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Abstract

Background: Lymph nodes’ examination in colorectal cancer (CRC) resection specimens is an important determinant
that aids in the accuracy of CRC staging and treatment outcomes. Current guidelines call for the examination of at
least 12 lymph nodes (LN) in resected specimens in order to establish accurate staging.

Aim: To investigate lymph nodes’ examination protocol as it relates to accurate CRC staging.

Methods: We reviewed 216 African American CRC patients from 1996–2013 who underwent CRC resection and met
inclusion criteria for this study. The number of retrieved LNs, length of resected specimens, tumor grade, stage,
location, size and histology were examined.

Results: The cohort study was made of 49 % males, median age was 63 years and 45 % of patients were at stage III
and IV. The median (IQR) number of examined LNs was 15 (10–22) and the rate of patients with more than 12
examined LNs was 64 %. There was a gradual increase in the percentage of patients with adequate number (>12) of
examined LNs during the study period (from 60 % in 1996–2000 to 84 % in 2010–2013 period, P = 0.014). Adequate
LNs resection was neither associated with shift of stage from II to III (P = 0.3) nor with the changes from stage IIIa to IIIc
(P = 0.9). Metastatic LNs were observed in 8 % of samples with LNs (>12) vs. 13 % of samples with <12 examined LNs
(P = 0.1). Patients that had pre-surgical treatment (chemotherapy and radiotherapy) before surgery had <12 LNs
examined. There was also a trend of having more examined lymph nodes in large tumors.

Conclusions: Our study shows that there has been an increase in the number of lymph nodes examined in CRC
resections since the advent of the current quality initiative. However this increase does not seem to affect the stage or
percentage of metastatic lymph nodes’ detection in CRC patients.
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Background
Colorectal cancer (CRC) is the third most common cancer
and the second most common cause of cancer related
deaths in both men and women in the United States
[1–3]. In 2013, it accounted for 102,480 new cases
and 50,090 deaths [4]. There are racial differences in CRC
incidence and mortality, when compared to other races,
African Americans (AAs) are disproportionately affected
and have a greater burden from this disease [5].
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In 2011, AAs had the highest incidence of CRC (Male:
62.3/100,000 persons and Female: 47.5/100,000 persons)
when compared to Non-Hispanic Whites (Male: 49.6/
100,000 persons and Female: 37.3/100,000 persons) [6].
They also have poorer outcomes and are more likely to
die from CRC when compared to other races [3]. Several
studies have shown that AAs are more likely to be
diagnosed with advanced stage CRC and to have poorer
survival rates after diagnosis compared to whites [7–9].
One of the parameters used for CRC staging is the

evaluation of lymph nodes to determine if they are posi-
tive or negative for cancer. In patients with non-
metastatic CRC, lymph nodes’ status is the strongest
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pathologic predictor of patient outcome [10]. Several
studies have demonstrated increased survival in patients
who had a high number of lymph nodes evaluated [11].
Although this association cannot be fully explained, it is
thought to be due to the fact that patients who have
more extensive LNs’ evaluation are at lower risk of being
understaged. Understaged patients receive inadequate
treatment leading to lower survival rates [11].
Adequate evaluation of LNs is important for therapeutic

and prognostic reasons. Patients with positive LNs have to
undergo adjuvant post-surgery chemotherapy because of
the high risk of tumor recurrence [12]. This serves also to
determine the accuracy of staging in patients with CRC
[12]. The current standard of care recommended by the
1990 working party report to the World Congresses of
Gastroenterology and also by the 2002 American Joint
Committee on Cancer (AJCC) advocates for the
examination of at least 12 lymph nodes in patients
with CRC [13].
Our study aims to investigate the number of examined

lymph nodes, their associated features and the pathology
protocol used for their evaluation as these relate to proper
and accurate staging of CRC in African Americans
afflicted with this disease.

