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Abstract. Background: Cell cycle regulating proteins
(p53/p21) and proliferation index Ki-67 have been associated
with prognosis and response to chemotherapy. The aim of this
study was to determine the significance of these molecular
markers on tumor response and prognostic effect in a group of
esophageal cancer patients treated with neoadjuvant
chemotherapy. Patients and Methods: Immunohistochemical
expression of p53/p21 and Ki-67 was examined in pre-
treatment biopsy specimen of 30 patients, in phase II
neoadjuvant studies for locally advanced adenocarcinoma of
the esophagus, who underwent surgery. Seven patients (23%)
had progressive disease. Resection was achieved in all
responders (n=23; 77%) and histochemical expression of the
above-mentioned proliferating markers was examined in pre-
treatment and resection specimens after chemotherapy.
Results: Responders had a significantly better survival
compared to non-responders (p=0.001). Expression of p53,
p21 and high Ki-67 in pre-treatment specimens was 73%
(22/30), 63% (19/30) and 30% (10/30), respectively and was
not related to response to chemotherapy. However, alteration
in expression of p53-positivity in the pre-treatment specimens
to p53-negativity in the resection specimens and p21-negativity
to p21-positivity in 6 of the 23 (26%) resected tumors was
correlated with better response and survival (p=0.011).
Conclusion: Data from this study showed that alteration of p53
and p21 expression rather than the initial expression seems to
be related to chemotherapy response and overall survival in
patients with esophageal adenocarcinoma.
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Five-year survival in patients with locally advanced carcinoma
of the esophagus and gastro-esophageal junction (GEJ) after
surgery alone varies between 10-20% (1-2). To improve the
outcome multimodality treatment has been proposed with
different response and complete regression in 0-25% (3-9).
However, considerable side-effects and resistance to
chemotherapy remain a major problem. Response is
associated with apoptosis controlled by genes involving the
cell cycle regulation, including p53 and its downstream
regulator p21/WAF (Wild-type Activating Fragment) (10-13).
In response to DNA damage p53 is activated and turns on
p21. Transcription of p21 stops DNA replication via the
cyclin-dependent kinase system and PCNA, allowing DNA
repair. Loss of functional wild-type p53 and p21 due to
mutation or allelic deletion alters suppressor activity and
enhances genomic instability and may be associated with
resistance to chemotherapy. High expression of Ki-67 as an
index for growth fraction and potential aggressiveness is
associated with decreased survival and resistance to cytotoxic
drugs (14-16). Measuring the effectiveness of multimodality
treatment with Computed Tomography (CT) and endoscopic
ultrasonography is difficult, due to tumor necrosis and
fibrosis during chemotherapy. Currently, Positron Emission
Tomography and the use of molecular markers seem to
predict response or resistance to neoadjuvant treatment
(17,18). Increased expression of apoptotic-related wild-type
p53 and p21 and decreased cell proliferation estimated by
Ki-67 expression might indicate a favorable response.

We investigated the correlation between immuno-
histochemical expression of these molecular markers in pre-
treatment and resection specimens with clinicopathological
response and overall survival in esophageal cancer patients
after neoadjuvant treatment.

Patients and Methods
Patients. Sufficient archival formalin-fixed paraffin-embedded

tissue samples from 30 patients, all participants in phase II studies
of neoadjuvant chemotherapy in locally advanced adenocarcinoma
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of the esophagus and GEJ at the University Hospital of Groningen,
The Netherlands, were available for this study (19,20). All patients
presented with clinical and radiological response after completion
of neoadjuvant chemotherapy and underwent relaparotomy
between 1990 and 2001. Histology revealed adenocarcinoma of the
intestinal type in 22 (73%) and of the diffuse type in 8 patients
(27%). Mean age at diagnosis was 61 (21-78) years. Surgical
resection was not performed because of progressive disease in 7
patients (23%). The remaining 23 patients underwent resection
with curative intent after chemotherapy was completed. Twenty
patients (20/23; 87%) had a microscopic complete (RO) resection
and 3 (13%) patients had a microscopically-positive resection
margin (R1). Immunohistochemical expression of p53, p21 and
Ki-67 was determined in pre-treatment and resection specimens.
In patients with progressive disease the tumor was not resected and
expression was only determined in pre-treatment specimens.

