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Abstract: Accurate diagnosis of lymph node (LN) metastasis is important to determine the staging and consequent 
treatment of resected colorectal cancer. Therefore, factors influencing the number of retrieved LNs were explored. 
This study included 400 patients that underwent surgical resection for Stage 0-III colorectal cancer from 2009 to 
2014 in Kochi Medical School. In all cases, surgeons retrieved the LNs within the resected mesentery immediately 
after the operation without fixation. Age, gender, body mass index (BMI), American Association Anesthesiologist 
(ASA) scores, tumor locations, maximum tumor diameters, nodal status, and pathological tumor types were ex-
tracted as patient and tumor factors. The extent of LN dissection and surgical approaches (laparoscopic or lapa-
rotomy) were extracted as operative factors. Multivariate regression analysis was performed to identify independent 
predictive factors for LN number retrieved, after potential influential factors were explored by univariate analysis. 
As results, we found that the median number of retrieved LNs was 13, ranging from 1 to 50. Approximately 60% 
of the patients thus received an adequate examination (LN number of 12 or more). Multivariate analysis using the 
remaining factors of univariate analysis identified BMI, tumor diameter, nodal status, and extent of dissection as 
independent predictive factors for the number of retrieved LNs (P < 0.05). If any or all these factors are present, a 
vigorous search for LNs using additional measures, such as visual enhancement and fat dissolution method, should 
be considered.
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Introduction

Colorectal cancer is the third most common 
cancer and the fourth highest cause of can- 
cer-related death worldwide [1]. Resection of  
the involved bowel and regional lymph nodes 
(LNs) provide the chance of cure. Furthermore, 
postoperative adjuvant chemotherapy for no- 
de-positive colon/rectal cancer improves dis-
ease-free survival rates [2, 3], highlighting the 
importance of accurate postoperative tumor 
staging. 

According to the College of American Patho- 
logists Consensus Statement 1999, surgeons/
pathologists should aim to obtain 12 or more 
LNs to diagnose and predict regional node neg-
ativity [4]. Examining fewer LNs might result in 

underestimating the tumor stage and conse-
quently preclude the opportunity for patients to 
receive adjuvant chemotherapy. From this view-
point, guidelines recommend adjuvant chemo-
therapy for patients with Stage II colon/rectal 
cancer with inadequate nodal examination [5, 
6]. Conversely, this recommendation suggests 
that inadequate examination could result in 
overtreatment for a certain proportion of 
patients, and an increased number of retrieved 
LNs might reduce such unnecessary treatment 
[7].

A wide range of minimal number for LN retrieval 
has been proposed. An outstanding study 
claimed that a vigorous search within resected 
specimens yielded an average higher than 50 
LNs in 52 consecutive patients [8]. Based on 
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the numbers reported in this study, more than 
40 nodes have to be examined in T1/T2 tumors 
to diagnose node-negativity with 85% probabil-
ity [9], and the probability is only 25% when 18 
LNs are retrieved in the setting of T1/T2 tumor. 
Despite the discussion of ‘diminishing returns’ 
to detect LN metastasis beyond 12 lymph 
nodes [10], these surprising estimations should 
not be neglected in attempts to further improve 
diagnostic accuracy.

Despite recognition of its importance, the num-
ber of retrieved LNs is far from satisfactory as 
an indicative factor of tumor stage. According 
to a population-based study in the United 
States covering 116,995 colorectal cancer 
patients from 1988 to 2001 [11], only 37% 
received adequate nodal examinations, with a 
median harvested node number of 9. For spe-
cialized institutes, the mean or median num-
bers of the retrieved LNs could exceed 20 [12-
14]. However, nearly 20% of the patients in 
those studies still underwent inadequate test-
ing, revealing the difficulties in fulfilling this 
quality criterion.

