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Objective
To investigate clinical features that affect the number of pelvic lymph nodes (PLNs) harvested and prognostic
significance of the number of PLNs removed in patients with stage IB1 to IIA2 cervical cancer.

Methods

Data from patients with cervical cancer whom underwent hysterectomy with PLN dissection between June 2004 and
July 2015 were reviewed retrospectively. Data on clinicopathologic factors including age, height, and weight were
collected. Data on the presence of PLN metastasis on imaging studies prior to surgery, number of PLNs harvested, and
presence of metastasis in the harvested PLNs were retrieved from medical records. Clinical features associated with
the number of PLNs harvested were analyzed. Disease-free survival (DFS) and overall survival (OS) according to the
number of PLNs harvested were analyzed.

Results

During the study period, 210 patients were included. The height and weight of patients and preoperative positive
positron emission tomography findings were significantly associated with a higher number of PLNs harvested.
As a pathologic factor, larger tumor size was associated with a higher number of PLNs harvested. Furthermore, a
higher number of PLNs harvested was associated with a higher number of metastatic PLNs and patients undergoing
postoperative concurrent chemoradiation therapy. Patient height and tumor size were independent factors affecting
the number of PLNs harvested in multivariate analysis. However, the number of PLNs harvested was not associated
with DFS or OS.

Conclusion
The number of PLNs harvested during surgery was

associated with patient height; however, this was not

related to the prognosis of the disease. Received: 2020.01.07. Revised: 2020.07.21. Accepted: 2020.09.15.
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Introduction

Dong Hoon Suh has been an Editorial Board of Obstetrics & Gynecology Science;
however, he was not involved in the peer reviewer selection, evaluation, or decision

Cervical cancer is the second leading cause of cancer-related
deaths in women aged 20 to 39 years, and approximately
9 women with cervical cancer in this age group die every
week worldwide [1]. In Korea, even though the incidence of
cervical cancer is decreasing steadily, it is still the third lead-
ing cause of cancer-related deaths among Korean women [2].
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Therefore, improving the prognosis of the disease remains es-
sential. Surgery is the treatment of choice, and radical hyster-
ectomy with pelvic lymphadenectomy is the standard surgical
method for patients with early-stage cervical cancer. A less
aggressive surgical approach is applied to treat microinvasive
cervical cancer (2014 International Federation of Gynecology
and Obstetrics [FIGO] stage IA1 to IA2), whereas a more radi-
cal approach is used to treat invasive cancers (FIGO stage IB1
to lIA2). Lymph node (LN) involvement is one of the stron-
gest prognostic factors for decreased survival in women with
cervical cancer undergoing radical surgery [3]; therefore, the
presence of LN metastasis has recently been included in the
2018 FIGO staging system [4]. Although complete uniform
pelvic lymphadenectomy is the routine procedure, the total
number of pelvic LNs (PLNs) harvested varies among patients.
Lymphatic dissemination to the regional LNs has been sug-
gested as the main route of metastasis in cervical cancer [5].
Therefore, complete removal of PLNs is essential to improve
survival, as it may increase the likelihood of detecting occult
metastatic lesions [6]. Theoretically, it is possible that patients
with a larger number of PLNs may have additional routes for
lymphatic dissemination. Therefore, this retrospective study
aimed to determine the clinical features that affect the num-
ber of PLNs harvested, and the prognostic significance of the
total number of PLNs removed in patients with cervical can-
cer stage IB1 to I1A2, whom underwent radical hysterectomy
with PLN dissection.

Materials and methods

1. Case selection

Clinical data from 215 consecutive patients with cervical can-
cer stage IB1 to IIA2 whom underwent radical hysterectomy
with PLN dissection, without receiving preoperative therapy,
between June 2004 and July 2015, were reviewed retro-
spectively. For the staging of cervical cancer, the 2014 FIGO
staging system was implemented. The inclusion criteria were
as follows: 1) patients with FIGO stage IB1 to IIA2 cervical
cancer; 2) patients whom underwent primary surgery, includ-
ing radical hysterectomy with PLN dissection; 3) no history of
surgery, radiotherapy, or chemotherapy for cervical cancer,
with the exception of large loop excision of the transforma-
tion zone for clinical staging; and 4) those without underly-
ing medical history that would affect survival. From a total of
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215 patients, 5 were not eligible and excluded. Therefore, a
total of 210 patients were included for the statistical analy-
sis. The study received Institutional Review Board approval
(B-1903-529-102), and the need for informed consent was
waived as the current study was conducted as a retrospective
review.

