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(a) Overall and (b) event-free survival according to the mean daily dose during the first 24 months per body weight. The cut-off value

was set at >5.0 mg/day/kg (e.g. if a patient whose body weight was <60 kg received imatinib at a mean daily dose of 300 mg).

Table 5. Number of patients and survival according to the mean daily dose of imatinib during the first 24 months per body weight

Mean daily dose/body weight (mg/day/kg)

>5.01 <5.0

P-value

Actual bodyweight No. Actual bodyweight No.

(ka) patients (kg) patients
Imatinib daily dose group#

400 mg <80 266 >80 28

300 mg <60 63 >60 27

200 mg <40 5 >40 62
Estimated 7-year OS 96% 89% 0.0012
Estimated 7-year EFS 88% 76% 0.0016

1The cut-off value was set at >5.0 mg/day/kg (e.g. the mean daily dose of imatinib during the first 24 months (300 maq) divided by body weight
[<60 kg]). ¥Mean daily doses in the 400-, 300-, and 200-mg groups were >360, 270-359, and <270 mg imatinib, respectively. Patients who
discontinued imatinib were not included in the analysis. EFS, event-free survival; OS, overall survival.

to the mean daily dose during the first 6, 12, and 24 months of
treatment. The rate of achieving CCyR or MMR differed sig-
nificantly between the 300- and 400-mg groups during the first

24 months. Even so, there were no significant differences in -

OS, PFS, and EFS between the 300- and 400-mg groups
during the first 6, 12, or 24 months of treatment. Conversely,
the 200-mg group showed markedly inferior cytogenetic and/or
molecular responses, as well as inferior survival, compared
with the 300- and 400-mg groups. We also analyzed outcomes
according to the mean daily dosage during the first 24 months
per BW, with the results suggesting that patients who had rela-
tively high daily dosage per BW were likely to have better OS
and EFS even though the actual daily dose had been lower
than 400 mg imatinib. The OS and EFS in the 300-mg group
in the present study were not inferior compared with rates
reported in the IRIS study (85% at 7 years vs. 83% at
6 years), which suggests that a considerable number of Japa-
nese patients who received doses lower than 400 mg demon-

strated an adequate response. A prospective comparative study -

would be necessary to confirm this observation.

Two recent studies showed a correlation between the plasma
trough levels (C,y;,) and response, suggesting that maintaining
Cmin above approximately 1000 ng/ml. was associated with
improved outcomes.?*?® T the present study, the mean daily
dose was 331 + 108 mg during the first 24 months and the rel-
atively high dosage of imatinib per BW was associated with
better OS and EFS, whereas in the IRIS study the mean daily
dose among the patients who continued receiving imatinib was
382 + 50 mg.” On the basis of our results, we assume that

1076

the relatively small body size of Japanese patients compared
with their Western counterparts may have affected Cpp,,
although differences in the metabolism of imatinib because of
ethnicity cannot be ruled out either. Therefore, we measured
the Cp, of imatinib in a group of patients who had received
imatinib continuously at a daily dose of either 300 or 400 mg.
The patients from whom blood samples were collected showed
almost similar background characteristics to the entire study
population. There was no significant difference in the mean
Chin between patients receiving 300 or 400 mg imatinib, and
there was no significant difference in the ratio of patients
whose C.;, was higher than 1000 ng/mL between the two

groups. When pharmacokinetic analyses of patients receiving
400 mg imatinib in the present study are compared with the
IRIS study, the Cp, in the present study was distributed at
higher concentrations than in the IRIS study (mean Cp;, 1165
vs. 979 ng/mL, respectively); however, the distribution of Cp,,
in patients receiving 300 mg imatinib was similar between the
studies.”® Larson et al. reported a weak correlation between
Chin and age, BW, or BSA in the IRIS study, but also sug-
gested that the effects of body size and age on Cy,;, were not
likely to be of clinical s%gniﬁcance because Cy,, showed large
interpatient variability.® However, the Cp;, in their female
patients was significantly higher than that in male patients, and
they speculated that this may be due to the small body size of
the female patients. The same tendency was seen in the present
study, especially in terms of age and gender. Therefore, a
small body size among Japanese old and/or female patients
may partly account for the higher C;, of imatinib. Regarding

doi: 10.1111/].1349-7006.2012.02253.x
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Table 6. Patient characteristics and plasma trough levels of imatinib
according to the daily dose of imatinib

