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cyclophosphamide, high-dose cytarabine,
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The management of relapsed or refractory B-cell non-Hodgkin's
lymphoma (B-NHL) remains challenging. We investigated the
efficacy and safety of salvage chemoimmunotherapy (CHASER) in
patients with relapsed or refractory B-NHL who had radiographically
measurable disease and adequate major organ function. The CHASER
treatment consisted of: rituximab 375 mg/m?, day 1; cyclophosphamide
1200 mg/m?, day 3; cytarabine 2 g/m?, days 4 and 5; etoposide
100 mg/m?, days 3-5; and dexamethasone 40 mg, days 3-5. The
treatment was repeated every 3 weeks up to a total of four courses
in the absence of disease progression. Thirty-two patients were enrolled
and received a median of four courses of treatment (range 1-4 courses)
per patient. Twenty patients (63%) were previously treated with
rituximab-containing regimens. The median age was 54 years (range
28-67 years). The treatment was generally well tolerated, with major
toxicities being grade 4 neutropenia (n = 32), thrombocytopenia
requiring transfusion (n = 28), and grade 3 transaminase elevation
(n = 2). Overall response rates in the entire group, and in patients
with indolent (n = 17) and aggressive (n = 15) diseases were 84%,
100% and 67%, respectively. Responses were observed similarly in
patients with (n=20) and without (n = 12) previous rituximab
exposure (85% and 83%, respectively). Stem cell harvest was
successful in 19 of 22 patients. The median time to treatment failure
for the entire group was 24.5 months. This promising result of high
activity and favorable toxicity profile warrants further investigation
in large-scale multicenter trials. (Cancer Sci 2008; 99: 179-184)

A Ithough a certain proportion of patients with NHL have an
excellent prognosis after initial treatment, many patients
with NHL develop relapsed or refractory disease. Management
of such conditions remains challenging, and salvage regimens to
better control the disease are needed. We previously reported the
safety and efficacy of combination salvage chemotherapy called
CHASE® that consists of cyclophosphamide, high-dose cytarabine,
steroid (dexamethasone), and etoposide. CR was observed in 10
of 14 patients (71%) with relapsed or refractory NHL. This regimen
was well tolerated, and was associated with no renal toxicities, in
contrast to other commonly used cisplatin containing salvage regimens
such as DHAP® and ESHAP® which are associated with irreversible
increase in serum creatinine in 4-8% of patients. Although the
original report of CHASE included only a small number of
patients, CHASE has been widely used as a salvage therapy in
Japan given the significant efficacy and tolerability.

Anti-CD20 monoclonal antibody, rituximab, has recently
revolutionized the management of B-NHL. Rituximab can
contribute to improved disease control and survival when added

doi: 10.1111/).1349-7006.2007.00662.x
© 2007 Japanese Cancer Association

to initial standard combination chemotherapy“® and the use of
rituximab in the salvage setting has also shown significant activity
with minimal toxicity.®”? However, it remains to be shown whether
rituximab containing salvage chemotherapy is still as effective
in patients with previous exposure to rituximab. Based on the
encouraging clinical data of CHASE chemotherapy as well
as rituximab in salvage settings, we carried out an open-label,
phase II clinical trial to evaluate the efficacy and safety of com-
bination chemoimmunotherapy using CHASE and rituximab
(CHASER) in patients with relapsed or refractory B-NHL.

Materials and Methods

Patient selection. The protocol for the current study was
approved by the institutional review board of Aichi Cancer Center
Hospital (Aichi, Japan). To be eligible for the study, patients were
required to have histologically confirmed relapsed or refractory
NHL, with CD20 positivity on tumor cells by immunohistochemistry
and bidimensionally measurable disease by computed tomography
scan. Patients were also required to: be aged between 15 and
69 years; have an Eastern Cooperative Oncology Group performance
status 0-2; have received 21 previous treatment regimens; and
have adequate bone marrow function (ANC 21.5 x 10°/L, and
platelet count >100 x 10°/L), liver functiori (total bilirubin level
<2 mg/dL, and aspartate aminotransaminase and alanine aminotran-
saminase levels <2.5 times the upper limit of normal), and
kidney function (serum creatinine level <2 mg/dL).

Patients were ineligible if they had lymphoma involvement in
the central nervous system; had serum hepatitis B surface antigen;
had serum HIV antibody; had uncontrolled intercurrent illnesses
such as active infection, cardiac diseases, active second malignancy,
or psychiatric disease. Those who were pregnant or lactating
were ineligible. Written informed consent was obtained from all
patients before study entry, consistent with national and local
requirements. All patients gave written informed consent indi-
cating that they were aware of the investigational nature of the
study, in keeping with the policies of Aichi Cancer Center Hospital.

'To whom correspondence should be addressed. E-mail: ymorisim@aichi-cc.jp
Abbreviations: ANC, absolute neutrophil count; 8-NHL, 8-cell non-Hodgkin's lymphoma;
CHASE, cyclophosphamide, high-dose cytarabine, dexamethasone, and etoposide;
CHASER, cyclophosphamide, cytarabine, étoposide, dexamethasone, and rituximab;
CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; C, confidence
interval; CR, complete response; CRu, complete response unconfirmed; DHAP,
dexamethasone, high-dose cytarabine, and cisplatin;, ESHA, etoposide,
methylprednisone, and high-dose cytarabine; ESHAP, ESHA plus cisplatin; NHL,
non-Hodgkin’s lymphoma; ORR, overall response rate; OS, overall survival; R-
CHOP, rituximab with CHOP; R-DHAP, rituximab with DHAP; R-ESHAP, rituximab
with ESHAP; SCT, stem cell transplantation; TTF, time to treatment failure.
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Treatment schedule. The regimen consisted of rituximab
375 mg/m? intravenously on day 1; cyclophosphamide 1200 mg/
m? intravenously over 3 h on day 3; cytarabine 2 g/m? intravenously
over 3 h on days 4 and 5; etoposide 100 mg/m? intravenously on
days 3-5; dexamethasone 40 mg intravenously on days 3-5 and
G-CSF (filgrastim, lenograstim, or nartograstim at the primary
physician’s choice) 2 ug/kg subcutaneously from day 6 till
neutrophil recovery. The treatment was to be repeated every
3 weeks up to a total of four courses unless there is disease
progression, persistent grade 3/4 toxicity, or delayed recovery of
neutrophils (<1.0 x 10%L) or platelets (<75x 10°/L). Peripheral
blood stem cell harvest was carried out after the second and/or
third cycle if the patient was a suitable candidate for future
SCT, targeting a total CD34 count of 2.0 x 10%kg body weight
or higher.

