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A B S T R A C T

Purpose
To evaluate the safety and efficacy of rituximab-containing chemotherapies for intravascular large
B-cell lymphoma (IVLBCL).

Patients and Methods
We retrospectively analyzed 106 patients (59 men, 47 women) with IVLBCL who received
chemotherapy either with rituximab (R-chemotherapy, n � 49) or without rituximab (chemother-
apy, n � 57) between 1994 and 2007 in Japan. The median patient age was 67 years (range, 34
to 84 years). The International Prognostic Index was high-intermediate/high in 97% of patients.

Results
The complete response rate was higher for patients in the R-chemotherapy group (82%) than for
those in the chemotherapy group (51%; P � .001). The median duration of follow-up for surviving
patients was 18 months (range, 1 to 95 months). Progression-free survival (PFS) and overall
survival (OS) rates at 2 years after diagnosis were significantly higher for patients in the
R-chemotherapy group (PFS, 56%; OS, 66%) than for patients in the chemotherapy group (PFS,
27% with P � .001; OS, 46% with P � 0.01). Multivariate analysis revealed that the use
of rituximab was favorably associated with PFS (hazard ratio [HR], 0.45; 95% CI, 0.25 to 0.80;
P � .006) and OS (HR, 0.42; 95% CI, 0.21 to 0.85; P � .016). Treatment-related death was
observed in three patients (6%) who received R-chemotherapy and in five patients (9%) who
received chemotherapy.

Conclusion
Our data suggest improved clinical outcomes for patients with IVLBCL in the rituximab era. Future
prospective studies of rituximab-containing chemotherapies are warranted.

J Clin Oncol 26:3189-3195. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Intravascular large B-cell lymphoma (IVLBCL) is a
rare subtype of extranodal diffuse large B-cell lym-
phoma (DLBCL), as classified by WHO.1 IVLBCL is
a rapidly progressive and often disseminated tumor
that is characterized by selective growth of lym-
phoma cells only in the lumina of small vessels of
various organs.2-6 The absence of marked lymphad-
enopathy makes accurate and timely diagnosis diffi-
cult. In previous reports, approximately half of
patients were diagnosed postmortem.7 Accuracy of
diagnosis for this type of lymphoma has improved
recently with the development of diagnostic proce-
dures, such as random skin biopsies and repetitive
bone marrow biopsies.8-10

Anthracycline-containing chemotherapies have
been reported to improve clinical outcomes for pa-
tients with IVLBCL.11 A recent study demonstrated a
3-year overall survival (OS) rate of 33% for patients
with IVLBCL who received anthracycline-based che-
motherapies.12 This was comparable to that for com-
mon DLBCL patients,13 but it remained unsatisfactory
without application of rituximab.

Rituximab is a chimeric monoclonal antibody
against CD2014 that is highly effective against vari-
ous types of CD20-positive B-cell lymphomas.15,16

Addition of rituximab to cyclophosphamide, vin-
cristine, doxorubicin, and prednisolone (CHOP)
and CHOP-like regimens has been found to im-
prove the outcome of DLBCL.17,18 Improvement
of clinical outcomes in IVLBCL, thus, has been
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expected with the use of rituximab. However, although several
recent reports have suggested efficacy of rituximab,19-21 no large-
scale study has been reported previously. The safety of rituximab
for patients with IVLBCL has remained unclear regarding the
presence of tumor cells in the lumina of vessels.22 To elucidate the
efficacy and safety of rituximab added to chemotherapy treatments
for IVLBCL, we retrospectively analyzed patients who received
chemotherapy either with rituximab (R-chemotherapy) or with-
out rituximab (chemotherapy).

