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Colorectal carcinoma invading the submucosa but not the muscular layer (pT1, early inva-
sive cancer) represents the earliest form of clinically relevant colorectal cancer in most
patients. Neoplastic invasion of the submucosa, in fact, opens the way to metastasis via
the lymphatic and blood vessels, and the choice between surveillance and major surgery
will turn on its metastatic potential. The following histological features predict the risk
of metastasis and the different clinical outcomes: grade of differentiation of carcinoma,
lymphovascular invasion, state of the resection margin. Microstaging of invasive cancer,
namely the width and the depth of submucosal invasion, together with tumor budding
at the advancing edge allow the metastatic risk to be further stratified in minimal, low,
and high. Different, although morphologically undistinguishable, tumorigenic pathways are
supposed to lead to the malignant transformation of colonic mucosa and subsequently
to drive the progression from early to advanced cancer: new biomarkers are needed to
identify progressive and non-progressive pT1 neoplasia.
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THE METASTATIC PHENOTYPE IN COLONIC TUMORIGENESIS
According to the well recognized adenoma–carcinoma sequence,
colorectal neoplasia is a single, indivisible continuum that, from
a morphological point of view, begins within the mucosa as mild
dysplasia and can progress through dysplasia of increasing severity
until invasion across the muscularis mucosae occurs, at which time
the term carcinoma applies (Hamilton et al., 2010). This definition
of adenocarcinoma excludes diagnosis of intramucosal carcinoma
in the colon or rectum, in contrast to the accepted definitions for
the stomach, esophagus, and small bowel: in the latter cases, a
decision on surgical versus local therapy is made based on respec-
tive protocols. Comparable lesions in the colon and rectum are
reported as high grade mucosal neoplasia, because a carcinoma
in the colon is defined by infiltration of the submucosa (Vieth
et al., 2011), and colorectal lesions harboring “in situ” or “intra-
mucosal” carcinoma are neither regarded nor treated as malignant
ones (Figure 1).

Confirmatively, there are no known reliable examples of purely
intramucosal or intraepithelial carcinomas arising in adenomas
which have given rise to lymphatic metastasis, and no metasta-
tic disease was found arising in cases of isolated, even if poorly
differentiated, intramucosal colorectal carcinoma (Lewin et al.,
2007).

The reason of this discrepancy has firstly to be ascribed to the
paucity of lymphatic vessels in the colonic mucosa. It has been
demonstrated, in fact, that no lymphatic channels can be seen
in the normal mucosa at a level higher than the lowest portion
of the crypt of Lieberkuhn, the vast majority of them maintain-
ing an intimate association with the muscularis mucosae. The
same relationship was found in the lamina propria of adeno-
matous polyps (Fenoglio et al., 1973), so that cancer cells must
invade at least at the level of the submucosa in order to permeate
importantly the lymphatic system. It is reasonable, however, that
additional factors in the molecular machinery of the metastatic

process are involved, besides the mere availability of lymphatics.
In this regard, the specific interactions between E-cadherin and
catenins occurring throughout the colorectal carcinogenesis can
modulate the cadherin-mediated cell adhesion system (Takayama
et al., 1996) and determine the potentials of invasiveness and
metastasis of cancer cells in the different layers of the intestinal
wall.

INVASION AND PSEUDO-INVASION
Repeated twisting of polyps, long stalked polyps above all, cause
displacement of adenomatous tissue, glands together with lam-
ina propria, through the muscularis mucosae into the submucosa.
This is referred as pseudo-invasion and, occurring in 2.3–11.4%
of polyps (Rossini et al., 1985), represents a major concern in the
differential diagnosis with respect to invasive carcinoma, in that
some patients with cancerised adenoma may require colectomy,
whereas adenomas with epithelial displacement are adequately
treated by endoscopic polypectomy. The presence or absence of
hemosiderin, desmoplastic reaction, or lamina propria enclos-
ing the glands are the main histological features distinguishing
pseudo-invasion from true invasion (Figure 2).

Hemosiderin in the lamina propria is found in 90% of polyps
with pseudo-invasion but also (though less frequently) in cases of
true invasion, so that hemosiderin deposition is not a completely
reliable criterion. The presence of lamina propria surrounding the
glands below the muscularis mucosae is a definitive indicator of
pseudo-invasion, whereas desmoplasia is a reliable criterion for
true invasion. Cystic dilation of submucosal glands and masses of
free mucus in the stroma are mainly attributable to mechanical
displacement.

