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The Staging of Colorectal Cancer: 2004
and Beyond
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ABSTRACT Stage is the strongest predictor of survival for patients with colorectal cancer. and  Pathologist-in-Chief, McGill

Accurate staging also is critical for appropriate patient management and meaningful clinical University, Montreal, Canada.

research. Uniform staging criteria applied in a uniform manner are essential for accurate eval- Dr. Greene is Chair, Department of
. , ) ) ) ) General Surgery, Carolinas Medical

uation of therapies and outcomes. Historically, numerous different staging systems for colorec- Center, Charlotte, NC.

tal cancer have been employed, but a single internationally recognized system is required to This article is available online at

http://CAonline.AmCancerSoc.org

ensure a common language for cancer that is understood by clinicians in all specialties. For the

tumor, node, metastasis system to remain relevant, it has to continuously undergo critical
evaluation and change when clinically indicated. (CA Cancer J Clin 2004,;54:295-308.) © American Cancer Society, Inc., 2004.

INTRODUCTION

The tumor, node, metastasis (TNM) staging system of the American Joint Committee on Cancer (AJCC)'and the
International Union Against Cancer (UICC)? is now the standard for colorectal cancer staging recommended by the
College of American Pathologists,” the Royal College of Pathologists,* the Commission on Cancer of the American
College of Surgeons,” and the National Cancer Institute (Common Data Elements).® The TNM staging system is also
widely used by national, regional, and local tumor registries in the United States and internationally. In short, it is
the international language of colorectal cancer staging in all disciplines. The TNM system has three additional
advantages over other staging systems. First, it is data-driven and has a process in place for continuous improvement
based on ongoing expert review of existing data.” Second, it has a comprehensive set of definitions and rules of
application that ensure uniform use. Third, it is multidisciplinary in design and is pertinent to all modern techniques
of stage evaluation.

For two decades, worldwide agreement on cancer staging between the AJCC and the UICC has created a staging
vocabulary that has been used extensively in the United States to quantify tumor burden in patients with colorectal
cancer.® The current sixth edition of the AJCC Cancer Staging Manual' includes refinements of colorectal cancer
staging that are based on large data sets from the National Cancer Data Base (NCDB), which was created through
a partnership of the American College of Surgeons and the American Cancer Society.”

The prime motivation for having a unified and worldwide system of cancer staging is to assure a common language
is used by all those caring for cancer patients and, in the case of TNM, to maintain a dialogue in solid tumor
management that will be understood by clinicians in all specialties. Although the individual parameters of the TNM
system are periodically updated to reflect the most current and robust data, the basic structure of the TNM system
has been constant since its inception. The system incorporates both clinical and pathologic staging approaches and
can encompass the newest and most technically advanced methodologies in either realm. Because the TNM system
can be applied to the preoperative evaluation of patients, this system, more so than the pathologically based Dukes
classification or its variations, is more meaningful and helpful to clinicians, especially in the setting of preoperative
patient management.

The development of new staging strategies and the updating of the TNM system depend on outcome studies and
the collection of outcome data as represented by the NCDB. To have meaningful large, national data sets, patients
must be staged using similar systems, especially if outcomes are to be categorized and compared worldwide.
Continued use of older and outdated staging systems such as Dukes for the categorization of colorectal cancer patients
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compromises the goals of achieving a universal
common language to describe cancer patients
and of eliminating the data compromise that
result from the use of multiple staging strategies
for the same tumor.

DIFFERENCES BETWEEN 1997 AND 2002 VERSIONS

One of the important challenges facing the
TNM system is the necessity to change staging
classifications as newer information comes for-
ward that more accurately defines prognosis
within staging parameters. To maintain the rele-
vance of the TNM system, outcomes research
based on large data sets such as the NCDB is
carried out on a regular basis. The current stage
groupings for colorectal cancer'” were redefined
based on a recent analysis of outcomes in patients
with Stage III colon cancer (defined as the pres-
ence of any adenocarcinoma of the colon with
metastatic tumor in regional lymph nodes).
Through the first five editions of the AJCC
Cancer Staging Manual, Stage 111 has been defined
as a single group based on the tenet that the
positive nodal involvement is a stronger adverse
prognostic indicator than the depth of penetra-
tion (T category) of the primary tumor. The
hypothesis that depth of penetration and the
number of nodes involved in the mesentery may
be important prognostic indices was tested in an
analysis of NCDB data on more than 50,000
patients diagnosed with Stage III colon cancer
from 1987 through 1993."" The observed sur-
vival was calculated by actuarial life table methods
for three new node-positive subgroups with dif-
ferent degrees of local extent of disease (Figure
1),'” and the Cox proportional hazards model
was used to test the prognostic strength of se-
lected covariates. By this analysis, three distinct
subcategories within a traditional Stage III cohort
of colon cancer were identified as follows: Stage
IIIA (T1/2, N1), Stage IIB (T3/4, N1), and
Stage IIIC (any T, N2). The 5-year observed
survival rates for these three subcategories were
59.8%, 42.0%, and 27.3%, respectively. Differ-
ences among subgroups were significant (P <
0.0001). Thus, it was determined that the existing
staging system for node-positive colon cancer
failed to appreciate the prognostic importance of
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depth of penetration and the differences between
having less than four nodes or four or more nodes
positive, and the TNM groupings for Stage III
were modified accordingly in the current itera-
tion of the TNM system (Tables 1 and 2).""
The inherent value of any cancer staging
system 1is its reproducibility and applicability
to current methods of pathologic assessment.
Because the Stage III group is defined by the
identification and quantification of involved
mesenteric lymph nodes, accuracy of staging
is directly proportional to the aggressiveness
of surgical resection and nodal identification
in this group of patients. The AJCC and the
College of American Pathologists have rec-
ommended examination of at least 12 lymph
nodes to assume identification of Stage III
patients."> Goldstein et al.'* have shown that
nodal metastases in patients with T3 tumors
were present in 22% of specimens with fewer
than 15 identified nodes compared with 85%
in specimens with 15 or greater recovered
nodes. Patients without nodal metastases also
show a survival advantage when a greater
number of nodes are identified, indicating
the positive effect of the greater magnitude
12719 Other studies
have suggested additional benchmarks for
nodal excision. Although some have sup-
ported the concept of “upstaging” patients
with Stage I or II colorectal cancer using
immunohistochemical identification of nodal

of mesenteric resection.

involvement with or without sentinel node

0,21 . )
there is no clear evidence to

assessment,”
support the suggestion that treatment deci-
sions should be based on “micrometastatic”
nodal involvement. The AJCC and UICC
continue to recommend that nodal assess-
ment for colorectal cancer should depend on
traditional hematoxylin and eosin tech-
niques. To be relevant, however, the current
TNM system must be dynamic enough to
incorporate future changes in molecular or
genetic identification if supported by out-
comes analysis. Recommendations for sub-
classifying traditional Stage III patients into
three new prognostic groups reflect this ap-
proach and are included in the sixth edition
of the AJCC Cancer Staging Manual."
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FIGURE 1 Outcomes Stratified by Subclassification of Stage Il Colorectal Cancer.
Based on data from patients registered in the National Cancer Data Base from 1987 to 1993 (Adapted from Greene FL, Stewart AK, Norton

HJ'® with permission from Lippincott Williams & Wilkins).

