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A Prospective Pathologic Analysis Using Whole-Mount
Sections of Rectal Cancer Following Preoperative

Combined Modality Therapy
Implications for Sphincter Preservation

Jose G. Guillem, MD, MPH,* David B. Chessin, MD,* Jinru Shia, MD,† Arief Suriawinata, MD,†
Elyn Riedel, MA,‡ Harvey G. Moore, MD,* Bruce D. Minsky, MD,§ and W. Douglas Wong, MD*

Objective: The aims of this study were to use a comprehensive
whole-mount pathologic analysis to characterize microscopic patterns
of residual disease, as well as circumferential and distal resection
margins, in rectal cancer treated with preoperative CMT; and to identify
clinicopathologic factors associated with residual disease.
Summary Background Data: Recent studies have shown that
preoperative combined modality therapy (CMT) for rectal cancer
enhances rates of sphincter preservation. However, the efficacy of
preoperative CMT in conjunction with a total mesorectal excision
(TME)-based resection, in terms of resection margins using whole-
mount sections, has not been reported. Furthermore, since patterns
of residual disease and extent of distal spread following preoperative
CMT are largely unknown, intraoperative determination of distal
rectal transection remains a surgical challenge.
Methods: We prospectively accrued 109 patients with endorectal
ultrasound (ERUS)-staged, locally advanced rectal cancer (T2–T4
and/or N1), located a median distance of 7 cm from the anal verge,
requiring preoperative CMT, and undergoing a TME-based resec-
tion. Comprehensive whole-mount pathologic analysis was per-
formed, with particular emphasis on extent of residual disease,
margin status, and intramural tumor extension. Clinicopathologic
factors associated with residual disease were identified.
Results: A sphincter-preserving resection was feasible in 87 patients
(80%), and in all 109 patients, distal margins were negative (median,
2.1 cm; range, 0.4–10 cm). Intramural extension beyond the gross
mucosal edge of residual tumor was observed in only 2 patients
(1.8%), both �0.95 cm. There were no positive circumferential
margins (median, 10 mm; range, 1–28 mm), although 6 were less
than or equal to 1 mm. On multivariate analysis, residual disease
was observed more frequently in distally located tumors (distance
from anal verge �5 cm) (P � 0.03).

Conclusion: Our comprehensive pathologic analysis suggests that,
following preoperative CMT and a TME-based resection, distal
margins of 1 cm may provide for complete removal of locally
advanced rectal cancer. Although residual cancer following preop-
erative CMT was more likely in the setting of distally located
tumors, occult tumor beneath the mucosal edge was rare and, when
present, limited to less than 1 cm. Our results extend the indications
for sphincter preservation, as distal resection margins of only 1 cm
may be acceptable for rectal cancer treated with preoperative CMT.

(Ann Surg 2007;245: 88–93)

One of the major determinants of disease recurrence
following resection of a rectal cancer is a positive

circumferential and/or distal resection margin.1–3 Therefore, a
major objective in the treatment of rectal cancer patients is
procurement of negative gross and histologic resection mar-
gins while performing a sphincter-preserving resection. How-
ever, since it is often difficult to intraoperatively determine
the exact extent of tumor extension on any given patient, and
therefore to determine the least possible distal margin of
resection, a surgeon pursuing a sphincter-preserving resection
must rely on established guidelines based upon detailed
pathologic studies of resected specimens. Because distal
intramural tumor extension below the mucosa is noted in up
to 40% of patients, with extension of more than 1 cm in 4%
to 6% of cases, a distal resection margin of 2 cm has
traditionally been advocated in nonirradiated patients to op-
timize oncologic outcome.4–6

Preoperative combined modality therapy (CMT) has
been shown to improve local control and sphincter preserva-
tion rates in patients with locally advanced rectal cancer
�endorectal ultrasound (ERUS) T3–T4 and/or N1 or clinically
bulky�.7 We recently reported that sphincter preservation
rates of over 70% may be achieved in rectal cancer patients
treated with preoperative CMT and a total mesorectal exci-
sion (TME)-based resection.8 It is possible that newly devel-
oped techniques, such as intersphincteric resection, may fur-
ther increase sphincter preservation rates.9 However, because
of the lack of detailed whole-mount pathologic analysis
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following preoperative CMT and the surgeon’s inability to
accurately determine the extent of residual disease intraoper-
atively,10 patient selection for sphincter preservation follow-
ing preoperative CMT remains a unique challenge. Currently,
the length of grossly normal bowel distal to a rectal cancer that
is required to obtain negative microscopic circumferential and
distal resection margins remains largely unknown in rectal
cancer patients treated with preoperative CMT and TME.

