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Original Article

Treatment Outcomes for Diffuse Large B-Cell Lymphoma
in the Rituximab Era: An Evaluation of 193 Patients
Haruka Izumi＊ and Kazuhiko Natori
Division of Hematology and Oncology, Department of Internal Medicine, School of Medicine,
Faculty of Medicine, Toho University

ABSTRACT
Background: Although rituximab, a chimeric anti-CD20 antibody, has been approved as a molecularly targeted drug in Japan, its information is still limited regarding the outcomes of combination chemotherapy including rituximab for treatment of diffuse large B-cell lymphoma (DLBCL).
Methods: Combination chemotherapy including rituximab was administered to 193 of 243 patients who received histopathologic diagnoses of DLBCL at our department from January 2003 through December 2012.
Results: Combination chemotherapy included the R-CHOP (rituximab, cyclophosphamide, adriamycin, vincristine, and prednisolone; n＝161), R-CHO (rituximab, cyclophosphamide, adriamycin, and vincristine; n＝
20), R-HOP (rituximab, adriamycin, vincristine, and prednisolone; n＝1) regimens, and other combination
therapy (n＝11). Therapeutic effect was evaluable in all 193 patients. Of the 182 patients treated with RCHOP, R-CHO, or R-HOP, 140 (76.9％) had a complete response (CR) or unconfirmed CR (CRu), and 5 (2.7％)
had a partial response (PR). Four of 11 patients treated with other combination chemotherapy regimens had
a CR. Overall, 144 (74.6％) of 193 patients had a CR or CRu, and 5 had a PR; thus, the overall response (OR)
rate was 77.2％. The 5-year disease-free survival rates were 72.9％ for the 144 patients with CR or CRu,
90.5％ for the International Prognostic Index (IPI) low-risk group, 75％ in the low-intermediate-risk group,
83.0％ in the high-intermediate-risk group, and 68.3％ in the high-risk group. There were no significant differences among the 4 IPI groups. The 5-year survival rate was 72.8％ overall, 85.2％ in the low-risk group,
92.9％ in the low-intermediate-risk group, 76.4％ in the high-intermediate-risk group, and 49.1％ in the highrisk group. The 5-year survival rate in the high-risk group was significantly lower than that in the other
groups.
Conclusions: These results show that treatment with combination chemotherapy including rituximab is
superior to conventional CHOP or CHOP-like regimens. The validity of IPI, an established prognostic model
for DLBCL, appears questionable for regimens with rituximab.
Toho J Med 1 (3): 41―50, 2015
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The CHOP (cyclophosphamide, adriamycin, vincristine,
１）

Hodgkin lymphoma (NHL), including diffuse large B-cell

as a

lymphoma (DLBL). The disease-free survival (DFS) rate

form of combination chemotherapy for aggressive non-

was later confirmed to be 30％ to 40％. In the 1980s, tar-
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and prednisolone) regimen was proposed in 1976
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geted therapies and more-intensive regimens, the so-called

not confirmed to be CD20-positive, 1 who refused treat-

second- and third-generation chemotherapies, were devel-

ment, and 1 who was only followed up. Ultimately, 193 pa-

oped to improve upon the CHOP regimen.２―８） However, no

tients were evaluable because 3 of the 196 patients devel-

significant differences in treatment outcomes were found

oped serious infusion reactions after initial administration

in studies comparing the CHOP regimen with these new

of rituximab and were classified as ineligible for treatment

regimens.９，１０）

with rituximab.

Furthermore, Southwest Oncology Group (SWOG) and

Methods

Eastern Cooperative Oncology Group (ECOG) conducted

1. Histopathologic diagnosis

large-scale comparative studies of the first-, second-, and

Histopathologic diagnosis was consistent with the World

third-generation chemotherapies and found no significant

Health Organization Classification of Tumours of Haema-

differences in rates of complete response (CR), DFS or

topoietic and Lymphoid Tissues, Fourth Edition (2008).

overall survival (OS), which was confirmed by Fisher et al
１１）

2. Clinical stage

These findings suggest that the practice of ad-

Clinical stage was determined in accordance with the

ministering existing drugs cannot surpass the CHOP regi-

Ann Arbor classification.１２） In addition to clinical stage, the

men and that development of effective new drugs is neces-

International Prognostic Index (IPI)１３） and revised IPI１４）

sary to improve treatment outcomes.

were also evaluated.

in 1993.