Diagnosis is more difficult when the submucosal glands dis-
play high grade dysplasia: under these circumstances, however,
immunohistochemical staining for p53, E-cadherin, MMP-1, and
collagen IV may be helpful (Yantiss et al., 2002).
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FIGURE 1 | Histologic section of a colonic adenoma containing

invasive carcinoma. High grade mucosal neoplasia is strictly confined
above the muscularis mucosae, whereas well differentiated
adenocarcinoma extensively invades the submucosa (lower right corner).

CANCERISED ADENOMAS: PATHOLOGIC PREDICTORS AND
CLINICAL OUTCOMES
Colorectal adenomas containing early invasive carcinoma com-
prise a carcinoma invading the submucosa but not the muscular
layer (Stage pT1, according to the TNM system; Sobin et al., 2010).
They are a key stage in the large bowel tumor sequence since they
represent the earliest form of clinically relevant colorectal cancer
in most patients. Neoplastic invasion of the submucosa, in fact,
opens the way to metastasis via the lymphatic and blood vessels,
and the choice between surveillance and major surgery will turn
on their metastatic potential. Prevalence of pT1 cancer has been
steadily rising over the past two decades, mainly due to the wide-
spread use of colonoscopy and the improvement of polypectomy
techniques, accounting for as much as 11% of all endoscopically
removed polyps (Nusko et al., 1997). At present, histological para-
meters alone (grade of the invasive carcinoma, lymphovascular
invasion, state of the resection margin) determine whether a low
(7%) or high (35%) risk of metastasis exists (Coverlizza et al.,
1989).

Although most pT1 cancers display a low grade of differen-
tiation (well/moderately differentiated, G1–G2), 5–10% of cases,
associated with a higher incidence of adverse outcomes (Cooper
et al., 1998), are high grade cancers showing minimal or no tubule
formation and marked cytological atypia (poorly differentiated
adenocarcinoma/undifferentiated carcinoma, G3–G4; Washing-
ton et al., 2009). Tumor grade has been regarded as the most
valuable predictor of lymph node involvement (Volk et al., 1995;
Whitlow et al., 1997) and its evaluation is reliable when a high
grade of differentiation is applied to any area of the cancer display-
ing poor differentiation, independently of its extension (Quirke
et al., 2011).

Since cancers can spread to distant sites via the blood stream or
to the regional lymph nodes, via lymphatics, definite histological

FIGURE 2 | Displacement of glands beyond the muscularis mucosae

(“Pseudo-invasion”). The displaced glands are surrounded by lamina
propria and close to hemosiderin deposits.

detection of lymphatic invasion or venous tumor emboli is
thought to be associated with adverse outcomes. The predictive
value of vascular invasion, however, has been widely debated in
the literature (Jass, 1995; Kikuchi et al., 1995). Volk et al. (1995)
have denied the importance of vascular invasion, that actually
does not seem to be an independent risk factor at multivariate
analysis (Netzer et al., 1998; Masaki and Muto, 2000). No dif-
ferences in clinical outcomes were found pooling low-risk pT1
carcinomas with those with only vascular invasion (Hassan et al.,
2005), although lymphatic invasion in the absence of other his-
tologic risk factors is rarely found (Netzer et al., 1998). It has
to be taken into account that distinguishing true invasion of
endothelium-lined vascular spaces in the submucosa from retrac-
tion artifact around cancer cell aggregates is difficult, could require
the additional use of immunohistochemistry (Ishikawa et al.,
2008; Suzuki et al., 2009; Quirke et al., 2011) and impair diag-
nostic reproducibility (Cooper, 2007). Ueno et al. (2004), how-
ever, have demonstrated that definite vascular invasion without
other unfavorable pathologic features is associated with an adverse
outcome.

The resection margin obtained by endoscopic polypectomy
is histologically indicated by a strip of coagulative necrosis (i.e.,
diathermy change) about 1 mm thick. The presence of cancer cells
at or near the resection margin is a reliable histologic marker of
adverse outcome (Cooper, 1983, 2007; Coverlizza et al., 1989).
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A negative margin is reported in the absence of cancer within
the diathermy, one high-power field from diathermy, or more
than 1 mm from the actual margin of resection (Cooper et al.,
1998).

