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ABSTRACT

Chronic lymphocytic leukemia (CLL) is managed with observa-
tion for asymptomatic or clinically silent disease; pharmacologic
intervention is generally required for symptomatic patients
with clinically significant adenopathy or cytopenia. In the front-
line treatment of CLL, the current standard-of-care includes
chemotherapy in combination with an anti-CD20 monoclonal
antibody (e.g., rituximab, ofatumumab, or obinutuzumab) or
ibrutinib as single agent. Despite the evolving treatment para-
digm toward targeted therapy, it is likely that rituximab (plus
chemotherapy), with or without targeted agents, will retain a
significant role in CLL treatment. However, patents for many
biologics, including rituximab, have expired or will expire in the
near future. Furthermore, access to rituximab has remained
challenging, particularly in countries with restricted resources.
Together, these concerns have prompted the development of

safe and effective rituximab biosimilars. The term “biosimilar”
refers to a biologic that is highly similar to an approved refer-
ence (originator) product, notwithstanding minor differences in
clinically inactive components, and for which there are no clini-
cally meaningful differences in purity, potency, or safety. Biosi-
milars are developed to treat the same condition(s) using the
same treatment regimens as an approved reference biologic
and have the potential to increase access to more affordable
treatments.We review the importance of rituximab in the cur-
rent treatment of CLL, the scientific basis of its future role in
combination with chemotherapy, and the role of new and
emerging agents in the treatment of CLL, which could poten-
tially be used in combination with rituximab biosimilars. We
also discuss rituximab biosimilars currently in development.
The Oncologist 2018;23:288–296

Implications for Practice: Front-line treatments for chronic lymphocytic leukemia (CLL) include chemotherapy in combination with
an anti-CD20 monoclonal antibody (e.g., rituximab, ofatumumab, or obinutuzumab) or ibrutinib as single agent. Despite the
evolving treatment paradigm, it is likely rituximab (plus chemotherapy) and targeted agents undergoing clinical evaluation will
retain a significant role in CLL treatment. However, patents for many biologics, including rituximab, have expired or will expire in the
near future and, in many regions, access to rituximab remains challenging. Together, these concerns have prompted the
development of safe and effective rituximab biosimilars, with the potential to increase access to more affordable treatments.

INTRODUCTION

Biologic medicines (or biopharmaceuticals) are therapeutic
agents produced by a living organism or its products [1, 2]. Rit-
uximab (Rituxan [Genentech, San Francisco, CA] in the U.S.,
MabThera [Roche, Basel, Switzerland] in Europe) is a chimeric
anti-CD20 monoclonal antibody [3, 4]. The mechanism of action
of rituximab likely involves antibody-dependent cellular cyto-
toxicity and direct signaling [5]. Rituximab is approved for the
treatment of patients with rheumatoid arthritis (RA), granulo-
matosis with polyangiitis, and microscopic polyangiitis, as well
as non-Hodgkin’s lymphomas. In combination with chemother-
apy (fludarabine or bendamustine), rituximab is approved in
chronic lymphocytic leukemia (CLL) [3, 4]. Although novel

targeted small-molecule therapies are emerging for the treat-
ment of CLL, anti-CD20 monoclonal antibodies such as rituxi-
mab are likely to continue to be prescribed with chemotherapy
regimens and potentially in combination with new targeted
agents.

Patents for many widely used biologics, including rituximab,
have expired or will expire in the near future. Moreover, access
to rituximab has been shown to be limited by factors such as
availability, reimbursement, and insurance coverage [6]. Conse-
quently, several manufacturers are developing high-quality,
safe, and effective biosimilars [7]. The U.S. Food and Drug
Administration (FDA) guidance document defines a biosimilar
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as “highly similar to an originator [reference] biologic and for
which there are no clinically meaningful differences between
the two products in terms of safety, purity, and potency” [8]. The
primary amino acid sequence of a biosimilar and the reference
biologic must be identical, and the two must share the same
route of administration, strength, and dosage form [8]. Biosimi-
lars have the potential to mitigate the problems of access to rit-
uximab, increase global opportunities for access to biologic
medicines, and offer savings across health-care systems.

