reptSalud

This is the peer reviewed version of the following article:

Garcia-Donas J, Hurtado A, Garrigos L, Santaballa A, Redondo A, Vidal L, Lainez N,
Guerra E, Rodriguez V, Cueva J, Bover |, Palacio I, Rubio MJ, Prieto M, Lopez-Guerrero
JA, Rodriguez-Moreno JF, Garcia-Casado Z, Garcia-Martinez E, Taus A, de Castro IP,
Navarro P, Grande E; Spanish Group for Research in Orphan, Infrequent Tumors
(GETHI). Open-label phase Il clinical trial of ketoconazole as CYP17 inhibitor in
metastatic or advanced non-resectable granulosa cell ovarian tumors: the GREKO
(GRanulosa Et KetOconazole) trial, GETHI 2011-03. Clin Transl Oncol. 2023
Jul;25(7):2090-2098.

which has been published in final form at:

https://doi.org/10.1007/s12094-023-03085-w



https://doi.org/10.1007/s12094-023-03085-w

3. Manuscript Click here to access/download;3. Manuscript;manuscript2
GYN-ONCOL_JGD.docx

Click here to view linked References

2 Title page
3 Open label phase lll clinical trial of ketoconazole as CYP17 inhibitor in

4  metastatic or advanced non-resectable granulosa cell ovarian tumors.

5 The GREKO (GRanulosa Et KetOconazole) trial. GETHI 2011-03
6
7  Jesus Garcia-Donas, MD, PhD. HM Hospitales — Centro Integral Oncolégico HM Clara
8  Campal; Madrid (Spain)
9
10  Alicia Hurtado, MD. Hospital Universitario Fundacién Alcorcén; Alcorcén (Spain)
11
12 Laia Garrigos, MD. Hospital Universitario del Mar; Barcelona (Spain)
13
14  Ana Santaballa, MD. Hospital Universitario La Fe; Valencia (Spain)
15
16  Andres Redondo, MD, PhD. Hospital Universitario La Paz; Madrid (Spain
17
18 Laura Vidal, MD. Hospital Universitario Clinico de Barcelona; Barcelona (Spain)
19
20  Nuria Lainez, MD. Hospital de Navarra; Pamplona (Spain)
21
22 Eva Guerra, MD. Hospital Universitario Ramon y Cajal; Madrid (Spain)
23
24 Victor Rodriguez, MD. Hospital Universitario Valle Ebron; Barcelona (Spain
25

26  Juan Cueva, MD. Complexo Hospital Universitario de Santiago de Compostela; Santiago
27  de Compostela (Spain)

29  Isabel Bover, MD. Hospital Universitario Son Llatzer; Mallorca (Spain)
31 Isabel Palacio, MD. Hospital Central de Asturias; Oviedo (Spain)
33  Maria Jesus Rubio, MD. Hospital Universitario Reina Sofia; Cordoba (Spain)

35  Mario Prieto, MD, PhD. HM Hospitales — Centro Integral Oncolégico HM Clara Campal;
36  Madrid (Spain)

38 Jose Antonio Lopez-Guerrero, PhD. Fundacion Instituto Valenciano de Oncologia;
39  Valencia (Spain)

41  Juan Francisco Rodriguez-Moreno, MD, PhD. HM Hospitales — Centro Integral
42  Oncolégico HM Clara Campal; Madrid (Spain)


https://www.editorialmanager.com/ygyno/download.aspx?id=1249189&guid=fff0d74b-12a3-48e1-8a87-97ddbfec179f&scheme=1
https://www.editorialmanager.com/ygyno/download.aspx?id=1249189&guid=fff0d74b-12a3-48e1-8a87-97ddbfec179f&scheme=1
https://www.editorialmanager.com/ygyno/viewRCResults.aspx?pdf=1&docID=41919&rev=0&fileID=1249189&msid=57d25599-23ae-4fab-8f7b-c49faec67ac3

