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Abstract
Purpose Adequate lymphadenectomy is critical for accurate nodal staging and planning adjuvant therapy in colon cancer.
However, the optimal lymph node (LN) yield for stage II right-sided colon cancer (RSCC) is still unclear. This population-
based study aimed to determine the optimal LN yield associated with survival and LN positivity in patients with stage II RSCC.
Methods All patients with stage II–III RSCC were identified from the Surveillance, Epidemiology, and End Results database
over a 10-year interval (2006–2015). The optimal threshold for LN yield was explored using an outcome-oriented approach
based on survival and LN positivity.
Results The median number of LNs examined for all 17,385 patients with stage II RSCC was 17 (IQR 12–23). Nineteen LNs
were determined as the optimal cut-off point to maximize survival benefit from lymphadenectomy. Increased LN yield was
associated with a gradual increase in the risk of node positivity, with no change after 19 nodes. Compared with patients with 19 or
more LNs examined, the group with fewer LNs had a significantly poor cancer-specific survival (< 12 nodes: hazard ratio (HR)
2.26, P < 0.001; 12–18 nodes: HR 1.58, P < 0.001) and overall survival (< 12 nodes: HR 1.80, P < 0.001; 12–18 nodes: HR 1.31,
P < 0.001). Similar survival results were found in the validation cohort. Patients with older age, small tumor size, and appendix
and transverse colon cancer were more likely to receive inadequate LN harvest.
Conclusion A minimum of 19 LNs is needed to be examined for optimal survival and adequate node staging in lymph node-
negative RSCC.
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Introduction

The proximal colon is the most common location of colorectal
cancer and approximately 41–67% of patients are diagnosed as
right-sided colon cancer (RSCC) in the USA [1, 2]. RSCC
harbors distinct clinical and biologic characteristics compared
with left-sided colon cancer [2]. Radical surgery is the standard
treatment for stage II RSCC, and the number of lymph nodes
(LNs) harvested served as a benchmark for evaluating the qual-
ity of curative resection [3]. Adequate LN yield is critical for
accurate nodal staging and optimal survival, which is empha-
sized in practice guidelines to guide decision-making about
adjuvant therapy and postoperative surveillance for recurrence
[4]. Recommended by the American Joint Committee on
Cancer (AJCC), the pathological examination of at least 12
LNs in the surgical specimen has become the general consensus
to identify node-negative patients in stage II colon cancer [5].
Indeed, a higher level of LN evaluation was advocated in sev-
eral previous studies to further optimize nodal staging and long-
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term survival in patients with colon cancer, despite results from
these studies show a great variation in the optimal LN yield [4,
6–13]. Indeed, there are some disparities for LN harvest and LN
metastatic potential between the primary tumors in right-sided
and left-sided lesions. Therefore, we believe that the optimal
LN yield should be discriminately evaluated for stage II RSCC
and left-sided colon cancer [7, 10, 13–18]. For patients who
underwent right hemicolectomy, it is questionable whether a
minimum of 12 LNs examined is adequate and the optimal
LN yield is still controversial.

LNmetastasis is significantly associated with poor progno-
sis, especially in patients diagnosed as RSCC [2]. However,
the majority of previous studies evaluated the optimal LN
yield based on its association with tumor outcomes and few
studies explored the optimal number of LNs examined to de-
tect node positivity [4, 7–13]. We performed an outcome-
oriented approach for these two outcomes of interest, to com-
prehensively evaluate the optimal LN yield in patients with
stage II RSCC. The aim of this study was to identify the
optimal cut-off point that maximizes survival benefit and min-
imizes the risk of disease understaging.

Materials and methods

Cancer data were obtained from the Surveillance,
Epidemiology, and End Results (SEER) program, which is a
large population-based cancer registry sponsored by the
National Cancer Institute (NCI). The SEER catchment area
covers approximately 28% of the US population. SEER col-
lects and updates de-identified data regarding cancer inci-
dence, clinicopathological characteristics, treatment modali-
ties, and survival from 18 participating population-based can-
cer registries annually [19]. This retrospective study used pub-
licly available data from 2006 through 2015 from the SEER
program (the SEER 18 Registries, April 2018 released) [20].

