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ABSTRACT NCCN CATEGORIES OF EVIDENCE AND CONSENSUS
Category 1: Based upon high-level evidence, there is uniform
The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) NCCN consensus that the intervention is appropriate.
for Neuroendocrine and Adrenal Gland Tumors focus on the diagnosis, Ca.tegory 2A: Based upon |ower—|eye| evidepce,.there is
treatment, and management of patients with neuroendocrine tumors uniform NCCN consensus that the intervention is

appropriate.
Category 2B: Based upon lower-level evidence, there is
NCCN consensus that the intervention is appropriate.

Category 3: Based upon any level of evidence, there is major
NCCN disagreement that the intervention is appropriate.

(NETSs), adrenal tumors, pheochromocytomas, paragangliomas, and mul-
tiple endocrine neoplasia. NETs are generally subclassified by site of ori-
gin, stage, and histologic characteristics. Appropriate diagnosis and
treatment of NETs often involves collaboration between specialists in
multiple disciplines, using specific biochemical, radiologic, and surgical

methods. Specialists include pathologists, endocrinologists, radiologists All recommendations are category 2A unless otherwise

(including nuclear medicine specialists), and medical, radiation, and sur- noted.

gical oncologists. These guidelines discuss the diagnosis and manage- Clinical trials: NCCN believes that the best management of

ment of both sporadic and hereditary neuroendocrine and adrenal any patient with cancer is in a clinical trial. Participation in

tumors and are intended to assist with clinical decision-making. This arti- clinical trials is especially encouraged.

cle is focused on the 2021 NCCN Guidelines prmaplgs of genetic risk PLEASE NOTE

assessment and counseling and recommendations for well- The NCCN Clinical Practice Guidelines in Oncology (NCCN

differentiated grade 3 NETSs, poorly differentiated neuroendocrine carci- Guidelines®) are a statement of evidence and consensus of the

nomas, adrenal tumors, pheochromocytomas, and paragangliomas. authors regarding their views of currently accepted approaches
J Natl Compr Canc Netw 2021;19(7):839-868 to treatment. Any clinician seelflng to apply or cc?nsqlt the NCCN

doi: 10.6004/jnccn.2021.0032 Guidelines is expected to use independent medical judgment in

the context of individual clinical circumstances to determine any
patient’s care or treatment. The National Comprehensive Cancer
Network® (NCCN®) makes no representations or warranties of
any kind regarding their content, use, or application and disclaims
"The Ohio State University Comprehensive Cancer Center - James Cancer any responsibility for their application or use in any way.
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PRINCIPLES OF GENETIC RISK ASSESSMENT AND COUNSELING
HEREDITARY ENDOCRINE NEOPLASIAS

* The decision to offer genetic testing involves three related stages:
1) Pre-test counseling prior to ordering testing;
2) Consideration of the most appropriate testing strategy; and
3) Testing result disclosure and post-test counseling.

« It is recommended that a genetic counselor, medical geneticist, endocrinologist, oncologist, surgeon, oncology nurse, or other health
professional with expertise and experience in cancer genetics be involved at each stage whenever possible. Clinicians without direct referral
access to the appropriate expertise should be aware of the telehealth genetic counseling options available. These resources can be found
through the National Society of Genetic Counselors (NSGC) “Find a Genetic Counselor” tool (www.nsgc.org).

1) Pre-Test Counseling:

* Pre-test counseling includes the following elements:

» Evaluation of patient’s knowledge, needs/concerns, and goals for familial risk assessment.
» Detailed family history (including cancers/tumors and age at diagnosis, as well as clinical symptoms that can indicate an underlying
endocrine neoplasia) in first-, second-, and third-degree family members on each side of the family.

» Detailed past medical history and review of systems, including:

¢ Documentation of prior genetic testing results for patients and their family members; and
¢ Personal cancer/tumor history including age of diagnosis and treatment.
» Focused physical examination (conducted by qualified clinician) when indicated.
» Generation of differential diagnosis and educating the patient of inheritance pattern, penetrance, variable expressivity, and the possibility

of genetic heterogeneity.

» Discussion of possible genetic testing result outcomes, including positive (pathogenic or likely pathogenic), negative, and variants of

unknown significance.

» Discussion of the clinical implications of testing results to the patient.

» Discussion of the clinical implications of testing results to potentially affected family members and their available options for pursuing risk

assessment, testing, and management.
» Cost of genetic testing.

» Current legislation regarding genetic discrimination and the privacy of genetic information.
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Overview

Neuroendocrine tumors (NETs) are thought to arise from
cells throughout the diffuse endocrine system. They com-
prise a broad family of tumors, the most common of which
are in the gastrointestinal tract, lungs and bronchi (so-
called bronchopulmonary), thymus, and pancreas. Sites
of origin within the gastrointestinal tract include the stom-
ach, small intestine, appendix, and rectum."* Other NETs
include those arising in the parathyroid, thyroid, adrenal,
and pituitary glands.

An analysis of the SEER database estimated that the
incidence of NETs in the United States was 6.98 cases per
100,000 people in the year 2012.% This analysis suggested
that the incidence of NETSs is increasing, and that the prev-
alence of individuals with NETs in the United States may
exceed 170,000.

Most NETs seem to be sporadic, and risk factors for
sporadic NETs are poorly understood. NETs may also arise
in the context of inherited genetic syndromes, including
multiple endocrine neoplasia types 1 (MEN1), 2 (MEN2),
and 4 (MEN4), and succinate dehydrogenase mutations.
NETs have also been associated with other conditions,

including von Hippel-Lindau disease, tuberous sclerosis
complex, and neurofibromatosis.®*

Patients with NETs can have symptoms attributable to
hormonal hypersecretion. These symptoms include inter-
mittent flushing and diarrhea in patients with gastrointesti-
nal NETs,” bronchospasm and wheezing in lung NETs,”
hypertension in patients with pheochromocytoma or para-
ganglioma,® and symptoms attributable to secretion of insu-
lin, glucagon, gastrin, and other peptides in patients with
pancreatic NETs.” Patients with hormonal symptoms are
considered to have “functional” tumors, and those without
symptoms are considered to have “nonfunctional” tumors.

Histologic Classification and Staging of
Neuroendocrine and Adrenal Tumors

NETs are generally subclassified by site of origin, stage, and
histologic characteristics.

Histologic Classification

Neuroendocrine neoplasms (NENs) are divided into NETs
and neuroendocrine carcinomas (NECs). The 2019 WHO
classification of NENs includes significant updates.®
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2) Considerations When Determining the Most Appropriate
Testing Strategy:

* The introduction of multigene testing for hereditary cancer/
tumor predisposition syndromes has rapidly altered the clinical
approach to genetic testing of at-risk patients and their families.

* Given the possible overlap in clinical presentation amongst
hereditary endocrine neoplasias, multigene panel testing may
be more efficient and cost-effective in many situations.

* As commercially available tests differ in the specific genes

analyzed, variant classification, and other factors (eg, methods

of DNA/RNA analysis or option to reflex from a narrow to a

larger panel; provision of financial assistance for cascade

testing of relatives), it is important to consider the indication for
testing and the expertise of the laboratory when choosing the
specific laboratory and test panel.

The interpretation of genetic testing remains subjective and

complex. The interpretations can differ based on interlaboratory

classification rules, access to unique case-level data, and other
evidence. Additionally, variants may need to be reconsidered
and reclassified as additional data emerge in the field.

Genetic testing performed to identify somatic mutations arising

in malignant cells is often not designed to detect germline

variants and may thus be inadequate for evaluation of an
underlying hereditary endocrine neoplasia syndrome.

Testing for unaffected family members when no affected

member is available should be considered. Significant

limitations of interpreting test results should be discussed.

3) Post-Test Counseling Includes the Following Elements:
 Discussion of results and implications for patient and/or family
members
* Interpretation of results in context of personal and family history
« Likely pathogenic variants are usually clinically managed similarly
to pathogenic variants, while patients with variants of unknown
significance (VUS) and likely benign variants should be managed
based on the cancers/tumors in the family
« For patients with positive results:
» Discussion of recommended medical management
» Discussion of the importance of notifying family members and
offering materials/resources for information and testing at-risk
family members
» For many hereditary endocrine neoplasia syndromes, testing of
children is indicated since screening interventions often start in
childhood or adolescence
» Discussion of available resources such as high-risk clinics,
disease-specific support groups, and research studies
» For patients of reproductive age, advise about options for prenatal
diagnosis and assisted reproduction, including pre-implantation
genetic diagnosis
» Consider carrier status implications of certain autosomal recessive
disorders
* For patients with negative results:
» Discussion of possible etiologies for their personal/family history
including sporadic, multifactorial, or unidentified hereditary factors
» For patients with a clinical diagnosis of an endocrine neoplasia
condition (such as MEN1) and negative genetic testing, consider
following the related surveillance recommendations for patient and
first-degree family members
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Previously, the gastrointestinal NENs and the pancreatic
NENs were classified separately; now they share a
common classification scheme.®® NETs are well-
differentiated while NECs are poorly differentiated neo-
plasms. Well differentiated NETs are further classified
into 3 categories: low-grade (Gl); intermediate-grade
(G2); high-grade (G3). All poorly differentiated NECs are
G3, but not all G3 NENSs are poorly differentiated. Some
tumors can have mixed, both well and poorly differenti-
ated histology and are termed as mixed neuroendocrine-
nonneuroendocrine neoplasms.

Tumor differentiation and tumor grade often correlate
with mitotic count and Ki-67 proliferation index. In fact,
most commonly used histologic classification schemes,
including the European Neuroendocrine Tumor Society
(ENETS), WHO systems, and the International Agency for
Research on Cancer, incorporate mitotic rate and Ki-67
index.”*"* Numerous studies have confirmed that increased
mitotic rate and high Ki-67 index are associated with a more
aggressive clinical course and worse prognosis.***” In gas-
trointestinal and pancreatic NETs, well-differentiated, low-
grade tumors have a mitotic count of <2/10 high-power

field (HPF) and/or a Ki-67 index of less than 3%. Well-
differentiated, intermediate-grade tumors have a mitotic
count of 2 to 20/10 HPF and/or a Ki-67 index of 3%-20%.
In high-grade well-differentiated tumors, the mitotic count
exceeds 20/10 HPF and/or the Ki-67 index exceeds 20%.

Grade is generally defined by mitotic count and/or
Ki-67 index, whichever is higher. If both mitotic rate and
Ki-67 index are used and these are discordant, it is cur-
rently recommended that the higher grade be used to
assign classification.’®*° Ki-67 immunohistochemistry
should be analyzed and/or counted in the areas of highest
activity referred to as hot spots. A key recommendation is
that tumor differentiation, mitotic rate, and Ki-67 index
should all be included in the pathology report. Doing so
allows the treating physician to factor these data into the
clinical picture to make appropriate treatment decisions
in gastrointestinal and pancreatic NENs. The current grad-
ing of lung NENs does not rely on Ki-67.*

Staging
NETs are staged according to the AJCC tumor (T), node
(N), metastasis (M) staging system. The AJCC introduced
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4) Criteria for Genetic Risk Evaluation for Hereditary Endocrine Neoplasia Syndromes

* Recommend evaluation in a patient with any of the following:?
» Adrenal cortical carcinoma (ACC)
» Paraganglioma (PGL)/Pheochromocytoma (PCC)
» Gastrinoma (duodenal/pancreatic or type 2 gastric NET)
» Multifocal pancreatic neuroendocrine tumors.

