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Abstract
The aim of this study was to analyze the influence of neoadjuvant treatment on nodal harvest after rectal cancer surgery and its
impact on long-term oncological outcomes. A retrospective analysis of patients with rectal cancer who received curative intent
treatment from 2002 to 2012 in our institution was performed. Data on various clinic-pathological and treatment details were
recovered from the records. The number of nodes harvested after surgery was analyzed. The influence of number of nodes
harvested on overall survival and disease free survival was analyzed. Among the 459 patients included in this study, 326
underwent surgery after neoadjuvant treatment (NAT). The mean number of nodes harvested was significantly lower in patients
who received NAT compared with those who did not (8.9 ± 5.77 vs 14 ± 9.84, p < 0.001). However, the mean number of
pathologically positive nodes was not significantly different. A minimum of 12 nodes were harvested in only 27.9% of patients
who received NAT. No lymph nodes were identified in the specimen in 15 patients (4.6%) who underwent surgery after NAT.
The only independent factors influencing harvest of a minimum of 12 nodes were patient age and NAT. The 5-year overall
survival was not significantly different in patients in whom < 12 or ≥ 12 nodes were harvested (64% vs 69% respectively, p =
0.5). Neoadjuvant chemoradiation significantly reduces nodal harvest in patients undergoing treatment for rectal cancer.
However, this reduced nodal harvest did not adversely impact survival in patients. However, every effort must be made by the
surgeon and the pathologist to maximize the nodal harvest.
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Introduction

Neoadjuvant chemoradiation (NCRT) is standard of care in
locally advanced rectal cancer as it improves local control and
improves sphincter preservation [1]. Pathological nodal status
is considered to be one of the most important prognostic fac-
tors for patients undergoing surgery for carcinoma rectum
after NCRT [2], and the oncological outcome in node negative
patients significantly improves as an increasing number of
nodes are examined [3]. The American Joint Committee on

Cancer (AJCC) staging manual recommends examination of a
minimum of 12 nodes for accurate staging of rectal cancer
surgery [4]. Various factors determine the nodal harvest after
surgery for rectal cancer [5, 6]. Besides the quality of the
surgery and of the pathological examination, other patient
and treatment-related factors also influence the nodal harvest.

The aim of this study was to determine the influence of
neoadjuvant treatment (NAT) for rectal cancer on nodal har-
vest and analyze the influence of number of harvested nodes
on oncological outcomes.

Patients and Methods

This is a retrospective analysis of patients whowere treated for
adenocarcinoma of the rectum from 2002 to 2012 in our in-
stitution. Patients with non-metastatic rectal cancer who were
treated with a curative intent were included in this study.
Patients were staged using a contrast enhanced CT scan of
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abdomen and pelvis along with chest X-ray. Patients with
locally advanced rectal cancer (cT3/T4 or node positive)
underwent NAT using radiation with or without addition of
chemotherapy (5-fluorouracil) followed by radical surgery.
Dose of radiation used was 50.4 Gy in 25 fractions. Patients
with early stage tumors underwent direct surgery except in
low lying cT2 tumors where NAT was offered with the aim
of sphincter preservation. The resected specimen was fixed in
formalin and subjected to standard histopathological exami-
nation [7]. Nodes were identified first by digital palpation and
then using a lymph node revealing solution.

Adjuvant chemotherapy was offered to all patients who
received NCRT. Patients were kept on surveillance after com-
pletion of treatment. Clinical examination and serum
carcinoembryonic antigen (CEA) measurements were done
every 3 months for the first 3 years, every 6 months for the
next 2 years and annually thereafter. A CT scan of the abdo-
men and pelvis and a chest X-ray was done annually for the
first 3 years and when clinically indicated thereafter.

The demographic, tumor, and treatment-related data were
retrieved from the records. The histopathology reports were
reviewed to determine the nodal yield and other pathological
details. The impact of NAT on the nodal yield was analyzed
using logistic regression score. The influence of the number of
nodes harvested on the overall survival (OS) and disease-free
survival (DFS) was studied using actuarial method depicting
results with Kaplan–Meier plots. We tried to determine a cut-
off value of minimum nodes harvested after NAT that would
predict a difference in survival.

