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Introduction

Diffuse Large B-Cell Lymphoma (DLBCL) represents the 
most common Non-Hodgkin Lymphoma in most series 
from India, accounting for nearly 30–40% of all lymphoma 
cases[1, 2].

However, nearly 40% of patients with DLBCL either 
relapse or have refractory disease[3]. In the real-world out-
come data from various centers in India, it is reported that 
patients with high-risk features have a CR rate in the range 
of 60–65% [2, 4]. The similar value from published studies 
from developed countries ranges from 75 to 80% [5].

In the past, multiple attempts have failed to improve 
outcomes in patients with high-risk untreated DLBCL by 
utilizing more aggressive chemotherapeutic regimens[6–8], 
alternate rituximab dosing schedules[9–12], alternate anti-
CD-20 monoclonal antibodies[13], and addition of multiple 
novel agents to the standard RCHOP backbone includ-
ing Bortezomib, Lenalidomide and Ibrutinib[14–16]. The 
recently published POLARIX trial showed significantly bet-
ter progression-free survival (PFS) over standard RCHOP 
in patients with untreated DLBCL[17]. However, at pres-
ent, the major limitations for the utilization of polatuzumab 
vedotin are its unavailability in most of the low-middle 
income countries (LMICs) and the prohibitively high cost 
of therapy. A cost-effective modification of RCHOP, which 
improves outcomes, remains elusive.

Cyclophosphamide is an alkylating agent and forms the 
backbone of RCHOP chemotherapy. High doses of cyclo-
phosphamide have been used in fractionated doses to treat 
Acute Lymphoid Leukemia and aggressive lymphomas in 
combination with other chemotherapeutic drugs[18, 19]. 
Pharmaco-kinetic data from studies reveal that fraction-
ation of cyclophosphamide leads to increased formation 
of the active metabolite compared to an equivalent single 
dose. This is accompanied by decreased renal excretion of 
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cyclophosphamide on Day 2, implying that more of the drug 
is available for metabolism[20, 21]. In-vitro data has dem-
onstrated that cytochrome P450 enzymes are induced by the 
administration of cyclophosphamide, leading to auto-induc-
tion and increased formation of the active metabolite[22]. 
Fractionated Cyclophosphamide in combination with high-
dose methotrexate and cytarabine has been utilized to treat 
patients with newly diagnosed DLBCL. While this regimen 
is associated with reasonable response rates, it is accompa-
nied by increased toxicity and high treatment-related mor-
tality, especially in patients with advanced age[23, 24].

In this study, we report the results of a pilot study utiliz-
ing fractionated cyclophosphamide in addition to standard 
RCHOP chemotherapy for patients with newly diagnosed 
DLBCL with high-risk features. The strategy was chosen 
to maximize the potential benefits obtained by fractionat-
ing cyclophosphamide while mitigating the adverse events 
associated with more toxic regimens and higher dosing. 
Further, cyclophosphamide is readily available and acces-
sible worldwide, including LMICs, which is not the case 
with other drugs used to improve outcomes in this setting. 
Our primary objective was to study the response rates and 
the adverse event profile of this regimen compared to stan-
dard RCHOP chemotherapy.

Methods

The study was an open-label, randomized, pilot study 
conducted in a tertiary care referral center in North India 
between 2019 and 2021. The study was performed in accor-
dance with the Consolidated Standards of Reporting Trials 
and the Declaration of Helsinki. All patients provided writ-
ten informed consent before enrollment, and the Institu-
tional Ethics Committee approved the study before starting 
recruitment. The study was registered at the Clinical Trials 
Registry of India (CTRI Reg. no CTRI/2019/07/020236).

The study recruited patients with high-risk, newly diag-
nosed DLBCL aged 18 years or above who had an ECOG 
performance status of 0–2 with adequate renal, liver and 
cardiac function tests. Further, high-risk cohort was defined 
if any of the following criteria was met- (1) Non-GCB phe-
notype on Immunohistochemistry (IHC) according to Hans 
Protocol or (2) Stage III/IV disease or (3) International 
Prognostic Index score between 2 and 5 or (4) Bulky dis-
ease at baseline defined as at least one node/mass measur-
ing > 7.5  cm in longest diameter. These parameters were 
chosen as they were associated with inferior outcomes in 
newly diagnosed DLBCL in previous studies. Patients with 
active infection with HIV/Hepatitis B/Hepatitis C, history 
of another lymphoma in the past, documented evidence of 
CNS lymphoma, current pregnancy/lactation or a history of 

hematuria in the past six months were excluded from the 
study.

