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Objective
To determine if the extent of lymphadenectomy (number of
recovered lymph nodes) was associated with long-term out-
come in patients operated on for stage B and C colon cancer.

Summary Background Data
Lymphatic spreading is the main prognostic indicator in colon
cancer patients, although the optimal extent of lymphadenec-
tomy and its prognostic impact are still unknown.

Methods
In 3,648 patients (median follow-up 3.6 years) enrolled in two
consecutive INTACC multicentric trials on adjuvant therapy for
colon cancer, we studied the association of the number of
recovered nodes with overall survival and relapse free survival
by means of univariate and Cox regression analysis.

Results
The worst overall survival was related to ages � 65 (risk ratio
[RR] � 1.30), higher grading (RR � 1.96). Better overall sur-
vival was related to female gender (RR � 0.80) and to higher
number of recovered nodes (8–12 nodes, RR � 0.46, 13–17

nodes, RR � 0.76, nodes �/� 18, RR � 0.79). The same
pattern was observed for relapse free survival.
Longer overall and relapse free survival were related to a
higher number of recovered nodes with P � .034 and P �
.003 respectively (stratified analysis for absence or presence
of positive nodes).
Stage B patients with fewer than 7 nodes in the specimen
had both shorter overall survival (P � .0000) and relapse free
survival (P � .0016) than the other B patients. Outcome of
stage C patients was not related to the number of recovered
nodes (P � .28 and 0.12 respectively). The interaction test
between stage of disease and number of recovered nodes
was statistically significant (P � .017).

Conclusions
Stage B patients with a small number of examined nodes may
be understaged. Thus, these patients might be considered for
adjuvant therapy because of their poorer life expectancy than
other stage B patients. For stage C patients, the number of
recovered nodes does not seem to affect long-term outcome.
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The classification of colon cancer proposed by Dukes,1

and subsequently modified by Astler and Coller2 is consid-
ered prognostically reliable and has acquired wide clinical
use since its formulation. Nevertheless, during the last two
decades, interest has been directed to additional variables to
predict the survival of patients and to improve case selection
for adjuvant chemotherapy.3 Despite these efforts, however,
the presence of nodal metastasis is still the most important
prognostic indicator of survival, and the quality of both
surgical and pathologic procedures has been recently en-
hanced to provide the best information about the lymphatic
spreading of colorectal cancer.4–8

The exact number of lymph nodes to be dissected by the
surgeon and the modality of the pathologic exam are still a
matter of debate.6–8 Since 1990, when it was first proposed
to examine at least 12 lymph nodes to properly stage colo-
rectal cancer as N0,9 the suggested number of nodes to be
examined has varied from 6 to 17,4–8 until Goldstein et al.6

suggested to pick up as many nodes as possible during curative
resections for colon cancer. In the recent Guidelines for ther-
apy of colon cancer10 it is stressed that, “For adjuvant trial, a
minimum of one lymph node must be examined for entry into
a trial. For surgical trials or for entry into a colon adjuvant trial
in which the lymph node are negative for disease, a minimum
of 12 nodes must be examined. The TNM staging system
should be used for all colorectal cancer trials. Level of evi-
dence: III-IV. Grade of recommendation: C.”

The quality and the extent of lymphadenectomy, besides
the diagnostic importance, have rarely been related to long-
term outcome and a clear demonstration of their impact on
survival has not yet been given. There are limitations to
these studies. First, they are retrospective and based on
small series of patients; and second, they seldom analyze the
extent of lymphadenectomy in relationship to the long-term
outcome. So far, only one large-scale trial (published in
abstract form11) is available and has concluded that aggres-
sive lymphadenectomy may improve overall survival.

In this study we present the surgical data of two INTACC
(National Intergroup for Adjuvant Therapy on Colon Can-
cer) trials on the adjuvant treatment of resected colon can-
cer. The aim of this study was to determine, in patients
operated on for stage B and C colon cancer, if the extent of
lymphadenectomy (number of recovered lymph nodes) is
associated with long-term outcome.

