
ABSTRACT

Background: The prognostic role of her-2/neu has
been established in breast cancer but remains controversial
in colorectal cancer (CRC). Widespread genetic mutations
in colorectal carcinogenesis exist on chromosome 17. Her-
2/neu gene and the tumor suppressor gene p53 are both
located on this chromosome. Bcl-2 protein prolongs sur-
vival of a variety of cells by blocking apoptosis. The aim
of this study is to evaluate the relationship between the
overexpression of p53, bcl-2 and her-2/neu protein markers
and the clinico-pathologic characteristics of CRC, and
their influence on survival rates.

Patients and Methods: One hundred and four cases
of CRC had paraffin blocks with representative tissue,
and sufficient follow-up data. They were arrayed and
evaluated for protein marker expression using tissue
microarray (TMA).

Results: Ten (9.6%), 35 (33.7%) and 27 (26%) of the
patients were her-2/neu, p53 and bcl-2 positive, respec-
tively. None of the examined clinico-pathologic factors
had a significant relation with her-2/neu overexpression.
Patients with +ve bcl-2 had a significantly higher mean
age (52.4±13.3years) compared to 45.4±14.4 years for
bcl-2 negative patients, p=0.03. Positive p53 was overex-
pressed in 20/44 (45.5%), 6/17 (35%), 9/43 (21%) cases
of the colon, recto-sigmoid, and rectal sites, respectively,
p=0.05.

For the whole population, p53 overexpression had a
significantly lower disease-free survival (DFS). For patients
with Dukes' stage B, overexpression of p53 protein had
a significant reduced overall survival (OS) p=0.04,
metastasis free survival (MFS) p=0.004, and DFS p=0.01
rates. Expression of bcl-2 had a significantly better MFS
p=0.001, while her-2/neu overexpression worsened the
OS rate significantly, p=0.04.
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Conclusion: This study recommends the application
of TMA technique for its economic importance and reliable
quick throughput. The results from this study also suggest
that overexpression of p53, bcl-2, and her-2/neu protein
markers appear to be useful in selecting a group of CRC
patients with a worse prognosis and constitute potential
candidates for adjuvant therapy.
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INTRODUCTION

Colorectal cancer (CRC) is the fifth most
common cancer and persists as a significant
cause of cancer mortality in Egypt. It constitutes
4.34% of total malignancies [1]. Prognosis re-
mains poor, despite the considerable number of
cancer researches, and depends on the stage of
cancer at the time of presentation. Colorectal
carcinogenesis is complex and probably matched
by dependent genetic alterations. Recently,
researchers have tried to identify biological
markers in order to individualize chemotherapy
and predict clinical outcome and tumor sensi-
tivity [2]. Her-2/neu oncogene is a member of
the tyrosine kinase family similar to the epider-
mal growth factor receptor. It is located on
chromosome 17q21 and encodes a 185kD trans-
membrane protein. Her-2/neu activation initiates
signal cascade pathways that are essential for
cell proliferation and differentiation [3]. Though
the tyrosine kinase family receptors are found
on normal cells, there is evidence that they are
over-expressed in many types of tumors [4-6].
Clinically, her-2/neu amplification and/or over-
expression have been associated with poor prog-
nosis in a number of tumor types such as breast
and ovarian cancer [4]. Conflicting data exist
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about the prevalence of her-2/neu overexpres-
sion in CRC, which ranges from 0 to 83%, as
well as the relationship between her-2/neu over-
expression and clinico-pathologic features like
Dukes’ classification and survival [7-12]. Tras-
tuzumab, an anti-her-2/neu human monoclonal
antibody, is now an FDA-approved drug for the
treatment of breast cancer, and this drug, plus
ICM-225, ADAM-like protease inhibitors, and
EGF tyrosine inhibitors, are now in clinical
trials for the treatment of CRC [13].

p53 is a DNA binding cell cycle-regulating
transcription factor and participates in the bal-
ance between cell survival and death. Losses,
deletions, and mutations of p53 have been de-
termined in the pathogenesis of a wide range
of tumors including CRC [14,15].

