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Introduction: The prognostic impact of the number of examined lymph nodes (ELNs) in dif-
ferent histological subtypes of cervical cancer remains unclear. We aimed to assess the impact
of the number of ELNS in stage IA2—-IIA cervical cancer with different histological subtypes.
Methods: Data of patients with stage [A2—-IIA squamous cell carcinoma (SCC) and adenocar-
cinoma (AC) of the uterine cervix between 1988 and 2013 were retrieved from the Surveillance,
Epidemiology, and End Results program. Univariate and multivariate Cox regression analyses
were performed to analyze the effect of number of ELNs on cause-specific survival (CSS) and
overall survival (OS).

Results: The final data set identified 11,830 patients including 7,920 (66.9%) women with SCC
and 3,910 (33.1%) with AC. The median number of ELNs was 19. The multivariate analysis
indicated that the number of ELNs was an independent prognostic factor influencing CSS and
OS, both as a continuous or a categorical variable. Patients with a higher number of ELNs had
better survival outcomes. In SCC subtype, the number of ELNs was also the independent prog-
nostic factor of CSS and OS in node-positive patients, but not in patients with node-negative
disease. In AC patients, ELN count was not an independent predictor of CSS and OS regardless
of lymph node status.

Conclusion: The number of ELNs is an independent prognostic factor in patients with stage
IA2-1IB cervical cancer. A higher number of ELNSs is associated with better survival outcomes,
especially in the node-positive SCC subtype.

Keywords: cervical cancer, early stage, SEER, histological subtype, nodal positive, prognosis

Introduction
Cervical cancer is one of the most common malignancies in women and has become
an important disease that threatens women’s health.!? Radical hysterectomy is the
main local treatment of early stage cervical cancer, and pelvic lymphadenectomy is an
important surgical procedure during radical hysterectomy. Several studies have found
that the number of examined lymph nodes (ELNs) could predict precise lymph node
staging in lung, gastric, rectal, and ovarian cancer, and patients with a higher number
of ELNs show better survival.** However, for patients with cervical cancer, extensive
lymphadenectomy may lead to more postoperative complications and damage the
patient’s immune system.”®

The status of lymph node is not considered in the current International Federation
of Gynecology and Obstetrics (FIGO) staging system. However, more studies have
found that a higher number of positive lymph nodes (PLNs) was associated with worse
prognosis.”!® Theoretically, a higher number of ELNs could accurately assess lymph
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node status, which may reduce the risk of occult lymph node
metastases. Previous studies have found that a higher number
of ELNs was associated with better survival in patients with
node-positive disease.!"'> However, several studies have
shown that extensive lymphadenectomy did not improve
survival.*"3In addition, a population-based study found that
a higher number of ELNs was associated with better survival
outcomes in patients with node-negative cervical cancer.'
Therefore, the clinical value of ELN count in cervical cancer
remains controversial.

Squamous cell carcinoma (SCC) and adenocarcinoma
(AC) are the most common histological subtypes of cervical
cancer, which show differences in epidemiology, etiology,
molecular characterization, and prognosis.!”" To the best
of our knowledge, there are no studies investigating the
prognostic impact of the number of ELNSs in different histo-
logical subtypes of cervical cancer. In this study, we aimed
to investigate the prognostic value of the number of ELNs
in cervical cancer using the Surveillance, Epidemiology, and
End Results (SEER) database and further analyzed whether
the results were affected by histological subtypes.

Materials and methods

Patients

We included patients diagnosed with FIGO stage [A2-1IA
SCC and AC of the uterine cervix after hysterectomy and
lymphadenectomy between 1988 and 2013 based on the
SEER program.® Patients with unknown ELN count and
PLN count were excluded. We obtained the permission to
access the SEER research data files with the reference number
14239-Nov2015. The Clinical Research Ethics Committee of
the First Affiliated Hospital of Xiamen University approved
this study. This study did not include any interactions with
human subjects or use personally identifiable information,
therefore, the ethics committee did not require that written
informed consent be obtained.

