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Chemotherapy sensitivity and resistance testing: to be “standard”
or to be individualized, that is the question
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have shown activity in recurrent and advanced gastric
cancer, the efficacy of single-agent chemotherapy was
previously shown to be limited and without survival
benefit [1]. The response rates of single-agent therapy
were reported to be less than 20%, as shown in Table 1,
with the exception of mitomycin C (MMC), which was
tested as a single agent before the present response
criteria were introduced. Cisplatin and 5-fluorouracil
(5-FU) were each tested on many patients with gastric
cancer, and their response rates (21% and 19%, respec-
tively) are considered to represent the average efficacy
of single agents in gastric cancer. Several combination
regimens have been developed, including 5-FU plus
adriamycin (ADM) plus MMC (FAM); etoposide plus
ADM plus cisplatin (EAP); 5-FU plus leucovorin (LV)
plus epirubicin (EPI; FLEP); and 5-FU plus cisplatin
(FP). These regimens have achieved 29% to 48% re-
sponse rates, although the overall complete response
(CR) rate was only 2% [2]. Because long-term survival
in patients with disseminated malignancy is only
achieved when treatments produce CR of the disease,
there has been no impact on survival in patients with
advanced gastric cancer treated with combination
chemotherapy.

Recently, several new drugs have been introduced for
gastric cancer, including irinotecan (CPT-11), taxanes
(docetaxel and paclitaxel), and S-1 (a combination of
tegafur with two biomodulators, gimeracil and oteracil),
and this has created a new era of chemotherapy for
gastric cancer, with response rates of 44%–49% [3,4]. In
particular, combined regimens based on S-1 have been
widely studied, combining S-1 with CPT-11, paclitaxel,
docetaxel, or cisplatin, with reported response rates of
up to 76% [5] (Table 1). As a result, we currently have
a choice between several regimens for advanced gastric
cancer, as well as choices in the adjuvant setting. In this
article, we review the results of chemosensitivity testing
for gastric cancer. In particular, we consider the utility
of chemosensitivity testing in evaluating the appropri-

Abstract
Radical surgery with extended lymph-node dissection is the
treatment of first choice and the only curative treatment for
locally advanced gastric cancer. While recent combination
chemotherapy with S-1 (a combination of tegafur with
two biomodulators, gimeracil and oteracil) has achieved
high response rates, controversy still remains regarding the
significance of adjuvant cancer chemotherapy after surgery.
We have been applying chemosensitivity testing in evaluating
the appropriate adjuvant cancer chemotherapy for advanced
gastric cancer. Our multiple studies have indicated that this
chemosensitivity testing would be useful to improve the re-
sults of adjuvant chemotherapy, by increasing survivals in the
sensitive group. The chemosensitivity testing is approved as
“advanced clinical medicine” by the Japanese Ministry of
Health, Welfare, and Labor at 11 institutes at present. While
complete lymph-node dissection and chemosensitivity test-
guided adjuvant chemotherapy has been reported to result in
a survival benefit for patients with advanced gastrointestinal
cancer, the clinical utility of the testing should be established
by means of prospective, randomized clinical trials. Two piv-
otal clinical trials have been initiated to clarify the utility of
chemosensitivity testing in the selection of the appropriate
adjuvant cancer chemotherapy for gastric cancer.

Key words Chemosensitivity testing · MTT assay · Histoc-
ulture drug-response assay · Gastric cancer · Clinical trial

Introduction

There is no doubt that gastrectomy with extended
lymph node resection is the curative treatment of choice
for locally advanced gastric cancer. However, because a
percentage of patients undergoing curative resection
will relapse, adjuvant cancer chemotherapy has been
actively studied in gastric cancer. Although many drugs
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ate adjuvant cancer chemotherapy for advanced gastric
cancer, and we discuss the integration of “standard” and
“individualized” therapy in adjuvant cancer chemo-
therapy for gastric cancer.

