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Keywords:

Squamous cell carcinoma of the vulva is a rare gynecologic cancer that is associated with significant patient

Vulva morbidity and mortality, particularly for recurrent disease. This review summarizes the evidence and continued

Squamous cell carcinoma

challenges, regarding the traditional clinicopathologic factors used to prognosticate vulvar squamous cell car-

HPY . cinoma. Articles published within the last 10 years (2010-2020) were identified. Relevant articles concerning
l;:;g];:;;slls the following fifteen prognostic factors were reviewed: HPV/p16 status, vulvar intraepithelial neoplasia, patient
age, tumor stage, tumor grade, tumor size, depth of invasion, stromal changes, histologic patterns of invasion,
lymphovascular space invasion (LVSI), perineural invasion, lymph node metastases, tumour focality, margin
status and lichen sclerosus (LS). The relationship between each prognostic factor and progression-free survival
(PFS) and overall survival (OS), including hazard ratios, 95% confidence intervals and p-values, were extracted.
Introduction Methods

The vulva comprises of the anatomical region external to the
vagina, encompassing the labia majora, labia minora, clitoris, bulb of
the vaginal vestibule, Bartholin (greater) glands and Skene (lesser)
glands.! Cancers of the vulvar are rare, constituting less than 5% of
all gynecologic malignancies. It has an incidence of 2.6 per 100,000
women per year and cumulative lifetime risk of 0.09%.*> Surgical
resection, ranging from simple excision to radical vulvectomy, is the
mainstay of treatment, with limited roles for adjuvant radiation and
chemotherapy. Physical and psychosocial morbidity is a significant
challenge in vulvar cancer, particularly with treatment escalation,
and one-third of patients will die from the disease with a 5 year
overall survival of 70.4%.>

Squamous cell carcinomas (SCC) account for over 90% of malig-
nancies occurring in the vulva. These tumors can be driven by human
papillomavirus (HPV) infection (HPV-associated) or occur in-
dependently of HPV (HPV-independent). In this review, we discuss the
various pathologic factors used to prognosticate vulvar squamous cell
carcinoma (VSCC) and summarize the evidence behind these con-
siderations.

Pubmed (pubmed.ncbi.nlm.nih.gov) was searched using the fol-
lowing terms, “vulva OR vulvar”, “squamous cell carcinoma” and
“prognosis”. Articles within the last 10 years (2010-2020) were in-
cluded and articles written in English were reviewed. A total of 327
articles were identified. The articles were reviewed to determine re-
levance. Case reports, case series, and review articles were excluded.
Original articles focusing on 15 prognostic factors of interest were in-
cluded. Those prognostic factors were HPV/pl6 status, vulvar in-
traepithelial neoplasia, patient age, tumor stage, tumor grade, tumor
size, depth of invasion, stromal changes, histologic patterns of invasion,
lymphovascular space invasion (LVSI), perineural invasion, lymph node
metastases, tumour focality, margin status and lichen sclerosus (LS).
Ten papers were found through a search of references of the relevant
papers. A total of 63 articles were included. We recorded the country,
years of study, number of patients, follow-up times and survival for
each study (Supplemental Table 1). For each prognostic factor, we re-
corded the relationship with progression free survival (PFS) (local re-
currence rate, disease free survival) and overall survival (0S), including
the types of statistical analyses, hazards ratios, 95% confidence inter-
vals and p-values. A p-value <0.05 was considered statistically sig-
nificant. Disease-specific survival (DSS) was recorded when reported.
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Table 1
Presence of HPV and relationship with PFS and OS.
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Study Criteria Uni-/Multi-Variate Progression-Free Survival (PFS) Overall Survival (0S)
p Value Hazard Ratio and 95% CI p Value Hazard Ratio and 95% CI

Alonso et al. 2011 plé univariate 0.891 —a— 0.932 —
Dohopolski et al. 2019 plé univariate 0.076 — 0.397 )
Dong et al. 2015 plé univariate 0.01% —.—
Hay et al. 2016 plé univariate nfa —_—
Lee et al. 2016 plé univariate <0.01* —-— 0.02% —_—
McAlpine et al. 2017 plée univariate PFS 0.0018* —a
McAlpine et al. 2017 plé univariate DSS <0.0001* —
McAlpine et al. 2017 plé univariate OS <0.0001* -
Stefansson et al. 2019 pl6 univariate 0.011%* —al— 0.212 —af
Sznurkowski et al. 2016 pl6 univariate 0.0216* —-
Czogallz et al. 2020 plé multivariate 0.006* . 0.023* —-—
Dohopolski et al. 2019 plé multivariate 0.022* [
Dong et al. 2015 pl6 multivariate 0.002* —
Lee et al. 2016 plé multivariate 0.02% —_—— 0.15 —e
McAlpine et al. 2017 plé multivariate PFS 0.014* -
McAlpine et al. 2017 plé multivariate DSS 0.011%* —_—
McAlpine et al. 2017 plé multivariate OS 0.16 —at
Stefansson et al. 2019 plé6 multivariate 0.005* —e
Sznurkowski et al. 2016 plé6 multivariate 0.001* .
Alonso et al. 2011 PCR univariate 0.885 —— 0.79 —p—
Hay et al. 2016 PCR univariate n/a —
Stefansson et al. 2019 PCR univariate 0.006* —— 0.125 —.
Wakeham et al. 2017 PCR univariate 0.005* ——
Weberpals et al. 2017 PCR univariate 0.417 —_—— 0.526 e
Lee et al. 2016 PCR multivariate n/a — nfa —.—
Stefansson et al. 2019 PCR multivariate 0.538 -
Wakeham et al. 2017 PCR multivariate 0.1 —a—t
Weberpals et al. 2017 PCR multivariate 0.399 L 0.052 e
Wakeham et al. 2017 pl6, PCR univariate 0.001* e
Wakeham et al. 2017 pl6, PCR multivariate 0.02% —
Nooij et al. 2016 n/a univariate 0.24 - —

Abbreviations: HPV = human papillomavirus; OS = overall survival; Cl = confidence interval; PCR = polymerase chain reaction; PFS = progression-free survival; DFS = disease-free survival; DSS

= disease-specific survival; * significant p-value <0.05

All analyses listing a p-value are summarized in the text and only
analyses providing a hazards ratio ( + 95% confidence interval) are
summarized in Tables.

Results
HPV status

Currently, HPV status is not used to formally prognosticate patients
with VSCC, nor has it been incorporated into tailored treatment algo-
rithms. However, there has been growing attention to HPV status, lar-
gely driven by observations made in SCC of the head and neck region.
The National Cancer Comprehensive Network (NCCN) guidelines for
oropharyngeal SCC require HPV testing and/or pl6
munohistochemical (IHC) staining, and provide separate treatment al-
gorithms depending on the HPV/p16 status.”

Upon our review, 21 studies evaluated the prognostic significance of
HPV status on survival, using either p16 IHC, HPV DNA polymerase
chain reaction (PCR) or DNA in-situ hybridization (ISH) (Table 1). The
vast majority found that HPV-associated VSCC had better prognosis
than HPV-independent tumors, but not all reached statistical sig-
nificance. Sixteen studies® *° looked at the prognostic significance of
HPV on PFS: 23 analyses (14 univariate, 9 multi-
variate)™’ %1 113715171820 found that HPV was prognostic for PFS,
while 15 analyses (11 univariate, 4 multivariate)®/-%'>1%17:19:20 diq
not. Three analyses'®'? did not report the significance. Nineteen 19

im-
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studies® *''7'%1772 assessed the prognostic significance of HPV on OS,

with a total of 46 different analyses: 18 analyses (13 univariate, 5
multivariate)®®'-1371:18:21:23.24 found that HPV was prognostic for OS,
and 28 analyses az univariate, 10 multi-
variate)” />%!1%13:15,17720,22,24.25 4iq not. One analysis'® did not report
the significance and 1 analysis® reported that HPV was not prognostic,
but not the method of analysis.

