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ARTICLE INFO ABSTRACT

The current therapeutic approach to patients with locally advanced rectal cancer is neoadjuvant radiotherapy or
chemoradiotherapy followed by total mesorectal excision. We aimed to investigate the number, size, and distri-
bution of metastatic and nonmetastatic lymph nodes within the mesorectum; whether neoadjuvant therapy has
any impact on the number and size of the lymph nodes; and the impact of metastatic lymph node localization on
overall and disease-free survival. Specimens from 50 consecutive patients with stage II/1ll rectal cancer receiving
either neoadjuvant radiotherapy or chemoradiotherapy were investigated. Lymph node dissection was carried
out by careful visual inspection and palpation. The localization of the each lymph node within the mesorectum
and the relation with the tumor site were noted. The size and the number of lymph nodes retrieved decreased
significantly with neoadjuvant therapy. Majority of the metastatic and nonmetastatic lymph nodes were located
at or proximally to the tumor level and posterior side of the mesorectum. No relation was observed between the
overall and disease-free survival, and the localization of the metastatic lymph nodes. Presence of lymph node
metastases proximal to the tumor level has no impact on survival compared with the presence of lymph node
metastasis only in the peritumoral region of the mesorectum. Although neoadjuvant therapy decreases the
size and the number of lymph nodes, reaching an ideal number of lymph nodes for accurate staging is still pos-
sible with careful naked eye examination and dissection of perirectal fat. As the majority of metastatic and
nonmetastatic lymph nodes are located in peritumoral and proximal compartment, and posterior side of the
mesorectum, these regions should be the major interest of dissection.
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1. Introduction

The presence of lymph node metastases in colorectal adenocarci-
nomas considerably worsens the prognosis as compared with
nonmetastatic tumors [1-3]. It has also been shown to be the most
important independent prognostic factor after neoadjuvant therapy
for rectal adenocarcinoma [4-8]. Many studies have been carried out
to estimate the minimal number of nodes to be examined to provide
the correct lymph node staging. These figures have ranged from 6
nodes to 28 in the literature [9-16]. Recent College of American Pathol-
ogists consensus meeting publications stated that the examination of at
least 12 lymph nodes was sufficient for accurate identification of
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regional lymph node metastasis [17]. However, it is always desirable
to assess as many lymph nodes as possible [14,18-20].

Lymph node collection from colorectal resection specimens may
be influenced by several factors including the ones related to
patient (sex, age, body mass index), tumor characteristics (site,
type, grade), surgeon, the use of neoadjuvant therapy, and un-
doubtedly the skill and the energy of the pathologist [21-28]. As
the current therapeutic approach to the patients with locally
advanced rectal cancer is neoadjuvant short-course radiotherapy
(RT) or chemoradiotherapy (CRT) followed by total mesorectal
excision (TME) [28-30], it becomes one of the main factors
influencing the lymph node retrieval.

Herein we aimed to investigate (1) the distribution of the metastatic
and nonmetastatic lymph nodes within the mesorectum, (2) whether
neoadjuvant therapy have any impact on the number and size of the
dissected lymph nodes, and (3) the impact of metastatic lymph node
localization on overall survival (OS) and disease-free survival (DFS) in
rectal resection specimens.
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2. Materials and methods

Consecutive unselected 50 patients with histologically verified and
radiologically staged as rT3 or r'T4, and/or rN+ rectal adenocarcinoma
were included in the study. The patients received either neoadjuvant
short-course RT (25-Gy pelvic irradiation) or neoadjuvant long-course
CRT (45-Gy pelvic irradiation and concominant 5 fluorouracil-based
chemotherapy). Short-course RT was preferred in a selected group of
patients without any risk of lateral margin positivity based on the find-
ings of the pelvic phase array magnetic resonance imaging. Four and 8
weeks after the end of the short- and long-course neoadjuvant therapy,
respectively, all patients were operated with curative intent by either
one of the colorectal surgeons (OA, EB) in the Department of General
Surgery. Low anterior resection (LAR), intersphincteric resection (ISR),
or abdominoperineal resection (APR) with a standardized TME tech-
nique was performed for each patient according to the site of the tumor.

All specimens adressed to the Department of Pathology were
opened anteriorly from proximal resection margin to peritoneal reflec-
tion and fixed in formalin for 48-72 hours. Before fixation, macroscopic
examination of mesorectal surfaces was done according to the quality
assesment system proposed by Nagtegaal et al [31], and colorant inking
of the mesorectal surface for the assesment of the circumferential resec-
tion margin was done. All were managed by 2 pathologists with special
interest in gastrointestinal pathology (GY and MB). After fixation, the

specimens were divided transversly into upper, middle, and lower
thirds as shown in Fig. 1A. The upper third is accepted as the 4 cm of
the rectum above the peritoneal reflection, middle third is accepted as
the 4 cm of the rectum below the peritoneal reflection, and lower
third is accepted as the distal part of the rectum >4 cm below the peri-
toneal reflection. The lower and middle parts of the rectum were cut in
consecutive transversal 5-mm sectional slices, and then each slice,
consisting of full thickness of the rectal wall with mesorectum, was
further divided radially into 4 areas as the right lateral, left lateral, ante-
rior, and posterior as shown in Fig. 1B. As the mesorectum lies within
posterior and lateral sides of the upper rectum, it is further divided
into 3 areas as the right lateral, left lateral, and posterior. After the eval-
uation of the deepest invasion area of the tumor and the relation of the
tumor with the circumferential resection margin, and tumor sampling
were done, a rigorous search of the mesorectum by careful visual
inspection, palpation, and dissection was carried out to identify as
many lymph nodes as possible. The stalk of the mesenteric artery and
the pericolic mesenteric adipose tissue were dissected separately. Each
lymph node dissected was analyzed in its entirety in separate blocks,
and the localization of each lymph node in the mesorectum and relation
with the tumor site were noted.

