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Adult and paediatric patients with pathogenic variants in the gene Introduction
encoding succinate dehydrogenase (SDH) subunit B (SDHB) often have Methods
locally aggressive, recurrent or metastatic phaeochromocytomas and
paragangliomas (PPGLs). Furthermore, SDHB PPGLs have the highest

Health-care environment
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rates of disease-specific morbidity and mortality compared with other work-up for patients and
hereditary PPGLs. PPGLs with SDHB pathogenic variants are often less affected first-degree relatives
differentiated and do not produce substantial amounts of catecholamines | evaluation for surgery and

: . : : treatment interventions of
(insome patients, they produce only dopamine) compared with other patients with SDHB PPGL

hereditary subtypes, which enables these tumours to grow subclinically

. .. . . SDHB PPGLs, regardless
foralongtime.Inaddition, SDHB pathogenic variants support tumour of the location
growth through high levels of the oncometabolite succinate and other
mechanisms related to cancer initiation and progression. As aresult,
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Locoregional treatment for

pseudohypoxia and upregulation of genes related to the hypoxia recurrent SDHB PPGL
signalling pathway occur, promoting the growth, migration, invasiveness :

. i . Systemic treatment for
and metastasis of cancer cells. These factors, along with a high rate advanced and/or metastatic
of metastasis, support early surgical intervention and total resectionof | SDHBPPGL
PPGLs, regardless of the tumour size. The treatment of metastasesis Conclusion

challenging and relies on either local or systemic therapies, or sometimes
both. This Consensus statement should help guide cliniciansin the
diagnosis and management of patients with SDHB PPGLs.
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Consensus statement

Introduction

The adrenal medullais the main hormonal unit of the autonomic nerv-
oussystemand it arises fromneural crest-derived Schwann cell precur-
sors. The Schwann cell precursors migrate along the preganglionic
autonomic fibres until they reach their final destination™*.

Although most phaeochromocytomas occur sporadically, most
sympathetic paragangliomas are driven by germline pathogenic vari-
ants.In2000, Baysal et al. described the first paraganglioma syndrome
related to adeficiency in succinate dehydrogenase (SDH, whichis part
ofthe mitochondrial tricarboxylicacid cycle) activity due to germline
SDHD (encoding SDH complex subunit D) pathogenic variants’. This
major discovery represented the first unequivocal genetic link between
a mitochondrial defect and phaeochromocytomas and paraganglio-
mas (PPGLs). Subsequentassociations between the tricarboxylic acid
cycle, mitochondria and PPGLs were confirmed by identifying other
pathogenic variants encoding the B*, C° and A® SDH subunits. Col-
lectively, these tumours belong to the cluster 1 subgroup of PPGLs
and are mainly characterized by a pseudohypoxic phenotype (that s,
hypoxia-inducible factor stabilization despite anormal oxygen supply).

The SDHB pathogenic variants have an estimated disease pen-
etrance of 20-30% by the age of 65 years’. For the purposes of clarity
and brevity, in this Consensus statement, we use the term ‘pathogenic’
torefer bothtovariants that are known to be pathogenic and those that
are likely to be pathogenic®. Among patients with SDHB pathogenic
variants who develop PPGL (syndrome type 4), 70-80% of tumours are
sympathetic (mainly extra-adrenal) paragangliomas’. Head and neck
paragangliomas (HNPGLs) and anterior mediastinum paragangliomas,
almostall derived from the parasympathetic nervous system, are often
solitary tumours that occur in only 20-30% of patients with SDHB
pathogenic variants'. The coexistence of sympathetic and parasympa-
thetic paragangliomas within one patient is rare (<3%) and multifocal
disease is observed in only 20% of patients with SDHB mutations".

However, the recurrence rate of SDHB PPGLs is high'>. These
tumours are also at high risk of aggressive behaviour, with at least 30%
of patients developing metastatic disease®° and a predisposition to
developing other tumours, such as gastrointestinal stromal tumours,
renal cell carcinoma and pituitary tumours”* > (Table1).

Patients with SDHB PPGLs present with increases in plasma and/or
urine levels of noradrenaline, predominantly of its metabolite norme-
tanephrine.Importantly, anelevation of dopaminelevels, and particularly
of its metabolite 3-methoxytyramine, is often also observed.

Considering the complex landscape of management options for
PPGL arising within the context of SDHB pathogenic variants, the cur-
rent Consensus statement seeks to assist physicians in navigating the
clinical decision-making process for the treatment of patients with
an existing PPGL. The initial screening and follow-up of patients
with asymptomatic SDHB pathogenic variants have been addressedin
another international Consensus statement®.

Methods

The Consensus statement project included three chairpersons (D.T.,
JW.M.L. and K.P.) and one project manager (L.M.). The project was
initiated in June 2021, with the establishment of the steering and rating
groups. The steering group comprised eight members (R.C.-B., N.D.P.,
G.BW.,,Z.G.S.,A.B.G.,M.F,,J.A.C.andS.N.), and the rating group mem-
bers included the remaining co-authors of the Consensus statement,
exceptfor the chairpersons. All the steering and rating group members
participating in the development of the Consensus statement are
expertsin PPGL and represent a variety of countries, practice settings

anddisciplines (endocrinology, internal medicine, oncology, surgery,
radiotherapy, radiology, nuclear medicine, clinical and molecular
genetics, otolaryngology, clinical chemistry, and pathology). The
participants were chosen because of their long-term expertise and
recognition in the field of PPGL or their subspecialty.

The first meeting with the steering group was held in August 2021.
Duringthe meeting, the steering group members were asked to conduct
their ownliterature searchesin PubMed (US National Library of Medi-
cine) using the proposed search strategies with controlled vocabulary
MeSH terms and keywords for the condition of interest and section
topic (Supplementary Table1). The search was limited to articles pub-
lished after 2000, with the possibility of adding specific landmark
publications published before 2000. During the screening of results,
articles were excluded if they were animal studies, case reports, case
series or were not published in English. The steering group members
wererequested to performareview and critical analysis of the available
literature to draft relevant graded recommendations using the Grad-
ing of Recommendations Assessment, Development, and Evaluation
(GRADE) framework for each thematic area, which was supported by
aconcise paragraph detailing the most relevant supporting evidence
(including references, figures and tables).

In August 2022, the rating group members received proposed
recommendations with evidence and supplementary tablesbut without
ratings of the strength of grading and quality of evidence. Each member
of the rating group voted on whether they agreed or disagreed with
the narrative forms of the recommendations (strongly agree, agree,
neither agree nor disagree, disagree, strongly disagree, and do not
know), and then rated the strength of the proposed grading (grade 1
represents strong and grade 2 represents weak) and the quality of
the evidence using GRADE. For each recommendation, the quality
of evidence was rated as very low, low, moderate or high?®. They could
alsoleave further comments or suggestions about why they agreed or
disagreed or why they did not make any ratings (for example, lack of
expertiseinaspecific topic) with the proposal (optional, not required).

Theresults of the responses from the members of the rating group
were presented to the members of the steering and rating groups during
two meetings (26 September 2022 and 6 October 2022). During these
meetings, any discordance between the rating and steering groups was
discussedtoreachaconsensusonthe phrasing of the recommendations
and grades regarding the strength of the proposal and quality of the
evidence. After thisinitial period, two additional rounds of voting were
conducted withthe rating group using Google Forms. Three additional
virtual meetings (2 December 2022, 14 December 2022 and 30 January
2023) were conducted withmembers of the rating and steering groups
to reach a consensus. After the last meeting, the chairpersons and
project manager drafted a final version of the guidelines and sent the
manuscript with supplementary files to all members of the steering
and rating groups for final review and approval.

Health-care environment
* R1.Werecommend that allmajor treatment and management
decisions of patients with SDHB PPGLs should be carried out
in an expert, interdisciplinary team conference to optimize
care (Gradel, very low).

