
Abstract. The association between inflammatory infiltration,
fibrosis, necrosis and mucinous content in rectal cancers, and
their relationship to preoperative radiotherapy (RT)
clinicopathological and biological factors (p53, apoptosis and
Cox-2) is not fully characterised. We analysed these
histopathological parameters and their relationships in rectal
cancer patients who participated in a clinical trial of
preoperative RT. One hundred and forty-eight preoperative
biopsies and 153 surgically resected tumours were examined.
Of the surgical specimens, 81 had surgery alone and 72
received RT before surgery. A higher grade of inflammatory
infiltration was related to favourable survival in the whole
group of patients (p=0.004, for multivariate analysis p=0.01)
as well as in the subgroups of patients with (p=0.04) or without
RT (p=0.01). After RT, tumours showed a decreased
infiltration (p=0.0003) and increased necrosis (p=0.006),
strong necrosis was related to favourable survival (p=0.046).
Necrosis (p=0.054) and fibrosis (p=0.06) tended to be
increased in p53-negative tumours after RT. Inflammatory
infiltration was a strong prognostic factor in rectal cancer
patients, regardless of RT. RT tended to induce necrosis and
fibrosis in p53-negative tumours.

Introduction

The infiltration of inflammatory cells in tumour tissue is
considered an important factor of the host response, and is
related to improved survival in colorectal cancer patients (1-3).
The antitumour effect of inflammatory infiltration is
suggested to be mediated by the activation of B-cells,
cytotoxic T cells, NK cells, macrophages and complement,
which kills tumour cells by lysis (4). Fibrosis consists of dense

connective tissue produced by fibroblasts, and is proposed to
have a growth limiting effect on tumour cells and is thus
related to improved survival in colorectal cancer patients
(5,6). Necrosis and mucinous content are histopathological
factors related to a poor clinical outcome in colorectal cancer
patients (3,7,8). Necrosis is initiated by irreversible exo-
genous injury that leads to denaturation of proteins and
enzymatic digestion of the cell, while cells in mucinous
tumours have increased mucus secretion, high apoptotic
activity and low proliferation during tumour development
(7). p53 and Cox-2 are important proteins in tumour
development. Loss of p53 function leads to interference with
DNA-damage repair, cell proliferation, genomic stability and
programmed cell death while Cox-2 is a key enzyme in the
inflammatory process that catalyses the formation of
prostaglandins.

Variant histopathological parameters have been studied in
patients with rectal cancer (1,2,5,9). Shia et al (2) investigated
stromal response, type of inflammatory infiltrate, necrosis and
mucinous content in rectal cancer patients treated with chemo-
radiotherapy (RT), and others have examined inflammatory
infiltrate and fibrosis in relation to survival in rectal cancer
patients with or without RT (1,5). Very few studies have
investigated the associations between these histopathological
parameters as well as their clinicopathological and biological
significance in rectal cancer patients. The aim of this study was
to investigate the association between inflammatory infiltration,
fibrosis, necrosis and mucinous content, and their relationship
to RT, clinicopathological variables, and biological factors
including p53, apoptosis and Cox-2 in rectal cancer patients
who participated in a clinical trial of preoperative RT.

Patients and methods

Patients. The present study included 148 preoperative
biopsies from primary rectal cancers and 153 surgically
resected primary tumours, among them, 118 cases had both
biopsy and surgical specimens from the same patient. All the
endoscopic biopsies were taken by the surgeons, and
qualified for a clinical diagnosis before radiotherapy
(otherwise a biopsy was taken again for a diagnosis). All the
patients had locally resectable rectal adenocarcinoma. The
patients were from the southeast Swedish Health Care region,
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and participated in a preoperative Swedish rectal cancer trial
between 1987-1990 (10). Of the patients, 81 underwent
tumour resection alone and 72 underwent preoperative RT
before surgery. The required informed consent was given by
all participants. Radiotherapy was given with 25 Gy in 5
fractions during a median of 6 days (range, 5-12 days).
Surgery was then performed in a median of 3 days (range, 1-
13 days) after radiotherapy. None of the patients received
chemotherapy before surgery. The mean age of the patients
was 66 years (range, 36-85 years) and the median follow-up
was 86 months (range, 0-193 months). Other characteristics
of the patients and tumours are presented in Table I.

Apoptotic cells were detected by the terminal deoxy-
nucleotidy transferase-mediated dUTP-biotin nick end-labelling
(TUNEL) assay (11), and the expressions of p53 (12) and
Cox-2 (13) were determined by immunohistochemistry, the
data were taken from previous studies performed at our
laboratory. The percentage of apoptotic cells was determined
by counting ~1000 tumour cells in 140 tumours, of which 68

were negative and 72 were positive for apoptotic cells. p53
expression was examined in 147 cases, of which 116 were
negative and 31 were positive. Of the 133 tumours with Cox-2
data, 63 had negative and 70 positive staining.