Supportive care during chemotherapy. Patients were to be
premedicated with antihistamine and antipyretics prior to rituximab
infusion. Effective antiemetics such as 5-HT3 receptor antagonist
were given intravenously prior to chemotherapy and as needed.
To prevent hemorrhagic cystitis from cyclophosphamide, at least
3000 mL of hydration with bicarbonate-containing fluid was
required on day 1. Mesna was not given in this study.

Response and toxicity assessments. To assess response, patients
were required to be re-evaluated with a thoracic, abdominal, and
pelvic computed tomography scan every two cycles. The
International Workshop Response Criteria for NHL were used
for evaluating responses® except that clearance of tumor cells
from bone marrow needed to be confirmed by morphologic as
well as flow cytometric assessment in patients who had bone
marrow involvement on study entry.

Toxic effects were originally graded according to the National
Cancer Center Institute Common Toxicity Criteria (version 2.0),
and regarded after data collection and analyses based on version
3.0. Patients were evaluated daily with a complete history and
physical examination. The laboratory assessment was carried
out at least twice weekly to monitor organ toxicity and electro-
Iyte abnormalities.

Dose modifications. If a patient’s ANC was >1.0 x 10°/L and
platelet count was between 75 x 10%/L and 100 x 10°/L (condition
A) at the due date for initiation of the next treatment, doses of
cyclophosphamide, cytarabine, and etoposide were reduced by
25% for the next cycle. If a patient’s ANC was <1.0 x 10°/L or
platelet count was <75 x 10°/L, the treatment needed to be
postponed until condition A was achieved, and the doses were
reduced as in condition A. If this improvement did not occur in
a week, that is, at four weeks after the previous cycle, the patient
was removed from the study. If persistent arrhythmia, cardiac
ischemia, pericarditis, or grade 3/4 heart failure were observed,
the patient was removed from the study. If grade 3/4
hepatotoxicity was present at initiation of the next cycle, the
treatment was postponed till the toxicity was grade 2 or less. If
grade 3 hepatotoxicity was persistent at 4 weeks after initiation
of previous treatment, the patient was removed from the study.
If serum creatinine was between 1.6 and 1.9 mg/dL, or increased
from baseline by 0.5-1.2 mg/dL. (condition B), the dose of
cytarabine was reduced by 50% (1 g/m?) because of the risk of
severe neurological toxicity. The doses of other agents were not
changed, as they were not expected to significantly increase
the risks of severe non-hematologic toxicities from this degree
of mild renal impairment. If serum creatinine was >2 mg/dL,
or increased from baseline by 1.3 mg/dL (condition C), the
treatment needed to be postponed till condition B was achieved,
and the dose of cytarabine was reduced by 50% when initiating
treatment. If condition C was persistent at 4 weeks after previous
treatment, the patient was removed from the study. If grade 4
non-hematologic toxicity or performance status of 4 without
improvement during the treatment course was observed, the
patient was removed from the study.

180

Statistical methods. The primary endpoint of this study was an
ORR and the secondary endpoints were TTF, OS, successful
stem cell mobilization (in patients planned for SCT, as described
earlier), and toxicities. The study used a two-stage design,
where 11 patients were recruited in the first stage and if eight
or more responses were observed, an additional 21 patients were
recruited for the second stage. The two-stage design was based
on alpha = 0.05, power = 90%, undesirable response rate = 60%,
and desirable response rate =85%. Statistical analysis for
patients’ characteristics, response rates, and adverse events was
descriptive. Analysis on response rate, TTF, and OS was carried
out on an intent-to-treat basis, using the Kaplan-Meier method.
The TTF was calculated from the time of registration to the
time of disease progression, change of treatment, or disease- or
treatment-related death. Those who eventually underwent SCT
were censored for TTF at the initiation of conditioning treatment.
OS duration was calculated from the time of registration to the
time of death of any cause.

Results

Patient characteristics. Thirty-two eligible patients were enrolled
between November 2002 and November 2006. All received at
least one course of CHASER chemotherapy. Baseline patient
and disease characteristics are shown in Table 1. The median
age was 54 years (range 28—-67 years), and most (n = 30, 94%)
of the patients had an Eastem Cooperative Oncology Group
performance status of 0 or 1. Seventeen had indolent NHL (all
follicular grade 1 or 2), and 15 had aggressive NHL (11 diffuse
large B-cell lymphoma, two mantle cell lymphoma, one large
cell transformation of marginal zone lymphoma, and one large
cell transformation of follicular lymphoma grade 2). The majority
of patients (n =22, 69%) had stage III or IV disease.

All patients were previously treated with CHOP-based chem-
otherapy at the time of initial diagnoses, and the majority of
patients (n =22, 69%) entered the current study for the first sal-
vage treatment. Twenty patients (63%) were previously treated
with rituximab-containing therapy. Four patients (13%) previ-
ously received radiation therapy for local disease control. Over-
all, 10 patients (31%) had diseases refractory to last treatment,
and the remaining 22 patients (69%) had relapsed diseases.

Toxicity. A total of 113 courses of CHASER were given, with
a median of four courses (range 1-4 courses) per patient. All
patients were assessable for adverse events associated with
CHASER (Table 2). There was no treatment-related death or
toxicity leading to discontinuation of the treatment. All experienced
grade 4 neutropenia, but the duration of neutropenia (<500) was
short (median 4 days per course, range 0-8). The median time
to neutrophil nadir was 13 days (range 10-19 days). Twenty-five
patients (78%) experienced neutropenic fever and all but one
were managed successfully with a short course of broad-spectrum
antibiotics. One patient experienced a prolonged febrile episode
and required 10-day intravenous antibiotic treatment. The majority
of patients (n =28, 88%) required at least one platelet transfusion
during the therapy, with a median of one transfusion per course
(range 1-3 transfusions). The median time to platelet nadir was
14 days (range 10—19 days). Most common non-hematologic toxicity
was gastrointestinal (nausea/vomiting, diarrhea, and elevated
liver enzymes). Transient elevation of serum transaminases (grade 3)
was observed in two patients. One patient experienced an episode
of syncope (grade 3), which was most likely to be a vasovagal
syncope and the association with the study drugs was unclear.
There were no grade 4 or other grade 3 toxicities observed.

