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Favier et al., Nat Rev Endo 2014; Gimenez-Roqueplo et al., Endocr Relat Cancer, 2022

• PHEO/PGL has the highest 

rate of underlying genetic 

susceptibility of any tumor 

type

– ~30% overall

– ~40% in paragangliomas

– ~50% in metastatic 

disease

• Genetic testing is considered 

standard of care for  all 

patients with PHEO or PGL

Highly heritable, multiple genes…..



Clinically tested genes

– VHL 

– RET

– NF1

– SDHA

– SDHB

– SDHD

– SDHC

– TMEM127

– SDHAF2

– MAX

– FH 

– EPAS1

– EGLN1

– KIF1B



DLST variant is likely pathogenic

• DLST mutated tumors are pseudohypoxic but not 

hypermethylated 

• Succinylation is highly dependent on DLST

• DLST tumors – hyposuccination – which is a new 

mechanisms underlying development of PPGL

DLST - dihydrolipoamide S-succinyltransferase



Confirmed UBTF~MAML3 fusions in 7% PCC/PGL and associated with 
metastatic disease
MAML3 overexpression is tumorigenic
Overexpressed MAML3 increases and interacts with β-catenin to activate WNT 
signaling
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Alzofon, Koc et al Mol Cancer Res 2021
29% of sporadic mPPGL have UBTF-MAML3 fusion



Cyanotic Congenital Heart Disease & PPGL

• Improved management for patients with cyanotic congenital heart 
disease (CCHD) has led to prolonged lifespan but also increased 
prevalence of PPGL

• PPGL susceptibility genes including VHL, SDH(x), FH, and 
EPAS1 have been connected to a common signaling pathway that 
activates hypoxia-inducible factors

• Hypothesis: hypoxic environment selects for gain-of-function 
mutations (EPAS1) predisposing patients to develop PPGL even 
when environment is no longer hypoxic

• Increase incidence of PPGL in CCHD patients 

• Possible that similar etiology for PPGL in patients with sickle cell 
disease 



Congenital Cyanotic Heart Disease - CCHD



Highly frequent and convergent EPAS1 gain-of-function 

in sympathetic CCHD-PPGLs

39/43 (91%) CCHD-sPPGLs described so far carry a EPAS1 gain-of-function mutation 

(Dahia P, Toledo Rodrigo) 



Summary of data
Characteristic Notes

Demographics 4 of 9 patients are female

Surgeries to correct 

CCHD

Most within days of life, latest was age 12 years, one had heart 

transplant

Avg age of PPGL dx 30.7 years (SD: 9.6 years, range: 15-47 years)

PPGL Symptoms Hot flashes (5), arrhythmias (4), hypertension (4), abdominal 

pain (2), headaches (1), none (1)

Multiple/metastatic 3 had multiple PPGL, 2 had metastatic or recurrent PPGL

Location Mediastinal and abdominal (6), head and neck (5), pheo (3)

Size Range from 9-65mm

Genetics 3 patients: SDHB heterozygous (c.137G>A, p.Arg46Gln), 

SDHA variant of unknown significance, BARD1 (c.448C>T, 

p.Arg150*)



Biomarkers to predict metastatic disease
EDTA Plasma from PPGL and SDHx Carriers

• Measured succinate and succinate/fumarate levels in PPGL 

and SDHx carriers

• Succinate and succinate/fumarate – shown to be valuable 

diagnostic biomarkers in predicting SDHx genetic status prior 

to surgery 

Predictors variable 

for SDHx positive 

status 

Cut 

off 

(uM)

Sensitivity 

(%)

Specificity 

(%)

PPV (%) NPV 

(%)

Sample #

succinate 4.94 64 91 58 93 140

succinate/fumarate 1.66 68 88 52 94 140

fumarate 3.18 50 66 22 88 140



Biomarkers to predict metastatic disease

• Tumoral and circulation mRNA

• Telomerase reactivation

• Methylation analysis of TERT promotor 

Future biomarkers for symptomatic PPGL 

• Plasma succinate – SDHx/IHC

• Circ miR_483 – methyl TERT promotor 



Functional Imaging algorithm according to genetic status

• Cluster 1a – SDHx ( SDHA, SDHB, SDHC, SDHD< SDHAF2)  -

Gallium-68 dotatate

• Cluster 1b – vHL/EPAS1- Fluoro-dopamine PET

• Cluster 2 (RET/NF1/MAX/MAPK/TMEM127) – Flouro-dopamine PET

Sporadic (no mutation) 

