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Case Summary
A 43-year-old White woman was 

referred for consideration of whole 
abdominal radiation therapy (WART) 
in July 2019. Her history dates to 
May 2018 when the patient devel-
oped intermenstrual bleeding and 
intermittent abdominal pain. Initial 
imaging revealed a left ovarian cyst. 
She underwent a left salpingo-oopho-
rectomy (LSO) with uterine dilation 
and curettage (D&C). At the time of 
surgery, left ovarian cyst rupture 
was noted. Pathology was consistent 
with adult type granulosa cell tumor 
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(GCT). On immunohistochemical 
stains, the tumor cells were SF-1 pos-
itive, calretinin positive, and negative 
for epithelial membrane antigen 
(EMA) and synaptophysin, confirm-
ing the diagnosis. The patient then 
underwent a total laparoscopic hys-
terectomy, right salpingo-oophorec-
tomy, bilateral pelvic and para-aortic 
lymphadenectomy, omentectomy, 
peritoneal biopsies, and cystosco-
py in June 2018. Her final surgical 
staging was FIGO stage IIA. She 
then underwent 6 cycles of adjuvant 
carboplatin and paclitaxel chemo-
therapy, and her inhibin A and B 

levels were normal at completion of 
adjuvant therapy in November 2018. 

In April 2019, rising inhibin levels 
prompted a computed tomography 
(CT) scan that revealed 1 pelvic, 2 
hepatic surface and 2 peritoneal 
lesions. The hepatic lesion was bi-
opsied and a relapse was confirmed. 
The multidisciplinary tumor board 
recommended systemic therapy 
with letrozole and bevacizumab 
for 3 months and then proceeding 
with maximal cytoreductive surgery 
(MCS). In October 2019, the patient 
underwent MCS. Her postoperative 
period was uneventful, with minimal 
residual disease (< 1 cm3) and normal 
inhibin A and B levels. Letrozole 
and bevacizumab were re-initiated 8 
weeks later. Unfortunately, small-vol-
ume disease progression was identi-
fied within 6 months of surgery and 
eventually the patient was switched 
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to liposomal doxorubicin, followed 
by tamoxifen/megestrol, then 
paclitaxel, and finally etoposide/
cisplatin. All of the aforementioned 
systemic agents were stopped pre-
maturely due to disease progression 
while on therapy. 

Although the patient was initially 
referred to us for radiation therapy 
in July 2019, it was our collective 
decision to exhaust all systemic 
options before embarking on whole 
abdominal radiation therapy (WART). 
In November 2021, the patient started 
WART utilizing multi-isocentric, im-
age-guided, volumetric-modulated arc 
therapy (VMAT). At the time, her dis-
ease burden involved multiple hepatic 
surface and parenchymal metastasis, 
and multiple large soft-tissue masses 

throughout the abdomen and pelvis 
(average size of 8 cm and the largest 
measuring 11 cm). She received a to-
tal dose of 30 Gy in 20 fractions, over 
4 weeks. The organs-at-risk dose con-
straints were as follows: kidney mean 
dose < 18 Gy and small bowel max 
point dose < 110%. The patient toler-
ated treatment well with acute RTOG 
grade-1 gastrointestinal side effects.1 
At last follow-up, 6 weeks post WART, 
she had no residual acute side effects 
and had a Karnofsky Performance 
Status (KPS) of 90. CT scan confirmed 
good partial response (all lesions in-
cluding index lesion ≥ 50% decrease) 
by RECIST criteria (Figures 1 A-C).2 
Since her first relapse, she has been 
on 5 systemic agents and her disease 
was primary refractory to all agents. 

WART has been the only therapy mo-
dality able to induce a response.

Imaging Findings
A CT scan prior to WART showed 

multiple large hepatic, abdomi-
nal and pelvic masses, which had 
significantly reduced in size 6 weeks 
after radiation therapy (Figures 1 
A-C). WART was planned using VMAT 
techniques to spare the renal paren-
chyma (Figure 2). 

Diagnosis
Primary chemotherapy refractory 

adult GCT of the ovary with wide-
spread abdomino-pelvic metastasis.

Figure 1. Post and pre whole abdominal 
radiation therapy for A) abdominal 
disease, B) pelvic disease, and  
C) hepatic disease.
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Discussion
GCTs arising from sex-cord stro-

mal cells of the ovary are rare and 
represent under 5% of all ovarian 
cancers.3 They occur most common-
ly in women in the reproductive age 
group. They are characterized by 
a long natural history and have a 
tendency to relapse late.3 Based on 
clinical presentation and histological 
characteristics, GCTs are classified 
into juvenile and adult GCTs. The 
majority are adult GCTs and 5% are 
juvenile.4 Nearly all GCTs are secre-
tory, producing estradiol, leading 
to precocious puberty in juvenile 
patients, and menstrual irregulari-
ties and virilization in adults.5 GCTs 
are also known to increase the risk 
of endometrial and breast cancers 
due to a hyperestrogenic state.6,7 
Under microscopy, the adult GCTs 
appear round to oblong with scant 
cytoplasm and classic “coffee-bean” 
grooved nuclei. The cells arrange 
themselves in rosettes around a cen-
tral cavity and this pattern is called 

“Call-Exner bodies,” which is pathog-
nomonic for GCTs. Somatic muta-
tions in FOXL2 are identified in 97% 
of cases.8 On immunohistochemistry, 
they are commonly positive for in-
hibin, calretinin, CD56 and CD99.9

Surgery remains the mainstay 
for early stage GCTs and late-stage 
tumors if maximal debulking is fea-
sible.10,11 Stage I disease has an excel-
lent prognosis and no adjuvant thera-
py is recommended.3 Residual disease 
after surgery is associated with poor 
prognosis and chemotherapy has not 
been found to increase disease-free 
interval.3,12 Multiple retrospective 
studies have shown a survival benefit 
with radiation therapy when used 
in the adjuvant setting as well as for 
recurrent disease.3,13,14 A retrospective 
study from MD Anderson identified 
10 patients treated with WART to a 
total dose of 27 to 28 Gy, 4 of whom 
had a complete clinical response to 
WART. The patients lived for 5, 10, 13 
and 21 years.13 

With the advent of modern radia-
tion techniques like VMAT, safe and 

precise delivery of WART is possible. 
Acceptable acute and late toxicity 
has been reported at doses of 30 Gy 
when WART was used for gynecolog-
ical cancers.15,16 We plan to monitor 
our patient with periodic CT scans. A 
sequential boost was decided against 
due to the presence of complicating 
ventral hernias from abdominal 
tumor burden.  

Conclusion
GCTs should be aggressively 

considered for surgery as it remains 
the standard of care. When appro-
priate, adjuvant chemotherapy 
should be considered, especially for 
large tumors or if a tumor ruptures 
at surgery. For advanced disease, 
maximal debulking surgery should 
be contemplated, followed by sys-
temic agents. WART delivered with 
modern radiation techniques results 
in excellent clinical and radiological 
response rates with acceptable tox-
icity and the possibility of long-term 
disease control. In the future, pro-

Figure 2. Kidney-sparing volumetric-
modulated arc therapy plan for whole 
abdominal radiation therapy.
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spective studies to further investigate 
the timing of WART, adjuvant vs late, 
may help guide therapeutic options 
for patients with advanced GCTs. 
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