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Stratification of Rectal Cancer Stage for Selection of
Postoperative Chemoradiotherapy: Current Status
Leonard L. Gunderson, Matthew Callister, Robert Marschke, Tonia Young-Fadok, Jacques Heppell, Jonathan Efron

REVIEW ARTICLE

As has been suggested for more than 50
years,1–3 survival and disease relapse

rates for resected rectal cancer patients
are related to stage of disease with regard
to both degree of bowel wall penetration by
the primary cancer and nodal status.4–10

Rectal cancer pooled analyses11,12 demon-
strated the independent prognostic signifi-
cance of both TN and NT stage (N sub-
stage within T stage and T substage within
N stage).11,12

For several decades, it has been noted
that some patients have relatively low risk
of local and distant relapse when treated
with surgery alone.13–15 The intent of this
article is to discuss the rates of survival and
relapse by stage of disease and treatment
method in an attempt to define a subset of
patients who may have less benefit from
adjuvant chemoradiotherapy (CRT).

DISEASE OUTCOMES BY
DISEASE STAGE
The TNM staging system defines the extent
of the primary tumor relative to the layers
of the rectal wall (confined to vs. extending

beyond), and defines nodal involvement by
the number of involved nodes (N1 < 3, N2
> 4). The updated 2002 AJCC/UICC TNM
classification (6th edition) was refined and
improved by the addition of substaging for
TNM stage II and III lesions based on dif-
ferential survival and relapse rates and should
be used as the standard staging system.16

Subsequent pooled analyses of phase
III North American rectal cancer postoper-
ative adjuvant studies11,12 demonstrated
the independent prognostic significance of
each TN category of resected rectal cancer
(TN stage based on surgical and patho-
logic findings) and supported the value of
substaging (see subsequent sections). Use
of TNM stage I, II, or III16 without the bene-
fit of substaging is insufficient for presen-
tation of data in either oral or manuscript
formats, since patient prognosis is not
accurately reflected, and should be
discouraged.

First Rectal Cancer Pooled Analysis
The intent of the initial rectal cancer
pooled analysis11 was to determine if the

trends for improved survival and disease
control seen in single-institution analyses
from Massachusetts General Hospital6,8,9

and the Mayo Clinic10 for patients with
intermediate- vs. high-risk lesions could be
confirmed in multi-institution phase III
trials. Rates of survival and disease control
by TN, NT, and modified Astler-Coller (MAC)
stage were determined in 2,551 eligible
patients from three randomized North
American rectal cancer adjuvant studies.17–21

Data were merged from the NCCTG (North
Central Cancer Treatment Group) 79-47-
51 (N = 200), NCCTG 86-47-51 (N =
656), and US GI Intergroup 0114 (N =
1,695) trials. All patients received post-
operative radiotherapy, and 96% were
randomized to receive concurrent and
maintenance chemotherapy.
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ABSTRACT

Disease relapse (local, distant) and survival rates (overall [OS], disease-
free [DFS]) are dependent on disease stage at time of diagnosis. In rectal
cancer pooled analyses of phase III North American trials, OS and DFS
were dependent on TN stage (N substage within T stage), NT stage (T
substage within N stage), and treatment method. Three risk groups of
patients were defined: (1) intermediate T1-2N1, T3N0; (2) moderately
high T1-2N2, T3N1, T4N0; and (3) high T3N2, T4N1, T4N2. Patients with a
single high-risk factor (T1-2N1, T3N0) were shown to have better OS, DFS,
and disease control than patients with both high-risk factors. Although
adjuvant chemoradiotherapy (CRT) is indicated for patients with moder-
ately high-risk and high-risk stage of disease, many of these patients are
currently treated preoperatively if stage of disease can be defined. If
surgery precedes adjuvant treatment, however, postoperative CRT is
certainly indicated for these risk groups. For patients with intermediate-
risk stage of disease (T1-2N1, T3N0), use of trimodality treatment (surgery
plus radiotherapy and chemotherapy) in all patients may be excessive.
The challenge is in determining which patients can be spared adjuvant
CRT and whether it is worth the exercise.
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Survival and Relapse by NT Stage
of Disease
Within N0 stage, an increase in T substage
(T3, T4) resulted in a decrease in long-
term survival and an increase in disease
relapse, as shown in Table 1. For patients
with T3N0 vs. T4N0 lesions, 5-year overall
survival (OS) was 74% vs. 65% (P = .046),
and disease-free survival (DFS) was 66%
vs. 54% (P = .05). An increase in T
substage (N0T3 vs. N0T4) was associated
with an increase in both local and distant
relapse (local relapse 8% vs. 15%; distant
relapse 19% vs. 28%; P = .04 for each).

