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Abstract

Tumour stage reflected by the AJCC/UICC TNM system is cur-
rently regarded as the most powerful prognostic parameter in
patients with colorectal cancer. However, additional histopatholog-
ical markers are required to improve clinical decision-making with
respect to follow-up scheduling and administration of adjuvant
therapy. In this review we summarize the available literature
regarding the prognostic impact of venous and lymphatic invasion,
perineural invasion and tumour budding in colorectal cancer.
Special emphasis was placed on patients with AJCC/UICC stage 11
disease, the risk of lymph node metastasis in early cancer and the
prediction of local recurrence in rectal cancer. For each of the
markers, the different methods of evaluation, implications result-
ing from different definitions used in previous studies as well as
future perspectives are discussed in detail. (Acta gastroenterol. belg.,
2011, 74, 516-529).

Key words : colon cancer, rectal cancer, early colorectal cancer, vascu-
lar invasion, lymphatic invasion, venous invasion, lymphovascular
invasion, perineural invasion, tumour budding, prognosis, outcome,
immunohistochemistry, univariable analysis, multivariable analysis.

Introduction

Tumour resection is the treatment of choice for
patients with colorectal cancer. Outcome prediction is
pivotal in these patients. An ideal system of classification
would only identify two categories — patients cured by
surgery and those who will ultimately die of disease (1).
The latter might consequently benefit from intensified
surveillance strategies and/or adjuvant therapy. Inter-
disciplinary efforts aim at identifying these patients at
risk for failure.

Tumour stage reflected by the AJCC/UICC TNM
system is currently regarded as the most powerful
prognostic parameter, however, patients with tumours of
the same pathologic stage may experience considerably
different clinical outcomes (2-4). Patients with stage |
cancer (pT1-2, NO, MO) are generally considered to
share favourable prognosis. However, a small subgroup
of them will die due to local or distant recurrence after
curative resection. Chemotherapy primarily based on
5-fluoruracil is usually administered in stage III colon
cancer (pT1-4, N1/N2, M0) and has decreased tumour
recurrence, while neoadjuvant chemoradiotherapy and
total mesorectal excision (TME) have improved local
control of rectal cancer (5). Risk estimation of stage II
cancer (pT3-4, NO, MO) is particularly critical because it
determines whether adjuvant therapy should be
offered (6). Currently, parameters to identify high-risk
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stage II patients who might benefit from adjuvant thera-
py are not well defined. Moreover, according to a com-
prehensive study analyzing the SEER database, patients
with stage IITA tumours appear to be associated with a
significantly improved survival compared with patients
with stage IIB disease (7).

Histopathological markers, such as vascular invasion,
perineural invasion and tumour budding have been
shown to be of additional prognostic value in affected
patients. Thus, these markers could facilitate patient
counselling and clinical decision-making with respect
to follow-up scheduling, administration of adjuvant
therapy, and evidence-based design of clinical trials.
However, recording of these parameters has so far only
partially been implemented in current practice guide-
lines (8-11). In this review, we summarize the literature
on the prognostic value of the three markers mentioned
above, focussing on patients with stage II disease and
early colorectal cancer.

Blood and Lymph Vessel Invasion

Definition and nomenclature

The invasion of tumour cells into lymph or blood ves-
sels plays a crucial role in the metastatic process.
Lymphatic invasion is diagnosed, when tumour cells are
present in vessels with an unequivocal endothelial lining,
yet lacking a thick (muscular) wall. Blood vessel inva-
sion refers to the involvement of veins and is character-
ized by the presence of tumour cells in vessels with a
thick (muscular) wall or in vessels containing red blood
cells (Fig. 1) (12,13). However, discrimination between
lymphatic channels and thin walled post-capillary
venules may be difficult. For this reason, the use of the
terms ‘“‘small vessels” instead of lymph vessels and
“large vessels” instead of blood vessels has been
discussed (14). Moreover, in some studies, both types of
vascular invasion have been lumped together and
referred to as “lymphovascular invasion” or simply as
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Fig. 1. — Lymphatic (A), and venous (B) invasion in colorec-
tal cancer.

“vascular invasion”, which is problematic, since the term
“lymphovascular invasion” in some studies only refers to
lymphatic invasion, and the term “vascular invasion” is
by some authors used for venous invasion only. The site
of vessel involvement within the bowel wall is also of
importance. Intramural vessel invasion which is limited
to vessels in the submucosal and/or muscular layer has
been differentiated from extramural vessel invasion
which includes vessels located beyond the muscularis
propria, i.e. within the pericolic adipose tissue (15).
Finally, some authors also took the extent of vascular
invasion into consideration (16-18).

Prognostic significance

Venous invasion has been shown to increase the risk
of distant metastases (19-23) and also regional lymph
node metastasis (24-26) in patients with colorectal can-
cer. Furthermore, venous invasion has been significantly
associated with disease-free, cancer specific and overall
survival in univariable analyses (12,16,22,27-35), and in
multivariable analyses (15,19,36-43), for details com-
pare Table 1.