All biopsy specimens which were suggestive of lym-
phoma on morphology underwent IHC for CD45, CD20 and 
CD3 to confirm the diagnosis of large B-cell Non-Hodgkins 
lymphoma. Further typing on the basis of Hans protocol 
using CD10, BCL6 and MUM1 was done to subtype into 
Non-GCB and GCB subtypes. Additional IHC for Ki67, 
myc and BCL2 was also done depending on the availability 
of the immunostains.

The study’s primary objective was to compare the 
response rates of a RCHOP regimen with fractionated 
cyclophosphamide regimen (referred to as RfCHOP from 
here onwards) and standard RCHOP therapy. The second-
ary objective was to assess the regimen’s safety in compari-
son to the adverse event profile between the two treatment 
groups. The primary endpoint was the complete response 
rate at the end of 6 cycles of therapy. Response evaluation 
was done according to the Revised International Working 
Group Criteria[25]. Adverse events were graded according 
to Common terminology criteria for adverse events, version 
5.0. An event was classified as documentation of relapse, 
progressive disease or death due to any cause. The event-
free survival (EFS) was calculated from the date of diagno-
sis to the date of the event, and the overall survival (OS) was 
calculated from the date of diagnosis to the date of death due 
to any cause. The follow-up was censored for all patients 
without an event on 31/12/2021.

Study Procedure

After written informed consent, patients fulfilling the inclu-
sion criteria were enrolled in the study. The two groups were 
randomized using a computer-generated table in a 1:1 ratio. 
Patients having a presentation that necessitated immediate 
therapy (such as organ dysfunction) were permitted to have 
received up to one cycle of pre-phase chemotherapy up to 
one month before study enrolment, which could include 
cyclophosphamide, vincristine and steroids. Patients in the 
RfCHOP group received Rituximab 375  mg/m2, Cyclo-
phosphamide 500 mg/m2 intravenously on Day 1 followed 
by Cyclophosphamide 250 mg/m2 orally on Day 2 and 3, 
Doxorubicin 50 mg/m2 and Vincristine 1.4 mg/m2 (capped 
at 2 mg) intravenously on Day 1 and Prednisolone 60 mg/m2 
orally (capped at 100 mg/day) from Day 1–5. Patients in the 
RCHOP group received standard RCHOP. All patients were 
to receive 6 cycles at an interval of 21 days. All patients 
received anti-emetic medication in dexamethasone 8  mg 
and palonosetron 0.25 mg intravenously on Day 1 of each 
cycle and were also given allopurinol with the first cycle 
of therapy. Primary prophylaxis with granulocyte colony-
stimulating factor (GCSF) was given to all patients above 
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60 years. Each patient had a complete blood count checked 
between Day 10–14 of each cycle to look for cytopenias. A 
complete blood count was also checked before every cycle, 
and chemotherapy was administered only if the absolute 
neutrophil count was above 1000/mm3.

Patients with grade III/IV neutropenia received GCSF 
support in subsequent cycles. A pre-planned safety analy-
sis done after recruiting 15 patients in each arm revealed 
an increased incidence of Grade III/IV neutropenia in the 
RfCHOP arm. All patients in the RfCHOP arm subsequently 
received primary prophylaxis with GCSF. The response was 
assessed using a Whole Body FDG-PET. Interim response 
assessment was done after three cycles, and final response 
assessment was done 4–6 weeks after the last cycle of 
chemotherapy. Patients with a Grade III/IV adverse event 
underwent dose modification in accordance with the study 
protocol provided in the supplement. Patients who experi-
enced a grade III/IV adverse event despite dose modification 
were discontinued from the study. Intrathecal methotrexate 
was given according to physician discretion (usually if CNS 
IPI ≥ 4, or involvement of high-risk sites such as Testes, 
Adrenal); however, no patient received high dose metho-
trexate-based CNS directed therapy.

Statistical Analysis

The authors used an estimation of 10–15% improvement in 
CR rate over RCHOP for sample size estimation. Assuming 
a CR rate of 50% with RCHOP in aggressive DLBCL and 
a 65% CR rate with RfCHOP, an alpha of 0.05 and power 
of 80%, the estimated sample size required to prove statisti-
cal significance would be 169 patients in each arm. It was 
decided to conduct a pilot single-center trial and recruit 
30 patients to each arm. Due to multiple halts in recruit-
ment due to the Covid-19 pandemic, trial recruitment was 
stopped after 55 patients had been recruited. For categorical 
variables, Chi-square and Fischer Exact test were applied. 
Kaplan Meir curve was created to study the EFS and OS. 
Log-rank test was used to study the difference in EFS and 
OS between groups. Significance was set at 0.05 for all 
tests. The analysis was done using SPSS software (SPSS, 
Chicago, IL, version 25).

