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stage IB-IIA cervical squamous
cell carcinoma: A population-
based study

Jiahui Yong1†, Baicheng Ding2†, Yaqin Dong3 and Mingwei Yang3*

1Department of Transfusion, The First Affiliated Hospital of University of Science and Technology of
China, Division of Life Sciences and Medicine, University of Science and Technology of China,
Hefei, China, 2Department of Emergency Surgery, The First Affiliated Hospital of Anhui Medical
University, Hefei, China, 3Department of Radiation Oncology, The First Affiliated Hospital of Anhui
Medical University, Hefei, China
Objective: We aimed to investigate the association of examined lymph node

(ELN) number with lymph node status and long-term survival in FIGO stage IB-

IIA cervical squamous cell carcinoma(CSCC) and to determine the minimum

number of ELN associated with survival improvement.

Method: Data from the Surveillance, Epidemiology, and End Results Program

(SEER) database of FIGO stage IB-IIA CSCC patients undergoing hysterectomy and

pelvic lymphadenectomy in 2004-2016 were analyzed to explore the relationship

between ELN number and lymph node status and overall survival (OS) by using the

multivariable approach. The estimated probability of falsely identifying a patient as

node-negative and the hazard ratios (HRs) for each ELN was fitted with a LOWESS

smoother, and the structural breakpoints were determined. X-tile software was

used to determine the optimal cutoff value for ELNs.

Results: A total of 2627 patients were analyzed. The optimal cutoff value of the

ELN number was identified as 7 based on the results of X-tile software. The

structural breakpoints according to the associations between the number of

ELNs and the estimated risk of false-negative lymph node dissection and HRs

for overall survival were 9 and 8, respectively. The multivariate analysis

indicated that ELN number was an independent prognostic factor for OS,

both as a continuous or categorical variable. To further explore the effect of

more ELNs on survival, another cutoff value of 17 was chosen to compare the

survival curves of patients. The multivariate-adjusted COX model showed that

patients with ELN<8 had a significantly higher risk of death than those with

ELN8-17 (HR=1.447, 95% CI =1.075-1.947, p=0.015), but there was no

significant difference in overall survival between patients with ELN>17 and

patients with ELN8-17 (HR=0.822, 95%CI =0.665-1.016, p=0.070).
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Conclusion: A sufficient number of ELNs was associated with better long-term

survival in FIGO stage IB-IIA CSCC. At least 8 ELNs need to be examined for

prognostic stratification. Excessive lymph node dissection (ELN>17) may not

confer additional survival benefits.
KEYWORDS

lymphadenectomy, hysterectomy, examined lymph node count, prognosis, SEER,
cervical squamous cell carcinomas
Introduction

Cervical cancer is the fourthmost frequently diagnosed cancer

and the fourth leading cause of cancer death among women,

posing a serious threat to women’s health (1). Different from

previous staging systems, the 2018 International Federation of

Gynecology and Obstetrics (FIGO) staging system incorporates

lymph node status into staging, emphasizing the role of lymph

node metastasis in tumor progression and prognosis (2, 3). Pelvic

lymphadenectomy is an essential procedure for the surgical

treatment of early-stage cervical cancer (4). Several retrospective

reports have demonstrated improved survival mostly for patients

after debulking of grossly involved nodes (5). However,

considering the low rate of pelvic lymph node metastasis in

early cervical cancer (6), unnecessary lymph node dissection

may also lead to increased postoperative complications, such as

pelvic lymphocyst and lower extremity lymphedema, which can

seriously affect the quality of life of patients (7). Given the clinical

potential of lymph nodes in anti-cancer immunity, negative

lymph nodes should also be preserved (8).

Many large studies of colon, breast, ovarian, and endometrial

cancers have shown a positive association between the number

of removed lymph nodes and prognosis (9–12). However, it

remains controversial whether detecting more lymph nodes

provides a survival benefit in early-stage cervical cancer treated

initially with surgery (13–15) and whether a minimum number

of lymph nodes should be considered in lymph node dissection.

To address these outstanding questions, we used data from

the Surveillance, Epidemiology and End Results (SEER), a large

publicly available database, to analyze the number of lymph

nodes examined in relation to lymph node status and overall

survival, and to further determine the minimum number of

lymph nodes to be examined associated with survival

improvement. Given the different biological behavior

underlying various tumor characteristics may affect the

prognostic significance of examined lymph node (ELN), we

limited the study to squamous cell carcinoma (SCC).
02
Material and method

Patients

The information of the patients was obtained from the SEER

program which covers nearly 28% of the cancer patients in the

United State and is publicly available and de-identified (16).

