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A B S T R A C T

Introduction: Oncovascular surgery is a rare but important component of radical surgery in gynecologic cancer, 
requiring interdisciplinary collaboration and coordination. In this case report, we review the case of a patient 
with recurrent granulosa cell tumor who underwent extensive oncovascular resection and reconstruction.
Case presentation: Our patient was initially diagnosed with a stage IC granulosa cell tumor in 1989 following a left 
salpingo—oophorectomy secondary to ovarian cyst rupture. She subsequently had multiple recurrences requiring 
8 surgical procedures from 1989 to 2022. Her most recent recurrence was notable for a 6 x 8 cm left pelvic tumor 
invading into the inferior vena cava (IVC), encasing the aorta, left common and external iliac vessels, and 
involving the left ureter. In a combined case with gynecologic surgery, vascular surgery, and urology, extensive 
oncovascular resection was performed, including an en bloc resection of the recurrent granulosa cell tumor, 
aorta, bilateral common and left external iliac arteries and veins, with aortal and IVC reconstruction. Despite a 
complicated postoperative course, she recovered well, received no further oncologic treatment, and remains on 
surveillance without evidence of disease 26 months later.
Conclusion: To our knowledge, this is the first reported case of oncovascular surgery involving aortic and IVC 
resection and reconstruction for recurrent granulosa cell tumor.

1. Introduction

Adult-type granulosa cell tumor (GCT) of the ovary is the most 
common ovarian sex cord stromal tumor (Schumer and Cannistra, 
2003). While GCT comprises 70 % of ovarian sex cord stromal tumors, it 
is nevertheless a rare malignancy, constituting only 2 % to 5 % of all 
ovarian cancers (Schumer and Cannistra, 2003). Surgery is the mainstay 
of treatment for GCT, and disease stage is the most important prognostic 
factor for survival (Fox et al., 1975; Bjorkholm and Silfversward, 1981). 
Patients with stage I disease have a 5-year survival rate > 90 %; how
ever, relapse occurs in approximately one-third of patients (Lauszus, 
2001; Farkkila, 2017). Treatment recommendations for patients with 
stage II-IV disease include adjuvant platinum-based chemotherapy 
(National Comprehensive Cancer Network, 2024) (Evans, 1980).

The median time to relapse following initial diagnosis is 4 to 6 years, 
with some reports demonstrating relapse as many as 20 years following 
diagnosis (Evans, 1980; Malmstrom, 1994; Diddle, 1952; Hines, 1996). 
Pelvic recurrence is common, and medical therapies can be considered 
in this setting. Options include cytotoxic treatments such as docetaxel, 
paclitaxel, paclitaxel/ifosfamide, paclitaxel/carboplatin, and vincris
tine, actinomycin D and cyclophosphamide, and hormonal therapies 
such as aromatase inhibitors, leuprolide, and tamoxifen (Alhilli, 2012; 
Fishman, 1996; Gurumurthy et al., 2014; National Comprehensive 
Cancer Network, 2024). Bevacizumab or leuprolide can also be used as 
single-agent therapy in the recurrent setting (Tao, 2009). Small mole
cule cyclin-dependent kinase (CDK) inhibitors selective for CDK4 and 
CDK6 in combination with hormonal therapy have also shown encour
aging results (Albright, 2023). Secondary cytoreductive surgery can also 
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be an effective option for management of recurrence (National 
Comprehensive Cancer Network, 2024). Palliative radiation can be 
beneficial for certain patients (National Comprehensive Cancer 
Network, 2024). The median time to each subsequent recurrence is 
generally reduced by half, increasing the morbidity of multiple short- 
interval surgical procedures (Bryk, 2016).

Here, we present a case of recurrent GCT with great vessel involve
ment and a review of the available literature.