Results

A total of 474 patients with rectal cancer underwent treatment
during this period of which consecutive patients who
underwent a curative intent treatment were included in this
study. Neoadjuvant treatment was offered to 326 patients
(293 patients received NCRT and 33 patients received only
radiation), while 133 patients underwent direct surgery. The
demographic, treatment, and pathological characteristics of
patients who underwent surgery after neoadjuvant treatment
are depicted in Table 1. Lower rectal tumors were more com-
mon (50.4%) than middle and upper rectal tumors. Most of the
tumors were T3 (56.6%).

The mean number of nodes harvested in patients who re-
ceived NATwas significantly lower than that in those who did
not receive NAT (8.9 ± 5.77 (standard deviation) vs 14 ± 9.84,
respectively, p < 0.001). Similarly, the mean total nodes har-
vested in patients who had a pN0 disease and pN+ disease was
also significantly lower in patients who received NAT com-
pared with those who underwent upfront surgery (7.4 ± 4.8 vs

Table 1 Demographic variables and tumor characteristics

Variable Distribution

Median age in years (range) 52 (16–85)

Sex

Male 283 (61.7%)

Female 176 (38.3%)

Location of tumor

Upper rectum 22 (4.8%)

Middle rectum 186 (40.5%)

Lower rectum 251 (50.4%)

Histology

Adenocarcinoma 379 (82.6%)

Mucinous adenocarcinoma 47 (10.2%)

Signet ring type adenocarcinoma 16 (3.5%)

Poorly differentiated carcinoma 17 (3.7%)

Clinical T stage

T1 6 (1.3%)

T2 83 (18.1%)

T3 260 (56.6%)

T4 38 (8.3%)

TX 75 (15.7%)

Clinical N stage

N0 184 (40.1%)

N1 166 (36.2%)

N2 13 (2.8%)

NX 96 (20.9%)

Neoadjuvant therapy

None 133 (29%)

Radiation 33 (7.2%)

Chemoradiation 293 (63.8%)

Surgery

Abdominoperineal resection 251 (54.7%)

Sphincter preserving surgery 208 (45.3%)

Approach to surgery

Laparoscopic 86 (18.7%)

Open 373 (81.3%)

Pathological T stage

p T0
p TIS

42 (9.2%)
3 (0.7%)

p T1 15 (3.3%)

p T2 105 (22.9%)

p T3 264 (57.5%)

p T4 30 (6.5%)

Pathological N stage

p N0 257 (55.9%)

p N1 94 (20.4%)

p N2 93 (20.3%)

p Nx (no nodes identified) 15 (4.6%)
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13 ± 9.1, p < 0.001, and 10.9 ± 6.4 vs 15.3 ± 10.6, p + 0.001
respectively). A minimum of 12 nodes were harvested from
the specimen in only 27.9% of patients who received NAT
compared with 52.6% of patients undergoing direct surgery.
No lymph nodes were identified in the specimen of 15 patients
who underwent surgery after NAT.

On univariate analysis of factors influencing nodal harvest,
age ≤ 49 years, sphincter preserving surgery, less than 50-day
interval between NAT and surgery, upper and middle rectal
tumors, no neoadjuvant treatment, mucinous adenocarci-
nomas, and pT3/T4 tumors were all associated with a

significantly higher chance of harvesting at least 12 nodes
(Table 2). However, on multivariate analysis only age ≤
49 years and no neoadjuvant treatment had an independent
effect on harvesting a minimum of 12 nodes (Table 3).

There was no significant difference in the 5-year DFS
or OS in patients who received NAT when different cut-
off values of the number of harvested nodes ranging from
0 to 12 were used (Table 4). A nodal harvest of less than
12 nodes did not adversely affect the survival (Fig. 1).
The 5-year DFS and OS of patients in whom no nodes
were harvested after NAT was not significantly different

Table 2 Univariate analysis of
factors influencing harvest of a
minimum of 12 nodes

