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Abstract

Introduction and objective: Colorectal carcinoma (CRC) is the third leading cause of cancer among
both males and females in Sri Lanka. Venous invasion (VI) by the tumour is a well-recognized
independent prognostic factor in CRC and a key high-risk factor that determines the need for adjuvant
therapy in stage Il CRC. It is widely accepted that VI is under-recognised on haematoxylin and eosin
(H&E)-stained tissue sections of the CRC resection specimens. The main objective of this study was to
evaluate whether the VI detection rate on an elastic tissue stain (ETS) is superior to that of the VI
detection rates on a routine H&E stain in CRC resection specimens in a Sri Lankan setting.
Methodology: This was a retrospective, descriptive study with an analytical component carried out at
the Department of Histopathology, National Hospital of Sri Lanka. Data were retrieved retrospectively
from 386 cases of CRC. The cases with no VI on the H&E stain were subjected to ETS and re-examined
for the presence of VI on both H&E and ETS. The results of the two stains were compared statistically
using the chi-square test.

Results: VI was present in 152 of the 386 specimens (39.38%) on the initial H&E-stained sections. Of
the remaining 234 specimens, ETS enabled the detection of VI in a further 122 cases, increasing the
overall VI detection rate to 70.98% of CRC resection specimens (X?=102.490, P<0.001).

Conclusion: The addition of an ETS enhances the histological detection of VI in CRC resection
specimens.
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Introduction
Colorectal cancer (CRC) is the third leading

stage | and Il CRC. Patients with stage llland IV
CRC are treated with postoperative adjuvant

cause of cancer worldwide and has the second-
highest mortality rate (1). CRC is also the third
leading cause of cancer among both males and
females in Sri Lanka (2). The prognosis and
treatment options of CRC are determined by
the TNM stage. According to the National
Comprehensive Cancer Network (NCCN)
guidelines - USA (3), surgical resection with
curative intent is the mainstay of treatment for
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chemotherapy. However, the NCCN guidelines
recommend the use of adjuvant chemotherapy
in selected patients with stage Il disease having
high-risk features that include poor histological
differentiation (except those that are MSI-H),
lymphovascular invasion, perineural invasion,
bowel obstruction, retrieval of fewer than 12
lymph nodes, perforation, and near,
intermediate or involved margins (3,4,5). Thus,

This is an open access article licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.

(CC BY-SA 4.0), which permits unrestricted use, distribution and reproduction in any medium, provided the original
author and source are attributed and materials are shared under the same license.


mailto:priy629@gmail.com
http://creativecommons.org/licenses/by-sa/4.0/

DOI:

it is the histopathologist’s responsibility to
provide information on the above high-risk
features following a thorough assessment of
colorectal resection specimens.

Vessel involvement is one of the key high-risk
factors in CRC. This was first described by
Brown and Warren in 1938 in their studies on
rectal carcinoma resection specimens (6). They
were the first to recognize histological
evidence of venous invasion (VI) in CRC and
demonstrate that VI in the primary tumour is
responsible for distal visceral metastases (6).
Since then, several studies have assessed the
relationship between the clinical behaviour of
CRC and the histological finding of VI in these
tumours (6). Currently, VI is a well-recognised
independent indicator of haematogenic
dissemination and cancer-specific survival in
CRC (6-11).

Vascular invasion is more specifically defined
and categorized as lymphatic invasion,
intramural VI (IMVI) and extramural VI (EMVI)
in the Royal College of Pathologists (RCPath)
dataset for histopathological reporting of CRC
(12). It recommends recording the deepest
level of VI; extramural or intramural. TNM 8
tumour staging also requires the assessment of
VI (13). EMVI is specifically a strong predictor
of the unfavourable outcome (11,14-17). There
is evidence that IMVI (intramuscular and
submucosal) is also a prognosticator of CRC
outcome (11,16,18).

