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EEE REVIEW

Benefit of Adjuvant Chemotherapy
for Resectable Gastric Cancer

A Meta-analysis

The GASTRIC (Global
Advanced/Adjuvant Stomach
Tumor Research International
Collaboration) Group*

LTHOUGH EPIDEMIOLOGICAL

studies describe a reduction

in recent years in gastric can-

cer incidence, gastric cancer
is a common and highly fatal disease,
with current 5-year survival rates less
than 20%." Surgery for disease at an
early stage can usually be performed
with curative intent, but the 5-year sur-
vival rate is disappointing.>* Over the
last 3 decades, numerous phase 3 stud-
ies including a surgery-only group have
been reported, but definitive evidence
of the efficacy of adjuvant chemo-
therapy is lacking. Recently, the large-
scale Japanese phase 3 trial by the Ad-
juvant Chemotherapy Trial of S-1 for
Gastric Cancer (ACTS-GC) group* re-
ported the superiority of S-1 as an ad-
juvant chemotherapy over surgery alone
after D2 lymph node dissection. Its ap-
plicability outside of East Asia is un-
certain, and the First-Line Advanced
Gastric Cancer Study (FLAGS) in ad-
vanced disease’ that compared cispla-
tin and S-1 vs cisplatin and fluoropyri-
dines in non-Asian countries was
negative. Therefore, standard manage-
ment following curative surgery is
heterogeneous throughout the world.

See also pp 1723, 1753
and Patient Page.

©2010 American Medical Association. All rights reserved.

Context Despite potentially curative resection of stomach cancer, 50% to 90% of
patients die of disease relapse. Numerous randomized clinical trials (RCTs) have com-
pared surgery alone with adjuvant chemotherapy, but definitive evidence is lacking.

Objectives . To perform an individual patient-level meta-analysis of all RCTs to quan-
tify the potential benefit of chemotherapy after complete resection over surgery alone in
terms of overall survival and disease-free survival, and to further study the role of regi-
mens, including monochemotherapy; combined chemotherapy with fluorouracil deriva-
tives, mitomycin C, and other therapies but no anthracyclines; combined chemotherapy
with fluorouracil derivatives, mitomycin C, and anthracyclines; and other treatments.

Data Sources Data from all RCTs comparing adjuvant chemotherapy with surgery alone
in patients with resectable gastric cancer. We searched MEDLINE (up to 2009), the Coch-
rane Central Register of Controlled Trials, the National Institutes of Health trial registry,
and published proceedings from major oncologic and gastrointestinal cancer meetings.

Study Selection All RCTs closed to patient recruitment before 2004 were eligible.
Trials testing radiotherapy; neoadjuvant, perioperative, or intraperitoneal chemo-
therapy; or immunotherapy were excluded. Thirty-one eligible trials (6390 patients)
were identified.

Data Extraction Asof 2010, individual patient data were available from 17 trials (3838
patients representing 60% of the targeted data) with a median follow-up exceeding 7 years.

Results There were 1000 deaths among 1924 patients assigned to chemotherapy groups
and 1067 deaths among 1857 patients assigned to surgery-only groups. Adjuvant che-
motherapy was associated with a statistically significant benefit in terms of overall sur-
vival (hazard ratio [HR], 0.82; 95% confidence interval [Cl], 0.76-0.90; P <.001) and
disease-free survival (HR, 0.82; 95% Cl, 0.75-0.90; P<.001). There was no significant
heterogeneity for overall survival across RCTs (P=.52) or the 4 regimen groups (P=.13).
Five-year overall survival increased from 49.6% to 55.3% with chemotherapy.

Conclusion Among the RCTsincluded, postoperative adjuvant chemotherapy based
on fluorouracil regimens was associated with reduced risk of death in gastric cancer
compared with surgery alone.

JAMA. 2010;303(17):1729-1737 www.jama.com

No patient-level meta-analyses have
been carried out to date. Based on pub-
lished results, recent meta-analyses® in-
dicated that adjuvant chemotherapy pro-
duces a small survival benefit, if any, in
patients with resected gastric carci-
noma (eTable 1, available at http://www
.jama.com) but did not recommend ad-

juvant chemotherapy as routine therapy.
Since then, several additional trials have
been conducted in this setting. Overall,

*The Writing Committee of the GASTRIC Group is
listed at the end of this article.

Corresponding Author: Xavier Paoletti, PhD, Institut
National du Cancer, Direction de la Recherche, 52
Avenue Morizet, 92510 Boulogne Cedex, France
(xpaoletti@institutcancer.fr).
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the results of some of these trials were
promising but inconsistent when all trials
were considered. Therefore, it was
deemed important to assess the benefit
of adjuvant chemotherapy quantita-
tively through an exhaustive meta-
analysis based on individual patient data
from all relevant trials.

