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Abstract

The aim of this study was to evaluate whether cisplatin sensitivity relates to patient's prognosis in oesophageal squamous cell
carcinoma and to ®nd a useful chemosensitivity molecular marker. 59 oesophageal squamous cell carcinoma (SCC) patients
received cisplatin 30 mg/m2/week treatment of two to ®ve cycles, followed by oesophagectomy. We analysed retrospectively whether

the histological e�ect was related to patient's prognosis. Furthermore, to evaluate the relationship between the e�ect of pre-
operative cisplatin treatment and p53 and cyclin D1 expression, we investigated p53 and cyclin D1 expression in pretreatment
biopsy samples using an immunohistochemical analysis and compared the results with the histological e�ect to cisplatin in the
resected oesophagus. The cases that showed immunohistochemical p53 staining in the pretreatment biopsy samples were resistant to

cisplatin (P=0.032). However, there was no relationship between cyclin D1 expression and histological e�ect (P=0.230). Never-
theless, combined analysis of p53 and cyclin D1 can predict histological e�ect (P=0.032). The prognosis of cisplatin-sensitive cases
was signi®cantly better than that of cisplatin-resistant cases (P=0.041). Cox's multivariate analysis revealed that the histological

e�ect was an independent prognostic factor. In contrast, p53 protein accumulation and cyclin D1 were not. Histological response
after neoadjuvant cisplatin treatment is a prognostic factor for oesophageal SCC and cisplatin chemotherapy may be selected
according to the ®ndings of p53 and cyclin D1 expression. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Although surgical techniques and perioperative man-
agement have progressed, the prognosis for patients
with oesophageal cancer remains poor. Recently, pre-
operative chemotherapy has become one of the treat-
ments of choice in oesophageal squamous cell carci-
noma (SCC). However, the clinical e�ects of pre-
operative treatment are controversial [1±3]. With regard
to chemotherapy in oesophageal SCC, various cisplatin-
based neoadjuvant protocols such as cisplatin alone [4],

cisplatin+5-¯uorouracil (5-FU) (FP), cisplatin+5-
FU+leucovorin (FLP) and FP+ radiation have been
proposed. However, there are no de®nite chemosensi-
tivity markers for cisplatin (even for a single adminis-
tration regimen) in oesophageal SCC. TP53 mutation
has been proposed as a sensitivity marker for cisplatin-
based treatment, but the results are controversial.
Ribeiro and colleagues [5] reported that cases showing
TP53 mutation were resistant to concurrent chemor-
adiotherapy in oesophageal cancer and Muro and
associates [6] reported opposite results. In contrast,
cyclin D1 has been reported as a prognostic factor of
oesophageal SCC [7]. This is a related cell cycle reg-
ulator and has also been reported to have a possible
e�ect on cisplatin chemosensitivity [8].
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Previously, we reported that neoadjuvant low-dose
cisplatin administration (30 mg/m2/week treatment of
two cycles) was an e�ective protocol in advanced oeso-
phageal SCC [4]. Until now, this regimen has been use-
ful and safe, therefore, we planned to ®nd a useful
sensitivity marker of this treatment regimen. In this
paper, we examined if chemosensitivity relates to
patient's prognosis. We also investigated whether there
was any relationship between the e�ect of preoperative
cisplatin treatment and either p53 or cyclin D1 expres-
sion in oesophageal cancer patients.

