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Purpase: An ovarview is presented of reports pub-
lishad since 1980, In which Postoperative adjuvant che-
motherapy is compared with surgery alone for patients
with gastric cancer. A MEDLINE literature review yielded
123 reports, 14 of which were relevont randemired
trials; data from 11 of these trials were lor became)
ovailable for analysis of crude mortality odds. These 11
trials included 2,096 patiants,

Methods: Odds raties were calculated by comparing
the adjuvant treotment arm with the observation-only
orm. These odds ratios that could ke considered homo-
gencous yielded an estimated common odds ratio of
0.88 [95% confidence Interval [T, 0.78 to 1.08), which
was slightly, but far fram significantly, in support of ad-
juvant treatment.

URGERY IS THE TREATMENT of choice for pas-
Lric cancer patients, In the advanced stage (stage V),
resection, if at all possible, is palliative in intent, In earlv
E1ages, rescetion can usually be performed with a curative
intent, but even for these cases the 3-year survival rate
has been disappointing. A number of studics have inves-
tigaled whether adjuvant therapy after a curative resechion
leads 1o an improvement in this survival rate, but ingi-
vidual reports have not heen EnCOuUraging,

In the cases of hreast tancer, colon carcinoma, and
mulliple myeloma, an overview af results, obtained by
meta-analysis, has led to betrer understanding of the
treatment benefits!? and even 10 unexpected viewpoints *

The aim of the present meta-analysis was to summarize
the results of randomized trials performed to evaluggs Lhe
efiect of adjuvant therapy for pastric cancer, The analvsis
WS Testricted 1o trials published since 1980, hecanse ad-
Juvant regimens studied earlier failed 1o produce sufficient
TESpOnse rates in gastric cancer patients, Ounly after
MacDonald et al’ repurted encouraging results using flu-
erouracil, doxorubicin, and mitomyein (FAM), was new
research in this ficld inftigled.

Combination of evidence arising from several tnals is
only passible and meaningful if the trials have onc treat-
™ment in common. Surgical resection without any adjnvant
therapy is to be considered standard treatment, Therefore,
only adjuvant trials with a no-treatment control arm were
taken into consideration in this meta-gnalvsis,

METHODS

Lit erature Seqreh

) In Juny 1991 4 seanch was performed of the MEDLINE duta hass
for the following items: randomized trial, adjuvant therapy for pastric

Results: The results confirm the commaon opinion thot
the adjuvant chematherapy regimens prescribed In these
trials, although effactive in phase Il studies, de not im.
prove survival. Furthermore they indicate that postop-
erative chemotheropy in general offers no additional
survival benefit for patients with turatively resected
gastric cancer.

Cnm:fl.l'.lhl'l_r In conclusion, ot present, postopera-
tive chemotherapy cannot be considersd as standard
odjuvant treatment. Mew trigls of adjuvant therapy
for gastric cancer must include o no-tregtmeant con-
trol arm.
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cancer, published since 1980, and with an English abstrect: 123 ab-
stracts were found. Screening of these abwtructs for poszible relevan:
randomized trials Welded 62 reports, which were retrieved, OF fhe
remaining 61 ghstrasts, six were oVErviews, seven were nol random.
izgd studies, 32 dealt with ooly palliative treatment for advanesd
disease, four did oot include adjuvant therapsy, |1 were not concerned
with cancer treatment, and one was writien in Russian,

The 62 retrieved reparts were summiarized independently by two
of the invesligators, using a standardized summary form. The two
forms were compared, and in cese af discrepancy, the report was
again studied 1o achisve consensus. The following criteria were usad
for final acceptance of the trial: (1) Was it a randomized tria? {2
Wus adjuvant therapy applied afier resection, which was performed
in the majority of cases with curutive intent? and (3) Was thero a
control arm thet underwent surgery alone? The adjuvant regimens,
the number of patients in each arm, the mumber of deaths in each
arm, and the follow-up time were then recorded,

