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Abstract Diffuse large B cell lymphoma (DLBCL) is the
most common form of non-Hodgkin lymphoma among
adults, although it also affects the young and the elderly.
DLBCL is treated with a chimeric monoclonal antibody
against CD20, a B cell surface protein, named rituximab, in
combination with a multidrug chemotherapeutic regimen.
However, owing to its high cost, rituximab cannot be
afforded by patients in developing or underdeveloped
countries. In such cases, biosimilars of rituximab have been
used instead of rituximab, with equivalent efficacy. In this
single center, retrospective, observational study, we have
compared patient outcomes such complete response (CR),
partial response (PR), and overall response rate (ORR) in a
cohort of 152 patients in an Indian hospital, who were
treated either with innovator rituximab or Reditux, a
biosimilar. We observed that the ORRs of both groups
(88% in innnovator group and 82% in biosimilar group)
were comparable. There was no statistically significant
difference between the two groups in terms of CR
(p = 0.353), PR (p = 0.42), ORR (p = 0.23), unfavorable
responses, and stable or progressive disease (p = 0.42).
The number of patients who died due to complications
were few, and there was no significant difference between
the two groups. The differences in the 3-year event-free
survival and overall survival were not statistically signifi-
cant. Biosimilar rituximab can suitably and safely replace
the innovator rituximab for treatment of diffuse large B cell
lymphoma.
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Introduction

Diffuse large B cell lymphoma (DLBCL), the most com-
mon form of non-Hodgkin lymphoma among adults [1],
and accounts for 40% of all cases worldwide [2]. Although
heterogeneous and aggressive, DLBCL can be cured using
chemotherapy or a combination of chemotherapy and
immunotherapy. Till the last two decades, DLBCL was
treated with a multiagent chemotherapy regimen consisting
of cyclophosphamide, vincristine, doxorubicin, and pred-
nisone, referred to as “CHOP.” The addition of
immunotherapy with rituximab to CHOP (R-CHOP) has
improved overall survival (OS) and progression free sur-
vival (PFS) in young as well as elderly patients with
DLBCL, as is evident from the results of the Lymphome
Non Hodgkinien study 98-5 (LNH98-5) trial [3] and
MabThera International Trial (MInT) [4] trials. Rituximab
is a chimeric mouse-human monoclonal antibody directed
at CD20 on the B cell surface [5]. Binding of rituximab to
CD20 triggers cell death. Studies show 55.8% survival at
6 years among patients receiving only CHOP and 74.3%
among patients receiving R-CHOP [4].

However, the cost of DLBCL therapy has increased
manifold after the addition of rituximab to the standard
therapeutic regimen. In fact, in developing countries such
as India, this drug was out of reach for economically
constrained patients till the first biosimilar of rituximab
was launched in India in 2007 [6]. Since then, several
biosimilars of rituximab have been introduced in the mar-
ket. As the synthesis of biological molecules involves
complex steps, the biosimilar may not be clinically
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equivalent to the reference molecule in terms of efficacy
and safety, and therefore not always interchangeable even
for the same indication [7]. Although cost is a cause of
major concern when providing standard of care, it is
imperative that efficacy and safety should not be compro-
mised while using biosimilar molecules. Indeed previous
studies have shown that the efficacies of certain biosimilars
were equivalent to that of rituximab. In this study, we
investigated whether the innovator rituximab molecule and
its biosimilar are interchangeable, and compared the effi-
cacy these molecules in treating patients with DLBCL in a
tertiary care center in India.

Materials and Methods

This was a single center, retrospective, observational study
performed in the Department of Hematology at a tertiary
care centre in India. The study was approved by the
institutional review board. Informed consent waiver was
obtained for the purpose of the study.

Patients

Patients newly diagnosed with previously untreated
DLBCL from January 2011 to December 2014, who were
treated with R-CHOP chemotherapy regimen at this hos-
pital, were included in this study. Patients who presented
with relapsed disease or were initially treated outside this
hospital were excluded from the study. Patients who were
lost to follow-up before completion of six cycles of
R-CHOP were excluded from the final analysis on out-
comes but were accounted for in each arm.