For patients with N1 stage, an increase
in T substage also resulted in a decrease in
survival and an increase in disease relapse
(P < .001; Table 1). For patients with N1T3
and N1T4 lesions, 5-year OS was markedly
decreased at 61% and 33%, respectively,

when compared with the 81% OS achieved
in patients with N1T1-2 lesions (P < .001).
Disease-free survival at 5 years was also
markedly different (N1T1-2 74%, N1T3
50%, N1T4 30%; P < .001). Of interest, for
the subset of 225 patients with N1T1-2
disease, 5-year OS and DFS were similar to
or exceeded that observed in N0T3 and
N0T4 patients (5-year OS: N1T1-2 81%,
N0T3 74%, N0T4 65%; 5-year DFS; 74%,
66%, and 54%, respectively).

Patients with N2 disease had differen-
tial prognosis by T substage for OS, DFS,
and distant metastasis. Even within N2
stage, a subset of patients (N2T1-2) had
higher than expected 5-year OS (N2T1-2
69%, N2T3 48%, N2T4 38%; P < .001)
and 5-yr DFS (62%, 39%, and 30%, re-
spectively; P < .001). The N2T1-2 patients
also had a lower rate of distant metastasis

than those with T3 or T4 substage (26%,
45%, and 50%, respectively; P < .001).
The current placement of all N2 patients
within AJCC IIIC substage19 does not reflect
the markedly different prognosis of N2 pa-
tients; however, the rectal pooled analysis
data were not available at the time that
such decisions were made. In a subse-
quent AJCC/UICC staging classification,
N2T1-2 should probably be shifted to
stage IIB and N2T3-4 should be kept in
stage IIIC in view of the marked difference
in prognosis.

Risk Analysis by TN Stage of Disease
In the initial pooled analysis,11 patients
were separated into four risk groups based
on survival and relapse rates by TN stage
of disease (low, intermediate, moderately
high, and high risk; Table 2). Outcomes data

Table 1. Rectal cancer pooled analysis: Effect of NT stage on survival and relapse.

Overall survival* Disease-free survival* Local recurrence† Distant metastasis†____________________________ ____________________________ ___________________ ____________________

Stage No. pts 5-yr(%) P value No. pts 5-yr(%) P value 5-yr(%) P value 5-yr(%) P value

N0T3 668 74 .046 664 66 .05† 8 .04 19 .04
T4 95 65 95 54 15 28

N1T1-2 225 81 < .001 225 74 < .001 6 .002 15 < .001
T3 544 61 536 50 11 34
T4 59 33 59 30 22 39

N2T1-2 180 69 < .001 180 62 < .001 8 .14 26 < .001
T3 663 48 659 39 15 45
T4 84 38 84 30 19 50

Modified from Gunderson et al.11

*Unadjusted Kaplan-Meier survival estimates
†Cumulative incidence rates

Table 2. Rectal cancer pooled analysis: Survival and relapse rates by stage of disease.*

Stage* 5-yr survival† Relapse Stage____________________ ____________________ ____________________ ____________________

Risk of relapse TN MAC OS(%) DFS(%) Local(%) Distant(%) Dukes TNM

Low‡ T1N0 A ~90 ~90 < 5 ~10 A I
T2N0 B1 ~90 ~90 < 5 ~10 A I

Intermediate T1-2N1 C1 81 74 6 15 C IIIA
T3N0 B2 74 66 8 19 B IIA

Moderately high T1-2N2 C1 69 62 8 26 C IIIC
T4N0 B3 65 54 15 28 B IIB
T3N1 C2 61 50 11 34 C IIIB

High T3N2 C2 48 39 15 45 C IIIC
T4N1 C3 33 30 22 39 C IIIB
T4N2 C3 38 30 19 50 C IIIC

Modified from Gunderson et al.11

*Stage of disease based on surgical and pathologic findings at the time of resection
†Survival: Unadjusted Kaplan-Meier estimates
‡Data derived from prior publications, as low-risk patients were not eligible for the three phase III trials in the pooled analysis
Abbreviations: DFS = disease-free survival; MAC = modified Aster-Coller; OS = overall survival; TNM = tumor, node, metastasis.
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for low-risk patients (T1-2N0) were taken
from single-institution4–10 or “patterns of
care” analyses.22 For the intermediate-risk
(T1-2N1, T3N0), moderately high-risk (T4N0,
T1-2N2, T3N1), and high-risk patients
(T3N2, T4N1-2), the 5-year OS, DFS, and
relapse rates are data from the first pooled
analysis (Table 1).11

Patients with the best survival are those
with the primary cancer confined to the rectal
wall and negative nodes (T1-2N0M0, TNM
stage I), with an expected 5-year survival of
approximately 90%.4–10,22 With this stage of
disease, distant relapse rates are approxi-
mately 10% and local recurrence rates are
< 5%.

Intermediate but still excellent results
exist in patients with one high-risk feature
(confined to the wall but with positive
nodes [T1-2N1, TNM IIIA] or primary
tumor extension beyond the rectal wall
with no adherence to or invasion of
surrounding organs or structures [T3N0,
TNM IIA]; see Table 2). Five-year survival
rates range from 75% to 80%. It is of
interest that patients with both limited
primary tumor and lymph node involve-
ment (T1-2N1) have an equivalent or
slightly improved prognosis relative to pa-
tients with T3N0 disease reflecting the
independent prognostic importance of
each TN substage of disease.

