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Therapeutic options in recurrent or metastasized vulvar squamous cell cancer (VSCC) not amenable to radio-
therapy or radical surgery are limited. Evidence for the use of targeted therapies is sparse. All patients with
VSCC treated at the Gynecological Cancer Center Hamburg-Eppendorf 2013-2019 were retrospectively eval-
uated for targeted therapeutic approaches. Furthermore, a MEDLINE, EMBASE, Web of Science, Scopus,
and OVID database search was performed using the terms: “vulvar cancer” AND “targeted therapy,” “erlo-
tinib,” “EGFR,” “bevacizumab,” “VEGE,” “pembrolizumab,” or “immunotherapy.” Twelve of 291 patients
(4.1%) with VSCC received at least one targeted therapy at our institution. Previously, one or more platinum-
based chemotherapy was applied to all patients [median 3.5 previous lines (range 2-5)]. In the erlotinib
subgroup, two of five patients (40%) achieved stable disease (SD), while two patients (2/5, 40%) experienced
partial response (PR). Treatment was given as monotherapy in second/third line for a median of 3.4 months
(range 2—6 months). Bevacizumab (n = 9) was given as maintenance therapy after platinum-based first-line
chemotherapy (9/9); best response was complete response (CR) (n = 2/9 22.2%). Median duration of treat-
ment was 7 months (range 4-13 months) with two patients still under ongoing treatment. Best response in the
pembrolizumab (n = 3) subset was SD (n = 1/3 33%). Treatment was given as monotherapy in second/third
line for a median of 3.3 months (range 3—4 months). Nine of 12 patients (75%) experienced treatment-related
adverse events (TRAESs), most commonly grade 1/2. Rapidly evolving antibody treatments have proven clini-
cal benefit especially in HPV-driven tumor entities; however, clinical investigations in VSCC are still limited.
These reported cases provide evidence for the clinical utility and feasibility while ensuring an acceptable
safety profile.

Key words: Vulvar cancer (VC); Targeted therapy; EGFR targeting; VEGF signaling pathway;
Immuno-oncology

INTRODUCTION high-risk HPV infections characterized by pl6 over-
expression, mostly arising in younger women. The
majority of VSCC evolves based on HPV-independent

pathways, often harboring 7P53 mutations, preferably

Despite still being a rare disease of mostly elderly
patients (median age of 70 years at diagnosis), the inci-

dence of vulvar cancer (VC) is constantly on the rise
to currently 3-5/100,000/year in Europe, whereas the
age of onset is decreasing'. Almost 90% of VC are
vulvar squamous cell cancer (VSCC); however, they
remain clinically and pathologically heterogeneous. So
far, two etiologies have been proposed, human papil-
lomavirus (HPV)-associated and HPV-independent
disease®. Approximately 40% of VSCC are related to

affecting postmenopausal patients®. Furthermore, a
third subtype (pl6-/p53-) has just recently been sug-
gested based on the AGO-CaRE-1 translational data®.
Prognosis is mainly determined by the tumor stage at
initial diagnosis”!'. Both overall survival (OS) and
progression-free survival (PFS) are strongly dependent
on nodal involvement (3-year PFS rate of 35.2% and
OS rate of 56.2% in node-positive patients compared
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to 75.2% and 90.2% in node-negative patients)*'>!3. In
case of recurrent or metastasized disease not amenable
to radiotherapy or radical surgery, therapeutic options
are extremely limited. Especially after first-line treat-
ment with platin-based combination regimens, response
rates to the often used monochemotherapies are poor
and range 0-15%'*!°. Determination of the best thera-
peutic regimen with the least toxicity is difficult as there
are only very few studies with heterogeneous popula-
tions. Current recommendations therefore rely on scarce
and often controversial evidence instead of randomized
data.

Consequently, no improvement in survival could be
achieved in the last two decades for locally advanced,
recurrent, or metastatic disease—as reflected in a 1-year
survival rate of only 15-30%'%. A targeted approach
to treatment has become of high clinical and scien-
tific interest in order to improve therapeutic options.
However, only little is known regarding underlying
genetic and molecular alterations in VC!7!8, Current
therapeutic targets of interest are therefore mainly
adopted from other entities like head and neck cancer
and cervical cancer and focus on the epidermal growth
factor receptor (EGFR) signaling cascade, VEGF-/
angiogenesis-related markers, as well as immune check-
points*. However, with the exception of erlotinib, data
on the efficacy of these therapies in VC is very limited.
We therefore analyzed a small cohort of patients with
advanced VC treated with targeted agents at our own
institution and conducted a review of literature, sum-
marizing the emerging data.