In this study, as an initial step to improve nodal 
examination, we aimed to elucidate the factors 
influencing the number of examined LNs after 
colorectal cancer. Several such factors have 
been proposed, including the patients’ age at 
operation, gender, ethnicity, body mass index 
(BMI), length of resected intestine, use of pre-
operative tattooing, and patients’ general con-
dition. However, these previous studies often 
failed to take into account the effect of con-
founders in statistical analyses. Consequently, 
the interpretation of individual results becomes 
difficult, especially when the results are incon-

We believe that these two characteristic fea-
tures of the present study make the results and 
interpretation uniquely valuable.

Patients and methods

Enrolled patients and analyzed data

We retrospectively analyzed the clinical infor-
mation of 400 patients who underwent surgi- 
cal resection of colorectal adenocarcinoma 
with curative intent. The clinical information 
available included the patients’ age, gender, 
body mass index (BMI), American Anesth- 
esiology Association Scores (ASA scores), site 
of the tumor, T factors, nodal status, maximum 
tumor diameters, pathological types, the ex- 
tent of lymph node resection according to the 
Japanese Classification of Colorectal Carcin- 
oma (8th edition) [15], surgical approaches 
(laparotomy or laparoscopic), and the number 
of examined LNs.

Patients with metastatic cancer or synchro-
nous colorectal cancers in different segments 
of the large intestine were excluded, because 
these factors significantly alter the surgical 
strategy. When patients lacked data for the 
number of harvested lymph nodes or the cases 
were missing more than two clinical variables, 
they were also excluded from the analysis. This 
study was approved by the Institutional Review 
Board in Kochi University (ID: 28-75).

Classification of lymph node dissection during 
surgery

According to the Japanese classification sys-
tem, D3 dissection of lymph nodes is roughly 

Table 1. Tumor and patient characteristics
Variable n
Gender (female/male) 400 179/221
Age, year (mean ± SD) 400 70.1 ± 11.9
BMI, kg/m2 (mean ± SD) 399 22.8 ± 3.7
ASA (1/2/3) 400 52/283/65
Tumor location (right/left/transverse) 398 89/262/47
Tumor diameter, cm (mean ± SD) 397 37.6 ± 20.4
T factor (Tis/T1/T2/T3/T4) 398 14/82/80/166/56
Nodal status (negative/positive) 400 294/106
Pathological tumor type (well & mod/others*) 400 385/15
Surgical approach (laparoscopic/laparotomy) 398 322/76
Lymph node dissection (D1/D2/D3) 392 22/184/186
*others included poorly differentiated, mucinous, and signet ring cell carcinomas.

sistent. Therefore, we select-
ed a multivariate analysis 
approach for this retrospec-
tive study. Most of the previ-
ous studies were conducted 
in European countries and 
the United States, wherein 
LN retrieval is performed 
mainly by pathologists or 
technicians after formalin fix-
ation. In contrast, the pres-
ent study required all proce-
dures for LN retrieval to be 
performed by surgeons im- 
mediately after the resection 
without fixation, resulting in 
fresh samples for analyses. 
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defined as the removal of LNs along the tumor-
feeding artery and further draining nodes 
around the superlative mesenteric vein or infe-
rior mesenteric artery, depending on the tumor 
site. D2 dissection is defined as removal of LNs 
from the intestine to the root of the feeding 
artery (e.g. ileocolic artery, right colic artery), 
whereas D1 dissection is the removal of para-
colic or pararectal LNs.

Method of lymph node retrieval

All the procedures for LN retrieval were per-
formed immediately after the operation by sur-
geons. First, the mesentery was carefully 
removed from the intestine. Then the peritone-
um of the mesentery was cut, the connective 
tissue was dissected, and the LNs within adi-
pose tissue were collected. The identified 
nodes were fixed with 10% formalin and sent 
for pathological examination. Additional tech-
niques to enhance LN retrieval were not applied 
during the study period.

