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Purpose

Ritl‘}ximab with cyclophosphamide, doxorubicin, vincristine, and prednisone {(R-CHOP) is one of the
most effective front-line therapies to treat indolent B-cell lymphoma. Granulocyte colony-
stimulating factor (G-CSF), which potentiates antibody-dependent rituximab cytotoxicity, is used to
shorten CHOP intervals. To improve progression-free survival (PFS) in patients treated with
R-CHOP as the primary end point, we conducted a phase Il study.

Patients and Methods

Patients with untreated stages Il to IV indolent B-cell lymphoma were randomly assigned to six
cycles of R-CHOP every 3 weeks (R-CHOP-21) or every 2 weeks (R-CHOP-14) with G-CSF.
Maintenance rituximab was not allowed.

Results .

Three hundred patients were enrolled. At the median follow-up time of 5.2 years, there was no
significant difference in PFS between arms for the 299 eligible patients; the median was 3.7
(R-CHOP-21) v 4.7 (R-CHOP-14) years, 57% v 58% at 3 years, and 41% v 43% at 6 years,
respectively (hazard ratio [HR], 0.92; 95% Cl, 0.68 to 1.25; one-sided P = .30). The median overall
survival (OS) time was not reached in either arm, and there was no significant difference (6-year
0S: 87% [R-CHOP-21] v 88% [R-CHOP-14]; HR, 1.15; 95% Cl, 0.57 to 2.30; one-sided P = .65).
Although grade 4 neutropenia and grade 3 infections were more frequent in the R-CHOP-21 group,
R-CHOP was feasible in both arms.

Conclusion

The R-CHOP dose-dense strategy failed to improve PFS of patients with untreated indolent B-cell
lymphoma. Further improvement of first-line treatment or investigations on postremission therapy
following R-CHOP should be explored.

J Clin Oncol 29:3990-3998. © 2011 by American Society of Clinical Oncology

(NHL).">* Currently, there is no standard therapy
for advanced-stage indolent B-cell NHL and FL
grade 3B. A first-line intensive chemotherapy regi-
men has been shown to cause durable remission in

In randomized clinical trials (RCTs), rituximab in
combination with chemotherapy has been shown to

improve the outcome for patients with previously
untreated, advanced-stage follicular lymphoma
(FL) relative to combination chemotherapyalone.”>
Currently, rituximab with chemotherapy is used as
the standard therapy for most patients with FL.
Rituximab with cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP) is regarded
as one of the most effective first-line treatments
for indolent B-cell non-Hodgkin’s lymphoma
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patients with indolent B-cell NHL,” although there
is no evidence to suggest that dose-intensified chemo-
therapy led to prolonged survival of the patients in
the pre-rituximab era.® It is currently unknown
whether a dose-dense strategy can improve the out-
come for patients with indolent B-cell NHL who
receive R-CHOP. A short interval of rituximab
administration can achieve a higher serum con-
centration and, consequently, a better antitumor
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response.”® Furthermore, the clinical utility of any immunomodu-
lators has not yet been evaluated in RCTs. Granulocyte colony-
stimulating factor (G-CSF) has often been used to shorten CHOP
intervals,”'* and it potentiates the antibody-dependent cell-mediated
cytotoxicity of rituximab.'*'*

In this prospective trial, we attempted to determine whether
patients with indolent B-cell NHL would have long-term benefits:
from dose-dense immunochemotherapy.

Study Design

We considered whether R-CHOP-21 (R-CHOP administered every 3
weeks) could be used as a putative standard first-line therapy for indolent
B-cell NHL. In addition, R-CHOP-14 (R-CHOP administered every 2 weeks
with G-CSF) was selected as a promising therapeutic strategy for the future.
However, there was no available evidence to support using either of those
rituximab-containing therapies as the treatment arm of an RCT. An RCT
comparing the two treatments should be planned after R-CHOP-21 is con-
firmed to be the standard of care for patients with advanced-stage indolent
B-cell NHL from the preceding RCT results. Moreover, the incidence of FL
is low in Japan.'>'® We therefore designed this clinical trial as a phase IT/IIT
study to confirm the necessary efficacy and feasibility of R-CHOP-21 or
R-CHOP-14 versus a non—rituximab-containing regimen during phase II.
Furthermore, these phase IT patients would be included in the analysis of
phase III.

Patient Selection

Patients with previously untreated stage III to IV indolent B-cell NHL
and FL grade 3B were randomly assigned by using a minimization method
to receive six cycles of either R-CHOP-21 (arm A) or R-CHOP-14 (arm B).

Age, bulky disease, and institution were used as dynamic allocation adjust-
ment factors.

The major eligibility criteria were as follows: age 20 to 69 years; CD20™
histologically confirmed indolent B-cell NHL, including grades 1 to 3 FL,
according to the 2001 WHO classification'”; stage IIT or IV disease; an Eastern
Cooperative Oncology Group performance status of 0 to 2; at least one
measurable lymphomatous lesion more than 1.5 cm detected by computed
tomography (CT); and adequate organ function. Patients were excluded if
they had histologic transformation to aggressive lymphoma, more than
10 X 10°/L circulating CD20™ lymphoma cells, hepatitis B virus (HBV)
surface antigens or antibodies to hepatitis C virus, glaucoma,'® or if they
wished to receive hematopoietic stem-cell transplantation. A requirement
for therapeutic intervention was not well defined and, consequently, some
of the patients enrolled were treated immediately after diagnosis without
watchful waiting,

All patients gave written, informed consent before enrollment. All case
report forms were collected, managed, and analyzed at the Japan Clinical
Oncology Group [JCOG] Data Center. The report was monitored (without
any comparative data between the two arms) through a semiannual review by
the JCOG Data and Safety Monitoring Committee. The study protocol was
approved by the JCOG Protocol Review Committee and the institutional
review boards at all study sites.

Study Treatment

CHOP consisted of 750 mg/m? cyclophosphamide, 50 mg/m? doxoru-
bicin, and 1.4 mg/m? vincristine (capped at 2.0 mg) taken intravenously on
day 1and 100 mg oral prednisone taken daily on days 1 to 5. CHOP cycles were
repeated every 3 weeks (arm A) or every 2 weeks (arm B) for a total of six cycles.
In both arms, rituximab was given 2 days before CHOP cycles 1,2, 4, and 6, for
a total of four doses, following R-CHOP dosage in the preceding study.* In
the R-CHOP-14 arm, G-CSF was administered daily for a period of 6 days,
starting on day 8 and ending 2 days before CHOP of the subsequent cycle.

 Patents sxcludsd

- Did.not meet inclu

Fig 1. CONSORT diagram showing the
flow of patient enroliment and disposition
throughout the trial. ITT, intent to treat;
R-CHOP-14, rituximab plus cyclophospha-
mide, doxorubicin, vincristine, and predni-
sone (R-CHOP) administered every 2 weeks
with granulocyte colony-stimulating factor;
R-CHOP-21, R-CHOP administered every
3 weeks. (*) Patients enrolled onto the
phase 1l trial. () Thirty-five and () 36
patients were enrolled onto the phase I
trial for R-CHOP-21 and R-CHOP-14,
respectively.
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In the R-CHOP-21 arm, G-CSF was administered according to the Amer-
ican Society of Clinical Oncology guidelines.'® Maintenance use of ritux-
imab was not allowed.

After 74 patients had been enrolled onto this study, the Japanese National
Health Insurance policy regarding rituximab treatment changed. In October
2003, the protocol was revised so that rituximab could be given in every CHOP
cycle for a total of six doses. Consequently, of the 291 patients who completed
the protocol treatment, 76 patients received four doses of rituximab, three
patients received five doses, and 212 patients (71% of the total) received six
doses. During the accrual period, seven of 134 of the patients treated with
R-CHOP-21 developed interstitial pneumonitis, which was caused by Prieu-
mocystis jiroveci in six of these patients. The original protocol stipulated pro-
phylaxis only for the patients treated with R-CHOP-14; the protocol was thus

amended to include both arms. To prevent HBV reactivation, we revised the
protocol in March 2006 to allow the prescription of anti-HBV medication to
patients in both treatment arms with a high titer of antibodies against the HBV
core antigen.?**?

Assessments

Tumor assessments were performed on all target lesions identified at
baseline by CT scans after three R-CHOP cycles and at different times after
completion of six-cycle R-CHOP (je, around the eighth week, every 6 months
for the first 2 years, and annually thereafter). Tumor response was assessed by
using the International Workshop Criteria.”® CT films from patients who
achieved a complete response (CR) or an unconfirmed CR (CRu) during
phase IT were evaluated by an independent CT review board consisting of two

