Table 1. Characteristics of patients (n=32) :
with relapsed or refractory B-call non-Hodgkin's  Characteristic No. uy
lymph who participated in this study Total 32 100
Median age in years (range) 54 (28-57)
Male/female 1715 5347
Histology
Indolent 17 53
Follicular grade 172 17 53
Aggressive 15 47
DLBCL 1 34
MCL F 6
Large cell t ion of indolent lymphoma 2 &
ECOG performance status at entry
on 30 94
2 2 6
Stage at entry
1 5 16
2 -] 16
3 5 16
4 17 53
LDH at entry
Normal 18 56
High 14 a4
No. of sites of extranodal involvement
0 13 a“
1 14 44
2 or more 5 16
IPI score at study entry
1 12 38
2 10 n
L} 10 3
No. of prior treatment regimens
1 22 69
2 4 16
3 3 [
4 or more 3 9
Prior platinum-containing therapy 1 3
Prior rituximab-containing therapy 20 63
Prior radiation therapy 4 13
Prior radicimmunotherapy (™Y ttrium-ibritumomab) 1 3
Prior autologous stem cell P 2 ]
Refractory to last chemotherapy 10 n
Relapsed disease
Previous remission duration <1 year 8 25
Previous remission duration >1 year 14

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 sive
lymphoma were 67% (38-88%; 10 of 15) and 53% (27-79%; &
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 afier last treatment (61%,
11 of 18) (P = 0.047). Other factors such as International Prognostic
Index (IPI) score at study entry, respanse 1o 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 discase 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. Toxldty obnrvod in pathnts with mlapnd ur refractory B-cell non—Hodgkins lymph during salvage ch h ¥
incorporating cyc ph oyt p th 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) 4013) 0(0) o
Diarrhea (%) 6(19) 1(3) 0 (0) 0 (0)
Elevated liver enzymes (%) 14 (44) 4 (13) 2 (6) 0 (0)
Neurological
Peripheral neuropathy (%) 2 (B) 00 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)

and ri

Table 3. Responses observed in pltlenls with r!lapsed or refractory B-f.ell non-Hodgkin's Iymphoml [B-NHL) after treatment with salvage

chemoimmunotherapy incorporating cycl

L |

Type of B-NHL Prior treatment Total no. CR or Cru Overall response
Indolent B-NHL All n=17 n=16 n=17
94% (71-99%) 100% (84-100%)
Previous rituximab n=12 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=15 n=8 n=10
53% (27-79%) 67% (38-88%)
Previous rituximab n=8 n=4 n=5
50% (16-84%) 63% (24-91%)
Rituximab-naive n=7 n=4 n=5
57% (18-90%) 71% (29-96%)
Total All n=32 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=12 ne=9 n=10

75% (43-95%) B3% (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 LTH-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

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 0S. 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. Even in patients who might be candidates
for autologous SCT, it is critical to reduce the tumor size with
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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 mgim? x 1
Cytarabine 2g/m*x2 2g/m*x2 2g/m?x1 -
Etoposide 100 mg/m? x 3 - 40 mg/m? x 4 100 mg/m? x 3
Steroid Dexamethasone 40 mgx 3 Dexamethasone 40 mg x 4 Methylprednisolone =

500mgx5
Platinum agent - Cisplatin 25 mg/m’ x 4 Cisplatin 25 mg/m? x 4 Carboplatin AUCS %1
Non-platinum alkylator Cyclophosphamide - - Hfosfamide Sg/mx1
1200 mg/m? x 1

No. of patients 15 53 26 36
Prior rituximab exposure (%) 53 4 19* 0
CR rate % (95% C1) 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 o 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 studics 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.!'''*
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 Ihc
response rate (33% vs 75% at initial phase of the study, but the
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
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, & higher dose of cyclophospha-
mide seems to play a significant role in overcoming resistance
in this setting, Fi 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 vive
purging effect and allow tumor-free stem cell collection. Further
studies are necessary 1o 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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Low absolute lymphocyte count is a poor prognostic marker
in patients with diffuse large B-cell lymphoma and suggests
patients’ survival benefit from rituximab
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Abstract

Objectives: To evaluate the prognostic value of absolute lymphocyte count (ALC) at diagnosis in patients
with diffuse large B-cell lymphoma (DLBCL). Methods: In a large cohort of patients with DLBCL treated
with CHOP (n = 119) or RCHOP (n = 102) in our institution, we evaluated the prognostic value of ALC at
diagnosis with regards to treatment response, overall (OS) and progression-free survival (PFS). Use of
rituximab, all International Prognostic Index (IP1) determinants, B2microglobulin level, presence of B symp-
toms or bulky disease, and ALC were evaluated. Results: Low ALC (<1.0 x 10%/L) was associated with
advanced stage, performance status 22, elevated lactate dehydrogenase, number of extranodal involve-
ment 22, B symptoms, elevated f2microglobulin and higher IPI risk group. Low ALC was associated with
lower CR rate by univariate analysis (odds ratio = 3.29, P = 0.024) but not by multivariate analysis. By
univariate analysis using Cox proportional hazard model, low ALC was associated with shorter OS [hazard
ratio (HR) = 2.89, P < 0.001] and PFS (HR = 2,91, P < 0.001). Multivariate analysis revealed that low ALC
was associated with shorter OS (HR = 2.51, P = 0.003) and PFS (HR = 2.72, P < 0.001), independent of
above-mentioned parameters. Subclass analyses revealed that the use of rituximab improves OS in
patients with low ALC (HR = 0.42, P = 0.05) but not in those with high ALC (HR = 0.83, P = 0.71). This
observation was most obvious in patients with higher IPI score. Conclusion: Low ALC is a poor prognostic
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marker in patients with DLBCL and suggests patients’ survival benefit from rituximab.
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Prognostication of patients with diffuse large B-cell lym-
phoma (DLBCL) is important in determining optimal
treatment approaches. Numbers of prognostic factors have
been studied, but some require expensive molecular testing
and thus not clinically applicable. Inexpensive and readily
available prognostic factors are practical and helpful.

Low absolute lymphocyte count (ALC) at diagnosis is
associated with poor prognosis in patients with advanced
Hodgkin lymphoma (1) as well as follicular lymphoma
(2). A recent preliminary study with short follow-up
duration also suggested a potential prognostic value of
ALC in DLBCL (3). While International Prognostic

Index (IPI) is currently the most valuable prognostic
indicator in patients with aggressive lymphoma, ALC
was not included in the parameters analyzed (4). We per-
formed a retrospective study evaluating the prognostic
value of low ALC using our large cohort of patients with
DLBCL, about half treated with CHOP and the rest
with RCHOP.

Patients and methods

This retrospective study was approved by the institu-
tional review board. We reviewed 221 consecutive newly

© 2008 The Authors
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Oki et al.

diagnosed patients with non-HIV-associated DLBCL
who were treated with CHOP (n = 119; before approval
of rituximab) or RCHOP (n = 102; after approval)
based therapy at Aichi Cancer Center Hospital between
January 1999 and January 2007. Age (<60 or >60), per-
formance status (PS, <1 or 22), B symptoms (present or
absent), stage (<2 or 23), number of extranodal involve-
ment (<1 or 22), bulky disease (largest diameter of the
discase 210 cm, present or absent) serum lactate dehy-
drogenase (LDH) levels (normal or elevated), ALC at
diagnosis, IPI group (scored from 0 to 5§ by age >60,
stage 23, PS 22, LDH higher than upper limit of normal
range and number of extranodal involvement 22, and
risk groups were classified as low by score 0/1, low-inter-
mediate by score 2, high-intermediate by score 3 and
high by score 4/5), initial treatment (CHOP or RCHOP)
were collected and incorporated as potential prognostic
factors in various analyses, Serum f2microglobulin level
was collected if available but excluded from the survival
analyses because of many missing data.

