JOP. ] Pancreas (Online) 2024 August 30; 24(510): 7-12.

RESEARCH ARTICLE

Circulating Tumor DNA Analysis Defining the Genomic Landscape of
Paragangliomas and Pheochromocytomas

Lana Khalil?, Ali F. Al Sbihi3, Jill Tsai?, Leylah M Drusbosky?, Hiba I Dada?, Bassel El-Rayes*, Walid
Shaib>”*

!Department of Hematology and Oncology, Winship Cancer Institute, Emory University, Atlanta, USA
2Guardant Health, Redwood City, USA

3Department of Internal Medicine, Wayne State University/Detroit Medical Center/Sinai Grace
Hospital, Detroit, USA

*Department of Hematology and Oncology, O’'Neal Cancer Center, University of Alabama, Tuscaloosa,
USA

*Northwest Georgia Oncology Centers Wellstar, Marietta, USA

ABSTRACT

Background: Paragangliomas (PGLs) and Pheochromocytomas (PCCs) are rare cancers. There is not standard of care treatments for these
cancers. The genomic landscape of PGLs and PCCs is not reported. The aim of this study is to report the mutational difference and assess the
feasibility of Next Generation Sequencing (NGS) testing by Circulating Tumor DNA (ctDNA) from patients with PGLs and PCCs.

Methods: Molecular alterations in 46 plasma samples were tested using Guardant360® or Guardant360® CDx ctDNA assays from multiple
institutions 2016-2021. Single nucleotide variants and indels in 54-83 genes with copy number amplifications and fusions in selected genes
were detected.

Results: A total of 46 patients (24 PGLs and 22 PCCs) were included. For the 24 PGLs patients, the median age was 55 (range: 28-78); 14
(58%) were male. Of the 22 PCCs patients, the median age was 56 (range: 28-86); 12 (54.5%) were male. The identified genetic alterations
were present in 16 (67%) PGLs and 17 (77%) PCCs patients. The 16 PGLs mutations include: TP53 (44%), followed by ATM (25%), FGFR2
(19%), APC (13%), BRAF (13%), BRCA1 (13%), CCND2 (13%), FGFR3 (13%), IDH2 (13%), KRAS (13%), PDGFRA (13%), RB1 (13%), TERT
(13%), ALK (6%), ARID1A (6%), BRCAZ (6%), CCND1 (6%), CDK6 (6%), CDK12 (6%), EGFR (6%), FGFR1 (6%), KIT (6%), MET (6%), NF1
(6%), NRAS (6%), PIK3CA (6%), PTEN (6%) and ROS1 (6%). The 17 PCCs alterations include: TP53 (41%), followed by ATM (35%), NF1
(24%), FGFR1 (18%), APC (13%), EGFR (12%), MET (12%), MYC (12%), NOTCH (12%), PDGFRA (12%), TSC1 (12%), AR (6%), ARID1A
(13%), BRAF (6%), BRCA1 (6%), BRCAZ (6%), CCND1(6%), CDK6 (6%), CHEKZ (6%), ERBB2 (6%), EZHZ (6%), FGFRZ (6%), IDHZ2 (6%), KIT
(6%), KRAS (6%), NRAS (6%), NTRK1(6%), NTRK2 (6%) and VHL (6%).

Conclusion: Liquid biopsy was feasible to detect alterations in PGLs and PCCs patients. ctDNA is a non-invasive method with the ability to
detect alterations that could help personalize the treatment options for patients. We report a high rate of Homologous Recombinant Defi-
ciencies (HRD) among the PGLs/PCCs patients highlighting the need for prospective evaluation on clinical trials.
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INTRODUCTION lesions being more active, symptomatic and common in
the abdomen and pelvis [1]. PGLs are less common than
Pheochromocytomas (PCCs) and Paragangliomas PCCs, and secrete norepinephrine as opposed to the
(PGLs) are rare cancers originating from the autonomic PCCs which secrete epinephrine [2]. Most PCCs and PGLs
nervous system PGLs and adrenal medulla PCCs chromaffin tumors are benign with a 15%-20% risk of metastasis
cells. PCCs and PGLs can be either sympathetic or [3,4]. Both cancers are heterogenous diseases with no
parasympathetic secretory cancers, with the sympathetic standard of care treatment guidelines established [5].
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means of detection due to the improvement in imaging
and biochemical tests. PGLs can be sporadic or hereditary
syndromes. Germline variants in PGLs genes are found
in 40% of patients with PGLs, making the tumor form
E-mail wshaib@ngoc.com the most heritable of all human malignancies. Somatic
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mutations are common in PGLs [7] and detected in
around 30% of cases [8,9].

PGLs have consistent histological features that they
share with PCCs with high heritability rates [10,11];
25%-30% of these tumors develop under conditions of
a hereditary tumor syndrome [12] a third of which affect
the Von Hippel Lindau (VHL) gene [12] with 25%-30%
of the tumors having somatic RET, VHL, Neurofibromin
1 (NF1) and MYC-associated factor X (MAX) mutations
[13-16]. All PGLs exhibit malignant potential [7], and a
few harbors malignant potential with (<5%), specifically
in patients with the hereditary forms, like VHL, Multiple
Endocrine Neoplasia type 2 (MEN2 with RET), and an
increased risk of disseminated disease in patients with
SDHB mutations [17]. Circulating Tumor DNA (ctDNA)
testing is now performed for all cancer types. As opposed
to traditional tissue biopsies, liquid biopsies are faster
to result, less invasive, have the potential to reflect all
metastatic sites (i.e. tumor heterogeneity), detect current
(real time) and non-archived mutations, can monitor
responses of therapy through serial sampling, and carry
lower cost to perform [18-21]. ctDNA testing is now
recommended to guide the treatment in many cancer
types [22]. There is no standard of care for the treatment
of PGLs and PCCs. Current management is based on case
series and reports. Understanding the genomic landscape
is of utmost importance in this disease as it may define
the treatment through targeted therapies.

MATERIALS AND METHODS

Thisisaretrospective analysis of molecularalterations
in 46 ctDNA samples from PGLs or PCCs patients who
underwent Guardant360® or Guardant360® CDx from
different institutions. This test detects single nucleotide
variants in 54-83 genes, copy number amplifications,
fusions, and indels in selected genes. Samples from
patients between the years 2016 and 2021 were
analyzed. Patient-specific covariates included gender
and age. Ethical approval was not required given the de-
identified nature of the data collected in a retrospective
fashion, no consents were required, through a data
transfer agreement between guardant health and Emory
University.

Next Generation Sequencing (NGS)

ctDNA (liquid biopsy) testing was done by Guardant

Health (Guardant360®). Guardant Health ctDNA testing
is a College of American Pathologists (CAP)-accredited
and Clinical Laboratory Improvement Amendments
(CLIA)-certified laboratory and detects Single-Nucleotide
Variants (SNV), indels, fusions and copy number
alterations in 83 genes, including the most prevalent
tumor suppressor genes in human cancers, with a
reportable range of = 0.04%, = 0.02%, = 0.04% and 2
2.12 copies, respectively, and these include the detection
of microsatellite instability. The test specificity is at the
rate of >99.99% [23]. ctDNA gets extracted from the
plasma using the QIAmp Circulating Nucleic Acid Kit
(Qiagen, Inc.). Hybrid-capture sequencing libraries are
captured from up to 30 ng ctDNA and labeled with non-
random oligonucleotide barcodes (IDT, Inc.,), followed by
library preparation, hybrid capture enrichment (Agilent
Technologies, Inc.,), and sequencing at 15,000 x read
depth of the critical exons in the targeted panel by paired-
end synthesis (NextSeq 500 and/or HiSeq 2500, Illumina,
Inc.,), these are then reported through bioinformatics
analysis [24]. NGS data were interpreted by N-of-One,
Inc., (Lexington, MA, USA).