GENERAL RULES OF APPLICATION

In the TNM system, pathologic staging infor-
mation derived from surgical resection specimens
is considered the most accurate determination of
local extent of disease. Typically, it also deter-
mines the appropriateness of postoperative adju-
vant treatment. Additional pathologic factors and
prognostic features may help to substratify tumors
of like stage into different risk categories. In rectal
cancer, in particular, the macroscopic features of
the resection specimen and the microscopic status
of the circumferential resection margin are pow-
erful predictors of risk of both local recurrence
and overall survival. Accurate pathologic staging
in colorectal cancer also is fundamental to under-
standing the spectrum of disease presentation, re-
sults of treatment interventions, and outcomes in
clinical trials.

In the TNM system, the designation “T”
refers to the local extent of the untreated pri-
mary tumor at the time of diagnosis and initial
workup. The designation “N” refers to the
status of the regional lymph nodes, and “M”
refers to distant metastatic disease at this time.
The symbol “p” used as a prescript refers to the
pathologic determination of the TNM (eg,

pT1), as contrasted with the clinical determi-
nation (designated by the prescript “c”). Patho-
logic classification is based on gross and
microscopic examination of the resection spec-
imen of a previously untreated primary tumor.
Assignment of pT requires a resection of the
primary tumor or biopsy adequate to evaluate
the highest pT category. pN entails removal of
nodes adequate to validate lymph node metas-
tasis, and pM implies microscopic examina-
tion of distant lesions. Clinical classification
(cTNM) is based on evidence acquired through
a variety of techniques that include but are not
limited to physical examination, radiologic im-
aging, endoscopy, biopsy, and surgical explo-
ration. Clinical staging is carried out during
initial evaluation of the patient before any
cancer-directed therapy is initiated, and once
assigned, it is not changed on the basis of sub-
sequent information. When pathologic staging
information becomes available, it 1s added to
but does not replace the clinically derived stag-
ing parameters, even though the pathologically
derived parameters are considered more accu-
rate (and therefore definitive) by convention.
Clinical staging ends at the time of diagnostic
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TABLE 1 AJCC/UICC TNM, Definitions*

Category Definition
Primary tumor (T) X Primary tumor cannot be assessed
TO No evidence of primary tumor
Tis Carcinoma in situ (intraepithelial or intramucosal carcinoma)
1K Tumor invades the submucosa
T2 Tumor invades the muscularis propria
T3 Tumor invades through the muscularis propria into the subserosa or into the nonperitonealized
pericolic or perirectal tissues
Optional expansions of T3:
pT3a-minimal invasion: <1 mm beyond the border of the muscularis propria
pT3b-slight invasion: 1-5 mm beyond the border of the muscularis propria
pT3c-moderate invasion: >5-15 mm beyond the border of the muscularis propria
pT3d-extensive invasion: >15 mm beyond the border of the muscularis propria
T4 Tumor directly invades other organs or structures (T4a) or perforates the visceral peritoneum
(T4b)
Regional lymph nodes (N) NX Regional lymph nodes cannot be assessed
NO No regional lymph nodes metastasis
N1 Metastasis in one to three lymph nodes
N2 Metastasis in four or more lymph nodes
Distant metastasis (M) MX Presence of distant metastasis cannot be assessed
MO No distant metastasis
M1 Distant metastasis

*Adapted from Greene FL, Page DL, Fleming ID, et al. (eds)" with permission from Springer-Verlag.

tWittekind C, Greene FL, Hensen DE (eds).""

workup if a decision is made not to treat the
patient.' It is considered the definitive stage if
pathologic classification is not possible.

It 1s the grouping of a T, an N, and an M
parameter that determines the stage of a tumor
and relates to its prognosis. The clinical staging
parameters evaluated before treatment are re-
ported separately and remain unchanged in the
patient’s medical record as documentation of
the basis for treatment planning. They may be
revised only if more accurate clinical staging
information becomes available (eg, higher res-
olution imaging studies) before initiation of
treatment or before making the decision not to
treat the patient. In such cases, the revised
classification is considered the definitive clinical
stage. For the final stage grouping, TNM pa-
rameters representing a combination of clini-
cally and pathologically derived data (eg, pT1,
pNO, cMO) are used when only partial patho-
logic data are available. This is often the case
because distant metastatic status is commonly
unconfirmed pathologically (pMX), and a clin-
ically determined M category is assigned in the
final stage grouping. The definitions of the
individual TNM categories and stage groupings
for colorectal carcinoma are shown in Tables 1
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12,11
and 2.7

TNM stage-related survival is
shown in Figure 2 (A. Stewart, personal com-
munication, 2003).

The first general rule of TNM staging is that
all cancer cases should be confirmed micro-
scopically."’ Masses or ulcers discovered by
rectal examination, imaging, or endoscopic
studies that are suspicious for colorectal carci-
noma typically require biopsy confirmation as
carcinomas before initiating treatment. How-
ever, according to UICC rules of staging, mi-
croscopically unconfirmed cases can be staged
clinically but should be analyzed and reported
separately. This rule would apply, for example,
to cases in which neither biopsy confirmation
nor surgical resection is possible. Although
clinical diagnosis of established colorectal car-
cinomas is usually accurate, a number of benign
and malignant conditions that may mimic colo-
rectal carcinoma grossly require exclusion on
biopsy. For example, other tumors that may
resemble colorectal carcinoma include colorec-
tal lymphomas, carcinoid tumors, gastrointesti-
nal stromal tumors (mural sarcomas), metastatic
tumors that exhibit tropism for the gastrointes-
tinal tract (eg, malignant melanoma), malignan-
cies of adjacent organs that directly invade the
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TABLE 2 AJCC/UICC Stage Groupings

Modified
Astler-
TNM Coller Dukes

Stage 0 Tis NO MO N/A N/A
Stage | ™ NO MO Stage A A

T2 NO MO  Stage B1 A
StagellA T3 NO MO  Stage B2 B
Stage B T4 NO MO Stage B3 B
Stage IIA- T1,T2 N1 MO  Stage C1 C
Stage lllB T3,T4 N1 MO  Stage C2,C3 C
Stage lIC Any T N2 MO Stage C1,C2,C3 C
StagelV. AnyT AnyN M1 StageD N/A

colorectum (eg, cancers of the ovary, endome-
trium, bladder, or prostate), or appendiceal tu-
mors that extend into the cecum. Because
TNM staging for the colorectum is applicable
only to primary carcinomas of the colon and
rectum, these tumors would all be excluded
from classification by the colorectal TNM sys-
tem. Benign lesions that may mimic colorectal
cancer include adenomas, hamartomas, colitis
cystica profunda, solitary rectal ulcers, stercoral
ulcers, endometriomas, and Crohn disease or
diverticular disease producing mural strictures.

