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improvement in pancreatic pain and worsening in body
image, changes in bowel habits, treatment-related side-
effects, and ability to plan for the future (data not shown).
Patients on placebo reported a 5-point or more mean
change from baseline in emotional functioning, pain,
constipation, insomnia, and loss of appetite (all improved)
on the QLQ-C30; similar changes were seen in pancreatic
pain, fear of future health, and cachexia (all improved) on
the QLQ-PAN26 (data not shown).

Discussion

This randomised phase 3 trial clearly shows that the
addition of axitinib to gemcitabine does not improve
survival in patients with locally advanced or metastatic
pancreatic cancer. These data also confirm the findings
obtained in previous phase 3 studies of the VEGF inhibitors
bevacizumab and aflibercept that inhibition of this path-
way is ineffective in patients with this disease (panel).”*

In view of the long history of promising phase 2 single-
group trials that have yielded negative phase 3 results,
some investigators have concluded that a randomised
phase 2 trial is the optimum method to predict the benefit
of a novel agent in the phase 3 setting.* The randomised
phase 2 trial design reduces the bias of a comparison
with historical data, as well as the patient selection bias.
As our study shows, the results of hypothesis-generating,
exploratory, randomised, phase 2 studies are not always
replicated in randomised phase 3 trials. Indeed, the
results of this trial underscore the importance of
implementation of phase 3 testing only after a robust
signal from appropriately designed phase 2 trials.”

The decision to evaluate axitinib in a phase 3 study was
based on the results of a fairly small (103 patients),
exploratory, randomised, phase 2 study in which
gemcitabine plus axitinib showed a non-significant
improvement in median overall survival compared with
gemcitabine (6-9 months, 95% CI 5-3-10-1 wvs
5.6 months, 3-9-8-8; HR 0-71, 95% CI 0-44-1-13).¢ That
phase 2 study was neither intended nor powered to show
a significant difference between the two groups, and the
confidence intervals for median overall survival
overlapped. Additionally, the confidence interval for the
HR contained 1-0. When the decision was made to move
forward into phase 3, the HR for overall survival in the
phase 2 study was 0-74 in favour of the axitinib plus gem-
citabine group. Statistical modelling that took this treat-
ment effect into account, as well as its variability,
determined that there was a roughly 65% chance that the
phase 3 study would have positive results. We regarded
this finding as sufficient justification to undertake this
phase 3 trial, although we recognised the significant risk
in moving forward from a small phase 2 study to a large
phase 3 trial.

The treatment effect in the randomised phase 2 trial was
greatest in patients with locally advanced disease and in
those with ECOG performance statuses of 0 and 1. The
inclusion of 25% of patients with locally advanced disease
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and almost 50% of patients with performance status 0,
plus the exclusion of patients with any thrombosis
requiring anticoagulation (who tend to have reduced
survival rates), clearly account for the longer-than-
anticipated median survival of more than 8 months that
was recorded in the control group of this trial. A retro-
spective analysis from a phase 3 study of gemcitabine and
erlotinib plus either bevacizumab or placebo suggests that
clinical outcomes might correlate with a genetic locus in
the tyrosine kinase domain of VEGF receptor 1." Pharmaco-
genetic analyses are underway for the present study.

The addition of axitinib to gemcitabine resulted in
acceptable tolerability, with a similar incidence of grade 3
or higher adverse events in both groups. Only grade 3 or
higher asthenia and hypertension occurred more
frequently in patients receiving axitinib than in those
allocated placebo. Hypertension was manageable with
antihypertensive drugs or axitinib dose reductions, or
both. Although venous thrombosis, gastrointestinal
bleeding, and gastrointestinal perforations have often
been reported with VEGF inhibitors, these were not
increased in the axitinib group of this trial.

Analysis of health-related quality of life showed
improvements in pancreatic cancer symptoms of pain in
both treatment groups. In the axitinib plus gemcitabine
group, minor worsening was reported in diarrhoea,
fatigue, and changes in bowel habits—side-effects that
are typically associated with VEGF inhibition.

Despite the 42% incidence of increased TSH concen-
tration (=5 pU/mL) in the axitinib plus gemncitabine group,
only 6% of patients were diagnosed with hypothyroidism
and received hormone replacement therapy. Whether any
patients with TSH increase had subclinical hypothyroidism,

Panel: Research in context

Systematic review

Although a systematic review was not done as part of the planning for this trial, the existing

evidence in this area was identified by literature (Medline) searches. Medline search terms
included "pancreatic cancer”, “chemotherapy”, "gemcitabine”; search limited to English
language, 1997-2007. Previous key trials of gemcitabine-based regimens in pancreatic

adenocarcinoma have shown poor outcomes and low survival rates. An exploratory

randomised phase 2 trial® showed that the combination of gemcitabine and axitinib in this

setting resulted in a numerical improvement in median overall survival compared with
gemcitabine alone. The rationale for the present phase 3 trial of axitinib plus gemcitabine
was to further investigate and to confirm findings from the phase 2 study.

