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I

Background and aims: Based on conflicting reports regarding the role of the fibrotic stromal response in
cancer development—namely, that a desmoplastic reaction can favour either the host or the tumour—it is
clear that the role of the stromal response is varied. We have classified the fibrotic stroma of rectal
adenocarcinoma penetrating the muscularis propria, based on histologically identified stromal
components.
Methods: Three categories of stroma were used: mature—when the stroma was composed of mature
collagen fibres (fine and elongated fibres into multiple layers); intermediate—when keloid-like collagen
was intermingled with mature fibres; and immature—consisting of a myxoid stroma in which no mature
fibres were included.
Results: In a data set of 862 patients, 53% of patients had mature fibrotic cancer stroma, 33% had
intermediate stroma, and 15% had immature stroma. Five year survival rates decreased as follows: mature
stroma (80%), intermediate stroma (55%), and immature stroma (27%). The adverse tumour phenotype,
tumour cell budding (conspicuous isolated cells or small clusters of cancer cells), was observed in the
cancer fronts in tumours with unfavourable fibrotic stroma (p,0.0001). Based on multivariate analysis,
categorised fibrotic stroma was selected as an independent prognostic parameter (hazard ratio 1.39; 95%
confidence interval 1.17–1.64) together with tumour differentiation. By immunohistochemical examination, as maturation of the fibrotic stroma decreased, stromal T cells became significantly sparser.
Furthermore, myofibroblasts were distributed extensively in immature fibrotic stroma compared with
mature and intermediate fibrotic stroma.
Conclusion: The morphological categorisation of fibrotic cancer stroma highlights the role of the stromal
response in relation to the behaviour and host immune reactions of rectal adenocarcinoma and would be a
useful tool for predicting patient prognostic outcome.

t has been argued that fibrotic stroma could represent an
attempt by the host to ward off tumour cells, thereby
exerting antagonistic biological forces. Alternatively, this
process may benefit the tumour, by neovascularisation and
impeding access to host lymphocytes, macrophages, and
other immune regulator cells.1 2 It has been demonstrated
that L-3,4-dehydroproline induced inhibition of the desmoplastic response leads to an increase in spontaneous
metastasis from experimental murine melanomas.2
Furthermore, the ability of tumour cells to induce a stromal
response in the host tissue was observed to be inversely
correlated with their metastatic potential in cloned Lewis
lung carcinoma cells.3
These reports support the hypothesis that the desmoplastic
response limits tumour aggressiveness and contradict the
concept that tumours eliciting the greatest desmoplastic
reaction behave more aggressively than those eliciting a less
pronounced response. The latter was noted not only in
colorectal cancer4 but also in other tumours, including breast
carcinoma,5 pulmonary carcinoma,6 cholangiocarcinoma,7
and skin squamous carcinoma.8 This contradiction suggests
that there are multiple processes in the desmoplastic reaction
which have opposing effects on cancer behaviour. It is
conceivable that such different processes may operate
independently during neoplastic growth and could simultaneously occur at different locations in the same tumour. In
order to understand such complex interactions between
neoplastic cells and the surrounding matrix, it is necessary to
examine not only the amount of fibrosis, which has hitherto
been the pathological index for stromal reaction, but also its
qualitative nature.

Fibrous connective tissue includes matrix components (for
example, fibronectin, interstitial collagens, elastin, and
glycosaminoglycans) and the cells responsible for matrix
synthesis (for example, fibroblasts, myofibroblasts, and
histiocytes).9 With due emphasis on these components, we
have identified histological features and made a histological
classification of fibrotic cancer stroma.10 The aim of the
present study was to verify the clinicopathological significance of our classification, through study of the relationship
of fibrotic cancer stroma to tumour behaviour, host cellular
reactions, and survival outcome after surgery using a data set
of patients with long term follow up.