MATERIALS AND METHODS

Patients

Patients considered here are from two large scale clinical
trials conducted in Italy by INTACC (National Intergroup for

Adjuvant Therapy on Colon Cancer). INTACC was created
from the merge of 5 Italian cooperative groups: Genova,
Gruppo Oncologico Italiano Ricerca Clinica (GOIRC),
Gruppo Oncologico Nord Ovest (GONO), Gruppo Oncologico
Piemontese Tumori Apparato Digerente (GOPTAD), and In-
stituo Oncologico Romagnolo (IOR), with the aim of assessing
new adjuvant treatment modalities in colon cancer.

We analyzed data of surgical interest among data col-
lected within the large scale randomized trials of adjuvant
chemotherapy INTACC 01 and INTACC 02, which began
in 1992 and in 1995 began enrolling patients radically
resected for colorectal cancer. In these studies, patients were
randomized to receive either 5-FU � Levamisole � 6-S-
Leucovorin or 5-FU � Levamisole (INTACC 01), or 5-FU
� Levamisole � Methotrexate (INTACC 02). Overall sur-
vival and disease-free survival were the primary outcomes
in both trials. Eligibility criteria were the same in the two
trials and are listed in table 1.

An interim analysis of both trials was published at the
1999 Annual Congress of the American Society of Clinical
Oncology.12,13 No statistical difference among the treat-
ments in term of disease-free survival or overall survival
was demonstrated. Therefore, in this study we considered
the two arms of the studies as a single cohort of patients,
regardless of the adjuvant scheme.

There were 3,648 patients enrolled by INTACC during a
6-year period but, because of missing data on the charac-
teristics of the patients, not all of them were included in the
Cox regression analyses.

Patients’ characteristics are listed in table 2. The propor-
tion of patients with negative nodes in INTACC studies is
higher than in other studies5,8 because of the eligibility
criteria of both protocols, and because an international com-
petitive study started for only stage C patients during the
second study.

Active follow-up is maintained for the studies; both
INTACC 01 and INTACC 02 are mature trials and are
going to be published. Median follow-up is 3.6 years
(95% CI: 3.5–3.7 years).

Statistical Analysis

The association of recovered and positive lymph nodes
with prognostic factors was analyzed using the �-square
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Table 1. INTACC PATIENTS ELIGIBILITY
CRITERIA

Inclusion criteria Exclusion criteria

Adenocarcinoma of large bowel Prior therapy for colon cancer
Stage B2–3 and C Extraperitoneal rectal cancer
Curative surgical resection Second malignant disease
ECOG performance status 1–2 WBC � 3500
Randomisation within 60 days from

surgery
Platelet � 100000

Informed consent
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test. Continuous variables were analyzed with the Student
t-test for unpaired samples.

Relapse free survival was computed as the time from
randomization in the main study to the first observation of
disease recurrence or occurrence of a second primary can-
cer, or death due to any cause. Overall survival was com-
puted as the time from randomization to death due to any
cause. Kaplan-Meier estimate and log-rank test were used
for comparisons.

All survival and relapse free survival analyses were strat-
ified for presence or absence of positive nodes. Cox regres-
sion analysis was used to model overall survival and relapse
free survival as a function of a set of independent variables.
All the variables were categorical: age (� 65 and �65);
histologic grading (1 � well, 2 � moderately well, 3 �
poorly differentiated, 9 � intermediate category for miss-
ing); recovered lymph nodes (0–7, 8–12, 13–17, and �18
according to quartiles); gender and site of disease (1 �
right colon: cecum, ascending colon, and hepatic flexure;
2 � left colon: transverse colon, splenic flexure, and de-
scending colon; 3 � intraperitoneal rectum and sigmoid;
4 � multiple locations). Both analyses for overall survival
and relapse free survival were stratified for stage of disease
(positive and negative nodes at the pathologic examination).

For Cox regression analyses a backward procedure, based
on the likelihood ratio test, was used with P in � .05 and P out
� .10. All P values are two-sided. Presence of interaction
between stage of disease and categories of recovered nodes
was evaluated only in overall survival analysis, using the
likelihood ratio test. Because of missing values all the sums of
patients considered in different analyses may be different.

SPSS statistical package software (Microsoft Corp., Red-
mond, WA) was used for all the procedures.