The Fisher exact tests were used for the descriptive
statistical analyses on categorical data. Overall survival
(OS) and progression free survival (PFS, time from diag-
nosis lo disease progression, relapse or death of any
cause) were calculated using Kaplan—Meier method (5)
and was compared between two groups by log-rank test.
Logistic regression models were used to evaluate the
associations between multiple characteristics and com-
plete response (CR). Patient characteristics were also
analyzed for their association with PFS and OS using
Cox proportional hazard models. In this model, charac-
teristics with P-values <0.10 in the univariate analyses
were included in the multivariate analyses, and a back-
ward elimination with a P-cutoff of 0.05 was used. All
computations were performed in STATA version 9.0
(StataCorp, College Station, TX, USA).

Results

Patient characteristics

Patient characteristics are summarized in Table 1. There
was no significant difference in bascline characteristics
between CHOP and RCHOP group. In patients with
early-stage non-bulky disease, involved field radiation
therapy was performed following three courses of CHOP
(n = 37) or RCHOP (n = 38) therapy. Patients younger
than 65 with age-adjusted IPI score of 2 or 3 were gener-
ally offered an option of upfront autologous stem cell
transplantation after induction therapy, and 20 such
patients (11 after CHOP and nine after RCHOP) under-
went this treatment.

The median value of ALC of entire population was
1.20 x 10°/L (range 0.10-4.64 x 10°/L). ALC was signifi-
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cantly higher in [Pl low risk (median ALC
1.49 x lO’/L], and the values were not significantly dif-
ferent among low-intermediate (median 0.97 x 10°/L),
high-intermediate (median 0.93 x 10°%/L) and high-risk
(median 0.83 x 10°/L) groups (Fig. 1). Low ALC
[<1.2x10°/L (median value)] was associated with
advanced stage, PS 22, elevated LDH, number of extran-
odal involvement 22, B symptoms, clevated fi2microglob-
ulin and higher IPI risk group. Using different cutoff
value of ALC (0.8, 1.0 and 1.4 x 10%L) revealed essen-
tially the same result (data using the cutoff value of
1.0 x 10°/L are shown in Table 1).

Treatment response

Response to initial treatment was evaluable in 210
patients, among whom CR rate was 91.9%. CR rates in
patients with low and high ALC after CHOP were
85.0% (34/40) and 97.3% (72/74), respectively
(P = 0.021). Those after RCHOP were 87.5% (35/40)
and 92.9% (52/56), respectively (P = 0.483), Univariate
analysis using logistic regression model for the chance of
achieving CR revealed that elevated LDH, PS 22, num-
ber of extranodal involvement 22 and presence of B
symptoms were significantly associated with lower chance
of achieving CR. Low ALC [<1.2x 10%L (median
value)] was not significantly associated with low CR rate
{odds ratio of low ALC (<1.2x 10°%L) = 2.63 [95%
confidence interval (CI) 0.894-7.77], P = 0.079}. Other
cutoff values (0.8, 1.0 and 1.4 x 10°/L) were also tested
in association with CR rate, and the association was sig-
nificant when cutoff value of 1.0 x 10°/L was used [odds
ratio of low ALC (<1.0x10°%L) for low CR
rate = 3.29 (95% CI 1.17-9.30), P = 0.024]. The cutoff
value of 1.0 x 10°/L was also found to be optimal in the
survival analyses as shown later. Higher IP] nisk group
was also associated with lower CR rate [RR = 1.68
(1.11-2.55), P = 0.014]. Multivariate analysis revealed
that only PS 22 [RR = 5.47 (1.87-16.0), P = 0.002] and
elevated LDH [RR = 4.66 (1.25-17.3), P = 0.022] were
independently associated with lower CR rate.

Overall survival

The median follow-up duration in the entire population,
CHOP and RCHOP groups were 47, 67 and 29 months,
respectively. Two-year OS rates in CHOP and RCHOP
groups were 82.1 £ 3.6% and 87.0 £ 3.7%, respec-
tively. The Kaplan-Meier OS estimate curves were first
plotted according to ALC groups (<0.61, 0.61-0.80,
0.81-1.00, 1.01-1.20, 1.21-1.40, 1.41-1.60 and
> 1.60 x 10°/L) to find the optimal cutoff value to define
low and high ALC groups. This revealed that OS was
generally longer in patients with higher ALC and curves
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Table 1 Patient characteristics

Parameters nitotal 221) ALC<10x10%L Pvale Rituximst  Pvalue

&l N 86 102

Age Iyn
<60 106 37 0270 47 0.888
>80 115 49 55

Stage
172 136 35 <0.001 62 0.890
/4 85 51

Ps
0N 184 62 0.001 85 1.000
22 37 24 17

LDH
Normal 118 29 <0.001 51 0344
High 102 57 51

Number of extranodal involvement
01 177 58 <0.001 83 0.736
2 44 28 19

B symptoms
Absent 188 65 0.003 B4 0.346
Present 33 21 18

1P
Low 117 28 <0.001 50 0.508
Low-intermediate 37 18 20
High-intermadiate 38 0 19
High kil 20 13

Bulky disease (=10 cml
No 202 79 1.000 80 0.160
Yes 19 7 12

Serumn f2microglobulin
<3.0 mg/dL : -] 33 0.038 43 0.883
23.0 mg/dL 32 18 16
NA 9 35 43

Treatment
CHOP 118 42 0.269 0 =
ACHOP 102 a4 102

ALC
<1.0 x 10%/L 88 86 - a4 0.269
21.0x 10°%/L 135 0 68

PS, Eastern Cooperative Oncology Group Performance Status; LDH, serum lactate dehydroge-
nase level, B symptoms, presence of at least one of the followings — night sweat, weight loss
>10% over 6 months and recurrent fever »38.3°C; IPI, International Prognostic Index; ALC,

absolute lymphocyte count; NA, not avaitable,
Pvalues ware calculated by Fisher exact test.

were grossly separated at a cutoff value of 1.0 x 10°L
(data not shown). To confirm the optimal cutoff values
for determining ‘low ALC’, we next performed sensitivity
analysis, where among candidate cutoff values of 0.8,
0.9, 1.0, 1.1, 1.2, 1.3 and 1.4 x 10°/L, the maximal haz-
ard ratio (HR) was produced with the cutoff value of
1.0 x 10%L [HR = 2.89 (95% CI 1.61-5.17)]. Low ALC
was thus defined to be <1.0 x 10°/L for further survival
analyses. The Kaplan-Meier OS estimate curves, calcu-
lated according to treatment (CHOP and RCHOP) and
ALC (high and low) are shown in Fig. 2A. In CHOP
group, 2-yr OS rates in patients with high and low ALC
were 90.7 £ 3.6% and 66.5 = 7.3%, respectively. Those
in RCHOP group were 92.1 + 3.8% and 79.8 + 7.0%,

respectively. By univariate analysis using Cox propor-
tional hazard model, low ALC was associated with
shorter OS duration in the entire population [HR = 2.89
(1.61-5.17), P < 0.001] or in CHOP group [HR = 3.61
(1.81-7.20), P < 0.001] but the difference was not signif-
icant in RCHOP group [HR = 1.78 (0.599-5.32),
P = 0.298].

