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Abstract. Background: Small cell vaginal carcinoma is a
very rare gynecological cancer and treatments including
chemo- and radiotherapy have had limited success. Case
Report: We report the case of a 37-year-old female, where
intensive treatment with the combination of paclitaxel,
carboplatin, irinotecan, and camptothecin with and without
irradiation did not avoid metastasis of the tumor and the
death of the patient. In an attempt to develop a strategy for
individualized tumor therapy, we performed
immunohistochemistry of 19 cancer-related proteins using a
biopsy sample. Strong expression was observed for
glutathione S-transferase P1 (GSTPI), epidermal growth
factor receptor (EGFR), inducible nitric oxide synthetase
(iNOS), nuclear factor kappa B (NF-kB), the oncogene c-
MYC, vascular endothelial growth factor (VEGF), and the
proliferation marker Ki-67. Intermediate expression was
found for the oncogene SRC, fB-catenin, and the viral E7
protein. We then performed virtual drug screening with PyRx
and molecular docking with AutoDock 4.2.6 by using the
three-dimensional structures of these proteins and a
chemical library of 1,577 FDA-approved drugs, in a drug
repurposing approach. The top 15 compounds were either
approved anticancer drugs or drugs used to treat non-
malignant diseases. These compounds were bound with
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comparable or even higher affinity to the targets compared
to control inhibitors. Several of these compounds were bound
with high affinity to more than one of these target proteins,
further supporting the drug repurposing concept.
Conclusion: These drugs might offer additional opportunities
to reach treatment responses. This approach of
individualized tumor therapy might be theoretically not only
applicable for small cell vaginal carcinoma but for other
tumor entities as well.

Vaginal cancer is a rare gynecologic neoplasm representing
only 1-2% of all gynecologic malignancies (1). The vagina is
an organ that consists of a fibromuscular tube (7 to 10 cm
long) extending from the cervix to the vulva. It is divided into
three compartments which are important for classifying tumor
location. The lower third is below the level of the bladder
base with the urethra anteriorly. The middle third is adjacent
to the bladder base, and the upper third is at the level of the
vaginal fornices (2). Vaginal cancer is a disease of older
postmenopausal women, less than 10% of these tumors occur
in patients under 40 years of age. The disease is divided into
three types: Squamous cell carcinomas represent more than
90% of vaginal cancer cases, approximately 5% of cases are
adenocarcinomas, and small cell carcinoma is very rare (3-
5). Squamous cell carcinoma occurs in the proximal third of
the vagina, especially the posterior vaginal wall (6).
Adenocarcinoma may also arise in the vagina, the majority
of which have clear cell histology in young women exposed
to diethylstilbestrol in utero (7). The incidence of vaginal
adenocarcinoma declined since the routine use of
diethylstilbestrol was discontinued in the 1970s.

The vaginal neoplasm is a clinically heterogeneous
disease. In young women, the etiology of the disease seems
to be related to cervical neoplasia and is, thus, human
papillomavirus (HPV)-dependent (8). HPV-negative cancers
occur in older women and are often linked to p53 tumor
suppressor mutations. The common risk factors for vaginal
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cancer are tobacco use, sexual intercourse at a younger age,
HPV, low socioeconomic status, a history of genital warts,
and multiple sexual partners (9). The most common
symptoms of vaginal cancer include painless vaginal
bleeding and discharge (10). In an advanced stage, urinary
retention, pain, hematuria, and frequency of urination may
appear (11). Tumors developing on the posterior vaginal wall
may produce rectal symptoms, such as tenesmus,
constipation, or bloody stool. Early stages of vaginal
carcinoma are treated with either surgery or radiotherapy
whereas advanced stages are treated with concurrent
chemotherapy and radiation therapy.

The vaginal primary small cell carcinoma is rare and
represents a highly aggressive malignancy. The survival rate
for patients treated in the early stages is around two years
(12). The rarity of the disease is considered as the main
reason for the uncertainty of the most suited therapy option
that is based on the treatment for small cell lung carcinoma
(SCLC) (13). Cases of small cell carcinoma restricted to the
lung reveal better response rates to chemoradiotherapy
compared to chemotherapy alone regarding both complete
remission and overall survival (14, 15).

In the present study, we report a 37-year-old patient
suffering from small cell carcinoma of the vagina. We
describe the clinical course of the disease and the expression
profiling as determined by immunohistochemistry. The
expression of biomarkers was used to perform a targeted
virtual screening of 1,577 drugs approved by the Federal
Food and Drug Administration (FDA) in an effort to devise
novel treatment strategies for this otherwise hardly curable
disease. This concept is based on the idea that drugs approved
for one disease might occasionally also exert activity towards
another disease (drug repurposing or drug repositioning) and
that this approach might be exploited for individualized
therapy of cancer patients with otherwise few options by
standard chemotherapy and poor survival prognosis.