Imatinib daily doset

P-value
400 mg 300 mg

No. patients 26 24
No. men/women 19/7 12/12 0.092
Age (years) 49 (17-79) 58 (33-76) 0.012
Body weight (kg) 65.2 + 10.6 59.5 + 10.7 0.062
BSA (m?) 1.68 = 0.17 1.57 £ 0.17 0.034
Sokal risk group (n)

Low 18 13 0.357

Intermediate 6

High 2 5
Conin (ng/mL)

Mean + SD 1165 = 445 1113 + 426 0.673

Median (range) 1035 (710-2420) 1130 (439-2140)
% Patients on >1000 57.7 (15/26) 62.5 (15/24) 0.1
ng/mL imatinib
Best response (%)

MCyR 26 (100) 23 (96)

CCyR 26 (100) 22 (92)

MMR 24 (92) 23 (96)

Unless indicated otherwise, data are given as the mean = SD, as the
median with the range given in parentheses, or as the number of
patients in each group with percentages given in parentheses, as
appropriate. timatinib at a daily dose of 400 or 300 mg without any
dose modification. BSA, body surface area; CCyR, complete cytoge-
netic response; Cin, plasma trough level; MCyR, major cytogenetic
response; MMR, major molecular response.

the plasma concentration of imatinib in Japanese patients, there
are other reports showing sufficient C'Bi in patients receiving
imatinib at doses lower than 400 mg,®" 4 but it remains uncer-
tain whether there are any individual or ethnic differences in
the metabolism of imatinib.?+2

- Another possible reason for the satisfactory outcomes seen
for patients in the 300-mg group could be that, at this dose,
imatinib could be administered continuously to some patients
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without serious adverse events. A recent study regarding imati-
nib dosage in Japanese patients reported that, based on multi-
variate analysis, older age and lower BW are significant risk
factors for the discontinuation of imatinib therapy and that
patients with these factors were less likely to achieve a
CCyR.“s) Continuous and adequate dosage is essential for
optimal outcome, and adherence to imatinib therapy is
critical. ?%

In conclusion, the long-term follow-up of the JALSG
CML202 study revealed almost similar excellent outcomes to
those of the IRIS study and others. There were no significant
differences in OS and EFS between the 300- and 400-mg
imatinib groups. However, cumulative rates of cytogenetic or
molecular responses in the 300-mg group were inferior to
those in the 400-mg group. The results of the present study
suggest that imatinib at a dose of 400 mg may be optimal for
Japanese patients, but that 400 mg imatinib is not tolerable in
a considerable number of patients, and that the measurement
of Cpun is useful in finding the optimal dose, especially in
elderly and/or female patients. Nevertheless, excessive dose
reductions to <300 mg imatinib should be avoided even in
patients who are intolerant to 400 mg imatinib or have a small
body size. We hope our findings are useful for the treatment
of CML patients in other Asian countries.
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Abstract The purpose of chemotherapy in patients with
advanced solid cancers, including biliary tract cancer, is
generally to improve the survival and quality of life of the
patients. Also, adjuvant chemotherapy is expected to
increase the curability of surgery in patients scheduled to
undergo surgery. Most patients with unresectable biliary
tract cancer develop obstructive jaundice, and biliary
drainage is needed before any of the aforementioned
treatments. Once jaundice is resolved by stenting of the
bile duct or bilio-intestinal bypass, cholangitis often
develops, leading to rapid deterioration of the patient’s
general condition. Therefore, the beneficial effect of che-
motherapy in such patients remains controversial. A few
randomized controlled trials have demonstrated the sur-
vival benefit of chemotherapy as compared with supportive
care. In one of these trials, improvement of the quality of
life was also confirmed. Recently, since the survival benefit
of combined gemcitabine plus cisplatin therapy over
gemcitabine alone has been demonstrated in randomized
controlled clinical trials, this combined regimen has been
recognized as a standard therapy for unresectable biliary

tract cancer. A second-line regimen is now expected to be -

established for patients with gemcitabine-refractory biliary
tract cancer, although the significance of  second-line
therapy remains unclear. One of the next issues in relation
to chemotherapy for biliary tract cancer is the development
of molecular-targeted agents; however, few large clinical
trials of such agents have been conducted for biliary tract
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cancer. Various issues in chemotherapy for biliary tract
cancer remain to be investigated, and global cooperation is
necessary to conduct large clinical trials.