Fmally, the refcrences of the £2 retrieved reports were scanned for
sddrtional trials,

Sraristical Methods

Within & trial, the wids for crude mortality wers caleulated for
each treatment arm, i, the ohserved number of deaths divided by
the number of patients alive, Within sach trial, the ndds of death
within the {reatment gronp divided by the odds of death within the
surgery-alome group resulted in an odds ratio, For mials with threp
AN (TWe treatinent srms) this provedore fed to two odds ratios,
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Crileria other than crude mortalily, eg, 3- or 5-year survival ratios,
are sometimes gpplivd. However, crude mortality ratios are often
easier 1o obtain, Moreover, in situations in which the erude mortality
figmres are greater than 50%, but do not reach the extreme of 100%,
as in the trials analyzed in this study, the latter are suitable for de-
termination of the odds retios, In olher meta-analyses, they wene also
piven priocity?

An odds ratio of 1.0 indicales no effect of weatment on crude
maortalite, less than 1.0 means & beneficial offect, and prester than
1.0 means a harmful effcet of sdjuvant therapy. The odds ratios wers
tested for homogensity, iz, whether they might have resulted from
merely chanoe varabions around a common odds ratio. The ho-
momsneous odds ratios were combined wsing the Mantel-Tasnsze|
pracedure,”

All calenlations of the wdds ratios, the 95% confidence intervals
(=), the testing of homaogeneily, and caleulation of the combined
ndds ratio were performed with the BGRET program.®

RESULTS
Seanning the Retricved Reports

Of the 62 retrieved reports, 38 were written in English
{or a Western language) and 24 in Japanese. The Japanese
reports included one and the Western reports 13 relevant
clinical trials. These 14 reports are listed in Appendix A.

Forty-gight reports were excluded from meta-analysis;
they are listed in Appendix B (Western reports) and Ap-
pendix C (JTapanese reports). A large majority (31 reports)
were excluded due to the absence of a surpery=only control
arm (2B, 3B, 4B, 5B, 6B, 10B, 12B, 13B, 148, 158, 1B,
181, 20B, 21B, 24B, 25B, 3C, 4C, 5C, 6C, 8C, 10T, 11C,
13C, 14C, 16C, 17C, 20C, 21C, 22C, 23C). Other reasons
for exclusion were no adjuvant treatment (1B, 23B, 1C),
advanced disease (7B), trial not or inadequarely random-
ired (9B, 178, 198, 7C, 12C), second report on one trial
(11B, 18C, 19C), preliminary report (228) while final re-
port 1s included in our meta-analysis (3A), early repott
on toxicology data (8B) while a final report did not yet
appear, and report could not be retrieved (2C, 9C, 13C).

Scanning the references of the retrieved reports did not
lead oy as vel unknown relevant studies.

Relevanr Trials

Seven of 14 relevant reports provided all data needed
for calculation of an odds ratio. In the remaining seven
reports, the number of deaths was not reported. Centact
with the senior author to obtain this extra informaticn
was successful in four cases. Ultimately, complete data
on three trials were nol available (1A, 124, 144), 5o they
were not included in the formal meta-analysis. The 11
reports with complete data represented eight trials with
two arms and three trials with three arms, resulting in 14
odds ratios. OFf the 14 compansons with a control arm,
13 were chemotherapy (in two cases combined with im-
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munotherapy) and one was radictherapy alone as adjuvant
versus @ control arm. The latter was cacluded from the
combination procedure.

Table 1 lists the 14 relevant tnals; 11 were included in
the meta-analysis. A total of 2,096 patients were analyzed.

Adjuvant Chemotherapy Trials and Odds Ratios

The odds ratios, together with their 93% Cls, calculated
for the 13 comparsons of adjuvant chemotherapy with
surgery alone, are depicled in Fig 1. In two cascs, a sig-
nificant odds ratio in support of adjuvant therapy was
reported (TA and 11A), while one study (13A) found a
nearly significant favorable resull.