Variable HR 95% confidence interval p value

Age

Less than or equal to 49 years 1

More than 49 years 0.623 0.423–0.917 0.016

Sex

Male 1

Female 1.141 0.770–1.689 0.511

Distance from anal verge

Upper and mid rectum 1

Lower rectum 1.473 1.002–2.165 0.049

Tumor histology

Adenocarcinoma 1

Mucinous adenocarcinoma 1.924 1.045–3.543 0.036

Signet ring type adenocarcinoma 2.008 0.736–5.475 0.173

Poorly differentiated carcinoma 0.618 0.197–1.933 0.408

Neoadjuvant treatment

Chemoradiation 1

Radiation 0.965 0.430–2.164 0.931

No 2.859 1.869–4.375 < 0.001

Type of surgery

Sphincter preserving surgery 1

Abdominoperineal resection 0.679 0.462–0.998 0.049

Surgical approach

Open 1

Laparoscopic 0.622 0.369–1.047 0.074

Interval between RT ad surgery

Less than or equal to 50 days 1

More than 50 days 0.540 0.365–0.798 0.002

Pathologic T stage

T1 1

T2 1.062 0.242–4.673 0.936

T3 2.814 1.250–6.335 0.012

T4 3.719 1.298–10.653 0.014

TIS 0.850 0.198–3.658 0.827

T0 2.035 0.851–4.867 0.110
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from that of patients who had at least 1 node harvested
(OS 70% vs 65%, respectively, p = 0.44) or from that of
patients who a pathological N0 status (OS 70% vs 73%,
respectively, p = 0.19) (Fig. 1).

Discussion

We have shown that the number of nodes harvested in patients
undergoing surgery for rectal cancer after NAT is significantly
less when compared with those who undergo direct surgery. A
similar finding has been reported by other authors [5, 8–11].
In an analysis of more than 1200 patients with rectal cancer,
Mekenkamp et al. [5] reported that neoadjuvant radiation sig-
nificantly lowered the nodal yield (6.9 vs 8.5, p < 0.0001). A
systematic review and meta-analysis concluded that the num-
ber of nodes harvested and the number of positive nodes in

patients who undergo surgery after neoadjuvant CRT are less
compared with patients who did not receive neoadjuvant treat-
ment [8]. It has been estimated that the nodal harvest in rectal
cancer will reduce by 0.21% for every 1 Gy of radiation [11].

Although the latest AJCC cancer staging manual (8th edi-
tion) recommends examination of a minimum of 12 nodes for
accurate staging after rectal cancer surgery, it recognizes that
the number of nodes examinedmay be less in patients receiving
pre-operative radiation [4]. Our observation that only 27.9% of
patients undergoing NAT have at least 12 nodes harvested is in
agreement with this statement. Other studies have reported that
20–70.4% of patients receiving neoadjuvant CRT had fewer
than 12 lymph nodes harvested [9, 10, 12].

The nodal harvest after rectal cancer surgery is influenced
by modifiable (surgery/surgeon and pathologist related) and
non-modifiable (patient and disease related) factors [5, 13].
Surgeon-related factors include specialization and experience

Table 3 Multivariate analysis of factors influencing harvest of a minimum of 12 nodes

Variable HR 95% confidence interval p value

Age

≤ 49 years 1

> 49 years 0.486 0.308–0.767 0.002

Distance from anal verge

Upper and middle rectum 1

Lower rectum 1.209 0.664–2.199 0.535

Tumor histology

Adenocarcinoma 1

Mucinous adenocarcinoma 1.819 0.925–3.577 0.083

Signet ring type adenocarcinoma 2.493 0.878–7.078 0.086

Poorly differentiated carcinoma 0.672 0.200–2.250 0.519

Neoadjuvant treatment

Chemoradiation 1

Radiation 1.260 0.531–2.990 0.601

None 3.644 1.952–6.804 < 0.001

Type of surgery

Sphincter preserving surgery 1

Abdominoperineal resection 0.874 0.477–1.602 0.664

Interval between radiation and surgery

≤ 50 days 1

> 50 days 0.922 0.531–1.602 0.773

T stage

T1 1

T2 0.633 0.131–3.067 0.570

T3 2.196 0.938–5.144 0.070

T4 2.358 0.761–7.307 0.137

TIS 0.329 0.368–1.591 0.167

T0 1.451 0.570–3.695 0.435

Indian J Surg Oncol (December 2020) 11(4):692–698 695



of the surgeon. We have earlier shown that the number of
nodes harvested does not significantly differ when surgery is
performed for rectal cancer by an open or laparoscopic ap-
proach after CRT [14]. Although few studies reported that
lymph node harvest varied according to the reporting pathol-
ogist [5, 15], both the quality of the surgery and the patholog-
ical examination are important in determining the nodal yield
[6]. Various methods like fat-dissolving solutions, intra-
arterial injection of a staining agent like methylene blue, and
exhaustive submission of mesenteric fat have been shown to
improve the nodal yield although the clinical relevance of
these methods is controversial given the fact that they are time
and labor intensive [13, 16].

