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The current TNM classification considers a tumor nodule in the pericolic/perirectal adipose tissue as venous
invasion if the nodule has an irregular contour and as regional lymph node metastasis if the nodule has the
form and smooth contour of a lymph node. However, detailed studies on the clinico-pathological implications of
pericolonic tumor deposits and of extranodal extension are still lacking. We investigated the impact of these
metastatic deposits in the pericolic fat in a series of 228 patients with advanced colon cancer. The pericolonic
tumor deposits were characterized by their appearance, size, distance from the primary tumor and by their
relation with the lymphatic tissue not organized in lymph nodes. These features were then compared with the
clinico-pathological characteristics of the tumors and with the patients’ survival. All these lesions were
associated with reduced disease-free and overall survivals in a univariate analysis, but only pericolonic tumor
deposits retained an independent prognostic role in the multivariate analysis. Our findings suggest that
pericolonic tumor deposits are a destructive type of venous invasion different from other types of vessel
involvement, and that these lesions may rather be included in the M category for staging purposes.
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Colorectal cancer is one of the most commonly
diagnosed human malignancies, ranking fourth in
frequency in men and third in women.1 Although
the prognosis has slightly improved in the last years
(survival estimates at 5 years are 65% in North
America and 54% in Western Europe),1 colonic
cancer is still a major cause of death worldwide.

The occurrence of lymph node involvement and
the number of metastatic lymph nodes are consid-
ered to be important prognostic factors in adenocar-
cinomas of the colon and rectum, allowing the
identification of subgroups of patients with different
risk for relapse and a shorter survival.2,3

In the latest TNM classification, locally advanced
adenocarcinoma patients (corresponding to stage III
disease) have been divided into three different
substages (IIIA–IIIC) according to the depth of tumor

infiltration through the intestinal wall and the
number of metastatic regional lymph nodes.4

Whether additional qualitative features, currently
not mentioned in the TNM UICC classification, may
be relevant to nodal stage has already been
addressed, and a few studies have investigated the
prognostic role of the volume of metastatic lymph
node involvement and of extracapsular tumor
spreading.5,6 Vascular, lymphatic and perineural
invasion have been shown to correlate with a poor
prognosis7,8 but without directly affecting tumor
staging.9,10

Besides stage III substaging, another change in the
latest TNM classification was the reappraisal of
pericolonic tumor deposits, which are metastatic
adenocarcinoma nodules occurring in the pericolo-
nic and perirectal fat, often in close association with
blood vessels.11,12 In the previous TNM edition,
these nodular lesions of the perivisceral fat were
classified exclusively on the basis of their size,
independent of their histologic features, and were
considered to be discreet tumor disseminations to
the perivisceral fat if the diameter was 3mm or less
in diameter, or lymph node metastases if larger than
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3mm.13 In the new TNM classification, it is the
shape that defines pericolonic tumor deposits either
as frank vascular (venous) invasion if they have an
irregular contour, or metastatic lymph nodes if
presenting with smooth contour.4

Although the prognostic implications of pericolo-
nic tumor deposits in patients with large bowel
adenocarcinoma have already been emphasized in
previous studies,12,14–19 some uncertainties still re-
main about their actual prevalence, classification and
clinical implications. The same holds true for the
detection of vascular invasion in colorectal cancer
(ranging from 10 to 89.5% in published studies20)
and its relationship with pericolonic tumor deposits.
Two different patterns of vascular invasion have been
identified in colorectal cancer: the ‘filling’ or ‘float-
ing’ type,20,21 if the vascular wall is preserved,22 and
the ‘occlusive’21 or ‘infiltrating’20 type if the vein wall
is damaged up to the complete destruction, with a
surrounding fibroinflammatory reaction.21,22

Among the above-mentioned types of vascular
invasion, pericolonic tumor deposits can be in-
cluded only in the ‘infiltrating’ type described by
Sternberg et al.20 In their article, however, these
authors did not investigate the clinical implications
of these distinct patterns of vascular invasion, since
they were aimed at evaluating the detection rate of
different types of vascular invasion in stage IV
colorectal cancer, comparing their series to the
pertinent literature.20 Therefore, the present study,
dealing with 228 stage III–IV colonic adenocarci-
nomas, was undertaken to investigate the prognostic
implications of pericolonic tumor deposits in com-
parison with other types of vascular invasion and
the clinical significance of extracapsular tumor
spreading in lymph node metastases.

