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Objective: This study aimed to identify a subset of patients with stage IA2 to IIA2 cervical cancer who are at low risk of lymph node
metastasis (LNM) using pathological parameters including estrogen receptor alpha (ERa) and progesterone receptor (PR).
Methods: The clinical data of patients with stage IA2 to IIA2 cervical cancer who underwent radical surgery between 2014 and 2015
were retrospectively reviewed. Immunohistochemical staining was used to determine the expression of ERa and PR. A low-risk
criterion for LNM was identified using logistic regression analysis, and its performance was estimated through receiver-operating
characteristic curve analysis.

Results: Of 263 patients, 57 (21.7%) had pathological LNM. ERa (adjusted odds ratio [aOR], 7.582; 95% confidence interval [CI],
2.991-19.222; P < 0.001) and squamous cell carcinoma (aOR, 3.520; 95% CI, 1.887—6.568; P < 0.001) were identified as independent
predictors for no LNM by multivariate logistic regression analysis, while PR had no effect on LNM. The rate of LNM was 1.4% for
low-risk patients (n = 73) identified as ERa positive with squamous cell carcinoma. The 5-year disease-free survival in low-risk
patients was significantly greater than in those negative for ERa and/or those with non-squamous cell carcinoma (96.9% vs 80.1%, P =
0.002).

Conclusion: ERa positivity and squamous cell carcinoma are associated with a low risk of LNM in patients with stage IA2 to I[IA2
cervical cancer. Hence, those patients without a low risk of LNM could be considered for definitive chemoradiotherapy to avoid
unnecessary surgery.
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Introduction
Cervical cancer is the fourth most common cancer among women worldwide.! Currently, the primary treatment methods
for patients with cervical cancer include radical surgery and concurrent chemoradiotherapy.’

The presence or absence of lymph node metastasis (LNM) determines the treatment strategy. Patients found to have
LNM on histopathology after radical surgery require additional adjuvant radiotherapy to lower the risk of tumor
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recurrence and to prolong survival.>> However, unnecessary surgery combined with additional adjuvant radiotherapy
may lead to severe comorbidities, such as genitourinary complications, gastrointestinal morbidities, lymphedema, and
lymphocysts.*> Therefore, radical hysterectomy and bilateral pelvic lymphadenectomy are more suitable treatments for
patients with early-stage cervical cancer without LNM. The identification of patients at low risk for LNM before surgery
is an important research topic.

Imaging examinations, including computed tomography or magnetic resonance imaging, are typically used to
determine lymph node status, with a relatively high specificity (>85%) and low sensitivity (<65%).°™® The low sensitivity
of these imaging examinations indicates that more than 35% of patients experience a missed diagnosis of LNM and
require additional adjuvant radiotherapy. Tumor relative protein secreted by tumor cells may be useful to evaluate lymph
node status.” In addition, the detection of this protein may be useful in preoperative biopsies for cervical cancer. Estrogen
receptor alpha (ERa) and progesterone receptor (PR) have been reported to be of significant importance in the occurrence
and development of cervical cancer.'"'? One previous study demonstrated that ERa can mediated the PI3K/Akt-NF-kB
pathway and further activates the downstream genes of nuclear NF-kB p65 to regulate cell proliferation.'® Another study
revealed that estrogen receptors mediate the PI3K/Akt/mTOR pathway to inhibit tumor growth.'* However, the relation-
ship between these two receptors and lymph node metastasis is unclear.

The aim of this study was to determine the predictive value of ERa and PR for LNM in patients with stage IA2-11A2
cervical cancer, and to identify patients at low risk for LNM using preoperative clinical parameters and
immunohistochemistry.

Methods
Study Design and Cohort

This retrospective study was approved by the Institutional Review Board of the First People’s Hospital of Foshan
(L2020-17). The requirement of informed consent was waived due to the retrospective nature of the study. The study was
conducted in accordance with the Declaration of Helsinki. The clinicopathological records and data of patients who
underwent surgical treatment for stage IA2 to IIA2 cervical cancer between January 1, 2014 and December 31, 2015, at
our institution were collected and reviewed. This study included patients with stage IA2 to IIA2 cervical cancer
according to the 2009 International Federation of Gynecology and Obstetrics (FIGO) staging system;' squamous cell
carcinoma, adenocarcinoma, or adenosquamous carcinoma; and those who underwent a type C radical hysterectomy and
bilateral pelvic lymphadenectomy (Querleu-Morrow classification). Patients were excluded if they received adjuvant
chemotherapy or radiotherapy before surgery or were lost to follow-up.

