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Juvenile granulosa cell tumor (JGCT) of the ovary is a rare malignant tumor with
distinct clinicopathological and hormonal features primarily affecting young women and
children. We conducted a complex clinicopathological analysis of five cases of JGCT.
The immunohistochemical examination was performed with 33 markers, including
markers that have not been previously investigated. Moreover, DNA next-generation
sequencing (NGS) and PTEN methylation analysis was performered. We found the
expression of calretinin, inhibin A, SF1, FOXL2, CD99, CKAE1/3, ER, PR, AR in all
cases. WT-1 was expressed in 20% of cases. Conversely, the expression of p16,
OCT3/4, SALL4, GATA3, Napsin A, SATB2, MUC4, TTF1, and CAIX was completely
negative. All tumors showed the wild-type pattern of p53 expression. Regarding
predictive markers, all tumors were HER2 negative, did not express PD-L1, and were
CTLA4 positive. Mismatch repair proteins (MMR) showed no loss or restriction of
expression, similarly to ARID1A, DPC4, BRG1, and INI1. The molecular analysis
revealed AKT1 internal tandem duplication in 40% of tumors. Two other cases
exhibited mutations in TERT and EP400, respectively, and both developed recurrence.
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All AKT1-wild type tumors exhibited immunohistochemical loss of PTEN expression.
However, no mutations, deletions (as assessed by CNV analysis), or promoter
hypermethylation in the PTEN gene were detected. The results of our study further
support the hypothesis that the pathogenesis of JGCT may be driven by activation of
the PIK3/AKT/mTOR pathway. These findings could potentially have future therapeutic

implications, as treatment strategies targeting the PTEN/mTOR pathways are currently
under investigation.
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ABSTRACT

Juvenile granulosa cell tumor (JGCT) of the ovary is a rare malignant tumor with distinct clinicopathological and
hormonal features primarily affecting young women and children. We conducted a complex clinicopathological
analysis of five cases of JGCT. The immunohistochemical examination was performed with 33 markers,
including markers that have not been previously investigated. Moreover, DNA next-generation sequencing
(NGS) and PTEN methylation analysis was performered. We found the expression of calretinin, inhibin A, SF1,
FOXL2, CD99, CKAE1/3, ER, PR, AR in all cases. WT-1 was expressed in 20% of cases. Conversely, the
expression of p16, OCT3/4, SALL4, GATAS3, Napsin A, SATB2, MUC4, TTF1, and CAIX was completely
negative. All tumors showed the wild-type pattern of p53 expression. Regarding predictive markers, all tumors
were HER2 negative, did not express PD-L1, and were CTLA4 positive. Mismatch repair proteins (MMR)
showed no loss or restriction of expression, similarly to ARID1A, DPC4, BRG1, and INI1. The molecular
analysis revealed AKT1 internal tandem duplication in 40% of tumors. Two other cases exhibited mutations in
TERT and EP400, respectively, and both developed recurrence. All AKT1-wild type tumors exhibited
immunohistochemical loss of PTEN expression. However, no mutations, deletions (as assessed by CNV
analysis), or promoter hypermethylation in the PTEN gene were detected. The results of our study further
support the hypothesis that the pathogenesis of JGCT may be driven by activation of the PIK3/AKT/mTOR
pathway. These findings could potentially have future therapeutic implications, as treatment strategies targeting

the PTEN/mTOR pathways are currently under investigation.
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INTRODUCTION

Granulosa cell tumors (GCT) of the ovary are malignant tumors belonging to the group of pure sex cord-stromal
tumors and represent 3-5% of all ovarian malignancies. GCT have distinct hormonal features and are divided
into two groups based on their clinical and pathological attributes: adult granulosa cell tumors (AGCT) and
juvenile granulosa cell tumors (JGCT) [1]. Adult granulosa cell tumors are significantly more common (95%),
typically arise in perimenopausal women in the age between 55-60 years, and are known for their late
recurrences [1-2]. Conversely, JGCT (5%) predominantly occur in younger patients with a median age of 13
years; however, instances of occurrence have also been recorded in infants as well as in patients up to 67 years
old [3-4]. Typical clinical symptoms include abdominal pain, menstrual irregularities, amenorhea, and
precocious pseudopuberty, most of which are attributed to the tumor’s capacity to secrete hormones, most
commonly estrogen. However, some JGCT can produce androgens, prolactin, or cause hypercalcaemia [3,5-7].
The majority of JGCT are diagnosed in the early stages, resulting in a favorable prognosis and minimal risk of
recurrence. The primary treatment for JGCT involves surgical resection, typically without the necessity for
adjuvant chemotherapy. In contrast, the prognosis for higher-stage JGCT is significantly worse, with reduced
survival rates and inconclusive treatment modalities. Unlike AGCT, recurrences of JGCT typically occur within
the first 3 years following diagnosis [3, 8-10]. The diagnosis of JGCT typically relies on a combination of
morphology, immunohistochemistry, and clinical features. Diagnosing JGCT can be challenging and potentially
misleading in some cases due to the overlap with other sex-cord stromal tumors or malignancies of epithelial
origin.

Studies on the molecular background of JGCT have identified the AKT1 mutation as a potential driver in the
pathogenesis of these tumors. Additionally, GNAS mutations, somatic DICER1 mutations, and FOXL2 mutations
have also been found in some JGCT, although all of these mutations are present only in a subset of cases in
contrast to AGCT, where 98% of cases harbor the previously mentioned missense FOXL2 mutation (c.402C >
G,p.Cys134Trp) [11-15]. Rare cases of JGCT have been associated with Ollier disease, Maffucci syndrome, or
tuberous sclerosis, and the literature also describes these tumors with germline mutations in TP53, PTEN, and
DICER1 [16-20].

In this study, we present a comprehensive analysis of 5 primary JGCT cases and 1 associated recurrence
encompassing the clinicopathological features, extensive immunohistochemistry (including predictive markers
not previously described in the literature), DNA next-generation sequencing (NGS), and methylation analysis

with the aim of expanding current knowledge on these extremely rare entities.
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MATERIALS AND METHODS
Samples

A total of 10 cases previously diagnosed as JGCT were retrieved from the archives of our department,
supplemented by contributions from collaborating institutions. All tumors were examined and reviewed by two
experts in gynecologic pathology (KN and PD). The morphologic analysis included the determination of the
predominant growth pattern, presence of necrosis and hemorrhage, lymphovascular space invasion (LVSI), and
mitotic rate per 10 high-power fields (HPFs). These assessments were conducted on whole tissue sections from
each tumor. After a central review of all selected cases, the diagnoses of 4 cases were reclassified to other
entities within the sex-cord stromal tumors group (2 Sertoli-Leydig cell tumors (SLCT), 2 sex cord-stromal
tumors NOS), and 1 case was identified as a duplicate tissue sample (primary tumor of a recurrent case).
Ultimately, our subset consists of 5 primary tumors and 1 associated recurrence. All samples underwent
comprehensive immunohistochemical evaluation along with targeted-capture DNA next-generation sequencing

(NGS) and PTEN methylation analysis.

