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ABSTRACT
Background: Currently, the CAP protocol mandates evaluation of ≥12 Lymph nodes as a quality indicator for the adequacy of pathologic
examination of colorectal cancer resection specimens. Aim: To identify factors that may influence the lymph node yield in colorectal
cancer specimens and to compare with the relevant publications.
Methods: The retrospective study of seventy patients with loco-regional colorectal adenocarcinomas treated by standard surgical resection
from April 2015- April 2017 was included. All cases with inadequate lymph nodes had been re-grossed by another pathologist. Variables
like age, gender, primary site, type of surgery, specimen length, tumour size, grade and stage, neoadjuvant therapy and tumour site
perforation were evaluated for their impact on the average total number of nodes examined.
Results: Out of seventy, eleven [15.71%] patients had inadequate mean nodal yield [MNY]. Of these eleven patients, MNY was greater
in males [6.6] than in females [6.4]. MNY was lesser in patients with age >50years [5.71] than patients ≤ 50 years [8]. The yield increased
exponentially with increasing tumour stage and tumour size. Yield was higher in tumours with perforation. Specimens longer than
20cm had a higher yield [7.29] than in shorter specimens [5.25]. The yield was lesser when tumour is located more distally [APR:4.5
and AR &sigmoid colectomy:7.7]. Seven patients had taken neoadjuvant therapy [63.6%] of whom, six had moderately differentiated
adenocarcinoma & one had no tumour.
Conclusion: Factors like neoadjuvant therapy, age & gender of the patient, type of surgery, length of the specimen, tumour size, grade,
stage, site & perforation, affect the MNY in colorectal cancers.
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Introduction

The presence of at least 12 lymph nodes in a surgical
resection is among the key quality measures for colon
cancer care in the United States, as listed by the National
Quality Forum in the year 2007. [1]
Examination of at least 12 lymph nodes is recommended
by tumour node metastasis [TNM] staging system,
developed, and maintained by the Union for International
Cancer Control [UICC] and American Joint Committee on
Cancer [AJCC] for adequate colorectal cancer staging. [1]
Cases with inadequate lymph node include ones with less
than twelve.
Adequate numbers of lymph nodes are essential for accurate
staging. Lymph node metastasis affects the prognosis and
helps in the management of the patient, particularly the
need for adjuvant chemotherapy.[2]
Lymph node yield is affected by numerous factors related
to the patient, the tumour, surgical and histopathological
practice. [2]

The accuracy and predictive value of stage II are directly
depending on two modifiable factors:
1) Surgical technique in dissecting all regional nodes and
2) Pathologic examination of the resection specimen in
identifying and harvesting all regional lymph nodes
for microscopic assessment.[1]
Despite recommendations, inadequate lymph nodes
evaluation is common. Inadequate Lymph nodes staging
in colorectal cancer can potentially lead to under staging
patients and insufficient adjuvant treatment. These cases
should be re-grossed by another pathologist so that
additional lymph nodes are found, which leads to correct
staging.
Several studies state multiple factors associated with better
and higher lymph node yield such as patient characteristics
(age, sex, ethnicity), gross characteristics (tumour
size and location), microscopic tumour characteristics
(differentiation grade, tumour invasion) and surgeon factor,
but all show debatable results.
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This study is aimed to review the various factors that
influence lymph node yield in colorectal cancer cases and
to compare with the relevant published data.

Materials and Methods

In this retrospective study, we included 70 patients aged
between 26 and 86 years who had locoregional primary
invasive colorectal adenocarcinoma treated at our
Institution between April 2015 and April 2017.
All patients were staged according to the 7th edition of the
AJCC TNM staging system. [1, 3]
Inclusion criteria included patient with locoregional primary
colorectal adenocarcinoma with the primary site being
sigmoid colon, rectosigmoid junction and rectum. Patients
with and without neoadjuvant therapy were included.
Exclusion criteria included patients presenting with
pathologies other than adenocarcinoma, patients with
metastatic disease in the colon, patients who had undergone
right colectomy, total colectomy, or palliative surgery.
In this study, a comprehensive literature review using the
search terms of “lymph-node” and “colorectal” or “colon”
or “rectum” or “rectal” was done to find out the major
related studies for discussing the manuscript. Articles in
non-English language or with unavailable full text were
excluded. Informative abstracts were included.
The mean number of total lymph nodes examined was
initially calculated. Subsequently, the percentage of
patients who had at least 12 nodes examined and the
percentage of patients who had less than 12 lymph nodes
in their pathologic report were determined.
All potential tumour (anatomical site, tumour size, grade,
bowel perforation and the number of involved lymph
nodes), patient (age and sex) and treatment (type of surgery
and neoadjuvant treatments) characteristics were evaluated
for their impact on the average total number of lymph node
examined.