Results

Ninety-three patients were screened and 55 eligible patients 
were enrolled in the study. Twenty-eight patients were ran-
domized to the RfCHOP arm, and 27 patients were random-
ized to the RCHOP arm. All patients received at least one 
cycle of assigned therapy and were included in the intention 
to treat analysis (Fig. 1). Six patients could not complete the 

designated six cycles of treatment: 1 in the RfCHOP arm 
and 5 in the RCHOP arm (Two patients had evidence of pro-
gressive disease during chemotherapy and did not complete 
the designated six cycles, two patients withdrew consent 
and decided not to get further therapy after 1 and 2 cycles, 
respectively, and two patients had repeated Grade-III/IV 
adverse events despite dose modification after which they 
were removed from the study and given alternative regi-
mens). The median number of chemotherapy cycles admin-
istered was 6 in both the study groups.

Baseline Characteristics

The median age of the patient population was 51 years, 
with a male: female ratio of 1.63:1 (Males- 61.8%, Females 
38.2%). Most patients had stage III-IV disease (69.1%) 
and 35 patients (63.6%) had B symptoms at presentation. 
Thirty-seven patients (67.3%) had Non-GCB/ABC subtype 
of DLBCL on histology. Thirty-seven patients (67.3%) had 
evidence of extra-nodal disease, with the most common 
site being the GI tract, with seven patients (12.7%) having 
primary extra-nodal lymphoma. Eight patients out of 32 
patients for whom information was available had double-
expressor status on IHC. Both groups were well matched in 
terms of baseline characteristics (Table 1).

Response Rates

Thirty-nine patients (70.9%) achieved a complete response 
(CR) at the end of therapy, while 42 patients (76.4%) had an 
Overall Response (Complete Response + Partial Response) 
in the entire study. A higher percentage of patients were able 
to achieve CR (82.1% vs. 59.3%; p-0.062) and an Overall 
response (85.7% vs. 66.7%; p-0.121) in the RfCHOP arm 
in comparison to the RCHOP arm (Table 2). Two patients 
had evidence of progressive disease on interim PET and 
were taken off the study. All other patients were continued 
on the same therapy irrespective of response (i.e. Partial 
response or complete response) on interim PET. Among the 
52 patients who received more than 1 cycle of therapy, 19 
patients (36.5%) had a delay during chemotherapy delivery 
in between cycles. The reasons for the delay were infection, 
neutropenia and logistical issues related to the Covid-19 
pandemic. The patients who had delays had a significantly 
lower CR rate in comparison to patients who got their 
therapy at the designated 21-day cycle intervals (87.9% 
vs. 52.6%; p-0.005). However, this did not translate into a 
statistically significant EFS or OS difference. On subgroup 
analysis, patients younger than 60 years of age had a sta-
tistically significant higher CR rate with RfCHOP in com-
parison to RCHOP (86.4% vs. 52.9%; p-0.033). There was 
no statistically significant difference in CR rates in other 
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III or above neutropenia decreased to 5/13 patients (38.4%) 
and incidence of febrile neutropenia decreased to 3/13 
patients (23.1%). Ten patients (18.2%) had a dose reduction 
due to grade III/IV toxicity during their treatment- 7 in the 
RfCHOP arm and 3 in the RCHOP arm (p-value 0.295).

Relapse and Survival

The Median follow-up for all patients was 22 months 
(Range 2–30 months). Thirteen patients (23.6%) experi-
enced a relapse or had refractory disease during follow-up, 
including the development of CNS disease in 4 patients. 
Nine patients (16.4%) died during follow up (Table 2). The 
most common cause of death was progressive/refractory 
disease in 8 patients, and one patient died due to febrile 
neutropenia post her 6th cycle of therapy. More patients in 
the RCHOP group experienced an event than the RfCHOP 

subgroups (Stage III/IV, High Intermediate/High IPI, Non-
GCB/ABC subtype of DLBCL).

Adverse Events

The most common grade III/IV adverse event was neutro-
penia (31 patients, 56.4%). Thirteen patients (23.6%) had 
febrile neutropenia during their therapy, of which 5 patients 
required hospital admission for injectable antibiotics. One 
patient died due to febrile neutropenia in the RfCHOP arm. 
The incidence of adverse events was not statistically differ-
ent in the 2 treatment groups (Table 3). A pre-planned safety 
analysis was done after recruiting 15 patients in each arm. 
Prior to the interim analysis, 12/15 patients (80%) in the 
RfCHOP arm had Grade III or above neutropenia and 6/15 
patients (40%) had febrile neutropenia. After the routine use 
of primary prophylaxis with GCSF, the incidence of Grade 

Fig. 1  Consort Diagram
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Survival (OS) was not reached for both groups (Fig. 2). The 
estimated 2-year EFS was 77.8% (95% CI- 63.2 – 87%) 
and estimated 2-year OS was 82.6% (95% CI- 72.2 − 93%). 
There was no difference in the EFS and OS between the 2 
study groups (Fig. 3).

