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Objective. Small cell carcinoma of the ovary, hypercalcemic type (SCCOHT) is an aggressive tumor, with long
term survival at ~30% in early stage disease. SCCOHT is caused by germline and somatic SMARCA4mutations, but
the effect of themutation type on patients remains unknown. Furthermore, the rarity of SCCOHT has resulted in
varied treatment, with no standardized protocols. We analyzed 293 cases to determine the effect of treatment
modalities and SMARCA4mutations on patient diagnosis and outcome.

Methods. In 293 SCCOHT patients we collected information on age and stage at diagnosis, treatmentmodality
(surgery, chemotherapy, radiotherapy, and/or high-dose chemotherapy with autologous stem cell rescue (HDC-
aSCR)), SMARCA4mutation origin (germline/somatic), and overall survival. Cox analysis and log-rank tests were
performed on 257 cases with available survival data.

Results. The strongest prognostic factors were stage at diagnosis (p = 2.72e‐15) and treatment modality
(p = 3.87e‐13). For FIGO stages II–IV, 5-year survival was 71% for patients who received HDC-aSCR, compared
to 25% in patients who received conventional chemotherapy alone following surgery (p = 0.002). Patients
aged ≥40 had a worse outcome than younger patients (p = 0.04). Twenty-six of 60 tested patients carried a
germline SMARCA4 mutation, including all patients diagnosed b15 years; carriers presented at a younger age
than non-carriers (p = 0.02).
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Conclusions. Stage at diagnosis is the most significant prognostic factor in SCCOHT and consolidation with
HDC-aSCRmay provide the best opportunity for long-term survival. The large fraction of SMARCA4 germlinemu-
tations carriers warrants genetic counseling for all patients.

© 2016 Elsevier Inc. All rights reserved.
1. Introduction

Small cell carcinoma of the ovary, hypercalcemic type (SCCOHT) is
an uncommon but highly aggressive tumor diagnosed in young
women at an average age of 24 years. The clinical and pathologic fea-
tures of SCCOHT were initially outlined by Robert E Scully in 1979 [1];
small series have since been reported, with a clinical review presented
in 2011 [2]. Outcome remains poor, with estimated long term survival
at 33% in stage I disease, and 10–20% overall [2–4]. Due to its rarity, in-
dividual SCCOHT management has varied considerably, and no guide-
lines regarding optimal treatment currently exist.

In 2014 it was discovered that SCCOHT is characterized by both
germline and somatic deleterious mutations in the gene SMARCA4
[5–8], which encodes the SMARCA4 protein (also called BRG1). It is
one of two mutually exclusive enzymatic components of the SWI/SNF
chromatin remodeling complex, the other being SMARCA2. The most
well-studied function of the SWI/SNF complex is in chromatin remodel-
ing and the subsequent control of gene expression [9]. Since thisfinding,
further studies have reported germline and somatic mutations in single
cases or small series of affected women [10–14]. Furthermore, the diag-
nostic use of the specificity of SMARCA4 protein loss in SCCOHT has
been invaluable [11], due to the broad differential diagnosis of
SCCOHT that includes granulosa cell tumor, germ cell tumor, endome-
trial stromal sarcoma, peripheral neuroectodermal tumor, neuroblas-
toma, intra-abdominal desmoplastic small round cell tumor,
malignant lymphoma, andmetastases to the ovary from a primarymel-
anoma or small cell carcinoma of the lung. However, no studies have
correlated the effects of mutation origin (germline or somatic) with
clinical features and patient outcomes.

Aside from SCCOHT, germline mutations in SMARCA4 have been
found to cause rhabdoid tumor predisposition syndrome type 2
(RTPS2;OMIM#613325), a syndrome associatedwith the development
of rhabdoid tumors, including atypical teratoid/rhabdoid tumors
(ATRTs) that develop in the brain, and malignant rhabdoid tumors
that developmost often in the kidney [15]. While N98% of these tumors
are caused by inactivating mutations in SMARCB1, another SWI/SNF
component, the remaining cases are associated with deleterious muta-
tions in SMARCA4 [16]. SCCOHT closely resembles rhabdoid tumors on
pathological, clinical, andmolecular levels, and arguably representsma-
lignant rhabdoid tumor of the ovary [17,18].