To our knowledge, there is no published prospective
data using a comprehensive whole-mount pathologic analysis
to evaluate resection margin status in rectal cancers treated
with preoperative CMT and TME. Therefore, our aims were:
1) to use a comprehensive whole-mount pathologic analysis
to characterize microscopic patterns of residual disease, as
well as circumferential and distal resection margins, in rectal
cancer treated with preoperative CMT; and 2) to identify
clinicopathologic factors associated with residual disease.

METHODS

Patient Population
Our study group consisted of 109 prospectively accrued

patients with locally advanced (ERUS T2–T4 and/or N1 or
clinically bulky) primary rectal adenocarcinomas who were
treated with preoperative CMT at Memorial Sloan Kettering
Cancer Center, from February 2000 to August 2004. During
this time period, a total of 507 patients received preoperative
CMT at Memorial Sloan Kettering Cancer Center. Of these,
109 were enrolled in a prospective study designed to compare
the ability of fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET) with that of computed tomography (CT)
scanning to assess the response of rectal cancer to preopera-
tive CMT, and to evaluate the efficacy of whole-mount
pathologic analysis for determining patterns of residual dis-
ease as well as circumferential and distal margins of resec-
tion. Inclusion criteria for this study included biopsy-con-
firmed primary rectal adenocarcinoma, pre- and post-CMT
PET and CT scans, and formal rectal cancer resection. Pa-
tients with distant disease were included only if their distant
disease was considered amenable to complete surgical resec-
tion. Those with distant disease not deemed resectable were
usually offered treatment with systemic chemotherapy, and
were excluded from this study.

Endorectal Ultrasound Assessment
ERUS was performed with a Bruel and Kjaer 2102

Hawk ultrasound machine (Naerum, Denmark) equipped
with a rotating endosonic probe and a 10-mHz transducer.
ERUS stage was determined according to previously pub-
lished techniques.11 Circular or oval structures measuring �3
mm were considered to be malignant lymph nodes. Lymph
nodes measuring �3 mm with central hyperechogenicity
were considered benign. A total of 103 patients (94%) were
staged with pre-CMT ERUS, while 6 patients (6%) were
technically unable to undergo ERUS due to the bulky, near-
obstructing nature of their tumors. The pre-CMT ERUS
stages of this study population are summarized in Table 1.

Preoperative Combined Modality Therapy
All patients received preoperative 5-fluorouracil-based

chemotherapy �(bolus infusion, n � 49 (43%); continuous
infusion, n � 60 (52%)�. The most common protocol for
bolus infusion chemotherapy was 5-fluorouracil (325 mg/m2

per day) with leucovorin (20 mg/m2 per day) given for 2
cycles of 5 consecutive days on week 1 (days 1–5) and 5
(days 29–33) of radiation therapy. The most common proto-
col for continuous infusion chemotherapy was 5-fluorouracil
(225 mg/m2 per day) for a 6-week continuous cycle.

External beam radiation therapy (median dose, 5040
cGy; range, 4860–5400 cGy) was delivered according to
previously published techniques.12 Using 15 Mv photons, a
3- or 4-field technique was used. The perineum was blocked
as much as possible in the lateral fields. The most common
regimen was 180 cGy per day for 26 days, followed by a 360
cGy boost to the primary tumor.

The median time from completion of radiation to sur-
gery was 48 days (range, 19–155 days). For a variety of
medical and nonmedical reasons, 4 patients in our study
population had an interval of 70 days or longer between
completion of radiation therapy and surgery.

Technique of Total Mesorectal Excision
Surgical resection was performed using the principles

of TME. Surgical dissection was performed along an embry-
ologic plane comprising avascular areolar tissue between the
mesorectal fascia and the fascia of the pelvic sidewall, as
previously described.13,14 In patients with low and midrectal
cancers (0–10 cm from the anal verge), a total mesorectal
excision was performed. In patients with upper rectal cancers
(10–13 cm from the anal verge), the mesorectum was divided
at a right angle to the bowel wall, 5 cm distal to the mucosal
edge of the tumor.