The different histological risk factors can be further linked
with distinct clinical outcomes: a positive resection margin
is predictive of local disease, poorly differentiated carcinoma
of hematogenous metastasis and cancer-related mortality, and
vascular invasion of lymph node metastasis (Hassan et al.,
2005). Low- and high-risk cancers, therefore, do not only
differ in lymph node metastatic potential but also – and
even more importantly – as regards hematogenous metasta-
sis, mortality rates, and overall survival (Wang et al., 2005).
These observations clearly suggest that, following endoscopic
polypectomy, all the histological risk factors need to be care-
fully evaluated by the pathologist and that the classification
of patients in low- and high-risk groups is clinically meaning-
ful.

It has been demonstrated that the level of cancer submucosal
invasion is associated with the lymph node metastatic potential
(Nascimbeni et al., 2002) and is important in predicting the out-
come of pT1 tumors. Haggitt et al. (1985) defined the level of
invasion into the stalk of the polyp for pedunculated lesions,
and Kikuchi et al. (1995) the thirds of invasion (i.e., sm1, sm2,
sm3) into the submucosa of non-polypoid tumors. A quantitative
microstaging has also been proposed, measuring the depth and
the width of submucosal invasion of pT1 cancers, that effectively
predicts the metastatic potential (Ueno et al., 2004). At the present
time, a firm evidence-based recommendation for one method can-
not yet be made, because of lack of consensus (Quirke et al., 2011).
It has to be noted, however, that the precise quantitative evaluation
of the submucosal invasion depth could enable us to distinguish
tumors with no or minimal risk of nodal involvement (i.e., a depth
of less than 500 μm), although the proportion of tumors meeting
these conditions is too small to use these categories as the crite-
rion for a conservative approach (Ueno et al., 2004; Yasuda et al.,
2007).

More recently, a unique histologic feature, tumor budding
(namely the presence of scattered isolated single cells or small clus-
ter of undifferentiated cells at the advancing edge of the cancer),
has been demonstrated to be a reliable marker of the metastatic
potential of cancerised adenomas. Budding describes the biolog-
ical behavior of the tumor at the front of invasion in terms of
epithelial – mesenchymal interactions (Prall, 2007) and its abil-
ity to predict metastases compared with the previously identified
histologic factors has been proven (Hase et al., 1995; Okuyama
et al., 2002; Ueno et al., 2004; Kazama et al., 2006; Sohn et al.,
2007; Ishikawa et al., 2008; Ogawa et al., 2009; Suzuki et al.,
2009). Despite its prognostic value, there is a great heterogene-
ity in reporting tumor budding, and there is no consensus on the
assessment methods and cut-off values (Shinto et al., 2005; Wang
et al., 2009), limiting its clinical use. However, a recent study engag-
ing several multicentre, multinational investigators demonstrated
an overall fair level of diagnostic agreement for tumor budding
in colorectal cancer. In particular, diagnostic reproducibility was
significantly improved in early cancer when using quantitative and
selective methods of evaluation of bud cells (Puppa et al., 2012).

The balancing between morbidity and mortality associated
with surgical resection and the risk of tumor progression after
endoscopic polypectomy should be the main-stay of clinical deci-
sion making in pT1 cancers (Cooper et al., 2012), taking into
account that post-operative mortality ranges 0.6–4.4%, depending
on the population, age of patient, and quality of services avail-
able (Quirke et al., 2011). While morphological markers are easily
identifiable but widely ranged, biomarkers are required that are
highly predictive of the events leading to the acquisition of the
metastatic phenotype of early colorectal cancers. It has been pre-
viously demonstrated that, in contrast to advanced cancer, the
metastatic potential of pT1 cancer is correlated neither with its
proliferative activity (Risio and Rossini, 1993; Jung et al., 2001),
nor with DNA ploidy (Risio et al., 1993). In the early stages, there-
fore, the metastatic potential is conceivable to be dependent on
multiple and sequential alterations of cell–cell, cell–matrix inter-
actions, and cell motility rather than on the derangement of cell
growth. Among the adhesion molecules expressed by cancer cells,
however, neither β-catenin nor claudins turned out to be related
to the lymph node status (Ishikawa et al., 2008).

STOCHASTIC MODELING OF EARLY CANCER
On the whole, two distinct profiles are identifiable in the nat-
ural history of cancerised adenomas, in terms not only of lymph
node metastases, but also of hematogenous spread, recurrence, and
mortality. This suggests the possibility that the malignant polyp
represents the end point of two different, although morpholog-
ically undistinguishable, tumorigenic, and genetic pathways, the
former blocking the growth of early cancer, the latter allowing its
fast progression toward advanced colorectal cancer (Hassan et al.,
2005).

