Metastatic pheochromocytomas/paraganglioma (PPGL)
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Un1 (Introduction)

Pheochromocytoma Lﬂul,‘ﬁaﬂaﬂﬁlﬁm}’m chromaffin cell suawiawmﬂim%gu adrenal
medulla luvae paraganglioma AN chromaffin cell Y89 sympathetic Wwaz parasympathetic
ganglia TuusIYesan oe udensu Asweuazaine® d51847un15WU pheochromocytoma Waw
paraganglioma Ttiuszazuninszany (metastasis) Midedoeaz 10-15 way 50 auaiu® Inedagdu
WHO Tieilonu metastatic PPGL 1331 finsnsranuiifoseniiinann chromaffin cell Tushumaiily

amUndlill chromaffin cell La3gyag™

guAn1saluazAI1uYn (Epidemiology and Incidence)

813IN19LAA pheochromocytoma sialeg 2-8 T1saUse¥INT 1 auau lneiauynegi 1 e
2500-6500 518 wuinanugnIzgalusgannluseiifiivsy iinseuasudulsa 1wy multiple

endocrine neoplasia type 2 (MEN2) @s150%U pheochromocytoma lafisSesag 50 Guaﬂﬁgﬂwm

anwazn19aadn (Clinical presentation)

AwenalasumTiadelsnnnmisnuneunseuviinlalagdaudey (adrenal incidentaloma)
Uszanusasay 61-64€ 191015 catecholamine Aunnuiy wu Tadu Uindswe witessn dediadu

[

classic triad wenulaliesSosas 17-24° yananildianu1sanueINITIUU ¥iNge Ianiaa 1iu
wihen viewn lasesas 27-329, 15un1snsIaAnnsessenu catecholamine Tugthenlasunis
Fadelsamaiugnssuusiinegiou 1w MEN2, VHL, NF1, hereditary PPGL %30 PPGL U14%iin

auns0aingesiuu ACTH MlWnsianue1n1slageIn1sua@nses Cushing syndrome 1ot

n1591U328 (Diagnosis)

1. Biochemical diagnosis

NMSINUUVDITEAU epinephrine @unsanulalaniz pheochromocytoma TuaaginsiiuTu

YB438AU norepinephrine @u1sanulans pheochromocytoma way paraganglioma® lagnisnsain



529U free plasma metanephrines 8y normetanephrines ﬁmmhLLazmmﬁﬁwaqﬁﬁ%az 92-

100 wag 80-100 auasu

32U Plasma chromogranin A fin1sadeeenunanniiiesenngu PPGL wuriu lneneaiuligs

195088 98 LarANUTINIEIaeay 9710

N53R5AU Plasma methoxytyramine Wudniamuduiusiulilesenssuzsnsnszany

(Metastatic PPGL)Y

2. Imaging

v

AmSsdRauNImes (CT scan) axnsanufaundanuae solid v3e cystic JUT1NaY voudn &
USLIUVBY necrotic part ATINANNIDNTEATN ring sign ¥INYINIA1I7TIATA Hounsfield aznuanuinnan
Soway 99 v¥89 Pheochromocytoma i unenhanced > 10 HU, #asaninansiiussdlolofuagny

strong enhancement launfis 130 HU'?

Assdrduniiudnluii (MRY) enamsaanudneaz hypersignal intensity Tu T2-weighted Tu

cystic wag hemorrhagic lesion®?