» Parathyroid adenoma or primary hyperparathyroidism before age 30, multiple parathyroid adenomas,
multigland hyperplasia (without obvious secondary causes), or recurrent primary hyperparathyroidism

» Clinical suspicion for MEN2 due to the presence of medullary thyroid cancer or other combination of MEN2-
related features. See Overview of Hereditary Endocrine Neoplasia Syndromes (NE-E 4 of 7).

» A mutation identified on tumor genomic testing that has clinical implications if also identified in the germline
(eg, tumor analysis shows mutation in BRCA1/2 or mismatch repair gene).

» Close blood relative with a known pathogenic variant/likely pathogenic variant in a cancer susceptibility gene.

» A first-degree relative meeting one of the above criteria but not available for testing.

» Recommend evaluation in a patient with clinical suspicion for MEN1 due to 2 or more of the following, or 1

AND a family history of 1 or more of the following:
¢ Primary hyperparathyroidism

¢ Duodenal/pancreatic neuroendocrine tumor

¢ Pituitary adenoma

¢ Foregut carcinoid (bronchial, thymic, or gastric)

* Consider evaluation in a patient with duodenal/pancreatic neuroendocrine tumor at any age.b

2 Genetic testing may be a consideration for patients with other combinations of tumors or cancers in the patient and/or their family members.
b Studies of unselected patients with pancreatic neuroendocrine tumors have identified germline variants in 16-17% of cases. However, these studies involved relatively
small cohorts of patients. (Raj N, et. al. JCO Precis Oncol. 2018;2018:P0.17.00267; Scarpa A, et al. Nature. 2017 Mar 2;543(7643):65-71).
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its first TNM staging system for the classification of NETs in
its seventh edition of the AJCC Cancer Staging Manual.*
The T and N definitions and other staging definitions
were revised in the 8th edition of the AJCC Cancer Staging
Manual.?® The 8th edition also added the first staging sys-
tem for thymic tumors and adrenal NETs (including stag-
ing for pheochromocytoma and paraganglioma).”® NETs
of the stomach, duodenum/ampulla, jejunum/ileum,
appendix, colon/rectum, and pancreas have separate stag-
ing systems. The association of tumor stage with prognosis
has been confirmed in analyses of the SEER database and
the National Cancer Database.**?° An analysis of 691
patients with jejunal-ileocecal NETs treated at the Moffitt
Cancer Center between 2000 and 2010 revealed 5-year sur-
vival rates of 100%, 100%, 91%, and 72% for stages I
through 1V, respectively, further validating the TNM stag-
ing system.*' Of note, however, this analysis also suggested
that, unlike other malignancies, primary tumor size and
depth of invasion had little bearing on survival in early-
stage disease.* Similar results were reported in a separate
analysis of 6,792 small intestine NETs in the SEER data-
base, which found that outcomes were similar for patients

with T1 and T2 tumors.®® These results have been sup-
ported in additional analyses, confirming that the pres-
ence of lymph node and distant metastases have the
strongest effect on survival.3*3°

The TNM staging system for the classification of pan-
creatic NETs in the eighth edition of the AJCC Cancer
Staging Manual is separate from exocrine pancreatic car-
cinoma.?** The primary tumor (T) is differentiated based
on size and involvement of major vessels or other organs
(see “Staging” in the algorithm, available at NCCN.org). A
retrospective analysis of 425 patients with pancreatic
NETs treated at the Moffitt Cancer Center between
1999 and 2010 validated the AJCC 2017 classification sys-
tem, with 5-year overall survival (OS) rates of 92%, 84%,
81%, and 57% for stages I through IV, respectively
(P<.001).*® Although the trends of this analysis are con-
sistent with population-based studies, the survival rates
from this analysis were significantly higher than those
seen in population-based studies.*”*® For example, in
the SEER database analysis of pancreatic NETs, the
5-year survival rate for patients with metastatic disease
was only 19.5%.%
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Overview of Hereditary Endocrine Neoplasia Syndromes

Endocrine Neoplasia Manifestations

Paraganglioma®
Pheochromocytoma®

Surveillance
See NE-E (7 of 7)

NCCN Guidelines for Kidney
Cancert (HRCC-B)

Other Manifestations

GIST (SDHx)
Renal cell cancer (SDHx)

Syndrome (Gene)®

Hereditary paraganglioma/
pheochromocytoma syndrome
(MAX, SDHA, SDHAF2, SDHB,
SDHC, SDHD, or TMEM127)
Multiple endocrine neoplasia type | Parathyroid adenoma/hyperplasia (>95%)

1 (MEN1)d-e Pancreatic (functioning) or duodenal
neuroendocrine tumors (20%—80%)

Angiofibromas
Collagenomas
Lipomas

See MEN1-2¢" and MEN1-
Ae

» Gastrinoma 20%—61%

» Insulinoma 7%-31%

» Glucagonoma 1%—-5%

» VIPoma/somatostatinoma <2%
Pituitary adenomas (30%—-40%)
Gastric carcinoids (7%—35%)
Bronchial/thymic carcinoids (<8%)
Adrenal adenomas (27%—-36%)

Meningiomas

Multiple endocrine neoplasia type | Medullary thyroid cancer (<98%)
2 (RET)f Pheochromocytoma (£50%)

MENZ2A, rare in MEN2B)

Parathyroid adenoma/hyperplasia (<25%

MEN2A: See MEN2-1* and
+ Cutaneous lichens NE-E (7 of 7)9

amyloidosis NCCN Guidelines for Thyroid
e rechsprung disease Cancert (MEDU-4 and

. . MEDU-5)
* Intestinal ganglioneuromas

*  Mucosal neuromas
* Marfanoid habitus

Note: This resource is not intended to be an exhaustive list of hereditary endocrine neoplasias. Specific scenarios may warrant consideration of less
common conditions such as Carney complex, Carney triad, Currarino syndrome, or polycythemia-paraganglioma-somatostatinoma syndrome.

¢ Penetrance estimates and tumor locations vary significantly by gene. For patients
with pathogenic variants in the SDHD, SDAHF2, and possibly MAX genes, tumor

risks are mostly a concern when the variant is paternally inherited.
d10% of cases have de novo MEN1 mutations.
€ Thakker RV, Newey PJ, Walls GV, et al. Clinical practice guidelines for multiple

endocrine neoplasia type 1 (MEN1). J Clin Endocrinol Metab 2012;97:2990-3011.

f50% of cases have de novo RET mutations; therefore, even if a family
history is not suggestive of a hereditary syndrome, genetic testing for
RET mutations should still be performed on the affected individual.

9 Wells SA Jr, Asa SL, Dralle H, et al. Revised American Thyroid
Association guidelines for the mamagement of medullary thyroid
carcinoma. Thyroid. 2015;25(6):567-610.

*Available online, in these guidelines, at NCCN.org.  TTo view the most recent version of these guidelines, visit NCCN.org.
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Pathologic Reporting
In addition to information on histologic classification and
stage, the margin status (positive or negative) and the pres-
ence of vascular or perineural invasion should be included
in the pathology report; some studies have suggested that
these factors may also have prognostic significance.**°
Whether tumors are associated with symptoms of
hormone hypersecretion (“functioning” or “non-
functioning”) is a clinical rather than histologic diagnosis.
The presence of hormone-staining granules without a clin-
ical syndrome does not make a tumor “functioning.” Thus,
functional status is usually not included in the pathology
report.

Principles of Genetic Risk Assessment

and Counseling

In the 2021 guidelines, the panel included a new principles
of genetic risk assessment and counseling for hereditary
endocrine neoplasias. This section outlines how to go
about genetic counseling, provides an overview of clinical
manifestations associated with these disorders, and

advises the readers of resources that can be accessed for
more information (eg, how to find a genetic counselor,
see “Principles of Genetic Risk Assessment and
Counseling,” in the algorithm [NE-E]). Recommendations
are provided regarding pretest counseling, considerations
when determining the most appropriate testing strategy,
posttest counseling, and criteria for genetic risk evaluation
for hereditary endocrine neoplasia syndromes.

Genetic risk evaluation is recommended in patients
with any of the following: (1) adrenocortical carcinoma
(ACQ); (2) paraganglioma/pheochromocytoma; (3) gastri-
noma (duodenal/pancreatic or type 2 gastric NET); (4)
multifocal pancreatic NETs; (5) parathyroid adenoma or
primary hyperparathyroidism before age 30, multiple
parathyroid adenomas, multigland hyperplasia (without
obvious secondary causes), or recurrent primary hyper-
parathyroidism; (6) clinical suspicion for MEN2 due to
the presence of medullary thyroid cancer or other combi-
nation of MEN2-related features; (7) a mutation identified
on tumor genomic testing that has clinical implications if
also identified in the germline (eg, tumor analysis shows
a mutation in BRCAI/2 or mismatch repair (MMR) gene);

JNCCN.org | Volume 19 Issue 7 | July 2021
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Overview of Hereditary Endocrine Neoplasia Syndromes

Syndrome (Gene)

Endocrine Neoplasia Manifestations

Other Manifestations Surveillance

Multiple endocrine neoplasia type | Parathyroid adenoma/hyperplasia Meningiomas Not available®
4 (CDKN1B)® Pituitary adenomas
Pancreatic or duodenal neuroendocrine tumors
Papillary thyroid cancer
Neurofibromatosis type 1 (NF1) Pheochromocytoma (3%) Neurofibromas NCCN Guidelines for

Pancreatic neuroendocrine tumors (rare)

Skin lesions (CAL and freckling) | Genetic/Familial High-
Lisch nodules Risk Assessment: Breast,

(TSC1 and TSC2)

Gliomas Ovarian, and Pancreatict
GIST AAP Health Supervision
Guidelines"
Tuberous sclerosis complex Pituitary adenomas (rare) Skin lesions NCCN Guidelines for Kidney

Parathyroid adenoma/hyperplasia (rare)
Pancreatic neuroendocrine tumors (rare)

CNS tumors/cancers

Renal angiomyolipomas
Clear cell renal cancer
Cardiac rhabdomyomas
Lymphangioleiomyomatosis

Cancert (HRCC-B)

von Hippel Lindau syndrome Pheochromocytoma (10%—20%)
(VHL) Paraganglioma (10%—-20%)

Pancreatic neuroendocrine tumors (5%—17%)

Hemangioblastomas (retinal or | See NE-E (7 of 7)
CNS) and PanNET-6*
Clear cell renal cancer VHLA Handbooki

Endolymphatic sac tumors o )
Cystadenomas NCCN Guidelines for Kidney
Cancert (HRCC-B)

Note: This resource is not intended to be an exhaustive list of hereditary endocrine neoplasias. Specific scenarios may warrant consideration of less
common conditions such as Carney complex, Carney triad, Currarino syndrome, or polycythemia-paraganglioma-somatostatinoma syndrome.

€ Thakker RV, Newey PJ, Walls GV, et al. Clinical practice guidelines for multiple endocrine neoplasia type 1 (MEN1). J Clin Endocrinol Metab 2012;97:2990-3011.

9MEN4 is a newly described endocrine neoplasia. Therefore, penetrance estimates and surveillance guidelines are not available. Given the clinical overlap with MEN1,
consideration can be given to following MEN1-related surveillance recommendations in patients with MEN4.

f‘ Miller, D. T., et al. (2019). Health Supervision for Children With Neurofibromatosis Type 1. Pediatrics 143(5): €20190660.

' The VHL Alliance. The VHL Handbook: What you need to know about VHL. 6th ed. 2020.

