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The total number of lymph nodes harvested is associated
with better survival in stages II and III colorectal cancer
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Abstract

Background Lymph node status is important in staging colo-
rectal cancer (CRC). Presence of metastatic nodes differenti-
ates stage III from stage II. The role of adjuvant therapy is still
unclear in stage II CRC. Inadequate node sampling may result
in inaccurate staging.

Method Records of 131 patients with stages II and III CRC
who underwent curative resection, having five or more lymph
nodes harvested from the specimen, were prospectively
followed up and analyzed. The Kaplan—Meier method was
used to analyze survival, based on groups of serially ascend-
ing values of lymph nodes harvested. Regression analysis was
performed by Cox proportional hazards ratio model with
right-censored CRC survival data at a 10 % significance level.
The effect of nodal harvest on survival was adjusted for age,
sex, preoperative carcinoembryonic antigen (CEA) level, neo-
adjuvant chemoradiation, pathological tumor stage, histolog-
ical type, differentiation, margin positivity, angioinvasion,
perineural invasion, and lymphovascular infiltration.

Results The total population showed improved survival with
14 or more nodes harvested (p=0.005). For both rectal (n=83;
p=0.03) and colon cancers (n=46; p=0.08), most significant
survival benefits were seen with over 14 nodes harvested,
irrespective of the stage. With multiple regression analysis,
advanced age (p=0.003), male sex (p=0.017), lymphovascular
infiltration (p=0.015), and preoperative CEA levels (p=0.096)
were found to be other significant factors. The lymph node

P. C. Chandrasinghe (<) - D. S. Ediriweera - S. Kumarage *
K. 1. Deen

Department of Surgery, North Colombo Teaching Hospital,
Ragama, Sri Lanka

e-mail: pramodh@sltnet.lk

J. Hewavisenthi

Department of Pathology, Faculty of Medicine,
University of Kelaniya, Ragama, Sri Lanka

Published online: 19 September 2013

effect remained significant (HR=0.19, p=0.004) after adjusting
for the above factors.

Conclusion A lymph node harvest of 14 or more resulted in
better survival outcome from CRC in this population. Staging of
the disease could be accurate with increased nodal harvesting.

Keywords Colorectal cancer - Curative resection -
Lymph node harvest - Neoadjuvant chemotherapy -
Surgical outcome - Survival

Background

Survival in colorectal cancer (CRC) is related to the stage of
disease at diagnosis. There is uncertainty as to why some stage
II cancers behave as stage III cancers [1]. The use of adjuvant
chemotherapy in stage III disease is clearly established and
has a proven survival benefit [2, 3]. The role of such therapy in
stage II disease is yet to reach consensus [4—6]. The most
critical determinant of disease stage is the lymph node status
[7]. Presence of tumor in lymph nodes will differentiate stage
I from stage II disease. Several authors have shown in-
creased node positivity ratios and improved survival with an
increase in the total lymph node yield [8—12]. The National
Comprehensive Cancer Network (NCCN) and the American
College of Pathologists (ACP) recommend analysis of a min-
imum of 12 lymph nodes for accurate staging [13, 14]. This
consensus, though accepted around the world, is not based on
survival studies. A suboptimal lymph node harvest may erro-
neously categorize stage III disease as stage II and preclude
the benefit of adjuvant chemotherapy. Despite the importance
and implications of adequate node evaluation, population-
based studies have shown that only between 22 % and 37 %
of cancers have an adequate number of nodes analyzed [15,
16]. This study prospectively analyzed patients with stages II
and III CRC to identify the survival benefit of the total number
of lymph nodes harvested.
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Methods