Keywords Biliary tract cancer - Chemotherapy - Survival
benefit - Quality of life - Gemcitabine - Cisplatin

Introduction

Biliary tract cancer is a common cause of cancer-related
death in Asia, including Japan, and Latin America. In Japan,
the mortality is estimated to be 17,000 deaths annually. While
surgery remains the only potentially curative treatment, the
curative resection rate remains low, at approximately 40%
{1]. Most patients, furthermore, develop recurrence even after
curative surgery. The poor prognosis is due to the difficulty in
the diagnosis of biliary tract cancer in the earlier stages and
the lack of sétisfactoxy treatments for advanced disease.

Biliary tract cancer comsists of cholangiocarcinoma,
gallbladder cancer, and ampulla of Vater cancer; intrahe-
patic cholangiocarcinoma is also often included in clinical
trials of treatments for biliary tract cancer. Each of these
types of cancer has characteristic features and the treatment
strategies and prognoses also differ. This heterogeneity has
made it difficult to evaluate the efficacy of chemotherapy
for biliary tract cancer, and randomized controlled trials
(RCTs) with an appropriate stratification strategy, includ-
ing by the tumor type, are required. Recently, a large RCT
comparing combined gemcitabine plus cisplatin therapy
with gemcitabine treatment alone demonstrated a survival
benefit of the combined regimen over gemcitabine alone
[2]. As a result, combined gemcitabine plus cisplatin
therapy has come to be recognized as standard therapy for
unresectable biliary tract cancer.
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The purpose of chemotherapy in patients with advanced
- solid cancers, including biliary tract cancer, is generally to
improve their survival and quality of life (QOL), and not to
achieve a cure. Also, adjuvant chemotherapy is expected to
increase the curability of surgery in patients scheduled to
undergo surgery. There are some difficulties in the che-
motherapy of patients with biliary tract cancer. Most
patients present with obstructive jaundice at diagnosis, and
biliary drainage is generally needed before any of the
aforementioned treatments. Once the jaundice has been
resolved by stenting of the bile duct or bilio-intestinal
bypass, cholangitis often develops, resulting in rapid
deterioration of the patient’s general condition. Thus, the
beneficial effect of chemotherapy for patients with unre-
sectable biliary tract cancer remains controversial.

In this review, based on the recent advances in chemo-
therapy for biliary tract cancer, the significance and roles of
systemic chemotherapy for patients with unresectable bil-
iary tract cancer are discussed.

Improvement of survival in patients with unresectable
biliary tract cancer

To assess the efficacy of chemotherapy in patients with
advanced biliary tract cancer, some small RCTs comparing
it with supportive treatment alone have been conducted
(Table 1) [3-5]. Glimelius et al. [3] reported a comparative
study between chemotherapy and supportive care in 90
patients with unresectable pancreatic cancer and biliary
tract cancer. In this study, 5-fluorouracil (5-FU) + leuco-
vorinor 5-FU -+ leucovorin -+ etoposide was compared with
supportive care. For all the patients, the overall survival was
significantly longer in the chemotherapy group than in
the supportive care group (median 6.0 vs. 2.5 months,
P < 0.01). In only the patients with biliary tract cancer, no
significant difference in survival between the two groups
was noted, die to the small number of patients (37 patients),
and the survival in the two groups was similar (6.5 months
in the chemotherapy group and 2.5 months in the supportive
care group; P = 0.1). Takada et al. [4] conducted a com-
parative study in Japan comparing 5-FU + doxorubicin +
mitomycin C (FAM) with palliative treatment, such as
bypass, in patients with unresectable pancreatic cancer,
gallbladder cancer, and bile duct cancer. No improvement
in the prognosis was demonstrated in either treatment group
overall, but longer survival was achieved in the chemo-
therapy group than in the control group for the 18 patients
with gallbladder cancer (median 5.16 months in the che-
motherapy arm and 2.4 months in the control arm).
Recently, a comparative study of modified gemcitabine/
oxaliplatin (Gemox), 5-FU/folinic acid (FA),and best sup-
portive care was reported in patients with unresectable