For instance, Liang et al. (37) reported 5-year overall
survival rates of 36% and 84% for patients with and

without blood vessel invasion in univariable and a nearly
two fold risk for failure in multivariable analysis.
According to our own study (15), patients with and with-
out venous invasion had actuarial 5-year cancer-specific
survival rates of 30% and 75%, respectively, and the
prognostic impact of venous invasion was comparable to
that of T classification, stronger than that of tumour
grade, yet inferior to nodal status in multivariable analy-
sis.

Some authors reported a stronger prognostic value of
extramural venous invasion compared with that of intra-
mural invasion (12,15,27,28,44), or regarded only extra-
mural venous invasion in analysis (45-47). Recent prac-
tice guidelines also stress the importance of recording
extramural venous invasion in the pathology report (8,9).

Of note, few studies presenting venous invasion as a
poor prognostic marker in univariable analysis failed to
show independent prognostic value in multivariable
analyses regarding colorectal (16,32-34), colon (29) or
rectal cancer (44).

Similar to venous invasion, lymphatic invasion has
been significantly associated with poor outcome in uni-
variable (33,34,48,49) and multivariable analyses (13,
44,50,51). However, the prognostic value is probably
smaller than that of venous invasion, since in most stud-
ies analyzing both venous and lymphatic invasion
regarding prediction of outcome or recurrence, either
both or only venous invasion retained independent prog-
nostic impact (37,40,43,45,49,51), or both factors were
negative (33,34). Only Minsky et al. (13) and Tang et
al. (50) presented lymphatic invasion but not venous
invasion as independent predictor of dismal prognosis,
while another study did not observe prognostic signifi-
cance of lymphatic invasion despite excluding tumours
with venous invasion from analysis (52).

When lymphatic and venous invasion were lumped
together and assessed as lymphovascular invasion the
majority of studies proved lymphovascular invasion as
independent predictor of outcome (53-57) while a few
failed to identify independent impact on outcome (58,
59).

Prognostic significance in UICC stage Il disease

In UICC stage II colon cancer literature data suggest
that venous invasion is an important prognostic factor,
while lymphatic invasion seems to play a minor role.
Thus, Morris et al. (60) noted independent prognostic
impact regarding outcome for venous invasion, classifi-
cation T4 and perineural invasion, but not for lymphatic
invasion in their comprehensive study on 1306 stage II
patients. In the group of patients under 75 years of age
who are more likely to be considered for adjuvant
chemotherapy the hazard ratio for venous invasion (HR
2.82) was higher than that of T classification (HR 2.03).
Sato et al. (17) recently published a large series present-
ing the extent of venous invasion (in addition to the
number of dissected lymph nodes, sex, age, adjuvant
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Table 1. — Selected studies showing vascular invasion as independent prognostic marker in multivariable analysis

Year | Patients | Site | Inclusion [Prevalence| Stain Target | Significant in multivariable analysis
criteria (%) value

Venous | Lymphatic | Lympho- | Other
invasion | invasion vascular
invasion

Knudsen et 1983 | 682 Rectum | Resectable| V1 : H&E 5-year OS | Yes n.d. n.d. Age, Dukes
al. (19) tumors 38.9% stage, perineur-
al invasion,
liver metastasis
at operation

Freedman er | 1984 | 769 Rectum n. spec n. spec 5-year OS | Yes n.d. n.d. Dukes stage,
al. (39) grade, age,
height of
tumour

Chapuis et al. | 1985 | 709 Colo- V1:19% | n. spec. 5-year OS | Yes n.d. n.d. Stage, grade,
(36) rectum level of direct
spread, age,
sex, obstruction
Minsky et al. | 1989 | 462 Colo- | Potentially | V1 : 44% | elastic 5-year OS | No Yes n.d. Stage, grade

(13) rectum | curative L1:13% |tissue
resection stain

Michelassi et | 1991 | 603 Colon n. spec. n. spec 5-year OS | n.d. n.d. Yes Stage, race,
al. (55) tumour mor-

phology

Harrison ef al. | 1994 | 348 Rectum V1: H&E, 5-year OS | Yes n.d. n.d. Depth of

47 21.2% elastic (extra- tumour inva-
(extramu- | tissue mural) sion, lymph
ral) stain in node metasta-
64 cases sis, Crohn's-like
lymphoid reac-
tion

Newland et 1994 | 597 Colo- | Nodal V1:29% |n. spec. 5-year OS | Yes n.d. n.d. Apical lymph
al. (38) rectum | positive node involve-
ment, spread
involving a free
serosal surface,
invasion beyond
the muscularis
propria, loca-
tion in the rec-
tum, grade, age,
gender

Tang et al. 1995 |565 Colo- |StagesI- | V1:8% |n. spec. 5-year/10- | No Yes (extra- | n.d. Lymph node
(50) rectum | IIT L1:43% year CSS mural, yet metastasis,
intramural rectal cancer,
n.s.) absence of lym-
phocytic infil-
tration, invasion
through bowel
wall, perineural
invasion outside
bowel wall,
gender
Takahashi et | 1996 | 610 Colon | Curative |V1:30% |n.spec 5-year Yes No n.d. Size 24cm,

al. (40) operation DFS Dukes stage,
L1:60% elevated CEA
level

644 Rectum | Curative | V1 :34% |n. spec S-year Yes No n.d. Chemotherapy,
operation |LI1:61% DFS location in the
lower rectum,
serosal inva-
sion, Dukes
stage, residual
tumour, elevat-
ed CEA level