A moderately high risk of relapse is
found in patients with more advanced local
or nodal stage of disease (T4N0, TNM IIB;
T3N1, IIIB; T1-2N2, IIIC; see Table 2). For
those with negative nodes but adherence
to or invasion of surrounding organs or
structures (T4N0), a higher number of
involved nodes (T1-2N2) or extension
beyond the rectal wall and 1 to 3 involved
nodes (T3N1), 5-year survival ranges from
60% to 70%. Local relapse rates were 8%
to 15% and distant relapse rates were 26%
to 34% with adjuvant postoperative treat-
ment in the initial rectal pooled analysis.

The poorest survival and highest
relapse rates are in patients with more
advanced local and nodal stage of disease
(T3N2, T4N1-2, TNM IIIC).11 Five-year
survival ranges from 30% to 50%. The
local relapse rate was 15% to 22% in the
first pooled analysis, and the distant
metastasis rate was 39% to 50% (approxi-
mately double that of patients with a single
risk factor).

These data demonstrate that the stage
of disease related to the extent of both the
primary tumor and nodal disease are inde-
pendent prognostic factors. Each prognos-
tic factor must be taken into consideration
in determining appropriate adjuvant ther-
apy (whether to deliver, how aggressive).

DISEASE OUTCOMES BY DIS-
EASE STAGE AND TREATMENT

Second Rectal Cancer Pooled
Analysis
The objective of the second rectal cancer
pooled analysis was to determine disease
outcomes (survival, relapse) by TN stage
and treatment method in 3,791 eligible
patients from five phase-III North
American rectal cancer postoperative

adjuvant trials.12 Data from NSABP R0123

and NSABP R0224 were combined with
data from the three North American
randomized phase III rectal adjuvant trials
that were included in the first pooled
analysis.11,17–21 Surgery alone was the treat-
ment arm in only 179 patients; most
patients received adjuvant treatment with
either radiotherapy alone (n = 281), chemo-
radiotherapy (n = 2,799), or chemotherapy
alone (n = 532). The second pooled analy-
sis confirmed findings in the initial analysis
regarding the relationship of stage of
disease (TN, NT) to both OS and DFS.

For the second pooled analysis,12

descriptive data were presented regarding
the effect of treatment method on survival
and relapse by TN stage (Tables 3 and 4).
The decision to use descriptive rather than

Rectal Cancer Staging for Selection of Postop Chemoradiotherapy

Table 3. Rectal cancer pooled analysis: 5-year survival rates by treatment method for
intermediate-risk, moderately high-risk, and high-risk patients.

Risk group/ S + RT + bolus RT + PVI RT + bolus
TN stage CT(%) CT*(%) CT(%) CT† (%)

Overall survival
Intermediate risk
T1-2N1 (n = 355) 85 83 78 82

T3N0 (n = 1,060) 84 76 80 74

Moderately high risk
T1-2N2 (n = 226) 43 55 44 77

T3N1 (n = 887) 52 61 73 63

T4N0 (n = 111) 70 (10)‡ 58 80 67

High risk
T3N2 (n = 935) 45 42 46 50

T4N1 (n = 62) 29 (7)‡ 57 0 (1)‡ 31

T4N2 (n = 108) 25 (4)‡ 29 53 44

Disease-free survival
Intermediate risk
T1-2N1 (n = 355) 78 78 76 75

T3N0 (n = 1,058) 69 63 75 66

Moderately high risk
T1-2N2 (n = 226) 36 48 39 66

T3N1 (n = 881) 43 51 63 51

T4N0 (n = 111) 50 (10)‡ 55 70 55

High risk‡
T3N2 (n = 929) 36 34 30 42

T4N1 (n = 62) 14 (7)‡ 57 0 (1)‡ 26

T4N2 (n = 108) 25 (4)‡ 26 47 31

Modified from Gunderson et al12

*NCCTG and NSABP trials
†INT 0114
‡Number of patients at risk
Abbreviations: CT = chemotherapy; NCCTG = North Central Cancer Treatment Group;
NSABP = National Surgical Adjuvant Breast and Bowel Project; PVI = protracted venous infusion;
RT = radiotherapy; S = surgery; TN = tumor, node.
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comparative data was based on several
factors, including the evolution of surgical
technique, treatment method, and se-
quencing of treatment over a 13-year
accrual period. In addition, significant
between-trial heterogeneity was observed
when the same treatment arm was used in
two trials (ie, the results of external beam
radiation + 5-fluorouracil [5-FU]–based
arms in NCCTG 86-47-51, INT 0114, and
R02 differed significantly, as did the results
of semustine-based chemotherapy in R01
and R02).

For each of the six treatment methods,
survival and relapse rates at 5 years were
analyzed as a function of both TN and NT
stage. Surgery alone and adjuvant radio-
therapy alone were associated with inferior
survival when compared with the other

four treatment methods (P < .001); there-
fore, those data are not included in Tables
3 and 4. For some of the treatment
methods, there was a steady decrease in
OS with a progressive increase in both TN
and NT stage (Table 3).