PATIENTS AND METHODS

Patient Selection

Sixty-eight patients who were diagnosed with IVLBCL between 1999 and
2007 were retrospectively registered from 17 participating centers. We regis-
tered consecutive patients who were diagnosed with IVLBCL regardless of
ante- or postmortem diagnosis and administration of chemotherapy or not.
Of these 68 patients, 62 patients (91%) received chemotherapy (ie, present
series). IVLBCL was diagnosed by expert hematopathologists in each institute
in accordance with the WHO classification.1 Patients were diagnosed with
IVLBCL only when tumor cells filled the small vessels in organ biopsy speci-
mens and/or were present in intrasinusoidal patterns in bone marrow speci-
mens. Patients were excluded from the study if extravascular components were
suggestive of DLBCL with intravascular patterns in diagnostic tissue speci-
mens. CD20 and/or CD79a positivity on tumor cells was confirmed by immu-
nohistochemical staining or by flow cytometry. The study protocols were
approved by the institutional review board at each participating hospital and
complied with all provisions of the Declaration of Helsinki.

We previously have reported in detail about 96 patients with IVLBCL
from a pathologic perspective.23 We selected 44 of the 62 patients from this
previous series who received chemotherapy and could be analyzed in detail.
The remaining 18 patients were eliminated, because we could not identify the
treatment regimen, the first day of treatment, or the day of disease progression.
The final analysis in the present study, therefore, included 106 patients with
IVLBCL who received chemotherapy (Fig 1).

Treatment

Patients received treatment for IVLBCL according to the respective in-
stitutional protocols. Patients were eligible for this retrospective analysis if they

received tentative steroid therapy for disease progression before definite diag-
nosis. Patients who received any cycles of rituximab (median, 8 cycles; range, 2
to 8 cycles) were analyzed as the R-chemotherapy group. The dose of ritux-
imab was 375 mg/m2 for all patients in the R-chemotherapy group. Patients
who underwent autologous or allogeneic stem-cell transplantation after initial
therapy or for the treatment of relapsed disease (RD) were eligible for analysis.

Response to Treatment and Adverse Events

Antitumor responses were assessed after initial chemotherapy or at the
end of treatment and were classified as complete response (CR), progressive
disease (PD), no change, or RD. CR was defined as the disappearance of all
clinical symptoms and of radiographic or clinical laboratory abnormalities
(including in bone marrow) observed at diagnosis and the absence of any new
abnormalities. PD was defined as the appearance of new abnormalities associ-
ated with the disease or evident deterioration of the initial abnormalities
associated with the disease. No change was defined as no status that corre-
sponded to complete response or progressive disease. RD was defined as the
progression of disease after achievement of CR.

Grade 3 or 4 hematologic and nonhematologic adverse events observed
by the physician were collected from the case report form. Each event was
graded according to Common Toxicity Criteria for Adverse Events (version
3).24 All adverse events related to the infusion of rituximab were collected.
Grade 3 or 4 adverse events related to the infusion of rituximab were investi-
gated in detail retrospectively.

Statistical Analysis

DistributionsofvariablesbetweentheR-chemoteherapyandchemother-
apy groups were assessed by using Fisher’s exact test. Progression-free survival
(PFS) was calculated from the date of diagnosis to the first day of disease
progression, relapse, death as a result of any cause, or last date of follow-up,
whereas OS was calculated from the date of diagnosis to death or the last date
of follow-up. PFS and OS were analyzed by using the log-rank test, and results
were expressed by using Kaplan-Meier methods. Univariate and multivariate
Cox regression analyses were performed to assess the effects of prognostic
factors, including age, sex, “B” symptoms, clinical stage, performance status,
number of extranodal sites, results of clinical laboratory tests (ie, lactate dehy-
drogenase, hemoglobin, platelet count, WBC, creatinine, albumin, and soluble
interleukin-2 receptor level), Asian-variant of IVLBCL, hemophagocytic syn-
drome, use of rituximab, and clinical symptoms (ie, respiratory, neurologic)
on PFS and OS. Multivariate analysis was built with a forward/backward,
stepwise method by using threshold values for removal from and addition to
the model of P � .20 and P � .10, respectively. All probability values were
two-sided and had an overall significance level of .05. Statistical analyses were
performed with Stata SE 9 software (StataCorp, LP, College Station, TX).

RESULTS

Patient Characteristics

Patient characteristics are listed in Table 1. The R-chemother-
apy group comprised 49 patients, and the chemotherapy group
comprised 57 patients (Fig 1). The median age of all patients in
both groups was 67 years, and 76 patients (72%) were older than 60
years. All eligible patients displayed stage IV disease. According to
the International Prognostic Index,25 90 patients (85%) were catego-
rized as high risk. The numbers of patients with skin lesions, anemia,
and elevated serum bilirubin levels differed significantly between the
chemotherapy and R-chemotherapy groups (P � .020, P � .037, and
P � .026, respectively).