*Available online, in these guidelines, at NCCN.org.  1To view the most recent version of these guidelines, visit NCCN.org.
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(8) a close blood relative with a known pathogenic vari-
ant/likely pathogenic variant in a cancer susceptibility
gene; (9) a first-degree relative meeting one of the above
criteria but not available for testing; and (10) clinical sus-
picion for MEN1 due to 2 or more of the following, or 1 of
the following and a family history of 1 or more of the fol-
lowing: primary hyperparathyroidism, duodenal/pan-
creatic NET, pituitary adenoma, or foregut carcinoid
(bronchial, thymic, or gastric). Genetic risk evaluation
should be considered at any age in patients with duode-
nal/pancreatic NET.

Genetic syndromes covered in this section include
hereditary  paraganglioma/pheochromocytoma  syn-
drome; MEN1, MEN2, and MEN4; neurofibromatosis
type 1; tuberous sclerosis complex; and von Hippel Lindau
syndrome. Some resources are also listed for hereditary
cancer predisposition syndromes associated with ACCs
such as Li-Fraumeni syndrome, Lynch syndrome, MEN]1,
and familial adenomatous polyposis (see “Principles of
Genetic Risk Assessment and Counseling,” NE-E). Addi-
tional screening recommendations are also provided for

patients with hereditary paraganglioma/pheochromocy-
toma, MEN2, and von Hippel Lindau syndrome.

Well-Differentiated Grade 3

Neuroendocrine Tumors

Well-differentiated G3 NETs were introduced as a new cat-
egory in the 2017 WHO classification update of pancreatic
NENS, and in the 2019 WHO classification for digestive sys-
tem (gastroenteropancreatic) NENs (including unknown
primary tumors). These encompass tumors that have a
high proliferation rate, with a mitotic index greater than
20 or a Ki-67 index greater than 20%, and a well-
differentiated morphology.*' These occur mostly in the
pancreas, stomach, and colon, although they can occur at
any primary site. Well-differentiated G3 tumors have a bet-
ter prognosis than poorly differentiated NECs, but a worse
prognosis when compared with G1-G2 well-differentiated
NETs." The results from 2 studies showed that patients
with well-differentiated G3 NETs had a significantly higher
median OS (41-99 vs 17 months) compared with patients
with poorly differentiated NECs.***
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Hereditary Cancer Predisposition Syndromes Associated with ACC

Syndrome (Gene)

Other Cancer/Tumor Associations

Surveillance Recommendations

Li-Fraumeni syndrome (TP53)
leukemia

Sarcoma, brain cancer, breast cancer,

NCCN Guidelines for Genetic/Familial High-
Risk Assessment: Breast, Ovarian, and
Pancreatict

Lynch syndrome (MLH1, EPCAM/MSH?2,

MSH6, PMS2) other cancers

Colon, endometrial, gastric, ovarian, and

NCCN Guidelines for Genetic/Familial High-
Risk Assessment: Breast, Ovarian, and
Pancreatict

NCCN Guidelines for Genetic/Familial High-
Risk Assessment: Colorectalt

Multiple endocrine neoplasia type 1
(MEN1)

Parathyroid adenoma/hyperplasia, duodenal/ | See MEN1-2* and MEN1-A*
pancreatic neuroendocrine tumors, pituitary
adenomas, bronchial/thymic carcinoids

Familial adenomatous polyposis (APC)

cancer

Colon polyposis/cancer, duodenal/
periampullary polyposis/cancer, thyroid

NCCN Guidelines for Genetic/Familial High-
Risk Assessment: Colorectalt

*Available online, in these guidelines, at NCCN.org.  TTo view the most recent version of these guidelines, visit NCCN.org.
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Evaluation of Well-Differentiated Grade 3
Neuroendocrine Tumors

Imaging with multiphasic abdominal/pelvic CT or MRI
scans with contrast, with or without chest CT scans (if clin-
ically indicated), and somatostatin-receptor (SSR)-based
PET imaging (SSR-PET) is recommended. Unless other-
wise indicated, the preferred SSR-based imaging in this
discussion includes SSR-PET/CT or SSR-PET/MRI imag-
ing using 68Ga-DOTATATE, 68Ga-DOTATOC, or 64Cu-
DOTATATE. SSR scintigraphy using '''In-octreotide
(with SPECT/CT) is appropriate only if SSR-PET is not
available. SSR-PET imaging is more sensitive than SSR
scintigraphy for determining SSR status.

SSR-based PET imaging should include PET/CT or
PET/MRI of the skull base to midthigh with intravenous
contrast (both arterial and portal venous phase), when
possible. Data are limited on the optimal timing of SSR
scans after administration of somatostatin analogs. FDG-
PET/CT scans can be performed as appropriate if SSR
PET imaging is negative. There are some instances where
FDG PET is useful in patients with positive SSR PET. Bio-
chemical evaluation should be performed if the patient

has symptoms suggestive of a secretory tumor. Pathology
review is recommended, and assessment of p53, Rb, and
pl6, by histopathologic analysis or molecular profiling,
can be considered if there is uncertainty about the tumor’s
degree of differentiation, because a mutation in these
genes would suggest a poorly differentiated NEC.**¢ SSR
2A staining may also be helpful.*” Genetic counseling
and testing for inherited genetic syndromes is recom-
mended only for duodenal or pancreatic NETSs.

Primary Treatment of Well-Differentiated Grade 3
Neuroendocrine Tumors

Treatment recommendations are based on the biology of
the tumor. A tumor with favorable biology typically pos-
sesses Ki-67 less than 55%, is slow-growing, and may yield
a positive SSR-based PET result. A tumor with unfavorable
biology typically has Ki-67% greater than or equal to 55%, is
faster-growing, and may yield a negative SSR-based PET
result. Importantly, the data informing the appropriate
Ki-67 cutoff are limited and variability/heterogeneity of
Ki-67 in a given tumor and over time in serial biopsies
make decision-making less straightforward in this entity

JNCCN.org | Volume 19 Issue 7 | July 2021
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PCC/PGL-specific Screening Recommendations for Patients with Confirmed Hereditary Syndromes"k
Hereditary paragangliomal/pheochromocytoma (PGL/PCC) syndrome!
 Surveillance starting at 6-8 years of age:

» Blood pressure monitoring at all medical visits.

» Annual measurement of plasma free metanephrines or 24-hour urine for fractionated metanephrines.

» Cross-sectional imaging of skull base to pelvis every 2 years. Whole body MRI (if available) or other non-radiation—containing imaging

procedures. If whole body MRI not available, may consider abdominal MRI, skull base and neck MRI, and chest CT.™M

Multiple endocrine neoplasia type 2"

« Surveillance starting by age 11 years for children in the American Thyroid Association high risk (ATA-H) and highest risk (ATA-HST)
categories and by age 16 years in children in the ATA-moderate risk (ATA-MOD) category:
» Annual measurement of plasma free metanephrines or 24-hour urine for fractionated metanephrines.
» Adrenal imaging with CT or MRl is indicated in patients with positive biochemical results.

von Hippel Lindau syndrome (VHL)

* Blood pressure monitoring at all medical visits starting at age 2 years.

* Annual measurement of plasma-free metanephrines (preferred) or 24-hour urine for fractionated metanephrines starting at age 5 years.
* Abdominal MRI (preferred) or CT with and without IV contrast every 2 years starting at age 15 years.

Surgical Recommendations for Patients with Confirmed Hereditary Syndromes

* Preoperative alert: Patients with a suspected or known diagnosis of a hereditary PGL/PCC syndrome should have blood and/or urine
screening for tumors prior to any surgical procedures.

* Patients with hereditary PGL/PCC, multiple endocrine neoplasia type 2, and VHL have an appreciable risk for bilateral tumors. Consideration
should be given to cortical-sparing adrenalectomy.

k Neumann HPH, Young WF Jr, Eng C. Pheochromocytoma and Paraganglioma. N
Engl J Med. 2019;381(6):552-565. doi:10.1056/NEJMra1806651

I SDHD, SDHAF2, and MAX patients are most at risk if the pathogenic variant was
paternally inherited. Recommend following the above recommendations if the parent
of origin is unknown. Consider screening for patients with maternally inherited
variants as case reports of tumor occurrence exist.

™M Available data suggests SDHAF2 patients are primarily at risk for head and neck
tumors and MAX patients are primarily at risk for adrenal tumors. Therefore,
consideration can be given to more targeted imaging in these cohorts.

" Wells SA Jr, Asa SL, Dralle H, et al. Revised American Thyroid Association guidelines
for the management of medullary thyroid carcinoma. Thyroid 2015;25:567-610.

h'Redman SP, Erez A, Druker H, et al. Von Hippel Lindau and Hereditary
Pheochromocytoma/Paraganglioma Syndroms: Clinical Features,
Genetics, and Surveillance Recommendations in Childhood. Clin Cacer
Res. 2017;23(12):e68-e75.doi:10.1158/1078-0432.CCR-17-0547.

iMuth A, Crona J, Gimm O, et al. Genetic testing and surveillance
guidelines in hereditary pheochromocytoma and paraganglioma. J Intern
Med. 2019;285(2):187-204. doi:10.1111/joim.12869.

i Tufton N, Sahdev A, Akker SA. Radiological Surveillance Screening in
Asymptomatic Succinate Dehydrogenase Mutation Carriers. J Endocr Soc.
2017;1(7):897-907. Published 2017 Jun 6. doi:10.1210/js.2017-00230.
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compared with other NENs. The combination of clinical
course and histopathologic workup should dictate therapy;,
not solely Ki-67. For locoregional (resectable) disease,
resection is recommended, along with regional lymphade-
nectomy, if feasible, regardless of tumor biology.*® Patient
factors should be considered.

For resectable locoregional disease with unfavorable
biology, a clinical trial is preferred. Neoadjuvant chemother-
apy can also be given on a case-by-case basis, and options
include temozolomide with or without capecitabine,
oxaliplatin-based therapy (FOLFOX or CAPEOX), cis-
platin/etoposide, or carboplatin/etoposide. Temozolomide
may have more activity in tumors arising in the pancreas.
Following the completion of neoadjuvant chemotherapy,
the patient should undergo resection with regional lympha-
denectomy if feasible.

For resectable locally advanced or metastatic disease
with favorable biology, resection of the primary and meta-
static sites may be performed, if feasible. The treatment of
unresectable locally advanced or metastatic tumors
depends on the degree of tumor burden. If the patient is
asymptomatic with low tumor burden, observation with

a short interval follow-up scan is an option for select
patients; otherwise, octreotide or lanreotide is recom-
mended if the patient is SSR-positive and/or has hormonal
symptoms. There are multiple treatment modalities if the
patient has a clinically significant tumor burden or evi-
dence of disease progression. Octreotide or lanreotide is
recommended if the patient is SSR-positive and/or has
hormonal symptoms. Enrollment in a clinical trial is pre-
ferred. Other recommended treatment options include
peptide receptor radionuclide therapy (PRRT) with
177Lu-dotatate, everolimus, sunitinib (pancreas only),
chemotherapy, or liver-directed therapy (for liver-
predominant disease). Chemotherapy options consist of
temozolomide with or without capecitabine,*
oxaliplatin-based therapy (FOLFOX, CAPEOX), cisplatin/
etoposide, or carboplatin/etoposide. Pembrolizumab (cat-
egory 2B) is also an option for patients with advanced
tumor mutational burden-high (TMB-H) tumors (=10
mutations/Mb), as determined by an FDA-approved test,
that have progressed after prior treatment and have no sat-
isfactory alternative treatment options.***! There is some
concern with the TMB cutoff. In some cancers, compared
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2019 WHO Classification and Grading Criteria for Neuroendocrine Neoplasms of the

Gastrointestinal Tract and Hepatopancreatobiliary Organs

Terminology Differentiation Grade Mitotic rate? Ki-67 index?
(mitoses/2 mm?) (percent)

NET, G1 Well-differentiated Low <2 <3

NET, G2 Well-differentiated Intermediate 2to 20 3to 20

NET, G3 Well-differentiated High >20 >20

Neuroendocrine carcinoma Poorly differentiated HighP >20 >20

(NEC), small cell type (SCNEC)

NEC, large cell type (LCNEC) Poorly differentiated High >20 >20

Mixed neuroendocrine-non- Well or poorly Variable® Variable® Variable®

neuroendocrine neoplasm differentiated®

Reprinted with permission from: WHO Classification of Tumours. Digestive System Tumours, 5th ed, Klimstra DS, Kloppel G, La Rosa
S, Rindi G, the WHO Classification of Tumours Editorial Board (Ed), the WHO classification of neuroendocrine neoplasms of the
digestive system, p.16, Copyright © 2019 International Agency for Research on Cancer.