In total, 263 patients were included in the study. Patients were divided into two groups by lymph node status: the
LNM group (n = 57) and the non-LNM group (n = 206).

Immunohistochemistry

Cervical specimens for immunohistochemistry were collected at our institution. Specimens were fixed with formalin,
embedded in paraffin, sectioned to a thickness of 4 um, and stained with hematoxylin and eosin. All hematoxylin and
eosin-stained slides for each case were reviewed, and those with a rich cervical tumor were selected for immunohisto-
chemical staining. Paraffin-embedded tissue blocks were sectioned to a thickness of 4 pm and mounted on polylysine-
treated slides. Then, sections were baked at 60 °C for 3 h, followed by deparaffinization with two jars of xylene for 10
min each and rehydrated through 100%, 95%, 85%, and 75% alcohol solutions for 5 min to deionized H,O. The
antibodies included rabbit monoclonal antibodies for ERa (dilution 1:200; Abcam, UK) and PR (dilution 1:100; Abcam,
UK). Sections for the detection of ERa and PR were pretreated in the microwave in a Tris-EDTA solution (pH=9.0) for
20 min. The slides were then covered with 3% hydrogen peroxide for 10 min to block endogenous peroxidase activity.
The specimens were incubated with primary antibodies for 1 h, followed by incubation with HRP-labeled anti-rabbit
secondary antibodies. Furthermore, a 3,3-diaminobenzidine incubation was performed for visualization of immunoreac-
tive proteins, and nuclei were counterstained with hematoxylin. Appropriate positive and negative controls were also
prepared to assess the quality control of this immunohistochemistry staining protocol.
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Figure | Immunohistochemical staining of ER and PR expressions. (1Ai, lAii) (cervical squamous cell carcinoma with stage IBIl) and (IBi, IBii) (cervical squamous cell
carcinoma with stage IBI) show the positive and negative ERa expression, respectively; (1Ci, 1Cii) (cervical adenocarcinoma with stage IBI) and (IDi, IDii) (cervical
squamous cell carcinoma with stage IBl) show the positive and negative PR expression, respectively. (1 Aii, IBii, 1 Cii and |1Dii) are the enlarged images of (1Ai, IBi, ICi
and IDi), respectively. Tumor cells and stromal cells with positive ERa and PR expression display yellow or brown granules in the nucleus.

Pathological Examination
The immunohistochemical evaluation of the expressions of ERa and PR was conducted independently by two pathol-
ogists who were blinded to the patients’ clinical information.

An immunoreactive score (IRS) system was used to evaluate the immunohistochemical results. Several previous
studies have reported that the expressions of ERa and PR in tumor cells are associated with cancer development, whereas
stromal ERa and PR expression remained essentially unchanged.'®'® Therefore, the percentage of positively stained
tumor cells was scored as 0 (<1%), 1 (1%-10%), 2 (11%-50%), 3 (51%-80%), or 4 (>80%), and the intensity of staining
was scored as 0 (none), 1 (weak), 2 (moderate), or 3 (strong). Multiplying these scores yielded an IRS of 0 to 12.
Stratified comparison was performed by defining the following two categories: negative expression (IRS 0) and positive
expression (IRS >1) (Figure 1).'*'¢

In addition, a retrospective review of hematoxylin and eosin-stained lymph nodes and cervical tumor tissue specimens
was independently performed by the two pathologists. The results of the review of histological types and lymph node

status were consistent with those in the original pathological reports.

Endpoints

The primary endpoint was pathological lymph node status after surgery. The secondary endpoint was 5-year disease-free
survival (DFS), calculated as the number of months from the date of diagnosis to the first evidence of recurrence or death
from cervical cancer, whichever occurred first.