The term apoptosis, originally defined as
''falling off of leaves from trees'', was first used
scientifically to describe energy-dependent cell
death by Kerr et al. in 1972 [16]. The members
of the bcl-2 family are a group of crucial regu-
latory factors in apoptosis. Apoptosis can, not
only maintain the body in well stable condition,
but also plays an important role in regulating
and controlling tumor occurrence, development
and treatment [17]. It has been proved that oc-
currence of cancer is due to the loss of control
of normal apoptosis and the disturbance of
balance between cell proliferation and apoptosis
[18,19]. Apoptosis related genes such as bcl-2
family are divided into two categories: pro-
apoptosis genes and anti-apoptosis genes. Bcl-
2 is an important apoptosis repressor [20].

Tissue microarray (TMA) allows the analysis
of a huge number of samples in a single proce-
dure using all types of in-situ analysis including
immunohistochemistry, fluorescence-in-situ
hybridization (FISH), and RNA in-situ hybrid-
ization. Thus, TMA technology has the potential
to greatly facilitate the translation of basic
research into clinical practice [21].

In this study, the relationships of the immu-
nohistochemical overexpressions of p53, bcl-
2 and her-2/neu in CRC specimens with clinico-
pathological parameters and their impact on
survival rates were studied in CRC patients who
had undergone potentially curative surgery,
aiming at evaluating the relationship between
these protein markers and the clinico-pathologic
characteristics of CRC, and their influence on
survival rates.

PATIENTS AND METHODS

A retrospective clinico-pathological study
was carried out for the patients with CRC,
surgically treated during the period from 1995
to 2003. A total of 104 evaluable cases (64
treated in the National Cancer Institute (NCI),
Cairo University, and 40 treated in Tanta Cancer
Centre) who had potentially curative resection
surgery without any neo-adjuvant therapy, with
sufficient follow-up data as well as the avail-
ability of paraffin blocks with representative
tissue, were eligible to be included in this study.
Forty-six patients who did not fulfill study
criteria were excluded.

Pathological evaluation:
Histological types and grading were re-

viewed and classified according to the World
Health Organization classification criteria [22],
and the pathologic stage was determined accord-
ing to Dukes' staging system [23].

Tissue microarray construction:
Localization of a representative tumorous

tissue on the donors' paraffin block after review-
ing a hematoxylin and eosin (Hx and E) section
cut from the block was the first step. A 600µm
diameter core was extracted using a Beecher
Instrument tissue extractor (at King Faisal Spe-
cialist Hospital and Research Centre, KSA) and
these cores were re-embedded into a recipient
paraffin block. Four such recipient blocks were
constructed containing 280 tissue cores, each
arranged in 2 17x9 sectors [24]. A tape-based
tissue transfer system (Instrumedics, Hachen-
sack) was used. An adhesive tape was placed
on the paraffin block before cutting, the tape
received with the 4 micron cut section adherent
to it was placed on a special slide with adhesive-
coated surface. The section was then ultravio-
letly cross-linked to the slide before the tape
was removed with a special degreasing reagent
included with the set. Hx and E sections were
cut from each block to identify tumor tissue on
the array slide (Fig. 1).

Immunohistochemical staining:
Slides were deparaffinized in xylene twice

for 10 min, rehydrated through graded ethanol
to distilled water, incubated for 15 min with 3%
hydrogen peroxidase to inhibit endogenous per-
oxidase activity, and then heated in 0.01 mol/l
citrate buffer (pH6.0) in a microwave oven for
5 min at 100ºC for antigen retrieval. After cooling
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down to room temperature for 30 min, slides
were arranged in Ventana auto-immunohis-
tochemical stainer (Tucson, AZ, USA) according
to the manufacturer’s guidelines. Ready-to-use
antibodies against bcl-2 (N1587 Dako) and p53
(N1518 Dako) were used. Her-2/neu was stained
using Hercep Test™ Kit (K5204) according to
the manufacturer’s instructions (DAKO). Ven-
tana/View DAB detection kit for streptavidin
horseradish peroxidase was used. Mayer’s Hx
was used for counterstaining.