44
45
46
47
48
49
50
51
52
53

54
55
56
57
58
59
60
61
62
63
64

65
66

67
68
69
70
71
72
73
74
75
76
77
78

79

Zaida Garcia-Casado, PhD. Fundacion Instituto Valenciano de Oncologia; Valencia
(Spain)

Elena Garcia-Martinez, MD, PhD. Hospital General Universitario Morales Meseguer;
Murcia (Spain)

Alvaro Taus, MD. Hospital Universitario del Mar; Barcelona (Spain)

Ignacio Pérez de Castro, PhD. Institute of Rare Diseases Research, Instituto de Salud
Carlos Ill; Madrid (Spain)

Paloma Navarro' PhD. HM Hospitales — Centro Integral Oncolégico HM Clara Campal;
Madrid (Spain)

Enrique Grande’ MD, PhD. MD Anderson Cancer Center; Madrid (Spain)
Spanish Group for Research in Orphan and Unfrequent Tumors (GETHI)

Corresponding author: Jesus Garcia-Donas, Oiia street 10, Madrid (postal code 28050);
email: jgarciadonas@hmbhospitales.com

Acknoledgment: to APICES, CRO of the study, for their commitment with

our work



80

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106

107
108
109

110
111

Abstract (240)

Background: Granulosa cell ovarian tumor (GCT) is characterized by a pathognomonic
mutation in the FOXL2 gene (402 C>G) that leads to an overactivation of
steroidogenesis. CYP17 is a key enzyme in such process and can be inhibited by

ketoconazole.

Methods: We designed a phase lll clinical trial to assess the efficacy of ketoconazole in

advanced GCT and conducted several in vitro studies to support the clinical findings.

Results: From October 1st 2012 to January 31st 2014, 6 evaluable patients were
recruited in ten hospitals of the Spanish Group for Research in Orphan and Unfrequent
Tumors (GETHI). FOXL2 (402C>G) mutation was confirmed in three; two cases were

wild type and it could not be assessed in one.

No objective response by RECIST was observed but five cases achieved stable disease
longer than 12 months. Median progression free survival was 14:06 months (CI95%
5,43 to 22,69) for the whole study population (3-:38 and 13:47 months for wild type
cases and 14-06, 20,67 and 26,51 for those with confirmed FOXL2 mutation). Median
overall survival was 22-:99months (CI95% 8:99 to 36-99).

In vitro assays confirmed the activity of ketoconazole in this tumor and suggested

potential synergisms with other hormonetherapies.
Conclusion: Ketoconazole has shown activity in advanced GCT in clinical and in vitro

studies. Based on these data an orphan designation was granted by the European

Medicines Agency for ketoconazole in GCT (EU/3/17/1857).

ClinicalTrials.gov Identifier: NCT01584297



112
113

114

115
116
117
118

119
120
121

122
123
124
125

126
127
128
129
130
131
132

133
134
135
136
137

138
139
140

Body text (2700)

Introduction

Granulosa cell ovarian tumor (GCT) is an infrequent subtype of cancer well
differentiated from epithelial tumors. It accounts for 5% of all ovarian malignancies
and, with an incidence of 0.4-1.2 cases per 100000 habitants, is considered a rare

disease. (Orphanet ID: ORPHA99915)!

Although most cases are identified at initial stages, and can be cured through surgical
resection, distant recurrences have been documented even 10 years after resecting

the primary tumor. Unfortunately, at advanced stage, it is a lethal condition.?