Patient clinical characteristics

Clinical data on patient and tumor characteristics at the time of diagnosis, along with survival information, were
obtained retrospectively from the medical records. However, follow-up data could not be obtained for one case

(#2). Detailed clinical characteristics of all cases are summarized in Table 1.

Immunohistochemical analysis

Immunohistochemistry was conducted on tissue microarrays (TMAs) utilizing 4 um thick sections of formalin-
fixed, paraffin-embedded (FFPE) tissue. To construct the TMAs, suitable areas of each tumor were identified,
and two tissue cores (each 2.0 mm in diameter) were extracted from the donor block using the TMA Master
tissue microarray instrument (3DHISTECH Ltd., Budapest, Hungary). In this study, we employed markers
analogous to those utilized in our previous research on AGCT [21]. The antibodies utilized included the
“diagnostic” markers (FOXL2, SF1, CD99, inhibin A, calretinin, Ki67, ER, PR, AR, p53, p16, CKAE1/3) and
other markers which were incorporated because of the important role they play in the differential diagnosis, such
as BRG1, INI1, SALL4, OCT3/4, and WT1. We have also evaluated the expression of markers not previously
analyzed in JGCT (CAIX (carbonic anhydrase 1X), DPC4, PTEN, ARID1A, GATA3, MUCA4, napsin A, TTF1,

and SATB?2), and selected predictive markers (PD-L1, HER2, CTLA4, MLH1, PMS2, MSH2, and MSHG).
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Details on their manufacturers, clones, and dilutions are provided in Supplementary Table S1. The expression of
all markers was evaluated independently by two pathologists (AS, KN) in a double-blind manner. Tumor cases
were classified based on the overall percentage of positive cells as either negative (entirely negative or < 5%
positive tumor cells) or positive (> 5% positive tumor cells), with the exceptions of Ki67, p16, p53, HER2, and
PD-L1. The expression of the p53 protein was categorized as either "wild-type" or "aberrant type.” The "aberrant
type" staining was characterized by one of the following: diffuse intense nuclear positivity in more than 80% of
tumor cells, cytoplasmic positivity for p53, or a complete absence of staining in the presence of a positive
internal control (referred to as the null pattern) [22]. Ki67 expression was evaluated as a continuous variable,
quantified by the percentage of positive tumor cells, ranging from 0 to 100% and analyzed manually in 200
tumor cells in the hot-spot, or in randomly chosen fields for cases exhibiting homogeneous expression. The
expression of p16 was classified as either block positive (diffuse staining of tumor cell nuclei and/or cytoplasm)
or negative (focal, patchy, or absent staining). The evaluation of PTEN, DPC4, ARID1A, BRG1, INI1, and
mismatch repair (MMR) proteins concentrated on the loss of expression in tumor cells with preserved staining in
stromal cells. Tumor cells were classified as negative if less than 5% showed expression. PD-L1 expression was
evaluated as the percentage of positive tumor cells (tumor proportion score; TPS). The presence of stromal
lymphocytes in cases of JGCT is sparse, rendering the evaluation of CTLA4 expression in immune cells and the
PD-L1 combined positive score (CPS) unfeasible. HER2 scoring was conducted according to the 2018 ASCO

Guidelines for breast carcinoma, due to the absence of an established scoring system for ovarian tumors [23].

Next generation sequencing (NGS)

Genomic DNA were isolated from FFPE tissue from the tumor using the Magcore Genomic DNA FFPE One
step kit (RBC Bioscience). Sequence capture NGS analysis of DNA was performed using the KAPA HyperPlus
kit according to KAPA HyperCap Workflow v3.0 (Roche) and a panel of hybridization probes against multiple
targets of cancer relevant genes (Supplementary Table S2, 788 genes or gene parts; 2440 kbp of target sequence
including 1992 kbp of coding regions; Roche). The prepared sample libraries were pair-end sequenced by the
NextSeq 500 instrument (I1lumina) using the NextSeq 500/550 High Output Kit v2.5 (Illumina). The
biostatistical evaluation was performed using the CLC Genomics Workbench software (CLC GW; Qiagen,
Venlo, The Netherlands). The interpretation of the DNA variants and calculation of tumor mutation burden
(TMB) was performed as previously described [24]. Due to inconsistent DNA quality from FFPE tissues, which
limited extensive CNV analysis, we specifically examined PTEN CNV based on the observed loss of PTEN

expression at the immunohistochemical level.
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PTEN methylation analysis

The methylation-specific gPCR to analyze the methylation status of the PTEN gene was conducted using primers
designed by Garcia et al. and the 5X HOT FIREpol® PROBE gPCR mix (Solis BioDyne) [25]. The experiments

included non-methylated DNA and universally methylated DNA controls (Zymo Research).

RESULTS
Clinical and morphological features

The ages of patients in our cohort ranged from 6 to 43 years, with a mean age of 19 years and a median age of 16
years. The follow-up period for these patients ranged from 20 to 79 months, with a mean follow-up duration of
41 months. Interestingly, none of our cases manifested with hormonal irregularities. However, the clinical data
of case #2 was missing. All cases with available data presented with abdominal pain. Notably, case #4 exhibited
an acute abdomen due to torsion, a condition infrequently observed in ovarian tumors, including JGCT [26]. In
all three cases of recurrence within our cohort, the recurrence manifested within the first year following the
initial diagnosis. The most frequently administered chemotherapy for recurrent disease was platinum-based, with
taxane-based chemotherapy (specifically paclitaxel) being used less commonly. In case #1, biological treatment
with bevacizumab was also administered, resulting in a limited therapeutic response.

Regarding macroscopy, all tumors had multicystic appearance and their size varied between 8 to 18 centimeters
with mean size of 12.6 and a median of 12. the morphological atributes are summarized in Fig. 1. The
histopathology of JGCTs predominantly exhibited a characteristic microfollicular pattern with a variable
proportion of solid component, and is documented in Fig. 2. The recurrence of case #3 exhibited morphology

comparable to that of the primary tumor.