Study population

The study population included all patients who underwent rad-
ical surgical resection for primary stage II (T3-4N0M0) RSCC
in 9 SEER cancer registries. Patients diagnosed as T3-4N1-
2M0 RSCC were also enrolled into our study to evaluate the
optimal LN yield for the detection of LN positivity. According
to the International Classification of Disease for Oncology
(ICD-O-3), patients with histological confirmation were identi-
fied by topography code (comprising of cecum, appendix, as-
cending colon, hepatic flexure, and transverse colon, C18.0 to
C18.4) and histological type/behavior code (9140/3, 9480/3,
and 9490/3). Tumor stage was restaged according to the 8th
edition of the American Joint Committee on Cancer (AJCC)
TNM staging system. The evaluation of T category, number of
LNs examined, and LNs status was based on the pathological

examination of surgical specimens. We analyzed age at diagno-
sis as a categorical variable (three categories: 50 years or youn-
ger, 51 to 70, and older than 70). Tumor size was dichotomized
at 50 cm for simplicity. Patients with unclear information
pertaining to tumor stage, number of LNs examined, or positive
node count were excluded, as were those treated with local
resection or total colectomy. To improve the predictive accura-
cy of survival models, patients with colon cancer that were not
the first malignancy were also excluded in survival analyses. A
population-based validation was performed to assess the reli-
ability and reproducibility of the optimal LNs cut-off point in
the other 9 SEER cancer registries (including Connecticut,
Detroit, Atlanta, San Francisco-Oakland, Hawaii, Iowa, New
Mexico, Seattle-Puget Sound, and Utah cancer registries).

Statistical analysis

Weadopted an outcome-oriented approach to explore the optimal
LN yield associated with the prognosis and LN positivity. Using
varying thresholds for the number of LNs examined, the crude 5-
year CSS rates were respectively calculated from Kaplan–Meier
curves and standardized log-rank statistics were estimated using
the log-rank test. According to the method previously described
[21, 22], the optimal cut-off point of number of LNs examined
was identified with the maximum value of absolute log-rank
statistics. Multivariate Cox proportional hazards regression mod-
el was fitted to evaluate the association between LN harvest and
cancer-specific survival. Additionally, a logistic regression model
was also used to evaluate the association between LN harvest and
relative risk of node positivity. Then, the corresponding
covariate-adjusted hazard ratio (HR) and odds ratio (OR) were
respectively estimated across the number of LNs examined to
confirm the validity and feasibility of identified LN cut-off point.

After stratifying patients based on the identified cut-off
point (value N), comparisons of clinicopathologic characteris-
tics between patients from the two LN categories were per-
formed. Factors associated with LN harvest were explored by
bivariate logistic regression. Adequate LN yield in stage II
colon cancer was defined as 12 or more nodes examined ac-
cording to the recommendations of AJCC [5]. Accordingly,
we further categorized patients based on the number of LNs
examined in a narrower range (fewer than 12, 12 to (N-1), and
N or more nodes). Subgroups were compared usingWilcoxon
rank-sum test for continuous variables and using chi-squared
test for categorical variables. The log-rank test was used to
determine statistical differences between the survival curves
of patients from different LN categories in both derivation and
validation cohorts. Cox proportional hazard and logistic re-
gressionmodels adjusted for the novel LN categorizationwere
fitted to validate the optimization of LN yield in terms of long-
term survival and node positivity.

Survival time was quantified from the date of diagnosis to
the date of cancer-specific death or total death. All statistical

624 Int J Colorectal Dis (2020) 35:623–631



analyses were performed using SPSS statistical software ver-
sion 22.0 (SPSS Inc., IBM Corporation, Chicago, IL, USA).
All P values were calculated using two-tailed tests, and statis-
tical significance was defined at two-sided P values < 0.05.