Treatment

All patients, except one elderly patient, in the two series received
anthracycline-containing chemotherapy. The CHOP regimen was
used for initial treatment in 37 (65%) of 57 patients in the chemother-
apy group and in 35 (71%) of 49 patients in the R-chemotherapy

96 patients 68 patients

62 patients62 patients

44 patients

49 patients57 patients

47 patients2 patients

15 patients

42 patients

Receiving
chemotherapies

Analyzable
in detail

R-Chemotherapy GroupChemotherapy Group

Present SeriesPrevious Series

Fig 1. Patient selection. Blue lines represent the number of patients from the
previous series. Yellow lines represent the number of patients from the present
series. R-Chemotherapy, chemotherapy with rituximab.
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Table 1. Comparison of Patients Who Received Chemotherapy With or Without Rituximab

Characteristic

Treatment Group

P

Chemotherapy R-Chemotherapy�

No. % No. %

No. of patients 57 49
Age at diagnosis, years

Median 68 66
Range 41-84 34-84
� 60 37 65 39 80 .130

Sex, male 28 49 31 63 .172
PS � 1 46 81 36 73 .490
Serum LDH level � ULN 55 96 49 100 .498
Stage IV 57 100 49 100 —
Extranodal involvement � 1 38 67 36 73 .527
IPI

Low or low-intermediate 2 4 1 2 .99
High-intermediate or high 55 96 48 98 .99
High 49 86 41 84 .790

Presence of “B” symptoms 47 82 42 86 .792
Hepatomegaly 31 54 20 41 .178
Splenomegaly 38 67 31 63 .838
Respiratory symptoms 21 37 14 31 .412
Neurologic symptoms 15 26 11 22 .659
Skin lesions 5 9 13 27 .020
Hemophagocytosis in BM 34 60 29 59 .99
Tumor cells in PB 15 of 55 27 20 41 .153
Anemia† 44 77 28 57 .037
Thrombocytopenia‡ 35 61 27 55 .557
Leukocytopenia§ 13 23 16 33 .282
Albumin level � 3.0 g/dL 31 of 54 57 31 of 48 65 .544
Bilirubin level � 1.5 mg/dL 6 of 54 11 14 of 48 29 .026
Creatinine level � 1.5 mg/dL 5 of 56 9 8 of 46 17 .242
CRP level � 5.0 mg/dL 31 of 56 55 30 of 48 63 .550
sIL-2R level � 5,000 U/L 28 of 48 58 35 of 48 73 .197
AIVL¶ 34 60 25 51 .435
Date of diagnosis

Pre–rituximab approval era
December 1994 to August 2001� 33 58 1 2 —
September 2001 to September 2003# 23 40 10 20 —

Post–rituximab approval era
October 2003 to March 2007 1 2 38 78 —

Initial treatment
CHOP or CHOP-like regimen 49 86 39 80 .443

Triweekly CHOP 32 56 32 65 .426
Biweekly CHOP 5 9 3 6 .722

CHOP-like 12 21 4 8 .101
Other 8 14 10 20 .443

Antitumor response
CR 29 51 40 82 .001
NC 4 7 3 6 .99
PD 19 33 6 12 .012
NA 5 9 — — .060

Abbreviations: R-chemotherapy, chemotherapy with rituximab; PS, performance status; LDH, lactate dehydrogenase; ULN, upper limit of normal; IPI, international
prognostic index; BM, bone marrow; PB, peripheral blood; CRP, C-reactive protein; sIL-2R, soluble interleukin-2 receptor; AIVL, Asian variant of intravascular large B-cell
lymphoma; CHOP, cyclophosphamide, vincristine, doxorubicin, and prednisolone; CR, complete response; NC, no change; PD, progressive disease; NA, not assessable.