2. Patients and methods

2.1. Oesophageal cancer patients

From 1988 to 1997, 91 oesophageal cancer patients
(mainly T2, T3, T4 or N1 cases) were treated with low-
dose cisplatin (30 mg/m2/week, two to ®ve cycles), then,
the resected oesophagi were examined for histological
e�ects. Clinical e�ects of cisplatin were diagnosed by
computed tomography (CT) scan, magnetic resonance
imaging (MRI), ultrasonography, oesophagogastro-
graphy and endoscopy. In clinically e�ective cases
which included NC (no change: change in the sum of
the products of the diameter of all measured lesions less
than 25%) and MR (minor response: tumour size
decreased more than 25% but less than 50%), the
patients received additional cycles (one to three) admi-
nistered before the operation according to the clinical
response and renal function. An oesophagectomy was
performed within 2 weeks after ®nal administration of
cisplatin. The standard surgical method, which was
used, has been previously described [4,9]. In brief,
oesophagectomy with lymph node dissection was per-
formed by means of a right thoracotomy, and sub-
sequent reconstruction was carried out by means of an
oesophagogastrostomy using a gastric tube through the
retrosternal route. To evaluate the characteristics of
pretreatment tumour and resected oesophagus, we
selected cases based on the following criteria: (1)
Patients with two or more normal size pretreatment
biopsy samples, or one large biopsy (2 mm3 size). (2)
Those with a resected oesophagus. (3) Those who
received neoadjuvant cisplatin treatment of equal to or
more than two cycles (two to ®ve). (4) Patients for
which there were adequate tumour tissues (more than
2000 nuclei). (5) Patients whose biopsies were histologi-
cally squamous cell carcinoma (the incidence of adeno-
carcinoma in Japan is less than 5%). Amongst the 91
patients, 8 cases had already received chemotherapy
when the biopsy samples were obtained (primary biopsy
was conducted by another hospital), 8 cases received
only one cycle administration of cisplatin. In 5 cases,
para�n blocks could not be obtained, 7 cases had

insu�cient cells in the samples because they received
only a single biopsy and 4 cases were not squamous cell
carcinoma. Thus, 59 cases were assessable for response
to neoadjuvant chemotherapy. Amongst those, 49 cases
received a curative operation (R0: no residual tumour)
without operative death and 10 cases received a non-
curative operation (R1 or R2: microscopic or macro-
scopic residual tumour). In the curative resection cases,
17 patients (17/49, 35%) received postoperative irradia-
tion (50.4 Gy, T-shaped ®eld that included the bilateral
lower neck and the upper mediastinum [10]) and 10
patients (20%) received postoperative chemotherapy.

2.2. Histological criteria

The histological e�ect of cisplatin was classi®ed
according to the following histological criteria estab-
lished by `The Japanese Society for Oesophageal Dis-
eases': Histopathological criteria for the e�ects of
radiation and anticancer chemotherapy. (Guidelines for
the clinical and pathological studies on carcinoma of the
oesophagus [11]);
Grade 0: No change.
Grade 1a: Necrosis or disappearance of the tumour is

present in less than one-third of the whole lesion, or
only cellular or structural changes are visible in variable
amounts.
Grade 1b: Necrosis or disappearance of the tumour is

present in no more than two-thirds of the whole lesion.
Grade 2: Necrosis or disappearance of the tumour is

present in more than two-thirds of the whole lesion, but
viable tumour cells are still remaining.
Grade 3: Marked change. The whole lesion falls into

necrosis and/or is replaced by ®brosis, with or without
granulomatous changes. No viable tumour cells are
observed.
The histological e�ects were evaluated by 2 authors

without prior knowledge of clinical and immunostain-
ing data.

2.3. Antibodies and the immunohistochemical procedure

Formalin-®xed, para�n-embedded pretreatment
biopsy samples were used in the immunohistochemical
staining which was performed by the avidin±biotin
method as previously described [12]. The antibodies
used in this study were as follows: p53 (DO-7, DAKO
Kyoto, Japan), cyclin D1 (anti-cyclin D1/Bcl-1, MBL,
Nagoya, Japan). The unmasking of antigens was carried
out by incubation in citrate bu�er (pH 6.0) at 100�C for
2 min of ®ve cycles (microwave). Sections were incu-
bated overnight at 4�C with each antibody in phosphate
bu�ered saline (PBS) containing 5% horse serum and
were counterstained with Mayer's haematoxylin. The
intensity of immunohistochemical staining was eval-
uated in all areas of the slide section for correlation and
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con®rmation of the tissue analysis. More than 10% of
positive staining in the nuclei was de®ned as a positive
staining for p53 [13] and cyclin D1 [14]. The immuno-
histochemical staining was evaluated by 2 authors
without prior knowledge of the histological response.