Cumulative results of chemosensitivity testing for
antitumor agents in Japan

The Japan Research Society for Appropriate Cancer
Chemotherapy set out to summarize the present status
of chemosensitivity testing for antitumor agents in
Japan [6]. Two different questionnaires were sent to 122
and 94 institutes, respectively, and responses were re-
ceived from 87 (71.3%) and 41 (43%) institutes, respec-
tively. Results showed that chemosensitivity testing was
performed at 42 institutes, where a total of two in vivo
and ten in vitro different assay methods were per-
formed. The actual number of cases tested varied from
1 to 368 cases/year per institute, with a median of 15
cases and mean ± SD of 48 ± 65 cases. The total number
of tested cases has increased, from 1747 cases in 1993 to
1934 cases in 1994 and to 2147 cases in 1995, resulting
in an average of 1891 cases/year. Assays used included
the adenosine triphosphate inhibition assay, collagen-
droplet embedded drug-response assay, fluorescent dye
assay, growth-chamber assay, the histoculture drug-
response assay, human tumor clonogenic assay, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay (succinic dehydrogenase inhibition [SDI]
test), nuclear damage assay, nude mouse model,
subrenal capsule assay, and the thymidine incorpora-
tion assay (scintillation assay). The correlation of in
vitro and in vivo results revealed 215 true-positive (S/S),
246 false-positive (S/R), 45 false-negative (R/S), and
595 true-negative (R/R) cases, resulting in a 47% true-
positive rate and a 93% true-negative rate, and 74%
accuracy (Table 2). In other words, patients treated with
drug(s) testing in the “sensitive” range were nearly
seven times more likely to respond to chemotherapy

than were patients treated with drugs testing in the
“resistant” range (47% versus 7%). We concluded that
chemosensitivity testing was being widely applied in
this country and that it has a high accurate predictive
value for advanced carcinomas. Thus, chemosensitivity
testing appears to be advantageous for the clinical
treatment of several kinds of carcinomas, including
the appropriate adjuvant cancer chemotherapy for ad-
vanced gastric cancer.

The chemosensitivity testing was approved by the
Japanese Ministry of Health, Welfare, and Labor as
“advanced clinical medicine”, in July 1999, for use at
Keio University Hospital, and the number of approved
institutes increased to 11 in December 2005 [7].

“Standard” adjuvant cancer chemotherapy for
gastric cancer

Hermans et al. [8], in a metaanalysis, reviewed 14 ran-
domized trials and analyzed data from 11 of these trials,
consisting of 2096 patients. When they calculated the
odds ratios by comparing the adjuvant-treatment arm
with the surgery-alone arm, the results suggested that
the adjuvant chemotherapy regimens did not improve
survival (95% confidence interval for odds ratio of
recurrence, 0.78–1.08), in spite of the effectiveness of
these regimens in phase II studies. However, Pignon
et al. [9] recalculated the odds ratio, of which the upper
limit was less than 1.0, in their reappraisal of that
metaanalysis of adjvant chemotherapy. Nakajima et al.
[10] analyzed ten adjuvant chemotherapy regimens in
six clinical protocols, carried out at the Cancer Institute
Hospital from 1959 to 1985, consisting of 1185 patients,
and suggested that the use of these regimens showed
a statistically significant survival benefit in patients
who had curative surgery. Following these two meta-
analyses, four groups of authors calculated the odds
ratios of the effect of adjuvant cancer chemotherapy for
gastric cancer, reporting that the upper limits were less
than 1.0 in all their metaanalyses [11–14]. However, no
one single trial has clarified the usefulness of adjuvant
cancer chemotherapy for advanced gastric cancer com-
pared with a surgery-alone arm. Based upon these re-
sults, the first edition of the Guideline of gastric cancer
therapy of the Japanese Gastric Cancer Association

Table 1. Response rates of antitumor agents and their combi-
nations in advanced gastric carcinoma

Single agent Combination

Mitomycin C 30% FAM 29%
Cisplatin 19% FP 38%
5-Fluorouracil 21% DCF 39%
Adriamycin 17% ECF 46%
Docetaxel 23% S-1 + CPT-11 50%
Paclitaxel 25% D + cisplatin 25%
CPT-11 23% S-1 + D 46%–54%
S-1 47% S-1 + cisplatin 76%

F, 5-fluorouracil; A, adriamycin; M, mitomycin C;
E, epirubicin; L, leucovorin; P and C, cisplatin; D, docetaxel

Table 2. Predictive values for chemosensitivity testing

No. of correlations
attempted S/S S/R R/S R/R Accuracy

1.101 215 246 45 595 74%

True positive (S/S), 47%; true negative (R/R), 93%; sensitivity, 83%;
specificity, 71%
S/R, false positive; R/S, false negative
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states that “Although multiple metaanalyses have indi-
cated prolonged survival with adjuvant cancer chemo-
therapy, no standard regimen has been confirmed at the
present time.” [15], and the second edition [16] states:
“A randomized control trial with a very large cohort
should be carried out with a surgery-alone control arm
and survival endpoint. Until that time, “adjuvant cancer
chemotherapy is not approved as a clinical practice.”