Discussion

In our study, we used a higher, fractionated dose of cyclo-
phosphamide in newly diagnosed DLBCL patients with 
high-risk characteristics. This strategy was based on previ-
ous data highlighting a higher response rate when patients 
were treated with more aggressive regimens containing 
fractionated cyclophosphamide and pharmaco-kinetic data 
suggesting increased active metabolite formation when 
cyclophosphamide was given in a fractionated manner. In 
our study, patients receiving RfCHOP had a higher CR rate 
than patients receiving RCHOP. On subgroup analysis, in 
patients younger than 60 years of age, RfCHOP was asso-
ciated with a statistically significantly higher CR rate than 
RCHOP. The number of patients experiencing an event dur-
ing follow-up was also higher in the RCHOP group. How-
ever, this was not statistically significant. The median EFS 
and OS were not achieved for the entire cohort, and there 
was no difference between the EFS and OS between the two 
treatment groups.

group, but this difference was not statistically significant 
(37% vs. 21%; p-0.203). There was no significant differ-
ence in the relapse rate in both arms (29.6% vs. 17.9%; p- 
0.304). The Median Event-free survival (EFS) and Overall 

Table 1  Baseline Characteristics
Overall 
(N = 55)

RfCHOP 
(N = 28)

RCHOP 
(N = 27)

p 
value

Age (mean ± SD) 51.1 ± 14.6 49.3 ± 14.3 52.8 ± 14.9 0.414
Gender M- 34; 

F-21
Males 20 
(71.4%)

Males 14 
(51.9%)

0.135

Hypertension 9 (16.4%) 5 (17.9%) 4 (14.8%) 1.000
Diabetes 6 (10.9%) 4 (14.3%) 2 (7.4%) 0.669
Lymphadenopathy 32 

(58.2%)
16 
(57.1%)

16 
(59.3%)

0.874

Hepatomegaly 13 
(23.6%)

7 (25%) 6 (22.2%) 0.808

Splenomegaly 8 (14.5%) 5 (17.9%) 3 (11.1%) 0.705
B Symptoms 35 

(63.6%)
17 
(60.7%)

18 
(66.7%)

0.646

Stage I-II 17 
(30.9%)

10 
(35.7%)

7 (25.9%) 0.432

III-IV 38 
(69.1%)

18 
(64.3%)

20 
(74.1%)

Bulky Disease 25 
(45.5%)

14 (50%) 11 
(40.7%)

0.491

Extranodal disease 37 
(67.3%)

19 
(67.9%)

18 
(66.7%)

0.925

Elevated LDH 41 
(74.5%)

21 (75%) 20 
(74.1%)

0.937

Bone Marrow 
involvement

11 (20%) 8 (28.6%) 3 (11.1%) 0.106

Hypoalbuminemia 
(albumin < 3.5gm/dl)

13 
(23.6%)

5 (17.9%) 8 (29.6%) 0.304

Elevated CRP 
(above upper limit of 
normal)

41/52 
(78.8%)

22/25 
(88%)

19/27 
(70.4%)

0.177

Low Vitamin D 
(below lower limit of 
normal)

24/53 
(45.3%)

11/26 
(42.3%)

13/27 
(48.1%)

0.669

IPI Low 12 
(21.8%)

7 (25%) 5 (18.5%) 0.560

Intermedi-
ate (Low 
Int + High 
Int)

29 
(52.8%)

16 
(57.1%)

13 
(48.1%)

High 14 
(25.4%)

5 (17.9%) 9 (33.4%)

RIPI V Good 4 (7.3%) 3 (10.7%) 1 (3.7%) 0.378
Good 23 

(41.8%)
13 
(46.4%)

10 (37%)

Poor 28 
(50.9%)

12 
(42.9%)

16 
(59.3%)

Histo-
logical 
Subtype

Non GCB/
ABC 
Subtype

37 
(67.3%)

19 
(67.9%)

18 
(66.7%)

0.996

GCB 
Subtype

12 
(21.8%)

6 (21.4%) 6 (22.2%)

Other 6 (10.9%) 3 (10.7%) 3 (11.1%)