METHODS

Data from all published randomized
trials comparing adjuvant chemo-
therapy with surgery alone for resect-
able gastric cancers were sought elec-
tronically. The strategy filter for
computerized bibliographic searches
of MEDLINE (1970 to 2009) is de-
scribed in the eMethods (available at
http://www.jama.com). No restriction
on language of publication was con-
sidered. The Cochrane Central Reg-
ister of Controlled Trials, the National
Institutes of Health trial registry
(ClinicalTrials.gov), and proceedings
books from major oncologic and gas-
trointestinal cancer meetings were also
examined for published results. To en-
sure that all relevant trials were in-
cluded, researchers with expertise in the
area were queried for the existence of
unpublished trials. Four groups of regi-
mens were specified in the protocol:
trials investigating (1) monochemo-
therapy agents; (2) fluorouracil, mito-
mycin C, and other therapies without
anthracyclines; (3) fluorouracil, mito-
mycin C, and anthracyclines; and (4)
other polychemotherapy regimens.

Study Selection and Data Extraction

Trials were eligible if they were ran-
domized, they ended patient recruit-
ment before 2004, and they compared
any adjuvant therapy after curative re-
section vs surgery alone. Trials inves-
tigating immunotherapy or neoadju-
vant or perioperative chemotherapy
were excluded. Likewise, trials with ra-
diotherapy or intraperitoneal chemo-
therapy were not in the scope of our
research.

The following data were requested
for all individual patients: center, ran-
domization date, date of last fol-
low-up (or date of death), survival sta-

1730 JAMA, May 5, 2010—Vol 303, No. 17 (Reprinted)

tus, cause of death, relapse status, type
and date of relapse if any, TNM stage,
overall stage grouping system, perfor-
mance status (World Health Organi-
zation or Karnofsky index), and age at
entry. Because the International Union
Against Cancer modified the staging
system in 1997, stages measured with
the old system were expressed accord-
ing to the new classification. Updated
survival status and date of last fol-
low-up were requested from the trial-
ists. Data for patients excluded from the
analysis after randomization were ob-
tained whenever possible.

Overall survival (OS) was defined as
the time from randomization to death
from any cause or to the last follow-up
that was used as a date of censoring. Dis-
ease-free survival (DFS) was the time to
relapse, second cancer, or death from any
cause, whichever came first. Detailed in-
formation on the type of relapse was not
always available. All data were centrally
reanalyzed and checked for inconsisten-
cies. In particular, diagnostic tools for
randomization quality were systemati-
cally applied."

Statistical Methods

Time-related end points (OS and DFS)
were analyzed through log-rank tests,
with trial as stratification factor. We used
a fixed-effects model and the inverse vari-
ance method where the weight of each
trial was proportional to the variance of
the observed minus expected number of
events.'? Heterogeneity between trials
and groups of trials (eg, defined by dif-
ferent chemotherapy regimens) was
tested using x? statistics’® and mea-
sured with the I? statistic.”* Forest plots
were used to display hazard ratios (HRs)
within individual trials and overall.
Within each trial, HRs were estimated
without adjusting for any covariates.
When a statistically significant effect was
detected, the increase in survival prob-
abilities or absolute benefit at 5 or 10
years after randomization was com-
puted based on the estimates of the sur-
vival curves. Estimates of the survival
curves used the actuarial approach ad-
justed for trial proposed by the Early
Breast Cancer Trialists’ Collaborative

Group,” yielding a representation con-
sistent with the main log-rank analyses
stratified by trial. Their interpretations
are similar to the Kaplan-Meier curves.

The hypothesis of proportional haz-
ards was explored graphically and tested
by using the Grambsch and Therneau
test'® with linear residual relation and
by including a time-dependent covar-
iate in a stratified Cox model. We fur-
ther investigated the hazard functions
through time in each group under
study. Median follow-up was esti-
mated using the reversed Kaplan-
Meier function.'” All patients were in-
cluded in the analyses as randomly
assigned based on an intention-to-
treat principle, whether or not they were
analyzed in the trial publication. In
cases where survival data were miss-
ing, those patients were excluded from
the analysis.

As a sensitivity analysis we investi-
gated the overall treatment effect in all
the identified trials, pooling indi-
vidual patient data with summary sta-
tistics extracted from the publica-
tion.’® We also analyzed these summary
statistics separately. In addition, we in-
vestigated heterogeneity among the re-
gions where the trials were conducted
(Europe, Asia, and the United States).
All P values were 2-sided at the 5% level,
and confidence intervals (Cls) had
2-sided probability coverage of 95%.
SAS version 9.1 (SAS Institute, Cary,
North Carolina) was used with mac-
ros developed at the European Orga-
nization for Research and Treatment of
Cancer Data Center (Brussels, Bel-
gium) for meta-analysis and at Insti-
tut Gustave-Roussy (Villejuif, France)
for survival curves. Hazard functions
were plotted with Stata version 9.2
(StataCorp, College Station, Texas). All
the results were discussed during 4 large
international investigators’ meetings or-
ganized in different countries.