Chemotherapy. Three previously described regimens were given:
5-Fluoro-Uracil (5FU) 750mg/m?2, Leucovorin 12.5 mg (LV) and
Alpha Interferon 18 microU; a combination of high-dose SFU; 1.5
g/m2 and Methotrexate; 1.5g/m2 and a scheme consisting of
Carboplatin 300 mg/m2, 4-Epiadriamycin 80 mg/m? and
Tenoposide 100 mg/m2. Surgery was performed within 4 weeks
after the last chemotherapy cycle. Ten of the 30 patients (33%)
received SFU/MTX, 50% (15/30) CET and 16% (5/30) the
SFU/LV/interferon schedule (19,20).

Assessment of response. Assessment of response was determined as
clinical response measured by clinical examination and CT, and
pathological response after completion of chemotherapy. In absence
of progressive disease relaparotomy was performed and the tumor
was resected. Response was defined as complete response (CR) in
case of total regression on CT and during surgery. Tumor regression
of more than 50% but with residual mass was termed partial
response (PR) and stable disease (SD) when 50% or less reduction
was noted. Tumor enlargement and new locations during treatment
were defined as progressive disease (PD), in which case the tumor
was not resected. Pathological complete response (pCR) included
absence of disease or complete tumor necrosis on pathological
examination, while partial responding (pPR) tumors presented with
partial necrosis or fibrosis in the resected specimen.

Surgery. In all these patients resection with curative intent was not
possible at initial surgery. Tumors were considered primarily
incurable in case of T4 disease and/or involvement of second
echelon para-aortic or celiac lymph nodes at frozen section
examination (Mla). Within 4-6 weeks after completion of
chemotherapy, relaparotomy was performed if progression was
excluded on CT and physical examination. Esophagectomy with
curative intent was performed if progressive disease was excluded
during surgical exploration. This was accomplished by a right
thoraco-abdominal approach with cervical anastomoses in
esophageal cancer or a left thoraco-abdominal approach in GEJ
tumors, with dissection of mediastinal and abdominal lymph nodes
(two-field dissection).

Immunohistochemistry. Sections of 5 mm were cut from retrieved
paraffin blocks of pre- and post-treatment specimens. For
assessment of pathological response with respect to p53, p21 and
Ki-67, immunohistochemistry (IHC) was performed using the
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Table 1. Expression of p53, p21 and Ki-67 in relation to chemotherapy
response.

Pat p53 p53 p21 p21 Ki-67 Ki-67 Response
no pre- after  pre-  after pre- after
CTx CTx CTx CTx CTx CTx

1 + - - - 40% 40% PR
2 + + - + 40% 50% PR
3 + + + + 70% 90% PR
4 + + + + 15% 5% PR
5 + + + + 80% 30% PR
6 + - - + 15% 30% PR
7 + + - + 20% 80% PR
8 + - - - 50% 10% PR
9 + + + - 80% 20% SD
10 + + + - 80% 35% SD
11 - - + - 80% 20% SD
12 + + + - 10% 15% SD
13 + + + + 80% 30% SD
14 + + - + 50% 30% SD
15 - - + 80% 80% SD
16 + + + - 10% 80% SD
17 + + + + 50% 30% SD
18 + + + + 40% 30% SD
19 - + + + 80% 30% SD
20 - - + + 80% 30% SD
21 - - + + 10% 20% SD
22 - - + + 80% 60% SD
23 + + + + 70% 30% SD
24 + N.A. - N.A. 40% N.A. PD
25 + N.A. - N.A. 50% N.A. PD
26 - N.A. + N.A. 40% N.A. PD
27 + N.A. - N.A. 70% N.A. PD
28 + N.A. + N.A. 60% N.A. PD
29 + N.A. - N.A. 40% N.A. PD
30 - N.A. - N.A. 50% N.A. PD

CTx, Chemotherapy;
PR, Partial Response;
SD, Stable Disease;
NA, Not Applicable;
PD, Progressive disease

standard avidin-biotin complex method. Sections were incubated
with monoclonal mouse anti-p53-DO7, anti-p21 and polyclonal
anti-Ki-67 overnight at 4°C. Biotinylated swine-anti-rabbit and
rabbit-anti-mouse (1:300 dilution-30 min) were applied as a
secondary antibody. The color reaction product was obtained with
diaminobenzidine hydroxychloride (DAB) and counterstaining of
the nuclei with haematoxylin. Omission of primary antibodies
provided negative controls. For p53, a breast carcinoma specimen
was taken as a positive control (2+) and for p21, a normal colon
specimen was used as positive control (1+). Two blinded observers
evaluated the intensity and extension of staining, which was graded
qualitatively as: -, not detectable; +, weak; ++, moderate and
+++, strong. The intensity was expressed relative to
corresponding positive controls. Expression of p53 (neg. <5%;
weak +, 5-25%; moderate ++, 25-50%; strong +++, >50%. The
results of IHC of p53 performed on biopsies were scored positive
when a strong staining intensity was found. Expression of p21 (neg.
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Figure 1. Correlation of staining intensity with disease-free survival in
relation to response to chemotherapy.