• Primary pheo - Flouro-dopamine PET

• Metastatic - Gallium-68 dotatate



Personalized 

Treatment 

Approach 

Options

for mPPGL

• SDHx mutated tumors – PARP 
inhibitors with temozolamide

• Cluster 1 PPGLs – HIF2-alpha 
inhibitors

• Cluster II PPGLs – Tyrosine kinase 
inhibitors 

• SSTR expression in PPGL – 177 Lu 
DOTATATE 

• Norepinephrine transporter system 
expression (123MIBG)   - 131 MIBG 



Current clinical 

Trials 

• 177 Lu-DOTATATE in 
MPPGL/inoperable PPGL - PFS

• Randomaized phase II trial: TMZ vs 
TMZ + Olaparib in PPGL - PFS

• Belzutifan in Advanced PPGL or pNET

• Lanreotide in MPPGL (Lampara) – rate 
of tumor growth 

• Axitinib and Lenvatinib -ORR



PRRT in  inoperable PPGL (NIH) 

• Phase II study

• Age > 18 years

• Metastatic or 

inoperable PPGL

• SSTR + disease 

documented by Ga-68 

DOTATATE PET 

Primary Objective 

• PFS

Secondary Objective

• OS

• ORR

• Changes in plasma 

biochemistries

• QOL

• Decrease in BP meds 

4 cycles of –Lu-Dotatate

Every 8 weeks

Retreatment 

PFS > 6 months 



Immunotherapy 

• PPGL are immunologically cold tumors 

• Low amount of neoantigens, low somatic mutation 

burden, no/minimal leucocyte infiltration

Clinical Trials 
• NCT 02834013 – nivolumab/ipilimumab – active, closed to PPGL

• NCT 02721732 – pembrolizumab – active/not recruiting

• NCT03333616 – nivolumab/ipilimumab – recruiting 

• NCT04187404 – E02401 peptide therapeutic vaccine + nivolumab –

recruiting 



• Belzutifan (Welirig)

– Participated in clinical trial leading to FDA approval 

– Large experience treating patients

– Response to pheo/pgl has been observed

– May be a therapeutic for patients with SDHx

mutations

Therapeutics for Pheo/PGL 

Clinical 

Trials 2022

Nolting et al., Endocr Review, 2022; Kaelin, JCI, 2022

Potential targets



MPPGL: Baseline Patient Characteristics

• Retrospective cohort study

• 133 patients with PPGL were diagnosed with metastatic disease

• Penn – 107, Colorado – 26

• Median time between initial PPGL diagnosis and metastasis was 5.7 yrs (IQR 0.1 – 7.8)  

Baseline Clinical 

Characteristic

Synchronous 

Metastases

N = 40 (30.1%)

Male 50.4%

Median Age at 

Metastasis

50.2 years (IQR 

36.7 – 61.9)



Genetic status
Germline genetic status was assessed in 110 pts (82.7%)

Germline Variant % of total 

Patient Coh0ort 

(N=133)

% of those 

patients who 

had genetic 

testing  (110)

SDHB 33.1% 40%

SDHD 4.5% 5.5%

SDHA 1.5% 1.8%

NF1 1.5% 1.8%

SDHC 0.8% 0.9%

Other Mutation 

(MSH2, FH, 

BRCA2)

2.3% 2.7%

Negative 

Genetic Testing

39.1% 47.3%

48% had a SDH mutation 



Treatments for Metastatic 

Disease
Local Debulking / Palliative Treatments were the most 

commonly utilized modalities

Local Therapy Modality % (N=133)

Debulking Surgery 63.2%

≥ 2 Debulking Surgeries 22.2%

Palliative Radiation 43.6% (range 1 – 9 total RT 

courses per patient)



Systemic Therapies for Metastatic PPGL

Patients received a median of 1.9 systemic treatment 

lines (range 0 – 8)

• 28.5% of pts received CVD chemotherapy

– median treatment duration was 6.2 months (IQR 2.3 –

13)

• CVD treatment durations were numerically longer 

among SDHB-positive pts (N=14) vs. SDHB-

negative pts (N=17)

– Median treatment duration of 12.5 months (SDHB-

positive) vs. 3.1 months (SDHB-negative)

• This may indicate greater clinical benefit and 

more durable disease control in SDHB-related 

disease.

Fishbein L, Ben-Maimon S, Keefe S, Cengel K, Pryma DA, Loaiza-Bonilla A, Fraker DL, Nathanson KL, Cohen DL. SDHB mutation carriers 

with malignant pheochromocytoma respond better to CVD. Endocr Relat Cancer. 2017 Aug;24(8):L51-L55. doi: 10.1530/ERC-17-0086. Epub

2017 May 31. PMID: 28566531.



Other Systemic Therapies 

MIBG based therapies 

• 33.1% received MIBG (range 1-4 cycles)

• 15.5% received Azedra (range 1-3 cycles)

Other

• 30% patients received other systemic therapies 

(including temodar-based chemotherapy; SSA 

therapy)



133

44
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TOTAL 

DECEASED

Mean follow up 4.3 years from metastatic 
PPGL presentation (IQR 2.0-8.1) 

Survival Data for MPPGL 

44 (33%) of patients died from total of 133 

Patient #
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