Methods
Patients
We reviewed the medical records of 216 African American
patients with a diagnosis of CRC from January 1, 1996 to
December 30, 2013. Data was retrieved from the database
of the Department of Pathology and the Tumor registry
unit of the Cancer Center at Howard University Hospital,
an inner city tertiary institution in Washington DC. The
Institutional Review Board at Howard University Ethics
Committee approved the research protocol (06-MED-39).
Due to the retrospective nature of the study no written in-
formed consent for participation in the study was needed
and no children were included in the study. The pathology
reports on the tumor and specimen features as well as the
examined and positive lymph nodes were investigated for
each patient by GI pathologists (E.L. and B. S.).

Pathological evaluation
Gastrointestinal Pathologists evaluated all specimens in
this study. Colectomy specimens were evaluated based
on grade, stage and other features. Foci of metastatic
adenocarcinoma were explored. The foci usually locate in
subcapsular specs and later involve parenchyma. During
the gross evaluation of each resected specimen, all grossly
negative or equivocal lymph nodes have been submitted
entirely for microscopic evaluation. The accuracy and pre-
dictive value of stage assignment are directly proportional
to the thoroughness of the surgical technique in removing
all regional nodes and the pathologic examination of the
resection specimens in identifying and harvesting all
regional lymph nodes for microscopic assessment.

Statistical analysis
Distribution of categorical variables was assessed by
table of frequency and for continuous variables by
median (interquartile range). We tested the relationship
between the number of examined LNs (as a continuous
variable or as two categories of >12 vs. ≤ 12) and stage
by ANOVA or Chi-square.

Results
Clinicopathological features of the analyzed cohort
During the 17 years of review, we had a total of 216
CRC patients, 50 % of them were operated after 2007
(Table 1). The median age was 63 years old (interquartile
range = 53-72) and 49 % (n = 106) of the study population
was male. Ninety seven percent of tumors were adenocar-
cinoma and most were low grade tumors (95 %, n = 184).
Most tumors were located at the ascending colon (41 %,
n = 86) and rectosigmoid (37 %, n = 77).

CRC stage distribution and lymph nodes’ examination
Thirty four percent of patients had stage II tumors
[IIa(20 %), IIb(14 %)], 35 % had stage III [IIIa (2 %), IIIb
(20 %), IIIc (13 %)], 9 % had stage IV disease[Iva (8 %),
IVb (1 %)]. The median (IQR) number of examined LNs
was 15 (10–22) and the rate of patients with more than
12 resected LNs was 64 %. Among patients with stage II,
the frequency of adequate LNs resection was 59 % vs.
67 % in patients with stage III (P = 0.3). These frequen-
cies at stage IIIa, IIIb and IIIc were 80 %, 76 % and 54 %,
respectively (P = 0.1; Fig. 1). Metastatic LNs were
observed in 8 % of samples with adequate number of
examined LNs and in 13 % with less than 12 examined
LNs (P = 0.1).
The median number of examined LNs in patients with

stage I and II was 15 and 14, respectively. In patients
with stage IIIa, the median number of examined LNs
was 19, decreasing to 15 in patients with stage IIIb and
14 in patients with stage IIIc (P for trend = 0.2). The
median number of lymph nodes in patients with stage
IV was 17.

Lymph nodes’ examination and other clinicopathological
characteristics
Patients with inadequate number of examined lymph
nodes were older (median age of 68 yrs vs. 61 yrs,
P = 0.002). The frequency of adequate LN in 120 patients
over 60 was 59 % (vs. 71 % in 92 patients <61 years
old, P = 0.08). The proportion of metastatic lymph node
was not different between age groups (P = 0.3). Presurgical
radiotherapy and chemotherapy were more frequent in
this group of patients (P = 0.05). Gender, tumor location



Table 1 Distribution of demographic, clinical and pathologic
CRC variables

Number Results

Age, median (Interquartile range) 214 63 (53–72)

Male, no (%) 216 106 (49)

Location 210

Ascending 86 (41 %)

Transverse 21 (10 %)

Descending 26 (12 %)

Rectosigmoid 77 (37 %)

Histology 215

Adenocarcinoma 179 (83 %)