2 Mitotic rates are to be expressed as the number of mitoses/2 mm2 (equaling 10 high-power fields at 40x magnification and an ocular field diameter of 0.5 mm) as
determined by counting in 50 fields of 0.2 mm? (ie, in a total area of 10 mm?); the Ki-67 proliferation index value is determined by counting at least 500 cells in the
regions of highest labeling (hot spots), which are identified at scanning magnification; the final grade is based on whichever of the two proliferation indexes places the

neoplasm in the higher grade category.

b Poorly differentiated NECs are not formally graded but are considered high grade by definition.
¢ In most MiNENSs, both the neuroendocrine and non-neuroendocrine components are poorly differentiated, and the neuroendocrine component has proliferation indexes
in the same range as other NECs, but this conceptual category allows for the possibility that one or both components may be well differentiated; when feasible, each

component should therefore be graded separately.
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with a TMB-low status, a TMB-H status did not result in a
higher objective response rate (ORR) in patients treated
with an immune checkpoint inhibitor,** especially after
additional cohort stratification.*® See “Principles of Peptide
Receptor Radionuclide Therapy (PRRT) with 177Lu-
dotatate” in the algorithm (available online, in these guide-
lines, at NCCN.org) for practical guidance and information,
including patient eligibility, patient preparation for treat-
ment, dose and administration of 177Lu-dotatate, posttreat-
ment instructions, and timing of somatostatin analogs.

In the event of locally advanced or metastatic disease
with unfavorable biology, a clinical trial is a preferred
option. Other recommended options include chemother-
apy (as described previously) and the combination of nivo-
lumab and ipilimumab (category 2B).>* Pembrolizumab is
also an option for patients with advanced TMB-H tumors,
as determined by an FDA-approved test, that have pro-
gressed after prior treatment and have no satisfactory
alternative treatment options.*>>' Additional chemother-
apy options in this setting include irinotecan-based thera-
pies (eg, FOLFIRI, cisplatin/irinotecan, FOLFIRINOX). The
addition of liver-directed therapies, including

embolization, selective internal radiation therapy, abla-
tion, and stereotactic body radiation therapy, can be con-
sidered in selected cases with residual liver-predominant
disease after systemic therapy. Palliative RT is recom-
mended for symptomatic bone metastases.

Evolving data suggest that well-differentiated tumors
with intermediate Ki-67 levels (in the 20%-55% range)
may not respond as well to platinum/etoposide as those
with higher Ki-67 (>55%).% A few studies reported that
treatment with platinum-based chemotherapy yielded
almost no response (0%—2% response rate).*+3%

Surveillance of Well- Differentiated Grade 3
Neuroendocrine Tumors

Surveillance for resectable locoregional, locally advanced,
or metastatic disease consists of a routine patient history
and physical examination along with appropriate imaging
studies (abdominal/pelvic MRI scans with contrast or
abdominal/pelvic multiphasic CT, and chest CT scans as
clinically indicated) every 12 to 24 weeks for the first 2 years
and every 6 to 12 months thereafter, for up to 10 years.
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Well-Differentiated, Grade 3 Neuroendocrine Tumors

TUMOR TYPE EVALUATION?

Recommended:

* Multiphasic abdominal/pelvic CT or MRI
with contrast * chest CT as clinically
indicated

* Pathology review

« SSR-PET/CT or SSR-PET/MRIY:¢

As appropriate

* FDG-PET/CT

* Biochemical evaluation as clinically
indicated (See NE-C)

 Consider tumor mutational burden
(TMB) testing®

* Consider assessment of p53, Rb,
p16 by histopathologic analysis or
molecular profiling if uncertain about
differentiation

* Genetic counseling and testing for
inherited genetic syndromes (only for
duodenal or pancreatic NET)®

Well-
differentiated
Grade 3
neuroendocrine
tumors

a See Principles of Imaging (NE-B*).

Locoregional
(Resectable)

> See WDG3-2

Favorable biology (eg,
relatively low Ki-67
[<55%], slow growing,
positive SSR-based PET

—> See WDG3-3

Locally b L
advanced/ imaging)
Metastatic Unfavorable biology (eg,

relatively high Ki-67f
[255%], faster growing,
negative SSR-based PET
imaging)

—» See WDG3-4

b PET/CT or PET/MRI of skull base to mid-thigh with IV contrast when possible. Data are limited on the optimal timing of scans following administration of SSAs.

¢SSR PET tracers include: 68Ga-DOTATATE, 64Cu-DOTATATE, 68Ga-DOTATOC.

d FDA-approved test recommended for determination of TMB.
€ See Principles of Genetic Risk Assessment and Counseling (NE-E).

fThere are limitations in terms of the data for what the appropriate cutoff should be, as well as variability/heterogeneity of Ki-67 in a given tumor and over time in serial
biopsies. The clinical course and histopathologic workup combined should dictate therapy, not solely Ki-67.

*Available online, in these guidelines, at NCCN.org.
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Surveillance for resectable locoregional disease depends
on the tumor biology and Ki-67%. Patients with unresect-
able locally advanced or metastatic disease with favorable
biology should be monitored every 12 to 24 weeks
(depending on tumor biology), with a history and physical
and a chest CT with or without contrast and an abdominal/
pelvic MRI with contrast or a chest/abdominal/pelvic mul-
tiphasic CT scan. SSR-PET/CT or SSR-PET/MRI or FDG
PET/CT scans and biochemical markers are also recom-
mended as clinically indicated. Patients with unresectable
locally advanced or metastatic disease with unfavorable
biology should follow the same surveillance recommenda-
tions (except for SSR imaging) but should be followed every
8 to 12 weeks (depending on tumor biology).

Poorly Differentiated Neuroendocrine
Carcinomas/Large or Small Cell Carcinomas or
Unknown Primary

Although rare, extrapulmonary poorly differentiated NECs
can occur in a wide variety of organs. They are

characterized by a high mitotic index and high Ki-67 index.
The most aggressive of these tumors histologically resem-
ble classic small cell carcinoma of the lung. The most fre-
quent organs involved are the cervix, esophagus, pharynx
and larynx, colon, rectum, prostate, pancreas, and blad-
der.”” Most extrapulmonary poorly differentiated NECs
are aggressive and require combined multimodality treat-
ment, usually following a treatment paradigm that paral-
lels the treatment of small cell lung cancer. These tumors
arerarely associated with a hormonal syndrome. Gastroin-
testinal tumors with mixed histology of poorly differenti-
ated adenocarcinoma can be treated according to the
NCCN Guidelines for Colon Cancer and Pancreatic Adeno-
carcinoma (available at NCCN.org).

Results from a SEER database analysis of NECs found
that 9% were extrapulmonary.®” The median survival for all
NECs was 7.7 months. Compared with other primary NECs
(26.0%), the survival was lower for lung NECs (5.6%) and
gastrointestinal NECs (13.1%) at 5 years. The median sur-
vival of patients with gastrointestinal NECs was 7.5
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MANAGEMENT OF
LOCOREGIONAL DISEASE

Favorable biology (eg,
relatively low Ki-67
[<55%], slow growing,
positive SSR-based
PET imaging)

Locoregional
disease
(resectable)

or

feasible
or
Unfavorable biology (eg, Neoadjuvant
relatively high Ki-67f
[255%], faster growing,
negative SSR-based PET
imaging)

capecitabine

CAPEOX)

a See Principles of Imaging (NE-B*).

TREATMENT

Resection + regional lymphadenectomy if feasible —

Clinical trial (preferred)

chemotherapy on a case-
by-case basis (eg, Ki-67
>55%); options include:

» Temozolomide?

* Oxaliplatin-based
therapy (FOLFOX,

« Cisplatin/etoposide or
carboplatin/etoposide

SURVEILLANCE?

Every 12-24 weeks for 2

Resection with regional "~ |years, then every 6-12
lymphadenectomy if

months for up to 10 years

(depending on tumor

biology, Ki-67)

* H&P

* Abdominal/pelvic MRI with
contrast or abdominal/
pelvic multiphasic CT

Resection * Chest CT as clinically
with regional indicated
lymphadenectomy

if feasible

fThere are limitations in terms of the data for what the appropriate cutoff should be, as well as variability/heterogeneity of Ki-67 in a given tumor and over time in serial
biopsies. The clinical course and histopathologic workup combined should dictate therapy, not solely Ki-67.

9 May have more activity in tumors arising in pancreas.

*Available online, in these guidelines, at NCCN.org.
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months, with patients with small intestine tumors doing
better (25.1 months) than patients with pancreatic tumors
(5.7 months). The median survival for patients with
unknown primary NECs was 2.5 months.

Evaluation of Poorly Differentiated/Large or Small Cell
Carcinomas or Unknown Primary

CT scans of the chest, abdomen, and pelvis or CT scans of
the chest and MRI of the abdomen and pelvis are recom-
mended as baseline staging studies. Brain imaging with
MRI or CT scan with contrast and FDG-PET should be per-
formed as clinically indicated and should be considered
routinely in poorly differentiated NECs of the thorax and
neck. Biochemical markers are recommended if symp-
toms are suggestive of a secretory tumor. SSR imaging is
not part of the routine evaluation of poorly differentiated
NECs. Tumor biomarkers such as microsatellite instability
(MSI), MMR, and TMB testing (by an FDA-approved test)
should be considered as they can aid in assessing targeted
therapy options.

Primary Treatment of Extrapulmonary Poorly
Differentiated/Large or Small Cell Neuroendocrine
Carcinomas or Unknown Primary

For resectable poorly differentiated/large or small cell
NECs, poorly differentiated of unknown primary,
treatment options depend on the disease site. Such
options include surgical resection and adjuvant chemo-
therapy with or without radiotherapy, neoadjuvant che-
motherapy with or without radiation and resection,
chemotherapy alone, radiotherapy alone, and definitive
chemoradiation (with cisplatin/etoposide or carboplatin/
etoposide). For unresectable locoregional disease, concur-
rent or sequential radiotherapy in combination with che-
motherapy, or chemotherapy alone are recommended. If
metastatic disease is present, chemotherapy alone is
recommended.