Biosimilars have the potential to mitigate the prob-
lems of access to rituximab, increase global opportu-
nities for access to biologic medicines, and offer
savings across health-care systems.

The purpose of this article is to review the importance of
rituximab in the current treatment of CLL and the scientific
basis of its role in combination with CLL-directed therapies in
the future.We examine the role of new and emerging agents in
the treatment of CLL, which could potentially be used in combi-
nation with rituximab biosimilars. We also discuss rituximab
biosimilars currently in clinical development.

THE CURRENT STANDARD-OF-CARE TREATMENT IN CLL

Chemotherapy in Combination with Anti-CD20
Monoclonal Antibodies
CLL is currently managed by observation for asymptomatic dis-
ease (based on the International Workshop on Chronic Lym-
phocytic Leukemia criteria) [9, 10]. Therapeutic intervention is
generally deemed necessary for symptomatic patients with
clinically significant adenopathy or cytopenia (Fig. 1) [9–11]. In
the front-line treatment of CLL, the current standard of care
includes chemotherapy (fludarabine plus cyclophosphamide
[FC], bendamustine, or chlorambucil [CLB]) in combination with
an anti-CD20 monoclonal antibody (e.g., rituximab, ofatumu-
mab, or obinutuzumab) or ibrutinib as single agent [12–14].
The chemoimmunotherapy regimens are selected on the basis
of patient fitness and are suitable for those without the high-
risk markers of 17p deletion or TP53 mutations, who typically

have a poor prognosis and are largely resistant to chemoimmu-
notherapy regimens [15–17]. Ibrutinib is appropriate in the
front-line setting but of particular importance among patients
with 17p deletion or TP53 mutation.

The approval of combination fludarabine, cyclophospha-
mide, and rituximab (FCR) as first-line therapy was based on a
randomized, phase III study in treatment-na€ıve, physically fit
patients with CD20-positive CLL. Treatment with FCR resulted
in improved overall survival (OS) rates versus FC alone (87% vs.
83%, respectively; p< .01). After 3 years, the progression-free
survival (PFS) rate was 65% with FCR versus 45% with FC
(p< .0001). FCR was generally well tolerated in a fit, young
population, although neutropenia and leukocytopenia were
more frequent with FCR versus FC [12].

The absence of immunoglobulin heavy chain variable
region (IGHV) gene mutations is a major adverse predictive fac-
tor in CLL [18]. Results of long-term follow-up in patients who
participated in phase II studies of FCR as initial therapy [13, 19]
showed that, after a median follow-up of 12.8 years, the PFS
rate was 54% with mutated IGHV and 9% with unmutated
IGHV [20]. These findings are supported by two additional stud-
ies, including one randomized trial, that confirmed long-term
PFS in patients with CLL with mutated IGHV, with an apparent
plateau observed on the PFS curve following FCR treatment
[20, 21]. Together, these studies support the use of FCR in
patients with mutated IGHV and highlight the importance of
this regimen as first-line therapy, even in the era of targeted
therapies.

Some patients with CLL may not be eligible for FCR treat-
ment because of older age, decreased physical fitness, impaired
renal function, or a history of severe infections. These patients
may require an alternative treatment regimen with a more
favorable tolerability profile. Results from a randomized, phase
III, noninferiority trial (German CLL Study Group CLL10) showed
that FCR resulted in superior median PFS versus bendamustine
plus rituximab (BR; 55.2 vs. 41.7 months, respectively) for the
entire cohort of patients with low comorbidity scores (�6) and
intact renal function (glomerular filtration rate�70). There was
no significant difference in 5-year OS between the two treat-
ment arms. However, severe neutropenia and infections were
more frequently observed in patients treated with FCR versus
BR (84% vs. 59% of patients, respectively), albeit without
planned use of myeloid growth factors. This study also reported
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Figure 1. First-line regimens in the treatment of chronic lymphocytic leukemia [65].
Abbreviations: BR, bendamustine, rituximab; CLB, chlorambucil; FCR, fludarabine, cyclophosphamide, and rituximab; Ibr, ibrutinib; mut,