Mucinous Adenocarcinoma 31 (14 %)

Other 5 (3 %)

Chemotherapy before surgery, no (%) 216 11 (5 %)

Radiotherapy before surgery, no (%) 216 11 (5 %)

Grade 193

Low 184 (95 %)

High 10 (5 %)

Stage, no (%) 209

I 46 (22 %)

II 71 (34 %)

III 74 (35 %)

IV 18 (9 %)

Number of LN resected 214

≤12 77 (36 %)

>12 137 (64 %)

Median (interquartile) 15 (10–22)

Tumor size, Median (interquartile) cm 192 4.5 (3.0-5.7)

Specimen size, Median (interquartile) cm 188 33 (21–61)

Number of metastatic LNs, Median (interquartile) 214 0 (0–2)

Ratio of metastatic LNs to total LNs examined,
Median (interquartile)

214 0 (0–0.09)

*Some of the data is missing

n = 216*

Ashktorab et al. BMC Cancer  (2015) 15:976 Page 3 of 6
or sizes of surgical specimen were not significantly
different between these two groups. There was a
gradual increase in the percentage of patients with
adequate number (>12) of examined LNs during the
study period (from 60 % in 1996–2000 to 84 % in
2010–2013 period, P = 0.014). The number of meta-
static lymph nodes and also the ratio of metastatic to
total lymph nodes were not different between the two
groups (Table 2). Also, the number or ratio of meta-
static lymph nodes were not correlated to tumor size
(P = 0.1).The frequency of adequate lymph nodes or
stage were not significantly different between patholo-
gists. There was a significant correlation between
tumor extent (T) and number of metastatic lymph
nodes (r = 0.28, P = 0.0001).

Subgroup analysis of patients with less than 12 lymph
node examined
Sixty seven (31 %) patients had less than 12 LNs
examined. In this subgroup of patients there was no
correlation between the number of examined LNs and
that of metastatic ones (r = 0.18, P = 0.1). There was
also no correlation with stage (r = 0.2, P = 0.2). Also in this
subgroup, increasing the number of examined lymph
nodes did not shift the stage from II to III (P = 0.6).

Discussion
Adequate examination of lymph nodes is important in
patients with CRC; because lymph nodes’ status is a
strong predictor of long term outcome in CRC patients
[10]. Current guidelines recommend that at least 12 LNs
should be harvested and examined in patients with CRC
[14]. In this study among African American patients
with CRC, we shows there has been an increase in the
number of lymph nodes examined in colon cancer resec-
tion specimens since the advent of the current quality
initiatives. The increase however does not lead to stage
migration in our cohort of patients or to an increase in
the percentage of metastatic lymph nodes.
The number of examined lymph nodes after colectomy

is important for accurate staging and treatment design
and also serves as a quality care indicator at the hospital
level [15, 16]. Various factors influence the number of
LNs retrieved including tumor’s size and stage [10],
patient’s age and gender [17], surgeon and surgical
procedure [18], pathologist [18] and presurgical chemo-
therapy/radiotherapy [19, 20]. Studies have shown that
ethnic minorities are consistently underrepresented and
underreported in medical research studies [21]. Cone
et al. explored the relationship between lymph nodes’
count and ethnicity and indicated ethnicity as an import-
ant variable when assessing lymph nodes’ count with
Hispanics having a lower chance of having ≥12 LNs
evaluated when compared to Caucasians [18]. There are
however no studies showing this relationship in African
Americans. Our study was conducted in an African
American urban patient population to address this gap
of knowledge.
Our study showed that the majority (64 %) of patients

in our cohort had more than 12 LNs examined with a
median number of 15 LNs (range: 10–22). Also 84 % of
CRC sample in recent years (2010–2013) had more than
12 LNs. This number exceeds the recommended bench-
mark of 12 LNs and is in compliance with the national
guidelines. This result is not consistent with previous
studies where the median number of examined LNs was
less than 12 [10]. Our results are also not consistent



