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Abstract

Background Infusion-related reactions (IRRs) are the most common adverse event (AE) associated with infusion of
rituximab, an anti-CD20 monoclonal antibody.

Objective Our objective was to evaluate the impact of dosing/infusion patterns and certain baseline characteristics on IRR
occurrence during the first rituximab infusion administered as the biosimilar PF-05280586 (RTX-PF) or reference rituximab
sourced from the EU (RTX-EU, MabThera®) in patients with CD20+ low-tumor-burden follicular lymphoma.

Patients and methods Rituximab (RTX-PF, n=196; RTX-EU, n=198) was administered (375 mg/mz) on days 1, 8, 15, and
22 (one cycle), with a follow-up period through 52 weeks. The relationships between infusion rate, drug exposure, and IRR
incidence were assessed by logistic regression analysis and pharmacokinetic modeling and simulation. Baseline CD20 level,
antidrug antibody (ADA) status, and tumor burden according to IRR occurrence (yes/no) were compared descriptively.
Results Median rituximab infusion duration on day 1 was 3.50 h for each of the two groups. There was a positive correlation
between infusion rate and all-grade IRRs occurring within 24 h after infusion (p < 0.0001). Patients who developed IRRs
had a higher median baseline CD20+ level. IRR incidence was unaffected by baseline ADA status. Drug exposure did not
predict IRR incidence. Baseline tumor burden was similar between patients with and without IRRs.

Conclusions Results of this analysis provide a better understanding of IRRs after the first rituximab (RTX-PF or RTX-EU)
infusion and demonstrate a potential correlation of infusion rate and other factors with IRR at the individual and population
levels. Infusion-rate escalation steps continue to be needed to manage IRRs.

Trial registration (date of registration) ClinicalTrials.gov Identifier: NCT02213263 (11 August 2014); and EudraCT: 2014-
000132-41 (10 October 2014).

Infusion-related reactions (IRRs) are the most common
adverse event associated with rituximab infusion.
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Patients who developed IRRs had a higher median base-
line CD20+ cell level. IRR incidence was unaffected by
other baseline characteristics and by drug exposure.

A\ Adis


http://orcid.org/0000-0002-5512-1016
http://orcid.org/0000-0002-3308-0276
http://orcid.org/0000-0002-5405-1183
http://crossmark.crossref.org/dialog/?doi=10.1007/s40259-021-00487-6&domain=pdf

460

J. Courville et al.

1 Introduction

Rituximab is a murine/human chimeric monoclonal immu-
noglobulin (Ig) G1 kappa antibody that is directed against
the CD20 antigen expressed on the surface of pre-B and
mature B-lymphocytes and on most malignant B cells [1,
2]. Rituximab has revolutionized the treatment of, and has
become a standard component of care for patients with,
B-cell malignancies [3]. Clinical studies in patients with
relapsed or refractory low-grade non-Hodgkin’s lymphoma
(NHL) have reported improved overall tumor response rates
after rituximab monotherapy administered once weekly for 4
weeks [4-8]. Randomized controlled trials in patients with
previously untreated follicular lymphoma demonstrated
improved response rates and prolonged survival outcomes
when rituximab was added to induction chemotherapy as
compared with chemotherapy alone [9-12].

Biosimilars are biological drugs that are highly similar to
licensed biologic reference products (RPs) such that there
are no clinically meaningful differences between the two
products in safety, purity, or potency [13, 14]. Biosimilar
drug development follows a stepwise approach of rigorous
comparative analytical and nonclinical testing, followed by
comparative clinical studies (i.e., clinical pharmacokinetics/
pharmacodynamics, efficacy, safety, and immunogenicity)
[13, 14]. Biosimilar regulatory approval is granted when the
totality of the evidence obtained from each stage of develop-
ment establishes that it is as safe and effective as the biologic
RP [13-15].