Materials and methods

Patients

Between 1988 and 1999, 300 consecutive patients
with stage III and IV (sixth TNM classification of
malignant tumors) advanced colorectal adenocarci-
noma, surgically treated at the European Institute of
Oncology in Milan and at the University Hospital
of Verona, were identified. Of these, 231 were
of colonic origin and 69 rectal. Inclusion criteria
for entry into the study included the absence of neo-
adjuvant treatment, age r85 years (three patients
aged 87, 87 and 92 years were later excluded from
the analysis). Because of the different biological,
clinico-pathologic and therapeutic implications
of rectal carcinoma, in particular, the introduction
of the total mesorectal resection in the latter years of
the study and the postoperative radiation therapy
offered to many such patients, these tumors were
eventually excluded from the analysis. All clinical
data were extracted from the patients’ original
charts, the databases of the participating institu-
tions, direct interviews with surviving patients

or members of their families or their family
physicians, or from death registry offices. The
collected data included date of birth, date of surgery,
date of last follow-up/death, date of local recur-
rence, date of first metastatic spreading, site of
metastatic spreading (classified as local recurrence,
hepatic, abdominal extrahepatic and distant) and
the anatomical location of the neoplasm (classified
as right, transverse and left colon). Information on
overall survival (OS) was available for all patients,
with 141 (61.8%) dying of their disease. The mean
survival period was 54.2 months (s.d. 43.1; range 0–
106 months). Recurrent disease information was
assessable in 220 (96%) patients, with a mean time
to event of 39 months (s.d. 38.6; range 0–170
months). Information on adjuvant therapy was
available for 205 patients (90%) (115 treated and
89 untreated).

Histopathologic Features

One single pathologist reviewed all the original
H&E-stained sections from the two participating
centers. A subset (20%) of cases with pericolonic
tumor deposits was then reviewed by a second
pathologist. No statistical differences were seen
between the recordings of the two observers.

All the original H&E-stained sections of each case
were reviewed, and the following data were col-
lected: confirmation of T3 or T4 status, tumor grade
(categorized with a three-tier grading system using
the extent of gland formation and microtubular
structures as the primary grade criteria23,24), occur-
rence and type of vascular invasion (intramural,
extramural or lymphatic), occurrence of perineural
invasion, tumor growth margins (expansive or infil-
trative), number of metastatic lymph nodes, identifi-
cation of lymph node extracapsular tumor spreading
and number and characteristics of pericolonic tumor
deposits. In particular, pericolonic tumor deposits
were defined using the current TNM criteria,4 so
these lesions were distinguished from metastatic
lymph nodes, but additional features were recorded,
such as lymphocyte infiltration, nodule size (consi-
dered as either the maximum or the mean diameter
within individual tumors) and distance from the
main tumor dichotomized as either r1 cm if the
pericolonic tumor deposit was included in the same
block as the primary tumor (Figure 1a), or 41 cm if
the pericolonic tumor deposit was found further
away in the perivisceral fat.

Pericolonic tumor deposits showed a heteroge-
neous histologic appearance but shared a common
and frequent association with partially destroyed,
large muscularized veins (Figure 1b). In general,
pericolonic tumor deposits had irregularly lobulated
shapes, were encircled by a discontinuous rim of
nonparallel collagen fibers of different thickness
and were sometimes compartmentalized by fibrous
septa (Figure 1d). Typically, there was no necrosis or
associated lymphoid tissue (Figure 1a–d). Other
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pericolonic tumor deposits were still clustered in
the perivenous spaces, but showed scattered lym-
phoid tissue that was not organized in the residual
lymph node structures (Figure 2a–d).

Lymph nodes completely replaced by carcinoma-
tous tissue were characterized by roundish contours
and a smooth shape with a continuous peripheral
capsule of parallel collagen fibers of the same
thickness and often showed necrotic areas (Figure
3a–d). In mucinous carcinoma, lymph nodes com-
pletely replaced were often filled with mucus
(Figure 3c and d). The extracapsular type of lymph
node metastasis showed tumor involvement of the
perinodal tissue associated with nodal metastases.