Treatment

The patients made an informed decision to receive either
innovator rituximab or a biosimilar of rituximab, called
Reditux (Dr. Reddy’s Laboratory, Hyderabad, India). The
innovator molecules used were Mabthera (Roche, marketed
by Roche in India), Ikgdar (Roche, marketed by Emcure
Laboratories, Pune, India), and Ristova (Roche, marketed
by Roche in India). Rituximab was administered at a dose
of 375 mg/m” along with the standard CHOP regimen.
None of the patients received antibiotic prophylaxis.

Response to Treatment

Patients were assessed for response to chemotherapy at the
end of six cycles of R-CHOP. The response assessment
tools used were predominantly computed tomography (CT)
or positron emission tomography (PET) scan, but in some
cases included ultrasound and chest X-ray only, as per the
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financial suitability of the patient. The responses were
categorized as complete response (CR), partial response
(PR), stable disease, progressive disease or relapse as per
the Lugano criteria [8].

Statistical Analysis

A comparative statistical analysis was performed between
two groups who received either innovator rituximab or the
biosimilar molecule. Statistical analyses were performed
using SPSS 14.0 (SPSS, Chicago Ill). Patients’ demo-
graphics and clinical characteristics were expressed as
proportions and compared across treatments using two-
tailed Chi squared tests. Treatment efficacy was expressed
as proportions of CR, PR and CR + PR, and compared
across treatments using two-tailed Chi squared tests and
odds ratios with 95% confidence intervals (CI). P val-
ues < 0.05 were considered statistically significant. The
outcomes measured included overall response rates (ORR),
event free survival (EFS) and OS. OS was calculated from
the date of diagnosis to date of death due to any cause. EFS
was calculated from the date of diagnosis to date of disease
progression, relapse, or death. The Kaplan—Meier method
was used to estimate EFS and OS, and differences were
compared using the two-sided log rank test.

Results
Patient Characteristics

Three hundred and twelve patients were evaluated to have
DLBCL between years 2011 and 2014 at this institute
(Fig. 1). Among these, 288 patients opted to get treated at
this hospital. One hundred and thirty-six patients were
excluded from the analysis as they received regimens other
than R-CHOP (due to financial constraints, 100 patients
received standard CHOP/CVP regimens without rituximab,
12 patients received R-CVP at physician’s discretion due to
poor performance, 15 patients received intensive protocols
other than R-CHOP due to high risk disease, two patients
received the modified McGrath protocol for primary CNS
lymphoma, and seven patients were lost to follow-up
before the completion of chemotherapy). One hundred and
fifty-two patients (n = 152) with newly diagnosed diffuse
large B cell lymphoma satisfied the inclusion criteria and
were analyzed in this study. Out of the 152 patients, 60
patients (39.4%) received the innovator rituximab molecule
and 92 patients (60.6%) received the biosimilar molecule.

The baseline characteristics of all patients are shown in
Table 1. In the biosimilar group, a significantly higher
number of patients had elevated serum lactate dehydroge-
nase (LDH) levels (88% vs. 62% in the innovator group)
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Fig. 1 Patient inclusion
diagram

Included in the analysis

Newly diagnosed DLBCL
(2011-2014)
N=312

Opted for
treatment
N=288

Excluded from the analysis

HOP

R-C

R-CVP, n=12

Other intensive protocol, n=17
Lost to follow-up, n=7

Innovator rituximab
(Ristova or Ikdgar)
N=60

Biosimilar rituximab
(Reditux)
N=92

(P = 0.001), which is a predictor of central nervous system
relapse in DLBCL. The revised International Prognostic
Index (R-IPI) was significantly lower in patients receiving
the innovator molecule (R-IPI 0/5 was 24% in the inno-
vator group compared to 5% in the biosimilar group
(P =0.001). There was no statistically significant differ-
ence in number of extra-nodal sites, stage at presentation,
or bulk disease between the two groups.