MATERIALS AND METHODS
Patients

Between 2013 and 2019, n = 291 patients with
VSCC were treated at our gynecologic oncology cen-
ter. A retrospective evaluation regarding the application
of targeted therapy was performed. Targeted therapy
was recommended to a total of 16 patients (5.5%) with
recurrent or metastasized VSCC not amenable to radi-
cal surgery or definitive radiotherapy, and 12 patients
(4.1%) finally received one or more of the of the fol-
lowing drugs: erlotinib, bevacizumab, or pembroli-
zumab (Table 1). The remaining four patients chose
different therapeutic options due to deterioration, or
their health insurance did not cover the cost of treat-
ment. Before the treatment was applied, all patients had
received one or more prior lines of platinum-based che-
motherapy. Duration of response, treatment tolerance,
time to progression, and time to death after the begin-
ning of targeted treatment was evaluated. Therefore,
medical charts and pathological reports were reviewed.
Previously, informed consent had been obtained from

WOELBER ET AL.

all included patients according to our investigational
review board and ethics committee guidelines (Ethics
Committee of the Medical Board Hamburg reference
number 190504). Drug-related side effects were evalu-
ated according to the National Cancer Institute Common
Terminology for adverse events, CTCAE version 4.0.
The following methods have been applied to classify
the expression of the different molecular targets. In
order to predict the responsibility to PD-L1 antagonist
pembrolizumab, the combined positivity score (CPS)
was evaluated—a score that represents the number of
PD-L1 staining cells divided by the total number of
viable tumor cells, multiplied by 100. According to the
FDA approval criteria for pembrolizumab, a combined
positivity score (CPS) 21 is mandatory. EGFR muta-
tional status was analyzed by PCR, and HPV status
was classified by analyzation of proliferation markers
such as p16. The prognostic role of the HPV status and
the use of immunohistochemical pl6 overexpression
as surrogate marker of HPV-induced transformation
in VSCC are discussed controversially'*?°; however, a
recent study revealed a significant correlation between
detection of HPV DNA and pl6 overexpression (p <
0.001) in patients with VSCC. Furthermore, a signifi-
cant correlation between pl6 status and tumor stage
(p = 0.003) could be observed as well as the association
between pl6 overexpression and higher tumor stage
(>T2)*. Accordingly, in other squamous cell carci-
nomas, especially in oropharyngeal and anal cancers,
overexpression of pl6 by immunohistochemical stain-
ing (IHC) has been shown to be associated significantly
with HPV positivity by PCR or in situ hybridization?>%,
Furthermore, p16 overexpression has been found to be
of independent prognostic value for the response to
radiation treatment*2°. In accordance with oropha-
ryngeal squamous cell carcinomas, scoring criteria for
pl6in our study were no expression (negative), weak
expression (<30% positive cells), moderate expression
(31-50% positive cells), and strong expression (>50%
positive cells). Samples scored as moderate or higher
were considered as positive for p16?7.

CASE SERIES AND REVIEW OF THE
LITERATURE

Medline (Pubmed), EMBASE, Web of Science,
Scopus, and OVID were searched for articles on tar-
geted therapy in VC independent of publication date. We
selected only studies reporting on VSCC. Search terms
were “vulvar cancer” AND “targeted therapy,” “beva-
cizumab,” “VEGE,” “erlotinib,” “EGFR,” “pembroli-
zumab,” “checkpoint inhibitor,” or “immunotherapy.” In
addition, we paired the search term “vulvar cancer” with
different molecular markers involved in cell cycle, apop-
tosis, and angiogenesis.
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TARGETED THERAPEUTIC APPROACHES IN VULVAR CANCER

EGFR Targeting: Erlotinib

The EGFR is expressed on the surface of both nor-
mal and cancer cells and represents a key member of the
family of receptor tyrosine kinases (TK), involved in cel-
lular proliferation, migration, and differentiation. Being
an EGFR inhibitor, erlotinib reversibly and selectively
blocks EGFR-TK activity, leading to inhibition of intrac-
ellular phosphorylation and prevention of further down-
stream signaling. As a result, cell death is induced, while
dissemination of tumor cells is reduced. The most com-
monly reported drug-related adverse reactions (>20%)
are rash, fatigue, dyspnea, cough, nausea, and diarrhea.
Erlotinib is applied orally, and recommendations regard-
ing the dosage vary between 100 and 150 mg/day?.