In 2001, Macdonald et al. [17] investigated the effect
of surgery plus adjuvant chemoradiotherapy on the sur-
vival of patients with resectable adenocarcinoma of the
stomach or gastroesophageal junction. They random-
ized 556 patients with resected adenocarcinoma of the
stomach or gastroesophageal junction to surgery plus
postoperative chemoradiotherapy or surgery alone.
The adjuvant treatment consisted of fluorouracil and
leucovorin, followed by 4500cGy of radiation. The
median overall survival in the surgery-only group was
27 months, as compared with 36 months in the
chemoradiotherapy group; the hazard ratio for death
was 1.35 (P = 0.005) in the surgery-alone arm [17]. As a
result, they concluded that adjuvant chemoradio-
therapy was indicated for all patients at high risk for
recurrence of adenocarcinoma of the stomach or gas-
troesophageal junction who had undergone curative
resection. Although this result was reflected in the
guidelines of the National Comprehensive Cancer
Network (NCCN) and the Physician Data Query
(PDQ) of the National Cancer Institute (NCI), the
Japanese Gastric Cancer Association did not recom-
mend this adjuvant therapy as standard, because of the
low rate of lymph-node dissection in this study. In
another study, by Kinoshita et al. [18], the oral
fluoropyrimidine, UFT, was evaluated, in terms of sur-
vival benefit, in 93 patients with curatively operated
gastric cancer. Patients with T2 and N1-2 advanced gas-
tric cancer were randomized at a 1 :1 ratio to a surgery-
alone group (n = 95) or a surgery plus UFT group who
received UFT at 360 mg/m2 per day for 16 months (n =
93). The 4-year overall survival rate was 86.3% for the
UFT group and 73.6% for the surgery-alone group, with
a statistically significant difference, at P = 0.0176.
(Because the planned sample size of this study [18] was
not attained, this trial will be re-evaluated in the new
Japan Clinical Oncology Group (JCOG) clinical trial
including chemosensitivity testing, described below).
Cunningham et al. [19] designed the Medical Research
Council Adjuvant Gastric Infusional Chemotherapy
(MAGIC) trial (ISRCTN 93793971) to determine
whether epirubicin, cisplatin, and infused 5-FU (ECF)
would have a survival advantage in operable gastric
cancer. Five hundred and three patients with operable
adenocarcinoma of the stomach, esophagogastric
junction, or lower esophagus were randomized to a
perioperative chemotherapy group (n = 250) or to a

surgery-alone group (n = 253). The survival hazard ratio
(HR) was 0.75 (P = 0.009) and the progression-free
survival HR was 0.66 (P = 0.001) for the perioperative
chemotherapy group. While this study suggested the
value of perioperative chemotherapy, the mortality rate
was 6% in both arms, and the percentage of randomized
patients actually started on postoperative chemo-
therapy was only 55%, while the percentage completing
it was only 42%. In a very recent study, S-1 was em-
ployed as adjuvant cancer chemotherapy for patients
with curatively operated stage II and stage III gastric
cancer and compared with a surgery-alone arm, as the
Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer
(ACTS-GC); S-1 was administered for 1 year in the
chemotherapy arm, with the primary endpoint being
overall survival. This study was completed in December
2004 with an accrual of 1059 cases, but we must wait for
3 years to know its result.

Drug sensitivity testing in evaluating appropriate
adjuvant cancer chemotherapy for
advanced gastric cancer

MTT assay

We have introduced chemosensitivity testing to evalu-
ate the appropriate adjuvant cancer chemotherapy for
advanced gastric cancer. Our initial study [20] was con-
ducted between July 1988 and October 1992. Patients
underwent resection of the primary lesion; a single-cell
suspension assay of fresh surgical materials was then
tested with an MTT assay, first described by Mosmann
[21], with some modifications [22–24]. Fifty patients with
pathological stage III or IV gastric cancer were enrolled
in this study, of whom 10 received no chemotherapy
after the surgery, while 40 received chemotherapy, at
similar dose levels, after the surgery. The patients given
chemotherapy were retrospectively divided into two
groups, consisting of a sensitive group (treated with at
least one agent identified as effective by the assay), and
a resistant group (treated with agents to which the cells
were not sensitive in the assay). The purpose of the
study was to identify the optimal cutoff inhibition rate
(IR) in the MTT assay for the determination of the
appropriate adjuvant cancer chemotherapy after sur-
gery. A cutoff IR of 30% was optimal for differentiating
the survival rates between the sensitive and resistant
groups. Patients treated with drugs which showed more
than 30% IR in their surgical specimens showed a better
survival rate than patients treated with drugs which
were ineffective in the assay. In addition, there were no
statistically significant differences between the survival
rate of the resistant group and that of the surgery-alone
group.
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Histoculture drug-response assay (HDRA)