mutations; Obi, obinutuzumab; w&w, watch and wait.
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more frequent infections and more pronounced serious infec-
tious complications in patients aged >65 years treated
with FCR versus BR, even though they met the fitness eligibility
criteria [22]. In the MabThera added to Bendamustine or Chlor-
ambucil in Patients with Chronic Lymphocytic Leukemia study,
patients ineligible for fludarabine treatment because of age or
comorbidities were randomized to either BR or rituximab/CLB.
This study demonstrated superior median PFS with BR versus
rituximab/CLB (39.6 vs. 29.9 months, respectively; p 5 .003),
with no notable differences in safety findings [23]. Based on
the results of these studies, BR is a suitable treatment regimen
for fit, elderly (aged >65 years) patients with CLL and for those
ineligible for fludarabine treatment because of comorbidities
or age.

Obinutuzumab, a humanized anti-CD20 monoclonal anti-
body, was approved by the FDA for use in combination with
CLB in previously untreated CLL, based on a pivotal, random-
ized, phase III trial. Treatment with obinutuzumab/CLB resulted
in improved PFS versus patients treated with rituximab/CLB
(29.2 vs. 15.4 months, respectively; p< .001) [24, 25]; however,
a greater frequency of severe infusion-related reactions was
noted (21% vs. 4% of patients, respectively). Similarly, the inci-
dence of grade 3 or 4 neutropenia was higher in patients
treated with obinutuzumab/CLB versus rituximab/CLB (34% vs.
25% of patients, respectively) [24]. Based on this study, obinu-
tuzumab/CLB is an alternative first-line regimen for less fit or
frail, elderly patients, although the choice of treatment is influ-
enced by local practice. These findings also support the use of
rituximab/CLB, as rituximab also improved PFS and was some-
what better tolerated than obinutuzumab.

Novel Approved Therapeutic Agents
Ibrutinib, a covalently binding inhibitor of Bruton’s tyrosine
kinase, is approved in first-line and relapsed or refractory CLL in
the U.S. and Europe. Ibrutinib is a small-molecule drug, admin-
istered orally. Front-line approval was based on the results of a
randomized, phase III study of ibrutinib versus CLB in previously
untreated elderly patients with CLL and without 17p deletion.
At a median follow-up of 18.4 months, the risk of progression
or death was 84% lower with ibrutinib versus CLB (p< .001). In
addition, ibrutinib significantly prolonged OS compared with
CLB treatment (estimated 2-year OS rate: 98% vs. 85%, respec-
tively). Ibrutinib also resulted in higher overall response rate
(ORR) versus CLB (86% vs. 35%; p< .001). Diarrhea, fatigue,
cough, and nausea were the most frequently reported adverse
events [14].

In a multicenter, randomized, open-label, phase III study of
ibrutinib versus ofatumumab in patients with relapsed or
refractory CLL, ibrutinib resulted in significant improvements in
OS and PFS rates versus ofatumumab, with the 3-year PFS rate
with ibrutinib estimated at 69% [14, 26]. The ORR was also sig-
nificantly higher with ibrutinib versus ofatumumab (42.6% vs.
4.1%, respectively; p< .001) [27]. In a randomized, phase III
study, ibrutinib/BR resulted in a PFS rate of 79% versus 24%
with placebo/BR at a median follow-up of 18 months [28].

Idelalisib is an oral phosphoinositide 3-kinase-delta inhibi-
tor approved for the treatment of patients with relapsed or
refractory CLL in combination with rituximab. Approval was
based on results from a multicenter, randomized, double-blind,
phase III study of idelalisib/rituximab versus placebo/rituximab

in patients with relapsed or refractory cancer considered unfit
for chemotherapy-based regimens, approximately half of
whom had 17p deletion [29]. The median PFS was 19.4 months
with idelalisib/rituximab [30]. Improvements in OS rate (92%
vs. 80%; p 5 .02) and ORR (81% vs. 13% of patients; p< .001)
were also observed with idelalisib/rituximab versus placebo/
rituximab [29]. However, the use of idelalisib is not recom-
mended in the first-line setting because of safety issues,
including infection risk, hepatotoxicity, severe diarrhea, and
pneumonitis [31, 32].

