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Abstract
Introduction ABP 798 is being developed as a biosimilar to rituximab reference product (RP), a CD20-directed cytolytic 
antibody that is approved in the US and EU for the treatment of non-Hodgkin lymphoma (NHL).
Methods This randomized, double-blind, comparative clinical study (JASMINE) evaluated the efficacy and safety of ABP 
798 compared with rituximab RP. Adult, anti-CD20 treatment naïve patients diagnosed with grade 1, 2, or 3a follicular 
B-cell NHL expressing CD20 were randomized 1:1 to receive a 375 mg/m2 infusion of either ABP 798 or rituximab RP once 
weekly for 4 weeks and at weeks 12 and 20. Tumor assessments were performed at baseline and weeks 12 and 28. Primary 
endpoint was the risk difference (RD) of overall response rate (ORR) of complete response, unconfirmed complete response, 
or partial response by week 28 based on data from central, independent, and blinded assessments of disease.
Results Of the 256 randomized patients, 254 were treated with ABP 798 (n = 128; 100%) or rituximab RP (n = 126; 98.4%); 
96 (78.0%) patients in the ABP 798 group and 87 (70.2%) in the rituximab RP group had a best ORR by week 28. The point 
estimate of RD in ORR between ABP 798 and rituximab RP from the adjusted generalized linear model for stratification 
factors was 7.7%. Clinical equivalence was based on sequential testing of the one-sided 95% lower confidence limits and 
one-sided 95% upper confidence limits of RD in ORR (− 1.4% and 16.8%, respectively) which was within the prespecified 
non-inferiority margin (− 15%) and non-superiority margin (35.5%), respectively. Results of sensitivity analyses were consist-
ent with the primary efficacy analysis. ABP 798 was also comparable to rituximab RP across additional secondary endpoints, 
further supporting the conclusion of similarity, and including: RD of ORR at week 12; trough serum concentrations; percent 
of patients with complete depletion of CD19+ cell count at day 8; safety; and immunogenicity.
Conclusions These results support a conclusion of similar clinical efficacy between ABP 798 and rituximab RP in patients 
with follicular lymphoma.
NCT Number NCT02747043; first posted April 21, 2016.
EudraCT Number 2013-005,542-11; submitted 14 October, 2014.
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Key Points 

ABP 798 is being developed as a biosimilar to rituximab 
reference product (RP).

Similarity in efficacy and safety of ABP 798 compared 
with rituximab RP was evaluated in patients with 
CD20+ follicular B-cell non-Hodgkin lymphoma in a 
comparative clinical study.

Clinical equivalence was confirmed based on similarity 
of efficacy, safety, and other secondary endpoints.

1 Introduction

ABP 7981 is being developed as a biosimilar to rituximab 
reference product (RP) (licensed as  Rituxan® in the United 
States [US] and  MabThera® in the European Union [EU] and 

1 At the time of publication, ABP 798 has not been approved by the 
FDA or another relevant regulatory agency and the indications are yet 
undetermined. Please consult ABP 798′s later approved label in the 
relevant country for information regarding the approved uses for ABP 
798 in your country.
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Australia). Rituximab RP binds specifically to the antigen 
cluster of differentiation 20 (CD20) expressed on B-cells 
(also known as B lymphocytes) and mediates B-cell deple-
tion. Rituximab RP is approved for the treatment of non-
Hodgkin lymphoma (NHL), chronic lymphocytic leuke-
mia, rheumatoid arthritis, granulomatosis with polyangiitis 
(Wegener’s granulomatosis), microscopic polyangiitis, and 
pemphigus vulgaris [1, 2]. A biosimilar is a biological drug 
that is highly similar to an approved, branded biological RP 
[3, 4].

For the development of biosimilar ABP 798, a stepwise 
approach was used, according to the Food and Drug Admin-
istration (FDA) and European Medicines Agency (EMA) 
guidance and program-specific scientific advice, starting 
with the similarity assessment of analytical (structural, func-
tional, and physiochemical) characteristics, including criti-
cal quality attributes, which are product characteristics that 
can impact safety, potency, and pharmacokinetics (PK), as 
well as assessments of non-clinical and functional similar-
ity related specifically to the mechanisms of action [5–10]. 
ABP 798 is a genetically engineered chimeric mouse/human 
immunoglobulin (Ig) isotype class G subclass 1 monoclonal 
antibody with an amino acid sequence identical to rituximab 
RP. ABP 798 has the same formulation and pharmaceutical 
form as intravenous (IV) rituximab RP. Comprehensive ana-
lytical and functional characterization has demonstrated that 
ABP 798 is similar to rituximab RP in terms of structure, 
purity, and potency as well as chemotherapeutic synergy, 
primary and secondary mechanisms of action including the 
mediation of B-cell lysis both in vitro and in vivo, and toxi-
cokinetics [11, 12].

The final steps in the development of a biosimilar include 
comparisons of PK, safety, immunogenicity, and efficacy 
between the biosimilar and the RP in human clinical tri-
als. The PK/pharmacodynamic (PD) similarity of ABP 798 
with rituximab RP has been demonstrated in a three-arm 
study in patients with rheumatoid arthritis [13]. The cur-
rent study (JASMINE) was designed to demonstrate the 
clinical similarity between ABP 798 and rituximab RP in 
terms of efficacy, PK, PD, safety, and immunogenicity in 
patients with previously untreated CD20-positive (CD20+), 
low tumor-burden follicular lymphoma, as an appropriately 
sensitive population for the demonstration of clinical simi-
larity. The dose of 375 mg/m2 administered as an IV infu-
sion was chosen because it is the therapeutic dose of the RP 
for the NHL indication [1]. The weekly 375 mg/m2 dose 
given for 4 weeks and followed by a maintenance schedule 
at 2-monthly intervals is a treatment option for patients with 
asymptomatic, advanced-stage, low tumor-burden follicular 
lymphoma [14].