<10%; weak +, 10-25%; moderate ++, 25-50%; strong +++,
>50%) were considered positive when 25% or more nuclear
staining was found. The Ki-67 index was defined as the total
number of Ki-67-positive cells per total number of nuclei counted.
To define high and low proliferation indices, cut-off of Ki-67 was
set at 30% and 70%, respectively.

Statistical analysis. Expression of the parameters and response to
chemotherapy were correlated by Fisher’s exact and Chi-square
analysis. Log-rank testing for dichotomous variables was used to
compare the overall survival (OS) in different groups. Survival data
were prospectively collected and analysed by the Statistical Package
for Social Sciences (SPSS, version 11.0, Chicago, Illinois, USA)
software. P-values <0.05 were considered statistically significant.

Results

Expression before and after chemotherapy. Pre-treatment
group: Expressions of p53 and p21 were found in 22 (73%)
and 19 (63%) of the pre-treatment tumors, respectively.
Expression of p21 was observed in 12 of the 22 (55%) p53-
positive tumors. Ki-67 index was high in 7 of the 22 p53-
positive tumors (32%). In 7 of the p53-negative tumors (7/8;
88%) p21 was expressed and 5 p53-negative tumors (5/8;
63%) showed a high Ki-67 expression (Table I).

Resected group: After completion of chemotherapy, p53
expression changed in 17% (4/23) of the resected tumors
[pS53-positivity into p53-negativity (3/22) and p53-negativity
into p53-positivity (1/6)]. Four of 5 p53-positive tumors
without p21 expression before neoadjuvant treatment
changed to be p21-positive. The expression of either p53 or
p21 altered in 12 tumors (52%) of which 5 became positive.
Eleven out of 23 tumors (48%) showed a decrease in Ki-67
expression, 10 (43%) remained the same and 2 (9%) had an
increased expression.
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Figure 2. Survival of patients in relation to the expression of p53 (A) and
p21 (B) in specimens after neoadjuvant treatment.

Response to chemotherapy and survival. Clinically, 27%
(8/30) of the patients showed partial response (PR) and
50% (15/30) had stable disease (SD). Clinical complete
responses were not observed. Disease-free survival (DFS)
and OS were compared between patients with PR and SD
or PD. The difference in survival between responders and
non-responders was significant (p=0.001; Figure 1). Median
survival was 35 (CI, 16-54) months for patients with PR,
compared with 19 months (CI, 15-23) and 11 months (CI,
6-16) for patients with SD or PD. pPR was observed in 5
patients (5/23: 22%), while the other 18 tumors showed only
minimal or no signs of pathological response and were
classified as stable disease. None of the patients had pCR.
Pathological response was not associated with clinical
response or with survival. Responders and non-responders
were equally divided between different regimens and
survival was not different between the treatment arms.
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Expression of p53/p21 and Ki-67 in response to chemotherapy
and survival. To examine whether the expression of p53, p21
or Ki-67 in pre-treatment specimens was able to predict the
clinical response to neoadjuvant treatment, a Fisher’s exact
test was performed. None of these immunohistochemical
parameters were able to predict clinical/radiological response,
although p53-positive and p21-negative (p53+/p21-) tumors
were more likely to response than p53-negative and p21-
positive (p53-/p21+) tumors. However, this difference was
not significant. Moreover, no significant difference in
response was seen between patients with high, medium or low
Ki-67 expression levels in pre-treatment specimens.
Furthermore, no correlation was found between the
expression of the different parameters and the occurrence of
pathological response. In 6 out of 23 resected tumors (26%),
an alteration in expression from p53-positive to p5S3-negative
and/or p21-negative to p21-positive between pre-treatment
and resection specimens was noted. In 5 of these 6 patients
(83%) pPR was noted, compared with 3 out of 17 patients
(18%) without such an alteration or with a reversed change
(p=0.003). Moreover, comparison of survival between both
groups revealed a significantly better OS for patients with such
a change in expression (p=0.036). Median survival was 32
months (CI 26-38 months) for the "changed" group compared
to 19 months (CI 15-23 months). This was also reflected in the
different survival curves for p53-positive and p53-negative and
p2l-positive and p2l-negative tumors before and after
chemotherapy (Figure 2 A,B). In the group of patients in whom
resection was performed, expression of p53 in endoscopical
biopsy specimens was correlated with a significantly increased
DEFS and OS compared with p53-negative tumors (p=0.039 and
p=0.035, respectively). Although there was a trend for better
DFS and OS for p2l-negative tumors compared with p21-
positive tumors before chemotherapy, a statistically significant
difference was not reached (p=0.09). For p21-negative and p21-
positive tumors, in analogy with p53-expression the Kaplan
Meier survival curves after chemotherapy was equal. Change in
expression of Ki-67 was not related with response to
chemotherapy or survival.