To date, only one study has used HPV RNA in-situ hybridization. In
Allo et al,”° HPV RNA ISH was prognostic for PFS (in univariate and
multivariate analyses) but not for OS. RNA ISH is a relatively new
methodology for HPV assessment, which was been officially endorsed
by the College of American Pathologists this year in 2020.”° HPV RNA
ISH circumvents the need for PCR equipment and reagents, and tests for
HPV E6/E7 mRNA by direct visualization on glass slides, thereby
avoiding confusing with environmental contamination and transient
HPV infections. It has been shown to have higher sensitivity and spe-
cificity compared to both HPV DNA ISH and PCR.”® It is possible that
use of HPV RNA ISH for future prognostication studies may provide
enhanced clarity, with more consistent results, in assessing the prog-
nostic role of HPV on patient survival.

The clinicopathologic parameters that may explain the prognostic
differences between HPV-associated and HPV-independent VSCC varies
between studies. Some studies have found that HPV-associated SCC
present at younger ages,”'*'>!” lower FIGO stages,”'® smaller
tumor sizes™'""'* lower depth of invasion,'? less margin positivity'>'’
and less nodal metastases.'® In addition, it is very plausible that the
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higher association with basaloid and warty morphology in HPV-driven
lesions,**' has allowed for earlier recognition and treatment of HPV-
associated vulvar SCC and its precursor lesions, which contrasts the
notorious under-recognition and delayed treatment of HPV-in-
dependent squamous precursor lesions.”” In Bigsby et al 24 of 97
women had biopsies 6 months before the presentation of VSCC. In the
47 biopsies available for review, 18 harboured dVIN and of those, 14
were previously unrecognized.””

Vulvar Intraepithelial Neoplasia (VIN)

The squamous precursor lesion for the HPV-associated pathway is
termed usual-type vulvar intraepithelial neoplasia (uVIN) or high-grade
squamous intraepithelial lesion (HSIL), as per The Lower Anogenital
Squamous Terminology (LAST) Project.”® As alluded to above, uVIN/HSIL
has conspicuous cytologic atypia, characterized by nuclear pleo-
morphism, hyperchromasia, suprabasilar mitoses, high nucle-
ar:cytoplasmic ratios and dysmaturation. Due to its relative commonality,
uVIN/HSIL can also be seen incidentally in cases of HPV-independent
SCC.° In contrast, the features of dVIN, historically described as “in-
traepithelial carcinoma of simplex type” by Abell et al in the 1960s,?**" is
much more difficult to recognize. dVIN shows epidermal hyperplasia with
elongated rete ridges, basal atypia, dyskeratotic cells and hyper-
eosinophilic cytoplasmic tincture.' Pathologists should be wary, because
the features of dVIN can often be more subtle than described in textbooks,
presenting as non-acanthotic lesions or lesions where the atypia is ob-
scured by superimposed inflammation.>* p53 IHC can be helpful in dis-
tinguishing dVIN from reactive lesions, if a null, cytoplasmic or para-
basal/diffuse pattern of staining is seen.’*** A basal-overexpression
pattern will not reliably distinguish dVIN from reactive lesions.”

Three studies have shown that the risk and rate of progression to
invasive SCC is higher and faster in dVIN compared to uVIN/HSIL. The
risk of progression to VSCC for uVIN/HSIL versus dVIN were reported
to be 0% vs 86%,”® 15% vs 80% '® and 5.7% vs 32.8%."” In the most
sizeable series to date (n=1148), the 10-year cumulative risk of VSCC
was 9.7% for uVIN/HSIL and 50% for dVIN.?® The time-frame for
progression for uVIN/HSIL versus dVIN has been 41.4 months vs 22.8
months (p=0.005)"" and 4.1 years vs 1.4 years (although not sig-
nificant, p=0.449).°® 0S, DSS and PFS have been reported to be worse
in dVIN than uVIN/HSIL.>° In a study by McAlpine et al, 23/25 women
with dVIN only or dVIN/SCC had progressed to or recurred with SCC,
with a median progression time of 1.9 years. None of the uVIN/HSIL
progressed in the study time-period (median follow up was 5 years).
The vast majority (22/25) of patients died of disease, with a median
overall survival of 3.4 years.”®

Patient Age

Thirty-eight studies evaluated the prognostic value of age on sur-
vival, using different methods of analyses (categorical and continuous
variables) (Table 2). Twenty-eight studies®®'%!'%15-19:39756 yielding 50
different analyses found that age was prognostic for PFS (9 uni-

Variate,(3,9,13,18,19,39,46,48,50 9 multivariatel1)”18’19’48’53), though more
studies  found that age was not  prognostic (20
univariate,15’18’4“’4“”45’47’49’51’5“7’55’5" 11 multivariate,s’g’l5’18’4]’4“)’

44,47.50,54 110 method of analysis not reported). Similarly, 32 studies (70

different analyses) found mixed results for age and overall survival
[prognostic in 43 (22 univariate,®%31517:18,21,24,39,43,48,50,57-61 97

multivariate®'%!5:17719:48:50.54.58,60-63y © not  prognostic in 35 (27
univariate,>10:1518,19,21,25,40-42,45,46,48,52,55,56,60 g 1 1tivariate® 1518

21,25,60y]

Tumor stage

In 30 studies, the association between stage and survival, was
stronger for OS than for PFS. Varied staging methods were used,

39
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although the FIGO (The International Federation of Gynecology and
Obstetrics) staging system was the most common. In Table 3, 59% of

analySeS (18 uniVariates’ 13,16-18,42,45,46,50,57,64-66 and 15
multivariate™'®'>'7-°%5%%%) found stage to be prognostic for PFS, while
41% of analyses (11 univariate®'>'%20:434447.51,52.55,56.67 and 19
multivariate® 61842445365 did not. In contrast, for overall survival,
55% of analyses were prognostic 27
univariateﬁ,l3,]8,2],24,42,45,46,48,5(),51,SQ—()I,()S,()(),()S and 12 analysess,q,lj

+15:18,21,50,54,61,62.66)  wwhile 45% of analyses (24 univariate™'®'”
19:43,52,55,56 and 7 multivariate™'>'®**1:%%) were not. The vast ma-
jority of analyses (87%) found stage to be an adverse prognosticator,
but not all met the threshold for statistical significance.

Tumor grade

Pathologic grade is divided into well-differentiated (G1), moder-
ately differentiated (G2), poorly differentiated (G3) and un-
differentiated (G4) by FIGO,' and G1, G2, G3 by the American Joint
Committee on Cancer (AJCC).°° Like many squamous cell carcinomas
in the body, there are no specific criteria and grade is based essentially
on the pathologists’ gestalt, evaluating features such as degree of ker-
atinization, intercellular bridges, nuclear pleomorphism, mitotic ac-
tivity and pattern of invasion.”” The Gynecology Oncology Group
(GOG) assigns grade by the proportion of the tumor that is un-
differentiated (UC) (seen as small cells with scant cytoplasm, in-
filtrating as small nests or cords): G1: no UC; G2: 1-30% UC; G3:
31-50% UC; G4: >50% UC.”

Due to such inconsistencies in grading, it is not surprising that only a
minority of studies found tumor grade to be prognostic for PFS (7 ana-
lysesf%9,42,46,4&66 were SlgIliﬁCaIlt, 35 analyses&l9,4(),42—45,49,5(],52,54—56,65—67,72
were not significant) or OS (19 analyses®*¢4%:57:5%63.56 were significant;
33819.39-4345,50.52,54-56,59,61.65.6672 \yere not significant) (Table 4).

Other grading schemes such as tumor budding, has been trialed in
cervical SCC,”” but not yet in vulvar SCC.