Patients diagnosed with FIGO stage IB–IIA (according to the

2009 FIGO staging system) cervical squamous cell carcinoma

who underwent hysterectomy and lymphadenectomy with at

least one examined LN between 2004 and 2016 were included in

the study. We excluded patients diagnosed under 18 years old or

over 80 years old, with the previous history of cancer, with

unknown ELN, PLN, and clinical features, who had received

neoadjuvant chemotherapy or preoperative radiotherapy or died

within 1 month after surgery to reduce the impact of

perioperative events on survival.
Statistical analysis

The linear regression analysis was applied for investigating the

relationship between the number of positive lymph nodes (PLNs)

and ELNs. Stage migration was assessed by correlating ELN

number and the proportion of positive versus negative nodal

status using binomial logistic regression models, with adjustment

for potential confounders associated with ELN or PLN number

before or during surgery. The association of ELN number with

overall survival was investigated and visualized using Cox

proportional hazards regression models, with adjustment for

other significant prognostic factors. Sensitivity analyses were

performed by stratifying the models by demographic, clinical,

and pathologic characteristics. Interaction tests were performed to

evaluate associations between ELN numbers and the

stratification factors.

To estimate the risk of false-negative LN dissection, the

distribution of the percentages of positive metastatic LNs among
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all patients with at least 1 positive LN was fitted using a beta-

binomial distribution according to the mathematical model

proposed by Robinson et al. (17) and used the resulting model

parameters to estimate the probability of having no positive LNs

observed in truly node-positive disease. The estimated

probability of falsely identifying a patient as node-negative and

the hazard ratios (HRs) for the survival of each ELN number

compared with the most frequent ELN number (as a reference)

was visualized using the locally weighted scatterplot smoothing

(LOWESS) smoother with a bandwidth of 2/3. Structural

breakpoints were determined by ‘strucchange’ packages in R

version 4.1.0 (The R Foundation for Statistical Computing,

Vienna, Austria). The breakpoints were deemed as the

threshold of clinical impact. X-tile software version 3.6.111

was applied to explore the ideal cut-off value of the ELN

number for the largest OS difference. All statistical analyses

were carried out using R software and X-tile software. P <.05 was

considered statistically significant. Continuous variables are

shown as median with interquartile range (IQR). Categorical

variables are expressed as percentages.
Result

Patient characteristics and
distribution of ELNs

A total of 2627 patients were eligible for analysis. Table 1 shows

the baseline characteristics of the patients. The median age of the

patients was 43 years (range,20-80 years), and about 76.5% of the

participants were of white ethnicity. Most patients were classed as

stage IB1- IB2 (76.7%). Radical hysterectomy was the most

common surgical procedure (64.1%). Most cancers were

moderately differentiated or poorly differentiated/undifferentiated

(46.5%,49.8%, respectively). The incidence of lymph node

metastases was 20.7%. During a median follow-up of 99 months,

412 deaths were recorded (censored, 84.3%). The distribution of

ELN numbers is shown in Figure 1. we restricted the range of the

studied ELNs to 1-40 as it is closer to the normal distribution and

clinical practice. The most frequent number of ELNs in the studied

cohort was 15, with a median of 17 (IQR 12–24). Notably, the

mean number of ELNs differed significantly within subgroups of

age and race in the entire cohort (Figure 2). Considering OS as the

endpoint, the optimal cut-off value of ELNs was determined using

X-tile software as 7, and patients were then divided into two groups

with an ELN <8 or ≥ 8 for subsequent analysis.
Number of examined lymph nodes
and lymph node status

Linear regression analysis showed a weak positive correlation

between ELN number and PLN number (R2 = 0.002, P = 0.043),
Frontiers in Oncology 03
and the relationship was not significantly improved when

restricted to patients with node-positive disease (R2 = 0.011,

P=0.016). After adjustment for potential confounders, including

age, year of diagnosis, race, tumor location, differentiation, tumor

size, resection type, and FIGO stage, there was no correlation

between the number of ELNs and the odds for negative-to-

positive node stage migration in both overall (OR=1.000, 95%

CI =0.989–1.011, P=0.997) and in subgroups of age group, race,

differentiation, FIGO stage, and resection type (Table 2).

The fitting curve and corresponding structural break point

of ELN number with the estimated probability of false-negative

disease are shown in Figure 3. It is observed that the estimated

false negative rate drops rapidly before the ELN count is 9, after

which the probability approaches 0.
Number of examined lymph nodes
and overall survival

The prognostic impact of ELN number was assessed using

multivariable Cox proportional hazards regression models. After

multivariable adjustment for the other prognostic factors,

including age, year of diagnosis, race, tumor location, tumor

size, differentiation, FIGO stage, PLN number, resection type,

administration of radiotherapy and chemotherapy, and marital

status, the results showed that ELN number was an independent

prognostic factor for OS as a continuous or a categorical

variable (Table 3).

We further tested the subgroup differences among various

clinicopathological types and treatment factors by using

interaction tests (Table 4). No significant subgroup differences

were detected in the regression models, which means that a

separate study of the association between ELN number and OS is

not supported in these subgroups.