Functional imaging fivaeiialaun 123l-meta iodobenzylguanidine (1231-MIBG), 68Ga-
DOTATOC %38 68Ga-DOTATATE positron emission tomography (PET), 18F-fluorodeoxyslucose
(18F-FDG) PET, 18F-flourodihydroxyphenylalanine (18FDOPA) PET (Jusu

N150533 1231-MIBG wugthbilglunsaindeenisussiliugthednmngauiunissu 131-MIBG
="l 1 ‘:1' 5’5 1 b4 oI o 1 a
therapy n39kl Wesananulves 1231-MIBG duAsudnsilunsmsmumnilswesseslsa Insfiaula

ey

d1%3U pheochromocytoma ag#iseas 85-88 uay paraganglioma Jeuay 56-75 lagilAudiniy
flaupseray 70-100, wuinauliues 123-MIBG HuilaAeut1enilunsalues thoracic paraganglioma
($oway 30.8) WolUssuuliisuiu somatostatin receptor scintigraphy (5ewag 61.5) uag CT scan(50u

ay 46.2)13

68Ga-labeled DOTATOC or DOTATATE #ifiaanudiniesie somatostatin receptor type 2 §i

anuliazaudunzlunismeiunies metastatic PPGL gufiafosaz 92 uay 100 augdwiu™?

Jagtulinisuugtwiinved functional imaging #13 gene mutation A53ANY NE1IAD



-wugdIN13M$29 18FDOPA PET Wlumaidenusn Tunsdl sporadic and inherited
pheochromocytomas (NF1, RET, VHL, MAX) &ntu SDHx hazlinsaa 68Ga-DOTATOC/DOTATATE

PET Wumadendians 18F-FDG PET Wumadendiany

-68Ga-DOTATOC/DOTATATE PET lunsal extra-adrenal sympathetic uag/#3e multifocal
LaT/v3e metastatic way/13o SDHx mutation Wumadenusn, 18FDOPA PET umadenitasdluy

nsalfilalsl SDHB mutation (18F-FDG PET Tunsdl SDHB mutation)?
3. Pathology

Histopathology Tudnweausd typical iz Well-circumscribed with classic alveolar-patterned

cell nest (zellballen) Ndausausie well-vascularized stroma, nucleus danwaug vesicular

chromatin 1iu nucleolus FaLaw, cytoplasm Tdnwaziiu granular 3e basophilic pattern®®

31]17; 1: Classic alveolar-patterned cell nest (zellballen)

(ﬁ'}gﬂmwmmﬂ https://www.pathologyoutlines.com/topic/adrenalpheochromocytoma.html)

Immunohistochemistry A doURN chromogranin A, synaptophysin, ISLET1, INSM1, GATA 3

Tuveug? cytokeratin Tvinaau®


https://www.pathologyoutlines.com/topic/adrenalpheochromocytoma.html
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;J‘U‘ﬁ 2: Immunohistochemical analyses A, chromogranin A; B, synaptophysin; C, ISL1; and
D, GATA3. Pan-cytokeratins (E) negative (with hepatocytes to the left as internal controls), and
SDHB expression was intact (granular cytoplasmic staining) (F). All photomicrographs were
magnified x400 (ﬁ?gﬂm‘wmmm The Journal of Clinical Endocrinology & Metabolism, 2021, Vol.

106, No. 5, €1937-e1952)

ﬂﬁ]ﬁgﬂ’uﬁmﬂ{f histological algorithms with a structured scoring system dioldusznaulunms
Useidiu aggressive behavior 983 PPGL @A Pheochromocytoma of the Adrenal Gland Scaled
Score (PASS) @ %3U pheochromocytoma Wag Grading System for Adrenal Pheochromocytoma

and Paraganglioma (GAPP) systems

WU’j’lﬁgﬂ’JﬁJﬁlﬁ PASS score < 4 filanadu benign disease Wintiu, GAPP algorithm @1u1%a
11unl4l§vis pheochromocytoma wag paraganglioma tnefidaufivensunain PASS score léu type
of catecholamine, KI-67 index'” &3 GAPP score 0-2 Usuaniia well differentiated, 3-6 moderate

