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(SDZ-RTX; Rixathon®) in combination with 
CHOP for the treatment of patients with 
previously untreated CD20-positive diffuse 
large B-cell lymphoma
Manfred Welslau , Boris Kubuschok, Julian Topaly, Burkhard Otremba,  
Thomas Wolff and Galyna Bryn

Abstract
Background: REFLECT is the first prospective study of Sandoz biosimilar rituximab (SDZ-RTX) 
in patients with diffuse large B-cell lymphoma (DLBCL).
Objective: To evaluate the 2-year effectiveness and safety of SDZ-RTX as first-line treatment 
for DLBCL.
Design: Real-world, multicenter, open-label, single-arm, non-interventional, post-approval 
study of SDZ-RTX in combination with cyclophosphamide, doxorubicin, vincristine, and 
prednisone (R-CHOP) in patients with treatment-naïve CD20‑positive DLBCL.
Methods: Treatment-naïve, CD20-positive adult patients (⩾18 years) with DLBCL eligible for 
therapy with R-CHOP were treated with SDZ-RTX-CHOP every 2 or 3 weeks for 6–8 cycles. 
The effectiveness of SDZ-RTX was measured by the complete response (CR) rate at the end of 
R-CHOP treatment, as assessed by the treating physician. Progression-free survival (PFS) was 
assessed at 24 months.
Results: A total of 169 patients [52.1% female, median (range) age 70 (24−94) years] with 
DLBCL were included in the full analysis set. At baseline, 19.5% and 24.3% of patients 
had Ann Arbor disease stage III or IV, respectively, and most patients (80.5%) had Eastern 
Cooperative Oncology Group Performance Status of 0 or 1. A total of 100 (59.2%) patients 
completed the 24-month observation period. In total, 110 [65.1%; 95% confidence interval 
(CI): 57.4–72.3] patients achieved CR as best response and 50 (29.6%; 95% CI: 22.8–37.1) 
patients achieved partial response. Overall best response rate was 94.7% (95% CI: 90.1–
97.5). One-year PFS was 84.9% (95% CI: 78.2–89.6), while 2-year PFS was 78.5% (95%  
CI: 70.9–84.4); median PFS was not reached within the observational period. A total of 143 
(84.6%) patients experienced ⩾1 adverse event, 53 (31.4%) of which were suspected to be 
related to study drug.
Conclusion: This real-world, 2-year study reconfirms that first-line treatment of  
CD20-positive DLBCL with R-CHOP using SDZ-RTX is effective and well tolerated.
Registration: N/A
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Plain language summary 
REFLECT: A study evaluating Sandoz biosimilar rituximab (Rixathon®) in combination 
with CHOP for the treatment of patients with previously untreated diffuse large  
B-cell lymphoma

Why was this study done?
•  �Biosimilars are biologic medicines that are highly similar to a reference biologic 

medicine that is already approved and has been used in patients for several years.
•  �The REFLECT study was the first study of a biosimilar medicine (Sandoz biosimilar 

rituximab) in patients with a type of lymphatic cancer called diffuse large B-cell 
lymphoma (DLBCL).

What did the researchers do?
•  �Sandoz biosimilar rituximab was given as part of the standard treatment (cyclo­

phosphamide, doxorubicin, vincristine, and prednisone; R-CHOP) in patients with 
DLBCL who had not received treatment before.

•  �The researchers aimed to evaluate how well Sandoz biosimilar rituximab worked over 
a 2-year period.

•  �The researchers also aimed to look at the safety of Sandoz biosimilar rituximab.
•  �Patients with DLBCL had to be ⩾18 years of age, in need of treatment, and were classed 

as suitable for treatment with R-CHOP by their doctor.
•  �Patients were treated with R-CHOP including Sandoz biosimilar rituximab every  

2 or 3 weeks for 6–8 cycles.

What did the researchers find?
•  �A total of 169 patients with DLBCL were included in the study.
•  �Just over half (52%) were female and the average age was 67 years.
•  �Nearly 6 out of 10 (59%) patients completed the 2-year study.
•  �More than 6 out of 10 (65%) patients achieved complete response and 3 out of 10 (30%) 

achieved partial response.
•  �The overall response rate was 95%.
•  �One-year progression-free survival was 85%, and 2-year progression-free survival was 

79%.
•  �Regarding safety, 85% of patients experienced at least one adverse event; just over  

3 out of 10 (31%) of these were suspected to be related to the study drug.

What do the findings mean?
•  �This 2-year study shows that R-CHOP including Sandoz biosimilar rituximab is effective 

and well tolerated as the first treatment given to patients with DLBCL.

Keywords:  biosimilar, CHOP, DLBCL, real-world, rituximab

Received: 20 July 2022; revised manuscript accepted: 6 June 2023.