The hazard ratios (HRs) for survival with each ELN are

shown in Figure 4. The HR ratio markedly and rapidly decreased

when the number of ELNs < 8, after which the curve flattened

out and then gradually raised when the ELN number > 25. To

further explore the effect of more ELNs on survival, another

cutoff value of 17 was selected (Figure 5A). The multivariate-

adjusted COX model showed that patients with ELN<8 had a

significantly higher risk of death than those with ELN8-17

(HR=1.447, 95% CI =1.075-1.947, p=0.015; Figure 5B), but

there was no significant difference in overall survival between

patients with ELN>17 and patients with ELN8-17 (HR=0.822,

95%CI =0.665-1.016, p=0.070; Figure 5B).
Discussion

Pelvic lymphadenectomy remains level I evidence for early-

stage cervical carcinoma because lymph node status is difficult to

assess with high accuracy on preoperative imaging or
frontiersin.org
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intraoperative sentinel lymph nodes (18). However, due to the low

rate of lymph node metastasis in cervical cancer, the survival

benefit of lymphadenectomy remains controversial. The survival

benefit of lymph node dissection can be analyzed by two ways,

direct survival benefit following resection of bulky positive

metastatic lymph and indirect survival benefit due to proper

disease staging and stage migration and tailored adjuvant

therapy (19). A previous SEER study showed that more

extensive lymphadenectomy (>30 nodes removed) improved

survival in node-negative patients but had no effect on survival

in node-positive patients (15). Peters et al. and Kim et al. found
Frontiers in Oncology 04
that the greater number of removed lymph nodes improved

progression-free survival (PFS), especially in node-positive

patients (13, 20). However, Guo et al. and ditto et al. did not

observe any relationship between the number of removed lymph

nodes and survival (21, 22). Zhou J et al. analyzed different

histological subtypes of cervical cancer and showed that the

number of ELNs could affect CSS and OS in patients with

node-positive SCC patients but had no prognostic value in AC

patients (23). This suggests that different biological behaviors

behind different types of tumors may affect the prognostic

significance of ELNs. In addition, the distribution of lymph
TABLE 1 Baseline clinicopathological characteristics.

Characteristic N (percentage)
Or Median (25%-75%)

Age (years) As continuous 43 (36-53)

<30 194 (7.4)

30-60 2068 (78.7)

>60 365 (13.9)

Year of diagnosis 2004-2009 1310 (49.9)

2010-2016 1317 (50.1)

Race White 2010 (76.5)

Black 300 (11.4)

Other 317 (12.1)

Marital status Married 1294 (49.3)

Single 790 (30.1)

Other 543 (20.7)

Tumor location Cervix uteri 2258 (86.0)

Endocervix 212 (8.1)

Exocervix 64 (2.4)

Overlapping lesion of cervix uteri 93 (3.5)

Differentiation Well 96 (3.7)

Moderately 1222 (46.5)

Poor/undifferentiated 1309 (49.8)

FIGO stage

IB1 2014 (76.7)

IB2 415 (15.8)

IIA1 123 (4.7)

IIA2 75 (2.9)

Examined lymph node count As continuous 17.0 (12.0-24.0)

Positive lymph node count As continuous 0 (0-0)

Pathologic N stage N0 2084 (79.3)

N1 543 (20.7)

Tumor size, mm As continuous 25.0 (15.0-38.0)

Resection type Radical 1684 (64.1)

Simple/pan 737 (28.1)

Not otherwise specified 206 (7.8)

chemotherapy Yes 750 (28.5)

No/unknown 1877 (71.5)

radiotherapy Yes 1133 (43.1)

No/unknown 1494 (56.9)
frontiersin.org

https://doi.org/10.3389/fonc.2022.994105
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yong et al. 10.3389/fonc.2022.994105
nodes may also have an impact on the results. To homogenize the

study, we included only patients with stage IB-IIA squamous cell

carcinoma and excluded patients with stage IA2 because of their

low rate of lymph node metastasis and unreliable tumor size (24).

Considering actual clinical practice and normal distribution, ELN

counts range from 1-40.

In this large retrospective study, we analyzed the association

of ELN number with lymph node status and long-term survival

in FIGO stage IB-IIA CSCC. Our results revealed that the

number of ELNs was not associated with accurate staging after
Frontiers in Oncology 05
multivariate adjustment. However, examining a higher number

of lymph nodes would reduce the estimated probability of

undetected positive lymph nodes. The estimated false-negative

rate approached 0 when the number of ELNs was greater than 9.