Table 1. Baseline Patient Characteristics
R-CHOP-21 (n = 149) R-CHOP-14 (n = 151} Total (N = 300)
No. of Percent of No. of Percent of No. of Percent of
No. of Patients With Patients With No. of Patients With Patients With No. of Patients With Patients With
Characteristic Patients FL % FL Patients FL % FL Patients FL % FL P
Age, yearst ;
Median 54 55 54.5 .83
Range 271069 331069 271069 :
= 61 37 .25 38 25 75 : 225 1.00
Male sex 70 47 73 48 143 48 .82
Bulky diseaset# 32 21 31 21 63 21 .89
Elevated LDH 28 19 30 20 58 19 .88
Stage IV 99 66 99 66 ..198 .66 .90
B symptoms 17 11 11 7 28 9 24
ECOGPS1t1or2 - - 26 17 31 21 57 19 .56
More than one
extranodal site 18 12 31 21 49 16 .06
Hemoglobin < 12 g/dL 25 17 39 26 64 21 .07
At least five affected
nodal areas 55 37 51 34 106 35 .83
FLIPI risk group ;
Low 52 45 35 34 45 42 30 32 97 87 32 33
Intermediate 61 56 | 42 64 - 59 42 45 125 1185 42 43 .60
High 36 32 24 24 42 31 28 23 78 63 26 24 ‘
IPI risk group
Low 82 55 73 48 155 52
Low-intermediate 50 34 56 37 108 35 .70
High-intermediate 16 11 21 14 37 12
High 1 1 1 1 2 1
Histology-(central review)
FL (grades 1; 2, and :
c3A) 125 84 123 81 248 83
FL (grade 3B) 8 5 9 6 17 6
MZL: -0 0 6 4 6 2
SLL- ; 1 1 1 1 2 1
Other indolent B-cell : : ;
NHLs : 8 By 5 3 13 4 .28
MCLS 2 i1 2 1 4 1
DLBCLS 4 3 2 1 6 2
Plasmacytomag o] 0 1 1 1 . 0.3
Others§ 1 1 2 1 3 S I
Abbreviations: DLBCL, diffuse large B-cell lymphoma; ECOG, Eastern Cooperative Oncology Group; FL, follicular lymphoma (FL grade 3B includes follicular large
plus diffuse large); FLIPI, Follicular Lymphoma International Prognostic Index; [P, Interational Prognostic Index; LDH, lactate dehydrogenase; MCL, mantle cell
lymphoma; MZL, marginal zone lymphoma; NHL, non-Hodgkin's lymphoma; PS, performance status; R-CHOP-14, rituximab plus cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP) every 2 weeks with granulocyte colony-stimulating factor; R-CHOP-21, R-CHOP administered every 3 weeks; SLL, small
lymphocytic lymphoma.
*Wilcoxon rank sum test.
tDynamic allocation adjustment factors in randomization.
$Bulky disease was defined as a nodal or extranodal mass of =210 cm horizontal diameter on a computed tomography scan.
§Patients judged ineligible by the central pathologic review.
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radiologists (T.N. and T.T.) and one oncologist (T.W.). Histopathologic spec-
imens from all 300 patients were reviewed by three hematopathologists (K.T.,
Y. Matsuno, MD, and Tadashi Yoshino, MD), as previously described.?*
Toxicity was assessed on the basis of the National Cancer Institute Common
Toxicity Criteria Version 2.0.

Study End Points and Statistical Analyses

The primary end points of phase IT and the whole phase I study were
CR/CRu rate and progression-free survival (PFS), respectively; the secondary
end points of phase II were overall response rate and toxicities and those of
phase IIT were overall survival (OS) and toxicities. PFS was calculated from the
date of random assignment to the date of relapse, progression, or death from
any cause, and it was censored at the last verifiable progression-free date. OS
was calculated from the date of random assignment to the date of death from
any cause and censored at the last follow-up. PFS and OS were estimated by
using the Kaplan-Meier method, and curves were compared (significance level
of one-sided @ = .05) by using a log-rank test stratified by bulky disease and age
(= 61 or = 60 years). Hazard ratios (HRs) of treatment effects were estimated
through the stratified Cox regression model with bulky disease and age as the
strata. PFS and OS were subsequently analyzed by using the Cox regression
model exploratorily to assess the effects of treatment with the prognostic
factors, including the components of the Follicular Lymphoma International
Prognostic Index (FLIPT)* or the International Prognostic Index (IPI),*
bulky disease, and sex.

The planned sample size was 200 patients to detect a prolongation of
3-year PFS in the R-CHOP-14 arm from 50% with R-CHOP-21 to 65% with
an 80% power and a one-sided « = .05. The planned study period was 4 years
for accrual and an additional 3 years for follow-up. Two interim analyses were
planned. The first interim analysis was conducted during phase II to test
whether the CR/CRu rate for each arm was superior to the predefined thresh-
old (35%) with a one-sided & = .15and B = .10 to detect a 20% increase. The
threshold data were based on the results of the standard CHOP regimen
without rituximab.”” The second interim analysis was conducted when all of
the patients had registered in phase IIT to assess necessity of further follow-up;
this analysis compared the arms that used the O’Brien and Fleming stopping
boundaries by using the Lan and DeMets a-spending function to control the
type I error for the primary end point. Throughout the study period, the
researchers were blind to the primary end point interim analysis results.
The sample size was re-evaluated independently from the interim analysis
results when the accrual rate was higher than expected, and the protocol was
subsequently revised. To maintain the required statistical power and to detect
a 12% increase in the 3-year PFS of patients treated with R-CHOP-14, the
sample size was increased to 300 patients (expected number of events, 181)
over 4.5 years, using the same initial follow-up plan for these patients. All
statistical analyses were performed by using SAS software, release 9.1 (SAS
Institute, Cary, NC).

Patient Characteristics

A total of 300 patients were enrolled from 44 institutions between
September 2002 and February 2007 (Fig 1). The median age of the
patients was 54.5 years. The patient characteristics were well balanced
between arms except for B symptoms, hemoglobin levels, the number
of extranodal sites, and the FLIPI risk group (Table 1). The doses
delivered were the same between arms, except for vincristine (Appen-
dix Fig A1, online only).

Response Rate

At the first interim analysis, the CR/CRu rates of the 73 patients
enrolled in phase II of the R-CHOP-21 and R-CHOP-14 arms were
49% (17 CRs plus one CRu in 37 patients) and 50% (13 CRs plus five
CRus in 36 patients), respectively, according to the central CT review.

WWW. jC0.07g

Since one patient was excluded because of histologic transforma-
tion by institutional diagnosis, 299 patients were eligible for the sur-
vival analysis (Fig 1). The CR/CRu rates obtained from the case report
forms for the 299 patients of the entire phase I11 study were 78% (68
CRs plus 48 CRu’s in 148 patients) and 76% (76 CRs plus 39 CRus in
151 patients), respectively. The overall response rate was 97% for each
arm. According to the FLIPI, CRs and CRus were achieved in 24 and
18 (93% in total) of the 45 patients with low-risk FL undergoing
R-CHOP-21, respectively, and 29 and eight (88%) of the 42 patients
with low-risk FL undergoing R-CHOP-14, respectively. For the pa-
tients with intermediate-risk FL, 82% of 56 patients (26 CRs and 20
CRus) undergoing R-CHOP-21 and 80% of 59 patients (26 CRs and
21 CRus) undergoing R-CHOP-14 achieved a CR or CRu. For the
patients with high-risk FL, 15 and seven (69%) of 32 patients under-
going R-CHOP-21 and 14 and six (65%) of 31 patients undergoing
R-CHOP-14 achieved a CR or CRu, respectively.

1.0 4o Arm n Median {95% CI r r
j— 5 == R-CHOP-21 148 37(30t05.1) 57% 41%
g * R-CHOP-14 151 4.7(3.1tonotestimable) 58% 43%
e 0.8+
A
=
Q
o = 0.61
a
s
foniiton]
2 04
="
o =
eb]
f .
S 02-
e HR, 0.92 (95% Cl, 0.68 to 1.25)
a. One-sided stratified log-rank test P=.30
T T T T T T T T
0 1 2 3 4 5 6 7 8
Time Since Enrallment (years)
No. at risk
R-CHOP-21 148 135 98 83 56 34 23 9
R-CHOP-14 151 135 104 87 65 34 18 6
1.0 = ,
. 0.8 4
S __
Sz
5= 0.6+
a
D g
—= .
g g__ 0.4 Arm n Median 3year Byear
> = == R-CHOP-21 148 Not reached 95%  87%
o = B-CHOP-14 151 Not reached 96%  88%
0.2 4
HR, 1.15 (95% Cl, 0.57 to 2.30)
One-sided stratified log-rank test P= .65
T T T T T T T T
0 1 2 3 4 5 6 7 8
Time Since Enroliment {years)
No. at risk
R-CHOP-21 148 145 142 139 120 86 51 26
R-CHOP-14 151 148 148 144 122 79 49 27

Fig 2. (A) Progression-free survival and (B) overall survival by treatment for
patients with previously untreated, advanced-stage indolent B-cell non-Hodgkin's
lymphoma. The median follow-up time was 5.2 years. HR, hazard ratio; R-CHOP-
14, rituximab plus cyclophosphamide, doxorubicin, vincristing, and prednisone
(R-CHOP) administered every 2 weeks with granulocyte colony-stimulating
factor; R-CHOP-21, R-CHOP administered every 3 weeks.
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PFS and OS

In the primary analysis for PFES in the eligible population at 4.7
years (median follow-up time), there was no significant difference
between the arms (one-sided P = .35 with stratified log-rank test;
multiplicity-adjusted one-sided significance level = 0.045; HR, 0.94;
95% CI, 0.69 to 1.28). At 5.2 years (the median follow-up time), 82
(R-CHOP-21) and 78 (R-CHOP-14) patients had a documented pro-
gression, and two patients from each treatment died before progres-

sion. Although we used a post hoc power calculation, we expected at
least 80% power, as designed, to detect a difference between the arms
with these events. The median PES times were 3.7 and 4.7 years for
R-CHOP-21 and R-CHOP-14, respectively, and the 3-year PFS (R~
CHOP-21: 57%; R-CHOP-14: 58%) and 6-year PFS (R-CHOP-21:
41%; R-CHOP-14: 43%) were almost identical (HR, 0.92; 95% CI,
0.68 to 1.25; P = .30; Fig 2A). There was no significant difference
between arms in OS (HR, 1.15; 95% CI, 0.57 to 2.30; P = .65; Fig 2B).
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Fig 3. Progression-free survival (A, C, E} and overall survival (B, D, F) by treatment for patients in the low-risk (n = 87; A, B), intermediate-risk (n = 115; C, D}, and
high-risk (n = 63; E, F) groups according to the Follicular Lymphoma International Prognostic Index for the 265 patients with follicular lymphoma who were eligible for
survival analysis. R-CHOP-14, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) every 2 weeks with granulocyte colony-stimulating

factor; R-CHOP-21, R-CHOP administered every 3 weeks.
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Fig 4. Forest plots of hazard ratios (HRs),
comparing (A} progression-free survival and
(B) overall survival among patients with pre-
viously untreated, advanced-stage indolent
B-cell non-Hodgkin's lymphoma assigned
to immunochemotherapy with either
R-CHOP-14 {rituximab plus cyclophospha-
mide, doxorubicin, vincristine, and predni-
sone [R-CHOP] administered every 2 weeks
with granulocyte colony-stimulating factor)
or R-CHOP-21 (R-CHOP administered every
3 weeks), according to the risk subgroups
classified by the International Prognostic
Index (IPl), the Follicular Lymphoma Inter-
national Prognostic Index (FLIPI), or age.
Closed circles represent the hazard ratios,
and the horizontal bars represent the 95%
Cls. LDH, lactate dehydrogenase; ULN, up-
per limit of normal.
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The median PFS results for the 286 histopathologically eligible
patients were similar (R-CHOP-21: 3.7 years; R-CHOP-14: 4.2
years). The exploratory subgroup analysis of the 34 patients with
grade 3 FL indicated no significant difference in PFS (R-CHOP-21:
3.5 years; R-CHOP-14: not estimable; HR, 0.73; 95% CI, 0.27 to
1.94; P = .26).