The management and treatment of patients with SDHB PPGLs
pose a challenge to clinicians in many disciplines. These tumours
are heterogeneous and can manifest in many organs with high rates
of recurrence, local aggressive growth and metastasis over time.
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Table 1| Characteristics of paraganglioma syndrome type 4 (SDHB

)7,28,47,120,138,182—190

Category Characteristic

Data

Genetics and disease
penetrance

Types of germline SDHB pathogenic variants

Nucleotide substitutions (73%, for example, missense 44%);
other variants (for example, 27%, frameshift indels 17%,
large deletions or duplications 6%)

Frequency of germline SDHB pathogenic variants in patients with

PPGLs

5-10%

Disease penetrance at age 65 years

20-30% (more common in male than female individuals)

Clinical and biochemical

presentation

Age at first diagnosis of PPGL (carriers and index) 30-35 years
Proportion of patients with PPGL who are symptomatic at 84%
presentation

Proportion of patients with non-functional sympathetic PPGLs 5-10%

PPGL locations

Extra-adrenal sympathetic paragangliomas (thoracic,
abdominal and pelvic): ~60%; phaeochromocytoma: ~20%;
HNPGLs: ~20-30%

Associated tumours

RCC, <5%; pituitary adenoma, <1%; GIST, <1%

PPGL multifocality

20%

Biochemical phenotype

Noradrenergic or dopaminergic

Tumour behaviour

Local invasion at first surgery 5-10%
Synchronous metastases at first PPGL surgery 20-25%
Lifetime risk of metastases 35-40%

Imaging Morphological and functional imaging modalities

CT, MRl and [*®Ga]DOTA-SSA PET-CT

CT, computed tomography; GIST, gastrointestinal stromal tumour; HNPGL, head and neck paraganglioma; PET, positron emission tomography; PPGL, phaeochromocytoma and

paraganglioma; RCC, renal cell carcinoma; SSA, somatostatin analogues.

Most specialists across various disciplines have limited experience in
this area of SDHB PPGLs and, therefore, international experts in this
committee are convinced thataninterdisciplinary discussion of man-
agementdecisionsin patients with SDHB PPGLsis an optimal approach.
This approach also facilitates personalized tailoring of management
in specific clinical situations, including plans for individualized sur-
veillance and follow-up””. However, this recommendation cannot be
supported by evidence from well-designed clinical studies because
suchstudies do not exist. Therefore, management decisions based on
discussionsinaninterdisciplinary team with expertise in SDHBPPGLs
arerequired to potentially achieve the most favourable outcomes for
patients.

Initial and preoperative work-up for patients and
affected first-degree relatives

» R2.WerecommendthatpatientswithSDHBPPGLsshould, inthe
firstinstance, undergo clinical assessment and measurement
of plasma levels of metanephrines and 3-methoxytyramine
(if available) or urinary levels of metanephrines as well as
anatomical and functional whole-body imaging; the same
assessment should be undertaken if an operation is planned
(Grade1, moderate).

* R3. We recommend that adult patients with SDHB PPGLs
should, ondiagnosis, receive whole-body imaging with either
magneticresonance imaging (MRI) or computed tomography
(CT) (head, neck, thorax, abdomen and pelvis) and somatosta-
tinreceptor positron emission tomography-CT (SSTRPET-CT)
imaging (Grade 1, moderate).

* R4.Werecommend that paediatric patients with SDHB PPGLs
should, on diagnosis, undergo whole-body MRI (head, neck,

thorax, abdomen and pelvis) and SSTR PET-CT, with seda-
tion when necessary. A regular CT scan can be added on an
individual basis (Grade1, low).

Identifying germline SDHB pathogenic variants®*® in approxi-
mately 10% of all patients with PPGLs* has important management
implications. At presentation, up to 25% of patients with these variants
have synchronous primary tumours and the lifetime risk of developing
metastases is 35-40% in any patient with these tumours™>*°* (Table1).
Therefore, acomprehensive diagnostic evaluationis essential to plan
appropriate treatments (Supplementary Table 2a and Supplementary
Table 2b).

Preoperative diagnosis of germline SDHB pathogenic variants is
ideal butis generally limited to those with a positive family history or
a high index of suspicion (that is, young age (<40 years old) of onset,
locally invasive sympathetic PPGL often marked by [**F]-fluorodeoxy-
glucose uptake, tumour multifocality mainly arising from sympathetic
paraganglia, presence of metastasis, and an absence of syndromic
features to otherwise suggest von Hippel-Lindau syndrome, mul-
tiple endocrine neoplasia type 2 or neurofibromatosis type 1). Even
for patients whose SDHB pathogenic variant is discovered at the ini-
tial screening or following initial surgery, it is still valuable to follow
the same screening advice for preoperative or postoperative staging
(orre-staging) aswellastodetectany future new tumours or metastases.

The majority of SDHB phaeochromocytomas and sympathetic par-
agangliomas are associated with increased levels of normetanephrine
or 3-methoxytyramine as measured by liquid chromatography with
tandem mass spectrometry, with plasma analyses being more accu-
rate than urine-based measurements***'. Plasma concentrations of
normetanephrine should be considered positive at any level above the
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normal range*®*%. Although high plasmalevels of normetanephrine are
uncommon in SDHB HNPGLs, at least one-third of patients with these
tumours have elevated plasma levels of 3-methoxytyramine®.

Imaging should extend from the skull base to the pelvisandinclude
MRI or CT in adults and MRl in children. Several MRI protocols have
been described***, and diffusion-weighted imaging, in particular,
has high sensitivity even for small SDHB thoraco-abdominal and pelvic
paragangliomas**. Magnetic resonance angiography has excellent
sensitivity for HNPGLs and can differentiate small tumours from small
vascular branches, particularly by reformatting along the axis of the
carotid bifurcation to detect small carotid or vagal paragangliomas®.
In general, CT is performed with contrast enhancement but poten-
tial allergy to the contrast medium should be considered as should
substantial renal dysfunction. For MRI, the toxicity of contrast media
is low but there might be situations in which it can be omitted. For
example, for the follow-up of asingle lesion interms of size parameters,
rapid-sequence non-contrast-enhanced MRI has been recommended™.

CT s less costly than MRI and is particularly useful for periopera-
tive planning due to its very high resolution. CT is also preferred by
most surgeons who are trained in cross-sectional interpretation. To
limit cumulative ionizing radiation exposure in children, as already
described, MRl is preferred over CT; however, CT might still be very
valuable for perioperative planning or detailed staging before deciding
onany systemic therapy. Thus, avoidance of radiation should notlead to
inappropriate management or sub-optimal precise localization of some
specific lesions (for example, in the lungs). Paediatric MRI generally
requires specific radiological expertise.

The advent of SSTR-targeted PET (performed either as PET-CT
or PET-MRI) has superseded other PET radiopharmaceuticals or
SSTR scintigraphy for the detection of PPGLs in patients with SDHB
pathogenic variants. However, in some patients, ['*F]-fluorodeoxyglu-
cose PET-CT might be more sensitive than other functional imaging
modalities**™*%, Several studies have shown superior diagnostic accu-
racy for SSTR PET-CT compared with MRI or CT, with false negative
findings being very rare***, Except for abdominal SDHB paraganglio-
mas (data are still limited), SSTR PET-CT also has a high sensitivity in
imaging of paediatric PPGLs and should be added on an individual
basis™.

« R5. Werecommend that all first-degree relatives of patients

with germline SDHB pathogenic variants should be offered a

referral for genetic counselling (Grade 1, moderate).

It is necessary for physicians caring for patients with germline
SDHB pathogenic variants to ensure that all family members atrisk are
appropriately identified and counselled about the risks of inheriting
these variants®*2, There are several potential barriers, including the
cost of genetictesting, potential genetic discrimination in healthinsur-
ance or workplaces, reluctance to commit to a lifetime surveillance
programme, parental concern about testing children, and negative
psychological outcomes®. The fairly low-to-moderate penetrance of
SDHB pathogenic variants means that family history might be sparse
for PPGLs, thereby creating a false sense of security. A consensus has
been published to guide physicians regarding appropriate surveil-
lance for relatives of patients who are found to be positive for a patho-
genic variant on screening®. It is important to remember that there
are drawbacks to any surveillance programme, including the use of
ionizing radiation and the psychological consequences of ‘medical-
izing’ thelives of individuals and subjecting them to long-term anxiety
and uncertainty. By contrast, reassuring people that any abnormality

will be rapidly diagnosed and treated is paramount and helps with
self-assurance and confidence.

Thereissome evidence that counselling is best provided by genetic
counsellors and cancer genetics specialists™**. Their skillset is not
only limited to counselling individuals but also involves systematically
contacting family members who are atrisk, retaining their engagement
withsurveillance and reproductive counselling that can also be further
guided by specialists.

Evaluation for surgery and treatment interventions
of patients with SDHB PPGL
* R6.Werecommend that all patients with SDHB PPGLs should
be offered surgical consultation with an experienced surgeon
to discuss resection with regards to risk-benefit balance
(Gradel, low).