Petersen et al. | 2002 | 268 Colon | Stage II V1:33% |H&E, S-year OS | Yes No n.d. Peritoneal

(62) elastic involvement,
stain in margin involve-
equivocal ment, tumour
cases perforation

Hohenberger | 2005 | 1067 Rectum Extramu- | n. spec 5-year Yes n.d. n.d. Elevated CEA
et al. (46) ral V1 : CSS (extramu- level, stage,
17.8% ral) R1/R2, grade
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Morris et al. | 2006 | 1306 Colon | Stage II n. spec n. spec S-year Yes No n.d. T4, perineural
(60) CSS invasion
Liang et al. 2007 | 419 Colo- V1: Podoplani | 5-year OS | Yes No n.d. Stage, N
37 rectum 41.2%, n, CD34
L1:542%
Lin et al. (64) | 2009 | 375 Colon | Stage II LVI: 3-year n.d. n.d. Yes Obstruction at
5.9% DFS presentation
Desolneux et | 2010 | 362 Colo- | Stages I-I1 | V1 :13% | H&E S-year OS | Yes Yes n.d. Age, number of
al. (116) rectum L1:4.1% lymph nodes
removed, peri-
neural invasin,
T4
Lim et al. 2010 | 2417 Colo- LVI: 252 | H&E 5-year OS | n.d. n.d. Yes T, N, M, gender
(53) rectum
S-year n.d. n.d. Yes T,N,M
DFS
Sato et al. 2011 | 1476 Colon | Stage II V1:16% |n. spec. Recur- Yes n.d. n.d. Growth pattern
(17) L1:15% rence (extensive (Jass), CA19-9
vs. slight) level, emer-
gency opera-
tion, postopera-
tive ileus
OS Yes No n.d. CA 19-9 level,
(extensive number of dis-
vs. slight) sected lymph
nodes, gender,
age, postopera-
tive chemo-
therapy, emer-
gency opera-
tion, growth
pattern (Jass)
Betge et al. 2011 | 381 Colo- V1:23% |H&E 5-year Yes No n.d. Age, T, N
(15) rectum L1:33% CSS
S-year Yes Yes n.d. T, N
PFS
Abbreviations : CSS, cancer-spe cific survival ; DFS ; disease-free survival ; H&E, haematoxcylin and eosin ; L1, lymphatic invasion ; LVI, lymphovascular invasion ;
n.d., not determinded ; n.s., not significant ; n. spec, not specified ; OS, overall survival.

chemotherapy, emergency operation, and growth pat-
tern), yet not lymphatic invasion as independent predic-
tor of overall survival. Other studies similarly presented
venous invasion (15,61,62) or venous invasion plus lym-
phatic invasion classified as lymphovascular inva-
sion (63-66) as independent prognostic parameters in
stage II disease. Two studies, however, noted an associa-
tion of vascular invasion with adverse outcome only in
rectal cancer (67) or did not find a significant associa-
tion (68), respectively. Nevertheless, altogether, venous
invasion is an important parameter when stratifying
patients for adjuvant therapy.

Prognostic significance in early colorectal cancer

Cancer limited to the submucosal layer in its deepest
extent (T1 disease), regardless of nodal status, is regard-
ed as early cancer. In this subgroup identification of
node-positive cases is of utmost importance since local
therapy alone (e.g. polypectomy or submucosal dissec-
tion) will not be sufficient and surgical therapy with
regional lymph node dissection is necessary.
Traditionally, early cancers are classified as either low

risk (regional lymph node metastasis in <2%) or high
risk (regional lymph node metastasis in 5-25%, median
14%), based upon depth of invasion, tumour differentia-
tion, resection status and presence of lymphatic inva-
sion (25,69-74). Remarkably, also venous invasion has
been related to an increased risk for lymph node metas-
tasis, possibly due to the strong association between
presence of lymphatic and presence of venous invasion
in tumour tissue (24-26). Finally, venous invasion, yet
not lymphatic invasion has been independently associat-
ed with a higher risk for distant metastases in early col-
orectal cancer (24), while lymphovascular invasion has
been significantly related to regional lymph node spread
and/or decreased local recurrence free survival (75,76).

Prognostic significance for local recurrence in rectal
cancer

The significance of vascular invasion regarding the
prediction of pelvic failure in rectal cancer patients is
less clear. While some studies observed a significant
association between lymphovascular invasion and local
recurrence (77-79), others demonstrated that only
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tumour stage and margin status were predictors of local
recurrence (80). Finally, a systematic study by Dresen et
al. (45) including 277 rectal cancer patients identified
both lymphatic and extramural venous invasion (in addi-
tion to circumferential resection margin status, serosal
involvement and poor tumour differentiation) as inde-
pendent predictors of local tumour failure. According to
data from our group, however, lymphovascular invasion
was associated with local recurrence only in univariable,
yet not in multivariable analysis (81).