The molecularly targeted drug rituximab, a chimeric

3. Therapy

anti-CD20 antibody, was developed by IDEC Pharmaceuti-

Combination chemotherapy with rituximab included ri-

cals, Inc. (San Diego, CA, USA) and Genentech inc. (San

tuximab＋CHOP (R-CHOP; n＝161), R-CHO (rituximab, cy-

Francisco, CA, USA) 2 years before the results of the com-

clophosphamide, adriamycin, and vincristine; n＝20), and

１１）

It was approved by the

R-HOP (rituximab, adriamycin, vincristine, and predniso-

US Food and Drug Administration in November 1997 for

lone; n＝1). Of the 9 patients with a past history of

clinical use and was expected to improve treatment out-

ischemic heart disease or an ejection fraction less than

comes for B-cell lymphoma. In Japan, rituximab was ap-

50％, 5 were treated with R-VP16-COP (rituximab,

proved for the treatment of CD20-positive low-grade or fol-

etoposide, cyclophosphamide, vincristine, and predniso-

licular B-cell NHL and mantle-cell lymphoma in March

lone), 3 with R-VP16-CO (rituximab, etoposide, cyclophos-

2001 and for all types of CD20-positive B-cell NHL in Sep-

phamide, and vincristine), and 1 with R-VP16 (rituximab

tember 2003. In this study, we evaluated treatment out-

and etoposide). Two patients were enrolled in a collabora-

comes for combination chemotherapy including rituximab

tive trial with other institutions and were treated with R-

among patients with DLBCL treated in our department

THP-COP [rituximab, 4́-O- tetrahydropyranyl adriamycin

since the approval of rituximab.

(therarubicin), cyclophosphamide, vincristine, and predni-

parative study by Fisher et al.

Methods

solone].
The R-CHOP administration schedule was intravenous

Patients

infusion of rituximab 375 mg!
m2 on day 1 and the CHOP

We analyzed data from 196 patients who were treated

regimen on day 3 and thereafter. The CHOP regimen

with combination chemotherapy including rituximab from

included intravenous infusion of cyclophosphamide 750

among 243 patients in our department who received a

m2 and intravenous injecmg!
m2 and adriamycin 50 mg!

histopathologic diagnosis of DLBCL during the period

tion of vincristine 1.4 mg!
m2 (maximum, 2 mg) on day 1,

from January 2003 through December 2012. The 47 pa-

and oral administration of prednisolone 100 mg!
day for 5

tients who were not treated with rituximab included 11

days.

who underwent combination chemotherapy before rituximab became available at our hospital, 18 who underwent

4. Assessment of therapeutic effects and evaluation of
toxicity

palliative treatment because of poor general health, 3 with

Therapeutic effect was classified as CR, unconfirmed CR

increased hepatitis C virus on a TaqManⓇ assay, 4 with a

(CRu), partial response (PR), stable disease, and progres-

positive result for hepatitis B virus (HBV)-deoxyribo-

sive disease (PD) in accordance with the International

nucleic acid (DNA) on a TaqMan assay, 5 who died before

Workshop Criteria.１５）Overall response (OR) was defined as

treatment, 2 with excessive tumor volume, 2 with DLBCL

CR＋CRu＋PR. Interim therapeutic effects were assessed
Toho Journal of Medicine・September 2015
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Patient characteristics

Evaluable pts (male/female)
Median age
Median follow-up time of surviving pts

193 pts (108/85)
68 years (20―91)＊
38 mos (2―120)＊

Clinical stage
I
II
III
IV
B symptom (＋)
Bulky mass (＋)

[No of pts (%)]
30 (15.5)
31 (16.1)
35 (18.1)
97 (50.3)
38 (19.7)
17 (19.3)

International prognostic index
Low
Low-Intermediate
High-Intermediate
High

[No of pts (%)]
48 (24.9)
24 (12.3)
62 (32.1)
59 (30.1)

Regimen
R-CHO, R-CHO or R-HOP
Others

[No of pts (%)]
182 (94.3)
11 (5.7)