Introduction
Diffuse large B-cell lymphoma (DLBCL) is the 
most frequent form of non-Hodgkin lymphoma 
among adults,1 with an annual incidence of seven 
to eight cases per 100,000 in western countries.2,3 
DLBCL is an aggressive malignancy and median 
survival has been reported to be less than 1 year in 
untreated patients.4,5

The chemotherapy regimen, comprising rituxi-
mab, three chemotherapy agents (cyclophospha-
mide, doxorubicin, vincristine), and one steroid 
(prednisone), is the current standard of care for 
patients with newly diagnosed DLBCL.6 The 
cyclophosphamide, doxorubicin, vincristine, and 
prednisone (CHOP) regimen has been used for 
more than 40 years. With the addition of 
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rituximab to CHOP (R-CHOP) approved by the 
US Food and Drug Administration in 2006 for 
use in first-line treatment of patients with 
DLBCL,6,7 50–60% of patients with DLBCL 
treated with R-CHOP have been reported to 
achieve cure.6,8

Sandoz rituximab (SDZ-RTX; Rixathon®) 
received regulatory approval as a rituximab bio-
similar in the EU in 2017.9 In line with the bio-
similar approval process, SDZ-RTX is approved 
for use in the same indications as reference rituxi-
mab (MabThera®, Roche Pharmaceuticals), 
based on the totality of evidence for biosimilarity. 
SDZ-RTX is, therefore, approved for the treat-
ment of follicular lymphoma (FL) and DLBCL, 
chronic lymphocytic leukemia (CLL), severe 
rheumatoid arthritis (RA), granulomatosis with 
polyangiitis (GMP, formerly Wegener’s granulo-
matosis), microscopic polyangiitis (MPA), and 
pemphigus vulgaris (PV).9

The SDZ-RTX clinical development program, 
encompassing studies in patients with FL  
and RA, demonstrated that SDZ-RTX matched 
reference rituximab on all clinically relevant 
attributes, in terms of pharmacokinetics, pharma-
codynamics, efficacy, safety, and immunogenic-
ity.10–13 However, no patients with DLBCL were 
involved in these confirmatory studies; REFLECT 
is the first prospective study of SDZ-RTX in 
patients with DLBCL. The prospective, multi-
center, open-label, non-interventional study was 
designed to assess the effectiveness and safety of 
SDZ-RTX administered in combination with 
CHOP chemotherapy in treatment-naïve patients 
with CD20-positive DLBCL under real-world 
conditions.

Materials and methods
REFLECT was a prospective, observational, 
multicenter, open-label, single-arm, non-inter-
ventional study in treatment-naïve, CD20-
positive, adult patients with DLBCL. The study 
was conducted at 79 sites across Germany, initi-
ated in October 2017 and completed in March 
2021. Enrollment was concluded in March 2019.

Patients
In accordance with the Rixathon® Summary  
of Product Characteristics (SmPC),9 eligible 

patients were ⩾18 years old, with a confirmed 
diagnosis of CD20-positive DLBCL. All patients 
were selected for therapy with SDZ-RTX in com-
bination with CHOP (R-CHOP), as per the treat-
ing physician’s discretion. Patients who had 
received any prior therapy for DLBCL and/or 
had any contraindications according to the SmPC 
for SDZ-RTX, including hypersensitivity to the 
active substance, active severe infections, immu-
nodeficiency, or severe heart failure, were not eli-
gible for inclusion.

Therapy
Patients received chemotherapy cycles of 
R-CHOP treatment at visits one to six out of 
eight (R-CHOP14 infused once every 2 weeks or 
R-CHOP21 infused once every 3 weeks). In this 
study, commercially available SDZ-RTX and 
CHOP were prescribed for DLBCL based on the 
treating physician’s clinical judgment. The deci-
sion to treat the patient with SDZ-RTX was inde-
pendent from the decision to include the patient 
in this study. As this was an observational study, 
only data available from routine clinical practice 
and local standard of care were recorded. The 
study did not impose any mandatory treatment 
regimens, mandate a specific visit schedule, nor 
require any specific assessments to be carried out 
by the treating physician; these factors were 
decided by the investigators according to clinical 
judgment and clinic routine.

Effectiveness and safety
The primary objective of this study was to evalu-
ate the effectiveness of SDZ-RTX, measured by 
complete response (CR) rate at the end of 
R-CHOP treatment, as assessed by the treating 
physician. For patients who discontinued the 
study early, the last available assessment was 
included (last observation carried forward). 
Secondary objectives were to assess the overall 
response rate (ORR) at the end of treatment, 
defined as patients with either a CR or partial 
response (PR), as well as the progression-free  
survival (PFS) distribution in these patients at  
24 months. Treatment effectiveness for response 
rate was assessed at the end of treatment and as 
the best overall response.14–16 PFS was defined as 
the time from the start of R-CHOP treatment to 
the first documented progression of disease, or 
relapse, or death due to any cause within the 
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24-month observational period. The incidences 
of adverse events (AEs) and serious AEs (SAEs), 
including adverse drug reactions, were also 
reported.

In this non-interventional study, the data out-
lined in Table 1 were entered into an electronic 
case report form, but only if these parameters 
were routinely assessed in daily medical practice 
and were available in the patients’ medical 
records. The cut-off date for data collection was 
31 March 2021.

Data analysis
All analyses were based on the full analysis set 
(FAS), which included all patients who received 
at least one dose of R-CHOP. Treatment response 
was recorded by the investigators within each par-
ticipating center. The time of enrollment into the 
study was defined as the point at which a patient 
signed the informed consent form at V0 (baseline 
visit). Patients who dropped out for any reason 
(for example, lost to follow-up, withdrawal, 
death) were not replaced. No imputation method 
was planned for in the effectiveness and safety 
analysis. The missing values are treated as miss-
ing at random. All data analyses were performed 
by the sponsor.