The histopathologic examination was performed on standard
hematoxylin-eosin-stained microscopic sections. The pathologic stage
of tumor was determined according to the seventh version of TNM
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Fig. 1. (A) lllustration of right anterolateral aspect view of abdominoperineal resection specimen showing the division of rectal thirds (PCMAT = pericolic mesenteric adipose tissue; SMA =
stalk of the mesenteric artery). (B) Illustration of transversal sectional slice, from tumor level, of an abdominoperineal resection specimen showing the division of the slice into anterior (A),

posterior (P), right (R), and left (L) lateral areas.
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classification [32]. Tumor response to preoperative therapy was evalu-
ated on the basis of semiquantitative 5-point grading system proposed
by Dworak et al [33].

The size of each lymph node was measured on hematoxylin-eosin-
stained glass slide. Only entirely encapsulated lymphoid tissue with
marginal sinus was—regardless of size—counted as lymph node.

The distribution of metastatic lymph nodes was grouped as distal,
proximal, and peritumoral according to the occurrence of the metasta-
ses below the inferior edge, above the proximal edge (including the
stalk of the mesenteric artery and pericolic adipose tissue), and between
the proximal and distal edges of the tumor.

Additional 5 patients who did not received neoadjuvant therapy and
underwent LAR with TME were evaluated in the same manner as the
control group of the study.

3. Statistical analysis

The demographic, clinical, and histopathologic parameters were
analyzed using y?, Mann-Whitney U, and Student t tests. The surviv-
al outcomes (OS, DFS) were analyzed using the Kaplan-Meier meth-
od, and comparisons were made using the log-rank test. Disease-free
survival and OS were calculated as time between the surgery and
disease-specific event (recurrence, death). For all statistical analyses,
we used SPSS 21 (Statistical Package for Social Sciences; SPSS Inc,
Chicago, IL) for personal computer, and P < .05 was regarded as sta-
tistically significant.

4. Results

The demographic, operative, and histopathologic characteristics of
the patients in the study and the control groups are summarized in
Table 1. In the study group, 26 (52%) were male and 24 (48%) were
female. The average age was 56 years, ranging between 30 and 84
years. Thirty (60%) of the patients received neoadjuvant long-course
CRT, and the rest received neoadjuvant short-course RT. Type of surgery
was LAR in 34 (68%) patients, ISR in 8 (16%) patients, and APR in 8 (16%)
patients. In the control group, 3 (60%) patients were male, 2 (40%) pa-
tients were female, and the average age was 54 years, ranging between
28 and 76 years. Low anterior resection was performed in all cases.

4.1. Number of lymph nodes dissected

We identified a total number of 1410 lymph nodes in the group who
received neoadjuvant therapy. The median number was 28.5, ranging
between 5 and 52. A minimum number of 12 lymph nodes were har-
vested, and therefore proper pathologic N staging according to current
guidelines [17] was possible in 47 patients (94%). No correlation was
identified between the number of dissected lymph nodes and the age,
sex, type of surgery, specimen length, tumor site, regression score of
the tumor, ypT stage, and ypN status.

Thirty (60%) patients received long-course CRT (LC group); 20
(40%) patients received short-course RT (SC group). The number of
lymph nodes retrieved was significantly lower in the LC group than
in the SC group (median number, 24.5 vs 34; P = .006). Moreover,
3 patients who had less than 12 lymph nodes received long-course
neoadjuvant CRT.

A total of 145 lymph nodes were dissected from the patients in the
control group. The median number was 30 lymph nodes, ranging be-
tween 14 and 48. A higher number of lymph nodes were dissected in
the control group than the study group. However, this result was
found to be statistically insignificant (P = .97).

Metastatic lymph nodes were detected in 18 specimens (38%). The
median number of lymph nodes harvested from these patients was
30, ranging between 15 and 49. Among nonmetastatic cases (n = 32),
3 cases (9.4%) had less than 12 lymph nodes and were categorized as
ypNx. The nonmetastatic cases had a median number of 28 lymph

Table 1
Clinicopathologic characteristics of the study and control groups.

