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Purpose This phase Il, open-label, multicenter study aimed to investigate the efficacy and safety of a rituximab intensification for the
1st cycle with every 21-day of rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone (R-CHOP-21) among patients
with previously untreated advanced-stage or bulky diffuse large B-cell ymphoma (DLBCL).

Materials and Methods Ninety-two patients with stage lll/IV or bulky DLBCL from 21 institutions were administered 8 cycles of R-
CHOP-21 with an additional one dose of rituximab intensification on day O of the 1st cycle (RR-CHOP). The primary endpoint was a
complete response (CR) rate after 3 cycles of chemotherapy.

Results Among the 92 DLBCL patients assessed herein, the response rate after 3 cycles of chemotherapy was 88.0% (38.0%
CR+50.0% partial response [PR]). After the completion of 8 cycles of chemotherapy, the overall response rate was observed for
68.4% (58.7% CR+9.8% PR). The 3-year progression-free survival rate was 64.0%, and the 3-year overall survival rate was 70.4%.
Febrile neutropenia was one of the most frequent > grade 3 adverse events (40.0%) and five treatment-related deaths occurred.
Compared with the clinical outcomes of patients who received R-CHOP chemotherapy as a historical control, the interim CR rate was
higher in male patients with RR-CHOP (20.5% vs. 48.8%, p=0.016).

Conclusion Rituximab intensification on days O to the 1st cycle of the standard 8 cycles R-CHOP-21 for advanced DLBCL yielded
favorable response rates after the 3 cycles of chemotherapy and acceptable toxicities, especially for male patients (ClinicalTrials.gov

ID: NCT0O1054781).
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Introduction

Although the treatment outcomes of diffuse large B-cell
lymphoma (DLBCL) have been improved with rituximab
[1-3], up to 40% of DLBCL patients with advanced-stage or
bulky disease are still resistant to current standard R-CHOP
(rituximab, cyclophosphamide, doxorubicin, vincristine, and
prednisolone) treatment [1,4,5]. Furthermore, salvage treat-
ment has still yielded unsatisfactory results because > 70%
of relapsed or refractory DLBCL patients do not present
sustained survival after current salvage therapy, including
autologous hematopoietic stem cell transplantation (ASCT)

[6]. Therefore, a more effective first-line treatment strategy
is required to overcome the limitations of R-CHOP among
high-risk DLBCL patients.

Although R-CHOP every 21 days (R-CHOP-21) is gener-
ally used in high-risk DLBCL patients, the optimal dose and
schedule of rituximab applications still have been investi-
gated. Previous pharmacokinetic studies have revealed that
the concomitant application of CHOP and rituximab does
not achieve a plateau trough level of rituximab during the
early cycles of chemotherapy, especially for elderly male
patients. It was related to the rapid rituximab clearance in
elderly male patients [7]. To improve the outcomes of
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R-CHOP chemotherapy for high-risk DLBCL patients, it is
important to achieve appropriate serum concentrations of
rituximab quickly. Here, we hypothesized that appropri-
ate, therapeutic serum rituximab levels can potentially be
achieved earlier by increasing the frequency and dose of
rituximab applications, and then we can get a better treat-
ment outcome. In this trial, the modifying regimen of rituxi-
mab administration with an additional one application on 1
day before (day 0) the 1st cycle of the R-CHOP-21 was tested
for patients with high-risk DLBCL. If additional rituximab
supplementation can appropriately increase the serum levels
of rituximab, it may potentially improve the treatment out-
comes of high-risk DLBCL patients.

Thus, in this prospective phase II study, we attempted to
investigate the efficacy and safety of an intensification of
rituximab on day 0 of the 1st cycle to the standard 8 cycles
of R-CHOP-21 (RR-CHOP) chemotherapy in previously
untreated DLBCL patients with stage III /IV or bulky disease.

Materials and Methods

1. Study design

Twenty-one institutions participated in this non-rand-
omized, multicenter, prospective, open-label, phase II study
in Korea [8]. This clinical trial was approved by the institu-
tional review boards and ethics committees of each partici-
pating institution. The trial is registered on the National Can-
cer Institute website (trial number NCT01054781).

