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Alterations in p53 predict response to preoperative high
dose chemotherapy in patients with gastric cancer
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Aims: To evaluate the usefulness of molecular markers in predicting histopathological and clinical
response to preoperative high dose chemotherapy (HDCT) and survival of patients with advanced gas-
tric cancer.
Methods: In a phase II trial, 25 patients with metastatic gastric cancer received preoperative tandem
HDCT consisting of etoposide, cisplatin, and mitomycin, followed by autologous bone marrow trans-
plantation to achieve surgical resectability. Samples before and after treatment, from normal and
tumour tissue, were characterised histopathologically, and both p53 and BAX expression was analysed
by immunohistochemistry. Pretreatment formalin fixed, paraffin wax embedded samples from normal
and tumour tissue were microdissected, and the extracted DNA was preamplified using improved
primer extension preamplification polymerase chain reaction. Detection of microsatellite instability
(MSI) or loss of heterozygosity (LOH) was performed using markers for p53, BAX, BAT25, BAT26,
D2S123, D17S250, and APC. Exons 5–9 of the p53 gene were sequenced directly on ABI 373.
Results: Four parameters were significantly associated with response to chemotherapy and prolonged
overall survival: positive p53 immunostaining, positive p53 mutation status before chemotherapy,
strong histological regression induced by preoperative HDCT, and surgical treatment. Patients’s sex or
age, tumour location or stage, lymph node status, Lauren classification, MSI, or LOH did not influence
duration of survival significantly in this high risk population.
Conclusion: Positive p53 immunostaining and p53 mutation status in pretreatment tumour biopsies
might be useful molecular predictors of response and prognosis in patients with advanced gastric can-
cer treated by preoperative HDCT.

Despite its decreasing prevalence, gastric carcinoma is

still one of the major causes of cancer death

worldwide.1 Because most tumours are diagnosed late in

locally advanced stages, the overall median survival is only 16

months.2 Surgical treatment results in poor survival rates in

advanced stages. Several studies have shown that preoperative

chemotherapy can achieve a response in 50–60% of patients,

and allows radical surgery in 40–50% of cases with previously

unresectable tumours.3–8 To increase response rates and

survival time, the benefit of high dose chemotherapy (HDCT)

protocols with autologous bone marrow transplantation

(ABMT) were evaluated for several cancer entities. HDCT is

based on the hypothesis that increased dosage will overcome

drug resistance, eradicate metastatic disease, and increase

cure rates. Because of the notable toxicity of this treatment

and the limited survival time of patients with advanced gastric

cancer, it would be useful to be able to select those patients

whose tumours will be sensitive to chemotherapy.9–11 There-

fore, predictors for response to HDCT and survival would be

clinically useful.

“Several studies have shown that preoperative chemo-
therapy can achieve a response in 50–60% of patients,
and allows radical surgery in 40–50% of cases with pre-
viously unresectable tumours”

Clinical or histopathological parameters may be suitable. In

addition, the characterisation of molecular alterations in

tumour tissue may be useful to help predict response to

chemotherapy.

The tumour suppressor protein p53 is a potent activator of

apoptosis, and p53 dependent apoptosis modulates the

cytotoxic effects of common antitumour agents such as

5-fluorouracil, doxorubicin, and cisplatin.12 p53 independent13

regulation of cisplatin induced tumour cell death includes

expression of proteins of the Bcl-2 family,14 or activation of

stress kinase cascades15 16 at the level of Bcl-2. Many apoptotic

pathways converge, and the ratio of Bcl-2 to BAX protein

might be the final determinant of whether a cell enters the

execution phase.17 BAX is a dominant inhibitor of Bcl-2.18

It is well established that mismatch repair proteins are

involved in triggering an apoptotic response after cisplatin

damage.19 The mismatch repair protein complex can recognise

and bind to 1,2–GpG adducts.20–22 Cells defective for mismatch

repair become more resistant to G2 arrest and apoptosis pro-

voked by cisplatin.23–26

The aim of our study was to assess the clinical, histopatho-

logical, and molecular parameters of patients with advanced

gastric cancer treated by HDCT/ABMT, and their association

with response to treatment and survival.

MATERIAL AND METHODS
Patients
Between October 1996 and December 2000, 25 patients with

locally advanced gastric carcinoma were treated with a preop-

erative HDCT protocol followed by ABMT in a phase II study.