Problems and perspectives

The incidence of lymphovascular invasion is reported
to vary between 10% and 89.5% in different series,
which is not only due to the selection of advanced cases
in some series, but also due to differences and difficulties
in diagnosing vascular invasion in cancer tissue (82,83).
The definitions given above are simple, but accurate
diagnosis may be difficult in selected cases. Likewise, in
our recent study (15), we observed marked differences
between routine and review pathology, only the latter
showing significant association with outcome. Moreover,
a systematic interobserver variation study showed only
poor to moderate agreement regarding the diagnosis of
extramural venous invasion, even amongst gastrointesti-
nal pathologists working together in a single unit (84).
Some authors suggested that accuracy of diagnosis of
vascular invasion might be improved applying ancillary
histochemical and/or immunohistochemical stains (23,
24,85-89). However, immunohistochemical staining is
labour intensive, time consuming and expensive and
failed to improve interobserver agreement in another
study (90,91). Hence, the routine use of histochemical or
immunohistochemical stains in all tumours may not be
efficient, and is not recommended in current practice
guidelines (8,9). Nevertheless, special stains, in particu-
lar Elastica van Gieson, CD31 and D2-40, may be help-
ful in equivocal cases.

Moreover, diagnoses of lymph and blood vessel inva-
sion may depend on the number of analyzed tissue
blocks. In the 1999 consensus statement, the College of
American Pathologists recommended the analysis of at
least three, optimally five blocks of tumour at the point
of deepest invasion for microscopic examination (92).
However, according to our data (15), embedding of less
than five blocks is most probably insufficient. In conclu-
sion, future efforts should aim at standardization of mor-
phological criteria and staining methods, embedded in
elaborate quality control setting, in order to improve the
significance of the pathology report.

Perineural Invasion

Definition and morphology

The invasion of veins and lymphatic channels repre-
sent the classic routes for metastatic cancer spread.
However, another increasingly recognized route for neo-
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Fig. 2. — Perineural invasion in colorectal cancer

plastic invasion and cancer spread may be seen along
peripheral nerves (Fig. 2). The most commonly used
definition for perineural invasion was given by Batsakis,
describing it as tumour cell invasion “in, around, and
through the nerves” (93). Therefore, it may be observed
in all three connective tissue sheaths embracing peri-
pheral nerves, consisting of the edoneurium around indi-
vidual axons and Schwann cells, the perineurium which
is a concentrically multilayered formation enclosing
each fascicle, and the epineurium, which envelops the
entire nerve (94). Moreover, perineural invasion may be
considered positive if tumour cells are seen in the per-
ineural space, not invading through the epineurium, but
surrounding at least one third of the nerve (95,96).

Perineural invasion has first been described in head
and neck cancers, and since then has become an impor-
tant prognostic marker in different types of cancer,
including prostate, pancreas, billiary tract, stomach, and
also colorectal cancer (94). It is worth mentioning that
perineural invasion is not a sub-category of lymphovas-
cular invasion, since no lymphatic channels are present
within the perineural space (97,98).

Prognostic significance

Perineural invasion is a strong prognostic indicator in
colorectal cancer. It has been significantly associated
with decreased survival and high rate of recurrence in
univariable (22,31,99,100) and multivariable (19,20,34,
42,50,81,96,101-109) analysis. For details compare
Table 2.

In particular, Liebig et al. (96) reported upon a signif-
icantly improved 5-year disease-free survival for patients
with perineural invasion-negative tumours compared
with those with perineural invasion-positive tumours
(65% vs. 16%), and a similarly improved 5-year overall
survival rate (72% vs. 25%). Data from our group (81)
are comparable : actuarial 5-year disease-free survival
rates for patients with perineural invasion-negative and
-positive tumours were 68% and 11%, respectively, and
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Table 2. — Selected studies showing perineural invasion as independent prognostic marker in multivariable analysis