Study group Control group

Sex n (%) n (%)
Male 26 (52) 3 (60)
Female 24 (48) 2 (40)

Age (y) Mean (range) Mean (range)

56 (30-84) 54 (28-76)

Type of neoadjuvant therapy n (%) -
Short-course RT 20 (40) -
Long-course CRT 30 (60) -

Type of surgery n (%) n (%)
LAR 34 (68) 5(100)
ISR 8 (16) 0

8 (16) 0
APR

Specimen length (cm) 24.1 (14-1) 21 (17-27)
Mean (range)

TME n (%) n (%)
Complete 12 (24) 4 (80)
Near complete 34 (68) 1(20)
Incomplete” 4(8) 0

Circumferential resection margin n (%) n (%)
Involved 3(6) 0
Not involved 47 (94) 5 (100%)

Tumor site n (%) n (%)
Lower 9(18) 0
Middle 28 (56) 2 (40)
Upper 11 (22) 3 (60)
Unknown' 2(4) 0

Regression score n (%) -

0 1(2) -
1 12 (24) -
2 26 (52) -
3 4(8) -
4 7 (14) -

pT stage n (%) n (%)
pTO 7 (14) 1 (20)
pT1 3(6) 0(0)
pT2 9 (18) 2 (40)
pT3 31 (62) 2 (40)

PN stage n (%) n (%)
pNO 29 (58) 3 (60)
pN1 14 (28) 1(20)
pN2 4(8) 1(20)
PNx 3(6) 0(0)

* Incomplete mesorectal excision due to tumor or iatrogenic perforation.
T Total tumor regression, without macroscopic evidence of tumor.
¥ Operated because of a tubulovillous adenoma with high-grade displasia.

nodes, ranging from 5 to 52. The number of lymph nodes dissected
did not differ between the metastatic and the nonmetastatic groups
(P=.17).

Within the control group (n = 5), 2 patients had lymph node metas-
tases, and the median number of lymph nodes dissected from those pa-
tients was 39.5 (31 and 48 lymph nodes). Three nonmetastatic patients
had a median number of 22 lymph nodes, ranging from 14 to 30. Even
though more lymph nodes were dissected from the metastatic group,
statistical analysis between the metastatic and nonmetastatic controls
could not be performed, as the control group was too small.

4.2. Size of the dissected lymph nodes

The median diameter of the dissected lymph nodes was 0.3 cm
(range, 0.1-1.3 cm). Among the 1410 lymph nodes, 1008 (71.48%)
were <0.3 cm and 402 (28.52%) were >0.3 cm in size.

The median size of all 145 dissected lymph nodes in the control
group was 0.3 cm (range, 0.1-1.3 cm), as it was in the study group.
Eighty-five (58.62%) of the lymph nodes dissected were <0.3 cm and
60 (41.38%) were >0.3 cm in size.

Although the median sizes of the lymph nodes in the control and the
study groups were the same, the size of the lymph nodes in the study
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group tended to be smaller than that in the control group, and the differ-
ence was statistically significant (P = .001) (Fig. 2).

In the subgroup analysis, the size of the lymph nodes in the LC (n =
30) and SC (n = 20) groups was compared. A total of 745 (52.8%) and
665 (47.2%) lymph nodes were retrieved in the LC and SC groups, re-
spectively. The lymph nodes in the LC group were smaller than the
ones in the SC group (P = .002). Seventy-five percent of the lymph
nodes in the LC group were <0.3 cm (median = 0.2 cm), whereas
67.5% of the lymph nodes in the SC group were <0.3 cm (median =
0.3 cm) (Fig. 3).

Among the 1410 dissected lymph nodes in the study group, only 36
(2.5%) were metastatic; 1374 (97.5%) were nonmetastatic. Metastatic
lymph nodes tend to be larger than the nonmetastatic ones (median
size was 0.5 cm vs 0.3 cm). Within the metastatic group, only 6 lymph
nodes (16.7%) were <0.3 cm in size (range, 0.2-1.1 cm). Conversely,
1002 (72.9%) of the nonmetastatic lymph nodes were <0.3 cm in size
(range, 0.1-1.3 cm). The difference was statistically significant (P <
.001) (Fig. 4). Although metastatic lymph nodes tend to be larger, the
majority (61.1%) were still <0.5 cm in size.

The results were similar in the control group. Eight (5.5%) out of 145
dissected lymph nodes were metastatic. Among them, only 1 (12.5%)
was <0.3 cm, whereas 7 (87.5%) were >0.3 cm. Among the
nonmetastatic lymph nodes (n = 137), 84 (61.5%) were <0.3 cm. Size
of the nonmetastatic lymph nodes was lower than that of the metastatic
lymph nodes, and the difference was statistically significant as it was in
the study group (P = .006).

In the subgroup analysis, 10 cases (33.3%) from the LC group and 8
cases (40%) from the SC group had metastasis. Median size of the dis-
sected lymph nodes was 0.5 cm in both groups. There was no statistical-
ly significant difference between the LC and SC groups in the size of the
lymph nodes (P = .75).

4.3. Distribution of the lymph nodes

The distribution of lymph nodes was investigated in the ISR and APR
specimens, as they contain all 3 parts (lower, middle, and upper thirds)
of the rectum. A total of 480 lymph nodes were dissected from the 16 (8
ISR and 8 APR) specimens. Mesorectum, pericolic mesenteric adipose
tissue, and the stalk of the mesenteric artery contained 63.55% (n =
305), 27% (n = 128), and 9.8% (n = 47) of the lymph nodes retrieved,
respectively. The majority (82%, n = 250) of the lymph nodes dissected
were located in the upper and middle third of the mesorectum and
mostly (50.2%, n = 153) within the posterior side. The anterior side of
the mesorectum contained only 4.3% (n = 13) of the lymph nodes dis-
sected, whereas the right and left sides together contained 45.6% (n =
139) of the dissected lymph nodes.