Patients and Methods

Case presentation. A 37-year-old female from Khartoum, Sudan,
was diagnosed in 2015 with small cell carcinoma of the vagina.
The patient gave her written informed consent to the present study.
The clinical description of the case is based on the clinical
documents we have obtained from the patient herself. She sought
gynecology service in July 2015 complaining of vaginal discharge,
as well as uncomfortable and frequent urination. A mass in the
vagina was found during a clinical examination. Histologically, it
was diagnosed as poorly differentiated small cell carcinoma.
Magnetic resonance imaging (MRI) revealed a tumor of 5x3.9 cm.
In September 2015, she started chemotherapy with etoposide and
cisplatin for 5 cycles and two further cycles of etoposide and
cisplatin in combination with radiotherapy for 32 sessions. In
March 2016, MRI performed at the Royal Care International
Hospital (Khartoum, Sudan) showed a moderate reduction in the
vaginal tumor (4x3 cm) without considerable uptake of contrast
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agent. There was no evidence of invasion, lymph node
involvement, and ascites. In September 2016, the patient suffered
severe back and pelvic pain. The MRI investigation of the bone
revealed metastases in the L1 vertebra, skull vault, shoulder, and
lumber. In October 2016, pain in the lower back region was
accompanied by difficulties to walk. A technetium 99m methyl
diphosphate bone scan performed at the Royal Care International
Hospital (Khartoum, Sudan) revealed increased radiotracer uptake
in the skull vault and L1 vertebra indicating bone metastases. The
second round of chemotherapy with paclitaxel and carboplatin for
6 cycles was recommended. After three cycles, metabolic activity
in the vaginal mass and disturbance in the fat plains between the
mass and the bladder wall was found by using positron emission
tomography (PET) scan.

The patient suffered from severe back pain, weak urinary stream,
and burning micturition. In December 2016, PET/computer
tomography (CT) showed metabolic progression of the vaginal tumor,
invasion to the bladder wall, and vertebral metastatic deposits.
Treatment with radiotherapy, camptothecin, and zoladeronic acid (a
bisphosphonate to prevent bone fractures) followed. In January 2017,
an MRI diagnosis performed at the Sarvodaya Hospital and Research
Center (Ghaziabad, India) showed a lobulated vaginal tumor with
central necrosis with a size of 31x25x23 mm and urinary bladder
involvement. This hospital treated the patient with paclitaxel and
carboplatin combined with fosaprepitant (antiemetic), dexamethasone
(anti-inflammatory steroid), palonosetron (against nausea and
vomiting) as palliative chemotherapy. The Medanta Mediclinic (New
Delhi, India) diagnosed a mild reduction in tumor size (35x10x29
mm versus 41x39x38 mm in the last scan using PET/CT with [!8F]-
fluorodeoxyglucose (FDG). Back in Sudan in February 2017, the
slight regression of the vaginal tumor was confirmed by MRI.
Furthermore, a slight regression of the metastases in the L1 vertebra
with less surrounding edema was observed (Royal Care International
Hospital and a private radiology clinic, Khartoum, Sudan). However,
infiltration of the bladder was found by MRI in September 2017. Two
cycles of chemotherapy (irinotecan, camptothecin, and zoledronic
acid) were applied followed by radiotherapy for 10 sessions.

Afterward, the MRI performed in April 2017 showed that the
vaginal mass increased in size with invasion to the bladder wall
followed by weak and burning micturition. A PET scan done in
September 2017 showed total infiltration of the bladder.
Accordingly, the patient was advised to start two cycles of
chemotherapy (irinotecan and camptothecin) on a weekly basis and
zoledronic acid monthly, followed by 10 sessions of radiotherapy.
PET/CT of the vagina obtained in September 24, 2017, revealed a
current metabolic and morphological progression. The tumor size
was 6.3x5.7x6.5 c¢cm, and the maximum standard uptake value
(SUV ) was 289 compared to the previously recorded
heterogeneously enhancing vaginal mass (3.5x3.1x2.9 cm, SUV ,.:
12.6) (Figure 1A). The tumor mass infiltrated the posterior wall of
the urinary bladder (with possible vesicovaginal fistula) and was
inseparable from the anterior aspect of the rectum. Metabolic bone
progression involved previously noted mild lytic and sclerotic
lesions involving the L1 vertebra. A SUV, .. value of 12.6 was
determined compared to no significant FDG activity (Figure 1B).
The patient died on 18 October 2018.

The paraffin block of the formalin-fixed and paraffin-embedded
tumor tissue was obtained from Dr. med. Jalid Sehouli (Charité
Universitdtsmedizin Berlin, Charité Campus, Virchow-Klinikum,
Berlin, Germany).
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Figure 1. Positron emission tomography/computed tomography scan
with 18F-FDG (307 MBq) of (A) the vagina and (B) L1 vertebra.

Immunohistochemistry staining. Antibodies against GSTP1 (rabbit
polyclonal, Acris, Herford, Germany, dilution 1:1,000), EGFR
(rabbit monoclonal, clone EP38Y, Thermo Fisher Scientific,
Dreieich, Germany, dilution 1:500), iNOS (rabbit monoclonal, clone
K13-A, Abcam, Berlin, Germany, dilution 1:200), NF-kB p65
(rabbit polyclonal, Thermo Fisher Scientific, dilution 1:200), c-
MYC (mouse monoclonal, clone 9E10.3, Thermo Fisher Scientific,
dilution 1:200), VEGF (mouse monoclonal, clone VG1, Thermo
Scientific Fisher, dilution 1:500), Ki-67 (rabbit monoclonal, clone
SP6, Abcam, dilution 1:200), SRC (clone 1F11, Thermo Fisher
Scientific, dilution 1:200), (3-catenin (rabbit polyclonal, Thermo
Fisher Scientific, dilution 1:200), HPV16 E6 (mouse monoclonal,
clone C1P5, Thermo Fisher Scientific, dilution 1:500), HPV16 E7
(mouse monoclonal, clone TVG701Y, Thermo Fisher Scientific,
dilution 1:500), TCTP (rabbit polyclonal, Thermo Fisher Scientific,
dilution 1:200), mTOR (rabbit polyclonal, Thermo Fisher Scientific,
dilution 1:200), FTL (clone 8EIE7, Thermo Fisher Scientific,
dilution 1:500), CD71 (mouse monoclonal, clone H68.4, Thermo
Fisher Scientific, dilution 1:500), ABCB5 (clone SH3C6, Thermo
Fisher Scientific, dilution 1:200), P-glycoprotein (mouse
monoclonal, clone C219, Thermo Fisher Scientific, dilution 1:100),
BRAF (rabbit polyclonal, Thermo Fisher Scientific, dilution 1:500),
and PIK3R (clone U5, Thermo Fisher Scientific, dilution 1:500)