Discussion

Increasing interest has been focused on multimodality
treatment for esophageal carcinoma. Though several phase II
/Il trials suggested some survival benefit over surgical
treatment alone, most studies reported only proportional gains
in responders (3-9,19-21). Besides, neoadjuvant chemo- (radio)
therapy is frequently complicated by serious side-effects and
evaluation of complete response may be a problem. Early
prediction of response by evaluating potential molecular
markers such as apoptosis and reduction of proliferation
indices, e.g. Ki-67, in pre-treatment specimens seems to be
attractive (14-16). DFS and OS were significantly better in
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responders compared to patients with stable disease (Figure 1).
Pathological response rate in this study was 22% (5/23),
presenting only partial necrosis or fibrosis at best. Complete
pathological response was not seen (19,20), in contrast to other
reports (6-8). Surprisingly, pathological response did not
correlate with radiological response as only 2 out of 8 patients
(25%) with radiological response showed pathological response.
Moreover, pathological response did not predict DFS and OS
better than radiological response. Based on these results,
assessment of tumor viability in post-treatment endoscopic
biopsies may not be a reliable indicator of treatment effect.
Expression of p53 (73%; 22/30) and p21 (63%; 19/30) in pre-
treatment specimens was comparable with previous studies,
noting p53 expression in 42-87% and p21 expression in 65-91%
of tumors, respectively (22-24). The impact of p53 and p21
expression in pre-treatment biopsies on response to
chemotherapy and survival differs considerably. Literature
results of application are conflicting. Some authors described a
higher rate of response in p53-positive tumors (25), while others
found no significant discrepancies in response between p53-
positive tumors and p53-negative tumors (26). Shimada et al.
showed improved sensitivity for cisplatin in p53-negative tumors
compared with p53-positive tumors in a study of 59 tumors of
the esophagus (27). We did not find p53, p21 or Ki-67
expression in biopsy specimens to be predictors of identified
response. Based on these results, we could not identify p53, p21
or Ki-67 as determined in biopsy specimens to be predictors of
treatment efficiency. All responding patients were pS3-positive
(8/8), but there was no difference with non-responders
(5/7; 71%). Shimoyama et al. described the alteration in the
expression of p53 and p2l1 proteins before and after
chemotherapy in their study of 13 patients with squamous cell
carcinomas receiving SFU and cisplatin (28). Change of
expression from p21-negativity to p21-positivity and/or p53 in
the opposite direction occurred in 6 of our patients compared
to 4 of the 13 patients in their study (26% vs 31%), respectively).
Change of p53 expression after chemotherapy was already
described in patients with squamous cell carcinomas of the
cervix without influencing prognosis (29). In 5 of the 6 patients
with altered p53/p21 expression (83%) clinical/radiological
partial response was noted, compared with 3 out of 17 resected
tumors (18%) without this change (p=0.003). In addition,
comparison of survival between these two groups of patients
revealed a significantly better OS for the group of patients in
whom this change was noticed (p=0.036). There is increased
evidence that p53 and p21 are crucial proteins in the effect of
chemotherapy for these tumors. We found no association
between pretreatment marker expression and treatment
response, but noted that a change in p53 expression from
positive to negative or in p21 status from negative to positive
accompanied improved response and survival. Prospective
evaluation of these genetic markers may be valuable in a
multimodality approach for the treatment of these tumors.
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