MATERIALS AND METHODS
Patients
Survival analyses were performed on a series of rectal cancer
patients who underwent radical surgery at St Mark’s Hospital
between 1960 and 1980. The data set comprises 862 patients
with rectal adenocarcinoma (226 in the lower rectum, 250 in
the middle rectum, 317 in the upper rectum, and 69 at the
rectosigmoid junction). This data set does not include
patients with synchronous tumours or adenocarcinomas
complicating familial adenomatous polyposis or inflammatory bowel disease. Patients who died within one month of
surgery were also excluded. All tumours were confirmed
pathologically as penetrating through the bowel wall to reach
perirectal tissues. None of the patients received preoperative
chemotherapy or radiation therapy. All patients were
followed up until death or for at least five years; the average
follow up period was 140 months.
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Maturation of fibrotic cancer stroma. (A) Mature stroma; (B) intermediate stroma; and (C) immature stroma. Magnification 6100.

Criteria for histological categorisation of fibrotic
cancer stroma
Fibrotic cancer stroma was classified as mature when
composed of mature collagen fibres—that is, fine and
elongated fibres with fibrocytes stratified into multiple
layers—and intermediate when broad bands of collagen with
brightly eosinophilic hyalinisation, similar to those seen in a
keloid,10 were intermingled with mature collagen fibres
(fig 1). Stroma was classified as immature fibrotic stroma
when it consisted of randomly orientated keloid-like collagen
bundles surrounded by myxoid stroma (fig 1). Stromal
assessment in each case was made at the invasive frontal
zone in the muscular layer or mesorectum, and was classified
according to the most unfavourable stromal area (fig 2). The
stroma around aggregations of acute inflammatory cells,
which sometimes accompany gastrointestinal tumours
and have an effect on the stroma, was excluded from
consideration.

retrieval, sections were pressure cooked in a citrate buffer at
pH 6.0 on full pressure for three minutes. Slides were allowed
to cool and then sections were incubated in a 1:5 dilution of
normal horse serum. Sections were incubated for one hour
with mouse monoclonal antihuman CD3 (diluted 1:50 in
phosphate buffered saline; Dako, Carpinteria, California,
USA) or mouse monoclonal antihuman smooth muscle

Grading of tumour budding
The morphological features of known prognostic importance
such as tumour diameter, tumour type, differentiation, nodal
involvement, and extramural venous invasion had previously
been recorded in the pathological reports. In addition to these
parameters, tumour budding at the cancer front was chosen
as one pathological characteristic indicative of cancer
behaviour. An isolated single carcinoma cell or a carcinoma
cell cluster of fewer than five cancer cells, within the actively
invasive region, was defined as a budding focus.11 12 After
meticulous investigation to choose a field where budding was
most intensive, the number of budding foci was counted with
a microscopic field of 700 mm in diameter, as previously
reported.11 Numbers of 0–4, 5–9, 10–19, and .20 were scored
as I, II, III, and IV, respectively.
Immunohistochemistry
Representative specimen blocks embedded in paraffin wax
were serially sectioned at 5 mm in cases selected randomly
from each categorised group. One sectioned block of each of
the specimens to be studied was stained with haematoxylineosin to confirm maturation of fibrotic stroma. Among 50
cases examined, 20 tumours had mature fibrotic stroma, 17
tumours had intermediate fibrotic stroma, and 13 tumours
had immature fibrotic stroma. An immunostaining study was
performed using the labelled streptavidin-biotin technique.
Briefly, deparaffinised rehydrated sections were treated with
0.2% hydrogen peroxidase in methanol for three minutes to
block endogenous peroxidase. For non-enzymatic epitope
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Figure 2 Heterogeneity of fibrotic cancer stroma. Mature fibrotic
stroma shown in (B) (asterisk in (A)) and immature fibrotic stroma shown
in (C) (star symbol in (A)) are observed in a tumour. (A) Invasive frontal
area of a tumour. Assessment of maturation of fibrotic stroma was made
based on the region of the most immature stroma. (A) 62.7; (B) 650;
(C) 650.
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Figure 3 Localisation pattern of myofibroblasts in the reactive fibrous
zone. (A) Confined: myofibroblasts become sparse with increased
distance from the tumour (650). (B) Pervasive: myofibroblasts are
observed densely, diffusely, in the whole reactive fibrous zone (650).