PF-05280586 (RTX-PF) (Ruxience™; rituximab-pvvr;
Pfizer) is a biosimilar to Rituxan®MabThera® that is approved
for all eligible cancer indications in the USA, EU, and Japan
and for additional indications that vary by country [16—19].
RTX-PF was approved based on a development program
comprising analytical and nonclinical assessments that dem-
onstrated highly similar structural and functional profiles of
RTX-PF and rituximab RPs sourced from the USA (RTX-US;
Rituxan®) and from the EU (RTX-EU; MabThera®) [20]; a
pharmacokinetics trial that demonstrated pharmacokinetic
bioequivalence among RTX-PF, RTX-US, and RTX-EU in
patients with rtheumatoid arthritis (RA) [21]; and a compara-
tive clinical study that demonstrated therapeutic equivalence
between RTX-PF and RTX-EU, and similar safety, immuno-
genicity, pharmacokinetics, and pharmacodynamics between
treatments at week 26 in patients with previously untreated
CD20-positive (CD20+) low-tumor-burden follicular lym-
phoma (LTB-FL) [22].

Rituximab has a well-defined safety profile when adminis-
tered as monotherapy or in combination with chemotherapy
or targeted therapy (e.g., lenalidomide, ibrutinib, idelalisib)
for the treatment of patients with NHL, such as follicular lym-
phoma and chronic lymphocytic leukemia (CLL) [3, 23-25].
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Mild-to-moderate infusion-related reactions (IRRs) are the
most common adverse event (AE) associated with rituximab
administration [1, 2, 26]. Most IRRs (77%) occur during or
after the first rituximab infusion [1, 2, 26]. Premedication with
acetaminophen, along with antihistamines and corticosteroid-
containing prophylaxis, can reduce the incidence and severity
of IRRs [1, 2, 26].

The predictive factors of rituximab IRR AEs are not well
understood. Previously, Paul and Cartron [26] reported lym-
phocyte count, bulky disease, low-grade B-cell NHL, the level
of CD20 expression on CLL cells, and Fc/Fc gamma receptor
(FcyR)-mediated interactions between natural killer (NK) cells
and CD20+ cells as being associated with the occurrence of
IRRs. In the observational setting in patients with hematologic
malignancies, predictive indicators of rituximab IRRs have
included bone marrow involvement, body weight, low-grade
lymphomas, and bulky disease [27-29].

Additional data that reinforce the similarity between
biosimilars and their RPs, including in terms of their safety
profiles, may help to remove perceived barriers to the use/
adoption of biosimilars by clinicians. Here, we investigate the
impact of dosing/infusion patterns and patients’ baseline char-
acteristics on the occurrence of IRR AEs during the first infu-
sion of RTX-PF and RTX-EU in a comparative randomized
clinical trial of monotherapy in patients with CD20+ LTB-FL
(NCTO02213263) [22].

2 Methods
2.1 Study Design

This analysis used a retrospective approach that incorpo-
rated data from a randomized, double-blind comparative
trial of RTX-PF and RTX-EU monotherapy in patients
with CD20+ LTB-FL [22]. The study conduct and results
have been described in detail previously [22] and are sum-
marized briefly here.

Patients were randomized (1:1) to RTX-PF or RTX-EU,
which were administered at a dose of 375 mg/m? intrave-
nously once weekly for 4 weeks (1 cycle) on days 1, 8, 15,
and 22, with a follow-up period through 52 weeks [22]. All
patients received premedication with intravenous methyl-
prednisolone 100 mg or its equivalent before rituximab
(RTX-PF or RTX-EU) infusion. Premedication consisting
of an antipyretic and an antihistamine (e.g., paracetamol
[acetaminophen] and diphenhydramine) was administered
before rituximab infusion.

On day 1, rituximab infusion was initiated at a rate
of 50 mg/h. After 30 min, and in the absence of infu-
sion toxicity, the infusion rate was allowed to increase by
50 mg/h increments at 30-min intervals, to a maximum of
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400 mg/h. On days 8, 15, and 22, infusion was initiated
at a rate of 100 mg/h. After 30 min, and in the absence of
infusion toxicity, the infusion rate was allowed to increase
by 100 mg/h increments at 30-min intervals, to a maxi-
mum of 400 mg/h.

Safety was characterized by the type, incidence, sever-
ity, timing, seriousness, and relatedness of AEs to study
treatment, including infections, IRRs, and other clinical
outcomes associated with immunogenicity, and laboratory
abnormalities. The severity of AEs was graded based on the
National Cancer Institute Common Terminology Criteria
for AEs (NCI CTCAE, v4.03) and the seriousness of AEs
was determined based on study protocol criteria. Immuno-
genicity-associated AEs were referred to as immune-based
AEs and included events relating to Standardized Medical
Dictionary for Regulatory Activities queries of anaphylaxis
and hypersensitivity reactions and events meeting Samp-
son’s criteria. IRRs were defined following the summary of
product characteristics for RTX-EU and included cytokine
release syndrome, tumor lysis syndrome, and anaphylac-
tic and hypersensitivity reactions [1]. Individual signs and
symptoms of IRRs were documented in addition to the pre-
ferred term of “infusion-related reaction” for the purpose of
comparing the overall percentage of patients by treatment
arm. The reporting of IRR AEs and timing of these events in
relation to the infusion were determined by the investigator.