2  Methods

2.1  Study Design

This was a randomized, double-blind, active-controlled, 
two-arm study in adult patients with grade 1, 2, or 3a fol-
licular B-cell NHL and low tumor burden (asymptomatic). 
The study schema is provided in Fig. 1. Patients received a 
375 mg/m2 IV infusion of either ABP 798 or rituximab RP 
once weekly (QW) for 4 weeks, followed by dosing at weeks 
12 and 20, and remained in the study until week 28. Tumor 
assessments were performed at screening (i.e., baseline) and 
weeks 12 and 28.

An interactive voice/web response system (IXRS) was 
used to randomize the subjects centrally to receive either 
ABP 798 or rituximab in a 1:1 manner. Randomization data 
were kept strictly confidential, filed securely by the sponsor 
(or designee), and were accessible only to authorized per-
sons as per the sponsor’s (or designee’s) standard operating 
procedures (SOPs) until the time of unblinding. Because 
the investigational product (IP) containers are different for 
ABP 798 and rituximab RP, IP (ABP 798 or rituximab RP) 
was prepared by an unblinded pharmacist, or designee, to 
make it into a common IV preparation for administration 
to the patient. Patients, sponsor, contract research organi-
zation (CRO) designees, and other clinical site staff were 
blinded to the IP allocation for each patient. This study was 
conducted in accordance with International Conference on 
Harmonisation (ICH) Good Clinical Practice (GCP) regula-
tions/guidelines. All participants provided written informed 
consent prior to entering the study and before initiation of 
any study-related procedure (including administration of IP). 
Patients who discontinued IP before week 20 were followed 

Fig. 1  Study design in patients with NHL grade 1–3a follicular lym-
phoma stage II–IV CD20 +. IV intravenous, NHL non-Hodgkin lym-
phoma, RP reference product. ↓  indicates IV infusion. *Post-treat-
ment tumor assessments
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for 8 weeks after the last dose of IP and then completed the 
end-of-study (EOS) visit.

2.2  Study Population

Eligible patients were adults ≥ 18 years of age with histo-
logically confirmed grade 1, 2, or 3a follicular B-cell lym-
phoma expressing CD20 within 12 months before randomi-
zation. Disease was classified as stage II, III, or IV based on 
Cotswold’s modification of the Ann Arbor Staging System, 
with measurable disease and low tumor burden (based on 
Groupe d’Etudes des Lymphomes Folliculaires criteria and 
an Eastern Cooperative Oncology Group performance status 
score of 0 or 1) [15, 16]. Patients were excluded from par-
ticipation if they had a history or known presence of central 
nervous system metastases or if they had used either com-
mercially available or investigational chemotherapy, biologi-
cal therapy, or immunological therapy for NHL (including 
rituximab RP or biosimilar rituximab, or other anti-CD20 
treatments).

2.3  Investigational and Reference Products

ABP 798 was manufactured and packaged by Amgen, Inc. 
(Thousand Oaks, CA) and was supplied as a sterile, preserv-
ative-free liquid concentrate for IV infusion at a concentra-
tion of 10 mg/mL in either 100 mg/10 mL or 500 mg/50 mL 
single-dose vials. Rituximab RP (Rituxan®, Roche Genen-
tech) was procured from commercial supplies. Patients 
received either ABP 798 or rituximab RP at a dose of 
375 mg/m2 administered as an IV infusion QW for 4 weeks, 
followed by dosing at weeks 12 and 20. Concomitant medi-
cations were given before each infusion according to the 
local practice for administration of rituximab RP therapy. 
The following were prohibited at any time during the study: 
any non-study anti-cancer treatment (other than palliative 
radiotherapy to non-index lesions), commercial rituximab 
(other than as specified in this study design), any experimen-
tal (biological or non-biological) therapy (within or outside 
a clinical study), and live and attenuated vaccinations.

2.4  Efficacy Assessments

Disease was assessed by the investigator according to the 
International Working Group (IWG) response criteria for 
NHL at baseline and at weeks 12 and 28 [17]. Assessment 
included both a physical examination and a radiographic 
examination by computed tomography (CT) scan. Copies of 
all scheduled and unscheduled screening and on-study CT 
scans performed to monitor or diagnose NHL were submit-
ted for a central, blinded, independent radiological review 
(Perceptive Informatics, LLC). Clinical disease assessments, 
including physical examinations, were performed by the 

investigator or sub-investigator and were submitted to the 
central imaging vendor, if applicable. Responses were cat-
egorized according to RECIST V.1.1 as complete response 
(CR), unconfirmed CR (CRu), partial response (PR), stable 
disease, relapsed disease, and progressive disease, and a 
response category of not evaluable was provided for situa-
tions in which there was inadequate information to otherwise 
categorize response status [17]. Overall response rate (ORR) 
was defined as the percentage of patients with a CR, CRu, or 
PR, and patients without post-baseline disease assessments 
were counted as non-responders in calculating the ORR.

2.5  Pharmacokinetic Assessments

Serum samples for PK analysis were collected at baseline; 
predose at weeks 2, 3, 4, 12, and 20; immediately after the 
end of infusion at week 12; and at week 28/EOS. Patients 
who agreed to optional additional PK sampling also had 
PK samples collected at 2 h (± 1 h) post-dose at weeks 1, 
4, and 5.