Interpretation

Results from this trial show that the addition of axitinib to gemcitabine does not improve

survival for patients with advanced pancreatic cancer. The data thus add to increasing
evidence that targeting of vascular endothelial growth factor (VEGF) signalling is an

ineffective strategy in advanced pancreatic cancer. This conclusion is supported by results

of phase 3 trials showing that addition of other VEGF inhibitors such as bevacizumab or
aflibercept to gemcitabine did not improve survival compared with gemcitabine plus
placebo in patients with advanced pancreatic cancer. On the basis of data from this trial,

we recommend that no changes to treatment paradigms for advanced pancreatic cancer

are indicated.
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or whether hormone replacement therapy would have
been beneficial, is uncertain.

In conclusion, the addition of axitinib to gemcitabine
does not improve survival for patients with advanced
pancreatic cancer. These results add to increasing
evidence that targeting of VEGF signalling is an
ineffective strategy in this disease.
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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 II-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
PFSwas 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 Interational 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 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
*Correspondence to: Dr K. Ohmachi, Division of Hematology, Department of Internal response (CR) and 3-year p rogressmn—free s'urvxval (PFS) rates.
Medicine, Tokal University, 143 Shimokasuya, Isehara, Kanagawa, Japan. Tel: +81- Thus, CHOP-14 was suggested as a more suitable regimen to be
463-93-1121; Fax: +81-463-92-4511; E-mail: §immd004@s.icc.u-tokai.ac.jp evaluated in subsequent phase III trials.

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 11
trials have been developed for improving outcome. However,
several randomized phase I 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].

© The Author 2010. Published by Oxford University Press on behalf of the European Society for Medical Oncology.
All rights reserved. For permissions, please email: joumnals.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 [I-IV
disease (Ann Arbor dlassification) [12]; age 15-69 years; Eastern
Cooperative Oncology Group performance status 0-2; white blood cell
count 3.0 X 10%/l; absolute neutrophil count (ANC) 21.2 x 107/; platelet
count 275 x 10%/1; 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.

treatment
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 IP, and informed consent available for p53 gene analysis.
CHOP-21 administered every 3 weeks consisted of CPA 750 mg/m?® 1V,
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,
PFS 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 PFS,

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.

ceniral 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 PFS, 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 (1 = 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

doi:10.1093/annonc/mda619 | 1383
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Table 1. Patients’ characteristics

Number of patients
Age
Median (range)
<61
261
Gender
Male
Fernale
ECOG performance status
0
1
2
Number of extranodal sites
0,1
>2
LDH greater than normal
Stage
Ia
1T
I
v
Bulky mass
IPI risk group
Low
Low-intermediate
High-intermediate
High
Working formulation
Institutional [consensus] diagnosis
Small lymphocytic
Follicular small cleaved
Follicular mixed
Follicular large
Diffuse small cleaved
Diffuse mixed
Diffuse large
Immunoblastic
Small noncleaved
Miscellaneous
Others
WHO classification
MCL
FL
FL, follicular large plus
diffuse large
MZBCL
DLCL
BCL, unclassified
BCL, low grade
HL
Miscellaneous
NK/T lymphoma
AILT
PTCL
ATL
ALCL

161

58 (18-69)
103
58

94
67

79
68
14

127
34
80

56
42
60
82

65
51
36

(2]

(1]

(6]

17 [8]
8 [6]
21 [13]

112 [93]
3 [0]
0[2]

(3]

(6]

11

o d
[-SICN

L - - N R R

49.8

64.0
36.0

58.4
41.6

49.1
422
8.7

78.9
21.1
49.7

1.9
34.8
26.1
37.3
50.9

40.4
317
224

5.6

162

57 (17-69)
m
51

96
66

88
61
13

132
30
74

58
43
60
86

78
45
26
13

[0}
[3]
[5]

17 [13)
9 [6]
20 [13]
111 [94]
414]
1[2]
(5]
(5]

