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ARTICLE INFO ABSTRACT

Keywords: Objective: To evaluate prognostic factors in women with invasive VSCC at Sun Yat-sen University
Vulvar squamous cell carcinoma (VSCC) Cancer Center (SYSUCC).

Surgical margins Methods: 137 patients with VSCC at SYSUCC were retrospectively analyzed. The Kaplan-Meier

Intraoperative pathological examination method assessed the overall survival (OS) and progression-free survival (PFS) time. Prognostic

factors were identified using univariable and multivariable Cox regression analysis.

Results: Only 2 out of 137 patients had positive postoperative margins after intraoperative sup-
plemental excision. The international federation of gynecology and obstetrics (FIGO) Stage III-IV
(HR: 4.67, 95 % confidence intervals (CI): 2.48-8.79) and BMI >25 kg/m? (HR: 1.86, 95 % CI:
1.08-3.23) were independent risk factors for OS. The independent risk factors affecting PFS
included FIGO stage III-IV (HR: 3.72, 95 % CI: 2.10-6.60), BMI >25 kg/m2 (HR: 2.15, 95 % CI:
1.28-3.64), and squamous cell carcinoma antigen (SCC-Ag) > 1.5 ng/ml (HR: 2.06, 95 % CI:
1.23-3.47). The survival of 12 individuals with perineural invasion (PNI) was extremely poor,
with a median OS of 37 months and a median PFS of 22 months.

Conclusion: The surgical margin should be at least 1.0 cm away from the tumor edge. When the
surgeons cannot ensure the negative margins, detecting surgical margins with rapid pathological
examination may reduce the incidence of postoperative positive margins. FIGO stage III-IV, ILN
metastases, and BMI >25 kg/m2 are important adverse prognostic factors in VSCC patients. Cases
with PNI may have poor prognosis. SCC-Ag might be a useful marker for predicting relapse.

Inguinal lymph nodes (ILN) status
Body mass index (BMI)
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1. Introduction

Vulvar cancer (VC) is a rare malignancy, accounting for 0.3 % of all new cancer cases and about 4-5% of female genital system
cancers. About 90 % of VC cases are squamous cell carcinoma [1]. Treatments of vulvar squamous cell carcinoma (VSCC) include
surgery, radiotherapy, chemoradiation, and targeted therapies. Patients of VSCC with stage I to stage II can be effectively treated with
surgery [2]. For advanced VSCC, neoadjuvant chemotherapy with cisplatin or carboplatin in combination with paclitaxel is an option
[3]. However, partially advanced VSCC shows poor sensitivity to adjuvant chemoradiotherapy, and the efficacy of targeted therapies
in VSCC lacks substantial evidence [4].

Advanced stages and inguinal lymph node (ILN) metastases are poor prognostic factors for VSCC [5,6]. Additionally, lymph
vascular space invasion, large tumor size, positive pathological margins, insufficient surgical margins, pathological grade, perineural
invasion (PNI), depth of stromal invasion, and abnormal squamous cell carcinoma antigen (SCC-Ag) serum levels may increase the risk
of recurrence [7-10]. Tumor-free margin distance is an important element for locoregional control [11]. Most guidelines recommend a
gross surgical margin of at least 1 cm and a pathologic margin of at least 8 mm. However, there is still controversy regarding the
optimal tumor-free margin.

However, the impact of these pathological factors on the prognosis of patients with VSCC remains controversial. High body mass
index (BMI) is a known risk factor for various types of cancer [12], but its relationship with VSCC is unclear. Due to the rarity and
controversies of VSCC, we analyzed the prognostic factors for VSCC at Sun Yat-sen University Cancer Center (SYSUCC), one of the
largest cancer centers in China, to provide treatment insights for this rare disease.

2. Method

Consecutive patients diagnosed with primary VSCC between January 2000 and December 2018 were retrospectively analyzed
(Fig. 1). The initial surgery was performed at SYSUCC. Patients with other malignancies and life-threatening concomitant diseases
were excluded. The follow-up period was extended until December 31, 2023. Follow-up was conducted every 3 months within the
previous two years, every 6 months in the third to fifth years, and once a year after 5 years. Gynecological examination, tumor markers,
HPV testing, ultrasonography and other imaging examinations will be inspected. If the patient did not follow up at the scheduled time,
we will send emails to the patients. A total of 137 participants were eligible. This study was approved by the Ethics Committee of
SYSUCC (approval number B2023-068-01).