Results

Determination of the optimal cut-off point of number
of LNs examined

A total of 17,385 patients with pathologic stage II RSCC were
included in the derivation cohort from 2006 to 2015. The
median number of LNs examined in the surgical specimens
was 17 (IQR 12–23) and the retrieval of at least 12 LNs was
identified in most patients (85.3%). By varying thresholds for
the number of LNs examined (range 2–40 nodes), the poten-
tial cut-off point with the maximum of standardized log-rank
statistic occurred at 19 LNs (log-rank statistic 172.7,
P < 0.001). The 5-year CSS rates of patients with N or more
LNs examined progressively increased with the number of LN
harvest, but reached a plateau after 19 LNs (Fig. 1). According
to the number of LNs examined, patients were subdivided into
24 categories and HR for cancer-special survival was respec-
tively calculated for each category (Table 1). Compared with
patients with 30 or more nodes, patients with 18 or less nodes
had a significantly increased risk of cancer-special mortality
(all P < 0.05), which could disappear after the retrieval of at
least 19 LNs (adjusted HR for 19 nodes vs. 30 or more nodes,
1.23; 95% CI, 0.93–1.64; P = 0.153) (Table 1). In terms of LN
positivity, 31,621 patients with T3-4N0-2 RSCC were also
subdivided into 13 categories to estimate OR for each catego-
ry and identify the cut-off point at minimum risk of inaccurate
nodal staging (Table 2). There was a gradual increase in the

rate of node positivity if fewer than 18–19 nodes were exam-
ined (all P < 0.05). After the LN yield reaches 18–19 nodes,
no changes in the node positivity rate could be observed de-
spite a further increase in the LN harvest (adjusted OR for 18–
19 nodes vs. 30 or more nodes, 0.96; 95% CI, 0.88–1.06; P =
0.471) (Table 2). Therefore, we identified 19 harvested LNs as
an optimal cut-off point to maximize survival benefit and
minimize the risk of pathological understaging. Patients were
stratified by number of LNs examined as a high-risk group
(less than 19 LNs, n = 9697, 55.7%) and a low-risk group (19
or more LNs, n = 7688, 44.3%). Approximately 73.6% of pa-
tients in the high-risk group reached the AJCC recommenda-
tion of at least 12 LNs examined (Table 3).

Factors associated with inadequate LN harvest

Demographics and tumor characteristics of patients in the low-
risk and high-risk groups are listed in Table 3. Patients with older
age (adjusted OR 2.59, P < 0.001), small tumor size (adjusted
OR 1.57, P < 0.001), appendix cancer (adjusted OR 2.08,
P < 0.001), or transverse colon cancer (adjusted OR 1.25,
P < 0.001)weremore likely to receive an inadequate LNharvest.
A significantly decreased risk of inadequate lymphadenectomy
could be observed in patients diagnosed in later years (2014–
2015 period vs. 2006–2007 period: adjusted OR 0.58,
P < 0.001). There were no significant differences between the
two LN categories in terms of gender, race, T category, histolog-
ical type, tumor grade, and preoperative CEA level.

The association among the LN harvest, survival,
and node positivity

After further stratifying patients based on the number of LNs
examined in a narrower range, univariable and multivariable

Fig. 1 Determination of the
optimal lymph node yield
associated with CSS. The dotted
line that demarcates 19 LNs is the
optimal cut-off point with the
maximum value of absolute log-
rank statistics (log-rank statistic,
172.7) and the 5-year CSS rate
reached a plateau after 19 LNs (5-
year CSS rate, 89.7%)
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analyses were conducted to confirm the association among
LN harvest, survival, and node positivity in both derivation
and validation cohorts. The 5-year CSS rates and overall sur-
vival (OS) rates of patients with 19 or more LNs examined
were significantly higher (5-year CSS for < 12 vs. 12–18 vs. ≥
19 nodes, 74.4% vs. 82.1% vs. 89.5%, P < 0.001; 5-year OS
for < 12 vs. 12–18 vs. ≥ 19 nodes, 54.7% vs. 65.6% vs. 75.6%,
P < 0.001). After the adjustment for relevant covariables, mul-
tivariable analysis revealed that a minimum of 19 LNs exam-
ined was associated with improved survival compared with
those of 12–18 nodes (CSS: adjusted HR 1.58, P < 0.001;
OS: adjusted HR 1.31, P < 0.001) and fewer than 12 nodes
(CSS: adjusted HR 2.26, P < 0.001; OS: adjusted HR 1.80,
P < 0.001) (Fig. 2). Similar survival benefits from 19 or more
LN harvest were also found in the validation cohort (Fig. 2).
Subgroup analyses were conducted in patients with older age,
small tumor size, appendix cancer, and transverse colon can-
cer, who were more likely to receive an inadequate lymphad-
enectomy. An increased risk of cancer-special mortality could

also be observed in patients with 12–18 nodes examined in
these subgroups (Fig. S1).