@ Springer

gallbladder cancer [5]. The modified Gemox regimen
yielded a statistically significantly higher response rate,
progression-free survival, and overall survival as compared
with 5-FU/FA chemotherapy and best supportive care.
Although these studies included only a small number of
patients, these results suggest a survival benefit of che-
motherapy in patients with unresectable biliary tract cancer
and adequate organ and bone marrow function, as long as
obstructive jaundice and cholangitis can be controlled.
Promising agents for biliary tract cancer were examined
in retrospective studies before a large RCT was conducted.
In a pooled analysis of 104 phase II studies, significant
correlations of the response rate and tumor control rate with
the survival times were observed, and the response rate and
tumor control rate were highest in the patients treated with a
gemcitabine—platinum combination [6]. Four hundred thir-
teen consecutive patients administered non-surgical treat-
ments were reviewed in a Japanese retrospective study [7].
To clarify the impact of systemic chemotherapy on the
survival and identify promising agents for biliary tract
cancer, the hazard ratios and 95% confidence intervals (CI)
were estimated by Cox regression by subgroup of chemo-
therapeutic regimen as compared with best supportive care.
The median overall survival in the best supportive care
group was 3.12 months and that in the chemotherapy group

‘was 7.38 months, and a statistically significant difference in

survival was noted between the two groups (P = 0.0001).
The adjusted hazard ratio in the Cox regression model using
confounders for gemcitabine was 0.53 (95% CI 0.34-0.82)
and for cisplatin -based regimens it was 0.49 (95% CI
0.36-0.99). Thus, gemcitabine and platinum were identified
as promising agents for the treatment of biliary tract cancer.

A randomized phase II study (ABC-01) comparing gem-
citabine alone with gemcitabine plus cisplatin was conducted
in the United Kingdom [8]. It demonstrated superior 6-month
progression-free survival (57.1 vs. 45.5%) with acceptable
toxicity in the gemcitabine 1,000 mg/m* plus cisplatin
25 mg/m” group as compared with that in the gemcitabine

* 1,000 mg/m>-alone group, and was therefore expanded to a

phase Il study (ABC-02). The results revealed a statistically
significant improvement in the overall survival in the gem-
citabine-plus cisplatin group as compared with that in the
gemcitabine-alone group (Table 2) [2]. The BT-22 study was
planned in Japan following the promising results of the ABC-
01 study, and results similar to those of the ABC-02 study
were demonstrated in Japanese patients with biliary tract
cancer (Table 2) [9].

Improvement of the quality of life

It is difficult to assess efficacy based on the QOL, espe-
cially in patients with biliary tract cancer, because there are
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Table 1 Trials comparing

g n Median OS P value References
chemotherz_my anq supportive (months)
care in patients with
unresectable biliary tract cancer 5 gyy/leycovorin or 5-FUlleucovorin/etoposide 47 6 <0.01 Glimelius et al. {3]
Supportive care 43 25
5-FU/doxorubicin/mitomycin C 42 496 0.283 Takada et al. [4]
Control 41 47
Gemcitabine/oxaliplatin 27 9.5 0.039 Sharma et al. [5]
5-FU/folinic acid 28 4.6
5-F U fluorouracil, OS overall Best supportive care 27 45
survival
Table 2 Efficacy of first-line Regimen n Response  Median PFS  Median OS  References
cp§motherapy for unresectable rate (%) (months) (months)
biliary tract cancer
Gemcitabine 206 155 50 83 Valle et al. [2]
Gemcitabine/cisplatin 204 261 8.0 11.7
Gemcitabine 42 119 37 7.7 Okusaka et al. [9]
Gemcitabine/cisplatin 41 195 5.8 11.2
Gemcitabine/capecitabine 45 32 6.0 14.0 Cho et al. [13]
Gemcitabine/capecitabine 75 29 6.2 12.7 Riechelmann et al. [14]
Gemcitabine/capecitabine 44 25 7.2 13.2 Koeberle et al. [15]
PFS progression-free survival, Gemcitabine/S-1 35 343 59 11.6 Sasaki et al. [16]

OS overall survival

many specific symptoms due to tumor progression and/or
obstruction of the bile duct in patients with advanced bil-
iary tract cancer. In the ABC-02 study, it was demonstrated
that patients who received gemcitabine had a significantly
increased incidence of grade 3 or 4 liver function test
abnormalities, possibly as a result of inferior disease con-
trol and biliary drainage as compared with that in the group
administered combined gemcitabine plus cisplatin therapy
[2]. This finding suggests that a higher efficacy of che-
motherapy against tumor progression in patients with bil-
iary tract cancer might contribute to maintaining the
patency of the bile duct and prevent cholangitis due to re-
obstruction of the bile duct.

