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Abstract
Objective: To assess the importance of clinical and histopathological features in the risk stratification of resected
colorectal cancer and their utility as indicators of the need for adjuvant therapy.
Methods: Prospectively collected data was analysed from 524 consecutive cases of colon and rectal cancer
resected by a single surgical team with a median follow up of 49 months. Multivariate analysis was used to
determine clinical and pathological features that independently predicted cancer related death and their relative
importance.
Results: Pathological features associated with an increased risk of cancer related death were the presence of
metastatic disease, penetration of the bowel wall, lymph node status, perineural invasion and vascular invasion.
Emergent surgery was the only clinical feature to predict cancer related death. Adjuvant chemotherapy significantly
improved the survival of colorectal cancer patients whose tumours demonstrated either vascular or perineural
invasion.
Conclusions: Vascular and perineural invasion and emergent surgery are independent and significant predictors
of death from colorectal cancer. Adjuvant chemotherapy improved the survival of patients whose tumours
demonstrated vascular or perineural invasion. The components of TNM stage alone do not provide enough
information on which to make decisions on the utility of adjuvant chemotherapy.
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Introduction
Histopathological assessment of the surgical specimen in colorectal
cancer (CRC) remains fundamental to risk stratification and
assessment of the relative merits of the use of adjuvant chemotherapy.
Tumour stage, as assessed by depth of penetration of the bowel wall,
and the status of the draining lymph nodes form the basis of stage
definition in all bowel cancer staging systems with the exception of the
Jass system [1-4].
TNM stage alone however provides at best an inexact guide to
prognosis [5,6]. Fifty percent of Stage III cases are cured by surgery
alone while up to twenty percent of stage II cases will die of colorectal
cancer [7,8]. TNM Stage by itself is clearly an imprecise prognostic
tool and decision making with regard to the use of adjuvant therapy
may be improved by incorporation of other clinical and pathological
factors of quantified importance.
In addition to tumour stage a number of other clinical and
pathological variables have been shown to have prognostic
significance. Emergent surgery, perioperative blood transfusion and
male gender are clinical factors that have been variably reported to
adversely affect prognosis [9-12] whereas, number of nodes examined,
vascular invasion (VI), poor differentiation, perineural invasion (PNI),
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mucinous tumour type and tumour extension outside involved lymph
nodes are pathological features reported by some authors to worsen
prognosis in any given stage [13-18]. The reported incidence of these
variables and their relative importance varies widely in the surgical
literature.
In order to test the contribution of the clinical and pathological
variables in resected colon and rectal cancer a comprehensive range of
variables were prospectively recorded for bowel cancer resections in a
colorectal unit over a thirteen year period. Their influence on cancer
specific survival and the utility of adjuvant chemotherapy was
assessed.

Methods
A prospective electronic database (EPI INFOTM, CDC Atlanta,
Georgia, USA) was used to record the details of all patients treated
with colorectal cancer. The clinical and pathological variables,
treatment received and the short and long term outcome of patients
treated for colorectal cancer in a tertiary unit from January 1997 to
June 2011 were prospectively collected and analysed.
Pathology reporting of resected colorectal cancers incorporated a
synoptic reporting system to reliably capture pathological variables. In
a small number of cases in which the original pathology report omitted
PNI and VI status the pathologist was requested to submit a
supplementary report incorporating these features.
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Patients were operated on by, or under the supervision of, the
senior author. The clinical outcome of all patients was determined
from ongoing clinical review, by telephone interview with the patient
or their general practitioner, from the death certificate or national
patient database after discharge from surgical follow up.
Cancers were recorded as being colon or rectal, with tumours at the
rectosigmoid junction being grouped with colon cancers. Operations
performed outside an elective list were classified as emergent. Total
mesorectal excision (TME) was performed for all mid and lower third
rectal cancers. Latterly all treatment decisions have taken place in a
multidisciplinary team (MDT) setting. Perioperative blood transfusion
was defined as any transfusion within two weeks of the operation date.
Patients referred with recurrent tumours, or those who did not
undergo a resection of the primary tumour were excluded from
analysis. Patients were staged according to the TNM and Australian
Clinicopathological Staging Systems (ACPS). In patients with
synchronous tumours the more pathologically advanced lesion was
used to classify the tumour. Patients subsequently treated for
metachronous colorectal cancers were analysed on the clinical and
pathological criteria of the index cancer.
Postoperative surveillance consisted of three to six monthly clinical
review, three monthly CEA estimation, colonoscopy at one and
subsequently three year intervals. Regular imaging was reserved earlier
in the study for high risk cases, or to investigate a rising CEA and
more recently as a routine at one year and two and a half years
following resection.
In order to determine the relative importance of each clinical and
pathological variable the individual components of TNM stage;
penetration of the bowel wall, lymph node involvement and the
presence or absence of metastatic disease were assessed alongside the
non-stage related pathological factors and clinical factors.
A Cox proportional hazard model (SAS, SAS Institute Inc, Cary,
North Carolina, USA) was used to identify independent risk factors
and the strength of their association (Hazard ratio with 95%
confidence intervals) with cancer related death. The log rank test was
used to compare survival probabilities.