Examining more than 9 lymph nodes may help to ensure the

quality of the procedure. After multivariate adjustment, we

observed that higher ELN counts were associated with better

survival. A plausible hypothesis is that collecting more lymph

nodes may facilitate a more complete resection of possible

malignant remnants. Thus, patients with positive lymph node
FIGURE 1

Distribution of the number of examined lymph nodes in the SEER database.
A B

FIGURE 2

Number of examined lymph nodes among different (A) age and (B) race. ns,no significant difference; **P <0.01.
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status are less likely to be tested negative, making these patients

more likely to receive postoperative adjuvant therapy, which

would improve long-term survival (25). In previous studies,

many investigators have found that the number of ELNs has
Frontiers in Oncology 06
different effects on the prognosis of patients with different lymph

node status. We discovered that the ELN number affected the

results when used as a continuous or categorical variable. When

ELN count was considered as a continuous variable, more
FIGURE 3

Association of examined lymph node (ELN) number with probability of undetected positive lymph nodes in a patient with truly LN-positive
disease. The structural breakpoint determined by using ‘strucchange’ packages in R is shown in green.
TABLE 2 Association of examined lymph node number (as a continuous variable) with negative-to-positive node stage migration.

Stratification Adj. OR∗ 95% CI POR P interaction

Overall 1.000 0.989-1.011 0.997

Age group 0.400

<40 0.998 0.980-1.016 0.815

40-60 0.998 0.982-1.014 0.795

>60 1.018 0.988-1.050 0.245

Race 0.683

White 0.998 0.985-1.010 0.707

Black 1.007 0.971-1.045 0.693

Other 1.008 0.977-1.040 0.613

Differentiation 0.988

Well 1.014 0.917-1.121 0.782

Moderately 1.001 0.985-1.018 0.881

Poor/undifferentiated 1.000 0.985-1.015 0.991

FIGO stage 0.967

IB1 1.001 0.988-1.015 0.841

IB2 0.996 0.974-1.019 0.762

IIA1 0.983 0.935-1.034 0.508

IIA2 1.008 0.945-1.074 0.814

Resection type 0.891

Simple/pan 1.005 0.983-1.027 0.670

Radical 1.001 0.986-1.014 0.967

Not otherwise specified 0.989 0.950-1.029 0.580
Adj., adjusted; OR, odds ratio.
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extensive lymph node resection significantly improved the

prognosis of patients with positive lymph nodes (HR=0.977,

95%CI= 0.9577-0.998, P =0.035), but had no effect on patients

with negative lymph nodes (HR=0.993, 95%CI= 0.9799-1.006,

P=0.275). However, when ELN count was used as a categorical

variable (ELN <8, ELN≥8), the results were just the opposite.
Frontiers in Oncology 07
Removing more lymph nodes could significantly improve the

prognosis of patients with negative lymph nodes (HR=0.629,

95%CI=0.452-0.877, P=0.006), but did not affect on lymph

node-positive patients (HR=0.606, 95%CI=0.362-1.014,

P=0.057). Therefore, we conducted interactive tests to compare

the differences between groups, and the results showed that the
TABLE 3 Multivariable Cox proportional hazard regression analyses of factors associated with overall survival of all patients.

Characteristic HR 95%CI P

Age (continuous variable) 1.019 1.010-1.027 <0.001

year of diagnosis

2004-2009 1

2010-2016 0.970 0.786-1.198 0.970

Race

White 1

Black 1.377 1.043-1.819 0.024

Other 0.933 0.683-1.275 0.665

Marital status

Married 1

Single 1.010 0.796-1.282 0.935

Other 1.164 0.907-1.494 0.234

Tumor location

Cervix uteri 1

Endocervix 0.616 0.406-0.934 0.023

Exocervix 0.562 0.250-1.263 0.562

Overlapping lesion of cervix uteri 0.869 0.508-1.489 0.610

Differentiation

Poor/undifferentiated 1

Moderately 0.951 0.501-1.808 0.879

Well 0.906 0.743-1.106 0.333

FIGO stage

IB1 1

IB2 0.819 0.576-1.163 0.264

IIA1 1.698 1.175-2.455 0.005

IIA2 0.896 0.519-1.549 0.695

Resection type

Radical 1

Simple/pan 0.857 0.681-1.079 0.857

Not otherwise specified 1.564 1.151-2.125 0.004

Radiotherapy

yes 1

no 0.843 0.651-1.091 0.194

Chemotherapy

yes 1

no 0.971 0.747-1.263 0.971

Positive lymph node count 1.199 1.126-1.278 <0.001

Tumor size 1.030 1.021-1.038 <0.001

Number of ELNs (n)

<8 1

≥8 0.622 0.472-0.820 0.001

Number of ELNs (continuous variable) 0.988 0.977-0.999 0.037
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ability to conduct separate studies based on lymph node status

was insufficient. After further stratifying the population, we

observed a significant positive correlation between the number

of ELNs and OS in patients >60 years of age, with the

overlapping lesion of cervix uteri, stage IB1, and not receiving

radiation or chemotherapy. But Interaction tests also do not

support the ability to separate these groups into separate studies.

