) follow-up period after
the first administration of CT-P10.

2.4.1. Safety

All AEs, serious AEs, unexpected AEs, AEs leading to discontinua-
tion of CT-P10, and deaths were recorded regardless of their
causality or relationship to CT-P10. AEs were deemed to be ADRs
(i.e. causally related to CT-P10) if the relationship to CT-P10 was
deemed by the investigator to be ‘certain,’ ‘probable/likely, ‘pos-
sible,’ ‘conditional/unclassified, or ‘unassessable/unclassifiable.’
Unexpected AEs and ADRs were events not listed in the reference
safety information for the relevant indication in the Korean pre-
scribing information for CT-P10 [32], or events observed at a
higher frequency than expected. Protocol-defined AEs of special
interest comprised infusion-related reactions (IRRs; defined as
cytokine release syndrome or the Preferred Term tumor lysis
syndrome), infections (based on the infections and infestations
System Organ Class [SOC]), and cardiovascular disorders (based on
the cardiac disorders and vascular disorders SOCs). AEs were
coded using the Medical Dictionary for Regulatory Activities, ver-
sion 23.0.

2.4.2. Effectiveness

For patients with NHL or CLL, effectiveness was assessed
according to the best overall response (BOR) during treat-
ment with CT-P10. Rituximab-naive patients were considered
responders if the BOR was complete response (CR) or partial
response (PR), as reported by the treating physician.
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Switched patients were considered responders if the BOR
was the same or better than that achieved with the previous
rituximab product, comprising new or sustained CR or PR
responses.

For patients with RA, response was assessed according to the
reduction in Disease Activity Score in 28 joints (DAS28) score
following administration of CT-P10. In rituximab-naive patients,
DAS28 was assessed prior to CT-P10 administration (Week 0) and
16-24 weeks after the first CT-P10 administration; patients were
considered responders if the reduction in DAS28 was >1.2 (post-
CT-P10 administration versus pre-CT-P10 administration). For
switched patients, response was assessed by DAS28 evaluation
prior to CT-P10 administration (Week 0) and 24 weeks after the
first administration of CT-P10. Response was considered to have
been maintained if the DAS28 did not increase by >0.6 compared
to baseline.

For patients with GPA/MPA, response was assessed accord-
ing to the Birmingham Vasculitis Activity Score for Wegener's
Granulomatosis criteria [33] during the 24 weeks after first
administration of CT-P10. Rituximab-naive and switched
patients were assessed in the same way, with response cate-
gorized as improvement (symptoms improved or effect main-
tained), no change, or deterioration.

2.5. Statistical analyses

The total population comprised all patients with a completed
and submitted survey form. The safety population comprised
all patients in the total population who received >1 dose of
CT-P10 and had =1 safety follow-up meeting, carried out via
an in-person visit or phone call, following administration of
CT-P10. The effectiveness population comprised all patients in
the safety population who completed >1 effectiveness evalua-
tion following administration of CT-P10.

Quantitative variables, such as patient characteristics, were
reported using descriptive statistics (n; mean, standard devia-
tion [SD]; or median, range). The frequency and percentage
were reported for qualitative variables, such as AEs.

Subgroup analyses for safety and effectiveness outcomes
were conducted based on baseline and demographic para-
meters. For safety analyses, these parameters included sex,
age, Ann Arbor stage at the time of first dose (for NHL), FL
grade at the time of first dose (for FL), Rai system stage at the
time of first dose (for CLL), disease duration (for RA and GPA/
MPA), patients receiving treatments for the indication in addi-
tion to CT-P10 (for NHL/CLL), and the total number of cycles of
CT-P10 treatment received. Safety analyses were also con-
ducted for the special populations of pediatric patients (aged
<19 vyears), elderly patients (aged =65 years), pregnant
women, individuals with hepatic disorders, and individuals
with renal disorders. For effectiveness analyses, parameters
for subgroup analyses comprised sex, age, Ann Arbor stage
at the time of first dose (for NHL), FL grade at the time of first
dose (for FL), Rai system stage at the time of first dose (for
CLL), disease duration (for RA and GPA/MPA), patient classifi-
cation (rituximab-naive versus switched [for NHL/CLL and RA]),
and surgical history prior to first dose (for NHL). All statistical
analyses were performed using SAS software, version 9.4 or
later (SAS Institute Inc., Cary, NC, USA).
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3. Results
3.1. Patient disposition and baseline characteristics