�Received rituximab in addition to chemotherapy.
†Hemoglobin � 11 g/dL or red blood cell count � 350 � 104/�L.
‡Platelet count � 10 � 104/�L.
§WBC count � 4,000/�L.
¶Diagnostic criteria of variant of intravascular large B-cell lymphoma3: (1) At least two of three of the following clinical and laboratory criteria: cytopenia

(hemoglobin � 11 g/dL, or RBC � 350 � 104/�L, and/or platelet count � 10 � 104/�L); hepatomegaly and/or splenomegaly; absence of overt lymphadenopathy and
tumor formation; and (2) all three of the following histopathologic criteria: erythrocyte-hemophagocytis; immunophenotypic evidence of proliferating neoplastic B
cells with large-cell morphology; pathologic findings of intravascular proliferation and/or sinusoidal involvement of lymphoma cells.

�Use of rituximab for indolent CD20-positive B-cell lymphoma was approved under the National Health Insurance system in August 2001.
#Use of rituximab for diffuse large B-cell lymphoma was approved under the National Health Insurance system in September 2003.

Rituximab-Containing Chemotherapies for IVLBCL

www.jco.org © 2008 by American Society of Clinical Oncology 3191
Downloaded from jco.ascopubs.org on December 26, 2015. For personal use only. No other uses without permission.

Copyright © 2008 American Society of Clinical Oncology. All rights reserved.



group. A CHOP-like regimen was administered to 12 patients
(21%) in the chemotherapy group and to four patients (8%) in the
R-chemotherapy group. In all patients who received the CHOP regi-
men, 32 patients in each group (56% and 65% in chemotherapy and
R-chemotherapy groups, respectively) received a CHOP regimen ev-
ery 3 weeks (Table 1). Of the 49 patients in the R-chemotherapy group,
38 patients (81%) received greater than five courses of rituximab. In
this group, 12 (24%) of the 49 patients received rituximab on the first
day of treatment. Twenty-five patients (51%) received rituximab with
or after the second course of chemotherapy. The median duration
between start chemotherapy or prephase therapy and first rituximab
dose was 17 days (range, 0 to 145 days; Table 2). Rituximab was
administered by concurrent combination for 46 (94%) of the 49
patients, and sequential combination with administration of ritux-
imab after a series of chemotherapy was only performed for three
patients. No patients received rituximab as maintenance therapy until
relapse. A total of seven patients (14%) in the R-chemotherapy and
seven patients (12%) in the chemotherapy group received high-
dose chemotherapy and underwent autologous stem-cell trans-
plantation (ASCT). In this series, no patients received allogeneic
stem-cell transplantation.

Efficacy

CR was achieved after initial treatment by 40 (82%) of 49 patients
in the R-chemotherapy group and 29 (51%) of 57 patients in the
chemotherapy group. Thus, the CR rate was higher for the R-chemo-
therapy group than for the chemotherapy group (P � .001; Table 1).
PDduringtreatmentwasobservedinsixpatients(12%)intheR-chem-
otherapy group and in 19 patients (33%) in the chemotherapy group.
Four of six patients in the R-chemotherapy group and four of 19
patients in the chemotherapy group developed disease progression to
the CNS. Five patients in the chemotherapy group were not assessed
for treatment response because of early death and the resultant short
observation period.

During a median follow-up of surviving patients in the R-chem-
otherapy group of 17 months (range, 5 to 62 months), RD developed
in nine patients (23% of patients who achieved CR). Conversely,
during a median follow-up for surviving patients in the chemotherapy
group of 24 months (range, 1 to 95 months), RD developed in 19

patients (66% of patients who achieved CR). Three patients (6%) in
the R-chemotherapy group died within 180 days after diagnosis,
whereas 13 patients (23%) in the chemotherapy group died within 180
days after diagnosis (Wilcoxon test, P � .007). Two-year PFS and OS
rates were 56% and 66%, respectively, in the R-chemotherapy group
and 27% and 46%, respectively, in the chemotherapy group (log-rank
test, P � .001 and P � .01, respectively; Figs 2 and 3).