Multivariate analysis for OS incorporating all the
characteristics except IPI risk group revealed that PS 22
[HR = 334 (1.82-6.15), P < 0.001], low ALC
[HR = 2.51 (1.38-4.58), P = 0.003] were independently
associated with shorter OS. In this model, rituximab was
forced in the analysis [HR = 0.530 (0.276-1.02),
P = 0.057]. Furthermore, when IPI risk group (analyzed

© 2008 The Authers
Journal compilaton 87 |448-453) © 2008 Blackwell Munksgsard
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P<00001 P=04005 P=03822

Absalute lymphocyles count (x10%L)

Median value (x10%L) 1.49 0.97

Figure 1 Absolute lymphocyte count according to IPI risk group.)
Pwvalues were calculated by non-parametric non-paired Fest
(Man-Whitney 1est),

as a linear parameter) was incorporated instead of five
IPI factors (i.e. age, PS, LDH, stage and number of
extranodal involvement were omitted), low ALC was
associated with shorter OS [HR = 211 (1.12-3.95),
P = 0.019], along with IPI group [HR 1.50 (1.16-1.92),
P = 0.002], where rituximab was again forced in the
model [HR = 0.531 (0.278-1.02), P = 0.056, Table 2].
Removing rituximab from the final model showed the
similar result for both analyses. Analyzing IPI risk group
as a calegorical parameter also showed essentially the
same result [HR of low ALC = 2.05 (1.09-3.86),
P = 0.026, Table 2).

Given that the baseline patient characteristics were
similar in CHOP and RCHOP group (Table 1), OS was
next compared between CHOP and RCHOP groups,
according to ALC group. Use of rituximab was associ-
ated with longer OS in low ALC group [HR = 0.42
(0.18-1.00), P = 0.05] but not in high ALC group
[HR = 0.83 (0.31-2.21), P = 0.71). This suggests that
the prognostic significance of ALC became smaller in the
era of rituximab, as shown earlier, because the absolute
survival benefit from rituximab is larger in low ALC
group than in high ALC group (Fig. 2A). To further
evaluate the significance of ALC and rituximab use, we
next performed subgroup analyses of OS based on IPI
risk group (Fig. 2B,C). In this analyses, we defined two
IPI nisk group [score *0-1'" (n = 117) and *2-§
(n = 104)] because of significantly higher ALC distribu-
tion only in ‘0-1" group (Fig. 1), and limited number of
patients in each low-intermediate, high-intermediate and
high-risk group. The use of rituximab in patients with
IPI *2-5' group with low ALC was associated with
longer OS [HR = 0.35 (0.12-0.98), P = 0.045], but not
in IPI *2-5' with high ALC [HR = 1.02 (0.33-3.13),
P = 0.978], or in IPI *0-1" with low ALC [HR = 0.83
(0.15-4.44), P = 0.824] or in IPI ‘0-1" with high ALC
[HR = 0.42 (0.05-3.67), P = 0.432).

© 2008 The Authors
Journal compilation 81 (448-453) © 2008 Blackwoll Munksgaard
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Figure 2 Overall survival according to absolute lymphocyta count and
use of rituximab.) (A) All patients; (B) IPl score 0-1; (C) IPl score 2-5.
Pwalues were calculsted by Log-rank test. Pvalua for any survival
comparison was >0.1 if not shown.

Progression free survival

We also performed analyses for PFS. Two-year PFS rates
in CHOP group and RCHOP group were 72.8 + 4.1%
and 81.2 + 4.2%, respectively. In CHOP group, 2-yr PFS
rates in high and low ALC groups were 82.8 + 4.3% and
54.6 £ 7.7%, respectively. In RCHOP group, those were
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Tabls 2 The result of multivariste analyses for OS and PFS when IPI
group was anslyzed either as & finear parameter or & categorical
parameter,

Hazard
ratio 95% CI Puyalue

For OS
Low ALC {<1.0 x 10%/1) n 1.12-395 0.019
IP1 as & lnear parametar 1.50 1.16-1.92 0.002
Rituximab [forced in the model) 053 0.278-1.02 0.058
For OS
Low ALC (1.0 x 10%0) 2.05 1.09-3.88 0.026
1Pl

Low-intermediate vs. low 1983 0.831-4.49 0.126

High-intermadiate vs. low 1.28 0.5611-3.27 0588

High vs. low 328 1.18-7.11 0.003
B symptoms 237 1.16-4.83 0018
Rituwximab 0471 0.243-0.915 0.028
For PF5
Low ALC (<1.0 x 10°/L) 217 1.25-3.76 0.008
IP1 as @ linear parameter 1.53 1.22.1.91 <0.001
Rituximab 0.452 0.255-0.801 0.007
For PFS
Low ALC (<1.0 x 10°/L) wn 1.28-3.87 0,005
1Pl

Low-intermediate vs. low 1.52 0.703-3.28 0.287

High-intermediate vs. low 172 0.813-3.62 0.158

High vs. low 3.80 1.95-7.44 <0.001
Rituximab 0.457 0.258-0.810 0.007

84.0 £ 5.3% and 77.8 * 6.6%, respectively. By univari-
ale analysis using Cox proportional hazard model, low
ALC was associated with shorter EFS duration in the
entire population [HR = 2.91 (1.75-4.86), P < 0.001] or
in CHOP group [HR = 3.90 (2.12-7.16), P < 0.001] but
the difference was not significant in RCHOP group
[HR = 1.68(0.647-4.35), P = 0.287]. Multivariate analy-
sis for PFS incorporating all characteristics except IPI
group revealed that PS 22 [HR = 3.40 (1.98-5.83),
P <0001}, low ALC [HR =272 (1.61-4.60),
P < 0001] and rituximab [HR = 0.433 (0.242-0.772),
P = 0.005] were independently associated with shorter
PFS. When IPI group as a linear parameter was incorpo-
rated instead of five IPI factors, low ALC was again
associated with shorter PFS [HR = 2.17 (1.25-3.76),
P = 0.006), along with IPI group [HR 1.53 (1.22-1.91),
P < 0.001] and rituximab [HR = 0.452 (0.255-0.801),
P = 0.007, Table 2]. Analyzing IPI risk group as a cate-
gorical parameter also showed similar result [HR of low
ALC = 2.22(1.28-3.87), P = 0.005, Table 2].

ALC is an objective and reproducible test result, which
can be obtained by basic laboratory equipment. Our
study demonstrated that low ALC is a poor prognostic
factor with regards to OS and PFS. Such prognostic

Okl ot al

value of ALC is in agree with other recently published
studies (3, 6, 7). Although the actual mechanisms of this
association between low ALC and poor prognosis is
unclear, possibilities include: (i) low ALC may be associ-
ated with already immunosuppressed condition, suggest-
ing that the host tends to have an inadequate
immunological reaction; (ii) low ALC may be a conse-
quence of lympholytic cytokines produced by lymphoma
cells, and such lymphoma may already have a resistant
character by itself; or (iii) the combination of these two
or other.