Improvement in the QOL was also examined in a trial
comparing chemotherapy and supportive care, with QOL
assessed by using the European Organization for Research
and Treatment of Cancer quality of life questionnaire (EO-
RTC QLQ-C30) version 1.0 questionnaire [3]. The results
revealed a significant QOL improvement in the chemo-
therapy group (P <001); a 36% improvement was
observed in the chemotherapy group (pancreatic cancer
38%, biliary tract cancer 33%) and a 10% (pancreatic cancer
13%, biliary tract cancer 5%) improvement was shown in
the supportive care group. In the analysis by symptom,
significant improvements of pain, fatigue, appetite, and
dyspnea after 2 months, and that of pain and dyspnea after
4 months were observed in the chemotherapy group.

Second-line therapy for unresectable biliary tract
cancer

Now that first-line chemotherapy has been established, the
development of a second-line therapy would be the next
logical step to improve survival in patients with unresec-
table biliary tract cancer. New oral fluoropyrimidines, such
as capecitabine and tegafur/gimeracil/oteracil potassium
(S-1), which are prodrugs of FU, have been investigated as
monotherapy or in combination with gemcitabine. There
are few prospective clinical trials that have focused on
second-line therapy only in patients with biliary tract
cancer. S-1 was investigated in patients with gemcitabine-
refractory biliary tract cancer in a phase II study [10].
There were 3 confirmed partial responses (7.5%) among
the 40 patients assessed, and 22 patients (55%) with stable
disease. The median progression-free and overall survivals
were 2.5 and 7.5 months, respectively. Despite the
acceptable toxicity of S-1, its efficacy was modest, and
these results could serve as reference data for the devel-
opment of second-line therapy.

The impact of second-line therapy after gemcitabine-
based chemotherapy was assessed in the ABC-02 and
BT-22 studies [11]. In the ABC-02 trial conducted in the
United Kingdom, the treatment of patients with disease
progression was left to individual clinicians’ discretion,
and was best supportive care for the majority, with only
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17% of patients receiving further chemotherapy, mostly
5-FU-based chemotherapy. On the other hand, in the BT-22
study conducted in Japan, 73% of the patients in the
gemcitabine-plus-cisplatin group and 78% of the patients
in the gemcitabine-alone group received post-study che-
motherapy. S-1 was approved for the treatment of biliary
tract cancer based on the results of a first-line phase 11
study in Japan [12], and, consequently, more than 60% of
the patients in the BT-22 study were treated with S-1 as
second-line therapy [9]. This difference in the rate of
application of second-line therapy could have potentially
improved the overall survival in the BT-22 study as com-
pared with that in the ABC-02 study, although the overall
survival in the two studies was quite similar. So far,
therefore, the impact of second-line therapy in patients
with gemcitabine-refractory biliary tract cancer remains
unclear.

Future perspectives on chemotherapy for unresectable
biliary tract cancer

Gemcitabine has been recognized as a key drug for the
treatment of biliary tract cancer, and many phase 11 studies
of gemcitabine have been conducted. The combination of
gemcitabine plus the oral fluoropyrimidines capecitabine or
S-1 also showed promising activity in phase II studies.
These phase II studies yielded response rates of 25-34%
and a median overall survival of 11.6-14.0 months
(Table 2) [13-16]. A randomized phase I study comparing
combined gemcitabine plus S-1 chemotherapy and S-1
monotherapy was conducted by the Japanese Clinical
Oncology Group (JCOG) to evaluate the efficacy and
safety of the two regimens and to determine which was the
more promising regimen as a test arm regimen for com-
parison with the current standard regimen; namely, gem-
citabine plus cisplatin [17]. If the combination of
gemcitabine plus S-1 is found to be promising, a large RCT
comparing this combination with gemcitabine plus cis-
platin would be warranted.