Currently, surgery is the only curative treatment for SDHB PPGL.
If there are no contraindications and the patient is otherwise a good
surgical candidate, patients with an SDHB PPGL should undergo surgi-
cal consultation with a surgeon knowledgeable about the particular
tumour type. Both the Endocrine Society Clinical Practice guidelines
and the American Association of Endocrine Surgeons guidelines on
adrenalectomy fully concur®®,

« R7.Werecommend that in patients with large or potentially
invasive thoraco-abdominal and pelvic SDHB PPGLs, sur-
gical resection via an open approach is preferred for com-
plete vascular and lymphatic dissection and management
due to the risk of future local recurrence and metastasis
(Gradel, verylow).

In patients with SDHB PPGLs, the goals of surgery are complete
tumour resection and avoidance of capsular disruption to minimize
the risk of local recurrence and dissemination of tumour cells. Sev-
eral conditions should be considered when choosing an open rather
than laparoscopic operation (Box 1). Usually, large size or worrisome
features of invasion prompt the surgeon to consider performing the
operation withamanual technique to enable maximal discernment of
tension and retraction, which are more difficult to assess with instru-
mentation. These are a few of the important factors that need to be
combined with excellent clinical judgement when deciding on the
operative approach®. The laparoscopic approach has an obviously
easier recovery than open surgery and is superior for cases when the
tumour is not large or bulky. Open resection enables broad exposure
and, importantly, digital palpation of a tumour, manual retraction,
tangible assessment of the surrounding structures and digital assess-
ment ofthrombusin outflow vessels or vascular invasion, if necessary.
Some manoeuvres, such as precise side clamping of the vena cava, can
be more easily performed when multiple or large broad-based veins are
present.Ifthe blood supply is copious fromalongstanding tumour, the
openapproach eliminates the scurry that can occur with rapid equip-
ment conversion from a minimally invasive to an open technique and
possible repositioning.

These benefits of open procedures can also beimportant whena
re-operationis needed as tissue planes can be considerably distorted
inthese patients (Box1). For example, inthe case of large or potentially
locally invasive thoracic, para-aortic and pelvic paragangliomas, open
surgical procedures provide the advantage of tactile feedback from
hands-on evaluation of two crucial elements: the assessment of the
extent of vascular wall invasion and the identification of an abnormal
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lymph node (or nodes). Interpreting imaging results and foresee-
ing potential vessel invasion or adherence is of utmost importance
for effective perioperative planning. In selected patients with small
tumours (that is, tumours with the largest diameter of <4 cm) and
unclear vascular involvement, a minimally invasive approach might
be considered. Locally invasive thoracic paragangliomas with vascu-
lar involvement might require additional support from a specialized
cardiacsurgical team.

Compared with open resection, laparoscopic or minimally inva-
sive adrenalectomy has the benefits of faster recovery time, shorter
hospitalization and less morbidity*°. Case reports have demonstrated
the effectiveness and safety of such a surgical approach for tumours
without vascularinvasion and that are small, especially those with the
largest diameter <4 cm (ref. 57). Laparoscopy is not recommended
for tumours measuring >6 cm because of the high risk of local inva-
sion, recurrence and metastatic spread'>"”, For tumours measuring
4-6 cm, anindividualized approachisrecommended. If alaparoscopic
approachischosenandadherence to surrounding structures or lymph
nodeinvolvementis detected intraoperatively, conversiontoanopen
procedureto facilitate en bloc removaliis recommended. With regard
to the access and approach with a laparoscopic procedure, both the
intra-abdominal and retroperitoneal techniques are considered tobe
equally effective®.

Because paragangliomas are located close to major vessels, they
can present with vascular invasion resulting in metastatic disease.
A retrospective study that included 29 patients with retroperitoneal
paragangliomas and major blood vessel involvement found a higher
overall survival in patients who underwent complete tumour resec-
tion than in those who underwent only medical management®’. This
observation is further supported by findings of a high rate of lymph
node involvement in a final pathological review in SDHB paragan-
gliomas compared with non-SDHB paragangliomas®. This finding
alsoarguesin strong favour of concomitant lymph node dissection for
paraganglioma at the initial operation. Therefore, lymphadenectomy
might have important prognosticimplications. However, there is still
no good evidence that lymphadenectomy improves overall survival.

* R8.Werecommend that cortex-sparing resection should not
be offered for SDHB phaeochromocytomas due to anincreased
risk of local recurrence and/or metastasis (Grade 1, low).

Patients with SDHB phaeochromocytomas should undergo total
adrenalectomy rather thana cortical-sparing procedure, regardless of
tumour size. This recommendation is mainly based on the exceedingly
low probability of encountering bilateral adrenal phaeochromocyto-
mas in this context, whether synchronously or metachronously”, such
that adrenal insufficiency due to the need to perform surgery on the
contralateral adrenal gland is highly unlikely. Total adrenalectomy
for SDHB phaeochromocytoma is also supported by data showing a
higherrisk of locoregional recurrence and metastasis than with other
phaeochromocytoma subtypes”?*¢%, Furthermore, technical and ana-
tomic considerations areimportant because partial adrenalectomy fre-
quently requires direct tumour manipulation and positive margins are
notuncommon, which canlead to tumour spillage and intraperitoneal
and adrenalbed tumour recurrence®. Suchlocal seeding due to fractur-
ing of the adrenal tissue at operation is much less likely with attempts
attotal resection asis recommended for other potentially metastatic
tumours. The 2017 World Health Organization classification described
all PPGL as potentially metastatic, noting that the SDHB subtype is at
aneven higher risk than other hereditary forms. Therefore, the risk of

Box 1

Considerations for planning of
open or laparoscopic operation
of SDHB PPGL

Criteria for selecting the most appropriate approach

Open operation
e Large size (6¢cm or larger)
e Suspected lymph node involvement
¢ Involvement of large blood vessels
e High risk of bleeding
e Re-operative surgery

Laparoscopic operation
e Small size (4cm or smaller)
o Clear delineation of surrounding structures
e No obvious blood vessel involvement

PPGL, phaeochromocytoma and paraganglioma.

leaving potentially malignant cells in situ is high if a cortical-sparing
technique is performed. Furthermore, there is no reliable method to
predict the metastatic risk of SDHB phaeochromocytomas'~**, How-
ever,some characteristics, suchas tumour size >4-5 cm (ref.12,17,19,65)
and high plasma levels of 3-methoxytyramine®, indicate a high risk
of aggressive or metastatic behaviour, supporting a more aggressive
surgical approach for SDHB phaeochromocytoma’.

* R9. We recommend that patients with SDHB primary PPGL
withlocalinvasion, debilitating catecholamine excess or mass
effectsonadjacent organs or structures should be evaluated for
tumour resection with multidisciplinary planning, especially
ifthe tumour is affecting quality of life (Grade 1, very low).

SDHBPPGL canbelarge or locally invasive as defined by adherence
to the surrounding structures. In this situation, decisions regarding
the goals for margin-free resection of the primary tumour or areason-
able chance of complete resection should be carefully evaluated by
a multidisciplinary care team to determine whether the benefits of
total resection of the primary tumour outweigh the risks. In addition
to available technical skills and judgement, the patient’s functional
status and ability to tolerate surgical intervention, the feasibility of
margin-negative resection, and associated morbidity are some of the
variables that need to be individualized.

Resection can mitigate or provide complete symptomatic relief
from the effect of the mass on the surrounding structures. When
margin-negative resection is not possible, the question becomes
whether incomplete tumour removal will improve overall survival
orwhether the risk of complications from the procedure will delay or
modify other treatments. This consideration is even more important
in the presence of a high primary tumour burden or metastatic dis-
ease. A retrospective study of patients with synchronous metastatic
disease showed asurvival benefitamongthose who underwent surgery
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for a primary tumour compared with those who did not undergo
resection®,

Regarding the excessive production of catecholamines and their
related symptom and sign control, some patients might benefit from
upfront partial tumour (or tumours) resection to decrease the need
for antihypertensive medications. Nevertheless, without leaving the
patient free of disease, long-term pharmacological independence is
rarely possible. Furthermore, debulking surgery might not havearole
in the long-term reduction of tumour burden, except in facilitating
systemic or radionuclide therapy treatment shortly after debulking
surgery®.

* R10.Werecommend thatapersonalized and interdisciplinary
cardiovascular management planshouldbein place to prevent
complications before, during and after surgical resection
(Gradel, low).