Year | Patients Site | Inclusion | PNI [Target value| Univariable analysis Significant in multivariable
criteria (%) analysis
Bentzen et | 1988 | 468 Rectum | Stage II 17% | 5-year OS | Not specified Age above 60, PNI, venous inva-
al. (42) sion, tumour located <10cm from
the anal verge, elevated CEA level
Stage IIl | 38% | 5-year OS | Not specified PNI, venous invasion, tumour
located <10cm from the anal
verge, elevated CEA level, tumour
diameter, resection of neighbour-
ing organs
Shirouzu et | 1992 | 501 Rectum 20% | 8-year OS | Stage B2m+g : 8-yearsurvival rates | PNI (only stage C2m+g analyzed)
al. (101) in patients without PNI and in
patients with PNI 88.6 % and 80%
(not significant) ;
Stage C2m+g : 8-year survival rate
without PNI was 71.5%, with PNI
29. 1% (significant)
Bognel et 1995 |339 Rectum | Potentially | 34% | 5-year OS | PNI negative : 66%, PNI positive | Age, distance from anal verge,
al. (102) curative 46% ; other significant variables : | number of positive nodes, PNI,
Surgery age, type of surgery, distance from | tumour penetration
anal verge, tumour penetration,
tumour size, location of involved
nodes, number of positive nodes,
vascular invasion
Mulcahy et | 1997 | 117 Colo- Stage 11 8.5% | 5-year OS | Significant : bowel obstruction, | Necrosis, PNI
al. (67) rectum necrosis, PNI
Fujita et al. | 2003 | 341 Colo- 24% | 2-year PNI negative : 94%, PNI positive | Lymph node status, depth of inva-
(34) rectum DFS 63% ; other significant variables : | sion, PNI
depth of invasion, lymph node sta-
tus, lymphatic invasion, venous
invasion, growth type, streak type,
focal dedifferentiation
Law et al. 2004 | 622 Rectum 8.7% | 5-year PNI negative : 78.7%, PNI positive | Stage, lymphovascular invasion,
(107) CSS 27.6% ; other significant variables : | PNI
stage, lymphovascular invasion,
adjuvant radiotherapy
Stewart et 2008 | 304 Rectum | Curative |3.6% | DFS Significant : stage, T, N, adjuvant | Stage, radial margin stats, adju-
al. (103) intent chemotherapy, tumour fixation, | vant chemotherapy, PNI
involvement of the radial margin,
presence of mucin, lymphovascular
invasion, PNI
Liebig et al. {2009 |269 Colo- 22% | 5-year OS | PNI negative : 72%, PNI positive | PNI, stage IV
(96) rectum 25% ; other significant variables :
age, T, N, distant metastases, stage,
R-status, grade
S-year PNI negative : 77.9%, PNI positive | PNI, stage IV
DFS 22.1% ; other significant variables :
age, T, N, distant metastases, stage,
R-status, grade
Oh et al. 2009 | 350 Colon |T3,T4 T3: |5-year OS | Significant : N, lymphovascular | N, lymphovascular invasion, PNI
(105) 12%, invasion, PNI
T4 :
19%
Tsai et al. 2009 | 521 Colon | Stages I-|48.6 | Post- Significant : vascular invasion, | Vascular invasion, PNI, high post-
(104) I % operative | PNI, high postoperative CEA level, | operative CEA level
early type of surgery
relapse
257 Rectum | Stages I-|58.8 | Post- Significant :vascular invasion, PNI | PNI
il % operative
early
rela3pse
Poeschl er | 2010 | 381 Colon 13% | 5-year 5-year PFS rates : PNI negative : PNI, T, R-status
al. (81) PFS 68%, PNI positive 11% ;
5-year 5-year CSS rates : PNI negative : | PNI, T, R-status, lymphovascular
CSS 72%, PNI positive 26% ; invasion
Rectum 18% | 5-year Colon vs. rectum comparable (not | PNI, T, R-status, lymphovascular
PFS shown) invasion
5-year PNI, T, R-status, lymphovascular
CSS invasion, grade, age

Abbreviations : CEA, carcinoembryonic antigen ; CSS, cancer-specific survival ; DFS, disease-free survival ; n.d., noty determined ; OS, overall
survival ; PNI, perineural invasion ; PDS, progression-free survival.
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Fig. 3. — Colorectal cancer showing high grade tumour bud-
ding characterized by large numbers of isolated single cells or
small clusters of cells scattered in the stroma at the invasive
tumour margin.

actuarial 5-year cancer-specific survival rates for patients
with perineural invasion-negative and -positive tumours
were 72% and 26%, respectively. In multivariable analy-
sis, perineural invasion proved to be an independent pre-
dictor of both disease progression and cancer related
death. However, yet again some studies failed to show
prognostic influence of perineural invasion in multivari-
able analysis (58,110,111).

Prognostic significance in UICC stage I disease

In UICC stage II disease, data suggest that perineural
invasion plays a major role for prediction of disease
progression and/or recurrence, but a smaller role for pre-
diction of overall and/or cancer-related survival. Several
studies observed independent prognostic impact on
tumour recurrence, yet not on overall survival (95,112,
113). Another study presented perineural invasion as an
independent prognostic variable for disease free survival,
but did not analyze perineural and lymphovascular inva-
sion separately (65). However, other authors only noted
prognostic significance regarding tumour recurrence, yet
failed to substantiate these finding in a multivariable
model which identified depth of tumour invasion and
vascular invasion as independent predictors of out-
come (63,114,115). Regarding studies restricted to node
negative patients (Stages I and II) at least two studies
noted a prognostic effect of perineural invasion on can-
cer-related survival (116,117), one only in univariable
analysis (118).

Prognostic significance in early colorectal cancer

In early stages of colorectal cancer, perineural inva-
sion is only very rarely observed or simply not existent :
Studies from Liebig er al. (96) and from our group (81)
did not reveal perineural invasion in UICC Stage I dis-
ease. Huh ez al. (119) found perineural invasion in only
4.5% of T1 and T2 cases. These authors, however, noted
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independent impact on prediction of regional lymph
node spread with a ten fold increase of odds ratio. It is,
however, unclear in this study, how many perineural
invasion-positive cancers were in fact T1. Only Peng et
al. (75) stated independent prognostic value regarding
recurrence free survival in T1 rectal cancer, but they ana-
lyzed perineural and lymphovascular invasion lumped
together and therefore the presence of perineural inva-
sion and consequently the prognostic effect might have
been overestimated in this study. Finally, one other study
analyzing risk factors for lymph node metastases in 168
submucosal cancers found only one perineural invasion-
positive tumour which did not show lymph node metas-
tases (120). Hence, perineural invasion does not play a
role for identifying high risk patients after local therapy
of early colorectal cancer.