Statistical Analysis

The Student’s #-test and chi-squared test, or Fisher’s exact test, were used to compare the continuous and categorical
variables between the two groups, respectively. A multivariate, forward stepwise logistic regression analysis was
performed to identify the independent risk factors for LNM. The performance of parameters for LNM prediction was
determined using receiver-operating characteristic (ROC) curve analysis. Five-year DFS was estimated and compared
between groups using the Kaplan-Meier method and Log rank test, respectively. All statistical analyses were performed
using SPSS version 26.0 (IBM Inc., Chicago, IL, USA) and STATA version 15.0 (College Station, TX, USA). A two-
sided P-value <0.05 was considered statistically significant.
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Results

Patient Characteristics

The patient flow chart is shown in Figure S1. The clinical and pathological characteristics of the patients are summarized
in Table S1. Of 263 patients, 57 (21.7%) were found to have LNM and 206 (78.3%) did not have LNM, as diagnosed on
the pathology reports.

The patients’ clinical and pathological characteristics were compared between patients with and without LNM
(Table 1). Patients with LNM had more advanced cervical cancer (p=0.003), a larger tumor diameter (p=0.016), received
adjuvant radiotherapy (p<0.001), and had a lower expression of ERa on immunohistochemistry findings (p<0.001); they
were also more likely to have a histological type of adenocarcinoma or adenosquamous carcinoma (p<0.001).

Expressions of ERa and PR
Representative images defined as positive and negative staining of ERa and PR are shown in Figure 1. Tumor cells and
stromal cells with positive ERa and PR expression display yellow or brown granules in the nucleus. Even in patients with

Table | Preoperative Clinical Characteristics and Immunohistochemistry Findings of Patients with
LNM or without LNM

Characteristic LNM Without LNM P
Number (%) 57 (21.7) 206 (78.3)

Clinical characteristics

Age, mean (SD), years 49.6 (10.0) 49.1 (9.2) 0.725
Stage 0.006
1A2 0 (0.0) 4 (1.9)

IBI 29 (50.9) 129 (62.6)

1B2 10 (17.5) 25 (12.1)

AL 8 (14.0) 39 (18.9)

1IA2 10 (17.5) 9 (4.4)

Tumor diameter, mean (SD), cm 3.6 (1.6) 3.1 (1.2) 0.016
Histological type, n (%) <0.001
Squamous cell carcinoma 36 (63.2) 177 (85.9)

Adenocarcinoma 18 (31.6) 23 (11.2)

Adenosquamous carcinoma 3(5.3) 6 (2.9)

Grade, n (%) 0.095
Gl 0 (0.0 524

G2 18 (31.6) 89 (43.2)

G3 33 (57.9) 103 (50.0)

Unknown 6 (10.5) 9 (44)

Immunohistochemistry

ERa <0.001
Positive 7 (123) 90 (43.7)

Negative 50 (87.7) 116 (56.3)

PR 0.140
Positive 12 (21.1) 64 (31.1)

Negative 45 (78.9) 142 (68.9)

Adjuvant radiotherapy <0.001
Positive 46 (80.7) 63 (30.6)

Negative 1 (19.3) 143 (69.4)

Abbreviations: LVSI, lymphovascular space invasion; PMI, parametrial involvement; RMI, resection margin involvement; LNM,
lymph node metastasis; ERa, estrogen receptor alpha; PR, progesterone receptor; SD, standard deviation; Among 46 patients
receiving adjuvant radiotherapy, 42 patients received additional chemotherapy; among 63 patients receiving adjuvant radiotherapy,
48 patients received additional chemotherapy. The continuous variables of “Age and Tumor diameter” had a normal distribution.
Note: The bold text is represented as a statistical difference.
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Table 2 Univariate and Multivariate Analyses of Preoperative Risk Factors for LNM by Binary Logistic Regression

Models

Risk Factors Univariate Analysis Multivariate Analysis
OR (95% Cl) P aOR (95% CI) P

Age 0.995 (0.965—1.025) 0.724 0.991 (0.957-1.026) 0.613
Stage 1.398 (1.064-1.837) 0.016 1.174 (0.821-1.679) 0.379
Tumor diameter 1.391 (1.105-1.749) 0.005 1.364 (1.059-1.756) 0.016
Histologic type 2.394 (1.411-4.063) 0.001 3.520 (1.887-6.568) <0.001
Grade 1.379 (1.045-1.821) 0.023 1.618 (1.180-2.218) 0.003
Immunohistochemistry
ERa 5.542 (2.398-12.805) < 0.001 7.582 (2.991-19.222) <0.001
PR 1.690 (0.838-3.410) 0.143 0.551 (0.224-1.357) 0.195

Notes: None of the listed covariates had multicollinearity. The Hosmer and Lemeshow test (chi-squared value=5.497; P=0.482) for binary multivariate
logistic regression was used. The bold text is represented as a statistical difference.
Abbreviations: ERq, estrogen receptor alpha; PR, progesterone receptor; OR, odds ratio; aOR, adjusted odds ratio; Cl, confidence interval.

negative ERa and PR expression in the tumor cells, the stromal cells showed positive staining. Patients without LNM
were found to have a significantly higher rate of positive staining for ERa (43.7% vs 12.3%, p<0.001), whereas the rate
of positive staining for PR was not significantly different between the two groups (31.1% vs 21.1%, p=0.140) (Table 1).