Response Assessment Tool

Out of 60 patients who received the innovator rituximab,
the response to six cycles of R-CHOP was evaluated with
CT scan in 87% patients, with PET-CT scan in 9% cases,
and with X-ray/ultrasound in 4% cases. Out of the 92
patients who received the biosimilar molecule, the response
was evaluated with CT scan in 81% patients, with PET-CT
scan in 10%, and with X-ray/ultrasound in 8% cases.

Table 1 Characteristics of 152

.. . . Characteristic Innovator rituximab Biosimilar rituximab P value
eligible patients with newly
diagnosed DLBCL in the Total (N) 60 92
innovator and biosimilar
rituximab groups Gender [n (%)]
Male 46 (76) 65 (70) 0.414
Female 14 (24) 27 (30)
Median age at diagnosis [y (range)] 52 (15-78) 50 (20-76) 0.443
Elderly (> 60 years) [n (%)] 17 (28) 21 (23) 0.443
LDH(IU/L) > ULN? [n (%)] 37 (62) 81 (88) 0.001
Extra-nodal sites > 2 [n (%)] 2(1) 2(2) 0.225
Bulk disease [n (%)] 8 (13) 20 (22) 0.191
Stage III/IV [n (%)] 30 (50) 49 (54) 0.323
R-IPI® [n (%)]
0 14 (24) 4(5) 0.001
1-2 24 (40) 54 (58)
3-5 22 (36) 34 (37)

“ULN Upper limit of normal

PR-IPI Revised International Prognostic Index
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Table 2 Comparison of

. . Response category Innovator rituximab Biosimilar rituximab P value

outcomes in patients treated

vyith 'innovator and biosimilar Total (N) 60 92

rituximab
Overall response [n (%)] 53 (88.3) 76 (82.6) 0.235
Complete response [n (%)] 46 (76) 59 (64.1) 0.353
Partial response [n (%)] 7 (11.6) 17 (18.4) 0.425
Stable/progressive [n (%)] 5(8.3) 12 (13) 0.435
Neutropenia-associated mortality [n (%)] 2 (3.3) 4 (4.3) 0.900

Outcomes was 76% (46/60) and PR rate 11.6% (7/60). Five out of 60

The response rates of the whole group treated with
R-CHOP were as follows: CR was observed in 69.07%
(105/152) and PR in 15.7% (24/152) cases, with ORR of
84.8%. Stable or progressive disease was observed in
11.1% (17/152) patients. Table 2 shows the outcomes in
the two groups. In the innovator rituximab group, CR rate

Overall survival
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(8.3%) patients showed unfavorable responses (four
showed progressive disease and one showed stable dis-
ease). Two patients died in this group due to febrile neu-
tropenia. In the biosimilar group, the CR rate was 64.1%
(59/92), whereas PR was observed in 18.4% (17/92)
patients. Twelve out of 90 (13.4%) showed unfavorable
responses. (nine patients showed progressive disease and
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Fig. 2 Overall. progression-free, and event-free survival in patients treated with innovator and biosimilar rituximab
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Table 3 Univariate analysis of

. . Characteristic
factors affecting overall survival

Univariate analysis Multivariate analysis

in patients treated with
innovator and biosimilar
rituximab

Age [y (< 60 vs. > 60)]
Gender (Male vs. Female)
ECOG (0-1 vs. 2-4)

LDH (IU/L) > ULN?*
Extra-nodal sites > 2

Bulk disease

Stage III/IV

R-IPT (0-1 vs. 2-3 vs. 4-5)

HR 1.7, CI 0.3-8.6, p = 0.43
HR 1.7, CI 0.3-8.6, p = 0.43
HR 10.3, CI 2.2-48.1, p = 003"
HR 1.4, CI 0.3-64, p = 0.62
HR 0.26, CI 0.06-1.0, p = 0.08
HR 2.7, CI 0.4-16.4, p = 0.15
HR 3.0, CI 0.75-12.1, p = 015
p=0.03"