The modifiable factors in this study were controlled since
all surgeries in this study, performed in a high volume centre,
were done or supervised by surgeons experienced in rectal
cancer resections and the pathological examination was also
performed or supervised by experienced pathologists follow-
ing a standard protocol. Although factors like increasing T
stage, tumor location, and interval to surgery have also been

previously reported to influence nodal harvest, these factors
did not retain significance in a multivariate analysis in our
study. The only independent predictors of nodal harvest in
our study were non-modifiable factors related to the patient
(younger age) or the treatment (use of NAT). The influence of
age and use of NAT on nodal harvest has been reported pre-
viously [5, 6, 15].

The use of neoadjuvant radiation leads to an inflammatory
reaction causing stromal fibrosis and a reduction in the size of
the nodes, leading to difficulty in identifying them in the
resected specimen [5, 12]. In our study, no nodes were iden-
tified in the resected specimen in a small proportion of patients
(4.6%) and the survival of these patients were not significantly
different from the pathologically node negative patients
(pN0). The reported incidence of the absence of nodes in the
resected specimen after neoadjuvant CRT in rectal cancer
varies from 3.4–16% [10, 17–19]. However, similar to our
study, none of these studies have shown an inferior oncolog-
ical outcome if no nodes were harvested. Rather, it is believed
that an absence of nodes in the specimen represents a good
response to neoadjuvant CRT [17].

Although the survival of patients in whom < 12 nodes were
harvested was not significantly different from those with a
higher nodal yield in our study, we were unable to identify a
cut off number of nodes harvested after CRT that would pre-
dict a difference in the oncological outcomes. In contrast,
Mekenkamp et al. [5] suggested that at least 8 nodes be har-
vested in rectal cancer patients post-CRT since the recurrence
free interval was lower in node negative patients if less than 8
nodes were identified. Other authors have also reported that a
reduced nodal harvest or failure to identify a minimum of 12
nodes after neoadjuvant CRT did not result in an inferior on-
cological outcome [9–11, 18, 20].

The limitations of this study include its retrospective nature
and the lack of pathology review of all archived slides for the
purpose of this study. However, the protocols followed for
surgery and pathological examination have more or less
remained unchanged throughout the study duration in our in-
stitution as have the surgeons and pathologists involved in the
treatment.

Conclusion

The number of nodes harvested after neoadjuvant treatment
for rectal cancer is less than that after direct surgery, and the
minimum prescribed number of 12 nodes was harvested in
only a small proportion of patients although this was not as-
sociated with an inferior survival. However, every effort must
be made by the surgeon and the pathologist to maximize the
nodal harvest.

Table 4 Survival based on the number of nodes harvested in patients
who received neoadjuvant treatment

Number of nodes harvested 5-year DFS p value 5-year OS p value

0 63 0.551 70 0.441

≥ 1 50 65

< 2 60 0.642 66 0.423

≥ 2 50 65

< 3 47 0.093 58 0.203

≥ 3 51 66

< 4 53 0.206 60 0.174

≥ 4 50 66

< 5 54 0.487 61 0.492

≥ 5 50 66

< 6 51 0.358 61 0.279

≥ 6 50 67

< 7 49 0.200 62 0.271

≥ 7 52 67

< 8 52 0.937 66 0.909

≥ 8 50 64

< 9 51 0.856 65 0.903

≥ 9 50 65

< 10 52 64 0.997

≥ 10 49 0.804 66

< 11 50 0.878 62 0.483

≥ 11 50 69

< 12 50 0.900 64 0.577

≥ 12 51 69

DFS disease-free survival, OS overall survival
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Fig. 1 Kaplan-Meier curves showing comparison of a) disease-free
survival and b) overall survival of patients with zero nodes harvested
(straight line) vs pathological node negative patients (dotted line); c)
disease-free survival and d) overall survival of patients with zero nodes

harvested (straight line) vs patients in whom at least one node was
harvested (dotted line); e) disease-free survival and f) overall survival of
patients inwhom<12 nodes (straight line) or ≥12 nodes (dotted line) were
harvested
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