No of courses of R-CHOP, R-CHO or R-HOP
7 or 8
6
5 or less

[No of pts (%)]
128 (70.3)
25 (13.7)
29 (16.0)

＊range
pts: patients; mos: months; No: number; R: rituximab; CPM: cyclophosphamid; ADM: adriamycin; VCR: vincristine; PDN: prednisolone; R-CHOP: R, CPM, ADM, VCR, PDN; R-CHO: R, CPM, ADM,
VCR; R-HOP: R, ADM, VCR, PDN

after completion of the second or third course. Patients

Ethical considerations

without marked PD continued treatment, and the final as-

This study was reviewed and approved by the institu-

sessment was performed after completion of the eighth

tional ethics committee of Toho University Medical Cen-

course or as previously planned. Positron emission to-

ter, Omori Hospital on May 8, 2014 (Review No. 25-9).

mography (PET) and PET!
computed tomography (CT)

Results

were performed in 2010 and later, after insurance coverage was approved. Therefore, PET was excluded from the
criteria for assessment of effects.

Patient characteristics
The 193 evaluable patients comprised 108 men and 85

Overall survival (OS) was defined as the period from the

women; the median age was 68 years (range, 20―91). The

beginning of therapy to death, regardless of cause, and

median duration of follow-up among surviving patients

DFS was defined as the period from CR attainment to re-

was 38 months (range, 2―120). Thirty patients were classi-

currence or death. Toxicity was evaluated in accordance

fied as clinical stage I, 31 as stage II, 35 as stage III, and 97

with the National Cancer Institute Common Terminology

as stage IV. Among these patients, 38 had B symptoms

Criteria for Adverse Events version 3.0 (2006).

and 17 had a bulky mass (maximum tumor diameter, "
10

5. Statistical analysis

cm). With regard to the IPI, 48 patients were classified as

Survival curves and median survival times were esti-

low-risk,

24

as

low-intermediate-risk,

62

as

high-

mated by the Kaplan-Meier method, and differences be-

intermediate-risk, and 59 as high-risk. Of the 182 patients

tween groups were evaluated by the log-rank test.

who received R-CHOP, R-CHO, or R-HOP, 128 received 7
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Table 2

Therapeutic effect
No of pts

CR＋CRu

PR

SD or PD

CR＋CRu (%)

R-CHOP, R-CHO, R-HOP
R-VP16-COP, R-VP16-CO, R-VP16, R-THP-COP

182
11

140
4

5

37
7

76.9
36.4

Overall

193

144

5

44

74.6

No: number; pts: patients; CR: complete response; CRu: uncomfirmed CR; PR: partial response; SD: stable disease;
PD: progressive disease; R: rituximab; CPM: cyclophosphamide; ADM: adriamycin; VCR: vincristine; PDN: prednisolone; ETP: etoposide, R-CHOP: R, CPM, ADM, VCR, PDN; R-CHO: R, CPM, ADM, VCR; R-HOP: R, ADM,
VCR, PDN; R-VP-16-COP: R, ETP, CPM, PDN; R-VP16: R, ETP; R-THP-COP: R; THP-ADM, CPM, VCR, PDN

Table 3

5-year disease free survival late
5-yr DFS (%) (95% CI)

CS (No of pts)
I (26)
II (84)
III (28)
IV (66)
IPI (No of pts)
L (41)
LI (23)
HI (51)
H (29)

reach the median time (Table 3, Fig. 1). With regard to
DFS curves according to clinical stage, the DFS curves for
stage I 26, II 24, and III 28 patients did not reach the me-

95.5
66.7
95.8
76.1

(71.9―99.4)
(32.4―86.0)
(73.9―99.4)
(62.0―85.5)

dian time. Median DFS for stage IV 66 patients was 89
months and did not significantly differ among the 4 groups
(Fig. 2). The 5-year DFS rate according to IPI was 90.5％ in
the low-risk group, 75.0％ in the low-intermediate-risk
group, 83.0％ in the high-intermediate-risk group, and

90.5
75.0
80.3
62.5

(73.3―96.8)
(45.9―89.9)
(64.6―92.3)
(44.5―83.6)

68.5％ in the high-risk group. The DFS curves in the lowintermediate- and high-intermediate-risk groups did not
reach the median time, and median DFS in the lowintermediate- and high-risk groups was 86 and 99 months,
respectively, and did not significantly differ among the 4

