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Degree of differentiation in colorectal
adenocarcinomas: a multivariate analysis of the
influence on survival
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SUMMARY Three hundred and sixty eight resected colorectal adenocarcinomas were graded (WHO)
retrospectively and the results correlated with estimated length of patient survival. In 30 (82%) of the
tumours more than one degree of differentiation was found. Histological grade significantly
influenced survival time when other explanatory variables such as tumour site and stage, age, and sex
were adjusted for. The results suggested that three degrees of differentiation (well, moderate, and
poor) are sufficient for the grading of colorectal carcinomas, and that grading should be based on the
predominating degree of differentiation represented in the primary tumour.

The prognosis of patients with colorectal cancer is
predicted mainly on the basis of clinicopathological
staging and histological grading.' The degree of
differentiation of the tumour tissue has generally been
considered to reflect the grade of malignancy5 and is
the only histological variable that is used routinely for
tumour grading. Colorectal cancers, however, often
contain areas with different degrees of differen-
tiation.49 Unfortunately, no firm guidelines exist as
to the grading of such composite tumours, although
most pathologists probably are inclined to base their
grading on the most poorly differentiated area.4610

Little is known about the prognostic importance of
the quantitative association between areas of tumour
showing different degrees of differentiation. This
investigation aimed to study the influence of tumour
differentiation on survival in patients with colorectal
cancer. Special emphasis was placed on the impor-
tance of areas exhibiting different degrees of differen-
tiation in the primary tumour.

Material and methods

Histological material from 983 patients with colorec-
tal cancer, diagnosed between 1964 and 1978, was re-
examined by one of us (TBH) without knowledge of
clinical details." Data on sex, age, tumour site, tumour
size and clinical stage were retrieved from the clinical
and pathological reports. Tumour was resected in 599
patients, 409 of whom had adenocarcinoma.
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Patients who died from postoperative complica-.
tions (30 cases) were excluded from the study, as were
two cases in which histological grading could not be
performed, and nine patients above 85 years of age at
admission.
The mean ages of the remaining 368 patients were

65-9 (SEM 0 7) for the men and 63 2 (0-4) years for the
women (range 27 to 85 years).
The histological sections were stained with

haematoxylin and eosin and saffron. About three
sections from each tumour were examined. The
deepest infiltrating part of the tumour was represented
in at least one of the sections in every case, and in most
cases the transitional zone between normal mucosa
and the tumour edge was also studied. The rectangular
mounted sections measured between about I x 1 cm
to 15 x 3-0cm.

Histological grading was based on the degree of
differentiation defined by the World Health Organ-
isation's expert group on histological typing of intes-
tinal tumours:5 well differentiated (low grade malig-
nancy); moderately differentiated (average grade
malignancy); and poorly differentiated (high grade
malignancy) (fig 1). The presence and extent of areas
exhibiting each of these differentiations was scored
semiquantitatively for all sections taken from the
primary tumour as follows: 0 = absent; I = present
only in small areas; 2 = two or more degrees of
differentiation distributed equally throughout the tis-
sue; 3 = predominance of one type in most areas.
A set of three scores was obtained for the degrees of

differentiation in each tumour, and the tumours were
532
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divided into six different histological categories accor-

ding to the predominant degree of differentiation,
taking into account any smaller areas showing other
degrees of differentiation.
Category 1 well differentiated tumour present in all

areas.
Category 2 well differentiated tumour predominating

and smaller areas exhibiting moderate
differentiation.

Category 3 moderately differentiated tumour
predominating wth smaller areas exhibit-
ing well differentiated glands.

Category 4 moderately differentiated tumour
predominating and smaller areas exhibit-
ing poor differentiation.

Category 5 poorly differentiated tumour predominat-
ing and small areas exhibiting well or

moderate differentiation.
Category 6 well differentiated tumour predominating

and smaller areas exhibiting poor
differentiation.

For tumours in which different degrees of differen-
tiation were evenly distributed, the assessment was
based on the worst area.
To check the reproducibility of the histological

evaluation 154 random cases (38%) were drawn by
computer to appear twice during the review.

TUMOUR SITE AND CLINICOPATHOLOGICAL
STAGE
The tumours were assigned to one of two major
anatomical sites: colon (n = 225) and rectum (n =

143). Staging was performed retrospectively using the
Dukes classification.'2 Tumours with distant metas-
tases or local growth beyond the surgical borders (n =
52) were classified as advanced disease (also known as

"Dukes D"). Dukes A cases accounted for 16% of the
tumours, and two thirds of these lesions were located
in the rectum (table 1).

SURVIVAL DATA
Survival data for the patients in this series were

obtained from the files of the Cancer Registry of

Table I Tumour site by clinicopathological stage in 368
patients operatedfor colorectal cancer.