In terms of node positivity, more positive LNs could be
detected after a minimum of 19 LN harvest. Patients with 19
or more LNs examined had higher rates of LN metastases and
N2 stage than those with fewer than 19 nodes (Table 4).
Compared with a minimum of 19 LN harvest, the fewer LNs
examined (< 12 nodes: adjusted OR 0.84, P < 0.001; 12–18
nodes: adjusted OR 0.93, P = 0.003) were associated with a
decreased risk of node positivity. The consistent findings were
also recognized in the validation cohort (Table 4).

Discussion

Lymph node–negative RSCC is associated with better surviv-
al than those in left-sided colon, while the cancer-specific
mortality is significantly increased in RSCC after LN metas-
tasis [2]. Therefore, an adequate LN examination is essential
to accurately evaluate the LN status and avoid understaging in
patients with RSCC. We designed this largest population-
based study, to explore the optimal LN yield in stage II
RSCC associated with the prognosis and LN positivity. A
minimum of 12 LN harvest recommended by the AJCC
seemed to be insufficient. Our data determined 19 LNs as
the optimal cut-off point for improved CSS and accurate nodal
staging. Patients with older age, small tumor size, appendix,
and transverse colon cancer were more likely to receive an
inadequate pathologic examination of the surgical specimen.

Adequate lymphadenectomy has been suggested for colon
cancer to improve survival in many previous studies [3, 7, 12,

Table 1 Association between cancer-specific survival and the lymph
node yield in stage II RSCC (n = 17,385)

No. of LNs
examined
(N)

5-year CSS
(LNs
examined <N)

5-year CSS
(LNs
examined ≥N)

HR (95% CI)* P value

≤ 7 – – 2.73 (2.18–3.41) < 0.001

8 70.9% 85.1% 3.13 (2.33–4.21) < 0.001

9 70.5% 85.4% 1.93 (1.35–2.77) < 0.001

10 72.5% 85.5% 2.23 (1.67–2.98) < 0.001

11 73.1% 85.7% 1.83 (1.36–2.45) < 0.001

12 74.4% 86.0% 1.93 (1.52–2.46) < 0.001

13 76.0% 86.4% 1.47 (1.14–1.91) 0.003

14 77.5% 86.6% 1.83 (1.44–2.32) < 0.001

15 78.1% 87.2% 1.66 (1.29–2.13) < 0.001

16 78.8% 87.7% 1.52 (1.18–1.96) 0.001

17 79.5% 88.1% 1.81 (1.41–2.32) < 0.001

18 79.6% 89.0% 1.45 (1.11–1.89) 0.006

19 80.0% 89.7% 1.23 (0.93–1.64) 0.153

20 80.6% 89.9% 0.95 (0.69–1.30) 0.732

21 81.2% 89.8% 1.07 (0.77–1.50) 0.676

22 81.6% 90.0% 1.30 (0.95–1.78) 0.103

23 81.9% 90.3% 0.70 (0.47–1.06) 0.094

24 82.4% 89.9% 1.20 (0.85–1.68) 0.305

25 82.7% 90.1% 0.94 (0.62–1.41) 0.756

26 82.8% 90.3% 1.00 (0.66–1.52) 0.984

27 83.1% 90.1% 1.03 (0.67–1.58) 0.883

28 83.2% 90.2% 0.68 (0.39–1.20) 0.186

29 83.4% 89.9% 0.82 (0.48–1.43) 0.490

≥ 30 – – 1.00 (reference)

*Multivariate Cox regression model was adjusted for age at diagnosis, T
stage, tumor grade, and preoperative CEA level

Table 2 Association between number of harvested LNs and relative
risk of lymph node positivity in RSCC (T3-4N0-2M0, n = 31,621)