Increased expression of EGFR has been detected in
40-67% of all VC?, and EGFR copy number increase was
observed in 39.9%°. Moreover, amplification of EGFR is
suggested to be associated with advanced tumor stages
(p <0.001), lymph node metastases (p = 0.02), and HPV
negativity (p = 0.04) in VSCC¥®. In a prospective phase
II trial with erlotinib, Horowitz et al. enrolled a total of
41 patients with VC either suitable for surgery or chemo-
radiation®. No information regarding the tumors’ muta-
tional status or FISH results for amplification of EGFR
were made available in the publication. Patients received
erlotinib 150 mg orally per day; 28 days of treatment
were considered to be one cycle. A remarkable clinical
benefit rate of 67.5% was observed including 27.5% par-
tial response (PR) and 40% stable disease (SD). Besides
these promising results, a relatively short response dura-
tion with a median of 3 months was revealed, while toxic-
ity with n = 10 grades 3 and 4 adverse events including
renal failure (n = 2) was serious. However, the authors
concluded that given the poor prognosis and the lack of
treatment options in recurrent or metastasized VSCC,
blocking the EGFR-signaling pathway by erlotinib may
serve as one of the most promising therapeutic approaches
available in this indication®'.

In addition, encouraging results regarding the effect
of erlotinib have been described in a few selected cases.
Olawaiye et al. enrolled two elderly patients with locally
advanced VC who were treated with oral erlotinib 150 mg/
day; both patients experienced substantial clinical benefit
with one CR and one PR*. More recently, another case
of a 76-year-old patient with recurrent VSCC FIGO stage
IITA was published first showing a long-term response of
9 months under treatment with erlotinib®.

In our case series, five patients were treated with erlo-
tinib (Table 2). All patients had received platin-based
chemotherapy before and received erlotinib as second/
third line treatment. Median age at treatment was 56 years
(range 42-74). In 4/5 of patients (80%), EGFR mutational
status analyzed by PCR were negative. Best responses
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were partial response (PR) in 2/5 of patients (40%) and
stable disease (SD) in 2/5 of patients (40%). Median time
to progression was 3.4 months (range 2-6). During the
treatment with erlotinib, the patients experienced diarrhea,
grade 2 (n = 1) and grade 3 including one Clostridium
difficile infection. Further clinically relevant side effects
were skin problems: facial comedo (n = 1), cutaneous
rhagades (n = 1), or exanthema (n = 2), and elevated liver
enzymes (n = 3)—in this context, dose reduction from 150
to 100 mg was necessary in one patient.

VEGF-Signaling Pathway: Bevacizumab

The rationale using antiangiogenetic treatment in can-
cer is supposed to depend on the presence of hypoxia in
cancer tissue; the reduction of oxygen induces the tran-
scription of the vascular endothelial growth factor recep-
tor (VEGF-R). Subsequently, binding of VEGF to its
receptors induces angiogenesis in the form of endothelial
cell proliferation and new blood vessels. The inhibition of
microvascular growth is therefore supposed to reduce the
growth of all tissues, including metastatic tissue. Hence,
the VEGF signaling pathway serves as an important
mediator of tumor angiogenesis, an event directly corre-
lating with the extent of disease and inversely correlating
with survival.

The most commonly reported adverse reactions
(>10%) caused by bevacizumab are epistaxis, headache,
hypertension, proteinuria, and dry skin. Recent warnings
furthermore include gastrointestinal perforations and
fistula, wound healing complications, as well as arte-
rial and venous thromboembolic events. Bevacizumab is
administered as an intravenous infusion preferably every
3 weeks, and the recommended dosage usually ranges
10-15 mg/kg™.