Prognostic significance for local recurrence in rectal
cancer

Perineural invasion is a possibly valuable predictor of
local recurrence in rectal cancer and may be used as an
indicator to stratify patients for intensive follow-up.
Several authors noted an independent prognostic impact
of perineural invasion regarding local tumour fail-
ure (20,95,106,121,122). However, other studies failed
to identify perineural invasion as a predictor of local
tumour recurrence in univariable (58,123) or multivari-
able (107) analysis, rendering positive microscopic
resection margin, focal dedifferentiation (i.e. tumour
budding) (123), T and N classification (58), or stage and
the use of peranal coloanal anastomosis (107) as inde-
pendent prognostic variables, respectively. According to
data of our group (81), incomplete tumour resection and
perineural invasion were the only independent predictors
of local tumour recurrence, thereby surpassing the prog-
nostic effect of lymphovascular invasion. Data in this
regard, however, are conflicting : Peng et al. (124)
proved perineural invasion to be the only independent
prognostic variable regarding local recurrence, while
lymphovascular invasion did not predict local tumour
failure. Enker etr al. (121) proved both perineural and
lymphatic invasion to be independent predictors of local
recurrence. Dresen et al. (45) finally noted independent
prognostic impact only for lymphovascular, yet not for
perineural invasion.

Additional comments and perspectives

Marked differences exist regarding the reported preva-
lence of perineural invasion, ranging between 3.6 and
58.8 per cent in colorectal cancer tissues (81,102-104)
Since perineural invasion has only very recently been
recognized as important histopathological variable for
routine pathology reporting of colorectal cancer (see the
7™ edition of the AJCC/UICC TNM system from 2009),
underreporting of this factor may have compromised the
results of former studies analyzing its prognostic impact.
Additionally, perineural invasion may be difficult to
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recognize : Minute foci of perineural invasion may
escape detection, and tumour cells around nerves may be
obscured by inflammatory cells or mucinous pools (94).
Therefore, immunohistochemical staining of S100 pro-
tein might facilitate the identification of nerves and con-
sequently perineural invasion. With the help of this tech-
nique, perineural infiltration was identified in 70% of 50
colorectal cancer cases, compared with 14% on H&E
stained sections (125). Accordingly, using S100 protein
immunostaining perineural invasion was observed in
82% of 40 oral cavity squamous cell carcinomas, com-
pared with 30% in the original pathology reports and with
62% on review of original H&E stained slides (126).
However, in a study of 238 prostate biopsy cores, S100
protein immunostaining significantly increased the detec-
tion of nerves, but not of perineural invasion compared
with H&E staining data (127). In conclusion, since data
regarding the value of immunohistochemical staining for
the detection of perineural invasion in colorectal cancer
are rare, and regarding its prognostic significance are in
fact lacking, future studies are warranted.

Tumour Budding

Definition and historical overview

Invasive tumour growth is the basis for infiltration of
regional lymph or blood vessels and ultimately for
metastatic cancer spread. Histological growth character-
istics at the invasive front may reflect tumour aggressive-
ness and have thus been considered as prognostic mark-
ers. Jass et al. (1,128) categorized the invasive margin of
rectal cancer as “infiltrating” if a tumour invaded in a dif-
fuse manner with widespread penetration of normal tis-
sues by a process of seemingly effortless dissection
between the normal structures of the bowel wall, often
with no recognizable margin of growth and lack of a host
response, and as “expanding” if tumours were well cir-
cumscribed with a pushing invasive margin. The pattern
of growth had prognostic impact and was included in
the Jass’ prognostic classification of rectal cancer and in
his suggestions regarding the grading of rectal can-
cer (1,128).

Another approach to evaluate the invasive margin and
thereby probably tumour aggressiveness is assessing the
extent of tumour budding. Specifically, budding has been
defined as the presence of isolated single cells or small
clusters of cells (composed of fewer than five cells) scat-
tered in the stroma at the invasive tumour mar-
gin (129,130). The concept later termed tumour budding
has been anticipated by Japanese researchers already in
the late forties and fifties and referred to as “sprouting”,
but then disappeared from the literature and has been
rediscovered not until the late eighties (130). Budding is
also closely related to the findings of Gabbert et al. (131)
in murine colon carcinomas, who reported on “a striking
dissociation of the organized tumour cell complexes into
isolated tumour cells together with a loss of most of the

cytological features of differentiation”. Moreover, bud-
ding can be regarded as histological correlate of epithe-
lial-mesenchymal transition, a process originally known
from embryonic development. This term comprises the
migration of (tumour) cells via reducing intercellular
contacts (down-regulation of E-cadherin), forming cyto-
plasmatic protrusions (i.e. lamellipodia) through reor-
ganizing the cytoskeleton to make new cell contacts
(with integrins) for anchoring, before contraction of the
cell body, ultimately leading to relocation of the
cells (132,133). Finally, budding cells have been attrib-
uted stem cell capacities with the potential of redifferen-
tiation at distant sites (132).