Following the above retrospective study, we introduced
the HDRA [25–27]. To investigate the potential of the
HDRA to contribute to patient survival, 215 patients
with gastric cancer, from 45 medical centers, were tested
with the HDRA in a blinded study after resection of the
primary lesion [28]. All of the registered patients were
treated with the same protocol, without knowledge of
the results of the HDRA. One hundred and sixty-eight
patients received at least 20mg/m2 MMC and a mini-
mum of 30g UFT, thereby making them eligible for the
study. Of these 168 patients, 128 cases were evaluated
with the HDRA. The evaluable patient tumors were
tested by HDRA, with the [3H]thymidine incorporation
endpoint measured by microautoradiography defined
as drug “sensitive” or “resistant”. In the correlation of
the overall survival rates of the MMC- and UFT-treated
stage III and stage IV gastric cancer patients with the
HDRA for MMC, the sensitive group consisted of 25
patients whose tumors were sensitive to MMC on the
HDRA. The resistant group consisted of 98 patients
whose tumors were resistant to MMC on the HDRA.
The overall survival rate of the sensitive group was
better than that of the resistant group (P = 0.014 by log-
rank test and P = 0.009 by generalized Wilcoxon test).
This difference was also observed in the sensitivity to 5-
FU. The sensitive group consisted of 20 patients whose
tumors were sensitive to 5-FU on the HDRA. The resis-
tant group consisted of 99 patients whose tumors were
resistant to 5-FU. The overall survival rate of the sensi-
tive group was better than that of the resistant group (P
= 0.031 by log-rank test and P = 0.028 by generalized
Wilcoxon test). When the sensitivity to both MMC and/
or 5-FU was assessed, the sensitive group consisted of
38 patients whose tumors were sensitive to MMC or 5-
FU on the HDRA, and the resistant group consisted of
89 patients whose tumors were resistant to MMC and 5-
FU on the HDRA. In some specimens, only one drug
was tested. The overall survival rate of the sensitive
group was better than that of the resistant group (P =
0.001 by log-rank test and P = 0.0007 by generalized
Wilcoxon test). Multivariate analysis was carried out
according to Cox’s proportional hazard model. Risk ra-
tio analysis demonstrated that sensitivity to MMC and/
or 5-FU on the HDRA was an independent risk factor
for overall survival in each category. In this blinded
study, the overall survival rates of the HDRA-sensitive
group were found to be significantly higher than those
of the HDRA-resistant group tested. The results dem-
onstrated that the HDRA response was correlated with
patient survival, which suggests the potential of use of
the HDRA to contribute to survival in gastric cancer
patients.

Methods for predicting drug activity in gastric cancer:
resistance enzyme testing versus cell-culture
(“chemosensitivity”) testing

The two major approaches to predicting the activity of
anticancer drugs in gastric cancer have been resistance
enzyme testing and cell-culture (hereafter called
“chemosensitivity”) testing. Resistance enzyme assays
are based on measuring the expression of genes coding
for specific drug-resistance-related enzymes, measuring
the cellular content of these enzymes, and/or measuring
the cellular activity of these enzymes. Examples of resis-
tance enzyme assays include thymidylate synthase (TS)
[29,30], dihydropyrimidine dehydrogenase (DPD) [31–
33], and excision repair cross-complementing (ERCC1)
[34] gene assays. Increases in TS, DPD, and/or ERCC1
(measured by gene expression, cellular content, and/or
cellular enzyme activity) in patients with gastric cancer
have been correlated with response to 5-FU (TS and
DPD) and to cisplatin (ERCC1), and with survival.