Demographic and clinicopathological

factors

The demographic and clinicopathological factors including
age, year of diagnosis, ethnicity, FIGO stage, grade, histologi-
cal subtypes, number of PLNs and ELNs, and radiotherapy
were collected from the SEER database. The FIGO stage
IA2-1IA category included stages IA2, IB not otherwise
specified (NOS), IB1, IB2, and IIA in the SEER database.
The number of PLNs was classified as 0, 1, 2, 3, and >4. The
number of ELNs was classified according to previous studies
as follows: 1-10, 11-20, 21-30, and >30.!3!¢ The primary

endpoints of this study were cause-specific survival (CSS)
and overall survival (OS).

Statistical analysis

All statistical analyses were completed using the SPSS
package (version 21.0; IBM Corporation, Armonk, NY,
USA). The Pearson’s y? test was used to compare the
frequency distributions between categorical variables.
Analysis of variance was used to compare the continuous
variables in patients. Survival rates were determined by
using Kaplan—Meier method and log-rank test. Univariate
and multivariate Cox proportional hazard analyses were
performed to identify the prognostic factors of CSS and
OS. The impact of ELNs in the multivariate Cox propor-
tional hazard model was evaluated by using continuous
variables or categorical variables in two models. All the
prognostic variables that were found to be significant in
the univariate analysis were included in the multivariate
analysis. A p-value of <0.05 was considered significant in
all the analyses.

Results

The demographic and clinicopathological characteristics
are summarized in Table 1. A total of 11,830 patients were
included in this study, and 8,825 (74.6%) patients were
diagnosed after 2000. The median age was 43 years (range,
9-90 years). Among them, 66.9% (7,920) and 33.1% (3,910)
of patients were diagnosed with SCC and AC, respectively.
Regarding the FIGO stage, 1,573 (13.3%), 9,528 (80.5%),
and 729 (6.2%) patients were in stage [A2, IB, and IIA,
respectively.

The median number of ELNs was 19. A total of 2,374
(20.1%), 4,418 (37.3%), 3,034 (25.6%), and 2,004 (16.9%)
patients were categorized as having 1-10, 11-20, 21-30, and
>30 ELNSs, respectively. A total of 1,812 (15.3%) patients
were with node-positive disease, and the median number of
PLNs was two (range, 1-43) in patients with node-positive
disease.

Patients who were younger, diagnosed after 2000, white
ethnicity, IB NOS stage, received radiotherapy, and married had
a higher number of ELNs. The probability of a higher number
of PLNs was higher in patients with more ELNs. The clinico-
pathological data among the four groups were not significantly
different for histological subtypes and grade (Table 1).

The median time of follow-up was 86 months (range,
1-311 months). The 5- and 10-year CSS were 91.6% and
89.1%, respectively, and the 5- and 10-year OS were 89.3%
and 83.9%, respectively.
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Table | Patients’ demographic and clinicopathological characteristics

