Table 1. I graphics and baseli
who received *Y-ibritumomab tiuxetan

characteristics of 40 patients with relapsed or refractory indolent B-cell non-Hodgkin lymphoma (B-NHL)

Characteristic

All
Sex Male
Female
Disease stage at study entry ull
v
Unknown
World Health Organization SLL
histopathology classification MALT
FL
MCL
LG-B-NHL-NOS
Transformed
Bone marrow involvement (%) 0
>0-<5
>5-<20
>20-<25
FLIP Low risk
Intermediate risk
Poor risk
Prior therapy including No
rituximab Yes
Prior therapy with rituximab No
plus chemotherapy' Yes
Number of prior regimens 1
2-3
24

Baseline platelet count (/L)

- — Total
2100 = 10% <150 x 10* 2150 x 10° n (%)
n (%) n (%)
18 (100) 22 (100) 40 (100)
11(67) 5(23) 16 (40)
7 (39) 17 (78) 24 (60)
EXL)] 10 (45) 13(33)
14 (78) 12 (55) 26 (65)
116) 0(0) 1(3)
1(6) 0 ({0) 1(3)
0(0) 2(9) 2(5)
15 (83) 18 (82) 33 (83)
1(6) 1(5) 2(5)
11(6) 0{0) 1(3)
0(0) 1(5) 103)
9 (50) 19 (86) 28 (70)
4(22) 1(5) 5(13)
5 (28) 1(5) 6(15)
0(0) 1(5) 1(3)
9 (50) 12 (55) 21 (53)
5 (28) 5(23) 10 (25)
4(22) 5(23) 9(23)
3017 2(9) 5(13)
15 (B3) 20 (91) 35 (88)
8 (44) 9 (41) 17 (43)
10 (56) 13 (59) 23 (58)
3(17) 10 (45) 13 (33)
9 (50) 5(23) 14 (35)
6 (33) 7(32) 13 (33)

FL, follicular lymphoma; FLIPI, Follicular Lymphoma International Prognostic Index; LG-B-NHL-NOS, low-grade B-NHL, not otherwise specified;
MALT, extranodal marginal zone B-cell lymphoma of mucosa-associated lymphoid tissue; MCL, mantle cell lymphoma; SLL. small lymphocytic

lymphoma.

'Eighteen patients with R-CHOP (rituximab plus cydephosphamide, doxorubicin, vincristine, and prednisone), two with R-C-MOPP
(cyclophosphamide, vincristine, procarbazine, and prednisone), two with CHASER (cyclophosphamide, cytarabine, etoposide, dexamethasone, and
rituximab), one with R-fludarabine, one with R-FND (fludarabine, mitoxantrone, and dexamethasone), and one with R-EPOCH (etoposide,

prednisone, vincristine, cyclophosphamide, and doxorubicin).

14.8 MBg/kg (0.4 mCi/kg) according to the number of platelets.
No patients received Y2B8 exceeding the maximum dose of
1184 MBg/kg (32 mCi/kg).

The baseline characteristics of the 40 patients who received
Y2B8 are summarized in Table 1. The median age was 57 years
(range 32-72 years). All 40 patients had relapsed or refractory
disease. According to the central pathology review, 33 (83%)
had follicular lymphoma. Twelve patients (30%) had a tumor
mass of 25 cm, and 30% had bone marrow involvement. Patients
had received a median of three prior regimens (range 1-11).
Twenty-three patients (58%) were treated previously with R-chemo,
and 12 (30%) had been pretreated with rituximab monotherapy.
Nineteen patients (48%) had intermediate or poor risk of disease
according to the Follicular Lymphoma International Prognostic
Index (FLIPI).**

Efficacy. Among the 40 patients who received Y2B8, the ORR
was 83% (33/40; 95% CI, 67-93%), and the %CR was 68% (27/
40: 95% CI, 51-81%). The ORR and %CR were 83% (19/23)
and 70% (16/23) for the patients pretreated with R-chemo, and
94% (17/18) and 78% (14/18) for those treated with R-CHOP,
respectively (Table 2). In follicular lymphoma, the ORR and
%CR were 85% (28/33) and 70% (23/33), respectively. Of
two patients with mantle cell lymphoma, one achieved partial
remission. One patient with transformed B-NHL achieved
complete remission. In the remaining histopathological types,
three of four patients responded. Patients with the largest tumor
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mass of <5cm responded better compared to patients with
tumor mass of 25 cm.