Revised IPI
Best (11)
Intermediate (51)
Worst (82)

90.9 (50.8―98.7)
68.1 (49.1―81.3)
73.9 (59.6―83.8)

groups (Table 3, Fig. 3). The 5-year DFS rate according to

Overall (144)

72.9 (71.2―87.2)

not significantly differ among these 3 groups (Table 3).

yr: year, DFS: disease-free survival, CI: confidence index, CS: clinical stage, No: number, pts:
patients, IPI: international prognostic index, L:
low, LI: low intermediate, HI: high inter-mediate

the revised IPI was 90.9％ in the best group, 68.1％ in the
intermediate group, and 73.9％ in the worst group and did
All relapses occurred within 5 years (5 in the low-risk
group, 8 in the low-intermediate-risk group, 9 in the highintermediate-risk group, and 9 in the high-risk group).
Among the patients with a CR or CRu, 15 died of DLBCL
(14 within 5 years) and 7 died of other causes (6 within 5

or 8 courses, 25 received 6 courses, and 29 received 5 or
fewer courses (range, 1―8) (Table 1).
Therapeutic effects

years) (Table 4).
Overall survival time
The 5-year OS rate was 72.8％ overall and 82.3％ for pa-

Therapeutic effects were evaluable in all 193 patients,

tients with a CR or CRu (Table 5). The OS curve for all 193

and 140 (76.9％) of the 182 patients who were treated with

patients did not reach the median time (Fig. 4). The OS

R-CHOP, R-CHO, or R-HOP had a CR or CRu, and 5 had a

curves for all 193 patients, according to clinical stage, did

PR. The OR rate was 79.6％. Of the 11 patients treated

not reach the median time for stage I, II, and III patients;

with R-VP16-COP, R-VP16-CO, R-VP16, or R-THP-COP, 4

however, median OS was 92 months for stage IV patients

had a CR or CRu. In total, 144 (74.6％) of 193 patients had a

and significantly differed between stage I and IV and III

CR or CRu, and 5 had a PR. The OR rate was 77.2％ (Table

and IV patients (p＝0.013 and 0.001, respectively; Fig. 5).

2).

The overall 5-year OS rate in relation to IPI was 85.7％ in
Disease-free survival

the low-risk group, 93.3％ in the low-intermediate-risk

Of the 144 patients with a CR or CRu, 31 relapsed. The

group, 77.0％ in the high-intermediate-risk group, and

5-year DFS rate was 72.9％, and the DFS curve did not

49.1％ in the high-risk group (Table 5). The OS curves for
Toho Journal of Medicine・September 2015
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Fig. 1 Disease-free survival (DFS) curve
The 5-year DFS rate for the 144 patients with CR or CRu was 80.6% (95%
CI, 71.2% to 87.2%).
CR: complete response, CRu: uncomfirmed CR, CI: confidence index, mos:
months

(%)
100
I

Disease free survival

80
III
II
60

IV
40

20
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0

Fig. 2
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Disease-free survival curves according to clinical stage
(no significant differences among the 4 groups)
mos: months
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Disease free survival

80

Low
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40
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Low Intermediate
20

0
0

20
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120 (mos)

Fig. 3 Disease-free survival curves according to IPI
(no significant differences among the 4 groups)
IPI: international prognostic index, mos: months

Table 4

Events in CR and CRu patients

IPI
(No of pts)

Relapse (yrs)
(5≦ yrs, 5 yrs＜)

Death by DLBCL (yrs)
(≦5 yrs, 5 yrs＜)

Death by other causes (yrs)
(≦5 yrs, 5 yrs＜)

L
(41)
LI
(23)
HI
(51)
H
(29)

5
(5, 0)
8
(8, 0)
9
(9, 0)
9
(9, 0)

2
(2, 0)
1
(1, 0)
6
(5, 1)
6
(6, 0)

1
(1, 0)

2
(2, 0)
4
(3, 1)

Overall
(144)

31
(31, 0)

15
(14, 1)

7
(6, 1)