Statistical analysis

To evaluate association between number of 
retrieved LNs and clinical/tumor characteris-
tics, we first analyzed the number of retrieved 
LNs relative to each clinical/tumor characteris-
tic by univariate linear regression. If a continu-
ous variable was not normally distributed, we 
used the variable after log-transformation. 
Then, multiple regression analysis was per-
formed to determine the independent predict-
ing factors for the number of the retrieved LNs. 

Potential independent predicting factors were 
selected using a backward computational 
method with an exclusion criterion of P > 0.20. 
A two-sided P value of less than 0.05 was con-
sidered statistically significant. All statistical 
analysis was performed using JMP 11.2.1 (SAS 
Institute Inc., Cary, NC, USA).

Results

Patients and tumor characteristics

From 2009 to 2014, 425 patients underwent 
surgical resection for Stage 0-III colorectal ade-
nocarcinoma in our institute. Among them, 400 
patients were eligible for statistical analysis 
(Table 1). Stage II and III colorectal cancer was 
predominant and the laparoscopic surgery was 
chosen more than 80% of the cases. The medi-
an number of retrieved lymph node was 13, 
and approximately 60 percent of the patients 
received adequate LN examination in terms of 
the number (Figure 1). Since the number distri-
bution of retrieved LNs was skewed to the right 
in this study, log-transformation for the number 
of the retrieved LNs was used when needing a 
dependent variable in the regression model.

Univariate and multivariate analysis

Factors influencing lymph node retrieval were 
explored via univariate analysis (Table 2). 
Patient age at diagnosis, ASA score, BMI, T fac-
tor, tumor diameter, nodal status, tumor loca-
tion, and the extent of resection were identified 
as potential influential factors (P < 0.05). 
Patient gender and surgical approach were  
not significantly related to the number of 
retrieved LNs. Among the factors identified, we 
consider that T factor and tumor diameter were 
related to each other, thus only tumor diameter 
was included in further analysis. Multivariate 
analysis revealed that BMI, tumor diameter, 
nodal status, and the extent of resection were 
statistically significantly independent factors 
predicting the number of LNs retrieved after 
variable selection with a backward selection 
method. BMI was negatively associated with 
the number of retrieved LNs and its regression 
coefficient was -0.031, which means that the 
number of retrieved LNs was decreased by 
approximately 3.1% if the BMI increased by a 
mean of 1.0, while all other variables retained 
the same. Similarly, the unit change of tumor 
diameter, nodal status, and lymph node dissec-
tion was statistically significantly associated 

Figure 1. The number of retrieved lymph nodes  
after colorectal cancer resection. The median num-
ber of LNs retrieved from the resected specimen 
is 13 (range 1-50), and 58.5% (234 out of 400) of 
the patients had adequate lymph node retrieval. 
Because the histogram does not show the normal 
distribution, the value underwent logarithmic trans-
formation.
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with increases of 0.4%, 20%, 40% (lymph node 
dissection, D2 vs. D1), and 88% (lymph node 
dissection, D3 vs. D1), respectively.

Discussion

Despite the importance of accurate tumor stag-
ing for decision-making around postoperative 
adjuvant chemotherapy, a significant propor-
tion of resected colorectal cancers are inappro-
priately diagnosed in terms of the number of 
retrieved LNs [11]. To address this problem we 
sought to identify factors influencing the num-
ber of retrieved LNs based on known indicators 
of tumor stage and outcomes. The results sug-
gest that BMI, tumor diameter, nodal status, 
and the extent of resection are independent 
predictive factors for the number of retrieved 
LN. In contrast, age, gender, tumor location, 
pathological tumor types, ASA, and surgical 
approaches showed no significant relationship 
with the number of retrieved regional LNs 
accompanying colorectal cancer resection.

There is no doubt that the extent of LN dissec-
tion influences the total number of retrieved 
LNs. In the present study, tumor diameter was 
also related to the number of retrieved LNs, 
consistent with previous studies [16]. It is 
therefore reasonable to suggest that larger 
tumors could provoke stronger inflammatory 

tributor to the lower number of resected LNs 
observed in the elderly. Our study results  
more strongly support the latter hypothesis 
because we included surgical variables in the 
analysis.

