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Abstract: Vulvar squamous cell carcinoma (VSCC) is the most frequent vulvar neoplasia, with invasiveness and metastasis. 
Typically, surgery is the preferred treatment. Radiotherapy is commonly used for unresectable locally advanced tumors and for early- 
stage patients who are at risk of serious complications from surgery or have a severe concomitant disease that prevents them from 
undergoing surgery. Compared to external irradiation, three-dimensional conformal radiotherapy (3D-CRT), and intensity-modulated 
radiotherapy (IMRT), various studies using volumetric modulated arc therapy (VMAT) alone in early-stage VSCC have been reported 
rarely. In this case, the patient had a large skin lesion and no lymph node metastasis. Surgical excision would seriously affect the 
urinary function and vulvar shape, so radical radiotherapy was given. To ensure the radiation dose for the radical treatment effect and 
to avoid high-dose radiation to normal organs, the volumetric intensity-modulated radiotherapy technique was chosen. After treatment, 
the patient’s vulvar appearance returned to normal, and the tumor achieved complete remission without further surgery or chemother-
apy, with no local recurrence or associated toxic side effects. This suggests that the efficacy of VMAT alone in early-stage VSCC is 
accurate and worthy of clinical promotion. The patient had been engaged in copper smelting and purification for many years, and it is 
unusual for her to have skin lesions with such a large surface area. In conjunction with her previous history of nasal basal cell 
carcinoma, the mechanism of oxidative stress during metal exposure should be further clinically examined, as it may be crucial in the 
formation and progression of malignancies. 
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Introduction
Vulvar cancer is one of the uncommon gynecologic malignancies, accounting for 3–5% of gynecologic cancers, and the 
incidence is on the rise.1 Especially in older women aged 75 years and older, it may be associated with non-neoplastic 
epithelial lesions such as sclerosing mossy lesions of the vulva and atypical proliferation of epithelial cells due to 
advanced age. The incidence of vulvar intraepithelial neoplasia (VIN) is also on the rise in women aged 50 years and 
above. In vulvar cancer associated with human papillomavirus (HPV) infection (mainly HPV 16 and HPV 18 types), VIN 
is the precancerous lesion.2 Pruritus, ulceration, and swelling of the vulva are the most common presenting features. The 
most common histopathological subtype is squamous cell carcinoma, which accounts for 85–90% of all cases.1 Surgery 
is the mainstay of treatment, however, radiotherapy plays an important role in cases of inoperable locally advanced 
tumors or where there are risk factors for local recurrence.3 Due to the high exposure of normal organs, external 
irradiation and 3D-CRT are not recommended at present, but mainly IMRT is used.2 The IMRT radiation field is 
consistent with the shape of the target area while making the dose uniform within the target area, the tumor area produces 
a higher dose, the tumor periphery may not need the same dose as the tumor area, and the amount of irradiation to normal 
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tissue is smaller, especially suitable for the target area’s irregular shape and surrounded by important tissues and organs. 
VMAT offers these same advantages and additionally enables simultaneous dose increase of the tumor area. The patient 
in this case had a large vulvar lesion area that was not easy to cut, and the recurrence rate of surgery was very high. After 
VMAT, the lesion basically subsided, and the biopsy reached the standard of complete remission without further surgery. 
There were no obvious side effects of radiotherapy.

The patient had previous nasal basal cell carcinoma, and the size of the vulvar lesion was extremely rare. Considering 
that she had worked for many years in copper refining and smelting, exposure to heavy metals throughout her work could 
lead to an increase in free radicals, resulting in a decrease in antioxidant levels and oxidative stress, which could 
contribute to tissue damage.4 Whereas oxidative stress has been shown to play an important role in the pathogenesis of 
SCC.5 Previous studies in animals and humans suggest that exposure to arsenic and copper may increase the risk of 
various skin cancers.6 However, very few studies have examined the relationship between VSCC and heavy metal 
exposure, and the pathophysiological mechanisms remain unclear. Therefore, further clinical studies are needed to 
consider and investigate whether the metal smelting environment drives the development and progression of VSCC 
through mechanisms such as oxidative stress.