Twenty patients (7% of all patients; 10 from each treatment) died
as a result of progressive disease. Six patients (2%; three from each
treatment) died as a result of other diseases; three patients treated with
R-CHOP-21 died as a result of acute myeloid leukemia, subarachnoid
hemorrhage, or pneumonia during glucocorticoid treatment for
pemphigus vulgaris, and three patients treated with R-CHOP-14 died
as a result of colon cancer, acute lymphoblastic leukemia, or cerebral
hemorrhage. Five patients (2%; two, R-CHOP-21; three, R-CHOP-
14) died as a result of treatment-related events after salvage therapies,
including four relevant to allogenic stem-cell transplantation and one
liver cirrhosis associated with HBV reactivation after rituximab-alone
treatment for relapse (R-CHOP-21). One suicide (R-CHOP-14) oc-
curred during the protocol treatment.

According to the FLIPI, the 6-year PFS of patients with FL
treated with R-CHOP-21 or R-CHOP-14 were 48% and 43% in the
low-risk group, 42% and 46% in the intermediate-risk group, and
39% each in the high-risk group (Figs 34, 3C, and 3E). The 6-year
OS of patients with FL treated with R-CHOP-21 or R-CHOP-14
were 93% each in the low-risk group, 89% and 93% in the
intermediate-risk group, and 80% and 84% in the high-risk group,
respectively (Figs 3B, 3D, and 3F). There were no differences found
for any of the three risk groups in the 6-year PFS or OS. Moreover,
the two treatments did not differ with respect to PES or OS accord-
ing to the IPI risk categories (low or low-intermediate versus
high-intermediate or high) or on the basis of patient age (= 60 v =
61 years; Fig 4).

A Cox proportional hazard regression analysis was used to assess
the effects of various parameters on the primary analysis. These factors
did not affect the point estimate of the treatment arms (Fig 4). Only
male sex was a significantly unfavorable PFS parameter (Table 2).

Table 2. Clinicopathologic Parameters Influencing the PFS of Previously
Untreated, Advanced, Indolent B-Cell NHL in a Multivariate Analysis

Parameter HR* 95% ClI P

Treatment arm, R-CHOP-21 v o

R-CHOP-14 0.93 " 068t01.27 64
Age (years), = 60 v = 61 1.00 0.7010 1.43 .99
Sex, female v male 165 1.18102.30 <.01
Bulky disease, < 10 cm v = 10 cm 1.03 0.6810 1.64 91 )
LDH, = ULN v> ULN 1.36 0.80102.07 15
Stage, Il v IV 1.20 0.84101.72 .32
ECOG PS,0v1or2 113 0.76t0 1.68 .54
No. of extranodal sites, Oor 1 v=2 1.20 0.791t0 1.83 .39
Hemoglobin, = 12 g/dL v < 12 g/dL 11500 077101.74 49
No. of affected nodal areas, = 4 v=5 1.25 0.89101.76 .20

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HR, hazard
ratio; LDH, lactate dehydrogenase; NHL, non-Hodgkin's lymphoma; PFS,
progression-free survival; PS, performance status; R-CHOP-14, rituximab plus
cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) every 2
weeks with granulocyte colony-stimulating factor; R-CHOP-21, R-CHOP ad-
ministered every 3 weeks; UNL, upper limit of normal.

*HRs are presented as the risk of the right-side category (ie, right side of
v in Parameter column) to the left-side category (ie, left side of W.

Male sex and increased lactate dehydrogenase were unfavorable pre-
dictors of OS (Appendix Table A1, online only).

Toxicity

We compared adverse events between treatments for all 300
patients who underwent the protocol treatment (Table 3). Grade 4
neutropenia and grade 3 infection were encountered more fre-
quently during treatment with R-CHOP-21 than during treatment
with R-CHOP-14 (35 of 149 [23%] v 18 of 151 [12%], respec-
tively). Nevertheless, no patient experienced grade 4 infection fol-
lowing either treatment. More patients experienced a grade 3 to 4
hemoglobin decrease with R-CHOP-14; however, more patients in
the R-CHOP-14 arm were diagnosed with anemia before treat-
ment (Table 1). Furthermore, patients assigned to R-CHOP-14
experienced grade 3 peripheral neuropathy more frequently than
did patients withR-CHOP-21 (three of 149 [2%] v 11 of 151 [7%],

Table 3. Comparison of Grade 3 or 4 Adverse Events® Between the
R-CHOP-21 and R-CHOP-14 Treatment Arms

Arm A Arm B
(R-CHOP-21)  (R-CHOP-14)
(n = 149) (n = 151)

Adverse Events Grade No. % No. %

Hematologic
Neutropenia "3or4d 144 97 102 . 68
Neutropenia 4 126 85 56 37
Hemoglobin 3or4d -3 2 24 16
Thrombocytopeniat . 3 2

Nonhematologic
AST
ALT
Hyperglycemia
Hypocalcemiat
Hyponatremia
Hypokalemia
Supraventricular arrhythmia
Fever
Appetite loss
Constipation
Diarrhea
lleus
Nausea
Stomatitis/pharyngitis
Vomiting
Hematuria
Febrile neutropenia’

Infection with grade 3
neutropeniag
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w

-
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N
=
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Infection without neutropenia$ 3 7 5 5 3
Peripheral neuropathy 3 3 2 11 7
Dyspnea (shortness of breath) 3 4 3 0 0
Interstitial pneumonitis 3 5 3 0 0

Abbreviations: R-CHOP-14, rituximab plus cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP) every 2 weeks with granulocyte colony-
stimulating factor; R-CHOP-21, R-CHOP administered every 3 weeks.

*Adverse events were evaluated by the worst grades throughout all of the
cycles per patient, according to the National Cancer Institute-Common Toxic-
ity Criteria, Version 2.0.

TNo grade 4 thrombocytopenia was observed.

FExcept for hypocalcemis, no grade 4 nonhematologic toxicities were observed.

8Grade 3 infection. The number of patients who experienced any of these
three was 35 (23%]} in arm A and 18 (12%) in arm B.
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respectively). Grade 3 appetite loss, constipation, and ileus fol-
lowed the same trend. Three hematologic malignancies were found
in total: in the R-CHOP-21 arm, myelodysplasia (patient remains
alive) and acute myeloid leukemia were diagnosed in one patient
each, and in the R-CHOP-14 arm, one patient was diagnosed with
acute lymphoblastic leukemia.

The results from this phase II/III study demonstrate that
R-CHOP-14 is not superior to R-CHOP-21 in terms of PFS, al-
though R-CHOP is highly effective as an initial treatment for
indolent B-cell NHL, regardless of the administration schedule, as
determined by a long-term follow-up. The median follow-up time
for all randomly assigned patients was 5.2 years at the planned
analysis time point 3 years after the last patient enrollment. There-
fore, our mature analysis results have not been reported from other
RCTs that use rituximab to treat FL."* However, our attempt to
improve PES by using a dose-dense strategy with the immuno-
modulatory agent G-CSF failed.

The 3-year PFS for patients treated with R-CHOP-21 in this
study matched that for the control patients in the Primary RItuximab
and MAintenance (PRIMA) study (58%).?® The lower CR/CRu rates
in the first interim analysis (compared with the entire phase III popu-
lation) could be due to two reasons: First, the central CT review was
used to judge the transition to phase III. Second, the majority of
patients enrolled in phase II received four doses of rituximab.

Our subset analysis (according to the FLIPI) demonstrates that
there are no differences in PFS or OS between treatments for any of the
three risk groups. The proportion of high-risk patients in our study
was smaller than that in the German Low-Grade Lymphoma Study
Group (GLSG)* (24% v 45%). The difference in the proportions of
high-risk patients between the two studies was partly due to different
inclusion criteria.

Grade 4 neutropenia and grade 3 infection occurred more often
during R-CHOP-21 than during R-CHOP-14. However, no grade 4
infections were observed in either arm, although a total of 59 patients
(40%) received G-CSF (13 in one cycle, nine each in two and three
cycles, six in four cycles, 10 in five cycles, and 12 in six cycles) with
R-CHOP-21." Seven patients (4.7% of patients treated with R-CHOP-
21) developed interstitial pneumonitis, and six of these cases were
caused by Preumocystis jiroveci. No cases of interstitial pneumonitis
were observed in the patients treated with R-CHOP-14 because they
were prescribed prophylactic treatment early in the study period. In
our previous study, CHOP-14 treatment was frequently complicated
by Preumocystis carinii pneumonitis."' Alveolar damage caused by
rituximab-induced cytokine production and lymphopenia might
have partially contributed to the development of Preumocystis carinii
pneumonitis.*®*' Furthermore, as a result of prophylaxis, there were
no reports of hepatitis caused by HBV reactivation during the trial
treatment, except for one patient who died as a result of liver cirrhosis
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associated with HBV reactivation following salvage treatment
with rituximab.

Three and five secondary malignancies were found following
R-CHOP-21 and R-CHOP-14, respectively. The incidence of second-
ary hematologic malignancies for the combined treatments was 1% at
the time of analysis.