RESULTS
Patient demographics

Between 2016 and 2021, a total of 46 locally advanced
unresectable or metastatic disease PCCs and PGLs
patients underwent Guardant360® or Guardant360® CDx
testing; 24 PGL and 22 PCC patients. The median age of
PGLs patients was 55 (range: 28-78); 14 (58%) patients
were male. The median age of PCC patients was 56 (range:
28-86); 12 (54.5%) patients were male.

Molecular alterations

Genetic alterations were identified in 16 (67%) PGLs
and 17 (77%) PCCs patients. In PGLs patients, TP53
mutation was the most common detected alteration
(44%), followed by ATM (25%), then FGFR2 (19%), APC
(13%), BRAF (13%), BRCA1 (13%), CCND2 (13%), FGFR3
(13%), IDH2 (13%), KRAS (13%), PDGFRA (13%), RB1
(13%), TERT (13%), ALK (6%), ARID1A (6%), BRCAZ2
(6%), CCND1 (6%), CDK6 (6%), CDK12 (6%), EGFR (6%),
FGFR1 (6%), KIT (6%), MET (6%), NF1 (6%), NRAS (6%),
PIK3CA (6%), PTEN (6%) and ROS1 (6%). The alteration
frequencies by gene and types are shown in Table 1.

Table 1. Ongoing clinical trials which assess different therapies for PPGL.

Estimate/actual number

Trial number and Trial name Study title . Status
of participants
A prospective phase II efficacy and safety study of anlotinib in
NCT05133349 EASOAIPPGL metastatic or locally advanced pheochromocytoma/paraganglioma: 20 Recruiting
Open-label single-arm, exploratory trial
NCT03946527 LAMPARA Lanreotide in metastatic pheochromocytoma/paraganglioma 40 Recruiting
NCT03839498 Study of axitinib (AG-013736) with evaluation of the VEGF-pathway 25 Recruiting

in pheochromocytoma/paraganglioma
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NCT00843037 SNIPP Study of sunitinib in patients with recurrent paraganglioma/pheo- 25 Actlvg, .not
chromocytoma recruiting
Belzutifan/MK-6482 for the treatment of advanced Pheochromocy-

NCT04924075 MK-6482-015 toma/Paraganglioma (PPGL) or Pancreatic Neuroendocrine Tumor 140 Recruiting
(pNET)
Lenvatinib in treating patients with metastatic or advanced Active, not

NCT03008369 pheochromocytoma or paraganglioma that cannot be removed by 3 recruiting,
surgery has results

NCT04860700 The efficacy and safety of anlotlm.b in patients with metastatic 31 Recruiting
pheochromocytoma or paraganglioma

NCT03206060 Lu-177-DOTATATE (Ll.ltathera) in therapy of inoperable pheochro- 90 Recruiting
mocytoma/paraganglioma
Cabozantinib S-malate in treating patients with metastatic pheo-

NCT02302833 chromocytomas or paragangliomas that cannot be removed by 22 Recruiting
surgery
Study to evaluate safety and dosimetry of lutathera in adolescent o

NCTO4711135 patients with GEP-NETs and PPGL 8 Recruiting
Testing the addition of an anticancer drug, olaparib, to the usual

NCT04394858 chemotherapy (Temozolomide) for advanced neuroendocrine 76 Recruiting
cancer
Testing the combination of anti-cancer drugs talazoparib and

NCT05142241 RARE2 temozolomide in patients = 18 years old with advanced stage rare ~ 34 Recruiting
cancers
Phase-II study of Lu177DOTATOC in adults with STTR(+)pulmonary,

NCT04276597 PUTNET pheochromocytoma, paraganglioma, unknown primary, thymus 50 Recruiting
NETs (PUTNET), or any other Non-GEP-NET
Phase-II study of Lu177DOTATOC in adults with STTR(+)pulmonary,

NCT00107289 pheochromocytoma, paraganglioma, unknown primary, thymus 200 Recruiting
NETs (PUTNET), or any other non-GEP-NET

NCT02721732 Pembrolizumab in treating patients Wlth rare tumors that cannot be 202 Actlvt?, .not
removed by surgery or are metastatic recruiting
Trial of cabozantinib plus atezolizumab in advanced and progres- o

NCT04400474 The CABATEN sive neoplasms of the endocrine system. The CABATEN study 144 Recruiting

NCT02834013 Nivolumab and ipilimumab in treating patients with rare tumors 818 Recruiting

NCT03034200 Phase 2 study of ONC201 in neuroendocrine tumors 28 Actlve., Not

recutting

NCT03541720 18F-fluorodopamine PET studies of neuroblastoma and pheochro- 20 Recruiting
mocytoma

NCT01850888 MIBG for refractory neuroblastoma and pheochromocytoma 100 Recruiting
Tipifarnib for the treatment of advanced solid tumors, lymphoma,

NCT04284774 or histiocytic disorders with HRAS gene alterations, a pediatric 49 Recruiting

match treatment trial

In PCCs patients, TP53 mutation was the most common
alteration detected (41%), followed by ATM (35%), NF1
(24%), FGFR1 (18%), APC (13%), EGFR (12%), MET
(12%), MYC (12%), NOTCH1 (12%), PDGFRA (12%), TSC1
(12%), AR (6%), ARID1A (13%), BRAF (6%), BRCA1(6%),
BRCAZ (6%), CCND1 (6%), CDK6 (6%), CHEKZ (6%)
ERBBZ2 (6%), EZH2 (6%), FGFR2 (6%), IDH2 (6%), KIT
(6%), KRAS (6%), NRAS (6%), NTRK1 (6%), NTRKZ (6%)
and VHL (6%)). These alterations are summarized by
frequencies and types. In PGLs (21%) and PCCs (41%)
alterations were associated with targeted therapies that
are approved in other indications.

DISCUSSION

The genomic landscape and the treatment paradigms
of PGLs and PCCs cancers are not well established and

are extrapolated from either case series or from other
disease states like neuroendocrine tumors. Current
therapeutic approaches for PPGL include radioactive
lodine-131-Metaiodobenzylguanidine (MIBG-Azedra)
[25,26] selected by the 23I-MIBG scintigraphy scan
positive in metastatic lesions which constitute about
50% of all PPGL [27,28]. No other treatments have been
approved specifically for these tumors. Other radionuclide
therapy that has been reported is the Peptide Receptor
Radionuclide Therapy (PRRT) using the radiolabeled
somatostatin  analogue  (177LutetiumDOTAOQ-Tyr3)
octreotate  (177Lu-DOTATATE) extrapolated from
neuroendocrine tumor treatment. Benign and malignant
PPGL overexpress somatostatin receptors which is more
prominent in SDHB gene mutation [29]. Its efficacy and
safety were assessed by a study of 30 inoperable PPGL
cases (27 PGLs, 3 PCCs) [30,31].

Citation: Khalil L, Al-Sbihi AE Tsai ], Drusbosky LM, Dada HI, El-Rayes B, et al. Circulating Tumor DNA Analysis Defining the Genomic Landscape of Paragangliomas and

Pheochromocytomas. JOP.] Pancreas. (2024)24: 7-12.

JOP. Journal of the Pancreas - www.primescholars.com/pancreas.html/ - Vol. 24 No. S10 - August 2024. [ISSN 1590-8577] 9



JOP. ] Pancreas (Online) 2024 August 30; 24(S10): 10-12.

