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Association between invasiveness, inflammatory
reaction, desmoplasia and survival in colorectal cancer
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SUMMARY Five hundred and twenty seven colorectal carcinomas were reviewed histologically. A
multivariate analysis (Cox) was used to test the prognostic importance ofcertain histological features
(invasiveness, inflammatory reaction, and amount of fibrous tissue) at the tumour edge after
allowance had been made for clinicopathological stage, tumour site, and histological type and grade.
A poorly defined tumour border, lack of inflammatory reaction, and a pronounced fibrosis
(desmoplasia) at the tumour edge were associated with unfavourable stage distributions, but each of
these features also had an independent effect on prognosis.

Highly invasive or expanding growth have repeatedly
been shown to worsen the prognosis in colorectal
cancer." A pronounced inflammatory reaction in
the stroma at the tumour edge, on the other hand, has
often been associated with an improved prognosis.2"
Sometimes a pronounced peritumoural fibrosis
(desmoplasia) is observed. The biological role of this
feature has been debated.'2 '4

This study was undertaken to evaluate the prog-
nostic importance of invasiveness, inflammatory reac-
tion, and desmoplasia in colorectal cancer, and the
association between these morphological features and
other prognostic factors such as tumour stage, grade,
and site.

Material and methods

The histological material from 534 surgically removed
colorectal adenocarcinomas were re-examined blind
by one observer. The grading of these tumours
according to the predominant degree of differentiation
and their classification with regard to mucin content
has previously been reported'5 16 Signet ring-cell car-
cinomas were not graded. The tumours were categor-
ised by site-right colon, left colon, and
rectum.'7 Staging was performed according to Dukes'
classification.'8 Tumours with distant spread or
growth beyond the surgical margins formed a separate
stage designated "advanced disease", also known as
"Dukes D". The invasiveness of the tumour was
scored as follows: score 0= well defined border with
expanding growth; and score I= poorly defined
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border with pronounced invasive growth (fig 1).
The inflammatory reaction was assessed on the basis

of the general impression of the amount of inflam-
matory cells along the entire tumour edge away from
areas of frank abscess formation, and scored as
follows: score 0=prominent inflammatory infiltrate
(fig 2); and score 1 = inconspicuous inflammatory
infiltrate. No attempt was made to evaluate the
proportions of the various inflammatory cells unless
many eosinophils were observed, in which case the
infiltrates were classified as "eosinophilic". The
presence of abscesses was also noted separately.
Finally, the presence of perivascular collections
("cuffs") of lymphocytes7 was noted, even if they were

,-~~~~~
Fig 1 Colonic adenocarcinoma with pronounced invasive
growth and extensivefibrosis at the tumour edge.
(Haematoxylin-eosin-saffron.)
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Tumour edge in colorectal cancer
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Fig 2 Colonic adenocarcinoma with pronounced
inflammatory reaction including perivascular lymphocytic
cuffs at tumour edge. (Haematoxylin-eosin-saffron.)

located at some distance from the tumour margin itself
(fig 2).
The amount of fibrous tissue was assessed at the

advancing tumour edge and was scored as follows:
score 0=little or moderate amount of fibrosis; and
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score 1 = desmoplasia, with extensive fibrosis account-
ing for at least an equal amount of tissue as the
carcinoma itself (fig 1).

Seven cases in which histological assessment could
not be performed were excluded. Five hundred and
twenty seven tumours from 271 men and 256 women
remained. The mean ages were 66-0 (SEM 0-6) and
64-7 (0 7) years for men and women, respectively.

Survival data for the patients in this series were
obtained from the files of the Cancer Registry of
Norway up to the end of September 1985. Death due
to colorectal cancer was used as the clinical end point.
Cut offwas 85 years of age. The survival function was
estimated by Cox's proportional hazards regression
analysis'9 using the computer program BMDP2L,/ as
explained in detail in a previous report.'5

Cohen's K statistic2' was used to estimate the
reproducibility of the histological evaluations in 212
randomly selected cases.

Results

The stage distributions were more favourable in
tumours with a well defined border, prominent inflam-
matory reaction, eosinophilia and lack of definite

Table 1 Stage distribution by tumour border characteristics in 527 colorectal carcinomas

Clinicopathological stage (%)

Twnour border No of Dukes' Dukes' Dukes' Advanced
characteristics cases A B C diseaset

Well defined border 393 18 50 19 13
Poorly defined border 134 1 34 45 20
Inflammation+* 181 20 48 19 13
Inflammation- 346 10 44 30 16
Lymphocytic cuffs+ 345 13 48 26 13
Lymphocytic cuffs- 182 15 42 26 17
Eosinophilia+ 26 35 35 27 3
Eosinophilia- 501 12 47 26 15
Abscesses+ 97 12 56 13 19
Abscesses- 430 13 44 29 14
Desmoplasia+ 353 7 46 31 16
Desmoplasia- 174 26 46 17 1 1

All 527 13 46 26 15
* + signifies "prominent" or "conspicuous" - signifies absence. tDenotes distant spread or tumour growth beyond surgical margins.