Table 2  Primary Outcomes
RfCHOP 
(N = 28)

RCHOP 
(N = 27)

p 
value

Complete Remission 23 (82.1%) 16 (59.3%) 0.062
Overall Response 24 (85.7%) 18 (66.7%) 0.121
Event 6 (21.4%) 10 (37%) 0.203
Death 3 (10.7%) 6 (22.2%) 0.295

Table 3  Adverse Events
RfCHOP arm (N = 28) RCHOP arm 

(N = 27)
Grade I-II Grade 

III-V
Grade 
I-II

Grade 
III-V

Anemia 15 (53.5%) 7 (25%) 8 (29.6%) 6 
(22.2%)

Neutropenia 7 (25%) 17 
(60.7%)

8 (29.6%) 14 
(51.9%)

Febrile Neutropenia - 9 
(32.1%)

- 4 
(14.8%)

Thrombocytopenia 10 (35.7%) 2 (7.1%) 11 
(40.7%)

0

Diarrhoea 6 (21.4%) 1 (3.6%) 2 (7.4%) 2 
(7.4%)

Constipation 4 (14.3%) 1 (3.6%) 7 (25.9%) 1 
(3.7%)

Vomiting 6 (21.4%) - 8 (29.6%) -
Neuropathy 10 (35.7%) 1 (3.6%) 8 (29.6%) -
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high-risk features such as Stage III/IV disease, Non-GCB/
ABC cell-of-origin subtype on IHC, IPI 2–5 and baseline 
bulky disease. This may have led to a lower-than-expected 
response rate with RCHOP therapy. Recently published 
Indian registry data shows that patients with DLBCL 
treated with RCHOP or RCHOP like therapy had a CR rate 
of 67.7% [2]. Other real-world data published from India 
shows the CR rate to be 75% in patients with newly-diag-
nosed DLBCL [4]. However, both these sets of data include 
a heterogenous population of DLBCL patients. For example, 
in the single center real-world data published from AIIMS, 
B symptoms were seen in 43% of patients, bulky disease 
was seen in 35% of patients and 51% of patients had stage 
III/IV disease [4]. In comparison, 63.6%, 45.5% and 69% 
of patients had B symptoms, bulky disease and stage III/IV 
disease in our study respectively. The lower response rates 
seen in the Indian studies in comparison to western litera-
ture may be due to a multitude of factors such as late presen-
tation, poor socio-economic support, lack of adherence to 
the intensity of regimen and retrospective nature of analysis. 

Fractionated Cyclophosphamide has been used as a part 
of the Hyper-CVAD regimen to treat patients with high-risk 
DLBCL. In the phase II study by Oki et al., patients with 
high-risk DLBCL were randomized to receive standard 
R-CHOP or R-HCVAD/R-MA [23]. The R-HCVAD/R-MA 
arm was associated with higher response rates, but high 
treatment related mortality in patients > 45 years of age. 
Similarly, in a retrospective analysis by Mato et al., patients 
with high-risk DLBCL who had received R-HCVAD/R-MA 
had a higher 3-year PFS and OS in comparison to histori-
cal cohorts [24]. Both these studies have used a much more 
intensive regimen, with a much higher dose of cyclophos-
phamide in comparison to our study. RfCHOP is given on 
an outpatient basis and has an adverse event profile which 
is comparable to RCHOP rather than the regimens used in 
the above studies.

The response rate seen with standard RCHOP in our 
study is lower than described in published clinical trials 
[17]. There may be multiple reasons for this finding. Our 
study focused solely on newly diagnosed DLBCL with 

Fig. 3  Comparison between RfCHOP and RCHOP for event-free survival and overall survival

 

Fig. 2  Event-free survival and Overall Survival for the entire cohort
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involved were small, and the study was not powered to look 
at a significant difference between the 2 treatment groups.

Conclusions

Overall, our study suggests that RfCHOP may be associ-
ated with better response rates than RCHOP in patients with 
newly diagnosed, high-risk DLBCL. A larger, multi-centre 
study is required to confirm our findings. Most newer regi-
mens being tried to improve the outcomes for DLBCL focus 
on newer, targeted therapies (such as Polatuzumab) which 
often take years before they are accessible in LMICs. Due to 
the low cost and easy availability all over the world, cyclo-
phosphamide fractionation is easily doable without any 
major financial burden. Hence, this regimen is especially 
attractive for patients being treated in LMICs.

Therefore, if larger studies do confirm improved response 
rates and efficacy of RfCHOP over RCHOP, the regimen 
will have a valuable impact on the treatment of DLBCL.
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