Cytotoxic chemotherapy regimens, such as cisplatin/
etoposide®® or carboplatin/etoposide,”® FOLOFOX,®
FOLFIRI,* and temozolomide with or without capecita-
bine,%®* are generally used as primary treatment of
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MANAGEMENT OF LOCALLY
ADVANCED/METASTATIC DISEASE:
FAVORABLE BIOLOGY

Resectable ——

Locally

advanced/

Metastatic

disease:

Favorable .
biology (eg, Clinically
relatively significant
low Ki-67 tumor burden
[<55%],f or evidence
positive SSR- of disease
based PET progression
imaging)

Unresectable

Asymptomatic,
low tumor
burden

—

TREATMENTD

Resection of primary + metastatic sites, if feasible

Octreotide or lanreotide (if SSR-positive and/or hormonal
symptoms)

or

Clinical trial (preferred)

or

PRRT with 177Lu-dotatate'
or

Everolimus

or

Sunitinib (pancreas only)

or
Pembrolizumab’ for TMB-H tumors (210 muts/Mb)
(category 2B)

or

Chemotherapy (ie, temozolomide9 + capecitabine,
FOLFOX, CAPEOX, cisplatin/etoposide or carboplatin/
etoposide)

or
Liver-directed therapy for liver-dominant diseasek

Observation with short interval
follow-up scan, in selected patients

e

or
Octreotide or lanreotide (if SSR-

Neuroendocrine and Adrenal Tumors, Version 2.2021

SURVEILLANCE?

Every 12-24 weeks for 2 years,

then every 6—12 mo for up to 10

years

* H&P

* Abdominal/pelvic MRI with
contrast or abdominal/pelvic
multiphasic CT

* Chest CT as clinically indicated

Every 12-24 weeks

(depending on tumor biology)

*« H&P

¢ Chest CT * contrast

* Abdominal/pelvic MRI with
contrast
or
Chest/abdominal/pelvic
multiphasic CT

* SSR-PET/CT or SSR-PET/
MRI® or FDG PET/CT as
clinically indicated

* Biochemical markers as
clinically indicated

positive and/or hormonal symptoms)

9 May have more activity in tumors arising in pancreas.

2 See Principles of Imaging (NE-B*).

¢SSR PET tracers include: 68Ga-DOTATATE, 64Cu-DOTATATE, 68Ga-
DOTATOC.

fThere are limitations in terms of the data for what the appropriate cutoff
should be, as well as variability/heterogeneity of Ki-67 in a given tumor
and over time in serial biopsies. The clinical course and histopathologic
workup combined should dictate therapy, not solely Ki-67.

*Available online, in these guidelines, at NCCN.org.

h Clinical trials preferred due to a lack of data from prospective clinical trials to guide therapy.

i Consider trial of SSA before PRRT. Preliminary data suggest reduced efficacy if high Ki-67
and/or FDG-PET avid. See Principles of PRRT with 177Lu-DOTATATE (NE-G*).

i Pembrolizumab is an option for patients with advanced tumor mutational burden-high
(TMB-H) tumors (as determined by an FDA-approved test) that have progressed following
prior treatment and have no satisfactory alternative treatment options.

k See Principles of Liver-Directed Therapy for Neuroendocrine Tumor Metastases (NE-H*).
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resectable, locoregional unresectable, or metastatic dis-
ease. For locoregional unresectable or metastatic disease,
additional chemotherapy options include cisplatin/irino-
tecan,”® carboplatin/irinotecan, and FOLFIRINOX.%*%
The efficacy of second-line or later lines of chemotherapy
is very limited and survival is short.®® The combination of
ipilimumab and nivolumab (category 2B) can be consid-
ered if the disease progresses following chemotherapy.>*®”
The results of one phase II study (S1609 DART) revealed an
ORR of 44% in patients with nonpancreatic high-grade
NECs (including lung primaries) treated with combined
ipilimumab and nivolumab.?” Subsequent data from an
additional cohort of patients (n=19) with high-grade
NENs (median Ki-67 80%) revealed an ORR of 26% and a
6-month progression-free survival (PFS) of 32%.%® The
median PFS was 2.0 months and the median OS was 8.7
months. The subgroup analysis of the CA209-538 trial, cen-
tered on patients with advanced NENs that received the
combined treatment, demonstrated an ORR of 24%.%*
The median PFS was 4.8 months and the OS was 14.8

months. Immune-related toxicity occurred in 66% of cases.
Importantly, preliminary data from the multicohort phase
II study (n=123) of durvalumab plus tremelimumab for
patients with NENSs of gastroenteropancreatic or lung ori-
gin suggested only modest activity (irRECIST ORR 9.1%) in
G3 gastroenteropancreatic NENs.®

Finally, pembrolizumab can also be considered for
patients with MMR-deficient, MSI-high, or advanced
TMB-high (as determined by an FDA-approved test)
tumors that have progressed following prior treatment
and have no satisfactory alternative treatment
options. 5517

Surveillance of Poorly Differentiated/Large or Small Cell
Carcinomas or Unknown Primary

For patients with resectable disease, surveillance after
treatment completion consists of a routine history and
physical along with appropriate imaging studies (chest
CT with or without contrast and abdominal/pelvic MRI
with contrast or chest/abdominal/pelvic multiphasic CT)
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Well-Differentiated, Grade 3 Neuroendocrine Tumors

MANAGEMENT OF LOCALLY
ADVANCED/METASTATIC DISEASE:
UNFAVORABLE BIOLOGY

Locally advanced/Metastatic disease
Unfavorable biology (relatively high

Ki-67 [255%],f rapid growth rate, FDG-| —>
avid tumors, negative SSR-based

TREATMENT

Clinical trial (preferred)

or

Systemic therapy, options:

« Cisplatin/etoposide or carboplatin/etoposide

* Temozolomide * capecitabine?

* Oxaliplatin-based therapy (ie, FOLFOX or CAPEOX)

* Pembrolizumab! for TMB-H tumors (210 muts/Mb)

¢ Irinotecan-based therapy (eg. FOLFIRI, cisplatin +
irinotecan, or FOLFIRINOX)

—

NCCN GUIDELINES®

SURVEILLANCE?

Every 8-12 weeks (depending

on tumor biology)

* H&P

* Chest CT * contrast

* Abdominal/pelvic MRI with
contrast or chest/abdominal/
pelvic multiphasic CT

PET imaging)
or

or

2 See Principles of Imaging (NE-B*).

* Nivolumab + ipilimumab (category 2B)

Consider addition of liver-directed therapy
(embolization, selective internal RT, ablation, SBRT)I

Palliative RT for symptomatic bone metastases

* FDG PET/CT as clinically
indicated

* Biochemical markers as
clinically indicated™

fThere are limitations in terms of the data for what the appropriate cutoff should be, as well as variability/heterogeneity of Ki-67 in a given tumor and over time in serial
biopsies. The clinical course and histopathologic workup combined should dictate therapy, not solely Ki-67.

9 May have more activity in tumors arising in pancreas and with.

i Pembrolizumab is an option for patients with advanced tumor mutational burden-high (TMB-H) tumors (as determined by an FDA-approved test) that have progressed

following prior treatment and have no satisfactory alternative treatment options.

I Consider liver-directed therapy in selected cases with residual liver-predominant disease after systemic therapy. See Principles of Liver-Directed Therapy for

Neuroendocrine Tumor Metastases (NE-H*).
™M See Principle of Biochemical Testing (NE-C*).

*Available online, in these guidelines, at NCCN.org.
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WDG3-4

every 12 weeks for the first year and every 6 months there-
after. However, patients with locoregional, unresectable
disease and with metastatic disease should be monitored
more closely every 6 to 16 weeks with an history and phys-
ical and appropriate imaging studies as described.

Adrenal Gland Tumors

Adrenocortical carcinomas are rare (incidence, 0.7-2 per
million).”>”* ACC has a bimodal age distribution, with
peak incidences in early childhood and the fourth to fifth
decades of life. Women are more frequently affected
(55%—-60%).”™ Most cases are sporadic; however, ACCs
have been observed in association with several hereditary
syndromes, including Li-Fraumeni syndrome, Lynch syn-
drome, Beckwith-Wiedemann syndrome, MENI, and
familial adenomatous polyposis.”*® The underlying
mechanisms of carcinogenesis in sporadic ACCs have
not been fully elucidated; however, inactivating somatic
mutations of the p53 tumor suppressor gene

(chromosome 17p13%%%) and alterations at the 11pl5
locus (site of the IGF2 gene®®*) seem to occur frequently.

Approximately 60% of patients present with evidence
of adrenal steroid hormone excess, with or without viriliza-
tion.” Signs and symptoms associated with hypersecre-
tion of cortisol, called Cushing syndrome, include weight
gain, weakness (primarily in proximal muscles), hyperten-
sion, psychiatric disturbances, hirsutism, centripetal
obesity, purple striae, dorsocervical fat pad and supracla-
vicular fat pad enlargement, hyperglycemia, and hypoka-
lemia. Aldosterone-secreting tumors may present with
hypertension, weakness, and hypokalemia. Androgen-
secreting tumors in women may induce hirsutism, viriliza-
tion, deepening of the voice, and oligo/amenorrhea.” In
men, estrogen-secreting tumors may induce gynecomas-
tia and testicular atrophy. Hormonally inactive ACCs typi-
cally produce symptoms related to tumor burden,
including abdominal pain, back pain, early satiety, and
weight loss.™
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Poorly Differentiated Neuroendocrine Carcinomal/Large or Small Cell

TUMOR TYPE

Extrapulmonary:

* Poorly
differentiated
neuroendocrine
carcinoma?®

s Large or small
cell carcinoma
(other than
lung)

* Unknown
primary (poorly
differentiated)

EVALUATION®¢

Recommended:

¢ Chest/abdominal/
pelvic CT
or

e Chest CT and
abdominal/pelvic
MRI®

As appropriate:

¢ Brain MRl or CT
with contrast

* FDG-PET/CT

* Biochemical
evaluation as
clinically indicated
(See NE-C*)

Resectable —»

Locoregional,
unresectable

Metastatic —»

TREATMENTYe:f

Therapy options depend on sites of disease.

Options may include:

» Resection + adjuvant chemotherapy9 * RT

* Neoadjuvant chemotherapy9 * RT +
resection

* Chemotherapy alone9

* RT alone

* Definitive chemoradiation with cisplatin +
etoposide or carboplatin + etoposide

Concurrent or sequential
RT + chemotherapy9

or

Chemotherapy9

Chemotherapy? — [nivolumab + ipilimumab

(category 2B)

If progression, consider}_>

Tumors, Version 2.2021

SURVEILLANCEM

Every 12 weeks for 1y,
then every 6 mo:
* H&P
* Appropriate imaging
studies:
» Chest CT with or without
contrast and abdominal/
pelvic MRI with contrast

or
» Chest/abdominal/pelvic
multiphasic CT

Every 6-16 weeks:
* H&P

>+ Appropriate imaging

studies:

» Chest CT with or without
contrast and abdominal/
pelvic MRI with contrast
or

» Chest/abdominal/pelvic

* Consider MSI,
MMR, and TMB
testingd

multiphasic CT

aThis page is for PDNEC and not high-grade NET. Not all high-grade (Ki-67 >20%) neuroendocrine neoplasms are poorly differentiated. See WDG3-1.

b See Principles of Pathology for Diagnosis and Reporting of Neuroendocrine Tumors (NE-A).

¢ Somatostatin scintigraphy with SPECT/CT is not part of the routine evaluation of poorly differentiated neuroendocrine carcinomas, but may be considered for
morphologically well-differentiated tumors with higher proliferation index, as appropriate. See Principles of Imaging (NE-B*).

d Pembrolizumab can be considered for patients with mismatch repair-deficient (dIMMR), microsatellite instability-high (MSI-H), or advanced tumor mutational burden-
high (TMB-H) tumors (as determined by an FDA-approved test) that have progressed following prior treatment and have no satisfactory alternative treatment options.