Angiogenesis inhibitors like bevacizumab have been
approved by the FDA for treatment in various cancer
types (e.g., colorectal cancer, non-small cell lung cancer,
and glioblastoma). Regarding gynecologic malignancies,
bevacizumab has shown promising results especially
in cervical and also in ovarian cancer. The approval of
bevacizumab for women with recurrent and metastatic
cervical cancer was granted in 2014 based on the second
interim analysis of the phase III Gynecologic Oncology
Group (GOG) 240 trial®. Herein, the addition of bevaci-
zumab to combination chemotherapy consisting of cis-
platin and paclitaxel extended median OS by 3.7 months
(17.0 vs. 13.3 months; HR: 0.71; 98% CI 0.54-0.95, p =
0.004) and resulted in higher response rates (48% vs.
36%, p = 0,008). More recently, in June 2017, the final
OS analysis of GOG-240 was published by Tewari et al.
and showed continued benefit of the addition of beva-
cizumab to chemotherapy in patients with metastatic,
persistent, or recurrent cervical carcinoma (median OS
of 16.8 months vs 13.3 months, HR = 0.77, p = 0.007)%.



WOELBER ET AL.

650

‘[enprsar Jown) 91dodsSOIoTW ‘[ ‘SUISIew 9913 Jown) ‘(¥
cuonerpeIowayd ‘X 13D ‘Aderoyporper ‘1Y (Aderayowayd ‘X 1D ‘sisouderp 3sitj ‘g sosuodsar [enaed Y oSeasIp 2[qeIs ‘(S ‘OSBSIP JULINIAI ‘(T 9seISIp 2AIssAIZ01d ‘(4 (S1souSeIp 1s11j Jo JeAL/puowt
‘A AA/INIA $90UQLINOAI “aI SJUe)SIP ISIP [BIO[ 00] ‘snuaia ewo[ided uewny ‘A JH $101doda1 10J0e] 3moi3 [eunopido “YADH SIUAAT 9SIOAPY J0J BLIAIID AS0[oUTId], uowwo)) ‘GyD LD Jueanlpe “[pe

umouyun)
umouu)
(SyPam Q1) syyuout

ON

QUON
qd

(4Dd) 2d4 piim Y109
/(=91d) danesou AdH

(uro13 o) Ad [8907]
qQrunofI
+ Adeioypowrayoon
-09[9 <- (0 991 'S
“P/QIUNOLIS <- (d 90]
v fg/exenord X 1D <-
Add ¥s1p “¢ ‘p/(une[dso)
X1DY ‘A198ms <-
991 JSIP puE [BJ0] '
‘01/1Y ‘fpe ‘A1081ns |
S1/01
LS

uorssaigoid
Jown) ‘aIn[rej AQuprs
quoat Ly
(SyPam Q) sypuowr 7
SOWAZUd
IOAT] PRIBAQ[D O} anp
Swr QO[ 03 OST WolIy ‘SO
(sopeSeyr
snooueInd) swarqold
unys ‘gD LD ¢ dpeid
SQWIAZUD IOAT] PAJBAI[Q
‘uonoaqut 271Lff1p ) yum
BIULIRID “HVDLD € 9peID
ad
(40d) 2dfy

PIIM YADH/PANESIU AdH
(ouoq
IOAI) SISBISBIOW Jue)SI(]

a1ed ddns 3s9q <- 0a1
ISIP °9 “Z/qIUBOLS <- Ad
181p G “p/1exenrpoed X 10
<-dIsIp ‘¥ ‘9/uesjodoy
Junerdsio X 1D <- 9213sIp
"€ {01/0Y A1931ns <- dar1
20 'C ‘T1/L [pe “A1o8ms -
60/50
9¥

uorssaiSoid rowny,
syjuowr ¢
(Syoam ) sypuowr 9

ON

SOWAZUD

IQAI] PAJRAQ[R ‘swofqoad
UupS *HVOLD T °peiH
as

(¥Dd) 2dk1 prim
JJOd/umouun AdH

(uoq) sIse)seIoU JUBISI(]

QIed
ddns 1599 <- @4 181 'S
19/qQIUNOJId <- 03I ISIP “§
¢g/1exerroed/unerdoqred
X 1D <-221juRIsSIp ‘¢
$9/1 ‘A1031ns <- 991 90|