Intermediate-Risk Lesions (T3N0,
T1-2N1)
Patients with intermediate-risk lesions had
similar 5-year OS with either surgery followed
by adjuvant chemotherapy or with trimo-
dality treatment arms (radiotherapy + bolus
chemotherapy, radiotherapy + protracted
venous infusion chemotherapy, radio-
therapy + bolus chemotherapy; Table 3).
For surgery + chemotherapy, 5-year OS was
85% and 84%, and for the trimodality
treatment arms ranged from 74% to 83%.

Five-year DFS with surgery + chemo-
therapy was 78% with T1-2N1 lesions, but
for T3N0 lesions, 5-year DFS fell to 69%
(Table 3). For the trimodality arms, 5-year
DFS ranged from 75% to 78% for patients
with T1-2N1 lesions and from 63% to 75%
for those with T3N0 lesions. Local relapse
rates with T1-2N1 lesions ranged from 5%
to 6% with adjuvant treatment; for T3N0
lesions, local relapse was 11% with
surgery + chemotherapy vs. a range of 5%
to 10% with trimodality methods (Table 4).
Distant relapse rates for treatment arms
without chemotherapy ranged from 25% to
41% vs. a range of 13% to 20% for chemo-
therapy arms (Table 4).12

Moderately High-Risk Lesions
(T1-2N2, T3N1, T4N0)
For patients with moderately high-risk
lesions (T1-2N2, T3N1, T4N0), 5-year OS
ranged from 43% to 70% with surgery (S) +
chemotherapy (CT) and 44% to 80% with
S + radiotherapy (RT) + CT (Table 3); 5-year
DFS ranged from 36% to 50% with S + CT
and from 30% to 70% with S + RT + CT
(Table 3). Local relapse rates ranged from
0% to 20% with S + CT and from 9% to
18% with S + RT + CT. Distant relapse
rates varied between 20% to 57% for S +
CT and between 25% to 61% for S + RT + CT.

High-Risk Lesions (T3N2, T4N1-2)
For patients with high-risk lesions (T3N2,
T4N1-2), the 5-year OS range was 25% to
45% with S + CT and 29% to 57% with S +
RT + CT (Table 3); 5-year DFS ranged from
14% to 36% with S + CT and from 26% to
57% for S + RT + CT. Local relapse rates
were 15% and 43% with S + CT for the two
subsets with > 5 patients at risk and varied
from 0% to 33% with S + RT + CT. Distant
relapse rates were 43% to 75% with S + CT
and 22% to 78% with S + RT + CT.

Outcomes vs. Depth of Perirectal
Invasion, Radial Margins, Number
of Nodes
For several decades, it has been suggested
that properly selected patients with T3N0
and T1-2N1 lesions may have relatively
low risks of local and distant relapse when
treated with surgery alone.13,14 Low-risk
T3N0 lesions were felt to be those with mini-
mal extension beyond the muscularis pro-
pria into perirectal fat and adequate radial/

Table 4. Rectal cancer pooled analysis: 5-year relapse rates by treatment method for
intermediate-risk, moderately high-risk, and high-risk patients.

Risk group/ S + RT + bolus RT + PVI RT + bolus
TN stage CT(%) CT*(%) CT(%) CT†(%)

Local relapse
Intermediate risk
T1-2N1 (n = 355) 5 6 5 6

T3N0 (n = 1,058) 11 10 5 8

Moderately high risk
T1-2N2 (n = 226) 0 13 11 9

T3N1 (n = 881) 17 12 9 10

T4N0 (n = 111) 20 (10)‡ 18 10 11

High risk
T3N2 (n = 929) 15 17 11 15

T4N1 (n = 62) 43 (7)‡ 0 18 22

T4N2 (n = 108) 0 (4) 22 33 16

Distant relapse
Intermediate risk
T1-2N1 (n = 355) 16 14 15 14

T3N0 (n = 1,058) 18 20 13 18

Moderately high risk
T1-2N2 (n = 226) 57 40 61 28

T3N1 (n = 881) 37 35 30 33

T4N0 (n = 111) 20 (10)‡ 27 59 25

High risk
T3N2 (n = 929) 46 53 30 41

T4N1 (n = 62) 43 (7)‡ 40 36 34

T4N2 (n = 108) 75 (4)‡ 78 22 53

Modified from Gunderson et al12

*NCCTG and NSABP trials
†INT 0114
‡Number of patients at risk
Abbreviations: CT = chemotherapy; NCCTG = North Central Cancer Treatment Group; NSABP =
National Surgical Adjuvant Breast and Bowel Project; PVI = protracted venous infusion;
RT = radiotherapy; S = surgery; TN = N substage within T stage.
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circumferential resection margins.13,14,25–27

Low-risk T1-2N1 lesions were defined as
upper rectal cancers with only one or two
nodes involved.13

The challenges in identifying low-risk
lesions include adequate pathologic evalu-
ation of specimens to provide the neces-
sary information to discern patient prog-
nosis and determination of what constitutes
an adequate radial/circumferential resec-
tion margin and an adequate number of
nodes to be examined. Although collection
of both the depth of perirectal invasion and
radial margin data was encouraged in
NCCTG 86-47-5118 and INT 0114,19–21 the
percentage of patients with that informa-
tion recorded was so low that it could not
be evaluated relative to outcomes.