RESULTS

Thirty-one trials that had randomized
6390 patients were identified (FIGURE 1).
We obtained individual data for 3838
patients included in 17 trials (TABLE).
This represents 60% of the targeted

©2010 American Medical Association. All rights reserved.
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data. Corresponding authors of the eli-
gible trials were contacted at least 5
times each between January 2007 and
February 2010. Data were not ob-
tained for 2552 patients in 14 trials be-
cause of no reply or a refusal to share
data from the principal investiga-
tor*>3? or because data were lost or in-
accessible.*** One trial* compared sur-
gery alone against 2 investigational
groups with fluorouracil or ftorafur.
Both groups were pooled. Central ran-
domization was reported in 14 trials
(with block stratification for 8 and mini-
mization for 6). All trials were open
without blinding procedures. No trials
were found to have major inconsisten-
cies in the randomization procedure,
and no difference in follow-up could be
detected between the 2 groups.

Patient Characteristics

The characteristics of the 3838 ran-
domly assigned patients are listed by
group (eTable 2) and chemotherapy
regimen (eTable 3). There were no ma-
jor differences in patient characteris-
tics between treatment groups. The
eTables also show summary statistics
on the clinical outcomes of interest: me-
dian OS and median DFS. Fifty-seven
patients (1.5%) with missing survival
data were excluded from analyses (date
of randomization, last status, and last
date were missing for 25, 8, and 49 pa-
tients, respectively). They were bal-
anced between the 2 groups (28 pa-
tients with chemotherapy vs 29 patients
with surgery only). We identified 361
patients and 103 deaths with a last date
after the publication date of the re-
lated trial.

Any Adjuvant Chemotherapy

vs Surgery Alone

Median follow-up for OS was slightly
different between the 2 groups (7 years;
range, 0.1-28.2 years in the surgery-
only group vs 7.2 years; range, 0.1-
30.3 years; P<<.001), during which
1067 patients in the surgery-only group
and 1000 patients in the chemo-
therapy group died. FIGURE 2 shows the
HRs for OS in the individual trials and
overall. There was a significant ben-

©2010 American Medical Association. All rights reserved.

ADJUVANT CHEMOTHERAPY AND RESECTABLE GASTRIC CANCER

efit from any chemotherapy com-
pared with surgery alone, with an over-
all HR of death equal to 0.82 (95% CI,
0.76-0.90; P<<.001), corresponding to
an overall 18% reduction of the haz-
ard with chemotherapy. The esti-
mated median OS was 4.9 years (95%
CI, 4.4-5.5) in the surgery-only group
vs 7.8 years (95% Cl, 6.5-8.7) in the
group receiving adjuvant chemo-
therapy. Absolute benefits were 5.8%
at 5 years (from 49.6% to 55.3%) and
7.4% at 10 years (from 37.5% to 44.9%)
(FIGURE 3). No significant heteroge-
neity (variability of trial-specific HRs)
was apparent across the set of trials
(P=.52). Globally, there were no time
trends in the treatment effect accord-
ing to the year of last inclusion (P=.82).
Similarly, no significant heterogeneity
was detected across the 3 continents
(P=.27) (eFigure 1, available at http:
/fwww jama.com).

As a sensitivity analysis, we com-
bined summary statistics extracted from
unavailable trials with the collected
individual patient data for a total
of 5866 patients and 28 trials. For 3
trials,®**¥ no summary statistics could
be extracted from the report. Neither
the general conclusions nor the mag-
nitude of the observed treatment effect
(HR, 0.82;95% CI,0.77-0.88; P<<.001)
were modified (eFigure 2). Analysis of
the 11 trials with available summary re-
sulted in an HR of 0.81 (95% CI, 0.73-
0.91; P<.001). No significant hetero-
geneity was detected (P=.11).