were applied on paraffin-embedded tissue slides by using a
polymeric labeling technique. Briefly, the slides were washed twice
with xylene (98.5% xylene for 5 min each at room temperature) to
remove paraffin. Then, the sample tissues were rehydrated through
graded washes with isopropanol in water. Heat-induced epitope
retrieval was performed using a pressure cooker as a heating device.
Ultra-vision protein block and UltraVision Hydrogen Peroxide
Block (Thermo Fisher Scientific, Inc.) were added to block
endogenous proteins and endogenous peroxidase activity,
respectively, to avoid non-specific background staining. Overnight
incubation at 4°C was performed following the addition of the
antibodies. Subsequently, horseradish peroxidase-labeled polymers
conjugated with secondary antibodies specific for both mouse and
rabbit primary antibodies were added (Thermo Fisher Scientific,
Inc.) at room temperature for 1 h, according to the manufacturer’s
protocol. The final staining reaction was performed with
diaminobenzidine and slides were counterstained with hematoxylin
for 3 min at room temperature.

Immunohistochemistry evaluation. The immunostained slides were
scanned by Panoramic Desk (3DHISTECH, Sysmex, Norderstedt,
Germany) and evaluated by Panoramic Viewer software
(3DHistotech, Sysmex) as previously described (16). Quantification
was calculated by dividing the number of positively stained cells by
the overall number of cells found in each six independently
annotated tumor areas. The mean values of these six areas revealed
the average protein expression, while standard deviation values
indicated the heterogeneity of expression in the tissue. The higher
the standard deviation, the higher was the heterogeneity of the
corresponding protein expression in the tumor biopsy.

Virtual drug screening and molecular docking. A total number of
1,577 FDA-approved drugs (17) were subjected to virtual drug
screening with PyRx (blind docking mode) (18) for binding to
selected target proteins identified by immunohistochemistry. The 3D
models of the proteins were obtained from the Protein Data Bank
for B-catenin (PDB ID 1JDH), EGFR (PDB ID 1M17), E7 (PDB ID
2B9D), GSTP1 (PDB ID 6Y1E), NF-xB (PDB ID 3GUT), SRC
(PDB ID 1YOJ), VEGF (PDB ID 1FLT), iNOS (PDB ID INSI).
The 15 top-ranked out of 1,577 compounds with the lowest binding
energies for the corresponding target proteins were used for
molecular docking with AutoDock 4.2.6 (defined docking mode)
(19). Three independent docking calculations were performed, each
with 2,500,000 energy evaluations and 250 runs by means of the
Lamarckian Genetic Algorithm. The corresponding lowest binding
energies (LBE) and the predicted inhibition constants (pKi) values
were used to calculate mean valueststandard deviations. AutoDock
Tools and Visual Molecular Dynamics (VMD) were used to
visualize the results (Theoretical and Computational Biophysics
group at the Beckman Institute, University of Illinois at Urbana-
Champaign) (20).

Results

Immunohistochemistry staining. The immunostainings in the
vaginal carcinoma were considerably different among the
different biomarkers (Figure 2). Strong expression (>70%
number of positive cells) was observed for glutathione S-
transferase P1 (GSTP1), epidermal growth factor receptor
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Figure 2. Continued
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Figure 2. Immunohistochemical profiling of 19 biomarkers in a small cell carcinoma of the vagina. Magnification: x20.
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(EGFR), inducible nitric oxide synthetase (iNOS), the
transcription factor nuclear factor kappa B (NF-kB), the
oncogene c-MYC, vascular endothelial growth factor (VEGF),
and the proliferation marker Ki-67. Intermediate expression
(around 50% number of positive cells) was found for the
oncogene SRC, (3-catenin, and the viral E7 protein while the
expression of other markers investigated were either weakly
(<10% number of positive cells) or not detected, i.e., the cell
cycle-related translationally controlled tumor protein (TCTP),
the transcription factor mammalian target of rapamycin
(mTOR), the FLT-3, the transferrin receptor (CD71), the ATP-
binding cassette (ABC) transporters ABCB5 and P-
glycoprotein, the oncogene BRAF, the viral E6 protein, and
the signal transducer PIK3R.

Virtual screening with FDA-approved drugs. As a next step, we
downloaded the three-dimensional structures of the most
expressed proteins in the vaginal tumor from the Protein Data
Bank, i.e., GSTP1, EGFR, iNOS, NF-kB, c-MYC, VEGF, SRC,
[-catenin, and HPV E7. The Ki-67 protein was not included in
this analysis because it is usually applied in cancer pathology
as a surrogate marker for proliferation but not used as a target
for drug treatment. These protein structures were docked to
1,577 FDA-approved drugs in order to identify compounds that
may bind and thereby inhibit these target proteins.