Massachusetts General Hospital
Series, T3N0 Cancers
In an attempt to better define indications
for adjuvant radiotherapy and chemotherapy
in patients with T3N0 lesions, investigators
at Massachusetts General Hospital per-
formed an analysis of the influence of
various pathologic findings on outcomes
for 117 patients treated with surgery alone
for T3N0 rectal cancers from 1968 to
1985.14 Histology slides of the surgical
specimens were retrospectively assessed
for maximum depth of tumor invasion be-
yond the muscularis propria into perirectal
fat (in mm), lymphatic or venous vessel in-
volvement, and tumor grade (well, moderate,
poorly differentiated), without knowledge
of clinical outcomes. Radial resection mar-

gins were evaluated; however, because of
the retrospective nature of the analysis and
the method of specimen-processing during
the time period, such data were not felt to
be reliable. Depth of perirectal invasion was
therefore characterized as minimal (less than
2 mm), moderate (2–7.9 mm) or extensive
(> 8 mm).

Clinical outcomes were evaluated in-
cluding disease control (local, distant) and
relapse-free survival (RFS). Patients with
favorable histologic features (well- or
moderately well-differentiated tumors,
invasion less than 2 mm into perirectal fat,
no evidence of lymphatic or venous involve-
ment) had significantly better disease con-
trol and RFS (P < .05) than those with
unfavorable features (Table 5). In patients
with favorable features, 10-year actuarial
rates of local control and RFS were 95%
and 87%, respectively, vs. 71% and 55%
for patients with unfavorable features. The
authors suggested that for patients who
had surgically resected T3N0 lesions with
favorable histologic features and a negative
radial resection margin, there may be little
benefit to adjuvant therapy (radiotherapy,
chemotherapy).

Dutch TME ± Preoperative EBRT
Trial: Effect of Radial Margins on
Outcomes
In a Dutch phase III study in resectable
rectal cancer (no clinical fixation), 1,861
patients were randomly assigned to total
mesorectal excision (TME) alone or
preceded by short-course preoperative

external beam radiation (EBRT) (25 Gy in
5 fractions over 1 week).28 Standardization
and quality control measures existed for
the surgery, pathology, and EBRT
techniques. Of the 1,861 randomized
patients, 1,805 were eligible for analysis
and 1,653 had a curative resection.

In the 1,748 patients with a complete
local resection (R0 or R1 resection), the 2-
year local relapse rate was 5.3%. For patients
randomized to TME alone, the 2-year local
relapse rate was 8.2% compared to 2.4%
in those randomized to receive preopera-
tive EBRT (P < .001; Table 6). Significant
predictors of local relapse, in both univariate
and Cox regression analyses, included treat-
ment-group assigned (P < .001), tumor
location (distance of tumor from anal
verge; P = .003, univariate analysis; P = .03,
multivariate) and TNM stage (P < .001).
The benefit of preoperative EBRT was seen
for patients with both stage II and III dis-
ease (stage II, 2-year local relapse rate of
5.7% with TME alone vs. 1% with preoper-
ative EBRT, P < .01; stage III, 15 % vs.
4.3%, P < .001; Table 6). In a subsequent
analysis by Nagtegaal et al,29 the rate of
local relapse in the TME alone patients was
shown to be higher in those with a circum-
ferential resection margin (CRM) of < 2 mm
vs. > 2 mm (16% vs. 5.8%, P < .0001).

The effect of CRM on outcomes was sub-
sequently analyzed in the 1,530 patients
who had treatment in the Netherlands (the
remaining 331 were from Sweden, other
parts of Europe, or Canada).30 Only 1,318
patients were eligible for the CRM analysis

Rectal Cancer Staging for Selection of Postop Chemoradiotherapy

Table 5. Outcomes by histologic feature in patients with T3N0 lesions treated with surgery alone at Massachusetts General Hospital
(1968–1985).