2. Patient eligibility

Eligible patients were aged > 18 years with histologically
confirmed Ann Arbor stage III/IV, CD20-positive, newly
diagnosed DLBCL, and/or bulky (largest diameter > 10.0
cm) disease regardless of the stage [4]. Patients with pri-
mary central nervous system lymphoma, transformed
DLBCL from indolent lymphoma, and a history of human
immunodeficiency virus and hepatitis C virus infection were
ineligible. Patients with hepatitis B virus (HBV)-seroposi-
tivity were eligible. However, primary prophylaxis with
appropriate antiviral agents (i.e., lamivudine or entecavir)
was recommended for HBV carriers to prevent HBV reacti-
vation throughout the treatment period.

3. Treatment regimen

The R-CHOP-21 regimen, comprising rituximab (375
mg/m? intravenous), cyclophosphamide (750 mg/m? in-
travenous), doxorubicin (50 mg/m? intravenous), and vin-
cristine (1.4 mg/m? maximum 2.0 mg intravenous) on day
1 and prednisone (100 mg/day; oral) on days 1-5, was ad-
ministered. Additional rituximab (375 mg/m? intravenous)
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was administered on 1 day (day 0) before the 1st cycle to 8
cycles of R-CHOP-21 (RR-CHOP). Although the granulo-
cyte colony-stimulating factor (G-CSF) administration was
not routinely used for primary prophylaxis, the therapeutic
purpose of G-CSF was administered at the discretion of indi-
vidual physicians. Radiotherapy or ASCT was administered
after the completion of 8 cycles of R-CHOP at the discretion
of each participating institution. Indications for radiother-
apy after the completion of chemotherapy included bulky
disease (= 10 cm) at diagnosis, localized positron emission
tomography (PET)-positive lesions, and potential curability
via radiotherapy:.

4. Baseline evaluation and response assessment

Baseline evaluation was carried out for < 28 days
before enrollment, and all patients were staged by the Ann
Arbor staging system, which included history-taking; physi-
cal examination; complete blood count; serum chemistry,
including lactate dehydrogenase; bone marrow aspiration
and biopsy; computed tomography; and PET imaging.
Immunohistochemically defined sub-classification of DLB-
CL, including germinal center B-cell type (GCB) and non-
germinal center B-cell type (non-GCB), was recommended at
each institution by the Hans algorithm [9].

All patients underwent response evaluation after 3
cycles, 6 cycles of R-CHOP, and approximately 4 weeks after
the completion of treatment, in accordance with the interna-
tional workshop criteria [10]. Safety profiles were evaluated
by the National Cancer Institute Common Terminology Cri-
teria for Adverse Events ver. 3.0 until the 30th day after the
final cycles of chemotherapy. The highest grade during the
courses of treatment was considered for analysis. Physical
examination and basic laboratory analyses were conducted
every 6 months. Tumor assessment was carried out every 3
months during the first 2 years and every 6 months during
years 3 to 5.

5. Statistical analysis

The primary endpoint was the rate of complete response
(CR) after 3 cycles of R-CHOP chemotherapy, and the sec-
ondary endpoints were the overall response rate (ORR),
progression-free survival (PFS), overall survival (OS), and
safety. PFS was defined as the time from treatment initia-
tion to the first recording of relapse or disease progression or
death from any cause. OS was defined as the time from initial
treatment to death from any cause or the date of the final fol-
low-up evaluation. To compare the efficacy of RR-CHOP, the
clinical outcomes of R-CHOP-treated DLBCL patients as his-
torical controls were analyzed, and propensity score match-
ing was performed using a 1:1 matching protocol without
replacement. Among 403 newly diagnosed DLBCL patients
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Table 1. Patient characteristics

No. (%) (n=92)

Age 260 yr 52 (56.5)
Sex

Male/Female 58/34 (63.0/37.0)
Ann Arbor stage

II/I-1vV 7/85(7.6/92.4)
Bulky disease (=10 cm) 21 (22.8)
B symptom 20 (21.7)
Elevated serum lactate 70 (76.1)

dehydrogenase
ECOG performance status

0/1/=2 35/43/14 (38.0/46.7/15.2)
Extranodal involvement

Oorl/=2 38/54 (41.3/58.7)
Bone marrow involvement 13 (14.1)
International Prognostic Index