Potentially efficacious treatment options that will further im-
prove the PES of patients with untreated advanced indolent B-cell
NHL include consolidative radicimmunotherapy®” and/or ritux-
imab maintenance.”® Another potential efficacious first-line treat-
ment is R-bendamustine.”®

In summary, to the best of our knowledge, the JCOG 0203 study
provides the first phase III data illustrating that a dose-dense strategy
using the immunomodulatory agent G-CSF does not prolong PFS in
previously untreated indolent B-cell NHL and that R-CHOP-21 is still
one of the standard treatments for this population.

Although all authors completed the disclosure declaration, the following
author(s) indicated a financial or other interest that is relevant to the subject
matter under consideration in this article. Certain relationships marked
with a “U” are those for which no compensation was received; those
relationships marked with a “C” were compensated. For a detailed
description of the disclosure categories, or for more information about
ASCO’s conflict of interest policy, please refer to the Author Disclosure
Declaration and the Disclosures of Potential Conflicts of Interest section in
Information for Contributors.

Employment or Leadership Position: None Consultant or Advisory
Role: None Stock Ownership: None Honoraria: None Research
Funding: Kunihiro Tsukasaki, Chugai Pharmaceutical; Tomohiro
Kinoshita, Chugai Pharmaceutical, Zenyaku Kogyo, Kyowa-Hakko Kirin;
Michinori Ogura, Chugai Pharmaceuticals, Zenyaku Kogyo, Kyowa-
Halkko Kirin Expert Testimony: None Other Remuneration: None

Conception and design: Takashi Watanabe, Kensei Tobinai,
Michinori Ogura

Financial support: Kensei Tobinai, Tomomitsu Hotta

Administrative support: Kensei Tobinai, Kunihiro Tsukasaki,
Tomomitsu Hotta

Provision of study materials or patients: Takashi Watanabe, Kensei
Tobinai, Kunihiro Tsukasaki, Yasuo Morishima, Nobuo Maseki,
Tomohiro Kinoshita, Takayo Suzuki, Motoko Yamaguchi, Kiyoshi Ando,
Michinori Ogura, Masafumi Taniwaki, Naokuni Uike, Tomomitsu Hotta
Collection and assembly of data: Takashi Watanabe, Kensei Tobinai,
Kunihiro Tsukasaki, Yasuo Morishima, Nobuo Maseki, Tomohiro
Kinoshita, Takayo Suzuki, Motoko Yamaguchi, Kiyoshi Ando, Michinori
Ogura, Masafumi Taniwaki, Naokuni Uike, Kengo Takeuchi, Shigeru
Nawano, Takashi Terauchi, Tomomitsu Hotta

Data analysis and interpretation: Takashi Watanabe, Kensei Tobinai,
Taro Shibata

Manuscript writing: All authors

Final approval of manuscript: All authors

2. Marcus R, Imrie K, Solal-Celigny P, et al:
Phase Ill study of R-CVP compared with cyclo-
phosphamide, vincristine, and prednisone alone in
patients with previously untreated advanced fol-
licular lymphoma. J Clin Oncol 26:4578-4586,
2008

© 2011 by American Society of Clinical Oncology 3997

-103 -



3. Czuczman MS, Weaver R, Alkuzweny B, et al:
Prolonged clinical and molecular remission in pa-
tients with low-grade or follicular non-Hodgkin's
lymphoma treated with rituximab plus CHOP chem-
otherapy: 9-year follow-up. J Clin Oncol 22:4711-
4716, 2004

4. Tobinai K, Ogura M, Itoh K, et al: Randomized
phase |l study of concurrent and sequential combi-
nations of rituximab plus CHOP (cyclophosphamide,
doxorubicin, vincristine and prednisolone} chemo-
therapy in untreated indolent B-cell non-Hodgkin
lymphoma: 7-year follow-up results. Cancer Sci 101:
2579-2585, 2010

5. Young RC, Longo DL, Glatstein E, et al: The
treatment of indolent lymphomas: Watchful waiting
v aggressive combined modality treatment. Semin
Hematol 25:11-16, 1988 )

6. Glick JH, Barnes JM, Ezdinli EZ, et al: Nodular
mixed lymphoma: Results of a randomized trial
failing to confirm prolonged disease-free survival
with COPP chemotherapy. Blood 58:920-925, 1981

7. Maloney DG, Grillo-Lépez AJ, White CA, et
al: IDEC-C2B8 (Rituximab) anti-CD20 monoclonal
antibody therapy in patients with relapsed low-
grade non-Hodgkin's lymphoma. Blood 90:2188-
2195, 1997

8. Berinstein NL, Grillo-Lopez AJ, White CA, et
al: Association of serum Rituximab (IDEC-C2B8)
concentration and anti-tumor response in the treat-
ment of recurrent low-grade or follicular non-
Hodgkin's lymphoma. Ann Oncol 9:995-1001, 1998

8. Pfreundschuh M, Trimper L, Kloess M, et al:
Two-weekly or 3-weekly CHOP chemotherapy with
or without etoposide for the treatment of young
patients with good-prognosis (normal LDH} aggres-
sive lymphomas: Results of the NHL-B1 trial of the
DSHNHL. Blood 104:626-633, 2004

10. Pfreundschuh M, Trimper L, Kloess M, et al:
Two-weekly or 3-weekly CHOP chemotherapy with
or without etoposide for the treatment of elderly
patients with aggressive lymphomas: Results of the
NHL-B2 trial of the DSHNHL. Blood 104:634-641,
2004

11. Ohmachi K, Tobinai K, Kobayashi Y, et al:
Phase Il trial of CHOP-21 versus CHOP-14 for
aggressive non-Hodgkin's lymphoma: Final results
of the Japan Clinical Oncology Group Study, JCOG
9809. Ann Oncol 22:1382-1391, 2011

12. Itoh K, Ohtsu T, Fukuda H, et al: Randomized
phase |l study of biweekly CHOP and dose-escalated
CHOP with prophylactic use of lenograstim (glycosy-
lated G-CSF) in aggressive non-Hodgkin's lymphoma:
Japan Clinical Oncology Group Study 9505. Ann Oncol
13:1347-1355, 2002

Watanabe et al

13. Hernandez-llizaliturri FJ, Jupudy V, Ostberg J,
et al: Neutrophils contribute to the biological antitu-
mor activity of rituximab in a non-Hodgkin's Tym-
phoma severe combined immunodeficiency mouse
model. Clin Cancer Res 9:5866-5873, 2003

14. Cartron G, Zhao-Yang L, Baudard M, et al:
Granulocyte-macrophage coleny-stimulating factor
potentiates rituximab in patients with relapsed fol-
licular lymphoma: Results of a phase Il study. J Clin
Oncol 26:2725-2731, 2008

15. The World Health Organization classification of
malignant lymphomas in Japan: Incidence of recently
recoghized entities—Lymphoma Study Group of Jap-
anese Pathologists. Pathol Int 50:696-702, 2000

16. Izumo T, Maseki N, Mori S, et al: Practical utility
of the revised European-American classification of
lymphoid neoplasms for Japanese non-Hodgkin's lym-
phomas. Jpn J Cancer Res 91:351-360, 2000

17. Jaffe ES, Harris NL, Stein H, et al: World
Health Organization Classification of Tumors: Pa-
thology and Genetics-Tumors of Haematopoietic
and Lymphoid Tissues. Lyon, France, IARC Press,
2001

18. Foran JM, Rohatiner AZ, Cunningham D, et al:
European phase |l study of rituximab (chimeric anti-
CD20 monoclonal antibody) for patients with newly
diagnosed mantle-cell lymphoma and previously
treated mantle-cell lymphoma, immunocytoma, and
small B-cell lymphocytic lymphoma. J Clin Oncol
18:317-324, 2000

18. Ozer H, Armitage JO, Bennett CL, et al: 2000
update of recommendations for the use of hemato-
poietic colony-stimulating factors: Evidence-based,
clinical practice guidelines—American Society of
Clinical Oncology Growth Factors Expert Panel.
J Clin Oncol 18:3558-3585, 2000

20. Czuczman MS, Grillo-Lépez AJ, White CA, et
al: Treatment of patients with low-grade B-cell lym-
phoma with the combination of chimeric anti-CD20
monoclonal antibody and CHOP chemotherapy.
J Clin Oncol 17:268-276, 1999

21. Dervite |, Hober D, Morel P: Acute hepatitis B
in a patient with antibodies to hepatitis B surface
antigen who was receiving rituximab. N Engl J Med
344:68-69, 2001

22. Niscola P, Del Principe Mi, Maurillo L, et al:
Fulminant B hepatitis in a surface antigen-negative
patient with B-cell chronic lymphocytic leukaemia
after rituximab therapy. Leukemia 19:1840-1841,
2005

23. Cheson BD, Horning SJ, Coiffier B, et al:
Report of an international workshop to standardize
response criteria for non-Hodgkin's lymphomas: NCI
Sponsored International Working Group. J Clin On-
col 17:1244-1253, 1999

24. Watanabe T, Kinoshita T, ltoh K, et al: Pre-
treatment total serum protein is a significant prog-
nostic factor for the outcome of patients with
peripheral T/natural” killer-cell lymphomas. Leuk
Lymphoma 51:813-821, 2010

25. Solal-Céligny P, Roy P, Colombat P, et al:
Follicular lymphoma international prognostic index.
Blood 104:1258-1265, 2004

26. A predictive model for aggressive non-
Hodgkin's lymphoma: The International Non-
Hodgkin's Lymphoma Prognostic Factors Project.
N Eng! J Med 329:987-994, 1993

21. Freedman AS, Gribben JG, Neuberg D, et al:
High-dose therapy and autologous bone marrow
transplantation in patients with follicular lymphoma
during first remission. Blood 88:2780-2786, 1996

28. Salles G, Seymour JF, Offner F, et al: Ritux-
imab maintenance for 2 years in patients with high
tumour burden follicular lymphoma responding to
rituximab plus chemotherapy (PRIMA): A phase 3,
randomised controlled trial. Lancet 377:42-561, 2011

