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Tumour differentiation grade is associated with TNM staging and the
risk of node metastasis in colorectal cancer

KRISTOFFER DERWINGER, KARL KODEDA, ELINOR BEXE-LINDSKOG &
HELENA TAFLIN

Gothenburg University/Sahigrenska Academy, Department of Surgery, Sahlgrenska University Hospital/Ostra,
Gothenburg, Sweden.

Abstract

Aim. The tumour differentiation grade has been shown by numerous multivariate analyses to be a stage-independent
prognostic factor in colorectal cancer. The aim of this study was to explore the importance of differentiation grading for
the staging of colorectal cancer and how it relates to the components of the TNM system. Material and methods. The study
was a retrospective single-centre analysis of all patients undergoing surgical resection for colorectal cancer during the
period 2002-2007 (n=1239). The clinical parameters and pathology data of overall stage, differentiation grade, local
tumour (T)-stage and metastasis status (M-stage) were included as well as the lymph node count of both assessed and
metastatic nodes. The differentiation grade was correlated with demography, overall stage and each component of the
TNM staging system. The correlation between differentiation grade and N-stage was also explored for the separate
T-stages. Results. The tumour differentiation grade correlated significantly with the overall TNM stage (p<0.0001).
The grade significantly correlated with the T-stage and the risk of having lymph node metastasis (p <0.0001). A high
grade was associated with a higher positive lymph node count in stage III disease (p <0.0002). For the T-stages, the risk
of node metastasis was significantly linked to the tumour grade. A low grade (G1) T2 had a 17% risk of lymph node
metastasis compared to a 44% risk for a high grade (G4) T2. Conclusion. Tumour differentiation is an important prog-
nostic factor. It correlates significantly with the overall stage of the TNM system and also to each of its components. The
risk of having lymph node metastasis for each T-stage also correlates with the tumour grade. The findings can be of
importance in postoperative risk assessment or when considering local resection procedures like TEM.

Cancer is a heterogeneous genetic and biological
disorder [1]. Still, the classification is most com-
monly based on tumour anatomy. The most widely
used system for cancer staging is the TNM tumour
classification system [2,3]. It takes into consider-
ation the main parameters of local growth, regional
lymph node involvement and presence of distant
spread. It is systematic and well established. It is
also constantly being refined and is currently in its’
sixth edition. With the increasing understanding of
cancer pathology, additions have been suggested to
the original three components. Such features, like
lymphatic or vascular invasion and tumour budding,
can at times be seen in pathology reports and are
suggested to have prognostic value even if their true
role is yet contested [4,5].

Another such factor is the tumour differentia-
tion grade or the synonymously used histological
grade. The grade is a factor that at least in part
accounts for the tumour biology and thus the char-
acteristics of the cancer. An often criticised problem
of the histology grading is the possible subjectivity
and inter-observer variability. Efforts have been made
towards a standardised definition and there is a
WHO standard. This standard has been adopted by
the Swedish Association of Pathology and is incor-
porated into their quality documents where the
grades also are defined (KVAST) [6]. The grading
is based on the degree of gland formation, and thus
the resemblance to the original tissue, and ranges
from well (G1) to poor (G3) or even undifferenti-
ated (G4) as described in Table 1.
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Table I. Differentiation grade definitions, distribution and demography.

Positive nodes Proportion stage IV

Definition Distribution Age in stage IIT * (M1) at diagnosis **
Gland formation median (interquartile

Differentiation grade in percent n (%) range) mean (range) n (%)
Well Gl >95% 55 (4.4%) 73 (59-80) 1.6 (1-5) 3 (5.5%)
Medium G2 >50% 914 (73.8%) 70 (61-78) 3.4 (1-20) 104 (11.4%)
Poor G3 <50% 216 (17.4%) 71 (61-78) 5.0 (1-31) 34 (15.7%)
Undiff G4 <5% 54 (4.3%) 66 (59-78) 3.8 (1-15) 9 (16.7%)
Total NA 1239 71 (61-78) 3.9 (1-31) 150/1239 (12.1%)