Immunohistochemistry

Detailed immunohistochemical results of each case are highlighted in Fig. 1. In summary, immunohistochemical
analysis revealed positive expression of SF1, inhibin A, calretinin, FOXL2, ER, PR, AR, CKAE1/3, and CD99
in 100% (5/5) of cases. Conversely, there was no expression of GATAS3, Napsin A, SATB2, MUC4, CA IX,
OCT 3/4, SALL-4,and TTF1. WT1 expression was observed in 20% (1/5) of cases. All tumors exhibited the
"wild type" p53 expression pattern. The expression of p16 was negative in all cases. Notably, 60% (3/5) of cases
showed loss of PTEN expression, while BRG1, INI1, ARID1A, and DPC4 expression was fully retained.

Overall, Ki67 showed a median value of 30 (range 4-47) and mean value of 26,8.
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Concerning the possible predictive markers, all tumors were HER2 negative, and PD-L1 negative (TPS < 1%).
CTLA4 was weakly expressed in the tumor cells of all five cases. Analysis of mismatch repair (MMR) proteins

indicated retained expression across all cases.

Molecular findings

Targeted NGS DNA analysis was successfully performed in all cases. Pathogenic or likely pathogenic mutations
were detected in 80% of cases. The AKT1 gene mutation was identified in 40% of cases. Additionally, one of
these tumors also exhibited a mutation in the CHEK2 gene. A TERT promoter mutation (c.-124C>T) was
detected in one case, while an EP400 gene mutation was identified in another case. None of the tumours
harbored the missense FOXL2 mutation (¢.402C > G, p.Cys134Trp). The detailed mutation status of each tumor
is summarized in Fig. 1. The recurrence of case #3 exhibited an identical mutational profile to the primary tumor.
Tumor mutation burden was low in all 5 cases (average 5 Mutation/Megabase).

We did not detect promoter hypermethylation or the deletion of the PTEN gene in any of the tumors.

DISCUSSION

The diagnosis of JGCT relies primarily on morphology and clinical features in combination with
immunohistochemistry. The majority of patients are under 30 years of age, with the tumors typically exhibiting a
histomorphology characterized by lobular growth pattern, microfollicular spaces lined with atypical juvenile
granulosa cells, and varying amounts of solid components. These observations are consistent with the findings in
our cohort and are demonstrated in Fig. 2. However, distinguishing these tumors from other sex cord-stromal
tumors based on morphology alone can be challenging, as there are potentially cases with overlap, particularly
regarding AGCT or SLCT. Immunohistochemistry is frequently limited in its utility for differentiating between
entities within the sex cord-stromal tumor group. This limitation is due to the fact that the majority of tumors in
this category exhibit similar immunohistochemical profiles when analyzed using common markers of sex cord
differentiation. This similarity in expression has been consistently documented across numerous studies [27-37].
Notably, inhibin A was first identified as a helpfull diagnostic tool in differential diagnosis of sex cord-stromal
tumors, including JGCT, compared to tumors of other histogenesis [34]. Subsequent studies have analyzed the
expression of inhibin A and provided similar results, with positivity reported in 95% to 100% of cases [27-33,
35]. Similar attributes apply to calretinin, which has been described as more specific but less sensitive than

inhibin for identifying sex cord differentiation [32]. Studies have reported variable expression of calretinin in
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JGCT, with 85% to 100% of cases showing positive results [27, 29, 32-33]. Both of these markers (inhibin A,
calretinin) were positive in all cases in our cohort. Another useful auxiliary marker used in confirming sex-cord
differentiation is SF1. Although the number of studies examining SF1 expression in JGCT is limited, the
available data supports its reliability as a diagnostic tool as it has higher sensitivity than inhibin and calretinin,
and was expressed in 100% cases of JGCT, consistent with our findings [27, 37]. Regarding expression of
FOXLZ2, all tumors in our cohort were positive. Previous studies have reported FOXL2 expression ranging from
74% to 100% [38-40]. Notably, DeAngelo et al. found that increased FOXL2 expression in JGCT cases was
associated with worse prognostic outcome [38]. In contrast, Kalfa et al. described a reduction or lack of FOXL2
expression in aggressive JGCT cases using the treshold of <70% as reduced expression [39]. Due to our limited
dataset and these conflicting findings, our study cannot assess the prognostic significance of FOXL2
immunohistochemical expression andfurther research is necessary to clarify this hypothesis. At the molecular
level, two studies have reported FOXL2 missense mutation in JGCT with a frequency of 10% and 12% of cases,
respectively [13-14]. However, the sample sizes in these studies were also limited, consisting of 10 and 8 cases.
Moreover, several recent studies with larger datasets provided entirely negative results and are consistent with
the findings in our study [27, 38, 41]. Another marker commonly expressed in sex cord-stromal tumors is CD99
and its expression has already been previously examined in JGCT with 100% of positive cases [42-43]. Results
in our cohort were similar as all tumors expressed CD99.

Epithelial markers such as cytokeratins can also be expressed in JGCT, though with variable frequency. Previous
studies have reported cytokeratin expression rates of 15%, 60%, and 80% [27, 44-45]. In contrast, all of our
cases were cytokeratin positive.

The aberrant expression of p53 is a common finding in many malignant tumors and has a proven diagnostic
utility. However, only a limited number of studies have specifically examined p53 expression in JGCT [27, 30,
46]. Furthermore, none of the referenced studies distinguished between the wild-type and aberrant p53
expression in their analyses, making direct comparison with our findings challenging. In our cohort, all JGCT
cases exhibited wild-type p53 expression and, based on the reported findings from previous studies, it can be
inferred that they likely observed the wild-type expression as well.

Regarding hormonal receptors, we found the expression of ER, PR, and AR in 100% of cases. Only ER had been
previously studied in a cohort of JGCT with mostly positive results of 81% and 85% [27, 47]. A study of
Staibano et al. found a correlation of ER expression loss with worse prognostic outcome [47]. However, they

used a different antibody clone and analysed only 11 cases of JGCT. We did not provide any statistical analysis
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in our study due to the limited dataset.

The Ki67 proliferation index is a recognized prognostic marker in certain tumors, but its use is hindered by
inconsistent scoring methods and cutoff values, leading to poor reproducibility [48]. The expression of Ki-67 in
our cohort varied with a range from 4% to 47% (median 30, mean 27). These results were similar in other studies
evaluating proliferation index which ranged from <5% to 61% [27, 30, 46, 49]. Generally, the mitotic activity of
JGCT is typically brisk, but lacks prognostic significance. In contrast, AGCT exhibit a lower proliferation index
and mitotic count, yet are associated with worse prognosis [2, 21].

Other important markers in the differential diagnosis of JGCT are WT1 and germ cell markers such as OCT3/4
and especially SALL4. Yolk sac tumor is an extremely variable tumor histologically, and can exhibit similar
morphological features to JGCT in cases of reticular growth pattern. Both SALL4 and OCT3/4 were completely
negative in our cohort, similar to other studies that also examined its expression [27, 37]. WT1 is commonly
expressed in malignant tumors of various localizations including ovarian cancer [50]. Data concerning WT1
expression in JGCT are limited to only one study with 43% of positive cases [27]. We found the expression of
WT1 in 20% (1/5) of our cases.