Low-risk /Low-intermediate risk 3/23(3.3/25.0)

High-intermediate risk /High-risk ~ 44/22 (47.8/23.9)
Revised International
Prognostic Index

Good /Poor 26/66 (28.3/71.7)
Cell of origin

Germinal center B-cell type 25/64 (39.1)

Non-germinal center B-cell type  39/64 (60.9)
Bcl-2 positive 56/76 (73.7)
Bcl-6 positive 47165 (72.3)

ECOG, Eastern Cooperative Oncology Group.

at Severance Hospital during the period from 2010 to 2013, 14
patients who were transferred to another hospital or did not
receive any first-line chemotherapy were excluded. Of the
remaining 389 patients, 197 patients with high-risk DLBCL
according to the same inclusion criteria of this study were
selected for historical control. Actuarial survival analysis and
comparisons were carried out using the Kaplan-Meier meth-
od and the log-rank test. A Cox regression model was used
to determine the hazard ratios and 95% confidence intervals.
Statistical analysis was performed using SPSS ver. 25.0 (IBM
Corp., Armonk, NY), and a p-value of < 0.05 was considered
statistically significant.

Results

1. Patients characteristics

Between January and December 2009, 92 patients with
newly diagnosed advanced-stage or bulky DLBCL were
enrolled in this study. Fifty-two patients (56.5%) were older
than 60 years (median 63, range 20 to 79 years), 14 (15.2%)

\ Newly diagnosed DLBCL(n:92)|

| RR-CHOP chemotherapy (n=92) l

Excluded (n=10)

- Death-TRM (n=3)

- Loss (n=3), refusal (n=1)

- Disease progression (n=3)

v

Interim response (n=82) |

Excluded (n=17)

- Death-TRM (n=2)

- Toxicity (n=6)

- Refusal (n=2), loss (n=3)
- Progression (n=2)

- Clinician’s decision (n=2)

v

Final response (n=65) l

Fig. 1. Diagram of the enrolled diffuse large B-cell lymphoma
patients. DLBCL, diffuse large B-cell lymphoma; RR-CHOF,
intensified the first cycle of rituximab plus eight cycles of cyclo-
phosphamide, doxorubicin, vincristine, and prednisolone with
rituximab; TRM, treatment-related mortality.

had a European Cooperative Oncology Group poor perfor-
mance status > 2, and 85 (92.4%) had stage III/IV disease.
Patient characteristics are summarized in Table 1.

2. Treatment outcomes

The median number of RR-CHOP cycles was 8 (range, 1
to 8). Sixty-five patients (70.7%) completed 8 cycles of treat-
ment following the protocol. CR rate and ORR after 3 cycles
of RR-CHOP chemotherapy, were 38.0% (35/92) and 88.0%
(81/92) in the full analysis set. Among the 92 patients initially
enrolled herein, response data were not available for 10
patients after 3 cycles (3 died early, 3 were transferred to
another institution, and 4 progressed disease). Based on the
per-protocol analysis, the CR and ORR after 3 cycles of chem-
otherapy were 42.7% (35/82) and 98.8% (81/82), respectively.
After the completion of 8 cycles of chemotherapy, 65 patients
were assessed for the final response (Fig. 1).

The reasons for 17 patients with discontinuation of chemo-
therapy after interim response analysis were as follows: two
patients withdrew their consent, two died early, two pre-
sented disease progression, six presented treatment-related
toxicities, three were lost to follow-up, and two were exclud-
ed according to the clinician’s discretion (Fig. 1). Fifty-four
patients (58.7%) achieved a CR, nine (9.8%) achieved a partial
response (PR), one achieved a stable disease and one (1.1%)
presented with disease progression after the completion of
8 cycles of treatment (n=65). Based on the per-protocol anal-
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Fig. 2. Kaplan-Meier analyses of overall survival (A) and progression-free survival (B) of patients receiving RR-CHOP chemotherapy.
RR-CHOP, intensified the first cycle of rituximab plus eight cycles of cyclophosphamide, doxorubicin, vincristine, and prednisolone with

rituximab.