All patients were deemed unresectable before the start of

treatment, and tissue blocks from all patients were available
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for study. There were 11 women and 14 men, with a mean age

of 50 years (range, 35–65).
A modified EAP schedule was used for induction treatment

(doxorubicin, 40 mg/m2; etoposide, 120 mg/m2; cisplatin,
40 mg/m2), followed by granulocyte colony stimulating factor
(filgrastim, Neupogen®) started at day 4 at a dose of 10 µ/kg
body weight administered subcutaneously. Autologous per-
ipheral blood stem cells were collected by leukapheresis after
leucocyte nadir (Cobe Spectra; Cobe Laboratories, Lakewood,
Colorado, USA) on consecutive days. If patients had stable
disease following induction treatment, the first cycle of HDCT
(etoposide, 500 mg/m2; cisplatin, 50 mg/m2; mitomycin C,
10 mg/m2; and BCNU (nitroso urea), 300 mg/m2) was admin-
istered three weeks thereafter. Patients who achieved a reduc-
tion in tumour size of > 50% after the first cycle of HDCT
qualified for an identical second cycle four weeks later.

All patients were clinically judged as cT3 or cT4 according to
the TNM classification,27 and had systemic metastasis. None of
the patients had received systemic chemotherapy for gastric
cancer previously. Response to chemotherapy was assessed by
endoscopy, endosonography, and computed tomography scan,
as defined by the Eastern Cooperation Oncology Group.28

Resectability and clinical response were defined as present
if patients achieved partial remission (> 50% size reduction of
the target lesion).

Definitive clinical TNM staging yielded 19 patient with T4
tumours and six with T3 tumours. N1, N2, and N3 disease was
found in nine, three, and 13 cases, respectively. No patient
showed N0 disease.

Response to chemotherapy enabled the resection of the
tumour in 16 patients. Local (R0) resection was possible in
three patients with T3, and nine with T4. In three patients
with T4 tumours, resection margins were infiltrated by the
tumour (R1 resection), and one patient with T3 disease
underwent palliative resection only. All nine non-responders
underwent non-curative palliative procedures.

Survival time was defined as duration between the date of
first chemotherapy and the date of death or last follow up
(table 1). Median survival of the studied 25 patients was 13
months. Median survival for patients with response to
treatment and subsequent gastrectomy was 16 months
(range, three to 50) and 7.5 months (range, five to 11.5) for
those without resection. Twelve patients from the first group
survived more than 12 months, and four are still alive.

Table 1 summarises the clinical and histopathological data
of all the patients.

Histopathological evaluation
Pretreatment biopsies and post-treatment specimens (16 gas-

trectomy specimens and nine diagnostic biopsies from

non-resected patients after last chemotherapy) were evalu-

ated by two pathologists (FB and PR). All tissue was fixed in

4% buffered formalin and embedded in paraffin wax.

Histological sections were stained with haematoxylin and

eosin; tumours were graded according to the World Health

Organisation system31 and histologically classified according

to the Lauren classification (table 1).29

The gastrectomy specimens or post-treatment biopsies (five

biopsies with at least 18 sections from different tumour areas

from each non-resected patient) were evaluated for histologi-

cal changes resulting from preoperative chemotherapy accord-

ing to the Japanese Research Society for Gastric Cancer

classification.30

Immunohistochemistry
Immunohistochemical studies for the expression of p53 and

BAX were performed on pretreatment tissue samples using an

avidin–biotin peroxidase method with diaminobenzidine as

chromogen. After antigen retrieval (microwave treatment of

formalin fixed, paraffin wax embedded, 5 µm thick tissue sec-

tions for 40 minutes at 240 W in citrate buffer, pH 6.0), immu-

nohistochemistry was carried out in a NEXES immunostainer

(Ventana Medical System, Tucson, Arizona, USA), according to

the manufacturer’s instructions. For p53, a mouse monoclonal

antibody (Bp53–12; Santa Cruz Biotechnology, Santa Cruz,

California, USA) was used at a dilution of 1/1000 as the

primary antibody and for BAX immunostaining, a rabbit

polyclonal IgG primary antibody (clone P-19; rabbit polyclonal

IgG; Santa Cruz Biotechnology) was used. A positive reaction

for p53 protein was defined as nuclear staining in > 10% of

the tumour cell nuclei. A tumour was regarded as expressing

BAX when more than > 5% of tumour cells had cytoplasmic

staining.