Three patients (9%) required delay in the treatment schedule
due to slow recovery of the platelet count. One experienced a
non-life-threatening but prolonged febrile neutropenia after the
third cycle as described earlier, and doses of cyclophosphamide,
cytarabine, and etoposide for the fourth course were reduced by

doi: 10.1111/].1349-7006.2007.00662.x
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Table 1. Characteristics of patients (n=32)

with relapsed or refractory B-cell non-Hodgkin’s Characteristic No. %
lymphoma who participated in this study Total 32 100
Median age in years (range) 54 (28-67)
Male/female 17115 53/47
Histology
Indolent 17 53
Follicular grade 1/2 17 53
Aggressive 15 47
DLBCL 1 34
MCL 2 6
Large cell transformation of indolent lymphoma 2 6
ECOG performance status at entry
on 30 94
2 2 6
Stage at entry
1 5 16
2 5 16
3 5 16
4 17 53
LDH at entry
Normal 18 56
High 14 44
No. of sites of extranodal involvement
0 13 41
1 14 44
2 or more 5 16
IPl score at study entry
1 12 38
2 10 31
3 10 3
No. of prior treatment regimens
1 22 69
2 4 16
3 3 6
4 or more 3 9
Prior platinum-containing therapy 1 3
Prior rituximab-containing therapy 20 63
Prior radiation therapy 4 13
Prior radioimmunotherapy (*Yttrium-ibritumomab) 1 3
Prior autologous stem cell transplant 2 6
Refractory to last chemotherapy 10 31
Relapsed disease
Previous remission duration <1 year 8 25
Previous remission duration >1 year 14 44

DLBCL, diffuse large B-cell lymphoma; ECOG, Eastern Cooperative Oncology Group; IPI,
International Prognostic Index; LDH, lactate dehydrogenase; MCL, mantle cell lymphoma.

25%. One patient who experienced hyperglycemia, which was
difficult to control with insulin after the third cycle, received
only 12 mg of dexamethasone for the fourth cycle at the discre-
tion of the responsible physician.

Response. The objective response of all 32 evaluable patients
is summarized in Table 3. ORR was 84% (95% CI [67-95%)),
including CR or CRu in 24 patients (75% [57-89%]), and
partial response in three patients (9%). The ORR and CR rates
in indolent lymphoma were 100% (84-100%; 17 of 17) and
94% (71-99%; 16 of 17), respectively, and those in aggressive
lymphoma were 67% (38—88%; 10 of 15) and 53% (27-79%; 8
of 15), respectively. Response was observed both in patients
who previously received rituximab (17 of 20, 85%) and those
who did not (10 of 12, 83%) (P =0.37). In patients with
aggressive B-NHL with (n=8) or without (n = 7) prior rituximab
exposure, ORR was 63% and 71%, respectively (P = 0.39), and CR
rate was 57% and 50%, respectively (P = 0.38). The CR rate was
higher in patients with longer than 1 year of response duration after
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last treatment (93%, 13 of 14) than in patients with 1 year or shorter
of response duration or refractory disease after last treatment (61%,
11 of 18) (P = 0.047). Other factors such as International Prognostic
Index (IPI) score at study entry, response to the first treatment were
not significantly associated with overall or complete response to
CHASER (data not shown). Two patients who had previously
undergone autologous SCT also experienced responses (CR
and partial response, respectively). Three patients achieved only
stable disease and proceeded to different salvage regimens after
two, two and four cycles, respectively. Two patients had rapidly
progressive disease after one and two cycles, respectively, and
eventually received different salvage regimens.

Stem cell collection and SCT. Although not required to enter the
study, all patients aged 65 years (n = 30) were offered at study
entry an option of peripheral blood stem cell harvesting, to be
carried out after the second (and third, if necessary) course of
CHASER for future SCT. Out of 30 patients, stem cell collection
was not attempted in eight patients: three patients with follicular
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Table 2. Toxicity observed in patients with relapsed or refractory B-cell non-Hodgkin's lymphoma during salvage chemoimmunotherapy

incorporating cyclophosphamide, cytarabine, etoposide, dexamethasone, and rituximab (n = 32)

Grade 1 Grade 2 Grade 3 Grade 4

Hematologic

Neutropenia (%) 0 (0) 0 (0) 0 (0) 32 (100)

Thrombocytopenia (%) 0(0) 0(0) 4 (13) 28 (88)

Febrile neutropenia (%) 0 (0) 0 (0) 25 (78) 0 (0)
Gastrointestinal

Nausea/vomiting (%) 9 (28) 4 (13) 0 (0) 0 (0)

Diarrhea (%) 6 (19) 1(3) 0 (0) 0 (0)

Elevated liver enzymes (%) 14 (44) 4(13) 2 (6) 0 (0)
Neurological

Peripheral neuropathy (%) 2 (6) 0(0) 0 (0) 0 (0)

Syncope (%) 0 (0) 0 (0) 1(3) 0 (0)

Pain (%) 1(3) 4(13) 0(0) 0 (0)

Edema (%) 4(13) 0 (0) 0(0) 0 (0)

Table 3. Responses observed in patients with relapsed or refractory B-cell non-Hodgkin’s lymphoma (B-NHL) after treatment with salvage
chemoimmunotherapy incorporating cyclophosphamide, cytarabine, etoposide, dexamethasone, and rituximab

Type of B-NHL Prior treatment Total no. CRor Cru Overall response
Indolent B-NHL All n=17 n=16 n=17
94% (71-99%) 100% (84-100%)
Previous rituximab n= n=11 n=12
92% (62-99%) 100% (78-100%)
Rituximab-naive n=5 n=5 n=5
100% {55-100%) 100% (55-100%)
Aggressive B-NHL All n= n=8 n=10
53% (27-79%) 67% (38-88%)
Previous rituximab n= n=4 n=5
50% (16-84%) 63% (24-91%)
Rituximab-naive n= n=4 n=>5
57% (18-90%) 71% (29-96%)
Total All n= n=24 n=27