CR: complete response, CRu: unconfirmed CR, IPI: international prognostic index, No: number,
pts: patients, yrs: years, DLBCL: diffuse large B-cell lymphoma, L: low, LI: low-intermediate,
HI: high-intermediate, H: high

the low, low-intermediate-, and high-intermediate-risk

Toxicity

groups did not reach the median time, while the median

As described above, 3 of 196 patents developed serious

OS time in the high-risk group was 42 months and signifi-

infusion reactions after initial administration of rituximab

cantly differed between the high-risk group and the other

and discontinued treatment. However, the infusion reac-

risk groups (p＜0.001 for all comparisons; Fig. 6). The over-

tions of the remaining 193 were well controlled, and the

all 5-year OS rate in relation to the revised IPI was 80.0％

second and subsequent courses were administered. Re-

for the best group, 87.9％ for the intermediate group, and

garding nonhematologic toxicities, hair loss was observed

64.3％ for the worst group and did not significantly differ

in all patients, grade 1!
2 nausea in 49 (25.4％), grade 2!
3

among these 3 groups (Table 5).

peripheral neuropathy in 75 (38.9％), and grade 2!
4 constipation in 160 patients (82.9％). Regarding hematologic toxToho Journal of Medicine・September 2015
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icities, grade 1!
2 neutropenia was observed in 27 patients

topenia in 16 (8.3％), grade 1!
2 anemia in 129 (66.8％), and

(14.0％), grade 3!
4 neutropenia in 159 (82.4％), grade 1!
2

grade 3!
4 anemia in 31 (16.1％). Elevated serum aspartate

thrombocytopenia in 74 (38.3％), grade 3 thrombocy-

transaminase (AST) and alanine transaminase (ALT)
(grades 1 and 2) was observed in 36 (18.7％) and 34 (17.7％)

Table 5

patients, respectively, and grade 3 and 4 elevation was

5-year overall survival rate

seen in 1 and 2 patients, respectively. Except for the 3 pa-

5-yr OS (%) (95% CI)
CS (No of pts)
I (30)
II (31)
III (35)
IV (97)
IPI (No of pts)
L (48)
LI (24)
HI 62)
H (59)
Revised IPI
Best (12)
Moderate (58)
Poorest (123)

88.9
62.1
93.7
62.9

(69.1―96.3)
(31.5―82.2)
(77.0―98.4)
(51.2―72.6)

85.7
93.3
77.0
49.1

(68.2―93.9)
(61.3―99.0)
(59.9―87.5)
(34.3―62.4)

tients with serious infusion reactions, no patients discontinued treatment due to toxicity.

Discussion
CHOP therapy has been the standard therapy for
DLBCL. Various other treatments were tried but none
surpassed CHOP therapy. New drugs were sought, and rituximab was developed.
Rituximab is a chimeric monoclonal antibody against the
CD20 antigen, which is primarily found on the surface of B

90.0 (47.3―98.5)
87.9 (72.6―94.9)
64.3 (53.5―73.3)

Overall (193)

cells. It is a chimeric monoclonal antibody, including a
mouse-derived anti-CD20 antibody in the variable regions
of antigen-binding fragment (Fab) and other humanized

72.8 (65.4―79.9)

regions (Fab constant region and crystallizable fragment).

yr: year, OS: overall survival, CI: confidence
index, CS: clinical stage, No: number, pts:
patients, IPI: international prognostic index,
L: low, LI: low intermediate, HI: high intermediate, H: high

Rituximab selectively attacks CD20-positive cells, causing
antibody-dependent cytotoxicity, complement injury, and
induction of apoptosis.
Because rituximab has a different mechanism of action

(%)
100

80

Survival

60

40

20

0
0

20

40

60

80

100

120 (mos)

Fig. 4 Overall survival (OS) curve
The overall 5-year OS rate (n＝193) was 73.4% (95% CI, 65.4% to 79.9%).
CI: confidence index, mos: months
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100
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Fig. 5 Overall survival curves according to clinical stage
[There were significant differences between I and IV (p＝0.013) and between III and IV (p＝0.001)]
mos: months

(%)
100

Low-intermediate
Low

80

High-intermediate

Survival

60

40

20

High risk

0
0

20

40

60

80

100

120 (mos)