2.6  Pharmacodynamic Assessments

CD19 + cell count, IgG, and IgM levels for PD analyses were 
collected at baseline and at weeks 2, 3, 4, and 28. Com-
plete depletion of CD19 + cell count at any post-dose time 
was defined as CD19 + cell counts < 20 cell/μL (0.02 × 109 
cell/L). Patients with missing CD19 + cell count at baseline 
or patients with CD19 + cell count < 20 cell/μL at baseline 
were excluded from the derivation of complete depletion of 
CD19 + cell count.

2.7  Safety Assessments

Safety endpoints were summarized descriptively. The 
adverse events of interest (AEOIs) prespecified for this 
study were infusion reactions including hypersensitivity, 
cardiac disorders, serious infections, progressive multifocal 
leukoencephalopathy, hematological reactions, hepatitis B 
reactivation, opportunistic infections, severe mucocutane-
ous reactions, tumor lysis syndrome, gastrointestinal perfo-
ration, and reversible posterior leukoencephalopathy syn-
drome. The AEOIs were retrieved utilizing Standardized 
Medical Dictionary for Regulatory Activities (MedDRA) 
Queries (SMQs), MedDRA system organ classes (SOCs) or 
a customized search strategy as best applicable to the AEOI 
medical concept.

2.8  Antidrug Antibody Assessments

Blood samples for antidrug antibody (ADA) assessments 
were collected at baseline/week 1, week 12, 20, and 28/EOS. 
Samples testing positive for binding antibodies were also 
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tested for neutralizing antibodies. If patients tested positive 
for neutralizing antibodies to ABP 798 or rituximab RP at 
the final scheduled study visit, they were asked to return for 
additional follow-up testing. The number and percentages 
of patients who developed binding ADAs and those who 
developed neutralizing ADAs were tabulated separately.

2.9  Statistical Methods

The primary endpoint was risk difference (RD) of ORR 
from the central, independent, blinded tumor assessments 
by week 28. Secondary endpoints included RD of ORR at 
week 12, PK, PD, safety, and immunogenicity. A sample size 
of 250 patients was chosen to provide approximately 95% 
power at a 0.05 significance level to demonstrate equiva-
lence between ABP 798 and rituximab RP on the primary 
efficacy endpoint (RD of ORR by week 28) assuming an 
ORR of 85% for both groups and a non-inferiority margin 
of − 15% and a non-superiority margin of + 35.5% [18]. The 
primary analysis was based on the modified full analysis 
set, which included all randomized patients with evidence 
of disease at baseline (ABP 798, n = 123 and rituximab RP, 
n = 124). Clinical equivalence of the primary endpoint was 
first to be demonstrated by comparing the one-sided 95% 
lower confidence limit of the RD of ORR by week 28 for 
ABP 798 and rituximab RP, with a non-inferiority margin 
of − 15%. If this was successful, the one-sided 95% upper 
confidence limit of the RD of ORR by week 28 was com-
pared with the non-superiority margin of + 35.5%. The point 
estimate and confidence limits of the RD of ORR were esti-
mated using a generalized linear model adjusted for the 
stratification factors (geographic region and age group). To 
assess the robustness of the primary ORR results, sensitiv-
ity analyses were performed using the central, independent, 
blinded assessments on the per-protocol (PP) analysis set 
(n = 120 for each ABP 798 and rituximab RP) according to 
actual treatment received and using the investigator’s assess-
ment of disease on the full analysis set. The PP analysis set 
included subjects who completed all four weekly doses of 
IP or who permanently discontinued IP prior to completing 
four weekly doses due to reasons allowed per protocol (i.e., 
disease progression, adverse events [AEs], and death), who 
had at least one post-baseline tumor assessment prior to the 
EOS from the central, independent, blinded assessments, 
and who did not experience a protocol deviation that would 
affect their evaluation for the primary objective of the study.

Serum ABP 798 and rituximab RP concentrations were 
summarized by treatment for each sampling visit using the 
safety analysis set. The area under the curve (AUC) from 
week 4 to week 12 was calculated for the subset of patients 
with results at all optional PK visits within the analysis visit 
windows and results at predose week 4 and week 12, regard-
less of whether a partial or full dose was received at the dose 

prior, and the geometric least squares means of the AUC 
for each treatment and corresponding ratio and 90% confi-
dence interval (CI) were calculated. All PD analyses were 
performed using the full analysis set. All safety analyses 
were performed on the safety analysis set.

3  Results

3.1  Enrollment and Disposition of Patients

A total of 380 patients were screened, and 256 patients 
were randomized (128 in the ABP 798 group and 128 in 
the rituximab RP group) at 91 centers across 20 countries. 
All 256 randomized patients were included in the full 
analysis set. Demographic and baseline physical charac-
teristics were generally comparable between ABP 798 and 
rituximab RP (see Table 1). Overall, 50.8% of patients 
were female, 79.3% were white, and the median (range) 
age was 58.5 (24–84) years. Baseline disease characteris-
tics were also generally comparable between ABP 798 and 
rituximab RP groups (see Table 1). Overall, the median 
(range) interval from diagnosis was 2.3 (0.3–142.6) 
months. Over half of the patients had histological grade 
2 disease at screening (147 [57.4%]), and most had no 
bone marrow involvement (181 [70.7%]). Disease stage at 
screening was stage IV in 74 patients (28.9%) (ABP 798: 
34 [26.6%]; rituximab RP: 40 [31.3%]), stage III in 119 
patients (46.6%) (ABP 798: 60 [46.9%]; rituximab RP: 
59 [46.1%]), stage II in 63 patients (24.7%) (ABP 798: 
34 [26.6%]; rituximab RP: 29 [22.7%]), and stage I in no 
patients (0.0%). Median (range) number of nodal sites was 
2.0 (1–6). Follicular Lymphoma International Prognostic 
Index (FLIPI) risk group classification was low in 113 
patients (44.1%), intermediate in 104 patients (40.6%), 
and high in 39 patients (15.2%). Six patients (2.3%) had 
received previous local radiation treatment at a mean time 
of 18.22 (range of 7.0–37.3) months before study start. 
There were no patients who had had prior chemotherapy, 
biological therapy, or immunological therapy.