Relapse-free survival Local control Distant control______________________ ______________________ ______________________
Histologic feature No. pts 10-yr (%) P value 10-yr (%) P value 10-yr (%) P value

Depth of invasion*
< 2 mm 33 87 .0007 93 .01 90 .0007

2–7.9 mm 62 57 75 65

> 8 mm 18 36 49 41

Vessel invasion
Absent 93 71 .0001 81 .029 79 .0001

Present 24 29 58 30

Grade
Well or moderate 79 70 .0005 82 .01 76 .0005

Poor 38 45 65 51

Modified from Willett et al14

Kaplan-Meier statistics and statistical significance determined by log-rank test
*Unable to evaluate depth of invasion beyond muscularis propria into perirectal fat in 4 of 117 patients
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(656 TME alone and 662 preoperative
EBRT). Local relapse was analyzed on the
basis of amount of CRM margin, as
defined previously by Nagtegaal et al29 (< 1
mm [positive], > 1 mm and < 2 mm
[narrow], > 2 mm [wide]), in addition to
the prior factors of treatment method (TME
alone or plus preoperative EBRT), TNM
stage, and tumor location (Table 7). The
relationship between amount of CRM and
2-year local relapse rate by treatment
method was as follows: CRM > 2 mm,
5.8% local relapse with TME alone (n =
483 patients) vs. 0.9% with preoperative
EBRT (n = 504), P < .0001; CRM > 1 to <

2 mm, local relapse rate 14.9% (TME, n =
53) vs. 0% (preoperative EBRT, n = 47),
P = .02; CRM < 1 mm, local relapse rate
16.4% (TME, n = 120) vs. 9.3% (preoper-
ative EBRT, n = 107), P = .08. Even for
patients with a CRM > 1 cm, there was still
an advantage in 2-year local relapse by
adding preoperative EBRT to TME (3.3%
vs. 0%; P < .0002).

Outcomes vs. Number of Nodes
(Involved, Examined)
Recent evaluations have determined the
prognostic significance of both number of
nodes involved and number of nodes
examined for patients with resected rectal
cancer.20 If an adequate number of nodes
are not evaluated, an N1 patient could be
denoted as N0 or an N2 patient as N1.

DISCUSSION
Most rectal cancer patients with low-risk
disease (T1-2N0) are appropriately treated
with surgery alone. These patients are usually
not referred for adjuvant treatment unless
surgical resection margins are compro-
mised or local excision is used as the
method of surgical removal. Select patients
with T1-2N0 lesions may be amenable to
nonsurgical treatment (ie, endocavitary
radiation).

More controversy exists for patients with
intermediate-risk disease (T1-2N1, T3N0).
These patients were candidates for the
postoperative adjuvant chemoradiotherapy
trials included in the rectal cancer pooled
analyses.11,12 They were also included in
the mandate for postoperative chemora-
diotherapy in the 1990 National Institutes
of Health consensus statement.31

In the second rectal cancer pooled

analysis, an evaluation of 5-year OS data
by treatment method suggests that use of
trimodality postoperative adjuvant treat-
ment (surgery plus CRT) for all patients
with intermediate-risk T1-2N1 and T3N0
cancers may be excessive treatment
(Tables 3 and 4). When treated with
surgery + chemotherapy as a single ad-
juvant, 5-year OS was 85% and 84% vs. a
5-year OS range of 74% to 83% with tri-
modality treatment. Since this was a descrip-
tive analysis of results across different trials
and eras, however, definitive conclusions
could not be made regarding the necessity
of adjuvant radiotherapy. When 5-year DFS
and relapse rates were evaluated for patients
with T3N0 lesions, 5-year DFS decreased
to 69% with surgery + chemotherapy and
local relapse increased to 11%. For tri-

modality treatment, the 5-year DFS range
was 63% to 75% with T3N0 lesions and
local relapse ranged from 5% to 10%. For
patients with T1-2N1 lesions, there were
similar changes in 5-year DFS with either
surgery + chemotherapy or trimodality
treatment (surgery + chemotherapy, 78%;
trimodality, range of 75% to 78%). The
DFS and relapse data suggest that further
improvements in outcome should be
feasible, even for patients with T3N0 and
T1-2N1 rectal cancers. Such improve-
ments might be achieved with the use of
preoperative chemoradiotherapy in properly
selected patients (T3 or node positive on
the basis of EUS or coil magnetic
resonance imagining [MRI]) by the
addition of new agents to current
“standard regimens” or with the evaluation

Table 6. Local relapse: TME alone vs. preoperative RT plus TME: Dutch phase III trial.

TME alone Preop RT + TME______________________ ______________________
Local Local

relapse relapse______________________ ______________________

Type of resection No. pts 2-yr (%) No. pts 2-yr (%) P Value

Low anterior 603 7.3 577 1.2 < .001

Abdominoperineal 232 10.1 248 4.9 .02

Hartmann 39 10.7 47 3.2 .18

TNM stage†
I 244 0.7 265 .5 .15

II 241 5.7 251 1.0 .01

III 324 15.0 298 4.3 < .001

IV* 48 23.8 47 10.1 .25

Total† 874 8.2 872 2.4 < .001

Modified from Katipeijn et al18

*Distant metastases but complete local resection
†Additional cases of unknown stage
Abbreviations: RT = radiotherapy; TME = total mesorectal excision; TNM = tumor, node, metastasis.

Table 7. Local relapse by radial margin, TME alone vs. RT plus TME: Dutch phase III trial.

