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This special issue of Endocrine Pathology, together with a
parallel issue of Hormone Metabolic Research compiles
state-of-the-art reviews and selected original research find-
ings presented at the September 2011 International Sympo-
sium on Pheochromocytoma and Paraganglioma (ISP 2011)
[1–17]. This symposium, hosted by Pierre-Francois Plouin
and Anne-Paule Gimenez-Roqueplo in Paris, France, attracted
a record number of participants following ISP 2008 in
Cambridge, UK and ISP 2005 in Bethesda, MD, USA.
These symposia are multidisciplinary gatherings of physicians
and basic scientists intended to rapidly advance understanding
and treatment of pheochromocytoma and extra-adrenal para-
ganglioma. They are held under the aegis of the Pheochromo-
cytoma and paraganglioma RESearch Support ORganization
(PRESSOR, http://www.pressor.org), which was established in
the Spring of 2004 following a 2003 workshop at Cold Spring
Harbor organized by James Watson and William M Manger.

As evident from the ISP2011 papers, it is now an exciting
time in the pheochromocytoma/paraganglioma (PCC/PGL)
field. Not very long ago these tumors were essentially
curiosities, considered to be sporadic in 90% of cases,
almost always benign, and associated with hereditary tumor
syndromes involving only three genes, RET, VHL, and NF1.
Recent developments in molecular genetics have expanded
the spectrum of disorders and, accordingly, increased the
complexity of information that clinicians and researchers
must grasp in order to provide state of the art care and to
make further progress. At least 30% of the tumors are now
known to be hereditary and germline mutations of at least
ten genes can cause them to develop. The rate of new gene
discovery has accelerated rapidly (Fig. 1), and there are
likely more genes to come. Genotype–phenotype correla-
tions have been identified, including differences in tumor
distribution, catecholamine production and risk of metasta-
sis. Further, types of tumors not previously associated with
PCC/PGL are now considered in the spectrum of hereditary
disease. Important new findings are that mutations of succi-
nate dehydrogenase genes SDHA, SDHB, SDHC, and
SDHD (collectively abbreviated SDHx) are responsible for
a large percentage of hereditary tumors, and that SDHB
mutations are strongly correlated with extra-adrenal loca-
tion, metastasis, and poor prognosis. Further, gastrointesti-
nal stromal tumors and renal cell carcinomas are new types
of tumors associated with SDHx mutations.

From a molecular standpoint, PCC/PGL with different
underlying genotypes segregate into two clusters, with char-
acteristic differences in their transcriptomes, signaling path-
ways and expression of biomarkers. VHL and SDHx
mutations (cluster 1) are associated with “pseudo-hypoxic”
signaling, while mutations of the other susceptibility genes
are associated with alterations of RAS signaling, protein
trafficking and a variety of other cell functions (cluster 2).
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The different pathways present a variety of distinct potential
drug targets, some of which have already been tested in
experimental models.

These developments have important implications for
pathologists. First, there are requirements for awareness of
new disease associations; for example, the need to commu-
nicate to clinicians that concurrence of pheochromocytoma
and GIST is probably not a coincidence. Second, it must be
recognized that pathology findings cannot be fully under-
stood without knowledge of tumor genotype. That point is
made by Favier et al. in this issue of EP, who show that a
previously reported association of increased VEGF expres-
sion with malignancy can actually be explained by the fact
that malignant PCC/PGL are over-represented in cluster 1
and therefore over-express VEGF, but that VEGF expres-
sion does not apparently distinguish between benign and
malignant tumors within the cluster. Similar considerations
may pertain to tumor size, local invasiveness, and other
pathology findings.