2. Data collection

Data on clinicopathologic factors including age, body weight,
and height were collected. The presence of PLN metastasis
on imaging studies such as pelvic computed tomography (CT),
magnetic resonance imaging (MRI), and positron emission
tomography (PET) prior to surgery was reviewed by radiolo-
gists.

3. Surgical procedure

All patients underwent radical hysterectomy (type C of the
Querleu and Morrow surgical classification system), with or
without bilateral salpingo-oophorectomy. Additionally, bilat-
eral PLN dissection with or without para-aortic LN dissection
was performed in all cases. PLNs were harvested from node-
bearing fat tissue. All surgeries were performed via laparoto-
my or laparoscopy, and the method of approach was decided
by the surgeon’s preference and patient characteristics.

4. Pathologic specimen review

Pathologic evaluation included the number of PLNs harvest-
ed, histology, tumor size, presence of lymphovascular space
invasion (LVSI), and presence of PLN metastasis. The patients
were divided into 2 groups according to the mean number
(23) of PLNs harvested.

5. Adjuvant therapy and follow-up

Postoperative adjuvant treatment was administered to pa-
tients with more than 2 intermediate-risk factors for recur-
rence according to the Sedlis criteria: 1) large tumor size >4
cm; 2) cervical stromal invasion into the middle or deep one-
third; and 3) LVSI [7], and to those who had one of the high-
risk factors: 1) positive or close margins; 2) positive LNs; and
3) microscopic parametrial involvement [8]. All patients un-
derwent concurrent chemoradiation therapy with platinum-
based chemotherapy. Data of post-treatment follow-up of
all patients were retrospectively reviewed, including their
serum tumor markers and imaging exams (CT, MRI, or PET).
Disease-free survival (DFS) was defined as the period be-
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tween the date of primary surgery and the date of clinically
proven recurrence. The overall survival (OS) was defined as
the period between the date of primary surgery and the date
of cancer-related death.

6. Statistical analyses

The association between clinical features, including the
number of harvested PLNs and survival outcome of cervical
cancer, was determined using the Kaplan-Meier method with
the log-rank test and multivariate Cox proportional hazard
analysis with odds ratio (OR) and 95% confidence interval
(Cl). Pearson’s y* test or the Student’s t-test was used to com-
pare characteristics. Statistical analysis was performed using
the Statistical Package for Social Sciences version 17.0 (IBM
Corp., Armonk, NY, USA); a P-value <0.05 was considered
significant.

Results

A total of 210 patients who met the inclusion criteria were
enrolled. The clinicopathological characteristics are shown in
Table 1. Age was divided into 2 groups: <50 years (114 pa-
tients, 54.3%) and >50 years (96 patients, 45.7%). The body
weights of the patients were divided into 2 groups: <60 kg
(142 patients, 67.6%) and >60 kg (68 patients, 32.4%).
The cutoff value for the height of patients for predicting PLN
number, <159.6 cm (130 patients, 61.9%) and >159.6 cm (80
patients, 38.1%), was calculated using the receiver operating
characteristic curve. The pathological types were identified
as squamous cell carcinoma (SCC) (120 cases, 57.1%) and
non-SCC (90 cases, 42.9%). Regarding the FIGO stage of
the patients, type IB1 was the most common, equaling 148
cases (70.5%); 46 cases were IB2 (21.9%), 12 cases were
lIA1 (5.7%), and 4 cases were IA2 (1.9%). Sixty patients
had a tumor size >4 cm (28.6%) and 150 cases had a tumor
size <4 ¢cm (71.4%). LVSI was present in 100 cases (47.6%).
Metastatic PLN was observed in 42 (20.0%) cases, and 168
cases (80.0%) had no PLN metastasis. Concurrent chemora-
diation therapy as an adjuvant treatment was administered
to 92 patients (43.8%), whereas 118 patients (56.2%) were
not treated post-surgically.