The prognostic value of ALC was most remarkable in
patients treated with CHOP without rituximab. The dif-
ference of prognostic impact between CHOP and
RCHOP groups is largely because of the improvement of
survival by rituximab in patients with low ALC. Particu-
larly in the group of IPI score 2-5, treatment with ritux-
imab significantly improved survival of patients with low
ALC, but not significantly that of patients with high
ALC. Analogy of this prognostic value of low ALC is
that of expression of BCL2, which was a significant poor
prognostic indicator before the emergence of rituximab
but not in the era of rituximab (8).

Obvious limitation of this comparison is that salvage
regimens might or might not have contained rituximab in
relapsed patients in CHOP group (although this would
not affect OS), and that the patients were not randomized
(although characteristics shown in Table 1 were similar in
the two groups). Although not using rituximab in addi-
tion to CHOP in any patients with DLBCL may not be
justifiable given the little toxicity and significant potential
benefit (9, 10), it should be noted that the absolute sur-
vival benefit is likely larger in patients with low ALC than
in those with high ALC, in the era of multiple target ther-
apy agenis (currently approved or not) which may lead to
expanding costs with significant impact on the economy.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) constitutes
the largest category of aggressive lymphomas, and is
considered to have heterogeneous biological proper-
ties."? The phenomenon of CD5 expression in DLBCL
evolving de novo, and not as a result of the transforma-
tion of chronic lymphocytic leukemia and mantle cell
lymphoma, was first described by Matolesy er al in
1995. Since then, accumulating clinicopathological evi-
dence has gradually clarified that de novo CD5-positive
(CD5") DLBCL constitutes a unique subgroup of
DLBCL.*** De move CD5* DLBCL is associated with
onset in old age, female predominance, advanced stage
at diagnosis, the presence of B symptoms, high levels of
lactate dehydrogenase, and the frequent involvement of
extranodal sites. The genetic analysis of this lymphoma
has suggested that it may originate from somatically
mul:ate? CD5" progenitor B cells.**** Moreover, an
analysis using ¢cDNA microarray and comparative
genomic hybridization technology demonstrated that
de novo CDS* DLBCL is distinct from CD5- DLBCL and
mantle cell lymphoma.”'*" Cytogenctic analysis identi-
fied a subgroup of patients with de nove CD5* DLBCL
with chromosomal abnormalities in Bp21 or 11q13 who
have a poor prognosis."

We reported that de nove CD5* DLBCL tumors usual-
ly show a centroblastic morphology, and 19% show an
intravascular or sinusoidal growth pattern.” However,
CD5 is expressed in some cases of intravascular large B-

cell lymphoma™® and T-cell-rich B-cell lympho A
Z: n

and cases of CDS5* follicular lymphoma™® a
Burkitt's lymphoma® have been reported. The D&
ship between these tumors and de movo CD5"

remains to be clarified. We reported CD5*
DLBCL shows an aggressive clinical ¢ ith a 5-
year overall survival rate of 34%." 1, the medi-
an observation period in our p tudy was 33
months; the results should, the confirmed by

long-term survival analysi
To clarify the histo gical spectrum of CD5'
DLBCL and obtain ne tion on the therapeutic
implications, we perfo a detailed clinicopathologi-
cal review and long-term follow-up analysis in a larger
number of patients with de novo CD5° DLBCL.

Design and Methods

Patients

We selected 120 patients with de novo CD5® DLBCL
from 13 collaborating institutes. All patients were diag-
nosed between 1984 and 2002 as having DLBCL accord-
ing to the WHO classification,’ and they had no past
history of any other lymphoproliferative disorders. All
specimens for histological and immunophenotypic
studies were obtained at the initial presentation of the
patients, and were examined for CD5 antigen expres-
sion by means of low cytometry and/or immunohisto-
chemistry. All patients were immunohistochemically
confirmed to be cyclin D1-negative. The current series

| 1196 | haematologica | 2008; 83(8)

includes 101 of 109 de nove CD5' DLBCL cases
described in our previous study." Seven patients who
Fulfilled the diagnostic criteria for intravascular large B-
cell lymphoma® and one patient with follicular coloniza-
tion were excluded. The study was approved by the
Ethics Committee of Mie University Graduate School of
Medicine, and complied with the Helsinki Declaration.

Clinical information was obtained from the hospital
records or supplied by the physicians at the collaborat-
ing centers.

Morphological evaluation

Tissue was fixed in 10% formalin and embedded in
paraffin. Sections (5 um thick) were stained with hema-
toxylin and eosin. We examined all the 120 initial diag-
nostic specimens of the de movo CD5° DLBCL cases,
consisting of 85 lymphatic tissues such as lymph node,
extranodal tissues
. All cases were blind-
authors (MY, NN, and
T we discussed the cases
icroscope to reach a con-

while using a mul
SENsus.

Immunophe @shﬂly
I.m.munol-n: %hmucal and flow-cytometric analyses
were m as described previously.”™ The mono-
clo ies used were Leud (CD3), Leul (CDS5),
and (CD10) (Becton Dickinson, Mountain View,
USA); J5 (CD10) and B1 (CD20) (Coulter, Hialeah,
SA); H107 (CD23) (Nichirei, Tokyo, Japan); MHME
23), BerH2 (CD30), UCHL1 (CD45RQ), HM57
(CD79a), anti-immunoglobulin (Ig)G, anti-IgA, anti-IgM,
anti-IgD, anti-kappa, and anti-lambda (DAKO,
Carpentaria, CA, USA); 4C7 (CD5) and NCL-CD10
(CD10) (Novocastra, Newcastle, UK), and cyclin D1
(IBL, Gunma, Japan). More than 20% positivity of the
tumor cells was considered to indicate positivity for the
purposes of this study. Based on preliminary data that
the incidence of CDS5 positivity in DLBCL examined
with paraffin material is approximately half of that
examined using frozen sections, and that it can be
increased using more sensitive immunohistochemical
methods (Yamaguchi M et al, presented at the Annual
Meeting of the Japanese Society of Lymphoreticular Tissue
Research, 2000), CD5 expression was examined primari-
ly by How cytometry and/or immunchistochemistry in
the frozen sections from 104 cases of de movo CD5
DLBCL. In the remaining 16 cases, CD5 expression was
examined immunohistochemically using paraffin-
embedded sections. In fact, 75% or more of the neoplas-
tic cells were confirmed to be positive for CD5 in the
cases examined using paraffin-embedded material alone.
BCL2 protein expression was examined by means of
immunchistochemistry using paraffin sections and a
monoclonal antibody (BCL2, DAKO). Paraffin-embed-
ded material for this study was available in 96 out of
120 cases, Staining for BCL2 was performed at the Aichi
Cancer Center, and the data were compared with those
for 150 cases of CD5- DLBCL, which were sequentially
diagnosed at the Aichi Cancer Center during the same
period as the de novo CD5* DLBCL cases. The reaction
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for BCL2 protein was classified as positive if more than
50% of lymphoma cells were stained ™

We also classified de novo CD5* DLBClmmnvosub-
groups, Le., germinal center B-cell and cen-
ter B-cell types.® From the file of hi conmlnl:im
for diagnosis at the Aichi Cancer Center in the period
from 2000 to 2004, 44 cases of de novo CD5* DLBCL were
selected for this analysis. Staining for CD10, BCL6 (NCL-
BCL6, Novocastra), and MUM1 (MUM1p, DAKO) was
performed on paraffin sections.® Cases were considered
positive if 30% or more of the neoplastic cells were
stained with an antibody. Subsequently, each case was
classified into germinal center or non-germinal center B-
cell types according to the criteria of Hans &2 al®

Statistical analysls

Correlations between the two groups were examined
with the i’ test and Fisher's exact test. Patients’ survival
data were analyzed with the Kaplan-Meier method and
were compared by means of the log-rank test
Univariate and multivariate analyses were performed
with the Cox proportional hazard regression model,
and data were analyzed with STATA software (version
9.0, STATA Corp,, College Station, TX, USA).