The test for homogeneity (or a common odds ratio)
yielded /= .01, e, rejection of the tvpothesis of homo-
geneity. Evaluation of the individual odds ratios showed
that study 11A was different from all others. Combination
of the 12 homoegeneous camparisons yielded an esimation
of their common odds ratio of 0.88, with a 95% CI of
0.72 to 1.08 (Fig 1, ast line).

Those reports that provided the median follow-up time
reported medians of 1.5 to § years. The remaining studies
pave survival curves over a period of 3 10 5 years,

DISCUSSION

Ohar aim was to summarize the published results of ad-
juvant therapy afler resection with a curative intent for
gastric cancer, We restricted meta-analysis to reports on
randomized clinical trials published since 1980. Publi-
cation bias because insignificant results were not published
at unsuccessiul trials were not completed might be present.
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Fig 1. Odds rafios for 13 adjuvant chemotherapy regimens for
gastric cancar after curative resection versus surgery olone (see Table
1 for references ond obbreviations). The eambined odds ratio refers
ta 12 hemogenssus adjuvant chematheraopy studies after eaclusion
of MMC®,
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Table 1. Data From 14 Trials Published Sines 1980 on Adjuvant Therapy Yersus Surgery Alone Afer Rosectian for Gastrie Cancer (Cont'd)
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*Tegafur,

Maoreover, one requirement was a contral arm that un-
derwent surgery alonc in order to have a common basis
[or comparison of all therapies, becauss we felt that a
standard adjuvant chemotherapy for gastric cancer did
nel exist. This requirement excluded o large number of
studies in which different adjuvanl regimens were com-
pared with sach other. _

Radiotherapy alone as adjuvant therapy was investi-
galed only once (2A) and was therefore not included in
the overall comparison. In this particular trial, radiother-
apy did not vield a benefit {odds ratio, 1.62), All ather
treatment arms represented chemotherapy regimens, two
rimes in combination with immunotherupy. All chemo-
therapy was administered postoperatively,

Essentially for calculation of the odds on crude mor-
talitv, the exact numbers of deaths and patients alive are
required. Three reports did not provide thess numbers
and we were not ahle 1o obtain these data later. In one
case (1A}, no survival benelit was reconded in the original
report. In the other two reports, a slight bensfit was ob-
tained with immunochemotherapy (12A, 144). Finally.
13 chemotherapy regimens were available for comparison
with the corresponding contral arm, Two of the 13 com-
narisons gave an odds ratio that was significant for ad-
juvant therapy (74, [LA) The lest on homogeneity of the
odds raties indicaled thal report 114 was heterogeneous
compared with the others. This study showed a clearly
positive effect of single-agent therapy with high intermit-
tent infusion of mitomycin; evaluation of 33 patients on
mitornycin and 37 controls vielded an odds ratio of 01,16,
with a 35% CI of 0.05 to 0.33. The upper limit is sl far
belew the lower limit (0.72) of the C1 for the common
odds ratio caleulated for the remaining 17 odds ratios.
This study, with its strong positive effect, stands so apart

that inclusion in a combination of odds ratios is not
meaningful. The remaining 12 odds ratios had a combined
value of (.88 1 favor of adjuvant chemotherapy; however,
this is not significanly different from 1.0,

As far as the numbers of patients are concerned, it
should be noted that they are relatively small in the trials
analyzed, To detect an increase in survival from 30% 1o
4% requires 300 patients in each arm. which far exceeds
the numbers of patients in the individual trials evaluated
in this meta-analvsis,

The wials evaluated differ, of course, in many respects
other than the difference in treatment regimens, Entry cri-
teria, surgcal procedures, the definition of curative intent,
pathologic examination of the specimens, followup policy,
cle, vary widely among trials. However, the intent of this
analysis was to evaluate the efficacy of chemotherapy in a
treatment arm comparsd 1o g control amm, which was the
common poal of thess mials. Within each trial. factors such
a5 the surgical technique are usually similar in both treatment
arms, &0 they dn not affect the odds ratio.