Evaluation of scores:
The DAKO Hercep test protocol system [25]

was used to grade the degree of membrane
staining. The stain was scored as negative (0)
when no membrane staining was observed, or
when membrane staining was observed in less
than 10% of the tumor cells; weak positive (1+)
if weak focal membrane staining was seen in
more than 10% of the tumor cells; intermediate
(2+) if weak to moderate, complete membrane
staining was seen in more than 10% of the tumor
cells; and strongly positive (3+) if intense com-
plete membrane staining was seen in more than
10% of the tumor cells. Scores 0 and 1 were
considered negative, while  scores 2 and 3 were
considered positive. The results of bcl-2 were
scored as follows [26]. The percentage of tumor
cells was graded as follows: 0: 0%; 1: 1-25%;
2: 26-50%; 3: more than 50% positive cells.
Immunostaining intensity was scored as follows:
0: none; 1: weak; 2: moderate; 3: intense. When
a score of intensity multiplied by percentage of
positive cells was equal to or more than 1, the
specimen was considered as immunopositive.
Only the cytoplasmic staining was evaluated
and nuclear reaction was interpreted to be non-
specific staining. Sections were scored as pos-
itive for p53 when more than 10% of tumor
cells displayed nuclear immunostaining [27].

Treatment protocol:
Surgery: Colectomy, abdomino-perineal re-

section, posterior pelvic excentration or low
anterior resection, were performed according
to the site and extent of the tumor with a curative
intention.

Radiation therapy: Postoperative adjuvant
treatment was indicated for recto-sigmoid and
rectal tumors with positive regional lymph nodes
or extension to peri-rectal fat. A 6 MV linear
accelerator was used. An isocentric technique
was adopted at SAD of 100 cm. All patients

were treated in the prone position with a full
bladder to displace the small bowel anteriorly
and superiorly and to reduce the postero-anterior
separation in obese patients. Careful CT-
planning, to limit the dose to risk organs mainly
the bladder and femoral heads, is the standard
of care in the radiotherapy department. Irradia-
tion was given in a dose of 50Gy/5 weeks. All
the patients were treated with 2Gy/fraction,
treating 5 days/week.

Chemotherapy: Chemotherapy, on adjuvant
basis, was indicated for patients with patholog-
ically positive lymph nodes, Dukes' C. As for
Duke' B, it was indicated for those with poor
prognostic factors such as presentation with
signs of obstruction, signet-mucoid pathology
and/or bleeding per rectum. Mayo regimen (in
the form of bolus intravenous fluorouracil
425mg/m2 and leucovorin, 20mg/m2) was given
for 5 consecutive days every 28 days for 6
cycles. The treatment was commenced 4-6 weeks
after surgery. For rectal carcinoma, chemother-
apy was given as a radio-sensitizer, with bolus
intravenous fluorouracil 375mg/m2 and leuco-
vorin 20mg/m2, both were administered during
the first and last three days of postoperative
irradiation. Chemotherapy (Mayo Clinic regimen
for 6 cycles) was continued immediately after
the end of irradiation if complete blood picture
and laboratory investigations were satisfactory.

Statistical analysis:
The patients had a median follow-up period

of 18 (0.2-110.4) months. All the survival rates
were calculated from the date of surgery to the
date of death from disease or last follow-up
(the overall survival, OS), date of loco-regional
relapse (local control rate, LC), and date of
metastasis (metastasis free survival, MFS).
Disease-free survival (DFS) was calculated
from the date of surgery to the date of relapse
(whether local, distant, or combined as con-
firmed clinically and/or radiologically using
CT of the abdomen and pelvis). For statistical
analysis, Statistical Package for Social Sciences
(SPSS) for Windows, version 15 (SPSS Inc.,
Chicago, Illinois, USA) was used. Numerical
data were described in terms of means and
medians for central tendency and standard de-
viation and range, minimum and maximum for
dispersion. For quantitative data, comparison
between two groups was done using the student
t-test or the Mann-Whitney test. Chi-square test
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(Fisher's exact test) was used to compare qual-
itative variables. Survival analysis was per-
formed using the Kaplan-Meier product limit
method. Comparison between survival curves
was done using the log-rank test. p-value ≤0.05
was considered significant.