POLYPECTOMIZED COLORECTAL CANCERS

The diagnosis and treatment of colorectal
cancers by endoscopic polypectomy have be-
come commonplace. The cancer may be unsus-
pected at endoscopy and revealed only on
microscopic examination of the polypectomy
specimen. Malignant polyps are adenomas that
contain any amount of invasive carcinoma, which
is defined as tumor that penetrates through the
muscularis mucosae into the submucosa. They

TABLE 3 The Prognostic Significance of Serosal
Involvement by Tumor in Colorectal Carcinoma*

Five-year Median
Survival Rate Survival Time
(%) (mo.)
pT4a,M0 49 58.2
pT4b,MO 43 46.2
pT4a,M1 12 22.7
pT4b,M1 0 15.5

*Adapted from Wittekind C, Greene FL, Hensen DE, et al.
(eds)." with permission from John Wiley & Sons.
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also encompass polypoid carcinomas, in which
the entire polyp head is replaced by carcinoma.
By definition, malignant polyps exclude adeno-
mas containing intraepithelial carcinoma or in-
tramucosal carcinoma because these polyps
possess no biological potential for metastasis (see
“Definition of pTis” below). Polyps containing
invasive carcinoma represent about 5% of all
adenomas.***>
a form of early carcinoma (pT1) that may often
be cured by endoscopic polypectomy alone.”*>°
However, the incidence of an unfavorable out-
come (ie, lymph node metastasis or local recur-
rence from residual malignancy) for malignant
polyps treated by polypectomy alone varies from
about 10% to 20%.%”*® Pathologic evaluation is
critical in defining malignant polyps with an in-
creased risk of residual or recurrent disease, and
the subsequent clinical management of the pa-
tient may be based, in part, on the findings.>* The
histopathologic parameters that are known to be
associated with a significantly increased risk of
adverse outcome are: (1) high tumor grade (or
histologic type that is, by convention, always
considered high grade, such as poorly differenti-
ated adenocarcinoma, signet-ring cell carcinoma,
small cell carcinoma, or undifferentiated carci-
noma); (2) tumor at or less than 1 mm from the
resection margin; and (3) small (thin-walled) ves-
sel (presumed lymphatic) involvement by tumor
(classified as L1 in the L classification of the
AJCC/UICC).>*

If one or more of these high-risk features are
found on pathologic examination, the risk of
an adverse outcome (regional nodal metastasis
or local recurrence) following polypectomy is
estimated to be about 10% to 25%,%"*?~*! and
further therapy may be indicated.

Malignant  polyps  constitute

PATHOLOGIC DETAILS OF TNM ASSESSMENT

T Category Issues

Accurate assighment of pathologic T and N
categories is usually possible for cancer-directed
surgical resection specimens. If there is doubt
concerning the correct T, N, or M parameter
that should be applied, the lower (ie, less ad-
vanced) category should be assigned and also
applied to the stage grouping.''
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FIGURE 2 Relationship Between TNM Stage and Survival in Colorectal Carcinoma.
Data from Andrew Stewart, National Cancer Data Base of the Commission on Cancer, personal communication, 2003.

| 300

For colorectal carcinomas, the staging cate-
gory pTis (carcinoma in situ) includes both
malignant cells that are confined by the glan-
dular basement membrane (intraepithelial car-
cinoma) and those that have invaded into the
mucosal lamina propria (intramucosal carci-
noma). Intramucosal carcinoma that extends
into but not through the muscularis mucosae
also 1s included in the pTis category. Penetra-
tion of the muscularis mucosae and invasion of
the submucosa is classified as pT1. High-grade
(severe) dysplasia and intraepithelial carcinoma
sometimes may be used synonymously, espe-
cially in cases of inflammatory bowel disease.”

[t is noteworthy that for all organ systems
other than the large intestine, carcinoma in situ
refers exclusively to malignancy that has not yet
penetrated the basement membrane of the ep-
ithelium from which it arose, and invasive car-
cinoma encompasses all tumors that penetrate
the underlying stroma. Stromal invasion of any
degree 1s a feature of extreme importance in all
noncolorectal sites because of the possible ac-
cess of tumor cells to stromal lymphatics or
blood vessels and the consequent risk of me-
tastasis. In colorectal cancer, however, the des-
ignation pTis (ie, carcinoma in situ) is used to

CA A Cancer Journal for Clinicians

refer both to intraepithelial malignancies and to
cancers that have invaded the mucosal stroma
(intramucosal carcinomas) because the colorec-
tal mucosa is biologically unique. In contrast to
the mucosa elsewhere in the gastrointestinal
tract (or, indeed, in the rest of the human
body), tumor invasion of the lamina propria has
no associated risk of regional nodal metastasis.
Therefore, for the colon and rectum, inclusion
of intramucosal carcinoma in the pTis category
is justified. Nevertheless, the term carcinoma in
situ in reference to colorectal cancer can be
confusing, depending on whether it is used to
refer to the T category of the TNM staging
system or to intraepithelial tumor only, as it
does in all other epithelial systems. Therefore,
the terms intraepithelial carcinoma and in-
tramucosal carcinoma may be the preferred de-
scriptive terms for colorectal tumors in the pTis
category.*>*

Colorectal cancer that has penetrated into
but not completely through the muscularis
propria is classified as T2. The T3 category
refers to all transmurally invasive tumors that
are confined to the perimuscular soft tissue (ie,
that have neither violated the serosal surface
nor infiltrated an adjacent structure). The min-
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imal criterion for assignment of pT3 is the
absence of any mural muscle between the lead-
ing edge of the tumor and the extramural soft
tissue. Although it is not required as a manda-
tory part of pT3 assessment, measurement of
the depth of extramural soft tissue invasion may
be justified, because data indicate that the
deeper a tumor invades into the perimuscular
tissues, the worse the prognosis.'' Extramural
extension exceeding 5 mm appears to be the
critical cut point linked to adverse outcome in
most studies.'" This adverse prognostic associ-
ation is observed whether or not regional
lymph node metastasis is present. Extramural
extension of the tumor within lymphatics or
veins does not count as local spread of tumor as
defined by T3, but extramural tumor nodules
discontinuous from the primary tumor mass
that are irregular in shape are included in the T
category as pT3."" If such nodules have smooth
contours, they are classified by convention as
replaced lymph nodes.

The highest category of local extent is pT4,
which includes both extension into adjacent or-
gans or structures (pT4a) and penetration of the
parietal peritoneum with or without involvement
of an adjacent structure (pT4b)."" A free perfo-
ration of a colorectal carcinoma into the perito-
neal cavity is also classified as T4b."" Among the
features that define T4 tumors, serosal penetration
is the most dire. A number of large studies have
evaluated serosal penetration as a separate patho-
logic variable and have demonstrated by multi-
variate analysis that it has independent adverse
prognostic significance.*** The median survival
time following surgical resection for cure is sig-
nificantly shorter for pT4 tumors that penetrate
the visceral peritoneum compared with pT4 tu-
mors without serosal involvement, with or with-
out distant metastasis (Table 3)."" A careful
pathologic study of local peritoneal involvement
by Shepherd et al.* has suggested that the prog-
nostic power of this feature may supersede that of
regional lymph node metastasis (N category).

Despite its biologic importance, serosal in-
volvement is often underdiagnosed by patholo-
gists. Documentation of peritoneal involvement
by tumor demands meticulous pathologic analysis
and may require extensive sampling and/or serial
sectioning. Thus, it can be missed on routine

CA Cancer J Clin 2004;54:295-308 I

histopathologic examination. In fact, it has been
shown that cytologic examination of serosal
scrapings reveals malignant cells in as many as 26%
of tumor specimens categorized as pT3 by histo-
logic examination alone.***’

Viewed under the microscope, peritoneal
involvement by tumor may be associated with
a spectrum of features. Three types of local
peritoneal involvement have been defined: (1)
a mesothelial inflammatory and/or hyperplastic
reaction with tumor close to, but not at, the
serosal surface; (2) tumor present at the serosal
surface with inflammatory reaction, mesothelial
hyperplasia, and/or erosion/ulceration; and (3)
free tumor cells on the serosal surface (in the
peritoneum) with underlying ulceration of the
visceral peritoneum.*® All three types of local
peritoneal involvement were associated with
decreased survival, especially the latter two. In
contrast, tumor well clear of the serosa had no
independent adverse effect on prognosis.*
Therefore, it has been recommended that the
definition of T4b be modified to encompass
reactions 2 and 3 outlined above.” It is also
possible to classify a tumor as pT4b based on
positive cytologic specimens obtained by intra-
operatively scraping the serosa overlying the
primary tumor.'"