€ Combination of immune checkpoint inhibitors + chemotherapy is investigational for all patients with extrapulmonary poorly differentiated neuroendocrine carcinomas.

fSee Surgical Principles for Management of Neuroendocrine Tumors (NE-D*).
9 See Principles of Systemic Anti-Tumor Therapy (NE-F).

N Earlier, if symptoms.

i See NCCN Guidelines for SurvivorshipT.

*Available online, in these guidelines, at NCCN.org.

tTo view the most recent version of these guidelines, visit NCCN.org.
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PDNEC-1

Evaluation and Treatment of Adrenal Gland Tumors
All patients with adrenal gland tumors need biochemical
evaluation and appropriate imaging. Biochemical evalua-
tion to evaluate for hyperaldosteronism, Cushing syn-
drome, pheochromocytoma, and suspected ACC should
be done with every adrenal mass. Comprehensive guide-
lines for the workup of adrenal tumors, adrenal incidenta-
lomas, hyperaldosteronism, Cushing syndrome, and
pheochromocytoma and paraganglioma are published
through the Endocrine Society®®” and the European Soci-
ety of Endocrinology (ESE).?*%

NCCN recommends doing a morphologic evaluation
of adrenal nodules with adrenal protocol CT, or MRI with
or without contrast, to determine the size, heterogeneity,
lipid content (with MRI), contrast washout (with CT),
and margin characteristics. If the Hounsfield unit (HU)
attenuation value is less than 10 on unenhanced CT,
then the tumor is probably benign. If the HU attenuation
value is greater than 10 on unenhanced CT, then enhanced
CT and washout at 15 minutes is recommended. If the

absolute washout value is greater than 60% at 15 minutes,
the tumor is likely benign; if less than 60%, the tumor is
possibly malignant.’®®! Functional evaluation should be
done as noted previously. Most ACCs secrete multiple hor-
mones; therefore, if imaging is suspicious for adrenal cor-
tical carcinoma, evaluation for sex steroid in addition to
the previously noted evaluation is indicated. If several hor-
mones are over-secreted, ACCs are more likely.

History of a primary cancer outside of the adrenal
gland raises the question of metastatic disease to the adre-
nals. However, it is very important that pheochromocy-
toma is ruled out prior to considering diagnostic biopsy
of the adrenal mass. In these patients, an image-guided
needle biopsy can be considered only if clinical suspicion
for pheochromocytoma is low and plasma or urine frac-
tionated metanephrines are normal. False-negative biop-
sies are possible; therefore, proceeding directly to surgery
should be considered in some cases. If the tumor is deter-
mined to be a metastasis from another site, treatment
should be according to the appropriate NCCN disease-
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PRINCIPLES OF SYSTEMIC ANTI-TUMOR THERAPY
Poorly Differentiated Neuroendocrine Carcinomal/Large or Small Cell (Extrapulmonary)

Poorly Differentiated Neuroendocrine Carcinomal/Large or Small Cell (Extrapulmonary)

Resectable disease:
- Cisplatin + etoposide?
» Carboplatin + etoposide

« Cisplatin + etoposide
» Carboplatin + etoposide

* FOLFOX « Cisplatin + irinotecan
* FOLFIRI * Carboplatin + irinotecan
* Temozolomide * capecitabine * FOLFOX

* FOLFIRI

» FOLFIRINOX?22:23

 Pembrolizumab"

Locoregional Unresectable/Metastatic Disease:

* Temozolomide * capecitabine
* Nivolumab + ipilimumab (category ZB) (only for
metastatic disease with progression)%4

Chemoradiation (concurrent/sequential) for
locoregional unresectable disease
 Cisplatin + etoposide

* Carboplatin + etoposide

h Pembrolizumab can be considered for patients with mismatch repair-deficient (dAMMR), microsatellite instability-high (MSI-H), or advanced tumor mutational burden-
high (TMB-H) tumors (as determined by an FDA-approved test) that have progressed following prior treatment and have no satisfactory alternative treatment options.

*Available online, in these guidelines, at NCCN.org.

References*
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40F5

specific treatment guideline (to see the NCCN Guidelines
Table of Contents, go to www.NCCN.org). If biopsy reveals
adrenal cortical tissue, then morphologic and functional
evaluation should proceed as described here.

Evaluation and Treatment of Hyperaldosteronism

When hyperaldosteronism (also called primary aldoste-
ronism) is suspected, plasma aldosterone and plasma
renin activity should be assessed. Patients with primary
aldosteronism have elevated plasma levels of aldoste-
rone and low levels of renin activity. The plasma aldoste-
rone-to-renin  ratio in patients with primary
hyperaldosteronism is usually greater than 30.%” Confir-
matory testing is often recommended for equivocal
results. Twenty-four-hour urine for aldosterone, follow-
ing salt loading or a saline suppression test, as well as
sodium and potassium levels should be considered for
definitive diagnosis. Serum electrolytes should also be
measured, because excessive aldosterone production
causes both retention of sodium and excretion of potas-
sium. The Endocrine Society has developed detailed
guidelines for the detection, diagnosis, and treatment

of primary aldosteronism,®”

been modified over time.”>*

Hyperaldosteronism is rarely associated with malig-
nancy, but malignancy should be suspected if the tumor
has an irregular or inhomogeneous morphology;, is lipid-
poor, does not wash out on contrast-enhanced CT, is larger
than 4 cm, or is secreting more than one hormone. When
malignant hyperaldosteronism is suspected, an open adre-
nalectomy is recommended, because these tumors are
prone to rupture.®

Benign hyperaldosteronism is much more common
and can be caused by a unilateral adrenal adenoma or
bilateral adrenal hyperplasia. Adrenal vein sampling for
aldosterone and cortisol can be considered for distinguish-
ing these two causes of benign hyperaldosteronism and
should be considered if the patient is a surgical candidate,
because CT imaging cannot always differentiate between
an adenoma and hyperplasia. It may be reasonable, how-
ever, to exclude adrenal vein sampling in patients younger
than 40 years when imaging only shows one affected gland,
because bilateral hyperplasia is rare in this population.
Minimally invasive adrenalectomy is recommended for

and these guidelines have
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Adrenal Gland Tumors

CLINICAL PRESENTATION EVALUATION?P

History of prior or
current malignancy
with risk of or
suspicion of
adrenal metastasis

Neuroendocrine and Adrenal Tumors, Version 2.2021

CLINICAL DIAGNOSIS

—— > See Additional Evaluation (AGT-2)

Adrenal protocol (CT® . |See Primary
Aldrec?al with and without contrast Hyperaldosteronism ——>|1 o tment (AGT-2)
glan : or MRI with or without
tumor on gnv%zggz?e'c—’ contrast) to determine size,
imaging heterogeneity, lipid content
(MRI), contrast washout (CT), . See Primary
and margin characteristics Cushing syndrome Treatment (AGT-3)
No history of
prior or current and EE—
malignancy See Primary
ﬁ?ccq;erfnoi:z_al workup (See Suspected ACC > | Treatment (AGT-4)
Functonal_ |: Hyperadostoronier
evaluation * Pheochromocytoma See
« Suspected adrenocortical Pheochromocytoma —|Pheochromocytoma
carcinoma (ACC) Guidelines (PHEO-1)

2 See Principles of Pathology for Diagnosis and Reporting
of Neuroendocrine Tumors (NE-A).

b See Principles of Biochemical Testing (NE-C*).

¢If unenhanced is <+ 10 HU, then the tumor is probably
benign. If unenhanced is >+ 10 HU, then use enhanced
and washout. If >60% absolute washout in 15 minutes,
the tumor is likely to be benign; if <60%, the tumor
is possibly malignant. (Caoili E, et al. Radiology
2002;222:629-633.)

d See Principles of Imaging (NE-B*).

*Available online, in these guidelines, at NCCN.org.

€ For benign-appearing lesions, refer to the following guidelines for the management of adrenal
incidentalomas: Zeiger MA, Thompson GB, Duh QY, et al. The American Association of Clinical
Endocrinologists and American Association of Endocrine Surgeons medical guidelines for the
management of adrenal incidentalomas. Endocrine practice: official journal of the American College
of Endocrinology and the American Association of Clinical Endocrinologists 2009;15 Suppl 1:1-20;
Fassnacht M, Arlt W, Bancos |, et al. Management of adrenal incidentalomas: European Society of
Endocrinology Clinical Practice Guideline in collaboration with the European Network for the Study
of Adrenal Tumors. Eur J Endocrinol 2016;175:G1-G34.

fFor benign-appearing lesions, refer to the Endocrine Society's Clinical Practice Guidelines for the
Treatment of Cushing's Syndrome (Nieman LK, et al. J Clin Endocrinol Metab 2015;100:2807-2831).

Version 2.2021, 05/21/21 © National Comprehensive Cancer Network, Inc. 2021. All rights reserved.
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adenoma, whereas medical management with spironolac-
tone or eplerenone for hypertension and hypokalemia is
recommended for patients with bilateral adrenal hyper-
plasia and for nonsurgical candidates.

Evaluation and Treatment of Cushing Syndrome

Patients who present with symptoms of Cushing syn-
drome should be evaluated for evidence of hypercortisole-
mia with one of the following tests: (1) overnight 1-mg
dexamethasone suppression test; (2) 2 to 3 midnight sali-
vary cortisol measurements; or (3) free cortisol in a
24-hour urine sample.?*%* Elevated levels of cortisol are
indicative of Cushing syndrome. Plasma ACTH should be
checked to determine if it is ACTH dependent or ACTH
independent (ACTH <5 pg/mL). Adrenal masses that
secrete cortisol are not mediated by ACTH (ACTH inde-
pendent), and ACTH dependent tumors can arise in the
pituitary or ectopic NET sources. If a clear pituitary ade-
noma is not visible by MRI, inferior petrosal sinus vein
sampling can be considered to differentiate between

pituitary and ectopic causes in ACTH-dependent Cushing
syndrome. Endocrinology referral should be considered
for the biochemical workup, localization of hypercortisole-
mia, and medical therapy for hypercortisolism until more
definitive therapy can be arranged.

Cushing syndrome can be associated with either
benign adrenal tumors (adrenal adenoma) or malignant
adrenal tumors. Malignancy should be suspected if the
tumor is larger than 4 cm or is inhomogeneous with irreg-
ular margins and/or has local invasion and other malig-
nant imaging characteristics. Some centers may use 6 cm
as a cutoff instead of 4 cmm. FDG PET/CT scans, chest CT
scans with or without contrast, and CT or MRI scans with
contrast of the abdomen and pelvis are recommended.
Benign adrenal tumors (ie, <4 cm, contralateral gland nor-
mal, circumscribed tumor, other benign imaging charac-
teristics) should be resected. It is important that patients
who have cortisol-secreting adrenal tumor receive periop-
erative glucocorticoids since the contralateral adrenal
secretion will be transiently suppressed. For more details,
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Adrenal Gland Tumors

CLINICAL DIAGNOSIS

Consider" image-

guided needle biopsy

if clinical suspicion of
—|pheochromocytoma is

low, metanephrines are

normal, and the results

will impact management

History of prior or
current malignancy
with risk of or
suspicion of
adrenal metastasis

Rule out pheochromocytoma
(See NE-C*)P

Not a surgical

ADDITIONAL EVALUATION

NCCN GUIDELINES®

PRIMARY TREATMENT

. . See functional
Adrenal cortical tissue = | ~vion (AGT-1)

See NCCN disease-specific
treatment guidelinest

Metastasis from
other site discovered

» |Medical management

candidate

Hyperaldosteronism,
suspect benign

of hypertension and
hypokalemia with
spironolactone or
eplerenone

Bilateral aldosterone
production

Consider adrenal
Surgical candidate —— |vein sampling' for
aldosterone and cortisol

Hyperaldosteronism,

Unilateral aldosterone
N —
production

Adrenalectomy, minimally
invasive preferred

suspect malignant9

b See Principles of Biochemical Testing (NE-C*).