Of the three studies with more than 50 SCCOHT cases [2,4,19], none
have analyzed the frequency and influence of SMARCA4 mutations. To
determine the most significant prognostic factors in SCCOHT, we have
gathered 293 SCCOHT cases and analyzed the association of genetic,
clinical, and therapeutic factors to patient outcome.

2. Methods

2.1. Cases

The study cohort comprised 267 previously published and 26 un-
published SCCOHT cases. All English language papers available on
PubMed describing SCCOHT patients were compiled alongwith unpub-
lished cases collected and analyzed in our laboratories (Supplementary
Table S1). Previously published cases were included if they were pub-
lished as SCCOHT, while unpublished cases were included if they were
diagnosed as SCCOHT and showed loss of SMARCA4 by immunohisto-
chemistry. For each case we gathered available information on age
and stage at diagnosis, treatment modalities used for primary disease,
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vital status, and overall survival (OS). For unpublished cases and those
published after 2014, when the link between SMARCA4 and SCCOHT
was established, immunohistochemical expression of SMARCA4 in the
tumor, and the origin of SMARCA4 mutations (germline or somatic)
was documented. In germline cases, inheritance patternswere recorded
where available (Supplementary Table S2). Fig. 1 summarizes the num-
ber of cases included in each analysis.

2.2. Statistical analyses

We performed Cox regression and Kaplan-Meier analyses on 257
SCCOHT caseswith available OS information to determinewhich clinical
factors had the greatest effect on patient outcome. We included a vari-
able for missing information, which was applied to 59 cases with miss-
ing treatment or stage information; the results did not change
significantly after removal of these cases.

Five treatment groups were assessed: surgery only, surgery with
chemotherapy, surgery with radiotherapy, surgery with chemotherapy
and radiotherapy, and surgery with chemotherapy and/or radiotherapy
and high-dose chemotherapy with autologous stem cell rescue (HDC-
aSCR) (Table 1). Three patients excluded from our analysis either died
before surgery (n = 2), or received chemotherapy with no surgery
(n = 1) [20–22].

The origin of the SMARCA4 mutation (germline or somatic) was
available in 60 of the 89 patients with mutation information available.
Cox regression and log-rank tests were performed on 48 of these 60 pa-
tients in whom OS was known. All statistical analyses were performed
using the ‘Survival’ and ‘car’ packages in R Bioconductor (https://
www.bioconductor.org/).

2.3. Unpublished case details

For unpublished cases, germline DNAwas available for 16 cases and
was extracted as previously described [6,7] from blood (n = 8), saliva
(n= 5), or non-tumor formalin-fixed paraffin-embedded (FFPE) tissue
(n= 3). Tumor DNA was extracted from FFPE (n= 19) or fresh frozen
tumor (n = 2). Immunohistochemical staining for SMARCA4 and se-
quencing were performed as previously described [6,7] or using a stan-
dard custom HaloPlex targeted capture (Agilent Technologies, Santa
Clara, USA).

3. Results

3.1. Patient demographics

For 293 cases, details on age and stage at diagnosis, hypercalcemic
status, treatment modalities, vital status, and OS were recorded where
available (Supplementary Table S1). Age was available for all patients
(median = 25 years (1–71)); 270 patients (92%) were diagnosed be-
tween 10 and 40 years. Hypercalcemic status was available for 133 pa-
tients. Stage and treatment information were available for 249 and
232 patients, respectively. Table 1 summarizes the number of patients
in each group.