Patients were closely monitored for the onset of
cytokine release syndrome. Infusions were immediately
interrupted in patients who developed evidence of severe
reactions, especially severe dyspnea, bronchospasm, or
hypoxia. Mild or moderate IRRs usually responded to a
reduction in the rate of infusion. The infusion rate could
be increased upon improvement of symptoms. The patient
was observed post-infusion, if necessary, based on the
investigator’s medical judgment.

The objectives of this retrospective analysis were to
evaluate infusion-rate patterns; determine total infusion
duration, and the incidence of IRRs during the first infusion
(within 24 h after the start) of rituximab, administered as
RTX-PF or RTX-EU; and assess whether IRR incidence was
associated with infusion rates of rituximab, pharmacokinetic
exposure, and patients’ baseline characteristics, including
CD20+ B-cell level, tumor burden, and immunogenicity
status.

2.2 Data Analysis Method and Statistical Analysis

2.2.1 Rituximab Infusion Duration and Infusion-Rate
Distribution

The percentages of patients who had total infusion dura-
tions of < 2 or > 3.5 h were calculated. If a patient expe-
rienced multiple short infusions during one dose/the same

day, the total duration is the sum of all records related to
that dose. Infusion-rate distributions describing the protocol-
recommended infusion rate (range 50-400 mg/h) and the
theoretical highest infusion rate (using a cut-off of < 760
mg/h, based on the highest dose in the study population)
were summarized.

2.2.2 Population Pharmacokinetics Model and Simulation

A population pharmacokinetics model that describes the
pharmacokinetic characteristics of RTX-PF and RTX-EU
was previously established with drug concentration versus
time data from the comparative clinical study of RTX-PF
and RTX-EU [22] using a nonlinear mixed-effect modeling
approach (internal report). A total of 3217 pharmacokinetic
concentrations following four weekly doses of RTX-EU or
RTX-PF, administered to 386 patients, were well described
by a two-compartment pharmacokinetic structural model fol-
lowing intravenous infusion in the central compartment and
first-order linear elimination from the central compartment.
The following fixed-effect pharmacokinetic parameters were
estimated: intrinsic clearance (CL; L/day); central volume of
distribution (V,; L); peripheral volume of distribution (V,;
L); and intercompartmental clearance (Q; L/day) between
the central and peripheral compartments following intrave-
nous infusion into the central compartment.

For a typical 60-year-old patient weighing 73 kg, the CL
(L/day), V, (L), V, (L), and Q (L/day) point estimates (95%
bootstrapped confidence intervals) were 0.277 (0.251-0.298)
L/day, 2.80 (2.19-2.94) L, 5.75 (5.46-6.78) L, and 6.94
(5.23-17.4) L, respectively. Significant covariate effects were
observed in age on CL and in body weight on CL, V}, and V.
The formulation, antidrug antibody (ADA) status, and race
(Japanese and Asian) variables were not significant predictors
of CL. The typical individual (73 kg, age 60 years) exhibited
an elimination half-life (1,,) of 21.4 (20.0-23.7) days; CL of
0.277 (0.251-0.298) L/day; V, of 2.80 (2.19-2.94) L; and V,,
of 5.75 (5.46-6.78) L.

To further understand the pharmacokinetic profile and
maximum drug concentration level under different infusion
doses and/or different infusion rates, two simulations were
conducted. Simulation 1 was based on a normal infusion speed
scenario and tested a single dose (679 mg) of rituximab under
three different infusion-rate escalation steps. Simulation 2 was
based on a potential rapid-infusion protocol with an overall
infusion duration of 90 min and tested two doses (500 and 679
mg) of rituximab given the same infusion duration.