Overexpression of BCL2 has been identified in CLL and
regulates tumor cell survival. Venetoclax is an oral, specific
inhibitor of BCL2 [33]. Venetoclax was recently approved for
treatment in patients with relapsed CLL with 17p deletion,
based on a phase II, single-arm, multicenter study of venetoclax
monotherapy. At a median follow-up of 12.1 months, overall
response was achieved in 79% of patients. The most frequent
adverse events were neutropenia, infection, anemia, and
thrombocytopenia [34].

THE ROLE OF RITUXIMAB AND NOVEL AGENTS IN AN

EVOLVING TREATMENT PARADIGM
Given the large body of supportive data from randomized trials
and extensive clinical experience, it is likely that rituximab (in
combination with chemotherapy) will continue to retain a sig-
nificant role in the management of CLL. Although obinutuzu-
mab/CLB does not result in prolonged OS (vs. rituximab/CLB), a
randomized clinical study demonstrated improved PFS with
obinutuzumab/CLB versus rituximab/CLB. In this study, obinu-
tuzumab/CLB was associated with more frequent and severe
infusion-related reactions and neutropenia compared with rit-
uximab/CLB [24]. This finding, together with similar toxicity
reported in phase I studies of obinutuzumab with chemoimmu-
notherapy [35], makes it uncertain whether obinutuzumab will
replace rituximab in combination with myelosuppressive che-
moimmunotherapies such as FC or bendamustine. However,
studies of obinutuzumab plus targeted therapies are ongoing
(ClinicalTrials.gov identifiers: NCT01671904, NCT02445131,
NCT02320383, NCT02950051).

Ibrutinib was approved for the treatment of relapsed/
refractory CLL in 2014, and although its activity is profound, the
long-term effects are not fully understood, and data on mecha-
nisms of resistance, as well as robust clinical data on how to sal-
vage those who relapse, are limited [36]. Studies have shown
ibrutinib plus an anti-CD20 monoclonal antibody results in
abrogation of lymphocytosis [37–39]. However, at present,
there are no data from randomized clinical trials to support the
combination of ibrutinib/rituximab. The evaluation of ibrutinib/
rituximab versus FCR in fit patients with untreated CLL is
ongoing in two phase III, randomized, open-label, parallel-
group studies: one in the U.S. (NCT02048813) and one in the
U.K. (CRUK/12037). BR versus ibrutinib (alone or with rituxi-
mab) is currently under investigation in a phase III, randomized,
open-label, crossover study in treatment-na€ıve patients
(NCT01886872). Rituximab is undergoing evaluation in combi-
nation with venetoclax versus BR in the relapsed/refractory set-
ting in a phase III, randomized, open-label, parallel-group
registration study (NCT02005471). As treatment recommenda-
tions evolve, findings from these studies may influence the role
of rituximab in combination with targeted therapies.
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The long-term remission observed with FCR in some
patients, such as those with mutated IGHV, and the short 6-
month duration of FCR treatment will likely result in an ongoing
future role of rituximab in this regimen in CLL. The FCR regimen
currently remains the treatment regimen of choice for the first-
line treatment in fit, young patients with CLL, whereas treat-
ment with BR or obinutuzumab/CLB remain reasonable treat-
ment choices for fit or less fit, older patients with CLL and in
select patients with favorable molecular features.

KEY CHALLENGES FOR THE FUTURE: ACCESS TO RITUXIMAB

AND NOVEL AGENTS

Rituximab in combination with FC was the first novel therapy
for CLL to confer a benefit in OS. Despite this, patient access to
rituximab varies globally and is limited in some countries [6].
Several factors, including acquisition cost of rituximab, insur-
ance coverage, reimbursement, and out-of-pocket expenses,
have the potential to restrict patient access to rituximab [6]. As
with rituximab, newer agents such as ibrutinib, idelalisib, and
venetoclax are likely to present similar or greater challenges to
patients and physicians (e.g., increased out-of-pocket and direct
acquisition costs as well as societal costs) that may give rise to
delayed initiation of appropriate care and reduced continuity
and compliance, with a potential negative impact on patient
benefit [40].