2. Case description

In 1989 at 38 years of age, the patient was initially diagnosed with 
stage IC GCT following a left salpingo—oophorectomy that was per
formed secondary to severe pain from a large pelvic mass. She subse
quently underwent a total abdominal hysterectomy and right 
salpingo—oophorectomy without adjuvant treatment. Her inhibin and 
CA125 levels were not elevated, and she was followed clinically. She 
experienced her first pelvic recurrence 7 years later in 1996, noted 
initially as a mass on pelvic examination and confirmed with computed 
tomography (CT) imaging. She was then treated with 6 cycles of car
boplatin and paclitaxel at an outside hospital. In 2000, 4 years after her 
first recurrence, she had a second pelvic recurrence and underwent a 
tumor resection with a low anterior rectal resection and reconstruction, 
followed by pelvic radiotherapy. In 2007, she underwent her fourth 
surgery for a 4 cm mass inferior to the bifurcation of the aorta. The 
tumor was resected in addition to 15 cm of small bowel. Following this 
surgery, the decision was made to forgo postoperative medical therapy 
in favor of close observation and CT imaging every 3 months, as the 
patient had not tolerated chemotherapy well after her first recurrence. 
In 2012, she presented with a small bowel obstruction and underwent 
her fifth surgery, which included resection of recurrent disease and 
another small bowel resection with side-to-side anastomosis.

During surveillance from 2012 through 2014, she took daily oral 
letrozole and remained without evidence of disease. In 2016, a sur
veillance CT scan showed progression of disease, for which she started 
anastrozole and experienced good disease response. A surveillance CT 
scan in 2017 showed progression of disease, with a 7.4 x 5.8 cm nodal 
mass in the gastrohepatic ligament. She then had her sixth abdominal 
surgery, with resection of the gastrohepatic mass. Genomic testing 
performed on the resected mass demonstrated somatic genetic alter
ations in TMPRSS2, FOXL2, MLL, MLL2, RPS6KA4, SMAD3, and TERT. 
In 2018, she again experienced progression of disease in an enlarged 
pelvic lymph node; she was started on leuprolide every 3 months and 
experienced disease response. In 2020, a CT scan once again showed 
progression of disease; she was transitioned to fulvestrant, which led to 
treatment response (Supplementary Table S1).

In January 2022 at 71 years of age, she developed a small bowel 
obstruction and worsening left lower extremity edema. She was found to 
have a new deep vein thrombosis (DVT) extending from her left common 
iliac vein to the femoral vein and a left retroperitoneal mass with central 
necrosis (Fig. 1, Fig. 2). She was admitted to a local hospital in another 
state, where she was initially managed with therapeutic enoxaparin 
before she was recommended to undergo left lower extremity amputa
tion, as the vascularity to the left calf and foot appeared severely 
compromised.

The patient was flown to our area seeking another opinion, and had 
consultations with gynecologic oncology, vascular surgery, and ortho
pedic surgery in preparation for surgical resection of disease. Her pre
operative imaging included CT angiography of the abdomen and pelvis, 
which showed a 6.9 x 4.9 cm left retroperitoneal mass and a left pelvic 
thrombus extending from the left common iliac vein to the femoral vein. 
Lower extremity dopplers showed a right DVT in the deep calf veins and 
a DVT extending along the left external iliac vein, the common femoral, 
femoral and popliteal vein. The orthopedic surgery team counseled the 
patient that she would likely need to have a femoral nerve resection, 
which would impact hip flexion and knee extension. She was also 

Fig. 1. Three-dimensional print reconstruction of granulosa cell tumor prior 
to removal.

Fig. 2. Artistic rendering of granulosa cell tumor prior to removal. © 2024 
Memorial Sloan-Kettering Cancer Center, Memorial Hospital for Cancer and 
Allied Diseases, and Sloan-Kettering Institute for Cancer Research, each in New 
York, NY. All rights reserved. Republished with permission.
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counseled on possible sensory deficits. She was advised by vascular 
surgery that the mass might be encasing the left iliac artery and vein, 
and that resection of the iliac vessels and reconstruction with a graft or 
bypass would likely be required. Given the patient’s overall good health 
status, including a body mass index of 23.9 kg/m2, Karnofsky Perfor
mance Status (KPS) score of 90, and limited medical comorbidities 
including well-controlled hypertension and osteoporosis, the patient 
was counseled on treatment options and strongly desired surgical 
management.

