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Generalidades:

e Tumores neuroendocrinos originados en tejido cromafin.

* Feocromocitoma /Paraganglioma

 Incidencia: 2-8 casos / millon habitantes /afo.

e 50 % localizados en médula adrenal // 37 % PG de cabeza y cuello.
e 4-5década de lavida, hombre = mujer

 Son tumores potencialmente metastasicos. Se han descrito varios SCORE de riesgo :
PASS ( Feo) y GAPP ( Feo y Para)

*  Pronoéstico es heterogéneo. Supervivencia a los 5 anos 62 %. Supervivencia media
de 6.7 anos.

Neumann PH. Pheochromocytoma and Paraganglioma. N Engl J Med 381:6 // Garcia-Carbonero R. Multidisciplinary practice guidelines for diagnostosis, genetic counseling and treatment of
pheochromocytomas and paragangliomas. Clinical and Translational Oncology (2021) 23: 1995-2019. // Hescot S, et al. . Prognosis of Malignant Pheochromocytoma and Paraganglioma
(MAPP-Prono Study): A European Network for the Study of Adrenal Tumors Retrospective Study. J Clin Endocrinol Metab, June 2019, 104(6):2367—-2374
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Presentacion clinica:

Clinica tipica + Catecolaminas elevadas

Incidentaloma

Cribado de tumores en pacientes
portadores de mutacion genética asociada.
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Eisenhofer G. and Peitzch. Laboratory Evaluation of Pheochromocytoma and Paraganglioma. Clinical Chemistry
60:12 1486-1499 (2014)
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Genética:

1950 1960 1970 1980 1990 1995

2000 2005 2010 2015

SDHC
SDHA . .
TMEM 127 HRAS
Genetics -

demonstrates that AER
PCC and PGL are %ﬂﬁ%%
the same disease first randamized
e same disease cinicatirialwith
“Sunitinib in PCC/PGL.

Castro Vega et al. Rethinking pheochromocytomas and paragangliomas from a genomic perspective. Oncogene volume 35, pages1080-1089 (2016
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G Mutation Age at Main Multiple Malignant Secreting
ene
frequency diagnostics localisation PPGL PPGL phenotype
NF1 3% 40-50 yrs PCC 20-40% Rare Norad+Adre
VHL 7% 20-30yrs PCC/APGL 40-60% Rare Norad
RET 6% 30-40 yrs PCC 66% Rare Norad+Adre
EPAS1 1% 20-30yrs  PCC/TAPPGL 50% Rare Norad, EPO
EGLN1 2 patients NA APGL NA Rare Norad
Norad,
SDHA <5% 35-40yrs  CPGL>APGL <5% Rare
Dopa, NS
Norad,
SDHB 10% 30-40 yrs APGL>CPGL 20% 40%
Dopa, NS
Norad,
SDHC 1% 35-40 yrs CPGL 30% Rare
Dopa, NS
Norad,
SDHD 9% 30-40 yrs CPGL 66% Rare
Dopa, NS
SDHAF2 <1% 30-40 yrs CPGL 75% Rare NS
Norad,
FH 1% 30-40 yrs APGL 40% 60%
Dopa, NS
TMEM127 1-2% 35-40 yrs PCC 15-66% Rare Norad+Adre
MAX 1% 35-40 yrs PCC 50% Rare Norad
MDH2 S patients  30-40 yrs PCC/APGL 40% 40% Norad, NS
GOT2 1 patient NA APGL 1pts 1 pts Norad
SLC25A11 8 patients 50-60 yrs APGL No 70% Norad, NS . . . .
- Saeis S SABbEL, i i A. Buffet et al An overview of genetic studies in
atien - S rare ora . .
4 ¥ 3 pheochromocytoma and paraganglioma. Best Practice & Research
i 2 3 . . .
gt Zpess Ry AERLAGE s s NA Clinical Endocirnology & Metabolism 34 ( 2020) 101416
DNMT3A 2 patients 20-30 yrs CTPGL % pts rare Norad