Results

All patients with primary colon cancer were treated with
standard curative surgical resection. A total of 1548 lymph
nodes were identified in the 70-resection specimen with
a median of 22.11 lymph nodes per patient (range 0–72
lymph nodes) (table 1)
Lymph node yield was adequate in 59 patients (84.2%)
and 11patients (15.71%) had inadequate yield. Thirty-two
(84.21%) male patients had adequate yield, 6 (15.79%) had
inadequate yield. Twenty-seven (84.38%) female patients
had adequate lymph node yield, whereas 5(15.62%)
patients had inadequate yield.

Twenty-three (32.85%) patients were ≤ 50 years. Amongst
them, 19 patients (82.6%%) had adequate yield and
4 patients (17.4%) had inadequate yield. Forty-seven
patients (67.14%) were more than 50 years old. Out of 47
patients, 40 patients (85.10%) had adequate yield, whereas
7 patients (14.9%) had inadequate yield.
Thirty patients (42.85%) had tumour location in the
sigmoid colon and rectosigmoid junction. Of them, twentyseven patients (90%) had adequate yield and three (10%)
had inadequate yield. Of 40 patients (57.14%) with tumour
location in the rectum, 32 patients (80%) had adequate
yield and 8 patients (20%) had inadequate yield.
Fifty-four patients (77.14%) undergone sigmoid colectomy
and anterior resection surgery. Of them, forty-seven
patients (87.04%) had adequate yield and seven (12.96%)
had inadequate yield. Of sixteen patients (22.85%) who had
undergone APR surgery, 12 patients (75%) had adequate
yield and 4 patients (25%) patients had inadequate yield.
There were two cases each in pT0, pTIS and pT1
respectively (2.86% each). Each stage had 1 case with
adequate and an inadequate yield (50% each). Fourteen
patients (20%) had stage pT2, with 11 patients (78.57%)
having adequate yield and 3 (21.43%) having inadequate
yield. Forty patients (57.14%) had stage pT3, of which, 37
patients (92.5%) had adequate yield and 3 (7.5%) patients
had inadequate yield. Ten patients (14.29%) had stage pT4;
eight patients (80%) amongst them had adequate yield and
2 patients (20%) had inadequate yield.
Thirty-three patients (47.14%) had tumour size ≤5 cm. Of
them, twenty-seven patients (81.82%) had adequate yield
and 6 patients (18.18%) had inadequate yield. Thirtyseven patients (52.85%) had tumour size >5cm, 32 patients
(86.49%) amongst them had adequate yield and 5 patients
(13.51%) patients had inadequate yield.
Fifty-five patients (78.57%) had low-grade tumour (54
patients had moderately differentiated adenocarcinoma +
1 had well-differentiated adenocarcinoma). Amongst them,
46 patients (83.64%) had adequate yield and 9 patients
(16.36%) had inadequate yield.
Thirteen patients (18.57%) had high-grade tumour
(poorly differentiated adenocarcinoma). Of them, 12
patients (92.30%) had adequate yield and one (7.7%) had
inadequate yield. Two patients (1.43%) had no tumour (no
residual tumour post neoadjuvant therapy).
Tumour site perforation was present in 10 patients
(14.28%). Of them, eight (11.42%) had adequate yield and
two (2.86%) had inadequate yield. Sixty patients (85.72%)
had intact tumour site wall, without perforation. Of them, 9
patients (12.86%) had inadequate yield.
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Twenty-one patients out of these seventy received
neoadjuvant chemoradiation followed by curative-intent
surgery. All patients receiving neoadjuvant chemoradiation
underwent standard curative surgery with at least 4-6 weeks
interval. Twenty-one patients (30%) had taken neoadjuvant
therapy. Of them, seven patients (33.33%) had inadequate
yield (Table 2).
In eleven patients with inadequate lymph node yield, male
patients had MNY of 6.6 and female patients had MNY
6.4. Patients with age >50years had a lesser nodal yield of
5.71 compared to patients with age less than or equal to 50
years with a nodal yield of 8.
Patients who had undergone APR surgery had a MNY of
4.5 and patients who had undergone AR surgery & rectosigmoid colectomy had a yield of 7.7. Yield increased with