Involvement of the serosa may occur in the
presence or absence of involvement of adjacent
organs. Conversely, involvement of adjacent or-
gans may occur in the presence or absence of
serosal involvement, depending on the anatomic
location of the involved structure. Direct invasion
of adjacent organs or structures or other segments
of the colorectum by way of the serosa or meso-
colon (eg, invasion of the sigmoid colon by car-
cinoma of the cecum) all should be classified as
pT4. In contrast, intramural (longitudinal) exten-
sion of tumor from one subsite (segment) of the
large intestine into an adjacent subsite or into the
ileum (eg, for a cecal carcinoma) or anal canal (eg,
for a rectal carcinoma) does not affect the pT

. T
classification.

N Category Issues

Stage-related outcome data are derived from
studies in which the pathologic evaluation of
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the regional lymph nodes has been performed
by conventional histologic staining of macro-
scopically identified lymph nodes. Because it
has been shown that many nodal metastases in
colorectal cancer are found in small lymph
nodes (less than 5 mm in diameter),*®*” a dil-
igent search for lymph nodes in resection spec-
imens is essential. The number of lymph nodes
recovered from resection specimens varies
widely and is dependent on several factors.
Patient factors such as age and anatomic varia-
tion, surgical technique, and diligence of the
pathologist in harvesting all existing nodes are
significant factors. It has been shown that a
minimum of 12 to 18 lymph nodes must be
examined to accurately predict regional node
negativity in colorectal cancer.'”'”*>% For
this reason, it has been suggested that 12 lymph
nodes be considered the minimum acceptable
harvest from a careful specimen dissection. If
fewer than 12 nodes are found after careful
gross examination, additional techniques (ie,
visual enhancement techniques such as fat
clearing) may be considered.** It has been fur-
ther recommended that all grossly negative or
equivocal lymph nodes be submitted entirely
for microscopic examination** and that in-
volvement of grossly positive lymph nodes be
confirmed by either complete or partial micro-
scopic examination. At present, routine assess-
ment of regional lymph node metastasis is
limited to the use of conventional pathologic
techniques (gross assessment and histologic ex-
amination of one tissue level).

Regional lymph nodes must be examined sep-
arately from lymph nodes outside of the anatomic
site of the tumor because metastasis in any lymph
node in the regional nodal group is classified as
pN disease, whereas all other nodal metastases are
classified as pM1. On microscopic examination,
tumor in a regional lymph node, whether arriv-
ing there via afferent lymphatics or direct invasion
through the capsule, is regarded as metastatic dis-
ease. In addition, microscopic examination of the
extramural adipose tissue may reveal discrete
nodules of tumor that may represent lymph nodes
that have been replaced by metastatic tumor but
cannot be identified as such with certainty. By
AJCC/UICC convention, extramural tumor
nodules of any size with smooth contours are

CA A Cancer Journal for Clinicians

counted as replaced regional lymph nodes."*""

For purposes of pN assignment, each nodule is
counted separately as a positive node. This rule,
brought forward in the sixth editions of the
AJCC and UICC staging manuals, is based on
evidence suggesting that pericolonic tumor de-
posits of any size correlate with shorter survival
and do so independently of otherwise observable
lymph node metastasis.”” The evidence also indi-
cates that the number of pericolonic tumor de-
posits correlates inversely with —disease-free
survival.”’

The regional lymph node groups correspond-
ing to the anatomic subsites of the colorectum are
listed on Table 4. Occasionally, however, a colo-
rectal cancer may involve more than one site or
subsite by continuous longitudinal extension. For
example, a cecal carcinoma may extend across the
ileocecal valve into the ileum. In these cases, the
regional lymph nodes are defined as those of all
involved sites and subsites. In rare cases, the re-
gional nodes of the primary tumor site are free of
malignancy, but the nodes in the drainage area of

TABLE 4 Definitions of Regional Lymph Node
Groups in Anatomic Subsites of the Colorectum

Colorectum
Subsite Definition
Cecum Anterior cecal, posterior cecal, ileocolic,

right colic

Ascending colon lleocolic, right colic, middle colic

Hepatic flexure Middle colic, right colic

Transverse colon Middle colic

Splenic flexure Middle colic, left colic, inferior
mesenteric

Descending colon
Sigmoid colon

Left colic, inferior mesenteric, sigmoid
Inferior mesenteric, superior rectal
sigmoidal, sigmoid mesenteric*
Perirectal,  left colic, sigmoid
mesenteric, sigmoidal, inferior
mesenteric, superior rectal, middle
rectal
Rectum Perirectal,} sigmoid mesenteric, inferior
mesenteric, lateral sacral, presacral,
internal iliac, sacral promontory,
superior rectal, middle rectal, inferior
rectal

Rectosigmoid colon

*Lymph nodes along the sigmoid arteries are considered
pericolic nodes, and their involvement is classified as pN1
or pN2 according to the number involved.

tPerirectal lymph nodes include the mesorectal (para-
proctal), lateral sacral, presacral, sacral promontory
(Gerota), middle rectal (hemorrhoidal), and inferior rectal
(hemorrhoidal) nodes. Metastasis in the external iliac or
common iliac nodes is classified as pM1.
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an organ directly invaded by the primary tumor
contain metastases. In this circumstance, the
lymph nodes of the invaded site are considered as
those of the primary site and are classified in the N
category. '

Increasingly, attention is being focused on al-
ternative methods of detecting very small
amounts of metastatic tumor. To assess the bio-
logic significance and clinical impact of minute
amounts of tumor detected in metastatic sites, it is
imperative to collect data using uniform diagnos-
tic and reporting criteria such as those defined by
the AJCC and UICC. Isolated tumor cells (ITC)
have been defined as small numbers of tumor cells
detected only by special techniques or seen his-
tologically but measuring =0.2 mm. According
to current recommendations, ITC are classified as
NO or MO, as appropriate.”'">" Because the bi-
ologic significance of ITC (either a single focus in
a single node, multiple foci within a single node,
or micrometastatic involvement of multiple
nodes) is as of yet unproved, classification as NO is
considered justified. In contrast, small amounts of
metastatic tumor that measure greater than
0.2 mm but less than 2.0 mm are defined as
micrometastases and classified as N1 or M1. The
conventions for reporting of ITC and microme-
tastases are shown in detail in Table 5. The num-
ber of lymph nodes involved by micrometastases
or ITC should be clearly stated in the pathology
report. Currently, however, the data are insuffi-
cient to recommend either the routine examina-
tion of multiple tissue levels of paraffin blocks or
the use of special/ancillary techniques such as
immunohistochemistry for epithelial and/or
tumor-associated antigens (eg, cytokeratin, carci-
noembryonic antigen) or polymerase chain reac-

CA Cancer J Clin 2004;54:295-308 I

tion techniques to identify tumor RINA/DNA.
Furthermore, all of these approaches are costly,
and some can be difficult to quality control.
Pending definitive data, it is recommended that
any ITC reported by the pathologist be accom-
panied by a note stating that the biologic signifi-
cance is unknown.*’

M Category Issues

In colorectal cancer, pM1 disease encom-
passes pathologically documented metastasis to
any nonregional lymph node, the parenchyma
of any distant organ or tissue, and/or the peri-
toneum of any abdominal structure. Positive
peritoneal fluid cytology and tumor present
(only) in lymphatic vessels of a distant site are
also considered pM1 disease.