Responses according to the FLIPI are shown in Table 2. The
ORR and %CR appeared to decline as the FLIPI score increased.
In patients with only one prior therapy. the ORR and %CR were
92 and 85%, respectively, compared to 69 and 46%, respectively,
in patients with four or more prior regimens.

The median PFS of the 40 patients who received Y2BB was
9.6 months with a median follow-up time of 6.5 months (range
1.2-12.7 months) (Fig. 1a). In the 23 patients pretreated with
R-chemo, the median PFS was 9.6 months with a median follow-
up time of 6.0 months (range 1.2-12.7 months) (Fig. 1b).

Safety. External radioactivity for each patient was less than
10 uSv/h (range 0-5 uSv/h) at 1 m within 1 h of the Y2B8
injection.

Hematological toxicities were seen commonly. Among the 40
patients who received Y2B8, grade 4 neutropenia was observed
in 43%, whereas grade 4 thrombocytopenia and anemia were
each seen in 5% (Table 3). Critical toxicity as defined with the
primary safety variable was observed in two patients (grade 4
thrombocytopenia), both in the group with baseline platelet
counts of 150 x 10%L or more. Neutrophil and platelet counts
declined to the nadirs in a median of 54.5 and 42.0 days
after the first rituximab infusion, respectively, and recovered to
grade 2 or less in a median of 10 and 14 days after the nadirs,
respectively (Table 4).
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Table 2. Responses assessed by the Central C ited T hy R

° C 1os

L oy

—— ,  Overaliresponse  Complete response No. patients with clinical response
rate (%) rate (%) CR CRu PR
Any 40 83 68 25 2 3
Baseline platelet count (/L) 2100 = 107, <150 = 10° 18 78 61 1 /] 3
2150 = 10° 22 B6 73 14 2 3
World Health Organization SLL 1 100 100 1 0 0
histopathology classification MALT 2 50 50 0 1 0
FL i3 85 70 2 1 5
MCL 2 50 0 0 ] 1
LG-B-NHL-NOS 1 100 100 1 0 0
Transformed 1 100 100 1 0 0
FLIP1 Low 21 90 76 14 2 3
Intermediate 10 S50 70 7 0 2
Poor 9 56 a4 4 0 1
Prior R-Chemo Yes 23 a3 70 15 1 3
No 17 82 65 10 1 3
Prior R-CHOP Yes 18 94 78 13 1 3
No 22 73 59 12 1 3
1 prior regimen 13 92 85 10 1 1
2 or 3 prior regimens 14 BS n 9 1 &
24 prior regimens 13 69 46 6 0 3

CR, complete remission; CRu, complete remission unconfirmed; FL, follicular lymphoma; FLIPI, Follicular Lymphoma International Prognostic Index;
LG-B-NHL-NOS, low-grade B-NHL, not otherwise specified; MALT, extranodal marginal zone B-cell lymphoma of mucosa-associated lymphoid tissue;
MCL. mantle cell lymphoma; PR, partial remission; R-chemo, rituximab-containing chemotherapy; R-CHOP, rituximab plus cyclophosphamide,
doxorubicin, vincristine, and prednisone; SLL, small lymphocytic lymphoma.
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Fig. 1. Kaplan-Meier curve of progression-free survival. (a) All treated

patients (n = 40); (b) patients with (n = 23) or without prior treatment
with rituximab plus chemotherapy (R-chema) (n = 17).
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Table 3. Incidence of grade 3 or 4 hematological toxicities in 40
patients treated with *Y-ibritumomab tiuxetan (n = 40)'