Table I shows a ranking list with the top 15 out of 1,577
compounds binding with the best affinity to the target
proteins as determined by the PxRx program. In addition, we
included well-known inhibitors of the corresponding proteins
as positive control drugs. Inspecting all 9 target proteins, it
can be seen that the top 15 compounds showed comparable
or even better binding energies than the corresponding
control inhibitors for these proteins indicating that the
identified compounds might indeed exert inhibiting features
to their targets.

To further refine the in silico results, we performed
molecular docking with the AutoDock 4.2.6 program and
determined the lowest binding energies (kcal/mol) and
predicted inhibition constants (pKi, pM) of the top 15
compounds of each target protein (Figure 3). In addition to
the binding energies, we also determined the predicted
inhibition constants (pKi) and correlated both parameters
with each other. We hypothesized that the free binding
energies would correlate with the pKi values and used these
correlations as quality control of our molecular docking
analyses. We used the top 15 compounds for each of the 9
target proteins shown in Table II and subjected their binding
energy and pKi values to the Pearson correlation test. Indeed,
significant correlations between binding energies and pKi
values were obtained for all 9 target proteins (Figure 3).
However, three correlations deserved some caution. While
the vast majority of all free energy/pKi value pairs
assembled along linear regression lines, we found a few
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outliers for the linear regressions of GSTP1-, EGFR-, or
VEGF-binding compounds, although each three independent
molecular docking experiments have been performed for
each target protein. The GSTP1 regression was statistically
significant despite these outliers but not the regression
analyses for EGFR or VEGF. If we removed these outliers
from the EGFR and VEGF datasets (marked in black color
in Figure 3), we obtained significant p-values with high
correlation coefficients. This indicates that the molecular
docking analyses generated reliable data in most but not all
cases and that visual inspection is recommended to identify
potentially useful drug candidates.

Then, we mined the database of the Developmental
Therapeutics Program (DTP) of the National Cancer Institute
(NCI, Bethesda, MD, USA) (21). This database contains the
cytotoxicity data of more than 200,000 compounds tested in
60 cell lines of different tumor types. Such drugs were
considered as possible candidates for treatment as they
appeared among the top 15 best-binding compounds to each
of the 9 proteins and also were cytotoxic against the NCI cell
lines. We categorized the drugs as being weakly cytotoxic
(log¢ICsq between —4 and —5 M), intermediate cytotoxic
(log;oICsy between —5 and —6 M), or strongly cytotoxic
(logoICs5q <—6 M). Compounds with log;¢ICs, values >—4
M were excluded as being non-cytotoxic. As shown in Table
II, some of these compounds are already approved cancer
drugs, whereas others are drugs used to treat non-malignant
diseases. The majority of drugs were bound with high
binding affinity to more than one protein target, further
supporting the drug repurposing concept that drugs already
approved for specific diseases are not mono-specific and
might, thus, qualify for the treatment of other diseases.

Discussion

In the present study, we describe a case of small cell vaginal
carcinoma. Because this histology represents an extremely
rare tumor type, large and reliable clinical trials about the
optimal treatment options are not available. In such non-
satisfying situations, it is common sense to apply treatment
protocols, which are used to treat small cell carcinoma of
any location in the body. Therefore, it does not come as a
surprise that without having better options at hand, current
chemotherapy is hardly capable to cure patients with small-
cell vaginal carcinoma.

The case presented here was also treated with usually
applied anticancer drugs, including platin drugs (cisplatin,
carboplatin), taxanes (paclitaxel), DNA topoisomerase I or II
inhibitors  (camptothecin, irinotecan, etoposide) in
combination with or without radiotherapy. Chemotherapy
and radiotherapy led to stabilization or slight regression of
the disease at best. Therefore, new treatment options are
urgently desired.
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Figure 3. Molecular docking of each of the 15 candidate compounds on 9 different target proteins. The correlations between the lowest free energy
(LBE, kcal/mol) and predicted inhibition constant values (pKi, uM) were calculated by the Pearson correlation test. The black-marked outliers in
the EGFR and VEGF panels were not included in the correlation analyses.

Precision medicine emerged as a new paradigm in tumor
management during the past few years. As concepts for
individualized therapy of small cell vaginal tumors are
scarce, we performed immunohistochemical staining with 19
biomarkers (GSTP1, EGFR, iNOS, NF-xB, c-MYC, VEGF,
Ki-67, SRC, B-catenin, HPV E6, HPV E7, TCTP, mTOR,
FTL, CD71, ABCBS, P-gp, BRAF, and PIK3R) to identify
single markers that are of relevance for the small-cell vaginal
carcinoma of this specific patient. Seven proteins were
strongly expressed (GSTP1, EGFR, iNOS, NF-kB, c-MYC,
VEGF, Ki-67) and SRC, P-catenin and HPV E7 to a lesser
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extent. Based on these results, we asked the question, of
whether drugs targeting these proteins could be identified.
The other proteins were minimally or not expressed and
were, therefore, not further considered for targeted therapy
approaches.