The histopathological definition of VI has
evolved over time. Talbot et al. defined VI as a
tumour present in spaces containing red cells
which are lined by endothelial cells and have a
surrounding muscle layer (6). Subsequently,
this definition was expanded to indicate that
venous involvement should be looked for
when there is a nodular or elongated tumour
island that does not directly continue with the
tumour front that is present next to an artery,
especially, when there is no obvious adjacent
vein (orphan artery sign) or a smooth bordered
tumour protrusion into surrounding fat
(protruding tongue sign) (12). Currently, this
definition has been expanded to include the
presence of an elastic layer (demonstrable by
an elastic tissue stain/ETS) around these
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nodular/elongated tumour profiles or tumour
protrusions as indicators of VI (6,11,15,19,20).

Some studies have shown that the use of an
ETS increases the identification of VI and
therefore, this special stain is a better
predictor of patient prognosis than VI detected
by the H&E stain alone (11,18-19,21). ETS is
specifically useful in the detection of VI in cases
following neoadjuvant chemotherapy, where
the muscle wall of the vein is effaced or
disrupted beyond recognition by the H&E stain
due to treatment. Most of these studies have
shown a two to three-fold increment in VI
detection with an ETS (18,20,21, 22-24).

Roxburgh et al. studied 419 cases and showed
a three-fold increment in the detection of VI
from 18% to 58% following the addition of an
ETS (18). One study demonstrated that ETS
increases the inter-observer agreement for
EMVI compared to H&E stain (21). Several
authors have proposed that ETS should be
performed routinely in the assessment of CRC
resection specimens (19,23-27), and
preferably at the first instance, citing low cost,
(11,15,23,28,29) and impact on turnaround
time and workload (25,27,28). Population-
based data have shown that VI detection rates
are low especially among pathologists not
specializing in gastrointestinal pathology [29]
and that the use of ETS enhances VI detection
among such pathologists (21).

Both the College of American Pathologists
(CAP) and RCPath guideline (UK) have
emphasized the usefulness of ETS both in
augmenting the detection of VI and enhancing
its prognostic value (12,30). The RCPath
guideline now recommends close monitoring
of VI detection rates and performing a routine
ETS in colorectal resection specimens in
centres where the rate is consistently below
the 30% threshold (12).

Immunohistochemical stains for endothelial
markers such as CD31, factor Vlll-related
antigen and h-caldesmon have been used to
detect VI but the value of these markers is
guestionable in challenging cases where the
endotheliumis not present (11,31). In addition,
studies have not shown an improvement in
interobserver agreement with respect to the
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detection of VI with immunohistochemical
stains (24-26, 32).

Currently, magnetic resonance imaging (MRI)
is used as an accepted method of identification
of the extent of locoregional spread of CRC for
pre-surgical staging as high-resolution
scanners can readily detect EMVI (33). The
incidence of MRI-detected EMVI in CRC is
shown to be comparable to that of
pathological assessment done on the excised
specimen, with high specificity and moderate
sensitivity (12,33).

In  Sri Lanka, routine histopathological
assessment of CRC specimens is usually done
with H&E-stained tissue sections alone.
According to the worldwide literature, there is
wide variability in the detection of VI with H&E
stain in colorectal resection specimens (9%-
90%) among different units (11,29).
Interobserver variability too is marked, even
among specialized gastrointestinal
pathologists (20), which is partly attributable
to difficulties in identifying VI on the H&E stain
due to the destructive effects of tumour
emboli within the vein. If a particular vascular
space has completely lost its endothelium with
the destruction of the muscle wall due to the
expansive growth of the tumour within the
vessel, it will be difficult to identify it as VI on
the H&E stain alone. This problem can be
overcome by using an ETS, which stains to
highlight the characteristic elastic fibre pattern
of the vessel wall around the suspected focus
of VI and therefore, facilitates the confirmation
or exclusion of VI. Detection of VI using MRI
and immunohistochemical methods is not
widely acceptable or cost-effective when
compared to an ETS in the Sri Lankan setting.

In Sri Lanka, nearly all colorectal specimens are
reported by general pathologists and not by
specialized  gastrointestinal  pathologists.
Furthermore, CRCs are managed according to
the NCCN (USA) guidelines, which highlights
the need for histopathological identification of
high-risk features in stage Il patients to decide
on the use of adjuvant chemotherapy (3).
Hence, the addition of an ETS to routine
practice appears justifiable in the Sri Lankan
setting.
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The main objective of this study was to
evaluate whether using an additional ETS is
superior to that of the routine H&E stain alone
in the detection of VI in CRC resection
specimens in the Sri Lankan setting.