Characteristic n 1-10 ELNs (%) 11-20 ELNs (%) 21-30 ELNs (%)  >31 ELNs (%) p-value
Age (years)
Median + SD 43.0£12.2 44.0+13.1 43.0£12.3 43.0£11.7 42.0%11.0 <0.001
Year of diagnosis
1988-1999 3,005 484 (20.4) 1,045 (23.7) 818 (27.0) 658 (32.8) <0.001
20002013 8,825 1,890 (79.6) 3,373 (76.3) 2,216 (73.0) 1,346 (67.2)
Ethnicity
White 9,417 1,823 (76.8) 3,530 (79.9) 2,445 (80.6) 1,619 (80.8) <0.001
Black 1,030 286 (12.0) 383 (8.7) 227 (7.5) 134 (6.7)
Other 1,302 250 (10.5) 472 (10.7) 337 (11.1) 243 (12.1)
Unknown 8l 15 (0.6) 33(0.7) 25 (0.8) 8 (0.4)
Grade
Gl 1,542 298 (12.6) 582 (13.2) 405 (13.3) 257 (12.8) 0.435
G2 4,532 887 (37.4) 1,716 (38.8) 1,157 (38.1) 772 (38.5)
G3-4 4,005 806 (34.0) 1,472 (33.3) 1,020 (33.6) 707 (35.3)
Unknown 1,751 383 (l6.1) 648 (14.7) 452 (14.9) 268 (13.4)
FIGO stage
1A2 1,573 348 (14.7) 653 (14.8) 372 (123) 200 (10.0) <0.001
IB NOS 4,746 883 (37.2) 1,685 (38.1) 1,241 (40.9) 937 (46.8)
IBI 4,015 769 (32.4) 1,571 (35.6) 1,057 (34.8) 618 (30.8)
1B2 767 187 (7.9) 257 (5.8) 185 (6.1) 138 (6.9)
A 729 187 (7.9) 252 (5.7) 179 (5.9) 111 (5.5)
Histological type
SCC 7,920 1,557 (65.5) 2,952 (66.8) 2,030 (66.9) 1,361 (67.9) 0.760
AC 3,910 797 (33.5) 1466 (33.2) 1004 (33.1) 643 (32.1)
Radiotherapy
Yes 8,205 1,522 (64.1) 3,110 (70.4) 2,161 (71.2) 1,412 (70.5) <0.001
No 3,625 852 (35.9) 1308 (29.6) 873 (28.8) 592 (29.5)
Marital status
Unmarried 5,065 1,015 (42.8) 1,909 (43.2) 1,332 (43.9) 809 (40.4) 0.001
Married 6,326 1,264 (53.2) 2,316 (52.4) 1,604 (52.9) 1,142 (57.0)
Unknown 439 95 (4.0) 193 (4.4) 98 (3.2) 53 (2.6)
Number of PLNs (n)
0 10,018 2,021 (85.1) 3,772 (85.4) 2,558 (84.3) 1,667 (83.2) <0.001
| 853 175 (7.4) 307 (6.9) 230 (7.6) 141 (7.0)
2 442 106 (4.5) 159 (3.6) 108 (3.6) 69 (3.4)
3 214 31 (1.3) 88 (2.0) 53(1.7) 42 (2.1)
>4 303 41 (1.7) 92 (2.1) 85 (2.8) 85 (4.2)

Abbreviations: AC, adenocarcinoma; ELNs, examined lymph nodes; FIGO, International Federation of Gynecology and Obstetrics; G1, well differentiated; G2, moderately
differentiated; G3, poorly differentiated; G4, undifferentiated; NOS, not otherwise specified; PLNs, positive lymph nodes; SCC, squamous cell carcinoma; SD, standard

deviation.

The univariate analysis showed that ELN as a continu-
ous variable or as a categorical variable was the significant
prognostic factor in CSS and OS (Table 2). The results of
multivariate analysis showed that ELN was an independent
prognostic factor for both CSS and OS as a continuous or a
categorical variable (Table 3). Patients with a higher number
of ELNs had a better survival. In the subgroup analysis of
patients with node-positive disease, the number of ELNs
was also an independent prognostic factor for survival.
However, the number of ELNs was not associated with
survival outcomes in node-negative patients (Table 3).
Age, year of diagnosis, ethnicity, FIGO stage, grade,
histological subtypes, number of PLNs, and radiotherapy

were also independent prognostic factors for survival in
the multivariate analysis.

The prognostic value of the number of ELNSs in patients
with SCC and AC was further analyzed. The ELN count was
not significantly different between SCC and AC (p=0.760).
However, more patients had a higher number of PLNs in
SCC subtype, whereas AC patients were more likely to have
node-negative disease (p<0.001). In SCC subtype, the results
of multivariate analysis showed that the number of ELNs as
a continuous or a categorical variable was also an indepen-
dent prognostic factor for CSS and OS in the entire cohort
and in the node-positive subset, but not in the node-negative
patients (Table 3; Figure 1). However, ELN count was not an
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Table 2 Univariate analysis on prognostic factors of survival

Characteristics CSss os
HR 95% CI p-value HR 95% ClI p-value

Age (years) (continuous variable) 1.013 1.008-1.018 <0.001 1.038 1.034-1.042 <0.001
Year of diagnosis