Tumor size and depth of invasion

The 2018 FIGO guidelines and AJCC 8th edition use a tumor size of
2 cm and depth of invasion of 1 mm as cut-off values to distinguish
between stage IA and IB disease.®’

Twenty-eight studies assessed the prognostic value of tumor size on
survival (Table 5). Using a tumor size cut-off of 2 cm in 4 studies, 2
studies found that tumor size was prognostic for OS and none for
PFS.%*%%1:72 Even though 2 cm is the cut-off in formal staging systems,
a greater number of studies (12 studies) used 4 cm as a cut-off value. In
these studies, tumor size was prognostic for PFS (6 of 7 univariate
analyses, 2 of 6 multivariate analyses) and OS (4 of 9 univariate ana-
lyses, 1 multivariate analyses).'*#0~#%4%:47:52:57,60.646574 15 3 stydies
assessing tumor size as a continuous variable, only 1 study found tumor
size was prognostic for both PFS and OS in the multivariate ana-
1ySiS.4l’56’G7

Depth of invasion (DOI) is measured from the epithelial-stromal
junction of the adjacent most superficial dermal papilla to the deepest
point of the invasive tumor. Tumors with a DOI <1 mm, also known as
microinvasive carcinoma,”® have a negligible risk of lymph node me-
tastases (<1 %) and low local recurrence rates (~5%)”°%. For these
tumors, radical wide local excision should be sufficient, without the
need for groin node dissection.’ Tumors invading 1-3 mm had 6% risk
and 3-5 mm have 20% risk of lymph node spread.”” However, as in
many sites in the gynecologic tract, depth of invasion can be difficult to
measure and quantify uniformly amongst pathologists.*’ Yoonessi et al
proposed using Clark levels instead of DOI, but this has not been widely
studied or adopted in practice.®' It is important to acknowledge that
tumor thickness is measured from the bottom of the granular layer to
the deepest point of invasion and is not used as an element in staging.*”

The studies evaluating DOI and the impact on recurrence and
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Table 2
Patient age and relationship with PFS and OS.
Study Criteria Uni-/Multi-Variate Progression-Free Survival (PFS) Overall Survival (0S)
p Value Hazard Ratio and 95% Cl p Value Hazard Ratio and 95% Cl
Sznurkowski et al. 2016 >60yo univariate 0.0254* ——
Stefansson et al. 2019 260y0 univariate 0.085 |—=— <0.001* — e
Stefansson et al. 2019 260y0 muitivariate <0.001* —
Xanthopoulos et al. 2018 268yo univariate <0.01* -
Xanthopoulos et al. 2018 268y0 muitivariate unadj <0.01* -
Xanthopoulos et al. 2018 268yo0 muitivariate adj 0.02* .
Xanthopoulos et al. 2018 268yo muitivariate imp <0.01* -8-
Nicoletto et al. 2010 >70yo univariate 0.0406* [—— 0.0866 1——
Stankevica et al. 2012 >70yo univariate 0.07 —
Czogalla et al. 2020 270yo multivariate 0.844 - <0.001* ——
Imoto et al. 2016 >70yo muitivariate DSS 0.56 —f—
Imoto et al. 2016 >70yo multivariate OS 0.04* ——
Seebacher et al. 2012 >70yo muitivariate 0.1 — 0.03* e e
Panici et al. 2015 275yo univariate PFS 0.1 -
Panici et al. 2015 275yo0 univariate DSS 0.41 —jo—
Panici et al. 2015 275yo univariate OS 0.04* |—a—
Panici et al. 2015 275y0 muitivariate PFS 0.001* —u—
Panici et al. 2015 275yo0 multivariate DSS 0.007+ —
Panici et al. 2015 275yo muitivariate OS 0.001* .
Laliscia et al. 2019 >76yo univariate 0.672 b ol 0.64 e
Alonso et al. 2011 278yo univariate 0.01+ —a— 0.002* —
Wakeham et al. 2017 >80yo univariate 0.002* — 0.001* -
Rauh-Hain et al. 2014 >80yo muitivariate nfa -
Wakeham et al. 2017 >80yo multivariate 0.4 % 0.02* ———
Wakeham et al. 2017 50-5%yo univariate 0.3 — 0.7 —_—
Wakeham et al. 2017 50-5%yo multivariate 0.01+ — 0.7 e
Rauh-Hain et al. 2014 50-64yo muitivariate nfa -
Wakeham et al. 2017 60-69yo0 univariate 0.4 N 0.2 o
Wakeham et al. 2017 60-69yo muitivariate 0.001* —— 0.4 S
Rauh-Hain et al. 2014 65-79y0 multivariate nfa -
Wakeham et al. 2017 70-7%yo univariate 0.2 N 0.06 —
Wakeham et al. 2017 70-7%yo muitivariate 0.01* —_— 0.0 R e —
Dong et al. 2015 2nd quartile univariate 0.15 B
Dong et al. 2015 3rd quartile univariate 0.005* —
Dong et al. 2015 4th quartile univariate 0.001* —
Bogani et al. 2017 continuous univariate 0.12 o 0.57
Collarino et al. 2015 continuous univariate 0.06 . 0.006* .
Dhakal et al. 2013 continuous univariate 0.003* -
Dohopolski et al. 2019 continuous univariate 0.021* o 0.011*
Dong et al. 2015 continuous univariate 0.0003*
Gasimli et al. 2018 continuous univariate 0.31 .
Hinten et al. 2015 continuous univariate 5-yr <0.05*
Hinten et al. 2015 continuous univariate 10-yr <0.05*
Lee et al. 2016 continuous univariate <0.01* o <0.01*
McAlpine et al. 2017 continuous univariate PFS 0.052 J
McAlpine et al. 2017 continuous univariate DSS 0.002*
McAlpine et al. 2017 continuous univariate OS <0.0001*
Nooij et al. 2015 continuous univariate 0.339 i
Nooij et al. 2016 continuous univariate 0.281 .
Weberpals et al. 2017 continuous univariate 0.029* . 0.146
Baiocchi et al. 2015 continuous multivariate 0.406 .
Bogani et al. 2017 continuous muitivariate 0.85 .
Courtney-Brooks et al. 2010 continuous multivariate DSS nfa d
Courtney-Brooks et al. 2010 continuous multivariate OS nfa
Dhakal et al. 2013 continuous multivariate 0.001* ——
Dohopolski et al. 2019 continuous multivariate 0.139 d 0.317
Gasimli et al. 2018 continuous multivariate 0.52 k
Lee et al. 2016 continuous multivariate 0.04* . <0.01*
McAlpine et al. 2017 continuous multivariate PFS 0.43 J
McAlpine et al. 2017 continuous muitivariate DSS 0.41
McAlpine et al. 2017 continuous multivariate OS 0.0015*
Nooij et al. 2015 continuous muitivariate 0.127
Trietsch et al. 2014 continuous multivariate 0.232
Weberpals et al. 2017 continuous multivariate 0.018* o 0.023+ g
Woelber et al. 2011 continuous multivariate 0.029* o
Woelber et al. 20161 continuous multivariate PFS 0.63 .
Woelber et al. 20161 continuous multivariate DFS 0.02* . 0.02*
0.1 1 10 100 0.1 1 10

Abbreviations: Cl = confidence interval; PFS = progression-free survival; DSS = disease-specific survival; DFS = disease-free survival; OS = overall survival; unadj = unadjusted, adj = adjusted,
imp = imputed; * significant p value <0.05; T analysis was done with margins <8mm. analyses done with continuous margins had very similar values
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Table 3

Tumor stage and relationship with PFS and OS.
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Study

Collarino et al. 2019
Dohopolski et al. 2013
Wakeham et al. 2017
Dohopolski et al. 2019
Wakeham et al. 2017
Collarino et al. 2019
Dohopolski et al. 2019
Goes etal. 2012"

Minar et al. 2018
Wakeham et al. 2017
Dohopolski et al. 2019
Wakeham et al. 2017
Lee et al. 2016