One hundred and thirty-one patients with stages II and III
CRC who underwent curative resection between 1997 and
2007 and prospectively followed up for a minimum of 3 years
after operation were analyzed. Collection of data was pro-
forma based. Ethical approval was obtained for the study from
the ethics review committee of the Faculty of Medicine at the
University of Kelaniya, Sri Lanka. Patients with stage III
cancer and some with stage II cancer having poor prognostic
features received adjuvant chemotherapy with standard regi-
mens (cisplatin or irinotecan based). All curative resections
were performed by the same team to standard protocol. Spec-
imens were analyzed by a single pathologist. Specimens were
dissected after 10 % formaldehyde fixation. Lymph nodes
were harvested either visually or by palpation by dissection
along the major venous drainage pathway by the same pathol-
ogist. Information on the number of lymph nodes harvested
was extracted from pathology reports. Only patients with five
or more lymph nodes harvested and analyzed from the surgi-
cal specimen were included in the study. The Kaplan-Meier
method was used to analyze survival, based on groups of
serially ascending values of lymph nodes harvested. Regres-
sion analysis was performed with Cox proportional hazards
ratio models with right-censored colorectal survival data. The
effect of nodal harvest on survival was adjusted for age, sex,
preoperative carcinoembryonic antigen (CEA) level, neoadju-
vant chemoradiation (NCRT), pathological tumor stage, histo-
logical type, differentiation, margin positivity, angioinvasion,
perineural invasion, and lymphovascular infiltration (LVI). Step-
wise selection method was used to identify the significant
determinants of survival. The Mann—Whitney U test was used
to compare the median number of lymph nodes harvested from
specimens. Statistical analysis was performed with the SAS/

STAT statistical software (SAS system, version 9.0; SAS Insti-
tute, Cary, NC).

Results

Of 131 patients, 61 had stage II cancer and 70 had stage III
cancer. Fifty-six percent of patients were male. There were 55
colon cancers and 76 rectal cancers in the sample. Mean
follow up for the population was 4.1 years (SD, 3.4). When
survival was analyzed based on groups of serially ascending
values of harvested lymph nodes, the most significant survival
benefit was seen in those who had 14 or more nodes harvested
in both colon and rectal cancers (Table 1). The same advan-
tage was observed for the total population of stages II and III
CRCs (Fig. 1). When stages II and III cancers were taken
separately, a similar maximal survival benefit was seen when
more than 14 nodes were available for analysis (stage 11, p=
0.07; stage I1I, p=0.03) (Figs. 2 and 3). Those with a harvest
of more than 14 lymph nodes showed lower risk of death with
a hazard ratio of 0.37 (95 % CI, 0.18-0.77; p=0.007) in a
simple linear regression model. In an initial multivariable
analysis, advanced age, male sex, LVI, and preoperative
CEA levels were found to be other factors significantly asso-
ciated with survival other than the lymph node harvest
(Table 2). Using multiple regression analysis with stepwise
selection, the lymph node harvest remained significant with a
hazard ratio of 0.19 (95 % CI, 0.066-0.593; p=0.004) after
adjusting for the abovementioned factors under the final mod-
el confirming the lymph node effect (Table 3). Median num-
ber of lymph nodes harvested in those who had NCRT was
significantly lower (NCRT, 8; range, 5-20 vs. no NCRT, 11;
range, 5-45; p=0.0128) (Table 4). Twenty-nine percent (n =
18) of stage II cancers and 31 % (n=22) of stage III cancers

Table 1 Comparison of overall

survival in colon and rectal can- Lymph node groups Rectal cancer; mean p-value Colon cancer; mean p-value