RESULTS

The patients’, tumor and treatment charac-
teristics are presented in Table (1). The age of
the studied population ranged between 18 to 77
years with a mean of 47.4±14.4 years. The male
gender constituted 43% (45 patients) of them.
Intestinal type adenocarcinoma constituted 75%
(78 cases) with about 42% of the lesions found
in the colon, 41% in the rectum and 16% in the
rectosigmoid. About 60% were of grade I-II.
More than 98% (102) of the patients underwent
curative surgery. However, the majority of the
patients presented with locally advanced disease
(extra-colonic extension and/or positive lymph
nodes, 56 patients) or with intraoperative detec-
tion of liver metastasis (2 patients). Twenty
eight patients (26.7%) received adjuvant post-
operative radiotherapy and only one patient had
palliative radiotherapy for local recurrence. The
remaining patients either were not indicated
(73 patients, 69.5%), or passed the date of
adjuvant radiation therapy (4 patients, 3.8%)
Sixty three patients (61.5%) received chemo-
therapy, 57 (90.6%) of them on adjuvant basis,
6 (9.4%) for metastasis or local recurrence. The
p53 was overexpressed in 33.3% (35/104) (Fig.
2) of the tumors, bcl-2 in 26% (27/104) (Fig.
3) and her-2/neu in 9.5% (10/104) (Fig. 4).

There was no relation between her-2/neu and
any of the patients' or tumor characteristics. The
only significant effect for p53 was found with
the tumor site, where 45% (20/44) of the colonic
tumors had positive p53 compared to 25% (15/60)
of the rectal and rectosigmoid lesions, (p=0.05).
The patients who had bcl-2 expressed in their
tumor tissue were significantly older (52.4±13.3
years) compared to those with negative bcl-2
(45.4±14.4 years) (p=0.03), (Table 2).

There was a significant concordance (in
70.2% of the cases) between results of p53 and
her-2/neu (p=0.015). No relation was found
between bcl-2 and p53 (p=0.638) or her-2/neu
and bcl-2 (p=0.276).

None of the examined markers had any re-
lation with the OS or LC rates. DFS was signif-

icantly lower (60%) for +ve p53 compared to
negative p53 (83%), p=0.01 (Fig. 5). However,
there was an improvement in the MFS for pa-
tients with -ve p53, short of statistical signifi-
cance, p=0.09 (Table 3). For Dukes' stage B
(Table 4), patients with +ve p53 had a statisti-
cally lower OS (p=0.04), MFS (p=0.004), and
DFS (p=0.01) rates (Fig. 6). For this subgroup
of patients, bcl-2 expression had 100% MFS
rate compared to their counterpart (89%),
p=0.001. Similarly, patients with -ve her-2/neu
had a better OS of 95% compared to 80% with
+ve her-2/neu, p=0.04 (Fig. 7).

Clinico-Pathological & Prognostic Significance

Table (1): Patient, tumor and treatment characteristics.

Sex ratio (M:F)
Mean age (years)
Tumor site:

Colon
Recto-sigmoid
Rectum

Tumor type:
Intestinal adenocarcinoma
Mucoid
Signet ring

Tumor grade:
I-II
III

Stage:
A-B
C-D

Markers:
p53
+ve
-ve

Bcl-2:
+ve
-ve

Her-2/neu:
+ve
-ve

Treatment received:
surgery
Curative
palliative

Radiotherapy:
Yes
No

Adjuvant chemotherapy:
Yes
No

Pattern of failure:
No
Loco-regional
Metastasis
Both

Median follow-up (range)

45: 59 (0.8:1)
47.4±14.4

44 (42.3%)
17 (16.3%)
43 (41.3%)

78 (75.0%)
21 (20.2%)
5 (4.8%)

62 (59.6%)
42 (40.4%)

49 (47.1%)
55 (52.9%)

35 (33.7%)
69 (66.3%)

27 (26%)
77 (74%)

10 (9.6%)
94 (90.4%)

102 (98.1%)
2 (1.9%)

29 (27.9%)*
75 (72.1%)**

57 (54.7%)
47 (45.3%)

62 (59.6%)
20 (19.2%)
19 (18.3%)
3 (2.9%)
18 (0.2-110.4) months

Total no= 104 number (%)

* One patient treated with palliative intention.
** Four patients missed for date.
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Table (2): Relationship between clinico-pathological parameters and p53, bcl-2 and her-2/neu immunohistochemical
expression.