differentiated , 7-10 poorly differentiated



Table 1 GAPP parameters and scoring point

TABLE 1. Pheochromocytoma of the Adrenal Gland

Scor‘;ng Scale (PASS) Parameters Points scored
Histological pattern
Score if present Zellballen 0
Feat f point . d Large and irregular cell nest 1
eature (FIO. Of points assigne ) Pseudorosette (even focal) 1
- Cellularity
Large nests or diffuse growth 2 Low (<150 cells/U) 0
()1 0% of tumor Vo|ume) N'!oderate (150-250 cells/U) 1
Central (middle of large nests) 2 High (more than 250 cellslf) 2
X Comedo necrosis
or confluent tumor necrosis Absence 0
(not degenerative change) Presence 2
ngh cellularity 2 V‘:E(ular or capsular invasion 6
Cellular monotony 2 Prosonce 1
Tumor cel spindling (even if focal) 2 Ki67 labelling index (%)
Mitotic figures >3/10 HPF 2 <1 0
Atypical mitotic figure(s) 2 3 :
Extensioq into .adipose tissue 2 Catecholamine type
Vascular invasion 1 Epinephrine type (E or E+NE) 0
Capsular invasion 1 Norepinephrine type (NE or NE+DA) 1
profound nuclear pleomorphism 1 Tgt"arl":n“ar;(?r:“:;;“i;*r’ge "
Nuclear hyperchromasia 1
TOtﬂl 20 U, number of tumour cells in a square of a 10 mm micrometer
observed under high power magnification (x400); E, epinephring;
HPF = high-power f|e|d NE, norepinephrine; DA, dopamine.
o ° o °
5UN 3: PASS score (1hgunmanain'®®) 5UM 4: GAPP score (thgunmsnain®®)

4. Genetic mutation
JagUuiinisuus PPGL m1u genetic mutation eanuu cluster fafi?”

- Cluster 1A (Krebs cycle related) laun SDHx (SDHA, B, C, D, F2), FH, MDH2 Inadiauaunis
signaling pathway W1UN14 Pseudohypoxia, Krebs cycle-related, HIF-2alpha stabilization
1ne biochemical characteristics {Wuin norepinephrine/dopamine ifidnwazanududus
usiimsvassioiles shlilenns anusulatings ledu eddeiilos flhednivglionguszana
20-30 U sinuileseniiudinauensounle lunduililenia metastasis fidoudegs

- Cluster 1B (VHL/EPAS1-related) lauA VHL, EPAST lnefiauiunis signaling pathway ®1ung
Pseudohypoxia, VHL/EPAS1-related, HIF-2alpha stabilization dnwadg biochemical
characteristics 18uwin norepinephrine Aiflaududusiusndsiaiio ﬂduﬁawm1§mWUL§a
sonldfisiouvinnla uazuandemuanle f8nslunsiAn metastasis Aoutewh

- Cluster 2 (kinase signaling-related) oA RET, NF1, MAX, TMEM 127, HRAS HaU7un1s
signaling pathway K1U%74 kinase signaling (PI3K/AKT, RAS/RAF/ERK, mTORC1) il

biochemical characteristics 1{Juwiia adrenergic flanuidutugaarnaadugieg viliglae



flo1ns7i3unin episodic spell Athedlvgiianguinnd 2 nquusn (40-50 ) wurilasendl
souvsnnladuvadn f8nsnaiAn metastasis Ailan
- Cluster 3 (Wnt signaling-related) laun CSDE1, MAML3 fau2uns signaling pathway W11n14

v A Y

Wnt signaling Tunguiifsivayalyiunn usinuinddnsitunsiiin metastasis genans Cluster 1A

Y Y

N155n9¥1 (Treatment)

1.n3W8R (Surgery) fotdunssnwmanlunsdliidu localized disease, finsunsnszanglud
U3Ia regional lymph nodes #3olunsalvuad metastatic PPGL il disease burden Aaud1911n 113