One hundred fifteen patients (39%) were alive at last follow-up
(Table 1 and Supplementary Table S3, median follow-up of living pa-
tients = 33 months). Of 41 patients who were known to survive more
than five years post diagnosis, only three later died (at 63, 66, and
93 months), but those patients had relapsed at 26, 60, and 48 months
enetic factors on patient outcome in small cell carcinoma of the ovary,
yno.2016.03.013
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Fig. 1. Diagram of cases included in each analysis. Of 3 patients who did not fit treatment categories, 2 died before surgery, and one had chemotherapy with no surgery.
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respectively, suggesting that recurrence-free survival of longer than
60 months predicts long-term survival.
3.2. Multivariate comparison of clinical factors influencing outcome

Within the examined parameters, stage at diagnosis was the most
significant determinant of survival (p=2.72e‐15, Table 2). Patients di-
agnosed at FIGO stage I had a 5-year survival rate of 55% (confidence in-
terval (CI) = 44%–68%), whereas stage II and III patients had 5-year
survival rates of 40% (CI = 23%–69%) and 29% (CI = 20%–41%), respec-
tively. None of the stage IV patients survived past 13 months post-
diagnosis (Fig. 2A).
Table 1
Patient demographics.

Factor N Vital status (N)

Alive Deceased NA Surg Surg + Chemo

Age group
0–19 93 37 53 3 11 39
20–29 110 49 49 12 5a 54c

30–39 69 24 35 10 7 33
40+ 21 5 12 4 1a 7
Total 293 115 149 29 24 133

FIGO stage
I 98 54 37 7 9 41
II 24 11 12 1 0 8
III 108 34 67 7 5 55
IV 19 0 16 3 4b 10
NA 44 16 17 11 6 19c

Total 293 115 149 29 24 133

Surg, surgery; Chemo, chemotherapy; RT, radiation therapy; HDC, high dose chemotherapy; N
a 1 of these patients died before surgery.
b 2 of these patients died before surgery.
c One of these patients had chemotherapy only.
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The next strongest determinant of survival was treatment modality
(p = 3.87e‐13, Table 2). Of 28 patients who received HDC-aSCR, 23
were alive at last follow-up (Supplementary Table S4). Due to the signif-
icantly better prognosis of stage I than stage II–IV patients [2], we sepa-
rated these groups for treatment analyses. In all stages, log-rank andCox
regression analyses showed that addition of HDC-aSCR resulted in bet-
ter OS than standard chemotherapy alone (Table 2, Fig. 2B–C), with
100% of stage I patients and 71% of stage II–IV patients (CI = 52%–
97%) alive after 5 years; however, this difference was only significant
in stage II–IV patients (Fig. 2B–C, p = 0.007 for stages II–IV); only 25%
of stage II–IV patients who received chemotherapy alone lived longer
than five years. The addition of radiotherapy did not improve outcome
compared to chemotherapy alone in patients of all stages (p = 0.19 in
Treatment modality (N)

Surg + RT Surg + Chemo + RT Surg + Chemo and/or RT + HDC NA

3 13 12 15
5 13 10 23
0 10 4 15
0 3 2 8
8 39 28 61

4 21 9 14
1 6 5 4
3 9 13 23
0 0 1 4
0 3 0 16
8 39 28 61

A, not available.
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Table 2
Univariate and multivariate Cox regression.

Variable Vital status (N) Univariate (n = 257) Multivariate (n = 257)

Alive Deceased Hazard ratio (95% CI) p Hazard ratio (95% CI) p

Stage 113 144 1.54e‐10 2.72e‐15
1a 53 35 1.00 1.00
2 11 12 1.79 (0.93–3.46) 0.081 3.86 (1.91–7.84) 1.79e‐04
3 34 67 2.73 (1.81–4.11) 1.77e‐06 3.88 (2.45–6.14) 6.93e‐09
4 0 14 11.04 (5.76–21.15) 5.54e‐14 20.19 (9.84–41.45) 2.22e‐16
Missing 15 16 2.04 (1.13–3.69) 0.019 1.60 (0.86–2.96) 0.136

Treatment 113 144 1.47e‐09 3.87e‐13
Surga 2 19 1.00 1.00
Surg + Chemo 56 74 0.33 (0.20–0.55) 1.94e‐05 0.14 (0.08–0.26) 9.46e‐11
Surg + RT 3 5 0.28 (0.10–0.75) 0.034 0.24 (0.08–0.68) 7.54e‐03
Surg + Chemo + RT 22 17 0.19 (0.10–0.37) 4.65e‐07 0.10 (0.05–0.21) 1.66e‐09
Surg + Chemo/RT + HDC 23 5 0.07 (0.03–0.20) 2.19e‐07 0.03 (0.01–0.09) 1.20e‐10
Missing 7 24 0.60 (0.33–1.10) 0.099 0.36 (0.19–0.70) 2.34e‐03