Disease-free survival was available on
a subset of 14 trials with a total num-
ber of 3297 patients from the 21 trials
that collected this information, repre-
senting 78% of the targeted number of
patients. On this subpopulation, we ob-
served an HR of death 0f 0.85 (95% CI,
0.77-0.93), consistent with the esti-
mate on the full database. Hazard ra-
tios for DFS in individual trials and
overall are shown in FIGURE 4. Adju-
vant chemotherapy improved DFS com-
pared with surgery alone with an over-
all HR of 0.82 (95% CI, 0.75-0.90;
P<.001). The absolute benefit at 5
years was 5.3%, from 48.7% to 54.0%
(eFigure 3). There was no indication of

Lo
Figure 1. Study Flowchart

l 330 Articles identified in search J

235 Excluded after abstract review
153 Reviews, tutorials, or editorials

38 Investigated immunotherapy,
radiotherapy, or perioperative or
intraperitoneal chemotherapy

25 Ongoing studies

19 Methodologies or pharmacologic
studies

l 86 Articles reviewed in full

65 Excluded
25 Did not use surgery alone as
comparator
11 Investigated immunotherapy,
radiotherapy, or perioperative or
intraperitoneal chemotherapy
12 Updated previously published data
9 Review articles
5 Did not randomize
3 Did not conduct curative resection

30 Articles reported 31 trials;
corresponding authors were
contacted to provide individual
patient data

14 Trials excluded (data not obtained)
5 No reply or refusal
9 Data lost or inaccessible

17 Trials (3838 patients)
included in analysis

heterogeneity between trials in treat-
ment effect (P=.57).

Analysis of Groups of Regimens
An interaction test between the type of
regimen (monochemotherapy; fluoro-
uracil and mitomycin C with anthracy-
clines; fluorouracil, mitomycin C, and
others without anthracyclines; other
polychemotherapy) and the treatment
effect on OS and on DFS were not
significant (P=.13 for both). In the
sensitivity analysis, interaction was
of borderline significance for OS (P=.05).
We further explored these 4 groups. Sur-
vival curves are provided as supplemen-
tary material (eFigures 4 through 7).
Monochemotherapies. The 2 me-
dium-sized trials'** (1 European, 1 Japa-
nese) included a total of 324 patients of
whom 317 patients were eligible for the
meta-analysis with OS data. They showed
a statistically significant benefit of adju-
vant monochemotherapy over surgery
alone (HR, 0.60; 95% CI, 0.42-0.84;
P=.03), with 5-year survival rates of

(Reprinted) JAMA, May 5, 2010—Vol 303, No. 17 1731
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Table. List of the Included Randomized Trials