The staining results were interpreted by one pathologist

(FB) who was unaware of the clinical outcome of the patients.

Microdissection
Genomic DNA was prepared from 5 µm thick paraffin wax

embedded sections of pretreatment tumour tissue after

dewaxing and microdissection. Pure tumour cell populations

were obtained using either manual microdissection with a

needle under an inverted microscope (×40) or laser microdis-

section (PALM® Robot Microbeam; PALM, Wolfratshausen,

Germany), as described previously.32

DNA isolation
For genetic analysis, paired pretreatment normal and tumour

DNA samples were extracted using the QIAmp DNA mini kit

(Qiagen, Hilden, Germany), according to the protocol provided

by the manufacturer. The purified DNA template was

amplified by whole genome amplification33 before further

polymerase chain reaction (PCR) analyses.34

Microsatellite analysis
Microsatellite analysis was performed using the recom-

mended reference panel for detection of MSI in colorectal

cancer. This panel is composed of two mononucleotide repeats

(BAT25 and BAT26) and three dinucleotide repeats (D5S346,

D2S123, and D17S250).35 PCR amplification was performed as

described previously.36 Subsequently, PCR products were ana-

lysed by 6.7% polyacrylamide/50% urea gel electrophoresis in

a SequiGen sequencing gel chamber (BioRad, Hercules,

California, USA), followed by silver nitrate staining.37

All gels were evaluated independently by two observers

(WD and FB). A tumour was classified as microsatellite

unstable (MSI-H) if two or more markers showed instability.

LOH analysis (p53 ALK, D2S123, D17S250, and APC) was

performed as described previously.38 Informative cases were

scored as allelic losses when the intensity of a signal for an

allele from tumour DNA was decreased to 50%, relative to the

matched allele from normal DNA. All cases of LOH and MSI

were verified in an independent PCR reaction.

p53 mutation
Exons 5–9 of the p53 tumour suppressor gene were sequenced

directly using single exon amplification using an ABI 373

sequencer, as described previously.34

Statistics
Survival curves were constructed using the Kaplan–Meier

method and differences were assessed by the log rank test. The

χ2 test or Fisher’s exact test (two sided) was performed to

determine the correlation between molecular features, clinico-

pathological parameters, and the survival of patients. A p

value of < 0.05 was considered to be significant. All statistical

analyses were conducted using SPSS software (SPSS, Chicago,

Illinois, USA).

RESULTS
Parameters associated with response to chemotherapy and

survival were positive p53 immunohistochemistry

p53, high dose chemotherapy, and gastric cancer 287

www.molpath.com



Table 1 Clinical and histopathological data, results of immunohistochemistry, p53 sequencing, and microsatellite analyses in 25 advanced gastric carcinomas

Clinical data

Patient ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Sex f f m m f m f f m f m f m f m m f f f m m m m m m
Age at diagnosis (years) 57 49 62 46 61 42 51 46 32 45 55 47 48 49 44 43 44 33 54 50 40 56 60 34 36
Overall survival (months) 12.3 5.5 50.1 17.7 20.8 6.2 8.1 7.4 9.5 11.8 12.6 4.9 14.5 12.3 4.2 13.3 5 29.6 6.9 12.6 3 16.7 11.6 19.7 4.7
Survival status 1 1 0 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 1
Resection 1 0 1 1 1 0 0 0 0 1 1 1 1 1 1 1 0 1 0 1 1 1 0 1 0

Histopathological data
Localisation co an co/an ca co co an an an co an co/an co co/an an ca an an co an co an co co ca
Lauren classification d d d i i d d i d d d d i i d i d d d d d i d d d

Histological regression
Regression score 0 0 3 3 3 0 0 0 0 3 2 1a 1b 2 1a 1b 0 3 0 2 2 3 0 3 0

Immunohistochemistry
p53 1 0 1 1 1 0 0 1 0 1 1 1 1 0 0 0 0 1 0 1 0 1 1 1 0
BAX 0 0 0 1 0 0 1 1 0 1 1 0 1 1 0 0 0 1 0 0 0 0 1 0 1