Continuous variables are summarized by num-
ber of patients, mean, standard deviation, mini-
mum, median, and maximum; for selected 
parameters, 25th and 75th percentiles are also 
presented. Categorical variables are summarized 
by number of patients and percentages. Due to 
the nature of the study, the endpoints are 
descriptive; hence, no formal statistical testing 
or sample size calculation based on a formal 
hypothesis test could be performed. However, 
the sample size was calculated based on preci-
sion of point estimate of CR rate; power evalua-
tion was not applicable. For the expected sample 
size of approximately 180 eligible patients, with 
the assumption of a CR rate of 60% and exact 
binomial distribution, the 95% confidence inter-
val (CI) limits for the point estimate of CR rate 
were ±7.4%.

This study was designed, implemented, and 
reported in accordance with the Guidelines for 
Good Pharmacoepidemiology Practices of the 
International Society for Pharmacoepidemiology 

and the Strengthening the Reporting of Obser
vational Studies in Epidemiology (STROBE) 
guidelines.17

Results

Patient characteristics and treatment
The REFLECT study enrolled 184 treatment-
naïve, adult patients with DLBCL; 169 patients 
received at least one dose of R-CHOP and were 
included in the FAS (see Table 2). The median 
(range) age in the FAS was 70 (24−94) years, 
with 72.2% (n = 122/169) of patients ⩾60 years 
old. There was a slightly higher proportion of 
females than males enrolled (52.1% versus 
47.9%). The majority of patients (80.5%) 
reported an Eastern Cooperative Oncology 
Group Performance Status (ECOG PS) of 0 or 1 
at baseline. In terms of Ann Arbor disease stag-
ing, 19.5% (n = 33/169) and 24.3% (n = 41/169) 
of patients reported a score of III and IV, respec-
tively. One-third of patients (33.2%; n = 56) had 
an International Prognostic Index (IPI) score of 
⩾3 at baseline.

During the study, 75.1% (n = 127) of patients 
received R-CHOP14 and 24.9% (n = 42) of 
patients received R-CHOP21. Overall, 24.9% 
and 4.1% of patients in the FAS discontinued 
treatment during the follow-up period prior to 
completion of the 12- and 24-month observation 
periods, respectively (see Figure 1). The most fre-
quent reason for early discontinuation was pro-
gressive disease (10.7% during the 12-month 
study period and 3.6% during the total 24-month 
study and extended observation period).

Effectiveness
The Kaplan–Meier estimates of 12-, 18-, and 
24-month PFS rates were 84.9% (95% CI: 78.2–
89.6), 81.0% (95% CI: 73.7–86.4), and 78.5% 
(95% CI: 70.9–84.4), respectively (see Figure 2). 
Median PFS was not achieved within the obser-
vational period. The evaluation of response at the 
end of treatment showed an ORR of 89.3% 
(n = 151/169), with 43.8% (n = 74) of patients 
achieving CR at the end of treatment and a PR 
rate of 45.6% (n = 77; see Table 3). According to 
the best overall response, the ORR was 94.7% 
(n = 160/169), with 65.1% (n = 110) of patients 
achieving CR as their best response and 29.6% 
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Table 1.  Data collected throughout the study.

Baseline During therapy and
12-month follow-up

At end of 12-month study 
observation

During extended 
observation
(months 18 and 24)

•  Patient demographics
• � Physical examination results, 

including height and weight
• � Relevant medical history and 

comorbidities
•  ECOG PS/Karnofsky index
• � DLBCL diagnostic 

characteristics, including 
biopsy, staging (Ann Arbor), 
subtyping, morphology, 
disease symptoms, 
immunophenotyping, IPI, 
target lesions

• � Details of concomitant 
medication, including 
premedication for SDZ-RTX 
administration

• � Details of SDZ-RTX treatment
• � Details of CHOP 

chemotherapy, and any 
radiotherapy and/or 
supportive therapy received

• � Details of any anti-neoplastic 
surgery received, including 
date and location and size of 
target lesion

• � QoL assessed by patient-
reported outcomes 
collected using the validated 
questionnaire  
EORTC QLQ-C30

•  Pregnancy status

•  Physical examination results
•  ECOG PS/Karnofsky index
• � Details of concomitant 

medication
• � Details of SDZ-RTX treatment
• � Details of CHOP 

chemotherapy, and any 
other radiotherapy and/or 
supportive therapy received

• � Details of any anti-neoplastic 
surgery received, including 
date and location and size of 
target lesion

• � Details of response;  
CR and PR

• � Details of any AEs and SAEs 
experienced

• � QoL assessed by patient-
reported outcomes 
collected using the validated 
questionnaire EORTC 
QLQ-C30 (assessed at months 
3, 6, 9, and 12)

•  Pregnancy status

• � ECOG PS/Karnofsky 
index

• � Details of concomitant 
medication

• � Details of any anti-
neoplastic surgery 
received, including date 
and location and size of 
target lesion

• � Details of response; CR 
and PR

• � Details of any AEs and 
SAEs experienced

• � Data on the first 
subsequent anti-
neoplastic therapy 
received following 
R-CHOP

• � Reason for study 
discontinuation

•  Pregnancy status

• � Details on patient status, 
including:

    ○  Survival
    ○ � Progression or relapse
    ○ � Death (disease-

related or not)
• � Details of any SAEs 

considered by the 
investigator to be related 
to SDZ-RTX (AEs/SAEs 
that are considered 
related to disease, 
therapies other than SDZ-
RTX etc. are not required 
to be reported during this 
extended observation 
period)

• � Details of AESI, including 
serious AESI

• � Reason for study 
discontinuation

•  Pregnancy status

AE, adverse event; AESI, adverse event of special interest; CR, complete response; DLBCL, diffuse large B-cell lymphoma; ECOG PS, Eastern 
Cooperative Oncology Group Performance Status; EORTC QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life 
Questionnaire-Core 30; IPI, International Prognostic Index; PR, partial response; QoL, quality of life; (R)-CHOP, (rituximab with) cyclophosphamide, 
doxorubicin, vincristine, and prednisone; SAE, serious adverse event; SDZ-RTX, Sandoz rituximab.
Other assessments included DLBCL subtype analysis (germinal-center B-cell like and activated B-cell like) and hepatitis B virus screening.

(n = 50) of patients achieving PR as their best 
response.

Safety
AEs were reported in 84.6% (n = 143/169) of 
patients and AEs suspected to be drug-related 
were reported in 31.4% (n = 53/169; see Table 4). 
The most common AEs, occurring in >10% of 
patients, were fatigue (n = 35; 20.7%), anemia 
(n = 41; 24.3%), polyneuropathy (n = 29; 17.2%), 
nausea (n = 21; 12.4%), leukopenia (n = 19; 
11.2%), and constipation (n = 18; 10.7%). SAEs 

were reported in 37.3% (n = 63/169) of patients 
and SAEs suspected to be drug-related were 
reported in 6.5% (n = 11) of patients. SAEs sus-
pected to be drug-related by Medical Dictionary 
for Regulatory Activities preferred term were neu-
tropenic sepsis, pneumonia, septic shock, vari-
cella zoster virus infection, hematuria, abdominal 
pain, erysipelas, tumor lysis syndrome, and 
peripheral edema. With the exception of pneu-
monia (three patients) and erysipelas (two 
patients), any SAEs suspected to be drug-related 
occurred in only one patient during the study. 
AEs leading to discontinuation occurred in  

https://journals.sagepub.com/home/tah


Volume 14

6	 journals.sagepub.com/home/tah

Therapeutic Advances in 
Hematology

Table 2.  Patient baseline characteristics  
(FAS population).

Characteristic All patients

N = 169

Age at baseline (years)

  Median 70.0

  Interquartile range 58.0–78.0

  Min–max 24–94

Age group (years), n (%)

  <60 47 (27.8)

  ⩾60 122 (72.2)

Gender, n (%)

  Female 88 (52.1)

  Male 81 (47.9)

BMI at baseline (kg/m²)

  Median 25.00

  Interquartile range 23.10–28.40

  Min–max 17.9–50.8

ECOG PS at baseline, n (%)

  0 58 (34.3)

  1 78 (46.2)

  2 8 (4.7)

  3 3 (1.8)

  Missing 22 (13.0)

IPI score, n (%)

  0 (Low risk) 11 (6.5)

  1 (Low risk) 38 (22.5)

  2 (Low-intermediate) 36 (21.3)

  3 (High-intermediate) 37 (21.9)

  4 (High risk) 17 (10.1)

  5 (High risk) 2 (1.2)

Characteristic All patients

N = 169

  Missing 28 (16.6)

Anti-neoplastic surgery at baseline, n (%)

  No 162 (95.9)

  Yes 7 (4.1)

DLBCL subtype, n (%)

  ABC 7 (4.1)

  GCB 54 (32.0)

  Not done/available 108 (64.0)

Ann Arbor staging, n (%)

  I 45 (26.6)

  II1 35 (20.7)

  II2 13 (7.7)

  III 33 (19.5)

  IV 41 (24.3)

  Not available 2 (1.2)

ABC, activated B-cell like; BMI, body mass index; 
BSA, body surface area; DLBCL, diffuse large B-cell 
lymphoma; ECOG PS, Eastern Cooperative Oncology Group 
Performance Status; FAS, full analysis set; GCB, germinal-
center B-cell like; IPI, International Prognostic Index.
Age was calculated from date of screening and date 
of birth. BMI was calculated based on raw data 
measurements.

Table 2.  (Continued)

(Continued)

13 patients (7.7%) and drug-related AEs leading 
to discontinuation occurred in three patients 
(1.8%). AEs requiring dose adjustment or inter-
ruption were reported in 24 patients (14.2%). 
There were eight deaths (4.7%) reported overall, 
including three deaths (1.8%) during the on-
treatment period, defined as within 30 days of 
the last dose of SDZ-RTX or the last study visit, 
whichever was later (see Table 4). Seven deaths 
occurred within the 12-month observation 
period and one within the 24-month observation 
period.
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Screened and enrolled 
(n = 184) 

Enrolled and received at  
least one dose of R-CHOP*  

(n = 169, 100.0%§) 

Completed 12-month  
observa�on period  
(n = 127, 75.1%§) 

Premature 12-month discon�nua�on 
(n = 42, 24.9%§) 