Table 2 Growth pattern at tumour edge according to overall histological grade (percentages in parentheses)

Histological grade

Well Moderately Poorly
Growth differentiated differentiated differentiated All grades

Well defined border 155 (89) 209 (75) 21 (32) 385 (75)
Poorly defined border 19 (11) 68 (25) 44 (68) 131 (25)

All 174 277 65 516*

*Eleven signet ring-cell carcinomas were excluded from this table.
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Table 3 Inflanmatory reaction and desmoplasia according
to growth pattern at the tumour border in 527 colorectal
carcinomas

Growth pattern at the tumour border:

Well Poorly
Inflammatory reaction defined defined
and desmoplasia border border p- Value$

Inflammation+* 162 19 <000001
Inflammation- 231 115
Lymphocytic cuffs+ 266 79 > 0-05
Lymphocytic cuffs- 127 55
Eosinophilia+ 26 0 < 0-005
Eosinophilia- 367 134
Abscesses + 83 14 <0-01
Abscesses - 310 120
Desmoplasia+ 240 113 < 0-0001
Desmoplasia- 153 21

* + signifies "prominent" or "conspicuous". - signifies absence.
$Based on x2 test with one degree of freedom.

desmoplastic reaction than in tumours with
"opposite" characteristics (table 1).
Tumours with poorly defined border were less

differentiated than their well defined counterparts
(X2= 80-74; df= 2; p < 0-0001) (table 2). None of the
other tumour border characteristics were significantly
correlated with histological grade (data not shown).
Only one of 11 (9%) signet ring-cell carcinomas

exhibited a pronounced inflammatory reaction com-
pared with 180 of 516 (35%) of the others (p < 0.01).
Desmoplastic reaction was found in only two (18%) of
the signet ring-cell carcinomas compared with 351 of

Table 4 Final model in proportional hazards regression
analysis

Relative
Regression risk (95%
coefficient confidence

Explanatory variable (SE) limits)

Tumour site:
Left colon v right colon 0-678 (0-219) 1-97 (1-27; 3-05)
Rectum v right colon 1-289 (0-222) 3-63 (2-33; 5-65)

Clinicopathological stage:
Dukes' B v Dukes' A 0-662 (0-282) 1-94 (1-10; 3-41)
Dukes' C v Dukes' A 1-118 (0-294) 3-06 (1-70; 5-51)
Advanced disease v Dukes' A 1-782 (0-306) 5-94 (3-22; 10-96)

Histological grade:
Moderate v well differentiation 0-406 (0-165) 1-50 (1 -08; 2-09)
Poor v well differentiation 1-135 (0-226) 3-11 (1 98; 4 89)

Histological type:
Signet ring-cell carcinoma v 1-735 (0-475) 5-67 (2-19; 14-66)
adenocarcinoma

Tumour border characteristics:
Poorly defined border 0-495 (0-152) 1-64 (1-21; 2-23)
Lack of prominent inflammatory 0-363 (0-160) 1-44 (1-05; 1-98)

reaction
Lack of perivascular 0-381 (0-137) 1-46 (1 -1 1; 1-92)

lymphocytic cuffs
Desmoplastic reaction 0-450 (0-166) 1-57 (1-13; 2-19)

Halvorsen, Seim

Years after diagnosis

Fig 3 Estimated survivalfunctiotn for patients with tumours
exhibiting a well defined border with prominent inflammatory
reaction, including perivascular cuffs and no desmoplasia
(baseline characteristics), andpatients in whom
corresponding unfavourable characteristics are operating in
concert. Standardised to moderately differentiated Dukes'
class B rectal cancers. Proportion survivingfive years
indicated.

516 (68%) for the other tumours (p < 0.001). The
proportion of tumours with a poorly defined margin
and the prevalence ofperivascular "cuffs" were similar
in signet ring-cell carcinomas and other tumours.