An alternative approach to resistance enzyme testing
is cell-culture (chemosensitivity) testing. It should be
noted that gene expression is only useful insofar as it
predicts enzyme content, and that enzyme content is
only useful insofar as it predicts enzyme activity, and
enzyme activity is only useful insofar as it predicts drug
effects at the cellular level. Chemosensitivity testing is
theoretically attractive in that it directly measures net
drug effects at the cellular level and does not depend on
a clear understanding of all known mechanisms of drug
action and mechanisms of cellular resistance to drug
action. However, chemosensitivity testing must be per-
formed on fresh, viable tissue, while resistance enzyme
assays may be performed on fixed tissues stored in par-
affin blocks. In the future, it is likely that both ap-
proaches to predicting drug activity will find increasing
utility in the treatment of gastric cancer, particularly as
technologies (e.g., cDNA microarrays [35]) improve.
However, at present, chemosensitivity testing is avail-
able for a wider array of drugs and would appear to be
the more promising short-term approach toward the
individualization of chemotherapy.

Discussion

In addition to our reports mentioned previously
[20,27,28], we have performed several additional studies
to compare the survival outcomes of patients with ad-
vanced gastric cancer, using the MTT endpoint [36–38];
all the studies indicated that the sensitive patients had a
favorable survival outcome (Table 3).

In 2004, Samson et al. [39] reported a systematic re-
view to evaluate evidence, comparing therapy guided
by chemotherapy sensitivity and resistance assays with
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empiric chemotherapy, emphasizing survival outcomes.
They searched for prospective studies comparing pa-
tients treated contemporaneously by assay-guided
chemotherapy and by empiric therapy. Their review
identified ten studies meeting the selection criteria, plus
one retrospective study, using seven different assays.
Only two studies randomly assigned patients to assay-
guided treatment or empiric treatment. One of the two
randomized trials found a significantly higher response
rate in the assay-guided group. Two nonrandomized
studies found overall survival to be significantly im-
proved with assay-guided therapy. Samson et al. [39]
concluded that, while higher response rates for assay-
guided therapy had been observed, the differences may
have been attributable to bias or confounding, and little
evidence on survival was available. These results do
not establish the relative effectiveness of assay-guided
treatment and empiric treatment. Randomized trials are
needed. Schrag et al. [40] carried out a systematic
review, accompanied by a technology assessment of
chemotherapy sensitivity and resistance assays, which
defined the role of these tests in routine oncology prac-
tice. Their literature search did not identify any chemo-
therapy sensitivity and resistance assays for which the
evidence base was sufficient to support use in oncology
practice. However, they concluded that, because an in
vitro analytic strategy has potential importance, partici-
pation in clinical trials evaluating these technologies
remains a priority.

The above “systematic review” and “technology as-
sessment” are open to some criticism, as they specifi-
cally excluded from consideration all studies (of which
there are many [41]) which dealt “only” with the accu-
racy of the chemosensitivity and resistance assays, while
considering only studies (of which there were few, [41–
43]) relating to the question of whether using the assays
in clinical practice actually improved clinical outcomes.
This is curious, as all other predictive tests used to
choose drug therapy in cancer have been validated only
with respect to predictive accuracy and not with respect

to whether or not treatment outcomes are improved
when therapy is chosen on the basis of information
provided by the tests. Examples of commonly used tests
which are widely used — even though they have never
been shown to improve treatment outcomes — are
estrogen receptors, human epidermal growth factor re-
ceptor type 2/neu (Her2/neu), and immunohistoche-
mical staining for cell markers. Recently introduced
prognostic tests based on gene expression are receiving
broad acceptance in the United States, despite the fact
that all published studies have shown only retrospective
comparisons between test results and treatment out-
comes, and none have been shown to improve treat-
ment outcomes [42,43]. Actually, the controversy
usually presents as differences between “response” and
“survival” as the outcome in evaluating most cancer
therapy, including any predictive test. Because the “re-
sponse” is a surrogate endpoint for “survival”, an assay
should be validated initially by “accuracy for predicting
response” and finally by “survival outcome”.

In an attempt to resolve these controversies regard-
ing the use of chemosensitivity testing, two pivotal clini-
cal trials in Japan have just been started, to clarify the
usefulness of chemosensitivity testing in evaluating
the appropriate adjuvant cancer chemotherapy for
gastric cancer. One is a one-arm blinded prospective
trial designed by the Japan Clinical Cancer Research
Organization (JACCRO) [44], and the other is a ran-
domized control study planned by the JCOG [45].
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