


Phäochromozytom+,+Allgemeines+

•  aus+Katecholamin,produzierenden+
(chromaffinen)+Zellen+hervorgehender+Tumor+

– adrenal:+Nebennieren,Mark+=+PHEO+
+
– extra,adrenal+=+Paragangliom+(PGL)+
•  Sympathikus:+Thorax,Becken+
•  Parasympathikus:+Kopf,Hals+

Paragangliom+(PGL)+

MIBG+scan+

FDG+PET+



Phäochromozytom+,+GeneQk+

•  ~+1/3+of+paQents+have+a+germline+mutaQon+in+
one+of+the+known+suscepQbility+genes+–+
Vererbung+autosomal+dominant+

•  54%+of+paQents+with+head+and+neck+
paraganglioma+

•  Significant+porQon+(~+25%)+of+paQents+with+
apparently+sporadic+disease+have+germline+
mutaQons+

Phäochromozytom+,+GeneQk+

•  PHEO/PGL+i.R.+eines+«geneQschen»+Syndroms+
– MEN2:+RET+Proto,Onkogen+

– VHL+Syndrom++

– NF+Typ1++

•  isolierte+PHEOs/PGLs+
– Familial+Paraganglioma:+SDH+Komplex+

– neu:+TMEM127,+MAX+



Cell+signaling+pathways+for+the+known++
PCC/PGL+suscepQbility+genes++

Fishbein+L,+Cancer+GeneQcs+205+1,+2012+

Proto,oncogene+
Gain+of+funcQon+

mutaQon+

Tumor+suppressor+gene+
DegradaQon+of+HIF+

Neurofibromin+
InacQvaQon+of+RAS+

Tumor+suppressor+
genes+

NegaQve+
regulator+of+mTOR+

MYC/MAX/MXD1+
network++of+cell+
proliferaQon+

MEN+2+

•  akQvierende+MutaQon+im+RET+Proto,Onkogen+

•  MTC+als+ErstmanifestaQon+

•  PHEO+in+50%,+30,40,j.++

•  meist+adrenal,+bilateral+>50%,+Malignität+<5%+
(↑bei+Kindern+mit+MEN+2B)+

•  A,+NA+



NF+1+–+M.+Von+Recklinghausen+

•  aut.+dom.,+50%+de+novo+MutaQon+

+

•  Dx+im+Kindesalter+

•  PHEOs+in+0.1,5.7%,+ED+40,50,j.++
+

•  A+>+NA+



Von+Hippel+Lindau+(VHL)+

•  ↑Tumorinzidenz+(benigne+++maligne)++
•  aut.+dom.,+20%+de+novo+MutaQon+

•  VHL+Typ+1:+kein+PHEOs/PGLs++
•  VHL+Typ+2:+häufig+PHEOs/PGLs+

•  30,j.,+mögliche+ErstmanifestaQon+
•  meist+adrenal,+50%+bilateral;+Malignität+<5%+
•  nur+NA+



VHL+,+ManifestaQonen+

•  Hemangioblastomas+of+the+brain+(cerebellum)+
and+spine+

•  ReQnal+angiomas+
•  EndolymphaQc+sac+tumors+of+the+middle+ear+
•  Serous+cystadenomas+and+neuroendocrine+
tumors+of+the+pancreas+

•  Pheochromocytomas+
•  Clear+cell+renal+cell+carcinomas+(RCCs)+
•  Papillary+cystadenomas+of+the+epididymis+and+
broad+ligament+



Familial+Paraganglioma+Syndrome+

•  Succinate+dehydrogenase+enzyme+complex+(SDH)+
•  4+Subunits+(SDHx,Gene):+

–  SDHA+–+SDHAF2+(Kofaktor)+
–  SDHB+
–  SDHC+
–  SDHD+

•  meist+PGLs,+LokalisaQon+je+nach+betroffener+Subunit+
•  op+«maternal+imprinQng»+,+Übertragung+nur+vom+Vater+
•  op+«silent»;+op+DA,+DA+++NA+