Lee et al. 2016

Lee et al. 2016

Lee etal. 2016

Bogani et al. 2017
Hinten et al. 2015

Hinten et al. 2015
Laliscia et al. 2019

Long et al. 2019
Nicoletto et al. 2010
Nooij et al. 2016
Stankevica et al. 2012
Stefansson et al. 2019

te Grootenhuis et al. 2019
Zannoni etal. 2011
Bogani et al. 2017

Long et al. 2019
Nicoletto et al. 2010
Nooij et al. 2016
Stefansson et al. 2019
Bogani et al. 2017
Bogani et al. 2017
Czogalla et al. 2020°
Collarino et al. 2019
Wakeham et al. 2017
Wakeham et al. 2017
Nooij et al. 2015
Sznurkowski et al. 2016
Wakeham et al. 2017
Poiterauer et al. 2019
Seebacher et al. 2012
Dong et al. 2015
Weberpals et al. 2017
Dong et al. 2015

Dong et al. 2015
Weberpals et al. 2017
Courtney-B et al. 2010
Courtney-B et al. 2010°
Dong et al. 2015
Courtney-B et al. 2010°
Courtney-B et al. 2010°
McAlpine et al. 2017
McAlpine et al. 2017
McAlpine et al. 2017
McAlpine et al. 2017
Dong et al. 2015
Weberpals et al. 2017
Dong et al. 2015
Xanthopoulos et al. 2018
Xanthopoulos et al. 2018
Xanthopoulos et al. 2018
Xanthopoulos et al. 2018
Xanthopoulos et al. 2018
Xanthopoulos et al. 2018
Xanthopoulos et al. 2018
Xanthopoulos et al. 2018
Woelber et al. 2011
Woelber et al. 2016"
Woelber et al. 2016"
Woelber et al. 2011
Woelber et al. 2016"
Woelber et al. 2016"
Gasimli et al. 2018
Gasimli et al. 2018

Abbreviations: Cl = confidence interval; PFS = progression-free survival; OS = overall survival; DFS = disease-free survival; DSS = disease-specific survival; * significant p-value <0.05; ' hazard
ratios were flipped; ' analyzed with margins <8mm. analysis with continuous margins had similar values; A referenced to change in stage

Staging

FIGO (unspecified)
FIGO 2009

FIGO 2009

FIGO 2009

FIGO 2009

FIGO (unspecified)
FIGO 2009

FIGO 2009

FIGO (unspecified)
FIGO 2009

FIGO 2009

FIGO 2009

FIGO 2009

FIGO 2009

FIGO 2009

FIGO 2009

FIGO 2009

FIGO 1988/2009
FIGO 1988/2009
FIGO (unspecified)
FIGO (unspecified)
FIGO (unspecified)
FIGO 2009

FIGO (unspecified)
FIGO (unspecified)
FIGO 2009

FIGO 2009

FIGO 2009

FIGO (unspecified)
FIGO (unspecified)
FIGO 2009

FIGO (unspecified)
FIGO 2009

FIGO 2009

FIGO (unspecified)
FIGO (unspecified)
FIGO 2009

FIGO 2009

FIGO 2009

FIGO 2009

FIGO 2009

FIGO (unspecified)
FIGO 2009

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

Stage

AJCC 6th

AJCC 6th

AJCC 6th

AJCC 6th

AJCC 6th

AJCC 6th

AJCC 6th

AJCC 6th

TNM 6th

TNM 6th

TNM 6th

TNM 6th

TNM 6th

TNM 6th

TNM 7th

TNM 7th

Uni-/Multi-
Variate

univariate
univariate
univariate
multivariate
multivariate
univariate
univariate
univariate
univariate
univariate
multivariate
multivariate
univariate
multivariate
univariate
multivariate
univariate
univariate 5-yr
univariate 10-yr
univariate
univariate
univariate
univariate
univariate
univariate
univariate
univariate
multivariate
multivariate
multivariate
multivariate
multivariate
univariate
multivariate
multivariate
univariate
univariate
multivariate
univariate
univariate
univariate
multivariate
multivariate
univariate
univariate
muitivariate
univariate
univariate
muitivariate OS
muitivariate DSS
multivariate
muitivariate OS
muitivariate DSS
univariate
multivariate
multivariate
multivariate
univariate
univariate
multivariate
univariate
multivariate
multivariate
multivariate
univariate
multivariate
multivariate
multivariate
multivariate
multivariate PFS
multivariate OS
multivariate
multivariate PFS
multivariate O
univariate
multivariate

p Value

0.516
0.01*
0.398
1

0.135

<0.001*
0.001°
0.001°

0.04*
0.05*
0.04*
0.05*
0.03*

0.02°
0.025°
0.0021*
0.023
0.12
0.015°
0.084

033
0.27

0.339
0.02*
0.01*
0.54

0.486

0.0001*
03
0.982

0.0005*
<0.001*
0.006°

0.667

0.108

0.052
0.034*

0.299

0.667
0.02*
0.021°
0.369
0.002°
0.02°
0.56
035

Progression Free Survival (PES)

Hazard Ratio and 95% Cl
-}

—a—

p Value

0.587
0.03*
0.227
0.04*

0.193
0.011*

0.001*
0.024*
0.001*
0.01*
0.02*
0.01*
0.02*
0.007*
<0.05*
<0.05*
0.023*
0.016*
0.0002*

<0.001*
0.088

05
0.35
0.111

0.1
037
0.006*

0.001*
0.1

<0.001*
0.0027+
0.038*
0.02°
0.03*
0.465
0.003*
0.03*
0.674
<0.05°
<0.05*
0.006*
<0.05*
<0.01*
0.0039*
0.0051*
0.0037*
0.0043*
0.0001*
0.297
0.0001*
<0.01*
0.05°
0.03*
0.11
<0.01*
<0.01*
<0.01*
0.03*

0.021*

0.02°

Overall Survival (0S)
Hazard Ratio and 95% CI
- -

— -
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Table 4
Tumor grade and relationship with PFS and OS.

Seminars in Diagnostic Pathology 38 (2021) 37-49

Study Criteria Uni-/Multi-Variate Progression-Free Survival (PFS) Overall Survival (0S)
pValue  Hazard Ratio and 95% Cl p Value Hazard Ratio and 95% Cl