T ‘6/0¥ <- K181ms |

€1/10

8¢

uorssaiSoid rowny,
syjuow 9¢
(SyPam 1) syqyuowr ¢

ON

(opawoo [eroR)) suoned)e

UD[s ‘SOWAZUD IOAI] PAIBAJ[D
BIYLIRIP (HVDLD T OPRID
Ad

(4Dd) 2dKy
PIIM Y DOH/umouun AdH

(uro13 1y31r) qd 1800

(qewnzioeAaaqyoxelrjoed
qunedoqied) /X 1D <- dd

ISIP 207 P 1€/qUUNOLId <- Ad

20] "¢ ‘H/X LD ‘A103ins <-
([orrexed)oar ISIp pue [€20] g
QX 1Y ‘pe ‘AK1o8ins |
Cl/L0
(44

umouyun)
umouu)
(SyPam Q) syjuowr g

ON

BUIDYIUEXD ‘:HYDLD | 9pein

as
umouyun

AADH/umowun AdH
(uro13 1391) Ad 1890]

quunofId <-
29I ISIP '§ ‘H/qQRWUINZIORARQ
/1exeyoed/unerdoqred
X1D <- 1Y Suro3uo 1opun
001 0] "¢ *X 1D [pe
‘0 ‘A103Ins <- 991 90] "¢
£7/0Y £1931Ins < 091 00] 7

¢9/1¥ ‘fpe ‘A1o8ms |

LI/TT

YL

YIeap Jo osne))
(1. Woij yyeap 03 dwiL],
uorssaigoid oy owry,

uonoNPal SO

$3199}J9 9pIS

asuodsariseg
(91d/+AdH)

M J1Dd/smess AdH
(peor Towny)

UOIIBOIPUI JB SLISI(]

(syyuour) 9oUALINIAI
0] QWIN/aSeasIp Jo AI0ISIH
(AX/ININ) STSOUSEIP ISIL]
dq e 8y

§ Juaned

¥ juaned

¢ Juaned

zwaned

[ uaned

quunopd g AqeL



TARGETED THERAPEUTIC APPROACHES IN VULVAR CANCER

To date, antiangiogenic treatment has not been investi-
gated in VC. However, there are a few analyses examin-
ing the role of the VEGF pathway in this rare disease.
According to the data from previous studies, VEGF is
supposed to be prognostically relevant in VC as serum
concentration of VEGF protein is associated with tumor
stage’ and patients with increased VEGF expression
were reported to have significantly worse OS rates®®.

Based on the data mentioned above, we recommended
bevacizumab to nine of our patients (Table 3). All of these
patients received bevacizumab concomitantly to, and as
maintenance approach after, platinum-based combination
therapy. Therefore, isolated response to bevacizumab can-
not be reported. Median age at treatment was 51.4 years
(range 26-74). Median time to progression was 28 weeks
(range 16-52 weeks), while two patients are still under
ongoing treatment and are doing well. Best response was
CR in 2/9 of cases (22.2%) followed by PR in 1/9 of cases
(11.1%), and SD in 3/9 of cases (33.3%). In 2/9 of cases
(22.2%), treatment with bevacizumab had to be stopped
due to thromboembolic event and elevated blood pressure
resistant to therapy.

Checkpoint Inhibition: Pembrolizumab

Pembrolizumab is a monoclonal, programmed cell
death 1 (PD-1) binding antibody on the surface of
activated T cells specifically blocking the interaction
between PD-1 and programmed death ligand 1 (PD-L1),
predominantly found on tumor cells of several cancer
types. Thereby, T-cell proliferation is enhanced and PD-1
pathway-mediated inhibition of the adaptive immune
response is released. Overexpression of PD-L1 as well
as high microsatellite instability (MSI-H) seem to be pre-
dictive factors regarding the response to targeted PD-1/
PD-L1 inhibitors in a variety of tumor types®**; how-
ever, in other studies, no positive association between
PD-L1 expression and response to immune checkpoint
inhibitors or OS could be observed*’. In VC, PD-L1
expression has been found in 12/103 of patients with VC
(11.65%), and association with HPV negativity as well as
with poor prognosis was observed (recurrence-free sur-
vival HR: 3.029 CI 1.228-8.471, p = 0.0018)**. However,
more recently published data showed a statistically sig-
nificant correlation between PD-L1 expression and low
tumor stage, but association with the HPV status or OS in
patients with VC could not be confirmed**.