actin (diluted 1:500 in phosphate buffered saline; Dako) at
room temperature. Biotinylated antimouse IgG (Vector,
Burlingame, California, USA) (1:200 dilution) was used as
the secondary antibody (30 minutes, room temperature).
Following a wash in phosphate buffered saline, the avidinbiotin complex complex (Vector) was added for 30 minutes
before the final DAB (Sigma-Aldrich, St Louis, Missouri,
USA) was applied to develop the peroxidase.
Distribution of T lymphocytes and myofibroblasts
By looking at the immunohistochemistry for the pan T cell
marker, CD3, we were able to assess the density of T cells in
the invasive frontal region. The number of immunoreactive
cells was counted within a microscopic field measuring
500 mm in diameter. Three areas with the most abundant
distribution were selected and the average number was
calculated. With regard to the distribution of myofibroblasts
identified by the antismooth muscle actin antibody, the
localisation pattern in the reactive fibrous zone surrounding
the cancer front was divided into two categories: A, confined;
and B, pervasive (fig 3).
Statistical analysis
Survival rates were calculated using the Kaplan-Meier
method, and comparisons were made by the log rank test.
After the process of categorisation, each clinical and
pathological variable was entered into a Cox’s proportional
hazard regression analysis to determine which parameter had
an independent effect on postoperative survival. All variables
except for cancer stroma and tumour budding had previously
been recorded in the pathological reports. The unpaired t test
was used to check for a correlation between categories of

Table 1

Mature

453

390

321

258

188

135

Intermediate

284

212

151

110

80

56

Immature

125

72

37

26

17

11

Figure 4 Kaplan-Meier estimates of cancer specific survival for 862
patients with rectal cancer penetrating the muscular layer, from the
combined data sets according to the maturation of fibrotic cancer stroma
(mature, intermediate, and immature). Note the correlation of patient
survival and maturation of fibrotic cancer stroma. p,0.0001 between
each group (log rank test).

fibrotic cancer stroma and the number of CD3 lymphocytes.
The association between categorised fibrotic cancer stroma
and tumour budding was analysed by Spearman’s test.
Maturation of fibrotic cancer stroma and distribution of
myofibroblasts were submitted to Mann-Whitney’s U test.
Statistical calculations were performed using StatView
ver.5.0 software (SAS Institute, Cary, North Carolina, USA).

RESULTS
Impact of maturation of fibrotic cancer stroma on
survival
In the data set, 52.6% of patients had mature fibrotic cancer
stroma whereas 32.9% had intermediate stroma and 14.5%
had immature stroma. The type of stromal reaction was not
influenced by the location of the tumour. Five year and
10 year survival rates were worst in the group with immature
stroma, better in the intermediate stroma group, and best in
the mature stroma group (fig 4). Cancer specific five year
survival rates for each group were 79.5%, 54.5%, and 27.2%,
respectively (table 1).
Correlation between maturation of fibrotic cancer
stroma and tumour budding
There was a statistically significant correlation between the
category of fibrotic stroma and the degree of tumour budding
(table 2). Higher scores of tumour budding were more
frequent in immature stroma. Because both variables had a
statistically significant impact on survival by multivariate
analysis (table 3), maturation of fibrotic cancer stroma and
tumour budding influence patient survival independently.

Survival values by maturation of fibrotic cancer stroma
Prognosis

Survival rate (%)

Maturation of
fibrotic cancer
stroma

No of patients

Cancer
death

Alive

Non-cancer
deaths

Dead: cause
unknown

Mature
Intermediate
Immature
Total

453
284
125
862

103
143
92
338

189
80
14
283

123
42
16
181

38
19
3
60

(52.6%)
(32.9%)
(14.5%)
(100%)

5y

10 y

79.5
54.5
27.2

74.5
45.2
20.8

In the data set of 862 patients, long term survival rates decreased in proportion to maturation of fibrotic stroma.
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Table 2 Correlation between maturation of fibrotic cancer stroma and degree of tumour
budding

Mature
Intermediate
Immature
Total

Score of tumour budding
I

II

III

IV

Total

300 (66.2%)
72 (25.4%)
8 (6.4%)
380

82 (18.1%)
59 (20.8%)
17 (13.6%)
158

48 (10.6%)
81 (28.5%)
36 (28.8%)
165

23 (5.1%)
72 (25.4%)
64 (51.2%)
159

453 (100%)
284 (100%)
125 (100%)
862

Values in the table represent case numbers.
r = 0.62; z = 18.08; p,0.0001 (Spearman’s test).