Because of the low incidence of this tumor, randomized clinical trials are lacking and
current evidence for treatment is limited to case reports, retrospective studies and
some phase Il clinical trials where different types of sex cord ovarian (SCO) cancers

were allowed.312

The most remarkable characteristic of this disease is the presence, in around 94% of
cases, of a single punctual mutation in the gene FOXL2 [402C—>G (C134W)] (OMIM:
605597).13 FOXL2 physiologically downregulates the transcription of the gene STAR
(that encodes the STeroidogenic Acute Regulatory Protein) and CYP17 through a direct
interaction with the steroidogenic factor-1 (SF-1). Preclinical models have shown that
mutations of the FOXL2 protein could disrupt its union with SF-1, enhancing the

expression of CYP17 by 5 folds.'4

CYP17 is the enzyme that transforms pregnelonone and progesterone in their 17-
hidroxilated forms. Additionally it converts 17-OH-progesterone in androstendione,
from which all other androgens are derived. Based on the key role of CYP17 in
androgen synthesis, ketoconazol (a strong inhibitor of CYP17) has been used in the last

decades in prostate cancer achieving biochemical and radiological responses.*®

Additionally, mutant FOXL2 presents and enhanced affinity for the aromatase
promoter (also known as CYP19) that is responsible for progesterone synthesis

downstream CYP17. 1617
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With the support of the Spanish Group for Research in Orphan and Unfrequent Tumors
(GETHI) we designed a multicenter phase Ill clinical trial to assess the efficacy and

tolerability of ketoconazole in advanced GCT.

Methods

Patients

Key eligibility criteria were an age of 18 years or older, histologically confirmed GCT,
radiologically measurable lesions not amenable to radical surgical resection, an Eastern
Cooperative Oncology Group (ECOG) performance status of 0-1 and an adequate

hematologic and biochemical function.

Study design

This study was an independent investigator-initiated, open-label, phase Il clinical trial
that was conducted in 10 institutions in Spain. The collaborative group “Spanish Group
for Research in Orphan and Unfrequent Tumors” (GETHI) sponsored the study and
disseminated it among all its members in order to enhance recruitment. Funding was
provided by the Spanish Ministry of Health 2011 call for independent clinical research
(file number EC11-178).

Ketoconazole was administered at a standard dose of 400 milligrams every 8 hours per
day on a 28- day cycles. Concomitant oral hydrocortisone (30 mg at breakfast and
20mg in the evening) was administered as prophylaxis of suprarenal insufficiency

following clinical practice.

The trial conformed to the principles of the Declaration of Helsinki and the Good
Clinical Practice Guidelines and was approved by the ethics committee at each study
center and by the Spanish regulatory agencies. (NCT01584297; EudraCT No: 2012-

001948-21). All patients gave written informed consent.

Only investigators participating in the trial were involved in the design of the trial, the
analysis of the data, and the writing of the manuscript. None who is not an author

contributed to the preparation of the manuscript.
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Study Assessments

Patients were seen at the start of every treatment cycle for physical examination,
determination of ECOG performance status, and a complete blood count and serum
biochemical measurements. Tumor response, measured according to the Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1, was assessed every 8 weeks by means
of thoracic and abdominal computed tomography. All radiological studies were
reviewed by a central radiologist, blinded to clinical data and patient outcome.

Safety assessments were performed before each treatment cycle following the
National Cancer Institute Common Terminology Criteria for Adverse Events, version

4.0.

Endpoints

The primary endpoint of the study was to determine the efficacy of ketoconazole in
terms of overall response rate (ORR) in metastasic or locally advanced non-resectable
granulosa cell ovarian cancer, measured by a centralized radiologist.

Secondary objectives were safety profile, progression free survival (PFS) assessed by
the central radiologist and local investigators, quality of life (assessed with the

guestionnaire EORTC QLQ-C30) and Overall survival (OS).

Statistical Analysis

Sample size was calculated using the two stages Gehan’s model. Using this method it
was estimated that 17 patients had to be included in the first stage in order to
demonstrate treatment efficiency of at least 10%. The sample size calculation was
made based on the following parameters, type | error probability a = 0.05, test power
(1-B) =0.8. Adetailed description of the statistical plan can be found in the protocol
(attached).

PFS and OS were analyzed with the Kaplan-Meier method. Adverse events were
described according to the treatment period, with the omission of deaths from

progression of granulosa cell carcinoma.