Prognostic significance

Tumour budding has been presented as prognostic
variable in colorectal cancer, independently predicting
poor survival (129,134-137) and high risk of recur-
rence (138-140). For details compare Table 3. For
instance, Ueno et al. (136) analyzed two cohorts of rec-
tal cancer patients, one consisting of 638 patients previ-
ously used for the Jass’ prognostic classification (1) and
one with 476 patients. They observed significantly lower
S-year survival rates of patients with tumours showing
high grade budding (41% and 43%) compared with those
characterized by low grade budding (84% and 83%).
Moreover, budding was significantly related to survival
in stepwise regression analysis and had the second high-
est hazard ratios (HR 2.21 and HR 2.35) only surpassed
by extramural spread (HR 2.74 and HR 3.10) in both
cohorts, yet demonstrating higher risk ratios than tumour
differentiation, extramural venous invasion, the number
of metastatic lymph nodes, and apical nodal involve-
ment.

However, Sy et al. (141) did not identify additional
independent prognostic information beyond that given
by routine pathology reporting, but they only analyzed
stage III tumours. Regarding the risk for distant metasta-
sis, literature data are conflicting : Two studies stated
independent prognostic significance regarding extrahep-
atic metastases or recurrence, respectively (142,143),
while other authors only stated prognostic significance
regarding distant metastases in univariable, yet not in
multivariable analyses (144-146).

Prognostic significance in UICC stage Il disease

The value of tumour budding for prediction of long
term prognostic outcome of stage II colorectal cancer
patients has not been extensively studied. Nakamura et
al. (147) reported survival rates of patients with high
grade budding in stage II tumours not significantly dif-
ferent from patients with stage III disease analyzing 200
colon cancer patients. In Cox regression, budding was
the most powerful independent prognosticator regarding
survival (HR 4.89), stronger than serosal surface involve-
ment (HR 2.56), while venous and lymphatic invasion
did not show independent prognostic influence. Two
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Table 3. — Selected studies showing independent prognostic significance of tumour budding in multivariable analysis
Year |Patients | Site Inclusion Stain Budding (%) | Target value | Univariable analysis Significant in
criteria multivariable analysis
Ueno et al. | 2002 | 638 Rectum | Potentially | H&E 30.1% high S-year OS | Five-year survival rate | Budding, number of
(129) curative grade (>10) 84.0% in patients with | involved lymph nodes,
resection budding intensity <10, | extramural spread,
but only 40.7% in lymphocytic infiltra-
patients with budding | tion, apical nodal
intensity >10 involvement, grade
Okuyama |2003 | 196 Colon T3, G1/G2 |H&E 43,3% S-year OS | No significant differ- | Budding
et al. (137) ence in survival curves
observed between
patients with budding-
positive Stage II
lesions and patients
with Stage III lesions
Ueno et al. 2004 |476 Rectum | n. spec. H&E 53.1% high 5-year CSS | 5-year survival rates Budding, number of
(136) (2nd grade (>10) of patients with low- | involved lymph nodes,
dataset) grade budding 82.5%, | grade, extramural
5-year survival rates venous invasion, extra-
of patients with high- | mural spread, apical
grade budding 42.8% | nodal involvement
Park et al. |2005 | 174 Colon >T2, well | Keratin | 89% 5-year DFS | 5-year DFS 85.2% Budding, perineural
(139) or moder- (budding 0-3), 76.1% | invasion
ately dif (Budding 4-5), 73.1%
(budding 6-9), and
49% (budding 10-38)
Prall et al. 2005 |182 Colo- Stages I-II ; | Keratin | 32% high oS Significant : budding, | Budding, venous
(150) rectum | RO degree (>25 infiltrating growth pat- | invasion
buds/field of tern, venous invasion
vision
Shinto er | 2006 | 136 Colo- T3 H&E 40% high S-year OS | Significant : age, dis- | Budding, age, distant
al. (151) rectum grade (>10) tant metatstasis, nodal | metastases, cytoplas-
metastasis, venous mic podia
invasion, budding,
cytoplasmic podia
Choi et al. |2007 | 244 Rectum | >T2, H&E 92% 5-year DFS | 5-year DFS for Budding, N, stage,
(140) G1/G2, no patients with budding | perineural invasion, T
distant intensity <10: 76.7%,
metastasis 5-year DFS for
patients with budding
intensity >10: 47.2%
Kanazawa |2008 | 159 Colo- H&E Mild 34%, 5-year CSS | Significant : depth of | Budding, stage
et al. (134) rectum moderate invasion, lymph node
37%, marked metastasis, stage,
29% grade
Nakamura |2008 |200 Colon Stage 11 H&E 35% high S-year/10- | Significant : serosal Budding, serosal
et al. (147) grade (bud- year OS surface involvement, surface involvement
ding at >1/3 budding
of the entire
invasive mar-
gin)
Zlobec et | 2008 | 1420 Colo- n. spec. | n. spec. 5-year OS | n. spec. Budding, T, N, vascu-
al. (135) rectum lar invasion, grade,
RHAMM, EGFR,
Tumor infiltrating lym-
phocytes, urokinase
plasminogen activator,
RKIP, MST-1
Ohtsuki er | 2008 | 149 Colo- T2-T4, H&E, 63% H&E, DFS Significant : wall pen- | IHC : Budding, N ;
al. (138) rectum | no neoadju- | Keratin | 73% IHC etration, lymph node | H&E : Budding not
vant therapy metastasis, lymphatic | significant (significant :
invasion, venous inva- | N, wall penetration)
sion, liver metastasis,
budding
Wang et 2008 | 128 Colo- T3 NOMO |H&E 38-50% high | 5-year CSS | Significant : growth Budding (others not
al. (149) rectum pattern (Jass), lym- shown)
phovascular invasion,
perineural invasion,
budding
CSS, specific survival ; DES, disease-free survival ; IHC, immunohistochemistry ; N.D., not determined ; n. spec, not specified ; OS, overall ;
PFS, free survival.
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other studies analyzing stage II patients with T3 depth of
invasion also identified tumour budding as independent
prognostic factor regarding cancer-specific survival in
univariable (148) and multivariable (149) analyses.
Other studies, lumping all node-negative tumours togeth-
er (stage I and II disease), also stated prognostic impact
regarding survival (150) and, yet only in univariable
analysis, regarding distant metastasis (145). Moreover,
there are studies identifying tumour budding as inde-
pendent prognostic variable in T3 colorectal cancer, but
those did not exclude node positive cases and have there-
fore only limited significance with respect to stage II
disease (137,151-153).