Baseline platelet count (1)
2100 x 10°,
Hematological toxicity <150 x 10° 2150 = 10° Total
(n=18) (n=22) (n = 40)
n (%) n (%) n (%)
Leukopenia Grade 3 9 (50) 10 (45) 19 (48)
Grade 4 5(28) 7(32) 12 (30)
Neutropenia Grade 3 5 (28) B (36) 13 (33)
Grade 4 7 (39) 10 (45) 17 (43)
Thrombocytopenia  Grade 3 13 (72) 14 (64) 27 (68)
Grade 4 0(0) 2(9) 2(5)
Anemia Grade 3 2(1) 7(32) 9(23)
Grade 4 1(6) 1(5) 2(5)

"In the five patients who received In2B8 alone, there was one with
neutropenia.

Non-hematological toxicities were very mild (Table 5). No
grade 4 non-hematological toxicities were observed during the
study. The most frequent grade 3 non-hematological toxicities
were febrile neutropenia, cystitis, and pneumonia, each in two
patients (5%).

Twenty-two AE requiring hospitalization were observed in 11
patients (28%) during the study period: five patients with
baseline platelet counts between 100 x 10%L and 150 x 10%L,
and six with counts of 150 x 10°/L or more. In 10 patients, a
causal relationship with the study drug was suspected: seven
neutropenia, seven thrombocytopenia, four leukopenia, one
pancytopenia, one febrile neutropenia, and one pneumonia. Of the
10 patients who developed serious hematological AE requiring
hospitalization, seven had received purine analogs (six with
fludarabine and one with cladribine), and one had received
interferon-o.. All patients recovered from these AE.
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Table 4. Nadir analysis of hematological toxicities

'Median days from ‘Median days from nadir

Faramerer izl Nadir baseline to nadir (range) to recovery' (range)
Baseline platelet counts = 100 x 10°, <150 = 10%L (n = 18)
ANC (=10%L) 3.2 0.6 55 (36-102) 7 (4-49) |
Platelet count (x10%L) 140 32 41.5 (32-60) 15 (2-42)
Hemoglobin (g/dL) 14.0 109 67 (3-107) 12.5 (4-112)
Baseline platelet counts = 150 x 10%L (n = 22)
ANC (x10%L) 28 0.5 52.5 (41-174) 10.5 (2-35)
Platelet count (x10%L) 215 N 42.5 (35-51) 11 (2-30)
Hemoglobin (g/dL) 131 98 57.5 (1-115) 25 (7-35)
Overall (n = 40)
ANC (x10°1) 30 06 54.5 (36-174) 10 (2-49)
Platelet count (x10%L) 184 n 42 (32-60) 14 (2-42)
Hemoglobin (g/dL) 135 10.2 63 (1-115) 21 (4-112)
'ANC 2 1 % 10%L, platelet counts 2 50 x 10%L, hemoglobin = 10.0 g/dL.
‘Days from the first rituximab infusion.
ANC, absolute neutrophil counts.
Table 5. Incidence of common' and all grade 3 or 4 t logical ad events (n = 40)
Baseline platelet count (/L)
— Overall (n = 40)
Non-hematological event _2100:10‘. <150 % 10° (n = 18) 2150 10°(n = 22) )
Grade3 Grade4 Anygrade Grade3 Graded4 Anygrade Grade3 Graded Anygrade
n n n (%) n n n (%) n n n (%)
LDH elevation 0 0 11 (61) 1] 0 8 (36) 0 0 19 (48)
Headache 0 0 5 (28) 0 0 9 (41) 0 0 14 (35)
Stomatitis 0 (1] 4 (22) 0 0 8 (36) 0 0 12 (30)
Bilirubin elevation 1 0 7 (39) 0 0 4 (18) 1 0 11 (28)
Malaise 0 1] 7 (39) 0 0 4 (18) 0 0 11 (28)
Pyrexia 0 0 5 (28) 0 0 5(23) 0 0 10 (25)
Constipation 0 0 2(11) 0 0 8 (36) 0 0 10 (25)
Hemorrhage subcutaneous 0 0 4(22) 0 0 5 (23) 0 0 9 (23)
ALT elevation o 0 4 (22) 0 0 5(23) o0 0 9 (23)
AST elevation 0 0 4(22) 0 0 4 (18) 0 0 8 (20)
Urticaria 1 0 3(17) 1] 0 5 (23) 1 0 8 (20)
Diarrhea 0 1] 2(11) 0 0 6 (27) o 0 8 (20)
Nausea 0 o 4 (22) 0 0 4(18) o 0 B8 (20)
Fatigue 0 0 3017 0 0 4 (18) 0 0 7(18)
Anaorexia 0 0 ENEN)] 0 0 4 (18) 0 0 7(18)
Blood urine present 0 0 1(6) 0 0 6 (27) (1] 0 7(18)
Cough 0 0 3(17) (1] 0 4 (18) 0 0 7(18)
Nasopharyngitis 0 0 2011) 0 0 5 (23) 0 0 7 (18)
Dizziness 0 0 2(1) 0 1] 4(18) 0 1] 6 (15)
Total protein decreased 0 0 3(17) 0 0 3(1a) ] 0 6 (15)
Upper respiratory tract inflammation 1 o 2(11) o ] 4(18) 1 1] 6 (15)
Hypersensitivity 0 0 1(6) 1 0 4(18) 1 0 5(13)
Febrile neutropenia 1 0 1(6) 1 0 1(5) 2 0 2(S)
Cystitis 1 0 1(6) L 0 1(5) 2 0 21(5)
Pneumonia 1 0 1(6) 1 0 1(5) 2 0 2(5)
Infection, NOS 0 0 0(0) 1 0 1(5 1 0 1(3)