The significant difference in early death within 180 days after
diagnosis between groups might suggest that conditions for patients in
the R-chemotherapy group were superior to conditions for those in
the chemotherapy group, thus representing a guaranteed-time bias for
patients in the R-chemotherapy group who could survive between the
start of chemotherapy and the start of rituximab. To compensate for
this potential bias, we excluded those three patients who received
rituximab as sequential combination and matched the entry point
into each cohort; that is, the entry point of the chemotherapy group
was on day 1 of their chemotherapy, and that of the R-chemotherapy
group was the commencement of rituximab. In this analysis, PFS and
OS (the date of entry of each group) in the R-chemotherapy group
were significantly superior to those in the chemotherapy group (log-
rank test, P � .001 and P � .003, respectively).

In Japan, use of rituximab for DLBCL, including IVLBCL, was
approved under the National Health Insurance system in September
2003. We classified all patients into groups, according to the time
period of diagnosis, of pre – and post–rituximab approval. In the
pre–rituximab approval era group, 11 (16%) of 67 patients received
rituximab-containing chemotherapy. In the post–rituximab approval
era group, one (3%) of 39 patients received chemotherapy without
rituximab. In our analysis, PFS and OS were significantly superior in
the post–rituximab approval era group than in the preapproval era
group (log-rank test, P � .008 and P � .011, respectively).

Of the 14 patients who received ASCT, five patients in each group
received ASCT during first complete remission. The other two pa-
tients in each group received ASCT during second remission. Of the 10
patients who received ASCT in the first remission, two of five patients
in the chemotherapy group and all five patients in the R-chemother-
apy group were alive without relapse as of last follow-up (median PFS,
18 and 23 months, respectively; range, 7 to 57 months and 8 to 43
months, respectively).

Table 2. Adverse Events Related to Infusion of Rituximab

Treatment-to-Rituximab
Period�

Patients Who
Received
Rituximab

Infusion
Reaction

No. % No. %

Overall 49 14 29
With first cycle of

chemotherapy
0 12 24 7 58
1-6 10 20 2 20
7-16 1 2 1 100

With or after second course
of chemotherapy

17� 25 51 4 16
Unknown 1 2 0 0

�Treatment-to-rituximab period is the duration between the day treatment
begins and the day of the first dose of rituximab.

Chemotherapy (n = 53)

R-Chemotherapy (n = 48)

0

P = .001
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Fig 2. Comparison of progression-free survival for patients who received
chemotherapies with (R-Chemotherapy) or without rituximab (Chemotherapy).
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Prognostic Factors

Use of rituximab was identified as a favorable prognostic factor
for both PFS (hazard ratio, 0.45; 95% CI, 0.25 to 0.80; P � .006) and
OS (hazard ratio, 0.42; 95% CI, 0.21 to 0.85; P � .016) after adjust-
ment of other prognostic factors by multivariate analysis (Table 3).

Adverse Events

Adverse events related to rituximab infusion are listed in Table 2.
Twenty-eight (57%) of 49 patients received steroid therapy and/or
chemotherapy before the first dose of rituximab. Adverse events re-
lated to rituximab infusion were observed in 14 (29%) of 49 patients.
Seven of 12 patients who received rituximab on the first day of treat-
ment developed infusion reaction. Of these seven patients, three pa-

tients developed hypoxia related to rituximab infusion. Grade 3 severe
hypoxia was observed in one of these three patients. All three patients
recovered without complications. Patients who received no prephase
therapies (steroid therapy and/or chemotherapy) before the first dose of
rituximab tended to develop adverse events related to infusion of ritux-
imabcomparedwithpatientswhoreceivedprephasetherapies(P� .062).

Grade 3 or 4 nonhematologic adverse events were observed in six
(12%) of 49 patients in the R-chemotherapy group. Treatment-
related death was observed in three patients (6%) in the R-chemother-
apy group (one each as a result of hepatitis B virus reactivation,
tuberculosis, and Pneumocystis pneumonia) and in five patients (9%)
in the chemotherapy group (one each as a result of cerebral hemor-
rhage, septic shock, pneumonia, acute pyelonephritis, and acute ab-
dominal complication of unknown cause).