The number of lymph nodes required to be examined in a

lymphadenectomy for cervical cancer is not standardized. The

range of the minimum number of lymph nodes for an adequate

lymphadenectomy has been previously reported to be 10 to 25
Frontiers in Oncology 08
(14, 26). The opinion of the European Organization for Research

and Treatment of Cancer-Gynaecological Cancer Group (EORTC-

GCG) is to remove at least 11 pelvic lymph nodes as surgical

quality assurance (27). The International Union against Cancer

proposed that to determine the status of lymph nodes, the

minimum number of lymph nodes to be detected is 10 (28). By

analyzing the correlation between ELN count and overall survival,

we found that the minimum number of examined lymph nodes

associated with survival improvement was 8. Based on the optimal

cut-off value provided by x.tile software we divided the population

into two groups for analysis, and multivariate analysis showed that
TABLE 4 Association of examined lymph node number (as a continuous variable) with overall survival in subgroups by clinicopathological types
and treatment factors.

Stratification Adj. HR∗ 95% CI PHR P interaction

Overall 0.988 0.977-0.999 0.037

Age group 0.329

<40 0.992 0.972-1.013 0.449

40-60 0.993 0.977-1.010 0.418

>60 0.968 0.943-0.993 0.013

Race 0.736

White 0.991 0.978-1.004 0.190

Black 0.979 0.951-1.008 0.158

Other 0.986 0.953-1.020 0.404

Tumor location 0.078

Cervix uteri 0.988 0.977-1.000 0.052

Endocervix 1.043 0.991-1.098 0.108

Exocervix 0.975 0.602-1.578 0.917

Overlapping lesion of cervix uteri 0.869 0.772-0.978 0.019

Differentiation 0.356

Well 0.920 0.811-1.045 0.200

Moderately 0.987 0.971-1.004 0.142

Poor/undifferentiated 0.991 0.976-1.006 0.260

FIGO stage 0.752

IB1 0.984 0.969-0.999 0.035

IB2 0.990 0.970-1.011 0.365

IIA1 0.974 0.929-1.021 0.276

IIA2 1.003 0.936-1.074 0.933

Resection type 0.950

Simple/pan 0.988 0.965-1.011 0.301

Radical 0.987 0.974-1.001 0.073

Not otherwise specified 0.993 0.958-1.029 0.699

Radiotherapy 0.268

yes 0.995 0.981-1.010 0.532

no 0.980 0.962-0.997 0.023

Chemotherapy 0.242

yes 0.997 0.979-1.014 0.702

no 0.982 0.968-0.997 0.017

N stage 0.396

node-negative 0.993 0.979-1.006 0.275

node-positive 0.977 0.957-0.998 0.035
Adj., adjusted; HR, hazard ratio.
frontiersin.org

https://doi.org/10.3389/fonc.2022.994105
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yong et al. 10.3389/fonc.2022.994105
patients with ELNs ≥8 had a better overall survival rate. To further

explore the effect of a greater number of ELNs on survival, another

cutoff value of 17 was chosen to compare the survival curves of

patients with ELN>17 and patients with ELN8-17. The

multivariate-adjusted COX model showed no significant

difference between them. By visualizing the correlation analysis

between the HR for survival and the number of ELNs, we also
Frontiers in Oncology 09
found a similar trend, the HR ratio markedly and rapidly decreased

when the number of ELNs < 8, after which the curve flattened out,

and gradually increased when the number of ELNs >25. A possible

explanation is that more aggressive tumors are more likely to have

more lymph nodes removed during surgery due to their increased

lymph node size and number (29, 30).In addition, removing too

many lymph nodes may lead to increased postoperative
FIGURE 4

Association of examined lymph node (ELN) numbers with multivariable-adjusted hazard ratios (HRs) for overall survival. The adjusted HRs and
the corresponding 95% confidence intervals are shown in blue, and the smoothed curves fitted using the LOcally WEighted Scatterplot
Smoothing (LOWESS) method with a default bandwidth of 2/3 are shown in red. The structural breakpoint determined by using ‘strucchange’
packages in R is shown in green.
A B

FIGURE 5

Identification of the optimal cut-off value of ELN for FIGO Stage IB-IIA Cervical Squamous Cell Carcinoma patients based on the x-tile software
(A). Stratification of adjusted overall survival according to cutoff values (B). Multivariable Cox regression was used adjusting for age, year of
diagnosis, race, tumor location, tumor size, differentiation, FIGO stage, PLN number, resection type, administration of radiotherapy and
chemotherapy, and marital status.
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complications (5). Due to the limitations of the SEER database, we

were unable to compare the biological differences behind the >17

ELNs group with that in 8-17 ELNs groups and the difference in

the incidence of postoperative complications.

The current findings suggest an association between the

number of examined lymph nodes and OS, but cannot infer

a causal relationship. We need to emphasize that the ELN count

is the total number of regional LNs removed by the surgeon

intraoperatively and examined by the pathologist postoperatively.