Our finding that patient BMI correlates with the 
number of yielded lymph nodes accords with 
the proposal that finding lymph nodes is more 
difficult when the mesentery is thick with adi-
pose tissue, although few studies have focused 
on this association or its impact (Table 3). 
Linebarger et al. [13] retrospectively studied 
401 patients who underwent surgical resection 
of colon cancer in their institute, with the num-
ber of retrieved lymph node analyzed according 
to patient BMIs. Different from our study, their 
results revealed no differences in retrieved 
lymph node number among different BMI 
groups, although the surgical time was signifi-
cantly longer in higher BMI patients. The 
authors claimed that the same quality of sur-
gery was possible even in the patients with 
higher BMIs, although technical difficulties 
increased with increased BMIs [13]. Damadi et 
al. [19] produced similar findings of comparable 
numbers of retrieved nodes between the 
patients with BMI more and less than 30. In 
contrast, Kuo et al. [12] associated patient 
BMIs less than 18.5 with an increased number 
of retrieved LNs in Asian patients with Stage III 

Table 2. Univariate and multivariate analysis to identify predictive vari-
ables for influencing the number of retrieved lymph nodes

Variable
Univariate Multivariate logistic regression analysis

P value Coefficient SE P value
Gender 0.5963
Age 0.0212 -0.0048 0.0027 0.073
ASA 0.0197 (2 vs. 1) -0.13 0.089 0.14 

(3 vs. 1) -0.16 0.11 0.15 
BMI < 0.0001 -0.031 0.0079 0.0001
Tumor location* 0.0026 (L vs. R) -0.13 0.07 0.06 

(T vs. R) -0.19 0.1 0.08 
Pathological tumor type** 0.4487
T factor*** 0.0023
Tumor diameter 0.0001 0.004 0.0015 0.0079
Nodal status 0.0002 0.18 0.064 0.0048
Surgical approach 0.9053
Lymph node dissection 0.0001 (2 vs. 1) 0.34 0.13 0.00

(3 vs. 1) 0.63 0.13 < 0.0001
*L: left side colorectal cancer, R: right side colon cancer, T: transverse colon cancer. 
**Well-, and Moderately differentiated adenocarcinoma vs. poorly differentiated, muci-
nous adenocarcinoma, and signet ring cell carcinoma. ***T factor was excluded in the 
present study because it is correlated with tumor diameter.

responses, causing lym- 
ph node enlargement, 
resulting in easier det- 
ection of larger LNs with-
in the connective tissue. 
Similarly, LN metastasis 
could induce node swe- 
lling, and consequently 
easier detection of LNs.

Whether age predicts 
fewer retrieved LNs has 
been controversial [11, 
17], and physiological in- 
volution of LNs or dimin-
ished immune respons-
es with aging has been 
associated with fewer 
retrieved LNs in elderly 
patients [16]. Meanwhile, 
older patients generally 
undergo less aggressive 
surgery compared to yo- 
unger patients [18], wh- 
ich could be a major con-
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colon cancer, and revealed tumor location, his-
tological grade, and extent of nodal involve-
ment (Stage IIIC) as important variables for 
adequate LN retrieval. Similarly, through the 
retrospective study of 181 patients with rectal 
cancer, Görög et al. [20] identified BMIs over 25 
as a risk factor for fewer numbers of retrieved 
LNs [20].

The discrepancy among studies in the factors 
related to the adequacy of LN retrieval might 
stem from how the confounders were treated, 
based on the multitude of related factors 
shown by this study to play a role. Another 
cause could be differences in methods for 
searching the LNs. Some studies applied the 
visual enhancement or fat cleaning technique 
[13, 19], while others used solely manual tech-
niques [12, 20]. In the former case, it is possi-
ble that LN retrieval could have been performed 
more thoroughly in patients with high BMI com-
pared to the latter study types, resulting in the 
equivalent number of LNs between low and 
high BMI patients. Such a scenario should 
therefore be considered and additional tech-
niques might need to be used to retrieve LNs 
following resection to overcome the problem of 
‘small numbers of LNs in patients with higher 
BMI’.