Patients, No.
Follow-up,
Adjuvant CT S Recruitment uicC Median
Source Chemotherapy Dosage Schedule (n=1953)(n=1885) Period Stage, % (Range), y
Monochemotherapy (n=163) (h=161)
Grau et al,’® 1993 Mitomycin C 20mg/m? IV (day 1) Every 6 wk (4 cycles) 68 66  1977-1983 |, 14;1,32; 11.2(0.8-20.1)
l,
Nakajima et al,?° 2007 Uracil plus tegafur 360 mg/m?%d orally Every wk (16 mo) 95 95 1987-2001 1, 75; 111, 25 6.0 (1.2-8.4)
Polychemotherapies: (n=572) (n=481)
fluorouracil + mitomycin C
+ others without
anthracyclines
Nakajima et al,' 19842  Mitomycin C 1.3 mg/m? IV Twice a week for 5 wk 156 72 1974-1977 1,461,298, 24.2(11.4-30.3)
Fluorouracil or ftorafur 167 mg/m? or Twice a week for 5 wk i 21;
267 mg/m? IV X, 4
Cytosine arabinoside 13 mg/m? IV, then Twice a week for 5 wk
orally
Fluorouracil or ftorafur 133 mg/m? or For2y
670 mg/m?
Nakajima et al,?2 1999 Mitomycin G 1.4 mg/m? IV Mitomycin C and 288 285  1988-1992 L 90 I, 9 6.7 (2.9-8.6)
Fluorouracil 166.7 mg/m? IV fluorouracil: for the ,
Uracil plus tegafur 300 mg/m?d orally first 3 wk
Oral uracil plus tegafur:
for the next 18 mo
Nashimoto et al,2 2003 Mitomycin G 1.3 mg/m? IV Fluorouracil IV: for the 128 124 1993-1994 1,94;1,,6 59(2.7-8.2)
Fluorouracil 167 mg/m? IV first 3 wk
Cytosine arabinoside 13 mg/m? IV Fluorouracil orally: for
Fluorouracil 134 mg/m? orally the next 18 mo
Polychemotherapies: (n=497) (n=516)
fluorouracil + mitomycin C
+ anthracyclines
Coombes et al,* 1990 Fluorouracil 600 mg/m? IV 8-wk cycle (6 cycles) 133 148  1981-1984 1,20;1,24; 13.0(0.1-21.6)
Doxorubicin 30 mg/m? IV 1ll, 40;
Mitomycin C 10 mg/m? IV V: 16
Lise et al,?® 1995 Fluorouracil 400 mg/m? IV Every 6 wk (7 cycles) 185 159 1979-1989 |, 17;1], 25; 6.5 (0.9-12.3)
Doxorubicin 40 mg/m? IV 1ll, 40;
Mitomycin C 10 mg/m? IV vV, 18
Macdonald et al,26 1995  Fluorouracil 600 mg/m? IV 8-wk cycle (6 cycles) 109 112 1978-1991 1, 19;1I,41;  16.6(2.9-23.9)
Doxorubicin 30 mg/m? IV I, 40
Mitomycin C 10 mg/m? IV
Tsavaris et al,?” 1996 Fluorouracil 600 mg/m? IV 8-wk cycle (3 cycles) 47 45 1988-1994 1,161, 39; 4.9(0.6-6.2)
Epirubicin 30 mg/m? IV I, 45
Mitomycin C 10 mg/m? IV
Popiela et al,28 20042 Fluorouracil 600 mg/m? IV 8-wk cycle (6 cycles) 53 52 1988-1992 L, 76;1V, 24 13.0{2.5-15.5)
Doxorubicin 30 mg/m? IV
Mitomycin C 10 mg/m? IV
Other polychemotherapies n=721) (h=727)
Douglass and Stablein,?®  Semustine 150 mg/m? orally Every 10 wk (for 2 y) 91 88  1975-1980 NA 12.1 (2.2-13.9)
1982 3256 mg/m? IV
Fiuorouracil 325 mg/m? IV
Engstrom et al,* 1985 Semustine 160 mg/m? orally Day 1 100 96  1975-1980 NA 16.5 (0.4-24.9)
Fluorouracil 350 mg/m? IV
Fluorouracil 375 mg/m? IV Every 10 wk (for 2 y)
Krook et al,*' 1991 Fluorouracil 350 mg/m? IV 5 d every mo (3 cycles) 63 64  1979-1989 NA 15.6 (5.7-19.8)
Doxorubicin 40 mg/m? IV
Bajetta et al,*2 2002 Etoposide 120 mg/m? IV For 2 cycles 135 136 1994-1997 1,81, 31; 6.2 (0.1-9.5)
Doxorubicin 20 mg/m? IV Il 51;
Cisplatin 40 mg/m? IV v, 10
Leucovorin 100 mg/m? IV
Fluorouracil 375 mg/m? IV
Bouché et al,** 2005 Fluorouracil 800 mg/m: IV then 5d 138 140 1989-1997 1, 34;1,29;  8.1(04-12.7)
1 g/m I, 25;
Cisplatin 100 mg/m? IV Every 4 wk (4 cycles) IV, 12
Nitti et al,* 2006° Fluorouracil 1.5g/m? vV For € cycles 103 103 1991-1998 1, 13;1l, 25; 7.026-11.3
Doxorubicin 30 mg/m? IV , B1;
Methotrexate with 1.5 g/m? IV with IV, 1
leucovorin 16 mg/m? (oral or V)
Nitti et al,% 2006¢ Fluorouracil 1.5g/m? IV For 6 cycles N 100 1990-1998 1,9; 1, 87; 6.9 (0.5-11.1)
Epirubicin 70 mg/m? IV v, 4
Methotrexate with 1.6 g/m? IV with
leucovorin 30 mg/m?
(oral or IV)

Abbreviations: CT, chemotherapy; IV, intravenous; NA, not available; S, surgery alone; UICC, International Union Against Cancer.
2investigated 2 regimens; in the second one, ftorafur replaced fluorouracil. The data are pooled.

blnvestigated chemotherapy + bacille Calmette-Guerin in a third group that was not included.

CRelied on a combined analysis of 2 databases that are analyzed separately.

1732 JAMA, May 5, 2010—Vol 303, No. 17 (Reprinted)
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53.9% for the surgery-only group vs
71.4% for the chemotherapy group. This
rate was much higher than in the whole
meta-analysis, suggesting that these pa-
tients had a good baseline prognosis. Dis-
ease-free survival was not collected in 1
of the 2 trials and hence not analyzed.
Polychemotherapies: Fluorouracil +
Mitomycin C + Others Without
Anthracyclines. Three Japanese trials
with 1053 patients total used com-
bined chemotherapy including fluoro-
uracil derivatives, mitomycin C, and
others without anthracyclines.?2 Over-
all, a statistically significant benefit for
OS was observed (HR, 0.74; 95% CI,