The patient disposition is presented in Figure 1. Overall, 677
patients were included in the safety population, comprising
patients with NHL (n = 604), CLL (n = 16), RA (n = 42), GPA
(n = 7), and MPA (n = 8). Of the 604 patients with NHL, 108
had FL and 496 had DLBCL. In total, 611 patients were
included in the effectiveness population, comprising patients
with NHL (n = 549), CLL (n = 15), RA (n = 32), GPA (nh = 7), and
MPA (n = 8).

Patient demographics and baseline characteristics for the
safety population are presented in Table 1. In the combined
population of patients with NHL and CLL, a minority (69
[11.1%]) had switched from another rituximab product.
Overall, 266 (42.9%) patients were aged =65 years, 67
(10.8%) patients had hepatic disorders, and 12 (1.9%) patients
had renal disorders. In the RA cohort, the majority of patients
(32 [76.2%]) had a history of rituximab treatment. Fourteen
(33.3%) patients were aged =65 years, 3 (7.1%) patients had
hepatic disorders, and no patients had renal disorders. In the
GPA/MPA cohort, a low proportion of patients (2 [13.3%]) had
a history of rituximab treatment. Five (33.3%) patients were
aged =65 years, 4 (26.7%) patients had hepatic disorders, and
9 (60.0%) patients had renal disorders. Across indications, no

female patients were pregnant and there was only 1 patient
aged <19 years, who had DLBCL.

3.2. Exposure to CT-P10 and other treatments

Patients with FL, DLBCL, and CLL received a median (range)
of 6 (1-18), 6 (1-8), and 6 (2-6) doses of CT-P10 over a
1-year period, respectively; corresponding mean (SD) doses
per administration were 645 (78) mg, 631 (75) mg, and 822
(70) mg. Two of 108 (1.9%) patients with FL, 14 of 496
(2.8%) patients with DLBCL, and all 16 (100.0%) patients
with CLL received dosage modifications. Dosage modifica-
tions were due to AEs for 1 (0.9%), 7 (1.4%), and 1 (6.3%)
patients with FL, DLBCL, and CLL, respectively. Patients with
RA received a median (range) of 2 (1-2) doses over a 24-
week period. All administered doses were 1,000 mg; thus,
no patients received a dosage modification. Patients with
GPA/MPA received a median (range) of 4 (2-4) doses over a
24-week period. The mean (SD) administered dose was 554
(76) mg, with 1 of 15 (6.7%) patients receiving a dosage
modification. The dosage modification was not due to an AE
but made due to an incorrect dose set at the first
administration.

Most patients (615/620; 99.2%) with NHL and CLL were
receiving anticancer chemotherapy; 504 (81.3%) patients

Total population

Excluded from safety population (n = 19)

« Did not meet inclusion criteria (n = 3)
* Received study drug prior to contract (n = 2)

*

Patients with CLL (n = 16)
Patients with RA (n = 42)

N =696
» Met exclusion criteria (n = 16)
* Lost to follow-up (n =7)
« Did not receive study drug (n = 6)
Y
Safety population
N =677

Patients with NHL (n = 604): FL (n = 108); DLBCL (n = 496)

Patients with GPA/MPA (n = 15): GPA (n = 7); MPA (n = 8)

Excluded from effectiveness population (n = 66)
» Missing effectiveness assessments (n = 66)

Y

Effectiveness population
N=611

Patients with CLL (n = 15)
Patients with RA (n = 32)

Patients with NHL (n = 549): FL (n = 101); DLBCL (n = 448)

Patients with GPA/MPA (n = 15): GPA (n = 7); MPA (n = 8)

Figure 1. Study flow diagram.