MET 1 family NA PCC NA NA NA
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Fases de evolucion genética

e Neurofibromatosis tipo 1 (NF1)
“Sindromes clasicos” e Von Hippel-Lindau (VHL)
e Neoplasia endocrina multiple tipo 2 (RET)

e Gen SDHx (SDHB, SDHC, SDHC, SDHA y SDHAF2)

=lofolfelpaeleitelnEREINIEIAAS © TNEM127, MAX, FH.
QVEVERR I ERS e lelll*EBN o Sindrome asociado a policitemia ( EPAS y ECLN1)

e MDH2, GOT2, SLC25A11, DLST, MET, MERTK, H3F3a,
Nuevos genes DNMT3A, KIF1B
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Fases de evolucion genética

e Neurofibromatosis tipo 1 (NF1)

“Sindromes clasicos” e Von Hippel-Lindau (VHL)
e Neoplasia endocrina multiple tipo 2 (RET)
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= HORMONAS (otras muestras)

Adrenalina, excrecion (orina 24h) 27 49 pg/24h [1.7-22 4] A | 07/04/2021 13-
Moradrenalina, excrecion (orina 24h) | 81.2 pg/24h [12.5 - 85.5) 07/04/2021 13
Dopamina, excrecion (orina 24h) 555 pg/24h [0 - 498] A | (7/04/202113....
Metanefrina. excrecion (orina 24h) 920.7 pg/24h [64 - 302] A | 07/04/2021 13:...
Normetanefrina, excrecion (onna 24) | 743 pg/24h [162 - 527] 4 | 07/04/2021 13-
Metoxitiramina, excrecion (orna 24h) = 213 pg/24h [100 - 300] 07/04/2021 12-...

w

Acido homovanilico, excrecion (orin 577 mg/24h [0-10] 08/04/2021 14:
Acido vanilmandelico, excrecion (or... 871 mg/24h [2-9] 08/04/2021 14:__.
5-Hidroxiindolacetico, excreccion ( 5.80 mg/24h [0-10] 08/04/2021 14-_.

& BIOQUIMICA General (orina)
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Von Hippel-Lindau
e Gen VHL. AD . Penetrancia casi completa a los 65 %.
* Clinica:
e (Carcinomas renales de células claras a los 60 afos ( 70 %)
* PPGL(24 %)
 Hemangioblastoma retina y/o SNC (80y 75 %)
e Tumores NE (5-17 %), Tumores saco endolinfatico., Cistoadenomas
e 2 fenotipos: Segun riesgo PPGL: Tipo 1: { . Tipo 2: ™
e PPGL antes de los 20 anos, feocromocitomas.
 Con frecuencia bilateral 40-60 % ( sincrénico o metacrénico)

A. Buffet et al. Best Practice & Research Clinical Endocrinology & Metabolism 34 ( 2020) 101416
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Fases de evolucion genética

e Neurofibromatosis tipo 1 (NF1)

“Sindromes clasicos” e Von Hippel-Lindau (VHL)
e Neoplasia endocrina multiple tipo 2 (RET)

e Gen SDHx (SDHB, SDHC, SDHD, SDHA y
SDHAF2)
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Syndrome Gene PC TAPGL HNPGL Multifocal Malignant RCC Other
PGL1 SDHD? ~10-25% 20-25% 85% 55-60% ~4% ~8% GIST and PA
PGL2 SDHAF2* 0 0 100% 0 0 0 -
PGL3 SDHC 0 Rare il 15-20% 0% Rare GIST
PGL4 SDHB 20-25% 50% 20-30% 20-25% ~30% ~14% GIST and PA
PGLS5 5DHA Rare Rare Rare Rare Rare 0 GIST and PA