Basis for Sphincter Preservation
For the majority of patients in our cohort, the decision

to pursue sphincter-preserving surgery was made before com-
mencement of preoperative CMT. This determination was
based on digital rectal and proctoscopic examinations, as well
as ERUS imaging, showing at least a 1 cm margin of
clearance between the tumor’s distal-most location and the
upper-most portion of the anorectal ring. This determination
was made with the patient in a conscious state. For distal
rectal cancer cases that abutted the anorectal ring but did not
involve the sphincters and went on to achieve a very good
response to preoperative CMT, an intersphincteric resection

TABLE 1. Precombined Modality Therapy (CMT)
Endorectal Ultrasound (ERUS) Stages of the Study Population

ERUS Stage n (%)

uT2N0 1 (1)

uT2N1 6 (6)

uT3N0 21 (19)

uT3N1 73 (67)

uT4N1 1 (1)

Not available 7 (6)
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was pursued to obtain a 1-cm margin of clearance. This
determination was made intraoperatively. The decision to
proceed with abdominoperineal resection was made based on
the following criteria: 1) clear involvement of the internal/
external sphincters by tumor; and 2) preoperative determina-
tion of limited anorectal function, which both surgeon and
patient understood as likely to result in poor postoperative
function and poor quality of life.

Pathologic Evaluation
Detailed comprehensive pathologic analysis was per-

formed by 2 dedicated pathologists (J.S. and A.S.), using
standardized whole-mount sections via the method described
by Quirke et al.1 Circumferential resection margin (CRM)
was defined as the closest distance between viable tumor cells
and the lateral edge of the resected specimen. When viable
tumor was present in a lymph node, or present as a mesorectal
deposit with a smooth contour not contiguous with the main
mass, it was regarded as a lymph node metastasis (N�) and

was not included in evaluation of the CRM. When viable tumor
cells were present in the mesorectal soft tissue as dispersed
tumor deposits without a nodular contour, and when these cells
were closest to the lateral edge of the resected specimen, the
distance between such cells and the lateral resection margin was
documented as the CRM. The distal resection margin was
measured from the distal mucosal edge of tumor to the resection
edge on the gross specimen. In addition, distal extension of
viable tumor cells in the bowel wall below the mucosa was
documented, as depicted in Figure 1.

The pathologic response of the rectal cancer was de-
termined by comparing the viable tumor cells remaining in
the resected specimen, following preoperative CMT, to areas
that demonstrated treatment effect but no viable tumor. Treat-
ment response was expressed as a percentage (0%–100%)
characterized by the replacement of neoplastic glands with
loosely collagenized fibrous tissue and scattered chronic in-
flammatory cells, as previously reported by our institution.15,16

FIGURE 1. A, Examination of rectal
specimen for distal mural spread be-
neath mucosal edge of the tumor. B,
Schematic diagram representing po-
tential sites of viable tumor extension
beneath distal-most mucosal edge of
the tumor. Sites include the submu-
cosa, muscle, mesorectum, lymphatic
vessel, blood vessel, and nerve. L, lym-
phatic vessel; V, blood vessel; N,
nerve.
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Downstaging by CMT was evaluated by comparing pathologic
tumor stage (according to the AJCC TNM Rectal Cancer Stag-
ing System17) to preoperative ERUS stage.

Statistical Analysis
Proportions were compared using a Fisher exact test,

and means were compared using a 2-tailed t test. Multivariate
analysis was conducted using a logistic regression model.
Statistical analysis was performed using the SPSS Software
system (version 11.0, Chicago, IL). A P value of less than or
equal to 0.05 was considered statistically significant. The
study was reviewed and approved by the Memorial Sloan-
Kettering Cancer Center Institutional Review Board. Written
informed consent was obtained from each study participant.

RESULTS

Patient Population
A total of 109 patients were prospectively enrolled

from the years 2000 to 2004. The median age was 60 years
(range, 26–80 years). There were 41 females (38%) and 68
males (62%). Tumors were located a median distance of 7 cm
from the anal verge (range, 0–13 cm). Sphincter preservation
was achieved with a low anterior resection (LAR) in 87
patients (80%). The remaining 22 patients (20%) underwent
an abdominoperineal resection (APR) (Table 2).