'215% incidence of adverse events in total,

ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; NOS, not otherwise specified.

Granulocyte colony-stimulating factors (G-CSF) and transfusions
were given frequently (Table 6). In total, 21 patients (53%)
received G-CSF. Platelet transfusion was required in 16 patients
(40%). The G-CSF use and transfusion requirement were similar
in the two cohorts.

Six patients showed prolonged cytopenia of over 100 days
from initial grade 3 to final grade 3. Leukopenia occurred in six,
neutropenia in four, thrombocytopenia in two, and anemia in one.
One patient showed prolonged pancytopenia requiring appro-
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ximately 1 year for recovery to grade 2 or less after receiving
Y2B8 (14.8 MBg/kg [0.4 mCi/kg]). This patient had follicular
lymphoma without bone marrow involvement and had been
treated with five regimens including fludarabine.

Discussion

The present study provided additional evidence that Y-
ibritumomab tiuxetan RIT is highly effective and safe for

doi: 10.1111/j.1349-7006.2008.00999.x
© 2008 Japanese Cancer Association




CSF) and transfusion
Baseline platelet count (1)
2100 = 10*,
Treatment <150 = 10° 2150 = 10* Total
(n=18) {n-ll} (n = 40)
n (%) n (%) n (%)
G-C5F and/or transfusion 11 (61) 12 {55) 23 (58)
G-C5F 10 (56) 11 (50) 21 (53)
Platelet transfusion 7 (39) 9 {41) 16 (40)
Red blood cell transfusion 1(6) 3(14) 4(10)

patients with relapsed or refractory indolent B-NHL. It achieved a
high %CR for patients treated previously with R-chemo including
R-CHOP. The ORR and %CR were 83 and 68%, respectively, in
patients pretreated with R-chemo. These results justify the use
of *Y-ibritumomab tiuxetan RIT in patients with relapsed or
refractory indolent B-NHL who have undergone R-chemo.

The efficacy of *¥Y-ibritumomab tiuxetan RIT for relapsed or
refractory diffuse large B-cell lymphoma (DLBCL) was reported
recently.” In this phase 1T study,” the ORR for relapsed or
refractory DLBCL pretreated with R-chemo was only 19% com-
pared with 53% in patients pretreated with chemotherapy alone,
and the median PFS in the former was only 1.6 months. These
results and those of the present study suggest that the role of *Y-
ibritumomab tiuxetan RIT in patients prewreated with R-chemo
might be different between DLBCL and indolent B-NHL.