Sex and tumour site were not associated with any of
the tumour border characteristics except that perivas-
cular cuffs were found in 180 of 256 (70%) of the
tumours in women compared with 165 of271 (61 %) of
those in men (p < 0-05).
A prominent inflammatory infiltrate, many eosino-

phils, abscess formation, and lack ofdesmoplasia were
significantly more common in tumours with well
defined borders than in those with poorly defined
borders (table 3). Perivascular lymphocytic cuffs were
not related to the growth pattern. Such cuffs, however,
were found in 144 of 181 (80%) of the tumours with
prominent inflammatory reaction at the tumour
border, compared with 201 of 346 (58%) of those with
inconspicuous inflammatory reaction (p < 0-001).
The K indexes of reproducibility ofthe evaluation of

the tumour border characteristics were in the range
0-73 to 0-86 (with 95% confidence intervals ranging
from 0-63 to 0-94), except for the evaluation of
eosinophilic infiltrates, for which K was 0-39 (with the
95% confidence interval ranging from 0-03 to 0-75).
Although several of the tumour border charac-

teristics were correlated with clinicopathological stage
(table 1) and in some ways were inter-related (table 3),
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Tumour edge in colorectal cancer 165
the results presented in table 4 show that a poorly
defined tumour border, desmoplastic reaction, lack of
a conspicuous inflammatory infiltrate and lack of
perivascular lymphocytic "cuffs" each independently
implied an increase in risk ofdeath by a factor ofabout
1[5 compared with the corresponding baseline charac-
teristics. Clinicopathological stage, though, had the
strongest influence on prognosis.
The variables of sex, age, amount of mucin content

in the adenocarcinomas, eosinophilia of the inflam-
matory infiltrate, and abscess formation had no
significant independent influence on the survival.
The overall five year survival (Kaplan-Meier

estimate) in the series was 53 7% (with the 95%
confidence interval ranging from 49-1 to 58-3%). Fig 3
illustrates the influence on the estimated survival
function of the tumour border characteristics studied
in this series.

Discussion

This study shows that invasiveness and other histo-
logical variables which may have prognostic impor-
tance in colorectal cancer are often associated with
each other, as well as with clinicopathological stage.
The complexity of these associations requires multi-
variate analyses to be carried out to determine whether
the variables may have an independent influence on
prognosis and to evaluate their importance. Cox's
proportional hazards regression analysis has
corroborated the data obtained in recent, large multi-
variate analyses of rectal cancer4e in which an
irregular growth pattern at the tumour border and a
scanty lymphocytic infiltration were independently
associated with a poor prognosis.

Despite numerous studies that have characterised
the cellular composition of the inflammatory infil-
trates surrounding colorectal cancers, the biological
role of the individual cell types remains unclear.39 22-24
Jass suggested that the lymphocytic infiltration in
colorectal cancer reflected a conservation of the
normal interactive traffic between epithelium and
mucosa-associated lymphoid tissue, and signalled a
low grade growth.'"

Pihl et al regarded perivascular lymphocytic cuffs as
a beneficial immunomorphological feature,7 although
there are no direct observations to indicate that the
lymphocytes of the cuffs are actively defensive. Our
study suggests that such cuffs have an independent
beneficial influence on the prognosis, but our findings
do not explain the mechanisms of this effect. It is
tempting to hypothesise that leucocytes and macro-
phages attracted by chemotaxis (from infection and
tumour necrosis) might benefit the host resistance
through non-immunological attack on tumour cells.
In this study, however, we were unable to find any

prognostic importance for abscess formation.
Eosinophilic infiltrates in carcinomas of the colon

have been reported to be associated with an improved
prognosis.25 We were unable to find any independent
prognostic influence of eosinophilic infiltrates. The
reproducibility of this part of the histological evalua-
tion, however, was poor.
Tumour desmoplasia is a common feature in several

malignant human tumours-breast, bowel, and pros-
tate cancer. Jass could not find any prognostic
influence for tumour fibrosis in rectal cancer.'0 By
contrast, the results of our study suggest that tumour
desmoplasia is an independent prognostic variable
which may increase the risk of death by a factor of
about 1-5 compared with tumours with little or no
fibrosis.

Martin et al reported a beneficial effect of fibro-
blastic reaction in colonic cancer in rats and suggested
that fibrous encapsulation could have a role in the
mechanism of tumour regression.'4 Others have
argued that such an encapsulation might benefit the
tumour by reducing access by host immune cells. 2 Our
results favour the latter view.

Jass and Morson have recently proposed a system of
prognostic categorisation for colorectal cancer which
takes heed of the clinicopathological stage, as well as
the character of the invasive margin, and the presence
or absence of a conspicuous peritumoural lympho-
cytic infiltrate.26 We suggest that the degree of
peritumoural fibrosis (desmoplasia) and the presence
or absence of perivascular lymphocytic cuffs give
additional information about prognosis in colorectal
cancer.
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