
P
os

te
d

on
A

u
th

or
ea

17
J
u
n

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
65

54
44

24
.4

18
84

11
3/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Metastatic and multiply relapsed SDH deficient GIST and

paraganglioma displays clinical response to combined Poly

ADP-Ribose Polymerase inhibition and Temozolomide

Juan Vasquez1, Charu Singh1, Ranjit Bindra1, Peter M. Glazer1, and Farzana Pashankar1

1Yale School of Medicine

June 17, 2022

Abstract

Pediatric GIST (gastrointestinal stromal tumors) are mostly KIT/ PDGFRA-WT and harbor mutations in SDH (succinate

dehydrogenase), making them TKI (tyrosine kinase inhibitor) resistant due to the absence of gain-of-function tyrosine kinase

mutations. Due to rarity of GIST in children, there have been few clinical trials available for patients with advanced disease,

resulting in limited treatment options and a lack of pediatric-specific consensus guidelines. Here, we report the case of a patient

with progressive, metastatic SDHB-mutant GIST that displayed a significant clinical response with a combination of Olaparib

and TMZ (temozolomide).

Introduction

Unlike gastrointestinal stromal tumors (GISTs) in adults, the majority of GIST in pediatric patients
do not harbor KIT/PDGFA mutations (WT-GIST)1. WT-GIST are further subclassified as succinate-
dehydrogenase(SDH)-competent or SDH-deficient based on immunohistochemical staining for SDHB, with
approximately 5 to 7.5% of GIST classified as SDH-negative2. In patients harboring germline SDH muta-
tions, GIST frequently co-occur with paragangliomas, also known as Carney-Stratakis syndrome3. SDHB
mutations in particular are associated with the development of tumors at an earlier age and with a higher
propensity for malignant and metastatic disease4-6.

Surgical resection is the mainstay of treatment for localized GIST. For advanced stage GIST with mutations
in KIT and PDFGRA, tyrosine kinase inhibitors such as imatinib and sunitinib have prolonged progression
free survival (PFS), but compete response is rare, and patients can develop either primary (10-15%) or
late resistance7,8. Conversly, WT-GIST are resistant to imatinib and other TKIs resulting in few available
treatment options for metastatic disease9,10.

Here, we report the case of a patient with progressive, metastatic SDHB-mutant GIST that displayed a
significant clinical response with a combination of Olaparib and TMZ.

Case presentation

Patient is an African American female that presented as a 13-year-old with refractory anemia. Endoscopy
showed multiple gastric submucosal masses with superficial ulceration. A CT-scan showed a 2.5 x 2.6 cm
mass in the fundus of the stomach and a precarinal 2.6-mm lymph node in the chest. She underwent partial
gastrectomy and pathology was consistent with multifocal GIST. Postoperatively, she was started on imatinib
400 mg daily. Two years after surgical resection, a new FDG avid hypodensity was detected in the left lobe
of the liver. Imatinib dose was increased to 600 mg daily but a PET scan 3 months later revealed several
new FDG avid foci in the liver. Patient was transitioned to sunitinib 50 mg daily but developed a rash,
hypothyroidism and myelosuppression requiring cessation of treatment.
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. At this time, a CT-scan showed a mediastinal lesion, measuring 4.5 x 5.3 cm as well as a roughly 2-cm
gastric junction lesion. There were no focal liver lesions appreciated. The mediastinal lesion was favored to
be a paraganglioma and an MIBG scan confirmed positive uptake, suggestive of Carney Stratakis syndrome.
The patient then underwent focused genetic testing of her GIST tumor and this did not reveal any somatic
mutations in KIT or PDGFRA.

Patient was off all therapy for 2 years and CT scans continued to show gradual increased size of the gas-
troesophageal lesion to 2.4 cm and increased size of the liver lesions, the largest being 2.2 cm. The patient
was started on Nilotinib at 200 mg twice daily but this was stopped within a week due to intolerable side
effects. She was then restarted on sunitinib 25 mg daily for four weeks on and two weeks off. Repeat scans
continued to show increasing size of multiple enhancing liver lesions and she underwent hepatic embolization
with doxorubicin. Post embolization, a partial response was seen with some hepatic metastases reduced in
size and/or having reduced enhancement.

Additional tumor profiling was sent using the Oncomine panel and this failed to detect any somatic variants.
Additionally, PDL1 expression was not detected, and the tumor was microsatellite stable. She remained
on sunitinib, but given the lack of targetable mutations, she was enrolled on a Phase II study of heat
shock protein inhibitor AUY922 at a dose 70mg/m2. She was treated with 6 cycles but repeat imaging
showed progression of liver lesions and she was taken off study. Patient was then enrolled on a phase II
trial of Vandetinib 200mg daily but experienced significant toxicity requiring multiple interruptions and she
ultimately came off study after 8 months.

After discontinuation of vandetinib, a PET scan showed interval increase in hypermetabolic lesions in the
region of the stomach and interval increase in numerous hypermetabolic hepatic lesions. She was started
on Regorafenib 160 mg x 21 days on, 7 days off. However, this was stopped due to severe hypertension,
dermatologic toxicities, nephrotoxicity and hepatotoxicity.