75% (57-89%)

84% (67-95%)

" Previous rituximab n=20 n=15 n=17
75% (51-91%) 85% (62-97%)
Rituximab-naive n= n=9 n=10

75% (43-95%)

83% (52-98%)

Ranges in parentheses indicate 95% confidence interval. CR, complete response; CRu, complete response unconfirmed.

lymphoma declined this option; two patients had undergone
autologous SCT prior to CHASER; and three patients had poor
control of disease during CHASER (two progressive disease and
one stable disease). As a result, stem cell collection was attempted
in 22 patients. Three had insufficient mobilization of CD34 positive
cells in peripheral blood; one of these patients had had three prior
regimens including one cladribine-containing regimen. The remaining
19 patients successfully completed stem cell collection, with a
median CD34 count of 4.0 x 10%kg body weight (range 1.9-
23.4 x 10% by a median of two rounds of apheresis (range 1-3
rounds). All collected stem cell sources were free of malignant
B cells, determined by flow cytometric analyses. In six patients
with follicular lymphoma with MBR/JH rearrangement detected
by seminested polymerase chain reaction (using primer sets LJH-P,
TGAGGAGACGGTGACC and MBR-P, CCAAGTCATGTGCAT-
TTCCACGTC for the first step, and VLIH-P, GTGACCAGGG-
TNCCTTGGCCCCAG and MBR-P for the second step).
Negativity of tumor cell contamination in the stem cell sources
was confirmed by the same method (data not shown). Two of 19
patients with aggressive NHL had suboptimal response (stable
disease) on imaging studies after CHASER, thus proceeded to
other salvage regimens. One patient who had adequate stem cell
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collection refused to undergo SCT. As a result, a total of
16 patients (50%) underwent autologous SCT as an immediate
next treatment after CHASER treatment. One patient who had
undergone autologous SCT prior to CHASER underwent allogeneic
SCT as an immediate next treatment after CHASER.

TTF and OS. The Kaplan—Meier estimates of TTF and OS are
shown in Fig. 1. The median TTF and OS durations for the entire
group were 24.5 months and not reached, respectively. The
median TTF in patients with indolent and aggressive lymphoma
was 24.5 months and not reached, respectively. The median OS
duration in patients with indolent and aggressive lymphoma was
not reached and 39.3 months, respectively. Neither TTF nor OS
duration was significantly different by IPI score at study entry,
response duration after last chemotherapy (refractory or <1 year
vs >1 year), previous rituximab exposure, or response to the first
treatment (log—rank test, data not shown).

Discussion

Patients with relapsed or refractory NHL have limited options
and poor prognosis. Ever in patients who might be candidates
for autologous SCT, it is critical to reduce the tumor size with
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Fig. 1. Overall survival (OS) and time to treatment failure (TTF) in patients with relapsed or refractory B-cell non-Hodgkin’s lymphoma undergoing
salvage chemoimmunotherapy incorporating cyclophosphamide, cytarabine, etoposide, dexamethasone, and rituximab. Solid lines indicate survival
curves of patients with indolent lymphoma (n = 17). Dashed lines indicate those of patients with aggressive lymphoma (n = 15). (a) The median
TTF in patients with indolent and aggressive lymphoma was 24.5 months and not reached, respectively. Those who had stem cell transplant were
censored for TTF at the initiation of conditioning regimen. (b) The median OS duration in patients with indolent and aggressive lymphoma was

not reached and 39.3 months, respectively.

Table 4. Comparison of CHASER, R-DHAP, R-ESHAP and R-ICE in relapsed or refractory aggressive B-cell non-Hodgkin’s lymphoma (doses are per

course)
CHASER " R-DHAP® R-ESHAP? R-ICE®
Rituximab 375 mg/m?x 1 375 mg/m? x 1 375 mg/m? weekly x 8 375 mg/m?x 1
Cytarabine 2g/mix2 © 2g/mix2 2g/m*x1 -
Etoposide 100 mg/m? x 3 ;- - 40 mg/m?x 4 100 mg/m?x 3
Steroid Dexamethasone 40 mg-x'3 Dexamethasone 40 mg x 4 Methylprednisolone -
: 500 mg x 5

Platinum agent -

Cisplatin 25 mg/m?x 4

Cisplatin 25 mg/m?x 4 Carboplatin AUC 5 x 1

Non-platinum alkylator Cyclophosphamide - - " Ifosfamide 5 g/m? x 1
1200 mg/m? x 1 ;

No. of patients 15 53 26 36

Prior rituximab exposure (%) 53 4 19 0

CR rate % (95% CI) 53 (27-79) 32 (20-46) 46 (27-65) 53 (36-69)

OR rate % (95% CI) 67 (38-88) 62 (48-75) 92 (82-100) 78 (61-90)

L. Hicks et al., 2007, personal communication; —, not included in treatment; Auc; area under the curve; Cl, confidence interval; CR, complete

response; OR, overall survival.

an effective salvage regimen prior to SCT. For those who are not
candidates for transplant, a treatment regimen to induce a durable
response is the sole key for long-term survival. The present study
showed the significant activity of the new combination salvage
regimen CHASER in patients with relapsed or refractory B-NHL
who may or may not have undergone prior rituximab-containing
treatment such as R-CHOP.