Lastly, BRG1 and INI1 are crucial markers in distinguishing JGCT from the hypercalcemic type of small cell
carcinoma of the ovary (SCCOHT), which usually affects younger women and children as well. SCCOHT can
have a similar morphology to JGCT but are characterized by much worse prognosis [51]. They belong to the
group of SMARCAA4 deficient tumors and the diagnosis is verified by examining INI1 and BRG1 through
immunohistochemistry, as their loss of expression is a diagnostic feature [52]. All cases of JGCT in our cohort
showed retained BRG1 and INI1 expression.

Knowledge of predictive markers in JGCT is limited, with only two studies having analyzed HER2 status. These
studies, conducted by Sakr et al. and Leibl et al., provided results consistent with ours by confirming that JGCT
do not express HER2, although both studies were based on small sample sizes of 2 and 10 cases, respectively
[53-54]. A recent study of Némejcova et al. evaluating HER2 status in 290 AGCT also reported completely
negative findings [21]. This suggests that JGCT likely shares similar HER2-negative attributes with AGCT. The
novelty of our study was the analysis of other predictive markers such as MMR and PD-L1. The results showed
that JGCT is PD-L1 negative and MMR proficient. Another potentially predictive marker is CTLA4, the
expression of which has been described in several malignant tumors including those of female genital system
[55-56]. In our study we found weak cytoplasmatic expression in all 5 cases (Fig. 3). Positive expression of

CTLA4 in tumor cells was also recently described in AGCT [21].
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We also investigated the expression of additional markers including GATA3, Napsin A, SATB2, MUC4, TTF1,
and CAIX, which had not been previously described in the context of JGCT. None of these markers exhibited
positive expression. Similarly, the expression of DPC4 and ARID1A, which had not been previously studied in
this setting, showed no loss or restriction of expression.

Another aim of our study was to analyze the molecular background of our JGCT cases. Bessiere et al. found an
internal tandem duplication (ITD) of the AKT1 gene in 60% of a cohort consisting of 16 JGCTs and these
mutations were restricted to patients under 15 years of age [11]. Our findings are consistent with these
observations as we detected an ITD of the AKT1 gene in 40% of cases (2/5). One of the AKT1-mutated tumors
also harbored a likely pathogenic mutation (class 4) in the CHEK2 gene, while the second AKT1-mutated tumor
did not have any additional mutations detected. Both of the AKT1 mutated tumors in our cohort exhibited
decreased expression of Ki-67 compared to AKT1 wild-type tumors. AKT1 ITD activate the oncogene AKT1 and
subsequently the PI3BK-AKT pathway, and probably act as driver events in the pathogenesis of JGCT [11]. In our
cohort, three cases lacked AKT1 mutations. Among these, one tumor exhibited a TERT promoter mutation which
has also been previously described in the study of VVougiouklakis et al. in 3% of JGCT (1/33) [41]. The second
case presented with a mutation in EP400 which is involved in chromatin remodeling and regulation of gene
expression. A TERT promoter mutation was detected in the primary tumor as well as in the subsequent
recurrence. Interestingly, we observed the immunohistochemical loss of PTEN expression in 60% (3/5) cases of
JGCT (Fig. 3). All cases with the loss of PTEN expression were AKT1 wild-type JGCT tumors, but we did not
detect mutations, deletions (as determined by CNV analysis), or promoter hypermethylation in the PTEN gene.
This suggests that the loss of PTEN expression may result from alternative mechanisms, such as miRNA
interference or post-translational modifications. The loss of PTEN function is a common event in many cancers
and could lead to the activation of the PISBK/AKT/mTOR signaling pathway but to our knowledge has not been
previously examined in JGCT [57]. Recent studies on animal models suggest that the impaired function of
PI3K/AKT pathway by PTEN loss has a possible effect on the growth of granulosa cell tumors [58-59]. Our
results further supplement the theory that the majority of JGCTs are driven by the activation of the
PI3K/AKT/mTOR signaling pathway. However, this hypothesis needs further investigation in a larger cohort of
JGCTs. Ultimately, our study found no somatic DICER1 mutations, which stands in contrast to the findings of

Onder et al., who reported DICER1 mutations in 25% (2/8) of JGCT [40].

CONCLUSION
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We provide a complex analysis of 5 cases of JGCT including morphological assesment, 33
immunohistochemical markers, and detailed molecular biological analysis using NGS and PTEN methylation
analysis. Our results further expand knowledge of the immunohistochemical markers in the differential diagnosis
and prediction. Regarding the predictive markers, we found that JGCT does not express PD-L1, is HER2
negative, microsatellite stable, and expressed CTLA4 in 100% cases (5/5). We also found the loss of PTEN in
60% (3/5) cases in corelation with the AKT1 wild-type status, which further supports the theory that the
pathogenesis of JGCT is possibly driven by the activation of the PIK3/AKT/mTOR pathway. Nonetheless, this
hypothesis warrants further exploration in a larger cohort of JGCTs. Two other cases exhibited mutations in
TERT and EP400, and both developed recurrence. Our findings may hold future therapeutic significance as

treatment strategies targeting the PTEN/mTOR pathways are currently being investigated.

Author contribution: Kristyna Némejcova and Pavel Dundr conceptualized and designed the study. All authors
contributed to the material preparation, data collection, and/or analysis. The molecular biological analysis was
provided by Nikola Hajkova. Adam Safanda wrote the first draft of the manuscript. All authors provided

feedback on previous drafts and approved the final version of the manuscript.

Informed Consent Statement: Not applicable.

Acknowledgments: The authors wish to extend their gratitude to Mgr. Zachary H. K. Kendall, B.A. (Institute
for History of Medicine and Foreign Languages, First Faculty of Medicine, Charles University in Prague) for the

English language editing.

Data availability
All data generated or analyzed during this study is included in this published article (and its Supplementary

information files).