Hinten et al. 2015 Glvs G2 univariate 5-yr DSS <0.05* -
Hinten et al. 2015 GilvsG2 univariate 10-yr DSS <0.05* —e—
Nicoletto et al. 2010 Glvs G2 univariate 0S 0.0021* -
Nicoletto et al. 2010 Glvs G2 univariate PFS 0.0012* e 0.0012* -
te Grootenhuis et al. 2019 GilvsG2 univariate 0.148 -
Weberpals et al. 2017 Glvs G2 univariate 0.546 — 0.51 —f—
Hinten et al. 2015 Gilvs G2 multivariate 5-yr DSS nfa -
Hinten et al. 2015 Glvs G2 multivariate 10-yr DSS nfa -
Rauh-Hain et al. 2014 Glvs G2 multivariate nfa -
Weberpals et al. 2017 Glvs G2 multivariate 0.446 - 0.81 3
Woelber et al. 2016 GivsG2 multivariate OS/DFS' 0.372 e} 0.372 .
Woelber et al. 2016 Gilvs G2 multivariate RR’ 0.535 ] =
Gasimli et al. 2018 Gilvs G2vsG3 univariate 0.37 f.
Gasimli et al. 2018 Glvs G2vsG3 multivariate 0.206 4
Seebacher et al. 2012 Glvs G2vsG3 multivariate 0.2 - 0.9 -
Sznurkowski et al. 2016 G1lvs G2/3 univariate 0.001* -8
Czogalla et al. 2020 Givs G2/3 multivariate 0.728 —a— 0.139 -
Sznurkowski et al. 2016 Givs G2/3 multivariate 0.007* -
Hinten et al. 2015 GilvsG3 univariate 5-yr DSS <0.05* -
Hinten et al. 2015 GilvsG3 univariate 10-yr DSS <0.05* — .
Nicoletto et al. 2010 GivsG3 univariate OS 0.0021* .
Nicoletto et al. 2010 GivsG3 univariate PFS 0.0012* —e 0.0012* —e—
Pleunis et al. 2018 GivsG3 univariate 0.145 41—
te Grootenhuis et al. 2019 GivsG3 univariate 0.242 -
Weberpals et al. 2017 GilvsG3 univariate 0.725 S F — 0.57 -
Hinten et al. 2015 GilvsG3 multivariate 5-yr DSS nfa -
Hinten et al. 2015 GilvsG3 multivariate 10-yr DSS nfa -
Rauh-Hain et al. 2014 GilvsG3 multivariate nfa .
Weberpals et al. 2017 GlvsG3 multivariate 0.426 *—1— 0.68 -
Woelber et al. 2016 GivsG3 multivariate OS/DFS' 0.405 —al- 0.405 -
Woelber et al. 2016 GivsG3 multivariate RR’ 0.667 e
Bogani et al. 2017 G1/2vsG3 univariate 0.01* s 0.26 —t-o—
Collarino et al. 2019 G1i/2vsG3 univariate 0.8 L 0.3 -
Laliscia et al. 2019 G1/2vsG3 univariate 0.264 1 0.289 .
Long et al. 2019 G1/2vsG3 univariate 0.521 —fe— 0.102 -
Panici et al. 2015 G1/2vsG3 univariate DFS 0.005* -
Panici et al. 2015 G1/2vsG3 univariate DSS 0.001+* .
Panici et al. 2015 G1i/2vsG3 univariate OS 0.009 -
Bogani et al. 2017 G1/2vsG3 multivariate 0.92 L E—
Le etal. 2018 G1/2vsG3 multivariate OD 0.42 3
Le etal. 2018 G1/2vsG3 multivariate DM/DSD 0.14 - 0.14 -
Long et al. 2019 Gi/2vsG3 multivariate 0.813 —— 0.565 e
Xanthopoulos et al. 2018 lvsllvslllvs IV univariate 0.89 L
Polterauer et al. 2019 nfa multivariate 043 L 0.775

Abbreviations: Cl = confidence interval; G = grade; DSS = disease-specific survival; OS = overall survival; RR = recurrence rate; DM = distant metastasis; DSD = disease-specific death; OD =
overall death; RFS = recurrence-free survival; * significant p value <0.05; # onalyzed with margins <8mm analysis with continuous margins had similar values.

survival have used highly variable cut-off values (Table 6). In 22 stu-
dies, DOI was prognostic for PFS (5 univariate analyses*****%%%> and
6 multivariate analyses®*>*®>*%>7%) but more often it was not sig-
nificant (14 univariate analyses®'6:!%-20:43:47:49.5255,56,67.83 and 7 mul-
tivariate analyses'**%*7-5%%%5%)  The levels of significance did not
change drastically using increasing DOI cut-offs and often nodal re-
currences were not assessed separately from local recurrences. Similar
results were observed for overall survival (prognostic in 7 univariate
6,40,46,56,59,65 : : 40,65,72. :
analyses and 3 multivariate analyses ; not prognostic
in 14 univariate analyses'®>"*'~*>5%%5 and 7 multivariate ana-
lysese,19,54,56,59)

42

Patterns of Invasion

In 1996, Ambros et al. studied 51 VSCC and found that a prominent
fibromyxoid stromal response (>25%) was associated with a sig-
nificantly older age group, clitoral involvement, extensive lymph node
metastases and poorer overall survival.** The fibromyxoid response was
seen as extracellular matrix made of immature collagen and fibroblasts
surrounding the edge of the tumor cells, which often have a blue
stromal hue.®’ This feature was also analysed in a cohort of 184 Bra-
zilian women by Pinto et al, who found this to be an adverse prog-
nosticator by univariate analysis but not by multivariate analysis.®”
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Table 5

Tumor size and relationship with PFS and OS.

Seminars in Diagnostic Pathology 38 (2021) 37-49

Study

Alonso et al. 2011
Pleunis et al. 2018
Xanthopoulos et al. 2018
Le etal. 2018

Le etal. 2018
Xanthopoulos et al. 2018
Xanthopoules et al. 2018
Xanthopoulos et al. 2018
Bogani et al. 2017

Hay et al. 2016

Laliscia et al. 2019

Long et al. 2019

Minar et al. 2018

Nooij et al. 2016
Baiocchi et al. 2013
Baiocchi et al. 2013
Baiocchi et al. 2013
Bogani et al. 2017

Imoto et al. 2016

Imoto et al. 2016

Long et al. 2019

te Grootenhuis et al. 2019
Tuetal. 2017

Pleunis et al. 2018
Aragona et al. 2014

Hay et al. 2016

Nooij et al. 2015

Nooij et al. 2015

Nooij et al. 2015
Zannoni et al. 2011
Aragona et al. 2014
Aragona et al. 2014
Weberpals et al. 2017
Weberpals et al. 2017

te Grootenhuis et al. 2019
Baiocchi et al. 2015
Zannoni et al. 2011
Collarino et al. 2019
Dhakal et al. 2013
Dohopolski et al. 2019
Hinten et al. 2015
Hinten et al. 2015
McAlpine et al. 2017
McAlpine et al. 2017
Courtney-8 et al. 2010
Courtney-B et al. 2010
Dohopolski et al. 2019
Trietsch et al. 2014
Woelber et al. 2016
Woelber et al. 2016

Criteria

22cm
22cm
>2cm
22cm
22cm
>2cm
>2cm
>2cm
>4cm
>4cm
>4cm
>4cm
24cm
>4cm
>4cm
>4cm
>4cm
>4cm
>4cm
>4cm
>4cm
24cm
24cm
25¢cm
28cm
>2-4cm

<2 vs >4cm

<2 vs 2-4cm
2-4 vs >4cm
>2-<5vs 25cm

4-<6cm
6-<8cm
Alem
Alcm

continuous
continuous
continuous

n/a
n/a
n/a
n/a
n/a
n/fa
n/a
n/a
n/a
n/fa
n/fa
n/a
n/a

Uni-/Multi-Variate

univariate
univariate
univariate
multivariate DSS
multivariate OD
multivariate unadj
multivariate adj
multivariate imp
univariate
univariate
univariate
univariate
univariate
univariate
multivariate PFS
multivariate 05
multivariate DSS
multivariate
multivariate 0S
multivariate DSS
multivariate
multivariate
multivariate
univariate
multivariate
univariate
univariate
univariate
univariate
univariate
multivariate
multivariate
univariate
multivariate
univariate
multivariate
multivariate
univariate
univariate
univariate
univariate 5-yr DSS
univariate 10-yr DSS
univariate 0S
univariate DSS
multivariate 0S
multivariate DSS
multivariate
multivariate
multivariate
multivariate OS/DFS

p Value
0.217
0.372

0.12

0.002*
nfa
0.005*
<0.001*
0.027+
0.456
0.49

0.86

0.022*
0.763
0.41
0.307
<0.001*
nfa
0.547
0.684
0.717
0.05*
0.197
<0.001*
0.03*
0.004*
0.666
041
0.005*
0.5

0.291

0.0064*

0.373
0.292

Progression-Free Survival (PFS) Overall Survival (OS)
Hazard Ratio and 95% Cl p Value Hazard Ratio and 95% CI
—— 0.023* —
i -
<0.01° .-
- 0.12 1
0.51 .
0.2 -
0.27 1=
0.24 1=~
e 0.31 —f——
—— nfa P
—-— <0.001* s e
—e— 0.009* e
——
I P
N .-
0.18 +o—
0.5 e
—
0.481 R —
0.566 - -
—— 0.08 -o—
.
B L 0.438 — -
-
—— <0.001* —
—f— nfa .
——
N S
R P
-
- 0.067 fe
—— <0.001* —a—
o 0.011* -
- 0.01* —-—
p
- 0.018* —a—
1 0.6 1
0.03* -
3 0.097 -
<0.05*
<0.05*
o 0.0023+
0.004*
nfa [
n/fa [
0.296 -
0.007*
L
L 0.292 [