29. Buske C, Hoster E, Dreyling M, et al: The
Follicular Lymphoma International Prognostic Index
(FLIPI) separates high-risk from intermediate- or
low-risk patients with advanced-stage follicular lym-
phoma treated front-line with rituximab and the
combination of cyclophosphamide, doxorubicin, vin-
cristine, and prednisone (R-CHOP) with respect to
treatment outcome. Blood 108:1504-1508, 2006

30. Katsuya H, Suzumiya J, Sasaki H, et al: Addi-
tion of rituximab to cyclophosphamide, doxorubicin,
vincristine, and prednisolone therapy has a high risk
of developing interstitial pneumonia in patients with
non-Hodgkin lymphoma. Leuk Lymphoma 50:1818-
1823, 2009

31. Kurokawa T, Kaya H, Yoshida T: Two cases of
Pneumocystis jiroveci pneumonia with non-Hodgkin's
lymphoma after CHOP-based chemotherapy contain-
ing rituximab. J Clin Exp Hematop 50:159-162, 2010

'32. Morschhauser F, Radford J, Van Hoof A, et al:
Phase Il trial of consolidation therapy with yttrium-80-
ibritumomab tiuxetan compared with no additional
therapy after first remission in advanced follicular
lymphoma. J Clin Oncol 26:5156-5164, 2008

33. Rummel MJ, Niederle N, Maschmeyer G, et
al: Bendamustine plus rituximab is superior in
respect to progression-free survival and CR rate
when compared with CHOP plus rituximab as
first-line treatment of patients with advanced fol-
licular, indolent, and mantle cell lymphomas: Final
results of a randomized phase Il study of the Stil
(Study Group Indolent Lymphomas, Germany). Blood
114:22, 2009 (abstr 405)

3998 © 2011 by American Society of Clinical Oncology

B

-104 -

JOURNAL OF CLINICAL ONCOLOGY



original article

Annals of Oncology 22: 1382-1391, 2011
doi:10.1093/annonc/mdq619
Published online 31 December 2010

Phase lll trial of CHOP-21 versus CHOP-14 for
aggressive non-Hodgkin’s lymphoma: final results of the
Japan Clinical Oncology Group Study, JCOG 9809

K. Ohmachi', K. Tobinai®, Y. Kobayashi?, K. ltoh®, M. Nakata®, T. Shibata®, Y. Morishima®,
M. Ogura®, T. Suzuki®, R. Ueda’, K. Aikawa®, S. Nakamura®, H. Fukuda®, M. Shimoyama'® &
T. Hotta™'% on behalf of the members of the Lymphoma Study Group of the Japan Clinical

Oncology Group (JCOG-LSG)

"Division of Hematology, Department of Internal Medicine, Tokai University, Isehara; 2Hemato/ogy and Stem Cell Transplantation Division, National Cancer Center
Hospital, Tokyo; °Division of Hematology and Oncology, National Cancer Center Hospital East, Kashiwa; “JCOG Data Center, Center for Cancer Control and
Information Services, National Cancer Center, Tokyo; SDepartment of Hematology and Chemotherapy, Aichi Cancer Center, Nagoya; ®Division of Hematology, Shiga
Medical Center for Adults, Moriyama; *Second Department of Internal Medicine, Nagoya City University, Nagoya; Division of Hematology, National Hospital
Organization Hokkaido Cancer Center, Sapporo; ®Department of Pathology, Aichi Cancer Center, Nagoya; "°Division of Hematology, National Hospital Organization

Nagoya Medical Center, Nagoya, Japan

Received 2 June 2010; revised 30 August 2010; accepted 10 September 2010

Background: CHOP-21 has remained the standard chemotherapy for aggressive non-Hodgkin’s lymphoma (NHL),
and dose intensification is a potential strategy for improving therapeutic results. We conducted a phase Il trial to
determine whether dose-dense strategy involving interval shortening of CHOP (CHOP-14) is superior to CHOP-21.
Patients and methods: A total of 323 previously untreated patients (aged 15-69 years) with stages li-IV aggressive
NHL were randomized. The primary end point was progression-free survival (PFS).

Results: Treatment compliance was comparable in both study arms. At 7-year follow-up, no substantial differences
were observed in PFS and overall survival (OS) between CHOP-21 (n = 161) and CHOP-14 (n = 162) arms. Median
PFS was 2.8 and 2.6 years with CHOP-21 and CHOP-14, respectively (one-sided log-rank P = 0.79). Eight-year OS and
PFS rates were 56% and 42% [95% confidence interval (Cl) 47% to 64% and 34% to 49%), respectively, with CHOP-21
and 55% and 38% (95% Cl 47% to 63% and 31% to 46%), respectively, with CHOP-14. Subgroup analyses showed no
remarkable differences in PFS or OS for patients stratified as per the International Prognostic Index or by age.
Conclusion: Dose-intensification strategy involving interval shortening of CHOP did not prolong PFS in advanced,

aggressive NHL.

Key words: aggressive non-Hodgkin's lymphoma, CHOP-14, CHOP-21, phase Il trial

introduction

CHOP-21 [cyclophosphamide (CPA), doxorubicin (DXR),
vincristine (VCR), and prednisone (PDN)] has remained

a standard treatment for patients with aggressive non-
Hodgkin’s lymphoma (NHL) since 30 years [1]. However,
CHOP-21 only cures 30%-50% of patients [2]. Several
multidrug combinations with promising efficacy in phase II
trials have been developed for improving outcome. However,
several randomized phase TIT trials revealed that these regimens
are not superior to CHOP-21 with respect to survival [3-6]
partly due to lower dose intensities of CPA and DXR, key drugs
for NHL, in the former than latter regimen [7].

*Correspondence to: Dr K. Ohmachi, Division of Hematology, Department of Internal
Medicine, Tokai University, 143 Shimokasuya, Isehara, Kanagawa, Japan. Tel: +81-
463-93-1121; Fax: +81-463-92-4511; E-mail: 8immd004@is.icc.u-tokai.ac.jp

Upfront high-dose chemotherapy with autologous stem-cell
transplantation might be beneficial for high-intermediate and
high-risk group patients [classified by the International
Prognostic Index (IPI)] [8, 9]. Therefore, a dose-intensified
strategy for NHL is still of interest to clinicians. Previously, we
conducted a randomized phase II trial to investigate the effects
of increasing dose intensity of CHOP along with interval
shortening; biweekly CHOP (CHOP-14) was compared with
dose-escalated CHOP in aggressive NHL patients [10]. Seventy
aggressive NHL patients classified as high-intermediate or high-
risk groups as per IPI randomly received either CHOP (eight
courses; every 2 weeks) or dose-escalated CHOP (six courses;
every 3 weeks). The biweekly regimen showed better complete
response (CR) and 3-year progression-free survival (PES) rates.
Thus, CHOP-14 was suggested as a more suitable regimen to be
evaluated in subsequent phase T trials.

© The Author 2010. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: journals.permissions@oxfordjournals.org
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To determine whether dose-dense chemotherapy involving
interval shortening of CHOP is superior to CHOP-21, the
Lymphoma Study Group of the Japan Clinical Oncology Group
conducted a phase III trial.

patients and methods

eligibility criteria

Forty-two centers participated in this trial. Inclusion criteria were as
follows: previously untreated intermediate- or high-grade NHL according
to the Working Formulation (D through H and J) [11]; clinical stage II-IV
disease (Ann Arbor classification) [12]; age 15-69 years; Eastern
Cooperative Oncology Group performance status 0-2; white blood cell
count 23.0 x 10°/}; absolute neutrophil count (ANC) >1.2 x 10°/l; platelet
count 275 x 10°/l; aspartate aminotransferase (AST) and alanine
aminotransferase levels less than or equal to five times the upper limit of
the normal range; total bilirubin level 2.0 mg/dl; serum creatinine level
<2.0 mg/dl; PaO, 265 mmHg; and normal electrocardiogram and cardiac
function.

Exclusion criteria included any other malignancy, prior chemotherapy or
radiotherapy, central nervous system involvement with lymphoma, HIV
infection, positive test for hepatitis B virus surface antigen and/or hepatitis
C virus antibody, pregnancy or breast-feeding, severe concomitant disease,
or uncontrolled diabetes mellitus.

Written informed consent was obtained from all patients before
enrollment, and the protocol was approved by the Protocol Review
Committee of Japan Clinical Oncology Group (JCOG) and the Institutional
Review Board of each participating center.

reatment
Patients were randomized at the JCOG Data Center after telephonic or fax
registration to receive either CHOP-21 or CHOP-14 as per the
minimization method of balancing the groups according to the institution,
low/low-intermediate or high-intermediate/high-risk classification
according to IPI, and informed consent available for p53 gene analysis.
CHOP-21 administered every 3 weeks consisted of CPA 750 mg/m? IV,
DXR 50 mg/m® IV, VCR 1.4 mg/m” (maximum 2 mg) IV administered
on day 1, and PDN 100 mg p.o. administered on days 1-5; same
dosages of CHOP-14 were administered at every 2 weeks. Patients in the
CHOP-14 arm received granulocyte colony-stimulating factor (G-CSF;
filgrastim, lenograstim, or nartograstim) on days 6—13 or until their ANC
was >10 X 10%/1. Patients in the CHOP-21 arm received G-CSF, if necessary.
All patients in both study arms received eight courses of chemotherapy
except those with progressive disease (PD) after two courses or no response
(NR} after four courses when salvage chemotherapy was recommended.
If necessary, after eight courses of chemotherapy, patients were
recommended for involved-field radiotherapy (dose 30-50 Gy), if they had
initial bulky disease (masses of diameter > 5 cm) or if they only had
a partial response (PR) in nonbulky disease.

response assessment

Tumor responses were assessed as per the World Health Organization
(WHO) criteria [13] by clinical examination and computed tomography
scan after two, four, six, and eight courses of chemotherapy and at 12 weeks
after completing chemotherapy or radiotherapy and classified as CR,
complete response unconfirmed (CRu), PR, NR, and PD.

statistical methods

All analyses were carried out according to an intent-to-treat principle, using
SAS release 9.1 (SAS Institute, Cary, NC). The primary end point was PFS,
which was calculated from the date of randomization to that of progression,
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relapse, or death from any cause. If patients survived without progression,
PES was censored on the latest date when no progression was confirmed.
Secondary end points included overall survival (OS) calculated from the
date of randomization to the date of death from any cause, CR rate (%CR),
and toxicity. PFS and OS curves were generated using the Kaplan—Meier
method. Toxicity was assessed as per the JCOG Toxicity Criteria (expanded
and modified version of the National Cancer Institute Common Toxicity
Criteria, version 1.0) [14]. All patient information forms were collected and
managed at the JCOG Data Center where in-house interim monitoring was
carried out, and the reports were semiannually reviewed by their Data and
Safety Monitoring Committee.