Most patients with SDHBPPGLs should be prepared before surgical
intervention. No medical treatment is required prior to interventions
for patients who are fully asymptomatic (including normal blood pres-
sure) and who have normal plasma or urinary levels of metanephrines
as these tumours do not produce catecholamines regardless of their
location. Patients with an exclusively dopamine-producing PPGL (as
indicated by isolated elevation of plasmalevels of 3-methoxytyramine
and alack of hyperadrenergic signs and symptoms) also do not need
particular preparations before surgery.

Perioperative cardiovascular management comprises phar-
macological treatment of blood pressure and heart rate whilst
ensuring adequate hydration and intravascular volume expansion.
A well-coordinated management plan should be implemented by
clinicians who monitor continuity of care throughout the periopera-
tive period. This approach requires knowledge of the availability of
medications and awareness of cardiovascular drug pharmacokinetics
and pharmacodynamics in both inpatient and outpatient aspects of
care. The use of preoperative antihypertensive medication has been
cited as akey factor in decreasing morbidity and mortality to current
rates of <3% globally®®,

Althoughtherequirement for preoperative a-adrenoceptor block-
ade would benefit from more substantial evidence®, its use before
surgery for PPGLs that are producing noradrenaline or adrenaline
is recommended by this Consensus statement, and is supported by
five international guidelines or consensus documents®**>¢7%; four
of these were conducted under the umbrella of the Endocrine Soci-
ety, the American Association of Endocrine Surgeons, the European
Society of Hypertension and the North American Neuroendocrine
Tumour Society.

Several studies have challenged the advice to initiate preopera-
tive a-adrenoceptor blockade in all patients”-%. These studies are
limited by a retrospective design, allocation bias, lack of stratifica-
tion and lack of information on medication titration. A meta-analysis
of four studies of preoperative a-adrenoceptor blockade versus no
blockade’ 7 showed avery low quality of evidence for beneficial effects
of a-adrenoceptor blockade. However, there was also no convincing
evidence to support abandoning the longstanding practice of pre-
operative a-adrenoceptor blockade”. Therefore, we believe that, at
least on medicolegal grounds, the recommendation for preoperative
«-adrenoceptor blockade should stand.

The choice of a-adrenoceptor blockade might depend on sev-
eral factors such as drug availability, cost, team experience and the
patient’s drug tolerability. In a randomized trial of patients with

non-metastatic PPGLs receiving preoperative phenoxybenzamine
or doxazosin, phenoxybenzamine was more effective in prevent-
ing intraoperative haemodynamic instability, but there were no
differences in clinical outcome’®. Both the Endocrine Society and
European Society of Medical Oncology guidelines recommend
7-14 days of a-adrenoceptor blockade before any procedure is per-
formed in patients with PPGL*”. For use of other or additional anti-
hypertensive agents, readers are referred to existing international
guidelinesq'27'55'67'70'79.

Coordinating perioperative management requires good
communication among multiple specialties, including anaesthesi-
ologists experienced in PPGL resection. Excellent perioperative com-
municationbetween the surgical and anaesthetic teams and knowledge
and understanding of the half-life and effects of pharmacological
agents areimportant factors in the management of intravascular vol-
ume, heart rate and blood pressure. Medical preparation should also
be performed in patients who undergo any interventional procedure
such as radiofrequency ablation, cryoablation or chemoemboliza-
tion, external beam radiation of the tumour, or any other surgical or
non-surgical procedure not directly related to the tumour (such as
cholecystectomy or colonoscopy).

« R11. We recommend that for patients with SODHB HNPGL in
whom surgical resection is indicated, a decision regarding
gross total resection or subtotal resectionshould be made on
an individual basis to avoid profound disability, particularly
due to damage to cranial nerves and other structures, with the
optionofirradiation of the residual tumour. Therapeuticradia-
tionshould be considered as an effective treatment option for
patients with unresectable disease or unacceptable surgical
risk (Gradel. low).

« R12.Wesuggest considering excision of peri-tumoural lymph
nodes in patients with SDHB non-tympanic HNPGL already
undergoing resection, as it might provide valuable staging
information and optimize locoregional control (Grade 2,
very low).

« R13.Werecommend thatfor patients with SDHBjugular, vagal
and large carotid paragangliomaundergoing surgery, preop-
erative angiography withembolization should be considered.
Balloon occlusion testing should be considered if internal
carotid artery sacrifice with reconstruction is contemplated
(Gradel, low).

Globally, -30% of patients with SDHB pathogenic variants have
HNPGL®. Althoughthe overallrisk of metastasisisincreasedin patients with
SDHBPPGLs (30%, range 20-70%) compared with sporadic cases'®* 358152,
there are data suggesting that SDHx HNPGL do not have an increased
metastatic risk®; thus, metastatic HNPGLs are accordingly rare'5*%,

Primary, non-metastatic SDHB HNPGLs should be managed
conservatively® with shared decision-making between the patient
and the treatment team. Although gross total resection (macroscopi-
cally complete surgery) of SDHB HNPGL is considered optimal for
locoregional control, in the absence of high-quality survival data, it
should not come at the cost of unnecessary major neurological mor-
bidity. Thus, in a patient without preoperative cranial deficits, subtotal
resection might be an option, with a plan to irradiate any residual
tumour on an individual basis. This decision should also be weighed
againstan upfront decision to pursue therapeutic radiation as the pri-
mary therapy®**¥. The treatment team should always consider active
observation, particularly in asymptomatic patients with SDHB HNPGL
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who have stable or slow-growing tumours in whom intervention might
cause unnecessary morbidity. Aninitial trial of observation also enables
appropriate characterization of tumour behaviour.

In patients with preoperative cranial neuropathies ipsilateral to
the lesion, a more aggressive approach with a sacrifice of the already
defunct nerves might be performed to achieve gross total resection,
with an expectant decline in functional status. Cranial nerve status
on the contralateral side should also guide decision-making; if the
patient has a left recurrent laryngeal nerve or Bell palsy with incom-
pleterecovery, surgical intervention on aright-sided skull base lesion
is particularly challenging®'.

In patients with non-tympanic HNPGLs and proven nodal metas-
taseswho are undergoing surgical resection, the affected nodal basins
should be resected. In the absence of nodal disease on anatomical or
functional imaging, one might consider sending off peri-tumoural
nodes that are encountered as part of the standard cervical exposure;
however, this approach is not supported by solid evidence'***%, In
patients with distant metastatic disease, surgery should be performed
only with palliative intent and specific goals in mind.

Preoperative tumour embolization is helpful foralljugular andlarge
or locally invasive carotid body and vagal paragangliomas to minimize
bloodloss, maintainacleanoperative field and visualize critical structures,
whichaugment the probability of gross total resection’’’. However, this
approach is not without risk as embolization might sometimes cause
temporary or permanent cranial neuropathies or multifocal infarctseven
with superselective embolization®’. Migration of particles to the vasa
nervorumofthecranial nerves canbelimited by using particulate embolic
agents, which also dissolve in time and therefore might only lead to tem-
porary weakness®. Any patient in whom internal carotid artery sacrifice
is considered should undergo preoperative balloon occlusion testing
duringthe same angiographicsession; the relevant vascular teams should
risk-stratify and be prepared tointervene as necessary®'. Although balloon
testocclusionis widely performed, thereis arisk of thrombosis, dissection
andinfarction®* inaddition to an up to10% false negative rate®.

Staging resection of lesions at the base of the skull that have con-
siderableintracranial and extracranial components should be consid-
ered to minimize the risk of intracranial bleeding and cerebrospinal
fluid leakage into the neck.

For patients withunresectable HNPGL or those who are poor sur-
gical candidates, therapeutic radiation (fractionated external beam
or stereotactic radiosurgery) should be considered to arrest tumour
growth’®”,

We refer the reader to the supplementary information section
for a discussion on individual anatomic subsites and nuances of
radiotherapy (Supplementary Box 1).

SDHB PPGLs, regardless of the location
» R14. We suggest not using any neoadjuvant therapy in SDHB

PPGL (Grade 2, very low).

Currently, there are only a few case reports’® ' describing the
potential survival benefit of neoadjuvant treatment with chemo-
therapy or targeted radionuclide therapy. However, these reports are
limited and include very few patients and there are no prospective or
retrospective studies on neoadjuvant therapy. Therefore, we do not
generally recommend the use of neoadjuvant therapy, possibly except
in rare situations. These rare situations include patients who would
benefit from resection and/or debulking surgery and patients for
whom neoadjuvant treatment could lower the risk of surgery-related

comorbidities and complications, including those related to excess
levels of catecholamine following surgery. Reducing the risk of recur-
rent and/or metastatic disease might have other benefits; however,
well-designed prospective cohort studies are required.
» R15.Werecommend not using any adjuvant therapy ifthereis
completeresection ofall detected PPGL lesions (RO resection)
(Gradel, very low).