» Open adrenalectomy

9 Suspect malignancies with irregular/inhomogeneous morphology, lipid-poor, do not wash-out, tumor >4 cm, or secretion of more than one hormone.

_h False negatives are possible; may consider proceeding directly to surgery in selected cases.

! Adrenal vein sampling can be considered for distinguishing single unilateral adenomas from bilateral hyperplasia. CT imaging is not always reliable. Some NCCN
Member Institutions recommend sampling in all cases of primary aldosteronism. However, it may be reasonable to exclude adrenal vein sampling in patients <40 y.
Cortisol measurement in the catheterization samples is used to confirm proper catheter placement.

*Available online, in these guidelines, at NCCN.org.  TTo view the most recent version of these guidelines, visit NCCN.org.
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please see the Endocrine Society's Clinical Practice Guide-
lines for the Treatment of Cushing Syndrome.*

Treatment of Nonfunctioning, Benign Adrenal Tumors

Adrenal tumors that do not secrete hormones are often dis-
covered incidentally during scans for unrelated reasons
(incidentalomas). 1t is still important to evaluate for bio-
chemical secretion of hormones for hyperaldosteronism,
Cushing syndrome, and pheochromocytoma and paragan-
glioma as listed previously to confirm they are nonsecret-
ing. Please refer to the American Association of Clinical
Endocrinology and American Association of Endocrine
Surgeons (AACE/AAES) guidelines® and the ESE guide-
lines®® for the management of adrenal incidentalomas.
Most nonfunctioning tumors are benign and can be left
untreated. Masses showing radiographic features of myelo-
lipoma are considered benign. In addition, tumors smaller
than 4 cm that are homogenous, with smooth margins, and
that appear lipid-rich according to CT or MRI criteria are
also usually benign. A minimally invasive adrenalectomy

is preferred for these tumors if resection is indicated due
to tumor growth. If malignancy is suspected and the disease
is localized, locally resectable, or regionally advanced, an
open adrenalectomy is recommended.

Evaluation of Adrenocortical Carcinoma

ACC should be strongly suspected in tumors larger than 4
cm with irregular margins or that are internally heteroge-
neous and if they secrete multiple hormones.” On CT scans
with IV contrast, adjacent lymph nodes or liver metastases
may be present. On unenhanced CTs, the HU number is
typically higher in carcinomas than in adenomas, and a
threshold value of 10 HU has been proposed as a means
of distinguishing benign from malignant adrenal tumors.”
If the HU attenuation value is less than 10 on unenhanced
CT, then the tumor is probably benign. If the HU attenua-
tion value is greater than 10 on unenhanced CT, then
enhanced CT and washout at 15 minutes is recommended.
If the absolute washout value is greater than 60% at 15
minutes, the tumor is likely benign; if less than 60%, the
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CLINICAL DIAGNOSIS

ADDITIONAL EVALUATION

Neuroendocrine and Adrenal Tumors, Version 2.2021

PRIMARY TREATMENT

. Adrenalectomy (minimally

Tumor <4 ¢l

Cushing
syndrome

« FDG-PET/CTY
¢ Chest CT with or
without contrastd

Tumor >4 cm or
inhomogeneous, irregular
margins, local invasion,
or other malignant
imaging characteristics

d See Principles of Imaging (NE-B*).

* Abdominal/pelvic CT
or MRI with contrast

invasive preferred)

Apparent localized

disease, locally Open
resectable disease, Adrenalectomy
for suspected

or regionally > Kl See

advanced disease malignancy™ Adrenocortical
Carcinoma
(AGT-5)

Metastatic di

fFor benign-appearing lesions, refer to the Endocrine Society's Clinical Practice Guidelines for the Treatment of Cushing's Syndrome (Nieman LK, et al. J Clin

~ Endocrinol Metab 2015;100:2807-2831).
J'Some centers may use 6 cm as cutoff.

k Perioperative management should include stress-dose steroids (eg, methylprednisolone or hydrocortisone).
I May require removal of adjacent structures (ie, liver, kidney, pancreas, spleen, diaphragm) for complete resection.

*Available online, in these guidelines, at NCCN.org.
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tumor is possibly malignant.”**' MRIs more clearly docu-
ment local invasion and involvement of the inferior vena
cava than CT scans.”” Whether CT or MRI scans are per-
formed, they should be performed using an adrenal proto-
col to determine size, heterogeneity, lipid content (MRI),
contrast washout (CT), and margin characteristics.

FDG PET/CT, chest CT scans with or without contrast,
CT or MRI scans with contrast of the abdomen and pelvis,
and a biochemical workup are also recommended for
resectable, unresectable, or suspected metastatic disease.

One study found that 5.8% of adults with ACC tested
positive for Li Fraumeni syndrome (7P53 gene) and
genetic testing should be routinely offered to all patients
with ACC.*” Another analysis found that approximately
3% of patients with ACC have Lynch syndrome, leading
the authors to recommend that patients with ACC also
undergo genetic testing for Lynch syndrome.™ Patients
with ACC may also consider MSI, MMR, and TMB (by an
FDA-approved test) testing. Genetic counseling and test-
ing for inherited genetic syndromes is also recommended.

Treatment and Surveillance of Nonmetastatic Adreno-
cortical Carcinoma

Surgical resection of the tumor with removal of adjacent
lymph nodes is recommended in patients with localized
ACC, and may require removal of adjacent structures
such as the liver, kidney, pancreas, spleen, and/or dia-
phragm for complete resection. Open adrenalectomy is
recommended in tumors with a high risk of being malig-
nant because of increased risk for local recurrence and
peritoneal spread when performed laparoscopically.®® It
is thus important to achieve negative margins and avoid
breaching the tumor capsule.

Because of the rarity of ACCs, no randomized, pro-
spective trials of adjuvant therapy have been published.
Most retrospective reports have examined the use of adju-
vant mitotane, an oral adrenocorticolytic agent.”® A recent
systematic review and meta-analysis of the benefits of
mitotane after resection of ACC in patients without distant
metastasis included five retrospective studies reporting on
1249 patients.'® The meta-analysis found benefit of
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CLINICAL ADDITIONAL EVALUATION
DIAGNOSIS
Resectable disease
- FDG PET/CTY
e Chest CT with ord
Suspected W|thout_ contras_t
adrenocortical }—» * Ié_liu_dorr'b:;?llq?rllwc
carcinoma or NiRiwi
contrast
* Biochemical
workup

Unresectable or suspected
metastatic disease

b See Principles of Biochemical Testing (NE-C*).
d See Principles of Imaging (NE-B*).

—

NCCN GUIDELINES®

PRIMARY TREATMENT

Open adrenalec_tomy fgr
suspected carcinoma

See Adrenocortical
Carcinoma (AGT-5)

M If size is resectable by laparoscopy, may explore with a minimally invasive approach with planned conversion for evidence of local invasion. The decision for open
versus minimally invasive surgery is based on tumor size and degree of concern regarding potential malignancy, and local surgical expertise.

*Available online, in these guidelines, at NCCN.org.
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adjuvant mitotane, with significantly longer recurrence-
free survival and OS, suggesting that adjuvant mitotane
may be an effective postoperative strategy. The random-
ized phase III ADIUVO trial is currently underway to assess
the efficacy of adjuvant mitotane in patients with ACCs
considered to be atlow to intermediate risk for progression
(ClinicalTrials.gov identifier: NCT00777244). Disease-free
survival is the primary endpoint.

Based on the available data, adjuvant therapy can be
considered if the patient is at high risk for local recurrence
based on positive margins, ruptured capsule, large size, and
high grade. Adjuvant external beam RT to the tumor bed
can be considered in these cases, particularly if concern
exists regarding tumor spillage or close margins after sur-
gery. Adjuvant mitotane therapy can also be considered
after resection of ACC, although its use in this setting is con-
troversial (category 3). Mitotane blood levels should be
monitored. Some institutions recommend target levels of
14 to 20 mcg/mL if tolerated. Steady-state levels may be
reached several months after initiation of mitotane.

Because of the adrenolytic effects of mitotane, replacement
doses of corticosteroids (hydrocortisone with or without
fludrocortisone) should be prescribed to treat adrenal
insufficiency if it is used; corticosteroids may be required
for the rest of the patient’s life. Because of the potential risks
and uncertain benefits of adjuvant mitotane, several NCCN
Member Institutions do not advocate its use in the adjuvant
treatment of patients with resected ACCs.

A follow-up should be performed every 12 weeks to 12
months for up to 5 years, and then as clinically indicated.
Recurrences after 5 years are thought to be very rare. A
chest CT scan, with or without contrast, and an abdominal
CT or MRI scan with contrast and biomarkers (if the tumor
is initially functional) should be considered.

Management of Locoregional Unresectable or Metastatic
Adrenocortical Carcinoma

Resection may be considered if greater than 90% of the
tumor and metastases can be removed. In the case of bulky
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WORKUP TREATMENT FOLLOW-UPH

Every 12 wk-12 moupto5y
(after 5y as clinically

Resect tumor and

If high risk for local recurrence:" indicated):
Consider external-beam RT e Consider chest CT £
(EBRT) to tumor bed contrast, and

Localized adjacent lymph nodes
. d - .

Adrenocortical Isease (open adrenaleg,tromy + Consider adjuvant mitotane abdominal CT or MRI with
carcinoma, recommended) W

i D" therapy"V (category 3) contrast
additional workup: ¢ Consider biomarkers, if
. Genetlc_ tumor initially functional

counseling

and testing for
inherited genetic
syndromes®

* Consider tumor
MSI, MMR and
TMB testingP

Locoregional tumor initially functional)

unresectable

Metastatic
disease

Tumors [AGT-A])

d See Principles of Imaging (NE-B*).

N Staging workup, see AGT-4.

© See Principles of Genetic Risk Assessment and Counseling (NE-E).

P FDA-approved test recommended for determination of TMB.

4 May require removal of adjacent structures (ie, liver, kidney, pancreas, spleen,
diaphragm) for complete resection.

"t is important to achieve negative margins and avoid breaching the tumor
capsule. There may be an increased risk for local recurrence and peritoneal
spread when done with a minimally invasive approach.

S If bulky disease, or <90% is removable, surgery can be reconsidered following
response to systemic therapy.

*Available online, in these guidelines, at NCCN.org.

* Consider observation with chest CT * contrast and
abdominal/pelvic CT or MRI with contrast for clinically
indolent disease every 12 weeks and biomarkers (if

« Consider resection of primary tumor and metastases if

or >90% removable, particularly if functional®

 Consider local therapy (ie, SBRT, thermal ablative
therapies, liver-directed therapy?)

* Consider systemic therapy preferably in clinical trial
(See Systemic Therapy for Metastatic Adrenocortical

Every 12 wk-12 moupto 5y

(after 5y as clinically

indicated):

[ * Chest CT % contrast and

¢ Abdominal/pelvic CT or
MRI with contrast or FDG-
PET/CT

tSee Principles of Liver-Directed Therapy for Neuroendocrine Tumor
Metastases (NE-H*).

UHigh-risk local recurrence features include: positive margins, Ki-67 >10%,
rupture of capsule, large size, and high grade.