Compared with previous US studies for relapsed or refractory
indolent B-NHL, including a randomized controlled study with
rituximab (34% [25/73])** and a phase I swdy for rituximab-
refractory patients (15% [8/54]),"'" the %CR in the present
phase II study (68% [27/40]) was higher, probably due to the
differences in eligibility criteria and the response criteria.!'®!*2

In the current study patients with only one prior therapy fared
better than patients with four or more prior regimens, as shown
in Table 2. In "*'I-tositumomab RIT, first-line use was associated
with higher rates of ORR (95%) and %CR (75%).”**' In addition,
promising results of abbreviated fludarabine followed by '"'I-
tositumomab RIT*' and CHOP followed by '"*'I-tositumomab
RIT" were reported. Thus, RIT might be a treatment option
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Retrospective Analysis of Intravascular Large B-Cell
Lymphoma Treated With Rituximab-Containing
Chemotherapy As Reported by the IVL Study Group in Japan

Kazuyuki Shimada, Kosei Matsue, Kazuhito Yamamoto, Takuhei Murase, Naoaki Ichikawa,

Musatuka Okamoto, Nozomi Niitsu, Hiroshi Kosugi, Norifumi Tsukamoto, Hiroshi Miwa, Hideki Asaoku,
Ako Kikuchi, Morio Matsumaoto, Yoshio Saburi, Yasufumi Masaki, Motoke Yamaguchi, Shigeo Nakamura,
Tomoki Naoe, and Tomohiro Kinoshita

A. B E T B A L7

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 (61%; P = .001). The median duration of follow-up for surviving
patients was 18 months (range, 1 10 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% ClI, 0.25 to 0.80;
P = ,008) and OS (HR, 0.42; 95% ClI, 0.21 to 0.85; P = .016). Treatment-related death was
observed in three patients (6%) who received R-chemotherapy and in five patients (8%) who
received chemotherapy.

Conclusion : -
Qur 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

Anthracycline-containing chemotherapies have

h J been reported to improve clinical outcomes for pa-

Immva.-u.u]ar la:ge B-cell ]mphmm (IVLBC].} isa
rare subtype of extranodal diffuse large B-cell lym-
phoma (DLBCL), as classified by WHO.' 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.” ® The absence of marked lymphad-
enopathy makes accurate and timely diagnosis diffi-
cult. In previous reports, approximately half of
patients were diagnosed postmortem.” 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.*!”

tients with IVLBCL."" A recent study demonstrated a
3-year overall survival (OS) rate of 33% for patients
with IVLBCL who received anthracycline-based che-
motherapies."* This was comparable to that for com-
mon DLBCL patients,"* but it remained unsatisfactory
without application of rituximab.

Rituximab is a chimeric monoclonal antibody
against CD20" that is highly effective against vari-
ous types of CD20-positive B-cell lymphomas,'*'*
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."™'® 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,'"*' 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.” 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).

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 dassification.’ Patients were diagnosed with
IVLBCL only when mumor 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.”” 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 t for IVLBCL according to the respective in-

suluuum] protocols, Patients were eligible for this retrospective analysis if they

Previous Series Present Series
96 patients 68 patients
Receiving |
l chemotherapies ¢
62 patients 62 patients
l Analyzable
in detail
44 patients
| . 15 patients
!
42 patients ' 2 patients 47 patiens
b W
57 patients 49 patients
Chemotherapy Group R-Chemaotherapy Group

Fig 1. Panam selecton. Blue lines represent the number of patients from the
previous senes. Yellow lines represent the number of patients from the present
senes. R-Chemotherapy, chematherapy with ntuximab
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received tentative steroid therapy for disease progression before definite diag-
nosis. Patents who received any cycles of iaxamab ( median, 8 cydes; range, 2
to 8 cycles) were analyzed as the R-chemotherapy group. The dose of ritux-
imab was 375 mg/m” for all patients in the R-chemotherapy group. Patients
whuundﬂmtmulogmmaﬂopncxﬂm cell transplantation after initial
therapy ar for the psed di (RD) were cligible 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 aboratory 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. Nnchmmdcﬁmdummtuslhalm
sponded to complete response or progressive di 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 Commaon Toxicity Criteria for Adverse Events (version
3).7* All adverse events related to the infusion of rituwximab were collected.
Grade 3 or 4 adverse events related to the infusion of rituximab were investi-
gated in detail retrospectively.