Although rituximab has been studied in salvage settings as an
additional drug to commonly used combination chemotherapy,
such as ESHAP® DHAP®, and ICE (ifosfamide, carboplatin and
etoposide)®'?, currently available data are from studies recruiting
mostly rituximab-naive patients (Table 4). Therefore, it remains to
be shown whether R-ICE (rituximab with ICE) or R-DHAP is
still as effective in patients who were previously treated with a
rituximab-containing regimen.'® It is noteworthy in our study
that CHASER produced high CR rates in relapsed or refractory
B-NHL after rituximab-containing chemotherapy, and that the
activity seems comparable to those of other platinum-containing
regimens in patients with aggressive B-NHL (Table 4). Rand-
omized trials would be needed to further compare the efficacy
of CHASER with other regimens. Also, careful long-term follow-
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up is needed to assess the potential late effect of rituximab, such
as delayed neutropenia as has recently been recognized.!!-9
Both CHASER and R-ESHAP contain high-dose cytarabine,
etoposide, steroid, and rituximab in common. In the original study
of ESHAP, Velasquez et al. initially compared ESHA with ESHAP®,
revealing that the addition of cisplatin significantly improved the
response rate (33% vs 75% at initial phase of the study, but the
response rate of ESHAP at the end of the study was 64%), despite
only moderate activity of single agent cisplatin against NHL (response
rate 26%"). Further addition of rituximab to ESHAP seems even
more active, and in a phase I study of R-ESHAP in patients with
aggressive B-NHL (n =26, 21 were rituximab-naive), a response
rate of 92% (95% [CI 84-100%]) including a CR rate of 46% (95%
[27-65%]) was observed. CHASER contains 1200 mg/m? of cyclo-
phosphamide instead of cisplatin, producing comparable response
rates to R-ESHAP. Virtually all patients with relapsed or refractory
B-NHL were exposed to cyclophosphamide at 750 mg/m? as a
part of CHOP therapy, however, a higher dose of cyclophospha-
mide seems to play a significant role in overcoming resistance
in this setting. Furthermore, one major benefit of using cyclopho-
sphamide instead of cisplatin is absence of renal toxicity.
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One important aspect of salvage regimens for relapsed or
refractory NHL is their stem cell mobilizing effect. In our study,
19 of 22 attempts at stem cell collection were successful, but it
should be noted that one of three who experienced poor stem
cell mobilization had been heavily pretreated. Furthermore,
addition of rituximab to the CHASE regimen might add an in vivo
purging effect and allow tumor-free stem cell collection. Further
studies are necessary to determine whether in vivo purged autologous
SCT will improve outcomes compared to non-purged SCT.

In conclusion, CHASER showed favorable tolerability,
" significant antitumor activity, and stem cell mobilizing effects
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Age-Related EBV-Associated B-Cell Lymphoproliferative
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Takashi Oyama,' Kazuhito Yamamoto,? Naoko Asano,® Aya Oshiro,? Ritsuro Suzuki,* Yoshitoyo Kagami,?
Yasuo Morishima,? Kengo Takeuchi,” Toshiyuki lzumo,® Shigeo Mori,2 Koichi Ohshima,'® Junji Suzumiya,"

Naoya Nakamura,'? Masafumi Abe,'? Koichi Ichimura," Yumiko Sato,"® Tadashi Yoshino,® Tomoki Naoe,?
Yoshie Shimoyama,® Yoshikazu Kamiya,' Tomohiro Kinoshita,® and Shigeo Nakamura®

Abstract

Purpose: We have recently reported EBV+ B-cell lymphoproliferative disorders (LPD) occurring
predominantly in elderly patients, which shared features of EBV+ B-cell neoplasms arising in the
immunologically deteriorated patients despite no predisposing immunodeficiency and were
named as senile or age-related EBV+ B-cell LPDs. To further characterize this disease, age-related
EBV+ B-cell LPDs were compared with EBV-negative diffuse large B-cell ymphomas (DLBCL).
Experimental Design: Among 1,792 large B-cell LPD cases, 96 EBV+ cases with available
clinical data set were enrolled for the present study. For the control group, 107 patients aged over
40 years with EBV-negative DLBCL were selected. We compared clinicopathologic data between
two groups and determined prognostic factors by univariate and multivariate analysis.

Results: Patients with age-related EBV+ B-cell LPDs showed a higher age distribution and
aggressive clinical features or parameters than EBV-negative DLBCLs: 44% with performance
status )1, 568% with serum lactate dehydrogenase level higher than normal, 49% with B symp-
toms, and higher involvement of skin and lung. Overall survival was thus significantly inferior in
age-related EBV+ group than in DLBCLs. Univariate and multivariate analyses further identified
two factors, B symptoms and age older than 70 years, independently predictive for survival.
A prognostic model using these two variables well defined three risk groups: low risk (no adverse
factors), intermediate risk (one factor), and high risk (two factors).

Conclusions: These findings suggest that age-related EBV+ B-cell LPDs constitute a dlstlnct
group, and innovative therapeutic strategies such as EBV-targeted T-cell therapy should be devel-

oped for this uncommon disease.
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Diffuse large B-cell lymphoma (DLBCL) is the largest category
of aggressive lymphomas and regarded as a heterogeneous
group of lymphomas in terms of clinicopathologic profiles
and biological properties (1). Recent advance in the lymphoma
research shed the light on the distinct subgroups such as de novo
CD5+ DLBCL (2), intravascular large B-cell lymphoma (Asian
variant; ref. 3), primary effusion lymphoma (4), and pyothorax-
associated lymphoma (5) under the nosologic term of DLBCL.
In addition, we have recently identified a series of elderly patients
of EBV+ B-cell lymphoproliferative disorders (LPD) and/or
large-cell lymphomas without predisposing immunodeficien-
cies and named those senile or age-related EBV+ B-LPDs (6).
EBV is a ubiquitous y-herpesvirus that infects more than
90% of worldwide adult population (7, 8). In contrast to its
high prevalence, EBV is also well recognized as an apparent
oncogenic agent (9). It transforms B cells into lymphoblastoid
cell lines in vitro, and many human cancers, including Burkitt
lymphoma (BL) (10), Hodgkin lymphoma (7), immunodefi-
ciency-associated LPDs (11), and a part of diffuse large B-cell
lymphoma (12), have close relation with EBV. Although the
precise mechanism is not fully clarified, it is widely accepted
that the T cell plays a crucial role for the suppression of
EBV-associated oncogenesis (7). In fact, the use of strong
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immunosuppressive agents in organ transplantation settings
such as tacrolimus or cyclosporin A, or HIV infection, sometimes
causes EBV-positive B-cell LPDs (13, 14). Four clinical settings of
immunodeficiency associated with an increased incidence of
lymphoma and other LPDs are recognized by the WHO
classification: (@) primary immunodeficiency syndromes and
other primary immune disorders; (b) infection by the HIV; (c)
iatrogenic immunosuppression in patients who have received
solid organ or bone marrow allografts; and (d) iatrogenic
immunosuppression associated with methotrexate treatment,
most commonly in patients with autoimmune disease (15).