*Multiple reasons for exclusion from the safety population were present for 8 patients. Five patients were excluded due to meeting exclusion criteria, loss to follow-up, and not receiving
study drug. One patient was excluded due to not meeting inclusion criteria, not receiving study drug, receiving study drug prior to contract, and loss to follow-up. One patient was
excluded due to meeting exclusion criteria and loss to follow-up. One patient was excluded due to not meeting inclusion criteria and receiving study drug prior to contract.

CLL, chronic lymphocytic leukemia; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; NHL, non-Hodgkin's

lymphoma; RA, rheumatoid arthritis.
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Table 1. Patient demographics and baseline characteristics (safety population).

Characteristic NHL (n = 604)* CLL (n = 16) RA (n = 42) GPA/MPA (n = 15)°
Age, median (range), years 62.0 (18.0-91.0) 62.0 (50.0-69.0) 57.5 (31.0-77.0) 59.0 (22.0-79.0)
Male, n (%) 356 (58.9) 13 (81.3) 2 (4.8) 6 (40.0)
Weight, mean (SD), kg 64.2 (12.9) 64.5 (9.7) 57.2 (9.8) 58.8 (11.5)
Prior rituximab use, n (%) 68 (11.3) 1(6.3) 32 (76.2) 2 (13.3)
Disease duration, median (range), years 0.04 (0-24.0) 0.13 (0-6.0) 14.75 (1.4-30.0) 0.08 (0-4.0)
Ann Arbor stage,* n (%)

| 110 (18.2)

Il 131 (21.7)

1] 135 (22.4)

\% 211 (34.9)
Rai stage,” n (%)

0 2 (12.5)

| 1(6.3)

I 3(18.8)

1] 3(18.8)

\% 6 (37.5)

*FL, n = 108 (17.88%) and DLBCL, n = 496 (82.12%).
'GPA, n =7 (46.67%) and MPA, n = 8 (53.33%).
*At baseline.

CLL, chronic lymphocytic leukemia; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis;

NHL, non-Hodgkin’s lymphoma; RA, rheumatoid arthritis; SD, standard deviation.

were receiving rituximab-CHOP. Low proportions of patients
were receiving hormone therapy (1/620; 0.2%), radiotherapy
(4/620; 0.6%), or surgery (4/620; 0.6%). Most patients with
NHL or CLL received concomitant analgesics (556/620;
89.7%), systemic antihistamines (555/620; 89.5%), antie-
metics or antinauseants (518/620; 83.5%), or drugs for
acid-related disorders (439/620; 70.8%). Over half of patients
used concomitant systemic corticosteroids (407/620; 65.6%),
systemic antibacterial agents (349/620; 56.3%), or immunos-
timulants (334/620; 53.9%).

Most patients with RA received concomitant systemic
antihistamines (40/42; 95.2%), systemic corticosteroids
(39/42; 92.9%), immunosuppressants (35/42; 83.3%),
analgesics (34/42; 81.0%), or anti-inflammatory or antirheu-
matic products (32/42; 76.2%). All (15/15; 100.0%) patients
with GPA/MPA received concomitant systemic antihista-
mines and systemic corticosteroids, and most received
analgesics (14/15; 93.3%), systemic antibacterial agents
(13/15; 86.7%), or immunosuppressants (9/15; 60.0%).

Table 2. Summary of safety, by indication (safety population).