Variable
p-value

Age > 60 yr 0.438
Male sex 0.920
Stage III-IV 0.480
ECOGPS=>2 0.631
LDH > upper normal 0.863
Extranodal involvement > 2 0.468
Bulky disease 0.337
GCB vs. non-GCB 0.983

Table 2. Univariate analysis for overall survival and progression-free survival

Overall survival

Progression-free survival
HR (95% CI)
1.711 (0.848-3.451

HR (95% CI)

p-value
1.368 (0.620-3.015) 0.133

)
0.960 (0.435-2.118) 0.655 0.855 (0.429-1.701)
1.433 (0.527-3.894) 0.280 1.729 (0.640-4.675)
1.299 (0.447-3.776) 0.196 1.732 (0.754-3.977)
1.084 (0.435-2.700) 0.308 1.579 (0.656-3.806)
0.733 (0.318-1.693) 0.704 0.872 (0.430-1.768)
1.505 (0.654-3.463) 0.471 1.310 (0.629-2.728)
1.010 (0.412-2.473) 0.985 0.992 (0.445-2.215)

CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; GCB, germinal center B-cell type; HR, hazard
ratio; LDH, lactic dehydrogenase; non-GCB, non-germinal center B-cell type.

ysis, the CR and ORR after 8 cycles of chemotherapy were
58.7% (54/65) and 96.9% (63/65), respectively. Among the 65
patients who completed the 8 cycles of RR-CHOP treatment,
consolidative radiotherapy after the RR-CHOP chemothera-
py was administered in four patients (6.1%) for the following
indications: a bulky disease at initiation of treatment (n=1),
consolidation at lymph nodes (n=2), or bone lesions (n=1).
Ten patients received ASCT as consolidation: six patients
received ASCT in a PR state and four patients received ASCT
in a CR state.

3. Survival

The median follow-up duration for all patients was 36
months, and median PFS and OS were not reached. The
2-year and 3-year OS were 77.8% and 69.7%, respectively
(Fig. 2A). The 2-year and 3-year PFS were 67.2% and 63.3%,
respectively (Fig. 2B). No significant differences were obser-
ved according to the international prognostic index (IPI),
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and the 3-year OS and PFS of low-risk patients were 100%
and 100%, of low-intermediate risk patients were 81.1%
and 76.5%, of high-intermediate risk patients was 64.8%
and 60.4%, and of high-risk patients was 63.6% and 50.3%
(p=0.412 and p=0.084, respectively). The OS of patients with
a good revised IPI was not different from that of patients
with a poor revised IPI (p=0.110), and PFS was better in
patients with a good revised IPI (p=0.038). None of the fac-
tors affected the differences in survival via univariate analy-
sis (Table 2). The OS and PFS were not significantly different
according to sex (S1 Fig.).

4. Safety

Hematologic toxicities over grade 3 were the most com-
mon, with 67.0% neutropenia, 19.3% anemia, and 13.6%
thrombocytopenia. Neutropenic fever was reported in 40%
of patients, with three patients being grade 5. During RR-
CHOP chemotherapy, a total of five treatment-related deaths
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Table 3. Grade 3 to 5 AEs

All events (%) Grade >3 (%)

Hematologic AEs
Anemia 92.0 19.3
Thrombocytopenia 443 13.6
Neutropenia 78.4 67.0
Neutropenic fever 409 409

Non-hematologic AEs
Generalized weakness 27.2 7.9
Anorexia 39.7 45
Nausea 40.9 1.1
Vomiting 18.1 1.1
Stomatitis 23.8 0.0
Abdominal pain 28.4 22
Diarrhea 30.6 22
Constipation 284 0.0
Muscle pain 215 1.1
Peripheral neuropathy 36.3 1.1
Liver toxicity 31.8 1.1
Lung toxicity 34 22
Cardiac toxicity 1.1 1.1

AE, adverse event.

occurred. Grade > 3 non-hematologic toxicities included the
following: generalized weakness (7.9%), anorexia (4.5%),
abdominal pain (2.2%), diarrhea (2.2%), and lung toxicity
(2.2%). Toxicity profiles (grade = 3) during chemotherapy are
summarized in Table 3.