“ANOVA, p<0.0002
“Likelihood ratio, p<0.001

The tumour differentiation grade is, according to
several multivariate analyses, a stage-independent
prognostic factor in colorectal cancer where a high
tumor grade is an adverse prognostic factor [7-9].
The grade also correlates to the frequency of lymph
node metastasis in stage III colon cancer [10]. The
hypothesis was that the differentiation grade can
affect both the overall TNM stage and each of its
specific components. The aim of this study was to
explore the importance of the differentiation grade
for the staging in colorectal cancer and how it relates
to the factors of the TNM system. A secondary aim
was to study eachT=stage and the risk of having lymph
node metastasis in relation to the tumour grade.

Material and methods

The study was carried out as a retrospective analysis
at a high volume university hospital. All patients
treated with full surgical resections for colorectal can-
cer during the period 2002-2007 were included into
the study (n=1 239). Local resections and polyp
cancer-cases were not included. Clinical parameters
such as gender, age, diagnosis and tumour location
were retrieved along with data on types of treatment
including possible emergency procedures. The pathol-
ogy data of overall stage, differentiation grade, local
tumour (T)-stage and metastasis status (M-stage)
were also included as well as the lymph node status
of both assessed and metastatic nodes (N-stage). The
differentiation grade was first correlated to diagnosis,
treatment and general demographic factors. Subse-
quently, it was correlated to overall stage and to each
component of the TNM staging system. Lastly, the
correlation between the T-stage and the N-stage was
related to the differentiation grade.

Statistical analysis

SPSS 13.0 software was used for the statistical
analysis and the graphs are from the JMP 4.0/SAS
(SAS institute) software. The data was analyzed by

distribution statistics and ANOVA for parametric
data. For the non-parametric data contingency tables
with the 2 (Pearson or Linear association) test were
used. The confidence level was set at 95%.

Results
Patients and trearment

The median age of the patients in the study was
71 years. There was an even gender distribution.
Eight hundred and eight patients (65.2%) were
treated for colon cancer, with a right hemicolectomy
being the most common procedure. Four hundred
and thirty one patients (34.8%) were treated for rec-
tal cancer with TME (total mesorectal excison) as
the predominant procedure. Two hundred and twenty
three of rectal cancer patients were treated with
short-term 5 X 5 Gy preoperative radiotherapy. A
total of 154 patients (12.4%) were subject to emer-
gency surgery. The overall stage distribution and the
demography are presented in Table II.

Stage and demography

The grade prevalence is detailed in Table I with G2
being most common. There was no correlation
between the differentiation grade and the tumour

Table II. Patient demography.

Age -median (interquartile range) 71 (61-78)

Gender -n (%) Male 626 (50.5%)

Female 613 (49.5%)

Colon 808 (65.2%)
Rectum 431 (34.8%)

154 (12.4%)

1129 (10.4%)
II 447 (36.1%)
III 513 (41.4%)
IV 150 (12.1%)

Diagnosis -n (%)

Emergency procedures -n (%)

Stage distribution -n (%)




Tumour differentiarion grade and the risk of node metastasis 59

Cancer
stage I.IV
0.50

0.25

0.00

Gl G2

G G4

Figure 1. Overall TNM stage by tumour differentiation grade
(p<0.0001).

location, diagnosis, age or gender. The median
number of assessed lymph nodes overall was 16
(4-101). A lower node assessment rate was assocCi-
ated with preoperative radiotherapy (p<0.01) and
disseminated (stage IV) disease at time of surgery
(p<0.01). There was a significantly higher risk
associated with emergency surgery of having higher
grade tumours (p <0.002). The tumour differentia-
tion grade correlated significantly with the overall
TNM stage (p<0.0001). A higher grade was more
likely to correspond with a worse overall stage as
shown in Figure 1. The grade also significantly corre-
lated with the T-stage: a high grade being more likely
to have a high T-stage (p<<0.0001) (Figure 2).
As indicated by the overall stage, there was a significant
correlation between the grade and the risk of having
distant metastasis and thus the M-stage (Table I).