Risk Factors for LNM

The univariate and multivariate analyses of preoperative risk factors for LNM by binary logistic regression models are
shown in Table 2. In the univariate analysis, stage, tumor diameter, histological type, grade, and ERa expression were
found to be significantly associated with LNM. In the multivariate analysis, except stage, the other four variables were
identified as independent predictors for LNM.

Low-Risk Group for LNM

The predictive performance of ERa for LNM was determined via ROC curve analysis, and found to have an optimal value of
sensitivity and a low specificity (area under the ROC curve, 0.657; 95% confidence interval [CI], 0.584-0.730; p < 0.001)
(Table 3, Figure 2A). To improve the sensitivity and decrease the risk of missed diagnosis, squamous cell carcinoma, another
independent risk factor with the highest odds ratios for LNM, was combined with ERa as a predictive model. This model was
found to have a sensitivity of 98.2% (area under the ROC curve, 0.666; 95% CI, 0.597-0.735; p < 0.001) (Table 3,
Figure 2A). In total, 73 patients (27.8%) were assigned to the low-risk group, and only one of these patients (1.4%) had
LNM. The pathological risk factors and adjuvant radiotherapy in the low-risk group are shown in Table 4.

Survival Analysis

The median follow-up period for all patients was 43 months. The 5-year DFS in the low-risk group was 96.9%, whereas
the 5-year DFS for patients who were negative for ERa and/or had non-squamous cell carcinoma was 80.1%. (p = 0.002)
(Figure 2B).

Table 3 Predictive Model Performance and Preoperative Variables for LNM

Variables AUC, 95% CI Sensitivity, % Specificity, % PPV, % NPV, %
ERa positive and squamous 0.666 (0.597-0.735) 98.2 35.0 29.5 98.6
ERa positive 0.657 (0.584-0.730) 87.7 43.7 30.1 92.8
Squamous 0.614 (0.526-0.702) 36.8 85.9 83.1 42.0

Abbreviations: ERo, estrogen receptor alpha; PR, progesterone receptor; AUC, area under the receiver operating characteristic curve; Cl, confidence interval; PPV,
positive predictive value; NPV, negative predictive value.
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Table 4 Predictive Performance of Pathological Risk Factors and Adjuvant Radiotherapy for the Low-Risk Group

Risk Factors Low-Risk Group ERa Positive Squamous P
Number (%) 73 (100.0) 97 (100.0) 213 (100.0)

Tumor diameter 24 cm 14 (19.2) 16 (16.5) 45 (21.1) 0.632
Stromal invasion depth >1/2 39 (53.4) 53 (54.6) 109 (51.2) 0.838
LvsI 14 (19.2) 18 (18.6) 42 (19.7) 0.059
PMI 0 (0.0) 0 (0.0) 6 (2.8) 0.088
RMI 0 (0.0) I (1.0) 2 (0.9) 0.698
LNM I (1.4) 7(7.2) 36 (16.9) <0.001
Adjuvant radiotherapy 22 (30.1) 32 (33.0) 82 (38.5) 0.364

Notes: Among 22 patients receiving adjuvant radiotherapy, 19 patients received additional chemotherapy; among 32 patients receiving adjuvant radiotherapy, 27
patients received additional chemotherapy; among 82 patients receiving adjuvant radiotherapy, 69 patients received additional chemotherapy. The bold text is
represented as a statistical difference.

Abbreviations: ERq, estrogen receptor alpha; LVSI, lymphovascular space invasion; PMI, parametrial involvement; RMI, resection margin involvement; LNM,
lymph node metastasis.

Discussion

This study demonstrated that patients with stage IA2-1IA2 cervical cancer with ERa positivity and squamous cell
carcinoma have a low risk of LNM. Furthermore, these pathology findings can be identified by cervical biopsy prior to
radical surgery. Hence, those patients without a low risk of LNM could be considered for definitive chemoradiotherapy to
avoid unnecessary surgery.