•  SDHB,PosiQvität+in+der+Immunhistochemie:+SDHx+100/84%+

TMEM,127,Gen+/+MAX,Gen+

•  TMEM,127:++
–  Tumor,Suppressor,Gen+
–  40,50,j.+
–  adrenal+(1/3+bilateral),+Malignität+<5%+

•  MAX:++
–  Protein+MAX+(MYC,associated+factor+X),+
TranskripQonsfaktor++

–  funkQonell+Tu,Suppressor,Gen+
–  30,j.+
–  bilateral+(67%),+maligne+(25%),++



Clinical+Features+of+hereditary+PCC/PGL+

Penetrance,
of,PCC/FPGL,

Mean,age,at,
presenta7on,

Frequency,of,
PCC/PGL, Metabolites, Frequency,of,

Malignancy,
Frequency,of,
bilateral,PCC,

RET+ 50+ 35+ 100/~0+ MN/NMN+ 3+ 63+

VHL+ 10,25+ 29+ 90/19+ NMN+ 3+ 44+

NF1+ 0.1,5.7+ 42+ 95/6+ MN/NMN+ 9+ 14+

SDHD+ 86+ 35+ 0/100*+ NMN/MTX+ 4+

SDHB+ 77+ 33+ 25/78+ NMN/MTX+ 31+

SDHC+ U+ 43+ 0/100+ ,,+ 0+

SDHA+ U+ 40+ 17/83+ NMN+ 0,14+

SDHAF2+ 100+ 32+ 0/100*+ NMN+ 0+

TMEM127+ U+ 43+ 95/8+ NMN/MN+ 4+ 39+

MAX+ U+ 32+ 100/17+ NMN+ 25+ 67+

Autosomal,dominant+inheritance,+*+maternal+imprinQng++

Welander+J,+Endocrine,Related+Cancer+18+R253,+2011+
Fishbein+L,+Cancer+GeneQcs+205+1,+2012+
Jafri+M,+EJE++166+151,+2012+

Malignität+

•  SDHB,+MAX:++
+>25?30%,,

•  NF1,+sporadische+PHEOs:++
+ca.,12%,

•  RET,+VHL,+SDHD,+SDHC,+SDHAF2,+TMEM,127:+
+<5%,



Plasma+Metanephrines+to+guide+GeneQc+TesQng+
in+hereditary+PCC/PGL+

Adrenal+(bilateral):+ +NMN↑,+MN↑,+MTX↔+ +!+MEN2+(NF1)+

Adrenal+(bilateral):+ +NMN↑,+MN+↔,+MTX↔+ +!+VHL+

Extraadrenal: + +NMN↑,+MN+↔,+MTX↔+ +!+SDHD+(VHL)+

Extraadrenal: + +NMN↑,+MN+↔,+MTX+↑+ +!+SDHB+

Normetanephrine+ Metanephrine+ Methoxytyramine+

VHL,MEN2, NF1, SDHB,SDHD, VHL,MEN2, NF1, SDHB,SDHD, VHL,MEN2, NF1, SDHB,SDHD,

Eisenhofer+et+al,+Clin+Chem+57:+411,+2011+

SDHB+Immunohistochemistry+idenQfies++
SDHB,+,C+and+D+associated+tumors+

(Sensi'vity+100%,+Specificity+84%)+

PCC+SDHB+ PGL+SDHC+ PGL+SDHD+

PCC+VHL+ PCC+RET+ PCC+NF1+

Van+Nederveen,+Lancet+Oncol++10+764,+2009+



GeneQsche+Testung+–+warum?+

1.  AssoziaQon+mit+anderen+(malignen)+
Tumoren?+

2.  Planung+Follow,up+(z.B.+vermehrt+Bildgebung)+

3.  Screening+von+Familienmitgliedern+



Key+points+

•  PHEOs/PGLs+mit+geneQschem+Background+
häufiger+als+bis+anhin+angenommen+(ca.+30%)+
– mögliche+ErstmanifestaQon+eines+VHL!+

•  geneQscher+Workup+besQmmt+durch+LokalisaQon,+
biochem.+Pa|ern,+Immunhistochemie++

•  In+Zukunp+spezifische+Therapie+entsprechend+
Genotyp(?)+