ADJUVANT CHEMOTHERAPY AND RESECTABLE GASTRIC CANCER

0.58-0.95; P=.03), with 5-year sur-
vival rates of 76.6% for the surgery-
only group vs 82.8% for the chemo-
therapy group. A similar effect on DFS
was observed in the 2 more recent stud-
ies (HR, 0.69; 95% CI, 0.48-0.98) with
5-year DFS rates of 84.2% for the sur-
gery-only group vs 88.2% for the che-
motherapy group.
Polychemotherapies: Fluorouracil +
Mitomycin C + Anthracyclines. Five
trials (4 European, 1 US) using com-
bined chemotherapy including anthra-
cyclines had 1013 patients total and
1000 patients with OS data.**?® Over-
all, a statistically significant hazard re-

duction was observed for OS (HR, 0.82;
95% CI,0.71-0.96; P=.01). The 5-year
survival rate increased from 31.9% to
39.3%, and heterogeneity was not de-
tected (P=.52). The HR for DFS was es-
timated from 4 trials. The risk of re-
lapse or second primary cancer or death
was also statistically significantly re-
duced (HR, 0.80; 95% CI, 0.69-0.94;
P=.006) with 5-year DFS rates of 31.9%
for the surgery-only group vs 39% for
the chemotherapy group.
Polychemotherapies: Group “Other”
vs Surgery Alone. For 1411 of 1448 pa-
tients in 7 trials for whom survival data
were available,?*?* we did not detect a

R e R e S R R T
Figure 2. Individual Trial and Overall Hazard Ratio for Overall Survival When Comparing Any Adjuvant Chemotherapy vs Surgery Alone

Events, No./Patients, No.

]

Observed Events—

Any Surgery Hazard Ratio Favors : Favors Expected Events
Chemotherapy Alone (95% Cl) Chemotherapy : Surgery Alone (Variance)
Monochemotherapy
Grau et al,' 1993 42/64 49/63 0.65 (0.43-0.99) it -9.4(21.8)
Nakajima et al,2° 2007 18/95 30/95 0.51 (0.29-0.90) e e -7.9(11.7)
Subtotal 60/159 79/158 0.60 (0.42-0.84) ’ ~17.3 {33.5}
Heterogeneity: x3=0.44; P =51
Polychemotherapies
Flucrouracil + Mitomycin
G + Other Without Anthracyclines
Nakajima et al,2' 1984 102/156 52/72 0.77 (0.54-1.09) —8— -8.3(31.1)
Nakajima et al,?2 1999 47/288 60/285 0.77 (0.53-1.12) + ~7.0(26.7)
Nashimoto et al,?® 2003 13/128 21/124 0.60 (0.31-1.18) ——e -4.3(8.5)
Subtotal 162/572 133/481 0.74 (0.58-0.95) <R -19.7 (66.4)
Heterogeneity: ¥£=0.43; P=.81
Fluorouracil + Mitomycin C
+ Anthracyclines
Coombes et al,2* 1990 86/133 102/148 0.85 (0.64-1.13) ~7.8 (46.7)
Lise et al,?5 1995 88/152 99/154 0.85 (0.64-1.14) -7.5 (46.6)
Macdonald et al,2® 1995 90/109 96/112 0.94 (0.71-1.26) — 2.7 (46.4)
Tsavaris et al,?” 1996 25/44 38/43 0.57 (0.35-0.94) —_— -8.7 (15.8)
Popiela et al, %% 2004 42/53 47/52 0.67 (0.44-1.04) — -8.0(20.2)
Subtotal 331/491 382/509 0.82 (0.71-0.95) ’ : -34.6 (175.5)
Heterogeneity: x2=3.82; P=.43 :
Other : ;
Douglass and Stablein,?® 1982 64/88 73/82 0.66 (0.47-0.93) —— -18.7 (33.0)
Engstrom et al, 30 1985 73/91 72/89 0.94 (0.68-1.30) —R— -2.3(36.0)
Krook et al, %' 1991 51/63 50/64 1.04 (0.70-1.53) —r—fl— 0.9 (25.1)
Bajetta et al,*? 2002 67/135 69/136 0.98 (0.70-1.37) ——— -0.7 (34.0)
Bouché et al,3% 2005 79/133 90/138 0.82 (0.61-1.11) —I“—* -8.2 (42.1)
Nitti et al,%¢ 2006 50/103 55/103 0.88 (0.60-1.29) — -3.3(26.2)
Nitti et al,% 2006 63/89 64/97 1.05 (0.74-1.49) - 1.6 (31.6)
[
Subtotal 447/702 473/709 0.89 (0.78-1.02) > ~25.8 (228.0)
Heterogeneity: x2=5.10; P=.53 | :
Overall 1000/1924 1067/1857 0.82 (0.76-0.90) $ -97.4 (503.3)
Heterogeneity: 12=0%; x4 =15.03; P= .49
Test for 4 regimens’ heterogeneity: x3=5.59; P=.13
0.25 0.5 1.0 20
HR (95% Cl)

The inverse of the variance of observed events minus expected events measures the weight of each trial in the analysis. P values are from P-for-effect modification
testing for heterogeneity within or across the groups of regimens. The sizes of data markers are proportional to the number of deaths in the trials. Cl indicates confi-

dence interval; HR, hazard ratio.
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o
Figure 3. Overall Survival Estimate After Any Chemotherapy or Surgery Alone Truncated at