A survey of 450 oncologists and hematologists from the
U.S., Mexico, Turkey, Russia, and Brazil indicated that access to
rituximab is limited in these countries [6]. Despite clear guide-
lines recommending its use in the treatment of CLL, the survey
revealed many physicians chose not to treat, were unable to
treat, or modified treatment duration with rituximab. Further-
more, the survey reported as few as one third of physicians in
Brazil considered rituximab an easily accessible treatment
option. In Mexico and Russia, 25% and 19% of physicians,
respectively, reported challenges in accessibility of rituximab. In
addition, the results indicated that physicians would increase
their use of rituximab in clinical practice if a more affordable
version were available without compromising efficacy, safety,
or patient care [6]. In addition to national variations, regional
disparity can affect access to rituximab, primarily because
of differences in the requirements for inclusion in local
formularies [41].

Biologics such as rituximab are likely to be susceptible to
drug shortages. Shortages in the availability of drugs can result
in delays in treatment or the use of alternative, potentially less-
effective therapeutic interventions, leading to suboptimal
patient care [42].

THE RATIONALE FOR DEVELOPING RITUXIMAB BIOSIMILARS

The patent for rituximab in Europe (MabThera) expired in 2013
and its counterpart in the U.S. (Rituxan) is due to expire in 2018
[43]. In addition, access-related barriers and the potential of
drug shortages (described above) have driven efforts to
develop well-characterized, safe, and effective biosimilars to
rituximab, which may reduce the global impact of limited
access [42].

Biosimilars provide additional therapeutic options and have
the potential to increase access to biologics, thereby fostering
greater use and appropriate duration of treatment—primarily
as a result of lower costs that would reduce expense for

patients and health-care systems. European data for 2016, for
example, showed increases in the use of several biologics,
including erythropoietins (66%), granulocyte-colony stimulating
factors (122%), human growth hormone (41%), and antitumor
necrosis factor therapies (19%), compared with the year before
the availability of corresponding biosimilar versions of these
agents [44]. These increases were based on the estimated num-
ber of treatment days (used by the report’s authors as a mea-
sure of access to treatment) for biosimilar and referenced
originator products combined, across >20 European Economic
Area countries [44]. In terms of anticancer biologics, the World
Health Organization (WHO) has recently announced a pilot pro-
ject in which it will invite manufacturers to submit applications
for prequalification of biosimilars of rituximab and trastuzu-
mab, with the aim of improving the availability of these treat-
ments in low- and middle-income countries [45]. Many such
countries rely on the WHO’s list of prequalified products to
guide national procurement decisions [45]. Even in the
European Union, a region where resources may be less
restricted, budget impact analyses suggest that the potential
savings generated with the availability of rituximab biosimilars
could be used to treat additional patients with rituximab, thus
widening access to therapy [46, 47]. Furthermore, in Brazil, it is
expected that the approval of a biosimilar version of trastuzu-
mab will reduce the disparity in access between public and
private health-care systems [48].

DEVELOPMENTAND APPROVAL OF BIOSIMILARS:
KEY CONCEPTS

The Goal of Similarity Assessment
As biologics are primarily produced from living bacterial, ani-
mal, yeast, or plant cells, biologic molecules are not, and cannot
be, identical to each other [1]. Because of the size and complex-
ity of biologics, the manufacturing process is challenging for
several reasons, including differences in expression systems
and host cell lines and, therefore, must be carefully controlled
[1]. The quality of biologics is influenced by several factors,
such as variations in bioreactor control parameters, pH, and
temperature. Manufacturers of biologics may introduce
planned changes to the manufacturing processes. As such, bio-
logics are required to undergo assessments to determine the
“comparability” of the product, before and after manufacturing
changes [49]. A comparability exercise involves the detailed
characterization of several representative lots of the biologic,
before and after changes to the manufacturing process [49].
The manufacturer of the biologic must conduct a characteriza-
tion study to assess the risk of potential impact on the clinical
characteristics of the biologic, and the need for preclinical or
clinical data is assessed on a case-by-case basis [49].