In addition, the data was analysed to
determine the associations between VI and
other pathological characteristics of CRC,
including tumour site, tumour differentiation,
the maximum local tumour infiltration (pT
stage), presence of metastases in lymph nodes
and perineural invasion.

Methodology

This was a retrospective, descriptive study with
an analytical component carried out on 386
consecutive colon resection specimens (right
hemicolectomies, transverse colectomies, left
hemicolectomies, sigmoid colectomies,
abdominoperineal resections and total
colectomies) performed for CRC, reported at
the Histopathology Department at National
Hospital of Sri Lanka from January 2017 to
February 2021. This included specimens from
patients who had received neoadjuvant
chemotherapy. Cases which showed
pathological complete tumour response to
chemotherapy on histological examination
were excluded from the study.

Histopathology request forms and relevant
histopathology reports were traced and
clinicopathological data were extracted and
recorded in the data extraction sheet. The
information extracted included age, gender,
tumour site, tumour differentiation, tumour
stage (pT stage), perineural invasion, lymphatic
invasion, VI, the total count of lymph nodes
extracted, number of lymph nodes showing
tumour metastases and TNM stage (according
to AJCC 8th edition). Ethical clearance was
obtained from the Ethics Review Committee,
National Hospital of Sri Lanka.

Of the 386 cases included in the study, 152 had
VI in the original histopathology report which
was based on the review of H&E-stained tissue
sections of the tumour. All the H&E-stained
tumour-containing sections of the cases which
were signed out as negative for the VI were
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reviewed. Sections which showed features
suspicious for VI and sections of the tumour
front in which there were no suspicious foci on
morphology were selected and subjected to
Elastic Van-Gieson stain (Verhoeff elastic tissue
stain-EVG) followed by counterstaining with
H&E stain. Cases showing nodular or elongated
tumour cell islands which were not directly
continuous with the tumour front, observed
near an artery without an adjacent vein
(orphan artery sign) or tumour nodule with a
smooth  border protruding into the
surrounding pericolic fat (protruding tongue
sign) were considered suspicious for VI (12).
Based on the above selection criteria, ETS was
performed on one to four sections from each
of the cases that were originally reported as
negative for VI.

Following ETS, sections were examined for
evidence of VI. Cases showing a convincing
elastic layer, stained in black, around the
rounded or elongated tumour profile or
tumour protrusions were considered positive
for VI (11, 15, 18, 19). They were categorized
as EMVI and IMVI.

Statistical comparisons between  the
categories were carried out using chi-square
(X2 test). The level of statistical significance was
regarded as < 0.05 for this study.

Results

Three hundred and eighty-six (386) colon
resection specimens were studied, and 41/386
patients had received neoadjuvant therapy.

Figure 1. Extramural VI
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The pathological parameters of the study
population are summarized in Table 1.

The presence of VI had been identified and
recorded in 152/386 (39.38%) colorectal
specimens on initial H&E-stained sections, and
16/152 (10.53%) were reported to show IMVI
alone.

Out of 234 cases, which were negative for Vlon
initial H&E-stained section examination, 122
showed VI following the EVG stain (52.14%)
(Figure 1). This increased the overall VI rate
from 39.38% to 70.98% (274/386). There was a
significant increment in the rate of detection of
VI after EVG stain on CRC specimens (X? =
102.490, p<0.001). The H&E stain alone
showed VI in 13/42 (30.95%) cases following
post-neo-adjuvant therapy and EVG stain
enabled the identification of VI in another 15
cases resulting in a statistically significant
increase in the VI detection rate bringing it to
66.67% (28/42) in this subcategory (X? =
25.066, p<0.001).

Of the 122 newly identified cases with VI, an
additional 53 cases showed evidence of IMVI
alone, increasing the number of cases with
IMVI alone from 10.53% (16/152) to 25.18%
(69/274), and this was a statistically significant
increase (X? = 250.421, p<0.001) (Figure 2).