The most frequent pembrolizumab-related side effects
(reported in >20% of patients) are fatigue, musculo-
skeletal pain, and pruritus in case it is applied as a single
agent; when given in combination with chemotherapy,
nausea, constipation, diarrhea, rash, cough, and periph-
eral neuropathy are reported to have arisen the most. In
addition, one should also be aware of immune-mediated
complications such as pneumonitis, colitis, hepatitis,
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as well as endocrinopathies when treating patients with
PD-1/PD-L1 antagonists. Pembrolizumab is adminis-
tered as an intravenous infusion over 30 min*®, and the
recommended dosage varies between 200 and 300 mg
q3w (every 3 weeks).

Given the similarities especially in HPV-associated
tumorigenesis, the recent approval of pembrolizumab in
cervical as well as head and neck cancer (HNSCC) might
be seen as a predictor for efficacy in VC. Efficacy results
in patients with recurrent or metastatic cervical cancer in
the KEYNOTE-158 study revealed an ORR of 14.3%
in PD-L1-positive disease (95% CI: 7.4%, 24.1%) with
complete and partial response rates of 2.6% and 11.7%,
respectively*’. According to the FDA approval criteria for
pembrolizumab, a combined positivity score (CPS) >1 is
mandatory—a score that represents the number of PD-L1
staining cells divided by the total number of viable tumor
cells, multiplied by 100. In June 2019, pembrolizumab
was furthermore approved for the treatment of patients
with recurrent or metastatic HNSCC with disease pro-
gression on or after platinum-containing chemotherapy
based on the results of the phase III KEYNOTE-048
trial®®. Herein, pembrolizumab/chemotherapy achieved
superior OS in patients with PD-L1 CPS 2>1 disease and
the total population with comparable safety; furthermore,
pembrolizumab (alone) reached superior OS rates in the
CPS 21 population, as well as noninferior OS in the total
population with favorable safety.

As of today, only a few studies have been published
evaluating the therapeutic impact of pembrolizumab
in patients with advanced VC. Recently, Shields et al.
reported a case of a 61-year-old patient with recurrent VC
who was successfully treated with pembrolizamab for
the first time®. In order to identify patients with poten-
tially higher likelihood of response to anti-PD-L1 thera-
pies, the KEYNOTE-028 trial most recently evaluated
471 patients with over 20 solid cancer types regarding
PD-L1 expression, T-cell-flamed gene expression (GEP),
and tumor mutational burden (TMB)*. Eighteen patients
with advanced VC and PD-L1* tumors were treated with
pembrolizumab 10 mg/kg every 2 weeks for 2 years or
until confirmed disease progression or unacceptable tox-
icity occurred. The primary end point was ORR, while
the second end points included PFS, OS, and safety. For
the cohort of heavily pretreated VC patients, the ORR
was 6% with a median PFS of 3.1 months and relatively
short median duration of OS with 3.8 months. PD-L1
expression by CPS was available for eight VC patients,
and statistical testing revealed significant correlation
between PD-L1 CPS and both ORR (p=0.018) and PFS
(p=0.005).

In our case series, three patients with median age of 41
years (range 26—61) received pembrolizumab (Table 4).
All were heavily pretreated; 2/3 patients (66.6%) had
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HPV negative and PD-L1 positive (CPS 1 and CPS 60,
respectively) tumors. Median time to progression was 3.3
months (range 3—4), and the best response rate was SD
in one patient (33.3%), while the remaining two patients
experienced progressive disease (66.6%). However, tol-
erance was fairly good as only one patient suffered from
moderate hypothyroidism induced by pembrolizumab.