tumour stage (6,7.3,7.6 and 10 with pT1, pT2, pT3 and
pT4 stages). The yield increased with tumour size (8 with
tumour with >5cm and 5.3 with tumour with less than or
equal to 5 cm). Nine patients had moderately differentiated
adenocarcinoma (low-grade tumour), one had poorly
differentiated adenocarcinoma [high-grade tumour] and
one patient had no residual tumour. The yield was higher
in tumour’s with perforation (mean lymph nodal yield:10)
than in tumours without perforation (MNY: 5.77). The
yield was higher in tumours with specimen length more
or equal to 20 cm (MLY: 7.29) than in tumours with lesser
than 20cm length [mean lymph nodal yield: 5.25].
Of these eleven patients, seven patients (63.6%) had taken
neoadjuvant therapy (MNY: 6.7%). Amongst them, six
patients had moderately differentiated adenocarcinoma &
one had no residual tumour.

Table 1: Case distribution and analysis of various factors on MLY along with ‘p’ value calculation:
Factors
1.Gender:

Adequate cases

Inadequate cases

p’ value

Male
Female

32
27

6
5

0.77

≤ 50 years
>50 years

19
40

4
7

0.74

32
27

8
3

0.33

12
47

4
7

0.25

45
14

4
7

0.008

1
1
1
11
37
8

1
1
1
3
3
2

27
32

6
5

1

1

Low Grade

46

9

High Grade

12

1

2.Age:

3.Primary site:
Rectum
RSJ and Sigmoid colon
4.Type of surgery:
APR
AR & SC
5.Specimen length:
≤ 20 cm
>20 cm
6.Primary tumor stage
T0
TIS
T1
T2
T3
T4
7.TUMOR SIZE
</= 5cm
>5 cm
8.Tumor Grade
No Residual tumor
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Factors
9.Tumor site perforation

Adequate cases

Inadequate cases

p’ value
0.65

Absent

51

9

Present

8

2

10.Neoadjuvant therapy
Yes

14

7

No

45

4

0.013

TABLE 2: Factors affecting the Lymph node yield in specimen with inadequate lymph node yield are as under:
Factors