UNCOMMON COMMON

(d) Pituitary adenoma (rare) (a) Head and neck PGL

(b) Phaeochromocytoma
(e) Renal cell carcinoma \

() GIST

(¢) Abdominal PGL

Diana E Benn, Bruce G Robinson and Roderick J Clifton-Bligh. Clinical manifestations of paraganglioma syndromes types 1-5. ndocrine-Related Cancer (2015) 22, T91-T103
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Fases de evolucion genética

e Neurofibromatosis tipo 1 (NF1)
“Sindromes clasicos” e Von Hippel-Lindau (VHL)
e Neoplasia endocrina multiple tipo 2 (RET)

e Gen SDHx (SDHB, SDHC, SDHC, SDHA y SDHAF2)

=lofolfelpaeleitelnEREINIEIAAS © TNEM127, MAX, FH.
QVEVERR I ERS e lelll*EBN o Sindrome asociado a policitemia ( EPAS y ECLN1)

e MDH2, GOT2, SLC25A11, DLST, MET, MERTK, H3F3a,
Nuevos genes DNMT3A, KIF1B
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y Unknown>

.

mutation

Distribution

of somatic Distribution

of germline
mutations

/d

BRET ®NF1 ®VHL ®wSDHx ®TMEM127
mMAX WHIF2 ®FH ®HRAS WMET = ATRX

40 % mutacion germinal  + 30 % mutacion somdtica

70 % relacionado con una mutacion

Castro Vega et al. Rethinking pheochromocytomas and paragangliomas from a genomic perspective. Oncogene volume 35, pages1080-1089 (2016
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Patogenia

Cluster Pseudohypoxia Wnt signaling Kinase signaling
Driver alteration TCA cycle-related VHL/EPAS1-related CSDE1, MAML3-fusion NF1>HRAS>RET=TMEM127>MAX
(degree hereditary) (100%) (25%) (0%) (20%)
SDHA | SDHC Mitochondrial
FH
functi
Altered SDHE | SDHD SyEchn [cspET| [mamia] fusion | | [ max | [ Heas || TmeEmi27 |
pathways AR I} *
Pseudohypoxia Wt-signaling MYC  MAPK mTOR
Location
Location of metastasis
® Common
@ Uncommon
o Mot c-ccurring

Paraganglial cell —
differentiation

Risk of metastatic
disease

CronaJ et al. New Perspectives on Pheochromocytoma and Paraganglioma: Toward a Molecular Classification. Endocrine Reviews, December 2017, 38(6):489-515
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Cluster 1

Gain of function mutation Hot somatostatin
A e o Cold somatostatin

analog g

131 A
/ Loss of function mutation I-MIBGA  Norepinephrine

Apoptosis/ r'y

cell cycle arrest

Fatty acid
oxidation l

Acetyl-CoA Cell death

\

Oxaloacéfale Gitrate

=

Isocitrate —» 4 2-hydroxyglutarate

Malate Cluster 1A
(Krebs cycle)
a-Ketoglutarate [}
AF t
g / DLST Angiogenesis, cell viabillty,  ¢%
+0. o
Qdemethylating Succinyl-CoA m::;:g]os" Nwasion, T
agents 4Succinate
\ °VEGF,
» “POGF
Wi\ HIF-a stabilization NUCLEUS REIONGHL Cihets
Qentinostat
CVDnemozolomldeQ

7 -/mmm /
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) (hypoxia signaling) QHIF-za—d T \ 2R /0 2K /00
inhibitors (HIF-; NN\, ; :
v < — (VL) £ Lol
Ly ‘HIF-a) Proteasome 2 A %LE“"_‘@ ? +— niraparib
A Gene expression |— olaparib

DNA reparation

Ubiquitylation degradation

Pyruvate L
/}) 8 é

Nolting et al. Personalized Management of
Pheochromocytoma and Paraganglioma.
Endocrine Reviews, 2021, Vol. XX, No. XX, 1-41
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Tratamiento