Fig. 1 Percentage of adequate LNs examined at different stages of CRC in in African Americans. For stages IIIa, IIIb and IIIc, these percentages
were 80 %, 76 % and 54 %, respectively

Ashktorab et al. BMC Cancer  (2015) 15:976 Page 4 of 6
with previous studies that show that African Americans
are likely to undergo inadequate lymph nodes’ examin-
ation [22]. Our findings reflect that our procedure for
the retrieval and examination of LNs are very aggressive
and are way above the current gold standard. Of the
36 % of patients in our study with less than 12 examined
LNs, 12 % had no further need for LNs’ examination
since positive LNs for staging were already detected
while in the remaining 24 % of patients with less than 12
Table 2 Clinical and pathologic characteristics of CRC by
number of examined lymph nodes

≤12 LNs
n = 67-76

>12 LNs
n = 121-136

P value

Age, median (Interquartile range) 68 (56–77) 61 (62–69) 0.002

Male, no (%) 42 (55) 63 (46) 0.2

Location 0.3

Ascending 28 (37 %) 56 (42 %)

Transverse 9 (12 %) 12 (9 %)

Descending 6 (8 %) 20 (15 %)

Rectosigmoid 32 (43 %) 45 (34 %)

Chemotherapy before surgery, no (%) 7 (9 %) 4 (3 %) 0.05

Radiotherapy before surgery, no (%) 7 (9 %) 4 (3 %) 0.05

Tumor largest size, Median
(interquartile) cm

4.0 (3.0-5.5) 4.5 (3.0-5.7) 0.4

Specimen largest size, Median
(interquartile) cm

31 (18–67) 33 (23–60) 0.9

Number of metastatic LNs,
Median (interquartile)

0 (0–1) 0 (0–2) 0.1

Ratio of metastatic LNs to total LN
examined, Median (interquartile)

0 (0–0.14) 0 (0–0.09) 0.6
examined LNs, no further LNs could be retrieved from
the colectomy specimens.
In 2007, the National Quality Forum listed the presence

of at least 12 lymph nodes in a surgical resection specimen
among the key quality measures for colon cancer care in
the United States [14]. Increasingly, however, evidence
indicates that this bar should be raised, as the greater the
number of examined LNs, the greater the likelihood of
detection of metastasis, suggesting that no minimum
number of LNs accurately or reliably stages all patients
[23, 24]. Indeed, in a recent case, we examined 33 LNs to
find only one positive after reviewing the first 24 LNs. In
this case, checking just 12 or even 24 LNs would have re-
sulted in missing a positive LN and affected the treatment
regimen plan for this patient.
More importantly, it has been shown that clinical

outcome is linked to lymph nodes retrieval in stage II
disease. Numerous studies have shown that conven-
tional pathologic examination of increased numbers
of lymph nodes is itself associated with an increased
survival advantage in stage II disease [15], indicating
a positive effect of optimal mesenteric resection by
the surgeon and optimal LNs retrieval and examin-
ation from the resection specimen by the pathologist.
As previously mentioned the number of lymph nodes

recovered from resection specimen is dependent on
several factors. Surgical technique, surgery volume, and
patient factors (like age, size of tumor, size of specimen,
administration of neoadjuvant therapy and anatomic
variation) alter the actual number of nodes in a resection
specimen, but the diligence and skill of the pathologist
in identifying and harvesting lymph nodes in the resec-
tion specimen are also major factors. Lymph nodes may
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be more difficult to identify in specimens from elderly
patients [25] and after neoadjuvant therapy [26] . In our
study 56 % (n = 120) of our patients were elderly with
59 % having adequate number of LNs examined (vs.
71 % in 92 patients <61 years old, P = 0.08). This is
consistent with other studies that report a negative
correlation between lymph node yield and increasing age
[27]. Because it has been shown that nodal metastasis in
colorectal cancer is often found in small lymph nodes
(<5 mm in diameter), diligent search for lymph nodes is
required on gross examination of resection specimens.
Patients with stage III or IV colorectal cancer may