Abbreviations: Cl = confidence interval; DSS = disease-specific survival; OS = overall survival; OD = overoll death; RR = recurrence rate; DM = distant metastasis; unadj = unadjusted; adj =
adjusted; imp = imputed; RFS = recurrence-free survival; * significont p value <0.05

More recently, Jeffus et al found that the fibromyxoid stromal response
was associated with greater depth of invasion, lymph node involve-
ment, extranodal extension and perineural invasion.®® This was ob-
served irrespective of the pattern of invasion and in the presence of any
fibromyxoid stromal response, without the minimum 25% cut-off as

originally reported by Ambros et a

186

As mentioned briefly above, pattern of tumor invasion has also been
sparsely studied. Jeffus et al categorized the pattern of tumors as solid/
pushing, nested or infiltrative. The infiltrative pattern had cells

43

invading as strands, cords or single cells in a spray-like pattern. The
infiltrative pattern was strongly associated with a fibromyxoid stromal
response and greater DOI, but not with tumor size or lymph node
status.®® Hay et al and te Grootenhius et al found no statistical differ-
ences in different invasion patterns (pushing versus infiltrative; spray,
invasive versus confluent).'®®” Again, other patterns and stromal
changes, such as tumor-budding and tumor-infiltrating lymphocytes
(raised here due to a recent reports of potential immune checkpoint
inhibitor therapy®®”), has not been studied in the vulva.
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Table 6
Tumor depth of invasion and relationship with PFS and OS.

Study Criteria Uni-/Multi-Variate Progression-Free Survival (PFS) Overall Survival (0S)
p Value Hazard Ratio and 95% Cl p Value Hazard Ratio and 95% CI

Bogani et al. 2017 >2mm univariate 0.006* —— 0.44 e
Bogani et al. 2017 >2mm multivariate 0.04% - -
Pleunis et al. 2018 22.5mm univariate 0.391 —f-—
Leetal. 2018 23mm multivariate DSS 0.02* ——-— 0.02* —
Le etal. 2018 23mm multivariate OS <0.001* -
Nooij et al. 2015 >4mm univariate 0.092 N —
Nooij et al. 2016 24mm univariate 0.396 -
Aragona et al. 2014 >4mm multivariate 0.13 - 0.015* -
Nooij et al. 2015 >4mm multivariate 0.069 -
Minar et al. 2018 >5mm univariate <0.001% ——
Nicoletto et al. 2010 >9mm univariate 0.0066* —_—— 0.0232* ———
Nicoletto et al. 2010 >9mm multivariate 0.0232* —.—
Long et al. 2019 >20mm univariate <0.001* —a— 0.001* —_——
Long et al. 2019 >20mm multivariate 0.002* — 0.034* -
Sznurkowski et al. 2016 continuous univariate 0.28326 h
te Grootenhuis et al. 2019 continuous univariate 0.381
Weberpals et al. 2017 continuous univariate 0.173 0.189 b
Weberpals et al. 2017 continuous multivariate 0.436 2 0.447 3
Zannoni et al. 2011 continuous multivariate 0.178 L 0.385
Zannoni et al. 2011 24vs>»4-<1lvs21lcm  univariate 0.14
Holthoff et al. 2015 doubled DOI multivariate 0.599 d
Alonso et al. 2011 n/a univariate 0.124 0.02% b
Collarino et al. 2019 n/a univariate 0.4 ) 0.4
Hinten et al. 2015 n/a univariate 5-yr DSS <0.05* 3
Hinten et al. 2015 n/a univariate 10-yr DSS <0.05* 3
Hinten et al. 2015 n/a multivariate S5-yr DSS n/a b
Hinten et al. 2015 n/a multivariate 10-yr DSS n/a b
Woelber et al. 2016 n/a multivariate RR 0.038* L
Woelber et al. 2016 n/a multivariate OS/DFS 0.132 0.132

Abbreviations: Cl = confidence interval; DOI = doubling of infiltration; DM = distant metastasis; DSD = disease-specific death; DSS = disease-specific survival; OS = overall survival; PFS =
progression-free survival; RR = recurrence rate; * significant p value <0.05

Lymphovascular Invasion relationship between LVSI and recurrence was equivocal. Amongst 14
studies, 9 analyses (6 univariate and 3 multivariate)'>*%4%¢ found
Eighteen studies assessed the relationship between lymphovascular that LVSI was prognostic for progression-free survival, while 12 ana-
space invasion on recurrence and overall survival (Table 7). The lyses (8 univariate,”'%-3%-4%4%:47:49:67 3 myltivariate®'%%:4%4%:47:49.66.67
Table 7
Lymphovascular space invasion and relationship with PFS and OS.
Study Criteria  Uni-/Multi-Variate Progression-Free Survival (PFS) Overall Survival (OS)
p Value Hazard Ratio and 95% CI p Value Hazard Ratio and 95% CI
Collarino et al. 2019 LVSI univariate 0.08 - 0.03* —
Dohopolski et al. 2019 LVSI univariate 0.102 —_— 0.242 ——]—
Goes et al. 2012 LVSI univariate 0.9523 ——
Hinten et al. 2015 LVSI univariate 5-yr DSS <0.05* —a—
Hinten et al. 2015 LVSI univariate 10-yr DSS <0.05* —a—
Laliscia et al. 2019 LVSI univariate 0.894 —p— 0.794 —p—
Long et al. 2019 LVSI univariate <0.001* —a— 0.006* —_—
McAlpine et al. 2017 LVSI univariate PFS 0.015* —_——
McAlpine et al. 2017 LVSI univariate DSS 0.2 R
McAlpine et al. 2017 LVSI univariate OS 0.029* -
Minar et al. 2018 LVSI univariate <0.001* —a—
Nooij et al. 2015 LVSI univariate 0.093 —_—
Pleunis et al. 2018 LVSI univariate 0.478 —
te Grootenhuis et al. 2019 LvsSI univariate 0.99 —4—
Weberpals et al. 2017 LVSI univariate 0.422 ——— 0.271 — -
Aragona et al. 2014 LVSI multivariate 0.007* —.— 0.69 —=—
Dohopolski et al. 2019 LVSI multivariate 0.141 —_—
Long et al. 2019 LVSI multivariate 0.015* — 0.058 -
Nooij et al. 2015 LVSI multivariate 0.054 s
Polterauer et al. 2019 LvSI multivariate 0.29 - 0.819 —
0.01 0.1 1 10 0.1 1 10

Abbreviations: LVSI = lymphovascular space invasion; DFS = disease-free survival; DSS = disease-specific survival; PFS = progression-free survival; OS = overall survival; Cl = confidence
interval; * significant p value <0.05
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Table 8

Lymph node metastases and relationship with PFS and OS.