Catecholamine excess production: catecholamine receptor blockade

Clinical Scenarios

[ |

Controlled symptoms & Extensive disease and/or slow disease progression & I
ol . o 131 : -»| Rapid disease progression
Limited and stable disease SS5TRI-positive or Y¥*1-MIBG-positive tumor
L 4 W h
: Radiopharmaceuticals (selection will depend upon Chwrotheragy
Wait and see s i = VD
a9 . . radioisotope tumor avidity) ) )
(tailored clinical, biochemical & . BLMIBG ™ |* TMZ (particularly if SDHB-
imaging follow-up assessments) . 177y DOTATATE mutated or low MGMT

expression)

g ]

Angiogenesis inhibitors (TKI)
Sunitinib or other (SDHx, RET..}

¥
Nove| targeted therapies
(clinical trials)
Palliative care

Slow disease progression

W

Local-regional procedures to palliate symptoms related to excess cathecolamine production, tumor bulk or bone morbidity
(debulking surgery, cementoplasty, external beam RT, RF ablation, cryotherapy, tumor embolization,...)

Garcia-Carbonero R et al. Multidisciplinary practice guidelines for diagnosis, genetic counseling and treatment of pheochromocytomas and
paragangliomas. Clinical and Translational Oncology (2021) 23: 1995-2019.
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Nuestros datos
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Estudio genético de pacientes con paraganglioma

> €

86 % (19/22) de PG con estudio genético

Trabajo multidisciplinar con
oncologia, AP, OTR y MXF

20 % de PG tenian

estudio genético 36,8 % mutacion germinal

5/7 SDHB (26,3 %)

Dominguez Rabadan, R; Tous Romero, M et all.
Estudio de mutaciones germinales en pacientes con parangalioma atendidos en hospital virgen Macarena desde 2015.
Comunicacién SAEDYN 2020. Publicado en Actualidad Medica: 2020 numero 811-
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Pacientes en seguimiento con mutaciones asociadas a SDHx

PORTADORES DE MUTACIONES EN SDHX, UN NUEVO RETO CLINICO-ASISTENCIAL
EN LAS CONSULTAS DE ENDOCRINOLOGIA.

Maria Sevillano-Jiménez, Rocio Dominguez-Rabadéan, Maria Castillo Tous-Romero,
Tomas Martin Hernédndez, Angel Rollén, Juan José Reina-Zoilo, M Cinta Calvo-Morén, Ana Vallejo-Benitez,
Tomas F Herrero-Salado, Maria Asuncién Martinez-Brocca.

Asistencia a consulta
EC| ECRIBADO MPG SINESTUDIO MTOTAL

2 - 29 pacientes
pacientes en 3 anos

SAEDYN,2019

2015 2016 2017 2018
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- CATECOLAMINAS EN ORINA DE 24H (PREOPERATORIAS)
Adrenalina 15.6 mcg/24h (17-224)
Noradrenalina 1625.0 mcg/24h (121-855)
Dopamina 589.0 mcg/24h (< 498.0)

Acido Vanil-mandélico 33.5 mg/24h (1.8-6.7)
Acido Homovanilico 5.8 mg/i24h (<6.2)

Acido 5-Hidroxi-indolacético 5.1 mg/24h (0.7 -8.2)
Metanefrina178.0 mcg/24h (64.0 - 302.0)
Nor-Metanefrina 5786.0 mcg/24h (162.0 - 527.0)
3-metoxitiramina 415.0 mcg/24h (103.0 - 434.0)
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SDHB

* Se ha encontrado 36 % de los PG metastasicos.

* 60 % de PG abdominal, 40 % cervical y 20 % multiples tumores.

* Edad media: 30 anos.

* 50 % de los pacientes con PG con SDHB tiene enfermedad metastasica

 ( Penetrancia en las ultimas series: 50 % a los 50 afos - 22 % a los
60 anos.