Prognostic significance in early colorectal cancer

A major role of tumour budding for prediction of
lymph node metastases in early colorectal cancer has
been confirmed in a number of studies, the majority of
these including regression analysis (24,71,74,76,120,
154-162). Moreover, budding has been associated with
locoregional recurrence (163,164). However, impact on
overall survival was not be proven by Wang et al. (74), in
a retrospective study of 159 T1 colorectal cancer
patients.

Prognostic significance for local recurrence in rectal
cancer

Tumour budding has been significantly associated
with local recurrence in univariable (153) and multivari-
able (123,165) analysis. Moreover, tumour budding
independently predicted locoregional failure (including
both local recurrence and lymph node metastasis) in
early colorectal cancer (163,164). Akasu et al (123)
identified focal dedifferentiation (i.e. tumour budding)
and positive resection margin as independent predictors
of local recurrence in rectal cancer, while perineural
invasion and lymphovascular invasion did not predict
local tumour failure. Further studies, however, compar-
ing the prognostic yield of the three histopathological
variables in this regard are warranted.

Comments and Perspectives

Lack of internationally accepted standards and guide-
lines for the assessment of tumour budding may compro-
mise its evaluation in the routine setting. Thus, although
most authors refer to the criteria of Ueno et al. (129) or
Hase et al. (130), (i) budding foci have been counted in
the area where the intensity of budding is maximal or in
several areas of the tumour border in different slides,
generating average bud counts or indexes, (ii) different
cut of values for the classification of budding intensity
have been used, and (iii) budding has been evaluated at
different levels of magnification and/or visual fields of
varying size (120,134,147,149,166,167). Moreover, bud-
ding foci have been defined as compromising of five
cells or less, however some authors have set the limit to
4 tumour cells (133,151).

Of note, Morodomi et al. (168) introduced more
broadly settled criteria for the evaluation of tumour bud-
ding : They summarised budding as ether the occurrence
of microtubular cancer nests, defined as “bundles of five
or more cancer cells occurring in a well differentiated
region (mainly the active invasive area) which showed a
tubular structure”, or the occurrence of undifferentiated
cells, defined as “isolated cancer cells without a distinct
structure”. Several subsequent studies assessed budding
according to Morodomi’s criteria or modifications of this
system (74,134,137,148,153,169).

Finally, the use of immunohistochemical stains, e.g.
applying antibodies directed against pan-keratin, the
intermediate filament of epithelial cells, may improve
the detection of budding cancer cells at the invasive
tumour margin and has accordingly been used by sever-
al authors (138,144,150,151,155,166). In particular,
Ohtsuki et al. (138) observed prognostic significance of
budding regarding disease free survival in T2-4 patients
only evaluating immuohistochemically stained, but not
evaluating H&E stained slides. However, as stated above
regarding the assessment of vascular invasion, immuno-
histochemical staining is labour intensive, time consum-
ing and expensive. Hence, the routine use of
Immunohistochemistry may not be efficient and is not
recommended in current practice guidelines (8,9).
Nevertheless, special stains, in particular keratin
immunostaining, may be helpful in equivocal cases and
the authors recommend its use for early cancer cases.

In conclusion, although tumour budding is increasing-
ly recognized as an important predictor of tumour pro-
gression and cancer-related death, as well as lymph node
metastasis in early cancer cases, the establishment of
standardized criteria for the evaluation of tumour bud-
ding is inevitable in order to improve the quality of
assessment and the comparability of scientific studies.
Future prospective studies should compare the prognos-
tic power of tumour budding related to vascular and per-
ineural invasion since studies in this regard are currently
lacking.

Conclusion

In conclusion, the presented histopathological param-
eters are central prognostic factors in colorectal cancer
and should be used to facilitate patient counselling and
clinical decision-making with respect to follow-up
scheduling, administration of adjuvant therapy, and evi-
dence-based design of clinical trials. New prognostic
markers, in particular on the molecular level, have to sur-
pass the prognostic power of the three parameters dis-
cussed above before consideration in routine practice.
Nevertheless, international standardization of morpho-
logical criteria embedded in a quality control setting
need to be established in order to improve and/or guaran-
tee performance status of risk stratification for affected
patients and comparability of scientific studies.
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