Age Mean ± SD

Gender:
Male
Female

Pathology:
Adenocarcinoma
Signet/mucoid

Grade:
I-II
III

Stage*:
A-B
C-D

Positive LN.>3:
Yes
No

Site:
Colon
Recto-sigmoid
Rectum

p53

* Dukes' staging system [23]
** Mann-Whitney test, *** Fisher's exact test, ¶ no p-value because of small number of cases within groups.

48.4±12.3

15
20

30
5

23
12

18
17

25
9

20
6
9

46.7±15.3

30
39

48
21

39
30

31
38

10
58

24
11
34

0.53

0.88

0.09

0.40

0.54

0.18

0.05

52.4±13.3

14
13

24
3

18
9

16
11

6
21

13
5
9

45.4±14.4

31
46

54
23

44
33

33
44

13
62

31
12
34

0.03

0.37

0.07

0.50

0.18

0.57

0.62

54.6±9.7

4
6

8
2

6
4

6
4

2
8

4
1
5

46.5±14.6

41
53

70
24

56
38

43
51

17
75

40
16
38

0.06**

1.00***

1.00***

1.00***

0.51***

1.00***

¶

Bcl-2 Her-2

+ve
No=35

-ve
No=69

p
value

+ve
No=27

-ve
No=77

p
value

+ve
No=10

-ve
No=94

p
value

Table (3): Relationship between survival rates and p53, bcl-2 and her-2/neu immunohistochemical overexpression.

p53:
+ve
-ve

Bcl-2:
+ve
-ve

Her-2/neu:
+ve
-ve

35
69

27
77

10
94

78%
85%

68%
82%

89%
81%

79%
86%

89%
83%

86%
84%

0.19

0.92

0.38

81%
93%

96%
86%

86%
89%

0.09

0.07

0.94

60%
83%

84%
73%

71%
76%

0.01

0.28

0.39

No p
value

p
value

p
value

OS
(at 18 months)

0.16

0.13

0.77

LCR
(at 12 months)

MFS
(at 12 months)

DFS
(at 12 months)

p
value

Table (4): Relationship between survival rates and p53, bcl-2 and her-2/neu  immunohistochemical overexpression for
Dukes' stage B.

p53:
+ve
-ve

Bcl-2:
+ve
-ve

Her-2/neu:
+ve
-ve

14
30

15
29

6
38

86%
97%

79%
100%

80%
95%

64%
80%

81%
73%

78%
75%

0.16

0.71

0.41

75%
100%

100%
89%

100%
83%

0.004

0.001

0.60

55%
91%

81%
53%

69%
64%

0.01

0.12

0.26

No p
value

p
value

p
value

OS
(at 18 months)

0.04

0.07

0.04

LCR
(at 12 months)

MFS
(at 12 months)

DFS
(at 12 months)

p
value
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Fig. (1): Tissue microarray section (H & E x 25). Fig. (2): Tissue microarray section of adenocarcinoma
grade II with positive nuclear immunostaining
for p53 (x 250).

Fig. (3): Tissue microarray section of adenocarcinoma
grade II with positive cytopasmic immunostain-
ing for bcl-2 (x 400).

Fig. (4): Tissue microarray section of adenocarcinoma
grade II with positive membranous immunostain-
ing for her-2/neu (x 400).

Fig. (5): Disease free survival curve for p53 overexpression.
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DISCUSSION

Studies indicate that tumor stage is the most
important prognostic variable in CRC [28,29].
Despite this fact, considerable stage-independent
variability in clinical outcome is observed that
may be a consequence of altered rates of
apoptosis and cell proliferation.