Microsatellite analysis
Mononcleotide markers
BAT25
BAT26
Dinucleotide markers
APC LOH LOH LOH LOH LOH LOH LOH LOH LOH
D17S250 LOH
D2S123 MSI MSI MSI MSI
Pentanucleotide marker
TP53.Alk LOH LOH LOH LOH

Sequencing results
p53 mutation 0 0 1 1 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 1 0
Exon 5 8 5 8 6 5 6 5
Codon 177 282 162 273 213 175 220 178
Wild-type sequence CCC CGG CGC CGT CGA CGC TAT GCC
Nucleotide substitution TCC CTG CCC TGT CCA CAC TGT GAC
Allelic status of p53 mutation het het het het het het het het

Sex: f, female; m, male. Survival status: 0, censored; 1, death. Localisation: ca, cardia; co, corpus; an, antrum. Histopathological classification according to Lauren29: i, intestinal type; d, diffuse type. Regression score according to
the Japanese Research Society for Gastric Cancer classification of gastric carcinoma30: 0, grade 0; 1a, grade 1a; 1b, grade 1b; 2, grade 2; 3, grade 3. p53 immunohistochemistry: 0, negative; 1, positive (nuclear expression in
>10% of tumour cells). BAX immunohistochemistry: 0, negative; 1, positive (cytoplasmatic expression in >5% of tumour cells). Allelic status of p53 mutation: het, heterozygeous; hemi, hemizygeous.
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(p = 0.0003), positive p53 mutation status (p = 0.044), mod-

erate to severe histological regression after chemotherapy

(p = 0.002), and surgical treatment (p = 0.0007) (table 2). No

associations were seen between response or survival time and

sex, age, tumour location and stage, lymph node status, or

Lauren classification.

The histological effects of preoperative chemotherapy

included degeneration of nuclei, coagulation necrosis of

cancer cells, with or without formation of cholesterol crystals,

appearance of giant cells with multiple nuclei, foamy

degeneration of cancer cells, or creation of extracellular mucin

pools without associated neoplastic cells (fig 1A–D).

Histologically, response (grade 2 and 3) could be verified in

11 of the 25 tumours. There was no association with the Lau-

ren classification or degree of differentiation. Nine of 12

responders revealed histological regression (p = 0.002). De-

spite our small sample size in this study, pretreatment p53

alterations were significantly associated with response to

HDCT and longer survival. A high degree of p53 staining was

detected in pretreatment biopsies in 14 of 25 patients (fig 2B).

There was a significant association between positive p53

immunostaining in pretreatment biopsies and a survival time

longer than 12 months (p = 0.0003), pretreatment presence

of p53 mutation (p = 0.0001), and histological regression

(p = 0.002). p53 mutations were found in eight of the

tumours (fig 2C,D), and all of them were associated with p53

overexpression (p = 0.0001). In six of them, survival time was

longer than 12 months (p = 0.044).

Pretreatment positive BAX immunoreactivity was seen in

10 of the 25 patients (table 1; fig 2A). There was no significant

Table 2 Clinicopathological characteristics and their association with overall
survival in 25 patients with metastatic gastric cancer

Variable Coding plan

Overall survival

N Events Censored
Survival
(months) Log rank

Surgery 0 No surgery 9 8 1 7.5 0.0007
1 Surgery 16 13 3 16.0

Histological regression 0 No regression 14 13 1 8.2 0.0018
1 Regression 11 8 3 18.8

p53 mutation 0 No p53
mutation

17 15 2 10.2 0.0439

1 p53 mutation 8 6 2 18.5

p53 immunohistochemistry 0 Negative 11 10 1 7.2 0.0003
1 Positive 14 11 3 17.3

Regression score according to the Japanese Research Society for Gastric Cancer classification of gastric
carcinoma30: 0, grade 0; 1a, grade 1a; 1b, grade 1b; 2, grade 2; 3, grade 3. p53 immunohistochemistry:
0, negative; 1, positive (nuclear expression in >10% of tumour cells).

Figure 1 Histological characteristics of tumour regression after chemotherapy. (A) foamy degeneration of cancer cells (arrows); original
magnification, ×200; haematoxylin and eosin stained. (B) Coagulation necrosis of cancer cells with formation of cholesterol crystals (arrows);
original magnification, ×100; haematoxylin and eosin stained. (C) Neoplastic cells with stromal fibrosis; original magnification, ×200;
haematoxylin and eosin stained. (D) Residual neoplastic cells with stromal fibrosis (arrows); original magnification, ×400; haematoxylin and
eosin stained.
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association with clinical and histological response to HDCT

(p = 0.215).