TME alone Preop RT + TME______________________ ______________________
Local Local

relapse relapse______________________ ______________________

Radial margin No. pts 2-yr (%) No. pts 2-yr (%) P Value

> 1 cm* 264* 3.3 286* 0.0 .0002

> 2 mm 483 5.8 504 0.9 < .0001

> 1 to < 2 mm 53 14.9 47 0.0 .02

< 1 mm 120 16.4 107 9.3 .08

Total 656 8.4 658 2.1 < .0001

Modified from Marijnen et al30

*Subset of patients with > 2 mm radial margin
Abbreviations: RT = radiotherapy; TME = total mesorectal excision.
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of targeted therapy.
For patients with moderately high-risk

and high-risk stage of disease, the second
rectal cancer pooled analysis of results by
treatment method showed definite room for
improvement in disease outcomes of sur-
vival and relapse (Tables 3 and 4). With
moderately high-risk lesions, 5-year OS
ranged from 43% to 70% with surgery +
chemotherapy and 44% to 80% with tri-
modality treatment; DFS > 60% was un-
common and both local and distant
relapse were common (local, 9% to 18%;
distant, 20% to 60%). For patients with
high-risk lesions, 5-year OS and DFS were
< 50% for most combinations of TN stage
and treatment method (5-year OS range:
25% to 45% with surgery + chemotherapy
and 29% to 57% with trimodality treat-
ment); local and distant relapse were both
common (local, 0% to 33% with trimo-
dality treatment; distant, 22% to 78% even
with chemotherapy arms).

Current and Future Treatment
Implications
At the Mayo Clinic Cancer Center and many
other institutions, there has been a para-
digm shift in the sequencing of chemora-
diotherapy relative to surgical resection over
the past decade. Previously, patients with
mobile mid and upper rectal cancers

underwent surgical removal of their cancer
followed by postoperative chemoradio-
therapy if pathology evaluation indicated a
moderate to high risk of local or distant
relapse if treated by surgery alone (T3N0,
T1-2N1-2). The only patients referred for
preoperative chemoradiotherapy were
those with decreased mobility (tethered T3
or T4), disease fixation (T4) or patients
with distal cancers in whom downstaging
would likely increase the probability of
achieving sphincter preservation. With the
advent of endoscopic ultrasound staging, a
majority of rectal cancer patients with
indications for adjuvant treatment are now
being treated with preoperative chemora-
diotherapy in our institution (Table 8). The
results of the German phase III trial32

testing preoperative vs. postoperative
chemoradiotherapy demonstrated an
advantage to preoperative trimodality treat-
ment for patients with T3-4 or node-
positive cancers (Table 9) and confirmed
our transition to the preoperative adjuvant
strategy.32,35–45

Different treatment strategies are indi-
cated for rectal cancer patients with inter-
mediate-risk disease (T1-2N1, T3N0) vs.
moderately high-risk or high-risk patients
in view of variable rates of survival and
relapse (Tables 3, 4, and 9). For carefully
selected patients with T3N0 or T1-2N1

cancers (TNM stages IIA, IIIA), it may be
appropriate to evaluate surgery alone or
plus postoperative chemotherapy if careful
pathology evaluation suggests a low risk of
local relapse after a confirmed total
mesorectal excision by an experienced
surgeon.17,28–30,33,34 Initiation of new trials that
evaluate radiotherapy as a component of
treatment for select T3N0 and T1-2N1
patients, however, should be done with
caution, using stringent surgical and
pathologic guidelines,25–30 since preopera-
tive EBRT reduced local response rates for
patients with both stage II and III cancers
when combined with TME (8% vs. 2%, P <
.0001) in a Dutch phase III trial.28 In the
German phase III trial testing pre- vs.
postoperative chemoradiotherapy,34 the
local relapse rate with TME plus adjuvant
CRT was 6% with the preoperative approach
and 13% with postoperative treatment,
again demonstrating that TME alone does
not prevent local relapse (Table 9).

Patients with T1-2N1 and T3N0 lesions
are still appropriate candidates for adjuvant
chemoradiotherapy. Trials evaluating adju-
vant preoperative chemoradiotherapy34–45

would be reasonable for patients with distal
lesions in whom downstaging would im-
prove the chance for rectal preservation
and reanastamosis. Postoperative chemo-
radiotherapy trials should include patients

Rectal Cancer Staging for Selection of Postop Chemoradiotherapy

Table 8. Treatment algorithm: Rectal cancer, Mayo Clinic Cancer Center–Arizona.

Disease extent
(stage grouping) Surgery Irradiation (alone or with CT) Chemotherapy

*30 Gy × 3-4 surface dose; available at Mayo Clinic Cancer Center–Rochester
† Prefer preop CCRT for T4N0-2M0 cancers (based on physical exam and computed tomography) and for T3N0-2 or T1-2N1-2 cancers (based on endoscopic

ultrasound or pelvic MRI staging)
‡ IOERT dose-dependent on amount of residual disease after maximal surgical resection: R0, 10–12.5 Gy; R1, 12.5–15 Gy; R2, 15–20 Gy
Abbreviations: CAPR = combined abdominoperineal resection; CCRT = concurrent chemoradiotherapy; EBRT = external beam radiation; EBRT-CT = external
beam radiation + chemotherapy; ICT = investigational chemotherapy clinical trials; IOERT = intraoperative electron radiation; LAR = low anterior resection;
MACT = multiagent chemotherapy; NR = not recommended; postop = postoperative; preop = preoperative; PVI = protracted venous infusion.