Case reports and series have reported good outcomes
utilizing targeted therapies in some unselected patients.
Targeted therapies are possible treatment options in
unselected patients with metastatic PGLs and PCCs [32].
These include small molecule tyrosine kinase inhibitors
and monoclonal antibodies. Sunitinib malate (Sutent)
is reported through case series as a possible treatment
of PGLs and PCCs [33-37]. A phase II trial of sunitinib in
patients with progressive PGLs or PCCs (the SNIPP trail)
in 2019 showed a survival advantage of progression
free survival of 13.4 months and a reported disease
control rate of 83%, only 3 patients (13%) achieved
partial response. The trial emphasized that patients with
germline variants in RET or SDH subunits alterations may
have the greatest benefit despite poor overall response
rate [38]. Temozolomide is reported to have some activity
through case report and series in unselected patients
[39-41]. The importance of evaluation for genetic
mutations is also reflected by a study that detected a
67% clinical benefit of temozolomide for progressive
PGLs and PCCs with a correlation between SDHB-
mutation and hypermethylation of the Methylguanine-
Deoxyribonucleic Acid Methyltransferase (MGMT)
promoter region [42-44].

Homologous Recombination Deficiency (HRD) is a
genomic alteration resulting from mutations in genes
involved in double-stranded DNA breaks’ repair with
Homologous Recombination DNA Damage Repair (HR-
DDR) deficiencies prevalent among many tumor types
[45] including breast, ovarian, pancreatic and prostate
cancers [46,47] with approved treatment targets [48-
50]. In this study, a high prevalence of these HRD
alterations are reported. Poly-ADP Ribose Polymerase
(PARP) inhibition has emerged as a potential therapeutic
strategy in the treatment of cancers. These agents inhibit
DNA repair mechanisms and could have an important
implication in the treatment of PGLs/PCCs patients given
the high frequency of the HRD alterations reported here.
Combining PARP inhibitors to an alkylating agent, such
as temozolomide, have shown response efficacy in small
cell lung cancer proving potential future hope in this
aggressive disease [51]. This same combination is now
under study. An ongoing trial (NCT04394858) is awaited
to define the efficacy of targeting this pathway in patients
with PPGL [52].

Other targeted alterations are reported in this study
with high prevalence that are worth testing in prospective
studies. These include the Fibroblast Growth Factor
(FGF) [53,54], (Erdafitinib, Pemigatinib, Infigratinib) are
currently approved for the treatment of selected patients
with advanced urothelial and bile duct cancers [55]. In
our study, we report a high prevalence of these alterations
at a rate of 19% in PGLs (FGFR3 (13%), FGFR1 (6%))
and 24% in PCCs (FGFR1 (18%), FGFRZ2 (6%)). Isocitrate
Dehydrogenase 1 and 2 (IDH1/IDHZ2) which are enzymes
that physiologically convert isocitrate to a-ketoglutarate.
This target (Ivosidenib and Enasidenib) is druggable

and approved for selected patients with Acute Myeloid
Leukemia (AML), Myelodysplastic Syndrome (MDS)
[56] and cholangiocarcinomas [57,58]. IDHZ alterations
are present in 13% of the PGLs and 6% of the PCCs as
reported in this analysis. Other important alterations
that could be targetable are: BRAF with V600 E mutation
previously identified in a patient with PCCs [59],
(Vemurafenib, Encorafenib) [60], PDGFRA/KIT (Imatinib)
[61-63], MET with exon 14 mutation (Tepotinib) [63-65],
the latter study showed Exon 14 mutations identified on
three samples, PIK3CA (Idelalisib, Copanlisib, Duvelisib)
[66,67], ROS1 (Crisotinib) [68], ERBB2 (Trastuzumab,
Pertuzumab, Lapatinib, Fam-trastuzumab Derutecan)
[69-73], EZH2 (Tazemetostat) [74], NTRK (Larotrectinib,
Entrectinib) [75,76].

CONCLUSION

PPGL are rare tumors, and the effectiveness of current
treatment modalities remains limited throughout the
literature. There are many limitations to this report. This
is retrospective analysis of the prevalence of mutations
in rare cancers. These genomic data were obtained
from a de-identified database with very limited clinical
information available. There are no treatments detailed
and no clinical outcomes. No data available on when
these samples were obtained (prior or after treatments).
The gene panel is limited to 74 genes failing only. Another
limitation is the lack of comparing tissue to liquid testing.
This study proves that ctDNA genomic testing is feasible
for PGLs and PCCs diseases and could have important
implications on patients choosing to participate in trials
and for physicians to design trials for these drug gable
targets reported here, specifically the HRD alterations.
The data lacks the specificities of the anatomic location
and the burden of disease. Our findings in this paper
help implement a personalized treatments approach
that might improve PGLs/PCCs patients’ outcomes.
Furthermore, the sample size reported here-given the
rarity of the disease- does not allow clinically meaningful
survival outcomes even if these survival data were
available. The need for further studies in the era of NGS
and its continuous improvement to further identify PPGL
mutations and thus guiding therapy, is important. We
prove that liquid genomic testing modality is feasible in
this rare cancer as these tumors shed circulating DNAs.

REFERENCES

1. Ikram A, Rehman A. Paraganglioma. StatPearls. 2024:1-5.

2. Welander ], Soderkvist P, Gimm O. Genetics and clinical characteris-
tics of hereditary pheochromocytomas and paragangliomas. Endocr
Relat Cancer. 2011;18(6):R253-R276. [PMID: 22041710]

3.  Corssmit EPM, Snel M, Kapiteijn E. Malignant pheochromocyto-
ma and paraganglioma: Management options. Curr Opin Oncol.
2020;32(1):20-26. [PMID: 31599769]

4, WangY, Li M, Deng H, Pang Y, Liu L, Guan X. The systems of metastat-
ic potential prediction in pheochromocytoma and paraganglioma.
Am ] Cancer Res. 2020;10(3):769-780. [PMID: 32266090]

5.  Goncalves ], Lussey-Lepoutre C, Favier ], Gimenez-Roqueplo AP,
Castro-Vega LJ. Emerging molecular markers of metastatic pheo-

Citation: Khalil L, Al-Sbihi AE Tsai ], Drusbosky LM, Dada HI, El-Rayes B, et al. Circulating Tumor DNA Analysis Defining the Genomic Landscape of Paragangliomas and

Pheochromocytomas. JOP.] Pancreas. (2024)24: 7-12.