The distribution of the lymph nodes regarding to the tumor site was
as follows: 19.2% (n = 92) were located at the same level with the
tumor, 2.3% (n = 11) were located distally, and 78.5% (n = 480) were
located proximally to the tumor.
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The majority (59.3%, n = 86) of the lymph nodes in the control
group were localized in the mesorectum and within the mesoretum in
the upper third (40.7%, n = 59), and the posterior side (40.7%, n =
35) of the mesorectum. Pericolic mesenteric adipose tissue and the
stalk of the mesenteric artery contained 32.4% (n = 47) and 8.3%
(n = 12) of the lymph nodes dissected, respectively.

Among the 1410 lymph nodes dissected in the study group, 36
(2.55%) were metastatic. The distribution of these nodes was as follows:
32 (88.8%) in the mesorectum, 3 (8.3%) in the stalk of the mesenteric ar-
tery, and 1 (2.7%) in the pericolic adipose tissue. Twenty (62.5%), 1
(3.1%), and 11 (34.4%) of the 32 metastatic lymph nodes within the
mesorectum (n = 32) were localized in the posterior, anterior, and lat-
eral sides of the mesorectum, respectively.

When the association of the distribution of the metastatic lymph
nodes with tumor level was investigated, 20 (55.5%) of them were
peritumoral, whereas 14 (38.9%) and 2 (5.6%) of them were proximal
and distal metastases, respectively.

In the control group, 8 (5.5%) of the dissected lymph nodes were
involved, and all were at the same level with the tumor.

4.4. The impact of lymph node metastases and the localization of the
metastatic lymph nodes on 0S and DFS

The follow-up data were available in 42 patients. Clinicopathologic
characteristics of the patients’ were summarized in Table 2. The mean
follow up time was 48.9 (3-61) months. At the end of the follow-up,
27 (64.3%) patients were alive without disease, 8 (19%) patients were
alive with disease, and 7 (16.7%) patients were dead because of the dis-
ease. Mean estimated survival time was 54.7 + 2.4 months (95% confi-
dence interval, 50.027-59.315). Mean estimated recurrence time was
47 4 3.3 months (95% confidence interval, 40.592-53.531).

5. Discussion

Lymph node collection from colorectal resection specimens may be
influenced by several factors related to the patient, surgeon, pathologist,
and neoadjuvant therapy [4,21-26]. In our study, the factors related to
the surgeons and pathologists were eliminated because both were
experienced in gastrointestinal surgery and pathology, respectively.
Under these circumstances, we found no association between the num-
ber of lymph nodes retrieved and variables such as the age, sex, type of
surgery, and specimen length. In our study, the only variable affecting
the lymph node yield was the neoadjuvant therapy.

Several studies have shown the negative impact of neoadjuvant
therapy on the number of nodes dissected from the resection speci-
mens. Significantly fewer [16,26,34-38] and smaller nodes are
harvested in patients who underwent preoperative therapy than those
who did not [21,27,36,39,40]. Conversely, Sprenger et al [41] reported
a mean number of 31.6 nodes per specimen by embedding and micro-
scopically examining the whole mesorectal soft tissue compartment of
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Fig. 2. The distribution of the size of the dissected lymph nodes in the study (SG) and the control groups (CG).
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Fig. 3. The distribution of the size of the dissected lymph nodes in the LC and SC neoadjuvant therapy groups.

the patients treated with neoadjuvant CRT. Similar with Sprenger et al,
we found a high mean number of lymph nodes, and at least 12 lymph
nodes were available in 94% of the patients. The number of lymph
nodes retrieved from the study and control groups does not differ signif-
icantly. However, as our control group contained small number of cases,
itis hard to claim that neoadjuvant therapy does not influence the num-
ber of lymph nodes. On the other hand, it is significantly lower in the LC
group than the SC group, reflecting the effect of RT dose. Similar results
were reported by Rullier et al [38]. They demonstrated that the dose of
RT has an impact on the number of lymph nodes retrieved. Addition of
1 Gy decreased the number of lymph nodes retrieved by 0.21% [38]. Be-
cause of the high radiosensitivity of lymphoid tissue, higher dose results
to a lower number.

Similarly, the size of the lymph nodes in the LC group was signifi-
cantly smaller than that of the ones in the SC group, which is a similar
finding with the study of Scott et al [40]. In addition, nodes from the
study group were significantly smaller than those of the control group.
It seems that both SC therapy and LC therapy significantly reduce the
size of mesorectal lymph nodes, and higher dose results to smaller
size as well as number, presumably as a result of apoptosis and involu-
tion. The median diameter of the dissected lymph nodes was 0.3 cm,
and the majority were <0.3 cm in size as previously reported
[21,27,36,39-41]. This will definitely make nodes harder to find, but it
seems that careful visual inspection and dissection by a dedicated pa-
thologist can still discover substantial numbers.