This trial aimed to detect 10% improvement in 5-year PFS rates
with CHOP-14 compared with CHOP-21, which was anticipated to have
5-year PFS rate of 50%. This study design required the enrollment of
410 patients with a one-sided o-level of 0.05 to attain 80% power over 4
years of accrual and 7 years of follow-up (including ineligibility and
cases lost to follow-up). Two interim analyses were planned. The first
involved comparing %CR after half of the patients had been assessed for
response. However, blinded in-house monitoring showed poorer PFS
than expected; the sample size was then amended to 330 patients,
and the end point for the first interim analysis was changed from %CR
to PES.

Superiority of CHOP-14 was assessed by the one-sided log-rank test.
Multiplicity was adjusted using an alpha-spending function of the O’Brien—
Fleming type. To summarize the difference between the two arms at interim
analysis, hazard ratios (HRs) with confidence intervals (Cls) were calculated
[15]. If CHOP-14 proved inferior, the predictive distribution of HR [16]
was used to decide whether to stop the trial for futility monitoring.
Updated data and estimate HRs between the two arms were analyzed by
Cox regression analysis.

central pathology review

Collected biopsy specimens (290 specimens) of enrolled patients were
forwarded for central pathology review. Four hematopathologists classified
them according to the Working Formulation and WHO dlassification (third
edition) [17].

results

interim analysis

The first planned interim analysis was carried out in December
2002. Because CHOP-14 was deemed highly unlikely to be
superior to CHOP-21 with respect to PES, the trial was
terminated early following recommendations by the JCOG
Data and Safety Monitoring Committee on 18 December 2002.
At the first interim analysis of 286 patients, median PFS was
33.9 and 24.3 months for patients in CHOP-21 (n = 143)

and CHOP-14 (n = 143) arms, respectively (one-sided log-rank
P = 0.68). The 2-year PFS rate was 54.4% (95% CI 45.0% to
63.7%) in the CHOP-21 arm and 51.1% (95% CI 41.4% to
60.8%) in the CHOP-14 arm with a HR of 1.10 (95% CI 0.76%
to 1.57%). Two-year OS rates were 73.8% (95% CI 65.4% to
82.3%) and 74.8% (95% CI 66.1% to 83.5%) in CHOP-21 and
CHOP-14 arms, respectively.

patient characteristics

Between February 1999 and December 2002, 323 enrolled
patients were randomly assigned to CHOP-21 (161 patients)
and CHOP-14 arms (162 patients). Patient characteristics in
both groups were well balanced (Table 1). Among the 323
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Table 1. Patients’ characteristics

Number of patients 161 49.8 162 50.2 323
Age
Median (range) 58 (18-69) 57 (17-69) 57 (17-69)
<61 103 64.0 111 68.5 214 66.3
261 58 36.0 51 31.5 109 33.7
Gender i :
Male 94 58.4 96 59.3 190 58.8
Female 67 41.6 66 40.7 133 41.2
ECOG performance status
0 79 49.1 88 54.3 167 51.7
1 68 42.2 61 . 37.7 129 39.9
2 14 8.7 13 8.0 27 8.4
Number of extranodal sites '
0,1 127 78.9 132 81.5 259 0.2
>2 34 211 30 18.5 64 19.8
LDH greater than normal 80 49.7 74 45.7 154 47.7
Stage
I 3 1.9 1 ) 0.6 4 1.2
11 56 34.8 58 ' 358 114 35.3
11 42 26.1 43 ' 26.5 85 26.3
v 60 37.3 60 37.0 120 37.2
Bulky mass 82 - 509 86 53.1 168 52.0
IPI risk group
Low ‘ 65 404 - 78 48.1 143 443
Low-intermediate 51" i 31.7 45 27.8 96 , 29.7
High-intermediate 36 C224 26 16.0 62 192
High 9 5.6 13 8.0 22 : : 6.8

Working formulation
Institutional [consensus] diagnosis

Small lymphocytic [2] {0}
Follicular small cleaved (1} 73] [4]
Follicular mixed [6] [5] [11]
Follicular large 17 [8] 17 [13] 34[21]
Diffuse small cleaved 8 [6] 9 [6] 17 [12]
Diffuse mixed 21 [13]) 20 [13] 41.[26)
Diffuse large 112 [93] . ‘ 111-[94] 223 [187]
Immunoblastic 3 0] 4 4] 7 [4]
Small noncleaved 0 [2] : 1[2] ~1.[4]
Miscellaneous - 13] : 151 [8)
Others ' C [6] ; ' o [5) [
WHO dassification ! :
MCL ' 2 ) 2 4
FL T o , 12 23
FL, follicular large plus 4 9 13
diffuse large :
MZBCL ' 4 2 6
DLCL ol 88 ; : 99 ‘ 187
BCL, unclassified i S| i 1 2
BCL, low grade 4 2 6
HL 4 3 7
Miscellaneous 2 3 5
NK/T lymphoma 2 1 3
AILT 6 5 11
PTCL 9 7 16
ATL . 1 1 2
ALCL 2 2 4
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Table 1. (Continued)

T-cell lymphoma, -0
unclassified
Not collected : 21

12 , o 33

“Ineligible, but one of four patients was treated as eligible.

MCL, mantle cell lymphoma; FL, follicular lymphoma; MZBCL, marginal zone B-cell lymphoma; DLCL, diffuse large cell lymphoma; BCL, B-cell lymphoma;
HL, Hodgkin lymphoma; NK, natural killer; AILT, angioimmunoblastic T-cell lymphoma; PTCL, peripheral T-cell lymphoma; ATL, adult T-cell leukemia-
lymphoma; ALCL, anaplastic large cell lymphoma; IPI, International Prognostic Index; LDH, lactate dehydrogenase; ECOG, Eastern Cooperative Oncology Group.

patients, 8 were ineligible [3, incorrect histopathological
diagnosis immediately after registration (2 with adult T-cell
leukemia—lymphoma and 1 with follicular mixed-type
lymphoma); 3, stage I disease; 1, complicated gastric cancer;
and 1, no measurable lesion]. Of 290 patients whose biopsy
samples were reviewed, 38 (13.1%) (18, CHOP-21 and 20,
CHOP-14) were considered ineligible.

After chemotherapy, involved-field radiotherapy (dose 30-50
Gy) was administered to 58 patients (28, CHOP-21 and 30,
CHOP-14) with initial bulky disease and 7 with PR and with no
initial bulky mass for residual disease (2, CHOP-21 and 5,
CHOP-14).

foxic effects

Collected case report forms of 320 patients (including ineligible
patients) were used for evaluating toxic effects (Table 2). At
least one episode of grade 4 neutropenia was experienced by
83.6% and 52.2% patients in CHOP-21 and CHOP-14 arms,
respectively. While 12.5% and 20.6% patients in CHOP-21 and
CHOP-14 arms, respectively, experienced grade 3 anemia
(hemoglobin < 8 g/dl). Only one patient experienced grade 4
thrombocytopenia.

Nonhematologic toxic effects were mild and equivalent in
both arms. However, treatment in the CHOP-21 arm was
discontinued for four patients [one, decreased left ventricular
ejection fraction (<40%); one, hypertension with Wallenberg’s
syndrome; one, gastric perforation; and one, amebic abscesses
in the intestine and liver]. Protocol treatment was discontinued
for seven patients (three, pneumonitis; three, >grade 2
arrhythmias; and one, a vertebral compression fracture) in the
CHOP-14 arm.

After the seventh course of CHOP-14, one patient died
suddenly but the cause of death could not be determined. In the
CHOP-14 arm, one male patient developed Pneumocystis
pneumonia immediately after the eighth course of
chemotherapy and died of respiratory failure.

Twenty-nine secondary malignancies cases (CHOP-21 arm: 8
and CHOP-14 arm: 21) were also observed. Median age at
lymphoma diagnosis was 59 years (range 32—68 years) and 60
years (range 41-69 years) in CHOP-21 and CHOP-14 arms,
respectively. Three and eight patients in CHOP-21 and CHOP-
14 arms were >60 years. In the CHOP-21 arm, the cases
included non-small-cell lung cancer (n = 1), breast cancer
(n = 1), gastric cancer (n = 2), pancreatic cancer (n = 2),
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Table 2. Toxic effects

Leukopenia (% grade 4) ; 47,5 350
Neutropenia (% grade 4) 83.6 S 522
Anemia (% grade 3) 12.5 20.6
Thrombocytopenia (% grade 4) 0.6 06
T-bil (% grade 3, 4) 25 0
AST (% grade 3, 4) : 3.1 0
ALT (% grade 3, 4) : 5.0 3.1
Creatinine (% grade 3, 4) ’ 0 0.6
Hyperglycemia (% gréde 3,4) 2.0 32
Arrhythmia (% grade 3, 4) 1.3 0.6
Cardiac ischemia (% grade 3,4) 0.6 e 0.7
Infection (% grade 3, 4) ‘ 3.8 3.8
Neurotoxicity—sensory (% grade 3, 4) 1.3 57
Neurotoxicity—motor (% grade 3,4) 1.3 VA
Constipétion (% grade 3, 4) i L300 13