3.3. Safety

A summary of the safety findings is shown in Table 2. Of the 620
patients with NHL or CLL, 424 (68.4%) experienced a total of
1,717 AEs. The most common AE was nausea, reported by 69
(11.1%) patients with NHL or CLL (Supplementary Table 3). The
majority of AEs were mild (1,152 [67.1%] events) or moderate
(424 [24.7%)] events) in severity, with the remaining AEs classified
as severe (125 [7.3%] events), life-threatening (2 [0.1%] events), or
leading to death (14 [0.8%] events). The life-threatening AEs were
one case of neutrophil count decreased and one case of respira-
tory arrest. Deaths were predominantly due to infections (pneu-
monia [n = 4], sepsis/septic shock [n = 4], pseudomembranous
colitis [n = 1], and pneumonia cytomegaloviral [n = 1]). The
remaining cases were due to cardiomyopathy (n = 1) or were
of unknown cause (n = 3). Two of the 14 deaths were considered
to be possibly related to CT-P10 treatment, comprising one of
the deaths due to pneumonia, reported in a 66-year-old female
patient with DLBCL, and one of the deaths due to sepsis,

NHL/CLL RA GPA/MPA
Patients, n (%) (n = 620) (n =42) (n=15)
Any AE 424 (68.4) 13 (31.0) 13 (86.7)
ADR* 172 (27.7) 6 (14.3) 2 (13.3)
Any serious AE 102 (16.5) 5(11.9) 7 (46.7)
Serious ADR 1 (5.0) 3(7.1) 1(6.7)
Any unexpected AE 195 (31.5) 11 (26.2) 11 (73.3)
Unexpected ADR 9 (4.7) 4 (9.5) 1(6.7)
Any AE leading to discontinuation of study drug 6 (5.8) 1(2.4) 2 (13.3)
ADR leading to discontinuation of study drug 6 (2.6) 1(2.4) 0
Death 4 (2.3) 0 2 (13.3)
Death due to ADR 5+ (0.8) 0 0

*Causal relationship to treatment with CT-P10 determined as ‘certain,’ ‘probable/likely,” ‘possible,” ‘conditional/unclassified,” or

‘unassessable/unclassifiable.’

Three deaths classified as ‘unassessable/unclassifiable,” and 2 deaths classified as ‘possible.”
ADR, adverse drug reaction; AE, adverse event; CLL, chronic lymphocytic leukemia; GPA, granulomatosis with polyangiitis;
MPA, microscopic polyangiitis; NHL, non-Hodgkin’s lymphoma; RA, rheumatoid arthritis.
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reported in a 79-year-old male with DLBCL. All other deaths were
considered unlikely to be related to CT-P10 treatment (n = 9),
except for the 3 deaths of unknown cause, which occurred in
patients with DLBCL. For these cases, causality was assessed as
‘unassessable/unclassifiable’; thus, a causal relationship to CT-
P10 could not be ruled out and these deaths were considered
ADRs, alongside the 2 deaths considered to be possibly related
to CT-P10 treatment.

ADRs occurred in 172 (27.7%) patients with NHL or CLL
(Table 2), which were most commonly nausea (30 [4.8%]
patients), neutropenia (24 [3.9%] patients), and decreased
appetite (20 [3.2%] patients) (Supplementary Table 4).
Serious ADRs occurred in 31 (5.0%) patients with NHL or CLL
(Table 3); pneumonia was the most frequent serious ADR,
reported by 7 (1.1%) patients. Unexpected ADRs occurred in

Table 3. Summary of serious ADRs by
population).

29 (4.7%) patients (Supplementary Table 4). The most com-
mon unexpected ADRs were an increase in hepatic enzymes,
erythema, death, and oropharyngeal pain, each reported by 3
(0.5%) patients, followed by dermatitis contact, dysuria, and
chest discomfort, each reported by 2 (0.3%) patients. Sixteen
(2.6%) patients experienced an ADR leading to discontinuation
of CT-P10, most commonly due to pneumonia (4 [0.6%]
patients) or death (3 [0.5%] patients).