receive presurgical chemotherapy and radiotherapy to
reduce the number of metastatic LNs and to shrink the
size of the tumor. In our study 11 (5 %) of our patients
had presurgical treatment with the majority (n = 7)
having less than 12 LNs examined (Table 2). This is con-
sistent with other studies that showed reduced LNs yield
in patients that received presurgical treatment [25, 26].
Another important factor is the size of tumor and size of
specimen, increased specimen/tumor size positively
correlated with higher number of LNs available in colec-
tomy specimens, this difference was however not statisti-
cally significant in our cohort.
The decision to create the current guidelines was

based on the assumption that the examination and
analysis of more lymph nodes in patients with CRC will
help prevent the omission of positive lymph nodes [27].
Based on the current American Joint Committee on
Cancer (AJCC) TNM staging system, discovery of posi-
tive lymph nodes results in a shift in stage from stage I
or II disease to stage III or IV. However, our study shows
that increased examination and adequate lymph node
retrieval was not associated with a shift in stage from
stage II to III (P = 0.3). It was also not associated with a
change in stage from stage IIIa to IIIb or IIIc. This is
consistent with other studies showing that increased
examination of lymph nodes is not associated with
increase in node positive patients [11, 28, 29].
There was an increase in the percentage of patients

who had more than 12 LNs examined as we upstage.
Baxter et al. report tumor factors as important determi-
nants of lymph nodes retrieval [10]. They also observed
that more lymph nodes are examined in patients with
stage II and III compared to patients with stage I [10].
This is consistent with our study in which there was a
marked increase in the percentage of patients that had
more than 12 LNs examined as we upstage. It was
particularly noticeable in patients with stage IIIa and up.
Also in patients with stage III disease, there was a steady
decline in the number of examined LNs as we upstage
from IIIa to IIIb and then IIIc. This may be attributed to
the fact that in patients with stage III, positive LNs are
important for staging and once the required numbers of
positive nodes are detected, the pathologists may not
aggressively look for other lymph nodes (p = 0.11,
stage 3 p = 0.058).
Our study has some limitations. It is a retrospective

study; it is therefore limited by differences in data input
over time and not having the chance to review the cases
again, and adherence with previous guideline. It is also a
single institutional study with a relatively small sample
size. We are going to eliminate this limitation in our
prospective future study.

Conclusion
Our study shows there has been an increase in the number
of lymph nodes (>12) examined in colon cancer resection
specimens since the advent of the current quality ini-
tiatives. The increase however does not lead to stage
migration in our cohort of patients or to an increase in
the percentage of metastatic lymph nodes. Metastatic LNs
were observed in less of samples with LNs (>12) than
samples with <12 LNs. There was also a trend of having
more examined lymph nodes in large tumors.

Abbreviations
CRC: colorectal cancer; LN: Lymph node; AA: African American.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
HA and HB was involved in the conception and design of the study, analyzing
and interpreting data, writing the manuscript and revision of the final version.
TO reviewed the patient’s charts, and participated in writing the draft. TO,
AL and AS enrolled the patients groups, performed endoscopic evaluation
including sampling biopsies, and contributed in writing the draft. EL and BS
was involved in reviewing the pathological and cytology of the patient’s biopsy
and LN for the study, and revised the manuscript for important intellectual
content. All authors have read and approved the manuscript.

Acknowledgements
This project was supported (in part) by the National Institute on Minority
Health and Health Disparities of the National Institutes of Health under
Award Number G12MD007597.

Financial competing interests
In the past five years have you received reimbursements, fees, funding, or
salary from an organization that may in any way gain or lose financially
from the publication of this manuscript, either now or in the future? No.
Is such an organization financing this manuscript (including the
article-processing charge)? No.
Do you hold any stocks or shares in an organization that may in any way
gain or lose financially from the publication of this manuscript, either now
or in the future? No.
Do you hold or are you currently applying for any patents relating to the
content of the manuscript? Have you received reimbursements, fees,
funding, or salary from an organization that holds or has applied for
patents relating to the content of the manuscript? No.
Do you have any other financial competing interests? No.