Overall survival (OS) and progression-free survival (PFS) time were analyzed by the Kaplan-Meier method. The correlation of
clinical and histopathological factors with OS and PFS was assessed by a standard log-rank test. Prognostic factors were identified with
univariate and multivariate Cox regression analyses. Factors with P < 0.05 in univariate COX regression analysis were included in
multivariate COX regression analysis. The effects were expressed as hazard ratio (HR) and 95 % CI. A P-value less than 0.05 was
considered statistically significant. All data analyses were performed using SPSS software, version 25.

Consecutive patients over 18 years old diagnosed with primary vulvar squamous cell
carcinoma between January 2000 and December 2018 were retrospectively analyzed.
The initial surgery was performed at SYSUCC*.

»| 2 patients with cervical
cancer were excluded

A 4

137 participants were eligible.

v
Until December 31, 2023,
57 patients had died,
64 cases had progressed,
11 participants were lost to follow-up.

The median follow-up time was 121 months (95% confidence intervals (Cl):
111-131 months).

Fig. 1. Procedures for patients selection and follow-up.
*SYSUCC: Sun Yat-sen University Cancer Center.
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3. Results
3.1. Clinical and histological characteristics

According to the inclusion and exclusion criteria, 137 patients were eligible. Of the 137 patients, 57 had died and 64 had pro-
gressed. The median follow-up time was 121 months (95 % confidence intervals (CI): 111-131 months). Eleven participants (8.0 %)
were lost to follow-up. The median OS was 160 months, with a 5-year OS rate of 66.0 %. The median PFS was 129 months, with a 5-
year PFS rate of 59.5 %.

The clinicopathological characteristics are presented in Table 1. Overweight was defined as a BMI of 25-30 kg/m?. Participants
were divided into two groups based on a BMI cut-off point of 25 kg/m?. The incidence of ILN metastases was low for tumors with a
diameter of less than 4 cm, and sentinel ILN biopsy was used instead of ILN dissection [13,14]. Patients were divided into two groups
using a tumor diameter cut-off point of 4 cm. Pathological results regarding tumor invasion depth were not recorded before 2008, so
invasion depth was re-evaluated. For 38 of the 137 patients, tumor invasion data were unavailable due to the partial loss of patho-
logical slides.

Only 2 cases had positive postoperative margins. The range of minimal surgical margins was 0.5 cm-2.0 cm, with a median of 1.5
cm. 10 patients had the smallest surgical margin of less than 1.0 cm, with a range from 0.5 cm to 0.8 ¢cm, mainly in tumors near the
urethra or anus. Seven of the ten cases were sent for rapid pathologic examination. Two of the seven patients had positive margins. The
margins were negative after a supplemental 1.0 cm urethrotomy. Three of the ten patients were not sent for intraoperative exami-
nation; one case had a positive margin postoperatively. Thirty percent of cases were positive with minimal surgical margins of less than
1.0 cm. One hundred and twenty-seven patients had minimal surgical margins of at least 1.0 cm, ranging from 1.0 cm to 2.0 cm.
Twenty-two cases were sent for intraoperative pathologic examination, and one case had a positive margin and underwent supple-
mental resection. One hundred and five patients were not sent for rapid pathologic examination; one case had a positive basal margin
postoperatively. Only 1.6 % of cases were positive with minimal surgical margins of at least 1.0 cm. One patient with positive

Table 1
Clinical and histological characteristics.

Characteristics Frequency Proportion of patients

Age (median: 58, range: 29-89)

<60 years 75 54.74 %
>60 years 62 45.26 %
BMI (median: 23.5, range: 16.6-35.3)

<25 kg/m? 86 62.77 %
>25 kg/m? 51 37.23 %
SCC-Ag (median: 0.9, range: 0.0-13.6)

<1.5 ng/ml 89 64.96 %
>1.5 ng/ml 48 35.04 %
FIGO (2021)"

I 65 47.45 %
I 11 8.03 %
I 55 40.15 %
v 6 4.38 %
ILN status

Positive 61 44.53 %
Negative 61 44.53 %
Unknown 15 10.94 %
Tumor size (median: 3.0, range: 0.5-12.0)