Hescot S, et al. . Prognosis of Malignant Pheochromocytoma and Paraganglioma (MAPP-Prono Study): A

° Fa Cto r d e m a I p r'o n ést i CO é ? European Network for the Study of Adrenal Tumors Retrospective Study. J Clin Endocrinol Metab, June

2019, 104(6):2367-2374

A. Buffet et al. Best Practice & Research Clinical Endocirnology & Metabolism 34 ( 2020) 101416
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c.79C>T (p.Arg27%*)

¢.637dupA, p.(Met213Asnfs*9)
¢.761C>T (p.Pro254Leu)
c.1-?_72+7del

€.293G>A, p.(Cys98Tyr)
¢.136C>T (p.Argd6*)
c.166_170del (p.Pro56Tyrfs*5)
¢.725G>A (p.Arg242His)
€.343C>T p.(Argl15%)

[+ Edad al diagnéstico: 46,5 + 17,7 afios
[Rango de 11 a 75]
* Tiempo de seguimiento: 25,9 + 16,7 meses
. [Rangode 4 a 58] )

c.583_585delAGC
11 familias

10 pacientes con hallazgos en relacion al sindrome (20%)

Localizacion * 5 PGLabdominales
* 3 PGLcervicales

* 1 PGL toracico

* 1 Feocromaocitoma

1 hiperplasia medular

Funcionalidad: n (%) 6 (60%)
1 abdominal y 1 toracico catecolaminas
normales

Edad de presentacion (afios) 35.2 [11-72]

mediana [rango]

Tamafio (cm) 45[1.1-10]

mediana [rango]

B NN NS O

Total= 50

Resultados screening SDHB

Penetrancia en portadores SDHB no indices: 22 %

6 % a los 20 afios

14 % a los 40 anos
18 % a los 60 afos
22 % a los 80 afios

Penetrancia por edad

- _SEEN e

Resultados de un protocolo multicéntrico de
seguimiento de portadores no indices de
mutacionesen SDHBy C

SEEN, 2019

Ana Romero Lluch, Maria Tous Romero, Ignacio Fernandez Pefia, Ignacio Cuenca Cuenca,
Suset Duenas Disotuar, F. Javier Garcia Gomez, Elena Navarro Gonzalez

UGC Endocrinologia y Nutricion. UGC Medicina Nuclear. H.U.V del Rocio, Macarena y Valme
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A 19 B
ot %80 SDHB-PPGLs
o
260 -
Zoo 3 :
5 B -
8 0,4 240 ..o
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0 i St § 0 .“‘A:.‘.n .} Bernardo-Castifieira C. et al . Epigenetic Deregulation of Protocadherin
%0 02 04 06 08 10 bPPGLs mePPGLs PCDHGC3 in Pheochromocytomas/Paragangliomas Associated With SDHB
1 - Specificity Mutations. J Clin Endocrinol Metab, November 2019, 104(11):5673-5692
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Ideas para llevar a casa:

= Los feocromocitomas/ paragangliomas son los tumores con mayor predisposicidon genética.

= El conocimiento del estatus genetico es clave por un diagnostico preciso, seguimiento y
plr,onostlco. El fenotipo esta relacionado con genotipo aunque presentan gran heterogeneidad
clinica.

= E|l aumento de conocimiento de las genética de estos tumores y la accesibilidad al estudio
enético, ha permitido el diagndstico de paraganglioma en portadores asintomaticos con
?ormas precoces aungque con %os datos actuales, y una penetrancia menor de lo descrito
anteriormente, la mayoria de portadores probablemente no se beneficiaran del programa de
cribado de tumores asociados a los sindrome de feocromocitoma-paranganlioma hereditario.

= Es necesario mayor conocimiento de los factores que modulan la penetrancia y agresividad de
estos tumores para evitar programas de cribado en pacientes que nunca desarrollaran un
tumor o si lo hacen, tendran un comportamiento benigno.
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iMuchas Gracias!

@DoctoraTous
@endo_mac