Pathologic Response of Tumor to Preoperative
Combined Modality Therapy

Eighteen patients (16%) had a pathologic complete
response (pCR) (ypT0N0). On univariate analysis, a number
of variables were examined: distance from the anal verge
(0–5 cm vs. 6–13 cm); ERUS positive lymph nodes; pathol-
ogy positive lymph nodes; tumor differentiation; and extent
into the perirectal fat (�3 mm or �3 mm). Of these, distance
from the anal verge and pathology-positive lymph nodes were
significant variables on both univariate and multivariate anal-
ysis. One of 33 patients (3%) with rectal cancer located 0 to
5 cm from the anal verge achieved a pCR, compared with 14
of 70 patients (20%) with tumor located 6 to 10 cm from the

anal verge, and 3 of 6 patients (50%) with tumor located 11
to 13 cm from the anal verge.

On multivariate analysis, pCR was significantly less
likely for distally located tumors (0–5 cm from the anal
verge) than for tumors located more than 5 cm from the anal
verge (P � 0.03) (Table 3). Of note, there was no difference
in pre-CMT ERUS stage between tumors located 0 to 5 cm
from the anal verge and those located more than 5 cm from
the anal verge (P � 0.16).

Relative to ERUS, pathologic stage following preoper-
ative CMT decreased in 65 patients (60%), remained un-
changed in 28 patients (26%), and increased in 9 patients
(8%). ERUS data was not available on 6 patients (6%).

Pathologic Evaluation of Resection Margins
In cases where residual tumor was present, the median

CRM was 10 mm (range, 1–28 mm). The median CRM was
similar after an LAR and APR �10 mm (range, �1–28 mm)�.
Although there were no positive CRMs, 2 patients (1.8%) had
a CRM of less than 1 mm (one following an LAR, the other
following an APR) (Table 4).

The median distal margin for the entire study popula-
tion was 2.1 cm (range, 0.4–10 cm). The median distal
margin after LAR was 1.9 cm (range, 0.4–10 cm), and after
APR 2.5 cm (range, 1.2–8.2 cm). There were no positive
distal margins (Table 4).

Distal extension of residual tumor beyond the distal-
most mucosal edge was noted in only 2 patients (1.8%). In 1
case (pretherapy ERUS T3N1), there was continuous exten-
sion of tumor within the submucosa for a distance of 9.5 mm.
In the other case (pretherapy ERUS T3N1), tumor extended
within the muscularis propria for 3.0 mm.

TABLE 3. Relationship Between Pathologic Complete
Response (pCR) Rate and Distance of the Rectal Cancer
From the Anal Verge

Distance From Anal
Verge (cm) n pCR �n (%)�

P
(Multivariate Analysis)*

0–5 33 1 (3) 0.03

6–10 70 14 (20)

11–13 6 3 (50)

*P value applies to the comparison of lesions located 0 to 5 cm versus greater than
5 cm from the anal verge.

TABLE 2. Characteristics of the Study Population

Characteristic Value

Median age (yr) (range) 60 yr (26–80)

Gender �n (%)�

Male 68 (62)

Female 41 (38)

Procedure performed �n (%)�

LAR 87 (80)

APR 22 (20)

Pathologic tumor stage �n (%)�

0 18 (16)

I 28 (26)

II 25 (24)

III 29 (26)

IV 9 (8)

LAR indicates low anterior resection; APR, abdominoperineal resection.

TABLE 4. Distal and Circumferential Margins Following
Preoperative Combined Modality Therapy (CMT) and Rectal
Resection With Total Mesorectal Excision (TME)

Distal Margin (cm) n (%)
Circumferential

Margin (mm) n (%)

Positive 0 (0) Positive 0 (0)

0–1.0 16 (15) 0–0.9 4 (4)

1.1–1.9 26 (24) 1.0–1.9 5 (4)

�2.0 62 (56) �2.0 79 (73)

Negative, but distance
not reported

5 (5) No viable tumor
in rectal wall

21 (19)

Annals of Surgery • Volume 245, Number 1, January 2007 Pathologic Analysis of Rectal Cancer After CMT

© 2006 Lippincott Williams & Wilkins 91



In 7 of 87 patients (8%) undergoing LAR, concern
about the adequacy of the distal margin led the surgeon to
obtain intraoperative frozen section. Tumor was not detected
at the resection margin in any of these 7 cases.