<4 cm 87 63.50 %
>4 cm 50 36.50 %
Pathological grade

Gl 70 51.09 %
G2 52 37.96 %
G3 15 10.95 %
Infiltration depth (median: 7, range: 1.0-23.0)

<7 mm 50 36.50 %
>7 mm 49 35.77 %
Unknown 38 27.74 %
Margin status

Positive 2 1.46 %
Negative 135 98.54 %
LVSI

Yes 3 2.19%
No 134 97.81 %
PNI

Yes 12 8.76 %
No 125 91.24 %

@ All enrolled patients were re-staged according to the 2021 FIGO staging.
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postoperative margins progressed at 4 months after surgery and died at 26 months, while the other had an OS of 108 months.

Three patients had LVSI, and 12 cases had PNI. Three cases with positive LVSI had an OS of 84, 116, and 146 months, respectively.
Twelve individuals with PNI had a median OS of 37 months (95 % CI: 20-54 months), and a median PFS of 22 months (95 % CI: 0-80
months). Both OS and PFS were poorer in this group. Due to the small number of positive patients for these three pathologic factors,
they were not included in the statistical analysis.

3.2. Univariate analysis

Patients with the international federation of gynecology and obstetrics (FIGO) stage III-1V, ILN metastases, BMI >25 kg/m?, SCC-
Ag > 1.5 ng/ml, and tumor diameter >4 cm had significantly shortened OS and PFS. There was no significant survival correlation
between pathological grade, depth of invasion, and age. The results of the univariate analysis are shown in Table 2. The median OS for
stage III-IV was 33 months. The OS HR compared to stage I-II was 4.16, with a 95 % CI of 2.37-7.31 (P < 0.001, Fig. 2 A). The 5-year
PFS rate was 78.5 % for stage I-II and 36.1 % for stage III-IV (P < 0.001, Fig. 3. A). Furthermore, the 5-year OS rate for patients with
metastatic ILN (41.0 %) was lower than for those without metastasis (88.2 %) (P < 0.001, Fig. 2 B).

Similarly, when the ILN was positive, the 5-year PFS rate decreased to 36.1 % (P < 0.001, Fig. 3. B). Moreover, patients with BMI
>25 kg/m2 had worse OS (P = 0.029, Fig. 2 C) and shorter PFS (P = 0.016, Fig. 3. C) compared to those with BMI <25 kg/mz.
Additionally, the SCC-Ag > 1.5 ng/mL group had a lower 5-year OS rate (51.8 %) than the normal SCC-Ag group (73.8 %) (P = 0.021,
Fig. 2 D). The median PFS in the SCC-Ag abnormal group was 31 months (Fig. 3. D). Furthermore, patients with tumor diameter >4 cm
had a lower 5-year OS rate (P = 0.018, Fig. 2 E) and poorer PFS rate (P = 0.016, Fig. 3. E).

Grade (G) 2-3 might be a high-risk factor affecting VSCC [15]. Due to the small number of patients with G3 VSCC, both G2 and G3
were combined for analysis. There was no significant difference between OS (P = 0.954) and PFS (P = 0.513) in the G1 and G2-3
groups. Similarly, no statistical significance was found with regards to infiltration depth and age.

3.3. Multivariate analysis

In univariate COX regression analysis, factors with P < 0.05 include FIGO stage, ILN status, BMI, SCC-Ag, and tumor size. These
factors were included in multivariate COX regression analysis. The main difference between stage I and stage III of VSCC is whether
there is ILN metastasis. The variables of the FIGO stage and ILN status exhibited multicollinearity. Therefore, the ILN status was
automatically excluded from the analysis.

As a result, FIGO III-IV stage(HR: 4.67, 95 % CI: 2.48-8.79, P < 0.001) and BMI >25 kg/m2 (HR: 1.86, 95 % CI: 1.08-3.23, P =
0.027) were independent risk factors for OS. The independent risk factors affecting PFS included FIGO stage III-IV (HR: 3.72, 95 % CIL:
2.10-6.60, P < 0.001), BMI >25 kg/m? (HR: 2.15, 95 % CI: 1.28-3.64, P = 0.004), and SCC-Ag > 1.5 ng/ml (HR: 2.06, 95 % CI:
1.23-3.47 P = 0.006).