Seminars in Diagnostic Pathology 38 (2021) 37-49

Study

Alonso et al. 2011
Bogani et al. 2017
Collarino et al. 2019
Dhakal et al. 2013
Gasimli et al. 2018
Goes et al. 2012
Hinten et al. 2015
Hinten et al. 2015
Laliscia et al. 2019
Long et al. 2019
Mahner et al. 2015
McAlpine et al. 2017
McAlpine et al. 2017
McAlpine et al. 2017
Minar et al. 2018

Nooij et al. 2015

Nooij et al. 2016

Panici et al. 2015
Panici et al. 2015
Panici et al. 2015
Pleunis et al. 2018
Stankevica et al. 2012
Sznurkowski et al. 2016
Alonso et al. 2011
Aragona et al. 2014
Baiocchi et al. 2015
Bogani et al. 2017
Dhakal et al. 2013
Gasimli et al. 2018
Hinten et al. 2015
Hinten et al. 2015
Imoto et al. 2016
Imoto et al. 2016

Long et al. 2019

Nooij et al. 2016
Polterauer et al. 2019
Seebacher et al. 2012
Sznurkowski et al. 2016
Tuetal. 2017

Tuetal. 2017

Baiocchi et al. 2013
Aragona et al. 2014
Aragona et al. 2014
Aragona et al. 2014
Aragona et al. 2014
Laliscia et al. 2019
Xanthopoulos et al. 2018
Xanthopoulos et al. 2018
Xanthopoulos et al. 2018
Xanthopoulos et al. 2018
Baiocchi et al. 2013
Baiocchi et al. 2013
Woelber et al. 2011
Woelber et al. 2011
Polterauer et al. 2019
Lérias et al. 2019

Criteria

21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
=1 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
21 positive
=1 positive
21 positive
=1 positive
21 positive
=1 positive
>2 positive
=3 positive
0vs 1 positive
0 vs 2 positive
3-5 positive
=5 positive
Ovslvs>1
Ovs1lvs>2
Ovs1vs>2
Ovs1lvs>2
Ovs1vs>2
1-2vs>3
1-2vs>3
Ovsl
Ovs2
lymph node ratio
met 2 5Smm size

Uni-/Multi-Variate

univariate
univariate
univariate
Univariate
Univariate
Univariate
univariate 5-yr DSS
univariate 10-yr DSS
univariate
univariate
univariate
univariate PFS
univariate DSS
univariate OS
univariate
univariate
univariate
univariate DFS
univariate OS
univariate DSS
univariate
univariate
univariate
multivariate
multivariate
multivariate
multivariate
multivariate
multivariate
multivariate 5-yr
multivariate 10-yr
multivariate DSS
multivariate OS
multivariate
multivariate
multivariate
multivariate
multivariate
multivariate
multivariate
multivariate
multivariate
multivariate
multivariate
multivariate
univariate
univariate
multivariate unadj
multivariate adj
multivariate imp
multivariate DSS
multivariate OS
multivariate
multivariate
multivariate
multivariate

p Value
0.247

0.001*
0.2

0.72

0.036*
<0.001*
<0.001*
<0.0001*

<0.001*
0.585
0.023*
<0.001*

0.672
0.46

<0.001*
0.967
0.41

0.087

0.026*
0.339
<0.001*
<0.001*

0.423
0.423
0.49
0.515
<0.001*
<0.001*
<0.001*
0.028*

0.014*
0.001*
<0.001*

Progression-Free Survival (PFS) Overall Survival (0S)
Hazard Ratio and 95% CI p Value Hazard Ratio and 95% CI
S R 0.03* ——
— 0.02* —
S 0.05* | =
<0.001* -
RN
0.011* -
<0.05* -
<0.05* —.—
- 0.008* —.—
—a— <0.001* —a—
- <0.001* -
.
<0.0001* —-—
<0.0001* .-
———
3
——
—a—
<0.001* —.—
<0.001* ——
e
-
0.0005* .
0.036* —_—
- <0.001*
—_—t 0.69 —_—
<0.001* -
JERE—
n/a 1.
n/a -t
0.0264* -
0.101 4—a—
—— 0.01 ——
I
] <0.001* .
- <0.001* —a—
0.019* —a—
J
P
-
—— 0.071 |—.—
—— <0.001* —.—
- <0.001* o
—. <0.001* —a
.- 0.001* -
<0.01* -
<0.01* -
<0.01* -
<0.01* -
0.073 |-.—
0.18 -
— .
———
. <0.001* .
0.004* .
0.1 1 10 0.1 1 10 100

Abbreviations: DSS = disease-specific survival; OS = overall survival; PFS = progression-free survival; Cl = confidence interval; unadj = unadjusted; adj = adjusted; imp = imputed

* significant p value <0.05

1 method not specified) did not. The results for LVSI and OS was si-

milar. Amongst 13 studies, 8 univariate analyses

15,40,43,59,65,66 11 4

LVSI to be prognostic for OS, but this was not supported by any mul-

tivariate analyses. 13 analyses (8 univariate,
and 1 method not specified'®) did not find a statistically

variate?6%:66

9,15,19,39,41,45,68 4 11i

significant relationship between LVSI and OS. The studies did not dis-
tinguish between focal or extensive LVSI.

45

Lymph node metastases

Both the FIGO 2018 and AJCC 8th Edition use a cut-off of 5 mm as
well as extracapsular extension, as factors for staging.”° The 2 mm cut-
off used to separate micro- and macrometastases is not used. The AJCC
in addition, includes a category of isolated tumor cells (pNO@+),
<0.2 mm) and fixed/ulcerated regional lymph nodes (pN3).
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Thirty-four studies evaluated the prognostic significance of lymph
node metastases (LNM) (Table 8). The majority of studies used any
number of lymph nodes positive (=1) as the cut-off. The majority of
studies found that LNM was prognostic but not always statistically
significant. For PFS, 26/50 (52%) univariate and 10/18 (56%) multi-
variate analyses were statistically ~  significant.®'>'>"
40-45,47-53,56,64-66,74.85-91 However, the relationship between LNM and
OS much stronger, 50/67 (75%) univariate analyses and 34/44 (77%)
multivariate  analyses were statistically significant.%'>*%?%
40-43,45,48,50,52,56,58-61,65,66,68,74,88,89,91-93

Sentinel lymph node procedure can be performed to reduce surgical
morbidity. Based off the GROINSS-V study, it is performed in unifocal
tumors confined to the vulva, size <4 cm, stromal invasion >1 mm and
clinically negative groin nodes.”* There is no consensus on the need for
pathologic ultrastaging. Unlike in the gastrointestinal tract, there is no
recommended minimum for number of lymph nodes, although some
authors recommend a minimum of 10 for a unilateral groin dissec-
tion.*®%? Polterauer et al has been the only study to suggest that as-
sessment of lymph node ratio is superior to lymph node count in pre-
dicting PFS and 0S.°® This has not been reiterated in the literature.

Perineural invasion

Few studies assessed perineural invasion and prognosis, with mixed
results. PNI was prognostic for PFS in 3/5 analyses.*”>"*>° and 0S in 2/
3 analyses*%°"+>°

Tumor focality

Tumor location is important for guiding surgical management.
Tumors <4 cm in size and =2 cm from the midline can have ipsilateral
groin dissection (the risk of contralateral groin involvement is <1%),
and tumors close to the midline (<2 cm or crossing the midline) should
have bilateral groin dissection." In the assessment of tumor location,
midline/medial versus lateral, there were mixed findings. Three studies
found that lateral tumors had worse prognosis, 1 was statistically sig-
nificant °'->>”* The authors believe this is likely due to the more ag-
gressive treatment given for midline tumors. In contrast, Minar et al
found that involvement of midline had worse local recurrence.®’

In the few studies that evaluated the significance of unifocal versus
multifocal tumors, multifocal tumors had a tendency towards worse
PFS and DSS/0S, but did not reach statistical significance.*>'->°

Margin status

To provide some guidance on margin assessment, Kortekaas et al
surveyed 57 pathologists and provided practical guidelines on how to
measure margins. They proposed that the margin should be assessed
form the peripheral edge of the invasive tumor nests to the inked per-
ipheral margin. This can be the distance between the invasive nests and
the epithelial-stromal edge or the stromal edge, depending on which is
shorter. The margin should measured in a straight lined, instead of a
jagged line that would follow tissue folds, and reported in milli-
meters.”®