Results
Over a fourteen year period, from January 1997 to June 201, 554
patients had surgery for a new primary colorectal malignancy and of
these 524 patients, 95%, had the primary tumour resected. Six patients
died within 30 days of operation and were excluded from further
analysis. Thus 288 patients who underwent resection of a colon cancer
and 230 of a rectal cancer form the basis for this study. The median
length of follow up from time of operation to time of death or last
contact was 49 months with a mean of 62 months.
The stage distribution of resected tumours reflects a predominantly
unscreened population (TNM stage I 21%, II 33%, III 33%, IV 13%).
There was no difference in either overall (p=0.10) or the disease free
(p=0.31) survival of patients with colon cancer compared to patients
with rectal cancer.
Perineural invasion (PNI) was reported in 12.4% of the resected
specimens, and was more commonly reported in rectal cancer (16.3%)
than in colon cancer (9.3%). The incidence of PNI steadily increased
with TNM stage (Table 1).
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TNM Stage

PNI

VI

I

2.0%

4.9%

II

7.3%

14.4%

III

19.8%

36.7%

IV

23.3%

54.7%

Table 1: Frequency of perineural invasion and vascular invasion to
TNM stage (N= 518).
Vascular invasion (VI) was in 24.6% and in contradistinction to
PNI was recognised more commonly in colon cancer (28.5%) than in
rectal cancer (19.8%) but showed a similar association to TNM stage as
did PNI (Table 1).
The presence of metastatic disease when analysed in the
proportional hazards model was associated with an over six fold risk of
cancer related death (Table 2). Penetration of the bowel wall, that is
tumour that had breached the full thickness of the muscularis propria,
and the presence of lymph node involvement by tumour were
associated with hazard rates (HR) of 2.8 and 2.7 respectively.
Analysis
of
maximum
likelihood estimates
Hazar
d

Parameter

95%
Hazard
confidence limits

ratio

Ratio
Metastatic
diagnosis

disease

at
6.13

4.01

9.37

Penetration of the bowel wall

2.78

1.09

7.12

Lymph node involvement

2.65

1.6

4.38

Perineural invasion

2.29

1.45

3.6

Emergent operation

1.79

1.12

2.87

Vascular invasion

1.78

1.18

2.68

Involved surgical margin

2.09

0.95

4.6

High grade differentiation

1.16

0.73

1.85

1.14

0.73

1.78

Perioperative
transfusion

blood

Table 2: Hazard ratio of death from colorectal cancer by clinical and
pathological variables
In the proportional hazards model the presence of perineural
invasion conferred a HR of 2.3 and vascular invasion a HR of 1.8 in
respect to colorectal cancer death. Likewise an emergent operation was
associated with a HR of 1.8. An involved surgical margin was
associated with a doubling of the risk of cancer related death but fell
short of statistical significance. Tumour differentiation (low grade
versus high grade) and the administration of a perioperative blood
transfusion were not associated with an increased risk of cancer related
death. Patient gender and mucinous histology showed no association
with cancer outcome on univariate analysis and were not considered
further.
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Although not specifically powered to look at the effect of adjuvant
chemotherapy we were able to demonstrate that patients whose
tumours demonstrated PNI, VI or both who received adjuvant
chemotherapy demonstrated an improved cancer specific survival
compared to those who did not (p=0.0219, Figure 1). Likewise patients
with node positive tumours who received adjuvant chemotherapy had
an improved cancer specific survival but this failed to reach statistical
significance (N=17, p=0.123).

versus 2.7). The presence of vascular invasion and the requirement for
an emergent operation carry a numerically smaller but clinically and
statistically significant increase in risk.
Although the first serious investigation of perineural invasion in
rectal cancer was reported by Seefeld in 1943 [21] the significance of
PNI in CRC has been overlooked or underreported in the surgical and
pathological literature until recently [7,22]. PNI does not feature in the
current Royal College of Pathologists minimum dataset for colorectal
cancer [23] but is included in the Royal College of Pathologists of
Australasia’s minimum dataset [24]. Perineural invasion has been
reported to be an independent prognostic factor in resected CRC in
the great majority of studies in which it has been assessed [16,25-29].
In this study PNI was present in 12% of resected colorectal cancers,
lower than the 22% recorded by Liebig and 24% by Peng [26,28], and
had a highly significant independent effect on cancer specific survival.
In series where CRC slides have been reread specifically to look for
PNI the incidence rose from 2 % to 24% in some series, likewise where
synoptic reporting of CRC is in use the incidence of reported PNI and
VI increases dramatically [28,30].
In this study we identified the presence of PNI twice as commonly
in rectal cancer specimens as in colon cancers (16.3% versus 9.3%).