Table 2
OS and PFS Results of univariate analysis.

Factors mOS (95 % CI) 5-y OS HR (95 % CI) P-value mPFS (95 % CI) 5-y PFS HR (95 % CI) P-value
FIGO stage”

- NR 86.5 % NR 78.5 %

I-1v* 33 (9-57) 41.0 % 4.16 (2.37-7.31) <0.001 21 (14-28) 36.1 % 3.64 (2.16-6.11) <0.001
ILN status

Negative NR 88.2 % NR 79.9 %

Positive 33 (9-57) 41.0 % 4.57 (2.43-8.59) <0.001 21 (14-28) 36.1 % 3.77 (2.14-6.66) <0.001
BMI

<25 kg/m? NR 74.0 % NR 68.1 %

>25 kg/m2 93 54.8 % 1.78 (1.05-3.00) 0.029 33 (0-100) 45.1 % 1.79 (1.09-2.94) 0.018
SCC-Ag

<1.5 ng/ml NR 73.8 % NR 67.0 %

>1.5 ng/ml 62 (0-144) 51.8 % 1.85(1.08-3.13) 0.021 31 (0-77) 45.7 % 1.98 (1.21-3.25) 0.005
Tumor size

<4 cm NR 72.4 % NR 64.3 %

>4 cm 117 (34-201) 54.7 % 1.86 (1.10-3.14) 0.018 62 (0-176) 50.7 % 1.81 (1.11-2.97) 0.016
Grade

Gl NR 67.1 % 117 55.7 %

G2-G3 NR 64.8 % 1.02 (0.60-1.71) 0.954 135 63.5 % 0.85 (0.52-1.39) 0.513
Infiltration depth

<7 mm NR 70.0 % NR 62.0 %

>7 mm 158 (30-217) 62.5 % 1.03 (0.75-1.43) 0.747 117 (54-222) 56.3 % 1.04 (0.76-1.40) 0.577
Age

<60 years NR 70.6 % NR 64.0 %

>60 years 126 (74-178) 60.4 % 1.49 (0.88-2.50) 0.132 102 (37-174) 53.9% 1.38 (0.85-2.26) 0.192

mOS: median OS; mPFS: median PFS; 5-y OS: 5-year OS rate; 5-y PFS: 5-year PFS rate; NR: not reached.
@ Due to the small number of patients in Stage II and Stage IV, these patients are divided into Stages I-II and III-IV.
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Fig. 2. Results of single-factor analysis affecting OS. Overall survival by FIGO stage (A). Overall survival by inguinal lymph node (B). Overall
survival by BMI (C). Overall survival by SCC-Ag (D). Overall survival by tumor size (E).
NR: not reached; -: negative; +: positive; ILN: inguinal lymph node.

3.4. Further analysis of BMI

To exclude confounding factors, we compared baseline and adjuvant radiotherapy in different BMI groups (Table 3). Sixty-one
patients were diagnosed with stage III-IV and needed postoperative radiotherapy. Four cases received adjuvant chemotherapy and
did not undergo adjuvant radiotherapy. Three cases did not have postoperative radiotherapy because of the full dose of preoperative
radiotherapy. Nine patients refused radiotherapy because of old age and poor basal status. Forty-five patients received adjuvant
radiotherapy. In the low BMI group, the median interval between operation and adjuvant radiotherapy was 52 days. The median
interval was 67 days in the high BMI group (P = 0.169).

4. Discussion
4.1. Summary of main results

Only 2 of 137 patients had positive postoperative margins after intraoperative supplemental excision. FIGO stage III-IV and BMI
>25 kg/m? were independent risk factors for OS. The independent risk factors affecting PFS included FIGO stage III-IV, BMI >25 kg/
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Fig. 3. Results of single-factor analysis affecting PFS. Progression-free survival by FIGO stage (A). Progression-free survival by inguinal lymph node
status (B). Progression-free survival by BMI (C). Progression-free survival by SCC-Ag (D). Progression-free survival by tumor size (E).

NR: not reached; -: negative; +: positive; ILN: inguinal lymph node.

m?, and SCC-Ag > 1.5 ng/ml.