2.4. Scoring of the results

Positively stained cases were designated `1' and nega-
tively stained or normal stained cases were designated
`0'. Age, sex and TNM stage were divided into the fol-
lowing two categories: (Under 60 years old: 0, 60 years
and older: 1), (female: 0, male: 1), (stage 1, 2a and 2b: 0,
stage 3, 4a and 4b: 1). With regard to the histological
e�ect, the term was divided into the following two
categories: (grade 0: 0, grade 1a, 1b and 2: 1). Finally,
the term of postoperative treatment was divided into the
following two categories: (not done: 0, done: 1).

2.5. Statistical analysis

Survival curves of the patients were calculated by
Kaplan±Meier method and analysed by generalised-
Wilcoxon testing and log rank testing. Statistical analy-
sis was carried out using the Kruskal±Wallis Chi-square
and Fisher's exact tests. Cox's proportional hazard
model was used for the multivariate analysis. The soft-
ware used was JMP version 3 for Macintosh (SAS
institute Inc. Cary NC, USA). A P value of <0.05 was
taken as the level of signi®cance.

3. Results

According to our selection criteria, 59 cases were
selected out of 91 cases and 49 cases received curative
operation (R0: no residual tumour) without operative
death. Postoperative pathological TNM stage was used
for stage analysis. 7 cases which had been diagnosed as
node-negative preoperatively, were diagnosed as node-
positive postoperatively. One patient who had obvious
lymph node metastases preoperatively, had ®brosis
only in the resected lymph nodes and pretreatment
TNM stage was used for this case. In the other PR
(partial response) or MR (minor response) cases,
tumour cells were found to be the same as in pretreat-
ment clinical staging. Most patients (83%, 49/59)
received cisplatin 30 mg/m2/week treatment of two
cycles preoperatively, 3 NC cases received three cycles, 3
NC and 1 PR cases received four cycles, 2 MR and 1 PR
cases received ®ve cycles. Moderate response
(PR+MR) of cisplatin treatment was 17% (10/59)
(Table 1). With regard to postoperative adjuvant ther-
apy, 10 cases received postoperative chemotherapy
which was primarily carried out based on the histologi-
cal e�ect: 6 patients received cisplatin 30 mg/m2/two

cycles, 2 patients received three cycles and 2 patients
received cisplatin plus 5-FU combination chemotherapy
for two cycles. Postoperative radiation therapy was
performed when lymph node metastases were detected
in a postoperative pathological examination in the
upper mediastinum or cervical area.
First, we analysed the histological response of pre-

operative cisplatin treatment. There were 35 cases
(59%) of grade 0, 15 cases (25%) of grade 1a, 8 cases
(14%) of grade 1b and one case (2%) of grade 2. There
was no grade 3 case (Table 1).
Secondly, the impact of the histological e�ect on the

patient's prognosis was analysed using 49 curative
oesophagectomy cases (R0). There was no signi®cant
di�erence in the clinicopathological background
between cisplatin-sensitive and -resistant cases (Table
2). The prognosis of cisplatin-sensitive cases (grade 1a,
1b, 2) was signi®cantly better than those of the cisplatin-
resistant cases (grade 0) (P=0.041, Fig. 1).
Next, we analysed p53 and cyclin D1 status by means

of immunohistochemical staining in preoperative biopsy
samples. A representative staining of each antibody is
shown in Fig. 2. p53 and cyclin D1 positive staining in
the biopsy samples was observed in 44% (26/59) and

Table 1

Clinical and histological response of the patients

Term (n=59)

n (%)

Sex

Male 49 (83)

Female 10 (17)

Age (years)

Mean (S.D.) 63.1 (8.8)

TNM stage

1 5 (8)

2a 3 (5)

2b 14 (24)

3 24 (41)

4a 5 (8)

4b 8 (14)

Clinical response

PD 3 (5)

NC 46 (78)

MRa 6 (10)

PR 4 (7)