T1-2N0M0 (I) Low anterior or abdominoperineal
resection (LAR, CAPR) and regional
nodes; local excision of select lesions

Endocavitary RT, select lesions*;
EBRT-CT before local excision or
LAR of distal T2N0 lesions

NR as systemic treatment; CCRT:
5-FU–based with local excision of
T2N0 lesions

T3N0M0 (IIA)
T4N0M0 (IIB)

LAR or CAPR/regional nodes
Resect after preop CCRT (or before
for T3N0 lesions)

T3N0, Pre- or postop EBRT-CT
45–54 Gy†
T4N0, Preop EBRT-CT 45–54 Gy
IOERT

CCRT: 5-FU–based, PVI 5-FU 5–7
d/wk or as bolus with leucovorin wk
1,5; consider postop MACT

T1-2N1M0 (IIIA)
T1-2N2M0 (IIIC)
T3N1-2M0 (IIIB/C)

LAR or CAPR/ regional nodes;
Resect after CCRT (or before)

Preop EBRT-CT 45–54 Gy,
preferred if TN stage known†
Postop EBRT-CT, 45–54 Gy

CCRT: 5-FU–based, PVI 5-FU 5–7
d/wk or as bolus with leucovorin wk
1,5; postop MACT

T4N1M0 (IIIB)
T4N2M0 (IIIC)

LAR or CAPR/regional nodes
Resect after preop CCRT; IOERT‡

Preop EBRT-CT, 45–54 Gy
IOERT

CCRT: 5-FU–based, PVI 5-FU 5–7
d/wk or as bolus with leucovorin wk
1,5; postop MACT

31January/February 2008 www.myGCRonline.org



without indications for preoperative treat-
ment who have an inadequate evaluation
of nodes (< 10–15 examined by pathology)20

and those at higher risk for local relapse
based on amount of primary tumor exten-
sion beyond the muscularis propria (> 2
mm) or a narrow radial margin (< 4mm).14

As noted in the Dutch phase III trial,28–30

even for patients with circumferential
resection margin > 1 cm, preoperative
EBRT improved 2-year local relapse when
added to TME.30

For patients with moderately high-risk
and high-risk disease, the high rates of both
local and distant relapse and decreased
rates of OS and DFS support continuing
use of both concurrent chemoradiotherapy
and adjuvant chemotherapy or other
systemic therapy. A majority of patients
with moderately high-risk or high-risk can-
cers are currently treated with preoperative
chemoradiotherapy when the high-risk
features can be defined by preoperative
EUS or imaging (computed tomography of
the abdomen and pelvis, MRI of the pelvis)
or when lesions are tethered or fixed on the
basis of physical examination and these
findings are confirmed with imaging and
EUS.

The preferred preoperative sequencing
of adjuvant chemoradiotherapy for moder-
ately high-risk and high-risk patients is
supported by the results of the German
phase III trial,32 which demonstrated an
improvement in sphincter preservation,
local control (Table 9), and treatment toler-
ance for patients randomized to receive
preoperative chemoradiotherapy. In our
institution and others, the use of intraoper-
ative radiation (electron beam or high-dose-
rate brachytherapy) to deliver additional
radiation to sites of narrow or microscopi-
cally positive resection margins after preop-
erative chemoradiotherapy is also felt to be
appropriate for patients with T4 lesions.46–48

Evaluation of preoperative chemoradio-
therapy combined with more aggressive
chemotherapy (ie, irinotecan or oxali-
platin)40,43–45 or targeted therapy (vascular
endothelial growth factor [VEGF] or
epidermal growth factor receptor [EGFR]
inhibitors)49–52 is also indicated in patients
with moderately high-risk and high-risk cancers.

If disease extent is not defined preoper-
atively, however, patients found to have
moderately high-risk or high-risk stage of

disease (T1-2N2, T3N1-2, T4N0-2) after
surgical resection are appropriate candi-
dates for adjuvant postoperative chemora-
diotherapy. The results of the latest US GI
Intergroup postoperative chemoradiotherapy
trial INT 014453 are shown in Table 9 along
with outcome results from other adjuvant
chemoradiotherapy phase III trials includ-
ing the German pre- vs. postoperative trial,
and INT 0114. The data from INT 0144
show that postoperative chemoradio-
therapy is still a very reasonable treatment
option with regard to OS, DFS, and local
relapse.

As with preoperative chemoradio-
therapy strategies, evaluation of more
aggressive chemotherapy regimens and
targeted therapies will be necessary strate-
gies to pursue in order to improve disease
outcomes.
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