• Progressive disease (n = 18, 10.7%) 
• Lost to follow-up (n = 9, 5.3%) 
• Death (n = 7, 4.1%) 
• Adverse event (n = 3, 1.8%) 
• Withdrawal by subject (n = 3, 1.8%) 
• Other (n = 2, 1.2%) 

Completed 24-month  
observa�on period  
(n = 100, 59.2%§) 

Premature 24-month discon�nua�on 
(n = 27, 16.0%§) 

 
• Lost to follow-up (n = 20, 11.8%) 
• Progressive disease (n = 6, 3.6%) 
• Unknown (n = 1, 0.6%) 

Protocol viola�on  
(n = 15) 

Figure 1.  Patient disposition.
The study was conducted at 79 sites across Germany, initiated in October 2017 and completed in March 2021.
R-CHOP, rituximab with cyclophosphamide, doxorubicin, vincristine, and prednisone.
*Full analysis set.
§Percentages are based on N = 169.

Figure 2.  Kaplan–Meier plot of PFS events (FAS population).
FAS, full analysis set; PFS, progression-free survival.
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Table 3.  Summary of response rates (FAS – best overall response and response at end of treatment).

Type of response to treatment Best overall response Response at end of treatment

All patients
N = 169

All patients
N = 169

ORR, n (%) 160 (94.7) 151 (89.3)

  95% CI for ORR (90.1–97.5) (83.7–93.6)

CR, n (%) 110 (65.1) 74 (43.8)

  95% CI for CR (57.4–72.3) (36.2–51.6)

PR, n (%) 50 (29.6) 77 (45.6)

  95% CI for PR (22.8–37.1) (37.9–53.4)

  Not available 0 1 (0.6)

CI, confidence interval; CR, complete response; FAS, full analysis set; ORR, overall response rate; PR, partial response.
ORR = CR + PR.
95% CIs are based on the Clopper–Pearson method.
N is the number of patients in the FAS.

Table 4.  Summary of adverse events  
(FAS population).

Category, n (%) All patients

Na = 169

AEs 143 (84.6)

 � Suspected to be study  
drug-related

53 (31.4)

SAEs 63 (37.3)

 � Suspected to be study  
drug-related

11 (6.5)

AEs leading to discontinuation 13 (7.7)

 � Suspected to be study  
drug-related

3 (1.8)

AEs requiring dose interruption 
and/or change

24 (14.2)

AEs: primary system organ class; preferred  
term for any events occurring with ⩾10% 
incidence

 � Number of subjects with at least 
one AE

143 (84.6)

 � General disorders and 
administration-site conditions

71 (42.0)

    Fatigue 35 (20.7)

Category, n (%) All patients

Na = 169

    Mucosal inflammation 10 (5.9)

    Pyrexia 10 (5.9)

 � Blood and lymphatic system 
disorders

65 (38.5)

    Anemia 41 (24.3)

    Leukopenia 19 (11.2)

  Gastrointestinal disorders 59 (34.9)

    Nausea 21 (12.4)

    Constipation 18 (10.7)

  Nervous system disorders 57 (33.7)

    Polyneuropathy 29 (17.2)

  Infections and infestations 50 (29.6)

Respiratory, thoracic, and 
mediastinal disorders

30 (17.8)

Skin and subcutaneous tissue 
disorders

25 (14.8)

Laboratory investigations 24 (14.2)

All deaths 8 (4.7a)

Table 4.  (Continued)

(Continued) (Continued)
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Category, n (%) All patients

Na = 169

On treatment 3 (1.8)

  Septic shockb 1 (0.6)

  Pleural effusion 1 (0.6)

  Cardiac failure 1 (0.6)

Off treatment 5 (3.0)

  Disease progression 2 (1.2)

  Pneumonia 1 (0.6)

  Enterococcal sepsis 1 (0.6)

  Neoplasm progressionc 1 (0.6)

AE, adverse event; DLBCL, diffuse large B-cell lymphoma; 
FAS, full analysis set; SAE, serious adverse event.
Categories are not mutually exclusive. Patients with 
multiple events in the same category are counted only 
once in that category. Patients with events in more than 
one category are counted once in each of those categories. 
On treatment deaths, defined as deaths up to 30 days after 
the last dose taken of the Sandoz drugs of interest or last 
visit, whichever is later, are included.
aN is the number of patients in the FAS. Percentages are 
based on N.
bThis death was reported as treatment-related.
cProgression of other malignant neoplasm (non-DLBCL).

Table 4.  (Continued)

Discussion
REFLECT is the first prospective post-
approval study to evaluate SDZ-RTX as a cura-
tive therapy in treatment-naïve patients with 
CD20-positive DLBCL. The results reconfirm 
the expected safety and efficacy profile of SDZ-
RTX in combination with CHOP in previously 
untreated patients with DLBCL treated in a 
real-world setting. No new safety concerns were 
observed with SDZ-RTX in this study. In 
REFLECT, the PFS at 24 months’ extended 
observation was 78.5%. According to the best 
overall response, an ORR of 94.7% and CR of 
65.1% were observed, and at the end of treat-
ment, an ORR of 89.3% and CR of 43.8% were 
observed.