Correlative studies

Since this is a rare disease, tumor samples from all cases were required to be reviewed
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centrally by an anatomopathologist specialized in gynecological tumors and unaware
of the clinical evolution, response to treatment or mutational status.

The presence of the pathognomonic FOXL2 (402C->G) mutation was assessed from
genomic DNA isolated from each fixed and formalin paraffin-embedded (FFPE) tissue
block (5 5 @m-thick sections) and subsequent PCR using primers encompassing the
FOXL2 mutation. PCR amplicons were purified and sequenced by Sanger

methodology.!®

In vitro assays

In order to support clinical results with in vitro experiments the cell line named KGN,
an adult GCT model that harbors the FOXL2 (402C->G) mutation, was studied. The cell
lines COV434 (model of juvenile GCT without FOXL2 mutations but with protein
downexpression), A549 (lung adenocarcinoma) and MIA PaCa2 (pancreas carcinoma),

were used as controls (all technical details are provided as supplementary material).

Results

Patients and Administered Treatments

From October 1st 2012 to January 31st 2014, 7 patients were enrolled in the study that
was stopped early because of low recruitment and a shortage of ketoconazole. One
patient withdrew consent before taking any dose of treatment and was excluded of
data analysis. Demographic and clinical characteristics of the patients are presented in

Table 1. Toxicity was recorded on day one of every cycle.

As per protocol, patients experiencing clinical benefit as judged by her attending
physician were permitted to continue on treatment beyond the initially scheduled six

months.

FOXL2 mutation assessment

FOXL2 mutation could be assessed in five cases with three confirmed as positive and

two as negative. Unfortunately pathological review could only be performed in the

three positive cases, since tissue was scarce in the other two and completely
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consumed in mutational analysis. (Table 1)

Efficacy

No objective response was seen. Five patients (83%) achieved disease stabilization for
more than one year.

Median progression free survival was 14:062 months (CI95% 5,43 to 22,69) for the

whole study population. (Figure 1)

Wild type cases achieved a PFS of 3-:38 and 1347 and mutated patients 14-06, 20,67
and 26,51 months. (Figure 2)

Median overall survival was 22-99 months (CI95% 8-99 to 36-99) for the whole study
population. (Figure 3A)

Wild type cases achieved an OS of 6:47 and 37-62 months and mutated patients 20-67,
32-33 and 60:02 months. (Figure 3B). One patient (case 4) remains alive by the

submission of this manuscript.

Safety

In total 27 adverse events were reported. Three reached grade 3 but only one,
pneumonia, was deemed as possibly related to study drug by the local investigator
(Table 2).

No death, treatment reduction or withdrawal was due to toxicity.

Quality of life
No relevant changes were observed in QoL of patients included along the study (Fig

S3)

In vitro studies
Ketoconazole and abiraterone, both CYP17 inhibitors, showed significant effects on cell
viability, in terms of increased cell death, in KGN and COV434, while no effects were

observed in A549 or MIA PaCa2 cells (Fig. 4A).
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Ketoconazole showed to be the most potent drug in KGN and COV434 cells, with
percentages of cell death around 80 and 100% respectively at a concentration of
100uM.

However, ketoconazole, medroxyprogesterone and abiraterone produced significant
decreased in the total number of cells, indicating a reduced growth rate in all the cases
(Fig. 4B).

The combination of ketoconazole (100uM) and medroxyprogesterone (33 or 100uM)
showed a synergistic effect on cell death in KGN cells but not in COV434. (Fig. S1)
Finally, we confirmed progesterone overproduction, in KGN cell culture compared to

controls (Figure S2).