The mean number of total PLNs harvested was 23.1£11.7
and the highest number of PLNs harvested in one case was
65. Patients were classified into 2 groups according to the
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Table 1. Clinicopathologic characteristics of the patients

No. of patients

Variables (n=210) Value
Age

Mean 47 (25-81)

<50 114 543

>50 96 457
Body weight (kg)

Mean 57.6+8.17

<60 142 67.6

>60 68 324
Height (cm)

Mean 157.3+ 6.68

<159.6 130 61.9

>159.6 80 38.1
Body mass index (kg/m?)

Mean 23.34+3.54

<25 152 72.4

>25 58 27.6
FIGO clinical stage

1B1 148 70.5

1B2 46 21.9

A1 12 5.7

[1A2 4 1.9
Histology

Non-SCC 90 429

ScC 120 57.1
Tumor size (cm)

<4 150 71.4

>4 60 28.6
LVSI

No 110 52.4

Yes 100 47.6
Harvested PLN

Mean 23.13+11.66

<23 110 52.4

>23 100 47.6
PLN metastasis

No 168 80.0

Yes 42 20.0
Adjuvant CCRT

No 118 56.2

Yes 92 43.8

Value are shown as mean+standard deviation or number (%).

FIGO, International Federation of Gynecology and Obstetrics; SCC,
squamous cellular carcinoma; LVSI, lymphovascular space invasion;
PLN, pelvic lymph node; CCRT, concurrent chemo-radiation therapy.
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number of harvested PLNs as shown in Table 2; 110 cases  other clinicopathologic factors. The results showed that
(52.4%) had <23 PLNs harvested, and 100 cases (47.6%)  greater patient body weight (OR, 1.952; 95% Cl, 1.086-
had >23 PLNs harvested. Data were analyzed to determine  3.510; P=0.024) and height (OR, 1.753; 95% Cl, 1.000-
the association between the number of PLNs harvested and 3.076; P=0.049) were associated with a higher number of

Table 2. Clinicopathologic factors affecting the number of harvested pelvic lymph nodes (PLNs)
Harvested PLN

Variables OR 95% ClI P-value
<23 >23
Age <50 58 56 0.876 0.509-1.510 0.634
>50 52 44
BMI (kg/m?) <25 82 70 1.255 0.685-2.300 0.462
>25 28 30
Body weight (kg) <60 82 60 1.952 1.086-3.510 0.024
>60 28 40
Height (cm) <159.6 75 55 1.753 1.000-3.076 0.049
>159.6 35 45
CCRT No 70 48 1.896 1.092-3.293 0.023
Yes 40 52
LN metastasis on MRI No 66 48 1.594 0.921-2.758 0.095
Yes 44 51
LN metastasis on PET No 71 33 2.613 1.152-5.926 0.019
Yes 14 17
LN metastasis on CT No 63 46 1.574 0.912-2.715 0.102
Yes 47 54
Tumor size (cm) <4 91 59 3.328 1.764-6.280 <0.001
>4 19 41
LvsSI No 59 51 1111 0.646-1.912 0.702
Yes 51 49
Operation method Laparotomy 40 74 0.201 0.111-0.363 <0.001
Laproscopy 70 26
Pathologically confirmed metastasis No 96 72 2.667 1.310-5.427 0.006
Yes 14 28

OR, odds ratio; Cl, confidence interval; BMI, body mass index; CCRT, concurrent chemo-radiation therapy; LN, lymph node; MRI, magnetic
resonance imaging; PET, positron emission tomography; CT, computed tomography; LVSI, lymphovascular space invasion.