Of the 42 patients with RA, 13 (31.0%) patients reported a
total of 35 AEs. The most frequent AE was cough, experienced
by 3 (7.1%) patients (Supplementary Table 3). All AEs were
classified as mild (21 [60.0%] events) or moderate (12 [34.3%]
events), with the exception of one severe case each of osteo-
myelitis and Pneumocystis jirovecii pneumonia. Eight ADRs
(herpes  zoster,  osteomyelitis,  Pneumocystis  jirovecii

Preferred Term, by indication (safety

System Organ Class
Preferred Term, n (%)

NHL/CLL (n = 620)

Any serious ADR 31 (5.0)
Infections and infestations
Pneumonia 7 (1.1)
Herpes zoster 3 (0.5)
Atypical pneumonia 1(0.2)
Cytomegalovirus infection 1(0.2)
Fungal pneumonia 1(0.2)
Herpes simplex 1(0.2)
Mycobacterial infection 1(0.2)
Sepsis 1(0.2)
Septic shock 1(0.2)
Blood and lymphatic system disorders
Febrile neutropenia 5(0.8)
Neutropenia 2 (0.3)
Pancytopenia 1(0.2)
Thrombocytopenia 1(0.2)
General disorders and administration site conditions
Death** 3(0.5)
Asthenia 1(0.2)
Pyrexia 1(0.2)
Respiratory, thoracic, and mediastinal disorders
Interstitial lung disease 1(0.2)
Pneumonitis* 1(0.2)
Respiratory arrest* 1(0.2)
Cardiac disorders
Supraventricular tachycardia 1(0.2)
Gastrointestinal disorders
Vomiting 1(0.2)
Nervous system disorders
Dizziness 1(0.2)
System Organ Class RA (n = 42)
Preferred Term, n (%)
Any serious ADR 3(7.1)
Infections and infestations
Osteomyelitis* 1(2.4)
Pneumocystis jirovecii pneumonia* 1(24)
Pneumonia* 1(2.4)

System Organ Class
Preferred Term, n (%)

GPA/MPA (n = 15)

Any serious ADR
Infections and infestations
Atypical pneumonia

1(6.7)

1(6.7)

*Unexpected serious ADR.

Event was unassessable/unclassifiable as cause of death was unknown.
ADR, adverse drug reaction; CLL, chronic lymphocytic leukemia; GPA, granulomatosis
with polyangiitis; MPA, microscopic polyangiitis; NHL, non-Hodgkin's lymphoma;

RA, rheumatoid arthritis.



pneumonia, pneumonia, pain in extremity, cough, pruritus,
and rash) occurred in 6 (14.3%) patients; no ADR was experi-
enced by more than 1 patient (Supplementary Table 4).
Serious ADRs occurred in 3 (7.1%) patients, comprising one
case each of osteomyelitis, Pneumocystis jirovecii pneumonia,
and pneumonia (Table 3). Five unexpected ADRs occurred in 4
(9.5%) patients: one case each of herpes zoster, osteomyelitis,
Pneumocystis jirovecii pneumonia, pneumonia, and cough
(Supplementary Table 4). One (2.4%) patient experienced
an ADR leading to discontinuation of CT-P10 (Pneumocystis
jirovecii pneumonia). There were no deaths.

Of the 15 patients with GPA or MPA, 13 (86.7%) patients
reported a total of 45 AEs. The most frequent AE was pneu-
monia, which was experienced by 4 (26.7%) patients
(Supplementary Table 3). The majority of AEs were mild (6
[13.3%] events) or moderate (33 [73.3%] events), with 4 (8.9%)
AEs classified as severe. No AEs were classed as life-threaten-
ing. ADRs occurred in 2 (13.3%) patients: one case each of
atypical pneumonia and laryngeal edema (Supplementary
Table 4). The case of atypical pneumonia in 1 (6.7%) patient
was considered to be a serious ADR (Table 3), while the case of
laryngeal edema in 1 (6.7%) patient was considered to be an
unexpected ADR (Supplementary Table 4). No patients
experienced ADRs leading to discontinuation of CT-P10. Two
deaths occurred in patients with MPA, one each as a result of
pneumonia and acute kidney injury. Causality was assessed as
unlikely to be related to CT-P10 treatment in both cases.