The idea to exploit immunohistochemical protein
expression profiling for targeted tumor therapy is different
from a previous approach where we combined RNA-
sequencing of a glioblastoma patient with a bioinformatics-
based virtual screening of FDA-approved drugs (22). The
concept of drug repurposing is based on the observation that
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long-known drugs approved for one indication occasionally
also show activity against other diseases (23-25).

The present study was designed to explore how novel
treatment options could be developed for tumors without
satisfying therapies. Since we identified compounds with
known cytotoxic and anticancer activity on the one hand and
clinical approval, on the other hand, it is realistic to consider
such FDA-approved compounds for individualized
compassionate use in the future. However, we also identified
some drugs that are FDA-approved for other indications.

Interestingly, the anticancer drug imatinib was among the
weakly cytotoxic compounds. This indicates that even
weakly cytotoxic drugs could be considered for cancer
treatment since most of the other drugs in the group of
weakly cytotoxic compounds were not anticancer drugs but
drugs used to treat other diseases. Examples include
celecoxib, ergotamine, nystatin, saquinavir, and griseofulvin
(26-29). Celecoxib is an anti-inflammatory drug. Since
chronic inflammation is a contributing factor to cancer, it can
be imagined that celecoxib might also exert anticancer
effects (30). Ergotamine is an ergot alkaloid that is known
for its activity against severe migraine. Due to its high
toxicity, it does not qualify as an anticancer drug. Saquinavir
is a virustatic drug, and saquinavir derivatives are further
developed for cancer therapy (31). It is also known from
other antimicrobial drugs that they exert anticancer activity.
For instance, griseofulvin is an antimycotic that inhibits
mitosis in both fungi and cancer cells (27, 28). Hence, anti-
microbial drugs might bear some potential to be used for
cancer therapy.

Among the FDA-approved drugs with intermediate
cytotoxicity were ivermectin, loratadine, and pimozide.
Ivermectin is preferentially used in veterinary medicine to
treat parasites (nematodes, lice, mites). Although it
specifically acts on glutamate-activated chloride channels of
invertebrates, its anticancer activity has been documented in
vitro and in vivo (32). Loratadine is a histamine receptor 1
(H1) antagonist that inhibited the growth of colon xenograft
tumors by causing G,/M arrest of the cell cycle (33).
Pimozide is an approved antipsychotic drug that inhibited
stem-like cancer cells and has been proposed to be
repurposed for cancer therapy (34, 35). The described
cytotoxicity of these compounds might qualify them for their
individualized use in patients who cannot be treated standard
treatment because of refractory and therapy-resistant tumors.
Despite the attractiveness of this approach, one should bear
in mind that drugs approved for one disease and used off-
label for a second disease might exert the main
pharmacological effect towards the first disease as well as
the unwanted side effects if used for the other disease. For
illustration, if the ACE inhibitor telmisartan would be used
for cancer therapys, its blood pressure-lowering activity might
appear as a side effect in cancer patients.
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The drugs appearing in the group of strongly cytotoxic
compounds were all approved anticancer drugs (i.e.,
everolimus, irinotecan, ponatinib, sirolimus, teniposide),
albeit for other tumor types than small-cell carcinoma of the
vagina. Hence, their off-label use for the patient presented
here seems to be obvious. Especially for refractory tumors
to standard treatment, the use of approved anticancer drugs,
which are established for other tumor types, represents a
practical approach to possibly reach favorable treatment
effects. In the case presented here, irinotecan was used to
treat this vaginal carcinoma although this happened prior to
and independently from our in silico analyses. Therefore, our
bioinformatic drug repurposing approach may serve as a
supportive measure for the individualized therapy of late-
stage cancer patients without further treatment options. In
order to select which of these drugs might be appropriate for
the treatment of the vaginal tumor presented here, it is not
only important to consider the drug indications, possible
anticancer activities, and mechanisms of action, but also their
known side effects and contraindications. A compilation of
these drugs regarding indication, mechanism of action, side
effects, and contraindications is shown in Table II.

The patient presented here died in 2018, and our
bioinformatics analysis was performed post mortem.
Nevertheless, these results may serve as a first proof-of-
principle to improve the treatment outcome of patients
without any further treatment options from the standard
treatment guidelines.

Small cell carcinoma of the vagina is an extremely rare
tumor type, and only a few cases have been reported
worldwide (36-41), and vaginal tumors are also very rare in
Sudan (39).
gynecological tumor entity, is the second most common
tumor type in females in Sudan (42) while it occurs much less
frequently in Europe and the USA. Whether non-sufficient
preventive measures (e.g., screening,
vaccination) in Sudan compared to industrialized countries

By contrast, cervix cancer as another

cervix cancer
represent the only reasons for this discrepancy or whether
specific cultural factors might also play a role, is worth to be
considered. The etiology of vaginal tumors has been ascribed
to exposure to diethylstilbestrol, infection with human
papilloma or herpes simplex viruses, immunosuppressants,
previous hysterectomy, cervical irradiation, or chronic
irritations (3). While these risk factors are not known to apply
to the patient presented here, another carcinogenic factor
could be discussed.