Statistical Analysis

Distributionsof the R-chemoteherapy and chemother-
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 Jast 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 [VLBCL, 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 | 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),

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,” 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
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Table 1. Comparison of Patients Who Received Chemotherapy With or Without Rituximab
Treatmant Group
Chemotherapy R-Chamatherapy”
Charactenstic No % No &, P
No. of patients 57 49
Age at diagnasis, years
Median B8 6&
Range 41-84 3484
= 60 a7 B5 39 80 130
Sex, male 28 48 3 &3 A72
PS =1 46 g1 k3 73 480
Serum LDH level = ULN 55 96 49 100 AS8
Stage |V 57 100 a3 100 —_
Extrancdal involvement > 1 67 36 73 527
=]
Low or low-intermediate 2 4 1 2 299
High-ntermediate or igh 55 96 48 98 29
High 49 86 a 84 750
Presence of "B” symptoms 47 82 42 86 792
Hepatomegaly 3 54 20 41 178
Splenomegaly 38 67 3 63 838
Respiratory symptoms 2 a7 14 N 412
Neurologic symptoms 15 26 n 22 859
Skin lesions L] El 13 b 020
Hemophagocytosis in BM 60 29 59 29
Tumer cells in PB 15 of 55 27 20 a1 153
Anemiat 37 28 57 037
Thrombocytopenias 35 61 27 55 557
Leukocytopeniad 13 23 16 3 282
Albumun level < 3.0 g/dL 310fb4 57 31 ot 48 65 544
Bilirubin level = 1.5 ma/dL Bol54 n 14of 48 29 026
Creaunine leval = 1.5 mg/dL 6 of 56 ] Bof 46 17 242
CRP level = 50 ma/dL 310f56 55 30 of 4B 63 550
siL-2R level = 5,000 UL 280of 48 58 35ct48 73 197
AIVLY 3 60 25 51 A3%
Date of diagnosis
Pre—ntuximab approval era
December 1994 to August 2001] 33 58 1 2 —
September 2001 1o Septamber 2003 23 40 10 20 —_—
Post=rituximab approval era
October 2003 10 March 2007 1 2 38 78 -
Initial treatment
CHOP or CHOP-ike regimen 49 86 39 B0 A43
Triweekly CHOP a2 56 32 65 428
Biwaekly CHOP 5 9 3 6 j22
CHOP-like 12 21 4 B m
Other 8 14 10 20 443
Antitumor response
CR 29 51 40 82 om
NC 4 7 3 6 09
PD 19 a3 6 12 012
NA 5 9 - -_— 060
Abbrewations: R-chemotherapy, chematherapy with rtwamab; PS, performance status; LDH, lactate dehydrogenase; ULN, upper lmit of normal; IP1, internanonal
prognostic index; BM, bone marow; PE, penpheral blood; CRF, Cwreactve proten; sIL-2R, solubla interleukin-2 receptor; AIVL. Asian vanant ol intravascular large B-cell
lymphoma; CHOP, cyclophosphamide, vincristine, doxorubicin, and prednisclone; CR, complete response; NC, no change; PD, progressive disease; NA, not assessable
*Received rituximab in addivon to chemotherapy
tHemoglobin < 11 g/dL or red blood cell count < 360 = 10%ul
$Platelet count < 10 = 10%ul
SWEBC count < 4,000/ul
fiDiagnostic criteria of vanant of intravascular large B-cell lymphoma® (1) A1 least two of three of the following chrucal and laboratory critenia: cytopena
(hemoglobin < 11 g/dL. or RBC < 350 x 10%/uL., and/or platelet count < 10 % 10%/uL); hepatomegaly and/or splenomegaly. absence of overt lymphadencpathy and
tumor formation; and (2] all three of the following histopathologic critena: erythracyte-hemophagocytis; immunophenotypc ewidence of prolifarating neoplastc B
cells with large-cell morphology; pathologic findings of intravascular proliferation andlor sinusoidal involvement of lymphoma cells.
JUse of rusximab for indolent CD20-positive B-cell lymphoma was approved under the National Health Insurance system in August 2001
#Use of ntuximab for diffuse large B-cell lymphoma was approved under the Nauonal Health Insurance system in Septamber 2003
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group. A CHOP-like regimen was administered to 12 patients
(219) 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). Ofthe 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%6) 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).
PDduring treatment wasobservedin six patients ( 129 ) in the R-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