10 Years
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The estimates of the survival curves use an actuarial approach as described in the Methods.

significant effect of adjuvant regimens
vs surgery alone (HR, 0.89; 95% CI,
0.78-1.02; P=.09). The 5-year sur-
vival rate was 41.5%. Heterogeneity was
not detected (P=.51) even though 1
trial® that used fluorouracil and se-
mustine showed a significant treat-
ment effect. Five-year DFS was 41.9%
for the surgery-only group vs 44.5% for
the chemotherapy group, and a mar-
ginally significant effect of treatment on
DFS was observed (HR, 0.88; 95% CI,
0.78-1.0; P=.05), which was mainly
driven by the positive study®; in a sen-
sitivity analysis excluding this trial, the
DFS effect was not significant (HR, 0.91;
95% CI, 0.79-1.04; P=.18).

Proportionality of the

Hazard Functions

Plots of survival curves for all chemo-
therapy regimens combined or in each
regimen group suggested nonpropor-
tional hazard functions, as illustrated
by late separation of the survival func-
tion estimates. Nonproportional haz-
ards were not detected using the
Grambsch and Therneau test (P=.35).
When a time-dependent model was
fitted on the full data set with a cut-
point at 2 years, treatment effect
before and after 2 years was signifi-
cantly different (P<<.001). Point esti-
mates of the HR by 2-year intervals

1734 JAMA, May 5, 2010—Vol 303, No. 17 (Reprinted)

showed a regular decrease from 0.91
in the first 2 years from randomiza-
tion to 0.75 between 2 and 4 years
and 0.62 beyond 4 years. After 8
years, the number of events became
too small to provide meaningful esti-
mates. Because these cut-points were
derived from the data, they should be
considered with caution. Hazard func-
tions showed that the rate of death
reached a peak at 18 months and
steadily decreased thereafter to reach
a plateau at about 5 years (eFigure 8).

COMMENT

Adjuvant chemotherapy without
radiation for gastric cancer has
recently become the standard of care
in Japan after the publication of the
results of the ACTS-GS trial reporting
on S-1% but not in Europe or the
United States. Numerous randomized
phase 2 and phase 3 trials have pro-
duced conflicting results. However,
many of these trials had limited
sample sizes, making it difficult to
draw definitive conclusions. Based on
the individual data of 3838 patients
from 17 different trials with a median
follow-up longer than 7 years, the
largest patient-level meta-analysis per-
formed so far, we showed a modest
but statistically significant benefit
associated with adjuvant chemo-

therapy after curative resection of gas-
tric cancers. The mortality hazard was
reduced by about 18% and an abso-
lute improvement of about 6% in OS
was observed after 5 years. This
improvement was maintained at 10
years. An 18% reduction in the risk of
relapse, second primary, or death was
also observed. This treatment benefit
was maintained in 3 of the 4 investi-
gated groups of fluorouracil-based
regimens, with reductions in the risk
of death ranging from 20% to 40%
(nonstatistically significant hetero-
geneity). Only 1 trial®® that enrolled
134 patients investigated a non-—
fluoropyrimidines-based regimen.
Sensitivity analysis excluding this trial
led to the same results. The absence
of interaction with the class of regi-
men and with the region as well as
the long follow-up is reassuring.
Patient-level meta-analyses are the
most reliable means to provide an
exhaustive and unbiased summary
of the available evidence on a clin-
ical question of interest and com-
plete large well-conducted trials
(such as those that are currently
done).

Postoperative chemotherapy is not
the only adjuvant treatment for gas-
tric cancer. In 2001, results of a trial that
randomized between surgery and sur-
gery with chemoradiotherapy showed
an absolute increase in median sur-
vival of 9 months.* Thereafter, che-
moradiation therapy has gained popu-
larity and has been increasingly used as
a standard of care, especially in the
United States, even though the opti-
mal chemotherapy regimen has not
been identified yet. Several trials are
currently being conducted to explore
this issue, but their results will not be
available until 2011. Similarly, neoad-
juvant trials have shown the benefit of
starting the chemotherapy treatment as
early as possible.”** Although the short-
term results of delayed surgery are being
debated,>® neoadjuvant treatment,
which can be administered to more pa-
tients than postoperative chemo-
therapy, has gained acceptance in west-
ern countries.
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We could only collect about two-
thirds of all data available from ran-
domized trials in early gastric cancer,
which is disappointing in view of the
intensive efforts made at repeatedly
contacting the principal investigators
of the trials. However, for all but 3
trials with unavailable individual
patient data, we could extract sum-
mary statistics from the published
articles. Our results remained
unchanged when these summary sta-
tistics were included in the calcula-
tions. Combining unverified pub-
lished summary statistics with
carefully checked individual patient
data is not a satisfactory way of esti-
mating an unbiased overall treatment
effect, but it provides a way of assess-

ADJUVANT CHEMOTHERAPY AND RESECTABLE GASTRIC CANCER

ing the robustness of a meta-analysis
with respect to unavailable trials.