There was a statistically significant association
between VI and other pathological
characteristics that indicate aggressive
behaviour in CRC, namely, tumour site,
maximum local tumour infiltration (pT stage),
presence of metastases in lymph nodes and

1A: H&E-stained section (x100) 1B: EVG-stained section (x100) (blue arrow - vein, red arrow - artery)
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Clinicopathological characteristics of the tumour

All cases (n=386) (%)

Cases with VI (%)

Chi-square (p-value)

Tumor site Caecum 41 26 (63.41)
Ascending colon 28 17 (60.71)
Hepatic flexure 9 16 (69.57)
Transverse colon 23 6 (66.67)
Splenic flexure 8 8 (100.00) X?=15.699
- p=0.047
Descending colon 1 9 (56.25)
Sigmoid colon 111 85 (76.58)
Rectosigmoid junction 44 25 (56.82)
Rectum 106 82 (77.36)
Tumour type + Adenocarcinoma, well-differentiated 6 3 (50.00)
Differentiation Adenocarcinoma, moderately differentiated 344 245 (71.22)
Adenocarcinoma, poorly differentiated 8 7 (87.50) X2 = 7.300
Mucinous carcinoma, moderately differentiated 26 19 (73.08) p=0.199
Mucinous carcinoma, poorly differentiated 0 (0%)
Signet-ring cell carcinoma 0 (0%)
Tumour stage (T) T1 16 7 (43.75) X2=20.398
T2 49 25 (51.02) p<0.0001
T3 242 184 (76.03)
T4a 63 44 (69.84)
Tab 16 14 (87.50)
Lymph node NO 210 119 (56.67) X?=55.672
stage (N) Nic 11 11 (100.00) p<0.001
N1la 51 42 (82.35)
N1b 35 25 (71.43)
N2a 32 32 (100.00)
N2b 47 45 (95.74)
Perineural Absent (Pn0) 320 211 (65.94) X2=23.145
invasion Present (Pn1) 66 63 (95.45) p<0.001

Table 1. The association between the pathological characteristics of the study population and the presence of VI
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perineural invasion. There was no association
with tumour differentiation.

The frequency of VI differed remarkably
according to the primary location of the
tumour. It was 100% in splenic flexure CRCs
and 56.25% in descending colon CRCs (X?=
15.699, p=0.047).

VI was present in 87.50% (14/16) of pT4b
tumours and 43.75% (7/16) of pT1 tumours.
There was a significant difference in the VI rate
according to the local extent of the tumour
(X?=20.398, p<0.0001).

The occurrence of VI was significantly
associated with the nodal stage based on
tumour metastases into Ilymph nodes.
Tumours with no detectable tumour
metastases showed a VI rate of 56.67%
(119/210) while tumours with lymph node
metastases showed a VI rate of >70% at least
(X?=55.672, p<0.001).

VI was detected in 95.45% (63/66) of CRC
which showed perineural invasion and was
present in only 65.94% (211/320) of tumours
without perineural invasion. There was a
significant difference in VI in tumours with and
without perineural invasion (X2 = 23.145,
p<0.001).

Of all the CRCs, the majority were moderately
differentiated adenocarcinoma, NOS and VI
was present in 71.22% (245/344). This value is
close to the final overall VI rate of 70.98%
(274/386) in this study. The number of cases
with other categories of  tumour
differentiation was equal to or less than 26 in
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Figure 2. Intramural VI
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number. There was no statistically significant
difference in VI rate between different tumour
differentiation categories (X2 = 7.300,
p=0.199). This could be due to the limited
number of cases in most of these tumour
subcategories.

Discussion

It has long been recognised that VI is an
independent prognostic factor in CRC, which
predicts patient survival (11, 26, 34). Hence, it
is of paramount importance to detect VI
precisely during the histological assessment of
CRC resection specimens. Individual
histopathology reporting centres should take
measures to maintain the VI detection rate at
an acceptable level. This fact is emphasized by
both the RCPath (UK) and the CAP (USA)
guidelines for CRC resection specimen
examination. Further, the RCPath guidelines
indicate that an individual centre should
maintain its VI detection rate at a minimum of
30% and if it is less than this, an ancillary study
should be incorporated into the routine
histopathological ~examination of CRC
resection specimens (12).