Across indications, there were no cases of IRR (defined as
cytokine release syndrome or tumor lysis syndrome). One case
of hepatitis B reactivation occurred in the NHL/CLL population.
This was a moderate AE considered unlikely to be related to
CT-P10 treatment, from which the patient was recovering, and
which required CT-P10 treatment to be withdrawn.

Subgroup analyses in the NHL/CLL and RA populations
did not identify statistically significant differences in the
proportions of patients experiencing AEs, other than the
analysis by number of CT-P10 doses received. AEs occurred
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in 18/37 (48.6% [95% exact confidence interval (Cl): 31.9-
65.6]) of patients with NHL/CLL who received CT-P10 once
versus 406/583 (69.6% [95% exact Cl: 65.7-73.4]) of patients
with NHL/CLL who received more than one dose of CT-P10
(Chi square test; P = 0.0077). Owing to the small patient
numbers in different subgroups, statistical analyses in the
GPA/MPA population were not considered to be clinically
meaningful.

3.4. Effectiveness

Effectiveness findings are presented in Table 4. For patients with
NHL, the response rate was 96.7% and 50.8% for rituximab-naive
and switched patients, respectively. For patients with CLL, all
(100.0%) rituximab-naive patients were responders; no patients
switched to CT-P10 from another rituximab product. In the RA
effectiveness population, the response rate was 77.8% for ritux-
imab-naive patients and 100.0% for patients switched from
another rituximab product. In the GPA/MPA effectiveness popu-
lation, response rates were 38.5% and 100.0% for rituximab-
naive and switched patients, respectively.

4. Discussion

Within this PMS study, the safety and effectiveness of CT-P10
in patients with NHL, CLL, RA, GPA, and MPA were assessed
during routine clinical practice in the Republic of Korea. As
well as extending clinical trial findings regarding CT-P10 treat-
ment in patients with FL and RA, this study provides evidence
regarding the safety and effectiveness of CT-P10 in the DLBCL,
CLL, GPA, and MPA indications that were not evaluated in
randomized controlled trials for CT-P10, instead receiving reg-
ulatory approval through the extrapolation of biosimilarity
conclusions [29]. In addition, this PMS study investigated the
safety profile of CT-P10 in patients with RA and FL who
switched from other rituximab products at study entry, in
contrast to the patients enrolled in the clinical trials who

Table 4. Summary of effectiveness, by indication (effectiveness population).

Responders, Non-responders, Not evaluable,
n n (%) n (%) n (%)

NHL

Rituximab-naive 484 468 (96.7) 16 (3.3) 0

Switched 65 33 (50.8) 3 (4.6) 29 (44.6)
FL

Rituximab-naive 78 77 (98.7) 1(1.3) 0

Switched 23 16 (69.6) 2 (8.7) 5(21.7)
DLBCL

Rituximab-naive 406 391 (96.3) 15 (3.7) 0

Switched 42 17 (40.5) 1(24) 24 (57.1)
CLL

Rituximab-naive 15 15 (100.0) 0 0

Switched 0 0 0 0
RA

Rituximab-naive 9 7 (77.8) 1(11.1) 1(11.1)

Switched 23 23 (100.0) 0 0
GPA/MPA

Rituximab-naive 13 5 (38.5) 8 (61.5)* 0

Switched 2 2 (100.0) 0 0

*No change in response for 4 (30.8%) patients, and deterioration in response for 4 (30.8%) patients.
CLL, chronic lymphocytic leukemia; DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma;
GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; NHL, non-Hodgkin’s lymphoma;

RA, rheumatoid arthritis.
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were rituximab-naive at baseline [15-17]. Overall, the study
findings in terms of AEs, ADRs, and serious ADRs were con-
sistent with the known safety profile of CT-P10 and other
rituximab products, with ADRs reported in approximately
28% of patients with NHL or CLL, 14% of patients with RA,
and 13% of patients with GPA or MPA. CT-P10 was well
tolerated, and the majority of AEs were of mild or moderate
severity. Many of the most common ADRs were as expected in
each indication, based on those listed in the product label; for
example, for patients with NHL/CLL, nausea and neutropenia
are identified as ‘very common’ ADRs in the CT-P10 prescrib-
ing information [10].