When considering the clinical importance of 
the four factors identified herein within the con-
text of tumor prognosis, negative lymph node 
status and less tissue invasion are related to 
better prognosis. Accordingly, a lower extent of 
LN dissection (D2) is often used in patients 
with a preoperative diagnosis of T1, N0 colorec-
tal cancer. In contrast, obesity or high BMI 

could also influence the biology of colon can-
cer. Obesity increases the risk of colon cancer 
[21], is associated with a more advanced stage 
at diagnosis [22], and predicts poor prognosis 
in patients receiving adjutant chemotherapy  
for Stage II and III colon cancer [23]. In the 
present study, we found that the number of 
retrieved LNs decreased by approximately 3.1% 
with a BMI increase of 1.0, suggesting that 
patients with higher BMIs have more chance  
of stage migration and thus miss the opportu-
nity of adjuvant chemotherapy. Thus, in the 
broader discussion, higher BMI might hamper 
the accurate estimation of prognosis, leading 
possibly to inappropriate treatment and a 
worse prognosis, highlighting patient BMI as a 
major factor to consider in the treatment for 
colorectal cancer.

This study has several limitations. First, infor-
mation concerning tattooing was not recorded 
in our database. Preoperative submucosal tat-
tooing near the tumor is applied when laparo-
scopic surgery is planned for relatively early-
stage colorectal cancer so that the tumor is 
readily identified during laparoscopic surgery. 
This technique is also applied to identify the 
sentinel lymph nodes and could thus influence 
the number of retrieved lymph nodes. Including 
this information could potentially alter the 
results of the present study [24, 25]. Second, 
we could not include information about the sur-
geons who performed the studied resections, 
however the influence of this type of data 
should be minimal because two experienced 
surgeons performed > 75% of the cases and 
the remaining procedures were carried out 
under their direct supervision. In addition, the 

Table 3. Studies focusing on patient BMI and number of LNs retrieved after resection of colon/rectal 
cancer

Reference n Tumor Method of LN 
retrieval Statistical analysis Findings

Linebarger et al. 401 Colon Fat cleaning solution 
after manual procedure

Comparison of LN number 
among 6 groups divided accord-
ing to BMIs

No relationship between BMI and LN number 
Longer operation time in patients with higher 
BMI

Damadi et al. 191 Colon Visual enhancement 
(Carnoy’s solution)

Pearson’s product moment 
coefficient 

No relationship between BMI and LN number

Kuo et al. 645 Colon Manual procedure Logistic regression analysis to 
identify the predictive factors for 
the adequacy of LN retrieval

Underweight is related to increased LN number. 
Tumor location, histological grade, and extent of 
nodal involvement are important variables

Gorog et al. 141 Colorectal Manual procedure Univariate analysis after strati-
fication according to length of 
resected bowel

BMI ≥ 25 is a risk factor for the lower LN num-
ber in patients with shorter resected specimens

Present study 400 Colorectal Manual procedure 
before fixation 

Logistic regression analysis BMI, tumor diameter, nodal status, and extent 
of LN dissection are associated with LN number
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extent of the surgical resection was determin- 
ed according to the Classification of Colorectal 
Carcinoma widely used in Japan, which further 
lessens the surgeons’ factor influence.

In conclusion, our study is quite unique in that 
all LN retrieval was performed immediately 
after the resection by the responsible sur-
geons. The current study reveals that adequate 
LN examination was performed in approximate-
ly two thirds of similar patients in our institute, 
and this rate should be further improved. The 
findings indicate that smaller tumor diameter, 
less extensive surgery, node-negative tumor, 
and higher BMI are risks for a lower extent of 
LN retrieval, and in these cases, additional 
approaches should be considered to maximize 
the LN yield. 
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