DISCUSSION
This report is, to our knowledge, the first comprehen-

sive whole-mount pathologic analysis of circumferential and
distal margins, as well as distal intramural tumor extension, in
patients with locally advanced rectal cancer treated with
preoperative CMT. Following preoperative CMT and TME,
we did not identify any true-positive CRMs, in contrast to
reported positive CRM rates of up to 25% when preoperative
CMT is not used.2 Although based on a historical control
group, this observation underscores a major advantage of
preoperative CMT, namely, its ability to reduce CRM posi-
tive rates. We also found that occult tumor extension beneath
the mucosal edge was rare (�2% of cases) and, when present,
limited to less than 1 cm. We anticipate that our results, based
on this comprehensive whole-mount pathologic approach,
may extend the indications for sphincter preservation of
locally advanced rectal cancer following preoperative CMT.

Since preoperative CMT can lead to a complete or near
complete (�95%) response in 21% of rectal cancer cases,8

and since it is difficult for the operating surgeon to determine
extent of response or residual disease,10 intraoperative deter-
mination of where to transect the rectum to assure a negative
distal margin has been based on an extrapolation of data from
nonirradiated specimens.4–6 In general, a 1- to 2-cm distal
margin of resection has been recommended even after pre-
operative CMT.18–20 Our data demonstrate that, following
preoperative CMT, a 1-cm margin of distal clearance beyond
the mucosal edge should assure a negative distal margin in
the majority of rectal cancer cases. This knowledge is likely
to increase the indications for sphincter-saving resections,
including those incorporating an intersphincteric approach.

Our comprehensive pathologic analysis suggests that
negative CRM can be achieved in the majority of rectal
cancer patients treated with preoperative CMT and TME.
This finding has major prognostic significance, as a positive
CRM has been associated with worse long-term oncologic
outcome when compared with a negative CRM.1,21,22 In
studies examining the prognostic significance of surgical
margins in nonirradiated rectal specimens, a positive CRM
(defined as �1 mm) was documented in 7% to 22% of cases,
and was associated with local failure rates of up to 78% and
distant metastases rates of up to 40%.2,3,22,23 In our study, 2
patients (1.8%) had a CRM measuring less than 1 mm.
Recent evidence suggests that a CRM greater than 2 mm is
necessary for optimal local control after rectal cancer resec-
tion without preoperative CMT. Our data suggest that up to
94% of patients treated with preoperative CMT, followed by
rectal cancer resection with TME, can expect a CRM of 2 mm
or greater. For the approximately 6% of patients with a
negative CRM of less than 2 mm following preoperative
CMT and TME, more aggressive postoperative therapy may
be indicated. However, long-term follow-up of this patient
population will be required to confirm this recommendation.

Our data suggest that rectal cancers located less than 5
cm from the anal verge are significantly less likely to have
pCR following preoperative CMT than tumors located more
proximally. Since pre-CMT ERUS suggests similar staging
between distal and proximal lesions in our study population,
the noted difference in response may be due to biologic
differences between proximal and distal lesions and/or to
limited effectiveness of preoperative CMT on distal rectal
cancer located within the confined space of a bony, muscular
pelvis. Follow-up of these patients will determine if this
differential response translates into improved local control,
disease-free survival, and overall survival.

CONCLUSION
Our comprehensive, prospectively acquired pathologic

data suggests that, following preoperative CMT and radical
rectal cancer resection, distal margins of 1 cm will assure
removal of all local disease in the majority of cases. Although
distally located tumors were more likely to be associated with
residual cancer in the resected specimen, occult tumor be-
neath the mucosal edge was rare and, when present, was
limited to less than 1 cm. Our results indicate that distal
resection margins of only 1 cm may be acceptable for rectal
cancer treated with preoperative CMT. In cases where distal
clearance is uncertain, an intraoperative frozen section of the
distal-most margin is encouraged. It is, however, important to
recognize that, although these exciting observations may
extend the indications for sphincter preservation, long-term
oncologic follow-up of these results will be necessary.
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