1988-1999 | |

20002013 0.863 0.759-0.982 0.025 0919 0.828-1.020 0.113
Ethnicity

White | |

Black 1.564 1.304-1.876 <0.001 1.463 1.266—1.690 <0.001

Other 1.232 1.026-1.478 0.025 1.091 0.941-1.264 0.251
Grade

Gl | |

G2 2514 1.865-3.389 <0.001 2.145 1.735-2.652 <0.001

G3-4 4.657 3.478-6.234 <0.001 3.366 2.733-4.146 <0.001
FIGO stage

1A2 | [

IB NOS 4.378 3.164-6.057 <0.001 2.389 1.976-2.888 <0.001

IBI 2.878 2.037-4.067 <0.001 1.883 1.518-2.336 <0.001

1B2 10.481 7.291-15.067 <0.001 5.339 4.173-6.831 <0.001

1A 11.678 8.230-16.572 <0.001 6.062 4.866—7.551 <0.001
Histological type

SCC | |

AC 0.922 0.809-1.051 0.223 0.831 0.748-0.924 0.001
Radiotherapy

No | |

Yes 3.690 3.267-4.168 <0.001 2.641 2.404-2.902 <0.001
Marital status

Unmarried | |

Married 0.792 0.702-0.895 <0.001 0.666 0.606-0.732 <0.001
Number of PLNs (n)

0 | |

| 3.335 2.804-3.966 <0.001 2.281 1.962-2.650 <0.001

2 3.887 3.133-4.822 <0.001 2.783 2.309-3.355 <0.001

3 5.361 4.146-6.933 <0.001 3.439 2.720-4.349 <0.001

>4 7.071 5.770-8.665 <0.001 4.775 3.984-5.723 <0.001
Number of PLNs (continuous variable) 1.139 1.126—1.153 <0.001 1.132 1.119-1.145 <0.001
Number of ELNs (n)

1-10 | |

11-20 0.785 0.670-0.920 0.003 0.823 0.726-0.932 0.002

21-30 0.756 0.636-0.899 0.002 0.774 0.676-0.887 <0.001

>30 0.793 0.656-0.958 0.016 0.746 0.641-0.867 <0.001
Number of ELNs (continuous variable) 0.993 0.988-0.999 0.012 0.992 0.988-0.996 <0.001

Abbreviations: AC, adenocarcinoma; Cl, confidence interval; CSS, cause-specific survival; ELNs, examined lymph nodes; FIGO, International Federation of Gynecology
and Obstetrics; G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; G4, undifferentiated; HR, hazard ratio; NOS, not otherwise specified; PLNs,

positive lymph nodes; SCC, squamous cell carcinoma; OS, overall survival.

independent predictor of CSS and OS regardless of lymph
node status (Table 3).

Discussion

In this study, we investigated the prognostic impact of ELN
count of early stage cervical cancer patients in a population-
based study. Our results indicated that ELN count was an
independent prognostic factor for survival outcomes, espe-
cially in patients with a node-positive disease. The subgroup

analysis showed similar results in patients with SCC subtype,
while ELN count had no prognostic value in AC patients.
Currently, the therapeutic value of extensive lymph-
adenectomy in patients with cervical cancers remains
controversial. A study by Lim et al found that a more exten-
sive lymphadenectomy (>40 ELNs) improved survival in
patients with tumors sized >4 cm.?! However, other studies
found that the ELN count had no effect on survival.'*-!3
In this study, we found that a higher number of ELNs was
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Table 3 Multivariate analyses of impact of examined lymph node count on survival according to different lymph node status