Non-financial competing interests
Are there any non-financial competing interests (political, personal, religious,
ideological, academic, intellectual, commercial or any other) to declare in
relation to this manuscript? No.



Ashktorab et al. BMC Cancer  (2015) 15:976 Page 6 of 6
Author details
1Department of Medicine and Cancer Center, Howard University College of
Medicine, 2041 Georgia Avenue, Washington, DC 20060, USA. 2Department
of Pathology, Howard University College of Medicine, Washington, DC, USA.

Received: 4 March 2015 Accepted: 20 November 2015

References
1. Ashktorab H, Nouraie M, Hosseinkhah F, Lee E, Rotimi C, Smoot D. A 50-year

review of colorectal cancer in African Americans: implications for prevention
and treatment. Dig Dis Sci. 2009;54(9):1985–90.

2. Laiyemo AO, Doubeni C, Brim H, Ashktorab H, Schoen RE, Gupta S, et al.
Short- and long-term risk of colorectal adenoma recurrence among whites
and blacks. Gastrointest Endosc. 2013;77(3):447–54.

3. Colorectal Cancer Statistics. [http://www.cdc.gov/cancer/colorectal/statistics/]
4. Cancer Facts & Figures. [http://www.cancer.org/acs/groups/content/

@epidemiologysurveilance/documents/document/acspc-036845.pdf]
5. Colorectal Cancer Rates by Race and Ethnicity. [at http://www.cdc.gov/

cancer/colorectal/statistics/race.htm]
6. Howlader N NA, Krapcho M, Garshell J, Neyman N. SEER Cancer Statistics

Review, 1975–2011. http://seer.cancer.gov/archive/csr/1975_2011/
7. Alexander DD, Waterbor J, Hughes T, Funkhouser E, Grizzle W, Manne U.

African-American and Caucasian disparities in colorectal cancer mortality
and survival by data source: an epidemiologic review. Cancer Biomark.
2007;3(6):301–13.

8. Clegg LX, Li FP, Hankey BF, Chu K, Edwards BK. Cancer survival among US
whites and minorities: a SEER (Surveillance, Epidemiology, and End Results)
Program population-based study. Arch Intern Med. 2002;162(17):1985–93.

9. Wudel Jr LJ, Chapman WC, Shyr Y, Davidson M, Jeyakumar A, Rogers Jr SO,
et al. Disparate outcomes in patients with colorectal cancer: effect of race
on long-term survival. Arch Surg. 2002;137(5):550–4. discussion 554–556.

10. Baxter NN, Virnig DJ, Rothenberger DA, Morris AM, Jessurun J, Virnig BA.
Lymph node evaluation in colorectal cancer patients: a population-based
study. J Natl Cancer Inst. 2005;97(3):219–25.

11. Parsons HM, Tuttle TM, Kuntz KM, Begun JW, McGovern PM, Virnig BA.
Association between lymph node evaluation for colon cancer and node
positivity over the past 20 years. JAMA. 2011;306(10):1089–97.

12. Li Destri G, Di Carlo I, Scilletta R, Scilletta B, Puleo S. Colorectal cancer and
lymph nodes: the obsession with the number 12. World J Gastroenterol.
2014;20(8):1951–60.

13. Nelson H, Petrelli N, Carlin A, Couture J, Fleshman J, Guillem J, et al.
Guidelines 2000 for colon and rectal cancer surgery. J Natl Cancer Inst.
2001;93(8):583–96.

14. Forum NQ, editor. NQF-Endorsed Standards on lymph nodes examined for
colon cancer resection. 2012.

15. Chang GJ, Rodriguez-Bigas MA, Skibber JM, Moyer VA. Lymph node
evaluation and survival after curative resection of colon cancer: systematic
review. J Natl Cancer Inst. 2007;99(6):433–41.

16. Bilimoria KY, Bentrem DJ, Stewart AK, Talamonti MS, Winchester DP, Russell TR,
et al. Lymph node evaluation as a colon cancer quality measure: a national
hospital report card. J Natl Cancer Inst. 2008;100(18):1310–7.