The role of traditional incense burning (dukhan) in
gynecological carcinogenesis is not clarified. Dukhan is
widely distributed among married women in Sudan,
especially among the older generations. Dukhan is a
millennia-old tradition tracing back to ancient northeast
African Kingdoms of Meroe and Nubia that were located in
the present northern territories of Sudan. Dukhan is a ritual
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smoke bath generated by burning coals with perfumed acacia
and sandalwood (Santalum paniculatum). The main purpose
is to narrow the vagina, especially after childbirth. In
combination with other plants such as Capparis decidua
(tundub), it is also believed to help against joint and
rheumatic pain, syphilis, and gonorrhea. Dukhan is also used
as cosmetics for smoothening the skin. It is frequently
combined with scented massage (termed dilka) to produce a
pleasant scent of the skin, to let the skin look tanned
yellowish and shiny, and to exert anti-microbial effects. For
dilka, scented oils (karkar) and ointments (kabarait) are
prepared from different ingredients (sandalwood, talh, shaff,
mahlab, qurunful, kilait, musk, sugar, and liquid perfumes).

It is apparent that hot smoke can cause skin irritations. A
recent study reported on 11 women taking dukhan smoke
baths containing wood from Acacia seyal and Terminalia
brownii suffered from brown-erythematous excoriated
papules, plaques, and lichenification at the sites exposed to
dukhan. These symptoms were diagnosed as contact
dermatitis (43). Since chronic inflammatory conditions are
well-known factors contributing to carcinogenesis, it can be
speculated that the carcinogenic substances of the burned
woods in dukhan might at least in part contribute to the
development of vaginal tumors such as the case presented
here. Although a direct causal link between dukhan and
vaginal carcinogenesis is still missing, such a speculation can
at least be considered. The role of traditional practices such
as dukhan for gynecological carcinogenesis deserves further
investigation in the future.

In conclusion, we described a rare case of a small-cell
vaginal carcinoma. This tumor entity
responsiveness to standard chemo- and radiotherapy and
successful treatment options are rare. In this situation, we
searched for an approach to identify theoretical alternatives
for treatment. For this reason, we performed
immunohistochemistry on a large panel of biomarkers using
a biopsy of this tumor. The biomarkers whose protein
expression was most upregulated were considered as
potential drug targets.

Using virtual screening with PyRx and molecular docking
with AutoDock 4.2.6, we screened a library of 1,577
approved drugs in an attempt to identify known drugs
originally approved for other medical purposes. Following
this immunohistochemistry- and bioinformatics-guided drug
repurposing approach, we found several FDA-approved
drugs that are not routinely considered for small-cell vaginal
carcinoma treatment. These drugs might be effective even in
situations where the available standard therapies fail. This
drug repurposing approach might be theoretically not only
applicable to small-cell vaginal carcinoma but to other
refractory tumor entities as well. This concept represents a
novel possibility for individualized tumor therapy that
deserves further exploration in the future.

is of limited

523

Conflicts of Interest

T.E. is co-inventor of patent #EP18211231. The other Authors do
not have any potential conflict of interest in relation to this study.

Authors’ Contributions

M.E.M.S. performed the experiments; H.E.K. contributed to the
design of the paper; S.K.T. was involved in the clinical management
of the patient; T.E. designed and wrote the paper.

References

Adams TS and Cuello MA: Cancer of the vagina. Int J Gynaecol
Obstet 143 Suppl 2: 14-21, 2018. PMID: 30306589. DOI:
10.1002/ijgo.12610

Kaltenecker B and Tikaria R: Vaginal Cancer. 2021. PMID:
32644552.

Dixit S, Singhal S and Baboo HA: Squamous cell carcinoma of
the vagina: a review of 70 cases. Gynecol Oncol 48(7): 80-87,
1993. PMID: 8423026. DOI: 10.1006/gyno0.1993.1013

Davis KP, Stanhope CR, Garton GR, Atkinson EJ and O’Brien
PC: Invasive vaginal carcinoma: analysis of early-stage disease.
Gynecol Oncol 42(2): 131-136, 1991. PMID: 1894171. DOI:
10.1016/0090-8258(91)90332-y

Merino MJ: Vaginal cancer: the role of infectious and environmental
factors. Am J Obstet Gynecol 165(4 Pt 2): 1255-1262, 1991. PMID:
1659200. DOI: 10.1016/s0002-9378(12)90738-3

Fu S, Fokom Domgue J, Chan W, Zhao B, Ramondetta LM and
Lairson DR: Cervical, vaginal, and vulvar cancer costs incurred
by the medicaid program in publicly insured patients in Texas.
J Low Genit Tract Dis 23(2): 102-109, 2019. PMID: 30907776.
DOI: 10.1097/LGT.0000000000000472

Rajaram S, Maheshwari A and Srivastava A: Staging for vaginal
cancer. Best Pract Res Clin Obstet Gynaecol 29(6): 822-832,
2015. PMID: 25847318. DOI: 10.1016/j.bpobgyn.2015.01.006
Hellman K, Silfverswiard C, Nilsson B, Hellstrom AC,
Frankendal B and Pettersson F: Primary carcinoma of the
vagina: factors influencing the age at diagnosis. The
Radiumhemmet series 1956-96. Int J Gynecol Cancer /4(3):
491-501, 2004. PMID: 15228423. DOI: 10.1111/j.1048-891x.
2004.014310.x

Daling JR, Madeleine MM, Schwartz SM, Shera KA, Carter JJ,
McKnight B, Porter PL, Galloway DA, McDougall JK and
Tamimi H: A population-based study of squamous cell vaginal
cancer: HPV and cofactors. Gynecol Oncol 84(2): 263-270,
2002. PMID: 11812085. DOI: 10.1006/gyno.2001.6502

10 Herman JM, Homesley HD and Dignan MB: Is hysterectomy a
risk factor for vaginal cancer? JAMA 256(5): 601-603, 1986.
PMID: 3723757.