Number of ELNs Css os
HR 95% CI p-value HR 95% ClI p-value
Entire group (n)
I-10 | |
1120 0.848 0.723-0.996 0.044 0.885 0.781-1.003 0.056
21-30 0.777 0.652-0.926 0.005 0.816 0.711-0.936 0.004
>30 0.758 0.625-0.919 0.005 0.77 0.661-0.898 0.001
Number of ELNs (continuous variable) 0.991 0.986-0.997 0.001 0.992 0.988-0.996 <0.001
Node-negative (n)
1-10 | |
11-20 0.968 0.785-1.193 0.759 0.93 0.800-1.081 0.343
21-30 0914 0.725-1.151 0.442 0.86 0.729-1.015 0.074
>30 0.975 0.759-1.252 0.841 0.875 0.727-1.052 0.155
Number of ELNs (continuous variable) 0.999 0.992-1.005 0.664 0.996 0.991-1.001 0.127
Node-positive (n)
1-10 | [
11-20 0.711 0.553-0.913 0.008 0.826 0.654—1.042 0.107
21-30 0.536 0.486-0.833 0.001 0.763 0.595-0.979 0.033
>30 0.525 0.387-0.712 <0.001 0.593 0.448-0.785 <0.001
Number of ELNs (continuous variable) 0.981 0.973-0.990 <0.001 0.985 0.978-0.992 <0.001
SCC subtype (n)
1-10 | |
11-20 0.846 0.699-1.027 0.086 0.86 0.742-0.996 0.044
21-30 0.785 0.638-0.967 0.023 0.828 0.706-0.971 0.02
>30 0.685 0.541-0.867 0.002 0.727 0.607-0.872 0.001
Number of ELNs (continuous variable) 0.992 0.987-0.996 0.001 0.99 0.984-0.996 0.001
Node-negative SCC (n)
1-10 [ |
11-20 1.042 0.809-1.341 0.751 0.923 0.774-1.101 0.373
21-30 0.951 0.719-1.258 0.725 0.868 0.715-1.052 0.149
>30 0.962 0.709-1.304 0.802 0.854 0.689-1.059 0.151
Number of ELNs (continuous variable) 0.999 0.991-1.007 0.827 0.996 0.991-1.002 0.211
Node-positive SCC (n)
I-10 | |
1120 0.623 0.464-0.838 0.002 0.739 0.563-0.971 0.030
21-30 0.600 0.439-0.820 0.001 0.735 0.553-0.978 0.034
>30 0.415 0.285-0.605 <0.001 0.493 0.351-0.693 <0.001
Number of ELNs (continuous variable) 0.976 0.966-0.987 <0.001 0.981 0.972-0.989 <0.001
AC subtype (n)
I-10 | |
1120 0.835 0.621-1.122 0.232 0.956 0.750-1.218 0.715
21-30 0.774 0.559-1.073 0.125 0.796 0.606—1.046 0.102
>30 0.949 0.676-1.334 0.765 0.92 0.688-1.231 0.577
Number of ELNs (continuous variable) 0.996 0.987-1.005 0.373 0.996 0.988-1.003 0.260
Node-negative AC (n)
1-10 | |
11-20 0.844 0.578-1.233 0.382 | 0.748-1.336 1.000
21-30 0.843 0.561-1.268 0412 0.841 0.610-1.159 0.290
>30 1.057 0.680—1.645 0.804 0.99 0.692-1.417 0.957
Number of ELNs (continuous variable) 0.998 0.986-1.011 0.804 0.997 0.987-1.006 051
Node-positive AC (n)
1-10 | [
11-20 0.8l11 0.501-1.315 0.396 0.931 0.588-1.474 0.760
21-30 0.663 0.381-1.155 0.147 0.715 0.420-1.219 0.218
>30 0.853 0.496—1.467 0.566 0.905 0.539-1.519 0.705
Number of ELNs (continuous variable) 0.994 0.979-1.009 0.441 0.996 0.982-1.010 0.604

Abbreviations: AC, adenocarcinoma; Cl, confidence interval; CSS, cause-specific survival; ELNs, examined lymph nodes; HR, hazard ratio; SCC, squamous cell carcinoma;

OS, overall survival.
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Figure | Impact of examined lymph node (ELN) count on cause-specific survival (A) and overall survival (B) in node-positive cervical squamous cell carcinoma.

associated with better survival in patients with early stage
cervical cancer.

Although the lymph node status has not been included
in the FIGO staging system, several studies have suggested
that a higher number of PLNs was an unfavorable prognostic
factor for survival.”!° Our study also found that patients
with a higher number of PLNs had worse prognosis and that
the risk of lymph node involvement (>4) was significantly
increased in patients with >30 ELNs. Therefore, a higher
number of ELNs may reduce the risk of occult lymph node
metastases.

The effect of number of ELNs on survival of patients
with cervical cancer according to different lymph node
status remains controversial. A previous SEER study sug-
gested that more extensive lymphadenectomy improved
survival in node-negative patients and had no prognostic
value in node-positive patients (from 1988 to 2005).'¢ In
our study, subgroup analyses found that ELN count was
the independent prognostic factor in node-positive patients
but not in patients with node-negative disease. Our results
were contrary to the findings of Shah et al,'® which may
be due to the difference in sample size (11,830 vs 5,222,
respectively). In addition, 48.0% of patients in the Shah et
al'® study were diagnosed after 2000, and 76.4% of patients
in our study were diagnosed after 2000, which differences
in the use of adjuvant therapy may exist according to the
year of diagnosis. Although there were contrary findings
between the two SEER studies, our results were similar to
previous studies.'"'> Mao et al also found that there was no
prognostic effect of ELN count in node-negative patients.?