Results

Histopathological review and characterization
of morphological variants

At a low magnification, total or partial
the nodal architecture with a diffuse (118 patients, 9
or vaguely nodular pattern (2 patients, 2%) of#
proliferation was observed. In ten patients (836))
tumor cells were distributed throughout the i
ular area, while the follicles wi:uch
mantle cuffs were spared.

In the current study, pamcular
the presence or absence of i
soidal patterns. Although
varied in each case, th
ined (38%). In the §

d their

un was paid to
and/or sinu-
l: of such patterns
een in 45 cases exam-
ens of lymph node obtained
from 31 patients, infiltrated diffusely and
focal intrasinusoid tration was observed simulta-
neously. In the specimens of bone marrow from seven
patients, spleen from two patients, and Waldeyer's ring
from one patient, lymphoma cells were observed main-
ly in the sinusoids. In the other patients, a specimen was
taken from the tumor in the nasal cavity, stomach,
breast, and testis. In those specimens, lymphoma cells
infiltrated diffusely, and focal intravascular infiltration
was also observed. There was no significant difference
in the incidence of intravascular and/or sinusoidal pat-
terns between lymphatic (34/85, 40%) and extrancdal
(11/35, 31%) specimens.

The size of tumor cells was medium-to-large in 19
cases, mixed medium and large in 14 cases, and large in
87 cases. The tumor cells generally showed a scant or
moderate rim of pale baso- or amphophilic cytoplasm.
OF note, bi-nucleated tumor cells with a snowman-like
morphology were frequently observed in our series (101
out of 120 cases, 85%) (Figures 1A and 2B). Apoptotic

cells were observed in 21% of the cases.

We classified de novo CD5* DLBCL according to cyto-
morphological features (Figure 1). In 91 (76%) of 120
patients, monomorphic proliferation of typical centrob-
lasts was observed, although a few scattered giant cells
were seen in nine patients, We regarded these features
as the prototype of de movo CD5* DLBCL and referred to
‘it as the common variant. In 13 (11%) out of the remain-
ing patients, there was an increase in very large cells
with giant or multiple nuclei, varying from 10 to 30% in
area and intermixed with centroblasts and
immunoblasts. We referred to this as the giant cell-rich
variant. This could correspond to the anaplastic variant
of DLBCL according to the WHO classification.’ While
the giant cell-rich varant was thus shown to have a
polymorphous composition, monomorphous areas
with relatively small cells were also usually identified,
suggesting that there is istological continuum
between the common teell-rich variants. CD30
was positive in 23% o (8/13). In 14 patients
(12%), tumor cells irregularly shaped nuclei,

2

Figure 1. Cy of four vark of de novo
CD5" DLBCL. Moulll,wrllhvmmadumhllrtahllu.nm
mﬂmﬂmnmbmﬂilhmmmmm]
Common variant, which can be described
Mmmmmmuumm
(m{s)mmummm‘ phic
terized by g f with medium and
cells. The immunoblastic variant (D) was rare in our case series.

Figure 2. his nical 1y

=
?

cells positive for CDS (A) and BC
Wu&cﬂnﬁf&hunhmn{l%}.

haematologica | 2008; 93(8) | 1197 |



M. Yamaguchi et al.

i.e., indented or multilobated, and were usually charac-
terized by a mixed morphology, which was referred to
as the polymorphic variant. Pure proliferation of
immunoblasts was seen in only two patients (1%), and
was termed the immunoblastic variant. Intra-
vascular/sinusoidal infiltration was observed in 26% of
the common variants, 62% of the giant cell-rich vari-
ants, 14% of the polymorphic variants, and 0% of the
immunoblastic variants. The giant cell-rich variant was
associated with intravascular/sinusoidal infiltration
more frequently than the common variant (#=0.01).

Clinical features according to morphological variants

The patients’ main characteristics and therapeutic
results according to morphological categorization are
summarized in Table 1. We compared the clinical char-
acteristics between the current group of 120 patients
with de nove CD5* DLBCL and 384 patients with CD5"
DLBCL in our previous study." Our previous findings
on the clinical features of de nove CD5* DLBCL such as
an older age, at onset, female predominance, frequent
extranodal involvement, and higher International
Prognostic Index (IPI)* score were confirmed in the cur-

The clinical features, including the five factors of the
IP1* were not significantly different among the four
morphological variants of de movo CD5* DLBCL. The
bone marrow, liver, and spleen were the most frequent-
ly involved anatomical sites irrespective of the morpho-
logical variant (data not shown),

Atypical lymphocyte concentrations (range, 11 to
78%) were noted at presentation in the peripheral blood
smear of four cases, whose white blood cell counts
ranged from 6,000 to 41,000/mm'. None of these
patients showed marked splenomegaly and the mor-
phology of leukemic cells differed from that of B-cell
prolymphocytic leukemia cells.

Immunophenotyplc features

BCL2 protein was expressed in 86 out of 96 tumors,
and observed in more than 70% of the tumor cells in
almost all positive cases (Flgu:: . This incidence was

significantly higher than that - DLBCL cases
(105/150, 70%; p=0.0003). 2,@

As for the molecular tion system established
by Hans er al.* es (82%) of de novo CD5*