When malignant transformation of colonic intraepithelial neo-
plasia occurs, carcinoma has been thought to progress invariably,
from invasion of the submucosa (pT1 stage) through the exten-
sion to the deeper structures of the intestinal wall (i.e., “advanced
colorectal cancer,” pT2–pT4 stages). The transition pT1–pT4 has
therefore been conceived to be a continuous, progressive, irre-
versible process, which parallels the metastatic ratio and the
decreased survival of patients (Gunderson et al., 2010). Several
chromosome defects keep up with morphological evolution in
colorectal tumor progression. Whilst 1p deletions represent an
early event, numerical aberrations affecting chromosomes 7 and
18, 17p and 18q deletions were reported to be the most fre-
quent late-stage events. A stochastic model has been hypothesized,
in which the transition from early to advanced stages is prob-
abilistically regulated by the loss of subtelomeric region in 17p
(Risio et al., 2003). Early colorectal cancer with loss of chro-
mosome 17 actually represents the emergence from high grade
dysplasia adenomatous tissue of a cell clone with genetically
determined low proliferative levels, low DNA aneuploidy evolu-
tion rates and tendency to stabilize without further increase of
the tumor stage. The opposite is true for pT1 colorectal cancers
with 17p deletions, in which the invasion of the submucosa is
likely to represent a fast transition toward the progressive inva-
sion of cancer through the intestinal wall. Further research should
define the biopathological features of non-progressive cancerised
adenomas.
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CONCLUDING REMARKS
Cancerised adenomas (pT1 cancers) represent the earliest form
of clinically relevant colorectal cancer in most patients. Invasion
of the submucosa opens the way to metastasis and the choice
between endoscopic surveillance and major surgery turns on their

metastatic potential. At present, histologic features alone are pre-
dictive of the metastatic risk and clinical outcomes. Genetic and
epigenetic events drive the growth and progression of pT1 can-
cers, and are worthy of being intensively investigated in order to
improve the management of patients with early cancer.

REFERENCES
Cooper, G. S., Xu, F., Barnholtz

Sloan, J. S., Koroukian, S. M.,
and Schluchter, M. D. (2012).
Management of malignant colonic
polyps: a population-based analysis
of colonoscopic polypectomy versus
surgery. Cancer 118, 651–659.

Cooper, H. S. (1983). Surgical pathology
of endoscopically removed malig-
nant polyps of the colon and rectum.
Am. J. Surg. Pathol. 7, 613–623.

Cooper, H. S. (2007). Pathologic issues
in the treatment of endoscopi-
cally removed malignant colorectal
polyps. J. Natl. Compr. Canc. Netw.
5, 991–996.

Cooper, H. S., Deppisch, L. M., Kahan,
E. I., Lev, R., Manley, P. N., Pascal,
R. R., Qizilbash, A. H., Rickert, R.
R., Silverman, J. F., and Wirman, J.
A. (1998). Pathology of the malig-
nant colorectal polyp. Hum. Pathol.
29, 15–26.

Coverlizza, S., Risio, M., Ferrari,
A., Fenoglio-Preiser, C. M.,
and Rossini, F. P. (1989). Col-
orectal adenomas containing
invasive carcinoma. Pathologic
assessment of lymph node
metastatic potential. Cancer 64,
1937–1947.

Fenoglio, C. M., Kaye, G. I., and
Lane, N. (1973). Distribution of
human colonic lymphatics in nor-
mal, hyperplastic, and adenomatous
tissue. Its relationship to metas-
tasis from small carcinomas in
pedunculated adenomas, with two
case reports. Gastroenterology 64,
51–66.

Gunderson, L. L., Jessup, M. J., Sargent,
D. J., Greene, F. L., and Stewart, A. K.
(2010). Revised TN categorization
for rectal and colon cancers based
on national survival outcome data.
J. Clin. Oncol. 28, 264–271.

Haggitt, R. C., Glotzbach, R. E., Sof-
fer, E. E., and Wruble, L. D. (1985).
Prognostic factors in colorectal car-
cinomas arising in adenomas: impli-
cations for lesions removed by endo-
scopic polypectomy. Gastroenterol-
ogy 89, 328–336.