2.2.3 Logistic Regression Analysis of the Relationship
Between IRRs, Infusion Rate, and Drug Exposure

Logistic regression analyses were performed to evaluate the
potential correlation between the incidence of IRRs during
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the first dose and infusion rates of the respective dose, with
infusion rate as the independent variable and the probabil-
ity of IRR as the dependent variable. Significance levels
and odds ratios were produced. In addition, similar meth-
ods were used to evaluate the potential correlation between
the incidence of IRRs and the rituximab pharmacokinetic
parameters C,,,, (the peak concentration data collected at
the end of infusion of the first dose, i.e., day 1 at 3 h 30
min after the start of the infusion) and Cy; (the trough
serum concentration collected before the second dose, i.e.,
day 8, predose). Data from both treatment arms (RTX-PF
and RTX-EU) were combined in this model. Treatment (as
a covariate of the combined model) was dropped from the
final model if it was not found to be significant. The logistic
regression equation for the final model was:

p
In [1 —p] =by+ b Xx,

where b, and b, are the intercept and slope, respectively, in
the model for the log of the odds ratio, and x is the independ-

ent variable (e.g., infusion rate, C,,,,x, Cyrougn)-

max?

2.2.4 Other Analyses of Baseline Characteristics and IRR
Occurrence

Patient baseline characteristics, including CD20+ B-lym-
phocyte count (cells/uL), ADA status (positive or negative),
tumor burden (Ann Arbor stage II, I1I, or IV), and bone mar-
row biopsy lymphoma results (positive, negative, or indeter-
minate), were summarized descriptively by IRR occurrence
(yes or no) and treatment group (RTX-PF or RTX-EU).

Analyses were conducted using the modified intent-to-
treat population, previously defined as all patients who were
randomized and received one or more dose of any study
drug [22].

3 Results

A total of 394 patients were randomized to RTX-PF (n =
196) or RTX-EU (n = 198); 196 and 197 patients, respec-
tively, were included in the current analysis. The median
infusion duration on day 1 was 3.50 h for each of the RTX-
PF or RTX-EU groups. A total of 42 (21.4%) patients in
the RTX-PF group and 53 (26.9%) patients in the RTX-EU
group had dose interruption after the first dose of rituximab.
Overall, a small percentage (4.5%) of patients had relatively
rapid overall infusion, reflected by a total infusion duration
of < 2 h. Around one-third (33.1%) of patients had a total
infusion duration of > 3.5 h, and the majority (62.4%) of
patients completed their infusion in > 2 but < 3.5 h.
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The distribution of maximum infusion rate by treatment
arm is shown in Fig. 1. Few patients had a maximum infu-
sion rate of 400 mg/h; rather, the majority of patients had a
maximum infusion rate of 250-300 mg/h. The median maxi-
mum infusion rate was 277.8 mg/h for RTX-PF and 273.2
mg/h for RTX-EU.

The incidence of IRR overall for the duration of the study
was 25.0% (49/196) and 29.9% (59/197) in the RTX-PF and
RTX-EU groups, respectively. The majority of IRRs were
grade 1 or 2 in severity. No treatment-emergent IRRs of
grade 4 or higher were reported in either treatment group.
One patient in the RTX-EU group experienced serious treat-
ment-emergent AEs of IRR (grade 3) and dyspnea (grade
2) on day 15; no serious events of IRR were reported for
patients in the RTX-PF group. One patient in the RTX-PF
group permanently discontinued treatment and withdrew
from the study because of treatment-emergent AEs of IRR
and angioedema, both of which were grade 3 in severity
(based on NCI CTCAE v4.03 criteria) and not considered
serious AEs (based on the study protocol criteria).

In total, 24.0% (47/196) and 28.9% (57/197) of patients
in the RTX-PF and RTX-EU groups, respectively, reported
IRRs within 24 h after the start of the first infusion on day 1.
The logistic regression analysis demonstrated a significant
correlation (p < 0.0001) between infusion rate of rituximab
(RTX-PF and RTX-EU) and the probability of IRR AEs on
day 1 (Fig. 2). For all patients, the estimated odds ratio for
probability of developing an IRR with an increase in infu-
sion rate by 100 mg/h was 7.7. There was no apparent dif-
ference between RTX-PF and RTX-EU groups.