In February 2022, she underwent her seventh abdominal surgery. 
Intraoperatively, she was noted to have a 6 x 8 cm left pelvic tumor 
invading into the inferior vena cava (IVC) and encasing the aorta, left 
common and external iliac vessels, and involving the left ureter (Fig. 1, 
Fig. 2, Supplementary Figure S1). A vascular surgeon assisted with an 
en bloc resection of the pelvic tumor, aorta, bilateral common iliac and 
left external iliac arteries and veins, and left ureter (Fig. 1, Fig. 2, 
Supplementary Figure S1, Supplementary Figure S2), with recon
struction of the aorta using a bifurcated pantlaloon femoral vein and 
cryopreserved femoral graft, and repair of the IVC using a bovine peri
cardial patch (Fig. 3, Supplementary Figure S3). A urologic surgeon 
performed a ureteroureterostomy for urinary reconstruction. Estimated 
blood loss was 3000 ml, and the patient received 5 units of packed red 
blood cells, 2 units of fresh frozen plasma, and 1 unit of platelets 
intraoperatively. The surgical margins were negative. Postoperatively, 
the patient received therapeutic enoxaparin for 4 weeks prior to tran
sitioning to rivaroxaban, before ultimately switching back to enoxaparin 
due to persistent vaginal bleeding.

The patient had a complicated postoperative recovery requiring 
multiple hospitalizations. She was initially hospitalized for sepsis from 
April 2022 to May 2022, secondary to a fluid collection positive for pan- 
sensitive klebsiella pneumoniae. She also experienced a left ureteral- 
arterial fistula for which a left common iliac artery stent was placed, 
at which time she was transitioned to dual anti-platelet therapy. She 
initially recovered well; however, in August 2022 she was hospitalized 
with pseudomonas aeruginosa bacteremia and received 2 weeks of 
intravenous antibiotics.

In September 2022, she noted vaginal bleeding and had a near 
syncopal episode. Imaging showed left hydronephrosis, and blood cul
tures were positive for pseudomonas aeruginosa susceptible to 

piperacillin and tazobactam, ceftazidime, cefepime, imipenem, mer
openem, gentamicin, tobramycin, ciprofloxacin, and levofloxacin. A CT 
scan demonstrated a 4.6 x 3.4 x 3.5 cm left common iliac pseudoa
neurysm with leak at the superior margin and left common iliac stent. 
Interventional radiology (IR) angiogram was performed, and the aneu
rysm was repaired with 2 stents placed within the left common iliac 
artery.

The patient was subsequently transferred from her hospital out of 
state to our institution for management of an infected aortic graft. She 
then underwent her eighth surgery, which included a left nephrectomy, 
colon resection, permanent colostomy, and revision of her aortic femoral 
bypass. The surgery was planned in order to excise a portion of the 
infected aortic graft and revise her bypass. However, upon entry into the 
abdomen, the entire retroperitoneum and abdominal cavity were 
adherent and there was significant scar tissue. The left ureter had a stent 
within it that was completely adherent to the aorta throughout its 
course. Based on this, it was felt that any ureteral reconstruction would 
not be feasible, and at that point it was deemed necessary by urology to 
remove the entire left kidney. During the surgery, the left colon became 
ischemic and general surgery was consulted. Given questionable inferior 
mesenteric artery perfusion and high risk for devascularization, the 
decision was made to proceed with permanent end colostomy. She then 
underwent several months of rehabilitation. The decision was made not 
to proceed with postoperative systemic therapy at that time until evi
dence of progression of disease. At her most recent follow-up, she had 
fully recovered, with no residual deficits and without evidence of disease 
26 months after surgery (Supplementary Figure S4).

3. Discussion

GCT is a rare indolent gynecologic malignancy that is prone to late 
recurrences requiring multiple surgical resections due to limited 
response to chemotherapy (Farkkila, 2017). These highly vascular tu
mors have a propensity for rupture and related inflammatory damage to 
surrounding tissues (Kottarathil, 2013). As with cytoreductive surgery 
for other histologic types of ovarian cancer, survival outcomes in GCT 
are improved with complete gross resection (Sun, 2012).