Age group 113 144 0.18 0.02
0–19a 36 52 1.00 1.00
20–29 49 47 0.85 (0.57–1.26) 0.42 0.84 (0.55–1.28) 0.42
30–39 23 34 1.21 (0.78–1.86) 0.40 1.43 (0.90–2.25) 0.13
40+ 5 11 1.66 (0.87–3.19) 0.13 2.11 (1.05–4.23) 0.04

Mutation status 113 144 0.13 0.45
Somatica 14 10 1.00 1.00
Germline 11 13 1.33 (0.58–3.04) 0.50 0.63 (0.26–1.52) 0.30
Unknown 88 121 1.76 (0.92–3.35) 0.09 0.92 (0.46–1.86) 0.82

Overall p-values were taken from an ANOVA test and were used to determine significance of each category. Surg, surgery only; Surg + Chemo, surgery and chemotherapy; Surg + RT,
surgery and radiotherapy; Surg + Chemo + RT, surgery, chemotherapy, and radiotherapy; Surg + Chemo/Rad + HDC, surgery with chemotherapy and/or radiotherapy and high dose
chemotherapy with autologous stem cell rescue. Alive and deceased numbers represent only patients included in the Cox analysis (n = 258).
Bold numbers indicate variable totals.

a Reference used for hazard ratio calculation.
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stages II–IV). Patients treated with surgery alone had the poorest out-
come, with a median OS of 5 months and only 2/22 patients were
alive at last follow-up. Of 131 patients who received surgery with che-
motherapy alone, the median OS was 14.5 months.

When comparing four age groups (0–19 years, 20–29 years, 30–
39 years, and ≥40 years), we found that patients diagnosed at
40 years or older had a worse outcome than younger patients (Fig. 2D,
Table 2, hazard ratio = 2.11 (CI = 1.05–4.23, p = 0.04)).

Of 133 patients with hypercalcemic status available, 86 (65%) pre-
sented with hypercalcemia. Increased serum calcium had no significant
impact on patient outcome (p = 0.23).

3.3. SMARCA4 mutation spectrum in SCCOHT

Of 89 patients for whom SMARCA4 data was available, 26 had
germline mutations, 34 had somatic mutations only, and in 29 cases
the mutation origin was unknown (Supplementary Table S2). Of the
26 (43%) germline mutation carriers, 21 had no reported family history
of SCCOHT. Inheritance patterns were available in 10 patients (from 8
families). One mutation arose de novo, while 8 mutations were
inherited: 4 from unaffected fathers, 4 from affected mothers, and one
case where the parentswere not tested, but the siblings carried themu-
tation [23,24] (Supplementary Table S2).

Thus far, 96 unique SMARCA4 mutations have been described [5–8,
10–14,25,26]; the types of mutations have varied and include 21 splice
mutations, 26 stopmutations, 41 frameshift mutations, 6 missensemu-
tations, and 2 in-frame deletions (Supplementary Table S2). Regardless
of the mutation type, however, almost all have led to loss of the
SMARCA4 protein, with only 2 mutations leading to retained SMARCA4
protein: a missensemutation (p.Glu1080Asp) [7] and an in-frame dele-
tion (Supplementary Table S2) [5].

3.4. Germline SMARCA4 mutations and clinicopathological factors

The 26 patients carrying germline mutations were diagnosed at a
significantly younger median age (21.5 years) than the 34 non-
carriers (25.5 years, p = 0.02, Mann-Whitney U test, Fig. 3A). All eight
Please cite this article as: L.Witkowski, et al., The influence of clinical and g
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tested patients diagnosed under 15 years carried a germline mutation.
The odds ratio of carrying a germline mutation if diagnosed below
18 years was 20.63 (CI 2.4–175.4, p=5.50e‐04). A multivariate Cox re-
gression analysis on 48 cases with available genetic and OS information
showed no significant difference in OS or in relative risk of death from
disease between patients with (n = 24) or without (n = 24) germline
SMARCA4 mutations (multivariate p = 0.30, Table 2, Fig. 3B). A chi-
squared test comparing patients with germline and somatic SMARCA4
mutations showed no significant difference in tumor stage (p = 0.53,
Fig. 3C), although the small sample size precludes a conclusive analysis.