the non-germinal center B-

rent group of 120 patients (data not shown), cell type. T i atients (68%) showed the
CD10BCL6 * immunophenotype. CD10 was
posmv: in atients (16%), BCL6 was negative in
Table 1. Clinical features of the patients with de novo CDS" diffuse /970 ses examined (33/42), and MUM1 was
large B-cell lymphoma. pos % of the cases (42/44), Only one patient
Lhe CD10"BCL6*"MUM!" immunophenotype.
Bt Common Giant celbrich & lroaotliits ong the four morphological variants, the common
(n=120) (n=81) (n=13)  (n-14) (n=2) Qﬁaﬂt was positive for Ig-x more frequently than either
(%) (%) (%) (%) N{.‘ O e giant cell-rich (#=0.05) or polymorphic (p=0.03) vari-
., ant.As for other expression of other antigens there were
fe Mhamm no significant differences among the morphological
Madian 66 53 7 !71 variants of de nove CD5* DLBCL (data not show).
Range 22-91 2291
Over G0 yearsold 84 (70) 64 (70) 9 tﬁ!’:} mﬂﬂ} Therapeutic outcome and long-term survival
" S~ (é according to histopathological variants
(malefemale) Clinical follow-up data and information about the
first-line therapy were available for all patients. The
Performance 39(33) 27(30) 4 @ 643  2(100) treatment consisted of chemotherapeutic regimens
et >1 including anthracycline for 104 patients and without
& anthracycline for three. No patient was treated with rit-
mm o 5@ Him atw -aem uximab in the first-line therapy. Seven patients with
localized disease were treated with radiotherapy or sur-
Stage lli/IV T3(E1) S4(39)  9(69 B(5T) 2(100) gical resection alone as first-line therapy. Six patients
who did not receive any therapy because of their poor
m& N etn &R am 1150 performance status all died of their disease. A complete
Moethanonesite 20(24) 20(22) 4 (31) 5(36) 0(0) response was achieved on first-line therapy in 77 (68%)
out of the 114 patients who received treatment. Seven
International patients were lost to follow-up within 5 years after the
::MWH N BED 1E ey 0(0) diagnosis. The median observation time of surviving
lowintemediate 30 (25) 26(29) 4 (31) 0(0) 0(0) patients was 81 months. The 2-year overall survival rate
Highintermediate 19 (16) 11(12)  4(31) 4(29) 0(0) of all 120 patients, estimated by the Kaplan-Meier
High 41(34) 29(32) 431 6(43) 2(100) method, was 52%, and the 5-year overall survival rate
m«m lﬂiﬁif 3{5:08]8- 5(38) 7(50) 2(100) w;slsa% (Figure 3A). ‘ ‘
e collected data on sites of involvement at
Complete /14 B4/86  5/12(42)  7/14 1/2 (50) relapse/progression. Among all 120 patients with de novo
fesponse rate ©8) (14 (50) CD5° DLBCL, 16 patients (13%) developed central nerv-
Byenr 03 ke G W (15) @) P ous system (CNS) recurrence (Table 2). All these patients

LDH: lactate deirydrogenase; OS: overall survival
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were treated with anthracycline-containing chemother-
apy as a front-line treatment. One patient had brain
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involvement at diagnosis. She achieved a complete
response following front-line therapy, but develop recur-
rence in the thoracic spinal cord. The other patients did
not show any CNS involvement at diagnosis. Twelve
patients experienced CNS relapse after achieving a com-
plete response. Of these, eight experienced isolated CNS
relapse while the CNS relapse was associated with a
systemic relapse in the others. Four patients experienced
CNS disease progression during the first-line treatment.
The median age of all 16 patients with CNS relapse was
64 years (range, 28 to 85). Of note, all but three patients
were over 60 years old. Seven were male and nine were
female. The serum lactate dehydrogenase level was ele-
vated in 13 of these patients and performance status was
higher than one in seven patients. Five patients showed
more than one extranodal site of involvement. Nine

De novo CD5° DLBCL

patients were categorized as having a high-intermediate
or high risk, according to the [Pﬁe median time from
diagnosis to CNS recurrence was 16 months. We com-
pared therapeutic outcome and survival data in the 120
paients with de novo CD5* DLBCL according to the mor-
phological variants. The complete response rate was
lowest (42%) in patients with the giant cell-rich variant
of de nove CD5* DLBCL, and was significant different
from that in patients with the common variant (p=0.02,
Table 1), Five-year overall survival rates for patients with
common, giant cell-rich, polymorphic, and immunoblas-
tic variants were 44%, 15%, 21%, and 0%, respectively
(Table 1, Figure 3B). The survival curve of patients with
the common variant was significantly better than that of
patients with the other three variants combined
(p=0.011, Figure 3C). The presence of intravascular/sinu-

D
ST

100 100
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80 80
70 70
¥ »
R .
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* % * 2
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L] 5 vy 10 5 0 e 10 15 lar/sinusoldal

Table 2. Clinicopathological features
tam recurrence.

ts with de novo CD5" diffuse large B-cell lymphoma who experienced central nervous sys-

o
N Age/ser  Stage etmnodal PS  LDH 1Pl Histologicl M. CR Sites of Period from Survival,
»1 >N score variant  pattem recurrence diagnosis to CNS  (monlhs)
recurrence (months)  outcome
1 62/M 1A Lung, stomach, Y 4 Common CNS 2 8,000
kidney, gngva
2 /M A Y 3 Polymorphic CNS 2 4,000
3 T6/M 1A Y 2 Common CNS 3 9,000
4 B1/F VB BM ¥ X 4 Comman i ¥ CNS 5 9,000
5 BI/M VB Liver, BM Y L 5 Comman ¥ { § CNS 6 23,000
] B5/M 1A Y Y 4 Common NS < 1,000
7 BYF WA Brain, pleura Y Y 5  Common Yoo NS 8 18, DOD
B2/F 111 ¥ Y 4  Immunoblastic Y NS, LN, lives, 8 18, D00
ascites, BM
9 38/F 1] BM 2 Common ¥ NS 4 72,000
10 G&/F 1} Bone, uterus ¥ ] Comman ¥ NS (intraocular) n 43, AWD
1 M ] Liver, BM Y 5 Common Y Pehvis,CNS k] 40, D0D
12 28F 1A Breast 0  Common Y CNS (intraocular) 57 B6, AWD
13 S50/m g ¥ 2 Giant cell-ich Y Y CNS 60 74,000
14 B9fF 1A 1 Common Y CNS, etc. n 80, 00D
15  6IfF A Y 2 Common Y Y CNS (intraocular) B4 B4,AWD
16 T4F '} 1 Common Y N 96 98, DOD
PS: performance LDH: lactate delrydroginare; IVL: L dal; CR: i s Y: yer; BM: bone marvow; LN: node; DOD: died
disease; AWD: m& disedre. = ' : i bph I
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soidal infiltration also had an impact on survival
(#=0.025, Figure 3D). The results of univariate and mul-
tivariate analyses to assess the impact of clinical and
morphologic features on overall survival in de novo CD5*
DLBCL patients are shown in Table 3. Univariate analy-
sis identified the five risk factors of IPI, morphological
variants, and intravascular/sinusoidal infiltration as
prognostic factors important for overall survival. The
presence of either snowman-like cells or a higher mitotic
ratio (> 4/one high-power field on average) was not
associated with a reduced overall survival (data not
shown). Multivariate analysis adjusted for the five risk
Factors of the IPI confirmed the independent prognostic
significance of histological categorization for overall sur-
vival (Table 3). Among the prognostic factors, the mor-
phologic variant, age, performance status, and serum
lactate dehydrogenase level were significantly associat-
ed with survival.

Discussion

We clarified detailed cytomorphological features of de
novo CD5* DLBCL. A German study also documented
morphological features in their series of 13 cases of de
nove CD5* DLBCL, identifying eight centroblastic
(62%), three immunablastic (23%), and two unclassi-
fied DLBCL with irregular nuclei (15%).* Our findings
generally appeared to be in keeping with those of the
German study; however, the percentage of
immunoblastic lymphoma cases (23%) was higher in
the German study than in ours (2%). DLBCL develo
ing in the setting of small lymphocytic | k%
ma/chronic lymphocytic leukemia (Richter’s
evidently tend to be characterized by an immunobla I::c
morphology and the expression of CD57 g
incidence of chronic lympho
of that in Westem countries.
sion was mainly examined using f
majority of studies of de novo fo
while it was examined in pafaffigf
the studies in Westem countries.
of de novo CD5* DLB 'm ges from 4% (4/101)® to
10% (24/240),* which® s to be almost the same as
that reported in Western series."” Since only two cases
have been included in the current study, the clinico-
pathological features of the immunoblastic variant of de
novo CD5* DLBCL remain unknown. International
cooperative studies are needed to verify the hypothesis
that these facts may explain the conflicting data. Since
de novo CD5* DLBCL has various histopathological
appearances, CD5 immunostaining should be per-
formed routinely in cases of DLBCL.