One of the next issues that need to be addressed is
whether molecular-targeted agents might also exert activity
against biliary tract cancer. To date, no large clinical trials
of molecular-targeted agents have been conducted for bil-
iary tract cancer; however, some of these agents appear to
offer promise. A combination of Gemox plus bevacizumab,
a recombinant humanized monoclonal antibody directed
against vascular endothelial growth factor (VEGF), yielded
promising results in a phase II study, with a response rate
of 40% and median overall survival of 12.7 months [18]. A
phase 11 study of Gemox plus cetuximab, an anti-epidermal
growth factor receptor (EGFR) antibody, also demon-
strated promising efficacy, with a response rate of 63% and

@_ Springer

median overall survival of 15.2 months [19]. A randomized
phase I study comparing Gemox plus cetuximab and Ge-
mox alone has been conducted in France [20], and has been
expanded to a phase III study.

Usage of monotherapy with targeted agents as second-
line chemotherapy is also expected. Some preclinical
experiences show that VEGF receptor or EGFR inhibitors
administered alone may exert efficacy against biliary tract
cancer. In many patients with progressive disease receiving
first-line chemotherapy with the relatively toxic regimen of
gemcitabine plus cisplatin or Gemox, the general condition
may be poor, and serious cholangitis can easily develop.
Less toxic therapy, such as monotherapy with a targeted
agent, may be useful in such patients.

Conclusions

Effective chemotherapy is necessary to improve the sur-
vival and QOL of patients with biliary tract cancer.
Because biliary tract cancer is a relatively rare disease as
compared with other gastrointestinal cancers, such as
colorectal cancer or gastric cancer, large clinical trials of
treatments for this cancer are difficult to conduct. Efforts to
establish new standard chemotherapies are ongoing, and
international collaboration is necessary for the success of
these efforts.
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Purpose

Riterimab 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 lll 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% ClI, 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% ClI, 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

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 chemotherapy alone.'
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

3930 © 2011 by American Society of Clinical Oncology
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grade 3B. A first-line intensive chemotherapy regi-
men has been shown to cause durable remission in
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



R-CHOP-14 v R-CHOP-21 for Indolent B-Cell Lymphoma

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 II/I11
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 II 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 dassification'’; stage Il 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 1 and 100 mgoral 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.
Inboth arms, rituximab was given 2 days before CHOP cycles 1, 2,4, and 6, for
atotal 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.

Fig 1. CONSORT diagram showing the
flow of patient enrollment 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 Il trial. (t) 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-  amended to include both arms. To prevent HBV reactivation, we revised the
ican Society of Clinical Oncology guidelines.'® Maintenance use of ritux- protocol in March 2006 to allow the prescription of anti-HBV medication to
imab was not allowed. patients in both treatment arms with a high titer of antibodies against the HBV
After 74 patients had been enrolled onto this study, the JapaneseNational ~ core antigen.?*%2

Health Insurance policy regarding rituximab treatment changed. In October

2003, the protocol was revised so that rituximab could be given in every CHOP ~ Assessments .

cycle for a total of six doses. Consequently, of the 291 patients who completed Tumor assessments were performed on all target lesions identified at
the protocol treatment, 76 patients received four doses of rituximab, three ~ baseline by CT scans after three R-CHOP cycles and at different times after
patients received five doses, and 212 patients (71% of the total) received six ~ completion of six-cycle R-CHOP (ie, around the eighth week, every 6 months
doses. During the accrual period, seven of 134 of the patients treated with for the first 2 years, and annually thereafter). Tumor response was assessed by
R-CHOP-21 developed interstitial pneumonitis, which was caused by Preu-  using the International Workshop Criteria.®> CT films from patients who
mocystis jiroveci in six of these patients. The original protocol stipulated pro-  achieved a complete response (CR) or an unconfirmed CR (CRu) during
phylaxis only for the patients treated with R-CHOP-14; the protocol wasthus ~ 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 .93
Range 27 t0 69 33 to 69 27 t069
= 61 37 25 38 25 75 25 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 1" 7 28 9 .24
ECOG PS 1or2 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 .63
FLIPI risk group
Low 52 45 35 34 45 42 30 32 97 87 32 33
Intermediate 61 56 41 42 64 59 42 45 125 115 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 37 106 35 .70
High-intermediate 16 1 21 14 37 12
High 1 1 1 1 2 1
Histology {(central review)
FL {grades 1, 2, and i ’ .
3A) : 125 84 123 81 248 83
FL {(grade 3B) 8 5 9 6 17 6
MZL ] 0 6 4 6 2
SLL 1 1 1 1 2 1
Other indolent B-cell
NHLs 8 5 5 3 13 4 .28
MCLS 2 1 2 1 4 1
DLBCLS 4 3 2 1 6 2
Plasmacytoma$s 0 0 1 1 1 0.3
Others$ 1 1 2 1 3 1
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; IPI, International Prognostic Index; LDH, lactate dehydrogenase; MCL, mantie cell
lymphoma; MZL, marginal zone lymphoma; NHL, non-Hodgkin's lymphoma; PS, performance status; R-CHOP-14, rituximab plus cyclophosphamide, doxorubicin,
vincristing, 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.
1Dynamic allocation adjustment factors in randomization.
$Bulky disease was defined as a nodal or extranodal mass of =10 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 II and the whole phase III study were
CR/CRu rate and progression-free survival (PFS), respectively; the secondary
end points of phase 1I were overall response rate and toxicities and those of
phase ITI 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 (FLIPI)?® 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 a = .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 o = .15 and 8 = .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 III 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 1 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.jco.org