No. of harvested LNs (N) Number (%) OR (95% CI)* P value

≤ 7 1577 (5.0) 0.64 (0.57–0.73) < 0.001

8–9 1125 (3.6) 0.86 (0.75–0.99) 0.037

10–11 1680 (5.3%) 0.90 (0.80–1.02) 0.085

12–13 3533 (11.2%) 0.87 (0.79–0.95) 0.003

14–15 3978 (12.6%) 0.87 (0.79–0.95) 0.003

16–17 3659 (11.6%) 0.89 (0.81–0.98) 0.015

18–19 3201 (10.1%) 0.96 (0.88–1.06) 0.471

20–21 2730 (8.6%) 1.02 (0.93–1.13) 0.641

22–23 2209 (7.0%) 0.96 (0.86–1.07) 0.455

24–25 1748 (5.5%) 0.98 (0.87–1.10) 0.721

26–27 1317 (4.2%) 0.93 (0.82–1.06) 0.255

28–29 975 (3.1%) 0.89 (0.77–1.03) 0.123

≥ 30 3889 (12.3) 1.00 (reference)

* Logistic regression model was adjusted for age at diagnosis, race, T
stage, tumor grade, histological type, tumor size, and preoperative CEA
level
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13, 23, 24], even in node-negative patients [9–11, 15, 18, 25,
26]. Ideally, all LNs should be retrieved from the surgical
specimen to assure the accuracy of nodal staging [4].
Nevertheless, it is impractical to achieve in the most patients
because of the high cost and low efficacy in this ideal ap-
proach. A “ceiling effect”may exist in the LN yield, although
the optimal number of LNs examined has not yet been defi-
nitely determined [27]. Despite that a minimum of 12 LNs
examined is recommended by the AJCC as the standard for
nodal staging, several investigators suggested that a greater
number of LNs should be examined to identify node-

negative tumors and avoid missing the opportunity of adju-
vant chemotherapy [8, 11, 13, 24, 25]. Most studies evaluated
the optimal LN yield to improve survival outcomes and re-
ported inconsistent results ranging from 6 to 24 LNs [4, 6–13,
28]. Few studies have attempted to explore the optimal LN
yield with consideration of the primary tumor location. Guan
et al. suggested that a minimum of 15 LNs examined might be
recommended instead of 12 LNs in patients with stage I–III
RSCC [17]. Consistent with previous studies, we demonstrat-
ed that the increased LN yield was significantly associated
with higher rates of CSS and node positivity. However, the

Table 3 Clinicopathologic characteristics of patients stratified by number of LNs examined and factors associated with inadequate lymph node harvest
(n = 17,385)

Variable* LNs examined < 19 (n = 9697) (%) LNs examined ≥ 19 (n = 7688) (%) P value# OR (95% CI) P value

Age (years) < 0.001

≤ 50 472 (4.9) 570 (9.8) 1.00 (reference)

51–70 3057 (31.5) 2982 (38.8) 1.57 (1.38–1.79) < 0.001

> 70 6168 (63.6) 3956 (51.5) 2.41 (2.13–2.73) < 0.001

Gender 0.313

Male 4527 (46.2) 3530 (45.6) –
Female 5170 (53.8) 4158 (54.4)

Race (n = 17,355) 0.311

White 8297 (85.7) 6535 (85.2) –
Nonwhite 1384 (14.3) 1139 (14.8)

T stage 0.067

T3 8339 (86.0) 6685 (87.0) –
T4 1358 (14.0) 1003 (13.0)

Tumor grade (n = 17,096) 0.033

Well/moderately 7619 (80.0) 5961 (79.4) 1.00 (reference)

Poorly 1902 (20.0) 1614 (20.6) 0.94 (0.87–1.02) 0.116

Histology 0.005

Adenocarcinoma 8250 (85.1) 6413 (83.4) 1.00 (reference)

Mucinous carcinoma 1331 (13.7) 1189 (15.5) 0.93 (0.85–1.02) 0.111

Signet ring cell 116 (1.2) 86 (1.1) 1.13 (0.85–1.51) 0.411

Tumor size (mm) (n = 16,894) < 0.001

≤ 50 5712 (60.8) 3643 (48.6) 1.60 (1.50–1.70) < 0.001

> 50 3689 (39.2) 3850 (51.4) 1.00 (reference)