Comparability is different than a similarity assessment. Sim-
ilarity assessments involve the demonstration of similar struc-
ture, function, quality, purity, biologic activity, and safety to the
reference biologic, as outlined by the regulatory guidance docu-
ments [8, 50]. Indeed, the aim of a similarity assessment is not
to re-establish de novo efficacy and safety characteristics, as
these studies have already been conducted to support the new
drug application of the reference biologic (Fig. 2).

All potential biosimilars must undergo a comprehensive
regulatory review and approval process, and global regulatory

Brown, Cymbalista, Sharman et al. 291

www.TheOncologist.com Oc AlphaMed Press 2017



guidelines from the European Medicines Agency (EMA) and
FDA outline the requirements for demonstrating similarity to
the reference biologic [8, 50]. Although there are slight differ-
ences in the exact regulatory definitions, the core principles are
aligned to define a biosimilar as a “biological medicinal product
that contains a version of the active substance of an already
authorized originator biologic” [50]. Ultimately, the biosimilar
developer must provide robust scientific evidence that any dif-
ferences between the proposed biosimilar and the reference
biologic are not clinically meaningful, based on the “totality of
evidence” [8]. This is a concept whereby a regulatory authority
will consider the entire data package submitted in the application
from a biosimilar developer, including structural and functional
characterization, nonclinical evaluation, human pharmacokinetic
(PK) and pharmacodynamic (PD) data, clinical immunogenicity
data, and comparative clinical efficacy and safety data [8].

Biosimilars must have the identical primary amino acid
sequence and the same route of administration, strength, and
dosage form as the reference biologic, all of which are achieved
through a process of reverse engineering [8, 50]. The biosimilar
manufacturer must conduct comprehensive and robust com-
parative structural and functional characterization using state-
of-the-art technology. Post-translational modifications such as
glycosylation are assessed using a variety of orthogonal techni-
ques. The glycosylation profile has the potential to influence
the biological activity and PK of the potential biosimilar. Sensi-
tive assays are therefore used to identify changes in structure
and function between the potential biosimilar and the refer-
ence biologic [51].

Manufacturing of Biosimilars: A Stepwise Approach
Because developers of biosimilars do not have access to the
proprietary data and manufacturing processes pertaining to
the reference biologic, they must conduct an extensive analysis
of the reference biologic. The host cell line is selected and the
amino acid sequence of the reference biologic is confirmed.
The optimal host cell line is identified and the ideal clone is
selected based on the desired attributes of the protein in an
iterative manner [52]. The potential biosimilar must undergo

purification using chromatographic and filtration techniques.
Multiple lots of the reference biologic are characterized to opti-
mize the manufacturing process and to identify differences
between the proposed biosimilar and the reference biologic,
particularly those that may impact the mechanism of action,
such as amino acid sequence, aggregate levels, activity, and
charge heterogeneity [53].

Analytical, Structural, and Functional Characterization
of Biosimilars
Assessment of the primary amino acid sequence, post-
translational modifications, Fc glycosylation (which may alter
the PK properties), biochemical and biophysical characteristics,
and biologic activities are conducted to establish analytical sim-
ilarity [53]. A rigorous assessment of the structural and func-
tional similarity of the potential biosimilar and the reference
biologic is conducted using state-of-the-art techniques, physico-
chemical methods, and functional assays [8, 50]. Key functional
assessments are also conducted using assays that best correlate
with the presumptive mode of action [54].

Comparative Clinical Studies and Immunogenicity:
Requirements for the Approval of Biosimilars
Demonstrating clinical similarity of a proposed biosimilar to the
reference biologic involves comparative PK and PD, immunoge-
nicity, efficacy, and safety studies, generally using an equiva-
lence design [8]. For the originator biologic and potential
biosimilar to be considered comparable, clinical endpoints for
the two treatments must fall within a specific range, typically
using two-sided confidence intervals (90% or 95%) for the dif-
ference between treatments. The equivalence margins used for
the primary efficacy endpoint in a comparative clinical study
must be scientifically justified [55]. A confirmatory comparative
clinical study is usually conducted in one therapeutic indication
to show that there are no clinically meaningful differences in
PK, PD, efficacy, or safety, including immunogenicity, between
the potential biosimilar and the reference biologic. It is impor-
tant that comparative clinical studies be conducted in a sensitive
and homogeneous patient population so that any differences

Clinical
studies

Nonclinical

Clinical
pharmacology/

PK/PD

Clinical
studies

Nonclinical

Clinical 
pharmacology/

PK/PD

Originator biologic development pathway

Biosimilar development pathway

Figure 2. Development pathways for originator biologics and biosimilars. Adapted from Kozlowski et al., 2012 [66].
Abbreviations: PD, pharmacodynamics; PK, pharmacokinetics.
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between the originator biologic and the potential biosimilar can
be easily identified [50].