Methods. Paraffin-embedded 5-μm sections from surgical
specimens and biopsies were routinely stained with
hematoxylin and taken from Department of Pathology in
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Table I. Characteristics of patients and tumours.
–––––––––––––––––––––––––––––––––––––––––––––––––
Characteristics Non-radiotherapy Radiotherapy

(%) (%)
–––––––––––––––––––––––––––––––––––––––––––––––––
Gender

Male 46 (56.8) 42 (58.3)
Female 35 (43.2) 30 (41.7)

Age (years)
≤66 29 (35.8) 28 (38.9)
>66 52 (64.2) 44 (61.1)

Dukes' stage
A 22 (27.2) 21 (29.2)
B 22 (27.2) 24 (33.3)
C 34 (41.9) 19 (26.4)
D 3 (3.7) 8 (11.1)

Differentiation
Good 2 (2.5) 2 (2.8)
Moderate 65 (80.2) 54 (75.0)
Poor 14 (17.3) 16 (22.2)

Number of tumours
Single 75 (92.6) 64 (88.9)
Multiplea 5 (6.2) 7 (9.7)
Unknown 1 (1.2) 1 (1.4)

Surgical type
Rectal amputation 44 (54.3) 30 (41.7)
Abdominoperineal 37 (45.7) 42 (58.3)

Resection margin
Tumour free 78 (96.3) 67 (93.1)
Tumour 3 (3.7) 5 (6.9)

To anal verge (cm)
Mean 7.3 8.3

–––––––––––––––––––––––––––––––––––––––––––––––––
aOther colorectal cancer and/or other type of tumours before the
present rectal cancer.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Histopathological parameters in rectal cancers. (A) Inflammatory
infiltration at the invasive margin and in the inner area of the tumour. (B)
Fibrosis surrounding tumour cells. (C) Necrosis. (D) Mucinous content in
the tumour.
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southeast Swedish Health Care region. In the surgical
specimens, the following parameters were examined: i)
inflammatory infiltration in the inner tumour and at the
invasive margin of the tumour, ii) fibrosis, iii) necrosis, and
iv) mucinous content. In biopsies, only inflammatory
infiltration in the inner tumour and necrosis were evaluated,
while inflammatory infiltration at the invasive margin of the
tumour, fibrosis and mucinous content were not available
due to small tumour areas. Two authors (A.K and X-F.S,
pathologist) independently read the slides in a blinded
fashion without any knowledge of the clinicopathological
and biological information. The parameters were determined
in 10-20 areas (depending on the size of the section) at x400
magnification. For each tumour/biopsy, 1-5 sections were
analysed, and a mean score was reached. In the cases with
discrepant results in the staining score, a consensus score was
reached after re-examination. In the surgical specimen, no

statistical difference was found when comparing the
infiltration in the inner tumour with that at the invasive
margin (p=0.88). Therefore, for further analyses, the scores
of the infiltration in both fields were combined (one section
was excluded due to an invisible tumour margin). Table II
presents the four parameters, scores, subclasses and case
numbers in the analysis.

Statistics. The McNemar method was used to test the
differences of histopathological parameters between the
biopsies and tumours. The Chi-square method was used to
test the relationships between the histopathological
parameters and clinicopathologic/biological factors. Cox's
proportional hazard model was used to estimate the
relationship between the histopathological parameters and
survival, including both univariate and multivariate analyses.
Survival curves were computed according to the Kaplan-
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Table II. Histopathological parameters, scores, subclasses and number of cases.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Parameter Scores n Subclasses n
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Tumour

Infiltration
Inner Weak 85
(n=152) Moderate 68 Weak 62

Strong 0 (Weak in both inner and margin)

Margin Weak 85 Moderate 90
(n=152) Moderate 67 (Weak + moderate in tumour or margin

Strong 0 or
Moderate + moderate in both tumour and margin)

Weak 83
Fibrosis Weak 83 (Weak)
(n=153) Moderate 39

Strong 31 Strong 70
(Moderate + strong)

Necrosis Weak 121
(n=153) <1% 96 (<5%)

1-<5% 25
≥5% 32 Strong 32

(≥5%)

Mucinous content Absent 126 Negative 126
(n=153) 1-<25% 13 (Absent)

25-49% 5
≥50% 9 Positive 27

(>1%)

Biopsy
Weak 44

Infiltration Weak 44 (Weak)
(n=148) Moderate 50

Strong 54 Strong 104
(Moderate + strong)

Weak 148
Necrosis <1% 139 (<5%)
(n=148) 1-<5% 9

≥5% 0 Strong 0
(≥5%)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Meier method. Tests were two-sided, and p<0.05 was
considered statistically significant.