Shimada et al

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 carly death within 180 days after
diagnosis between groups might suggest that conditions for patientsin
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),

Ofthe 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).

1004, P 001

— R-Chemotherapy (n = 48)

P P —

Chemaotherapy (n = 53)

Progression-Free
Survival Rate (%)
3

T T T

0 24 48 72 9%
Time After Diagnosis (months)

Table 2 Adverse Events Related to Infusion of Rituwamab
Patients Who
Recewved Infusion
Ritwomab Reaction
Treatment-to-Aituximab
Panod” No. % No %
Overall 43 14 2
With first cycle of
chemotherapy
0 12 24 7 58
16 10 20 2 20
716 1 2 1 100
With or after second course
of chamatherapy
17+ 26 51 4 18
Unknown 1 2 ] 0
“Treatment-to-ntuximab pencd 5 the duration ben the day
begins and the day of the first dose of ntuximab.

Fg 2 Companson of progressionfres survival for patients who receved
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Rituximab-Containing Chemotherapies for IVLBCL
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R-Chemaotherapy (n = 48)
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0 24 4 12 6
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Fig 3 Cormpanson of overall survival for patents who receved chemotherapes
with (R-Chemotherapy) or without ntuximab (Chemotherapy)

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-
imab compared with patients who received prephase therapies (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
(549%) 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.

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

Tahle 3. Prognastic Factors for PFS or OS5
PFS os
Univanate Multivanate Univanate Muttivariate
Vanable HR 95% Ci P HR 95% ClI P HR a95% Cl P HR 95% CI P

Age > B0 years 120 06510219 .56 _ -— — 134 067w2867 402 = = _—
Sex. male 116 068t 185 606 —_ — —_ 108 0859t0197 .B0O3 —_ - -
“B" symptoms 155 0701344 277 — — — 110 049tc248 B13 — -_ -
AVL 113 066t 194 662 = _ - 079 04310145 453 - — —
HPS 126 07210220 426 — - — 083 04510153 560 — - —
Leukocytopania® 088 04810162 684 _ _ — 0BZ2 04010167 590 _ — —
Anemiat 207 108t374 027 174 0931325 083 170 0810375 .00 172 082w359 148
Platelet count < 10 = 10%ul 094 056w15 B2 - — — 101 055t0186 967 — =i —
Albumin < 3.0 g/dL 148 084w267 .176 — —_ - 1.0 05910208 .753 - -_— _
Bilirubin = 1.6 mg/dL 077 035w1N 517 — —_ - 1.11 04910257 807 — - —
Creaunine = 1.6 mg/dl. 181 088w372 .07 S _ —. 236 107wh518 033 338 150to 767 003
siL-2R = 6,000 U/L 09 0531173 831 —_ —_ — 079 042w 1.5 480 = = -
PS=1 111 0881217 .748 — - — 086 0421175 678 — - -_
Extranodal involvement at > 1 ste 058 034w 100 052 058 034tw107 .05 066 035123 189 — — —
LDH > 2 % ULN 1.27 064102851 494 — — - 139 062t0312 428 — -— -
Respratory symptoms 064 036115 138 —_ —_ — 057 028t0113 106 — = —
Neurclogic symptoms 130 072w 235 388 — _ —_ 092 0441193 BRI — -_— —_—
Treatment with nituximab 041 02310072 002 045 02510080 D006 042 02210083 012 042 0211w 085 016
Abbreviations: PFS, progression-free survival, 05, overall survival, HR, hazard ratio; AIVL, Asian vanant of intravascular large B-cell lymphoma, HPS, hemophagocytic
syndrome; sIL-2A, soluble interleulun-2 receptor. PS, performance status: LDH, lsctate dehydrogenase; ULN, upper limit of normal