Excluded from pM1 designation are ITC
found in the bone marrow (like nodal ITC,
distant ITC are not classified as metastasis or
assigned pM1 because their significance is as yet
unproven)®> and tumor foci in the mucosa or
submucosa of adjacent bowel, also known as
satellite lesions or skip metastasis (however,
these must be distinguished from synchronous
primary tumors).

Pathologic Staging of Multiple Carcinomas

For purposes of classification of multiple si-
multaneous tumors, the colon and the rectum are
defined as one organ. The convention for codi-
fication of multiple simultaneous tumors requires
that the cancer with the highest T category be
staged and classified as the relevant or dominant
tumor and the total number of tumors or the
symbol “m” (for multiple) indicated in parenthe-

TABLE 5 Annotation for Isolated Tumor Cells and Micrometastases

Annotation

Definition

Isolated tumor cells pNO(i—)

No ITC* detected morphologically
pNO(i+) Positive morphological (H&Et or immunohistochemical) findings for ITC

pNO(mol—) No regional lymph node metastasis histologically, negative nonmorphological (molecular) findings
for ITC
pNO(mol+) No regional lymph node metastasis histologically, positive nonmorphological (molecular) findings
for ITC
Micrometastasis pN1 (mi) Metastatic tumor in regional node, no larger than 2.0 mm but >0.2 mm in dimension
pM1(mi) Metastatic tumor in distant site, no larger than 2.0 mm but >0.2 mm in dimension

*ITC = isolated tumor cells.
TH&E = hematoxylin and eosin stain.
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ses after the pT category of the dominant tumor
(eg, pT3(2) or pT3(m)). Simultaneous tumors
may include multiple noninvasive cancers, mul-
tiple invasive cancers, or a combination of both
noninvasive and invasive cancers. If a new pri-
mary cancer is diagnosed within two months, the
new cancer is considered synchronous based on
criteria used by the Surveillance, Epidemiology
and End Results Program of the National Cancer
Institute.””

Pathologic Staging of Residual Carcinoma

Residual Tumor in the Resection Specimen
After Neoadjuvant Therapy

By definition, the TNM categories describe
the anatomic extent of malignant tumors that
have not been previously treated, and the predic-
tive value of TNM stage groupings is based solely
on data derived from outcome studies of such
tumors. For tumors treated before staging, the
prognostic correlates related to stage are altered
compared with tumors staged before treatment.
However, the rules of application of TNM allow
for documentation of the extent of posttreatment
disease. The same TNM parameters are used but
are codified by the prescript “y” to indicate the
posttreatment status of the tumor."'" For the
pathologist, this is relevant to tumor remaining in
a resection specimen after previous (neoadjuvant)
treatment of any type (radiation therapy alone,
chemotherapy alone, or any combined modality
treatment). For many therapies, the classification
of residual disease also has been shown to be a
strong predictor of posttreatment outcome. In
addition, the ypTNM classification provides a
standardized framework for the collection of data
needed to accurately evaluate new therapies.

Residual Tumor in the Patient Following
Resection for Cure (Cancer-directed Surgery)

In contrast to tumor remaining in a resection
specimen after neoadjuvant therapy, tumor re-
maining in the patient after primary surgical
resection is not evaluated or annotated using
TNM parameters. It is categorized by a system

known as the R classification, shown below.>*

CA A Cancer Journal for Clinicians

e RX: Presence of residual tumor cannot be
assessed

e R0: No residual tumor

e R 1: Microscopic residual tumor

e R2: Macroscopic residual tumor

The R classification was originally developed
for clinical use to document the efficacy of the
patient’s treatment. Not surprisingly, the R clas-
sification has stage-independent prognostic signif-
icance in that R1 and R2 are adverse prognostic
factors compared with RO status at any stage of
disease. The relevance of the R classification to
the pathologist is primarily related to resection
margin evaluation. Tumor present microscopi-
cally or macroscopically at a resection margin
corresponds to R1 or R2, respectively. This is
based on the widely accepted convention that
tumor present at a resection margin is likely to
correspond to the presence of tumor on the op-
posite side of that margin (ie, within the tissue at
the corresponding resection site in the patient).
However, RO status cannot necessarily be as-
signed by the pathologist to a case with negative
resection margins because RO status refers to ab-
sence of residual tumor anywhere in the patient,
including distant metastatic sites, and must there-

R . 11,54
fore be based on clinical information.”

Surgical Resection Margin Status in
Cancer-directed Surgery

The prognostic value of TNM stage in dis-
ease with no (or limited hepatic) distant metas-
tasis at presentation is predicated on complete
eradication of all detectable tumor on comple-
tion of therapy. Because surgery is the primary
mode of therapy for the vast majority of colo-
rectal cancer, optimal treatment is linked to
complete excision of all detectable tumor. This
is the goal of all cancer-directed surgery, and
the status of the resection margins of the re-
sultant excision specimen constitutes one mea-
sure of successful attainment of that goal.

The pertinent margins of a colorectal cancer
resection specimen include the proximal and
distal transverse margins, the mesenteric mar-
gin, and, when appropriate, the circumferential
(radial) margin. The circumferential resection
margin (CRM) represents the retroperitoneal
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or peritoneal adventitial soft-tissue margin clos-
est to the deepest penetration of tumor. For all
segments of the large intestine that are either
incompletely encased (ascending colon, de-
scending colon, upper rectum) or not encased
(lower rectum) by peritoneum, the CRM is
created by blunt dissection of the retroperito-
neal or subperitoneal aspect, respectively, at the
time of the operation.

When the distance between the tumor and
the nearest transverse margin is 5 cm or more,
anastomotic recurrences are very rare. There-
fore, it can be argued that histologic examina-
tion of the proximal and/or distal margin is
unnecessary if these margins are 5 cm or more
from the tumor.” In fact, guidelines from the
Royal College of Pathologists in the United
Kingdom suggest that “donuts” from stapling
devices, which are the true margins of resec-
tion, need not be examined histologically if the
tumor is greater than 3 cm from the cut end of
the main specimen.” In low anterior rectal re-
section specimens of rectal cancers, however,
wide distal cufts of normal mucosa may be hard
to achieve due to anatomic constraints. In this
circumstance, a margin of 2 cm is accepted as
adequate, and in many cases, distal margins of 1
cm or less also prove sufficient, especially for
T1 and T2 tumors. Thus, on pathologic exam-
ination, the distance of the tumor from the
transverse margins is always recorded, but mi-
croscopic examination may be considered
optional if the closest distance is greater than
5 cm.

In rectal carcinoma, the CRM has been dem-
onstrated to be the margin of greatest importance
in predicting risk of local recurrence, which is
itself a strong predictor of survival.”*™>” In fact,
multivariate analyses have suggested that tumor
involvement of the CRM is the most critical
factor in predicting local recurrence in rectal
cancer.’”®! Emerging data on CRM involve-
ment in the colon suggest a similar relationship to
risk of local recurrence.®’ Therefore, routine as-
sessment of the CRM is recommended in all
applicable colorectal cancers, and measurement of
the distance from the tumor to the nearest CRM,
representing the surgical clearance around the
tumor, is suggested.””” Based on published data
from clinical trials, the risk of local recurrence is

CA Cancer J Clin 2004;54:295-308 I

strongly increased if tumor is present 1 mm or less
from the nonperitonealized surface of the speci-
men.®' More recent data have suggested that the
risk of local recurrence also is significantly in-
creased with clearances of 2 mm or less (CJH Van
de Velde, personal communication, January
2004). Thus, the current recommendation is that
clearance of 2 mm or less should be considered a
positive CRM.®* In contrast, the risk of recur-
rence is very low with clearance of more than 2
mm and can be considered negative or R0. In
any case, reporting of the actual clearance mea-
surement is recommended rather than assignment
of positive or negative status alone.