Several unexpected ADRs occurred, as shown in
Supplementary Table 4. Oropharyngeal pain and erythema
have been described in association with IRRs in the prescrib-
ing information for patients with RA [10]; in this study, these
events were reported as unexpected ADRs in patients with
NHL/CLL, alongside chest discomfort, for example. Chest dis-
comfort and erythema have been reported as ADRs associated
with CT-P10 treatment in a hospital-based intensive safety
monitoring study for patients with NHL/CLL [34]. Pneumonia
and cough, reported as unexpected ADRs in patients with RA
in the current study, are mentioned in relation to serious
infections and manifestations of IRRs in the US prescribing
information [3], and reported as ADRs in patients with NHL/
CLL in the Korean prescribing information [32]. Of the other
unexpected ADRs reported by patients with RA, herpes zoster
is identified as an ADR in other indications in the prescribing
information [10], while several real-world reports in patients
with RA describe herpes zoster occurrence with rituximab
treatment [35-39]. In addition, Pneumocystis jirovecii infection
is categorized as a rare ADR in the prescribing information for
NHL/CLL indications [10], while Pneumocystis jirovecii pneumo-
nia has been associated with rituximab treatment in an RA
registry study [39]. A retrospective study has also reported
osteomyelitis associated with rituximab treatment in a patient
with pemphigus foliaceus [40]. Laryngeal edema, the only
unexpected ADR in the GPA/MPA indication, is identified as
an uncommon ADR for rituximab-treated patients with RA in
the prescribing information [10]. In summary, many of the
unexpected ADRs reported in the current PMS study have
been described previously with rituximab treatment. Overall,
there were limited numbers of unexpected serious ADRs in
this study, none of which raised new safety concerns. While a
number of unexpected AEs were reported during the surveil-
lance period for patients with NHL or CLL, the majority of
those considered possibly or probably drug related occurred
in only a single patient and did not raise a new safety signal.
The number of unexpected AEs reported in patients with RA
or GPA/MPA was lower, none of which raised concerns.

The proportion of CT-P10-treated patients with NHL experi-
encing AEs (68%) was slightly lower than previously reported
in randomized comparative studies of patients with previously
untreated advanced FL (90% after up to 3 years) [18] and
patients with low-tumor-burden FL (88% after up to
27 months) [41]. In the current study, the most common
ADRs were nausea and neutropenia in the NHL/CLL popula-
tion, which were also among the most common treatment-

emergent AEs reported after long-term follow-up in the CT-
P10 clinical studies in patients with FL [18,41]. Events of pneu-
monia and febrile neutropenia, which were also reported in
the current PMS study, are listed as ‘common’ and ‘very com-
mon’ ADRs in the prescribing information for CT-P10 [10]. In
patients with RA, the rate of AEs reported with CT-P10 in the
present study (31%) was lower than in the phase 3 rando-
mized clinical study (60%) after 24 weeks [14]. In total, 6 (14%)
and 3 (7%) patients with RA experienced ADRs and serious
ADRs, respectively, and no patient experienced multiple ser-
ious ADRs. Subgroup analyses were also conducted for the
safety findings: results demonstrated a significantly lower inci-
dence of AEs in patients with NHL/CLL who had undergone
one treatment cycle compared with those who had received
more than one treatment cycle (49% versus 70%, respectively;
P = 0.0077). This suggests that the incidence of AEs increases
with treatment exposure.