Results

Histopathological parameters. In the surgical specimens, we
examined inflammatory infiltration, fibrosis, necrosis and
mucinous content (Fig. 1). A higher grade of infiltration was
associated with more favourable survival compared to weak
infiltration (p=0.004, Fig. 2A). Even in a multivariate
analysis, the significance still remained, independent of gender,
age, Dukes' stage, grade of differentiation, necrosis and
fibrosis (p=0.01, Table III). Compared with weak infiltration,
higher grade of the infiltration was more related to a decreased
rate of distant recurrence (p=0.005), non-mucinous carcinoma
(p=0.03) and younger patients (<66 years old, p=0.01, data not
shown).

In the biopsies, we examined only inflammatory
infiltration and necrosis, and found that strong infiltration
was related to a decreased rate of distant recurrence
compared to weak infiltration (34% of 104 cases vs 57% of
44, p=0.009).

These histopathological parameters (inflammatory
infiltration, fibrosis, necrosis and mucinous content) were not
related to other clinicopathological variables including
gender, Dukes' stage, growth pattern, local recurrence, number
of tumours, and complications (p>0.05).

Histopathological parameters in relation to radiotherapy. In
the non-RT group, a higher grade of infiltration was related
to favourable survival (p=0.01, Fig. 2B), a lower rate of
distant recurrence (p=0.007) and younger age (p=0.04).
Tumours with strong necrosis had a higher rate of distant
recurrence (p=0.04). Strong fibrosis was related to better (good
+ moderate) differentiated tumours (p=0.02).

In the RT group, both the higher grade of infiltration
(p=0.04, Fig. 2C) and strong necrosis (p=0.046, Fig. 2D)
were related to favourable survival.

Compared to tumours without RT, tumours treated with RT
showed a decreased infiltration (p=0.0003, Fig. 3). In contrast,
after RT, tumours had significantly increased necrosis
compared to tumours without RT (p=0.006, Fig. 4).

We did not perform multivariate analyses in the subgroups
due to the small number of cases.
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Figure 2. (A) The relationship between inflammatory infiltration and survival in the entire group of patients. (B) The relationship between inflammatory
infiltration and survival in the subgroups of patients without RT. (C) The relationship between inflammatory infiltration and survival in the subgroups of
patients with RT. (D) Necrosis in relation to survival in rectal cancer patients with RT.
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Histopathological parameters in relation to biological
factors. We examined the relationships of the histopatho-
logical parameters with the biological factors including p53,
Cox-2 and apoptosis based on RT. In tumours with negative
p53 expression, tumours with RT, compared to tumours
without RT, tended to have more necrosis (95% of 22 cases vs
77% of 47, p=0.054) and fibrosis (93% of 28 cases vs 76% of
41, p=0.06). Necrosis was positively related to Cox-2
expression in the whole group (p=0.007), in the non-RT
(p=0.04) and the RT group (p=0.01). These histopathological
parameters were not related to apopotosis (p>0.05, data not
shown).

Discussion

Our present study showed that inflammatory infiltration was
a prognostic factor in the whole group of patients with rectal
cancer as well as in the subgroups of patients with or without
RT. In the whole group the prognostic significance still

remained even after adjustment for gender, age, Dukes' stage,
grade of differentiation, necrosis, and fibrosis. Multivariate
analysis was not performed in the subgroups due to the small
number of cases. The presence of inflammatory infiltrate was
also correlated to a decreased rate of distant recurrence in the
whole group of patients and in the non-RT group but not in
the RT group. Nagtegaal et al (1) demonstrated an
association between strong inflammatory infiltration and a
decreased distant recurrence and favourable survival in rectal
cancer patients who participated in a trial of preoperative RT,
however, they did not identify this association in the subgroups
of patients with or without RT. Klintrup et al (14) showed
that extensive inflammatory infiltration at the invasive
margin was related to favourable survival in patients with
Dukes' stage A and B colorectal cancer without RT or
chemotherapy. A previous study performed at our laboratory
showed a positive correlation between inflammatory
infiltration and survival in colorectal cancer patients, the
majority of whom had no adjuvant treatments (out of 301
patients, 12 received RT before surgery and 3 received
chemotherapy) (3). The underlying mechanism of infiltration
in relation to prognosis may be caused by activated B-cells
that produce antibodies against tumour antigens, an increased
amount of activated macrophages that release interleukin-4
(IL-4) and tumour necrosis factor-· (TNF-·), induction of
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Table III. Multivariate analysis of inflammatory infiltration,
gender, age, Dukes' stage, grade of differentiation, necrosis and
fibrosis in relation to survival in rectal cancer patients.
–––––––––––––––––––––––––––––––––––––––––––––––––
Variable Cancer death 95%
Category No. Rate ratio CI P-value
–––––––––––––––––––––––––––––––––––––––––––––––––
Infiltration