Statistical Analysis

Associations between pericolonic tumor deposits
and other clinico-pathological characteristics of the
tumor were assessed by the Fisher’s exact test for
categorical variables and with the Mantel–Haenszel
w2 test for trend for ordinal variables. Disease-free
survival (DFS) was calculated from the date of
surgery until the date of either loco-regional relapse

or the development of distant metastasis. Only
mortality from disease was considered for OS
analysis. DFS and OS curves were obtained using
the Kaplan–Meier method and the comparison
between groups was assessed by the log-rank test,
considering a P-value o0.05 as significant. Uni-
variate and multivariate Cox proportional hazard
regression were used to assess the prognostic
significance of pericolonic tumor deposits and other
clinical characteristics on survival. As this study
dealt with locally advanced and metastatic tumors
that actually have a poor prognosis, patients were
censored at 6 years in order to emphasize the
prognostic role of pericolonic tumor deposits as a
predictive marker for reduced DFS and OS. All tests
were two sided. Analyses were performed with the
SAS software (Cary, NC).

Results

Clinico-Pathological Data

Stage distribution included nine (4%) tumor
patients with stage IIIA, 100 (44%) with stage IIIB,

Figure 1 Pericolonic tumor deposits without lymphocytes: there is often a close relation to vascular structures.
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61 (26%) with stage IIIC and 58 (25%) with stage
IV tumors. Eighty-five patients (37%) had right
colon carcinoma, 14 (6%) transverse colon carci-
noma and 129 (57%) left colon carcinoma. Twenty
patients (9%) experienced local recurrences and 134
(59%) distant metastases, classified as hepatic
(80 patients), abdominal extrahepatic (22 patients)
and extra-abdominal (32 patients). Sixteen (7%) of
the adenocarcinomas were grade 1, 144 (63%) grade
2 and 68 (30%) grade 3, with 213 (93%) of them
being typical adenocarcinoma, 13 (6%) mucinous
and 2 (1%) signet ring cell adenocarcinoma. Intra-
mural venous vessel invasion was detected in 51
(22%) cases, extramural vascular invasion in 69
(30%), lymphatic vessel invasion in 21 (9%) and
perineural invasion in 29 (13%). There was a
prevalence of both G3 tumors and intramural
venous invasion in right-sided colon cancer in
comparison with that of left-sided ones (for both
Po0.001).

The median number of LN examined was 12
(range 1–74), and was similar (P¼ 0.59) in patients
with pericolonic tumor deposits (median 12,
range 2–38) and those without (median 13, range
1–74).

Metastatic Involvement of Perivisceral Fat

The distribution of venous, lymphatic invasion and
pericolonic tumor deposits according to tumor stage
is reported in Figure 4. In particular, intramural
venous invasion was present in 38 cases (22%) of
stage III and 13 cases (22%) of stage IV disease,
extramural venous invasion in 44 cases (25%) of
stage III and 26 cases (45%) of stage IV disease,
lymphatic invasion in 16 cases (9%) of stage III and
five cases (9%) of stage IV disease, perineural
invasion in 19 cases (11%) of stage III and 10 cases
(17%) of stage IV disease, pericolonic tumor depo-
sits with lymphocytes were present in 19 cases
(11%) of stage III and eight cases (14%) of stage IV
disease, pericolonic tumor deposits without lym-
phocytes in 49 cases (28%) of stage III and 27 cases
(55%) of stage IV disease and extracapsular tumor
spreading in 69 cases (40%) of stage III and 32 cases
(55%) of stage IV disease.

The two types of pericolonic tumor deposits were
definitely separated: their presence was reciprocally
exclusive. There was no patient with both types
of lesions, except one single case with 10 perico-
lonic tumor deposits without lymphocytes and

Figure 2 Pericolonic tumor deposits within lymphatic structures without evidence of lymph node, often in the perivascular spaces.
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one single pericolonic tumor deposit with lympho-
cytes.

The distance of pericolonic tumor deposits from
the main tumor was up to 1 cm in 18 (17%) cases
and 41 cm in 85 (83%) cases. The size of the largest
pericolonic tumor deposit per single case ranged
from 0.3 to 22mm (mean¼ 6.0mm, s.d.¼ 4.7mm,

median¼ 4.9mm), whereas the mean size of all
pericolonic tumor deposits was 4.2mm (s.d.¼ 3.1mm,
median¼ 3.3mm, range 0.3–15mm).

The occurrence of pericolonic tumor deposits was
associated with metastatic disease, without any
preferential site distribution. When considering all
types of pericolonic tumor deposits, these were
correlated with almost all the known adverse
prognostic factors, except for mucinous differentia-
tion and lymphatic invasion (Table 1). Conversely,
when pericolonic tumor deposits were evaluated
according to the presence of lymphocytes, a close
association was retained only between the occur-
rence of pericolonic tumor deposits with lympho-
cytes and the number of metastatic lymph nodes or
the lymphatic invasion. Pericolonic tumor deposits
without lymphocytes were equally distributed in
tumors with and without vascular invasion (Table 1).