Fig. 6 Overall survival curves according to IPI
(There were significant differences between H and the other groups; p＜0.001 for
all comparisons)
IPI: international prognostic index, H: high, mos: months
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than those of existing drugs, clinical trials were performed

outcomes for 365 patients with DLBCL who were treated

to confirm its role in combination chemotherapy. In a ma-

with R-CHOP in British Columbia revealed that the 4-year

jor clinical trial, the Groupe dʼEtude des Lymphomes de

PFS and OS rate were 86％ and 82％, respectively, in the

lʼAdulte (GELA) in France compared R-CHOP and CHOP

low-risk group, 80％ and 81％ in the low-intermediate-risk

in untreated patients aged 60 to 80 years with clinical

group, 57％ and 49％ in the high-intermediate-risk group,

stage II-IV DLBCL. The R-CHOP regimen was superior to

and 51％ and 59％ in the high-risk group. These results in-

CHOP in CR rate, 2-year event free survival (EFS) rate,

dicate that the conventional IPI distinguishes only 2

and 2-year OS rate. In a long-term observation, R-CHOP

groups rather than the 4 groups originally described. Con-

was superior in 10-year OS rate.１６，１７） Furthermore, a retro-

sequently, patients with no IPI factors had the best out-

spective comparative study of patients with DLBCL who

comes (4-year PFS and OS rate: 85％ and 94％), patients

received CHOP before administration of rituximab and

with 1 or 2 factors had intermediate outcomes (80％ and

those who underwent combination chemotherapy with

79％), and patients with 3―5 factors had the worst out-

CHOP and rituximab was conducted in British Columbia,

comes (53％ and 55％).１４） Although we also analyzed treat-

Canada. That study found that the 2-year PFS rate im-

ment outcomes for our subjects according to the revised

proved from 51％ to 69％ and that the 2-year OS rate im-

British Columbia IPI, the 5-year DFS and OS rates were

proved from 52％ to 78％. CHOP with rituximab improved

90％ and 90％ in the best group, 87.9％ and 87.9％ in the in-

treatment outcomes for DLBCL. Consequently, R-CHOP is

termediate group, and 77.3％ and 71.9％ in the worst

now the standard therapy. We started combination che-

group. There were no significant differences among the 3

motherapy including rituximab for patients with DLBCL,

groups. In the British Columbia study, aggressive lym-

when rituximab was approved for treatment of all sub-

phoma was targeted, and diseases other than DLBCL

types of B-cell NHL in 2003.

were included. Accordingly, the results of our study tar-

Regarding treatment outcomes for patients who re-

geting only DLBCL suggest that DLBCL should be investi-

ceived a DLBCL diagnosis during 2003―2012, the CR＋

gated separately from aggressive lymphoma with respect

CRu rate was 74.6％, the 5-year DFS rate was 72.9％, and

to the outcome-prediction model. Our results revealed no

the 5-year OS rate was 72.8％. This study was not a ran-

significant differences in scores using IPI or revised IPI. In

domized control trial; therefore, we compared trial out-

our study of 245 DLBCL cases, 193 patients (78.8％) re-

comes with previous reports. DFS and OS were superior

ceived R-CHOP therapy. The IPI and revised IPI appear

１，
９―１１）

to conventional CHOP or CHOP-like regimens.

not to be useful for evaluation of limited R-CHOP therapy.

The prognostic model for DLBCL was developed after

Our results indicate that introduction of rituximab has

analysis of data from 2031 patients with aggressive NHL

markedly improved clinical outcomes of DLBCL. Thus, re-

who underwent combination chemotherapy including

assessment of prognostic stratification is required.

adriamycin in the United States, Canada, and Europe in
1993.１３） IPIs comprise 5 clinical factors: age 61 years or
older, clinical stage III!
IV, "
2 extranodal lesions, performance status "
2, and serum lactate dehydrogenase above
the normal range. An IPI of 0―1 is classified as low risk, 2
as low-intermediate risk, 3 as high-intermediate risk, and
4―5 as high risk.
IPIs are the standard for prognostic scoring. In this
study, we evaluated treatment outcomes and found no significant difference in 5-year DFS among the 4 groups. In
our series, 5-year OS was lower in the high-risk group than
in the other groups, but there was no significant difference
among the other 3 groups. These results suggest that conventional IPIs have questionable validity for comparing
outcomes and therapeutic planning, because of improvement in treatment results in the rituximab era. Analysis of
Vol. 1 No. 3
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