The her-2/neu protein is intimately involved
with normal cell proliferation and tissue growth,
as it is extensively homologous and is related
to the epidermal growth factor receptor. This
phenomenon has been most intensively studied
in the context of  breast carcinoma, in which

Fig. (6): p53 overexpression in stage Dukes' B:

Time (months)

C
um

 s
ur

vi
va

l 
pr

op
rt

io
n

1.0

0.8

0.6

0.4

0.2

0.0

0 12 24 36 48 60 72 84 96 108 120

Fig. (6-C): Disease free survival.
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Fig. (6-B): Metastasis free survival.
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Fig. (6-A): Overall survival.
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Fig. (7-B): Overall survival curve for stage Dukes' B for
her-2/neu overexpression.
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Fig. (7-A): Metastasis free survival curve for stage Dukes'
B for bcl-2 expression.
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its amplification and overexpression correlate
with the overall course of disease and poor
prognoses, and also constitute a predictive factor
of poor response to chemotherapy and endocrine
therapy [12]. However, when concerned with
CRC, conflicting data exist about the prevalence
of her-2/neu overexpression ranging from 0 to
83% [8-10,12,30]. The results of the current study
reported an overexpression of her-2/neu in 9.1%
of the cases. These considerable discrepancies
in the frequencies and distribution of her-2/neu
overexpression in CRC were probably due to
differences in tissue-fixation methods, the anti-
bodies used, the detection techniques and criteria
for evaluating the results. A major cause of
these discrepancies seems to be the different
criteria for evaluating the results. Studies that
scored intra-cytoplasm staining as positive
reported larger frequencies, whereas studies
that scored only membrane staining as positive
reported lower or zero frequency [7,31,32].

In the present study, there was no correlation
between her-2/neu overexpression and any of
the patients' or tumor characteristics. While
some authors reported similar results to ours
[11,33-35], others could demonstrate a significant
correlation with tumor stage [9,31,36,37] and
grade [9,31,38]. Our data did not show any sig-
nificant effect of her-2/neu overexpression on
outcome. In this aspect, the present study agreed
with other reports [11,35,39]. On the contrary, a
recent study [12] demonstrated that her-2/neu
was independently related to postoperative
recurrence and survival of CRC and that the
patients exhibiting her-2/neu overexpression
might constitute potential candidates for a new
adjuvant therapy. The same findings were pre-
sented by other studies as well [31,40].

In the present study, p53 was overexpressed
in 33.7% of the cases. The reported figures
ranged from 11.8% [41] up to 76% [42-44] Bcl-
2 was expressed in 26% of our cases. Similar
results were reported [42,43]. Higher rates ranging
from 46% to 82% were also reported [41,44-46].
This may suggest that the pathogenesis of our
CRC cases may progress through the pathway
characterized by the inactivation or mutation
of the DNA mismatch repair protein complex
and not through the multistep process involving
a series of genetic changes involving prolifera-
tion and apoptotic pathways.

In the present study, expression of bcl-2
protein was associated with older age, while
Zavrides et al. [47] reported that only stage was
correlated to the expression of bcl-2 protein.
The relationship between bcl-2 expression and
survival revealed variable results. Our cases
revealed that the expression of bcl-2 had only
a trend for a better MFS rate; that did not reach
a significant level. However, others [45,47-49]
showed that CRC expressing bcl-2 had a favor-
able prognosis. Bhatavdekar et al. [50] found
that tumors positive for bcl-2 had a worse prog-
nosis, with a direct correlation between tumor
grade and expression. These conflicting results
may be related to the pathway of bcl-2 acting
as an antiapoptotic member of the bcl-2 family
which could be modified according to the pres-
ence or absence of other members of the bcl-
2 family that may modulate the bcl-2 function.
For the subgroup of our patients with Dukes’
B, there was a significantly higher MFS in cases
expressing bcl-2. This result agreed with the
published data by Meterissian and colleagues
[46] who demonstrated that bcl-2 expression
correlated with improved survival, specifically
in Dukes’ B colon carcinoma. Therefore, it can
be used as a prognostic marker and can help in
the selection of a high-risk group who would
theoretically benefit from adjuvant therapy.

In this study, p53 had only a significant
relation with the site of the tumor being signif-
icantly higher in the proximal colon compared
to the distal rectosigmoid region. Others reported
that distal tumors had a higher frequency of
allelic loss, p53 accumulation and aneuploidy
[51]. This may require further studying of our
cases on the genetic level.

For the whole studied population, p53 over-
expression significantly worsen the DFS rate,
with trend for a low MFS. In the Dukes' B group
of patients, the overexpression of p53 was as-
sociated with lower OS, MFS, and DFS rates.
Other researchers reported a similar inverse
relationship between p53 and survival [43,52].
Yet, some others found that p53 had no prog-
nostic potential for patients with CRC [41,53].