A summary of the study and IP disposition for patients 
in the full analysis set is provided in Fig. 2. Of the 256 
randomized patients, 254 (99.2%) were treated (ABP 798: 
128 patients; rituximab RP: 126 patients). Overall, 242 
patients (94.5%) (ABP 798: 119 [93.0%]; rituximab RP: 
123 [96.1%]) completed treatment and 14 patients (5.5%) 
(ABP 798: nine [7.0%]; rituximab RP: five [3.9%]) dis-
continued treatment. For the ABP 798 group, the most 
common reason for discontinuing IP was disease pro-
gression (four patients [3.1%]), followed by AE (three 
patients [2.3%]) and physician decision and other reasons 
(one patient each [0.8%]). In the rituximab RP group, the 
reasons for discontinuing IP were AE, patient request, 
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Table 1  Demographic and study baseline characteristics by treatment

ECOG Eastern Cooperative Oncology Group, FLIPI Follicular Lymphoma International Prognostic Index, RP reference product

Variable ABP 798
(N = 128)

Rituximab RP
(N = 128)

Total
(N = 256)

Ethnic groups [n (%)]
 White 102 (79.7) 101 (78.9) 203 (79.3)
 Asian, non-Japanese 17 (13.3) 14 (10.9) 31 (12.1)
 Asian, Japanese 7 (5.5) 8 (6.3) 15 (5.9)
 Missing 1 (0.8) 2 (1.6) 3 (1.2)
 Other 0 (0.0) 2 (1.6) 2 (0.8)
 American Indian or Alaska Native 1 (0.8) 0 (0.0) 1 (0.4)
 White, Asian—non-Japanese 0 (0.0) 1 (0.8) 1 (0.4)

Sex [n (%)]
 Female 68 (53.1) 62 (48.4) 130 (50.8)
 Male 60 (46.9) 66 (51.6) 126 (49.2)

Age (years)
 Mean (SD) 57.6 (12.72) 58.2 (12.20) 57.9 (12.45)
 Median 58.5 58.5 58.5
 Minimum, maximum 24, 79 25, 84 24, 84

Age group [n (%)]
 ≤ 60 years 71 (55.5) 70 (54.7) 141 (55.1)
 > 60 years 57 (44.5) 58 (45.3) 115 (44.9)

Weight (kg); mean (SD) 75.29 (19.135) 75.19 (16.981) 75.24 (18.063)
Height (cm); mean (SD) 166.81 (10.737) 167.64 (10.292) 167.22 (10.506)
Geographic region [n (%)]
 Europe 88 (68.8) 86 (67.2) 174 (68.0)
 Asia Pacific—other 23 (18.0) 23 (18.0) 46 (18.0)
 Americas 10 (7.8) 11 (8.6) 21 (8.2)
 Japan 7 (5.5) 8 (6.3) 15 (5.9)

Clinical characteristics
Ann Arbor stage at screening [n (%)]
 I 0 (0.0) 0 (0.0) 0 (0.0)
 II 34 (26.5) 29 (22.7) 63 (24.7)
 III 60 (46.9) 59 (46.2) 119 (46.6)
 IV 34 (26.6) 40 (31.3) 74 (28.9)

ECOG performance status [n (%)]
 0 107 (83.6) 110 (85.9) 217 (84.8)
 1 21 (16.4) 18 (14.1) 39 (15.2)

FLIPI risk classification [n (%)]
 Low 55 (43.0) 58 (45.3) 113 (44.1)
 Intermediate 56 (43.8) 48 (37.5) 104 (40.6)
 High 17 (13.3) 22 (17.2) 39 (15.2)

Histologic grading at screening [n (%)]
 Grade 1 30 (23.4) 28 (21.9) 58 (22.7)
 Grade 2 73 (57.0) 74 (57.8) 147 (57.4)
 Grade 3a 25 (19.5) 26 (20.3) 51 (19.9)

Bone marrow involvement? [n (%)]
 Yes 30 (23.4) 39 (30.5) 69 (27.0)
 Indeterminate 3 (2.3) 2 (1.6) 5 (2.0)
 No 95 (74.2) 86 (67.2) 181 (70.7)
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patient dissatisfaction with treatment efficacy, physician 
decision, and protocol violation (n = 1 each).