HR 1.6, CI 0.5-4.6, p = 0.3

HR 1.4,CI10.6-3.2,p =03

AULN Upper limit of normal
“p < 0.05

three had stable disease). Four patients died in this group,
all due to complications related to febrile neutropenia.
There was no statistically significant difference between
the two groups in terms of CR (P = 0.353), PR (P = 0.42),
ORR (P =0.23), unfavorable responses, and stable or
progressive disease (P = 0.42). The number of patients
who died due to complications was few, and there was no
significant difference between the two groups. One patient
in the innovator rituximab group and four patients in the
biosimilar group relapsed during the follow-up period of
this study (median follow-up period was 17 months for the
innovator rituximab group (range 6.3-46.3 months) and
13.5 months (range: 5.6—42 months) for the biosimilar
group). The 3-year EFS in the innovator rituximab group
and biosimilar groups were 82.1% + 6% versus
68.2% =+ 1%, respectively. This difference was not statis-
tically significant. (P = 0.353). The 3-year OS in the
innovator and biosimilar groups were 93.5% =+ 3.8% ver-
sus 79.8% =+ 10.4%. These differences were not statisti-
cally significant (P = 0.425) (Fig.2). The factors
predicting survival were investigated in a univariate anal-
ysis. ECOG status > 2 at diagnosis and R-IPI 3-5 pre-
dicted significantly inferior survival. More importantly,
Rituximab type- innovator or biosimilar, did not impact
overall survival. (Table 3). In the multivariate analysis,
both ECOG status and R-IPI both did not affect overall
survival.

Discussion

In this retrospective single center study, the efficacy of
biosimilar rituximab was compared with that of innovator
rituximab in patients with newly diagnosed DLBCL. The
baseline characteristics of the patients with DLBCL in this
study were comparable to those of patients in the
prospective GELA LNH 98-5 and MInT trials [3, 4]. In
addition, the baseline characteristics were comparable
between the biosimilar and innovator rituximab-treated

groups. The ORRs of both groups (88% in innnovator
group and 82% in biosimilar group) were comparable and
were similar to those observed in other trials (GELA LNH-
98 and MInT) [3, 4]. The EFS and OS in the two groups
were similar to those demonstrated in previous trials (in
GELA LNH 98-5 and in MInT trials). The innovator group
had similar outcome as compared to biosimilar rituximab
in terms of 3-years EFS (82.1% vs. 68.2%; P = 0.353) and
OS (93.5% vs. 719%; P = 0.425), with no statistically sig-
nificant difference in EFS or OS between the two
molecules.

Approval of rituximab as an immunotherapeutic in 1997
had dramatically transformed the treatment of CD20-pos-
itive lymphoproliferative disorders. Two decades later,
cost-effective second-generation molecules and biosimilars
with biological advantages are emerging, which necessi-
tates critical appraisal of the accumulating evidence for
selecting the appropriate anti-CD20 for therapy. Biosimi-
lars are chemically and biologically highly similar to the
original molecule. However, their clinical similarity to the
original molecule must be evaluated and trials should be
designed to determine whether they are equally efficacious
and safe as the reference product. Owing to the lesser
clinical examinations required prior to launching a
biosimilar in the market, the production cost of biosimilars
is considerably lower than that of the licensed innovator/
reference product. The spiraling high cost of anti-cancer
medication worldwide can therefore be abated partially by
using suitable biosimilars. Indeed, the global biosimilars
market is predicted to reach US$35 billion by 2020 [9]. A
budget impact analysis in 28 European countries showed
that the introduction of CT-P10 in the European Union
(EU) will be associated with significant budget savings,
which will enable many more patients to access ritux-
imab treatment [10]. This will exert significant positive
effects on both patients and the society by relieving
national healthcare expenses, especially in developing and
resource-poor countries.
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Several biosimilars for rituximab exist, the efficacies of
which have been clinically tested for rheumatoid arthritis
[11, 12] and lymphoproliferative disorders [13-15]. A
randomized, double-blind parallel-group, active-controlled
study (phase III trial; NCT02162771 and NCT02260804)
was performed on patients aged > 18 years with Ann
Arbor stage III-IV follicular lymphoma to test the phar-
macokinetics and efficacy of CT-P10, a rituximab
biosimilar [13, 14]. Results showed that CT-P10 exhibited
non-inferior efficacy and pharmacokinetic equivalence
to rituximab. The ORs of both the CT-P10 and rituximab-
treated groups were similar (97% vs. 92.6%), which is in
agreement with our observations with Reditux, another
rituximab biosimilar [13]. Similar results were obtained in
a phase III, multinational, double-blind, randomized, con-
trolled trial of GP2013 (another rituximab biosimilar) on
858 young adults with previously untreated advanced stage
follicular lymphoma (NCT01419665) [15]. Occurrence of
adverse events and serious adverse events were similar
between the treatment groups, and neutropenia was the
most common adverse event [13, 15], which again cor-
roborates our observations.