DISCUSSION

Although considerable improvement in the surgical
management of VC was obtained within the last two
decades, these achievements could not have been mirrored
in the treatment for patients with advanced or metasta-
sized VC. As mentioned in the National Comprehensive
Cancer Network (NCCN) guidelines, treatment in recur-
rent settings strongly depends on the localization of the
recurrence as well as on previous treatment’'. Subsequent
surgery and (chemo)radiation can be considered in case
of local recurrence. However, mutilating results due to
radical surgeries and higher cutaneous toxicity as well
as elevated complication rates for surgery following
(chemo)radiation eventually lead to increased morbidity
and reduced quality of life in these often already elderly
patients>. In patients not amenable to surgery or radio-
therapy, systemic approach to treatment should be taken
into consideration. However, as of today, no standard che-
motherapy regimens exist for recurrent or metastatic VC.
The NCCN guidelines therefore preferably suggest treat-
ments applied in other HPV-driven cancers, mainly cervi-
cal cancer, including cisplatin, paclitaxel, mitomycin-C,
5-fluorouracil, and vinorelbine. Paclitaxel weekly has
shown only slight activity in a phase II trial of 31 VC
patients represented in an RR of 14%, PFS of 2.6 months,
and median OS of 6.8 months, indicating a lower effec-
tiveness in single-agent treatment in comparison to a
platinum-based combination therapy®®. Furthermore, che-
motherapy in a recurrent setting appeared to be less effec-
tive than in a neoadjuvant setting as patients are mostly
pretreated, and recurrence in previously treated fields is
common!*23435 Moreover, chemotherapy has proven to
be less effective in VC compared with other HPV-induced
tumor entities>®. Nevertheless, the treatment of choice in
primary recurrence is more or less standardized in the
form of platinum-based (combination) chemotherapy,
whereas in second-line settings, standardized treatment
recommendations are lacking. In this context, as second-
line treatment option, targeted agents have become of
increasing clinical and scientific interest.

Especially, EGFR has been studied extensively and
seems to be one of the most promising targets for HPV-
independent VC when EGFR gene amplifications is
observed®'. Whereas Johnson et al. demonstrated better
survival in patients with low EGFR levels compared with
patients with high EGFR levels (DFS of 25% in patients

655

with EGFR levels >90% vs. DFS of 54% in patients with
EGFR levels <90%)*, a study of EGFR expression in 197
patients showed an association between high EGFR pro-
tein expression and increased depth of invasion as well
as the presence of lymph node metastases (OR 2.12, 95%
CI 1.09-4.10)%*. Besides confirming these data by point-
ing out the relationship between EGFR overexpression,
high tumor stage, and the number of metastatic lymph
nodes (p<0.001, p=-0.02, respectively), an analysis of
183 patients furthermore revealed a statistical correla-
tion between EGFR protein expression and EGFR gene
copy numbers as well as significant association between
EGFR overexpression and HPV negativity (p<0.05,
p=0.04, respectively)®®. Growdon et al. additionally
determined that high levels of EGFR amplification are
linked to poor OS in VC (p<-0.025)"7, and results from
a study published by Dong et al. underline these findings
by showing a negative correlation between EGFR expres-
sion and p16 and a positive association between p53 and
EGFR%. Given the increased expression of EGFR in
VC (40-67%) and its potential association to faster pro-
gression of the disease, anti-EGFR-targeted therapies
are of high therapeutic interest in a subset of advanced
VC. However, all this information provides only limited
use when it comes to anticipate the response to EGFR-
targeted treatment as especially protein expression does
not serve as a reliable marker in this setting®!. As known
from other entities (e.g., lung cancer and HNSCC), immu-
nohistochemistry of EGFR is difficult and not suitable to
predict response to treatment, which is usually performed
by mutational analysis. Therefore, in VC, the detection
of EGFR mutation status has increasingly become of
clinical interest as a molecular predictor of response to
treatment with significant impact on prognosis. In order
to determine whether EGFR TKIs have different effica-
cies in patients with and without EGFR mutations, Liu
et al. enrolled 30 patients with advanced VC, performed
EGFR genetic testing, and evaluated the clinical effi-
cacy in both patients with and without EGFR mutation®’.
Treatment consisted of oral gefitinib (250 mg once daily),
another anti-EGFR-targeted agent; the mutation rate was
30% (9/30), and EGFR wild-type (wt) patients accounted
for 70% (21/30). The results demonstrated statistically
significant higher efficacy of gefitinib in patients with
EGFR mutations compared with patients with wt-EGFR
(ORR 44.5% vs 14.3%, p=0.096; median PFS 108 vs.
49 days p=0.42), suggesting that targeted therapy based
on EGFR mutation status might improve the prognosis
of patients with advanced VC¥. In addition, antibod-
ies against the EGF receptor like cetuximab have been
reported to be associated with increased clinical benefit in
patients with advanced VC when combined with cisplatin
chemotherapy and radiotherapy (PR 5 months)®. These
findings underline the potential utility of EGFR inhibitors
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as single agent treatment or in combination with chemo-
therapy as a promising therapeutic approach. Therefore,
further investigations may also focus on the evaluation of
combining anti-EGFR targets with chemoradiation, other
targeted therapies (antiangiogenic or PI3K inhibitors),
or cytotoxic agents in order to improve the outcome in a
subset of patients with advanced VC.