There was a nonsignificant positive trend between C,,,,,
of rituximab (RTX-PF and RTX-EU) and developing an
IRR (Fig. 3a); the estimated probability of developing an
IRR was 0.26 at the median (196.5 pg/mL) C,,, of rituxi-

max

mab and increased to 0.37 at the highest (481 pg/mL) C, ..
of rituximab. The C,,, of rituximab (RTX-PF and RTX-
EU), collected before the second dose, did not correlate with
increased IRR incidence (Fig. 3b). Rather, the probability
of developing an IRR was approximately 25%, regardless
Of Cirougn level.

Patients who developed IRRs had a median baseline
CD20+ B-lymphocyte level of 149.87 (RTX-PF) and
136.91 (RTX-EU) cells/uL, compared with patients who
did not develop IRRs and who had a median baseline
CD20+ B-lymphocyte level of 108.21 (RTX-PF) and
105.04 (RTX-EU) cells/uL (Fig. 4). Baseline CD20+
B-lymphocyte level was similar between treatment arms
but slightly higher in patients who experienced an IRR.
The percentages of patients with IRRs were unaffected by
the level of tumor burden at baseline, based on Ann Arbor
stage (Table 1).

The percentages of patients with IRRs were unaffected
by ADA status at baseline (Table 1). In the RTX-PF group,
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Fig. 1 Distribution of maximum infusion rate® by treatment for a
RTX-PF and b RTX-EU. “Infusion rate is a derived variable, calcu-
lated by dividing dose amount by infusion time, where infusion time
is the difference between infusion start and stop times. "Rate data
is the amount (mg) of drug dose infused in time (h); hence, units of

14.3% (2/14) and 24.9% (45/181) of patients who tested
ADA positive and ADA negative at baseline, respectively,
reported IRR AEs. In the RTX-EU group, 23.5% (4/17) and
29.2% (52/178) of patients who tested ADA positive and
ADA negative at baseline, respectively, reported IRR AEs.

No clinically meaningful differences were observed in
terms of potential immunogenicity-associated AEs between
patients who were ADA positive and those who were ADA
negative at any time during the study. In the RTX-PF group,
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mg/h. The maximum rate for each individual patient is plotted and
represents the maximum/highest rates used within a patient per visit.
The vertical dotted lines represent the median value and the 95% per-
centile-based confidence intervals. RTX rituximab, RTX-EU reference
RTX sourced from the European Union, RTX-PF PF-05280586

25.6% (11/43) and 23.7% (36/152) of patients who tested
ADA positive and ADA negative at any time during the
study, respectively, reported IRR AEs. In the RTX-EU
group, 25.6% (10/39) and 29.1% (46/158) of patients who
tested ADA positive and ADA negative at any time during
the study, respectively, reported IRR AEs.

The median total dose of the study by individual patient
was 679 mg (based on 375 mg/m? dosing). A faster infu-
sion rate (with the same total dose) led to a higher and
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Fig. 2 Probability of developing an infusion-related reaction by infusion rate in patients treated with RTX-PF or RTX-EU. RTX rituximab, RTX-
EU reference RTX sourced from the European Union, RTX-PF PF-05280586
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Fig.3 Probability of developing an infusion-related reaction by a
Cinax @and b Cyp, collected before the second dose (day 8) of rituxi-
mab (RTX-PF and RTX-EU). C,,,, maximum serum concentration,

earlier peak concentration, with no effect on area under
the curve (AUC) or C,,qp (Fig. 1 in the electronic sup-
plementary material [ESM]). Higher doses (with the same
infusion rate and rate-escalation steps) produced a higher
peak concentration and overall AUC. C,,,, was reached at
the end of the infusion at 1.5 h and was 171.1 pg/mL for a
total dose of 500 mg and 232.4 pg/mL for a total dose of
679 mg (Fig. 2 in the ESM). Therefore, the infusion rate
tended to be higher for a larger dose. The C,,,, depends on
both the total dose and the infusion rate.
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Crougn trough serum concentration, RTX rituximab, RTX-EU refer-
ence RTX sourced from the European Union, RTX-PF PF-05280586

4 Discussion

Biosimilars are expected to have no clinically meaningful
differences from the reference biologic product in terms of
drug safety, purity, and potency [13, 14]. A systematic litera-
ture review and meta-analysis of rituximab biosimilar clini-
cal trials (11 studies in patients with RA or NHL) demon-
strated that there were no clinically meaningful differences
between the rituximab biosimilars and reference rituximab
in terms of the safety profile, including IRR AEs [30].
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Table 1 Baseline tumor burden and antidrug antibody status by infusion-related reaction status (modified intent-to-treat population)®