JOP. Journal of the Pancreas - www.primescholars.com/pancreas.html/ - Vol. 24 No. S10 - August 2024. [ISSN 1590-8577]

10


https://www.ncbi.nlm.nih.gov/books/NBK549834/
https://erc.bioscientifica.com/view/journals/erc/18/6/R253.xml
https://erc.bioscientifica.com/view/journals/erc/18/6/R253.xml
https://pubmed.ncbi.nlm.nih.gov/22041710/
https://journals.lww.com/co-oncology/abstract/2020/01000/malignant_pheochromocytoma_and_paraganglioma_.5.aspx
https://journals.lww.com/co-oncology/abstract/2020/01000/malignant_pheochromocytoma_and_paraganglioma_.5.aspx
https://pubmed.ncbi.nlm.nih.gov/31599769/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7136918/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7136918/
https://pubmed.ncbi.nlm.nih.gov/32266090/
https://www.sciencedirect.com/science/article/abs/pii/S0003426619300538?via%3Dihub

JOP. ] Pancreas (Online) 2024 August 30; 24(S10): 11-12.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

chromocytomas and paragangliomas. Ann Endocrinol (Paris).
2019;80(3):159-162. [PMID: 31053249]

Ebbehoj A, Stochholm K, Jacobsen SE Trolle C, Jepsen P, Robaczyk
MG, et al. Incidence and clinical presentation of pheochromocytoma
and sympathetic paraganglioma: A Population-based study. ] Clin
Endocrinol Metab. 2021;106(5):e2251-e2261. [PMID: 33479747]

Martin TP, Irving RM, Maher ER. The genetics of paragangliomas: A
review. Clin Otolaryngol. 2007;32(1):7-11. [PMID: 17298303]

Amar L, Fassnacht M, Gimenez-Roqueplo AP, Januszewicz A, Prejbisz
A, Timmers H, et al. Long-term postoperative follow-up in patients
with apparently benign pheochromocytoma and paraganglioma.
Horm Metab Res. 2012;44(5):385-389. [PMID: 22351478]

Khatami F, Mohammadamoli M, Tavangar SM. Genetic and epigen-
etic differences of benign and malignant Pheochromocytomas and
Paraganglioma (PPGL). Endocr Regul. 2018;52(1):41-54. [PMID:
29453919]

Gimenez-Roqueplo AP, Dahia PL, Robledo M. An update on the ge-
netics of paraganglioma, pheochromocytoma, and associated he-
reditary syndromes. Horm Metab Res. 2012;44(5):328-333. [PMID:
22328163]

Neumann HP, Bausch B, McWhinney SR, Bender BU, Gimm O, Franke
G, et al. Germ-line mutations in nonsyndromic pheochromocytoma.
N Engl ] Med. 2002;346(19):1459-1466. [PMID: 12226162]

Amar L, Bertherat ], Baudin E, Ajzenberg C, Bressac-de Paillerets B,
Chabre O, et al. Genetic testing in pheochromocytoma or function-
al paraganglioma. J Clin Oncol. 2005;23(34):8812-8818. [PMID:
16314641]

Burnichon N, Buffet A, Parfait B, Letouze E, Laurendeau I, Loriot C,
et al. Somatic NF1 inactivation is a frequent event in sporadic pheo-
chromocytoma. Hum Mol Genet. 2012;21(26):5397-5405. [PMID:
22962301]

Burnichon N, Cascon A, Schiavi F, Morales NP, Comino-Mendez
I, Abermil N, et al. MAX mutations cause hereditary and spo-
radic pheochromocytoma and paraganglioma. Clin Cancer Res.
2012;18(10):2828-2837. [PMID: 22452945]

Welander ], Larsson C, Backdahl M, Hareni N, Sivler T, Brauckhoff M,
etal. Integrative genomics reveals frequent somatic NFI1 mutations in
sporadic pheochromocytomas. Hum Mol Genet. 2012;21(26):5406-
5416. [PMID: 23010473]

Toledo RA, Qin Y, Srikantan S, Morales NP, Li Q, Deng Y, et al. In vivo
and in vitro oncogenic effects of HIF2ZA mutations in pheochromocy-
tomas and paragangliomas. Endocr Relat Cancer. 2013;20(3):349-
359. [PMID: 23533246]

Taieb D, Timmers H, Pacak K. Diagnostic investigation of lesions as-
sociated with succinate dehydrogenase defects. Horm Metab Res.
2019;51(7):414-418. [PMID: 29618137]

Rizzo FM, Meyer T. Liquid biopsies for neuroendocrine tumors: Cir-
culating Tumor Cells, DNA and MicroRNAs. Endocrinol Metab Clin
North Am. 2018;47(3):471-483. [PMID: 30098711]

Gerlinger M, Rowan A], Horswell S, Math M, Larkin ], Endesfelder
D, et al. Intratumor heterogeneity and branched evolution revealed
by multiregion sequencing. N Engl ] Med. 2012;366(10):883-892.
[PMID: 22397650]

Martelotto LG, Ng CK, Piscuoglio S, Weigelt B, Reis-Filho ]S.
Breast cancer intra-tumor heterogeneity. Breast Cancer Res.
2014;16(3):210. [PMID: 25928070]

Bidard FC, Weigelt B, Reis-Filho JS. Going with the flow: From cir-
culating tumor cells to DNA. Sci Transl Med. 2013;5(207):207ps14.
[PMID: 24132635]

Mafficini A, Scarpa A. Genetics and epigenetics of gastroenteropan-
creatic neuroendocrine neoplasms. Endocr Rev. 2019;40(2):506-
536. [PMID: 30657883]

Lanman RB, Mortimer SA, Zill OA, Sebisanovic D, Lopez R, Blau §,
et al. Analytical and clinical validation of a digital sequencing panel
for quantitative, highly accurate evaluation of cell-free circulating
tumor DNA. PLoS One. 2015;10(10):e0140712. [PMID: 26474073]

Odegaard ]I, Vincent JJ, Mortimer S, Vowles JV, Ulrich BC, Banks KC,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

et al. Validation of a plasma-based comprehensive cancer genotyp-
ing assay utilizing orthogonal tissue- and plasma-based methodolo-
gies. Clin Cancer Res. 2018;24(15):3539-3549. [PMID: 29691297]

[lanchezhian M, Jha A, Pacak K, Del Rivero J. Emerging treatments for
advanced/metastatic pheochromocytoma and paraganglioma. Curr
Treat Options Oncol. 2020;21(11):85. [PMID: 32862332]

FDA approves first treatment for rare adrenal tumors. U.S. Food and
Drug 2018.

Safford SD, Coleman RE, Gockerman JP, Moore ], Feldman JM, Leight
GS, et al. lodine-131 metaiodobenzylguanidine is an effective treat-
ment for malignant pheochromocytoma and paraganglioma. Sur-
gery. 2003;134(6):956-962. [PMID: 14668728]

Loh KC, Fitzgerald PA, Matthay KK, Yeo PP, Price DC. The treatment
of malignant pheochromocytoma with iodine-131 Metaiodoben-
zylguanidine (131I-MIBG): A comprehensive review of 116 re-
ported patients. ] Endocrinol Invest. 1997;20(11):648-658. [PMID:
9492103]

Patel M, Tena I, Jha A, Taieb D, Pacak K. Somatostatin receptors and
analogs in pheochromocytoma and paraganglioma: Old players in
a new precision medicine world. Front Endocrinol (Lausanne).
2021;12:625312. [PMID: 33854479]

Zandee WT, Feelders RA, Smit Duijzentkunst DA, Hofland ], Metse-
laar RM, Oldenburg RA, et al. Treatment of inoperable or metastatic
paragangliomas and pheochromocytomas with peptide receptor
radionuclide therapy using 177Lu-DOTATATE. Eur ] Endocrinol.
2019;181(1):45-53. [PMID: 31067510]

Satapathy S, Mittal BR, Bhansali A. Peptide receptor radionuclide
therapy in the management of advanced pheochromocytoma and
paraganglioma: A systematic review and meta-analysis. Clin Endo-
crinol (0xf). 2019;91(6):718-727. [PMID: 31569282]

Padma VV. An overview of targeted cancer therapy. Biomedicine
(Taipei). 2015;5(4):19. [PMID: 26613930]

Rosen LS. Angiogenesis inhibition in solid tumors. Cancer J. 2001;7
Suppl 3:5120-S128. [PMID: 11779082]