HdniaseniideuniinlaanunsaandnsinisidedinlugUienguillaiguiy

ﬁauﬂﬁmﬁﬂ@ﬂwmﬂﬁ%’u perioperative alpha-receptor blockade Wunanegetles 7-14
Suiftetoatiunng hypertensive crisis @z intravascular volume 9819tiene A18n15IH high salt
intake ae9tay 5 ¥4, intravenous fluid Tdfisswe iedestun1iz hypotension semingHndn®@?
Tneiisnglunsmuguanusilaiinrouridalufitsanstiosndn 130/80 mmHg wawdl systolic
blood pressure luvhdusnnnd’ 90 mmHg wagdammiauresiilasgsewing 60-70 adsdaunitluvin
1 waz 70-80 adweunilluvingu Tnsenituusilildae phenoxybenzamine dmdu nonselective
alpha-1 and alpha-2 adrenergic receptor blocker T iuag 2 ﬂ%’jﬂ fluunEudud 10 mg/day Llag
%uﬁmqqqmﬁ 1 mg/keg/day Mgamﬂﬁjm selective alpha-1 adrenoceptor blocker Ao doxazocin Hvu1a
Sududl 2 me/day LLazqqqﬂﬁ 32 me/day wonaniannsaldenvinausuldun prazocin waz
terazocin® yndsldlanunsanruaudnsnsnuvesnlalilamud g Aansanlviengu beta

blocker laun propranolol, metoprolol, atenolol Imaﬁaﬂﬁwﬁwmﬁﬂﬂwﬁ%’u alpha adrenoceptor

blocker 1ua9819UoY 2-3 T2
2. Systemic therapy @115U metastatic PPGL finaneigaldlunissnew lawn

~ Chemotherapy TlunsdififilsAuninszassinis a1y regimen ves Averbuch Uszneulusg
cyclophosphamide, vincristine wag dacarbazine {Wunadenusn Iuﬂsajﬁﬁmﬁqﬂmmaﬂm
1nTu WY Temozolomide Wunsdnwnses Tnsamzlusiefingrany SDHB mutation®

- Radionuclide therapy Mdlunsdifilsaunsnszanedrdeuiunats Inefin1sanmunis expression

Y94 receptor Ul tumor cell na12f® MInd positive UL 1231-MIBG scan lugudilild high



specific-activity 131-MIBG therapy, #1nil positive Ul 68Ga-DOTATATE scan lnglanzagis
flungu SDHx mutation wugtilld 177Lutetium-DOTATATE?

- Tyrosine kinase inhibitor 1t Sunitinib fasaldlusediinsanauvesialsaundundann
N155n¥1A78 chemotherapy %39 radionuclide therapy?®)

- Immunotherapy 14 pembrolizumab vty monoclonal antibody #® PD1 receptor

CY )

Tagtudeglunsfinunidusiuin®”

3. Local ablative treatment Lafu radiofrequency ablation, cryoablation &g percutaneous

ethanol injection Tlunstifidesnisanain1siiinaindilsanninszaoluGwunuenge 1w

o

21M15UIAnTEn wenanifaiin1sii interventional radiology 13U cementoplasty,

osteosynthesis, thermal ablation NUNELNTaERTTaLIalunsAe first skeletal related event

1@’(28)

4. Antiresorptive therapy wugtliild bisphosphonate %38 denosumab lugUag metastatic

PPGL 713 bone metastasis ‘Vgﬂiﬁmﬁaa@ skeletal-related events®”

L@NE591994 (References)

1. Lenders JW, Duh QY, Eisenhofer G, Gimenez-Roqueplo AP, Grebe SK, Murad MH, et al.
Pheochromocytoma and paraganglioma: an endocrine society clinical practice guideline. J Clin
Endocrinol Metab 2014;99:1915-42.

2. Patel D, Phay JE, Yen TWF, Dickson PV, Wang TS, Garcia R, et al. Update on
Pheochromocytoma and Paraganglioma from the SSO Endocrine/Head and Neck Disease-Site
Work Group. Part 1 of 2: Advances in Pathogenesis and Diagnosis of Pheochromocytoma and
Paraganglioma. Ann Surg Oncol 2020;27:1329-37.