Hamilton, S. R., Bosman, F. T., Boffetta,
P., Ilyas, M., Morreau, H., Nakamura,
S.-I., Quirke, P., Riboli, E., and Sobin,
L. H. (2010). “Carcinoma of the
colon and rectum,” in WHO Classi-
fication of Tumours of the Digestive
System, 4th Edn, eds F. T. Bosman, F.

Carneiro, R. H. Hruban, and N. D.
Theise (Lyon: IARC), 134–146.

Hase, K., Shatney, C. H., Mochizuki,
H., Johnson, D. L., Tamakuma, S.,
Vierra, M., and Trollope, M. (1995).
Long-term results of curative resec-
tion of “minimally invasive” colorec-
tal cancer. Dis. Colon Rectum 38,
19–26.

Hassan, C., Zullo, A., Risio, M., Rossini,
F. P., and Morini, S. (2005). Histo-
logic risk factors and clinical out-
come in colorectal malignant polyp:
a pooled-data analysis. Dis. Colon
Rectum 48, 1588–1596.

Ishikawa, Y., Akishima-Fukasawa, Y.,
Ito, K., Akasaka, Y., Yokoo, T.,
Ishii, T., and The Toho Study
Group for Cancer Biological Behav-
ior. (2008). Histopathologic deter-
minants of regional lymph node
metastasis in early colorectal cancer.
Cancer 112, 924–933.

Jass, J. R. (1995). Malignant colorec-
tal polyps. Gastroenterology 109,
2034–2035.

Jung, A., Schrauder, M., Oswald, U.,
Knoll, C., Sellberg, P., Palmqvist,
R., Niedobitek, G., Brabletz, T., and
Kirchner, T. (2001). The invasion
front of human colorectal adeno-
carcinomas shows co-localization
of nuclear beta-catenin, cyclin D1,
P16INK4A and is a region of low
proliferation. Am. J. Pathol. 159,
1613–1617.

Kazama, S., Watanabe, T., Ajioka,
Y., Kanazawa, T., and Nagawa,
H. (2006). Tumor budding at
the deepest invasive margin cor-
relates with lymph node metasta-
sis in submucosal colorectal can-
cer detected by anticytokeratin anti-
body CAM5.2. Br. J. Cancer 94,
293–298.

Kikuchi, R., Takano, M., Takagi, K.,
Fujimoto, N., Nozaki, R., Fujiyoshi,
T., and Uchida, Y. (1995). Manage-
ment of early invasive colorectal can-
cer. Risk of recurrence and clinical
guidelines. Dis. Colon Rectum 38,
1286–1295.

Lewin, R. M., Fenton, H., Burkart,
A. L., Sheridan, T., Abu-Alfa, A.
K., and Montgomery, E. A. (2007).
Poorly differentiated colorectal car-
cinoma with invasion restricted to
lamina propria (intramucosal car-
cinoma): a follow-up study of 15
cases. Am. J. Surg. Pathol. 31,
1882–1886.

Masaki, T., and Muto, T. (2000). Pre-
dictive value of histology at the
invasive margin in the prognosis of
early invasive colorectal carcinoma.
J. Gastroenterol. 35, 195–200.

Nascimbeni, R., Burgart, L. J.,
Nivatvongs, S., and Larson, D.
R. (2002). Risk of lymph node
metastasis in T1 carcinoma of
the colon and rectum. Dis. Colon
Rectum 45, 200–206.

Netzer, P., Forster, C., Biral, R.,
Ruchti, C., Neuweiler, J., Stauffer,
E., Schonegg, R., Maure, C., Husler,
J., Halter, F., and Schmassmann,
A. (1998). Risk factor assessment
of endoscopically removed malig-
nant colorectal polyps. Gut 43,
669–674.

Nusko, G., Mansmann, U., Partzsch, U,
Altendorf-Hofmann, A., Groitl, H.,
Wittekind, C., Ell, C., and Hahn,
E. G. (1997). Invasive carcinoma
in colorectal adenomas: multivari-
ate analysis of patient and ade-
noma characteristics. Endoscopy 29,
626–631.

Ogawa, T., Yoshida, T., Tsuruta, T.,
Tokuyama, W., Adachi, S., Kikuchi,
M., Mikami, T., Saigeji, K., and
Okayasu, I. (2009). Tumor budding
is predictive of lymphatic involve-
ment and lymph node metastases
in submucosal invasive colorectal
adenocarcinoma and non-polypoid
compared with polypoid growths.
Scand. J. Gastroenterol. 44, 605–614.