Survival Analysis

The survival curves of the patients treated in the
two participating centres were not statistically
different.

Figure 3 Lymph nodes under complete replacement by metastatic tumor.

Figure 4 Distribution of intramural venous invasion (IMVI),
extramural venous invasion (EMVI), pericolonic tumor deposits
with lymphocytes (PTDlym) and pericolonic tumor deposits
without lymphocytes (PTDs) throughout stages IIIA–IV.
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Table 1 Association between lymph node status, extracapsular tumor spreading, presence of pericolonic tumor deposits, and of
surrounding lymphocytes and other clinico-pathological characteristics

pN ECTS Presence of PTDs (all types) Surrounding lymphocytes

N1 N2 P-value No Yes P-value No Yes P-value No Yes P-value

PTDs
Absent 92 36 86 42 128 — — —
Present 47 53 0.0002 43 57 0.0003 — 100 — 74 26 —

Surrounding lymphocytes
No 40 34 34 40 — 74 74 —
Yes 7 19 0.022 9 17 0.36 — 26 — — 26 —

Histology
Non-mucinous 129 84 122 91 122 91 66 25
Mucinous 10 5 0.79 7 8 0.43 6 9 0.28 8 1 0.44

Grade
G1 13 3 14 2 15 1 1 0
G2 100 44 88 56 83 61 43 18
G3 26 42 o0.0001 27 41 o0.0001 30 38 0.0008 30 8 0.47

pT
pT1 2 0 2 0 2 0 0 0
pT2 11 1 7 5 10 2 0 2
pT3 112 73 107 78 104 81 60 21
pT4 14 15 0.0086 13 16 0.12 12 17 0.0071 14 3 0.11

pN
N1 139 0 101 38 92 47 40 7
N2 0 89 — 28 61 o0.0001 36 53 0.0002 34 19 0.022

Number of positive nodes
1 62 0 46 16 45 17 16 1
2 53 0 40 13 32 21 17 4
3–5 24 44 31 37 36 32 23 9
45 0 45 — 12 33 o0.0001 15 30 o0.0001 18 12 0.0076

ECTS
No 101 28 129 0 86 43 34 9
Yes 38 61 o0.0001 0 99 — 42 57 0.0003 40 17 0.36

pM
M0 111 59 103 67 105 65 47 18
M1 28 30 0.029 26 32 0.046 23 35 0.0038 27 8 0.64

Stage
IIIA 9 0 6 3 8 1 0 1
IIIB 99 1 75 25 70 30 26 4
IIIC 3 58 22 39 27 34 21 13
IV 28 30 o0.0001 26 32 o0.0001 23 35 o0.0001 27 8 0.74

Vascular invasion
Absent 95 32 85 42 88 39 28 11
Present 44 57 o0.0001 44 57 0.0004 40 61 o0.0001 46 15 0.82

IMVI
Absent 117 60 108 69 107 70 49 21
Present 22 29 0.0053 21 30 0.0158 21 30 0.0166 25 5 0.22

EMVI
Absent 109 50 99 60 103 56 42 14
Present 30 39 0.0006 30 39 0.0093 25 44 o0.0001 32 12 0.82

Lymphatic invasion
Absent 135 72 121 86 120 87 69 18
Present 4 17 o0.0001 8 13 0.104 8 13 0.1059 5 8 0.0041

Neural invasion
Absent 130 69 121 78 120 79 62 17
Present 9 20 0.0008 8 21 0.0011 8 21 0.0012 12 9 0.056

Tumor border
Expansive 7 3 7 3 8 2 2 0
Infiltrative 132 86 0.74 122 96 0.52 120 98 0.19 72 26 1.00

Peritumoral inflammation
Absent 134 87 123 98 122 99 73 26
Present 5 2 0.27 6 1 0.097 6 1 0.094 1 0 0.74

PTDs, pericolonic tumor deposits; ECTS, extracapsular tumor spreading; IMVI, intramural venous invasion; EMVI, extramural vascular invasion.
Bold=Po0.05.
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Table 2 Univariate analysis for disease-free and overall survival

Univariate analysis Disease-free survival Overall survival (dead from cancer)