REFERENCES:

1. Schweppe KW, Beller FK (1982). Clinical data of granulosa cell tumors. J Cancer Res Clin Oncol
104(1-2), 161-169. https://doi.org/10.1007/BF00402064

2. Babarovi¢ E, Franin I, Klari¢ M, Ferrari AM, Karnjus-Begonja R, Eminovi¢ S, Ostoji¢ DV, Vrdoljak-
Mozeti¢ D (2018). Adult Granulosa Cell Tumors of the Ovary: A Retrospective Study of 36 FIGO
Stage | Cases with Emphasis on Prognostic Pathohistological Features. Anal Cell Pathol (Amst) 2018,
9148124. https://doi.org/10.1155/2018/9148124

12



©CO~NOOOTA~AWNPE

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Young RH, Dickersin GR, Scully RE (1984). Juvenile granulosa cell tumor of the ovary. A
clinicopathological analysis of 125 cases. Am J Surg Pathol 8(8), 575-596.
https://doi.org/10.1097/00000478-198408000-00002

Bouffet E, Basset T, Chetail N, Dijoud F, Mollard P, Brunat-Mentigny M, David M (1997). Juvenile
granulosa cell tumor of the ovary in infants: a clinicopathologic study of three cases and review of the
literature. J Pediatr Surg 32(5), 762—765. https://doi.org/10.1016/s0022-3468(97)90029-4

Kalfa N, Méduri G, Philibert P, Patte C, Boizet-Bonhoure B, Thibaut E, Pienkowski C, Jaubert F,
Misrahi M, Sultan C (2010). Unusual virilization in girls with juvenile granulosa cell tumors of the
ovary is related to intratumoral aromatase deficiency. Horm Res Paediatr 74(2), 83-91.
https://doi.org/10.1159/000313396

Rod J, Renard C, Lacreuse |, Ravasse P, Becmeur F (2013). Hypercalcemia in a child with juvenile
granulosa cell tumor of ovary: Report of an unusual paraneoplastic syndrome and review of the
literature. Gynecol Oncol Case Rep. 5, 10-12. https://doi.org/10.1016/j.gynor.2013.02.003

Igbal A, Novodvorsky P, Lubina-Solomon A, Kew FM, Webster J (2016). Juvenile granulosa cell
tumour of the ovary presenting with hyperprolactinaemic amenorrhoea and galactorrhoea. Endocrinol
Diabetes Metab Case Rep 2016, 160006. https://doi.org/10.1530/EDM-16-0006

Calaminus G, Wessalowski R, Harms D, Gébel U (1997). Juvenile granulosa cell tumors of the ovary in
children and adolescents: results from 33 patients registered in a prospective cooperative study.
Gynecol Oncol 65(3), 447-452. https://doi.org/10.1006/gyn0.1997.4695

Ndhlovu E, Liu L, Dai J, Dong X, Zhang W, Chen B (2021). Retrospective analysis of
clinicopathological characteristics of 19 ovarian juvenile granulosa cell tumor cases. J Obstet Gynaecol
Res 47(7), 2492-2499. https://doi.org/10.1111/jog.14805

Powell JL, Connor GP, Henderson GS (2001). Management of recurrent juvenile granulosa cell tumor
of the ovary. Gynecol Oncol 81(1), 113-116. https://doi.org/10.1006/gyn0.2000.6098

Bessiére L, Todeschini AL, Auguste A, Sarnacki S, Flatters D, Legois B, Sultan C, Kalfa N, Galmiche
L, Veitia RA (2015). A Hot-spot of In-frame Duplications Activates the Oncoprotein AKT1 in Juvenile
Granulosa Cell Tumors. EBioMedicine, 2(5), 421-431. https://doi.org/10.1016/j.ebiom.2015.03.002
Heravi-Moussavi A, Anglesio MS, Cheng SW, Senz J, Yang W, Prentice L, Fejes AP, Chow C, Tone
A, Kalloger SE, Hamel N, Roth A, Ha G, Wan AN, Maines-Bandiera S, Salamanca C, Pasini B, Clarke
BA, Lee AF, Lee CH, Zhao C, Young RH, Aparicio SA, Sorensen PH, Woo MM, Boyd N, Jones SJ,
Hirst M, Marra MA, Gilks B, Shah SP, Foulkes WD, Morin GB, Huntsman DG (2012). Recurrent
somatic DICER1 mutations in nonepithelial ovarian cancers. N Engl J Med 366(3), 234-242.
https://doi.org/10.1056/NEJM0a1102903

Shah SP, Kobel M, Senz J, Morin RD, Clarke BA, Wiegand KC, Leung G, Zayed A, Mehl E, Kalloger
SE, Sun M, Giuliany R, Yorida E, Jones S, Varhol R, Swenerton KD, Miller D, Clement PB, Crane C,
Madore J, Provencher D, Leung P, DeFazio A, Khattra J, Turashvili G, Zhao Y, Zeng T, Glover JN,
Vanderhyden B, Zhao C, Parkinson CA, Jimenez-Linan M, Bowtell DD, Mes-Masson AM, Brenton JD,
Aparicio SA, Boyd N, Hirst M, Gilks CB, Marra M, Huntsman DG (2009). Mutation of FOXL2 in
granulosa-cell tumors of the ovary. N Engl J Med 360(26), 2719-2729.
https://doi.org/10.1056/NEJM0a0902542

Goulvent T, Ray-Coquard I, Borel S, Haddad V, Devouassoux-Shisheboran M, Vacher-Lavenu MC,
Pujade-Laurraine E, Savina A, Maillet D, Gillet G, Treilleux I, Rimokh R (2016). DICER1 and FOXL2
mutations in ovarian sex cord-stromal tumours: a GINECO Group study. Histopathology, 68(2), 279-
285. https://doi.org/10.1111/his.12747

Kalfa N, Ecochard A, Patte C, Duvillard P, Audran F, Pienkowski C, Thibaud E, Brauner R, Lecointre
C, Plantaz D, Guedj AM, Paris F, Baldet P, Lumbroso S, Sultan C (2006). Activating mutations of the
stimulatory g protein in juvenile ovarian granulosa cell tumors: a new prognostic factor? J Clin
Endocrinol Metab 91(5), 1842-1847. https://doi.org/10.1210/jc.2005-2710

Tanaka Y, Sasaki Y, Nishihira H, Izawa T, Nishi T (1992). Ovarian juvenile granulosa cell tumor
associated with Maffucci's syndrome. Am J Clin Pathol 97(4), 523-527.
https://doi.org/10.1093/ajcp/97.4.523

Burgetova A, Matejovsky Z, Zikan M, Slama J, Dundr P, Skapa P, Benkova K, Cibula D, Fischerova D
(2017). The association of enchondromatosis with malignant transformed chondrosarcoma and ovarian
juvenile granulosa cell tumor (Ollier disease). Taiwan J Obstet Gynecol 56(2), 253-257.
https://doi.org/10.1016/j.tjog.2017.02.002

Guo H, Keefe KA, Kohler MF, Chan JK (2006). Juvenile granulosa cell tumor of the ovary associated
with tuberous sclerosis. Gynecol Oncol 102(1), 118-120. https://doi.org/10.1016/j.ygyno.2006.01.023
Schultz KA, Pacheco MC, Yang J, Williams GM, Messinger Y, Hill DA, Dehner LP, Priest JR (2011).
Ovarian sex cord-stromal tumors, pleuropulmonary blastoma and DICER1 mutations: a report from the