3. Toledo RA, Burnichon N, Cascon A, Benn DE, Bayley JP, Welander J, et al. Consensus
Statement on next-generation-sequencing-based diagnostic testing of hereditary
phaeochromocytomas and paragangliomas. Nat Rev Endocrinol 2017;13:233-47.

4. Chen H, Sippel RS, O'Dorisio MS, Vinik Al, Lloyd RV, Pacak K. The North American

Neuroendocrine Tumor Society consensus guideline for the diagnosis and management of



neuroendocrine tumors: pheochromocytoma, paraganglioma, and medullary thyroid cancer.
Pancreas 2010;39:775-83.

5. S YH, Falhammar H. Clinical features, complications, and outcomes of exogenous and
endogenous catecholamine-triggered Takotsubo syndrome: A systematic review and meta-
analysis of 156 published cases. Clin Cardiol 2020;43:459-67.

6. Falhammar H, Kjellman M, Calissendorff J. Initial clinical presentation and spectrum of
pheochromocytoma: a study of 94 cases from a single center. Endocr Connect 2018;7:186-92.
7. Amar L, Servais A, Gimenez-Roqueplo AP, Zinzindohoue F, Chatellier G, Plouin PF. Year
of diagnosis, features at presentation, and risk of recurrence in patients with
pheochromocytoma or secreting paraganglioma. J Clin Endocrinol Metab 2005;90:2110-6.

8. Falhammar H, Kjellman M, Calissendorff J. Treatment and outcomes in
pheochromocytomas and paragangliomas: a study of 110 cases from a single center. Endocrine
2018;62:566-75.

9. Unger N, Deutschbein T, Walz MK, Mann K, Petersenn S. The value of immunoassays for
metanephrines in the biochemical diagnosis of pheochromocytomas. Horm Metab Res
2009;41:676-9.

10. d'Herbomez M, Forzy G, Bauters C, Tierny C, Pigny P, Carnaille B, et al. An analysis of the
biochemical diagnosis of 66 pheochromocytomas. Eur J Endocrinol 2007;156:569-75.

11. Eisenhofer G, Lenders JW, Siegert G, Bornstein SR, Friberg P, Milosevic D, et al. Plasma
methoxytyramine: a novel biomarker of metastatic pheochromocytoma and paraganglioma in
relation to established risk factors of tumour size, location and SDHB mutation status. Eur J
Cancer 2012;48:1739-49.

12. Ctvrtlik F, Koranda P, Schovanek J, Skarda J, Hartmann |, Tudds Z. Current diagnostic
imaging of pheochromocytomas and implications for therapeutic strategy. Exp Ther Med
2018;15:3151-60.

13. Gimenez-Roqueplo AP, Caumont-Prim A, Houzard C, Hignette C, Hernigou A, Halimi P, et
al. Imaging work-up for screening of paraganglioma and pheochromocytoma in SDHx mutation
carriers: a multicenter prospective study from the PGL.EVA Investigators. J Clin Endocrinol Metab

2013;98:E162-73.



14. Chang CA, Pattison DA, Tothill RW, Kong G, Akhurst TJ, Hicks RJ, Hofman MS. (68)Ga-
DOTATATE and (18)F-FDG PET/CT in Paraganglioma and Pheochromocytoma: utility, patterns
and heterogeneity. Cancer Imaging 2016;16:22.

15. Taieb D, Hicks RJ, Hindié E, Guillet BA, Avram A, Ghedini P, et al. European Association of
Nuclear Medicine Practice Guideline/Society of Nuclear Medicine and Molecular Imaging
Procedure Standard 2019 for radionuclide imaging of phaeochromocytoma and paraganglioma.
Eur J Nucl Med Mol Imaging 2019;46:2112-37.