HR (95% CI) P-value HR (95% CI) P-value

ECTS
No 1.00 1.00
Yes 1.79 (1.31–2.45) 0.0003 1.79 (1.28–2.50) 0.0007

PTDs
Absent 1.00 1.00
Present 3.22 (2.33–4.47) o0.0001 3.69 (2.60–5.24) o0.0001

PTDs number
None 1.00 1.00
1 2.40 (1.59–3.61) o0.0001 3.10 (2.00–4.79) o0.0001
2 3.64 (2.12–6.24) o0.0001 3.18 (1.81–5.58) o0.0001
3+ 4.81 (3.15–7.34) o0.0001 5.07 (3.27–7.87) o0.0001

Presence of lymphocytes
No PTDs 1.00 1.00
PTDs with lymphocytes 2.85 (1.74–4.67) o0.0001 2.57 (1.53–4.32) 0.0003
PTDs without lymphocytes 3.36 (2.38–4.76) o0.0001 4.30 (2.96–6.25) o0.0001

PTDs maximum size
No PTDs 1.00 1.00
o2mm 2.03 (1.17–3.52) 0.012 2.07 (1.17–3.69) 0.013
2–5mm 3.17 (2.09–4.82) o0.0001 3.93 (2.52–6.15) o.0001
45mm 4.48 (2.97–6.75) o0.0001 5.15 (3.35–7.93) o0.0001

PTDs median size
No PTDs 1.00 1.00
o2mm 2.49 (1.54–4.02) 0.0002 2.74 (1.66–4.52) o0.0001
2–5mm 3.35 (2.27–4.94) o0.0001 3.87 (2.56–5.86) o0.0001
45mm 4.26 (2.62–6.95) o0.0001 5.17 (3.10–8.62) o0.0001

Localization
Left 1.00 1.00
Right-transverse 1.42 (1.04–1.95) 0.029 1.44 (1.03–2.01) 0.033

Histology
Non-mucinous 1.00 1.00
Mucinous 1.66 (0.94–2.94) 0.083 2.11 (1.19–3.75) 0.011

Grade
G1 1.00 1.00
G2 2.05 (0.96–4.42) 0.083 2.44 (0.97–6.01) 0.052
G3 2.43 (1.10–5.37) 0.029 2.96 (1.17–7.49) 0.022

pT
pT1–2 1.00 1.00
pT3–4 4.01 (1.48–10.8) 0.0062 2.93 (1.08–7.92) 0.034

pN
N1 1.00 1.00
N2 1.74 (1.27–2.39) 0.0006 1.56 (1.11–2.19) 0.0096

Number of positive nodes
1 1.00 1.00
2–5 1.65 (1.10–2.45) 0.015 1.59 (1.03–2.46) 0.035
45 2.91 (1.82–4.63) o0.00001 3.30 (2.03–5.37) o0.0001

pM
M0 1.00 1.00
M1 3.67 (2.62–5.15) o0.0001 5.93 (4.13–8.52) o0.0001

Stage
IIIA 0.30 (0.07–1.12 0.091 0.43 (0.11–1.77) 0.24
IIIB 1.00 1.00
IIIC 1.75 (1.17–2.63) 0.0065 1.62 (1.04–2.52) 0.033
IV 4.31 (2.94–6.32) o0.0001 6.92 (4.56–10.5) o0.0001

IMVI
Absent 1.00 1.00
Present 1.34 (0.93–1.93) 0.12 1.56 (1.07–2.29) 0.022

EMVI
Absent 1.00 1.00
Present 1.74 (1.25–2.42) 0.0010 1.63 (1.14–2.32) 0.0069

PTDs, pericolonic tumor deposits; ECTS, extracapsular tumor spreading; IMVI, intramural venous invasion; EMVI, extramural vascular invasion.
No association was found between survival and center, sex, age, lymphatic and neural invasion, tumor border, peritumoral lymphocytic
infiltration and adjuvant treatment.
Bold=Po0.05.
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Traditional prognostic variables such as pT, pN,
tumor grade and vascular invasion strongly corre-
lated with patients’ life expectancy (Table 2 and
Figure 6), with TNM tumor staging being the best
predictor of survival (Figure 5). A correlation with
poorer clinical outcome was also noted for muci-
nous differentiation, right tumor location and extra-
capsular tumor spreading (Table 2 and Figure 6). A
significant relationship was found between a shorter
survival rate and any type of pericolonic tumor
deposits, as well as with their increasing number
and size (Table 2; Figures 7 and 8). Stratifying the
prognostic impact of pericolonic tumor deposits
according to tumor stage, it emerged that the
occurrence of pericolonic tumor deposits without
lymphocytes was detrimental for survival in all
tumor substages (IIIA–IIIC), whereas pericolonic
tumor deposits with lymphocytes affected prognosis
only for patients with stage IIIA and IIIB diseases
(Figure 7).