13



©CO~NOOOTA~AWNPE

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

International Pleuropulmonary Blastoma Registry. Gynecol Oncol 122(2), 246-250.
https://doi.org/10.1016/j.ygyno.2011.03.024

Plon SE, Pirics ML, Nuchtern J, Hicks J, Russell H, Agrawal S, Zbuk K, Eng C, Hegde M, Chin EL
(2008). Multiple tumors in a child with germ-line mutations in TP53 and PTEN. N Engl J Med 359(5),
537-539. https://doi.org/10.1056/NEJMc0800627

Némejcova K, Safanda A, Kendall Bartt M, Michalkova R, Svaj dler M, Shatokhina T, Laco J, Matéj R,
Méhes G, Drozenova J, Hausnerova J, Spirkova Z, Nalezinska M, Dundr P (2024). An extensive
immunohistochemical analysis of 290 ovarian adult granulosa cell tumors with 29 markers. Virchows
Arch, 485(3), 427-437. https://doi.org/10.1007/s00428-024-03854-0

McCluggage WG, Soslow RA, Gilks CB (2011). Patterns of p53 immunoreactivity in endometrial
carcinomas: ‘all or nothing' staining is of importance. Histopathology, 59(4), 786—788.
https://doi.org/10.1111/j.1365-2559.2011.03907.x

Wolff AC, Hammond MEH, Allison KH, Harvey BE, Mangu PB, Bartlett JMS, Bilous M, Ellis 10,
Fitzgibbons P, Hanna W, Jenkins RB, Press MF, Spears PA, Vance GH, Viale G, McShane LM,
Dowsett M (2018). Human Epidermal Growth Factor Receptor 2 Testing in Breast Cancer: American
Society of Clinical Oncology/College of American Pathologists Clinical Practice Guideline Focused
Update. J Clin Oncol 36(20), 2105-2122. https://doi.org/10.1200/JC0.2018.77.8738

Dundr P, Barta M, Bosse T, Bui QH, Cibula D, Drozenova J, Fabian P, Fadare O, Hausnerova J, Hojny
J, Hajkova N, Jaksa R, Laco J, Lax SF, Mat¢j R, Méhes G, Michalkova R, Safanda A, Némejcova K,
Singh N, Stolnicu S, Svajdler M, Zima T, Struzinska I, McCluggage WG (2023). Primary Mucinous
Tumors of the Ovary: An Interobserver Reproducibility and Detailed Molecular Study Reveals
Significant Overlap Between Diagnostic Categories. Mod Pathol 36(1), 100040.
https://doi.org/10.1016/j.modpat.2022.100040

Garcia JM, Silva J, Pefia C, Garcia V, Rodriguez R, Cruz MA, Cantos B, Provencio M, Espafia P,
Bonilla F (2004). Promoter methylation of the PTEN gene is a common molecular change in breast
cancer. Genes Chromosomes Cancer. Oct;41(2):117-24. https://doi.org/10.1002/gcc.20062

Zhang R, Zhao R, Shen Q (2022). Giant juvenile granulosa cell tumor torsion: a case report. AmJ
Transl Res. 2022 Sep 15;14(9):6823-6827.

YeY,LvC, XusS, ChenY, Qian R, Wang P, Wang S (2020). Juvenile Granulosa Cell Tumors of the
Ovary. Am J Clin Pathol Oct 13;154(5):635-644. https://doi: 10.1093/ajcp/aqaa081.

Schneider DT, Janig U, Calaminus G, Gobel U, Harms D (2003). Ovarian sex cord-stromal tumors--a
clinicopathological study of 72 cases from the Kiel Pediatric Tumor Registry. Virchows Arch
443(4):549-560. https://doi:10.1007/s00428-003-0869-0

Wang Y, Wang W, Xu C, Huang X, Zhong L, Kang X, Yang Z, Liu Y (2011). Childhood ovarian
juvenile granulosa cell tumor: a retrospective study with 3 cases including clinical features, pathologic
results, and therapies. J Pediatr Hematol Oncol 33(3):241-245.
https://doi:10.1097/MPH.0b013e318207cbfl

Kondi-Pafiti A, Grapsa D, Kairi-Vassilatou E, Carvounis E, Hasiakos D, Kontogianni K, Fotiou S
(2010). Granulosa cell tumors of the ovary: a clinicopathologic and immunohistochemical study of 21
cases. Eur J Gynaecol Oncol 31(1):94-8.

Rishi M, Howard LN, Bratthauer GL, Tavassoli FA (1997). Use of monoclonal antibody against human
inhibin as a marker for sex cord-stromal tumors of the ovary. Am J Surg Pathol 21(5):583-589.
https://doi:10.1097/00000478-199705000-00012

Movahedi-Lankarani S, Kurman RJ (2002). Calretinin, a more sensitive but less specific marker than
alpha-inhibin for ovarian sex cord-stromal neoplasms: an immunohistochemical study of 215 cases. Am
J Surg Pathol 26(11):1477-1483. https://doi:10.1097/00000478-200211000-00010

Deavers MT, Malpica A, Liu J, Broaddus R, Silva EG. Ovarian sex cord-stromal tumors: an
immunohistochemical study including a comparison of calretinin and inhibin. Mod Pathol.
2003;16(6):584-590. https://d0i:10.1097/01.MP.0000073133.79591.A1

Costa MJ, Ames PF, Walls J, Roth LM (1997). Inhibin immunochistochemistry applied to ovarian
neoplasms: a novel, effective, diagnostic tool. Hum Pathol 28(11):1247-1254.
https://doi:10.1016/s0046-8177(97)90197-0

Kommoss F, Oliva E, Bhan AK, Young RH, Scully RE (1998). Inhibin expression in ovarian tumors
and tumor-like lesions: an immunohistochemical study. Mod Pathol 11(7):656-664.