Number of patients

Inadequate Lymph nodes yield

Male

6

6.6

Female

5

6.4

≤50 years

4

8

>50 years

7

5.71

Rectum

8

6.75

RSJ and Sigmoid colectomy

3

6

Anterior resection and sigmoid colectomy

7

8.4

Abdominoperineal resection

4

4.5

T0

1

0

T1

1

0

T2

3

7.3

T3

3

7.6

T4

2

10

≤ 5cm

6

5.3

> 5cm

5

8

No

1

0

Low Grade

9

7.2

High Grade

1

7

ABSENT

9

5.77

PRESENT

2

10

<20 cm

4

5.25

≥ 20 cm

7

7.29

Yes

7

6.7

No

4

6.25

1.Gender

2. Age

3. Primary site

4.Type of surgery

5. Primary tumour stage

6. Tumour Size

7. Tumour Grade

8. Tumour site perforation

9. Specimen length

10. Neoadjuvant therapy
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Discussion

Inadequate lymph node examination is a common pitfall
in the pathologic staging of colorectal cancer. This staging
defect causes a great clinical challenge for predicting
the prognosis and determining adjuvant treatments. The
standard management for patients with stage III colorectal
cancers includes curative surgery combined with adjuvant
therapy. Retrieval of inadequate lymph node examination
may classify patients with actual stage III disease as stage
I or II diseases. They might thus be deprived of optimal
treatment. [3] Studies have shown that conventional
pathologic examination of increased numbers of lymph
nodes is itself associated with an increased survival
advantage in stage II disease, indicating optimal dissection
by pathologists. [3, 4]
In 2007, the National Quality Forum listed the presence
of at least 12 lymph nodes in a surgical resection among
the key quality measures for colon cancer in the United
States. If less than 12 lymph nodes are found, re-grossing
is recommended. [3]
In the multidisciplinary tumour board meeting, conducted
every month, if the lymph node yield is less than 12,
surgical colleagues show their dissatisfaction.
The NCCN recommends that if initially <12 lymph nodes
are found, then the pathologist should go back again to
the specimen and submit more tissue. If still, the yield
is inadequate, then a comment should be included in the
report stating about the extensive search. [3]
The number of lymph nodes retrieved from a specimen
of colorectal carcinoma may vary. Factors that can affect
lymph node yield are age of the patient, obesity, location
of the tumour, neoadjuvant therapy, surgical technique, and
pathologist’s handling of the specimen. In the literature,
distal colonic cancers, early-stage, age, sex, BMI, and
type of operation are factors that influence the lymph node
yield. [1-2, 4-7]
In a study by Deodhar et al, distal colonic location, small
tumour volume, early-stage, neoadjuvant or preoperative
radiotherapy were factors adversely affecting the lymph
node yield. In this study, 13 of the total 61 cases [21.3%],
histopathology reports mentioned specifically that a relook
gross examination/or extensive search for nodes has been
carried out. [4]
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for colorectal cancer was associated with the length of
the resected segment, patient age, tumour location and
characteristics, neoadjuvant therapy. [2, 6] These findings are
consistent with our study.
In a multi-centric randomized study done by Mekennamp
L et al, factors associated with the decreased number of
lymph nodes were age >60 years, obese patient, low
invasion/depth of tumour, poor differentiation grade of the
tumour, and absence of lymphoid reaction. [7]
A study by Rajput et al. showed that 92% of National
Comprehensive Cancer Network [NCCN] centres had
achieved a benchmark of >12 lymph nodes. In this study,
Stage I disease, or left colon primary site all were less
likely to meet the target of 12 lymph nodes.[8] The results
were comparable.
In our study, cases with high tumour grade and even cases
with low tumour grade had a yield of 7, contradicting the
available literature. This may be due to the lesser number
of cases having a high-grade tumour.
In the study by Chou et al, the MNY [+/- SD] was 12 [+/9.3]. In their study, they concluded that patients with rectal
cancer and older patients who had distally located, early
colon cancer were less likely to meet the benchmark yield
of 12 lymph nodes. Lymph node yield is influenced by the
extent of mesenteric resection, the pathologic technique,
patient age, and tumour location. Also, tumour location
and radiotherapy were significant predictors of lymph node
yield in their study. [8]
In our study, 57.14 % of patients had rectal cancers,
amongst them 20% had inadequate lymph node yield.
In the study by Leung et al., the operating surgeon and
examining pathologist had a significant impact on the
number of lymph node harvested whereas the factors
like age, T stage, previous surgery, and surgical approach
[laparoscopic vs open surgery] did not affect lymph node
yield. [9]
In the study by Morcos et al, preoperative chemoradiotherapy,
distal rectal cancer and female sex adversely affected the
lymph node yield. Although age, tumour stage and grade,
type of operation, and surgical delay did not affect the
number of lymph nodes removed in this study. [10]

In the review article by Ong et al and Wong S L et al, the
number of lymph nodes obtained in resection specimen

In the study by E Orsenigo et al, higher lymph nodes
counts were associated with female sex, right colon cancer,
emergency surgery, pT3-T4 diseases, higher tumour size,
and resected specimen length. In our study, the male gender
had a relatively higher yield, other results were comparable.
They concluded that multiple tumour factors and patient
factors are associated with lymph node yield, but only the
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We had a total 11 cases with MNY less than 12 nodes,
but only one [0.90%] histopathology report mentioned
specifically about the extensive search for lymph nodes.
Other findings were consistent with our results.
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removal of at least 12 lymph nodes will reliably determine
lymph node status. [11]

staging patients & making them receive appropriate
treatment.

In a retrospective study by Shen S S et al, MNY decreased
with increasing age. Our study had similar results. [12]

Acknowledgements
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prognostic factor, rather than as a pointer of poor diligence
of the surgical and pathological assessment. [13]
Fat clearance techniques using xylene, acetone and
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Conclusion

The lymph node yield is influenced by various factors.
Lymph nodes may be more difficult to identify in
specimens from patient who are elderly, with APR type
of surgery, lesser tumour load (size and stage), absence of
perforation at the tumour site, shorter specimen length and
after neoadjuvant therapy.
If fewer than 12 Lymph nodes are found, further
investigation by re-grossing the specimen for additional
lymph nodes by another pathologist should be considered
and if still inadequate it should be mentioned in the report.
MNY can be increased by investment of time and good
technical skill of lymph node dissection, thereby accurately
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