RESULTS

Among the 3,648 patients enrolled in the two INTACC
trials, 3,248 had the necessary data to assess the lymphatic
state (both exact number of recovered nodes and positive
ones). Dukes’ B patients were 1,635 (50.3%) and 1,613
(49.7%) were stage C. Dukes’ B and C patients showed no
statistically significant differences as regards age, sex, tu-
mor location, and number of recovered lymph nodes. The
median follow-up of all patients is 3.6 years.

First, we looked for any association between the number
of recovered lymph nodes and the other variables (data not
shown in tables). Tumor location was significantly related
to the number of recovered lymph nodes (P � .000; degree
of freedom � 9): a higher number of nodes was recovered
from right colon specimens than from left colon and
rectosigmoid. This difference was statistically significant
even considering Dukes’ B and C patients separately (P �
.000). Older age (� 65 years) was associated to a lower
number of recovered nodes (P � .041). The same analysis
was then performed considering Dukes’ B and C patients
separately. Grading (P � .19) and gender (P � .27) showed
no association with the number of recovered nodes.

The association among number of positive nodes and
clinical variables is reported in table 3: the association is
statistically significant for grading (P � .0000) and for
gender (P � .028).

Second, the association between independent variables
and outcome is reported in tables 4 and 5: we found that age
� 65, lower grading, higher number of recovered nodesm,

Table 2. PATIENTS’ CHARACTERISTICS

B2–B3
No pts

C
No pts

Total B � C
No pts

Patients 1816 (52%) 1675 (48%) 3491
Age, (mean � SD) 61.2 � 9.5 61.1 � 9.6 61.1 � 9.6
Gender

Male 1046 (57.6%) 903 (53.9%) 1949 (55.8%)
Female 770 (42.4%) 772 (46.1%) 1542 (44.2%)

Site of disease*
Right colon 539 (29.8%) 517 (30.9%) 1056 (30.2%)
Left colon 426 (23.6%) 345 (20.6%) 771 (22.1%)
Rectosigmoid 822 (45.5%) 782 (46.7%) 1664 (47.7%)
Multiple 21 (1.2%) 29 (1.7%) 50 (1.4%)
Missing 8 2 10

Recovered nodes,
median (range)

12 (0–74) 12 (0–86) 12 (0–86)

Positive nodes,
median (range)

n.a.** 2 (1–76) n.a.**

* Right colon, cecum, ascending colon, right flexure; Left colon, transverse, left
flexure, descending colon.

** n.a. � not applicable.

Table 3. ASSOCIATION OF POSITIVE
NODES WITH CLINICAL COVARIATES

Patients Dukes C patients % p*

Age
�64 2011 968 48.1
�65 1442 685 47.5 0.71

Grading
1 343 141 41.1
2 2661 1245 46.8
3 487 289 59.3 0.000

Recovered nodes
0–7 777 379 48.8
8–12 986 509 51.6
13–17 666 319 47.9
�18 819 406 49.6 0.5

Gender
Male 1949 903 46.3
Female 1542 772 50.1 0.028

Site of tumor
Right colon 1056 517 48.9
Left colon 771 345 45.9
R-Sigmoid 1604 782 48.8
Multiple 50 29 58.0 0.11

df � degree of freedom—p* from etherogeneity chi square.15
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and female gender were significantly related to both better
overall survival and better relapse free survival.

Third, we focused on the different survival with respect to
the number of recovered nodes (P � .03 for overall survival
[table 4], and P � .002 for relapse free survival [table 5]).
See tables 4 and 5 for risk ratios at various levels of
recovered nodes. We divided B and C patients into quartiles
according to the number of recovered nodes; the 5-years
overall survival and relapse free survival for each quartile
are shown in table 6. Dukes’ B patients in the subgroups
analysis explain all the difference, with most of the �-square
explained by the trend (P � .0009 and P � .0000 respec-
tively). This is due to the worse outcome of Dukes’ B
patients with a lower number of recovered nodes. In Dukes’
C patients the association between the number of recovered
nodes and survival and relapse free survival did not achieve
statistical significance.

The test for interaction between stage of disease and number
of recovered nodes is statistically significant (P � .017).