Preoperative CEA level (n = 10,098) 0.069

Elevated 2090 (38.1) 1680 (36.4) –
Normal 3390 (61.9) 2938 (63.6)

Year of diagnosis < 0.001

2006–2007 2358 (24.3) 1347 (17.5) 1.00 (reference)

2008–2009 1983 (20.4) 1519 (19.8) 0.75 (0.68–0.83) < 0.001

2010–2011 1885 (19.4) 1545 (20.1) 0.70 (0.63–0.77) < 0.001

2012–2013 1781 (18.4) 1628 (21.2) 0.63 (0.58–0.70) < 0.001

2014–2015 1690 (17.4) 1649 (21.4) 0.60 (0.54–0.66) < 0.001

No. of LNs examined (current guideline) – –
LNs < 12 2558 (26.4) 0 (0.0)

LNs ≥ 12 7139 (73.6) 7688 (100.0)

* Patients with unknown value or missing data in the above categories (race, tumor grade, tumor size, and preoperative CEA level) were excluded
# Pearson chi-squared test
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5-year CSS and LN positivity rates remained constant after 19
nodes in stage II RSCC. Therefore, we suggest that a mini-
mum of 19 LNs examined is necessary to consider a tumor as
node-negative. A risk of disease understaging should not be
neglected in patients with 12–18 LNs examined, who are al-
ways considered with a better survival according to the clini-
cal practice guideline and are, subsequently, not recommend-
ed to receive an adjuvant chemotherapy.

The potential reasons for survival benefits gained from an
increased LN yield were multifactorial, including accurate
nodal staging, enhanced antitumor immune response, im-
proved quality of curative resection and pathological exami-
nation, and tumor biological behavior (i.e., MSI status) [4, 6,
14, 23, 29–31]. Patients with LN metastasis might be errone-
ously identified as node-negative by improper LN harvest.
Adequate nodal evaluation could lead to stage migration and
therefore gain survival benefits derived from accurate staging
and adjuvant chemotherapy [6, 14]. Our data demonstrated a
pathological examination of at least 19 LNs minimized the
risk of nodal understaging, which might be the underlying
mechanism for optimal survival in patients with 19 or more
harvested LNs. However, this prevailing hypothesis based on

stage migration has been questioned by several recent studies
[29, 32]. They reported that the proportion node positivity
remained constant in colon cancer, despite the increasing LN
yield observed over time. But in stage II RSCC, it was evident
that patients diagnosed in later years were slightly more likely
to have more positive LNs to be examined (2014–2015 period
vs. 2006–2007 period: adjusted OR 1.08, 95% CI 1.00–1.16)
with a steep increase in LN yield (Table 3).

Another possible explanation for the association between
LN yield and survival is the enhanced antitumor immune re-
sponse, which has been proposed as a surrogate marker for
better survival [33]. A stronger host immune response could
be manifested as reactive enlargement of LNs, leading to
make them easier to find [15, 23, 34]. As constant with previ-
ous results, age at diagnosis and tumor size were found to
affect the LN yield in the present study [16, 18, 31, 35–37].
Older patients and those with small tumor size were less likely
to receive adequate LN evaluation. The adaptive immune re-
sponse within the regional LN basin may be less vigorous in
patients with older age or small tumor size [38, 39]. We spec-
ulated that aging and initially small tumor burden might elicit
a diminished antigenic immune response, modifying the LN

Fig. 2 Kaplan–Meier survival curves for patients with stage II RSCC according to number of LNs examined (< 12 vs. 12–18 vs. ≥ 19 nodes). a CSS in
derivation cohort. b OS in derivation cohort. c CSS in validation cohort. d OS in validation cohort
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size and therefore increasing the difficulty of LN harvest in the
mesentery. For patients with old age and small tumor size, we
believed that more LNs were still merited to examine because
of its association with improvement of 15.7% and 12.3% in
cancer-specific survival (5-year CSS for < 12 vs. ≥ 19 nodes:
old age, 69.3% vs. 85.0%; small tumor size, 77.6% vs.
89.9%). However, surgeons may perform less extended
lymphadenectomy on patients with older age or small tumor
size [40]. Actually, this operation could lead to inadequate LN
harvest and consequently affect the evaluation of nodal status
and immune response; therefore, it should not be advocated.