Microsatellite analyses revealed low MSI (only one marker

showing instability) in pretreatment biopsies in four of 25

tumours (table 1). None of the cases showed MSI-H or altera-

tions at the mononucleotide markers BAT25 and BAT26.

LOH was detected most frequently at the APC locus (in nine

of 25 patients), and the p53 locus (in four of 25 patient; table

1). Neither MSI nor LOH was associated with response to

chemotherapy or survival.

DISCUSSION
Most patients with gastric cancer are unresectable at diagno-

sis, or will suffer a relapse after surgery, resulting in a five year

overall survival of less than 20%.39–41 Preoperative chemo-

therapy could be an approach that might improve surgical

resectability, which is one of the main prognostic factors in

patients with gastric carcinoma.42 However, only 40–50% of

patients benefit from this treatment modality, whereas

approximately 30% of patients experience moderate to severe

toxic side effects.6 8 43 Understanding the molecular genetic

features that determine response or resistance to chemo-

therapy could permit the selection of the most suitable

patients for preoperative treatment.

“Histological responders underwent surgical treatment in
all cases and survived significantly longer than
non-responders”

To test the hypothesis that dose escalation would provide a

benefit with regard to resectability and overall survival, a

phase II study was designed to determine the feasibility of

etoposide, cisplatin, and mitomycin based HDCT followed by

ABMT in a preoperative setting. In our study, we evaluate

clinical, histological, and molecular markers and their

associations with response to treatment and survival in this

highly selected patient cohort.

Patients who underwent resection survived significantly

longer than unresected patients. These data demonstrate that

resectability after preoperative chemotherapy is prognostically
beneficial for patients with advanced gastric cancer. However,
the benefit of post-chemotherapeutic surgical treatment on
the overall survival of the entire patient cohort could not be
shown unequivocally, because only the patients with a clinical
response underwent gastrectomy in our study.

Interestingly, the histological examination of gastrectomy
specimens and biopsies obtained after chemotherapy could
predict overall survival of the patients. Histological responders
underwent surgical treatment in all cases and survived
significantly longer than non-responders. This is in accord-
ance with previous studies, which reported a trend towards
decreased survival in patients with a poor histological
response.44 45 However, it has to be considered that a detailed
histopathological evaluation of histological regression of gas-
tric cancer using several paraffin wax blocks of gastrectomy
specimens is not entirely comparable to the findings
investigating biopsies of patients with non-resectable cancer.
To minimise the bias in this comparison, five biopsies with at
least 18 sections for each biopsy were analysed.

The molecular markers analysed in this study included
MSI, LOH at the p53 and APC loci, expression and mutation of
the p53 tumour suppressor gene, and expression of the proap-
optotic protein BAX.

Overexpression of p53 and the presence of p53 mutations in
exons 5–9 in pretreatment biopsy specimens were signifi-
cantly associated with increased overall survival. In addition,
p53 protein expression and mutation status were the only
clinical or molecular parameters associated with objective
tumour regression and histological response.

Given the important role of wild-type p53 in apoptosis and
the association of p53 mutations with poor survival in many
tumour types,46 these results were surprising. In contrast to
our results, p53 expression detected by immunohistochemis-
try in pretreatment endoscopic biopsies was associated with
poor response to neoadjuvant cisplatin based chemotherapy in
patients with gastric cancer in two studies.47 48 In a study by
Kubicka et al,49 positive lymph nodes and p53 mutations were
the only significant adverse prognostic markers for survival
after curative resection for gastric cancer. However, there are

Figure 2 Immunohistochemical and molecular characterisation of pretreatment biopsy specimens in patients with gastric cancer. (A) Strong
cytoplasmic BAX expression in most of the cancer cells; original magnification, ×630. (B) Strong nuclear p53 expression in most of the cancer
cells; original magnification, ×400. (C) p53 mutation in patient 13, exon 5, codon 175, CGC → CAC (5′ → 3′). (D) p53 mutation in patient
13, exon 5, codon 175, CGC → CAC (3′ → 5′).
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also reports in which p53 overexpression and/or mutation is
associated with better outcome after treatment of bladder
cancer or glioblastoma.50 51