Ayala-Ramirez M, Chougnet CN, Habra MA, Palmer JL, Leboulleux S,
Cabanillas ME, et al. Treatment with sunitinib for patients with pro-
gressive metastatic pheochromocytomas and sympathetic paragan-
gliomas. J Clin Endocrinol Metab. 2012;97(11):4040-4050. [PMID:
22965939]

Sesti F, Feola T, Puliani G, Centello R, di Vito V, Bagni O, et al. Sunitinib
treatment for advanced paraganglioma: Case report of a novel SDHD
gene mutation variant and systematic review of the literature. Front
Oncol. 2021;11:677983. [PMID: 34221997]

Joshua AM, Ezzat S, Asa SL, Evans A, Broom R, Freeman M, et al.
Rationale and evidence for sunitinib in the treatment of malig-
nant paraganglioma/pheochromocytoma. J Clin Endocrinol Metab.
2009;94(1):5-9. [PMID: 19001511]

Prochilo T, Savelli G, Bertocchi P, Abeni C, Rota L, Rizzi A, et al. Tar-
geting VEGF-VEGFR pathway by sunitinib in peripheral primitive
neuroectodermal tumor, paraganglioma and epithelioid hemangio-
endothelioma: Three case reports. Case Rep Oncol. 2013;6(1):90-
97. [PMID: 23626551]

0’Kane GM, Ezzat S, Joshua AM, Bourdeau I, Leibowitz-Amit R, Ol-
ney HJ, et al. A phase 2 trial of sunitinib in patients with progressive
paraganglioma or pheochromocytoma: The SNIPP trial. Br ] Cancer.
2019;120(12):1113-1119. [PMID: 31105270]

Ferrara AM, Lombardi G, Pambuku A, Meringolo D, Bertorelle R, Nar-
din M, etal. Temozolomide treatment of a malignant pheochromocy-
toma and an unresectable MAX-related paraganglioma. Anticancer
Drugs. 2018;29(1):102-105. [PMID: 29099418]

Bravo EL, Kalmadi SR, Gill I. Clinical utility of temozolomide in the
treatment of malignant paraganglioma: A preliminary report. Horm
Metab Res. 2009;41(9):703-706. [PMID: 19536732]

Tena I, Gupta G, Tajahuerce M, Benavent M, Cifrian M, Falcon A, et
al. Successful second-line metronomic temozolomide in metastatic
paraganglioma: Case reports and review of the literature. Clin Med
Insights Oncol. 2018;12:1179554918763367. [PMID: 29720885]

Citation: Khalil L, Al-Sbihi AE Tsai ], Drusbosky LM, Dada HI, El-Rayes B, et al. Circulating Tumor DNA Analysis Defining the Genomic Landscape of Paragangliomas and
Pheochromocytomas. JOP. ] Pancreas. (2024)24: 7-12.

JOP. Journal of the Pancreas - www.primescholars.com/pancreas.html/ - Vol. 24 No. S10 - August 2024. [ISSN 1590-8577]

11


https://aacrjournals.org/clincancerres/article/24/15/3539/80810/Validation-of-a-Plasma-Based-Comprehensive-Cancer
https://aacrjournals.org/clincancerres/article/24/15/3539/80810/Validation-of-a-Plasma-Based-Comprehensive-Cancer
https://aacrjournals.org/clincancerres/article/24/15/3539/80810/Validation-of-a-Plasma-Based-Comprehensive-Cancer
https://pubmed.ncbi.nlm.nih.gov/29691297/
https://link.springer.com/article/10.1007/s11864-020-00787-z
https://link.springer.com/article/10.1007/s11864-020-00787-z
https://pubmed.ncbi.nlm.nih.gov/32862332/
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-rare-adrenal-tumors
https://www.surgjournal.com/article/S0039-6060(03)00426-4/abstract
https://www.surgjournal.com/article/S0039-6060(03)00426-4/abstract
https://pubmed.ncbi.nlm.nih.gov/14668728/
https://link.springer.com/article/10.1007/BF03348026
https://link.springer.com/article/10.1007/BF03348026
https://link.springer.com/article/10.1007/BF03348026
https://link.springer.com/article/10.1007/BF03348026
https://pubmed.ncbi.nlm.nih.gov/9492103/
https://pubmed.ncbi.nlm.nih.gov/9492103/
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.625312/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.625312/full
https://www.frontiersin.org/journals/endocrinology/articles/10.3389/fendo.2021.625312/full
https://pubmed.ncbi.nlm.nih.gov/33854479/
https://academic.oup.com/ejendo/article-abstract/181/1/45/6654181?redirectedFrom=fulltext&login=false
https://academic.oup.com/ejendo/article-abstract/181/1/45/6654181?redirectedFrom=fulltext&login=false
https://academic.oup.com/ejendo/article-abstract/181/1/45/6654181?redirectedFrom=fulltext&login=false
https://pubmed.ncbi.nlm.nih.gov/31067510/
https://onlinelibrary.wiley.com/doi/10.1111/cen.14106
https://onlinelibrary.wiley.com/doi/10.1111/cen.14106
https://onlinelibrary.wiley.com/doi/10.1111/cen.14106
https://pubmed.ncbi.nlm.nih.gov/31569282/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4662664/
PMID:%2026613930https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4662664/
https://pubmed.ncbi.nlm.nih.gov/11779082/
https://academic.oup.com/jcem/article-lookup/doi/10.1210/jc.2012-2356
https://academic.oup.com/jcem/article-lookup/doi/10.1210/jc.2012-2356
https://academic.oup.com/jcem/article-lookup/doi/10.1210/jc.2012-2356
https://pubmed.ncbi.nlm.nih.gov/22965939/
https://pubmed.ncbi.nlm.nih.gov/22965939/
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2021.677983/full
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2021.677983/full
https://www.frontiersin.org/journals/oncology/articles/10.3389/fonc.2021.677983/full
https://pubmed.ncbi.nlm.nih.gov/34221997/
https://academic.oup.com/jcem/article-lookup/doi/10.1210/jc.2008-1836
https://academic.oup.com/jcem/article-lookup/doi/10.1210/jc.2008-1836
https://pubmed.ncbi.nlm.nih.gov/19001511/
https://karger.com/cro/article/6/1/90/90244/Targeting-VEGF-VEGFR-Pathway-by-Sunitinib-in
https://karger.com/cro/article/6/1/90/90244/Targeting-VEGF-VEGFR-Pathway-by-Sunitinib-in
https://karger.com/cro/article/6/1/90/90244/Targeting-VEGF-VEGFR-Pathway-by-Sunitinib-in
https://karger.com/cro/article/6/1/90/90244/Targeting-VEGF-VEGFR-Pathway-by-Sunitinib-in
https://pubmed.ncbi.nlm.nih.gov/23626551/
https://www.nature.com/articles/s41416-019-0474-x
https://www.nature.com/articles/s41416-019-0474-x
https://pubmed.ncbi.nlm.nih.gov/31105270/
https://journals.lww.com/anti-cancerdrugs/abstract/2018/01000/temozolomide_treatment_of_a_malignant.12.aspx
https://journals.lww.com/anti-cancerdrugs/abstract/2018/01000/temozolomide_treatment_of_a_malignant.12.aspx
PMID:%2029099418
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0029-1224135
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0029-1224135
https://pubmed.ncbi.nlm.nih.gov/19536732/
https://journals.sagepub.com/doi/10.1177/1179554918763367?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://journals.sagepub.com/doi/10.1177/1179554918763367?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://pubmed.ncbi.nlm.nih.gov/29720885/
https://www.sciencedirect.com/science/article/abs/pii/S0003426619300538?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/31053249/
https://academic.oup.com/jcem/article/106/5/e2251/6104764?login=false
https://academic.oup.com/jcem/article/106/5/e2251/6104764?login=false
https://pubmed.ncbi.nlm.nih.gov/33479747/
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2273.2007.01378.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2273.2007.01378.x
https://pubmed.ncbi.nlm.nih.gov/17298303/
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0031-1301339
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0031-1301339
https://pubmed.ncbi.nlm.nih.gov/22351478/
https://sciendo.com/article/10.2478/enr-2018-0006
https://sciendo.com/article/10.2478/enr-2018-0006
https://sciendo.com/article/10.2478/enr-2018-0006
https://pubmed.ncbi.nlm.nih.gov/29453919/
https://pubmed.ncbi.nlm.nih.gov/29453919/
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0031-1301302
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0031-1301302
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0031-1301302
https://pubmed.ncbi.nlm.nih.gov/22328163/
https://pubmed.ncbi.nlm.nih.gov/22328163/
https://www.nejm.org/doi/10.1056/NEJM200209123471117?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://pubmed.ncbi.nlm.nih.gov/12226162/
https://ascopubs.org/doi/10.1200/JCO.2005.03.1484?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://ascopubs.org/doi/10.1200/JCO.2005.03.1484?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://pubmed.ncbi.nlm.nih.gov/16314641/
https://pubmed.ncbi.nlm.nih.gov/16314641/
https://academic.oup.com/hmg/article/21/26/5397/558058?login=false
https://academic.oup.com/hmg/article/21/26/5397/558058?login=false
https://pubmed.ncbi.nlm.nih.gov/22962301/
https://pubmed.ncbi.nlm.nih.gov/22962301/
https://aacrjournals.org/clincancerres/article/18/10/2828/76823/MAX-Mutations-Cause-Hereditary-and-Sporadic
https://aacrjournals.org/clincancerres/article/18/10/2828/76823/MAX-Mutations-Cause-Hereditary-and-Sporadic
https://pubmed.ncbi.nlm.nih.gov/22452945/
https://academic.oup.com/hmg/article/21/26/5406/560015?login=false
https://academic.oup.com/hmg/article/21/26/5406/560015?login=false
https://pubmed.ncbi.nlm.nih.gov/23010473/
https://erc.bioscientifica.com/view/journals/erc/20/3/349.xml
https://erc.bioscientifica.com/view/journals/erc/20/3/349.xml
https://erc.bioscientifica.com/view/journals/erc/20/3/349.xml
https://pubmed.ncbi.nlm.nih.gov/23533246/
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/a-0586-3710
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/a-0586-3710
https://pubmed.ncbi.nlm.nih.gov/29618137/
https://www.sciencedirect.com/science/article/abs/pii/S0889852918305140?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0889852918305140?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/30098711/
https://www.nejm.org/doi/10.1056/NEJMoa1113205?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200www.ncbi.nlm.nih.gov
https://www.nejm.org/doi/10.1056/NEJMoa1113205?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200www.ncbi.nlm.nih.gov
https://pubmed.ncbi.nlm.nih.gov/22397650/
https://breast-cancer-research.biomedcentral.com/articles/10.1186/bcr3658
https://pubmed.ncbi.nlm.nih.gov/25928070/
https://www.science.org/doi/10.1126/scitranslmed.3006305?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.science.org/doi/10.1126/scitranslmed.3006305?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://pubmed.ncbi.nlm.nih.gov/24132635/
https://academic.oup.com/edrv/article/40/2/506/5289720?login=false
https://academic.oup.com/edrv/article/40/2/506/5289720?login=false
https://pubmed.ncbi.nlm.nih.gov/30657883/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0140712
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0140712
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0140712
https://pubmed.ncbi.nlm.nih.gov/26474073/