Table 3 Multivariate analysis on maturation of fibrotic cancer stroma and other
prognostic factors. Maturation of fibrotic cancer stroma was significant by multivariate
analysis
Variables selected*

Coefficient

SE

x2

HR (95% CI)

p Value

Nodal involvement
Intensity of tumour budding
Maturation of fibrotic cancer stroma
Tumour phenotype
Extramural venous invasion

0.51
0.62
0.35
0.34
0.32

0.08
0.13
0.09
0.10
0.11

43.01
21.64
16.38
11.46
7.83

1.67
1.85
1.41
1.41
1.38

,0.0001
,0.0001
,0.0001
0.0007
0.0051

(1.43–1.94)
(1.43–2.40)
(1.20–1.67)
(1.15–1.71)
(1.10–1.72)

*Only variables found to be significant in the model using a stepwise Cox regression model were included. The
variables analysed and their categories and scores were: (1) age (,60 = 0, >60 = 1); (2) maximum diameter of
tumour (,5 cm = 0, >5 cm = 1); (3) tumour phenotype (well = 0, moderate = 1, poor/mucinous = 2); (4) nodal
involvement (pN0 = 0, pN1 = 1, pN2 = 2); (5) extramural venous invasion (absent = 0, present = 1); (6) intensity of
tumour budding (score I/II = 0, score III/IV = 1); (7) maturation of fibrotic cancer stroma (mature = 0,
intermediate = 1, immature = 2).
HR, hazard ratio; CI, confidence interval.

DISCUSSION
Accumulation of knowledge regarding the extracellular
matrix suggests that an understanding of the mechanisms
underlying tumour cell invasion requires analysis of the
complex interactions between neoplastic cells and the
surrounding matrix.13 It has been argued that the process of
dedifferentiation and dissociation of neoplastic cells at the
invasive edge is the first and essential step in tumour
invasion.14 Based on the observation that this process is
always strictly confined to the tumour invasive front,
inductive signals from the host microenvironment were
thought to be involved in initiating and maintaining this
rapid and even reversible phenotypic shift through activating
or repressing the preformed genetic programme of tumour
cells.14 Conversely, collagen I protein in the centre of the
tumour, produced in the desmoplastic response, was reported
to be a microenvironmental factor which inhibits the
dedifferentiation process of the tumour.15 The concept of
maturation of fibrotic cancer stroma which we propose would
be compatible with this scenario; it has been shown to have a
significant correlation with the intensity of tumour budding—that is, histological dedifferentiation, including dissociation of cancer cells and the first step of invasion,16 which
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influences survival outcome in colorectal cancer
patients.11 16 17 Intermediate fibrotic stroma and immature
fibrotic stroma were practically confined to the tumour
invasive front in particular tumours; and the tumour centre
was composed of fine and mature fibres stratified into
multilayers (the mature stroma). Based on these findings,
intermediate and immature fibrotic stroma seem to be
transitory phenotypes which facilitate dedifferentiation of
cancer cells whereas mature stroma is a later and more stable
phenotype which may reduce the invasive activity of
neoplastic cells whether they are located in the tumour
centre or invasive front.
Univariate and multivariate analyses showed that the
categorised fibrotic cancer stroma significantly correlated
with patient survival outcome. Some modulators essential in
Cell count of CD3 lymphocytes

Correlation between maturation of fibrotic cancer
stroma and the distribution of T cells and
myofibroblasts
The average number of T cells was 404/500 mm diameter field
in the region of mature fibrotic stroma, compared with 221
and 107 in the regions of intermediate and immature fibrotic
stroma, respectively (fig 5).
Pervasive distribution of myofibroblasts was observed in
25% of tumours with mature fibrotic stroma compared with
47% in intermediate fibrotic stroma (table 4). On the other
hand, all tumours with immature fibrotic stroma demonstrated pervasive distribution of myofibroblasts.