Weak 60 1.0 - 0.01

Moderate 87 0.4 0.2-0.8

Gender 0.01

Male 87 1.0 -

Female 60 0.5 0.3-0.9

Age (years) 0.04

≤66 54 1.0 -

>66 93 1.9 1.1-3.6

Dukes' stage <0.0001

A 42 1.0 -

B 44 2.6 0.6-9.7

C 51 13.2 4.2-43.6

D 10 33.8 8.4-130.6

Differentiation 0.74

Better 112 1.0 -

Worse 35 1.1 0.6-1.9

Necrosis 0.59

Weak 91 1.0 -

Strong 56 1.2 0.7-2.2

Fibrosis 0.74

Weak 78 1.0 -

Strong 69 0.9 0.5-1.6
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 3. Inflammatory infiltration in rectal cancer in relation to RT.

Figure 4. Necrosis in rectal cancer in relation to RT.
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cytotoxic T-lymphocytes by specific antigens presented on
MHC class I receptors, activation of NK cells by an antigen-
antibody complex and a cascade reaction of complement,
which all finally leads to lysis of the tumour cell (4,15). Taken
together, these findings indicate that inflammatory infiltration
is a good prognostic sign in colon and/or rectal cancer
patients with or without preoperative RT or chemotherapy. Our
present study showed that younger patients without RT had
more inflammatory infiltration around the tumour cells
suggesting that younger patients had a better immunological
response than older patients.

We observed that infiltration was decreased after RT,
which was in line with a study of rectal cancers (16). RT
was suggested to stimulate tumour cells to produce TGF-ß1
(17), which in turn inhibits the immune function of CD8+ and
CD4+ T-lymphocytes in normal tissue from jejunum (18). It
is also shown that a T-cell specific blockade of TGF-ß induced
a immune response resulting in the eradication of tumours in
mice challenged with thymoma and melanoma cancer cell
lines (19).

Tumour necrosis is caused by a rapid tumour growth
without sufficient blood supply, which leads to ischemia and
necrosis of the tumour (3,8). Previous studies demonstrated
that necrosis was associated with a poor clinical outcome in
patients with colorectal cancer (3,8,9). In the present study, we
did not directly find an association between necrosis and
survival in the non-RT and in the whole group, but we did
find that necrosis was related to favourable survival in the
RT group, where necrosis was increased in tumours with RT
compared to tumours without RT. Thus, in our cases there
were two ways to initiate necrosis, by rapid tumour growth and
by irradiation.

Our previous study on the same series of cases showed that
preoperative RT reduced the local recurrence rate in p53-
negative tumours but there was no such evidence in p53-
positive tumours (12). Interestingly, in the present study, we
found a trend that after RT both necrosis and fibrosis were
increased in p53-negative tumours. Thus, p53-negative tumours
that had a better response to RT may be via necrosis and
fibrosis induced by RT. It has been demonstrated that necrosis
is initiated by the destruction of capillaries by RT that leads
to oxygen deficit in the tissue and an initiation of necrosis in
the tumour (20). We propose that this reaction, to some
extent, may be through a p53 pathway. Fibrosis consists of
dense connective tissue, and has an antitumour effect by
limiting the progression of tumour cells (5). We and others
have found a relationship between extensive fibrosis and
favourable survival and better differentiation in rectal cancer
patients without preoperative RT or chemotherapy (5). RT is
suggested to stimulate the production of TGF-ß, which in
turn activates myofibroblasts to produce fibrosis (17), and this
process might also be related to p53 expression.

In recent years, the importance of Cox-2 has been shown
in the development and progression of colorectal cancers.
However, few studies have investigated the relationship
between Cox-2 and necrosis. Only an in vitro study showed a
dramatic induction of Cox-2 expression around necrotic cells
in fibroblast cell lines after cell-cell contact (21). In this
study, we first observed a positive relationship between Cox-2
expression and necrosis in tumours both with and without

RT in rectal cancer patients. Coagulative necrosis is caused
by ischemia that leads to irreversible exogenous injury of the
cell, macrophages are activated and begin to migrate towards
this area via chemotactic agents released by the tissue
damage, and the activated macrophages then release tumour
necrosis factor-· (TNF-·); this cytokine was shown to
upregulate Cox-2 in normal and malignant prostate cells (22).
We suggest that the increased level of Cox-2 around necrotic
cells stimulated the inflammatory process that was needed to
remove the dead material from the tissue regardless of RT.

In summary, inflammatory infiltration was a prognostic
factor in rectal cancer patients regardless of preoperative RT
although the radiation may depress the inflammatory infil-
tration. The increased necrosis and fibrosis in p53-negative
tumour cells after RT, and the necrosis and fibrosis effect on
clinical outcome are a subject for further biological and
clinical investigations. This issue could be important in
selecting the best suited patients for preoperative RT in the
future.
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