Therefore, the number of ELNs is influenced by other

confounding factors, including the patient’s status, the skill of

the operator, and the practice of the pathologist. Furthermore,

there are limitations in the SEER database, such as the lack of

information on LN sites and detailed clinicopathological

characteristics. The European Organization for Cancer Research

and Treatment-Gynecological Cancer Group agreed that each

common iliac, external iliac, internal iliac, and obturator region

must contain at least 1 lymph node examined (31). Therefore,

more studies including information on the number of lymph

nodes at each site, detailed tumor pathological characteristics, and

patient recurrence information are needed to further validate our

conclusion. In addition, considering that limited LN dissection

may improve the quality of life, related research is also required.
Conclusion

In summary, the number of examined lymph nodes is a

significant prognostic factor in patients with FIGO stage IB-IIA

CSCC.We believe that a minimum of 8 numbers of lymph nodes

need to be examined to ensure better long-term survival for

patients. Given that the number of lymph nodes examined >17

does not further improve survival, expanded lymph node

dissection may not be necessary.
Data availability statement

Publicly available datasets were analyzed in this study. The data

can be accessed on SEER database (https://seer.cancer.gov/).
Ethics statement

The SEER database is an open database available to all

clinical researchers, and all data obtained are de-identified. In

addition, all authors have signed the data-use agreement prior to
Frontiers in Oncology 10
accessing the raw data from the SEER database. And we followed

the protocol throughout the study to protect the privacy of

patients. Therefore no ethical review was required for this study.
Author contributions

JY conceived the idea, designed the work, analyzed the data,

and drafted the work. BD analyzed the data and performed the

visualization. YD collected the data and participated in the

revision. MY interpreted the data and supervised the study. All

authors contributed to the article and approved the

submitted version.
Funding

This work was supported by Anhui Medical University Basic

Medicine and Clinical Medicine Cooperation Research Promotion

Program, Hefei, China [grant numbers: 2019xkjT025].
Acknowledgments

We are very grateful to the staff of the Surveillance,

Epidemiology, and End Results Program (SEER) for their

excellent work in data collection and delivery.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
frontiersin.org

https://seer.cancer.gov/
https://doi.org/10.3389/fonc.2022.994105
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yong et al. 10.3389/fonc.2022.994105
References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: Globocan estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin (2018) 68(6):394–424. doi: 10.3322/
caac.21492

2. Bhatla N, Aoki D, Sharma DN, Sankaranarayanan R. Cancer of the cervix
uteri. Int J Gynaecol Obstet (2018) 143 Suppl 2:22–36. doi: 10.1002/ijgo.12611.
(1879-3479 (Electronic)).

3. Oncology FCoG. Figo staging for carcinoma of the vulva, cervix, and corpus
uteri. Int J Gynaecol Obstet (2014) 125(2):97–8. doi: 10.1016/j.ijgo.2014.02.003

4. Cohen PA, Jhingran A, Oaknin A, Denny L. Cervical cancer. Lancet (2019)
393(10167):169–82. doi: 10.1016/s0140-6736(18)32470-x

5. Benedetti Panici P, Basile S, Angioli R. Pelvic and aortic lymphadenectomy in
cervical cancer: The standardization of surgical procedure and its clinical impact.
Gynecol Oncol (2009) 113(2):284–90. doi: 10.1016/j.ygyno.2008.12.014

6. Olthof EP, van der Aa MA, Adam JA, Stalpers LJA, Wenzel HHB, van der
Velden J, et al. The role of lymph nodes in cervical cancer: Incidence and
identification of lymph node metastases-a literature review. Int J Clin Oncol
(2021) 26(9):1600–10. doi: 10.1007/s10147-021-01980-2

7. Achouri A, Huchon C, Bats AS, Bensaid C, Nos C, Lecuru F. Complications
of lymphadenectomy for gynecologic cancer. Eur J Surg Oncol (2013) 39(1):81–6.
doi: 10.1016/j.ejso.2012.10.011

8. Heeren AM, de Boer E, Bleeker MC, Musters RJ, Buist MR, Kenter GG, et al.
Nodal metastasis in cervical cancer occurs in clearly delineated fields of immune
suppression in the pelvic lymph catchment area. Oncotarget (2015) 6(32):32484–
93. doi: 10.18632/oncotarget.5398

9. Johnson PM, Porter GA, Ricciardi R, Baxter NN. Increasing negative lymph
node count is independently associated with improved long-term survival in stage
iiib and iiic colon cancer. J Clin Oncol (2006) 24(22):3570–5. doi: 10.1200/
JCO.2006.06.8866

10. Krag DN, Single RM. Breast cancer survival according to number of nodes
removed. Ann Surg Oncol (2003) 10(10):1152–9. doi: 10.1245/aso.2003.03.073