While vascular injuries are uncommon in gynecologic oncology 
surgery, complicating only 0.3 % to 1 % of all surgical procedures, they 

Fig. 3. Artistic rendering of aorta and inferior vena cava grafts after reconstruction. © 2024 Memorial Sloan-Kettering Cancer Center, Memorial Hospital for Cancer 
and Allied Diseases, and Sloan-Kettering Institute for Cancer Research, each in New York, NY. All rights reserved. Republished with permission.
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are associated with significant morbidity (Jurado, 2022). Studies have 
demonstrated an independent relationship between oncologic surgery 
and need for vascular repair (Levin, 2020). This association has been 
attributed to the presence of invasive disease and associated anatomic 
distortion (Levin, 2020). A retrospective study by Woo et al. found that 
unplanned vascular surgery in surgical oncology cases was associated 
with increased blood loss, operative time, hospital stay, and post
operative vascular complications (Woo, 2020). Studies have found that 
patients who undergo pelvic exenterations and require vascular resec
tion have worse survival outcomes than those with no vascular 
involvement (Andikyan, 2012).

Given the extent of surgery required to achieve complete gross 
resection in advanced ovarian cancer, it is crucial to anticipate vascular 
involvement and to have an interdisciplinary care team. A study by 
Finlay et al. reported that preoperative involvement of vascular surgery 
improved the frequency of clear margins from 35 % to 80 % and reduced 
the need for vessel repair and reconstruction (Finlay et al., 2020). There 
are multiple systems available to preoperatively assess vascular 
involvement. The Tinelli score can be used to characterize the level of 
vascular invasion, ranging from grade 1 (contact of tumor with vascu
lature) to grade 5 (complete vascular encapsulation) (Tinelli, 2017). 
Rajendran et al. proposed an algorithm for managing pelvic tumors 
involving the aortoiliac vessels, including conservative recommenda
tions such as avoiding venous reconstruction in patients with chronic 
occlusion and using venous ultrasonography to identify autologous 
conduits (Rajendran, 2023).

Preoperative imaging including contrast CT and magnetic resonance 
imaging should be carefully reviewed to assess for the presence of 
vascular involvement, collateral vessels, and thrombi (Rajendran, 2023; 
Leithead, 2016). Although there are no data on the sensitivity and 
specificity of CT imaging for detecting vascular invasion in ovarian 
cancer, it has demonstrated 97 % specificity in pancreatic cancer 
(Jajodia, 2023; Uccella, 2023). Three-dimensional printing has been 
particularly useful in surgical planning for vascular procedures (Lee, 
2023). While we did not use this technology preoperatively in this case, 
a three-dimensional reconstruction from a preoperative CT scan 
demonstrated extensive vascular involvement (Fig. 1).

In a small series of sarcomas and recurrent carcinomas, Cruz et al. 
found that while tumor encasement of an artery had prognostic signif
icance, arterial wall involvement did not (Cruz, 2021). Given the high 
rate of perioperative mortality associated with arterial reconstruction in 
surgical oncology, ranging from 5 % to 18.5 %, it is essential to appro
priately triage patients who would derive the most survival benefit from 
these extensive procedures (Loos, 2022; Song, 2009).

Reports of extensive oncovascular reconstruction in ovarian cancer 
are limited in the literature. A recent case series and systematic review 
by Uccella et al. included 12 cases of vascular resection during surgery 
for ovarian cancer, only 2 of which involved resection of the aorta, and 
none of which had GCT histology (Uccella, 2023). Of the 12 patients, 7 
(58 %) experienced perioperative complications and 8 had no evidence 
of disease at last follow-up (Uccella, 2023).

To our knowledge, this case is one of just a few in which aortic and 
IVC resection and reconstruction were performed, and the only such 
case of a patient with GCT histology (Lentz, 2014; Tani, 2021). Given the 
limited number of cases in the literature and the significant periopera
tive morbidity associated with extensive vascular surgical reconstruc
tion, more research is needed to determine the ideal candidate for this 
treatment approach. The high rate of complications with extensive 
vascular surgery must be weighed against the known survival benefit of 
complete gross resection. Ultimately, the decision to perform these 
extensive surgical procedures must be individualized based on patient 
goals of care and performance status.

4. Patient perspective

Investigators confirm that informed consent was obtained from the 

patient for creation and publication of this case report.

5. Statement of consent

Investigators confirm that informed consent was obtained from the 
patient for creation and publication of this case report.
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