The data from REFLECT are comparable with 
outcomes observed in randomized clinical tri-
als (see Table 5). In a review of trials 

investigating new frontline therapies for 
DLBCL management, Mondello and Mian18 
found a 2-year PFS ranging 56–77.6% among 
patients who received R-CHOP as first-line 
therapy. Lugtenburg et al.19 reported a 2-year 
PFS of 81.5%, with an ORR of 78.0% and a 
CR/unconfirmed CR of 42% at the end of 
induction among patients (N = 194) receiving 
intravenous rituximab plus CHOP, according 
to Cheson 1999 criteria.20 A multicenter, rand-
omized R-CHOP dose-intensification study 
from the United Kingdom (N = 1080; median 
age 61 years) showed a 2-year PFS of 74.8% in 
patients receiving R-CHOP21 and 75.4% with 
R-CHOP14, along with ORRs of 88% and 91% 
(p = 0.1223), respectively, and CRs/uncon-
firmed CRs (assessed using the Cheson 1999 
criteria) of 63% and 58%.21 The GOYA study, 
an international, prospective, open-label, rand-
omized trial of R-CHOP versus CHOP plus obi-
nutuzumab (N = 710; median age 62 years in 
the R-CHOP group), reported an estimated 
5-year PFS of 62.6% for R-CHOP, with an 
ORR of 77.6% and a CR of 59.1% using posi-
tron emission tomography (PET), according to 
the modified Cheson criteria.22 In the MabThera 
International Trial (MInT) Group randomized, 
unmasked study of R-CHOP-like chemother-
apy versus CHOP-like chemotherapy alone 
(N = 824), patients receiving R-CHOP-like 
chemotherapy had increased 3-year PFS com-
pared with CHOP-like chemotherapy alone 
(85% versus 68%; p < 0.0001). A 3-year overall 
survival benefit was also reported for patients 
receiving R-CHOP-like chemotherapy versus 
CHOP-like chemotherapy alone (93% versus 
84%; p = 0.0001). Although this study enrolled 
patients <60 years old, it may be considered 
relevant for comparison with REFLECT as 
27.8% of patients enrolled in REFLECT were 
also aged <60 years.23

The data from REFLECT are also comparable 
with the outcomes reported in two other real-
world studies of patients with DLBCL treated 
with R-CHOP. The first, a German, prospec-
tive study of patients enrolled from 2009 to 
2014 (N = 582; median age 68 years), showed a 
3-year PFS of 75.2% with R-CHOP14 and 
79.9% with R-CHOP21, an ORR of 87% for 
R-CHOP14 and 86% for R-CHOP21, and 
unconfirmed CRs of 59.5% and 63.5% for 
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Table 5.  Summary of studies of rituximab-CHOP in DLBCL.

Study Study type Treatment Response criteria N PFS ORR CR/unconfirmed 
CR

Mondello and 
Mian18

Reviewa Rituximab plus CHOP
(CHOP21 or NR)

Modified Cheson 
2007 criteria or NR

Range 
164–370

Range 56–77.6% 
at 2 years

NR NR

Lugtenburg 
et al.19

Randomized Rituximab plus 
CHOP14 or CHOP21

Cheson 1999 
criteria

194 81.5% at 2 years 78.0% at end 
induction

42% at end 
induction

Cunningham 
et al.21

Randomized Rituximab plus 
CHOP14

Cheson 1999 
criteria

540 75.4% at 2 years 91% at end 
treatment

58% at end 
treatment

  Rituximab plus 
CHOP21

540 74.8% at 2 years 88% at end 
treatment

63% at end 
treatment

Sehn et al.22 Randomized Rituximab plus 
CHOP21

Modified Cheson 
2007 criteria

710 62.6% at 5 years 77.6% at end 
treatment

59.1% at end 
treatment

Pfreundschuh 
et al.23

Randomized Rituximab plus 
CHOP-like regimenb

Cheson 1999 
criteria

824 85% at 3 years NR 86% at day 155

Tilly et al.24 Randomized Rituximab plus 
CHOP21

Lugano criteria 439 70.2% at 2 years 83.8% at end 
treatment

74.0% at end 
treatment

Knauf et al.25 Observational, 
prospective

Rituximab plus 
CHOP14

NR 264 75.2% at 3 years 87%c 59.5%c

  Rituximab plus 
CHOP21

318 79.9% at 3 years 86%c 63.5%c

Lee et al.26 Retrospective Biosimilar rituximab 
CT-P10 plus CHOP21

RECIL 2017 90 74.6% at 1 year 96.7%c 86.7%c

  Rituximab plus 
CHOP21

95 79.7% at 1 year 91.6%c 84.2%c

REFLECT Observational, 
prospective

Biosimilar rituximab 
SDZ-RTX plus 
CHOP14 or CHOP21

Best overall
response

169 78.5% at 2 years 94.7%d 65.1%d

CHOEP, cyclophosphamide, doxorubicin, vincristine, etoposide, and prednisone; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; 
CR, complete response; DLBCL, diffuse large B-cell lymphoma; MACOP-B, methotrexate, doxorubicin, cyclophosphamide, vincristine, prednisone, 
and bleomycin; NR, not reported; ORR, overall response rate; PFS, progression-free survival; PMitCEBO, mitoxantrone, cyclophosphamide, 
etoposide, bleomycin, vincristine, and prednisone; RECIL, new response evaluation criteria in lymphoma; SDZ-RTX, Sandoz rituximab.
aSome studies included had differing patient populations to those in REFLECT.
bCHOP21, CHOEP21, MACOP-B, or PMitCEBO.
cTiming of assessment not reported.
dBest overall response.