In the multivariate analysis, pericolonic tumor
deposits with and without lymphocytes emerged as
an independent prognostic factor for both OS and
DFS (Table 3, model 1), together with tumor stage
and tumor localization. Intramural venous invasion,

extramural venous invasion, lymphatic invasion
and tumor grade were not independent prognostic
factors when adjusted for the presence of any type of
pericolonic tumor deposits.

Adjusting then the type of pericolonic tumor
deposits (with and without lymphocytes) for size
and number, the relevance to prognosis of the latter
emerged. In particular, when considering the com-
bined features of pericolonic tumor deposits, both
the number (two or more) and the absence of
lymphocytes, but not the size, were associated with
a worse prognosis (Table 3, model 2).

In a multivariate analysis adjusted for other
clinical and pathological characteristics including
the presence of pericolonic tumor deposits, extra-
capsular tumor spreading in lymph node metastases
did not emerged as an independent prognostic factor
(Table 3). However, in a subset analysis limited to
patients with stage III colon cancer, the independent
prognostic value of extranodal extension for DFS
was of borderline significance (HR¼ 1.58, 95%
CI¼ 0.95–2.61, P¼ 0.076).

Discussion

We performed this study to examine the clinico-
pathological implications of different metastatic
occurrences that are commonly encountered in
routine histopathological examination of pericolo-
nic fat in advanced-stage large bowel adenocarcino-
ma specimens.

With regard to the TNM staging system, we paid
attention to features that have been considered
differently in the subsequent editions (fifth and
sixth), such as pericolonic tumor deposits, or not
taken into consideration, such as the extracapsular
tumor spreading.

The currently adopted TNM staging system for
colorectal adenocarcinoma is based mainly upon the
assessment of the anatomic extent of the disease at
the time of diagnosis, although one of its main
objectives is to provide prognostic indications forFigure 5 Overall survival according to tumor stage.

Figure 6 Overall survival according to nodal status (left) and extracapsular tumor spreading (right) in patients with stage III colon cancer.
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the patients’ best treatment.4 Up to one half of
patients with locally advanced colorectal cancer
relapse,25,26 mostly within the first 3 years of follow-
up.27 Therefore, the prognostic heterogeneity of
stage III colorectal cancer28 has been addressed
by stratifying the patients into three substages
(IIIA–IIIC), adopting criteria based on the depth of
the intestinal wall involvement and the number
of metastatic lymph nodes.2 Missing additional
features, however, may account for remarkable
prognostic differences between patients in the same
risk category. In this regard, the volume of metastatic
lymph node involvement is not an independent
prognostic indicator in colorectal cancer,5 and the
role of extracapsular tumor spreading still awaits
further confirmation.6 As far as vascular invasion is
concerned, it is still unclear whether different types
of vascular invasion (lymphatic or venous) are
prognostically relevant as independent factors10 or
whether vascular invasion per se may have clinical
implications on tumor staging. Vascular invasion,
however, plays a pivotal role in the pathology report
of colorectal cancer, and this study was specifically
aimed at addressing the different implications of
diverse types of vascular invasion and at reapprais-
ing the role of extracapsular tumor spreading.

One of the most difficult tasks in assessing the
clinical implications of pericolonic tumor deposits

in colorectal cancer, whose prevalence ranges from
6 to 64% in the mesorectum,19 derives from the
observation that these nodular lesions have often
been mixed with other types of venous14,16,18,19 or
lymphatic invasion,18,19 lymph node metastasis,19

nerve infiltration11,12,14,16,18,19 or otherwise non-spe-
cified infiltration of the perivisceral fat,14,16,18 thus
making it difficult to compare data from different
studies. As indicated in the last TNM classification,
it is the shape of pericolonic tumor deposits, which
has become a unique diagnostic clue, but this is not
sufficient to consistently distinguish different types
of tumor involvement of the perivisceral fat, and so
we relied on additional and more stringent histolo-
gic criteria, including the thickness and the disposi-
tion of the collagen fibers at the periphery of the
nodules, the presence of non-organized lymphoid
tissue, and the occurrence of necrosis or of fibrous
septa inside the nodules.