DISCUSSION

We studied a very large cohort of homogeneously treated
patients who were selected by means of strict protocol entry
criteria. Stages of the disease were comparable and treat-

ment and follow-up were carried out according to a uniform
standard. All our patients underwent chemotherapy in stable
clinical conditions; therefore the long-term statistics had no
initial bias due to operative morbidity. Furthermore, the
mainstays of clinico-pathologic evaluation (gender, age,
stage, grading, lymphatic spreading, tumor location) were
collected and considered in the statistical analysis. As far as
median follow-up and number of events are concerned,
INTACC studies are mature trial and are going to be pub-
lished. The largest series of patients we were able to find in
the surgical literature3–8,14 comprised between 103 and 750
patients. Only one large-scale trial (from the medical on-
cology literature addressing these surgical issues) is avail-
able but published in abstract form only.11

The first task in our study was to look for an association
among the number of collected nodes, the number of posi-
tive nodes, and the clinico-pathologic variables.

The number of positive nodes seems not to be related to
the number of recovered nodes (P � .5). As we will con-
sider below, this data are not in agreement with other
studies.7,11

The variables related to a higher number of recovered
nodes are tumor location (right colon tumors were associ-
ated to a higher number of nodes in the specimen) and
patients’ age (patients younger than 65 had more nodes

Table 4. OVERALL SURVIVAL—UNIVARIATE AND COX REGRESSION ANALYSIS

Univariate analysis Cox regression analysis

B � C Pts Deaths OS** p* Risk Ratio 95% CI Df p*

Age
�65 2068 391 75% 1
�65 1479 346 69% 0.0001 1.30 1.12–1.52 1 0.0008

Grading
1 349 66 79% 1
2 2794 526 73% 1.11 0.85–1.47
3 505 158 60% 0.000 1.96 1.44–2.67 2 0.0000

Recovered nodes
0–7 777 183 69% 1
8–12 986 219 69% 0.96 0.79–1.17
13–17 666 119 76% 0.76 0.60–0.96
�18 819 152 76% 0.031 0.79 0.63–0.98 3 0.034

Gender
Male 2044 439 71% 1
Female 1604 311 73% 0.02 0.80 0.69–0.94 1 0.005

Site of tumor
Right colon 1080 251 71% 1
Left colon 788 152 75% 0.89 0.72–1.11
R-Sigmoid 1654 333 72% 0.86 0.72–1.03
Multiple 50 12 71% 0.17 0.76 0.40–1.43 3 0.38

Dukes stage
B 1816 211 84% Stratification factor
C 1675 515 60% 0.0000

df � degree of freedom.
p* from etherogeneity chi square.15

** OS � 5-year overall survival.
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collected). Our results are in keeping with those of other
studies. In fact, the former difference was also noted by
Hernanz et al.,3 and can be explained on the basis of a
largerpiece of mesenteric lymphatic stations exciseable dur-
ing right colectomy rather than during left colectomy. The
latter finding (age � 65) may be hypothetically explained as
a rough index of the surgeon’s approach in high-risk pa-
tients not tolerating invasive resections. We cannot explain

this issue otherwise because other important comorbidities
were not considered within the entry form.

The principle aim of this study was to determine whether
different outcomes might be associated with the extent of
lymphadenectomy.

We considered the survival and relapse free survival
curves for patients divided in quartiles according to the
number of recovered nodes. The smaller the number of

Table 5. RELAPSE FREE SURVIVAL—UNIVARIATE AND COX REGRESSION ANALYSIS

B � C Pts

Univariate analysis Cox regression analysis

Events RFS** p* Risk Ratio 95% CI df p*

Age
�64 2068 567 46%
�65 1479 465 58% 0.0004 1.21 1.06–1.38 1 0.0041

Grading
1 349 83 71% 1
2 2794 777 63% 1.27 1.00–1.62
3 505 181 52% 0.000 1.79 1.36–2.37 0.000

Recovered nodes
0–7 777 257 56% 1
8–12 986 316 60% 0.94 0.79–1.11
13–17 666 171 64% 0.76 0.63–0.93
�18 819 205 67% 0.002 0.75 0.62–0.90 3 0.003