R-CHOP14 and R-CHOP21, respectively;25 
however, this real-world evidence study had no 
specified criteria for tumor assessment.

Somewhat limited data are available on the use of 
rituximab biosimilars in DLBCL. The second 
real-world study includes biosimilar rituximab 
CT-P10 (Celltrion) in combination with CHOP 
in patients with DLBCL.26 In this Korean, single-
center, retrospective study, the real-world effec-
tiveness and safety of first-line treatment with the 
biosimilar rituximab CT-P10 (n = 90) and 

reference rituximab (n = 95) were compared in 
patients with DLBCL enrolled from 2016 to 
2018. One-year PFS was 74.6% with CT-P10 
and 79.7% with reference rituximab; median PFS 
was not reached in either group. According to the 
response criteria adopted in this study, ORRs of 
96.7% and 91.6%, CRs of 86.7% and 84.2%, 
and PRs of 10.0% and 7.4% were reported with 
CT-P10 and reference rituximab, respectively.26 
In addition, a prospective study with limited com-
parability due to the selection of patients with a 
good prognosis is reported,27 and several small 
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studies have been carried out investigating the use 
of rituximab biosimilars licensed outside of the 
EU in DLBCL, including China, India, and 
Turkey.28–31

In REFLECT, R-CHOP therapy achieved simi-
lar results for PFS rate (78.5%) and ORR (94.7%, 
according to best overall response) to those 
reported in other studies, although CR results dif-
fer from study to study as shown in Table 5. This 
difference in CR rate may be partially explained 
by variation in study design and patient popula-
tion. For example, although baseline IPI, ECOG 
PS, and disease staging were similar between  
the two biosimilar trial study populations, the 
population age differed, with a higher median age  
and wider range for the REFLECT study popu-
lation compared with that of the Truxima study 
[70 years (range 24–94) versus 63.5 (range 55–71), 
respectively].26

The REFLECT study has several limitations 
common to all real-world studies. As a result of 
the observational nature of this study, clinic visits 
did not take place at fixed time points for all study 
participants, and radiologic responses were not 
available for all visits; this may have introduced 
variation in how quickly disease progression was 
identified. In addition, there was no central radi-
ographic assessment as evaluations were per-
formed by the treating physicians at each center. 
Consequently, computerized tomography and 
ultrasound imaging were used to assess radiologi-
cal response in this study, rather than PET scans; 
this may have impacted the sensitivity and speci-
ficity of CR analysis.32,33 Another potential limita-
tion is that the selected sample may not reflect the 
entire patient population accurately, and selection 
bias cannot be fully excluded due to the observa-
tional study design. Although this study was lim-
ited to centers using SDZ-RTX, attempts were 
made to enroll a variety of centers based on center 
size and academic affiliation (i.e. academic centers 
as well as academic-affiliated and non-academic 
centers). The German clinical research organiza-
tion appointed by the study sponsor issued a broad 
invitation to a variety of centers outlining the 
selection criteria. Despite this effort, the majority 
of centers involved in this study were medical clin-
ics rather than academic-affiliated hospitals, which 
may have introduced selection bias as these cent-
ers may have identified more patients at an earlier 
stage in their disease through screening programs. 
The recruitment of homogeneous patient 

populations in clinical DLBCL trials represents a 
significant challenge. Therefore, the differences in 
results between trials may also be partially attrib-
utable to the significant variability in treatment 
response within a DLBCL population, related 
mainly to both the pathological and microenviron-
mental characteristics associated, outlined recently 
by Wright et al.34 The quality of therapy alongside 
supportive medication and care may also be a con-
tributing factor. A final limitation of REFLECT is 
that – as a result of study design – data can only be 
interpreted in an observational manner and there-
fore, no formal statistical analyses can be 
performed.

In terms of the general safety and tolerability of 
SDZ-RTX in combination with CHOP, there 
were no new safety signals shown in the 
REFLECT study. AEs were reported in 143 
patients (84.6%) and AEs suspected to be treat-
ment-related were reported in 53 patients 
(31.4%). SAEs were reported in 63 patients 
(37.3%) and SAEs suspected to be treatment-
related were reported in 11 patients (6.5%).

The safety findings shown in REFLECT are 
comparable with rates reported in previous stud-
ies. At least one AE occurred in 94.0% of patients 
(age ⩾18 years) in the R-CHOP group in the 
recent GOYA study from Sehn et al.22 and SAEs 
were reported in 38.4% of patients. Similarly, 
Lugtenburg et al.19 reported AEs in 90.4% of 
patients and SAEs in 33.0% of patients aged 
18–80 years, treated with R-CHOP, whereas 
Delarue et al.35 reported AEs in 76.0% of patients 
and SAEs in 49.2% of patients aged 60–80 years. 
In the Korean, single-center study of CT-P10 in 
DLBCL, 46.7% of patients experienced AEs of 
grade ⩾3 receiving CT-P10-CHOP, compared 
with 42.1% of patients receiving reference 
rituximab-CHOP.26