4. Discussion

Here we compiled data on all published and a series of unpublished
SCCOHT cases in an attempt to determinewhich factors may have a sig-
nificant effect on patient diagnosis and outcome. Stage at diagnosis was
the most significant prognostic factor, consistent with previous studies
[2,4,19]. Once the patient has been staged, the best opportunity for
long-term survival is multimodal therapy that includes HDC-aSCR. At
least 20/28 patients who received HDC-aSCR showed a complete re-
sponse to chemotherapy prior to receiving HDC-aSCR, and only 5/20
(25%) relapsed (Supplementary Table S4). This suggests that the most
effective use for this modality is in preventing recurrence, as overall re-
lapse rates were previously reported to be 65% [2]. While we did not in-
vestigate sites of recurrence, previous reports have stated that themost
frequent sites of recurrence are the pelvis, retroperitoneal lymph nodes,
and contralateral ovary [2]. Importantly, we found that patients who
had not relapsed within five years of diagnosis are likely to be cured.

Genetically, 35% (21/60) of patients with no family history of
SCCOHT carried a SMARCA4 germline mutation. Similar to other cancer
predisposition syndromes, patientswith germlinemutationswere diag-
nosed at a younger age (median = 21.5 vs 25.5 years for non-carriers,
p=0.02, Fig. 3A) [27], and all patients under 15 years carried germline
mutations (n = 8). Contrary to previous studies [19], our data showed
that patients aged 40 years or older had a poorer outcome (Table 2,
Fig. 2D). While the previously recorded oldest age of onset of SCCOHT
is 71 years, the oldest reported patient with SMARCA4 loss is 56 years;
enetic factors on patient outcome in small cell carcinoma of the ovary,
yno.2016.03.013
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Fig. 2. Kaplan-Meier curves showing the effect of clinical factors on patient outcome. P-values were determined by log-rank tests. (A) Survival of SCCOHT patients according to stage at
diagnosis. (B–C) Survival of patients according to treatment received for primary tumor in stage I patients (B) and stage II–IV patients (C). (D) Kaplan-Meier survival curves of SCCOHT
patients according to age at diagnosis in years. Patients over 40 have a significantly worse outcome than younger patients as found by multivariate Cox analysis (p=0.04). Surg, surgery
only; Surg+Chemo, surgery and chemotherapy; Surg+RT, surgery and radiotherapy; Surg+Chemo+RT, surgery, chemotherapy, and radiotherapy; Surg+Chemo/RT+HDC, surgery
with chemotherapy and/or radiotherapy and high-dose chemotherapy with autologous stem cell rescue.
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therefore, cases diagnosed older than 60 years may represent misdiag-
noses. As SMARCA4 immunohistochemical staining can now be used
as a diagnostic tool to correctly diagnose SCCOHT, the true age range
of SCCOHT will be more apparent in the future.

It is clear that surgery alone is not adequate treatment for SCCOHT,
even in early stages [28,29]. Currently no standard therapy exists, and
retrospective examination of chemotherapy regimens has reached
varying conclusions [2,20]. Combined surgery and platinum-based che-
motherapy has been used in most SCCOHT cases based on recommen-
dations in other ovarian tumors and small cell lung carcinoma.
However, despite similar nomenclature, SCCOHT is genetically distinct
from small cell carcinoma of neuroendocrine type and ovarian epithelial
and non-epithelial cancers, but rather resembles a rhabdoid tumor [17].

Although randomized clinical trials are challenging in this rare dis-
ease, our review suggests that HDC-aSCR represents the best opportu-
nity for long-term survival. In the two largest studies describing
patients who received HDC-aSCR, 28/38 patients had a complete re-
sponse to standard chemotherapy, half of whom subsequently received
HDC-aSCR. Of these 14 patients, only 3 relapsed and one died, whereas
of the 14who did not receive HDC-aSCR, 11 relapsed and 7 died [28,30].
While patients ideally have a complete chemotherapy response prior to
Please cite this article as: L.Witkowski, et al., The influence of clinical and g
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receiving HDC-aSCR, one patient has been reported to receive HDC-
aSCR following a partial response and ultimately survived long term
[31]. Several other reports support the superiority of HDC-aSCR and its
curative potential for patientswith SCCOHT [10,29,31–36] (Supplemen-
tary Table S4).