4.2. Results in the context of published literature

Tumor-positive margin was the independent risk factor for local recurrence. A positive postoperative margin is an independent risk
factor for local recurrence. In a cohort study, 30 of 148 patients had positive tumor margins, with a probability of about 20 % [16]. In
our study, of the 137 patients enrolled, only 2 cases had positive postoperative margins, undetected by intraoperative pathology. The
incidence of positive margins was very low and was reconfirmed by the pathologist in our study. Most guidelines recommend a gross
surgical margin of at least 1 cm and a pathologic margin of at least 8 mm. However, there is still controversy regarding the optimal
tumor-free margin. The tumor-free margin of <8 mm is associated with a higher risk of local recurrence, while some studies suggested
that a recurrence rate of pathologic margins less than 8 mm is acceptable [17]. More than 2 mm tumor-free margins are associated with
better local control [18]. 3.6 % (5/137) of people had positive margins if without additional incision in our research. Only 1.6 %
(2/127) of cases were positive with minimal surgical margins of at least 1 cm. However, the positive rate of surgical margins <1 cm is
30 % (3/10) without supplemental resection. Rapid pathology and sufficient tumor-free margins are the important reasons for the low

positive margins after surgery.
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Table 3
Baseline and adjuvant radiotherapy in patients with different BMI.

Factors BMI <25 kg/m? BMI >25 kg/m? P-value
Age

<60 years 48 (55.8 %) 27 (52.9 %)

>60 years 38 (44.2 %) 24 (47.1 %) 0.744
FIGO stage

I-II 48 (55.8 %) 28 (54.9 %)

II-1vV 38 (44.2 %) 23 (45.1 %) 0.917
ILN status

Negative 38 (44.2 %) 23 (45.1 %)

Positive 38 (44.2 %) 23 (45.1 %)

Unknown 10 (11.6 %) 5(9.8 %) 0.947
SCC-Ag

<1.5 ng/ml 53 (61.6 %) 36 (70.6 %)

>1.5 ng/ml 33 (38.4 %) 15 (29.4 %) 0.288
Grade

Gl 44 (51.2 %) 26 (51.0 %)

G2-G3 42 (48.8 %) 25 (49.0 %) 0.984
Tumor size

<4 cm 31 (36.0 %) 19 (37.3 %)

>4 cm 55 (64.0 %) 32 (62.7 %) 0.887
Infiltration depth

<7 mm 29 (33.7 %) 20 (39.2 %)

>7 mm 30 (34.9 %) 20 (39.2 %)

unknown 27 (31.4 %) 11 (21.6 %) 0.461
Adjuvant radiotherapy rates

No 56 (65.1 %) 36 (70.6 %)

Yes 30 (34.9 %) 15 (29.4 %) 0.510
Median interval between surgery and adjuvant radiotherapy 52 days 67 days 0.169

We recommend at least 1 cm of surgical margin to minimize the rate of positive margins. In addition, when the lesion is too large
and near the urethra or anus, ensuring a negative margin is important, especially if the minimal surgical margin is less than 1 cm. It is
important to send the margin for rapid pathologic examination to immediately supplement with resection which reduces the rate of
positivity.

The 5-year OS rate is 85.6 % in the early stage, 47.5 % in locally advanced patients, and 23.3 % in distant metastasis according to
the Surveillance, Epidemiology, and End Results database. A systematic review showed that the 5-year OS rates for FIGO stages [, II, III,
and IV are 84.0 %, 74.6 %, 47.8 %, and 9.4 %, respectively [19]. In addition, the 5-year OS rate in patients with positive ILN is 57.2 %
[6]. The HR for OS in positive patients is 5.6 compared to negative patients [20]. The prognostic results of the FIGO stage and ILN in
our study are similar to the previous data.