*Leukocytop was defined as WBC =< 4,000/ul

tAnemia was defined as Hb < 11 g/dL or RBC < 380 = 10%ulL

WWW. 0,0
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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.

Qur 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 filure-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.™
Most patients with IVLBCL are categorized as high-risk according to
the International Prognostic Index, and as with non-GCB-type
DLBCL,* 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.™

In our study, 14 (29%) of 49 patients developed adverse events
related to rituximab infusion. Grade 3 hypoxia was observed in only
ane patient (2%). This result was comparable to that of a previous
report in DLBCL."” 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.”” 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.***

Several previous reports have revealed the efficacy of high-dose
chemotherapy with stem-cell support in IVLBCL.*** 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 enroliments 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-

39 © 2008 by Amencan Socwty of Clinical Oncology

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
hias. 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 in the understanding of IVLBCL, diagnosis can be more timely and
accurate, Further prospective studies are required to establish optimal
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Abstract To evaluate the role of '"F-fluorodeoxyglucose
positron emission tomography (FDG-PET) in intravascular
large B-cell lymphoma (IVLBCL), we retrospectively
analyzed four consecutive IVLBCL patients receiving
FDG-PET before treatment between May 2006 and
November 2007. Patients were two men and two women
(median age 62 years, range 54-76 years). All patients
received bone marrow biopsies and random skin biopsies
and two of the four patients underwent renal biopsy for
diagnosis. Accuracy of FDG-PET for the detection of
organ involvements was analyzed by comparing results of
pathological findings. Concordant results with respect to
bone marrow involvemenl were accurately obtained for
two patients, Skin and renal involvements were undetect-
able by FDG-PET regardless of positive paihological
findings. One patient with a false-negative FDG-PET result
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showed fewer lymphoma cells in the bone marrow speci-
men than patients with concordant FDG-PET results. These
results suggest false-negative results for some types of
organ involvement. Careful interpretation of the results of
FDG-PET in IVLBCL is thus required.

Keywords Intravascular large B-cell lymphoma -
FDG-PET - Diagnostic accuracy

1 Introduction

In the assessment of patients with Hodgkin lymphoma
(HL) or non-Hodgkin's lymphoma (NHL), '*F-fluorode-
oxyglucose positron emission tomography (FDG-PET) has
recently emerged as a powerful functional imaging tool [1].
The advantages of FDG-PET over conventional imaging
techniques such as computed tomography (CT) and mag-
netic resonance imaging (MRI) lie in the ability to
distinguish between viable tumor and necrosis or fibrosis in
the residual masses that are ofien present afier treatment
[2]. This ability is thus expected to allow accurate assess-
ment of pre-treatment staging and post-treatment effect.
The recent revised response criteria for malignant lym-
phoma reveals that FDG-PET is highly recommended for
initial and post-treatment assessment of diffuse large B-cell
lymphoma (DLBCL) and HL [2].

Intravascular large B-cell lymphoma (IVLBCL) is a rare
subtype of extranodal DLBCL as classified by the World
Health Organization (WHO) [3]. IVLBCL is a rapidly
progressive and often fatal disease, characterized by the
selective growth of wmor cells in the lumina of small
vessels in various organs [4]. If the efficacy of FDG-PET in
IVLBCL is similar to that in nodal DLBCL, the technique
will be useful for early diagnosis and prediction of organ
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