cers based on ascending values of survival (SE) in years survival (SE) in years

lymph nodes harvested
<6 vs. >6 4.0 (1.38) and 3.4 (0.28) 0.759 1.9 (0.35) and 6.5 (0.44) 0.356
<7vs. 2T 3.7(0.77) and 3.4 (0.30) 0.729 1.4 (0.53) and 6.6 (0.44) 0.125
<8 vs. >8 3.2 (0.56) and 3.6 (0.32) 0.445 1.6 (0.33) and 6.5 (0.48) 0.580
<9 vs.>9 3.6 (0.48) and 3.5 (0.35) 0.988 1.6 (0.22) and 6.6 (0.47) 0.505
<10 vs. 210 3.4 (0.44) and 3.6 (0.37) 0.628 2.2 (0.27) and 6.9 (0.46) 0.103
<11 vs.>11 3.3 (0.40) and 3.8 (0.39) 0.295 2.3(0.22) and 6.8 (0.51) 0.426
<12 vs. 212 3.1 (0.36) and 4.3 (0.43) 0.050 3.8 (0.43) and 7.2 (0.42) 0.091
<13 vs. 213 3.2 (0.35) and 3.7 (0.36) 0.033 4.0 (0.35) and 7.0 (0.60) 0.093
<14 vs. 214 3.2 (0.34) and 3.7 (0.38) 0.032 3.9 (0.33) and 7.5 (0.59) 0.085
<15vs. 215 3.4 (0.32) and 3.6 (0.46) 0.230 3.9 (0.33) and 7.5 (0.59) 0.085
<16 vs. 216 3.5(0.31) and 3.6 (0.52) 0.340 4.0 (0.31) and 7.4 (0.67) 0.128
<17 vs. 217 3.5(0.32) and 3.5 (0.52) 0.340 4.1 (0.29) and 7.3 (0.85) 0.331
<18 vs. 218 3.6 (0.77) and 3.3 (0.30) 0.344 4.2 (0.26) and 6.9 (1.30) 0.856
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Fig. 1 Overall survival for stages
1T and III CRC based on the
number of lymph nodes harvested
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had more than 14 nodes analyzed in this population. The
median lymph node harvest was 10 (range, 5-26) for stage
IT'and 11 (range, 5—45) for stage III (p=0.39).

Discussion

Several authors have suggested differing numbers of optimal
nodal analysis for accurate staging in CRC [17-20]. In the
current study, a significant survival benefit is starting to
emerge at the 12 node marks, although the maximum benefit
is observed with 14 or more nodes (Table 1). When survival of
patients with less than 14 nodes harvested was compared with
those with a higher number (eg. <14 nodes vs. >15,>16,>17,
>18), the significance of survival benefit remained with higher
nodal harvest too. The number of nodes analyzed has been
shown to affect survival in both node-positive and -negative
patients. Rivedulla-Serrano et al. observed the highest 5-year
survival rate in node-negative disease with more than 14
nodes harvested [21]. The current study also observed a
similar benefit in overall survival for node-negative (stage
II) disease with 14 or more nodes harvested for analysis. This

Time (Years)

may be attributed to a low false-negative rate during staging,
with an increased nodal harvest. In a recent study, Peeples
et al. reported 24 and 36 nodes, respectively, for stages Il and
I cancers as being a significant number affecting survival
[22]. This number is significantly higher than that recom-
mended by the ACP and NCCN. The authors feel that
recommending two values for two stages, that is, stage II
and stage III, and a lesser number of nodes for node-
negative disease questions the practical implication of such
recommendations. A statistically significant hazard ratio of
0.37 indicates a reduced risk of overall mortality when 14 or
more nodes were analyzed in this population. In the current
study population, long course NCRT was administered for
locally advanced rectal tumors based on computer tomograph-
ic scan evidence. Though NCRT had no significant effect on
survival in this population (Table 2), we and others have
observed that it reduces the median lymph node harvest in
rectal cancer [23, 24]. The median number of lymph nodes
harvested from those who had NCRT was significantly lower
in this population (Table 4). However, the survival benefit of
nodal harvest remained significant when adjusted for the
effect of NCRT under a multifactorial analysis. In the final
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model with stepwise analysis, NCRT was not shown to be a
significant determinant of survival in this population (Table 3),
although this could be attributed to the low numbers. A
median node harvest of 10 for stage II and 11 for stage III
cancers in the current study is higher than a median of 9 as
reported by large community-based studies from the USA
[15]. Specimens with more than five nodes were selected for
the study to eliminate a bias in the statistical process. The
lowest number of recommended nodes in literature is six
nodes. The distribution of the nodal harvest is expected to be
skewed as the study involved cancers with more than five
nodes harvested. LVI of tumor was observed to be an inde-
pendent significant risk factor in this population. Evidence is
emerging to suggest that LVI could indicate the likelihood of
nodal metastasis in large bowel cancer [25]. This needs to be