5. Comparison with R-CHOP as a historical control

We compared the treatment outcomes of RR-CHOP chem-
otherapy with those of patients who received R-CHOP chem-
otherapy. Among 197 high-risk DLBCL patients treated with
R-CHOP, 72 age, and IPI-matched patients were selected from
each group (S2 Table). The 90.2% (43.1% [31/72] CR+47.2%
[34/72] PR) of ORR after 3 cycles of RR-CHOP chemother-
apy was superior to 83.3% of ORR (25.0% [18/72] CR and
58.3% [42/72] PR) in patients with R-CHOP (p=0.042). After
the completion of planned chemotherapy, the final response
was able to be assessed in 65 patients with the R-CHOP
group. Thirty-four patients (47.2%) achieved CR, 18 (25.0%)
achieved PR, and four (5.6%) patients progressed disease
in the R-CHOP group. A higher CR rate (59.7%, 43/72) was
observed in the patients who received RR-CHOP com-
pared to the patients who received R-CHOP (47.2%, 34/72,
p=0.041). The interim CR rate for male patients in the RR-
CHOP group was significantly higher than that in the
R-CHOP group (48.8% [21/43] vs. 20.5% [9/44], p=0.016).
However, the final CR rate was not different between the two
groups (55.8% [24/43] vs. 50.0% [22/44], p=0.209) (S3 Table).

The OS and PFS were not significantly different between the
two groups (S4 Fig.). The OS and PFS according to the two
treatment groups also were not significantly different in both
male and female patients (S5 Fig.). The OS and PFS according
to the two treatment groups also were not significantly dif-
ferent in both younger (age 18-65 years) and older (age > 65
years) patients (S6 Fig.).

Discussion

This multicenter, prospective, phase II study including
patients with newly diagnosed advanced-stage or bulky
DLBCL treated with RR-CHOP revealed a favorable CR rate
after 3 cycles of chemotherapy in comparison with histori-
cal risk-matched patients who were treated with R-CHOP.
In particular, the RR-CHOP group displayed higher interim
CR rates for male patients compared to the patients who
received R-CHOP. These results showed that rituximab
intensification on the standard R-CHOP chemotherapy has a
meaningful clinical activity for some sub-groups of DLBCL
patients.

There is a consensus that improvements in the outcomes of
R-CHOP for advanced-stage DLBCL patients would warrant
another treatment strategy. Dose-dense regimens, or dose-
intense regimens, including additional use of etoposide,
did not improve clinical outcomes in DLBCL [11,12]. Addi-
tional use of new investigational drugs such as bortezomib,
bevacizumab, lenalidomide, and ibrutinib to the R-CHOP
chemotherapy also did not improve the survival outcomes
of DLBCL patients [13-16]. Early intensification and pro-
longed rituximab exposure in the SMARTE-R-CHOP-14 trial
(6 cycles of CHOP-14 combined with 8 doses of rituximab
on days -4, -1, 10, 29, 57, 99, 155, and 239), improved out-
comes among elderly poor-prognosis patients compared to
the historical control group who received R-CHOP from the
RICOVER-60 trial [3,17]. DENSE-R-CHOP-14 trial (12 doses
of rituximab was given on days 0, 1, 4, 8, 15, 22, 29, 43, 57, 71,
85, and 99 together with 6 cycles of CHOP-14 cycles) did not
show improved outcomes compared to the historical control
group from the RICOVER-60 trial and a higher incidence of
infection was reported [18]. HOVON-84 study compared
the RR-CHOP-14 regimen (R-CHOP-14 with the intensifica-
tion of rituximab on day 8 of the first 4 cycles) and standard
R-CHOP-14 regimen and early rituximab intensification of
RR-CHOP-14 regimen did not show the survival benefit [19].
These studies suggest that earlier intensive use and longer
exposure of rituximab may achieve the earlier higher and
appropriate serum levels of rituximab, but the efficacy
and clinical outcomes of additional use of rituximab to the
R-CHOP regimen should be re-evaluated in further trials.
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Because the clinical outcomes between R-CHOP-14 and
R-CHOP-21 were not different, R-CHOP-21 is usually recom-
mended as the first-line treatment in patients with DLBCL
[20-22]. Therefore, previously reported intensified rituxi-
mab-containing regimens should be re-evaluated in the set-
ting of the R-CHOP-21 backbone. Although the JCOG0601
trial compared the efficacy and safety of CHOP-21 plus
dose-dense weekly rituximab (RW-CHOP-21) regimen with
standard R-CHOP-21 regimen for DLBCL, the RW-CHOP-21
regimen did not show the improved PFS. This RW-CHOP-21
regimen was just a modification of the rituximab adminis-
tration schedule (early intensification of rituximab during
chemotherapy) and the total dose of rituximab during chem-
otherapy was the same between the two groups [23].