In conclusion, REFLECT is the first prospective 
post-approval study of Sandoz rituximab (SDZ-
RTX; Rixathon®) in combination with CHOP as 
a curative therapy in treatment-naïve patients 
with CD20-positive DLBCL. The results recon-
firm the expected safety and efficacy profile of 
R-CHOP in patients with DLBCL treated in a 
real-world setting. The data support the use of 
Sandoz rituximab (SDZ-RTX; Rixathon®) as an 
effective component of R-CHOP in the first-line 
treatment of DLBCL. Moreover, these results of 
a new rituximab biosimilar may help to broaden 
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patient access to rituximab-based chemotherapy 
and support the sustainability of cancer care.
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randomized, open-label, phase III study of 
obinutuzumab or rituximab plus CHOP in 
patients with previously untreated diffuse large 
B-cell lymphoma: final analysis of GOYA. J 
Hematol Oncol 2020; 13: 71.

	23.	 Pfreundschuh M, Trümper L, Österborg 
A, et al. CHOP-like chemotherapy plus 
rituximab versus CHOP-like chemotherapy 
alone in young patients with good-prognosis 
diffuse large-B-cell lymphoma: a randomised 
controlled trial by the MabThera International 
Trial (MInT) Group. Lancet Oncol 2006; 7: 
379–391.

https://journals.sagepub.com/home/tah
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=103705
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=103705
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=103705
https://www.ema.europa.eu/en/medicines/human/EPAR/rixathon
https://www.ema.europa.eu/en/medicines/human/EPAR/rixathon
https://www.ema.europa.eu/en/medicines/human/EPAR/rixathon


Volume 14

14	 journals.sagepub.com/home/tah

Therapeutic Advances in 
Hematology

	24.	 Tilly H, Morschhauser F, Sehn LH, et al. 
Polatuzumab vedotin in previously untreated 
diffuse large B-cell lymphoma. N Engl J Med 
2022; 386: 351–363.

	25.	 Knauf W, Abenhardt W, Mohm J, et al. 
Similar effectiveness of R-CHOP-14 and -21 
in diffuse large B-cell lymphoma – data from 
the prospective German Tumour Registry 
lymphatic neoplasms. Eur J Haematol 2019; 
103: 460–471.

	26.	 Lee K, Ha JL, Jung AR, et al. The clinical 
outcomes of rituximab biosimilar CTP10 
(Truxima®) with CHOP as first-line treatment 
for patients with diffuse large B-cell lymphoma: 
real-world experience. Leuk Lymphoma 2020; 61: 
1575–1583.

	27.	 Candelaria M, González DE, Delamain MT, 
et al. Rituximab biosimilar RTXM83 versus 
reference rituximab in combination with CHOP 
as first-line treatment for diffuse large B-cell 
lymphoma: a randomized, double-blind study. 
Leuk Lymphoma 2019; 60: 3375–3385.

	28.	 Ozbalak M, Mastanzade M, Ozluk O, et al. 
R-CHOP chemotherapy including biosimilar 
rituximab (Redditux®) for de-novo diffuse large 
B-cell lymphoma patients: real-life single center 
experience. Blood 2021; 138: 4585.

	29.	 Shi Y, Song Y, Qin Y, et al. First China approved 
rituximab biosimilar HLX01: pharmacokinetics, 
safety and efficacy comparison to reference 
rituximab in the phase 3 diffuse large B-cell 
lymphoma study. Blood 2019; 134: 2878.

	30.	 Visawabandya A, Mukhopadhyay A, Shah 
S, et al. Comparison of pharmacokinetics 

and pharmacodynamics of two anti-CD20 
monoclonal antibodies (candidate biosimilar 
DRL-rituximab and innovator reference 
product rituximab (Mabthera®) in a 
randomised, multi-centre, double-blind, 
parallel group study of CHOP with rituximab 
chemotherapy in patients with CD20-positive 
diffuse large B-cell lymphoma. Blood 2016; 
128: 5391.

	31.	 Florez A, Matteo TD, Fresnillo G, et al. 
Clinical pharmacokinetic (PK) and safety 
(immunogenicity) of rituximab biosimilar 
RTXM83 in combination with chemotherapy 
CHOP in patients with diffuse large B-cell 
lymphoma (DLBCL). Blood 2014; 124: 5472.

	32.	 Cheson BD and Meignan M. Current role 
of functional imaging in the management of 
lymphoma. Curr Oncol Rep 2020; 23: 144.

	33.	 Strati P, Amin Ahmed M, Fowler NH, et al. 
Pre-treatment maximum standardized uptake 
value predicts outcome after frontline therapy in 
patients with advanced stage follicular lymphoma. 
Haematologica 2020; 105: 1907–1913.

	34.	 Wright GW, Huang DW, Phelan JD, et al. 
A probabilistic classification tool for genetic 
subtypes of diffuse large B cell lymphoma with 
therapeutic implications. Cancer Cell 2020; 37: 
551–568.e14.

	35.	 Delarue R, Tilly H, Mounier N, et al. Dose-
dense rituximab-CHOP compared with standard 
rituximab-CHOP in elderly patients with diffuse 
large B-cell lymphoma (the LNH03-6B study): a 
randomized phase 3 trial. Lancet Oncol 2013; 14: 
525–533.

Visit Sage journals online 
journals.sagepub.com/
home/tah

  Sage journals

https://journals.sagepub.com/home/tah