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 III 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.
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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, vincristine, and prednisone
(R-CHOP) administered every 2 weeks with granulocyte colony-stimulating
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PFS and OS

In the primary analysis for PFS 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 PFS 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% ClI,
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 (IP), the Follicular Lymphoma Inter-
national Prognostic Index (FLIPY, 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%j 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 3A, 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 PFS 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% Cl P
Treatment arm, R-CHOP-21 v ’

R-CHOP-14 093 = 0.68t01.27 . .84
Age {years), < 60 v = 61 1.00 07010143 .99
Sex, female v male 1.65 1.18102.30 <.01
Bulky disease, < 10 cm v = 10 cm 1.03 0.68t0 1.54 91
LDH, = ULN v> ULN 1.36 0.90t0 2.07 15
Stage, 1l vIV 1.20 0.84t01.72 32
ECOGPS,0v1or2 1.13 0.76101.68 54
No. of extranodal sites, Oor 1 v=2 1.20 0.79t01.83 .39
Hemoglobin, = 12 g/dL v < 12 g/dL 1.18 0.77t01.74 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 3or4 144 97 102 68
Neutropenia 4 126 85 56 37
Hemoglobin 3ord 3 2 24 16
Thrombocytopeniat . 3 2 1 4 3
Nonhematologic
AST 3 4 3 4 3
ALT 3 7 5 8 5
Hyperglycemia 3 8 6 7 5
Hypocalcemiat 4 0 0 1 1
Hyponatremia 3 4 3 4 3
Hypokalemia 3 2 1 1 1
Supraventricular arrhythmia 3 1 1 0 0
Fever 3 0 0 2 1
Appetite loss 3 6 4 1 7
Constipation 3 6 4 10 7
Diarrhea 3 1 1 2 1
lleus 3 2 1 5 3
Nausea 3 7 5 8 5
Stomatitis/pharyngitis 3 2 1 0 0
Vomiting 3 4 3 3 2
Hematuria 3 1 1 1 1
Febrile neutropenia8 3 22 15 10 7
Infection with grade 3 3 21 14 8 5
neutropenia8
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 hypocalcemia, 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 PFS 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%).2® The lower CR/CRu rates
in the first interim analysis (compared with the entire phase I1I 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 cydes, 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 Pneumocystis 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 Pneumocystis carinii pneumonitis.'’ Alveolar damage caused by
rituximab-induced cytokine production and lymphopenia might
have partially contributed to the development of Pneumocystis 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

1. Hiddemann W, Kneba M, Dreyling M, et al:
Frontline therapy with rituximab added to the
combination of cyclophosphamide, doxorubicin,

Www.jco.org

vincristine, and prednisone (CHOP) significantly
improves the outcome for patients with advanced-
stage follicular lymphoma compared with therapy
with CHOP alone: Results of a prospective ran-
domized study of the German Low-Grade Lym-
phoma Study Group. Blood 106:3725-3732, 2005

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 PFS of patients with untreated advanced indolent B-cell
NHL include consolidative radioimmunotherapy®> 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 PES in
previously untreated indolent B-cell NHL and that R-CHOP-21 is still
one of the standard treatments for this population.
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