3.2  Primary Efficacy Endpoint

Results of the analysis of the primary efficacy endpoint 
of RD of ORR by week 28, based on data from the cen-
tral, independent, blinded assessments of disease for the 
modified full analysis set (ABP 798, n = 123 and rituximab 
RP, n = 124), are provided in Table 2. Overall, 96 patients 
(78.0%) in the ABP 798 group and 87 patients (70.2%) in 
the rituximab RP group had a best ORR by week 28; the 
point estimate of RD of ORR between treatment groups 
(ABP 798 − rituximab RP) from the generalized linear 
model adjusting for stratification factors was 7.7%. The 
one-sided 95% lower confidence limit of RD of ORR by 
week 28 was − 1.4% and was within the prespecified non-
inferiority margin of − 15%. Subsequently, the one-sided 
95% upper confidence limit was determined to be 16.8% 
and was within the pre-specified non-superiority margin 
of 35.5%. The results of the sequential testing thus estab-
lished equivalence in clinical efficacy between ABP 798 
and rituximab RP. Additionally, the two-sided 95% CI 
of RD of ORR by week 28 (− 3.2% to 18.6%) was also 
consistent with similarity of clinical efficacy (see Fig. 3). 
The results of the sensitivity analyses (central, independ-
ent, blinded assessment of disease on the PP analysis set; 

investigator’s assessment of disease on the full analysis 
set; and impact of baseline covariates using the central, 
independent, blinded assessment of disease on the modi-
fied full analysis set) support the conclusion of primary 
efficacy analysis (data not shown). Results of the analysis 
of the primary efficacy endpoint of ORR by week 28 by 
subgroup of geographic region showed that, in general, for 
subgroups with larger sample sizes, results were consistent 
with results from the primary analysis.

3.3  Secondary Efficacy Endpoint: Difference 
of Overall Response Rate at Week 12

Results of the analysis of the secondary efficacy endpoint of 
RD of ORR at week 12 support a conclusion of comparable 
efficacy between the treatment groups. Overall, 73 patients 
(59.3%) in the ABP 798 group and 72 patients (58.1%) in 
the rituximab RP group had best overall response at week 
12; the point estimate of RD of ORR between treatment 
groups (ABP 798 − rituximab RP) from the generalized lin-
ear model adjusting for stratification factors was 0.9%. At 
week 12, the one-sided 95% lower confidence limit of RD of 
ORR was − 9.3%, and the one-sided 95% upper confidence 
limit of RD of ORR at week 12 was 11.2%. Additionally, the 
two-sided 95% CI of RD of ORR at week 12 was − 11.3% 
to 13.2%, and was also consistent with similarity of clinical 
efficacy.

Fig. 2  Study disposition.  
RP reference product
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3.4  Pharmacodynamics

The percentage of patients with complete depletion of 
CD19 + cell count at day 8 was similar between the treatment 
groups (113/115 patients [98.3%] in the ABP 798 group and 

114/116 patients [98.3%] in the rituximab RP group), indi-
cating that the extent of B-cell depletion in patients with 
NHL was similar between ABP 798 and rituximab RP. In 
general, only minor changes from baseline were noted in IgG 
and IgM levels for both treatment groups. Mean baseline 
IgG (SD) was 9.740 (2.5988) g/L and 10.570 g/L (2.5970) 
for ABP 798 and rituximab RP, respectively. At week 4, 
the mean change from baseline (SD) was − 0.018 (1.2459) 
and − 0.407 (1.4065) for ABP 798 and rituximab RP, respec-
tively. Mean baseline IgM (SD) was 1.021 (1.0072) g/L and 
1.247 g/L (3.4018) for ABP 798 and rituximab RP, respec-
tively. At week 4, the mean change from baseline (SD) 
was − 0.033 (0.3158) and 0.137 (1.9442) for ABP 798 and 
rituximab RP, respectively.

3.5  Pharmacokinetics

The resulting mean serum concentrations in the safety analy-
sis set at predose (trough) at each of the planned PK visits 
(except baseline and EOS) and immediately after the end 
of infusion at week 12 support similarity of ABP 798 and 
rituximab RP and were consistent with similarity of ABP 
798 relative to rituximab RP. Mean (± SD) serum ABP 
798 and rituximab RP concentration–time profiles from 
week 4 through week 12 for the patients who agreed to the 
optional additional PK sampling are presented in Fig. 4. The 

Table 2  Summary of overall response rate by week 28—primary efficacy based on independent central assessment of disease

Data are based on the modified full analysis set
CI confidence interval, CR complete response, CRu unconfirmed complete response, IWG International Working Group, NHL non-Hodgkin lym-
phoma, ORR overall response rate, PR partial response, RD risk difference, RP reference product
a ORR is defined as the percentage of patients with a best overall response of CR, PR, or CRu, defined per IWG-NHL criteria.16

b Point estimate and CIs were estimated using a generalized linear model adjusted for the randomization stratification factors geographic region 
and age group

ABP 798 Rituximab RP
N = 123 N = 124

ORRa [n (%)] 96 (78.0) 87 (70.2)
95% CI of ORR (%) (70.7, 85.4) (62.1, 78.2)
 RD (ABP 798−rituximab RP)b (%) 7.7
 One-sided 95% lower confidence limit (%)  − 1.4
 One-sided 95% upper confidence limit (%) 16.8
 Two-sided 95% CI (%) (− 3.2 to 18.6)

Best overall response [n (%)]
 CR 29 (23.6) 32 (25.8)
 CRu 0 (0.0) 3 (2.4)
 PR 67 (54.5) 52 (41.9)
 Stable disease 23 (18.7) 35 (28.2)
 Relapsed disease 0 (0.0) 0 (0.0)
 Progressive disease 1 (0.8) 0 (0.0)
 Missing 2 (1.6) 2 (1.6)
 Unknown 1 (0.8) 0 (0.0)

Fig. 3  Primary efficacy endpoint of RD of ORR by week 28, based 
on data from the central, independent, blinded assessments of disease 
for the modified full analysis set. CI confidence interval, ORR overall 
response rate, RD risk difference. *The CI limits correspond to the 
one-sided 95% CI lower limit and the one-sided 95% CI upper limit
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geometric mean ratio (GMR) (90% CI) for the AUC from 
week 4 to week 12 was 0.9240 (0.7958–1.0729).