Case Report
An 80-year-old woman came to our hospital with vulvar discomfort for 2 years and bilateral labia majora plaques and 
ulcers for more than 3 months. Two years ago, she felt localized vulvar thickening with discomfort and scrubbed herself 
excessively 2–3 times a day. Three months ago, she found flesh-colored ulcerative plaques on the right labia majora with 
some marginal lesions of dark brown color, accompanied by itching and burning-like pain. The two histopathological 
examinations performed in our clinic on the dark brown lesion were suggestive of seborrheic keratosis. After the 
operation, the wound was red and swollen with pain, the ulcerative plaque expanded rapidly and involved the left labia 
majora. “Mupirocin ointment and povidone-iodine” was given as topical rubbing but had no significant efficacy, then our 
outpatient clinic admitted the patient with “skin infection”. She had a long history of hypertension and diabetes mellitus, 
and had long days of metal smelting in a copper mine. Two years after radical surgery for basal cell carcinoma of the 
nose, no recurrence was observed. Physical examination: irregularly shaped ulcerative plaques from the lateral labia 
majora to the medial labia minora were seen on both sides, about 6cmX5cm on the right side and 5cmX3cm on the left 
side, with a flushed ulcer base and a little yellow thick discharge covering the surface, slightly elevated edges, and 
obvious tenderness. The surrounding skin was red and swollen, and a dark-brown papule could be seen on the right side 
at the lower middle of the outer edge of the lesion. The labia minora appeared to be covered with multiple pus moss. 
Several lymph nodes could be palpated in the groin bilaterally and were not enlarged (Figure 1). Histopathological 
examination of ulcerated lesions: irregular epidermal hyperplasia and infiltration into the dermis, formation of squamous 
cell masses, visible nuclear heterogeneity, lymphocytic infiltration in the superficial dermis (Figure 2A and B). 
Immunohistochemical staining:Ki-67 (Lower one-third layer), P16(+) (Figure 3A and B); PD-L1 CPS>1.High-risk 
HPV ribosomal acid typing suggests HPV l6 positive (+).Diagnosis:PD-L1-positive HPV-associated basaloid squamous 
cell carcinoma of the vulva.

We gave her a full course of VMAT:45Gy/1.8Gy/25f, and 1 month later added local skin electron beam 
radiotherapy:24Gy/2.0Gy/12f, radiotherapy machine: ELEKTA Infinity. After radical radiotherapy, the patient felt signifi-
cantly better in terms of itching and painful symptoms.At the follow-up after one month, the vulva was widely 
erythematous and swollen, the patches and ulcers at the bilateral labia majora were significantly reduced and thinned. 
After three months, the plaques and ulcers were basically healed and no new lesions appeared.The biopsy was taken again 
from the central location of the original ulcer and showed: no tumor cells were seen (Figure 4). Regular follow-up checkups 
every three months.The skin lesions of the patients before and after radical radiotherapy are shown in (Figure 5).

Discussion
VSCC is highly malignant, not absolutely excised, and easily metastasized.7 In addition, the misdiagnosis rate of SCC is 
high.Especially crater-like seborrheic keratoses with redundancy, hyperkeratosis, echinoderm and pseudocyst keratoses 
can be immensely similar to SCC.8 In this case, the pathology of two successive biopsies was seborrheic keratosis, the 
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result probably originated from the random occurrence of collision tumors. The third biopsy diagnosed VSCC.In terms of 
treatment options, the patient was diagnosed with early-stage, very high-risk vulvar SCC according to the American Joint 
Committee on Cancer 8th edition TNM staging,9 and the National Comprehensive Cancer Network Guidelines have 
previously recommended complete surgical resection as the first choice.9 However, the patient’s lesion was large and 
wrapped around the urethral orifice, so complete surgery required partial removal of the urethra, resulting in long-term 
postoperative retention of a urinary catheter, which greatly reduced her quality of life and was against her will. Thus 

Figure 1 Clinical photographs prior to treatment.