Toxicity forms collected 320 patients.
AST, aspartate aminotransferase; ALT, alanine aminotransferase.

prostate cancer (n = 1), and diffuse large B-cell lymphoma

(n = 1). Only one pancreatic cancer patient received
consolidative radiotherapy. One patient whose lymphoma had
progressed during CHOP-21 treatment received allogeneic
hematopoietic stem-cell transplantation, and the patient later
developed non-small-cell lung cancer. Lymphoma relapse was
not observed among other patients. In the CHOP-14 arm, the
cases included thyroid cancer (1 = 1), non-small-cell lung
cancer (n = 2), breast cancer (n = 2), gastric cancer (n = 3),
pancreatic cancer (n = 1), colon cancer (n = 3), uterine cervical
cancer (n= 1), prostate cancer (# = 1), Ewing’s sarcoma (= 1),
mantle cell lymphoma (n = 1), and myelodysplastic syndrome
(n = 5). Every patient with breast cancer, mantle cell
lymphoma, and colon cancer received consolidative
radiotherapy. Lymphoma relapsed in three cases. One patient
received salvage and high-dose chemotherapy followed by
autologous hematopoietic stem-cell transplantation and
developed myelodysplastic syndrome 23 months after
CHOP-14 treatment. Other patients developed gastric and
colon cancer after salvage chemotherapy. Lymphoma relapse
was not observed in patients with myelodysplastic syndrome;
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they received no additional therapy. In the CHOP-14 arm,
the tendency toward development of secondary
malignancies, including myelodysplastic syndrome, was
significant.

treatment interval and dose intensity

To confirm treatment compliance, we assessed actual treatment
duration, course interval, and actual dose administered. Total
treatment duration was calculated as the duration from day 1 of
the first course to day 1 of the eighth course. The planned
duration of CHOP-21 and CHOP-14 treatment were 148 and
99 days, respectively. The relative dose (%) was calculated as
the dose actually administered divided by the total dose
planned for all eight courses.

The course interval was 21 days for 79.3% patients and 14
days for 83.2% patients in CHOP-21 and CHOP-14 arms,
respectively. The treatment duration in each arm almost
matched the planned duration. Figure 1 shows the distribution
of the achievement quotient for planned CPA and DXR doses.
In the CHOP-21 arm, median relative doses of CPA and DXR
were 97.2% (actual dose range 752-6285 mg per body weight)
and 99.4% (actual dose range 50-419 mg/body weight),
respectively. In the CHOP-14 arm, median relative doses of
CPA and DXR were 98.1% (actual dose range 724-6259 mg/
body weight) and 99.6% (actual dose range 50411 mg/body
weight), respectively. With patients stratified by age (>60 or

Annals of Oncology

<60 years), in elderly patients, median relative doses of CPA
and DXR were 97.1% and 99.2% in the CHOP-21 arm and
were 97.4% and 99.0% in the CHOP-14 arm. In younger
patients, median relative doses of CPA and DXR were 97.5%
and 99.5% in the CHOP-21 arm and were 98.2% and 99.8% in
the CHOP-14 arm. Thus, small variations from the planned
course interval and dosage were observed, but compliance was
good in both arms.

responses

Responses were assessed 12 weeks after chemotherapy or -
radiotherapy. Among all randomized patients, CR (including
CRu) was observed in 61.5% (95% CI 53.5% to 69.0%) and
66.7% (95% CI 58.8% to 73.9%) patients in CHOP-21 and
CHOP-14 arms, respectively (Table 3). Similar results were
observed in eligible patients, and no significant difference was
observed between the two arms.

survival

Figure 2 shows the PES and OS curves for all randomized
patients. At 7-year follow-up after enrollment termination, no
substantial differences were observed in PES and OS between
the two arms. Median PFS was 2.8 and 2.6 in CHOP-21 and
CHOP-14 arms, respectively. Eight-year PFS rates were 41.5%
(95% CI 33.7% to 49.1%) and 38.4% (95% CI 30.5% to 46.1%)
in CHOP-21 and CHOP-14 arms, respectively (P = 0.79, HR
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08 r —— CHOP-14
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06
05 +
04 r
03
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Doxorubicin

10
098 1
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Figure 1. Distribution of the achievement quotient for planned doses of cyclophosphamide and doxorubicin.
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1.04, 95% CI 0.78% to 1.38%), and 8-year OS rates were 55.9%
(95% CI 47.3% to 63.7%) and 55.4% (95% CI 46.9% to 63.0%)
in CHOP-21 and CHOP-14 arms, respectively (P = 0.82, HR
1.04, 95% CI 0.75% to 1.45%).

Subgroup analyses were also carried out for risk groups
classified as per IPI and for patients stratified in two age groups;

Table 3. Response after completion of the protocol treatment

CR H : 385

44.4
CRu : 23.0 ; 22.2
PR 0 , 0
NR i S0 0
PD 12.4 : : : 93
Not evaluable 1.2 0
%CR (CR + CRu) 61.5 S66.7
53.5-69.0 58.8-73.9

95% CI

CI, confidence interval, CR, complete response; CRu, complete response
unconfirmed, %CR, CR rate; NR, no response; PD, progressive disease; PR,
partial response.

1.0
0.9
0.8
0.7
0.6
05
0.4
03
0.2
01t

>

Proportion

no remarkable differences were observed between the two arms
for each subgroup (Figure 3).

Among patients with diffuse large B-cell lymphoma (the
major subtype of aggressive NHL identified by central
pathological review), 8-year PFS rates were 47.5% (95% CI
36.3% to 57.9%) and 44.1% (95% CI 32.8% to 54.8%) in
CHOP-21 and CHOP-14 arms, respectively, and 8-year OS
rates were 55.4% (95% CI 42.9% to 66.2%) and 55.4% (95% CI
43.0% to 66.1%) in CHOP-21 and CHOP-14 arms,
respectively.

conclusions

This trial failed to demonstrate the superiority of CHOP-14
over CHOP-21 for the treatment of aggressive NHL. PES and
OS after CHOP-14 were lower than those after CHOP-21 at the
first interim analysis, and the trial was terminated early because
the estimated predictive probability that CHOP-14 would be
significantly superior to CHOP-21 was only 19%, even if the
trial was continued. This result did not change even during
long-term follow-up.

During treatment, there was no tendency for the interval of
CHOP-14 to be postponed. No differences in planned dose and
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Figure 2. Progression-free survival (PFS) and overall survival (OS) curves for all randomized patients. (A) PES curve and (B) OS curve.
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CHOP-21
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2.6 years
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kFigure 3. Progression-free survival (PFS) and overall survival (OS) curves for all randomized patients of the risk group classified as per International
Prognostic Index (IPI) and for all randomized patients classified as per age. (A) PFS curve for the risk group classified as per IPI, (B) PFS curve for patients
classified as per age, (C) OS curve for the risk group classified as per IPI and (D) OS curve for patients classified as per age.

accumulation ratios of key drugs were observed between the
two arms, and treatment compliance was not only equivalent
but also good in both arms. We therefore do not consider
poor compliance, the cause of the lack of difference in efficacy
between the two arms. Only 8.4% of the patients had

a performance status of 2, and 26% of the patients
belonged to high-intermediate and high-risk groups. These
values were slightly low, thus implying that more patients
with good prognoses were enrolled. However, patient
characteristics did not differ completely, and subgroup
analysis showed that survival in the high-risk group tended to
be equivalent between the two arms. Thus, patient
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population may not have caused a bias in the study end
points.

Other trials using dose-dense chemotherapy have been
conducted by two groups. The German High-Grade Non-
Hodgkin Lymphoma Study Group reported that CHOP-14
showed higher event-free survival (EFS) and OS in elderly
patients than CHOP-21 in the NHL-B2 trial [18], and CHOEP-
21 (CHOP-21 with etoposide) significantly improved survival
compared with CHOP-21 in younger patients with normal
Jactate dehydrogenase (LDH) in the NHL-B1 trial [19]. As for
the difference of these results, Pfreundschuh and Loeffler [20],
in response to Coiffier and Salles [21], pointed out that the
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schedule of CHOP-14 in our trial was well maintained;
however, DXR doses were different from those in the NHL-B2
trial. In our trial, 24% patients received <90% of the planned
dose of DXR, and 16% of patients received <80%, whereas in
the NHL-B2 trial, only 11% and 9% of patients received <90%
and 80% of DXR, respectively. Therefore, Pfreundschuh and
Loeffler [20] argued that both planned dose and treatment
interval must be maintained to preserve the superiority of the
two-weekly regimen over the three-weekly regimen. However,
results from cumulative dose analyses may differ according to
the manner in which cases of early discontinuation of treatment
(early off-treatment) are treated. Because relative dose curves in
NHL-B1 and -B2 trials do not reflect the early off-treatment
rate [18, 19, 22], Pfreundschuh’s argument may not be derived
from intention to treat analysis. In our trial, the cumulative
percentage of patients receiving <90% of the planned dose of
DXR decreases from 20% to 9% if we do not include the early
off-treatment rate. Thus, comparison of results using different
definitions is irrelevant. In NHL-B1 and -B2 trials, although
both total chemotherapy duration and relative dose intensity
tended to be better maintained in younger than elderly patients
[22], the dose-dense regimen was not always superior to the 3-
weekly regimen for younger patients. Even our trial showed
a similar tendency. Moreover, no differences were maintained
between our two treatment arms in terms of planned DXR or
CPA doses administered or in any other background variable,
and comparisons between the treatment arms were reliable.
In exploratory subgroup analysis, unlike in the NHL-B2 trial,
CHOQOP-14 showed no survival advantage for elderly patients
and appeared less effective in terms of OS and PES. The
planned CPA and DXR doses for elderly patients were well
maintained in CHOP-14 and CHOP-21 arms. Secondary
malignancies in elderly patients were observed more often in
the CHOP-14 arm, but the cause of death in elderly patients
was mostly due to lymphoma in both arms. Consequently,
poorer outcomes were not derived from dose reduction of key
drugs and secondary malignancies. On the other hand,
subgroup analysis indicated that the efficacy of CHOP-14 was
slightly greater than that of CHOP-21 in terms of OS and PFS
in patients <60 years. In multivariate analysis using Cox
regression, elevated LDH was identified as a negative prognostic
factor in terms of both PES and OS (Table 4). Age-based
patient characteristics showed that the number of elderly
patients with elevated LDH was greater in the CHOP-14 arm
than in the CHOP-21 arm and that of younger patients with
elevated LDH was lower in the CHOP-14 arm than in the