12

o
o N

BN e N U e 0 W R e

50.2

68.5
315

59.3
40.7

54.3
37.7
8.0

81.5
18,5
457

0.6
35.8
26.5
37.0
53.1

48.1
27.8
16.0

8.0

Annals of Oncology

323
57 (17-69)
214 66.3
109 33.7
190 58.8
133 412
167 517
129 39.9
27 8.4
259 80.2
64 19.8
154 47.7
4 12
114 35.3
85 263
120 37.2
168 52,0
143 443
96 29.7
62 19.2
22 6.8
[2]
[4]
[11]
34 [21]
17 [12]
41 [26]
223 [187]
7 [4]
1[4]
(8]
[11]
4
23
13
6
187
2
6
7
5
3
11
16
2
4
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Table 1. (Continued)

T-cell lymphoma, 0
unclassified
Not collected 21

original article

12 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; IP1, 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).

toxic 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: §
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 35.0

Neutropenia (% grade 4) 83.6 52.2
Anemia (% grade 3) 12.5 20.6
Thrombocytopenia (% grade 4) 0.6 0.6
T-bil (% grade 3, 4) 2.5 0

AST (% grade 3, 4) 3.1 0

ALT (% grade 3, 4) 5.0 3.1
Creatinine (% grade 3, 4) 0 0.6
Hyperglycemia (% grade 3, 4) 2.0 3.2
Arrhythmia (% grade 3, 4) 1.3 0.6
Cardiac ischemia (% grade 3, 4) 0.6 0.7
Infection (% grade 3, 4) 3.8 3.8
Neurotoxicity—sensory (% grade 3, 4) 1.3 5.7
Neurotoxicity—motor (% grade 3, 4) 1.3 2.5
Constipation (% grade 3, 4) 1.3 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 (i = 1), non-small-cell lung
cancer (n = 2), breast cancer (n = 2), gastric cancer (1 = 3),
pancreatic cancer (n = 1), colon cancer (1 = 3), uterine cervical
cancer (1 = 1), prostate cancer (n = 1), Ewing’s sarcoma (1 = 1),
mantle cell lymphoma (1 = 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 50-411 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 PFS and OS curves for all randomized
patients. At 7-year follow-up after enrollment termination, no
substantial differences were observed in PFS 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

Cyclophosphamide

1.0
09 F  — CHOP-21
08 r e CHOP-14
07
06
05 r
04
03 +
02

T

Proportion

o1 f . I

00 ' .
0 10 20 30 40 50

60 70 80 90 100 110

Achievement quotient/planned dose (%)

Doxorubicin

10
09 | —— CHOP-21
08 F  —— GHOP-14
07 r
06
05
04 1
03 |
02 F

Proportion

o1} PR

i 2 I 1 I s

00 ' = : :
0 10 20 30 40 50

60 70 80 90 100 110

Achievement quotient/planned dose (%)

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 38.5 44.4
CRu 23.0 22.2

PR 0 0

NR 0 0

PD 124 9.3

Not evaluable 1.2 0

%CR (CR + CRu) 61.5 66.7

95% CI 53.5-69.0 58.8-73.9

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

partial response.

original article

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. PFS 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) PFS curve and (B) OS curve.
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Figure 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 P, (B) PFS curve for patients
classified as per age, (C) OS curve for the risk group classified as per IPT 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

1388 | Ohmachi et al.

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
lactate 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,
CHOP-14 showed no survival advantage for elderly patients
and appeared less effective in terms of OS and PFS. 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 PFS 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

CHOP-21 versus CHOP-14 0.6074 1.078

Stage I, II versus III, IV 0.0002 1.922
PS 0, 1 versus 2 0.0393 1.637
Age <60 versus >61 0.2506 1.191
Extranodal disease 0, 1 versus >2 0.3834 1.171
LDH normal versus elevated 0.0098 1.486

original article

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-BI 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 0.5614 1.104 0.790-1.543
1.369-2.698 0.1052 1.389 0.933-2.068
1.024-2.616 0.0309 1773 1.054-2.982
0.884-1.603 0.0135 1.539 1.093-2.166
0.821-0.671 0.1075 1.389 0.931-2.071
1.100-2.007 0.0017 1.768 1.239-2.524

CI, 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

Stage )
LI 37 359 42 378 22 37.9 17 33.3
11, IV 66 64.1 69 622 36 62.1 34 66.7
Performance status

0,1 92 89.3 103 92.8 55 94.8 46 90.2

2 11 10.7 8 7.2 3 5.2 5 9.8
Extranodal disease

0.1 79 76.7 91 82.0 48 82.8 41 80.4

22 24 23.3 20 18.0 10 17.2 10 19.6

Lactate dehydrogenase
Normal 51 49.5 65 586 30 517 23 45.1
Elevated 52 50.5 46 414 28 48.3 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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