Biologic products, including biosimilars, have the potential to
provoke an immunogenic response, which may alter the PK, effi-
cacy, or safety properties [56]. Concomitant immunosuppressive
agents and chemotherapy can influence the immunogenic
response of all biologics. In addition, structural differences, for-
mation of aggregates, and altered glycosylation patterns may
trigger an immunogenic response [57]. As such, it is important
that the formation of antidrug antibodies in patients treated
with all biologics, including biosimilars, is closely monitored
throughout development and during postmarketing surveillance.

RITUXIMAB BIOSIMILARS IN DEVELOPMENT:
CURRENT STATUS
Truxima (CT-P10; a biosimilar version of rituximab) has been
approved for the treatment of CLL, non-Hodgkin’s lymphoma,
and RA in South Korea [58] and in Europe [59]. Another biosi-
milar version of rituximab, GP2013, has recently been approved
in Europe for all indications of the reference medicine,
MabThera [60]. Several biosimilars of rituximab are currently in
clinical development (Table 1). Randomized, double-blind,
phase III comparative studies of ABP798, a potential biosimilar
to rituximab, versus rituximab, are ongoing in patients with
CD20-positive B-cell non-Hodgkin’s lymphoma (NCT02747043)

and in patients with RA (NCT02792699). Another potential rit-
uximab biosimilar, Mabion SA, is in clinical development to
evaluate comparative efficacy and safety in patients with CD20-
positive DLBCL (NCT02617485) and RA (NCT02468791). The
efficacy and safety of another potential biosimilar, BI-695500,
has been studied in patients with low tumor burden FL
(NCT01950273). Nonclinical studies of PF-05280586, another
proposed biosimilar to rituximab, reported similar physico-
chemical and in vitro functional properties to rituximab [61]. A
PK study showed similarity among PF-05280586 and rituximab
sourced from both Europe and the U.S. in patients with active
RA [62]. A randomized clinical trial comparing efficacy, safety,
PK, and immunogenicity of PF-05280586 in treatment-na€ıve
patients with CD20-positive, low tumor burden follicular lym-
phoma is ongoing (NCT02213263).

CONSIDERATIONS FOR THE USE OF BIOSIMILARS IN

CLINICAL PRACTICE
Several factors, such as prior experience of physicians and their
understanding of biosimilars, affordability, access to drugs, and
potential substitution for rituximab in curative settings, have
the potential to influence the use of biosimilars in clinical prac-
tice. In contrast to treatments used in supportive care, it is
likely physicians will require evidence of clinical activity of these
treatments for cancer indications. For example, physicians may