11. Chan JK, Urban R, Hu JM, Shin JY, Husain A, Teng NN, et al. The potential
therapeutic role of lymph node resection in epithelial ovarian cancer: A study of
13918 patients. Br J Cancer (2007) 96(12):1817–22. doi: 10.1038/sj.bjc.6603803

12. Smith DC, Macdonald OK, Lee CM, Gaffney DK. Survival impact of lymph
node dissection in endometrial adenocarcinoma: A surveillance, epidemiology, and
end results analysis. Int J Gynecol Cancer (2008) 18(2):255–61. doi: 10.1111/j.1525-
1438.2007.01020.x

13. Kim HS, Kim JH, Chung HH, Kim HJ, Kim YB, Kim JW, et al. Significance
of numbers of metastatic and removed lymph nodes in figo stage Ib1 to iia cervical
cancer: Primary surgical treatment versus neoadjuvant chemotherapy before
surgery. Gynecol Oncol (2011) 121(3):551–7. doi: 10.1016/j.ygyno.2011.01.024

14. Suprasert P, Charoenkwan K, Khunamornpong S. Pelvic node removal and
disease-free survival in cervical cancer patients treated with radical hysterectomy
and pelvic lymphadenectomy. Int J Gynaecol Obstet (2012) 116(1):43–6.
doi: 10.1016/j.ijgo.2011.08.001

15. Shah M, Lewin SN, Deutsch I, Burke WM, Sun X, Herzog TJ, et al.
Therapeutic role of lymphadenectomy for cervical cancer. Cancer (2011) 117
(2):310–7. doi: 10.1002/cncr.25408

16. Doll KM, Rademaker A, Sosa JA. Practical guide to surgical data sets:
Surveillance, epidemiology, and end results (Seer) database. JAMA Surg (2018) 153
(6):588–9. doi: 10.1001/jamasurg.2018.0501

17. Robinson TJ, Thomas S, Dinan MA, Roman S, Sosa JA, Hyslop T. How
many lymph nodes are enough? Assessing the adequacy of lymph node yield for
papillary thyroid cancer. J Clin Oncol (2016) 34(28):3434–9. doi: 10.1200/
JCO.2016.67.6437
Frontiers in Oncology 11
18. Salvo G, Odetto D, Pareja R, Frumovitz M, Ramirez PT. Revised 2018
international federation of gynecology and obstetrics (Figo) cervical cancer staging:
A review of gaps and questions that remain. Int J Gynecol Cancer (2020) 30(6):873–
8. doi: 10.1136/ijgc-2020-001257

19. Somashekhar SP. Does debulking of enlarged positive lymph nodes improve
survival in different gynaecological cancers? Best Pract Res Clin Obstet Gynaecol
(2015) 29(6):870–83. doi: 10.1016/j.bpobgyn.2015.04.010

20. Pieterse QD, Kenter GG, Gaarenstroom KN, Peters AA, Willems SM,
Fleuren GJ, et al. The number of pelvic lymph nodes in the quality control and
prognosis of radical hysterectomy for the treatment of cervical cancer. Eur J Surg
Oncol (2007) 33(2):216–21. doi: 10.1016/j.ejso.2006.09.037

21. Guo Q, Wu Y, Wen H, Ju X, Wu X. Effect of the number of removed lymph
nodes on survival in patients with figo stage ib-iia cervical squamous cell carcinoma
following open radical hysterectomy with pelvic lymphadenectomy: A
retrospective cohort study. J Oncol (2021) 2021:6201634. doi: 10.1155/2021/
6201634. (1687-8450 (Print)).

22. Ditto A, Martinelli F, Lo Vullo S, Reato C, Solima E, Carcangiu M, et al. The
role of lymphadenectomy in cervical cancer patients: The significance of the
number and the status of lymph nodes removed in 526 cases treated in a single
institution. Ann Surg Oncol (2013) 20(12):3948–54. doi: 10.1245/s10434-013-
3067-6

23. Zhou J, Zhang WW, Wu SG, He ZY, Sun JY, Wang Y, et al. The impact of
examined lymph node count on survival in squamous cell carcinoma and
adenocarcinoma of the uterine cervix. Cancer Manag Res (2017) 9:315–22.
doi: 10.2147/CMAR.S141335. (1179-1322 (Print)).