Pathologists also have new functions to perform in patient
management and new tools with which to perform them. As
discussed by Eisenhofer et al., anatomic pathologists can help
to triage patients for appropriate, cost effective genetic testing
by immunohistochemical staining for SDHB protein, which is
lost in tumors with any SDHx mutation, or for SDHA, which
is lost only with mutation of the SDHA gene. Further, clinical
pathologists can now test for metabolites of catecholamines
and their biosynthetic intermediaries not only to screen for the
presence of tumor but also to point to specific mutations,
stratify risk of metastasis and find small metastases that might
otherwise go undetected. For example, pheochromocytomas
associated with RET or NF1 mutations produce epinephrine,
reflected by elevated levels of its metabolite, metanephrine, in
plasma or urine. Pheochromocytomas in von Hippel–Lindau

disease are noradrenergic and cause solitary increases in con-
centrations of normetanephrine, while tumors with SDHB or
SDHD mutations can also produce norepinephrine but often
produce dopamine and cause increases in methoxytyramine
levels, which are also associated with malignancy. Future
roles of pathology will no doubt include immunohistochemi-
cal identification of specific markers to guide the selection of
targeted therapies.

Clinical implications of the new biological understanding
are discussed in detail in the companion ISP2011 papers in
Hormone Metabolic Research. In general, a constellation of
findings including patient age at presentation, tumor loca-
tion, biochemical profile, and presence of metastases helps
to guide cost-effective genetic testing of patents who present
with PCC/PGL and no clinical features indicating a specific
tumor syndrome. The results of genetic testing in turn guide
management of patients, genetic counseling and testing of
family members. An important consideration is that underlying
mutations in tumors can affect the sensitivity of functional
imaging modalities. For example, 123I-metaiodobenzylguani-
dine scintigraphy and 18F-6-fluorodopamine or 18F-6-fluoro-
dihydroxphenylalanine positron emission tomography (PET),
which have good sensitivity for imaging adrenal pheochromo-
cytomas, are often less reliable for extra-adrenal paraganglio-
mas and metastases with SDHBmutations. Consequently, 18F-
fluorodeoxyglucose PET is recommended for the latter. This
difference might reflect both decreased capacity for catechol-
amine transport and storage and increased energy demands.

Current consensus is that long-term follow-up to screen for
recurrent and metastatic disease is required for all patients
after surgery for pheochromocytomas and paragangliomas,
whether hereditary or apparently sporadic. Questions now
being considered are how often follow-up screening should
be performed, how it should be performed, and how patients
should be stratified according to level of risk. Patients with
SDHBmutations are at particularly high risk and tend to have
large extra-adrenal tumors that often produce minimal quan-
tities of catecholamines and substantial amounts of dopamine.
Screening in these patients should therefore include measure-
ments of methoxytyramine, and possibly also chromogranin
A, together with periodic thoracic–abdominal and pelvic
imaging.

There have been several exciting accompaniments to the
scientific progress resulting from PCC/PGL research. One
has been the establishment of international multicenter col-
laborations providing infrastructure for rapid implementa-
tion of clinical trials. The FIRSTMAPPP trial (First
International Randomized Study in Malignant Progressive
Pheochromocytoma and Paraganglioma, http://clinicaltrials.
gov/ct2/show/NCT01371201) is one example, jointly initi-
ated by members of the PRESSOR consortium and the
European Network for the Study of Adrenal Tumours
(ENS@T, http://www.ensat.org). A consortium of clinicians

Fig. 1 The accelerating rate of discovery of susceptibility genes for
pheochromocytoma and extra-adrenal paraganglioma. Figure courtesy
of Dr Patricia Dahia (Gimenez-Roqueplo AP, Dahia PL and Robledo
M), Update in the Genetics of Paraganglioma and Pheochromocytoma
and Hereditary syndromes [7]
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and investigators modeled on PRESSOR has also been
established in Japan. In the United States, a new National
Center for Advancing Translational Sciences, established by
the National Institutes of Health, will included a program
focused on development of new treatments for rare and
neglected diseases (http://nih.gov/news/health/dec2011/
od-23.htm). Other positive developments apparent at
ISP2011 are the important roles of women scientists in the
field, particularly in genetics, tumor biology and model
systems, and the contributions of new, young, talented
investigators. Thus, the vision of Drs. Watson and Manger
set forth at Cold Spring Harbor in 2003 is bearing fruit.

The next ISP will be held in Kyoto, Japan in the fall of
2014. Judging from the accelerating progress in the field,
many scientific achievements can be expected between now
and then. The present series of articles in Endocrine Pathol-
ogy and Hormone Metabolic Research should whet our
appetite for the next advances.
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