In the current study, intravascular/sinusoidal patterns
to various extents were observed in 38% of the cases of
de novo CD5* DLBCL. As Murase et al. demonstrated
recently,” de novo CD5* DLBCL with an intra-
vascular/sinusoidal pattern showed intermediate fea-
tures in terms of aggressive clinical behavior and prog-
nosis between de movo CD5* DLBCL without an
intravascular/sinusoidal pattemn and CD5* intravascular
large B-cell lymphoma, suggesting that a part of the two

‘gmbedded mateml in
Japan, the incidence
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Table 3. Pi fi affecting overall survival of patients
with de novo , CD5* dﬂ‘fun large Bcell lymphoma.

Unfavorabie Uniariate Muttivariate
Variables  facte  HR  (C) pHR (C) p
Comparison with risk factors

uapm Not 185 (114301) 001 167 (202275 0.04
M.nm o 166 (106260 003

Age >60years 237 (1.44-392) 0001 131 (1.15:3.19] 0.;)1
Performance 24 281 (181437 <0001 177 (1.11-2.85) 0.02
status

LDH >Nomal 371 (2.14-643) <0001 256 (143-4.61) 0.002
Stage /N 234 (148-369) <0001 . -
Ddanodal  >1site 172 (L07-277) 003

diseases

Bsymptoms Present 2.08 (1.363.19) <0.00

Comparisan with P category

Momphological Mot 185 (1. 14—31: '@ 144 (0.87:236) 0.15
variants comman

Plestegoy H/H 332 1 314 (2.00-492) <0.001
VL pattem  Presant  1.66 181 (1.14-286) 001
IPicategory  HI/H J& .15) <0001 346 (2.21-5.41) <0.001
Hmhudn&ww-d;ﬂv&h intermediate or high risk
category of IPJ; IVL: /sinusoidal; LDH, lactate delrydrogenase.
diseases s. In the present study snowman-like, bi-
nu lls were frequentdy observed in de novo
CD5*SDLBCL. Further studies in CD5" DLBCL and

*intravascular large B-cell lymphoma are needed to
{e uate their diagnostic significance in de movo CD5*
DLECL.

The aggressive clinical feature of de nove CD5* DLBCL
that we previously reported" was confirmed by the cur-
rent study and a recent study that was conducted using
tumor specimens from patients with DLBCL uniformly
treated with anthracycline-based chemotherapeutic reg-
imens in a prospective, multi-center clinical trial¥ In
contrast, it has been reported that the expression of
CD5 in DLBCL did not affect overall survival.” Recent
studies revealed that patients with de novo CD5* DLBCL
with Bp21-associated chromosomal abnormalities" and
with 9p21 loss in comparative genomic hybridization
analysis™ have an extremely short survival, The exis-
tence of these highly aggressive subgroups of de novo
CD5* DLBCL may explain the heterogeneity in the
prognosis of this disease, The possible role of the CD5
molecule in the aggressiveness of de novo CD5* DLBCL
remains unknown. It has been reported that CD5 sup-
ports the survival of B cells by suimulating the produc-
tion of interleukin-10 and by down-regulating B-cell
receptor signaling.® This molecular basis may explain in
part why de novo CD5* DLBCL shows more aggressive
clinical features than CD5" DLBCL.

According to the criteria established by Hans er al,®
B2% of the cases examined in the present study were
non-germinal center B-cell DLBCL. Our results suggest
that de novo CD5* DLBCL is mainly classified into the
non-germinal center B-cell type, and may provide a clue
to clarify the aggressiveness of such DLBCL. Our pres-
ent study also revealed that de novo CD5° DLBCL typi-
cally shows the BCL2® BCL6" immunophenotype.
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Recent clinical studies suggest that the prognosis of
DLBCL expressing BCL2 protein, BCL6 protein-nega-
tive DLBCL, and DLBCL of the non-germinal center B-
cell subgroup is improved by rituximab-containing
chematherapy.™" In our previous study published in
2002, no patients had been treated with rituximab." In
the present study, some patients had been treated with
rituximab as a part of salvage therapy; however, the
overall survival was almost the same as that in the pre-
vious study and was not clearly improved. The thera-
peutic impact of adding rituximab to first-line therapy
in de nove CD5* DLBCL needs to be evaluated in the set-
ting of a well-designed clinical trial.

The overall incidence of CNS recurrence in aggressive
non-Hodgkin's lymphoma excluding lymphaoblastic
lymphoma/acute lymphoblastic leukemia and Burkitt's
lymphoma is approximately 5%,“* and the incidence
in DLBCL seems to be less than 5%. The incidence of
CNS recurrence in the present study, 13%, was marked.
Maost of our patients with CNS recurrence had an ele-
vated level of serum lactate dehydrogenase, which has
been reported as a potential risk factor for CNS recur-
rence in aggressive lymphoma.® In contrast, most of the
patients with CNS recurrence were over 60 years old,
which was reported to be a favorable factor in a study
of a large number of patients.” To establish an optimal
therapeutic strategy for CNS prophylaxis in DLBCL, the
relationship between CD5 expression and CNS recur-

rence in DLBCL should be examined in future studies, .

In conclusion, our study provides new clinicopath
logical information on de movo CD5* DLBCL. De
CD5* DLBCL shows many unique clinicopathol

and genetic features. Further studies are nee .
ify molecular mechanisms in highly a sub-

groups of de novo CD5* DLBCL.

Appendix
List of participating institutes CD35* DLBCL
histology project: Akita Unwmuy of Medicine, Akita
ivagi Hospital, Saka

Kumiai General Hospital, N
General Hospital, Toho ity School of Medicine,

De novo CD5° DLBCL

Sendai City Hospial, Furukawa City Hospital, Fukushima
Medical College, Iwaki General Hospital, Ohta Nishinouchi
General Hospital, Takeda General Hospital, Toleyo Women's
Medical University Daini Hospital, Saitama Medical School,
Maisudo Municipal Hospital, Higashi Matsudo Hospital,
Kameda General Hospital, Niigata University, Toyama
Prefeaural Central Hospital, Kanazawa University, Notwo
General Hospital, Nagano Municipal Hospital, Nagane Red
Cross Hospital, Hamamatsu Medical Center, Inazawa
Municipal Hospital, Aichi Prefectural Hospital, Toyota
Memorial Hospital, Fujita Health University School of
Medicine, Nishio Municipal Hospital, Toyohashi Municipal
Hospital, Olkazaki Municipal Hospital, Ichinomiya
Municipal Hospital, Japanese Red Cross Nagoya First
Hospital, Nagoya Memorial Hospital, Nagoya City
University Medical School, Nagoya Ekisaikai Hospial, Aichi
Cancer Center, Suzuka Chuo General Hospital, Suzuka
Kaisei General Hospital, Mie rsity School of Medicine,
Maisusaka Municipal Ho. tsusaka Chuo General
Hospital, Matsusaka General Hospital, Yamada
Red Cross Hospital, icipal General Hospital, Kyoto
University, Kyo ral University of Medicine, Rinku
General Medi nter, Okayama University Medical
School, O Saiseikai General Hospital, Chugoleu
Central