Several authors advocated that detection of positive lymph nodes is
associated with the number of lymph nodes retrieved [10,42,43]. We
did not support this finding, as the number of lymph nodes retrieved
does not differ between the metastatic and nonmetastatic groups,
which is a similar finding with that of Sprenger et al [41].

In the study and the control groups, majority of the metastatic
lymph nodes were <0.5 cm in size. As in our study, Herrera-Ornelas
et al [44] showed that most nodal metastases in colorectal adenocarci-
nomas are found within lymph nodes less than 5 mm in diameter. Al-
though the majority of the metastatic lymph nodes in both the study
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and the control groups were <0.5 cm, they tended to be larger than
the nonmetastatic ones. The smaller size of the negative lymph nodes
in the study group is probably caused by rapid apoptosis of lymphocytes
in contrast to tumor cells [36]. Interestingly, metastatic lymph node size
does not differ significantly between the short- and long-course neoad-
juvant therapy groups (median size, 0.5 cm in both groups).

The frequency of lymph nodes within the mesorectum decreased
from upper to lower third, and the posterior side of the mesorectum
contained the majority of the lymph nodes retrieved in both study
and the control groups, which is a finding similar to earlier anatomic
studies [45-47].

Most of the metastatic lymph nodes were located in the posterior
side of the mesorectum. Majority (55.5%) and the whole (100%) of the
metastatic lymph nodes in the study and the control groups, respective-
ly, were found to be at the same level with the tumor. These findings
make the posterior side of the mesorectum and the tumor level strategic
during the lymph node dissection.

The negative impact of lymph node involvement on OS and DFS,
which is a well known fact, was confirmed in our study as well
[4-8,17,32,48]. Rodel et al [6] have reported that the presence of posi-
tive lymph nodes after preoperative CRT indicates both an aggressive
potential of the malignant cells to spread to the regional lymph nodes
and resistance of these cells toward CRT, and so has an unfavorable
prognosis irrespective of tumor regression grade of the primary
tumor. Therefore, an accurate assessment of the pathologic status of
the lymph nodes in the rectal cancer patients treated with neoadjuvant
therapy, besides the status of the tumor, is essential for reducing the risk
of understaging.

Shida et al [49] reported that the location, rather than the number, of
nodal metastases has a higher impact on prognosis in colorectal cancer
patients. Similarly, Thilo et al [50] reported that patients with proximal
metastases after neoadjuvant CRT have decreased survival rates com-
pared with patients with lymph node metastases confined to the
peritumoral compartment only. In our study, we could not support
this finding. Overall survival and DFS did not differ significantly

100% -

®>0,3cm

m<0,3cm

g
N\

N+ NO

Fig. 4. The distribution of the size of the dissected lymph nodes in the ypN-+ and ypNO groups.
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Table 2
Clinicopathological characteristics of the patients who have survival data.

Follow up (mo) 53 (3-61)

Median (range)

Survival n (%)
Alive 35(83.3)
Dead 7 (16.7)

Recurrence n (%)
Yes 14 (33.3)

Local 4(9.5)

Distant 8(19)

Local and distant 2(4.8)
No 27 (64.3)
Unknown 1(2.4)

Sex n (%)
Male 21 (50)
Female 21 (50)

Age (y)

Mean (range) 57 (32-84)

Type of neoadjuvant thearpy n (%)
Short-course RT 19 (45.2)
Long-course CRT 23 (54.8)

Type of surgery n (%)
LAR 30(71.4)
ISR 6(14.3)
APR 6(14.3)

TME n (%)
Complete 9(21.4)
Nearly complete 29 (69)
Incomplete” 4(9.6)

Circumferential resection margin n (%)
Involved 3(7.2)
Not involved 39(92.8)

Tumor site n (%)
Lower 7(16.7)
Middle 27 (64.3)
Upper 8(19)

Regression score n (%)

0 0(0)
1 11(26.2)
2 22 (52.4)
3 3(7.1)
4 4(9.5)
pT stage n (%)
pTO 4(9.5)
pT1 3(7.2)
pT2 8(19)
pT3 27 (64.3)
pN stage n (%)
pNO 24 (57.1)
pN+ 18 (42.9)

* Incomplete mesorectal excision due to tumor perforation or iatrogenic perforation.

according to the location of the metastatic lymph node regarding the
tumor level. It seems that although the lower third of the rectum con-
tains fewer lymph nodes, the distal mesorectum should be excised as
much as possible because lymph node metastases to these nodes can
occur especially from the tumors of the mid and lower third of the
rectum.

6. Conclusion

Majority of lymph nodes are posteriorly located in the upper and
mid rectum as expected. Neoadjuvant therapy for locally advanced
carcinoma of mid and distal rectum decreases the size and the number
of regional lymph nodes, and this effect seems to be dose dependent.
However, it is possible to dissect the maximum or ideal number of
nodes within TME specimens with careful naked eye examination and
palpation of finely sliced perirectal fat. Majority of metastatic lymph
nodes were located at the same level and proximally to the tumor and
the posterior side of the mesorectum, making these regions strategic
for accurate staging. Presence of lymph node metastases has an impact
on both OS and DFS; however, there is no survival difference between

the patients with only peritumoral lymph node metastases and those
with peritumoral and proximal regional lymph node metastases. In
the light of these results, we concluded that the accurate nodal staging
is much more important than the localization of the metastatic regional
lymph nodes.