Patients with SDHB PPGLs have ahigher risk of locoregional recur-
rence or metastasis than most patients with PPGLs associated with
other pathogenic variants or apparently sporadic PPGLs'*1°%1% How-
ever, there is currently no convincing evidence that any therapeutic
intervention (for example, radiotherapy or systemic therapy) can
considerably reduce therisk of tumour recurrence or metastases after
successful removal of a primary or recurrent tumour. Nevertheless,
adjuvant radiotherapy can be considered in patients with repeated
locoregional recurrences. Furthermore, in patients with incomplete
resection of a primary or recurrent tumour or metastatic lesion
(orlesions), additive local radiotherapy or targeted radionuclide ther-
apy could be discussed onanindividual basis; however, this approach
isbeyond the scope of this guideline.

Surveillance of SDHB PPGL

« R16. We recommend that for biochemically positive SDHB
PPGL, a patient’s plasma or urinary levels of metanephrines
(and, if available, also plasma levels of 3-methoxytyramine)
should be measured by 8 weeks postoperatively, and thereafter
atleastonceayear (Gradel, very low).

« R17. We recommend that for all patients after surgery,
re-evaluation with the preferred CT or MRI should be per-
formed within 6 months. SSTR PET-CT should also be
performed within 6 months after surgery, especially if not per-
formed preoperatively (Grade 1, low). If there is no evidence
of disease within 6 months, including repeated negative bio-
chemistry, we suggest performing MRI from skull base-to-
pelvisatleast every1-2yearsto detect new PPGLs, recurrences
ormetastases. Ifthereis evidence of disease persistence either
at the first postoperative scan or positive postoperative bio-
chemistry, more frequent imaging (CT or MRI, with or with-
out SSTR PET-CT) and possible therapeutic interventions
might need to be considered. We suggest lifelong follow-up
with increasing intervals after long-term tumour stability
(Grade2, low).

« R18.Werecommend thatsurveillance of patients with metas-
tases should rely on clinical assessment, biochemical meas-
urement of plasma or urinary levels of metanephrines (and
plasma levels of 3-methoxytyramine if available), CT or MRI
at 3 months following diagnosis and every 6-12 months in
the absence of clear progression. SSTR PET-CT should be
performed on anindividual basis (Grade 1, very low).

Thefrequency of follow-up and serialimagingis guided by the size of
the primary tumour (or tumours), tumour location, and the success
of the initial surgery or other types of non-surgical interventions.
Additional factors to consider include the rate of residual disease
progression and the recurrence or occurrence of a new primary or
metastatic tumour (or tumours).

In SDHB PPGLs, the rate of progression (whether local or repre-
sented by metastasis) is often dependent on the initial tumour size
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(therateis higher in tumours>5 cm), location (higher in extra-adrenal
tumours), plasma levels of 3-methoxytyramine (higher at elevated
3-methoxtytyramine levels)* and high proliferation indices, including
Ki-67 and mitotic count. Nevertheless, there is evidence that the Ki-67
index is less useful for predicting PPGL progression on an individual
basis than for other types of neuroendocrine tumours'>'**,

In patients who have elevated levels of metanephrines before
surgery, repeated testing should be performed by 8 weeks postop-
eratively, assuming that a patient has fully recovered (that is, they
have no pain or surgical complications), to verify whether there is
any residual tumour left. If available, measurement of plasma levels
of 3-methoxytyramine should also beincluded. In patients with SDHB
PPGLs with only adopaminergic biochemical phenotype, plasmalev-
els of dopamine can be used to monitor successful surgical removal
when the measurement of plasma levels of 3-methoxytyramine is
not possible'”. Annual follow-up of biochemical measurements in
these patients includes plasma or urine levels of metanephrines and
plasma levels of 3-methoxytyramine to detect recurrence or meta-
static disease'. Regular imaging is most helpful in gauging disease
recurrence or progression. Imaging is expected to be frequent in many
patients with SDHB pathogenic variants, especially those presenting
with tumours at an early age (<20 years old) or those with a large
primary tumour, so MRI might be the preferred option to minimize
radiation exposure (Supplementary Box 2, Supplementary Box 3 and
Supplementary Box 4).

The periodicity, intensity and duration of follow-up are contingent
onwhether any residual tumour is present after resection, withamore
relaxed protocol following gross total resection. However, as noted
already, therisk factors for recurrence, progression and metastasis are
multifactorial, and tumours might appear several years after surgery;
therefore, the follow-up parameters will depend as much on the tumour
characteristics as on the completeness of resection. Each follow-up
appointment for patients with residual disease should include aclinical
history, assessment of blood pressure and heart rate, and measurement
of plasma or urinary levels of metanephrines. The value of the routine
assessment of plasma levels of 3-methoxytyramine has not yet been
established; however, many health-care professionals would include
this metabolite (Supplementary Box 5).

We recommend routine functional (radionuclide) imaging in the
long term. If the residual tumour shows progressionon CT or MRIand
levels of metanephrines or 3-methoxytyramine begin torise, these find-
ings might have arolein determining the next therapeutic manoeuvre.
Similarly, in patients with no residual tumours but who demonstrate
evidence of new tumours, recurrence or metastases on routine CT or
MRI, functionalimaging might help define the extent of the disease and
suggest the possibility of targeted radionuclide therapy. One particular
advantage of radionuclide imaging is that it encompasses the entire
body, including the head and extremities. Therefore, lesions can be
detected at unexpectedsites.

For patients with metastatic disease that is not surgically resect-
able, we recommend an initial 3-month follow-up contrast-enhanced
MRI or CT. The scan should be repeated every 6-12 months in the
absence of clear progression.

Locoregional treatment for recurrent SDHB PPGL
* R19.Werecommend that surgery forlocoregional recurrence
should be consideredinall patients with SDHB PPGL who fulfil
the following conditions: the time between recurrence and
previous surgery isnot <6 months, gross total resection seems

feasible and there is an acceptable level of surgical risk for
the patient. Debulking surgery might be considered on an
individual basis in patients with clinically relevant symptoms
and signs related to catecholamine excess or mass effects
(Gradel, verylow).

In the absence of randomized trials or large cohort studies ana-
lysing different approaches in the surgical management of locore-
gional recurrence, different treatment options should be discussed
on a case-by-case basis. Analogous to the treatment paradigm for
primary tumours, it can be assumed that complete resection of
any PPGL reduces the risk of recurrent or metastatic disease and
catecholamine-related complications. However, if gross total resec-
tion isimpossible or fails, the benefits and risks of debulking surgery
and otherlocal and systemic therapies must be weighed against those
ofactive surveillance. Tumoursthat rapidly recur or metastasize after
radical resection (<6 monthsinterval) are usually very aggressive and
require systemic therapy together with local radiation. However, we
have to acknowledge that there are no specific studies on this topicin
PPGL, so these comments are based on the experience of the authors
and from looking at parallels with other malignancies.

* R20.We recommend local or systemic therapy for patients
with symptoms for whomsurgery is not possible (Grade 1, low).

» R21.Wesuggest selecting, on anindividual and personalized
basis, the currently most appropriate local therapy based on
tumour localization and behaviour, institutional expertise,
the patient’s general condition and the patient’s preference
(Grade 2, very low).

« R22.Wesuggestactive surveillance for patients without symp-
toms who have a low tumour burden or otherwise indolent
tumour behaviour, inwhom treatmentis not currently deemed
beneficial (Grade 2, very low).

Most published evidence on local therapies (for example, radio-
therapy, radiofrequency ablation, cryoablation, microwave ablation
and chemoembolization) for SDHB PPGL is limited. Although radio-
therapy is well established for HNPGL, its role in thoracic or abdominal
paragangliomas has not been extensively examined. Owing to the slow
proliferationrate of many of these tumours, local radiotherapy has been
considered ineffective for many years. However, several case reports
and small series provide evidence for the efficacy of external beam
radiotherapy for aggressively growing primary PPGLs after they have
beenincompletely resected or for some aggressively growing recurrent
tumours'*”'%, Although the administered dose is quite variable, the
in-field control growth rate is approximately 75% in most cases. However,
unlike typical carcinomas and lymphomas, notable tumour volume
reduction following local radiotherapy is uncommon, and most local
controlisattributed to disease stabilization. Asbones are one of the most
commonsites of metastases in patients with metastatic PPGLs, causing
severe pain, spinal cord compression, pathological fractures and/or
hypercalcaemia'®, they require special attention. Thus, similar to the
situation for many other malignancies, local radiotherapy is the pallia-
tivetreatment of choice for symptomatic bone metastases. Combination
with systemic radionuclide therapy might also be an option, especially
in patients with bulky and multiple tumours'””. However, certain centres
advocate pre-emptive treatment of skeletal lesions with interventional
radiological techniques (such as cementoplasty, osteosynthesis and/or

thermal ablation) to prevent skeletal-related events™.