3.6  Antidrug Antibodies

A summary of ADA results is provided in Table 3. All 
patients in the safety analysis set (100%) had at least one 
on-study ADA result. One patient (0.8%) in the ABP 798 
group and three patients (2.4%) in the rituximab RP group 
tested positive for pre-existing binding ADAs at baseline, 
but no patients tested positive for pre-existing neutralizing 
ADAs at baseline. Post-baseline, from day 1 through week 
28/EOS, three patients (2.4%) in the ABP 798 group and one 
patient (0.8%) in the rituximab RP group tested positive for 
the development of binding ADAs; the results were transient 
(i.e., negative results at the patient’s last time point tested 

within the study period) for two patients (1.6%) and zero 
patients (0.0%), respectively. The incidence of developing 
ADAs was consistent across the treatment groups over the 
entire study and consistent with similarity of ABP 798 rela-
tive to rituximab RP.

3.7  Safety

Of the 256 randomized patients, 254 (99.2%) were treated 
with IP (128 patients [100.0%] in the ABP 798 group and 
126 [98.4%] in the rituximab RP group) and were included 
in the safety analysis set. The number of doses, the cumu-
lative dose of IP received, and the total IP exposure dura-
tion were similar between the treatment groups across both 
time periods summarized. In general, exposure to IP was 
similar between the treatment groups, thereby facilitat-
ing comparisons of safety and immunogenicity across 
groups. Overall, 202 patients (79.5%) reported at least one 
AE (107 patients [83.6%] in the ABP 798 group and 95 
patients [75.4%] in the rituximab RP group).

An overall summary of AEs, including treatment-
emergent events in ≥ 5% of patients as well as AEOIs, is 
provided in Table 4. Overall, 63 patients (49.2%) in the 
ABP 798 treatment group and 57 patients (45.2%) in the 
rituximab RP treatment group experienced an AEOI. The 
RD for experiencing any AEOI was 4.0 (95% CI − 8.3 to 
16.3) for the difference between the ABP 798 and rituxi-
mab RP treatment groups. Overall survival was defined 
as the time from randomization to the date of death. All 
patients (100.0%) in the safety analysis set remained alive 
at the EOS.

At least one grade ≥ 3 AE was reported in 27 patients 
(10.6%) (14 patients [10.9%] in the ABP 798 group and 13 
patients [10.3%] in the rituximab RP group). Grade ≥ 3 AEs 

Fig. 4  Serum concentrations over time by treatment (week 4–12) in 
the subset of patients who agreed to the optional PK testing. Note: 
This graph represents PK results from the 45 patients treated with 
ABP 798 and the 41 patients treated with rituximab RP who agreed 

to the optional PK sampling. The sample sizes for each visit (ABP 
798 vs rituximab) were as follows: week 4 predose (44 vs 39), week 4 
post-dose (36 vs 32), week 5 (38 vs 37), and week 12 predose (44 vs 
41). PK pharmacokinetic, RP reference product

Table 3  Overall antidrug antibody results

Baseline was defined as the last non-missing assessment taken prior 
to the first dose of investigational product. Percentages were calcu-
lated using the corresponding category count as the denominator
RP reference product
a Negative result at the subject’s last time point tested within the study 
period

Variable ABP 798 Rituximab RP

Patients with a binding antibody negative 
or no result at baseline and a post-
baseline result

126 123

Developing antibody incidence, n (%)
 Binding antibody positive post-baseline 3 (2.4) 1 (0.8)
   Transienta 2 (1.6) 0 (0.0)
 Neutralizing antibody positive anytime 1 (0.8) 1 (0.8)
   Transienta 1 (0.8) 0 (0.0)
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by preferred term occurring in more than one patient over-
all were neutropenia (three patients [2.3%] in the ABP 798 
treatment group and three patients [2.4%] in the rituximab 
RP group), pyrexia (two [1.6%] and zero patients [0.0%], 
respectively), hypertension (one [0.8%] and two patients 
[1.6%], respectively), urticaria (one [0.8%] and two patients 
[1.6%], respectively), and abdominal pain (one [0.8%] and 
one patient [0.8%], respectively).

The subject incidence of serious adverse events (SAEs) 
was balanced between the treatment groups (five patients 
[3.9%] in the ABP 798 group and five patients [4.0%] in the 
rituximab RP group). In the ABP 798 group, SAEs were 
most frequently reported in the SOCs of infections and 
infestations, and injury, poisoning, and procedural compli-
cations (two patients [1.6%] each in the ABP 798 group and 
no patient [0.0%] each in the rituximab RP group); in the 
rituximab RP group, SAEs were most frequently reported in 

the SOC of gastrointestinal disorders (one patient [0.8%] in 
the ABP 798 group and three patients [2.4%] in the rituxi-
mab RP group). Overall, the severities of all AEs observed 
were within the grades of severity expected with rituximab 
RP, and no new safety signals were identified.

Discontinuation of IP or study due to one or more AEs 
occurred in four patients (3.1%) in the ABP 798 group 
and one patient (0.8%) in the rituximab RP group. Several 
AEs leading to discontinuation of IP or study were infu-
sion-related reactions (i.e., anaphylactic reaction, dyspnea, 
erythema, and stomatitis), which are expected events for 
rituximab RP [19]. There were no AEs leading to discon-
tinuation of IP or discontinuation of the study that occurred 
in more than a single patient. Only one SAE, stomatitis in 
one patient (0.8%) in the ABP 798 group, resulted in IP or 
study discontinuation.