1000

800

600

400

200

0
Mature

Intermediate

Immature

(n = 20)

(n = 17)

(n = 13)

Maturation of fibrotic cancer stroma

Figure 5 Correlation between maturation of fibrotic cancer stroma and
number of CD3 positive lymphocytes. Note that the number of CD3
lymphocytes decreases according to loss of maturation of the
surrounding stroma. Mature versus intermediate, p = 0.0002;
intermediate v immature, p = 0.0003; mature v immature, p,0.0001
(unpaired t test). Bar indicates SD.

Gut: first published as 10.1136/gut.2003.028365 on 11 March 2004. Downloaded from http://gut.bmj.com/ on November 21, 2019 by guest. Protected by copyright.

Maturation of fibrotic
cancer stroma

Categorisation of fibrotic stroma in rectal cancer

585

Table 4 Correlation between maturation of fibrotic cancer stroma and distribution of
myofibroblasts

Mature
Intermediate
Immature
Total

Localisation pattern of myofibroblast
Confined

Pervasive

Total

15 (75.0%)
9 (52.9%)
0 (0%)
24 (48.0%)

5 (25.0%)
8 (47.1%)
13 (100%)
26 (52.0%)

20
17
13
50

(100%)
(100%)
(100%)
(100%)

Values in the table represent case numbers.
U = 118.50; z = 23.76; p,0.0001 (Mann-Whitney U test)

tumour differentiation, cell migration, and tumour progression derive from fibroblasts.18–22 Taking into account the
difference in survival outcome and degree of tumour budding
between mature and intermediate fibrotic stroma, synthesis
of ‘‘keloid-like’’ collagen, which stained excessively with
anti-type 1 collagen antibody,10 might be presumed to
represent the deviant function of fibroblasts. It would
consequently seem that tumour behaviour and clinical
outcome can be mediated by the nature of the tumour
stroma.
Shürlch et al classified stromal reactions into three types
(precocious, synchronous, and late) in breast cancer in terms
of the relationship between the distribution of myofibroblasts
and location of the cancer front.23 Being different from breast
cancer, myofibroblasts were observed to precede carcinoma
cells into the reactive fibrous zone24 in rectal cancers (that is,
precocious type by Shürlch’s classification). The pattern of
localisation of myofibroblasts in the reactive fibrous zone
surrounding the invasive margin of the cancer was related to
the categories of fibrotic cancer stroma. Myofibroblasts were
distributed pervasively in the immature fibrotic stroma
whereas they were confined to just around the invasive front
in mature stroma and intermediate stroma in 75% and 53% of
cases examined, respectively. The myofibroblast has recently
been spotlighted because of its production of lytic enzymes
able to degrade the basement membrane surrounding
tumour glands, and its synthesis of the extracellular matrix
components in the tumour stroma, which could subsequently
alter the adhesive and migratory properties of epithelial
cancer cells.25
Although the decrease in lymphocyte infiltration in colorectal primary tumours has long been believed to correlate
with poor prognosis,26–28 the mechanism by which tumours
inhibit lymphocyte locomotion was not clear. Lieubeau et al
reported that myofibroblasts may prevent penetration of
immune cells within tumours, creating a physical barrier
against an immune reaction while promoting tumour growth
and progression, due to their contractile properties and their
associated extracellular matrix.29 The results of in vitro
experiments would also support our findings—namely,
T lymphocytes infiltrated less in immature fibrotic stroma,
where myofibroblasts were extensively distributed, than in
mature and intermediate fibrotic stroma. The above results
might suggest that immature fibrotic cancer stroma may
serve cancer as a ‘‘cocoon’’,30 hindering immune cells from
reaching tumours and facilitating the survival of neoplastic
cells. This could be an important reason for the poor
prognosis associated with immature stroma, which was
verified in our cohort of 862 cases.
To summarise, classification of fibrotic cancer stroma in
advanced rectal adenocarcinoma was made histologically,
and this could help our understanding of the role of the
fibrous stromal response in modulating tumour behaviour
and host immune reactions. We suggest that fibroblasts and
myofibroblasts, which are thought to represent two isoformic

transitions of a common ancestor cell that develop in
response to a functional demand or a change within the
microenvironment,23 determine the nature of the stroma. By
gaining a clear knowledge about the mechanisms which
establish intermediate and immature fibrotic stroma, it may
be possible to find new therapeutic strategies for limiting
tumour aggressiveness.
.....................
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