Table 3. Multivariate logistic regression analysis of independent factors affecting the number of harvested pelvic lymph nodes

Variables Beta SE OR 95% ClI P-value
Body weight (>60 kg) 0.485 0.437 1.624 0.690-3.823 0.267
Height (>159.6 cm) 0.910 0.422 2.484 1.086-5.682 0.031
LN metastasis on MRI 0.496 0.423 1.642 0.716-3.765 0.241
LN metastasis on PET 0.180 0.531 1.198 0.423-3.395 0.734
Tumor size (>4 cm) 1.516 0.555 4.555 1.536-13.506 0.006
Surgery method -0.360 0.487 0.698 0.268-1.813 0.460

SE, standard error; OR, odds ratio; Cl, confidence interval, LN, lymph node; MRI, magnetic resonance imaging; PET, positron emission tomography.
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PLNs harvested. In addition, the presence of PLN metastasis
on preoperative PET scans (OR, 2.613; 95% Cl, 1.152-5.926;
P=0.019) was further associated with a higher number of to-
tal PLNs harvested. There was no significant difference in pa-
tient age (OR, 0.876; 95% Cl, 0.509-1.510; P=0.634), pre-
operative MRI (OR, 1.594; 95% Cl, 0.921-2.715; P=0.095),
and CT (OR, 1.574; 95% Cl, 0.912-2.715; P=0.102) studies
in association with the number of PLNs harvested. A higher
number of PLNs harvested was additionally associated with
larger tumor size >4 cm (OR, 3.328; 95% Cl, 1.764-6.280;
P<0.001) and pathologically confirmed PLN metastasis (OR,
2.667;95% Cl, 1.31-5.427; P=0.006), but not with the pres-
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ence of LVSI (OR, 1.111; 95% Cl, 0.646-1.912; P=0.702).
Regarding the operation method, a higher number of PLNs
harvested was associated with the laparotomy approach
compared to laparoscopy (OR, 0.201; 95% Cl, 0.111-0.363;
P<0.001).

A multivariate logistic regression analysis was carried out to
investigate which factors were independently associated with
a higher number of PLNs harvested, as shown in Table 3. The
results showed that only greater height (OR, 2.484; 95% Cl,
1.086-5.682; P=0.031) and tumor size >4 cm (OR, 4.555;
95% Cl, 1.536-13.506; P=0.006) were associated with a
higher number of PLNs harvested, whereas body weight
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Fig. 1. Kaplan-Meier analysis of (A) disease free survival (DFS) and (B) overall survival (OS) post-surgery of both groups with a cut-off
based on the average number of pelvic lymph nodes (PLNs) harvested.
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Fig. 2. Kaplan-Meier analysis of (A) disease free survival (DFS) and (B) overall survival (OS) post-surgery in the pelvic lymph node (PLN)
positive patients of both groups with a cut-off based on the average number of PLNs harvested.
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(OR, 1.624; 95% Cl, 0.690-3.823; P=0.267) and preopera-
tive LN metastasis present on PET scans (OR, 1.198; 95% Cl,
0.423-3.395; P=0.734) showed no significant associations.
In addition, the operation method showed no association in
the multivariate analysis (OR, 0.698; 95% Cl, 0.268-1.813;
P=0.460).

The 5-year DFS was 87.1% overall, 86.0% for the >23
PLNs harvested group and 88.2% for the <23 PLNs har-
vested group. The 5-year OS was 97.1% overall, 96.0% for
the >23 PLNs harvested group and 98.2% for the <23 PLNs
harvested group. The number of PLNs harvested had no sig-
nificant influence on prognosis (DFS, P=0.897; OS, P=0.597)
of the disease, as shown in the Kaplan-Meier graph in
Fig. 1. Additionally, subgroup analysis within the pathologi-
cally confirmed metastasis group was carried out, which
showed no significant difference in DFS (P=0.277) or OS
(P=0.850), as shown in Fig. 2.