Table 4  Overall summary of adverse events

Only treatment-emergent adverse events were summarized (by actual treatment received). For each category, patients were included only once, 
even if they experienced multiple adverse events in that category
AEOI adverse event of interest, IP investigational product, RP reference product
a Infusion reactions including hypersensitivity AEOIs must have start date the same as, or 1 day after, an IP product administration start date

ABP 798  
N = 128
n (%)

Rituximab RP 
N = 126
n (%)

Any adverse event 107 (83.6) 95 (75.4)
Treatment-emergent events in ≥ 5% of patients
 Abdominal pain 4 (3.1) 10 (7.9)
 Asthenia 12 (9.4) 6 (4.8)
 Diarrhea 3 (2.3) 9 (7.1)
 Fatigue 13 (10.2) 12 (9.5)
 Headache 15 (11.7) 12 (9.5)
 Nausea 6 (4.7) 14 (11.1)
 Pruritus 6 (4.7) 12 (9.5)
 Pyrexia 8 (6.3) 8 (6.3)
 Rash 9 (7.0) 6 (4.8)
 Throat irritation 9 (7.0) 8 (6.3)
 Upper respiratory tract infection 7 (5.5) 1 (0.8)
 Urticaria 7 (5.5) 2 (1.6)

Grade ≥ 3 adverse events 14 (10.9) 13 (10.3)
Any AEOI 63 (49.2) 57 (45.2)
 Infusion reactions including  hypersensitivitya 55 (43.0) 54 (42.9)
 Hematological reactions 7 (5.5) 6 (4.8)
 Cardiac disorders 3 (2.3) 2 (1.6)
 Serious infections 2 (1.6) 0 (0.0)
 Severe mucocutaneous reactions 1 (0.8) 0 (0.0)
 Gastrointestinal perforation, hepatitis B reactivation, opportunistic infection, progressive 

multifocal leukoencephalopathy, reversible posterior leukoencephalopathy syndrome, 
tumor lysis syndrome

0 (0.0) 0 (0.0)
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4  Discussion

This comparative clinical trial was designed to establish the 
similarity of efficacy and safety of ABP 798 compared to 
rituximab RP in patients with CD20-positive B-cell follicu-
lar lymphoma. A population of follicular lymphoma patients 
with low tumor burden was selected for this study to evalu-
ate the use of ABP 798 as monotherapy in a homogeneous 
patient population. Patients with advanced-stage, low tumor-
burden follicular lymphoma conventionally undergo watch-
ful waiting until disease progression. Rituximab 375 mg/
m2 weekly for 4 weeks followed by a maintenance schedule 
at 2-monthly intervals up to 2 years is a treatment option 
in this patient population [14]. This ABP 798 comparative 
trial used two maintenance cycles only as was required for 
biosimilar development; however, patients could continue 
maintenance treatment using commercially available rituxi-
mab RP according to standard of care.

Equivalence in clinical efficacy was established by the 
primary endpoint analysis of RD of ORR by week 28 with 
central independent, blinded assessment. The one-sided 95% 
lower confidence limit of RD of ORR was − 1.4% and was 
contained within the prespecified non-inferiority margin 
of − 15%. The one-sided 95% upper confidence limit of RD 
of ORR was 16.8% and was contained within the prespeci-
fied non-superiority margin of 35.5%. This demonstration 
of both non-inferiority and non-superiority is supportive of 
equivalence in the clinical efficacy of ABP 798 relative to 
rituximab RP. The results of sensitivity analyses that were 
performed to ensure that the results are robust with differ-
ent imputations were consistent with the results from the 
primary efficacy analysis, thereby supporting the conclusion 
of efficacy similarity.

The IWG response criteria for NHL described in Che-
son et al. were selected for use in this study, to align with 
the assessment method used in the phase 3 rituximab RP 
study upon which this study design was based and upon 
which the margin for demonstrating clinical equivalence 
was calculated [14, 17, 18]. The sample size of 250 patients 
was chosen to provide approximately 95% power at a 0.05 
significance level to demonstrate equivalence between ABP 
798 and the RP on the primary efficacy endpoint (RD of 
ORR by week 28), assuming an ORR of 85% for both groups 
and a non-inferiority margin of − 15% and a non-superiority 
margin of + 35.5%. The statistically derived lower margin 
(− 35.5%) following FDA non-inferiority guidance pre-
serves 50% of the rituximab RP effect from the 80% lower 
CI of the difference in ORR of rituximab RP monotherapy 
induction plus maintenance compared with watchful wait-
ing as reported in a study in patients with asymptomatic 
stage 2, 3, or 4 follicular lymphomas [18]. A more conserva-
tive lower margin (− 15%) preserving 79% of the rituximab 

RP treatment effect from the 80% lower CI was selected 
to rule out that ABP 798 is inferior to rituximab RP; the 
upper margin (+ 35.5%) was chosen to be symmetric to the 
statistically derived lower margin to demonstrate that ABP 
798 is non-superior to rituximab RP. Clinical equivalence 
of the primary efficacy endpoint was first demonstrated by 
comparing the one-sided 95% lower confidence limit of the 
RD of ORR by week 28 between ABP 798 and the RP with 
a non-inferiority margin of − 15%. Since this was success-
ful, the one-sided 95% upper confidence limit of the RD of 
ORR by week 28 was then compared with a non-superiority 
margin of + 35.5%. The point estimate and confidence limits 
of the RD of ORR by week 28, which were estimated using 
a generalized linear model adjusted for the stratification 
factors (geographic region and age group), were within the 
prespecified margin.