The LN yield has been served as a benchmark for evaluat-
ing the quality of curative resection and pathological exami-
nation, the extended mesocolic excision and high quality of
mesocolic dissection would increase the number of LNs ex-
amined [14, 31, 41]. The change in surgical techniques is most
pronounced for patients with RSCC, and the implementation
of complete mesocolic excision (CME) has been proposed to
improve oncological outcomes [42]. Compared with conven-
tional colonic resection, increased LN yield was performed in
the CME surgery [43, 44]. For patients with appendix and
transverse colon cancer, more extended lymphadenectomy
has been suggested to improve survival [36, 45], whereas we
found that appendix or transverse colon cancer was more like-
ly to be associated with fewer LNs examined. It is necessary to
comply with the principle of CME with central vascular liga-
tion (CVL) to reach an adequate LN harvest in tumors located
in the appendix and transverse colon. The skills of the pathol-
ogist and pathology techniques for harvesting LNs have been
confirmed to influence the LN harvest [4, 14, 46]. Careful
gross examination is necessary according to the recommenda-
tion from the College of American Pathologists [14]. The
quality of surgical resection and pathological examination is
the fundamental of adequate LN harvest. Standard surgical

technology and careful gross pathological examination are
suggested to harvest at least 19 LNs. Thereafter, the nodal
status and host immune response to the primary tumor can
be accurately evaluated, which will guide the follow-up treat-
ment plans.

There are several certain limitations meriting comment in
the current study. First, the SEER database does not collect
information reflecting the hospital volume (i.e., surgeon vol-
ume and experience of the pathologist) and others may im-
prove the quality of curative resection (i.e., advanced surgical
and pathology techniques: CME, laparoscope, fat clearance,
and so on), which have been confirmed to be associated with
the LN harvest [25]. Therefore, these hospital-related factors
could not be adjusted in our study. Second, no information
regarding the application and administration of adjuvant che-
motherapy was available. This may affect the survival differ-
ences among patients with different levels of LN evaluation.
Moreover, the indications for adjuvant chemotherapy based
on the LN yield could not be evaluated in our study.

Conclusions

Our population-based study provides the best evidence dem-
onstrating the significant association between the LN yield
and oncological outcomes in stage II RSCC when there is a
lack of prospective studies. A pathological examination of at
least 19 LNs could maximize survival benefit fromLN harvest
and minimize the risk of nodal understaging. Accordingly, we
suggested that a minimum of 19 LNs need to be harvested to
label a tumor as node-negative. Older age, small tumor size,
appendix, and transverse colon cancer were considered as
potential risk factors for an inadequate LN harvest. Only ap-
proximately 44.3% of stage II RSCC patients have undergone

Table 4 Number of LNs in relationship to lymph node status and relative risk of lymph node positivity in RSCC (T3-4N0-2M0, n = 31,621)

No. of harvested LNs No. of positive LNs
(T3-4N1-2M0, mean)

Positive LNs (%) N2 stage (%) OR* (95% CI) P value

Derivation cohort (n = 31,621)

< 12 2.83 41.6 11.7 0.84 (0.78–0.90) < 0.001

12–18 3.67 44.4 16.5 0.93 (0.88–0.97) 0.003

≥ 19 4.73 46.6 19.4 1.00 (reference)

P value < 0.001# < 0.001† < 0.001† –

Validation cohort (n = 19,405)

< 12 2.73 41.7 11.6 0.84 (0.76–0.93) 0.001

12–18 3.68 43.8 16.4 0.92 (0.86–0.98) 0.008

≥ 19 4.58 46.0 18.6 1.00 (reference)

P value < 0.001# 0.002† < 0.001† –

* Logistic regression model was adjusted for age at diagnosis, race, T stage, tumor grade, histological type, tumor size, and preoperative CEA level
#Wilcoxon rank-sum test
† Pearson chi-squared test
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adequate lymphadenectomy in the USA in the last decade.
More extensive resection (i.e., CME with CVL) and careful
gross examination should be recommended to accurately eval-
uate the nodal status and immune response in stage II RSCC
patients, especially in those with older age, small tumor size,
appendix, and transverse colon cancer.
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