Discussion

We present the results of a clinical trial focused in granulosa cell ovarian cancer that
assessed the efficacy of ketoconazole, a CYP17 inhibitor, in advanced disease. GCT is a

I”

rare entity that represents a unique model of cancer with a “monomutational” origin.
The FOXL2 [402C->G (C134W)] mutation is considered pathognomonic and alternative
diagnosis must be considered when deemed as negative in tumor samples.*?° One of
the most interesting consequences of such alteration is the overexpression of the
CYP17 and CYP19 enzymes that lead to steroid hormones overproduction including
estrogens and androgens. Additionally, androgen and progesterone receptors are both
overexpressed in GCT supporting a potential role for hormonal treatments in this
tumor.?! CYP17 is a targetable enzyme and its inhibition has shown to be highly
efficacious in hormone sensitive tumors as prostate cancer. New generation inhibitors,
as abiraterone, have also reached the market and many others are under
development.?? With this molecular background in mind and the positive experience of
a single case previously treated with ketoconazole by our group (already

communicated) we decided to perform a clinical trial with such drug, the oldest and

most accessible CYP17 inhibitor, in GCT.?3

Since this is a rare disease the support of a big collaborative group (the Spanish Group
for Research in Orphan and Infrequent Tumors [GETHI]) was required in order to

disseminate the study and enhance recruitment. Additionally, as an orphan indication
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with little commercial interest, funding was provided by a public institution (the
Spanish Ministry of Health) through the 2011 call for grants for independent research.
Despite this remarkable effort and although ten institutions all over the country
agreed to take part in the trial, only seven cases could be included. The low
recruitment rate and a ketoconazole shortage in 2014, led to the decision of early

terminating the trial.

Low recruitment is a common problem in infrequent entities and a major issue when
trying to incorporate new treatments to GCT. In fact, all previous trials allowed the

inclusion of different subtypes of SCOs.

In 1999 two clinical trials established the activity of cisplatin based chemotherapy, that
became the standard in advanced stages. Unfortunately, the design of these studies
allowed heterogenous populations and mixed the evaluation of systemic treatments
and surgical procedures .4°

More recently, paclitaxel was deemed as ineffective in a phase Il trial where 31 SCOs
achieved a median PFS of 10.0 months.'? Finally, bevacizumab monotherapy led to a

PFS of 9.3 months in 36 cases.!3

In our study only GCT cases were eligible. Though no objective response was observed,
up to 83% of patients reached a disease stabilization longer than one year. Notably,
median PFS (14 months) and OS (23 months) were similar to some historical data
achieved with cisplatin based chemotherapy but with no relevant toxicity.* In fact,
the only grade 3 adverse event deemed as related to ketoconazole, pneumonia, could

likely be explained by the advanced tumor disease than by the drug.

An important issue when working with rare diseases is to ensure diagnostic accuracy. It
has been communicated that around 21% of cases of GCT need to be reclassified when

reviewed by expert pathologists.?*

Since multiple centers participated in this trial and many patients were referred from

institutions not directly involved in the study, central review of the samples, was

10
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considered key. Additionally we decided to assess the presence of the FOXL2 mutation
402C>G in tumor tissue not only by its diagnostic value but by its relevance in the
rational of the study. Unfortunately molecular analysis could be performed only in five
cases and pathological examination in three. Of interest, all cases confirmed as
granulosa tumors by the central pathologist presented the FOXL2 mutation and

reached long PFS and OS.

Finally, to better support the clinical findings, we studied the effects of ketoconazole in
two cell cultures (KGN and COV434) largely used as GCT models. As described in the
text, KGN is an adult type granulosa tumor and has been confirmed to harbor the
FOXL2 mutation in heterocigosity. COV434 is a juvenile GCT where FOXL2 is wild type
but the expression of the gene is abolished. In both cases ketoconazole showed to be
the most potent drug, in terms of cell death induction, compared to other hormonal

agents like medroxiprogesterone and letrozole.

In conclusion, our results seem to point out CYP17 inhibition as a promising strategy
for GCT that warrants further study. Importantly, based on these data the European
Medicines Agency granted an orphan designation for ketoconazole in GCT

(EU/3/17/1857).