Equivalence in clinical efficacy of ABP 798 with respect 
to rituximab RP in patients with CD20-positive B-cell NHL 
was further supported by the results of efficacy assessment 
at week 12, with a two-sided 90% CI (− 9.3% to 11.2%). In 
addition to similarity of efficacy by week 28, this similarity 
of efficacy at week 12 was also determined based on RD 
of ORR for the central, independent, blinded assessment of 
disease using the modified full analysis set and the investiga-
tor’s assessment of disease using the full analysis set.

Similarity of clinical PK was supported by trough serum 
concentrations and, in a subset of patients who agreed to 
the optional PK sampling, AUC values that were similar 
across ABP 798 and rituximab RP groups. Similarity of 
PD between ABP 798 and rituximab RP was demonstrated, 
with a similar percentage of patients with complete deple-
tion of CD19 + cell count at day 8, indicating similarity in 
the extent of B-cell depletion. The levels of IgG and IgM 
levels were similar for treatment groups, with only minor 
changes from baseline noted. Similarity in clinical safety 
and immunogenicity was established by demonstrating that 
the incidence, type, and severity of AEs and the subject inci-
dence of developing ADAs were similar between treatment 
groups, with no clinically meaningful differences, and were 
consistent with the safety profile of rituximab RP. These 
additional measures beyond the primary efficacy endpoint 
all support a conclusion of clinical similarity of ABP 798 
relative to rituximab RP.

NHL is the most common hematological malignancy and 
comprises a diverse group of malignancies, most of B-cell 
origin [20]. Follicular lymphoma, a subtype of B-cell NHL 
characterized as indolent in nature with a slowly progressive 
natural history [21], is the second most common lymphoma 
diagnosed in the US and Western Europe. An overwhelming 
majority of patients have advanced-stage disease at diag-
nosis. Patients with asymptomatic follicular lymphoma do 
not require immediate treatment unless they have sympto-
matic nodal disease, compromised end-organ function B 
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symptoms, symptomatic extranodal disease, or cytopenias 
[22]. Rituximab RP monotherapy presents an opportunity to 
significantly delay disease progression and death, with lim-
ited side effects, and has changed the paradigm for treating 
follicular lymphoma, both as monotherapy and in combina-
tion with chemotherapy (usually in the symptomatic setting) 
[23], resulting in an overall increase in survival of patients 
with follicular lymphoma [24, 25].

An additional two biosimilars of rituximab RP are 
available in the US for the treatment of NHL—Truxima® 
and  Ruxience® [26, 27]. Similar to that of ABP 798, the 
development of other biosimilars to rituximab RP also 
began with non-clinical and preclinical investigations and 
clinical trials in rheumatoid arthritis prior to the compara-
tive clinical trials to demonstrate similarity with rituxi-
mab RP in follicular lymphoma. CT-P10 (rituximab-abbs; 
 Truxima® [Teva Pharmaceuticals USA, Inc, North Wales, 
PA]) was evaluated in a comparative clinical study to 
assess non-inferior efficacy and PK equivalence of CT-P10 
compared with rituximab when used in combination with 
cyclophosphamide, vincristine, and prednisone in patients 
with newly diagnosed, advanced-staged (Ann Arbor stage 
III–IV) follicular lymphoma. The primary efficacy end-
point was the proportion of patients who had an overall 
response over eight cycles and was assessed in the efficacy 
population (all randomized patients). CT-P10 exhibited 
non-inferior efficacy and PK equivalence to rituximab RP, 
and the safety profile of CT-P10 was comparable to that of 
rituximab RP [28]. GP2013 (rituximab-pvvr;  Ruxience® 
[Pfizer Inc., NY, NY USA]) was evaluated in a compara-
tive clinical study of efficacy, safety, tolerability, PK, and 
PD of GP2013 in combination with cyclophosphamide, 
vincristine, and prednisone compared with rituximab in 
the same combination dosing paradigm in patients with 
previously untreated, advanced-stage (Ann Arbor stage III 
or IV) follicular lymphoma. The primary endpoint of com-
parability in overall response to eight cycles of GP2013 in 
the combination phase was met [29]. Though not currently 
approved in the US, HLX01 (Shanghai Henlius Biotech 
Inc, Shanghai, China) has been evaluated in a comparative 
clinical study to assess the efficacy, safety, and immuno-
genicity of HLX01 plus cyclophosphamide, doxorubicin, 
vincristine, and prednisone compared with rituximab RP 
in the same combination dosing paradigm in patients with 
histologically confirmed CD20 + diffuse large B-cell lym-
phoma (Ann Arbor stages I–IV) every 21 days for up to 
six cycles. The primary efficacy endpoint of comparability 
of best ORR within six cycles of treatment was met [30].

While rituximab RP has changed the paradigm for treat-
ing follicular lymphoma, the cost of treatment may represent 
a barrier to patient access. Approval of biosimilars offers the 
hope of increased access and improved patient outcomes. 

Comparative clinical studies, including the current ABP 798 
study, have demonstrated similarity of efficacy of proposed 
biosimilars of rituximab RP with respect to the RP in fol-
licular lymphoma. Overall, the results of this study support 
a conclusion of similarity in efficacy and safety/tolerability 
with regard to ABP 798 and rituximab RP in patients with 
CD20 + follicular B-cell NHL.
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