Baseline characteristic RTX-EU (N = 197)

RTX-PF (N = 196)

Patients with IRR Patients without IRR Patients with IRR Patients without IRR

Ann Arbor stage

I 13/53 (24.5) 40/53 (75.5) 13/52 (35.0) 39/52 (75.0)

111 26/85 (30.6) 59/85 (69.4) 21/89 (23.6) 68/89 (76.4)

v 18/59 (30.5) 41/59 (69.5) 13/55 (23.6) 42/55 (76.4)
Bone marrow biopsy—lymphoma results

Positive 20/56 (35.7) 36/56 (64.3) 11/53 (20.8) 42/53 (79.2)

Negative 37/141 (26.2) 104/141 (73.8) 36/142 (25.4) 106/142 (74.6)

Indeterminate 0 0 0 1/1 (100.0)
Baseline ADA status

ADA negative 52/178 (29.2) 126/178 (70.8) 45/181 (24.9) 136/181 (75.1)

ADA positive 4/17 (23.5) 13/17 (76.5) 2/14 (14.3) 12/14 (85.7)

Data are presented as n/N (%)

ADA antidrug antibody, /RR infusion-related reaction, mI/TT modified intent-to-treat population, N number of mITT patients in the specific treat-
ment and baseline tumor burden or ADA status group, n number of patients with IRR occurrence (yes or no) in the specific group, RTX rituxi-
mab, RTX-EU reference rituximab sourced from the EU, RTX-PF PF-05280586

#The mITT population is defined as all patients who were randomized and received at least one dose of any study drug. Reported data are for

IRRs that occurred on day 1 or 2

Theoretically, rituximab IRRs could result from differ-
ent mechanisms, such as IgE-mediated hypersensitivity or
IgE-independent anaphylactoid reaction, immunogenic-
ity of rituximab, and complement activation [26, 31, 32].
However, it is suggested that the occurrence of IRRs with
rituximab is mainly linked to cytokine release by immune (B
and NK) cells, mediated through binding of the Fc portion
of rituximab to FcyRIIIA/CD16 [26, 33]. This is supported
by the following evidence. First, rituximab-induced cytokine
release has been shown to depend on the binding of rituxi-
mab to FcyR on immune cells rather than to CD20+ cells

[34]. Second, IgE-mediated hypersensitivity reactions to
rituximab are rare and require prior exposure; therefore, such
reactions are usually not observed at first infusion [26, 32].
Third, the immunogenicity of rituximab may not contribute
to the occurrence of rituximab IRRs in some patient popu-
lations. For example, while the presence of anti-rituximab
antibodies predicted the occurrence of IRRs in patients with
systemic lupus erythematosus [35], there was no apparent
association between the presence of human anti-chimeric
antibodies and the occurrence of IRRs in patients with mul-
tiple sclerosis [36]. Finally, while complement activation
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occurs rapidly after rituximab infusion and the level of com-
plement activation is correlated with IRR severity, it does
not appear to be a main contributor to IRRs. This is based
on the observation that higher occurrence and severity of
IRRs with obinutuzumab, a third-generation humanized
anti-CD20 monoclonal antibody, is associated with reduced
complement activation as compared with rituximab [26].
Here, we explored the effect of patient baseline char-
acteristics (CD20+ B-lymphocyte level; tumor burden, as
measured by Ann Arbor stage and bone marrow biopsy
lymphoma results; and immunogenicity status) and infusion
rate on the occurrence of IRRs and whether IRR AEs for
RTX-PF and RTX-EU were subject to the same influences
based on data from a randomized controlled trial of RTX-PF
and RTX-EU monotherapy in patients with CD20+ LTB-FL
[22]. Descriptive analyses of patient baseline characteristics
suggested that the occurrence of IRRs may be influenced by
CD20+ B-lymphocyte level. This finding is consistent with
results from a previous study that indicated that patients with
higher expression of CD20 on the surface of CLL cells at
baseline were at a greater risk of developing severe-grade,
early IRRs from obinutuzumab or rituximab, especially
patients treated with obinutuzumab (p = 0.02) [37].
Results from our analyses of patient baseline charac-
teristics also demonstrated that IRR incidence was unaf-
fected by tumor burden level, based on Ann Arbor stage.
Although other evidence has suggested a possible relation-
ship between the severity of certain IRRs and disease bur-
den at the time of exposure in patients with leukemia [38],
our study population comprised patients with LTB-FL;
therefore, the range of tumor burden in our dataset may not
be large enough to detect a relationship with IRRs. Other
characteristics, such as metabolic tumor volume, may pro-
vide an appropriate measure of tumor burden level. While
such data were not available for this study, it could be
considered for correlative analyses for future studies.
Using a rich dataset collected for the evaluation of
rituximab infusion duration enabled us to conduct a
detailed analysis of rituximab infusion rate and calculate
the distribution of infusion rate data. As described in the
results section, the majority of IRRs occurred during the
first infusion. Therefore, this analysis focused only on the
IRRs recorded on day 1 or day 2 (i.e., within 24 h after the
start of the infusion on day 1). The results of this analy-
sis provide a better understanding of IRRs after the first
rituximab (RTX-PF or RTX-EU) infusion and demonstrate
a potential correlation of infusion rate and other factors
with IRRs at the individual and population levels. Fur-
thermore, the incidence of IRRs was similar between the
RTX-PF and RTX-EU groups.
With regard to the investigation of the relationship
between pharmacokinetic exposure and IRR incidence,
Crnax and Cyoq, are considered indirect measures of the
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total dose and the infusion rate, respectively. For exam-
ple, a patient with a low body surface area (BSA) would
be prescribed a lower total dose (based on 375 mg/m?) as
compared with a patient with a high BSA. In addition, a
patient with a low BSA would not require a fast infusion
rate and would not exhibit a high C,,,. Therefore, the like-
lihood of developing an IRR might be lower for patients
receiving smaller doses of rituximab administered using a
normal infusion rate than for patients who require a larger
dose of rituximab administered using a rapid infusion rate.