Figure 1: Kaplan-Meier plot of cancer specific survival of patients
whose tumours demonstrated vascular or perineural invasion
according to the use of adjuvant chemotherapy. P=0.0219, N=159.
Twelve per cent of cases in this study had an emergent operation for
obstruction, perforation or bleeding. Emergent surgery conferred a
HR of 1.8 of cancer related death compared to patients receiving a
resection on an elective list.

Discussion
It is now over eighty years since Dukes demonstrated that the depth
penetration of the bowel wall and the status of the draining lymph
nodes could be used as the basis for a staging system in rectal cancer
that provided a useful guide to prognosis [1]. Various permutations of
these two factors have remained the sole basis of nearly all colorectal
cancer staging systems with the exception of the Jass system [4].
Accurate histopathological assessment remains central to the
postoperative management of patients with CRC. In addition
important clinical variables are known to affect cancer specific
outcomes. Adjuvant chemotherapy of increasing efficacy is available to
patients deemed to be at increased risk of recurrent disease after
surgery [19]. Accurate risk stratification of patients following
potentially curative surgery is essential to the rational use of the
adjuvant chemotherapy regimens currently available [20]. The TNM
system however remains a “blunt tool” with which to prognosticate as
to the outcome of a given patient and as a guide to the utility of
adjuvant chemotherapy.
This study confirms that penetration of the bowel wall and the
status of draining lymph nodes are the two most important
histological features in determining risk following resection of a CRC.
However the hazard ratio (HR) of death from CRC associated with the
identification of perineural invasion in the resected specimen is not
numerically dissimilar to the presence of lymph node involvement (2.3
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Ueno has further refined the reporting of PNI in rectal cancer and
shown the extent of PNI correlates with both local recurrence and
survival in a stepwise fashion [29].
Vascular invasion has long been recognised to be of prognostic
importance in colorectal cancer [31] although some authors report
that only extramural venous invasion to be of prognostic value [15,32].
The incidence of VI in this study is similar to other reported studies in
which it has been looked for [15]. As is the case for PNI synoptic
reporting of CRC specimens significantly increases the rate of VI
reported by pathologists [30]. Although VI worsens the prognosis of
CRC regardless of stage it’s identification in early stage disease is
arguably more important as it indicates the need for adjuvant
chemotherapy in node negative cases and a similar arguement can be
made for node negative tumours displaying PNI [33-35]. The rate of
PNI and VI in early stage disease is however correspondingly low.
Emergent surgery was an independent risk factor for cancer related
death, presumably due to a more rapidly dividing tumour being more
likely to result in an emergency presentation. The size of this effect was
significant and of a similar importance to the finding of vascular
invasion in the resected specimen. Both colonic perforation and
obstruction have previously been shown to be associated with a worse
cancer specific survival than elective cases [9,36-38].
Tumour grade has been shown in older studies to be an
independent prognostic factor in CRC however in studies that include
perineural invasion it tends to drop out on multivariate analysis as an
independent risk factor for death [28,34,35,39,40]. There is however an
association between PNI and differentiation with PNI positive
tumours being more likely to be high grade than PNI negative
tumours [29].
Perioperative blood transfusion has been shown in some studies to
be associated with a deleterious effect on colorectal cancer recurrence
and survival in patients undergoing curative resection [1,3,41]. We
found that the transfusion of blood within two weeks of the tumour
resection was not independently associated with an increased risk of
cancer related death.
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Conclusion
The use of the TNM staging system alone gives an incomplete
picture of a patient’s risk of disease relapse and death after potentially
curative surgery for colorectal cancer. The ideal staging system would
allow patients to be divided into those cured by surgery alone and
those that remain to be cured. Until we are able to individualise a
patient’s treatment according to a comprehensive genetic profile for
their individual tumour a post-surgical prognostic index, that
incorporates the known clinical and pathological factors discussed
above and their validated importance in risk assessment, may provide
a more accurate estimate of the chance of surviving colorectal cancer
after surgical resection and of the likely benefit of adjuvant
chemotherapy. The PNI and VI status should be reported in all
colorectal resection specimens, preferably in a synoptic report, as these
tumour features are crucial in deciding on the merits of adjuvant
therapy especially in early stage disease. Emergent surgery should be
considered as a clinical factor suggesting the need for adjuvant therapy
in the absence of other pathological indications.
At a research level further work now needs to centre on
identification of the molecular basis of PNI in colorectal cancer and
the identification of targets for therapeutic intervention.
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