CR 0

Histological response (grade)

0 35 (59)

1a 15 (25)

1b 8 (14)

2 1 (2)

3 0

PD, progressive disease; NC, no change; MR, minor response;

PR, partial response; CR, complete response.
a Tumour size decreased more than 25% but less than 50%. A P

value of <0.05 was taken as level of signi®cance.
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27% (16/59), respectively. Pretreatment biopsy samples
with p53 protein accumulation showed resistance to
cisplatin (P=0.032). In contrast, cyclin D1 positive
samples, in general, did not show resistance to cisplatin
(P=0.230), Thus, a combined analysis of cyclin D1 and
p53 expression could predict the histological e�ect
(P=0.032) (Table 3).

Table 2

Clinicopathological data of the curative resection casesa

Term Grade 0

(n=27)

Grade 1a

(n=14)

Grade 1b, 2

(n=8)

P

value

n (%) n (%) n (%)

Sex

Male 24 (89) 10 (71) 7 (88) 0.347

Female 3 (11) 4 (29) 1 (13)

Age (years)

Mean (S.D.) 62.7 (8.42) 61.6 (9.04) 67 (8.7) 0.451

TNM stage

1 2 (7) 3 (21) 0 0.446

2a 2 (7) 0 1 (13)

2b 7 (26) 4 (29) 1 (13)

3 9 (33) 5 (36) 4 (50)

4a 3 (11) 1 (7) 0

4b 4 (15) 1 (7) 2 (25)

T

T1 7 (26) 3 (21) 0 0.483

T2 8 (30) 5 (36) 2 (25)

T3 6 (22) 3 (21) 5 (63)

T4 6 (22) 3 (21) 1 (13)

N

N0 4 (15) 5 (36) 2 (25) 0.317

N1 23 (85) 9 (64) 6 (75)

M

M0 20 (74) 12 (86) 7 (88) 0.597

M1a 3 (11) 1 (7) 0

M1b 4 (15) 1 (7) 1 (13)

a P calculated using the Kruskal±Wallis test. A P value of <0.05

was taken as level of signi®cance.

Fig. 1. Cumulative survival curves of the patients with oesophageal

cancer calculated by the Kaplan±Meier method. Statistical analysis

was done by log rank test and Generalised Wilcoxon test.

Fig. 2. Representative staining of each antibody used in this study. (a)

p53; (b) cyclin D1. Intense nuclear staining can be seen in the tumour

cells (original magni®cation �100: a and b).

Table 3

Histological e�ects and protein accumulation

Grade

0, 1a

Grade

1b, 2

Total

n (%) n (%) n (%)

p53 IHC(ÿ) 25 (42) 8 (14) 33 (56)

p53 IHC(+) 25 (42) 1 (2) 26 (44)

P=0.032

Cyclin D1 IHC(ÿ) 35 (59) 8 (14) 43 (73)

Cyclin D1 IHC(+) 15 (25) 1 (2) 16 (27)

P=0.230

p53 IHC(ÿ) and Cyclin D1 IHC(ÿ) 19 (32) 7 (12) 26 (44)

p53 IHC(+) and/or Cyclin D1 IHC(+) 31 (53) 2 (3) 33 (56)

P=0.032

IHC(ÿ), negative staining in immunohistochemical analysis;

IHC(+), positive staining in immunohistochemical analysis. A P

value of <0.05 was taken as level of signi®cance. (Fisher's exact test.)
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Finally, we analysed whether the histological response
to neoadjuvant cisplatin treatment was an independent
prognostic factor in oesophageal SCC. There was some
selection bias in the postoperative treatment, therefore,
postoperative chemotherapy and radiotherapy were
included in a multivariate analysis. Cox's multivariate
analysis revealed that the histological response was an
independent prognostic factor whilst p53 protein accu-
mulation and cyclin D1 expression were not (Table 4).