Discussion

Up to now, a lot of research regarding the prognostic value
of pelvic lymphadenectomy and the total number of PLNs
in patients with early-stage cervical cancer has been carried
out. However, there have been no studies that have focused
on the total number of PLNs in each patient or which clini-
copathologic factors affect the total number regardless of
the presence of PLN metastasis. In this retrospective study,
characteristics associated with a higher number of total PLNs
harvested were patient height and weight. This could be due
to the simple assumption that more PLNs are present in larg-
er patients. Another finding of this study was that a higher
number of PLNs harvested was associated with the laparoto-
my approach compared to laparoscopy. The surgical method
may affect the surgeon’s performance, as some surgeons
found laparoscopic PLN retrieval more difficult. The results
of this study showed that a larger tumor size (>4 c¢m) and
the presence of PLN metastasis on preoperative PET findings
were further associated with a higher number of total PLNs
retrieved in these patients. When performing pelvic lymphad-
enectomy, it is routine to attempt to remove every PLN pres-
ent; however, it is inevitable that the degree of extensiveness
is affected by the surgeon and the difficulty of the surgical
procedure. With preoperative findings of larger tumor size
and PET images suggesting PLN metastasis, the surgeon may
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perform pelvic lymphadenectomy more thoroughly, resulting
in more PLNs being retrieved during surgery. Interestingly, a
higher number of PLNs retrieved during surgery was associ-
ated with patients undergoing CCRT and the presence of
pathologically confirmed PLN metastasis. This finding may
be due to a higher chance of finding occult metastasis with
more PLNs removed, thus leading to adjuvant CCRT treat-
ment. When multivariate analysis was performed, the fac-
tors significantly associated with a higher number of PLNs in
patients with early cervical cancer were patient height and
tumor size. Regardless of these findings, the total number
of PLNs harvested did not affect DFS or OS in patients with
early cervical cancer in this study.

Without a doubt, there has been much controversy regard-
ing whether the number of PLNs removed improves survival
in previous studies. Pieterse et al. [9] showed that a higher
number of PLNs retrieved was associated with better survival
in patients with positive PLNs. In another study by Shah et al.
[10] based on the Surveillance Epidemiology and End Results
database, it was shown that a higher number of PLNs re-
trieved had a positive impact on survival in patients without
nodal metastasis. In contrast, in a study by Ditto et al., [11]
the total number of LNs removed during systematic lymphad-
enectomy was not a significant prognostic factor for survival.
However, none of these studies examined factors that affect
the total number of removed PLNSs.

In theory, when performing systematic lymphadenectomy,
it is essential to completely remove all the PLNs regardless
of metastasis status; therefore, the total number of PLNs
removed is dependent on the nodal yield of each patient.
However, it is further affected by the thoroughness of LN
dissection performed by the surgeon, which leads to one of
the limitations of this study. All participants were enrolled
from a single institution, and the surgeries performed by only
4 surgeons. Although it is inevitable that the thoroughness
may vary depending on the surgeon, it should be empha-
sized that all patients in this study received systematic pelvic
lymphadenectomy, and the institution ensured consistent
treatment guidelines and surgical skills. Further limitations of
this study include the retrospective nature of the study and
that the sample size may be considered small to draw defini-
tive conclusions. In addition, sentinel LN detection and sam-
pling was not considered in this study, despite it being ac-
cepted as standard practice in many centers for early cervical
cancer patients. However, it seems that this is the first study
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focusing on the total number of PLNs removed dependent
on patient specific nodal yield, and which clinicopathologic
factors affect the total number of PLNs.

In conclusion, the total number of PLNs harvested dur-
ing surgery, which may reflect the total nodal yield of each
patient, was associated with patient size, especially height.
Larger tumor size was associated with a higher number of
PLNs retrieved. Recent studies have introduced the impor-
tance of the prognostic value of LN ratio; for example, in the
study by Aslan et al., [12] it has been proposed that the ratio
of positive LNs to the total number of LNs removed is an
independent prognostic factor for decreased DFS and OS. Al-
though this study showed that the total number of PLNs har-
vested did not affect DFS or OS in patients with early cervical
cancer, the total number of PLNs was associated with some
clinicopathological factors of the patients, such as height.
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