JOP. ] Pancreas (Online) 2024 August 30; 24(S10): 12-12.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Hadoux ], Favier ], Scoazec JY, Leboulleux S, Al Ghuzlan A, Caramella
C, et al. SDHB mutations are associated with response to temozolo-
mide in patients with metastatic pheochromocytoma or paragangli-
oma. Int ] Cancer. 2014;135(11):2711-2720. [PMID: 24752622]

Kulke MH, Stuart K, Enzinger PC, Ryan DP, Clark JW, Muzikansky A, et
al. Phase II study of temozolomide and thalidomide in patients with
metastatic neuroendocrine tumors. J Clin Oncol. 2006;24(3):401-
406. [PMID: 16421420]

Nozieres C, Walter T, Joly MO, Giraud S, Scoazec Y, Borson-Chazot F,
et al. A SDHB malignant paraganglioma with dramatic response to
temozolomide-capecitabine. Eur ] Endocrinol. 2012;166(6):1107-
1111. [PMID: 22430264]

Heeke AL, Pishvaian M]J, Lynce F Xiu ], Brody JR, Chen W], et al.
Prevalence of homologous recombination-related gene mutations
across multiple cancer types. JCO Precis Oncol. 2018;2018. [PMID:
30234181]

Kuchenbaecker KB, Hopper JL, Barnes DR, Phillips KA, Mooij
TM, Roos-Blom M], et al. Risks of breast, ovarian and contralater-
al breast cancer for BRCA1 and BRCA2 mutation carriers. JAMA.
2017;317(23):2402-2416. [PMID: 28632866]

MavaddatN, Peock S, Frost D, Ellis S, Platte R, Fineberg E, et al. Cancer
risks for BRCA1 and BRCAZ2 mutation carriers: Results from prospec-
tive analysis of EMBRACE. ] Natl Cancer Inst. 2013;105(11):812-
822. [PMID: 23628597

Robert M, Frenel JS, Gourmelon C, Patsouris A, Augereau P, Campone
M. Olaparib for the treatment of breast cancer. Expert Opin Investig
Drugs. 2017;26(6):751-759. [PMID: 29582690]

Kim G, Ison G, McKee AE, Zhang H, Tang S, Gwise T, et al. FDA approv-
al summary: Olaparib monotherapy in patients with deleterious
germline BRCA-mutated advanced ovarian cancer treated with three
or more lines Of chemotherapy. Clin Cancer Res. 2015;21(19):4257-
4261. [PMID: 26187614]

Guo XX, Wu HL, Shi HY, Su L, Zhang X. The efficacy and safety of
olaparib in the treatment of cancers: A meta-analysis of randomized
controlled trials. Cancer Manag Res. 2018;10:2553-2562. [PMID:
30127642]

Farago AF, Yeap BY, Stanzione M, Hung YP, Heist RS, Marcoux JP, et
al. Combination olaparib and temozolomide in relapsed small-cell
lung cancer. Cancer Discov. 2019;9:1372-1387. [PMID: 31416802]

Testing the addition of an anticancer drug, olaparib, to the usual che-
motherapy (Temozolomide) for advanced neuroendocrine cancer.

National center for biotechnology information. PubChem gene sum-
mary for gene 2263. 2022.