PD-L1 expression has been detected in up to 73% of
tumors in VC, and moderate or strong expression was
revealed in 27%°'. As these data confirm PD-L1 over-
expression in a substantial subset of patients with VC in
all stages and independent of HPV, immune checkpoint
inhibition (ICI) serves as another suitable therapeutic tar-
get. Currently, pembrolizumab has been one of the best
investigated agents in this context®®. As mentioned earlier,
the KEYNOTE-028 recently evaluated PD-L1 expres-
sion, TMB, and T-Cell GEP in 471 patients treated with
pembrolizumab across 20 advanced solid cancer entities
presenting with PD-L1* tumors. A closer look toward
gynecologic malignancies revealed rather disappointing
results in VC with an ORR of 6% and OS of 3.8 month.
Other HPV-driven tumor entities like cervical and anal
cancer achieved twice as high results regarding the ORR
with 17% and 16%, respectively. Nivolumab is another
PD-1 agent currently being under investigation in a phase
I/IT study in 24 patients with recurrent or metastatic cer-
vical, vaginal, and VC®. While preliminary data demon-
strated encouraging disease control rates of 70.8% in all
three tumor entities, responses were exclusively observed
in patients with cervical cancer (ORR 26.3%) regardless
of PD-L1 or HPV status or number of prior therapies. As
for the available data, nivolumab provided similar results
as pembrolizumab in regard to safety and toxicity with
12.5% treatment-related adverse events grade 3 or 4. In the
light of these results, the future of immune oncology in VC
will not be monotherapy with anti PD-1/L1 antibodies but
combined and preferable early treatment in advanced dis-
ease. In this context just recently, an interim analysis of the
phase I/IT Checkmate-358 study has been presented at the
ESMO 2019; herein, the combination of nivolumab and
ipilimumab (CTLA-4 antagonist) showed durable clini-
cal activity in patients with recurrent or metastatic (R/M)
cervical cancer, regardless of tumor PD-L1 expression®.
Noteworthy, ORR was higher in patients without prior sys-
temic therapies (PST) compared with patients without PST
(45.8% vs. 31.6%). As a result, the combination of check-
point inhibitors could also provide an effective treatment
alternative in patients with other HPV-driven cancers at an
early point of recurrent/metastastic disease.

In conclusion, the management of advanced VC
continues to be challenging, and data from clinical tri-
als regarding therapeutic options are scarce due to the
low incidence of the disease. Furthermore, small num-
ber of studies, heterogenous patient cohorts, and diverse
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treatment regiments impede comparing the available data.
While the current “‘state-of-the-art” treatment in primary
recurrent settings without radiotherapeutic or surgical
options is platin-containing combination chemotherapy,
in second-line treatment targeted agents can be used to
improve clinical outcome.

To date, erlotinib is the best investigated targeted agent
in VC. As high rates of EGFR expression and increased
EGFR copy numbers have been found in VC, consequent
EGFR mutation testing should be performed to predict
treatment response in advanced VC. Bevacizumab was the
first targeted agent to improve OS in a gynecologic can-
cer as shown in the GOG-240 trial; herein, adding beva-
cizumab to chemotherapy prolonged OS by 3.4 months in
patients with cervical cancer. Application of bevacizumab
in VC analogous to cervical cancer is feasible, as shown
by our case series. However, data confirming the activity
in VC will probably never be available. The role of immu-
nooncology for VC will have to be determined in the com-
ing years. Pembrolizumab monotherapy showed only very
modest antitumor activity with an ORR of 6% and median
PFS duration of 3.1 month in patients with advanced VC
and PD-L1* tumors. Centralized clinical observations,
translational research, and new study designs such as
basket trials will be needed to individualize therapy by
identifying effective molecular and biological markers for
subtype characterization, prognosis, and predication of
treatment response as well as to reduce the rates of recur-
rence and concurrently improve the survival.
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