Measuring an etfect on survival by caleulating the cdds
ratios proved to be effective in an analysis performed by
Buysc ct al.? They demanstrated a net positive effect of
fluarouracil-containing regimens versus the corresponding
contral, but did not find such an effect for the other reg-
imens tested. The absence of a significant benefit of ad-
Juvant chemotherapy for gasiric adenocarcinoma might
be disappointing, bul it helps to delimit future ressarch.
It appears that the regimens used in the past 10 vears, like
fluorouracil, doxorubicin, and mitomycin (FAM), were
not powerful enough to eradicate (dormanl) microme-
lastasis. although clinical observalions vielded response
rates of 30%.7 A new generation of regimens (etoposide,
doxorubicin, and cisplatin [EAP]; Tuorouran), doxor-
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bicin, and methotrexare [FAMTX 1) may be more prom-
ising as far ag response rate is concerned,

A second factor may be even more itnportant. Al tials
included in our meta-analysis were based on the postoper-
alive admimistration of chemotherapy and evalusted en-
banced survival induced by this chemotherapy. Recently, it
has been demonstrated in various phase 1T studies thar pre-
anerative chemotherapy induces not only tumor regression
in up to 70% of the treated pabients, but in some casex alsn
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complele astoscopic and sven microscopic dissppearance
of all tumor remnants, as substantiated by patholowic ex-
amination." This has Ted to curagve resection procedures
for & number of parients who would otherwise have heen
regarded as incurable. Whether this will influenee survival
has yet to be demonstrated in randomized trals However,
the symptomatic and Psychological benefit to the patient
Justifies the inftiation of new research in the tield of adjuvant
therapy for gastric adenccarcinoma.

Appendix A, Reports Relavant for Meta-Analysis of Adjuvent Therapy
After Curative Resection for Gastric Cancer

L4* Krook JE, CPCuenpell MJ, Wieand RS, et al: A prospective

1 Fandomized evaluation of intensve-cousse S-flucrouraci] plus doxantbicin

as surgical adjuvant chematherapy for resectad ERSIOG cancer. Cancer 67:2454. 2458, 1941

At Allum WL, Hallissey MT, Ward LC, sral A comtrulled, progpective, randomized 1oa of adiuvant chemotherapy ar radigtherany
in rescotable pastric concer, Intedm repurt. British Stomach Cance Group. Br ] Cancer 60:738-744, [989

JA Coumbes RC, Schein BS, Chilvers €. ol al: A randumized 12l comperng adfuvant fuorouracil doxorubizin, and mitemyein
with ne treatment in operable gastric cuncer. Internutional Collaborative Caneer Growp, J Clin Oneol 8:1362-1369, 109g

44 Schigssel R, Funovics J, Schick B, &t ul Adjuvant intraperiioneal cisplatin therapy in patignts with operated gasttic carcinoms

resulis of 2 randomized tnal. Acts Med Aus 1fi:08-60, 1089

A Allum WH, Hallissey M1, Kelly KA Adjuvant chemuotherapy in operabic gastric canver, 5 vear follow-up of first British Stomach

Cuncer Oroup trial. Lanee: 1:571-574, 1989

Bonfunt G, Gennari L, Bozzerti F, et al: Adjuvant teeiments following curative resection for gastric cancer, The Tralisn Gas-
tointesingl Tumor Study Group, Rr ] Surg 73:1100-1104, 1988
Kun JP: Immunachemosurgery a8 3 new approach o reasonable trestment of advanced ceneer, Ann Acad Med Singapore [ 7-85.