In this study, 4.5% of patients had a fairly fast infusion
duration of < 2 h. This was observed in both the RTX-EU
and the RTX-PF groups. The majority of patients com-
pleted their infusion in > 2 but < 3.5 h. The potential
relationship between the occurrence of IRRs and rituxi-
mab efficacy was beyond the scope of the current analysis.
However, in the comparative clinical study reported by
Sharman et al. [22], there was no difference in efficacy
between RTX-PF and RTX-EU.

Finally, the small number of baseline ADA-positive
patients may have limited the power of our analysis to inves-
tigate the relationship between ADA status and IRR out-
come. However, the immunogenicity of rituximab may not
influence the occurrence of IRRs, as a correlation between
the presence of human anti-chimeric antibody and the
occurrence of IRRs has not been demonstrated [26, 36]. In
spite of this limitation of the current study, the availability
of baseline ADA status data provides the opportunity for an
exploratory analysis of the relationship between rituximab
immunogenicity and the incidence of IRRs.

5 Conclusion

The results of this analysis demonstrated that the incidence
of IRR AEs was similar between RTX-PF and RTX-EU.
Furthermore, the results demonstrated a potential correlation
of infusion rate and other factors with IRRs at the individual
and population levels. We mathematically modeled the data
with a predication estimate between an increase in the infu-
sion rate and the likelihood of a corresponding increase in
IRR incidence. Rituximab infusion is managed with rate
escalation, which is in line with the expectation that a higher
infusion rate increases the risk of IRR occurrence. Inclusion
of immunogenicity assessment as part of the biosimilarity
assessment provided a valuable source of potential factors
that may influence IRRs, including baseline ADA status.
Nevertheless, IRR incidence was unaffected by baseline
ADA status or baseline tumor burden level. Baseline CD20+
B-lymphocyte level was similar between treatment arms but
slightly higher in patients who experienced an IRR, which
could suggest a role for baseline CD20+ B-lymphocyte level
in the occurrence of IRR.



Factors Influencing IRRs After Reference Rituximab and PF-05280586 Dosing

467

The same pattern of results, in terms of the distribution
of infusion rate and the incidence of IRRs, was observed for
RTX-PF and RTX-EU and was consistent with expectations
for rituximab based on clinical experience. Finally, although
the majority of patients completed their infusion in > 2 but
< 3.5 h, a small percentage (4.5%) of patients completed
their infusion in < 2 h, demonstrating the safety and toler-
ability of the treatment in the short infusion duration setting.
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