We have highlighted the over-profile of senile EBV+ B-cell
LPDs appearing analogous in many respects to that of
immunodeficiency-associated B-cell LPDs, which were exernpli-
fied by a marked propensity to involve extranodal sites and a
morphologic spectrum ranging from the precursor polymor-
phous proliferation of lymphoid celis to diverse types of iym-
phormas, although no evidence of underlying immunodeficiency
was found (6). Therefore, it is speculated that this disease is
related to an immunologic deterioration derived from the aging
process, i.e., senescence in immunity. However, the detailed
clinicopathlogic features and follow-up information of age-
related EBV+ B-cell LPDs remain limited because of an inclu-
sion of a small number of patients and the lack of the
comparison with EBV-negative DLBCL. To address these issues
further, we retrospectively assessed the clinicopathologic
features of 96 cases with age-related EBV+ B-cell LPDs as a
collaborative study.

Materials and Methods

Diagnosis. The diagnosis of age-related EBV-associated B-cell LPDs
was made when more than 50% of the proliferating, often neoplastic-
appearing cells showed both of the expression of one or more pan-B-
cell antigens (CD20/CD79a) and/or light-chain restriction and positive
signal for in situ hybridization using EBV-encoded small nuclear early
region (EBER) oligonucleotides on paraffin section (Fig. 1) for patients
more than 40 years of age without predisposing immunadeficiency
such as HIV infection or past history of immunosuppressive agents (6)
The cases <40 years old were excluded because we could not deny the
possibility that they may be associated with any primary immune
disorder or chronic active EBV infection (16, 17). In addition,
pyothorax-associated lymphoma and EBV-associated lymphomas of
T- or natural killer-cell phenotype were excluded from the present series
because they were considered to constitute distinct clinicopathologic
groups (5, 18). In particular, attention was given to the differential
diagnoses of peripheral T-cell lymphoma with Reed-Sternberg-like
cells of B-cell or angioimmunoblastic T-cell lymphoma with prolifer-
ation of large B cells (19). Only well-documented cases that had
paraffin sections available for immunohistochemistry were included
in this study. Each case was reviewed by five pathologists (authors
KT, KO, N.N.TY, and S.N.) to confirm the diagnosis and immuno-
phenotype. Among 149 cases fulfilling these criteria (Supplementary
Table S1), 96 cases with available clinical data set were enrolled for the
present study, including the 22 cases of senile EBV+ B-cell LPDs
previously reported by us (6). For the control group, 107 patients aged
over 40 years with EBV-negative DLBCL were selected from malignant
lymphoma cases treated consecutively at Aichi Cancer Center between
1993 and 2000. This study was done by following the Ethical
Guidelines for Clinical Studies and the Ethical Guideline for Epidemi-
ological Research in Japan. The Institutional Review Board of the Aichi
Cancer Center and the other institutes involved approved this study.

Histopathology. Tissue samples were fixed in 10% formalin and
embedded in paraffin. Sections (5 pm thick) were stained with H&FE,
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Elastica-van Gieson, silver impregnation, periodic acid-Schiff, May-
Gruenwald-Giemsa, and methyl green-pyronine staining.
Immunohistochemistry. Immunoperoxidase studies were done on
formalin-fixed paraffin sections with the avidin-biotin peroxidase
complex method. A panel of monoclonal antibodies against
human immunoglobulin light and heavy chains, CD3, CD8, UCHL-1/
CD45R0, L26/CD20, Ber-H2/CD30, CD79a, latent membrane protein-
1 (LMP-1), EBV-encoded nuclear antigen-2 (EBNA2; DAKO); CD2,
CD4, CD5, CD56 (Novocastra Laboratories); LeuM1/CD15, Leu7/CD57

Fig.1. Senile EBV-associated B-cell LPD, polymorphic subtype, arising in a
62-year-old male. The lesion reveals scattered distribution of Hodgkin and
Reed-Stemberg — like giant cells (4, x150), which are positive for CD20 (8 x125).
These large cells showed the expression of EBNA2 (C. x125) in addition to the
positive signals for EBV-encoded small RNAs (EBERs) /n situ hybridization,
indicating latency Il status.
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Table 1. Patient characteristics at diagnosis of age-related EBV-positive B-LPDs and EBV-negative DLBCL

Variable Age-related EBV-positive LPD (n = 96) EBV-negative DLBCL (n = 107) P
Sex (male/female) 56/40 (1.4) 54/53 (1.02) 0.26
Age, median (range), y 71 (45-92) 62 (41-85) <0.0001

Number of cases (%)

Number of cases (%)

Older than 60 79 (82%)
ECOG PS 2-4 36 (44%)
B-symptoms, presence 38 (49%)
LDH level high 47 (58%)
Ann Arbor stage 111/1V 48 (58%)
Extranodal involvement (>1 site) 28 (33%)
Extranodal sites n =193
Skin 12 (13%)
Lung 8 (9%)
Pleural effusion 8 (9%)
Stomach 8 (9%)
Tonsil 7 (8%)
Breast 0 (0%)
IPI, High intermediate/high 43 (54%)
Anti-EBV antibody titer category,* 18 (67%)
Treatment
None or radiation only 9 (12%)
Ctx without anthracycline 7 (9%)
Ctx with anthracycline 62 (79%)
Response, in cases underwent
Ctx with anthracycline
CR 37 (66%)
PR 8 (14%)
SD or PD 11 (20%)

56 (52%) <0.0001
18 (17%) <0.0001
18 (20%) <0.0001
46 (43%) 0.041
49 (46%) 0.10
30 (28%) 0.43
n =107
5 (5%) 0.037
3 (3%) 0.073
5 (5%) : 0.26
14 (13%) 0.31
20 (19%) 0.021
7 (7%) 0.012
39 (37%) 0.017
23 (24%) <0.0001
<0.0001
1 (1%)
2 (2%)
104 (S7%)
<0.0001
93 (91%)
8 (8%)
1 (1%)

anti-EBV nuclear antigen antibody was negative.