As continuation of this work the GETHI has launched two additional trials, named
GREKO Il and Ill, assessing the efficacy of Orteronel and enzalutamide respectively.
Results from these studies could definitively help to elucidate the role of

homonetherapy in this rare disease.

11
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365
366 Table 1. Study population characteristics and outcome
Case # Age #Prioc:f"nes Met?stasic FOXL2 p:::t(:\r:)tlfglic PFS I:f:::n:‘t::: radi?le:;ical
(vears) treatment sites status review (months) cesation response
1 61 3 Peritoneum wild type NA 3,38 PD SD
2 44 3 Peritoneum, | 44 type NA 13,47 PD SD
bone, liver
3 63 5 Peritoneum, NA NA 22,6 PD SD
lung
4 60 1 Nodes, lung Mutant Confirmed 14,06 PD SD
5 45 3 Peritongum, Mutant Confirmed 20,67 PD SD
pelvis
6 59 1 Peritoneum, | \1tant | Confirmed | 26,51 PD SD
spleen, lung
367
368 NA: tissue Not Available for mutation study or central pathologic review; PD Progressive disease; SD:
369  stable Disease
370
371
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380
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Table 2. Secondary effects

GRADE 1-2 ADVERSE EVENTS N(%)
ASTHENIA 6 (100)
ANOREXIA 2(33)
DISFONIA 3(50)
MUCOSITIS/BUCAL INFECTION 3(50)
VOMITING 3(50)
DIAORRHEA 4(66)
CONSTIPATION 1(16)
CEPHALEA 1(16)
GGT ELEVATION 2(33)
HYPERBILIRRUBINEMIA 1(16)
ALOPECIA 1(16)
SKIN RASH 3(50)
EDEMA 4(66)
PAIN 4(66)
HYPERTENSION 1(16)
COUGH 1(16)
PERIPHERAL NEUROPATHY 3(50)
RENAL INSUFICIENCY 1(16)
TREMOR 1(16)
FEVER 1(16)
RESPIRATORY INFECTION 2(33)
URINARY INFECTION 1(16)
URINARY INCONTINENCE 1(16)
METRORRAGY 1(16)
GRADE 3 ADVERSE EVENTS

ALLERGIC REACTION 1(16)
PNEUMONIA 1(16)
HYPERGLUCEMIA 1(16)

13
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415  Figure 3. Overall Survival (months)
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Figure 4. Viability assays in response to different hormonetherapies
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431 KGN, COV434, A549 and MIA PaCa2 cells were treated with different concentrations
432 (11, 33 or 100uM) of ketoconazole, medroxyprogesterone, abiraterone or letrozole.
433  Viability was measured 48h after exposure to the drugs by Cytell Cell Imaging system.
434

435 A. Ketoconazole and abiraterone induce cell death in granulosa cell lines. Graphs

436 represent the percentage of dead cells, as mean of three independent experiment
437 * standard deviation.

438

439 B. Ketoconazole, medroxyprogesterone and abiraterone stop the growth of all the cell
440 lines. Graphs represent the total number of cells respect to the control (mean of
441 three independent experiments + standard deviation)

442 *, p<0.01; ** ,p<0.001; ***, p<0.0001; #, p<0.05; ##, p<0.005; ###, p<0.0005

443

444
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Cell lines

The cell lines KGN, COV434, A549 (lung adenocarcinoma) and MIA PaCa2 (pancreas
carcinoma) were used.

The KGN cell line (Nishi et al, 2001) originating from a recurrent AGCT was confirmed
to harbor the FOXL2 ¢.402C>G mutation. The COV434 cell line (Van den Berg-Bakker,
et al, 1993) which originates from a juvenile GCT, does not harbor the FOXL2
mutations and lacks also FOXL2 protein expression. Both cell lines were obtained from
Riken BioResource Center. The KGN, COV434, A549 and MIA PaCa2 cells were cultured

in DMEM supplemented with 10% FBS, and penicillin/streptomycin.