1988

b4 Jukesz B, Dutrich C, Funevies J, et al: The cffact of adjuvant chemotherapy in pastric carcinoma is dependent on twmar histology:
S-vear results of a prospective randomiced mal. Recenl Hesults Cancer Bes [ [0dd-5 1, 1988

LA Engstrom PF, Lavin PT, Douglass HO Iz, et al: Posioperative adiuvanl Sfluorouracy] plus methyl-COMNTT therapy for Fastric
cancer patients. Eastern Cooperative Oncology Group study (EST 3275). Cancer 35:1365 1873, 19g5

107 Higzins A, Amades IH, Smith DE, er al; EMcacy of prolonged intermitient therapy with combined 3-FU and methyl-COND
follovwing ressction for pastric carcinoma, A Veteruns Administrulion Surgical Oneology Group report, Cancer 531 I05-1112, 1983

Ia Alcobendas F, Mille A, Estape T, ef al; Mitemyein C g5 an adiuvani in rosected fAstric cancer. Ann Surg 1 13-17, 1983

L2A® Chehiai T, Sato H, Havushi R, et al; Pustoperative adjuvant immunaotherapy of pastric cuneer with BOG-c=ll wall skeleton, - to
f-year follow up of 2 randomized clinical tral, Cancer Immunal Immunuother 14:167-171, 1983

13A Douplass HOY, Steblein T, Bruckner HM, et ul; Cantrafied iris] of adjuvant chematherapy follow ng curative resection far pastc

cancer. The Gusirommiestical Tumor Stedy Group, Cancer

48:1116-1122, 1982

144% Yamamurz Y, Nishimura M, Sakamoto J, et al- 4 randomized conrolled trial of surgical adjuvunt therapy with mitomyein C,
Sflearauracil and OK-432 in patients with astriv cancer. Gan T Tagaky Ryoho 13:2134-2 140, 1058

TN number of deaths availuble,
tPalliative cases excluded.

Appendix B. Reports Retrieved in English (or Westarn longuoge), but Excluded From Meto-Analysis

1E Fetere KM, Beuth 1, Ko IT1. et al: Prospective immunestimulation with propianibacterinm avidum P-4 ia patients with gastric
warenama: A prospecive randomized study. Onkologie 13:124137 1590

Jpn ) Surg 20c1RG-191, 190

2R Niimoto M, Saeki T. Toi M, et al: Prospective randamized con

trolled sludy on hestatin in resectable gastric cancer—Third EPLTT.

3B Hattord T, Makajima T, Wakazato I, &t al: Posroparative udjuvant immunuchemottierepy with mitemyein O, tegafur, PSK andsor
OK-432 for gastric cancer, with special reference 1o the change in stimulation index after pastrectomy., Jpn T Surg 200127-136, 19490

48 Youn JK, Kam BS, Min J8, et al: Adjuvant trestment of operable siomach cancer with pelvadenylic - polyuridylic acid in addition
e chamotherapeutic agents: A preliminary reporl. Ing J Immunopharmacal 12:389-205, (900

3B Rieiberg 11, Gaffin 1T, Dalesio O, e al: Adjuvam radivtherapy and chemotherapy in reseciahle gastric cancer, A randomized trial

of the Gestrosintestinal Tract Caneer Cooperative Group of the EGRTC. Bur 1 Burg Oneal [5:535-543, 1980

o EB Miimoto M, Hamori T, Tamads B, et al: Postoperative adjuvant immunochemotherapy with mitaryein O, futraful and PSK for

Eestric cancer. An analysis of data op 579 Patients [oliowed for fve yeurs Jpn 1 Surg 1868 1-686, 19588
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7B Popicls T, Zambala M, Kulig I, e al: Postoperative immunochemotherapy (BOG - 3-FL1) in sdvansed pastric canger, Anticanper
Res E:1423-1427, j9RR