Nature Reviews Endocrinology



Consensus statement

Regarding otherlocal therapies, published evidence is even more
limited, and most series include <10 patients" ', One of the larg-
est series included local treatment of 31 patients with 123 metastatic
PPGLsandreported 42 radiofrequency ablations, 23 cryoablations and
four percutaneous ethanol injections™*. Radiographiclocal control was
achievedin 86% of lesions, and improvement in pain or symptoms and
signs of catecholamine excess was found in 92% of patients. Notably,
these treatments might have adverse effects, including haemodynamic
instability™. Furthermore, for liver metastases, especially if numer-
ous and not amenable to the other local therapies described already,
embolization or chemoembolization should be considered™. If local
therapies are not possible (for example, if disease is widespread), sys-
temic therapy should be strongly considered in patients who have
symptoms. By contrast, locoregional therapies are usually only indi-
cated in patients without symptoms if they are at high risk of local
complications within ashort space of time; otherwise, adverse effects
might outweigh the benefits.

Active surveillance should be performed for all patients who are
asymptomatic. Active surveillance comprises close monitoring using
certain examinations and tests in a regular schedule without active
antitumour treatment unless there are changesin test results that show
aworsening condition. Patients with low tumour burden (for example,
involvement of only one or two organs with alimited number of lesions
that are usually approximately 1 cm and not found in some critical
anatomical areas that might be addressed quickly) orindolent tumour
behaviour as shown by stable disease or very slow progression (a few
millimetres as the largest diameter for over 6-12 months) are parti-
cularly good candidates for active surveillance. Initially, 3-6 months
isasuitableinterval for active surveillance and, for most patients, this
interval could be adapted (6-12 months) over time'>"752177120,

Systemic treatment for advanced and/or
metastatic SDHB PPGL
« R23.Werecommend adrenoceptor blockers for the treatment
of catecholamine-associated manifestations associated with
SDHBPPGLs (Grade1, low).
* R24.Werecommend that medications that might elicit a cat-
echolamine crisis in catecholamine-secreting SDHB PPGLs
should be avoided (Grade 1, very low).

To control the symptoms and signs of catecholamine excess,
«-adrenoceptor blockers are widely used as the primary treatment
in patients with SDHB PPGLs. Furthermore, a-adrenoceptor blockade
isrecommended in palliative care settings or for chronic treatment
in patients with metastatic PPGL who either have hypertension or
are otherwise symptomatic from secretory tumours. This approach
reduces the frequency of complications from catecholamine excess
such as hypertensive emergency, myocardial infarction, arrhythmia,
and ischaemic or haemorrhagic stroke®”'”. The long-term effect of
secretory metastatic PPGL on cardiovascular outcomes is not yet
known and is currently being investigated in an international multi-
centre prospective register for PPGL. However, in patients with PPGL,
itis also recommended to use a-adrenoceptor blockade with local
therapies, such as radiotherapy and microwave ablation, or systemic
therapies such as radionuclide therapy, chemotherapy or tyrosine
kinase inhibitors®*??2, The aim is to counteract the effects of released
catecholamines during tumour destruction due to systemic therapy
andtoreducethe frequency of catecholamine-induced cardiovascular
complications'?® (Supplementary Table 3).

» R25. Werecommend active surveillance in patients with very
slowly progressing and/or stable SDHBPPGLs (usually for over
6-12months) without relevant symptomsor signs (Grade1, low).

« R26. We recommend chemotherapy with cyclophos-
phamide, vincristine and dacarbazine as the first-line
therapy for rapidly progressive SDHB PPGLs or for
patients with high visceral tumour burden, or poten-
tially as a second-line therapy if there is rapid progres-
sion following other systemic therapies (Grade 1, low).
In patients in whom cyclophosphamide, vincristine and dac-
arbazine chemotherapy is not tolerated, not wanted by the
patient orifthere are contraindications to cyclophosphamide,
vincristineand dacarbazine, tyrosine kinase inhibitors (suchas
sunitinib) or temozolomide can be used as alternative agents
with careful evaluation of their adverse effects (Grade 1, low).

« R27.Werecommend that targeted radionuclide therapy with
iodine-131 meta-iodobenzylguanidine ([*'IIMIBG) or peptide
receptor radionuclide therapy (PRRT) should be considered as
afirst-line treatment in patients with inoperable SDHB PPGL
if there is slow-to-moderate progression with moderate-to-
high tumour burden. [*'IIMIBG or PRRT might be considered
for patients with metastatic disease as a first-line treatment
ifthere are signs and symptoms owing to uncontrolled cate-
cholamine excess (such as hypertension, tachyarrhythmias
and other cardiovascular events) or if there are mass-related
effects (Gradel, low).

For patients with rapidly progressing tumours or for patients
with a high visceral tumour burden, chemotherapy with cyclophos-
phamide, vincristine and dacarbazine is the recommended first-line
therapy?”'**¢, Additionally, cyclophosphamide, vincristine and
dacarbazine should be the second-line chemotherapy after targeted
radionuclide therapy in patients with rapid progression or high visceral
tumour burden. Nevertheless, considering radiotherapy-induced
immunosuppression, itis currently unknown whether cyclophospha-
mide, vincristine and dacarbazine chemotherapy or any other therapy
that causes bone marrow suppression should be administered shortly
after targeted radionuclide therapy. Additional treatment options are
discussed in recommendations 26 and 29.

For slow-to-moderate growing tumours with moderate-to-high
tumour burden, targeted radionuclide therapy ([*'IIMIBG or PRRT)
mightbe considered as afirst-line treatment (Table 2). However, when
rapid cytoreduction is desirable, cyclophosphamide, vincristine and
dacarbazine chemotherapy should be considered initially.

Targeted radionuclide therapy for metastatic and/or inoper-
able SDHB PPGLs is, however, a palliative treatment (Supplementary
Table 4). The goals of therapy include mainly stabilization or partial
regression of locally aggressive, metastatic, or inoperable tumours
and amelioration of symptoms and signs related to catecholamine
excess. The natural histories of metastatic, inoperable and locally
aggressive PPGLs vary. Although the National Comprehensive Can-
cer Network guidelines™ consider ["”Lu]DOTATATE as an option for
PPGL treatment, it is not an FDA-approved indication. By contrast,
high-specific activity [*'JMIBG is approved in the USA by the FDA but
doesnot have approvalin other countries. Inthe USA, healthinsurance
companies typically require peer-to-peer interactions to consider
["7Lu]DOTATATE treatment approval on an individual basis and do not
guarantee reimbursement. In Europe, the treatment might be eligible
for compassionate use under specific circumstances.
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Table 2 | Targeted internal radiotherapy: schedules and adverse effects

Radiopharmaceutical Schedule Adverse effects

Low specific activity
[¥]MIBG

High dose (>444MBq/kg),
meta-analysis'4""!

87% grade 3-4 neutropenia (required growth factor), 83% grade 3-4 thrombocytopenia
(required platelet transfusion), myelodysplastic syndrome (4%) (especially together with

chemotherapy), hypothyroidism (11-20%), acute respiratory distress syndrome, bronchiolitis
obliterans, hypertension, hypogonadism (6.8%); rarely: renal failure, hypertensive crisis
(despite a-adrenoceptor blockade), hepatotoxicity; constitutional symptoms, that is, nausea

and vomiting

Low specific activity
[*'IMIBG

Low-intermediate dose (<9.25GBq
total dose, often repeated)'”"!