The NCCN”® and FIGO' recommend a clinical gross margin of
1-2 cm, which yields a histologic margin clearance of >8 mm, after
tissue shrinkage from formalin fixation. Similarly, the British Royal
College of Obstetricians & Gynaecologists,”” the Society of Obstetricians
and Gynecologists of Canada®® and the European Society of Gyneco-
logical Oncology,’” recommend 1 cm margins, again with a 8 mm pa-
thologic clearance. More conservative margins are allowable to pre-
serve function of the midline structures (clitoris, urethra, anus).’® The
German guidelines [Arbeitsgemeinschaft Gynikologische Onkologie
(AGO), Study Group for Gynecologic Oncology] recommend a 3 mm
margin clearance.'®’ Close margins, defined as <5 mm by FIGO, may
benefit from post-operative radiotherapy if re-excision is not possible."
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Studies reviewing margin status have used varied cut-off ranges
(Table 9). In studies comparing positive vs negative margins, margin
status was predictive of PFS in only 2/9 (22%) analyses ®'°-2%%%13:46
and OS in 3/10 (30%).%!>!9:21:4%93:46 1n 1990, Heaps et al (n=135),
found that a surgical tumor-free margin =8 mm resulted in no re-
currences, versus <8 mm resulted in 49% local recurrence rate
(p<0.0001)."°* This was reiterated by Hullu et al (n=253)'°* and Chan
et al (n=90),"'% using the same 8 mm cut-off, finding local recurrence
rates of 0% versus 22% and 0% versus 23%, respectively. In our review
using studies with a cut-off of 8 mm, published within the last decade,
4/14 analyses (29%) and 2/4 (50%) was significant for PFS and OS
respectively,'64%5%:64:65.67.8%101 Micheletti et al analysed 8 different
margin cut-offs between 3 and 10 mm, and found that 5 mm was the
best cut-off, as differences in OS/DSS were not apparent using the 8 mm
cut-off.'**

The issue of minimum margin distance remains contested, and one
of the biggest deficiencies in the literature is that margin status has not
been separately analyzed for HPV-associated and HPV-independent
tumors. McAlpine et al published extremely compelling data, where
patients who had surgery after 1995, when there was a shift from ra-
dical to more conservative surgeries, led to worse outcomes for the
HPV-independent tumors, that was not apparent prior to 1995.°% This
raises the longstanding issue of ‘field cancerization’, where the bounds
of dysplasia, particularly in HPV-independent disease which is largely
driven by TP53 mutations, are not visible clinically and thus not always
amendable to surgical resection.'*>'°® Recent small studies of recurrent
and multifocal VSCC demonstrated molecular clonality in 35-50% of
cases.’%”'%® This finding can be explained by the phenomenon of the
cancerization field, or alternatively, by under-recognized dysplasia at
margins. Singh et al found that by using p53 IHC for mapping, focusing
on null pattern staining, margin status changed from negative to posi-
tive in 4/13 specimens and from focally to more extensive in 3 other
specimens.'’’

For in-situ neoplasia, The American College of Obstetricians and
Gynecologists (ACOG) and FIGO recommend a gross margin clearance
0.5-1 cm, while the German AGO recognized there was insufficient
evidence to recommend a specific number."'°>''? Very few studies
have looked at the prognostic differences between the presence of
uVIN/HSIL or dVIN at a margin. Te Grootenhius et al found that dVIN
or LS/dVIN at a margin correlated with a higher risk of local recur-
rence, whereas uVIN/HSIL at a margin did not.®”

Lichen sclerosus
Lichen sclerosus is more frequently identified in HPV-independent

VSCC.?! In 5 of 6 studies studies,'”>*"*%%°7-72 S was associated with
worse PFS (statistically significant in 2 studies), but not with OS.

Summary

This review summarizes the most recent evidence, published within
the last 10 years, supporting the various prognostic factors used to as-
sess squamous cell carcinoma of the vulva. Not surprisingly, tumor

stage and lymph node metastases had the strongest associations with
survival.
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Table 9
Margin status/distance and relationship with PFS and OS.
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Study Criteria Reference Uni-/Multi-Variate
te Grootenhuis et al. 2019 <3mm 23mm univariate
Micheletti et al. 2018 <5mm 25mm univariate DSS
Micheletti et al. 2018 <5mm 25mm univariate OS
te Grootenhuis et al. 2019 <5mm 25mm univariate
Viswanathan et al. 2013" <5mm 25mm n/a
Imoto et al. 2016 <6mm 26mm multivariate DSS
Imoto et al. 2016 <6mm 26mm multivariate OS
Long et al. 2019 <8mm 28mm univariate
Minar et al. 2018 <8mm 28mm univariate
Nooij et al. 2016 <8mm 28mm univariate
Pleunis et al. 2018 <8mm 28mm univariate
te Grootenhuis et al. 2019 <8mm 28mm univariate
Long et al. 2019 <8mm 28mm multivariate
Nooij et al. 2016 <8mm 28mm multivariate
Woelber et al. 2016" <8mm 28mm multivariate RR
Woelber et al. 2016" <8mm 28mm multivariate OS/DFS
Gasimli et al. 2018° <9mm 29mm univariate
Gasimli et al. 2018° <9mm 29mm multivariate
Viswanathan et al. 2013 <10mm 210mm multivariate
Nooij et al. 2016" positive <8mm univariate
Nooij et al. 2016" positive <8mm multivariate
Hinten et al. 2015" positive <8mm univariate 5-yr
Hinten et al. 2015" positive <8mm univariate 10-yr
Hay et al. 2016 positive 28mm univariate
Hinten et al. 2015" positive 28mm univariate 5-yr
Hinten et al. 2015" positive 28mm univariate 10-yr
Nooij et al. 2016" positive 28mm univariate
Nooij et al. 2016* positive 28mm multivariate
Alonso et al. 2011 positive negative univariate
Bogani et al. 2017 positive negative univariate
Collarino et al. 2019 positive negative univariate
Dong et al. 2015 positive negative univariate
McAlpine et al. 2017 positive negative univariate DSS
McAlpine et al. 2017 positive negative univariate PFS
McAlpine et al. 2017 positive negative univariate OS
Nicoletto et al. 2010 positive negative univariate
Weberpals et al. 2017 positive negative univariate
Weberpals et al. 2017 positive negative multivariate
Bogani et al. 2017 positive negative multivariate
Viswanathan et al. 2013 positive negative multivariate RFS
Viswanathan et al. 2013 positive negative multivariate RR
te Grootenhuis et al. 20197 continuous - univariate
Woelber et al. 2016" continuous - univariate LR
Woelber et al. 2016" continuous - univariate DFS
Viswanathan et al. 2013" continuous - n/a
Woelber et al. 2011* continuous - multivariate
Woelber et al. 2016" continuous - multivariate RR
Woelber et al. 2016" continuous - multivariate OS/DFS

p Value
0.831

0.678
0.002*

<0.001*
0.003*
0.808
0.787
0.308
0.004*
0.903
0.675
0.176
0.017*
0.8
n/a
0.001*
0.001*

n/a

0.41
0.07
0.307
0.16
0.6

0.045*

0.171
0.887

0.67
n/a
n/a
0.153
0.125
0.09
n/a
0.218
0.462
0.196

Progression Free Survival (PFS) Overall Survival (0S)
Hazard Ratio and 95% CI p Value Hazard Ratio and 95% CI
—d—
0.033* ——
0.002* ——
——
—.—
0.0348* —
0.028* —
—s— | 0.001* —
—_—
PR S
—_
Ju-
—a 0.042* ——
S N
—m—
T 0.176 T
S
JER
—a—
—
— .
<0.05* —e—
<0.05* —n—
— n/a —
<0.05* —a—
<0.05* —u—
| -
|
—— 0.82 —|e
= 0.31 —|-—
R 0.4 ———
0.13 |-
0.0009* ——
— .
0.0035* —u—
- 0.226 ~|-.—
—— 0.921 ——
0.771 —
JE PR
—
— .
L
.
.
.-
.
0.196
0.1 1 10 0.1 1 10

Abbreviations: CI = confidence interval; PFS = progression-free survival; RR = recurrence rate; OS = overall survival; DFS = disease-free survival; DSS = disease-specific survival; LR = local

recurrence; * significant p value <0.05; thazard ratios were flipped
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