Table 1. Rituximab biosimilars: Current status

Sponsor Study design n (estimated)
Patient
population

Biosimilar candidate/
intervention Status

ClinicalTrials.gov
registration

Celltrion Inc. Randomized,
double-blind,
phase I/III

134 Advanced FL CT-P10a/RTX-CVP Active NCT02162771

Randomized,
double-blind,
phase I

154b RA CT-P10a/RTX/MTX/
folic acid

Approved by
EMA

NCT01873443

Sandoz GP2013: submitted to EMA

Amgen Randomized,
double-blind,
phase III

250 CD20-positive
B-cell NHL

ABP798/RTX Recruiting NCT02747043

Randomized,
double-blind,
phase III

300 RA ABP798/RTX Recruiting NCT02792699

Mabion SA Randomized,
double-blind,
phase III

140 CD20-positive
DLBCL

MabionCD20/R-CHOP Recruiting NCT02617485

Randomized,
double-blind,
phase III

863 RA MadionCD20/RTX Recruiting NCT02468791

Pfizer Inc. Randomized,
double-blind,
phase III

394 CD20-positive,
low tumor
burden FL

PF-05280586/RTX Recruiting NCT02213263

Randomized,
double-blind,
phase I/II

220b RA PF-05280586/
RTX/MTX

Completed NCT01526057

Boehringer
Ingelheim

Randomized,
double-blind,
phase I

N/A Low tumor
burden FL

BI695500/RTX Completed NCT01950273

aApproved by EMA and submitted to FDA.
bActual number of patients who completed the study.
Abbreviations: CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; CVP, cyclophosphamide, vincristine, and prednisone; DLBCL,
diffuse large B-cell lymphoma; EMA, European Medicines Agency; FDA, U.S. Food and Drug Administration; FL, follicular lymphoma; MTX, metho-
trexate; N/A, not available; NHL, non-Hodgkin’s lymphoma; RA, rheumatoid arthritis; RTX, rituximab.
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require assurance from PK data of rituximab and its proposed
biosimilars in lymphoma and/or CLL, as there is uncertainty
over extrapolation from rheumatic indications for use in cancer,
in which tumor burden affects PK. Moreover, it is likely physi-
cians will require separate confirmation of biosimilar activity in
CLL, given the lower CD20 expression in this therapeutic indica-
tion compared with other lymphomas. From a clinical perspec-
tive, physicians should have an understanding of the concepts
of biosimilarity and the rigorous approval processes outlined by
the FDA and EMA [8, 50], which provide the necessary assur-
ance that a biosimilar is highly similar to a reference biologic
and with no clinically meaningful differences.

The potential savings and cost efficiencies in health care-
and insurance-related issues may also influence the uptake of
biosimilars in clinical practice. Indeed, physicians and patients
are likely to expect cost savings with the use of biosimilars. For
example, in Europe, biosimilars are approximately 30% lower in
cost, compared with the relevant originator biologic [63].
Moreover, biosimilars have the potential to offer supply chain
benefits, including reduced administrative burden, as well as
“wrap-around services” such as specialist pharmacy services,
patient access support mechanisms, and assistance with reim-
bursement administration [64]. The overall potential benefits
of biosimilars will be understood with their use in clinical prac-
tice over the coming years.

Biosimilars have the potential to offer supply chain
benefits, including reduced administrative burden, as
well as “wrap-around services” such as specialist phar-
macy services, patient access support mechanisms,
and assistance with reimbursement administration.

EXTRAPOLATION ACROSS INDICATIONS:
THE SCIENTIFIC RATIONALE

Extrapolation is an important scientific and regulatory principle
that refers to the approval of a biosimilar for use in an indica-
tion held by the reference biologic and is not directly studied in
a comparative clinical trial of the biosimilar and reference prod-
uct. The concept of extrapolation of data from one indication to

another is supported by regulatory guidelines of the FDA and
EMA [8, 50]. However, the decision to extrapolate data from
one indication to another is made on a case-by-case basis and
must be supported by strong scientific justification and the
totality of evidence. Although extrapolation across indications
may reduce the need for repetition of clinical trials, additional
studies may be required in certain cases, particularly for agents
used in combination with potentially curative chemotherapy.

CONCLUSION
Biologics are a key component in the management of CLL.
Despite the evolving treatment paradigm, it is likely that rituxi-
mab (in combination with chemotherapy) will retain a signifi-
cant role in CLL. To date, rituximab has been the preferred anti-
CD20 antibody in development with targeted agents, although
studies are also evaluating the role of obinutuzumab. The lim-
ited access to preferred anti-CD20 monoclonal antibodies has
prompted the need to develop safe and effective biosimilars,
which have the potential to increase access to important medi-
cines and may result in savings across health-care systems. Fur-
ther research is warranted to determine the impact of the
utility of biosimilars and their implications for access to biologic
medicines in global health-care settings.
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Implications for Practice:

The combination of bortezomib with cyclophosphamide and rituximab represents an additional effective novel salvage regimen for
mantle cell lymphoma. This combination adds to the growing list of treatment options available for patients with mantle cell
lymphoma.
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