Among different types of pericolonic tumor
deposits, we were especially puzzled by tumor
nodules surrounded by lymphocytes that we found
in 11% of stage III and 14% of stage IV tumors, as
opposed to pericolonic tumor deposits without
lymphocytes that we observed in 28% of stage III
and 55% of stage IV tumors. As lymphatic invasion
has been referred to as either the invasion of
thin-walled vessels within the colonic wall8 or the

Figure 7 OS (left) and DFS (right) according to the presence and type of pericolonic tumor deposits (with or without lymphocytes) in
patients in stage IIIA–IIIB (top) and stage IIIC (bottom) colon cancer.
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Figure 8 OS (left) and DFS (right) according to nodule distance, median and maximum diameter and nodules number in patients with
stage III colon cancer.
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involvement of afferent lymphatic vessels in regio-
nal lymph nodes,10 we distinctly separated perico-
lonic tumor deposits with lymphocytes (but not
exhibiting residual features of true lymph nodes,
such as a fibrous capsule12) from the usual lympha-
tic invasion (Figure 2). We hypothesized that those
pericolonic tumor deposits with lymphocytes may
represent either an immune reaction to adenocarci-
noma cells (as observed at the deepest invasive
edges of primary tumors29), ‘vascular invasion-
associated changes’ (as described in other adeno-
carcinoma types30), or de novo formed tertiary
lymphoid tissue that is able to facilitate tumor
metastatic spread.31

To our knowledge, we are the first to document
that pericolonic tumor deposits with lymphocytes
are associated with a shorter survival time both in
the univariate and the multivariate analyses (Tables
2 and 3, model 1), and that they most likely
represent a peculiar pattern of lymphatic invasion,
due to their significant correlation with the occur-
rence and the extent of lymph node metastases and
with the occurrence of lymphatic invasion (Table 1).
Conversely, pericolonic tumor deposits without
lymphocytes were not related to lymph node
involvement and could be indicative of a relation-
ship with other types of metastatization, most likely
occurring through venous vessels. From this view-
point, we were not surprised that there were almost
no patients with both lesions, and that the occur-

rence of pericolonic tumor deposits without lym-
phocytes increased constantly with the increase in
tumor stage (IIIA–IV), similar to that found in
extramural venous invasion (Figure 4).

An unexpected finding was the similar distribu-
tion of pericolonic tumor deposits without lympho-
cytes in tumors irrespective of the occurrence of
vascular invasion (Table 1), suggesting that these
lesions are not a consequence of widespread
vascular embolization but could be a de novo,
distinct pattern of destructive, metastatic invasion
involving vascular and perivascular structures.11,12

With regard to the location of pericolonic tumor
deposits, our results show that they are mostly
encountered between metastatic lymph nodes, but
the clinical implications of pericolonic tumor
deposits lying close to primary tumors are similar
to those of distant nodules (Figure 8).

With regard to nodule size and number, both
features influenced OS and DFS in the univariate
analysis (Table 2 and Figure 8). Only the number of
pericolonic tumor deposits (two or more) and the
absence of lymphocytes, however, emerged as
independent factors in the multivariate analysis
(Table 3, model 2).

The current TNM classification states that vascu-
lar (venous) invasion has to be considered among
those pT-related qualitative features that are able to
predict a poor prognosis but unable to affect the
stage.9,10 More recently, a proposal has been put

Table 3 Multivariate analysis for disease-free and overall survival

Disease-free survival Overall survival (dead from cancer)

HR (95% CI)* P-value* HR (95% CI)* P-value*

Model 1
ECTS Yes vs no 1.40 (0.98–1.99) 0.067 1.15 (0.77–1.72) 0.49
PTDs PTDs with lymphocytes vs no PTD 1.96 (1.11–3.47) 0.021 2.10 (1.14–3.85) 0.017

PTDs without lymphocytes vs no PTD 2.87 (1.95–4.24) o0.0001 4.00 (2.61–6.13) o0.0001
Localization Right/transverse 1.63 (1.14–2.32) 0.007 1.75 (1.19–2.57) 0.005
Histology Mucinous vs non-mucinous 1.26 (0.68–2.33) 0.47 1.70 (0.92–3.13) 0.09
Grade G2 vs G1 0.85 (0.35–2.07) 0.77 0.94 (0.32–2.78) 0.91