In the present study, due to the small number
of patients, we could not stratify them by stage
and treatment groups versus marker expression.
However, in view of the significant effect of
p53 on survival rates, it might be useful to be

Clinico-Pathological & Prognostic Significance
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further studied in prospective trials concerning
adjuvant chemotherapy in CRC.

Identification of molecular markers predict-
ing prognosis in Dukes’ B colon carcinoma can
allow selection of patients for adjuvant therapy.
In the present study, patients with p53 overex-
pression, in Dukes’ B stage, had a significantly
lower OS, MFS as well as DFS rates without
any effect on LC rate. This could reflect the
paramount importance of adding chemotherapy
for this group of patients. Lin et al. [54], exam-
ined whether p53, and bcl-2 (as well as other
markers), could be used to predict the tumor
response of rectal cancer to neoadjuvant therapy
and determine the OS and DFS rates of patients
following neoadjuvant radio-chemotherapy.
They found increase of the rate of positive
identification of bcl-2 following neoadjuvant
therapy, and that p53 status was a good predictor
for fair response of the patients in the pre-
radiation biopsy specimens. In a small random-
ized clinical trial the relation of neoadjuvant
radiochemotherapy on marker overexpression
(including p53) in the low rectal cancer, there
was a significant drop of the level of p53 from
57.9% before neoadjuvant chemoradiation to
26.3% after surgery, while there was no signif-
icant change in the positive rate of p53 in ra-
diotherapy alone group.

No single randomized clinical trial has dem-
onstrated a survival benefit for adjuvant therapy
in patients with Stage II colon cancer. A pooled
analysis of 7 studies demonstrated an equal 5-
year OS in patients who received fluorouracil-
based adjuvant therapy and those who under-
went surgery alone (80%) (p=0.11) [55]. It has
been proposed that adjuvant chemotherapy may
benefit patients with Stage II disease and T4
tumor stage, bowel perforation, or clinical
bowel obstruction [56]. Although this hypothesis
has not been validated in a prospective, ran-
domized clinical trial, a retrospective subset
analysis of 318 patients with Stage II disease
enrolled in the ECOG INT-0035 study of fluo-
rouracil and levamisole suggested a survival
benefit for adjuvant therapy in these patient
subgroups [57]. It is to be noted that the benefit
of chemotherapy in patients with high-risk
features, such as inadequate lymph node sam-
pling, lymphovascular or perineural invasion,
poorly differentiated histology, microsatellite
stability, and loss of heterozygosity at chromo-

some 18q, are also known to carry a higher risk
of recurrence [58].

The most important advantage of the TMA
technology include increased capacity, negligi-
ble damage caused to the original tissue blocks,
the precise positioning of tissue samples and
the possibility for automated construction and
analysis. It is possible to retrieve dozens of
punch samples (each 0.6mm) from each donor
block without significantly damaging it, thus
enabling the generation of multiple replicate
array blocks. This technology enables extensive
analysis of even small primary tumor specimens
for a larger number of analyses that may be of
interest in future investigations. The question
of whether minute tissue samples of potentially
heterogeneous tumors are representative enough
of their donor tumor to allow meaningful studies
is a critical challenge to the tumor array concept.
Some investigators have used core samples that
are larger in diameter (>2-4mm). This does not
substantially increase the information content
of TMA analysis, since the likelihood of finding
heterogeneity within such a small area is often
quite low [59]. On the contrary, punching mul-
tiple small cores from different regions captures
the heterogeneity of the tumors more effectively
and recent studies in fibroblastic tumors [60,61],
prostate cancer, and bladder cancer have shown
that the expression of Ki-67 by immunohis-
tochemistry is highly correlated with the results
in whole-slide preparations if triplicate or qua-
druplicate arrays were used, as done in this
study.

In conclusion, our results suggest that ex-
pression of p53, bcl-2, and her-2/neu protein
markers appear to be useful in selecting a group
of CRC patients with a worse prognosis and
constitute potential candidates for adjuvant
therapy. Because of its beneficial economic
aspect, it is noteworthy to mention that TMA
application should be widely applied particularly
in developing countries.
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