Tumor diameter >4 cm affects OS and PFS in VSCC patients [21]. However, it is not an independent risk factor in our multifactor
analysis. Factors like lymph node metastases and advanced staging may dilute the prognostic impact of tumor size. Elevated SCC-Ag
levels are observed in various malignant tumors and correlate significantly with tumor stages in head and neck squamous cell car-
cinoma [22]. Similarly, elevated SCC-Ag may indicate the risk of cervical interstitial infiltration and pelvic lymph node metastases [23,
24]. SCC-Ag is also used to monitor cervical squamous cell carcinoma recurrence [25]. In our study, increased SCC-Ag was an in-
dependent risk factor for PFS, suggesting that regular monitoring of SCC-Ag levels is valuable Radical surgery may reduce SCC-Ag to be
normal for patients with baseline SCC-Ag elevation. If the SCC-Ag increased again during follow-up, an indication of recurrence might
be possible. There is limited research on the relationship between BMI and VSCC. Increased BMI correlates with higher mortality rates
in lung cancer, renal cell carcinoma, and other cancers [26]. In endometrial and breast cancer, BMI >25 kg/m2 is an adverse prog-
nostic factor [27,28]. The mechanism may be that adipokines mediate chronic inflammation leading to genetic instability and DNA
damage [29]. Research shows that adipose stromal cells can provide a nutritious tumor microenvironment for carcinoma [30]. BMI
>25 kg/m2 is an independent risk factor for patients with VSCC in our research. High BMI is associated with poor incision healing,
leading to delayed adjuvant radiotherapy by twelve days, though this difference is not statistically significant (P = 0.169). Only 45
patients received adjuvant radiotherapy after surgery. It may be that the sample size was too small to derive statistical significance.

Interestingly, high BMI has been associated with improved survival in non-small cell lung cancer patients receiving immune
checkpoint inhibitor therapy [31] and better outcomes in platinum-resistant or refractory ovarian cancer patients receiving
VEGF-targeted therapy [32]. Although the mechanism by which obesity affects drug efficacy is unclear, VSCC patients with high BMI
may benefit from immunotherapy and VEGF-targeted therapy. Further research is needed to explore these mechanisms.

4.3. Strengths and weaknesses

VSCC is a rare malignancy with prognostic factors that are not yet fully understood, particularly in China. Single-center and
retrospective studies might lead to limitations in our conclusion. As the largest cancer center in South China, the majority patients with
vulvar cancers came to our center for treatment. Moreover, we involved a larger number of patients with a longer follow-up period.
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Therefore, we recognized that our study had some reference value for the treatment of the rare vulvar cancer. Compared with public
databases, our data is more complete and accurate. Another strength of our study is adequate follow-up. The incidence of positive
surgical margins was low at SYSUCC. Maintaining a surgical margin of at least 1 cm can minimize the rate of positive margins. When
the lesion is too large and near the urethra or anus, to ensure a negative margin, especially if the minimal surgical margin is less than 1
cm, it is important to send the margin for rapid pathologic examination. In addition, high BMI was found to be associated with worse
survival outcomes in VSCC patients for the first time in this study.

For 38 of the 137 patients, tumor invasion data were unavailable due to the partial loss of pathological slides. Therefore, it is
difficult to understand the effect of infiltration on the prognosis of VSCC patients. In addition, only 3 patients with LVSI and 12 cases
with PNI which were too few to be analyzed. We did not perform univariate and multivariate analyses of tumor invasion, LVSI, and
PNI. This may have an impact on these three factors in our analysis. The main difference between stage I and stage III of VSCC is
whether there is ILN metastasis. However, the majority of cases fell into stages I and III in our study. The variables of the FIGO stage
and ILN status exhibited multicollinearity. Therefore, the ILN status was automatically excluded from the multivariate analysis. Of
note, ILN status also plays an important role in the prognosis of VSCC patients.

4.4. Implications for practice and future research

Establishing sufficient surgical margins and rapid pathological examination may have contributed to the low incidence of positive
surgical margins at SYSUCC. We think this might be an important experience for improving the prognosis for VSCC patients. In
addition, we identified the negative prognostic factors such as FIGO stage III-IV, ILN metastases, and BMI >25 kg/m?. This is of great
significance for identifying high-risk patients. However, more prospective studies on surgical margins are needed. We also encourage
further research to explore the mechanisms between high BMI and VSCC.

5. Conclusions

In summary, detecting surgical margins with rapid pathological examination, especially if the minimal surgical margin is less than
1 cm, may reduce the incidence of postoperative positive margins. FIGO stage III-IV, ILN metastases, and BMI >25 kg/m2 are sig-
nificant adverse prognostic factors in VSCC patients. Cases with PNI may have poor prognosis. SCC-Ag might be a useful marker for
predicting relapse.
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