Several previous studies have reported an interesting phenomenon in which there was low or no expression of ERa
and PR in tumor cells of cervical cancer, despite an obvious expression in cervical stromal cells.'®!” Furthermore, ERa
and PR have been associated with survival in patients with cervical cancer.'® In the current study, the expression of ERa
and PR in tumor cells was used as an assessment criterion to make the model more practical, as cervical biopsy tissue
includes tumor cells, but may not include normal stroma. Cervical tumor cells were found to have a low expression of
ERa and PR in this study. However, Fan et al have found opposing results. They found that positive ERa is associated
with a worse prognosis in patients with cervical adenocarcinoma.'® One study may explain this inconsistent result. This
study revealed that the canonical estrogen receptor, Era, is frequently deficient while its variant, ER0-36, is highly
expressed in cervical cancer cells. Furthermore, they found that ERa suppressed, while ERa-36 promoted, the migration
and invasion of cervical cancer.?® This study aims to demonstrate the relationship of ERa, PR, and LNM, and we found
that ERa is an independent predictor of no LNM with a high sensitivity. To decrease the risk of missed diagnoses for
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Figure 2 (A) ROC curves for LNM prediction: ERa positive, squamous cell carcinoma, and predictive performance. (B) Secondary outcomes: 5-year DFS of the predictive
performance for LNM. Low risk (ERa positive and squamous cell carcinoma); High risk (ERa negative and/or non-squamous cell carcinoma).
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LNM and to render the model more practical, ERa and histological type were combined in this study to identify a group
of patients at low risk for LNM.

In this study, we did not demonstrate a mechanistic association of ERa and LNM. However, previous studies have
revealed that the expression of ERa is significant in the suppression of tumor cell proliferation in cervical cancer.*'**
Similarly, the absence of ERa contributes to cervical cancer development.'® Hence, we believe that ERa expression and
activation have an inhibitory effect on tumor cell infiltration into the lymph node system. Previous studies have revealed
that ERa suppression promoted the migration and invasion of cervical cancer cells through the Wnt/p-catenin/MRTF-A
signaling pathway which is activated by HPV E7. Furthermore, miR-130a-3p may contribute to tumor progression by
suppressing ERa.>*?* PR has also been reported to play a role in the prevention of cervical carcinogenesis in mice
tests.''** However, PR was not associated with LNM and survival in the current study, which may be because PR only
functions in the early stage of carcinogenesis.

Patients in the low-risk group in this study had a very low incidence of LNM; therefore, the expression of ERa and
presence of squamous cell carcinoma can be used to decrease the risk of a false-negative LNM diagnosis prior to radical
surgery. Compared with the high specificity (>85%) and low sensitivity (<65%) of CT or MR in detecting LNM, our
model had a lower risk of a missed diagnosis (1.8%) for LNM.®® Previous studies have reported that the sensitivity for
detecting LNM ranged from 84.3% to 92.96% using MRI-based radiomics analyses,> %’
lower than those of our model (98.2%). Furthermore, the low-risk group in this study also had fewer pathological risk

which, however, were slightly

factors and lower rates of adjuvant therapy use. Finally, survival analysis revealed that patients in the low-risk group had
higher DFS rates. Therefore, compared to patients with stage IA2 to IB1 cervical cancer, those in the low-risk group
(especially young patients) are more suitable for radical surgery, as evidenced by the fewer cases of LNM and less severe
comorbidities resulting from adjuvant therapy observed in this group.

This study had several limitations. First, due to the retrospective nature of this study, selection bias was inherent.
Second, although the model had a perfect performance in decreasing the risk of false-negative LNM diagnoses, it has yet
to be validated at other institutions. Third, the mechanistic association of ERa and LNM was not investigated in this
study. More research is necessary to determine the mechanistic relationship between ERa and LNM.

In conclusion, we found that a combination of immunohistochemistry and histological evaluations can help identify
lymph node status in patients with IA2-ITA2 cervical cancer. ERa positive tumor cells and the presence of squamous cell
carcinoma were identified as independent predictive factors for LNM, and these two parameters can be determined via
cervical biopsy prior to radical surgery. These criteria are valuable for excluding LNM and to help avoid unnecessary
surgery among patients with IA2-ITA2 cervical cancer.
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