Twelve (24%) 49 patients in the R-chemotherapy group and 31
(54%) of 57 patients in the chemotherapy group had died as of the
final follow-up. In the R-chemotherapy group, four patients each died
as a result of PD and RD. One patient died as a result of esophageal
cancer after treatment. In the chemotherapy group, 15 patients and 11
patients died of PD and RD, respectively.

DISCUSSION

The present study estimated the efficacy and safety of rituximab added
to chemotherapy for IVLBCL. We found that the CR rate and survival
rates in the R-chemotherapy group were superior to those in the
chemotherapy group, whereas adverse events were equivalent in the
two groups. These findings demonstrate the potential efficacy of
rituximab-containing chemotherapy in IVLBCL. Although these re-
sults may have been influenced by the substantial biases associated

R-Chemotherapy (n = 49)

Chemotherapy (n = 57)

0

P = .01
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24 48 72 96

Fig 3. Comparison of overall survival for patients who received chemotherapies
with (R-Chemotherapy) or without rituximab (Chemotherapy).

Table 3. Prognostic Factors for PFS or OS

Variable

PFS OS

Univariate Multivariate Univariate Multivariate

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Age � 60 years 1.20 0.65 to 2.19 .561 — — — 1.34 0.67 to 2.67 .402 — — —
Sex, male 1.15 0.68 to 1.95 .606 — — — 1.08 0.59 to 1.97 .803 — — —
“B” symptoms 1.55 0.70 to 3.44 .277 — — — 1.10 0.49 to 2.48 .813 — — —
AIVL 1.13 0.66 to 1.94 .662 — — — 0.79 0.43 to 1.45 .453 — — —
HPS 1.26 0.72 to 2.20 .426 — — — 0.83 0.45 to 1.53 .560 — — —
Leukocytopenia� 0.88 0.48 to 1.62 .684 — — — 0.82 0.40 to 1.67 .590 — — —
Anemia† 2.01 1.08 to 3.74 .027 1.74 0.93 to 3.25 .083 1.70 0.91 to 3.75 .090 1.72 0.82 to 3.59 .149
Platelet count � 10 � 104/�L 0.94 0.56 to 1.59 .821 — — — 1.01 0.55 to 1.86 .967 — — —
Albumin � 3.0 g/dL 1.49 0.84 to 2.67 .176 — — — 1.10 0.59 to 2.09 .753 — — —
Bilirubin � 1.5 mg/dL 0.77 0.35 to 1.71 .517 — — — 1.11 0.49 to 2.51 .807 — — —
Creatinine � 1.5 mg/dL 1.81 0.88 to 3.72 .107 — — — 2.36 1.07 to 5.19 .033 3.38 1.50 to 7.67 .003
sIL-2R � 5,000 U/L 0.96 0.53 to 1.73 .891 — — — 0.79 0.42 to 1.51 .480 — — —
PS � 1 1.11 0.58 to 2.17 .745 — — — 0.86 0.42 to 1.75 .678 — — —
Extranodal involvement at � 1 site 0.58 0.34 to 1.00 .052 0.58 0.34 to 1.01 .055 0.66 0.35 to 1.23 .189 — — —
LDH � 2 � ULN 1.27 0.64 to 2.51 .494 — — — 1.39 0.62 to 3.12 .428 — — —
Respiratory symptoms 0.64 0.36 to 1.15 .139 — — — 0.57 0.28 to 1.13 .106 — — —
Neurologic symptoms 1.30 0.72 to 2.35 .388 — — — 0.92 0.44 to 1.93 .835 — — —
Treatment with rituximab 0.41 0.23 to 0.72 .002 0.45 0.25 to 0.80 .006 0.42 0.22 to 0.83 .012 0.42 0.21 to 0.85 .016

Abbreviations: PFS, progression-free survival; OS, overall survival; HR, hazard ratio; AIVL, Asian variant of intravascular large B-cell lymphoma; HPS, hemophagocytic
syndrome; sIL-2R, soluble interleukin-2 receptor; PS, performance status; LDH, lactate dehydrogenase; ULN, upper limit of normal.

�Leukocytopenia was defined as WBC � 4,000/�L.
†Anemia was defined as Hb � 11 g/dL or RBC � 350 � 104/�L.
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with retrospective analysis, we believe that our data provide a basis for
future prospective studies of rituximab-containing chemotherapy
for IVLBCL.