Abbreviations: PS, performance status; LDH, lactate dehydrogenase; IPI, International Prognostic Index; Ctx, chemotherapy; CR indicates
complete response; PR, partial response; SD, stable disease; PD, progressive disease.
*Cases were determined as having abnormal serum anti-EBV antibody titer if anti-EBV viral capsid antigen antibody was 640-fold or higher, or

(Becton Dickinson); TIA-1 (Coulter Immunology); and granzyme B
(Monosan) were used. All antibodies were applied after antigen retrieval
following microwave oven heating treatment.

In situ hybridization study. The presence or absence of EBV small
RNAs was assessed by means of in situ hybridization using EBER oligo-
nucleotides and done on formalin-fixed paraffin embedded sections.
Briefly, a DAKO hybridization kit was used with a cocktail of FITC-
labeled EBER oligonucleotides (one oligonucleotide corresponding to
EBER1 and one to EBER2, both 30 bases long; DAKO A/S code Y 017).
Hybridization products were detected with mouse monoclonal anti-
FITC (DAKO M878) and a Vectastain ABC Kit (Vector). RNase A or
DNase I pretreatment was used for the negative controls and EBER-
positive Hodgkin’s disease specimens for positive controls.

Statistical analysis. Variables related to patients, treatment, and
disease were compared among the two groups with the use of the x2
test or Fisher’s exact test for categorical variables and the Mann-Whitney
U test for continuous variables. The probability of survival was
calculated with the use of the Kaplan-Meier estimator, and the log-
rank test was used for comparisons. Univariate and multivariate
analyses were done with the Cox proportional hazard regression
model. All P values are two sided, with a type I error rate fixed at 0.05.
Statistical analyses were done with the STATA version 9.

Results

Case selection. From the files of six collaborating institu-
tions, during the period from January 1990 to December 2004,
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the positive signals for B-cell [pan-B-cell antigens (CD20/
CD79a} and/or light-chain restriction] and EBV were detected
on more than 50% of cells in 243 (14%) of 1,792 large B-cell
LPD cases, mainly consisting of DLBCL, by EBERs in situ
hybridization. They contained HIV-associated lymphomas
(n = 17), autoimmune disease-associated LPDs (n = 10),
secondary lymphoma with prior chemotherapy (n = 7), post-
transplant LPDs (n = 10), pyothorax-associated lymphoma
(n = 30), BL (n = 13), and cases without any documentation
for predisposing immunodeficiency (n = 156; Supplementary
Table S1). EBV was detected in 10% of HIV-negative patients
with BL in this study, which was comparable to the reported
frequency in nonendemic BL (20). A bimodal age distribution
with an incidence peak in the 10- to 19-year range and a second
peak in older adult aged 70 to 79 was evident for EBV-positive
B-cell LPD patients without predisposing immunodeficiency
(Supplementary Fig. S1A). The positive percentages of this
group for all cases examined became higher in parallel with the
elder patient populations (=40 years), showing the highest
peak at ages >90 years (Supplementary Fig. S1B).

Patient characteristics for age-related EBV-positive B-cell LPDs
and EBV-negative DLBCL. In comparison with EBV-negative
DLBCL, patients with age-related EBV-positive B-cell LPDs
showed higher age distribution (median, 71 versus 62 years:
P < 0.0001) and a closer association with aggressive clinical
features or parameters: 79 patients older than 60 (82%,
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P < 0.0001), 36 with performance status (PS) >1 (44%,
P < 0.0001), 47 with serum lactate dehydrogenase (LDH) level
higher than normal (58%, P = 0.041), 48 with stage HI/IV
disease at diagnosis (58%, P = 0.10), and 38 with B symptoms
(49%, P < 0.0001; Table 1). As a result, the International
Prognostic Index (IP1) score for patients with age-related EBV-
positive B-cell LPDs was significantly higher than that for
patients with EBV-negative DLBCL (P = 0.0017), with 43 (54%)
of the EBV-positive group categorized in the IPI high or high
intermediate-risk group. There was no statistical difference
between two groups in the incidence of having more than one
extranodal site.

At diagnosis, 67% of the cases with age-related EBV-positive
B-cell LPDs showed abnormal anti-EBV antibody titer, which
was defined if anti-EBV VCA immunoglobulin G (IgG)
antibody was 640-fold or higher, or anti-EBNA antibody was
negative, as compared with only 24% of cases with DLBCL that
showed abnormality (P < 0.0001).

Sites of extranodal involvement. In 17 patients (20%) of the
current EBV-positive series, the disease was limited to extra-
nodal sites. Twenty-seven patients (31%) had only lymphade-
nopathies without extranodal involvement, and the remaining
43 (49%) had lymphadenopathies with extranodal involve-
ment. The total incidence of extranodal involvement was
similar between age-related EBV-positive B-cell LPDs and
EBV-negative DLBCL (69% and 72%, respectively).

The main sites of extranodal involvement in age-related
EBV-positive B-cell LPDs was skin (n = 12; 13%), lung (n = 8;
9%), pleural effusion (n = 8; 9%), stomach (n = 8; 9%), and
tonsil (n = 7; 8%) in an order of the incidence (Table 1).
A comparison with EBV-positive and EBV-negative groups
showed that the incidence of cutaneous involvement was
significantly higher in age-related EBV-positive B-cell LPDs
than those of EBV-negative DLBCLs (P = 0.027, respectively).
There is a tendency of difference in lung involvement, but no
statistical significance (9% versus 3%, P = 0.073). Involve-
ment of breast and tonsil occurred less frequently in age-
related EBV-positive B-cell LPDs than in EBV-negative DLBCL
(P = 0.012 and.021, respectively). There were no significant
differences between these two groups in the incidence of
involvement in the other extranodal sites (Supplementary
Table S2).