4. Discussion

Cisplatin-based induction chemotherapy followed by
surgical resection has been thought to improve the
prognosis of patients with oesophageal cancer [2,3]. We
have proposed low-dose cisplatin as a single agent
neoadjuvant chemotherapy for advanced oesophageal
cancer [4]. This protocol has a low response rate (17%,
Table 1), but has been estimated to be a simple and safe
pre-operative treatment. Even following low-dose
administration of cisplatin (only one case achieved a
TNM downstaging), our results showed that histologi-
cal response was correlated with patient's survival. This
means that histological response is one characteristic of
a tumour behaviour. Additionally, low-dose cisplatin
may in¯uence the suppression of micrometastases of
oesophageal cancer. Pathological response provides the
most precise measure of the clinical e�ects of induction
treatment [15]. As in several recent publications, those
patients responding to chemotherapy (cisplatin-based
regimens) had a better prognosis after surgery than non-
responders who underwent resection [16,17]. If a che-
motherapy response could be predicted by a pretreat-
ment marker, those patients who would respond would
certainly be candidates for pre-operative therapy. How-
ever, the use of clinical parameters cannot accurately
predict which patients may be best served by pre-
operative chemotherapy.

The TP53 gene is one of the most frequent genetic
alterations (approximately 50% of tumours) in oeso-
phageal SCC [18]. Recently, in vitro studies conducted
in ®broblast cell lines, showed that p53-dependent
apoptosis mechanisms appear to be involved in the
cytotoxity induced by ionising radiation and by several
anticancer agents [19]. Furthermore, adenovirus-mediated
transfer of the wild-type TP53 gene into a cultured
tumour of human lung cancer cell line with a homo-
zygous deletion of TP53 markedly increased the sensi-
tivity of the cells to cisplatin [20]. This suggested a direct
link between wild-type p53 expression and cisplatin-
mediated cytotoxicity in cancer cells. There are also
several reports regarding cisplatin sensitivity and TP53
mutation [15,21,22]. Our results suggest that this spec-
ulation is also applicable to oesophageal cancer.
For the purpose of clinical use, we used immuno-

histochemical analysis to evaluate the p53 status in pre-
treatment biopsy samples, however, there are some
criticisms regarding this detection method. Immuno-
histochemical staining does not always re¯ect genetic
abnormality; only missense mutations resulted in a
positive immunostaining [20]. Although we analysed
more than two biopsy samples or one large biopsy in
each case, biopsy samples do not always re¯ect the
characteristics of main tumours because of the hetero-
geneity of genetic expression [23]. With regard to the
relationship between p53 protein accumulation and
TP53 mutation, there was concordance between TP53
mutation and protein expression (69% [24]±76.2% [25]).
In contrast, Mineta and colleagues [26] suggested that
TP53 mutation, but not p53 overexpression, correlates
with survival in head and neck squamous cell carci-
noma. However, Abdel-Fattah and associates [27] sug-
gested that high frequency of p53 protein accumulation
in the absence of detected mutations is associated with
poor prognosis in microdissected transitional cell carci-
noma of the human urinary bladder. For oesophageal
cancer, Ribeiro and coworkers [5] suggested that TP53
sequence analysis is a better determination of TP53
mutational damage than immunohistochemistry alone
and can be used as a prognostic marker, however, the
majority of cases were adenocarcinoma.
Furthermore, recent research has suggested that spe-

ci®c TP53 genetic suppressor elements confer resistance
to cisplatin in ovarian cancer [28] and speci®c TP53
gene mutations may confer di�erent levels of chemore-
sistance to doxorubicin in breast cancer [29]. Point
mutations in TP53 predominantly occur in that segment
of the genome responsible for DNA binding, coded, for
the most part, by exons 5±8 [30]. In non-small cell lung
cancer, Vega and colleagues [31] suggested mutation in
exon 5 of TP53 was a prognostic indicator of shortened
survival whereas Huang and coworkers [32] proposed
that exons 7 and 8 are poor prognostic factors. If future
studies con®rm that speci®cTP53mutations are associated