Acknowledgments

This work is the product of unfunded research.

We thank Yasemin OZLUK, from Istanbul University, Istanbul Faculty
of Medicine, Department of Pathology, for statistical analysis and Ozge
Papakg1 Aydin, from Istanbul University Istanbul Faculty of Medicine,
Department of Publication Support, for medical illustration.

References

[1] Newland RC, Chapuis PH, Pheils MT, MacPherson ]JG. The relationship of survival to
staging and grading of colorectal carcinoma: a prospective study of 503 cases.
Cancer 1981;47:1424-9.

[2] Chapuis PH, Dent OF, Fisher R, Newland RC, Pheils MT, Smyth E, et al. A multivariate
analysis of clinical and pathological variables in prognosis after resection of large
bowel cancer. Br ] Surg 1985;72:698-702.

[3] Chok KS, Law WL. Prognostic factors affecting survival and recurrence of patients
with pT1 and pT2 colorectal cancer. World ] Surg 2007;31:1485-90.

[4] Sarli L, Bader G, Iusco D, Salvemini C, Mauro DD, Mazzeo A, et al. Number of lymph
nodes examined and prognosis of TNM stage II colorectal cancer. Eur ] Cancer 2005;
41:272-9.

[5] Sprenger T, Rothe H, Jung K, Christiansen H, Conradi LC, Ghadimi BM, et al. Stage II/IIl
rectal cancer with intermediate response to preoperative radiochemotherapy: do
we have indications for individual risk stratification? World ] Surg Oncol 2010;8:27.

[6] Rodel C, Martus P, Papadoupolos T, Fiizesi L, Klimpfinger M, Fietkau R, et al. Prognos-
tic significance of tumor regression after preoperative chemoradiotherapy for rectal
cancer. ] Clin Oncol 2005;23:8688-96.

[7] Leibold T, Shia J, Ruo L, Minsky BD, Akhurst T, Gollub M]J, et al. Prognostic implica-
tions of the distribution of lymph node metastases in rectal cancer after neoadjuvant
chemoradiotherapy. ] Clin Oncol 2008;26:2106-11.

[8] Liersch T, Langer C, Ghadimi BM, Kulle B, Aust DE, Baretton GB, et al. Lymph node
status and TS gene expression are prognostic markers in stage II/IIl rectal cancer
after neoadjuvant fluorouracil-based chemoradiotherapy. J Clin Oncol 2006;24:
4062-8.

[9] Joseph NE, Sigurdson ER, Hanlon AL, Wang H, Mayer R], MacDonald ]S, et al. Accura-
cy of determining nodal negativity in colorectal cancer on the basis of the number of
nodes retrieved on resection. Ann Surg Oncol 2003;10:213-8.

[10] Hernanz F, Revuleta S, Madrazo C. Colorectal adenocarcinoma: quality of the assess-
ment of lymph node metastases. Dis Colon Rectum 1994;37:373-7.

[11] Caplin S, Cerottini JP, Bosman FT, Constanda MT, Givel JC. For patients with Dukes' B
(TNM stage II) colorectal carcinoma, examination of six or fewer lymph nodes is re-
lated to poor prognosis. Cancer 1998;83:666-72.

[12] Cserni G, Vajda K, Tarjan M, Bori R, Svébis M, Baltas B. Nodal staging of colorectal car-
cinomas from quantitative and qualitative aspects. Can lymphatic mapping help
staging? Path Oncol Res 1999;5:291-6.

[13] Law CH, Wright FC, Rapanos T, Alzahrani M, Hanna SS, Khalifa M, et al. Impact of
lymph node retrieval and pathological ultra-staging on the prognosis of stage Il
colon cancer. ] Surg Oncol 2003;84:120-6.

[14] 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 T3NOMO colorec-
tal carcinomas? ] Surg Oncol 2002;81:63-9.

[15] Leibl S, Tsybrovskyy O, Denk H. How many lymph nodes are necessary to stage early
and advanced adenocarcinoma of the sigmoid colon and upper rectum? Virchows
Arch 2003;443:133-8.

[16] Hohenberger W, Weber K, Matzel K, Papadopoulos T, Merkel S. Standardized sur-
gery for colonic cancer: complete mesocolic excision and central ligation—technical
notes and outcome. Colorectal Dis 2009;11:354-65.

[17] Compton CC, Fielding LP, Burgart Lj, Conley B, Cooper HS, Hamilton SR, et al. Prog-
nostic factors in colorectal cancer. College of American Pathologists consensus state-
ment 1999. Arch Pathol Lab Med 2000;124:979-94.

[18] Rosenberg R, Engel ], Bruns C, Heitland W, Hermes N, Jauch KW, et al. The prognostic
value of lymph node ratio in a population-based collective of colorectal cancer
patients. Ann Surg 2010;251:1070-8.