Single-drug treatment

We tested the viability of the four cell lines in response to the treatment with four
different drugs: ketoconazole, medroxyprogesterone, abiraterone and letrozole. For
that purpose, five thousand cells per well were seeded in black walled-micro-clear
bottom 96-well plates (Greiner 655986). 24h later we started the treatment, that was
maintained during 72h. For the treatment, we prepared one-third dilutions of the
drugs (nine in total), starting with 100uM.

After 72h of incubation, the cell viability was measured using the Cytell Cell Imaging
System, after staining with Hoesht 33342 (Life Technologies #H3570) (cell-permeable
nuclear marker) and Propidium lodide (Sigma #P4864) (cell impermeable nuclear

marker). This assay allowed us to determine the number and percentage of live and
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476  dead cells in each well. Each experiment was done in triplicates. (Figure 4 in the main
477  text)

478

479  Drug combination treatment

480  The cell viability of KGN and COV434 cells was tested in response to the combination
481  of ketoconazole and medroxyprogesterone. For that purpose, five thousand cells were
482  seeded in Black walled-micro-clear bottom 96-well plates (Greiner 655986). 24h later
483  we started the treatment, that was maintained during 72h. For the treatment, we

484  prepared one-third dilutions of the medroxyprogesterone (eight in total), starting with
485 100uM, that were combined with ketoconzale 33 or 100uM.

486  After 72h of incubation, the cell viability was measured using the Cytell Cell Imaging
487  System, as described above.

488

489  Figure S1: Effect of the combination ketoconazole plus medroxyprogesterone in KGN
490 and COV434 cells
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KGN (A) and COV434 (B) cells were treated with different concentrations of

medroxyprotesterone alone or in combination with ketoconazole (33 or 100uM),.

Viability was measured 72h after exposure to the drugs by Cytell Cell Imaging system

(a) The combination of ketoconazole 100uM and medroxyprogesterone (11, 33 and
100uM) showed an additive effect in KGN cells in terms of cell death induction.
Graphs represent the percentage of dead cells, as mean of three independent
experiment + standard deviation.

(b) The combination of both drugs didn’t produce additive effect in COV434 cells.
Graphs represent the total number of cells respect to the control (mean of three
independent experiments + standard deviation)

*, p<0.01; **, p<0.0001; #, p<0.05

Progesterone secretion measurement

In order to confirm hormonal overproduction in GCT the cell lines KGN, COV434, A549
and MIA PaCa2 cells were seeded in 24-well plates (100.000 cells/well) in DMEM
supplemented with 10%FBS. After 24h of incubation, we changed the medium to
DMEM without phenol red supplemented with 10% of charcoal stripped FBS.

After 48h of incubation, we measured the levels of progesterone in the supernantant
of the cell culture. The attached cells were collected and counted in a flow cytometer,
in order to normalize the levels of progesterone by number of cells. Each treatment
was done in triplicate.

The determination of the levels of progesterone was done using the Progesterone
Enzyme Immunoassay kit (Arbor Assays, Ann Arbor, Michigan, USA), following the
protocol of the manufacturer. The analysis of the data was done using the online tool

from MyAssays (http://www.myassays.com/arbor-assays-progesterone-eia-kit.assay).
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Figure S2: Hormonal (progesterone) secretion in cell lines
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KGN, COV434, A549 and MiaPaca2 cells were culture in DMEM without phenol red
supplemented with 10% charcoal stripped FBS. 48h later the secretion of progesterone
was measured in the supernatant using the Progesterone Enzyme Immunoassay kit
(Arbor Assays, Ann Arbor, Michigan, USA). The graph represents the levels of
progesterone relative to the number of cells.

Figure S3. Evolution of QoL (EORTC QLQ-C30)
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540 A. Patient with unknown FOXL2 status (case 3).
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544  C. Patients with confirmed FOXL2 mutation. case 4 (green triangle), 5 (red square)
545 and 6 (blue diamond).
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