BA

Figure 2 (A and B) Basophilic cell-forming tumor masses can be seen, with dense cellular arrangements and a lack of the classic fenestrated arrangement around them. 
(Hematoxylin and eosin;×20).
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surgical treatment was not used. Six months after radical VMAT treatment, the patient had no significant recurrence and 
achieved a radical tumor cure without surgery.

This result may result from the high conformality, precision, and effectiveness of VMAT compared to conventional 
radiotherapy. Previous studies suggest that the effect of radiotherapy alone for vulvar cancer is poor and the local 
recurrence rate is high. This result is considered to be related to factors such as a moist vulva, poor tolerance of radiation 
by a skin mucosa, large vulvar tumors, a lack of satisfactory dose distribution of radiotherapy, and difficulty in receiving 
irradiation doses for vulvar cancer to achieve the radical therapeutic effect. The advantage of VMAT is that it can address 
these issues by continuously varying the dose release rate, rack speed, and multileaf collimator position so that the dose is 
delivered in a better conformation to reduce toxicity, significantly increase the release rate, and enhance biological 
effects. It also shortens treatment time to avoid patient movement affecting peripheral tumor coverage and leading to 
marginal recurrence.1,10 The literature shows similar planning target volume (PTV) coverage and homogeneity for IMRT 
and VMAT, while VMAT has significantly improved bowel dose and treatment delivery time. However, dosimetric 
studies comparing fixed-field IMRT and VMAT in gynecologic malignancies are limited. VMAT has been proven to be 
better than IMRT for gynaecological malignancies. In comparison to IMRT, which has been shown to be superior to 
conventional 3D-CRT, VMAT displayed a reduction in dose to the bladder, bowel and rectum and achieved better PTV 
coverage with improved conformity and homogeneity.11 Deng et al12 showed no significant differences between organs at 

BA

Figure 3 (A) Ki-67(+), (B) P16(+). (Immunohistochemical staining;×20).

Figure 4 Pathology sampling biopsy three months after the end of treatment.(Hematoxylin and eosin;×20).
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risk doses but better dose conformity, slightly less monitor units and shorter delivery times with VMAT. In addition, the 
patient’s HPV infection and P16-positive status enhanced the sensitivity of the tumor to radiation and made it less likely 
to re-proliferate after radiotherapy. The mechanisms underlying the enhanced radiosensitivity to HPV positivity have 
been identified in head and neck cancers, namely impaired DNA repair and enhanced apoptotic response.13 These 
mechanisms may also be applicable in VSCC.Among those with vulvar SCC, P16-positive patients respond better to 
radical radiotherapy than P16-negative ones, and P16 overexpression is a prognostic factor independent of HPV status.14 

In this patient with high PD-L1 expression, pointers exist for the addition of immune-targeted therapy to prevent 
a recurrence, but our successful treatment without recurrence by intensity-modulated radiotherapy alone suggests that 
appropriate choices in the use of radiotherapy methods and doses can remove the unnecessary burden. The woman was of 
advanced age, in poor physical condition, and badly tolerated radiation, but there were no associated post-radiotherapy 
complications after treatment, demonstrating the safety of VMAT. A recent international study has published recom-
mendations on how to better standardize the indications for radiotherapy and radiotherapy techniques.9 Considering the 
patient’s history of diabetes and poor wound healing ability, topical electron wire treatment provides better dose 