[19] Polignano F, Henderson N, Alishahi SM, Zito A. Laparoscopic colectomy for cancer
and adequate lymphadenectomy: association between survival and number of
lymph nodes. Surg Endosc 2006;20:996-7.

[20] Kelder W, Inberg B, Schaapveld M, Karrenbeld A, Grond J, Wiggers T, et al. Impact of
the number of histologically examined lymph nodes on prognosis in colon cancer: a
population-based study in the Netherlands. Dis Colon Rectum 2009;52:260-7.

[21] Wichmann MW, Miiller C, Meyer G, Strauss T, Hornung HM, Lau-Werner U, et al. Ef-
fect of preoperative radiochemotherapy on lymph node retrieval after resection of
rectal cancer. Arch Surg 2002;137:206-10.

[22] Baxter NN, Virnig DJ, Rothenberger DA, Morris AM, Jessurun ], Virnig BA. Lymph
node evaluation in colorectal cancer patients: a population-based study. ] Natl
Cancer Inst 2005;97:219-25.


http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0005
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0005
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0005
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0010
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0010
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0010
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0015
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0015
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0020
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0020
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0020
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0025
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0025
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0025
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0030
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0030
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0030
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0035
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0035
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0035
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0040
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0040
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0040
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0040
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0045
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0045
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0045
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0050
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0050
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0055
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0055
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0055
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0060
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0060
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0060
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0065
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0065
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0065
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0070
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0070
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0070
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0075
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0075
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0075
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0080
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0080
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0080
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0085
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0085
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0085
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0090
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0090
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0090
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0095
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0095
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0095
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0100
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0100
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0100
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0105
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0105
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0105
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0110
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0110
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0110

G. Yegen et al. / Annals of Diagnostic Pathology 20 (2016) 29-35 35

[23] Pheby DF, Levine DF, Pitcher RW, Shepherd NA. Lymph node harvests directly influ-
ence the staging of colorectal cancer: evidence from a regional audit. J Clin Pathol
2004;57:43-7.

[24] Thorn CC, Woodcock NP, Scott N, Verbeke C, Scott SB, Ambrose NS. What factors af-
fect lymph node yield in surgery for rectal cancer? Colorectal Dis 2004;6:356-61.

[25] Mekenkamp LJ, van Krieken JH, Marijnen CA, van de Velde CJ, Nagtegaal ID,
Pathology Review Committee, et al. Lymph node retrieval in rectal cancer is depen-
dent on many factors—the role of the tumor, the patient, the surgeon, the radiother-
apist, and the pathologist. Am ] Surg Pathol 2009;33:1547-53.

[26] Ha YH, Jeong SY, Lim SB, Choi HS, Hong YS, Chang HJ, et al. Influence of preoperative
chemoradiotherapy on the number of lymph nodes retrieved in rectal cancer. Ann
Surg 2010;252:336-40.

[27] Le M, Nelson R, Lee W, Mailey B, Duldulao M, Chen Y], et al. Evaluation of lymphad-
enectomy in patients receiving neoadjuvant radiotherapy for rectal adenocarcino-
ma. Ann Surg Oncol 2012;19:3713-8.

[28] Sauer R, Becker H, Hohenberger W, Rédel C, Wittekind C, Fietkau R, et al. Preopera-
tive versus postoperative chemoradiotherapy for rectal cancer. N Engl ] Med 2004;
351:1731-40.

[29] Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH, Wiggers T, et al. Preop-
erative radiotherapy combined with total mesorectal excision for resectable rectal
cancer. N Engl ] Med 2001;345:638-46.

[30] Roh MS, Colangelo LH, O'Connell M], Yothers G, Deutsch M, Allegra CJ, et al. Preop-
erative multimodality therapy improves disease-free survival in patients with carci-
noma of the rectum: NSABP R-03. ] Clin Oncol 2009;7:5124-30.

[31] Nagtegaal ID, van de Velde CJ, van der Worp E, Kapiteijn E, Quirke P, van Krieken JH,
et al. Macroscopic evaluation of rectal cancer resection specimen: clinical signifi-
cance of the pathologist in quality control. ] Clin Oncol 2002;20:1729-34.

[32] Hamilton SR, Bosman FT, Boffetta P, Ilyas M, Morreau H, Nakamura SI, et al. Carcino-
ma of the colon and rectum. In: Bosman FT, Carneiro F, Hruban RH, Theise ND, edi-
tors. WHO classification of tumours of the digestive system. 4th ed. France: Lyon;
2010. p. 131-47.

[33] Dworak O, Keilholz L, Hoffmann A. Pathological features of rectal cancer after preop-
erative radiochemotherapy. Int ] Colorectal Dis 1997;12:19-23.

[34] de la Fuente SG, Manson R], Ludwig KA, Mantyh CR. Neoadjuvant chemoradiation
for rectal cancer reduces lymph node harvest in proctectomy specimens. ]
Gastrointest Surg 2009;13:269-74.

[35] Damin DC, Rosito MA, Contu PC, Tarta C, Ferreira PR, Kliemann LM, et al. Lymph
node retrieval after preoperative chemoradiotherapy for rectal cancer. ] Gastrointest
Surg 2012;16:1573-80.