G3 vs G1 0.61 (0.23–1.62) 0.32 0.65 (0.20–2.05) 0.46
Stage IIIA vs IIIB 0.45 (0.10–1.90) 0.27 0.86 (0.19–3.78) 0.84

IIIC vs IIIB 1.49 (0.93–2.39) 0.09 1.51 (0.89–2.58) 0.13
IV vs IIIB 3.71 (2.38–5.78) o0.0001 6.43 (3.99–10.3) o0.0001

Model 2
ECTS Yes vs no 1.27 (0.87–1.85) 0.21 0.95 (0.62–1.46) 0.82
PTDs Two or more PTD’s 2.54 (1.50–4.27) 0.0005 2.03 (1.20–3.44) 0.0083

Max PTD size45mm 1.26 (0.77–2.08) 0.36 1.63 (0.97–2.73) 0.06
PTDs with lymphocytes vs no PTD 1.29 (0.70–2.39) 0.41 1.38 (0.72–2.64) 0.33
PTDs without lymphocytes vs no PTD 1.99 (1.25–3.17) 0.0036 2.92 (1.76–4.84) o0.0001

Localization Right/transverse 1.64 (1.15–2.34) 0.0066 1.90 (1.28–2.83) 0.0015
Histology Mucinous vs non-mucinous 1.08 (0.58–2.01) 0.80 1.48 (0.80–2.74) 0.21
Grade G2 vs G1 0.84 (0.34–2.03) 0.69 0.88 (0.30–2.58) 0.81

G3 vs G1 0.59 (0.22–1.57) 0.29 0.68 (0.21–2.16) 0.51
Stage IIIA vs IIIB 0.42 (0.10–1.79) 0.24 0.79 (0.18–3.47) 0.75

IIIC vs IIIB 1.48 (0.92–2.39) 0.10 1.67 (0.95–2.93) 0.07
IV vs IIIB 4.30 (2.74–6.74) o0.0001 8.02 (4.90–13.2) o0.0001

PTDs, pericolonic tumor deposits; ECTS, extracapsular tumor spreading.
*Also adjusted for age, sex, year of surgery and other tumor characteristics.
Bold¼Po0.05.
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forward to include venous invasion among stage-
influencing factors in colorectal cancer,32–34 similar
to renal, hepatic and testicular tumors.4

In the literature, there are conflicting data on the
general prognostic role of venous invasion,7,10

whose prevalence ranges from 10% up to 90% of
colorectal cancer specimens.20 This is most likely
due to the different criteria used for its identification
or to a different patient selection. In some studies for
instance, no distinction was made between venous
and lymphatic vessels,7,10 between intramural ve-
nous invasion and extramural venous invasion or
colonic and rectal localization of the primaries.35 In
this regard, in the series studied for vascular
invasion, identifying the type of vascular invasion
(intramural vs extramural), it was found that the
extramural type was most predictive of survival.22,36

Moreover, among the three patterns of vascular
invasion (‘filling’, ‘floating’ and ‘occlusive’),21 the
latter type with the fibro-inflammatory reaction may
even be protective against subsequent recurrent
disease, reducing the likelihood of distant meta-
stases21 and has been shown to be associated with a
better OS.22

As we did not observe any independent relation-
ship between different types of vascular invasion
and survival when occurring in association with
pericolonic tumor deposits (Table 3), we conclude
that pericolonic tumor deposits may actually repre-
sent a distinct and more structured type of extra-
vascular vein invasion (much more efficient than
the simple tumor cell embolization37), and that their
occurrence should be kept separated from other
types of vascular invasion in the pathology report.
Pericolonic tumor deposits without lymphocytes
might represent a form of in transit metastases of
colonic carcinomas, worth being classified as pM1
by virtue of their remarkable impact on patients’
prognosis, rather than simple vascular (venous)
invasion among pT-related ‘optional descriptors’,4

as previously suggested by Goldstein.12

In conclusion, our study highlights the different
patho-biological significance and different prognos-
tic weight of pericolonic tumor deposits with regard
to other types of vascular invasion in advanced
colon cancer. In the analysis limited to stage III
colon cancer, the prognostic value of extralympho-
nodal capsular spreading was of borderline signifi-
cance as an independent prognostic factor;
therefore, further studies enrolling more patients
with locally advanced disease are needed to in-
vestigate this issue.
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