Gender
Male 2044 602 60% 1
Female 1604 446 64% 0.085 0.86 0.75–0.98 1 0.022

Site of tumor
Right colon 1080 306 64% 1
Left colon 788 211 66% 1.03 0.85–1.24
R-sigmoid 1654 510 58% 1.11 0.95–1.30
Multiple 50 14 67% 0.40 0.95 0.54–1.66 3 0.54

Dukes stage
B 1816 330 75% Stratification factor
C 1675 679 50% 0.0000

df � degree of freedom.
p* from etherogeneity chi square.15

** RFS � 5-year Relapse free survival.

Table 6. FIVE-YEAR OVERALL SURVIVAL AND RELAPSE FREE SURVIVAL WITH RESPECT
TO NUMBER OF RECOVERED LYMPH NODES

Recovered Nodes

Patients Overall Survival Relapse Free Survival

B2–B3 C B2–B3 C All B2–B3 C All

Number % % % % % %
0–7 398 379 81 57 69 66 47 56
8–12 477 509 81 59 69 74 48 60
13–17 347 319 87 66 76 77 53 64
�18 413 406 89 63 76 83 53 67
Tot 1635 1613

�2 3 df 11.74 2.59 8.91 17.89 4.39 14.83
�2 1 df 11.10 1.09 6.69 17.75 2.49 13.36
p trend 0.0009 0.3 0.0097 0.0000 0.11 0.0003

df � degree of freedom.
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recovered lymph nodes, the smaller the overall survival and
relapse-free survival in stage B patients. Such information is
contradictory with the one discussed above (positive nodes
not related to number of recovered nodes), but seems to
have statistical evidence as far as survival is concerned,
because it is sustained in the univariate analysis and con-
firmed by Cox regression analysis and by the interaction
analysis. This last information is clinically more important
because it directly relates a surgical/pathologic staging to
precise outcomes data, giving the clear evidence of the
impact of surgery on survival.

These data are similar to those ones published by Caplin7

and Le Voyer.11 Caplin studied 211 stage B patients, show-
ing that B patients with fewer than 6 nodes had poorer
overall survival and their survival curve had the tendency to
behave like the one seen in stage C patients. Le Voyers
showed data regarding 648 stage B patients, with statisti-
cally significant worsening of overall survival and cancer
specific survival of B patients with fewer collected nodes.
More than 1,500 stage B patients compose our series and
this larger sample size may allow us to draw more precise
indications from the follow-up data. Our stage B patients
with fewer than 7 collected nodes had worse outcome than
the other stage B patients, but always better than all stage C
patients. This result seems to demonstrate the risk of un-
derstaging some of these patients when fewer than 7 nodes
were collected. The number of inadequately (� 7 collected
nodes) staged patients in our series was high: 24.3% of N0
patients. Our data, however, do not allow us to investigate
if this result is due to a limited lymphadenectomy (which
might be caused by intraoperative reasons, such as occlu-
sion, hypo-tension, adhesions, or others) or if it is due to an
ineffective research of nodes during the pathologic exami-
nation. In fact, once stabilized and within 60 days after
surgery, all patients entered the INTACC trials and received
chemotherapy without distinction based on the number of
collected nodes, because it was not an entry criteria. Outside
any randomized adjuvant trial, these understaged patients
could have not been evaluated for chemotherapy.

Our results, in keeping with those of other studies,4–8

emphasize the need to report the number of collected nodes
in the pathologic report as quality criterion for the diagnos-
tic value of colonic oncological surgery. This minimum
number must be surely greater than 7, and it could be even
greater for right hemicolectomies. Thus, we agree with
Goldstein6 about the indication of performing aggressive
colectomy to give the pathologist a more complete speci-
men to collect as many nodes as possible.15

According to our data and given that the classification as
stage C is pivoting in the adjuvant treatment, the N0 patients
with fewer than 7 recovered nodes should be evaluated in a
different way for adjuvant chemotherapy, especially if other
risk factor are present. Also, these patients have recently
been considered not eligible for surgical trials or for entry

into colon adjuvant trials for N0 stage.10 Thus, the surgeon
must clearly describe in his report the characteristics of the
performed lymphadenectomy. If any intraoperative situa-
tion has led to a scarce lymphadenectomy, it should be
mentioned to justify a failure in staging the disease.
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