Table 2 Initial multivariable analysis using Cox proportional hazard
model for identified survival determinants

Variable Hazard ratio 95 % CI p-value
Lymph node harvest 0.187 0.044-0.782 0.021*
Age 1.064 1.021-1.110 0.003*
Sex 3.108 1.225-7.883 0.017*
Site (colon vs. rectum) 1.607 0.458-5.633 0.458
Histology 1.840 0.394-8.595 0.438
Differentiation 1.241 0.695-2.215 0.466
pT stage 0.947 0.419-2.139 0.896
LVI 19.581 1.789-214.547 0.015*
PNI 0.599 0.063-5.678 0.655
Al 0.247 0.031-1.951 0.185
Margin positivity 0.745 0.172-3.225 0.693
Preoperative CEA 1.001 1.000-1.002 0.096
Neoadjuvant CRT 2.175 0.442-10.704 0.339

PT pathological tumor, LVI lymphovascular invasion, PN/ perineural
invasion, A/ angioinvasion, CEA carcinoembryonic antigen, CRT che-
moradiation therapy

# Significant values
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evaluated further as LVI could be used as an indicator to
consider the use of additional techniques to increase nodal
harvest or improve detection of metastasis in such specimens.
In the absence of such technology, the possibility of LVI as an
indicator for adjuvant therapy in node-negative disease should
be considered. The number of nodes harvested for examina-
tion will depend on the extent and technique of surgical
dissection, patients’ anatomical factors, and the pathologist
dissecting the specimen. This study includes operations
performed by the same surgical team and specimens reported
by the same pathologist. Porter et al. from Ontario reported a
nodal harvesting of above 12 nodes in only 22 % of the
cancers from a local population and an increase of up to
31 % through audit feedback over a 5-year period [26]. The
current study reports a nodal harvesting of greater than 14 in
29 % of stage II and 31 % of stage III cancers, respectively,
which is comparable to above figures.

In conclusion, our data indicate that a lymph node harvest
of 14 or more nodes will result in a significant better survival
in both node-positive and node-negative disease. Hence, this
study provides evidence that nodal harvest has a significant
survival benefit in CRC. Staging of the disease could be more
accurate with increased nodal harvesting. Histological evi-
dence of lymphovascular invasion may indicate a possibility
of nodal metastasis, a feature which may be a useful indicator

Table 3 Effect of lymph node harvest in stages II and III CRC cancers
adjusted for other determinants in the final model using multiple regres-
sion analysis with stepwise selection

Variable Hazard ratio 95 % CI p-value
Lymph node harvest 0.197 0.066-0.593 0.004
Age 1.055 1.020-1.091 0.002
Sex 3.154 1.389-7.159 0.006
LVI 6.791 2.015-22.883 0.002
CEA 1.001 1.000-1.002 0.027

LVI lymphovascular invasion, PN/ perineural invasion, A/
angioinvasion, CEA carcinoembryonic antigen
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Table 4 Effect of neoadjuvant chemoradiation on the nodal harvest

No NCRT  NCRT
LN<14 (n) 73 18 Total=91
LN>14 (n) 38 02 Total=40
Median nodal harvest (range) 11 (5-45) 8 (520) p=0.0128

NCRT neoadjuvant chemoradiation

for adjuvant therapy in stage II disease. Combined efforts of
the surgeon and the pathologist to increase the nodal harvest
from CRC specimens are recommended to improve survival
outcome in stages II and III CRC.
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