Histologic features. Age-related EBV-positive LPDs generally
showed a diffuse and polymorphic proliferation of large
lymphoid cells with a varing degree of reactive components
such as small lymphocytes, plasma cells, histocytes, and
epithelioid cells and were sometimes accompanied by necrosis
and an angiocentric pattern. These tumor cells were often
featured by a broad range of B-cell maturation, containing
morphologic centroblasts, immunoblasts, and Hodgkin and
Reed-Sternberg (HRS)-like giant cells with distinct nucleoli
(Fig. 1A). According to the previous report (6), the present
series were morphologically divided into two subtypes: large-
cell lymphoma (LCL) and polymorphic LPD subtypes. The
former (n = 34) was characterized by having areas where large
lymphoid cells with relatively monomorphic appearance were
notably dominant. The remaining 62 cases were simply
categorized as polymorphous subtype with the scattered
distribution of large cells in the polymorphous composition.
The histology was frequently varied from area to area,
indicating a continuous spectrum between these two subgroups
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because several LCL cases had areas of polymorphic LPD in the
same or other tissues. In contrast to morphologic divergence,
there was no significant difference in any clinical characteristics
and immunophenotype between these two groups (Supple-
mentary Table S3).

We detected clonal B-cell population in 10 cases out of 12
cases tested: eight cases by PCR analysis, one case by Southern
blot analysis, and one by lambda light-chain restriction.
Polyclonal pattern was observed in one case, and no band
was detected in the other. As to polymorphic LPDs, the
presence of clonal B-cell population was identified in five cases
out of seven samples.

Phenotypic features. According to the definition adopted for
this study, all patients with age-related EBV-positive B-cell LPDs
were positive for EBV and B-cell markers (CD20 and/or CD793;
Fig. 1B). Immunohistologic studies for the EBV-latent gene
products on paraffin sections showed that LMP1 was positive
on the large atypical cells in 67 (94%) out of 71 tested cases.
EBNA2 was also detected in the nuclei of 16 (28%) of 57 tested
cases (Fig. 1C, Supplementary Table $4), indicating latency type
III. CD30 was stained more common in age-related EBV-
positive B-cell LPDs than in EBV-negative DLBCL (75% versus
13%, P < 0.0001). In addition, a comparison of adjacent
sections often disclosed an overlapping staining pattern of
LMP1 and CD30. There was also a statistically significant
difference in the incidence of CD10 expression (18% and 38%,
respectively. P = 0.015), but not others (CD19, CD20, or
CD79a) between age-related EBV-positive B-cell LPDs and
DLBCLs (Supplementary Table $4).

Response to treatment and Kaplan-Meier survival estimates.
Treatment of age-related EBV-positive B-cell LPDs consisted of
chemotherapeutic regimens containing anthracycline for 62
patients (79%) and without anthracycline for 7 patients (9%;
Table 1). A total of 40 (63%) of 64 evaluable patients with age-
related EBV-positive B-cell LPDs achieved a complete remission
(CR) with initial therapy, and the rest of the 24 cases (38%)
failed to have a CR with initial chemotherapy. On the other
hand, 95 (91%) of 104 evaluable cases with DLBCL achieved a
CR, and only 9 cases (9%) were refractory (PR, SD, or PD) to
initial chemotherapy (P < 0.0001). This difference, in response
to treatment, was still in a significant level when compared in
cases who received chemotherapy with anthracycline (P <
0.0001, Table 1).

In this study, we observed 57 deaths in 96 cases of age-related
EBV-positive B-cell LPDs and 34 deaths in 107 cases of DLBCL.
The data on the causes of death were available for 47 cases for
age-related EBV-positive B-cell LPDs and 29 for DLBCL. Deaths
due to disease progression and complications such as infections
were observed in 38 and 9 cases, respectively, in age-related
EBV-positive B-cell LPDs, whereas 23 and 6 cases in EBV-
DLBCL. The observed differences between two disease groups
were not significant (P = 0.870). As to the cases of more than
70 years of age, 24 and 5 cases were dead due to disease
progression, and seven and one were from complications in
age-related EBV-positive B-cell LPDs and in DLBCL, respective-
ly. Even in cases more than 70 years old, the observed
differences were not significant (P = 0.747).

Unadjusted overall survival curves of both groups were
shown in Fig. 2A. Age-related EBV-positive B-cell LPDs
showed strikingly inferior survival to DLBCLs (median
survival time, 24 months versus not reached, respectively;
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Fig. 2. Overall survival for patients with age-related EBV+ B-cell LPDs and
EBV-negative DLBCLs. Age-related EBV+ B-cell LPDs (n = 96) show significantly
worse survival than DLBCLs (n = 107) in all patients (4), patients with
high-intermediate and high IPI risk (n = 43 and n = 39, respectively; 8), and
patients with low and low-intermediate IPI risk group (n = 36 and n = 67,
respectively; C).

P < 0.0001). A significant difference was still found even
when accounting for age (age < 60, 60 < age < 75, or age
> 75} by performing the stratified log-rank test (P < 0.0001).
Overall survival curves according to IPI are shown in Fig. 2B
and C. Survival for age-related EBV-positive B-cell LPDs was
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significantly inferior to that for DLBCLs in both IPI sub-
groups. In this series, the IPI failed to separate age-related
EBV+ B-cell LPD patients into groups with significantly
different survivals (P = 0.1; Fig. 3A).

Univariate and multivariate analysis for survival. Among a
total of 203 patients with EBER-positive (age-related EBV-
positive B-cell LPDs) and EBV-negative diseases (DLBCLs),
univariate Cox analysis identified the following as prognostic
factors: age > 60 years, clinical stage, PS, extranodal involve-
ment of more than one site, LDH, IPI, B symptoms, and EBV
association (Table 2). Multivariate analysis, including five IPI
factors, B symptoms, and EBV association, showed high LDH
level, the presence of B-symptoms, and EBV association to be
significant factors (Table 2). When multivariate analysis was
done for EBV association and IPI categories, both of them
were recognized as independent significant prognostic factors
(Table 2). '

Among patients with age-related EBV+ B-cell LPDs, the
clinical parameters associated with reduced survival in
univariate analysis are listed in Table 3: age older than 70
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Fig. 3. Overall survival according 1o IPl (4) and prognostic model based on two
simple clinical variables of age older than 70 y and the presence of B symptoms (8)
in age-related EBV+ B-cell LPDs. This prognostic model is able to efficiently
identify three groups of patients with different outcomes; patients with a score of 0
(Score 0, n = 18), no adverse factors; patients with a score of 1 (Score 7, n = 39),
one factor; and patients with a score of 2 (Score 2, n = 21), two factors. Their
median survival times were 56.3, 25.2, and 8.5 mo, respectively.
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