Okuyama, T., Oya, M., and Ishikawa,
H. (2002). Budding as a risk factor
for lymph node metastasis in pT1
or pT2 well-differentiated colorectal
adenocarcinoma. Dis. Colon Rectum
45, 628–634.

Prall, F. (2007). Tumour budding in
colorectal carcinoma. Histopathol-
ogy 50, 151–162.

Puppa, G., Senore, C., Sheahan, K.,
Vieth, M., Lugli,A., Zlobec, I., Pecori,
S., Wang, L. M., Langner, C., Mit-
omi, H., Nakamura, T., Watanabe,
M., Ueno, H., Chasle, J., Conley,
S. A., Herlin, P., Lauwers, G. Y.,
and Risio, M. (2012). Diagnostic
reproducibility of tumour budding
in colorectal cancer: a multicen-
tre, multinational study using vir-
tual microscopy. Histopathology. (in
press).

Quirke, P., Risio, M., Lambert, R., von
Karsa, L., and Vieth, M. (2011). QA
in pathology in colorectal cancer

screening and diagnosis – European
recommendations. Virchows Arch.
458, 1–19.

Risio, M., Casorzo, L., Chiecchio,
L., De Rosa, G., and Rossini, F.
P. (2003). Deletions of 17p are
associated with transition from
early to advanced colorectal can-
cer. Cancer Genet. Cytogenet. 147,
44–49.

Risio, M., Geido, E., Rapallo, A., Pujic,
N., Rossini, F. P., and Giaretti, W.
(1993). DNA ploidy analysis in
selected regions of colorectal ade-
nomas containing carcinoma. Int. J.
Oncol. 3, 941–947.

Risio, M., and Rossini, F. P. (1993). Cell
proliferation in adenomas contain-
ing invasive carcinoma. Anticancer
Res. 13, 43–48.

Rossini, F. P., Ferrari, A., Spandre, M.,
Scevola, F., Cavallero, M., Risio, M.,
Coverlizza, S. (1985). “Diagnosis
and management of adenomas with
invasive carcinomas: an Italian expe-
rience,” in Adenomas and Adenomas
Containing Invasive Carcinomas of
the Large Bowel, eds C. M. Fenoglio
and F. P. Rossini (New York: Raven
Press), 83–102.

Shinto, E., Mochizuki, H., Ueno, H.,
Matsubara, O., and Jass, J. R. (2005).
A novel classification of tumour
budding in colorectal cancer based
on the presence of cytoplasmic
pseudo-fragments around budding
foci. Histopathology 47, 25–31.

Sobin, L. H., Gospodarowicz, M. K., and
Wittekind, Ch. (2010). TNM Clas-
sification of Malignant Tumors, 7th
Edn. Chichester: Blackwell Publish-
ing Ltd.

Sohn, D. K., Chang, H. J., Park, J. W.,
Choi, D. H., Han, K. S., Hong, C.
W., Jung, K. H., Kim, D. Y., Lim,
S.-B., Choi, H. S., and Jeong, S.-Y.
(2007). Histopathological risk fac-
tors for lymph node metastasis in
submucosal invasive colorectal car-
cinoma of pedunculated or semi-
pedunculated type. J. Clin. Pathol.
60, 912–915.

Suzuki, A., Togashi, K., Nokubi, M.,
Koinuma, K., Miyakura, Y., Horie,
H., Lefor,A. T., andYasuda,Y. (2009).
Evaluation of venous invasion by
elastica van Gieson stain and tumor
budding predicts local and distant
metastases in patients with T1 stage
colorectal cancer. Am. J. Surg. Pathol.
33, 1601–1607.

Frontiers in Oncology | Gastrointestinal Cancers March 2012 | Volume 2 | Article 22 | 4

http://www.frontiersin.org/Oncology
http://www.frontiersin.org/Gastrointestinal_Cancers
http://www.frontiersin.org/Gastrointestinal_Cancers/archive


Risio Early colorectal cancer

Takayama, T., Shiozaki, H., Shibamoto,
S., Oka, H., Kimura, Y., Tamura,
S., Inoue, M., Monden, T., Ito, F.,
and Monden, M. (1996). β-Catenin
expression in human cancers. Am. J.
Pathol. 148, 39–46.