Krook MA, Reeser JW, Ernst G, Barker H, Wilberding M, Li G, et al.
Fibroblast growth factor receptors in cancer: Genetic alterations,
diagnostics, therapeutic targets and mechanisms of resistance. Br |
Cancer. 2021;124(5):880-892. [PMID: 33268819]

Weaver A, Bossaer ]B. Fibroblast Growth Factor Receptor (FGFR) in-
hibitors: A review of a novel therapeutic class. ] Oncol Pharm Pract.
2021;27(3):702-710. [PMID: 33375902]

DangL, Yen K, Attar EC. IDH mutations in cancer and progress toward
development of targeted therapeutics. Ann Oncol. 2016;27(4):599-
608. [PMID: 27005468]

DhillonS.Ivosidenib: Firstglobalapproval. Drugs.2018;78(14):1509-
1516. [PMID: 30209701]

Kim ES. Enasidenib: First global approval. Drugs. 2017;77(15):1705-
1711. [PMID: 28879540]

Luchetti A, Walsh D, Rodger F, Clark G, Martin T, Irving R, et al. Pro-
filing of somatic mutations in phaeochromocytoma and paragangli-
oma by targeted next generation sequencing analysis. Int ] Endocri-
nol. 2015;2015:138573. [PMID: 25883647

Dummer R, Ascierto PA, Gogas HJ, Arance A, Mandala M, Liszkay
G, et al. Encorafenib plus binimetinib versus vemurafenib or en-

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

corafenib in patients with BRAF-mutant melanoma (COLUMBUS):
A multicentre, open-label, randomised phase 3 trial. Lancet Oncol.
2018;19(5):603-615. [PMID: 29573941]

Verginelli F, Perconti S, Vespa S, Schiavi F, Prasad SC, Lanuti P,
et al. Paragangliomas arise through an autonomous vasculo-an-
gio-neurogenic program inhibited by imatinib. Acta Neuropathol.
2018;135(5):779-798. [PMID: 29305721]

Ayala-Ramirez M, Callender GG, Kupferman ME, Rich TA, Chuang
HH, Trent ], et al. Paraganglioma syndrome type 1 in a patient with
carney-stratakis syndrome. Nat Rev Endocrinol. 2010;6(2):110-
115. [PMID: 20098451]

Joensuu H, Eriksson M, Sundby Hall K, Hartmann ]T, Pink D,
Schutte ], et al. One vs. three years of adjuvant imatinib for oper-
able gastrointestinal stromal tumor: A randomized trial. JAMA.
2012;307(12):1265-1272. [PMID: 22453568]

Paik PK, Felip E, Veillon R, Sakai H, Cortot AB, Garassino MC, et al.
Tepotinib in non-small-cell lung cancer with MET Exon 14 skipping
mutations. N Engl ] Med. 2020;383(10):931-943. [PMID: 32469185]

Castro-Vega LJ, Letouze E, Burnichon N, Buffet A, Disderot PH,
Khalifa E, et al. Multi-omics analysis defines core genomic alter-
ations in pheochromocytomas and paragangliomas. Nat Commun.
2015;6:6044. [PMID: 25625332]

Adler JT, Hottinger DG, Kunnimalaiyaan M, Chen H. Inhibition of the
PI3K pathway suppresses hormonal secretion and limits growth in
pheochromocytoma cells. World ] Surg. 2009;33(11):2452-2557.
[PMID: 19669229]

Zhang M, Jang H, Nussinov R. PI3K inhibitors: Review and new strat-
egies. Chem Sci. 2020;11(23):5855-5865. [PMID: 32953006]

Gibson AJW, Box A, Cheung WY, Dean ML, Elegbede AA, Hao D, et
al. Real-world management and outcomes of crizotinib-treated
ROS1-rearranged NSCLC: A retrospective canadian cohort. Curr On-
col. 2022;29(3):1967-1982. [PMID: 35323360]

Lai EW, Rodriguez OC, Aventian M, Cromelin C, Fricke ST, Martiniova
L, etal. ErbB-2 induces bilateral adrenal pheochromocytoma forma-
tion in mice. Cell Cycle. 2007;6(15):1946-1950. [PMID: 17671425]

Yuan W, Wang W, Cui B, Su T, Ge Y, Jiang L, et al. Overexpression
of ERBB-2 was more frequently detected in malignant than be-
nign pheochromocytomas by multiplex ligation-dependent probe
amplification and immunohistochemistry. Endocr Relat Cancer.
2008;15(1):343-350. [PMID: 18310300]

Gao J], Osgood CL, Gong Y, Zhang H, Bloomquist EW, Jiang X, et al.
FDA approval summary: Pertuzumab, trastuzumab, and hyaluroni-
dase-zzxf injection for subcutaneous use in patients with HER2-pos-
itive breast cancer. Clin Cancer Res. 2021;27(8):2126-2129. [PMID:
33188141]

Johnston SR, Leary A. Lapatinib: A novel EGFR/HER2 tyrosine ki-
nase inhibitor for cancer. Drugs Today (Barc). 2006;42(7):441-453.
[PMID: 16894399]

Narayan P, Osgood CL, Singh H, Chiu HJ, Ricks TK, Chow ECY, et al.
FDA approval summary: Fam-Trastuzumab deruxtecan-nxki for the
treatment of unresectable or metastatic HER2-positive breast can-
cer. Clin Cancer Res. 2021;27(16):4478-4485. [PMID: 33753456]

Hoy SM. Tazemetostat: First approval. Drugs. 2020;80(5):513-521.
[PMID: 32166598]

Dunn DB. Larotrectinib and entrectinib: TRK inhibitors for the
treatment of pediatric and adult patients with Neurotrophic Ty-
rosine Receptor Kinase (NTRK) gene fusion. ] Adv Pract Oncol.
2020;11(4):418-423. [PMID: 32329651]

Roth JA, Carlson J], Xia E Williamson T, Sullivan SD. The potential
long-term comparative effectiveness of larotrectinib and entrec-
tinib for second-line treatment of TRK fusion-positive metastatic
lung cancer. ] Manag Care Spec Pharm. 2020;26(8):981-986. [PMID:
32329651]

Citation: Khalil L, Al-Sbihi AE Tsai ], Drusbosky LM, Dada HI, El-Rayes B, et al. Circulating Tumor DNA Analysis Defining the Genomic Landscape of Paragangliomas and
Pheochromocytomas. JOP. ] Pancreas. (2024)24: 7-12.

JOP. Journal of the Pancreas - www.primescholars.com/pancreas.html/ - Vol. 24 No. S10 - August 2024. [ISSN 1590-8577]