In terms of the effectiveness analyses, high response rates
were observed with CT-P10 in the NHL/CLL population in the
current study, with 97% of rituximab-naive and 51% of switched
patients categorized as responders. Given that patients with
DLBCL comprised the majority (82%) of the NHL/CLL population,
the response rate for rituximab-naive patients was comparable
to the overall response rate reported for previously untreated
patients with DLBCL, who received CHOP in combination with
reference rituximab or CT-P10 in a retrospective, single-center
study in Korea (92-97%) [42]. The response rate for rituximab-
naive patients was also comparable to findings reported for
patients with previously untreated NHL or CLL, who had received
either reference rituximab or CT-P10 in a non-interventional,
retrospective study conducted in the UK (94-98%) [43]. The
lower response rate in switched patients may reflect experience
that BOR is usually achieved within several months after ritux-
imab administration for NHL/CLL [44-46]; as such, the switched
patient group might have had a higher response rate following
previous administration of other rituximab products, prior to the
patients receiving CT-P10 and entering this PMS study. In addi-
tion, the response rate for switched patients was higher for those
with FL (70%) compared with DLBCL (41%), which may reflect the
more positive prognosis in indolent NHL [47].

High response rates were also reported in the RA popula-
tion, with 78% and 100% of rituximab-naive and switched
patients categorized as responders, respectively. This finding
is consistent with previous observations in real-world settings
that repeated cycles of rituximab provide clinical improve-
ments in patients with RA [48,49]. In addition, the response
rate for switched patients demonstrates that switching from
other rituximab products to CT-P10 did not result in clinically
meaningful differences in DAS28 response, reflecting findings
from a single-center, real-world switching study [50]. For
patients with GPA/MPA, response rates of 38% and 100% for
rituximab-naive and switched patients were identified, respec-
tively; however, few patients were evaluated in the current
study and further data collection may be necessary to fully
investigate the effectiveness of CT-P10 in these indications.

There are a number of strengths and limitations to the pre-
sent study. The demographic and baseline disease characteristics
and concomitant medication use of patients included in this



study were consistent with the approved target populations in
the CT-P10 label [32]. In addition, patients received the recom-
mended dosage and regimen of CT-P10, according to the pro-
duct label [32]. A large population of patients with NHL was
included in this PMS study, comprising individuals with both FL
and DLBCL; however, the sizes of the study populations with CLL
and GPA/MPA were relatively small. Findings in the RA popula-
tion are also limited by the low proportion of male patients. As
such, further studies are warranted in these populations to con-
firm and extend the findings of the current analysis. Overall,
there was a comprehensive evaluation of the safety profile for
CT-P10 in this PMS study, and effectiveness evaluations used
clinically relevant disease-specific measures. Effectiveness ana-
lyses were also conducted separately for rituximab-naive and
switched patients, providing pertinent information for the use
of CT-P10 in routine clinical practice. Most patients with NHL or
CLL received anticancer chemotherapy alongside CT-P10, con-
sistent with the prescribing information [32]. This gives rise to a
further limitation, in that concomitant medications may present
a challenge for the attribution of ADRs to CT-P10. However, this
reflects the use of CT-P10 in clinical practice, and therefore
provides a relevant representation of the overall treatment safety
profile. Considering that this observational study drew on experi-
ence with CT-P10 treatment in routine clinical practice, we
believe that our findings should be generalizable to the wider
patient population.

5. Conclusions

The findings of this PMS study of CT-P10 in patients with
NHL, CLL, RA, or GPA/MPA treated in routine clinical prac-
tice in the Republic of Korea are consistent with the known
safety profiles of CT-P10 and reference rituximab. Tolerable
safety profiles were observed for patients who switched
from other rituximab products to CT-P10, as well as for
rituximab-naive patients who initiated CT-P10. Serious
ADRs were reported in a small proportion of patients, but
the incidence was manageable and aligned with expecta-
tions. In terms of effectiveness, a high response rate was
demonstrated for rituximab-naive patients with NHL or CLL
in a real-world setting. Overall, CT-P10 was effective and
well tolerated with no unexpected safety findings in
patients treated during routine clinical practice in the
Republic of Korea.
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