Grade and risk of node metastasis

A higher tumour grade correlated with a higher
risk of having lymph node metastasis (p <0.0001)
(Figure 2). In stage III disease, a higher tumour grade
was significantly associated with a higher count of

T-stage 1-4
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0.50 -
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tumour involved lymph nodes (p < 0.0002) and thus
also of having a N2 node status (Table I). The risk
of node positivity was also dependent upon the local
T-stage. For each T-stage, the risk of node metastasis
was significantly correlated to the tumour grade
(Figure 3). TheT1 cancers were rare in our material
and few had node metastasis. In T2 the overall risk
of node metastasis was 21% (36/171).The low grade
(G1) T2 had a 17% risk compared to a 44% risk
with high grade (G4, p<0.04).The overall G1 prev-
alence was 4.4% (Table I) whilst inT2 9.9% (n=17).
The high grade tumours (G3/4) had a markedly
increased risk of having more than three positive
nodes and thus being N2 status. Also in T3/4
tumours the risk of node metastasis was associated
with the tumour grade (p <0.001). In 192 patients,
the T-stage was described but not stated. They were
treated as a separate unit to avoid misinterpretation
bias and had a significant correlation between grade
and N-status (p<0.01).

Discussion

The anatomical extent of the disease is the founda-
tion for the TNM classification and staging system
and thus related to the survival prognosis [11].
The differentiation grade is a biologically oriented
compliment to the system. In our material, the
grade was significantly associated with both the over-
all stage and with each of the main three TNM-
components. This finding could support the
hypothesis of a connection between the more bio-
logically oriented grade and the tumour anatomy.
The risk of lymph node metastasis has previously
been described by several authors. With focus onT'1
and T2 tumours the risk has been suggested to be
10-14% and 17-18% respectively [12,13]. Another
step for further risk analysis has been the division of
the T1 into the submucosal thirds, i.e. the sm1-3

N-stage 0-2

0.75 1

0.50

0.25 +

0.00

Gl G2 Gy &4

Figure 2. The local tumour (T) stage (p<0.0001) and the regional lymph node (N) stage (p<0.0001) by tumour differentiation

grade.
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Figure 3. The prevalence of the node metastasis, N-status (NO-2) described by T-stage (1-4) and tumour differentiation grade (G1-4)

grading, which can then correlate with the risk of
node metastasis [14-16]. Choi et al. also reported
the cell differentiation as being associated with the
risk for node metastasis [14]. Our finding of the
close correlation between node status and both
T-stage and differentiation concurs with the previ-
ous findings. Also, the findings could aid in clarify-
ing the interaction and interdependency between
the different factors.

The risk of node metastasis is also of concern in
relation to the reliability of the overall staging and
the distinction between stages II and III. The staging
affects the use of adjuvant chemotherapy which in
Sweden is employed in stage III whilst debated for
high risk patients of stage II [17]. In identifying the
high risk patients there are factors to be considered
of which the lymph node assessment itself is one [18].
Even when meeting the assessment standard of 12
lymph nodes there is a risk of a missed positive node,
thus an understaging and failure to administer ben-
eficial adjuvant chemotherapy. The data in this mate-
rial, where high grade tumours of T-stage 3 or 4 had
a risk of node metastasis as high as 60-85% (Figure 3)
could give some support to consider the grade as a
possible risk factor in this context.