Clinicopathological stage

Tumour Advanced All
site Dukes A Dukes B Dukes C disease* stages

Colon
(No/%) 18(8) 108(48) 57(25) 42(19) 225

Rectum
(No/%) 39(27) 54(38) 40(28) 10(7) 143

All sites 57(16) 162(44) 97(26) 52(14) 368

*Denotes disease with distant metastases or local tumour growth
beyond surgical margins.
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Norway up to the end of September 1986. The causes
of death were taken from the death certificates. Death
due to colorectal cancer was used as the clinical end
point. Cut off was 85 years of age.
The survival function was estimated by the Cox

proportional hazards regression analysis,'3 as
implemented in the computer program BMDP2L.'4 By
means of a stepwise selection procedure this program
permits the identification of a subset of variables that
are significantly related to survival. In additioh to
histological grade defined by the six categories tumour
stage and site, age, and sex were also included as
explanatory variables in the model. Each explanatory
variable was examined by plots of the log minus log
survival function'" to check the validity ofthe assump-
tion of proportional effect on the risk function. As
tumour site, stage, and histological grade are defined
as categories rather than as "observed values", these
explanatory variables were coded by means of binary
"dummy" variables with the value of 0 or 1. Age was
measured in years. Stage was represented by three
binary covariates to circumvent the problem of scor-
ing this four level factor. The histological categories
were represented similarly by binary covariates.
Category 5 (poorly differentiated areas predominat-
ing) was selected as the "baseline grade" with which
the other categories were compared in the regression
model.
The overall survival time was calculated by the

product limit method of Kaplan-Meier as implemen-
ted in the computer program BMDP1L.'4

Cohen's K statistic'6 was used to test the agreement
of the histological evaluations:

K = P- Pe
I -P.

po is the observed proportion of agreement and pe is
the proportion to be expected by chance. Standard
error of K was estimated using the formula suggested
by Fleiss.'7 A value of K > +075 was taken as an
index of good agreement beyond chance expectation,
and a value of K < + 0 40 was regarded as poor. A
Table 2 Clinicopathological stage by histological category

Clinicopathological stage
Histo-
logical Advanced All
category Dukes A Dukes B Dukes C disease* stages

I (No/%) 6(26) 14(61) 1(4) 2(9) 23
2 (No/%) 16(17) 49(52) 22(23) 8(8) 95
3 (No/%) 30(18) 70(43) 39(24) 25(15) 164
4 (No/%) 1(3) 12(31) 18(46) 8(20) 39
5 (No/%) 3(7) 17(39) 16(36) 8(18) 44
6 (No/%) 1(33) 0(0) 1(33) 1(33) 3
All 57(16) 162(44) 97(26) 52(14) 368

Denotes.disease with distant spread or local tumour growth beyond
the surgical margins.
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Table 3 Regression coefficients with standard errors andp values in proportional hazards analysis.

Variable Regression coefficient (SE) Exp (coefficient) p value

Age 0-012(0 008) 1-01 012
Sex:
Male v female 0-190(0-161) 1-21 0-24

Tumour site:
Colon v rectum -0-776(0-163) 0.46 0 00

Stage:
Dukes B v Dukes A 1-189(0 332) 3-28 0 00
Dukes C v Dukes A 1 714(0 339) 5 55 0 00
Advanced disease v Duke A 2 419(0 358) 11-23 0-00

Degree of differentiation (Histological grade):
I v5 -1 645(0461) 0 19 000
2 v5 - 1550(0275) 021 000
3 v 5 -0.807(0.227) 0-45 0 00
4 v 5 -0 800(0 293) 0-45 0-01
6* v 5

*Omitted from the analysis because of few observations (n = 3).

value of K between + 0 40 and + 0 75 was taken as an
index of only moderate agreement.'8

Results

Areas with different degrees of differentiation were
found in 301 (82%) tumours. Well differentiated areas
were found in 293 (80%), moderately in 334 (91%),
and poorly in 86 (23%).
The overall measure of the intraobserver

reproducibility of the histological classification of the
154 random cases into six categories was K = + 070
(SE 0-05).
There was a trend for an increasing proportion of

moderately and poorly differentiated areas in advan-
ced stage tumours (table 2). The Cox analysis,
however, showed that histological grade represented
an additional explanatory factor with independent
prognostic influence (table 3).
The values of the regression coefficients for the

histological categories given in table 3 suggested a

Table 4 Regression of coefficients with standard errors and
relative risk with 95% confidence interval in final model of
proportional hazards analysis

Exp
(coefficient)

Regression (95%
coefficient confidence

Variable (SE) limits)

Tumour site:
Colon v rectum -0 813(0 160) 0 44 (0-32;0 61)