We added only one dose of rituximab on day 0 of the 1st
cycle to the conventional 8 cycles R-CHOP-21 regimen in this
trial for promptly achieving the appropriate serum level of
rituximab and avoiding the further development of serious
infections related to additional intensive use of rituximab.
Considering the patients included in this study were high-
risk, the CR or ORR after 3 cycles of RR-CHOP was compa-
rable to the previous study [22].

Upon comparing patients receiving R-CHOP therapy in
the historical control group, additional rituximab admin-
istration on day 0 of the 1st cycle of R-CHOP resulted in a
higher interim CR among male patients in this study. Some
studies have reported that male patients displayed inferior
outcomes of conventional R-CHOP therapy [7,24,25]. Epide-
miological studies have suggested that women have a sur-
vival advantage over men in various cancers [26,27]. Studies
from the United States also have reported that male patients
with lymphoma are at a higher mortality risk than female
patients [26]. In DLBCL, elderly male patients benefit less
from R-CHOP than female patients [7,24,28]. Elderly male
DLBCL patients showed low serum levels of rituximab and
inferior clinical outcomes of R-CHOP chemotherapy because
of the rapid rituximab clearance. Intensified dose of rituxi-
mab (500 mg/m?) with CHOP-14 for elderly male patients
showed similar PFS and OS to female patients, without
increasing the toxicities [29]. The infection rate of RR-CHOP
was slightly higher than that previously reported, but most
cases were manageable in this study. Because prophylactic
pegylated G-CSF is commonly recommended and used for
the R-CHOP regimen in most countries, we can reduce the
incidence of infection and cytopenia related to the RR-CHOP
regimen after applying the prophylactic pegylated G-CSF.
Therefore, rituximab intensification on day 0 of the 1st cycle
to the standard 8 cycles of R-CHOP therapy is a potentially
valuable alternative for advanced-stage high-risk DLBCL
patients, especially for male DLBCL patients. This strategy
can be easily applied in daily practice before getting the
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available newly approved first-line therapy for advanced-
stage high-risk DLBCL patients such as polatuzumab vedo-
tin-containing regimens [30].

The limitations of our study include the lack of a central
pathological and radiological review. Furthermore, the study
also involved inherent limitations associated with single-arm
phase II studies having the response rate as the primary end-
point, such as small sample sizes and selection bias, which
should be considered when interpreting the results. We
stratified high-risk patients only based on clinical factors, not
considering gene expression profiles, including those of cells
expressing MYC or BCL2. However, clinical factors are more
easily accessible in daily practice. Moreover, we did not carry
out a pharmacokinetic analysis; this will be conducted in the
future based on the present results.

This phase II study with an additional one dose of rituxi-
mab application on day 0 of the 1st cycle to 8 cycles of
R-CHOP-21 for advanced-stage DLBCL revealed a favorable
response, PFS, and OS, with acceptable toxicity. Moreover,
rituximab intensification during early R-CHOP-21 therapy
for male high-risk DLBCL patients might be an important
treatment alternative.
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