In our study, seven of the responding tumours, but only one
of the non-responding tumours, showed mutations in exons
5–9 of the p53 gene. In addition, p53 LOH was found in the
gastric cancers of eight of the responders and three of the
non-responders. Two of the responders had both p53 mutation
and p53 LOH. Fifty per cent of gastric cancers contain p53
mutations, and p53 LOH has been reported in 26–83% of
cases.52 Sano et al found both LOH and p53 mutations in more
than 60% of gastric tumours.53 In contrast, Kobayashi et al
demonstrated cases of gastric cancer that displayed LOH and
did not contain p53 mutations, and vice versa,54 which is simi-
lar to our findings. Ikeguchi et al described cisplatin induced
apoptosis more frequently in gastric cancer cell lines with a
wild-type p53 gene.55 In contrast, Grundei et al found that LOH
at the p53 locus in advanced gastric cancer is associated with
a good clinical response to cisplatin based neoadjuvant
chemotherapy.56

A possible explanation is that p53 overexpression does not
correlate with the inactivation status of the gene,57 58 or that we
may have detected overexpression of the wild-type protein59 in
a subset of patients. This could indicate an accelerated
response to stress factors (such as DNA damage induced by

cisplatin60), with subsequent effective tumour cell elimination

by apoptosis. However, the association between p53 expression

and mutational status on the one hand and between p53

mutations and prolonged overall survival on the other hand

argues against this hypothesis.

p53 is known to be an important determinant of DNA dam-

age induced apoptosis, and loss of p53 in tumours is associated

with an unfavourable prognosis in many forms of cancer.61–63

Wild-type p53 is thought to render tumours more sensitive to

treatment by the induction of apoptosis, and p53 inactivation

may lead to resistance to treatment. However, because p53 is

also responsible for prolonged cell cycle arrest after chemo-

therapy induced genetic damage, it is expected to facilitate

DNA repair in the absence of an apoptotic response. Therefore,

tumours that inactivate p53 during progression should be less

capable of DNA repair and more sensitive to a DNA damage

induced mitotic catastrophe. Specific mutant forms of p53 also

confer a gain of function phenotype, manifested by aug-

mented cell growth and tumorigenic potential. Blandino et al
found that mutations at p53His175 and p53His179 provided

substantial resistance to etoposide, whereas the protective

effect of p53His273 and p53Trp248 was much milder.64 Mutant

p53 can inhibit apoptosis after treatment of cancer cells with

low drug concentrations (for example, cisplatin), but had no

effect after the presence of high concentrations. These findings

suggest a possible selective gain of function of mutant p53

that depends on the particular mutation and the identity and

concentration of the chemotherapeutic drug. In summary, loss

of p53, and possibly gain of function of the mutant p53

protein, might not lead to increased resistance of tumours to

treatment, but could be a factor that contributes to sensitivity

to chemotherapy.65

Microsatellite analyses revealed that none of the patients

with advanced gastric cancers showed an MSI-H genotype.

This is in agreement with the better prognosis of MSI positive

gastric cancer,66 leading to an under-representation of MSI

positive tumours in this highly selected patient cohort with

advanced tumours.

“p53 protein expression and mutation status were the
only clinical or molecular parameters associated with
objective tumour regression and histological response”

Preoperative chemotherapy can increase the rate of curative

resection in locally advanced gastric carcinoma. However, a

significant response or survival advantage is only seen in less

than half of patients treated.67 The only prognostic factors that

are commonly accepted in gastric cancer are clinicopathologi-

cal features, such as performance status, patient age, or mac-

roscopic tumour type.68 69 The examination of molecular

alterations on pretreatment biopsy samples may be of particu-

lar importance for identifying those patients who would be

suitable for preoperative chemotherapy, in an attempt to

achieve resectability, the main prognostic factor for survival in

gastric cancer. Without appropriate predictive markers,

patient selection is based on clinical staging parameters and

results in the treatment of more than twice as many patients

than will eventually benefit from such treatment.

The results of our study indicate that overexpression and

mutation of p53 in pretreatment biopsy specimens could pre-

dict overall survival in patients with advanced gastric cancer

receiving preoperative HDCT. The availability of clinical or bio-

logical markers to predict response to such treatment would

be highly desirable. Prospective follow up evaluation and

investigation of additional molecular markers are warranted

to define effective predictors for response to chemotherapy in

patients with gastric cancer.
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