McCluggage WG, Maxwell P (2001). Immunohistochemical staining for calretinin is useful in the
diagnosis of ovarian sex cord-stromal tumours. Histopathology 38(5):403-408.
https://doi:10.1046/j.1365-2559.2001.01147.x

Bai S, Wei S, Ziober A, Yao Y, Bing Z (2013). SALL4 and SF-1 are sensitive and specific markers for
distinguishing granulosa cell tumors from yolk sac tumors. Int J Surg Pathol 21(2):121-125.
https://doi:10.1177/1066896912454567

14



©CO~NOOOTA~AWNPE

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

D'Angelo E, Mozos A, Nakayama D, Espinosa I, Catasus L, Mufioz J, Prat J (2011). Prognostic
significance of FOXL2 mutation and mRNA expression in adult and juvenile granulosa cell tumors of
the ovary. Mod Pathol 24(10):1360-1367. https://doi:10.1038/modpathol.2011.95

Kalfa N, Philibert P, Patte C, Ecochard A, Duvillard P, Baldet P, Jaubert F, Fellous M, Sultan C (2007).
Extinction of FOXL2 expression in aggressive ovarian granulosa cell tumors in children. Fertil Steril
87(4):896-901. https://doi:10.1016/j.fertnstert.2006.11.016

Onder S, Hurdogan O, Bayram A, Yilmaz I, Sozen H, Yavuz E (2021). The role of FOXL2, SOX9, and
f-catenin expression and DICER1 mutation in differentiating sex cord tumor with annular tubules from
other sex cord tumors of the ovary. Virchows Arch 479(2):317-324. https://d0i:10.1007/s00428-021-
03052-2

Vougiouklakis T, Zhu K, Vasudevaraja V, Serrano J, Shen G, Linn RL, Feng X, Chiang S, Barroeta JE,
Thomas KM, Schwartz LE, Shukla PS, Malpica A, Oliva E, Cotzia P, DeLair DF, Snuderl M, Jour G
(2022). Integrated Analysis of Ovarian Juvenile Granulosa Cell Tumors Reveals Distinct Epigenetic
Signatures and Recurrent TERT Rearrangements. Clin Cancer Res 28(8):1724-1733.
https://d0i:10.1158/1078-0432.CCR-21-3394

Gordon MD, Corless C, Renshaw AA, Beckstead J (1998). CD99, keratin, and vimentin staining of sex
cord-stromal tumors, normal ovary, and testis. Mod Pathol 11(8):769-773.

Jarboe EA, Hirschowitz SL, Geiersbach KB, Wallander ML, Tripp SR, Layfield LJ (2014). Juvenile
granulosa cell tumors: immunoreactivity for CD99 and Fli-1 and EWSR1 translocation status: a study
of 11 cases. Int J Gynecol Pathol 33(1):11-15. https://d0i:10.1097/PGP.0b013e31828309e6

Schneider DT, Janig U, Calaminus G, Gobel U, Harms D (2003). Ovarian sex cord-stromal tumors--a
clinicopathological study of 72 cases from the Kiel Pediatric Tumor Registry. Virchows Arch
443(4):549-560. https://doi:10.1007/s00428-003-0869-0

Costa MJ, DeRose PB, Roth LM, Brescia RJ, Zaloudek CJ, Cohen C (1994). Immunohistochemical
phenotype of ovarian granulosa cell tumors: absence of epithelial membrane antigen has diagnostic
value. Hum Pathol 25(1):60-66. https://doi:10.1016/0046-8177(94)90172-4

Mayr D, Kaltz-Wittmer C, Arbogast S, Amann G, Aust DE, Diebold J (2002). Characteristic pattern of
genetic aberrations in ovarian granulosa cell tumors. Mod Pathol 15(9):951-957.
https://doi:10.1097/01.MP.0000024290.55261.14

Volker HU, Engert S, Cramer A, Schmidt M, Kaémmerer U, Miller-Hermelink HK, Gattenléhner S
(2003). Loss of oestrogen receptor beta, high PCNA and p53 expression and aneuploidy as markers of
worse prognosis in ovarian granulosa cell tumours. Histopathology 43(3):254-262.
https://doi:10.1046/j.1365-2559.2003.01706.x

Dowsett M, Nielsen TO, A'Hern R, Bartlett J, Coombes RC, Cuzick J, Ellis M, Henry NL, Hugh JC,
Lively T, McShane L, Paik S, Penault-Llorca F, Prudkin L, Regan M, Salter J, Sotiriou C, Smith IE,
Viale G, Zujewski JA, Hayes DF; International Ki-67 in Breast Cancer Working Group (2011).
Assessment of Ki67 in breast cancer: recommendations from the International Ki67 in Breast Cancer
working group. J Natl Cancer Inst 103(22):1656-1664. https://doi:10.1093/jnci/djr393

Wang Y, Wang W, Xu C, Huang X, Zhong L, Kang X, Yang Z, Liu Y (2011). Childhood ovarian
juvenile granulosa cell tumor: a retrospective study with 3 cases including clinical features, pathologic
results, and therapies. J Pediatr Hematol Oncol 33(3):241-245.
https://doi:10.1097/MPH.0b013e318207cbfl

Nakatsuka S, Qji Y, Horiuchi T, Kanda T, Kitagawa M, Takeuchi T, Kawano K, Kuwae Y, Yamauchi
A, Okumura M, Kitamura Y, Oka Y, Kawase I, Sugiyama H, Aozasa K (2006). Immunohistochemical
detection of WT1 protein in a variety of cancer cells. Mod Pathol 19(6):804-14. https://doi:
10.1038/modpathol.3800588

Wens FSPL, Hulsker CCC, Fiocco M, Zsiros J, Smetsers SE, de Krijger RR, van der Steeg AFW,
Zweemer RP, Baas 10, Roes EM, Looijenga LHJ, Gerestein CG, Mavinkurve-Groothuis AMC P
(2023). Small Cell Carcinoma of the Ovary, Hypercalcemic Type (SCCOHT): Patient Characteristics,
Treatment, and Outcome-A Systematic Review. Cancers (Basel) 15(15):3794. https://doi:
10.3390/cancers15153794.

Witkowski L, Carrot-Zhang J, Albrecht S, Fahiminiya S, Hamel N, Tomiak E, Grynspan D, Saloustros
E, Nadaf J, Rivera B, Gilpin C, Castellsagué E, Silva-Smith R, Plourde F, Wu M, Saskin A, Arseneault
M, Karabakhtsian RG, Reilly EA, Ueland FR, Margiolaki A, Pavlakis K, Castellino SM, Lamovec J,
Mackay HJ, Roth LM, Ulbright TM, Bender TA, Georgoulias V, Longy M, Berchuck A, Tischkowitz
M, Nagel I, Siebert R, Stewart CJ, Arseneau J, McCluggage WG, Clarke BA, Riazalhosseini Y,
Hasselblatt M, Majewski J, Foulkes WD (2014). Germline and somatic SMARCA4 mutations
characterize small cell carcinoma of the ovary, hypercalcemic type. Nat Genet 46(5):438-443.
https://doi:10.1038/ng.2931

15



©CO~NOOOTA~AWNPE

53.

54.

55.

56.

57.

58.

59.