For segments of the colon that are com-
pletely encased by a peritonealized (serosal) sur-
face (eg, transverse and sigmoid colon), the
mesenteric resection margin may be a relevant
radial margin because tumors may extend to
this margin with (pT4) or without (pT3) pen-
etrating the serosal surface. It should be exam-
ined when the point of deepest penetration of
the tumor is on the mesenteric aspect of the
colon, especially when the mesentery has been
trimmed close to the colonic wall. For those
tumors limited to an antimesenteric peritone-
alized aspect of the bowel, the mesenteric mar-
gin usually is not relevant.

Because involvement of the CRM or the
mesenteric margin is associated with an in-
creased risk of local recurrence, it has implica-
tions for adjuvant therapy. Thus, it is extremely
important that the pathologist carefully differ-
entiate the peritonealized from the nonperito-
nealized surfaces of the resection specimen and
examine them separately. For example, if a
tumor is present on a peritonealized surface, it
is categorized as pT4 but may not require ad-
juvant radiation if the resection margins (in-
cluding the CRM) are free of tumor (RO).
However, if a tumor is present on a nonperi-
tonealized surface (ie, the CRM), adjuvant ra-
diation may be appropriate irrespective of the
T category of the tumor.

Pathologic Staging of Recurrent
Colorectal Carcinoma

Tumor that recurs after a documented disease-
free interval following therapy is classified accord-
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ing to TNM parameters but modified with the
prefix “r”’ (eg, rpT1). By convention, locally re-
current tumor is assigned topographically to the
proximal segment of the anastomosis unless the
proximal segment is the small intestine."""

Lymphatic and Venous Involvement by Tumor of
Any Stage: The L and V Classification Systems of
the AJCC/UICC

Venous invasion by tumor has been demon-
strated repeatedly to be a stage-independent ad-
verse prognostic factor by multivariate***>¢>~¢”
and univariate analyses.”’”"> However, some
studies identifying venous invasion as an adverse
factor on univariate analysis have failed to confirm
its independent impact on prognosis on multi-
737% Similar disparate results

have also been reported for lymphatic inva-
64,65,69,72,74

variate breakdown.
sion. ~’% In other reports, vascular in-
vasion as a general feature was prognostically
significant, but no distinction between lymphatic
and venous vessels was made. In a few studies, the
location as well as the type of the involved vessels
(eg, extramural veins) were both considered
strong determinates of prognostic impact.*”®’
Therefore, data from existing studies are difficult
to amalgamate. Nevertheless, the importance of
venous and lymphatic invasion by tumor is
strongly suggested and largely confirmed by the
literature.

In part, disparities among existing studies on
vessel invasion may be related to inherent
problems in definitive diagnosis of vessel inva-
sion, which typically requires the identifica-
tion of tumor cells (single or groups) within
an endothelial-lined channel. However, histo-
logic artifacts that mimic vessel invasion and
pathologic changes that obscure it (eg, vascular
destruction by tumor) are both common, and
interobserver variation may be substantial. Spe-
cial techniques such as immunohistochemical
stains to identify endothelium or special stains
to identify the elastic tissue remains of venous
walls may or may not increase the ease or
accuracy of evaluation. Because these tech-
niques are also labor intensive, time consum-
ing, and expensive, they are not performed
routinely. Detection of vessel invasion in any
given case is also affected by specimen sam-
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pling. It has been shown that the reproducibil-
ity of extramural venous invasion detection
increases proportionally with the number of
tissue blocks taken, from 59% with two blocks
to 96% with five blocks.* At present, no
widely accepted standards or guidelines for the
pathologic evaluation of vessel invasion exist,
and pathology sampling practices vary widely
on both individual and institutional levels.
Sampling practices are further impacted by cost
containment issues, which in general have en-
couraged reduced sampling of resection speci-
mens. The College of American Pathologists
has suggested that at least three blocks (opti-
mally five blocks) of tumor at its point of
deepest extent be submitted for microscopic
examination.”**

By AJCC/UICC convention, the presence
of tumor cells within the lymphatics or veins of
the primary tumor site does not aftect the pT
classification. Intravascular spread via lymphatic
or venous vessels is recorded separately and
classified as L1 and V1, respectively. Con-
versely, LO and VO indicate the absence of
lymphovascular and venous invasion, respec-
tively, and always should be recorded explicitly
in the pathology report to document that vas-
cular invasion was sought and not found. In the
absence of explicit reporting, the absence of
vessel invasion cannot be assumed. All lym-
phatic vessels are relevant, including those
within the primary tumor and peripheral to the
primary tumor.

Tumor contained solely within the after-
ent lymphatic vessels of regional lymph
nodes is classified as L1 but NO. To qualify as
N1, tumor cells must extend into the node
proper (eg, into the subcapsular sinus). In
contrast, tumor within the lymphatics of a
distant organ is classified as pM1. The UICC
recommends that extramural tumor nodules
with irregular contours (ie, not smooth and
round) be regarded as discontinuous trans-
mural extension and classified as pT3. Based
on the belief that discontinuous transmural
extension often occurs as a result of intrave-
nous extension of tumor through the wall
followed by centripetal penetration of the
vessel into the perivascular soft tissues, it is
also recommended that V1 be assigned to
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irregularly shaped (often stellate) extramural

11
tumor nodules.

CONCLUSIONS

The above discussion of the current TNM
staging strategies must constantly be tested and
perfected to avoid the fate of becoming irrele-
vant. As newer anatomic and molecular markers
are uncovered, these must be applied to the

REFERENCES

1. Greene FL, Page DL, Fleming ID, et al. (eds).
AJCC Cancer Staging Manual. 6th Ed. New
York, NY: Springer; 2002.

2. Sobin LH, Wittekind C (eds). TNM: Classi-
fication of Malignant Tumours. 6th Ed. New
York, NY: Wiley-Liss; 2002.

3. Compton CC. Updated protocol for the ex-
amination of specimens removed from patients
with carcinomas of the colon and rectum exclud-
ing carcinoid tumors, lymphomas, sarcomas, and
tumors of the vermiform appendix. A basis for
checklists. Cancer Committee. Arch Pathol Lab
Med 2000;124:1016—1025.

4. Royal College of Pathologists Working
Group on Cancer Services. Standards and Mini-
mum Datasets for Reporting Common Cancers.
Minimum Dataset for Colorectal Cancer Histo-
pathology Reports. London, United Kingdom;
The Royal College of Pathologists; 1998.

5. Commission on Cancer. Cancer Program
Standards 2004. Chicago, IL; American College
of Surgeons; 2003.

6. National Cancer Institute Center for Bioinfor-
matics. Cancer data standards repository for com-
mon data elements. Available at: http://ncicb.
nci.nih.gov/core/caDSR. Accessed May 3, 2004.

7. Gospodarowicz M, Miller D, Groome PA, et
al. The process for continuous improvement of
the TNM classification. Cancer 2004;100:1-5.