In the Indian scenario, Gota et al. (2016) investigated
the pharmacokinetics and efficacy of Reditux in a small
cohort of 21 patients with DLBCL on R-CHOP regimen
and compared it with the profile of patients in the Mab-
Thera (rituximab) trial. They observed that the pharma-
cokinetic profile, B cell response, and OS of the patients on
Reditux were similar to those on MabThera, indicating that
Reditux can substitute MabThera in developing countries
[16]. Similar observations were made by Roy et al. (2013),
who compared CR, PFS, and OS for 5 years in 223 patients
with DLBCL on R-CHOP therapy. Out of 223 patients, 101
received MabThera and 72 received Reditux. Toxicity,
tumor response rates, PFS, and OS did not vary signifi-
cantly between the two groups [17]. In a more recent study,
Ganesan et al. (2017) showed no difference (P = 0.5) in the
S-year survival among those who received biosimilar
(78%) versus innovator rituximab (86%) among patients
treated with RCHOP (n = 119) [18]. Similarly, in a
prospective, multicenter, double-blind, randomized trial of
RTXMS83 (a biosmilar rituximab) versus innovator ritux-
imab (Mabthera®/Rituxan®), in combination with CHOP
chemotherapy (RTXM83-CHOP vs. R-CHOP) as first-line
treatment in patients with previously untreated DLBCL, the
biosimilar molecule RTXM83 was non-inferior in terms of
overall response rate. In 241 patients (123 in the RTXM83-
CHOP arm and 118 R-CHOP arm), ORR was 84.7% versus
80.8% in RTXM83-CHOP and the R-CHOP arm, respec-
tively with no different in safety profile [19]. Our obser-
vations with Reditux are in line with the above studies,
suggesting that Reditux should be used widely in the Indian
clinical setting where the health insurance coverage is at
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best dismal (In India, 12% urban and 13% rural population
received protection coverage through any of the public
funded health insurance schemes in year 2014) and more
than 80% of the expenditure for treatment are met by out of
pocket (OOP) primarily through household savings and on
borrowings [20].

We acknowledge the limitation of a retrospective study
design that is inherently subject to a selection bias, and
missing data, especially on infusion-related and organ
toxicities. A prospective randomized trial between com-
paring biosimilars to innovator molecule are required in
DLBCL, similar to those which have been done in Fol-
licular lymphoma [13-15]

In conclusion, the rituximab biosimilar Reditux can be
used safely and effectively to treat patients with newly
diagnosed patients with DLBCL. The prognostic parame-
ters of patients on rituximab-CHOP and Reditux-CHOP
were similar, although the latter is considerably more
affordable. Rituximab biosimilars are expected to remain
important treatment modalities for B cell malignancies
owing to their cost-saving nature. Prospective studies on
cost-effectiveness and toxicities of rituximab biosimilar are
further needed to support these observations.
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