24. Stolnicu S, Hoang L, Almadani N, De Brot L, Bovolim G, Baiocchi G, et al.
Horizontal tumor extent (Hzte) has limited prognostic significance in 2018 figo
stage I endocervical adenocarcinoma (Eca): A retrospective study of 416 cases. J
Cancer Res Clin Oncol (2022) 148(3):577–86. doi: 10.1007/s00432-021-03850-w

25. Gien LT, Covens A. Lymph node assessment in cervical cancer: Prognostic
and therapeutic implications. J Surg Oncol (2009) 99(4):242–7. doi: 10.1002/
jso.21199

26. Kohler C, Klemm P, Schau A, Possover M, Krause N, Tozzi R, et al.
Introduction of transperitoneal lymphadenectomy in a gynecologic oncology
center: Analysis of 650 laparoscopic pelvic and/or paraaortic transperitoneal
lymphadenectomies. Gynecol Oncol (2004) 95(1):52–61. doi: 10.1016/
j.ygyno.2004.07.025

27. Mota F, Vergote I, Trimbos JB, Amant F, Siddiqui N, Del Rio A, et al.
Classification of radical hysterectomy adopted by the gynecological cancer group of
the European organization for research and treatment of cancer. Int J Gynecol
Cancer (2008) 18(5):1136–8. doi: 10.1111/j.1525-1438.2007.01138.x

28. Horn LC, Einenkel J, Hockel M, Kolbl H, Kommoss F, Lax SF, et al.
[Recommendations for the handling and oncologic pathology report of lymph
node specimens submitted for evaluation of metastatic disease in gynecologic
malignancies]. Pathologe (2005) 26(4):266–72. doi: 10.1007/s00292-005-0764-3

29. Sakuragi N. Up-to-Date management of lymph node metastasis and the role
of tailored lymphadenectomy in cervical cancer. Int J Clin Oncol (2007) 12(3):165–
75. doi: 10.1007/s10147-007-0661-2

30. Sakuragi N, Satoh C, Takeda N, Hareyama H, Takeda M, Yamamoto R, et al.
Incidence and distribution pattern of pelvic and paraaortic lymph node metastasis
in patients with stages ib, iia, and iib cervical carcinoma treated with radical
hysterectomy. Cancer (1999) 85(7):1547–54. doi: 10.1002/(sici)1097-0142
(19990401)85:7<1547::aid-cncr16>3.0.co;2-2

31. Verleye L, Vergote I, Reed N, Ottevanger PB. Quality assurance for radical
hysterectomy for cervical cancer: The view of the European organization for
research and treatment of cancer–gynecological cancer group (Eortc-gcg). Ann
Oncol (2009) 20(10):1631–8. doi: 10.1093/annonc/mdp196
frontiersin.org

https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1002/ijgo.12611
https://doi.org/10.1016/j.ijgo.2014.02.003
https://doi.org/10.1016/s0140-6736(18)32470-x
https://doi.org/10.1016/j.ygyno.2008.12.014
https://doi.org/10.1007/s10147-021-01980-2
https://doi.org/10.1016/j.ejso.2012.10.011
https://doi.org/10.18632/oncotarget.5398
https://doi.org/10.1200/JCO.2006.06.8866
https://doi.org/10.1200/JCO.2006.06.8866
https://doi.org/10.1245/aso.2003.03.073
https://doi.org/10.1038/sj.bjc.6603803
https://doi.org/10.1111/j.1525-1438.2007.01020.x
https://doi.org/10.1111/j.1525-1438.2007.01020.x
https://doi.org/10.1016/j.ygyno.2011.01.024
https://doi.org/10.1016/j.ijgo.2011.08.001
https://doi.org/10.1002/cncr.25408
https://doi.org/10.1001/jamasurg.2018.0501
https://doi.org/10.1200/JCO.2016.67.6437
https://doi.org/10.1200/JCO.2016.67.6437
https://doi.org/10.1136/ijgc-2020-001257
https://doi.org/10.1016/j.bpobgyn.2015.04.010
https://doi.org/10.1016/j.ejso.2006.09.037
https://doi.org/10.1155/2021/6201634
https://doi.org/10.1155/2021/6201634
https://doi.org/10.1245/s10434-013-3067-6
https://doi.org/10.1245/s10434-013-3067-6
https://doi.org/10.2147/CMAR.S141335
https://doi.org/10.1007/s00432-021-03850-w
https://doi.org/10.1002/jso.21199
https://doi.org/10.1002/jso.21199
https://doi.org/10.1016/j.ygyno.2004.07.025
https://doi.org/10.1016/j.ygyno.2004.07.025
https://doi.org/10.1111/j.1525-1438.2007.01138.x
https://doi.org/10.1007/s00292-005-0764-3
https://doi.org/10.1007/s10147-007-0661-2
https://doi.org/10.1002/(sici)1097-0142(19990401)85:7%3C1547::aid-cncr16%3E3.0.co;2-2
https://doi.org/10.1002/(sici)1097-0142(19990401)85:7%3C1547::aid-cncr16%3E3.0.co;2-2
https://doi.org/10.1093/annonc/mdp196
https://doi.org/10.3389/fonc.2022.994105
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Impact of examined lymph node number on lymph node status and prognosis in FIGO stage IB-IIA cervical squamous cell carcinoma: A population-based study
	Introduction
	Material and method
	Patients
	Statistical analysis

	Result
	Patient characteristics and distribution of ELNs
	Number of examined lymph nodes and lymph node status
	Number of examined lymph nodes and overall survival

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