Reports documenting radiotherapy use in SCCOHT provide conflict-
ing results,making the role of this treatmentmodality unclear [3]. In our
study, addition of radiotherapy did not significantly increase OS com-
pared to chemotherapy alone (p = 0.19), although small patient num-
bers limited conclusive results.

An important consideration in the treatment of patients with
SCCOHT is the similarity between SCCOHT and rhabdoid tumors. The
morphological, genetic, and epigenetic overlap between SCCOHT and
rhabdoid tumors is clear [17,18], but differences in age of onset and
tumor location hasmasked these similarities and has resulted in distinct
tumor management. In ATRT, multimodal therapy and HDC-aSCR have
been incorporated into the treatment guidelines [37]. In ATRT, multi-
modal therapy andHDC-aSCR have proven beneficial and have been in-
corporated into the treatment guidelines of these tumors [15,37–39]. In
extra-cranial rhabdoid tumors, although not yet standard of care, HDC-
aSCR has also shown to be beneficial [40]. Similarly, our data suggest
enetic factors on patient outcome in small cell carcinoma of the ovary,
yno.2016.03.013
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Fig. 3.The effect ofmutation origin on SCCOHTpatients. (A) Stripchart showing difference in age at diagnosis between patientswith germlinemutations and thosewith somaticmutations
only. Each dot represents one patient. Black bars are mean and standard error. Median age at diagnosis was 21.5 for patients with germline mutations and 26 for patients with somatic
mutations only. p = 0.02 by Mann-Whitney U test. (B) Kaplan-Meier survival curves of SCCOHT patients according to SMARCA4-carrier status. The difference between somatic and
germline patients only was not significant by log-rank test (p = 0.09). We suspect that the slight difference in survival between tested and non-tested patients is due to ascertainment
bias. (C) Distribution of stage at diagnosis of patients with germline mutations or somatic mutations only. No significant difference was seen between the two groups (p = 0.53, Chi-
squared test).
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that incorporating HDC-aSCR into the therapeutic regimen for SCCOHT
gives the best opportunity for survival.

As 43% of tested patients carried a germline SMARCA4 mutation, all
SCCOHT patients should be referred to a genetics service. Of 26 muta-
tion carriers, familial genotypes were available in 8 families, three of
which included an unaffected female carrier; however, all were still
younger than 40 years [7,12]. While the penetrance of these mutations
remains unclear, only one female SMARCA4-mutation carrier has been
reported healthy past her sixth decade [16].

Given these results, all at-risk relatives of a SMARCA4 germline
mutation carrier should receive genetic counseling. The efficacy of
ovarian surveillance for at-risk females is undetermined, but until
data are available, ovarian imaging is a reasonable option for at-
risk females. Bilateral oophorectomy would likely be an effective
preventive measure for females with a germline mutation [23], but
without penetrance data, determining the optimal age to consider
this option is difficult.

We recognize that amajor limitation of this study is that the analysis
was based mainly on published data, potentially limiting available de-
tails in recruited cases. Furthermore, the small number of patients and
disproportionate weights of different stage and treatment modality
groups limits the statistical significance of our analyses. Thirdly, estima-
tion of the effect of germline mutations on development and
Please cite this article as: L.Witkowski, et al., The influence of clinical and g
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progression of SCCOHT was restricted, as germline DNA was available
in only 20% of the cases.

Nevertheless, this is the largest study on SCCOHT to date and is the
first to analyze the outcome of patients based on treatment modalities
and SMARCA4mutations. The data presented suggest that HDC-aSCR of-
fers the best chance of cure, but international collaboration will be re-
quired to test this further. As targeted therapies have already proven
effective in other cancers with specific driver mutations, there is hope
that similar therapies could be developed for SMARCA4-deficient
cancers.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ygyno.2016.03.013.
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