Our data revealed that 2-year OS and PFS rates in the R-chemo-
therapy group were 66% and 56%, respectively, compared with 46%
and 27% in the chemotherapy group. A recent report revealed that the
OS rate of patients who received immunochemotherapy in the high-
risk group of DLBCL was 63%, and failure-free survival rate of patients
with non–germinal center B-cell (non-GCB)-type DLBCL improved
from 30% to 63% with the addition of rituximab to chemotherapy.26

Most patients with IVLBCL are categorized as high-risk according to
the International Prognostic Index, and as with non–GCB-type
DLBCL,23 survival of IVLBCL patients in this study was probably
comparable to that of patients with DLBCL. Furthermore, im-
provement of PFS in our analysis might demonstrate that the
efficacy of rituximab in IVLBCL is comparable to that of rituximab
in non–GCB-type DLBCL.26

In our study, 14 (29%) of 49 patients developed adverse events
related to rituximab infusion. Grade 3 hypoxia was observed in only
one patient (2%). This result was comparable to that of a previous
report in DLBCL.17 However, three of five patients who developed
hypoxia related to rituximab infusion had received no prior steroid
therapy and/or chemotherapy before administration of rituximab. A
recent report revealed severe pulmonary complications related to rit-
uximab infusion as an initial treatment.27 Although no significant
relationship was observed between prior treatment and infusion reac-
tion in our analysis, further studies are required to establish optimal
timing of rituximab administration while taking into consideration
the risk of pulmonary complications in patients with IVLBCL.28,29

Several previous reports have revealed the efficacy of high-dose
chemotherapy with stem-cell support in IVLBCL.30-32 In our study, 11 of
14 patients survived without relapse after undergoing transplantation.
This result suggests that ASCT for IVLBCL might be promising for suit-
able patients. Further studies are warranted to evaluate the role and opti-
mal timing of high-dose chemotherapy for patients with IVLBCL.

This investigation identified a significant difference in early death
within 180 days after diagnosis between groups. There remained the
potential bias against the superiority of condition of the R-chemother-
apy group compared with the chemotherapy group. Our analysis,
which compensated for this potential bias by entry point of study,
demonstrated that PFS and OS in the R-chemotherapy group were
significantly superior to those in the chemotherapy group. Further-
more, in our analysis, outcome by time period of diagnosis differed
significantly between pre– and post–rituximab approval groups.
These results might also confirm the efficacy of rituximab added
to chemotherapy.

Although this study provides novel information on IVLBCL,
some limitations should be discussed. First, this retrospective study
included enrollments from many institutions and might have been
influenced by unrecognized biases. Second, the percentage of patients
who received chemotherapy differed between our previous (65%) and
present series (91%). This difference between groups might be attrib-
utable to recent improvements in diagnostic procedures, including
random skin biopsies. Although Kaplan-Meier survival rates for the
previous (n � 42) and present (n � 15) patients in the chemotherapy
group were coincident (data not shown), a substantial bias in the
condition of patients between groups might have influenced favorable
outcomes in the R-chemotherapy group. Third, patients received var-

ious regimens of chemotherapy according to individual institutional
protocols, so we could not simply evaluate CR rates for rituximab-
containing chemotherapies. Fourth, between the approval of ritux-
imab for use in indolent B-cell lymphoma in August 2001 and the
approval for use in DLBCL in September 2003, 10 (33%) of 33 patients
received rituximab-containing chemotherapy according to the policy
of physicians (Table 1). This might have been a cause of case-selection
bias. Finally, patients received rituximab at various times during treat-
ment and with various precautions against infusion reaction in this
study. Toxicities related to infusion of rituximab, therefore, might
have been underestimated.

In conclusion, addition of rituximab to chemotherapy in patients
with IVLBCL is safe and effective, as with DLBCL. With recent develop-
ments intheunderstandingofIVLBCL,diagnosiscanbemoretimelyand
accurate. Further prospective studies are required to establish optimal
clinical strategies for IVLBCL, including therapy and diagnosis.
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