The information could also be of importance
when considering the use of neoadjuvant chemo-
therapy. The preoperative work-up can in many
instances provide important data. The degree of
bowel wall penetration (I-stage) can be assessed
with CT/MRI or endorectal ultrasound techniques.
A tumour biopsy sample can not only confirm the
diagnosis, but also give a hint of the grade. Com-
bined, the data could hypothetically help identify
patients at high risk for node metastases that could
benefit from this mode of treatment. Yet another
setting for preoperative decisions is the question of
performing local resections for rectal cancer. With
the transanal endoscopic microsurgery (TEM) pro-
cedure there is a possibility of full excisions in the
rectum [19]. Whilst the advantage is a faster recov-
ery the drawback is risk of recurrence and the
lack of information on the lymph node status [20].
However, for selected patients, local resections can

be an option if the alternative procedure to TME
surgery would carry too high a perioperative risk
[21,22]. Our data could support the practice of local
procedures for low grade T'1 or even T2 cancers, in
selected patients, as the risk of node involvement
is very low. It should also be clearly noted that the
high grade tumours do carry greater risk for node
metastasis even for a T2 tumour and thus are not
suitable for local procedures.

A problem with the histological grading of col-
orectal tumours is that it carries some measure of
subjectivity and thus is susceptible to interobserver
variability [7]. The subjectivity and imprecision in
grading may also be related in some degree to tumour
heterogeneity. There are structural variations within
a tumour. The highest grade found should determine
the overall grading, but as tumours can contain het-
erogenous tissue, sampled areas may not represent
the highest grade present. However, the same criti-
cisms could apply to practically all components of
the TNM system. The T-stage can differ by a single
cell layer and the N-stage is challenged by variables
such as the adherence to quality standards and node
identification as well as the current discussion on
micrometastasis [23]. Therefore, in our opinion, the
characteristics and grading classification should not be
dismissed on those grounds, but rather be further
refined by progressive cooperation with pathologists. A
simpler dichotomous system (i.e., low grade and high
grade) has been suggested by a multidisciplinary col-
orectal working group of a consensus conference spon-
sored by the College of American Pathologists [24].
However, we believe that some important distinc-
tions could be lost in the process. An example would
be the low risks associated with low grade tumours
and the possibility of identifying patients suitable for
local resections. A recent study has also been pub-
lished on the undifferentiated tumours and their
prognosis [25]. Although they carry a worse progno-
sis, the data in our material does not fully support
integration with the poor differentiation of G3. As
shown in Figures 1-3, the undifferentiated G4 might
be more similar, in relation to the TNM-staging,
to the medium differentiated G2 than the G3.
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This could challenge the use of the grade as an ordi-
nal data parameter with the G4 hypothetically being
a separate entity.

We believe that this material shows that the
tumour differentiation grade is an important prog-
nostic component, which correlates strongly with the
three main variables of the TNM tumour classifica-
tion system. An important finding is that the risk of
having lymph node metastasis is correlated not only
with the T-stage, but also with the differentiation
grade. In the study we chose not to analyze for sur-
vival since it can depend on several other factors,
such as performance status and treatment eligibility.
The factors of the TNM system could in this case be
seen as surrogate prognostic markers. As shown
the grade correlates with both overall stage and
degree of node metastasis and will thus be linked to
the survival overall (foremost in stage III/IV). Among
the weaknesses of the study are that it is retrospective
and the relatively low number of assessed patients.
The low prevalence of low grade tumours in the
material weakens the results for T2 cancers. Yet, we
believe that the findings are of importance and it
would be interesting to see if the data can be strength-
ened by other centres and studies. In our opinion,
the drawbacks are balanced by the fact that the
patient material is a consecutive unselected series.
As it is a single centre material, all patients have been
treated along the same guidelines and with a consis-
tent and thorough follow-up. This also concerns the
pathology service, where the staff are trained and
assessed along the same guidelines. As nodes were a
studied factor the node assessment was important
and with a median of 16 assessed nodes international
standards were well met.

Conclusion

The tumour differentiation is an important prognos-
tic factor. It correlates significantly with the overall
stage of the TNM system and also to each of its
components. The risk of having lymph node metas-
tasis for each T-stage also correlated significantly
with the tumour grade. The findings can be of impor-
tance in the postoperative risk assessment for adju-
vant chemotherapy. Another possible implication is
in preoperative investigation and when considering
TEM procedures for rectal cancers.
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