Ueno, H., Mochizuki, H., Hashiguchi,
Y., Shimazaki, H., Aida, S., Hase, K.,
Matsukuma, S., Kanai, T., Kurihara,
H., Ozawa, K., Yoshimura, K., and
Bekku, S. (2004). Risk factors for
an adverse outcome in early invasive
colorectal carcinoma. Gastroenterol-
ogy 127, 385–394.

Vieth, M., Quirke, P., Lambert, R., von
Karsa, L., and Risio, M. (2011).
Annex to Quirke et al. Quality assur-
ance in pathology in colorectal can-
cer screening and diagnosis: annota-
tions of colorectal lesions. Virchows
Arch. 458, 21–30.

Volk, E. E., Goldblum, J. R., Petras,
R. E., Carey, W. D., and Fazio,
W. W. (1995). Management and
outcome of patients with invasive
carcinoma arising in colorectal

polyps. Gastroenterology 109,
1801–1807.

Wang, H. S., Liang, W. Y., Lin, T. C.,
Chen, W. S., Jiang, J. K., Yang, S.
H., Chang, S. C., and Lin, J. K.
(2005). Curative resection of T1 col-
orectal carcinoma: risk of lymph
node metastasis and long-term
prognosis. Dis. Colon Rectum 48,
1182–1192.

Wang, L. M., Kevans, D., Mulcahy, H.,
O’Sullivan, J., Fennelly, D., Hyland,
J., O’Donoghue, D., and Shea-
han, K. (2009). Tumor budding is
a strong and reproducible prog-
nostic marker in T3N0 colorec-
tal cancer. Am. J. Surg. Pathol. 33,
134–141.

Washington, M. K., Berlin, J., Bran-
ton, P., Burgart, L. J., Carter, D.
K., Fitzgibbons, P. L., Halling, K.,
Frankel,W., Jessup, J., Kakar, S., Min-
sky, B., Nakhleh, R., Compton, C. C.
(2009). Protocol for the examination
of specimens from patients with pri-
mary carcinoma of the colon and

rectum. Arch. Pathol. Lab. Med. 133,
1539–1551.

Whitlow, C., Gathright, J. B., Hebert,
S. J., Beck, D. E., Opelka, F.
G., Timmcke, A. E., and Hicks,
T. C. (1997). Long-term survival
after treatment of malignant colonic
polyps. Dis. Colon Rectum 40,
929–934.

Yantiss, R. K., Bosenberg, M. W., Anto-
nioli, D. A., and Odze, R. D. (2002).
Utility of MMP-1, p53, E-Cadherin,
and Collagen IV immunohisto-
chemical stains in differential diag-
nosis of adenomas with misplaced
epithelium versus adenomas with
invasive adenocarcinoma. Am. J.
Surg. Pathol. 26, 206–215.

Yasuda, K., Inomata, M., Shiromizu,
A., Shiraishi, N., Higashi, H., and
Kitano, S. (2007). Risk factors for
occult lymph node metastasis of
colorectal cancer invading the sub-
mucosa and indications for endo-
scopic mucosal resection. Dis. Colon
Rectum 50, 1370–1376.

Conflict of Interest Statement: The
author declares that the research was
conducted in the absence of any com-
mercial or financial relationships that
could be construed as a potential con-
flict of interest.

Received: 16 January 2012; paper pending
published: 06 February 2012; accepted:
19 February 2012; published online: 05
March 2012.
Citation: Risio M (2012) The
natural history of pT1 colorec-
tal cancer. Front. Oncol. 2:22. doi:
10.3389/fonc.2012.00022
This article was submitted to Frontiers
in Gastrointestinal Cancers, a specialty of
Frontiers in Oncology.
Copyright © 2012 Risio. This is an open-
access article distributed under the terms
of the Creative Commons Attribution
Non Commercial License, which per-
mits non-commercial use, distribution,
and reproduction in other forums, pro-
vided the original authors and source are
credited.

www.frontiersin.org March 2012 | Volume 2 | Article 22 | 5

http://dx.doi.org/10.3389/fonc.2012.00022
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://www.frontiersin.org
http://www.frontiersin.org/Gastrointestinal_Cancers/archive

	The natural history of pT1 colorectal cancer
	The metastatic phenotype in colonic tumorigenesis
	Invasion and Pseudo-invasion
	Cancerised adenomas: pathologic predictors and clinical outcomes
	Stochastic Modeling of Early Cancer
	Concluding Remarks
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