17. Thorn CC, Woodcock NP, Scott N, Verbeke C, Scott SB, Ambrose NS. What
factors affect lymph node yield in surgery for rectal cancer? Colorectal Dis.
2004;6(5):356–61.

18. Cone MM, Shoop KM, Rea JD, Lu KC, Herzig DO. Ethnicity influences lymph
node resection in colon cancer. J Gastrointest Surg. 2010;14(11):1752–7.

19. Rullier A, Laurent C, Capdepont M, Vendrely V, Belleannee G, Bioulac-Sage P,
et al. Lymph nodes after preoperative chemoradiotherapy for rectal
carcinoma: number, status, and impact on survival. Am J Surg Pathol.
2008;32(1):45–50.

20. Wang H, Safar B, Wexner S, Zhao R, Cruz-Correa M, Berho M. Lymph node
harvest after proctectomy for invasive rectal adenocarcinoma following
neoadjuvant therapy: does the same standard apply? Dis Colon Rectum.
2009;52(4):549–57.

21. Corbie-Smith G, St George DM, Moody-Ayers S, Ransohoff DF. Adequacy of
reporting race/ethnicity in clinical trials in areas of health disparities. J Clin
Epidemiol. 2003;56(5):416–20.

22. McBride RB, Lebwohl B, Hershman DL, Neugut AI. Impact of socioeconomic
status on extent of lymph node dissection for colon cancer. Cancer
Epidemiol Biomarkers Prev. 2010;19(3):738–45.
23. Cserni G, Vinh-Hung V, Burzykowski T. Is there a minimum number of lymph
nodes that should be histologically assessed for a reliable nodal staging of
T3N0M0 colorectal carcinomas? J Surg Oncol. 2002;81(2):63–9.

24. Goldstein NS. Lymph node recoveries from 2427 pT3 colorectal resection
specimens spanning 45 years: recommendations for a minimum number of
recovered lymph nodes based on predictive probabilities. Am J Surg Pathol.
2002;26(2):179–89.

25. Chou JF, Row D, Gonen M, Liu YH, Schrag D, Weiser MR. Clinical and
pathologic factors that predict lymph node yield from surgical specimens in
colorectal cancer: a population-based study. Cancer. 2010;116(11):2560–70.

26. Tekkis PP, Smith JJ, Heriot AG, Darzi AW, Thompson MR, Stamatakis JD. A
national study on lymph node retrieval in resectional surgery for colorectal
cancer. Dis Colon Rectum. 2006;49(11):1673–83.

27. Wong JH, Severino R, Honnebier MB, Tom P, Namiki TS. Number of nodes
examined and staging accuracy in colorectal carcinoma. J Clin Oncol.
1999;17(9):2896–900.

28. Budde CN, Tsikitis VL, Deveney KE, Diggs BS, Lu KC, Herzig DO. Increasing
the number of lymph nodes examined after colectomy does not improve
colon cancer staging. J Am Coll Surg. 2014;218(5):1004–11.

29. Bui L, Rempel E, Reeson D, Simunovic M. Lymph node counts, rates of
positive lymph nodes, and patient survival for colon cancer surgery in
Ontario, Canada: a population-based study. J Surg Oncol. 2006;93(6):439–45.
•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

http://www.cdc.gov/cancer/colorectal/statistics/
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-036845.pdf
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-036845.pdf
http://www.cdc.gov/cancer/colorectal/statistics/race.htm
http://www.cdc.gov/cancer/colorectal/statistics/race.htm
http://seer.cancer.gov/archive/csr/1975_2011/

	Abstract
	Background
	Aim
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Pathological evaluation
	Statistical analysis

	Results
	Clinicopathological features of the analyzed cohort
	CRC stage distribution and lymph nodes’ examination
	Lymph nodes’ examination and other clinicopathological characteristics
	Subgroup analysis of patients with less than 12 lymph node examined

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Financial competing interests
	Non-financial competing interests
	Author details
	References