Myelodysplasia (7%), hypothyroidism (11-20%), hypogonadism, myelotoxicity (<19%) grade 3-4;
constitutional symptoms are common

High specific activity ~ High dose (~18.5GBgq, usually x2)"*"'*/

[*'IIMIBG (Azedra)

Severe and long-term myelosuppression as indicated by haematological adverse effects in
90% of patients, with grade 3-4 adverse effects in 72% of patients, 25% required haematological

supportive care, 19% serious adverse effects related to haematological toxicity, 3% lung
embolism, 4% myelodysplastic syndrome, 1.5% AML, 1.5% ALL, 3.4% hypothyroidism, 11%
worsening hypertension within 24 h, 7% kidney failure or acute renal injury; constitutional
symptoms, that is, nausea 76%, all grades

[""Lu]DOTATATE Typically, 7.4 GBq four times'’

Adverse events in one meta-analysis (1=234)"": 1.4-2.2% myelodysplastic syndrome, 0-1.5%

nephrotoxicity, 9.5-11.3% haematological toxicity, all grade 3-4; in another meta-analysis (n=201)"*":
4% nephrotoxicity, 3% neutropenia, 9% thrombocytopenia, 1% lymphopenia, all grade 3-4;
constitutional symptoms, that is, 65% nausea and 53% vomiting, of all grades, commonly

related to amino acid pretreatment, 3% renal failure, grade 3-4; incidence for PRRT-related
myelodysplastic syndrome 2.5-8.3%

Although toxicity data specifically related to SDHB phaeochromocytoma and paraganglioma are limited, it is thought that, with exceptions related to hypertensive issues, other organ toxicities
seen in other neuroendocrine neoplasms or in non-SDHB PPGL are applicable to SDHB PPGL. AML, acute myeloid leukaemia; ALL, acute lymphocytic leukaemia; PRRT, peptide receptor

radiotherapy; [*'[]MIBG, iodine-131meta-iodobenzylguanidine.

Patients with SDHB PPGLs are at increased risk of symptomatic
metastases or inoperable (for example, locally aggressive or large)
tumours, often with refractory hypertension, tachyarrhythmias or
other health-related issues”®"’. Patients with a history of hypertension
and catecholamine production are at increased risk of acute hyper-
tension during or in the first 24 h after infusion of either low specific
activity [*'JMIBG or PRRT*°'*3; thus, these patients should be pre-
medicated and monitored during this period. Several studies using
targeted radionuclide therapy in PPGLs have reported a high disease
control rate (DCR), which is mainly dominated by stable disease or
partial response'**'* (Supplementary Table 4). Many of these studies
did not explicitly address the response and outcomes of SDHB PPGLs,
although some specifically included small numbers of SDHB PPGLs and
can therefore shed light on this subgroup. Almost no data exist to
determine whether there are differences in response rates between
SDHBPPGLs and non-SDHB PPGLs¢*#04¢,

Supplementary Table 4 delineates reports of patients treated with
[ZMIMIBG, [*°YIDOTATATE or [""Lu]DOTATATE, including approximately
56 patients with SDHB PPGL, with one additional study containing
20 patients with SDHB or SDHD PPGL.

+ R28. We recommend that [*'IIMIBG or PRRT should be con-
sidered based on the radionuclide uptake for each tracer ([*'1]
MIBG and SSTRPET-CT, respectively), favouring the one that is
clearly superiorintargeting most or all of the tumour burden.
Whenuptakeis similar, medicalissues, including bone marrow
reserve, highly elevated levels of normetanephrine and other
factors, such as availability, should be considered (Grade1, low).

As mentioned above, the results of ['*I]MIBG and SSTR PET-CT
scans determine whether a patient is more likely to benefit from [**l]
MIBG or PRRT using somatostatin analogues. Tracer selection is also
influenced by whether the visualized lesions are in visceral organs
versus bone or lymph nodes, with visceral organs presenting a higher
risk of worse outcomes in patients.

[BIIMIBG therapy studies

Itis critical to determine the [*I]MIBG uptake pattern before con-
sidering its administration as it has low sensitivity for metastatic
paragangliomas, particularly those with SDHB pathogenic variants'’ ™",

Although this modality was introduced in 1984 (ref. 152), most
studies had small cohorts and were retrospective'*’. A meta-analysis
including participants fromall relevant studies irrespective of patho-
genic variants showed complete response, partial response and stable
disease rates of 3%, 27% and 52%, respectively"**. Thus, it is critical to
determine the MIBG uptake pattern prior to considering [*'IIMIBG
as it has a rather low sensitivity for paragangliomas, in particular
SDHB-related PPGLs™" ', While there are several case reports using
[*1]MIBG therapy in patients with SDHB-associated PPGLs, some of
which show partial response or stability’'>, only three therapy trials
using [*'[IMIBG have explicitly reported on SDHB PPGL responses, with
atotal of 19 patients'****? (Supplementary Table 4).

In the past, [*'IIMIBG with an activity of 0.555-1.850 GBq/mg
was used, which is now considered to have a low specific activity™*.
In 2018, high specific activity [*'IIMIBG containing 92.5 GBq/mg
was approved by the FDA and is the standard commercially available
productinthe USA. Thisapproachtranslates toamuchlower amount
of [*'] being administered than previously, thereby improving the
adverse effect profile. A study used high-dose low specific activity [**'1]-
MIBGin 49 patients with PPGLs, with12 of 24 patients who underwent
genetic testing showing SDHB pathogenic variants'*°. A median dose
of 444 MBq/kg (range, 222-703 MBq/kg) witha cumulative activity of
18.20-147.67 GBq was administered in one to three cycles. The SDHB
PPGL group had animproved complete response or partial response
of 41.7% compared with 0% in those without the SDHB PPGL. However,
this improvement did not translate into better progression-free sur-
vival (PFS) or overall survival, which might be due to the increased
mortality associated with SDHB pathogenic variants''*>>¢, Another
study examining patients with metastatic SDHB PPGLs indicated that
6 of 15 patients had received [*'[]MIBG, but it provided no information
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onthe administered dose, response to treatment or effect on survival
parameters®.

Phaseland Il trials of high specific activity [*'JMIBG (iobenguane
I-131, sold under the name Azedra) have been conducted in patients
with PPGLs"". In the phase Il study, 68 patients (19 of whom had para-
ganglioma) were treated with approximately 18.5 GBq per cycle over
two cycles. The single administration of ~18.5 GBq, with the exception
of a few studies™*"**'*°, was much higher than the typical <9.25 GBq
used with low specific activity [*'[IMIBG'". Using at least one single
treatment, partial response and stable disease rates of 23% and 69%,
respectively, were documented for atotal DCR 0f 92% (Supplementary
Table 4). Unfortunately, itis unknown whether any of the patients had
SDHB pathogenic variants, as is the case inmost reports. Furthermore,
when comparing the low administered activity in the 9.25 GBq range
to the higher activity of ~18.5 GBq typically used for the high specific
activity [®*'I]MIBG, more toxicity is noted with the latter™*'*.,

It should be noted that the Azedra regimen requires a dosimet-
ric step that uses a lower administered activity of [*'IMIBG or of
[""Lu]DOTATATE; by contrast, no dosimetry is typically performed
or required with other approaches. Furthermore, there are no stud-
ies that directly compare the efficacy or outcomes of treatment with
the approved high specific activity regimen compared with the lower
administered activities with repeated cycles.

In2023, Lantheus Holdings, Inc. announced itsintention to discon-
tinue the production of the Azedra. The company stated that manufac-
turing of Azedrawill continue until the first quarter of 2024 to ensure
the availability of doses for existing patients.

Peptide receptor radionuclide therapy

Because 89-100% of SDHB PPGLs have moderate-to-high expression
of SSTR type 2, radiolabelled somatostatin analogues have been used
in PRRT for PPGLs™*°'%2, A meta-analysis of PRRT in advanced PPGLs,
regardless of pathogenic variants (that is, including SDHB PPGL and
non-SDHB PPGL), concluded that there was a beneficial effect using
either ["°Y]DOTATATE or [""Lu]DOTATATE, with an objective response
rate of 25%'*.

PRRT in SDHBPPGLs canalso have a positive response in terms of
improvements in tumour size, biochemistry or hypertension'®'631¢4,
InSupplementary Table 4, we included some of the PRRT outcomesin
SDHB PPGLs using [*°YIDOTATATE or ["’Lu]lDOTATATE. Typically, a
high DCR, comprising patients with a tumour response plus a stable
disease rate of 80-100% has been demonstrated in those with subdia-
phragmatic lesions"*"**'®"1%"_However, it should be noted that these
series did not report complete objective tumour responses.