[36] Marijnen CA, Nagtegaal ID, Klein Kranenbarg E, Hermans J, van de Velde CJ, Leer JW,
et al. No downstaging after short-term preoperative radiotherapy in rectal cancer
patients. J Clin Oncol 2001;19:1976-84.

[37] Morcos B, Baker B, Al Masri M, Haddad H, Hashem S. Lymph node yield in rectal can-
cer surgery: effect of preoperative chemoradiotherapy. Eur ] Surg Oncol 2010;36:
345-9.

[38] Rullier A, Laurent C, Capdepont M, Vendrely V, Belleannée G, Bioulac-Sage P, et al.
Lymph nodes after preoperative chemoradiotherapy for rectal carcinoma: number,
status, and impact on survival. Am ] Surg Pathol 2008;32:45-50.

[39] Wijesuriya RE, Deen KI, Hewavisenthi ], Balawardana J, Perera M. Neoadjuvant ther-
apy for rectal cancer down-stages the tumor but reduces lymph node harvest signif-
icantly. Surg Today 2005;35:442-5.

[40] Scott N, Thorne C, Jayne D. Lymph node retrieval after neoadjuvant radiotherapy for
rectal adenocarcinoma. J Clin Pathol 2004;57:335-6.

[41] Sprenger T, Rothe H, Homayounfar K, Beissbarth T, Ghadimi BM, Becker H, et al. Pre-
operative chemoradiotherapy does not necessarily reduce lymph node retrieval in
rectal cancer specimens-results from a prospective evaluation with extensive path-
ological work-up. ] Gastrointest Surg 2010;14:96-103.

[42] Goldstein NS, Sanford W, Coffey M, Layfield LJ. Lymph node recovery from colorectal
resection specimens removed for adenocarcinoma. Trends over time and a recom-
mendation for a minimum number of lymph nodes to be recovered. Am J Clin Pathol
1996;106:209-16.

[43] Goldstein NS. Lymph node recoveries from 2427 pT3 colorectal resection speci-
mens spanning 45 years: recommendations for a minimum number of recovered
lymph nodes based on predictive probabilities. Am ] Surg Pathol 2002;26:
179-89.

[44] Herrera-Ornelas L, Justiniano J, Castillo N, Petrelli NJ, Stulc JP, Mittelman A. Metasta-
ses in small lymph nodes from colon cancer. Arch Surg 1987;122:1253-6.

[45] Thakur S, Somashekar U, Chandrakar SK, Sharma D. Anatomic study of distribution,
numbers, and size of lymph nodes in mesorectum in Indians: an autopsy study. Int |
Surg Pathol 2011;19(3):315-20.

[46] Canessa CE, Badia F, Fierro S, Fiol V, Hayek G. Anatomic study of the lymph nodes of
the mesorectum. Dis Colon Rectum 2001;44:1333-6.

[47] Topor B, Acland R, Kolodko V, Galandiuk S. Mesorectal lymph nodes: their location
and distribution within the mesorectum. Dis Colon Rectum 2003;46:779-85.

[48] Rodel C, Liersch T, Hermann RM, Arnold D, Reese T, Hipp M, et al. Multicenter phase
II trial of chemoradiation with oxaliplatin for rectal cancer. ] Clin Oncol 2007;25:
110-7.

[49] Shida H, Ban K, Matsumoto M, Masuda K, Imanari T, Machida T, et al. Prognostic sig-
nificance of location of lymph node metastases in colorectal cancer. Dis Colon Rec-
tum 1992;35:1046-50.

[50] Sprenger T, Rothe H, Becker H, Beissbarth T, Homayounfar K, Gauss K, et al. Lymph
node metastases in rectal cancer after preoperative radiochemotherapy: impact of
intramesorectal distribution and residual micrometastatic involvement. Am ] Surg
Pathol 2013;37:1283-9.


http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0115
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0115
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0115
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0120
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0120
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0125
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0125
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0125
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0125
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0130
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0130
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0130
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0135
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0135
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0135
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0140
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0140
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0140
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0145
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0145
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0145
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0150
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0150
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0150
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0245
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0245
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0245
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0250
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0250
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0250
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0250
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0155
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0155
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0160
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0160
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0160
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0165
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0165
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0165
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0170
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0170
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0170
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0175
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0175
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0175
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0185
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0185
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0185
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0190
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0190
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0190
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0195
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0195
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0255
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0255
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0255
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0255
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0200
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0200
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0200
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0200
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0205
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0205
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0205
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0205
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0210
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0210
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0215
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0215
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0215
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0220
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0220
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0225
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0225
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0230
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0230
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0230
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0235
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0235
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0235
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0240
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0240
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0240
http://refhub.elsevier.com/S1092-9134(15)30019-8/rf0240

	The effect of neoadjuvant therapy on the size, number, and distribution of mesorectal lymph nodes
	1. Introduction
	2. Materials and methods
	3. Statistical analysis
	4. Results
	4.1. Number of lymph nodes dissected
	4.2. Size of the dissected lymph nodes
	4.3. Distribution of the lymph nodes
	4.4. The impact of lymph node metastases and the localization of the metastatic�lymph nodes on OS and DFS

	5. Discussion
	6. Conclusion
	Acknowledgments
	References