8. Hutter RVP. At last—worldwide agreement
on the staging of cancer. Arch Surg 1987;
122:1235-1239.

9. Jessup JM, Menck HR, Winchester DP, et al.
The National Cancer Data Base report on pat-
terns of hospital reporting. Cancer 1996;78:
1829-1837.

10. Greene FL, Stewart AK, Norton HJ. A new
TNM staging strategy for node-positive (Stage
III) colon cancer: an analysis of 50,042 patients.
Ann Surg 2002;236:416—421.

11. Wittekind C, Greene FL, Henson DE (eds).
TNM Supplement: A Commentary on Uniform
Use. 3rd Ed. New York, NY; Wiley-Liss; 2003.

12. Goldstein NS. Lymph node recoveries from
2,427 pT3 colorectal resection specimens spanning
45 years: recommendations for a minimum number
of recovered lymph nodes based on predictive prob-
abilities. Am J Surg Pathol 2002;26:179-189.

relating to this disease.

13. Le Voyer TE, Sigurdson ER, Hanlon Al, et
al. Colon cancer survival is associated with in-
creasing number of lymph nodes analyzed: a sec-
ondary survey of Intergroup Trial Int-0089.
J Clin Oncol 2003;21:2912-2919.

14. Ratto C, Sofo L, Ippoliti M, et al. Accurate
lymph-node detection in colorectal specimens re-
sected for cancer is of prognostic significance. Dis
Colon Rectum 1999;42:143—158.

15. Burdy G, Panis Y, Alves A, et al. Identifying
patients with T3-T4 node-negative colon cancer
at high risk of recurrence. Dis Colon Rectum
2001;44:1682-1688.

16. Tepper JE, O’Connell MJ, Niedzwiecki D,
et al. Impact of number of nodes retrieved on
outcome in patients with rectal cancer. J Clin
Oncol 2001;19:157-163.

17. Wong JH, Bowles BJ, Bueno R, Shimizu D.
Impact of the number of negative nodes on
disease-free survival in colorectal cancer. Dis Co-
lon Rectum 2002;45:1341-1348.

18. Swanson RS, Compton CC, Stewart AK,
Bland KI. The prognosis of T3NO colon cancer is
dependent upon the number of lymph nodes
examined. Ann Surg Oncol 2003;10:65-71.

19. Joseph NE, Sigurdson ER, Hanlon AL, et al.
Accuracy of determining nodal negativity in
colorectal cancer on the basis of the number of
nodes retrieved on resection. Ann Surg Oncol
2003;10:213-218.

20. Saha S, Bilchik A, Wiese D, et al. Ultrastag-
ing of colorectal cancer by sentinel lymph node
mapping technique—a multicenter trial. Ann
Surg Oncol 2001;8:945-98S.

21. Yasuda K, Adachi Y, Shiraishi N, et al. Pat-
tern of lymph node micrometastasis and prognosis

of patients with colorectal cancer. Ann Surg On-
col 2001;8:300-304.

22. Sherlock P, Winawer SJ. Are there markers
for the risk of colorectal cancer? N Engl ] Med
1984;311:118-119.

23. Itzkowitz SH. Gastrointestinal adenomatous
polyps. Semin Gastrointest Dis 1996;7:105-116.

24. Jass JR. Malignant colorectal polyps. Gastro-
enterology 1995;109:2034-2035.

25. Morson BC, Whiteway JE, Jones EA, et al.
Histopathology and prognosis of malignant colo-
rectal polyps treated by endoscopic polypectomy.
Gut 1984;25:437—-444.

26. Wolftf WI, Shinya H. Definitive treatment of

Volume 54 ® Number 6 ® November/December 2004

CA Cancer J Clin 2004;54:295-308 I

TNM staging of colorectal cancer and woven
into our staging taxonomy. In addition, the future
of our management of this large and important
group of patients mandates not only a worldwide
system of staging, but a commitment to utilize the
system in our approach to patient management,
clinical trials, registry reporting, and the dissemi-
nation of new knowledge through the develop-
ment of scholarly manuscripts and presentations

“malignant” polyps of the colon. Ann Surg
1975;182:516-525.

27. Wilcox GM, Anderson PB, Colacchio TA.
Early invasive carcinoma in colonic polyps: a
review of the literature with emphasis on the
assessment of the risk of metastasis. Cancer
1986;57:160-171.

28. Cooper HS, Deppisch LM, Gourley WK, et
al. Endoscopically removed malignant colorectal
polyps: clinicopathologic correlations. Gastroen-
terology 1995;108:1657-1665.

29. Cranley JP, Petras RE, Carey WD, et al.
When is endoscopic polypectomy adequate ther-
apy for colonic polyps containing invasive carci-
noma? Gastroenterology 1986;91:419—-427.

30. Cooper HS. Surgical pathology of endoscop-
ically removed malignant polyps of the colon and
rectum. Am | Surg Pathol 1983;7:613-623.

31. Cooper HS. The role of the pathologist in
the management of patients with endoscopically
removed malignant colorectal polyps. Pathol
Annu 1988;23:25-43.

32. Cooper HS, Deppisch LM, Kahn EI, et al.
Pathology of the malignant colorectal polyp.
Hum Pathol 1998;29:15-26.

33. Cunningham KN, Mills LR, Schuman BM,
Mwakyusa DH. Long-term prognosis of well-
differentiated adenocarcinoma in endoscopically
removed colorectal adenomas. Dig Dis Sci 1994;
39:2034-2037.

34. Haggitt RC, Glotzbach RE, Soffer EE,
Wruble LD. Prognostic factors in colorectal car-
cinomas arising in adenomas: implications for le-
sions removed by endoscopic polypectomy.
Gastroenterology 1985;89:328 -336.

35. Lipper S, Kahn LB, Ackerman LV. The sig-
nificance of microscopic invasive cancer in endo-
scopically removed polyps of the large bowel. A
clinicopathologic study of 51 cases. Cancer 1983;
52:1691-1699.

36. Kyzer S, Begin LR, Gordon PH, Mitmaker
B. The care of patients with colorectal polyps that
contain invasive adenocarcinoma. Cancer 1992;
70:2044-2050.

37. Muller S, Chesner IM, Egan M], et al. Sig-
nificance of venous and lymphatic invasion in

malignant polyps of the colon and rectum. Gut
1989;30:1385-1391.

38. Volk EE, Goldblum JR, Petras RE, et al.
Management and outcome of patients with inva-

3o7|

(rou] ‘A1@190S J9oue) URJLBWYG) 0T0Z ‘6 Arenigad uo Aq B10 d0SIaduRIWE aUIUORD WOJ) Papeojumod


http://caonline.amcancersoc.org:80

I Colorectal Cancer Staging

sive carcinoma arising in colorectal polyps. Gas-
troenterology 1995;109:1801-1807.

39. Coverlizza S, Risio M, Ferrari A, et al. Colo-
rectal adenomas containing invasive carcinoma:
Pathologic assessment of lymph node metastatic
potential. Cancer 1989;64:1937-1947.

40. Nivatvongs S, Goldberg SM.. Management of
patients who have polyps containing invasive car-
cinoma removed via colonoscope. Dis Colon
Rectum 1978;21:8—11.

41. Nivatvongs S, Rojanasakul A, Reiman HM,
et al. The risk of lymph node metastasis in colo-
rectal polyps with invasive adenocarcinoma. Dis
Colon Rectum 1991;34:323-328.

42. Compton CC, Fielding LP, Burgart L], et al.
Prognostic factors in colorectal cancer. College of
American Pathologists Consensus ~ Statement
1999. Arch Pathol Lab Med 2000;124:979-994.