Table 4

Cox's multivariate analysis

Term Estimate Risk ratio (95% CI) P value

Age (>59 years) 1.614 5.023 (1.70±17.81) 0.003

Sex (male) 2.49 12.069 (1.92±243.47) 0.005

TNM stage (3, 4a, 4b) 1.84 6.296 (2.12±22.28) <0.001

p53 0.3 1.351 (0.52±3.49) 0.535

Cyclin D1 ÿ0.286 0.751 (0.20±2.47) 0.646

Histological response

(grade 1a, 1b, 2)

ÿ2.322 0.098 (0.03±0.30) <0.001

Postoperative

chemotherapy

0.808 2.243 (0.74±6.27) 0.145

Postoperative radiation ÿ0.766 0.465 (0.15±1.35) 0.161

A P value of <0.05 was taken as level of signi®cance.

CI, con®dence interval.
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with poor outcome when a particular cytotoxic agent is
used, then identifying patients with tumours that carry
these mutations may improve the treatment selection.
The occurrence of protein accumulation without

detectable mutation suggests an altered regulation of
expression or the presence of p53-interacting proteins
that may contribute to p53 stabilisation [21]. In p53-
negative tumours, other genetic changes or di�erences
in the tumour microenvironment may prevent p53-
mediated cell death. For example, MDM2, HPV infec-
tion, p19ARF, ATM, p21, Bax and Bcl2 can all a�ect
p53 function [33]. In general, it is thought that aberrant
p53 protein expression as assessed by immunohisto-
chemical techniques provides a clinically useful measure
of deregulated p53 function in oesophageal SCC. How-
ever, whether other cell cycle regulators act in concert
with or independent of p53 to elicit these bene®cial
clinical responses remains to be determined. Even if
sequence analyses become easier to perform, micro-
dissection followed by this technique is not easily
applicable in the clinical ®eld. Although immunohisto-
chemical analysis has some disadvantages, this method
is able to detect the protein expression of several genes
simultaneously and to detect distributions of protein
accumulation.
With regard to response criteria, Righetti and

coworkers [21] suggested that a partial response re¯ec-
ted the presence of a subpopulation of resistant cells,
only patients with a complete response were considered
`responsive' for purposes of correlation with p53. Our
results also indicated that if we include the grade 1b and
2 (mild response) cases with the responder, there was a
strong correlation between histological response and
p53 protein accumulation. Interestingly, from the view-
point of patients' survival, grade 1a cases also demon-
strated better survival compared with grade 0 cases. For
this reason, p53 protein accumulation was not a prog-
nostic factor in our low-dose cisplatin administration
regimen.
Another modulation of chemosensitivity through

altered expression of cell cycle regulatory genes in
cancer is the cyclin D1±pRb±p16 pathway [34]. There
have already been several reports regarding cyclin D1
in oesophageal carcinoma [7,35] and an ampli®cation
and overexpression of the cyclin D1 gene were reported
as a signi®cant prognostic factor. Hochhauser [34] indi-
cated that cyclin D1 expression related to methotrexate
sensitivity.
Recently, Sarbia and colleagues [8] reported that

expression of cyclin D1 in 38 oesophageal carcinomas
with multimodal treatment (FLEP: folic acid, etoposide,
5-FU and cisplatin) was correlated with a poor response
to chemotherapy, but not with overall survival. Our
results also suggested that cyclin D1 expression may be
related to cisplatin sensitivity when combined with p53
status, however, further study is needed to con®rm this.

In conclusion, cisplatin sensitivity of patients is an
independent prognostic factor of oesophageal cancer
and p53 expression may be a marker of cisplatin sensi-
tivity. However, a note of caution should be added. The
small numbers in this study limit any de®nitive conclu-
sions. This may also be re¯ected in the di�erences in
signi®cance observed between p53 and cyclin D1
expression and the study of larger groups of cases or
multi-institutional analyses will be needed to con®rm
these data. Nevertheless, analysis of the immunopheno-
type, irrespective of the genotype, may represent a
clinically useful approach to predict response to cisplatin-
based therapy. For the treatment of a non-responder,
more aggressive combination protocol (chemoradiation)
or new drugs should be considered.
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