8B Lise M, Nitti D, Buyse M, ¢t al: Phuse-1T clinical trial of adjuvant FAM? (5-FU, Adriamycin and mitvmyein C) v eomtryl in
reseclable gastric cenear: A study of the EQRTC Gastrointestinal Tract Canesr Cooperative Group. Recent Hersults Cuncer Reg L1
36-43, 198A

2B Sindelar WF: Inlraoneratve radiotherapy in carcinoma of the stomach and pancress, Recenl Resulte Cancer Res 1[0:226-241, 19RE

({4} Villar A, Asensio F, Carsdel M, et al: Chemotherany of advanced gesine CATCINOME ietape IV A randomized study of FAM versug
3-FU plus BONLL Chemioterapia 6:37-62, 1987

LIB Jakesz B, THuirch C, Funovice I, e al; Adjuvante Chemotherapie bei Fatienten mit radikal resezicram Magenkarrinom S lahpes.
Frzebnisse siner progpekt)y randomisierten Studie, {Adjuvan chematherapy in patisnts with radies) resection of stomach canzer 5.
year resuls of a prospective randemized study.) Wein Klin Wochenschr DEE24-R30, 1uEs 3

12B Papaicannou AN, Kozonis Ja, Palychronis AP, e al: Precperative chemotherapy for sastric cancer: 4 Prospective study wilh at leas;
1 year follow-un, Recent Results Cancer Kes 103142147, 1988

13B Hatlon T, Inokuchi I, Taguchi T, et ul: Postoperytive adjuvant chemotherapy for ESSNC cancer, the seeand repart, Analysis of datg
on 2573 parients follawed for five years, Jpn T Surg 16:175-180, 1986

148 Kovama 5, Ozaki A, Twasali Y, eral: Randomized controlley study of postaperative adjuvant immunachemoth erapy with MNocardig
rubre cell wall skeletnn (N-UWS) and Tegafur for Bastric carcinema, Cancer Tmimungl Immungther 22:148-154, 1984

[5B Schnitzler 7, Queisser W, Hoim ME, ot alt Phase 11 study of 5-F11 2nd carmustine versus FFU, carmustine, and donoruhicin in
advanced pastiic cancer, Cancer Treat Hep MWea 7478, 1986

168 Fujimota §, Furue H, Kimura T, et al: Clinica evaluarion of schizanhyllan adjuvant immunach smotherapy far pationte with reszctahle
Erstric cancer-—A randomzed controlied trial. Ton J Surg 14:256-302 1084

7B Moeriel CG, Childy DS, O'Falion TR, o ul: Combined 3-lunroureci] 2nd radiation therapy as a surpical edjuvant fur poar DrUEnoEs
Bastric carcinoma, T Clin Oneal 2:1249-1254, 1984

LED Niimoto M, Hattori T, Jto [ = wi Levamisole in posipperative adjuvant im munochematherapy for sastric cancer, A randnmized
controlied study of the MMC + Tegafur regimen with or withaut levamisale, Repart L Cancer Immunal Immunother 18:13.18,
1554

198 Matsubara ¥, Uragar ¥, Yamamaro M, o al: A randamized clinical rrial of adjuvant chemotherapy after resection in PRUETITE with
Stomuch cancer. Clin Ther 6:659-497 G354

208 Fujimoto §, Mivazaki M. Kitsukawa ¥, =t al: Clinical evaluation of prolonged chemotherapy combined with indugtion of hepatic
dreg-metabolizing enZymes &5 an adjuvanl for treating patisnts with gastric caneer, Ipn J Surg 13:485.452. 1083

218 Hartori T, Niimoto M, Tege T, ot al: Fffeets af Ievarnisole in adjuvant fmmunochenmmrrupy for pastric cancer, A prospective
randomiced controlled study. Jpn J Sure I53:480-4k5 1083

228 Ficiding I'W, Fage SL, Jones BCE elal An interim report of g prospeclive, randoimized, controlled study of adjuvant chematherapy )
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