S

of the Mutual Aid Association of Public
ers, Okayama Red Cross General Hospital,
niversity School of Medicine, Kyushu Cancer
rer, Kyushu University, and University of the Ryukyus.
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Remission induction therapy containing rituximab markedly
improved the outcome of untreated mature B cell lymphoma
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Non-Hodgkin lymphoma (NHL) is one of the leading causes
of cancer death, and its incidence is increasing. The majority of
NHL has a B cell phenotype. Almost all B cell lymphomas

First published online 20 October 2008

Summary

Many controlled clinical trials have proven that rituximab improves the
clinical outcome of patients with mature B cell lymphoma. This study was
conducted to assess the contribution of rituximab in the actual clinical
practice. Patients with newly diagnosed mature B cell lymphoma treated at 20
National Hospital Organization hospitals from January 2000 to December
2004 were consecutively registered. Rituximab was approved in September
2002 for indolent B cell lymphoma and in September 2003 for aggressive B
cell lymphoma in Japan. The patients were divided into two groups
depending on whether they received induction therapy containing rituximab.
The endpoint was to evaluate the rituximab benefit based on 2-year
progression-free survival (PFS) and 2-year overall survival (OS). A total 1126
patients received chemotherapies. Of these, 762 were diagnosed as diffuse
large B cell lymphoma (DLBCL) and 215 as follicular lymphoma (FL). PFS
and OS were markedly improved in the rituximab group compared with the
non-rituximab group in patients with DLBCL (both P < 0-001) and in
patients with FL (P < 0001 and P = 0:003 respectively). Rituximab, when
used for remission induction therapy, significantly improved the clinical
outcome of the mature B cell lymphoma patient in actual clinical practice.

Keywords: rituximab follicular lymphoma, diffuse large B cell lymphoma,
clinical practice.

express CD 20 antigen on the cell surface. Rituximab, a
chimeric anti-CD20 monoclonal antibody, was developed and
is now widely used to treat B cell lymphoma. Many dinical
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studies have established the effect of rituximab against B cell
lymphoma (MacLaughlin et al, 1998; Czuczman et al, 1999,
2004; Coiffier et al, 2002; Forstpointner et al, 2004; Hidde-
mann er al, 2005; Lenz et al, 2005; Marcus et al, 2005; Rivas-
Vera et al, 2005; Habermann et al, 2006; van Qers et al, 2006;
Pfreundschuh er al, 2006, 2008; Herold eral, 2007). The
toxicity of rituximab has been generally graded as 1 or 2, and it
occurs with the first infusion (MacLaughlin er al, 1998); the
safety of rituximab when combined with chemotherapy has
been shown to be similar to that of chemotherapy alone.
Randomized phase 111 studies have proven the survival benefits
of the addition of rituximab to multi-agent chemotherapy for
patients with untreated follicular lymphoma (FL) (Hiddemann
ef al, 2005; Herold er al, 2007) and those with untreated
diffuse large B cell lymphoma (DLBCL) (Coiffier et al, 2002;
Pfreundschuh er al, 2006, 2008;). A systematic review also
showed the clinical impact of rituximab for low-grade B cell
lymphoma (Schulz er al, 2007). These data demonstrated that
rituximab has an indisputable benefit for patients with
untreated and relapsed/refractory B cell lymphoma who were
enrolled in well controlled clinical studies. One population-
based retrospective analysis by the British Columbia Cancer
Registry assessed the effect of rituximab in combination with
cyclophosphamide, doxorubicin, vincristine, prednisone
(CHOP) for DLBCL and demonstrated improvement in
treatment outcome (Sehn er al, 2005). This survey revealed
that rituximab contributed to the management of DLBCL in
clinical practice. However, the cases studied were restricted to
those with DLBCL who received CHOP (with/without ritux-
imab) with curative intent. Therefore, no study has reported
the clinical benefit of rituximab in patients with B cell
lymphoma in actual clinical practice, To address this point, a
retrospective survey comparing patients with B cell lymphoma
treated with and without rituximab was conducted. The results
showed remarkable improvement in the survival of patients
with FL and those with DLBCL, which account for the
majority of mature B cell lymphoma patients, by the addition
of rituximab in actual clinical practice.

Patients and methods

This was a retrospective cohort study that examined the clinical
outcome of all untreated patients with B cell lymphoma who
visited the haematological department of 20 hospitals belonging
to the National Hospital Organization (NHO), a major, nation-
wide hospital group in Japan, from January 2000 to December
2004. This research group was founded for the purpose of
creating and generalizing clinical evidence in the haematological
field by NHO and is called the Clinical Hematology Group of
NHO (CHG-NHOQ). In Japan, rituximab was approved by the
Ministry of Health and Labour for the treatment of low-grade B
cell lymphoma in September 2002 and for the treatment of
aggressive B cell lymphoma in September 2003. The patients
with B cell lymphomas were divided into two groups (the
rituximab group and the non-rituximab group) based on
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whether they had received induction therapy containing
rituximab in order to determine the benefit of rituximab as
part of first remission induction therapy. This study received
approval by the responsible ethics committee,

Patients

The patients included in this study were older than 15 years
and were newly diagnosed as having mature B cell lymphoma
with CD 20 expression by pathological or cytological exam-
ination during the period of the study. The pathological
diagnosis of cach institution was used. Both limited and
advanced stage patients based on the Ann-Arbor classification
were included (Carbone et al, 1971). Patients were excluded if
they were human immunodeficiency virus (HIV)-positive or
had central nervous system involvement at the time of
presentation, All patients fitting the above criteria were serially
enrolled. Final statistical analysis was performed for patients
who received systemic chemotherapy, whether or not the
intention was curative,

Clinical characteristics of the patients included in this
survey

All patients’ pathological diagnoses were done based on the
WHO classification. Age, Eastern Cooperative Oncology Group
(ECOG) performance status (PS), lactate dehydrogenase
(LDH) levels, clinical staging (Ann-Arbor classification),
number of extra-nodal lesions (0, 1 vs. 22) were also collected
and used to calculate the International Prognostic Index (IP1)
(The International Non-Hodgkin's Lymphoma Prognostic
Factors Project, 1993) and the revised IPI (R-IPL; Sehn ef al,
2007). The primary remission induction therapy regimen of all
enrolled patents was determined. Usage of rituximab was the
focus of this investigation. The kinds of chemotherapy were
divided into two groups: those containing anthracyclin and
those not containing anthracyclin,

A complete response to treatment was defined as the
disappearance of all clinical evidence of disease. Progression-
free survival (PFS) was defined as the interval from the
diagnosis to the first recurrence of disease (progression or
relapse), death from any cause, or the date of the last follow-up
in patients who had no relapse. Overall survival (OS) was
defined as the interval from diagnosis to death from any cause.
Systemic therapy was initiated promptly after diagnosis for
almost all of the patients (usually within 1 month).

Statistical analysis

The patients’ clinical characteristics and treatment outcomes
were compared between patient groups who received systemic
chemotherapy with and without rituximab for first induction
therapy. The primary endpoint of this study was to confirm the
benefit of rituximab for patients with B cell lymphoma when
used in remission induction by evaluating the 2-year PFS and
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