Table 4. Result of multivariate analysis using COX regression

1.078

CHOP-21 versus CHOP-14 06074

Stage I, IT versus III, IV 00002 1922
PS 0, 1 versus 2 o 100393 . 1.637
Age <60 versus>61 02506 1191
Extranodal disease 0, 1 versus >2 03834 1171
LDH normal versus elevated £ 0.0098  1.486 :

CHOP-21 arm (Table 5). Thus, these deviations may have
somewhat influenced our results. However, these results were
based on a small number of patients and are not statistically
significant. In the NHL-B1 trial, CHOP-14 did not exceed
CHOP-21 in EFS but slightly exceeded CHOP-21 in OS.
Furthermore, the Dutch—Belgian Group conducted

a randomized trial comparing Intensified CHOP (I-CHOP),
consisting of dose-dense chemotherapy, with CHOP-21, and
reported that I-CHOP improved OS in low-intermediate risk
patients according to age-adjusted IPI [23]. These results do
not show similar tendencies, but taken together, dose-dense
chemotherapy may be beneficial for some patients.

Frequency of secondary malignancies in the CHOP-14 arm
was also determined in this trial. In the CHOP-14 arm, 9.9%
and 3.1% patients developed solid tumors and myelodysplatsic
syndrome, respectively, whereas in the CHOP-21 arm, 5.5%
patients developed solid tumors and no patient developed
myelodysplastic syndrome. Radiation, alkylating agents, and
high-dose chemotherapy influence secondary malignancy
development, and epipodophyllotoxin, G-CSF, and greater
dose intensity are particularly involved with
secondary myelodysplastic syndrome and acute myeloid
leukemia [24-27]. Secondary myelodysplastic syndrome
development might be greatly affected by G-CSF because such
developments were only observed in the CHOP-14 arm. In
terms of solid tumors, no differences were observed between
the two arms with regard to patient background, such as
receiving radiotherapy, dose of alkylating agent, and use of
etoposide during or after treatment; thus, preexisting factors
are not responsible for these results. Because dose-dense
chemotherapy may cause more secondary solid tumors,
long-standing careful follow-up of patients is needed.

Our trial did not use rituximab in combination with CHOP
because rituximab was unavailable under the Japanese National
Health Insurance at the time of patient enrollment. Since the
superiority of this combination therapy over CHOP alone has
been proven for elderly and younger low-risk patients with
diffuse large B-cell lymphoma [28, 29], it has been recognized
as a current standard treatment worldwide. The efficacy of
dose-dense chemotherapy combined with rituximab remains
yet to be clarified. Delarue et al. [30] recently reported that
CHOP-14 was not superior to CHOP-21 plus rituximab in an
interim analysis. A similar result was reported by Pfreundschuh
et al. [29], who noted that the benefit achieved with etoposide
plus CHOP-21 was absent for CHOP-21 plus rituximab, and he
reasoned that this was due to the equalizing effect of rituximab.

0.810-1.433 0.790-1.543

05614 1.104
1.369-2.698 £ 0.1052 1389 . 0.533-2.068
1.024-2.616 00309 1773 1.054-2.982
0.884-1.603 00135 1539 1.093-2.166
0.821-0.671 01075 1389 09312071
1.100-2.007 00017 1768 1239-2.524

Cl, confidence interval; HR, hazard ratio; LDH, lactate dehydrogenase; OS, overall survival; PFS, progression-free survival.
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Table 5. Patients’ characteristics according to age

o

Stage e

I, 1T 37 359 42 37.8 22 37.9 17333
1, IV 66 64.1 69 62.2 367 62.1 34 66.7

Performance status : :

0,1 92 89.3 103 928 55 948 46 902
2 11 10.7 8 7.2 3 5.2 5798
Extranodal disease :
0.1 79 76.7 91 820 48 82.8 41 80.4
>2 24 233 200 180 10 17210 196

Lactate dehydrogenase ’
Normal. 51 49.5 65 58.6 30 51.7 23 45.1
Elevated - 52 50.5° 46 41.4 28 - 483 28 54.9

In the rituximab era, the efficacy of dose-dense chemotherapy
may thus not be as significant as before.

Here, CHOP-14 reduced the frequency of febrile neutropenia
and shortened the total treatment duration. However, it did not
improve survival, was more inconvenient to use, and was
significantly more often associated with secondary
malignancies. Thus, CHOP-14 is not suitable as a standard
regimen to replace CHOP-21, and dose-dense chemotherapy
with shortened treatment interval is not useful for improving
the outcome in aggressive NHL patients.
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Patients with follicular lymphoma (FL), where position 158 of FcyR-
llla is heterozygous valine/phenylalanine or homozygous phenyl-
alanine (F-carriers), have natural killer cells with lower binding
affinity to 1gG than valine homozygote patients. In addition, F-car-
riers show less efficacy with rituximab treatment than patients
homozygous for valine. LY2469298 is a humanized 1gG1 monoclo-
nal antibody targeting CD20, with human germline framework
regions, and specific amino acid substitutions engineered into the
Fc region to increase effector function in antibody-dependent
cell-mediated cytotoxicity. This dose-escalation, phase | study was
conducted to assess the safety, pharmacokinetics and preliminary
efficacy of LY2469298 in Japanese patients with previously treated,
CD20-positive FL who had not relapsed or progressed within
120 days of prior rituximab. LY2469298 was administered by intra-
venous infusion at 100 or 375 mg/m? weekly for 4 weeks. Ten
patients were enrolled (median age, 60 years); all had previously
been treated with rituximab. Nine patients were F-carriers while
one was homozygous for valine at position 158 of FcyRllla. No
patients developed dose-limiting toxicities, and the most frequent
adverse events were lymphopenia, pyrexia, leukopenia, chills and
neutropenia. Five (50%) of the ten patients responded to
LY2469298 treatment (three complete responses, one unconfirmed
complete response and one partial response). Serum LY2469298
was eliminated in a biphasic manner and the pharmacokinetic pro-
files were not different from those in a preceding study in the Uni-
ted States. In conclusion, LY2469298 was well tolerated and clinical
activity was observed in FL patients pretreated with rituximab,
mostly consisting of F-carriers. Further investigation of FL is war-
ranted. (Cancer Sci 2011; 102: 432-438)

F ollicular lymphoma (FL) is a low-grade B-cell non-Hodg-
kin lymphoma for which multiple treatment options exXist;
however, no uniform treatment approach has been established.“S
Lymphoma cells from almost all patients with FL express CD20
antigen on their cell surface.® Rituximab, a chimeric monoclo-
nal antibody that targets CD20, has emerged over the past dec-
ade as a treatment of choice for patients with FL, either as a
single agent or in combination with chemotherapies.®™'?
Recently, outcomes for patients with FL. have improved, and
some of this improvement has been attributed to rituximab.” '='%
Despite high response rates and a long duration of disease
control for most patients, the majority of patients ultimately
relapse with disease that is refractory to treatment, including
rituximab. %14

Rituximab is hypothesized to work through multiple mecha-
nisms, including antibody-dependent cell-mediated cytotoxicity
(ADCC), complement-dependent cytotoxicity (CDC) and direct
induction of cellular signaling pathways that result in apoptosis.
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ADCC, considered to be particularly important for the clinical
efficacy of rituximab in B-cell non-Hodgkin lymphoma,'® is
mediated by immune effector cells, including natural killer cells,
and through IgG Fc-receptors (FcyR). Substitution of phenylala-
nine (F) for valine (V) at one or both alleles encoding for amino
acid position 158 of the FcyRIITa (CD16a) protein has been sig-
nificantly correlated with a negative outcome for FL patients
treated with rituximab. For example, an FcyRIlla protein with F
at position 158 has a lower binding affinity to IgG.""®'? In addi-
tion, patients with heterozygous (VF) or homozygous (FF)
FcyRIITA-158 alleles (F-carriers) have a significantly lower
response rate and shorter time to progression following ritux-
imab monotherapy compared with patients with homozygous
(VV) FeyRITIA-158 alleles.('829

LY2469298 is a humanized, IgGl, anti-CD20 monoclonal
antibody with human germline framework regions, a higher
affinity for CD20 compared with rituximab and a limited num-
ber of amino acid substitutions in the Fc region (selected to
enhance ADCC). It had approximately sixfold more potent
ADCC in vitro with approximately 50% less CDC, compared
with rituximab (data at Eli Lilly on file). Thus, LY2469298 was
hypothesized to have greater activity in patients with FL com-
pared with rituximab, particularly in FeyRIITA-158 F-carrier
patients. Furthermore, the humanization of LY2469298 was
hypothesized to decrease immunogenicity.

In the United States, a phase I study of LY2469298 was con-
ducted in patients with FL. who expressed the low affinity forms
of FcyRIMa.*" In this US study, five dose levels (ranging from
2 to 375 mg/m?) were investigated for safety and tolerability
and the maximum tolerated dose was not reached. Therefore,
the dose level of 375 mg/m? was selected as the recommended
dose for further study.

In the present study, Japanese patients with previously treated
FL were treated with four weekly doses of LY2469298 at 100
or 375 mg/m% The primary objectives were to investigate
the safety and tolerability of repeated administrations of
LY2469298 at these two dose levels for establishing a recom-
mended dose for a phase II study. The secondary objectives
were to estimate the pharmacokinetic (PK) profile of
LY2469298 and to explore the clinical activity of LY2469298
in this population.

Patients and Methods

Patients. Patients were eligible if they were 20 years of
age or older with histologically confirmed, CD20-positive FL,
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