43. Compton CC, Fenoglio-Preiser CM, Petti-
grew N, Fielding LP. American Joint Committee
on Cancer Prognostic Factors consensus confer-
ence: Colorectal Working Group. Cancer
2000;88:1739-1757.

44. Chapuis PH, Dent OF, Fisher R, et al. A
multivariate analysis of clinical and pathological
variables in prognosis after resection of large
bowel cancer. Br J Surg 1985;72:698=702.

45. Newland R, Dent O, Lyttle M, et al. Patho-
logic determinants of survival associated with
colorectal cancer with lymph node metastases. A
multivariate analysis of 579 patients. Cancer
1994;73:2076-2082.

46. Shepherd N, Baxter K, Love S. The prog-
nostic importance of peritoneal involvement in
colonic cancer: a prospective evaluation. Gastro-
enterology 1997;112:1096-1102.

47. Zeng Z, Cohen AM, Hajdu S, et al. Serosal
cytologic study to determine free mesothelial
penetration of intraperitoneal colon cancer.
Cancer 1992;70:737-740.

48. Herrera-Ornelas L, Justiniano J, Castillo N,
et al. Metastases in small lymph nodes from colon
cancer. Arch Surg 1987;122:1253-1256.

49. Brown HG, Luckasevic TM, Medich DS, et
al. Efficacy of manual dissection of lymph nodes
in colon cancer resections. Mod Pathol 2004;
17:402—406.

50. Goldstein NS, Turner JR. Pericolonic tumor
deposits in patients with T3AN+MO colon adeno-
carcinomas. Markers of reduced disease free sur-
vival and intra-abdominal metastases and their
implications for TNM classification. Cancer
2000,;88:2228 -2238.

51. Singletary SE, Greene FL, Sobin LH. Classi-
fication of isolated tumor cells: clarification of the

| 308

6th edition of the American Joint Committee on
Cancer Staging Manual. Cancer 2003;98:2740—
2741.

52. Hermanek P, Hutter RVP, Sobin LH, Wit~
tekind C. Classification of isolated tumor cells and
micrometastasis. Cancer 1999;86:2668-2673.

53. The Surveillance, Epidemiology, and End
Results Program. SEER Program Code Manual.
NIH Publication No 92—-1999. Bethesda, MD;
National Cancer Institute; 1992.

54. Wittekind C, Compton CC, Greene FL, So-
bin LH. TNM residual tumor classification revis-
ited. Cancer 2002;94:2511-2516.

55. Cross SS, Bull AD, Smith JHF. Is there any
justification for the routine examination of bowel
resection margins in colorectal adenocarcinoma?
J Clin Pathol 1989;42:1040-1042.

56. Adam IJ, Mohamdee MO, Martin IG, et al.
Role of the circumferential margin involvement
in the local recurrence of rectal cancer. Lancet
1994;344:707-711.

57. Chan K, Boey J, Wong S. A method of
reporting radial invasion and surgical clearance of
rectal carcinoma. Histopathology 1985;9:1319—
1327.

58. Quirke P, Scott N. The pathologist’s role in
the assessment of local recurrence in rectal carci-
noma. Surg Oncol Clin N Am 1992;3:1-17.

59. Quirke P, Durdy P, Dixon MF, Williams
NS. Local recurrence of rectal adenocarcinoma
due to inadequate surgical resection. Histopatho-
logical study of lateral tumour spread and surgical
excision. Lancet 1986;2:996—-999.

60. Petersen VC, Baxter KJ, Love SB, Shepherd
NA. Identification of objective pathologic prog-
nostic determinants and models of prognosis in
Dukes’ B colon cancer. Gut 2002;51:65—69.

61. Stocchi L, Nelson H, Sargent DJ, et al. Im-
pact of surgical and pathological variables in rectal
cancer: a United States community and cooper-
ative group report. J Clin Oncol 2001;19:3895—
3902.

62. Mulcahy HE, Skelly MM, Husain A,
O’Donoghue DP. Long-term outcome following
curative surgery for malignant large bowel ob-
struction. Br J Surg 1996;83:46-50.

63. Freedman L, Macaskill P, Smith A. Multi-
variate analysis of prognostic factors for operable
rectal cancer. Lancet 1984;2:733-736.

64. Michelassi F, Ayala J, Balestracci T, et al.
Verification of a new clinicopathologic staging

system for colorectal adenocarcinoma. Ann Surg
1991;214:11-18.

65. Michelassi F, Block GE, Vannucci L, et al. A
5- to 21-year follow-up and analysis of 250 pa-

CA A Cancer Journal for Clinicians

tients with rectal adenocarcinoma. Ann Surg
1988;208:379-387.

66. Heys S, Sherif A, Bagley J, et al. Prognostic
factors and survival of patients aged less than 45
years with colorectal cancer. Br J Surg 1994;
81:685—-688.

67. Harrison J, Dean P, el-Zeky F, Vander
Zwaag R. From Dukes through Jass: pathological
prognostic indicators in rectal cancer. Hum
Pathol 1994;25:498-505.

68. Wiggers T, Arends J, Volovics A. Regression
analysis of prognostic factors in colorectal cancer
after curative resections. Dis Colon Rectum
1988;31:33—41.

69. Knudsen JB, Nilsson T, Sprechler M, et al.
Venous and nerve invasion as prognostic factors
in postoperative survival of patients with resect-
able cancer of the rectum. Dis Colon Rectum
1983;26:613-617.

70. Carlon C, Fabris G, Arslan-Pagnini C, et al.
Prognostic correlations of operable carcinoma of
the rectum. Dis Colon Rectum 1985;28:47-50.

71. Horn A, Dahl O, Morild 1. Venous and
neural invasion as predictors of recurrence in rec-
tal adenocarcinoma. Dis Colon Rectum 1991;34:
798—-804.

72. Lee Y. Local and regional recurrence of car-
cinoma of the colon and rectum: I. Tumour-host
factors and adjuvant therapy. Surg Oncol
1995;4:283-293.

73. Talbot I, Ritchie S, Leighton MH, et al. The
clinical significance of invasion of veins by rectal
cancer. Br ] Surg 1980;67:439—442.

74. Takebayashi Y, Akiyama S, Yamada K, et al.
Angiogenesis as an unfavorable prognostic factor
in human colorectal carcinoma. Cancer 1996;
78:226-231.

75. Hermanek P, Guggenmoos-Holzmann I,
Gall FP. Prognostic factors in rectal carcinoma. A
contribution to the further development of tu-
mor classification. Dis Colon Rectum 1989;
32:593-599.

76. Takahashi Y, Tucker S, Kitadai Y, et al.
Vessel counts and expression of vascular endo-
thelial growth factor as prognostic factors in
node-negative colon cancer. Arch Surg 1997;
132:541-546.

77. Minsky B, Mies C, Recht A, et al. Resect-
able adenocarcinoma of the rectosigmoid and rec-
tum. II. The influence of blood vessel invasion.
Cancer 1988;61:1417—1424.

78. Minsky B, Mies C, Rich T, Recht A. Lym-
phatic vessel invasion in an independent prognos-
tic factor for survival in colorectal cancer. Int |
Radiat Oncol Biol Phys 1989;17:311-318.

(rou] ‘A1@190S J9oue) URJLBWYG) 0T0Z ‘6 Arenigad uo Aq B10 d0SIaduRIWE aUIUORD WOJ) Papeojumod


http://caonline.amcancersoc.org:80