While off therapy, a repeat CT-scan showed increased size of the mediastinal paraganglioma that had been
present since diagnosis. She underwent sternotomy and resection of the middle mediastinal tumor requiring
cardiopulmonary bypass and reconstruction of the pulmonary artery along with thymectomy.

The patient was then monitored off all medications for 4 years but began experiencing severe back pain. A
PET scan showed increase burden of liver metastatic disease and new multifocal osseous metastases and a
new small left anterior mediastinal lesion. An MIBG was performed and none of the FDG avid metastases
displayed any MIBG uptake.

At this point, the patient’s disease had not responded to multiple TKIs and two Phase I/II trials. Based
on preliminary pre-clinical data from our laboratory showing synergistic activity of PARP inhibition and
TMZ in an SDHB-mutant tumor model (unpublished), patient was started on olaparib 200 mg twice a day
x 7 days + TMZ 75 mg/m2/d x 7 days in 21-day cycles. After 6 cycles, a repeat PET showed markedly
decreased hypermetabolism within osseous metastases with interval sclerosis and resolved hypermetabolic
left anterior mediastinal mass. There was also slightly decreased hypermetabolic disease within the gastric
primary tumor and hepatic metastases (Fig. 1&2).

Regarding side effects, patient endorsed severe nausea for which her TMZ dose was reduced in cycle 2 and
anti-emetics were increased. In cycle 6, she received dexamethasone for chemotherapy induced nausea and
developed severe steroid induced psychosis ultimately leading to a discontinuation of her chemotherapy for
8 months. A repeat PET scan after being off therapy showed progression of one hepatic metastases with
decrease hypermetabolism in gastric and osseous metastases (Fig. 3). She restarted chemotherapy with
Olaparib and TMZ and is tolerating it well.

Discussion and Conclusions

Surgical resection is the mainstay of treatment for localized GIST, but for advanced stage disease there are
limited treatment options11,12. Unlike GIST in adults, most GIST in pediatric patients are KIT/ PDGFRA-
WT and harbor mutations in SDH, making them resistant to TKIs1,13. Due in part to the rarity of GIST in
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. children, there have been few clinical trials available for pediatric patients further limiting treatment options
and compounding the difficulty in managing patients with advanced disease13,14.

While the role of cytotoxic therapy is limited in GIST, TMZ is an alkylating agent that has been used to
treat select patients. A case report by D’Silva et al15 described a patient with SDH-deficient GIST resistant
to TKIs that was treated with TMZ at 150-200 mg/m2 for 5 days, every 28 days. An FDG-PET scan after
4 cycles demonstrated stable disease and a CT scan after 7 cycles showed a partial response. A study of
15 patients with paraganglioma and pheochromocytoma showed that 50% of those with SDHB-mutations
demonstrated a partial response to TMZ while no SDHB wild-type patients showed a response16. Yebra et
al17 established patient-derived SDH-mutant GIST models and found that TMZ elicits DNA damage and
apoptosis in SDH- mutant cells. The authors applied their findings to a cohort of 5 patients with SDH-mutant
GIST and found a 40% objective response rate and 100% disease control rate with TMZ at 85mg/m2daily
administered in 4-week cycles for 21 days. A Phase II clinical trial is currently underway to investigate the
efficacy of TMZ in SDH-deficient GIST (ClinicalTrials.gov NCT03556384).

SDH is a key element of the Krebs cycle and loss of function can cause accumulation of the oncometabolite
succinate, which has been shown to competitively inhibit αKG–dependent dioxygenases18,19. Previous work
from our group has established that elevated levels of succinate leads to inhibition of lysine-specific demethy-
lase 4B (KDM4B), resulting in aberrant hypermethylation of histone 3 lysine 9 (H3K9) at loci surrounding
DNA breaks inhibiting recruitment of homologous recombination (HR) factors and rendering cells vulnerable
to synthetic-lethal targeting with PARP inhibitors20,21. Recently, we have extended these findings to demon-
strate additional synergistic combinations that exploit SDHB-induced HR defects. TMZ mediates cytotoxic
effects by attaching methyl groups to DNA. The N3-MetA and N7-MetG adducts in particular are repaired
via the base excision repair (BER) pathway in a process involving PARP, providing the basis for potential
synergy. In a pre-clinical study, we demonstrated significant in vitrocytotoxicity and in vivo tumor growth
delay in engineered SDHB-KO tumor models with combined treatment of TMZ and the PARP inhibitor
BGB-290 (unpublished).

Here, we present a patient with metastatic, progressive SDH-deficient GIST, who’s disease was refractory to
multiple TKIs and failed multiple phase I/II trials. Using our pre-clinical findings as a rationale, we treated
the patient with a combination of Olaparib and TMZ. After 6 cycles of treatment, the patient experienced
significant clinical benefit with a partial response of disease. To our knowledge, this is the first report of a
patient with SDH-deficient GIST treated with a combination of PARP inhibitor and TMZ.

The clinical response observed in this patient with progressive disease warrants consideration for further
study in prospective clinical trials using a combination of PARP inhibition and TMZ for the treatment of
SDH-deficient malignancies.
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Figures Legends:

Figure 1. FDG-PET/CT prior to the start of Olaparib and Temozolomide.

Figure 2. FDG-PET/CT after 6 cycles of Olaparib and Temozolomide.

Figure 3. FDG-PET/CT after 8 months off therapy.
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