Rubin SC, Young J and Mikuta JJ: Squamous carcinoma of the
vagina: treatment, complications, and long-term follow-up.
Gynecol Oncol 20(3): 346-353, 1985. PMID: 3972294. DOLI:
10.1016/0090-8258(85)90216-1

Petru E, Pasterk C, Reich O, Obermair A, Winter R and
Breitenecker G: Small-cell carcinoma of the uterus and the
vagina: experience with ten patients. Arch Gynecol Obstet
271(4): 316-319, 2005. PMID: 15197564. DOI: 10.1007/s00404-
004-0630-1

1

—_

12



Saeed et al: Small-cell Vaginal Carcinoma

13 Oliveira R, B6coli MC, Saldanha JC, Murta EF and Nomelini
RS: Primary small cell carcinoma of the vagina. Case Rep
Obstet Gynecol 20713: 827037, 2013. PMID: 23878751. DOI:
10.1155/2013/827037

Perry MC, Eaton WL, Propert KJ, Ware JH, Zimmer B,

Chahinian AP, Skarin A, Carey RW, Kreisman H and Faulkner C:

Chemotherapy with or without radiation therapy in limited small-

cell carcinoma of the lung. N Engl J Med 3/6(15): 912-918,

1987. PMID: 3029592. DOI: 10.1056/NEJM198704093161504

Bunn PA Jr, Lichter AS, Makuch RW, Cohen MH, Veach SR,

Matthews MJ, Anderson AJ, Edison M, Glatstein E and Minna

JD: Chemotherapy alone or chemotherapy with chest radiation

therapy in limited stage small cell lung cancer. A prospective,

randomized trial. Ann Intern Med 106(5): 655-662, 1987. PMID:

3032033. DOI: 10.7326/0003-4819-106-5-655

16 Saced MEM, Mertens R, Handgretinger R and Efferth T:
Identification of fatal outcome in a childhood nasopharyngeal
carcinoma patient by protein expression profiling. Int J Oncol 53(4):
1721-1731, 2018. PMID: 30066889. DOI: 10.3892/ij0.2018.4491

17 FDA-approved drugs. Available at: http://zincl5.docking.org/
substances/subsets/fda [Last accessed on January 31, 2022]

18 Dallakyan S and Olson AJ: Small-molecule library screening by
docking with PyRx. Methods Mol Biol /263: 243-250, 2015.
PMID: 25618350. DOI: 10.1007/978-1-4939-2269-7_19

19 Morris GM, Huey R, Lindstrom W, Sanner MF, Belew RK,
Goodsell DS and Olson AJ: AutoDock4 and AutoDockTools4:
Automated docking with selective receptor flexibility. ] Comput
Chem 30(16): 2785-2791, 2009. PMID: 19399780. DOI:
10.1002/jcc.21256

20 NIH center for Macromolecular Modeling and Bioinformatics.
University of Illinois at Urbana-Champaign. Theoretical and
Computational Biophysics group. Available at: http://www.ks.
uiuc.edu/Research/vmd [Last accessed on January 31, 2022]

21 Developmental = Therapeutics  Program. Available
http://dtp.cancer.gov [Last accessed on January 31, 2022]

22 Saeed MEM, Kadioglu O, Greten HJ, Yildirim A, Mayr K, Wenz
F, Giordano FA and Efferth T: Drug repurposing using
transcriptome sequencing and virtual drug screening in a patient
with glioblastoma. Invest New Drugs 39(3): 670-685, 2021.
PMID: 33313992. DOI: 10.1007/s10637-020-01037-7

23 Dinié¢ J, Efferth T, Garcia-Sosa AT, Grahovac J, Padrén JM,

Pajeva I, Rizzolio F, Saponara S, Spengler G and Tsakovska I:

Repurposing old drugs to fight multidrug resistant cancers. Drug

Resist Updat 52: 100713, 2020. PMID: 32615525. DOI:

10.1016/j.drup.2020.100713

Efferth T and Oesch F: Repurposing of plant alkaloids for cancer

therapy: Pharmacology and toxicology. Semin Cancer Biol 68:

143-163, 2021. PMID: 31883912. DOI: 10.1016/j.semcancer.

2019.12.010

Kadioglu O, Saeced M, Greten HJ and Efferth T: Identification

of novel compounds against three targets of SARS CoV-2

coronavirus by combined virtual screening and supervised
machine learning. Comput Biol Med 733: 104359, 2021. PMID:

33845270. DOI: 10.1016/j.compbiomed.2021.104359

26 Pajonk F, Himmelsbach J, Riess K, Sommer A and McBride
WH: The human immunodeficiency virus (HIV)-1 protease
inhibitor saquinavir inhibits proteasome function and causes
apoptosis and radiosensitization in non-HIV-associated human
cancer cells. Cancer Res 62(18): 5230-5235, 2002. PMID:
12234989.