Stage:
Dukes B v Dukes A 1t185(0 331) 3 27(1 69;6-34)
Dukes C v Dukes A 1 700(0 336) 5-48 (2 80;10-72)
Advanced disease v 2-411(0-358) 11-14(5-45;22-81)
Dukes A

Tumour differentiation*:
Well v poor - 1544(0 262) 0 21(0 13;0 36)
Moderate v poor -0 782(0 219) 0 46(0-29;0-71)

*Grading based on the predominating degree represented in the
tumour.

gradually worsening influence on the prognosis from
category 1 onwards, category 5 being associated with
the highest risk. The pair ofcoefficients for categories 3
and 4 were nearly identical, and the difference between
the corresponding coefficients for categories 1 and 2
was only 0 11 (NS). Age and sex did not have any
significant influence on survival. In the final model,
therefore, the histological categories were grouped
according to the predominating degree of differentia-
tion represented in the tumours, and age and sex were
omitted as explanatory variables.

In the final model (table 4) the estimated difference
between the regression coefficients for (predominan-
tly) moderately differentiated tumours and
(predominantly) well differentiated tumours was 0-76,
which is significantly different from zero (p = 0-02).

Years after diagnosis

Fig 2 Estimated survivalfunction for patients with well
( W), moderately (M), andpoorly (P) differentiated rectal
tumours. Standardised to Dukes C lesions. Five year survivals
indicated.

Colorectal cancer differentiation 535
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The corresponding difference between (predominan-
tly) poorly differentiated and (predominantly)
moderately differentiated tumours was 0-78 (p
< 0.01). The relative hazard ratio was exp (- 078) =
0.46 for tumours classified as moderately differen-
tiated compared with poorly differentiated tumours.
The index for the overall reproducibility of this three
level grading was K = + 0.80 (SE 0.05).
Tumour stage was the major prognostic factor,

followed by histological grade and tumour site. The
risk of death in patients with colonic cancer was
estimated to be about one half (0.44) of the risk in
those with rectal cancer (table 4).
The estimated overall five year survival in this series

was 52.5 (SE 2.7)%. The influence of the histological
grade on the prognosis is shown in fig 2, which
illustrates the estimated survival functions for a
selected group of patients with Dukes C rectal
tumours.

Discussion

In colorectal carcinoma the loss of regular arrange-
ment of tumour cells, together with increasing cellular
atypia- and increasing number of mitoses are among
the features which, most pathologists consider, signify
a decreasing degree of differentiation and herald a
poorer prognosis,' or which serve as criteria for
further treatment after the histopathological examina-
tion of the surgical specimen.'9 The morphological
heterogeneity of colorectal carcinomas, however, is
well k'nown."9 In this study only 18% of the tumours
were monomorphic with regard to histological grade,
corroborating the observation by Qualheim and Gall,7
who found a consistent histological structure through-
out-the tumour in 27.7% of the cases in their series.
The heterogeneity of colorectal cancers and the lack

of firm guidelines for the grading of tumours exhibit-
ing areas with different degrees of differentiation may
explabi-.why some authors have found widely varying
proportions of histological grades when they com-
pared the-results from different laboratories,'` and it
may partly explain why only slight to moderate
interobserver agreement has been observed in
reproducibility tests.920
As far as tumour grading is concerned, the clone

selection concept for tumour spread2' would make it
logical to perform grading on the basis of "the worst
area" represented in the primary tumour, which
probably is the principle followed by most patholog-
ists. The design of the present study, however, enabled
us to evaluate the usefulness of an alternative principle
for tumour grading-namely, grading by the
predominating degree of differentiation.
As prognostic factors may be interdependent to a

greater or lesser degree, as for instance tumour stage

and histological grade in the present study, it is
important to consider that such partly interdependent
factors may not simply reflect one single biological
property. Age, sex, and tumour site are other examples
of possible prognostic factors that may be related to
each other as well as to tumour stage and histological
grade. Although histological grade was the variable of
primary interest in our study, we found it appropriate
to include other explanatory variables in the regres-
sion analysis model. A detailed discussion of the
assumptions and limitations of this statistical model,
however, is beyond the scope of this paper.
Some authors have commented on the presence of

inorderly and apparently poorly differentiated growth
at the advancing border of a tumour, and have
suggested that such areas should be ignored in the
grading of the tumour.4 This view is supported by the
observations in the present study which have shown
that quantitative relations between areas exhibiting
different degrees of differentiation may be of prognos-
tic importance. As small areas exhibiting a lower
degree of differentiation than the main part of the
tumour did not significantly worsen the prognosis
estimated on the basis of the predominating grade, we
conclude that histological grading in colorectal cancer
should be based on the predominating degree of
differentiation represented in the primary tumour.

We thank the staff at the Cancer Registry of
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Heim for technical assistance, and Mrs Sigrun 0rnsj0
for typing the manuscript.
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