16. Mamilla D, Manukyan |, Fetsch PA, Pacak K, Miettinen M. Immunohistochemical
distinction of paragangliomas from epithelial neuroendocrine tumors-gangliocytic duodenal and
cauda equina paragangliomas align with epithelial neuroendocrine tumors. Hum Pathol
2020;103:72-82.

17. Stenman A, Zedenius J, Juhlin CC. The Value of Histological Algorithms to Predict the
Malignancy Potential of Pheochromocytomas and Abdominal Paragangliomas-A Meta-Analysis
and Systematic Review of the Literature. Cancers (Basel) 2019;11.

18. Bima C, Bioletto F, Lopez C, Bollati M, Arata S, Procopio M, et al. Clinical and
Pathological Tools for Predicting Recurrence and/or Metastasis in Patients with
Pheochromocytoma and Paraganglioma. Biomedicines 2022;10.

19. Kimura N, Takayanagi R, Takizawa N, Itagaki E, Katabami T, Kakoi N, et al. Pathological
grading for predicting metastasis in phaeochromocytoma and paraganglioma. Endocr Relat
Cancer 2014;21:405-14.

20. Nolting S, Bechmann N, Taieb D, Beuschlein F, Fassnacht M, Kroiss M, et al. Personalized
Management of Pheochromocytoma and Paraganglioma. Endocr Rev 2022;43:199-239.

21. Lenders JWM, Kerstens MN, Amar L, Prejbisz A, Robledo M, Taieb D, et al. Genetics,
diagnosis, management and future directions of research of phaeochromocytoma and
paraganglioma: a position statement and consensus of the Working Group on Endocrine
Hypertension of the European Society of Hypertension. J Hypertens 2020;38:1443-56.

22. Buitenwerf E, Osinga TE, Timmers H, Lenders JWM, Feelders RA, Eekhoff EMW, et al.
Efficacy of Q-Blockers on Hemodynamic Control during Pheochromocytoma Resection: A

Randomized Controlled Trial. J Clin Endocrinol Metab 2020;105:2381-91.



23. Pacak K. Preoperative management of the pheochromocytoma patient. J Clin Endocrinol
Metab 2007;92:4069-79.

24. Hadoux J, Favier J, Scoazec JY, Leboulleux S, Al Ghuzlan A, Caramella C, et al. SDHB
mutations are associated with response to temozolomide in patients with metastatic
pheochromocytoma or paraganglioma. Int J Cancer 2014;135:2711-20.

25. Kong G, Grozinsky-Glasberg S, Hofman MS, Callahan J, Meirovitz A, Maimon O, et al.
Efficacy of Peptide Receptor Radionuclide Therapy for Functional Metastatic Paraganglioma and
Pheochromocytoma. J Clin Endocrinol Metab 2017;102:3278-87.

26. Joshua AM, Ezzat S, Asa SL, Evans A, Broom R, Freeman M, Knox JJ. Rationale and
evidence for sunitinib in the treatment of malignant paraganglioma/pheochromocytoma. J Clin
Endocrinol Metab 2009;94:5-9.

27. Naing A, Meric-Bernstam F, Stephen B, Karp DD, Hajjar J, Rodon Ahnert J, et al. Phase 2
study of pembrolizumab in patients with advanced rare cancers. J Immunother Cancer 2020;8.
28. Gravel G, Leboulleux S, Tselikas L, Fassio F, Berraf M, Berdelou A, et al. Prevention of
serious skeletal-related events by interventional radiology techniques in patients with malignant
paraganglioma and pheochromocytoma. Endocrine 2018;59:547-54.

29. Ayala-Ramirez M, Palmer JL, Hofmann MC, de la Cruz M, Moon BS, Waguespack SG, et al.
Bone metastases and skeletal-related events in patients with malignant pheochromocytoma

and sympathetic paraganglioma. J Clin Endocrinol Metab 2013;98:1492-7.