C

A B

Figure 5 (A)Just after the VMAT, (B) three months after completion of treatment, (C) six months after completion of treatment.
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distribution, and weak penetration, but works only on superficial tissues, protecting deeper tissues in a superior way 
while promoting skin healing.15 Nevertheless, it remains to be seen whether the same excellent results can be achieved 
with VMAT alone in HPV- and P16-negative and lymph node-positive VSCC. An analysis of data from the National 
Cancer Data Base showed that radiation therapy combined with concurrent chemotherapy was superior to radiation 
therapy alone in lymph node-positive vulvar cancer.2 In some cases, proximal margins are more common, such as when 
the disease is close to structures such as the clitoris, urethra, or vulva, however, the NCCN guidelines recommend re- 
excision of positive margins or those that are classified as proximal (<8 mm). If surgery is not possible, the guidelines 
recommend adjuvant vulvar radiation therapy. This approach is now being questioned as more studies aim to determine if 
this improves overall outcomes in patients with closer margins, especially given the impact of surgery and vulvar 
radiotherapy on quality of life thereafter.16 The safety of cutting margins with smaller margins is also the subject of 
research.17

Hence, in the future, clinicians should be more flexible in the use of radiotherapy and assess whether patients with 
VSCC of different etiological pathways need enhanced doses of VMAT or combined chemotherapy. Whether patients 
treated with surgery need routine postoperative adjuvant VMAT to avoid the side effects of radiotherapy while shortening 
the surgical margins to protect vulvar structures and functions and reduce the marginal recurrence rate.

The patient had a large skin lesion area and a previous history of nasal basal cell carcinoma, which may be related to 
the working environment of metal refining and smelting.She mentioned that the pungent odor could be smelled at work, 
so she could not exclude occupational exposure to heavy metals caused by inhalation. Studies over the past two decades 
have shown that the redox activity of metals can lead to oxidative stress, a state of imbalance between oxidation and 
antioxidation in the body, causing DNA damage, lipid peroxidation (LPO), and protein changes triggering other effects 
that can eventually lead to cancer.4,18 Among them, copper can directly accelerate the formation of reactive oxygen 
species (ROS) through reactions such as the Fenton reaction and the Haber-Weiss reaction, and exposure to high levels of 
copper can significantly reduce glutathione levels.18,19 Redox reactions of the inactive metals arsenic, lead and cadmium 
show their toxic effects by binding to sulfhydryl groups of proteins and reducing glutathione.4,20 A decrease in 
glutathione and an increase in ROS can reduce the antioxidant defense system of cells and alter the composition and 
integrity of cell membranes to increase the sensitivity of cells to oxidative attack. Glutathione peroxidase (GPX) and 
catalase (CAT) are recognized as major scavengers of hydrogen peroxide and the total thiol molecule (TTM) has the 
antioxidant function of thiol groups to lower the free-radical volume and is used to evaluate the degree of protein 
oxidation. Alishahi M et al4 detected reduced serum GPX, CAT, and TTM levels in copper smelters, confirming the 
decrease in antioxidant levels despite the presence of increased metal-generated free radicals. There is increasing 
evidence in recent years that oxidative stress plays a key role in the pathogenesis of squamous cell carcinoma,21–23 

but the blood oxidative profile has not yet been determined and further studies are needed. In basal cell carcinoma, there 
is no clear evidence linking metal exposure to the disease, but it is rare for individuals to have two different pathological 
types of primary skin tumors at the same time, and oxidative stress mechanisms are also applicable in basal cell 
carcinoma.24 Consequently, more meta-analyses are needed to explore the correlation between metal exposure and skin 
tumors.

Conclusion
VMAT is a promising treatment method for VSCC, which may play a better effect than surgery, especially when facing 
patients with HPV infection and P16 positivity.It is worth further research and promotion to provide new ideas for the 
therapy of VSCC. The occupational health department should pay attention to the physical health condition of workers 
engaged in metal purification work in the copper mining environment, and clarify the relationship between heavy metal 
occupational exposure and skin tumors at a deeper level to provide more protection for workers.

Ethics Statement
The publications of images were included in the patient’s consent for publication of the case. Institutional approval has 
been obtained to publish the case details.
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