14

15

at:

24

25

524

27 Raab MS, Breitkreutz I, Anderhub S, Rgnnest MH, Leber B,
Larsen TO, Weiz L, Konotop G, Hayden PJ, Podar K,
Fruehauf J, Nissen F, Mier W, Haberkorn U, Ho AD,
Goldschmidt H, Anderson KC, Clausen MH and Krimer A:
GF-15, a novel inhibitor of centrosomal clustering, suppresses
tumor cell growth in vitro and in vivo. Cancer Res 72(20):
5374-5385, 2012. PMID: 22942257. DOI: 10.1158/0008-
5472.CAN-12-2026

28 Bhakta-Guha D, Saeed ME, Greten HJ and Efferth T: Dis-
organizing centrosomal clusters: specific cancer therapy for a
generic spread? Curr Med Chem 22(6): 685-694, 2015. PMID:
25515519. DOI: 10.2174/0929867322666141212114529

29 Mrusek M, Seo EJ, Greten HJ, Simon M and Efferth T:
Identification of cellular and molecular factors determining the
response of cancer cells to six ergot alkaloids. Invest New Drugs
33(1): 32-44, 2015. PMID: 25342140. DOI: 10.1007/s10637-
014-0168-4

30 Koki AT and Masferrer JL: Celecoxib: a specific COX-2

inhibitor with anticancer properties. Cancer Control 9(2 Suppl):

28-35, 2002. PMID: 11965228. DOI: 10.1177/1073274802009

02504

Mijatovic S, Maksimovic-Ivanic D, Mojic M, Timotijevic G,

Miljkovic D, Mangano K, Donia M, Di Cataldo A, Al-Abed Y,

Cheng KF, Stosic-Grujicic S and Nicoletti F: Cytotoxic and

immune-sensitizing properties of nitric oxide-modified

Saquinavir in iNOS-positive human melanoma cells. J Cell

Physiol 226(7): 1803-1812, 2011. PMID: 21506111. DOI:

10.1002/jcp.22513

Juarez M, Schcolnik-Cabrera A and Duefias-Gonzalez A: The

multitargeted drug ivermectin: from an antiparasitic agent to a

repositioned cancer drug. Am J Cancer Res 8(2): 317-331, 2018.

PMID: 29511601.

33 Soule BP, Simone NL, DeGraff WG, Choudhuri R, Cook JA and
Mitchell JB: Loratadine dysregulates cell cycle progression and
enhances the effect of radiation in human tumor cell lines.
Radiat Oncol 5: 8, 2010. PMID: 20128919. DOI: 10.1186/1748-
717X-5-8

34 Gongalves JM, Silva CAB, Rivero ERC and Cordeiro MMR:
Inhibition of cancer stem cells promoted by Pimozide. Clin Exp
Pharmacol Physiol 46(2): 116-125, 2019. PMID: 30383889.
DOI: 10.1111/1440-1681.13049

35 Shaw V, Srivastava S and Srivastava SK: Repurposing
antipsychotics of the diphenylbutylpiperidine class for cancer
therapy. Semin Cancer Biol 68: 75-83, 2021. PMID: 31618686.
DOI: 10.1016/j.semcancer.2019.10.007

36 Peters WA 3rd, Kumar NB and Morley GW: Carcinoma of the
vagina. Factors influencing treatment outcome. Cancer 55(4):
892-897, 1985. PMID: 3967181. DOI: 10.1002/1097-
0142(19850215)55:4<892::aid-cncr2820550430>3.0.co;2-n

37 Chafe W: Neuroepithelial small cell carcinoma of the vagina.
Cancer 64(9): 1948-1951, 1989. PMID: 2551478. DOLI:
10.1002/1097-0142(19891101)64:9<1948::aid-
cncr2820640930>3.0.co;2-i

38 Prasad CJ, Ray JA and Kessler S: Primary small cell carcinoma
of the vagina arising in a background of atypical adenosis.
Cancer 70(10): 2484-2487, 1992. PMID: 1330282. DOI:
10.1002/1097-0142(19921115)70:10<2484::aid-
cncr2820701015>3.0.c0;2-0

39 Joseph RE, Enghardt MH, Doering DL, Brown BF, Shaffer DW
and Raval HB: Small cell neuroendocrine carcinoma of the

3

—

32



CANCER GENOMICS & PROTEOMICS 79: 512-525 (2022)

vagina. Cancer 70(4): 784-789, 1992. PMID: 1322783. DOI: 42 Saeed ME, Cao J, Fadul B, Kadioglu O, Khalid HE, Yassin Z,

10.1002/1097-0142(19920815)70:4<784::aid- Mustafa SM, Saeed E and Efferth T: A five-year survey of

¢cner2820700412>3.0.c0;2-0 cancer prevalence in Sudan. Anticancer Res 36(7): 279-286,
40 Bing Z, Levine L, Lucci JA, Hatch SS and Eltorky MA: 2016. PMID: 26722054.

Primary small cell neuroendocrine carcinoma of the vagina: a 43 Kibar Ozturk M, Zindanci I and Zemheri E: Acacia seyal and

clinicopathologic study. Arch Pathol Lab Med 728(8): 857- Terminalia brownii associated airborne contact dermatitis

862, 2004. PMID: 15270619. DOI: 10.5858/2004-128-857- (Dukhan dermatitis). Int J Dermatol 57(11): 1382-1386, 2018.

PSCNCO PMID: 30156269. DOI: 10.1111/ijd.14194

41 Bhalodia JN, Kapapura DV and Parekh MN: Primary small cell .
neuroendocrine carcinoma of vagina: a rare case report. Patholog Received March 15, 2022
Res Int 2011: 306921, 2011. PMID: 21977334. DOI: 10.4061/ Revised April 4, 2022
2011/306921 Accepted April 5, 2022

525