Sakr S, Abdulfatah E, Thomas S, Al-Wahab Z, Beydoun R, Morris R, Ali-Fehmi R, Bandyopadhyay S
(2017). Granulosa Cell Tumors: Novel Predictors of Recurrence in Early-stage Patients. Int J Gynecol
Pathol 36(3):240-252. https://doi:10.1097/PGP.0000000000000325

Leibl S, Bodo K, Gogg-Kammerer M, Hrzenjak A, Petru E, Winter R, Denk H, Moinfar F (2006).
Ovarian granulosa cell tumors frequently express EGFR (Her-1), Her-3, and Her-4: An
immunohistochemical study. Gynecol Oncol 101(1):18-23. https://doi:10.1016/j.ygyno.2005.10.009
Paulsen EE, Kilvaer TK, Rakaee M, Richardsen E, Hald SM, Andersen S, Busund LT, Bremnes RM,
Donnem T (2017). CTLA-4 expression in the non-small cell lung cancer patient tumor
microenvironment: diverging prognostic impact in primary tumors and lymph node metastases. Cancer
Immunol Immunother 66(11):1449-1461. https://doi:10.1007/s00262-017-2039-2

Karpathiou G, Chauleur C, Mobarki M, Peoc’h M (2020). The immune checkpoints CTLA-4 and PD-
L1 in carcinomas of the uterine cervix. Pathol Res Pract 216(1):152782.
https://doi:10.1016/j.prp.2019.152782

Liu Z, Ren YA, Pangas SA, Adams J, Zhou W, Castrillon DH, Wilhelm D, Richards JS (2015).
FOX01/3 and PTEN Depletion in Granulosa Cells Promotes Ovarian Granulosa Cell Tumor
Development. Mol Endocrinol 29(7):1006-1024. https://doi:10.1210/me.2015-1103

Alvarez-Garcia V, Tawil Y, Wise HM, Leslie NR (2019). Mechanisms of PTEN loss in cancer: It's all
about diversity. Semin Cancer Biol 59:66-79. https://doi:10.1016/j.semcancer.2019.02.001

Lagué MN, Paquet M, Fan HY, Kaartinen MJ, Chu S, Jamin SP, Behringer RR, Fuller PJ, Mitchell A,
Doré M, Huneault LM, Richards JS, Boerboom D (2008). Synergistic effects of Pten loss and
WNT/CTNNBI1 signaling pathway activation in ovarian granulosa cell tumor development and
progression. Carcinogenesis 29(11):2062-2072. https://doi:10.1093/carcin/bgn186

Figure legends:

Fig. 1: Summary of the morphological, immunohistochemical, and molecular features of ovarian juvenile

granulosa cell tumor cohort.

Fig. 2: Histomorphology of JGCT (H&E stain): A Case #1 (100x), B Case #2 (100x), C Case #3 (100x), D Case
#3 recurrence (100x), E Case #4 (100x), F Case #5 (100x)

Fig. 3: APTEN loss of expression case #4 (200x), B PTEN loss of expression case #5 (200x), C SF1
expression (200x), D CTLA4 expression (200x)

Tables:

Table 1: Clinical features of ovarian juvenile granulosa cell tumors.

Supplementary files:

Table S1: Overview of the immunostains used and their main characterstics.

Table S2: List of genes or gene parts included in the NGS DNA targeted panel
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Table 1

Table 1. Clinical features of ovarian Juvenile granulosa cell tumors (n=5).

Sample  Ageat Primary Clinical Hormonal Stage Followup Primary Recurrences Positive Treatment Status
ID diagnosis site - ovary presentation features (FIGO) (months) treatment ascites of
recurrences
i YE + AE
1 43 left abdominal no Ic 21 HYE + ves N/A CHT, BT DOD
pain bilateral
AE
2 6 left N/A N/A IC N/A . N/A N/A N/A N/A
unilateral
abdominal AE
3 16 right . no 111B 79 unilateral, yes yes R, CHT AWD
pain
CHT
. acute AE
4 10 right abdomen no IC 44 unilateral yes N/A R, CHT NED
5 21 right abdominal no Ic 20 AE no no N/A NED
pain unilateral

HYE — hysterectomy, AE — adnexectomy, N/A — data not avalible, CHT — chemotherapy, BT — biological therapy, R- surgical resection, NED — no evidence of

disease, AWD — alive with disease, DOD — death of disease.



Figure 1 Click here to access/download;Figure;Fig. 1.jpeg %

Immunchistochemical markers
sample Tumor Mitoses -
size Haemorrhage Necrosis LVSI rl10 class 4-5 mutation »n = <

© (em pecte SoafifY _clvs 35iA0ag e Xofpostiuclysuined
t3250588 BEEE3ZISTEAES  tumorcells

1 8 yes yes no 25 EP200: p.AlaZ5T s = 5.259

"""""" 26-49%
2 10 yes no no 6 AKT1: p.Arg76_Val83dup . 50-100%
3 15 yes no no 10 TERT promoter; ¢,-12405T p53 wild-type
..................... pl6 negative
4 18 ek i o 8 AKTI: p.Argb7_Leu78dup

CHEKZ: p Arg1asTep

...............

5 12 yes no no 20 none


https://www2.cloud.editorialmanager.com/viar/download.aspx?id=248701&guid=141ca4fc-bd10-4102-8156-7cb59316eb84&scheme=1
https://www2.cloud.editorialmanager.com/viar/download.aspx?id=248701&guid=141ca4fc-bd10-4102-8156-7cb59316eb84&scheme=1

Figure 2 Click here to access/download;Figure;Fig. 2.jpg %

ToVEE, A
LY {"'-

'Y:

G

[ -
ey
.o“

T
e

.
. .".) -



https://www2.cloud.editorialmanager.com/viar/download.aspx?id=248702&guid=177ac4e6-a236-4d96-bdef-099c63c2fa4e&scheme=1
https://www2.cloud.editorialmanager.com/viar/download.aspx?id=248702&guid=177ac4e6-a236-4d96-bdef-099c63c2fa4e&scheme=1

*

Click here to access/download;Figure;Fig. 3.jpg

Figure 3



https://www2.cloud.editorialmanager.com/viar/download.aspx?id=248703&guid=d0c4d862-d67c-4ac7-8b8d-904b3ce61b75&scheme=1
https://www2.cloud.editorialmanager.com/viar/download.aspx?id=248703&guid=d0c4d862-d67c-4ac7-8b8d-904b3ce61b75&scheme=1

Supplementary Material

Click here to access/download
Supplementary Material
Supplementary table S1.docx


https://www2.cloud.editorialmanager.com/viar/download.aspx?id=248704&guid=ea17e1ae-863f-4c70-bc85-1e2fe4a71433&scheme=1

Supplementary Material

Click here to access/download
Supplementary Material
Supplementary table S2.xIsx


https://www2.cloud.editorialmanager.com/viar/download.aspx?id=248705&guid=3f6d421a-c5f3-475e-90bd-b0d5321d3448&scheme=1