The epidemiology, etiology, clinicopathological and
molecular characteristics, treatment response, and prognosis
of SCC are significantly different compared to AC of the uter-
ine cervix.!”"Y However, the incidence of AC has increased in
recent decades. In our study, 33.1% of patients were diagnosed
with cervical AC, which was higher than a previous SEER
study (20%).2 Several studies have shown that radiotherapy
was the main local treatment in cervical SCC, while more
cervical AC patients received primary surgery.>** Therefore,
the higher incidence of AC in our study was related to dif-
ference in the study population. Previous studies indicated
that there was no significant difference in lymph node status
between SCC and AC.?*? In this study, the ELN count was
not significantly different between SCC and AC. However,
more patients had a higher number of PLNs in SCC subtype,
whereas AC patients were more likely to have node-negative
disease. However, the SCC subtype had a higher number of
PLNs compared with AC group.

The effect of ELN count on the survival of patients with
SCC and AC is not well determined. Our subgroup analysis
found that ELN count was the independent prognostic factor
in node-positive SCC subtype. In addition, the ELN count
had no prognostic value in AC patients regardless of nodal
status. To the best of our knowledge, our study was the first
to identify the prognostic value of ELN count in cervical
cancer with different histological subtypes.

The extent of lymphadenectomy may be individualized
based on accurate assessment of lymph node status. Previous
studies have found that advanced FIGO stage, large tumor
size, deep stromal invasion, involvement of the parame-
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trium, and lymphovascular invasion could predict lymph
node metastasis in cervical cancer.?** In addition, positron
emission tomography/computer tomography (PET/CT) and
magnetic resonance imaging (MRI) have higher sensitiv-
ity and specificity in predicting lymph node metastasis.’*3!
However, the accuracy of PET/CT decreases for nodal size <5
mm and micrometastasis.’**! PET/MRI-diffusion weighted
imaging may be a valuable imaging technique for nodal
staging in patients with cervical and endometrial cancer,
but further studies are required to investigate its potential
clinical utility.*?

An increasing number of studies have found that sentinel
lymph node (SLN) biopsy is an important indicator evalu-
ating pelvic nodal status in cervical cancer, with excellent
detection rates and high sensitivity.*** SLN biopsy without
pelvic lymphadenectomy is considered safe in cervical can-
cer patients with negative SLNs.33%¢ Several studies have
found that indocyanine green SLN mapping in cervical
cancer provided higher overall and bilateral detection rates
compared with current standard of care’’** and removed up
to three SLNs which may be enough to accurately assess the
lymph node staging in cervical cancer patients.*’ The current
National Comprehensive Cancer Network guidelines recom-
mended the SLN technique for early stage cervical cancer
with tumor size <2 cm.*! Our study found that the number
of ELNs has no effect on survival in node-negative cervical
cancer. Therefore, combined with the current SLN biopsy
technology, pelvic lymphadenectomy may be avoided in
node-negative cervical cancer.

Our study has several limitations that need to be acknowl-
edged. First, inherent bias could not be avoided in retrospec-
tive studies. Second, the SEER program lacks data concerning
several pathological factors including lymphovascular
invasion, stromal invasion, and postoperative complications
among the ELNs groups, which may cause bias to analysis.
In addition, the extents of lymphadenectomy (pelvic, ingui-
nal, or para-aortic) were not clearly defined because there is
no detailed record in the SEER database. Third, there was
no information regarding whether or not chemotherapy has
been given. Fourth, the period of this study spanned about
25 years, and the adjuvant treatment of early stage cervical
cancer has changed in recent decades,* which may have
potentially impacted the survival outcomes.

Conclusion

In patients with stage IA2—IIB cervical cancer, the number
of ELNs is an independent prognostic factor of survival. A
higher number of ELNs is associated with better survival

outcomes, especially in the node-positive SCC subtype.
Further studies are required to determine the optimal extent
of lymphadenectomy in cervical cancer with different his-
tological subtypes.
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