Although some studies have used [*°Y]DOTATATE, it is neither
approved by the FDA nor readily available, and it has a greater poten-
tial for renal toxicity than ["’Lu]DOTATATE. Most studies in the USA
will continue to use [""Lu]DOTATATE asit is an FDA-approved therapy
for gastroenteropancreatic neuroendocrine tumours and is consid-
ered forusein PPGLs by the National Comprehensive Cancer Network
guidelines'.

Additional data on the use of [*'[IMIBG or PRRT with radiolabelled
somatostatin analogues can be found in Supplementary Box 6.

Other systemic therapies
* R29.Werecommend either tyrosinekinase inhibitors (suchas
sunitinib) (Grade 1, moderate) or temozolomide (Grade 1, low)
astreatmentoptionsforslowly ormoderately progressing SDHB
PPGLsthatare noteligible for PRRT or [*'IIMIBG, or following

progression to radionuclide therapy or cyclophosphamide,
vincristine and dacarbazine chemotherapy.

The Working Group on Endocrine Hypertension of the European
Society of Hypertension recommended radionuclide therapy for mod-
erately progressive PPGLs as a first-line therapy, either with [7’Lu]
DOTATATE or [*'IIMIBG (either high-specific-activity or conventional
low-specific-activity [*'IIMIBG)”. For a more detailed rationale for
the use of these therapeutic modalities, see the targeted radionuclide
section.

Oneretrospective study investigating chemotherapy with temo-
zolomidein PPGLs (n = 14,10 of whom were patients with SDHB PPGL)
provided evidence for good response rates and PFS specifically for
patients with SDHB PPGLs'®, The reported overall DCR was 80%, and
the partial response rate was 33% (according to RECIST (Response
Evaluation CriteriaIn Solid Tumours) 1.1 criteria'® and PERCIST (Posi-
tron Emission tomography Response Criteria In Solid Tumours) 1.0
criteria”’ innon-RECIST-evaluable patients) with all responders being
patients with SDHB pathogenic variants (overall PFS was 13.3 months,
with asignificantly longer PFS 0f19.7 versus 2.9 monthsin patients with
SDHB PPGL versus those with non-SDHB PPGLs)'. Therefore,
temozolomide is one of the recommended first-line or second-line
therapies for slowly or moderately progressing SDHB PPGLs not
eligible for radionuclide therapy or in instances of progression to
radionuclide therapy (Fig. 1).

Additionally, hypermethylation and downregulation of the
DNA repair enzyme O-6-methylguanine-DNA methyltransferase
in SDHB PPGLs might increase the susceptibility of SDHB PPGLs to
temozolomide". Thus, assessment of O-6-methylguanine-DNA meth-
yltransferase hypermethylation might help guide treatment decisions
for temozolomide in patients with SDHB PPGLs.

Evidence ontheefficacy of the tyrosine kinase inhibitor sunitinibin
PPGLs", including in patients with SDHB PPGL, is available from several
studies. Theseinclude one prospective study (n = 23, five of whom had
SDHB PPGL)" and two retrospective studies (n = 14, eight of whom
had SDHBPPGL; n =7,three of whomhad SDHBPPGL)"* aswell as prelim-
inary datafromthe first randomized double-blind placebo-controlled
phase Il (FIRST-MAPPP) trial investigating sunitinib in 78 patients
with metastatic PPGLs (32% SDHB pathogenic variants: 33% in
the sunitinib group and 23% in the placebo group) presented at the
European Society of Medical Oncology conference in 2021 (ref. 175).
The prospective study showed a DCR of 83% over 3 months (DCR 61%
over 6 months) with a response rate of 13% in all patients (overall PFS,
13.4 months)'”. Ayala-Ramirez et al. described, in their prospective
study,aDCR of 57% with aresponse rate of 21% over 4 months and stable
disease of 36% over 6 months (overall PFS 4.1 months)**", Fisher etal.,
in their retrospective study, reported a DCR of 100% over 3 months
for sunitinib as first-line therapy (median survival until detected pro-
gression was 18 months)**®. The FIRST-MAPPP trial reported a DCR
of 35.9% over 12 months and a significantly longer PFS of 8.9 months
in the sunitinib group than in the placebo group (3.6 months)'”. The
results of the FIRST-MAPPP trial are unfortunately not yet published in
apeer-reviewed journal. Sofar, sunitinibis the tyrosinekinase inhibitor
with the best evidence in patients with PPGLs and is recommended as
the second-line or third-line treatment or as first-line if the patient is
not eligible for targeted radionuclide therapy (Fig. 1). Axitinib might
provide a feasible option for the treatment of progressive advanced
PPGLs; someinitial results of this approach were presented at the ASCO
Annual Meeting in 2015 but have not yet been published.
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In case of progression
individualized decision (including
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Fig.1|Management of metastatic SDHB PPGL. This figure shows an
algorithm for the treatment of metastatic SDHB phaeochromocytoma and
paragangliomas (PPGLs). After medical treatment of catecholamine-related
signs and symptoms, surgery is considered on an individual basis, depending
onseveral clinical factors that can vary from mild to severe. When considering
debulking surgery, note that surgery should be performed if all tumoural
lesions can be removed. However, debulking surgery could be considered only
in patients with symptoms and signs related to notable catecholamine excess

or mass effect. Treatment options depend on the condition of the patient,
severity of progression, tumour load and presence of catecholamine-related
signs and symptoms. Treatment must be followed up and the patient should

be re-evaluated depending on treatment results. Local therapies include
radiotherapy, radiofrequency ablation, cryoablation, microwave ablation,
embolization, chemoembolization and palliative surgery. [*'1]-MIBG, iodine-131
meta-iodobenzylguanidine; PRRT, peptide receptor radionuclide therapy; TKI,
tyrosine kinase inhibitor.

At the fifth International Symposium on Pheochromocytoma and
Paragangliomain 2017, promising preliminary data from a prospective
study (NCT02302833) investigating the tyrosine kinase inhibitor cabo-
zantinib in patients with PPGLs (n =10, five of whom had SDHB PPGL)
were presented”®. The DCR was 90% (all minor or partial responses) over
3months, 70% over 6 months and 30% over 12 months (PFS11.1months),
withallfive patients with SDHBPPGLs showing a partial or minor response.

Two prospective phase Il clinical studies investigating an
immune checkpoint inhibitor, pembrolizumab, in PPGLs (n=9
and n =11, including one patient with SDHD PPGL and two patients
with SDHB PPGL, respectively) reported DCRs of 75%'” and 73%
(responserate, 9%; 1SDHB PPGL with shrinkage >30%; and overall PFS,
5.7 months)"®, Further evidence is necessary to confirm the potential
efficacy of pembrolizumab in SDHB PPGLs. Importantly, we recom-
mend considering inclusion in clinical trials following progression to
third-line therapy.

In cases of SSTR positivity on [*®Ga]DOTA-SSTR PET-CT and
contraindications for other recommended therapies, SSTR treatment
(intramuscular long-acting release octreotide 30 mg or subcutaneous
lanreotide autogel 120 mg every 2-4 weeks) can be considered on an

individual basis given their use in gastroenteropancreatic neuroendo-
crine tumours. The options include first-line, second-line or third-line
therapy in PPGLs with slow progression or, on a case-by-case basis, as
maintenance therapy following a good response to SSTR-based radio-
nuclide therapy or chemotherapy"’'*!. However, there are currently no
published studies investigating non-radioactive, termed ‘cold’, SSTR
analogues in SDHB PPGLs that would enable the provision of any reco-
mmendation. One small retrospective study included four patients
with PPGL treated with first-line ‘cold’ SSTR analogues (all progressive
at baseline) and showed a very good DCR at 3 months (100%) (median
survival until detected progression not reached)**. Moreover, SSTR
type 2 expression in PPGL is associated with SDHB pathogenic variants
(as described previously) and is independently related to metastatic
disease'”. Thisfinding further supports theidea of SSTR-guided systemic
treatmentsin SDHBPPGLs.

Conclusion

All patients with SDHB pathogenic variants should be managed by
an expert interdisciplinary team and require excellent clinical and
biochemical care as well as modern imaging work-up to screen for
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multifocality, recurrence, locoregional spread and metastases. Follow-
ing initial management, lifelong surveillance is mandatory. Manage-
ment of metastatic PPGL is complex and therapeutic options might vary
across patients depending onseveral factors (such as general condition,
growthrate of the tumours, tumour burden, certain histopathological
criteria, and symptoms or signs related to the presence of the tumour
itself or catecholamine excess). This Consensus statement should help
standardize high-quality care for patients with PPGL who have SDHB
pathogenic variants.
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