The optimal design of future adju-
vant gastric cancer clinical trials, par-
ticularly the choice of an adequate
control group, is a delicate issue. It is
beyond the scope of our meta-analysis
to identify the optimal regimen;
however, based on our data, chemo-
therapy seems justified as a control
group. Fluoropyrimidines-based regi-
mens, in particular the oral forms
(uracil plus tegafur and recently S-1
monotherapy) that have been shown
to be better tolerated,® seem reason-
able treatment options, although their
applicability outside East Asian coun-
tries remains uncertain. This raises
the question of why fluoropyrimi-

dines (intravenous fluorouracil or oral
tegafur) appear to have activity in the
adjuvant setting for gastric cancer as
well as in colon cancer even though
their efficacy is disappointing for the
treatment of advanced disease.

In conclusion, this patient-level meta-
analysis shows that adjuvant fluoroura-
cil-based chemotherapy, even in
monotherapy, is associated with im-
provement in overall survival (HR, 0.82)
and is recommended for patients who
have not received perioperative treat-
ments after complete resection of their
gastric cancer. Future reports based on
data being collected will explore prog-
nostic factors and the surrogacy of dis-
ease-free survival for overall survival in
this population.

B R R
Figure 4. Individual Trial and Overall Hazard Ratio for Disease-Free Survival When Comparing Any Adjuvant Chemotherapy vs Surgery Alone

Events, No./Patients, No.

Observed Events—

Any Surgery Hazard Ratio Favors | Favors Expected Events
Chemotherapy Alone (95% Ct) Chemotherapy © Surgery Alone (Variance)
Monochemotherapy
Nakajima et al, 20 2007 20/95 34/95 0.49 (0.29-0.84) —_— et -9.3(13.1)
Polychemotherapies :
Fluorouracil + Mitomycin C
+ Other Without Anthracyclines :
Nakajima et al,?? 1999 36/276 48/270 0.72 (0.47-1.11) — ~6.8 (21.0)
Nashimoto et al,%> 2003 15/128 23/124 0.62 (0.33-1.18) ——I—i—-—*——— —4.6 {9.5)
Subtotal 51/404 71/394 0.69 (0.48-0.98) e ~11.4(30.5)
Heterogeneity: 2=0.17; P=.68 :
Fluorouracil + Mitomycin C ) :
+ Anthracyclines !
Coombes et al,2* 1990 89/133 102/148 0.87 {0.66-1.16) ~-6.6 (47.5)
Lise et al,?5 1995 89/152 103/152 0.77 (0.58-1.02) - -12.6 (47.7)
Macdonald et al, 26 1995 89/107 97/112 0.88 (0.66-1.17) —-—— -6.1 (46.4)
Tsavaris et al,?” 1996 28/44 38/43 0.57 (0.35-0.92) — -9.2 (16.1)
Subtotal 295/436 340/455 0.80 (0.69-0.94) ‘I -34.6 (1567.7)
Heterogeneity: x2=2.74; P=.43 i
'
Other i
Douglass and Stablein,2° 1982 65/90 75/88 0.73(0.53-1.03) —8— ~10.7 (34.4)
Engstrom et al,%° 1985 74/91 74/89 0.89 (0.64-1.24) —i— -4.3(36.7)
Krook et al,3' 1991 52/63 51/64 0.94 (0.64-1.39) — ~1.5(25.6)
Bajetta ot al, 32 2002 72/135 77/136 0.90 (0.66-1.25) —— -3.7(37.2)
Bouché et al,% 2005 81/133 91/138 0.82 (0.61-1.10) —— -8.6 (42.8)
Nitti et al,** 2006 52/103 56/103 0.90 (0.61-1.31) — -3.0(27.0)
Nitti et al,3* 2006 65/89 83/96 1.06 (0.75-1.50) ﬂ:—-k 1.9(31.9)
Subtotal 461/704 487/714 0.88 (0.78-1.00) & -29.9 (235.5)
>
Heterogeneity: x2=2.64; P=.85 i :
P
Vo
Overall 827/1639 932/1658 0.82 (0.75-0.90) <@ -85.2 (436.8)
Heterogeneity: 12=0%; x.3=11.20; P=.60 :
Test for regimens' heterogeneity: x§:5.60; P=.13 ‘
0.25 0.5 1.0 2.0
HR (95% Cl)

The inverse of variance of observed events minus expected events measures the weight of each trial in the analysis. P values are from P-for-effect modification testing
for heterogeneity within or across the groups of regimens. The sizes of the data markers are proportional to the number of events. Cl indicates confidence interval; HR,

hazard ratio.
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