12


https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30142-6/abstract
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30142-6/abstract
https://pubmed.ncbi.nlm.nih.gov/29573941/
https://dx.doi.org/10.1007/s00401-017-1799-2
https://dx.doi.org/10.1007/s00401-017-1799-2
https://pubmed.ncbi.nlm.nih.gov/29305721/
https://doi.org/10.1038/nrendo.2009.250
https://doi.org/10.1038/nrendo.2009.250
https://pubmed.ncbi.nlm.nih.gov/20098451/
https://jamanetwork.com/journals/jama/fullarticle/1105116
https://jamanetwork.com/journals/jama/fullarticle/1105116
https://pubmed.ncbi.nlm.nih.gov/22453568/
https://www.nejm.org/doi/10.1056/NEJMoa2004407?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.nejm.org/doi/10.1056/NEJMoa2004407?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://pubmed.ncbi.nlm.nih.gov/32469185/
https://www.nature.com/articles/ncomms7044
https://www.nature.com/articles/ncomms7044
https://pubmed.ncbi.nlm.nih.gov/25625332/
https://onlinelibrary.wiley.com/doi/10.1007/s00268-009-0175-3
https://onlinelibrary.wiley.com/doi/10.1007/s00268-009-0175-3
https://onlinelibrary.wiley.com/doi/10.1007/s00268-009-0175-3
https://pubmed.ncbi.nlm.nih.gov/19669229/
https://pubs.rsc.org/en/content/articlelanding/2020/sc/d0sc01676d
https://pubs.rsc.org/en/content/articlelanding/2020/sc/d0sc01676d
https://pubmed.ncbi.nlm.nih.gov/32953006/
https://www.mdpi.com/1718-7729/29/3/160
https://www.mdpi.com/1718-7729/29/3/160
https://pubmed.ncbi.nlm.nih.gov/35323360/
https://www.tandfonline.com/doi/abs/10.4161/cc.6.15.4521
https://www.tandfonline.com/doi/abs/10.4161/cc.6.15.4521
https://pubmed.ncbi.nlm.nih.gov/17671425/
https://erc.bioscientifica.com/view/journals/erc/15/1/343.xml
https://erc.bioscientifica.com/view/journals/erc/15/1/343.xml
https://erc.bioscientifica.com/view/journals/erc/15/1/343.xml
https://erc.bioscientifica.com/view/journals/erc/15/1/343.xml
https://pubmed.ncbi.nlm.nih.gov/18310300/
https://aacrjournals.org/clincancerres/article-lookup/doi/10.1158/1078-0432.CCR-20-3474
https://aacrjournals.org/clincancerres/article-lookup/doi/10.1158/1078-0432.CCR-20-3474
https://aacrjournals.org/clincancerres/article-lookup/doi/10.1158/1078-0432.CCR-20-3474
https://pubmed.ncbi.nlm.nih.gov/33188141/
https://pubmed.ncbi.nlm.nih.gov/33188141/
https://doi.org/10.1358/dot.2006.42.7.985637
https://doi.org/10.1358/dot.2006.42.7.985637
https://pubmed.ncbi.nlm.nih.gov/16894399/
https://aacrjournals.org/clincancerres/article/27/16/4478/671588/FDA-Approval-Summary-Fam-Trastuzumab-Deruxtecan
https://aacrjournals.org/clincancerres/article/27/16/4478/671588/FDA-Approval-Summary-Fam-Trastuzumab-Deruxtecan
https://aacrjournals.org/clincancerres/article/27/16/4478/671588/FDA-Approval-Summary-Fam-Trastuzumab-Deruxtecan
https://pubmed.ncbi.nlm.nih.gov/33753456/
https://link.springer.com/article/10.1007/s40265-020-01288-x
https://pubmed.ncbi.nlm.nih.gov/32166598/
https://www.jmcp.org/doi/10.18553/jmcp.2020.20045?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.jmcp.org/doi/10.18553/jmcp.2020.20045?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.jmcp.org/doi/10.18553/jmcp.2020.20045?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://pubmed.ncbi.nlm.nih.gov/32329651/
https://www.jmcp.org/doi/10.18553/jmcp.2020.20045?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.jmcp.org/doi/10.18553/jmcp.2020.20045?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.jmcp.org/doi/10.18553/jmcp.2020.20045?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.jmcp.org/doi/10.18553/jmcp.2020.20045?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://pubmed.ncbi.nlm.nih.gov/32329651/
https://pubmed.ncbi.nlm.nih.gov/32329651/
https://doi.org/10.1002/ijc.28913
https://doi.org/10.1002/ijc.28913
https://doi.org/10.1002/ijc.28913
https://pubmed.ncbi.nlm.nih.gov/24752622/
https://ascopubs.org/doi/10.1200/JCO.2005.03.6046?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://ascopubs.org/doi/10.1200/JCO.2005.03.6046?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://pubmed.ncbi.nlm.nih.gov/16421420/
https://academic.oup.com/ejendo/article-lookup/doi/10.1530/EJE-11-1098
https://academic.oup.com/ejendo/article-lookup/doi/10.1530/EJE-11-1098
https://pubmed.ncbi.nlm.nih.gov/22430264/
https://ascopubs.org/doi/10.1200/PO.17.00286?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://ascopubs.org/doi/10.1200/PO.17.00286?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://pubmed.ncbi.nlm.nih.gov/30234181/
https://pubmed.ncbi.nlm.nih.gov/30234181/
https://pubmed.ncbi.nlm.nih.gov/28632866/
https://pubmed.ncbi.nlm.nih.gov/28632866/
https://pubmed.ncbi.nlm.nih.gov/28632866/
https://academic.oup.com/jnci/article/105/11/812/1004115?login=false
https://academic.oup.com/jnci/article/105/11/812/1004115?login=false
https://academic.oup.com/jnci/article/105/11/812/1004115?login=false
https://pubmed.ncbi.nlm.nih.gov/23628597/
https://www.tandfonline.com/doi/full/10.1080/14737140.2018.1458613
https://pubmed.ncbi.nlm.nih.gov/29582690/
https://aacrjournals.org/clincancerres/article/21/19/4257/125080/FDA-Approval-Summary-Olaparib-Monotherapy-in
https://aacrjournals.org/clincancerres/article/21/19/4257/125080/FDA-Approval-Summary-Olaparib-Monotherapy-in
https://aacrjournals.org/clincancerres/article/21/19/4257/125080/FDA-Approval-Summary-Olaparib-Monotherapy-in
https://aacrjournals.org/clincancerres/article/21/19/4257/125080/FDA-Approval-Summary-Olaparib-Monotherapy-in
https://pubmed.ncbi.nlm.nih.gov/26187614/
https://www.dovepress.com/the-efficacy-and-safety-of-olaparib-in-the-treatment-of-cancers-a-meta-peer-reviewed-fulltext-article-CMAR
https://www.dovepress.com/the-efficacy-and-safety-of-olaparib-in-the-treatment-of-cancers-a-meta-peer-reviewed-fulltext-article-CMAR
https://www.dovepress.com/the-efficacy-and-safety-of-olaparib-in-the-treatment-of-cancers-a-meta-peer-reviewed-fulltext-article-CMAR
https://pubmed.ncbi.nlm.nih.gov/30127642/
https://pubmed.ncbi.nlm.nih.gov/30127642/
https://aacrjournals.org/cancerdiscovery/article/9/10/1372/10410/Combination-Olaparib-and-Temozolomide-in-Relapsed
https://aacrjournals.org/cancerdiscovery/article/9/10/1372/10410/Combination-Olaparib-and-Temozolomide-in-Relapsed
https://pubmed.ncbi.nlm.nih.gov/31416802/
https://clinicaltrials.gov/study/NCT04394858
https://clinicaltrials.gov/study/NCT04394858
https://www.ncbi.nlm.nih.gov/gene/2263
https://www.ncbi.nlm.nih.gov/gene/2263
https://www.nature.com/articles/s41416-020-01157-0
https://www.nature.com/articles/s41416-020-01157-0
https://pubmed.ncbi.nlm.nih.gov/33268819/
https://journals.sagepub.com/doi/10.1177/1078155220983425?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://journals.sagepub.com/doi/10.1177/1078155220983425?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://pubmed.ncbi.nlm.nih.gov/33375902/
https://www.annalsofoncology.org/article/S0923-7534(19)35764-3/fulltext
https://www.annalsofoncology.org/article/S0923-7534(19)35764-3/fulltext
https://pubmed.ncbi.nlm.nih.gov/27005468/
https://link.springer.com/article/10.1007/s40265-018-0978-3
https://pubmed.ncbi.nlm.nih.gov/30209701/
https://link.springer.com/article/10.1007/s40265-017-0813-2
https://pubmed.ncbi.nlm.nih.gov/28879540/
https://onlinelibrary.wiley.com/doi/10.1155/2015/138573
https://onlinelibrary.wiley.com/doi/10.1155/2015/138573
https://onlinelibrary.wiley.com/doi/10.1155/2015/138573
https://pubmed.ncbi.nlm.nih.gov/25883647/
https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(18)30142-6/abstract