Several ancillary techniques have been studied
for their efficacy in the detection of VI. These
include ETS to highlight the muscle wall of the
veins, an immunohistochemical marker to
highlight the endothelium of the vessel wall

2A: H&E-stained section (x100) 2B: EVG-stained section (x100) (blue arrow - vein, red arrow - artery)
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and MRI to detect veins invaded by the tumour
tissue (11, 12, 25, 31, 33, 35, 36).

Several studies have evaluated the usefulness
of the ETS in improving the VI detection rate
during routine practice and its prognostic
importance, and most of these studies have
shown a clear increment in the VI detection
rate (11,18,19,21,27). A study of 89 CRC
specimens conducted by Sejben et al. reported
an incidence of 70.4% for VI following the
addition of orcein ETS (24). More recently,
Duduyemi et al. reported a VI detection rate of
78% with the Verhoeff-Van Gieson elastic
stain in their study cohort of 41 cases of pT1-
pT3 stage CRC (37).

The present study too demonstrates that the
VI detection rate could be increased by adding
an ETS. The VI rate based on H&E-stained
tissue sections alone was increased to 70.98%
following the addition of the ETS.

ETS facilitates the detection of both IMVI and
EMVI and this study demonstrated a significant
improvement in IMVI when compared to the
H&E stain alone. On H&E stain, EMVI (this
included the cases which showed EMVI alone
or both EMVI and IMVI) was present in
136/152 (89.47%) VI positive cases and IMVI
alone was reported in 16/152 (10.53%) cases.
Following the EVG stain, the total number of
cases showing IMVI alone increased up to 69
out of the total Vl-positive cases (69/274,
25.18%). One study showed an appreciable
correlation between IMVI and decreased
cancer-specific survival in CRC (38). Although it
is unclear whether there is a relationship
between IMVI and the prognosis of CRC, this
study highlights that adding EVG stain to the
routine H&E stain can improve the detection of
some cases of CRC having IMVI which would
otherwise have not been detected by H&E-
staining alone (7,16,39).

There is no agreement regarding how many
blocks from each CRC should be stained with
ETS as the chosen number of blocks varies
according to the tumour size and the presence
of suspicious foci in the H&E stain
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(6,8,11,15,17,18). One study selected only one
tissue block from each case which was most
likely to have VI (34). In the present study, one
to four blocks were subjected to ETS
depending on the number of blocks containing
the tumour and H&E sections showing
suspicious areas of VI in each case. In most
cases, three blocks were stained with ETS.

Whether to take a section for ETS at the initial
tumour section cutting for H&E stain or
following examination of the tumour with H&E
stain, as a second step is yet to be agreed upon.
In this study, there were several cases in which
the focus suspicious of VI was lost in the
comparative elastic-stained section where
sections for ETS were taken on a second
occasion. This is most probably due to the
trimming of the wax block. On the other hand,
if sections are taken from all the tumour blocks
present in an individual case and stained with
ETS at first instance, it would be a waste of
resources if VI is detected on the H&E stain or
there are no suspicious foci in the tissue
blocks. Therefore, cutting spare sections from
the tumour blocks at initial sectioning and
performing ETS on selected sections from
cases which are negative for VI on H&E stain
could be considered.

There was an association between VI and other
pathological characteristics that indicate an
aggressive behaviour in CRC, namely maximum
local infiltration of tumour (pT stage), presence
of lymph node metastasis and perineural
invasion. A significant association was also
identified between VI and the tumour site.
There was no significant association between
VI and tumour differentiation. This is most
likely due to the fewer number of cases (n=16)
in the tumour differentiation categories other
than moderately differentiated
adenocarcinoma.

Messenger et al. in their review article titled
“Developments in the assessment of venous
invasion in colorectal cancer: implications for
future practice and patient outcome”
addressed the importance of performing an
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ETS in the detection of VI in CRC following
neoadjuvant treatment (11). The current study
supports this view by showing a significant
increment of VI detection from 30.95% to
66.67% following the addition of ETS
compared to H&E-stain alone in tumours that
had been treated with neoadjuvant therapy.

Conclusion

The addition of an ETS significantly improved
the histological identification of VI in the
evaluation of CRC resection specimens. It was
found to increase the visualization of IMVI.

Considering the prognostic importance of the
histological detection of VI in CRC, the use of
the ETS, using at least one spare tumour
section is recommended in all cases that are
equivocal for VI on the H&E-stained sections.
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