V' Monitor mitotane blood levels. Some institutions recommend target levels
of 14—-20 mcg/mL if tolerated. Steady-state levels may be reached several
months after initiation of mitotane. Life-long hydrocortisone replacement
may be required with mitotane.

W Mitotane may have more benefit for control of hormone symptoms than
control of tumor.
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disease or if less than 90% of the tumor is removable, sur-
gery can be reconsidered following a response to systemic
therapy. Observation with chest CT scans with or without
contrast, abdominal/pelvic CT or MRI scans with contrast,
and relevant biomarkers (if the tumor is initially func-
tional) every 12 weeks can also be considered for clinically
indolent disease, with systemic treatment initiated at
tumor progression. For locoregional unresectable or met-
astatic disease, local therapy may be considered (ie,
SBRT, thermal ablative therapies, liver-directed therapies).

Systemic therapy should be considered, preferably in
a clinical trial. Choices of systemic therapy for advanced
ACC are mitotane monotherapy or various combinations
of cisplatin, carboplatin, etoposide, doxorubicin, strepto-
zocin, and mitotane. Mitotane monotherapy has been
studied in the setting of locally advanced or metastatic dis-
ease.'”’'® Partial response rates are thought to be
10%-30% at most.'™ Pembrolizumab can also be consid-
ered as a single agent or in combination with mitotane.
These regimens were preference stratified. Preferred

regimens include cisplatin or carboplatin in combination
with etoposide, with or without doxorubicin, and with or
without mitotane. Pembrolizumab, with or without mito-
tane, and mitotane monotherapy are listed as “other rec-
ommended” regimens. Streptozocin, with or without
mitotane, is listed as “useful in certain circumstances.”

A small phase Il study investigating the use of pembro-
lizumab in patients with advanced ACCs found an ORR of
23% and a disease control rate of 52%.'®> The median OS
was 24.9 months. Another small study with 16 patients
with advanced ACC demonstrated an ORR of 14% (95%
CI, 2%-43%).'% One phase II study reported a 15% ORR
and a 54% clinical benefit rate.'*”

Several studies have evaluated the combination of
mitotane with other cytotoxic agents, including cisplatin
and etoposide. One of the larger studies analyzed the com-
bination of mitotane (4 g/day) with cisplatin, etoposide,
and doxorubicin in 72 patients with unresectable adrenal
carcinoma, yielding an ORR 0f 49% (according to WHO cri-
teria) and a complete hormonal response in 16 of 42
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SYSTEMIC THERAPY FOR LOCOREGIONAL UNRESECTABLE/METASTATIC ADRENOCORTICAL CARCINOMAX

Preferred Regimens

Other Recommended Regimens

Useful in Certain Circumstances

« Cisplatin + etoposide’ * doxorubicin * mitotane¥W-2 |+ Pembrolizumab3# * mitotane":W
« Carboplatin + etoposide * doxorubicin * mitotane""" | « Mitotane monotherapyV'V

« Streptozocin * mitotane""":2
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TWilliamson SK, Lew D, Miller GJ, et al. Phase Il evaluation of cisplatin and etoposide followed by mitotane at disease progression in patients with locally advanced or
metastatic adrenocortical carcinoma: a Southwest Oncology Group Study. Cancer 2000;88:1159-1165.
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4 Habra MA, Stephen B, Campbell M, et al. Phase Il clinical trial of pembrolizumab efficacy and safety in advanced adrenocortical carcinoma. J Immunother Cancer

2019;7:253.

v Monitor mitotane blood levels. Some institutions recommend target levels of 14—20 mcg/mL if tolerated. Steady-state levels may be reached several
months after initiation of mitotane. Life-long hydrocortisone + fludrocortisone replacement may be required with mitotane.
W Mitotane may have more benefit for control of hormone symptoms than control of tumor.

X See Discussion for further information regarding the phase Ill FIRM-ACT trial.
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patients with functioning tumors.'®® Another study exam-
ined the combination of mitotane with streptozocin and
reported an ORR of 36%.'° Of 12 patients in this study
with advanced disease, 3 (25%) were converted to a resect-
able status with this therapy and remained disease-free or
with stable disease 3 to 18 years after surgery; 1 (8%) had
stable disease for 3 months, and the other 8 (67%) showed
no response.

Analysis of results from the international randomized
controlled phase III FIRM-ACT trial comparing treatment
of metastatic ACC with etoposide, doxorubicin, cisplatin,
and mitotane versus treatment with streptozotocin and
mitotane with a crossover design found no difference
between the regimens in the primary endpoint of OS
(14.8 vs 12.0 months; hazard ratio [HR], 0.79; 95% CI,
0.61-1.02; P=.07)."'"° However, response rates and PFS
were improved with the 4-drug regimen and an OS benefit
was seen in those who did not cross over to the other com-
bination (17.1 vs 4.7 months). Rates of serious adverse
events were similar in the 2 arms.

However, the toxicity of concurrent chemotherapy
plus mitotane should be considered when making treat-
ment decisions, and mitotane monotherapy may still be
appropriate in selected cases. The optimal doses and
duration of mitotane treatment of metastatic disease
have not yet been standardized, but some institutions
recommend target levels of 14 to 20 mcg/mL, if tolerated.
Higher doses may be difficult for patients to tolerate,
whereas lower doses may be less effective.'®* Steady-
state levels may be reached several months after initiation
of mitotane. As noted previously, because of the adreno-
lytic effects of mitotane, replacement doses of corticoste-
roids (hydrocortisone with or without fludrocortisone)
should be prescribed to treat adrenal insufficiency. This
replacement therapy may be required for the remainder
of the patient’s lifetime. A follow-up with chest CT scans,
with or without contrast, and abdominal/pelvic CT or
MRI scans, with contrast, or FDG-PET/CT scans should
be performed every 12 weeks to 12 months, up to 5 years,
and then as clinically indicated.
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TUMOR TYPE EVALUATION2b.¢

Recommended:

* Plasma free or 24-hour urine fractionated metanephrines and

* Adrenal protocol CT (abdomen/pelvis)

* Genetic counseling and testing for inherited genetic syndromes'
Pheochromocytoma/

paraganglioma

* SSR-PET/CT or SSR-PET/MRI®ik

* Chest CT with or without contrast
* MIBG scan'

2 See Principles of Pathology for Diagnosis and Reporting of
Neuroendocrine Tumors (NE-A).

b See Principles of Biochemical Testing (NE-C*).

¢ Consider medical alert ID for hormonally secreting
pheochromocytomas and paragangliomas in situ or metastatic
disease.

d Review concurrent medication(s) for those that may interfere with
plasma metanephrines evaluation. Elevations that are 3 times above
the upper limit of normal are diagnostic.

€ For cervical paraganglioma, consider measuring serum and/or 24-
hour urine fractionated catecholamines (for dopamine).

*Available online, in these guidelines, at NCCN.org.

normetanephrinesP:%:¢ * serum or 24-hour urine catecholamines

As appropriate, if metastatic or multifocal disease suspected:!
* Abdominal/pelvic multiphasic CT or MRI9

* FDG-PET/CT (skull base to mid-thigh)

Neuroendocrine and Adrenal Tumors, Version 2.2021

PRIMARY TREATMENT

f

h
— See Primary Treatment (PHEO-2)

fBoth catecholamines and metanephrines/normetanephrines can produce false-
positive results (see NE-C¥).

9 See Principles of Imaging (NE-B*).

h See Principles of Genetic Risk Assessment and Counseling (NE-E).

' Data on the role of functional imaging in pheochomocytoma/paraganglioma are

~evolving and the preferred method remains unclear.

JPET/CT or PET/MRI of skull base to mid-thigh with IV contrast when possible.

k' SSR PET tracers include: 68Ga-DOTATATE, 64Cu-DOTATATE, 68Ga-DOTATOC.

IMIBG scans are less sensitive than FDG-PET and 68Ga-dotatate for metastatic
and multifocal paragangliomas/pheochromocytomas. Obtain MIBG scan if
considering treatment with 1131-MIBG.

Version 2.2021, 05/21/21 © National Comprehensive Cancer Network, Inc. 2021. All rights reserved.
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PHEO-1

Pheochromocytomas/Paragangliomas
Pheochromocytomas are neoplasms of the chromaffin
cells of the adrenal medulla in 80%-90% of cases.
Ectopic/extra-adrenal pheochromocytomas that arise
from sympathetic and para-aortic sympathetic ganglia
are called paragangliomas.®® Pheochromocytomas and
paragangliomas occur in 0.05%-0.1% of hypertensive
patients, and their combined annual incidence in the
United States is estimated to be between 500 and 1,600
cases.'"! Approximately 10%-15% of pheochromocytomas
and paragangliomas are malignant, but it could be up to
40%.%''> Pheochromocytomas release catecholamines
(epinephrine and norepinephrine) and their metabolites
metanephrine and normetanephrine, resulting in hyper-
tension, arrhythmia, and/or hyperglycemia. About 40%
of paragangliomas secrete catecholamines. Head and
neck paragangliomas only secrete catecholamines about
5% of the time and often it is dopamine.

The peak incidence of occurrence for pheochromocy-
tomas is between the third and fifth decades of life, but

they generally occur at a younger age and are more likely
to be bilateral in patients with familial disease. Paragan-
gliomas are more likely to be malignant than pheochromo-
cytomas in the adrenal medulla (about 40% vs 10%).
Pheochromocytomas and paragangliomas associated
with a familial syndrome tend to be more aggressive and
more likely to metastasize than sporadic tumors.'”* In
fact, a study showed that 87.5% of patients presenting
with these tumors prior to age 20 harbored a germline
mutation in one of several genes tested if they also had
metastatic disease.''* For those without metastases, the
rate of identification of these mutations was still high, at
64.7%. The OS of patients with pheochromocytomas and
paragangliomas can be heterogeneous, but a systematic
review and meta-analysis of 7 studies of 738 patients
reported survival to be 63% at 5 years.'"”® Predicting who
will go on to develop metastasis is difficult, but some stud-
ies have reported that almost half of patients have not pro-
gressed a year after diagnosis.!*® Delays at a median of 5.5
years with a range from 0.3 to 53.4 years between initial
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PRIMARY TREATMENT¢®

Resectable safe and feasible)

block ading:" Observe, if asymptomatic
blockade™n adding: o
* Dihydropyridine

with volume

h calcium Locally * RT # cytoreductive (R2) resection, when possible,™ or
lr"gp:‘etloln a_nd channel unresectable_> * HSA iobenguane | 131° or other 1311-MIBG (requires prior
igh salt diet blockade positive MIBG scan), or

for 7-14 days

or until stable * Beta blockade

* Metyrosine

or
lanreotide)" and:

Distant ¢ Clinical trial, or
metastases

dotatate,P or

¢ Consider medical alert ID for hormonally secreting pheochromocytomas and
paragangliomas in situ or metastatic disease.

k SSR PET tracers include: 68Ga-DOTATATE, 64Cu-DOTATATE, 68Ga-DOTATOC.

™ Alpha 1 selective receptor blockers include terazosin, doxazosin, and prazosin, and
non-selective receptor blockers include phenoxybenzamine. Therapy for 7—14 days is
recommended prior to surgical therapy. Nonselective alpha blockade phentolamine (V)
can be used intraoperatively.

" Alpha blockade is first-line therapy for all hormonally secreting pheochromocytomas
and paragangliomas. After alpha blockade, if additional blood pressure (bp) support is
needed, the addition of dihydropyridine calcium channel blockers can be used. This is
not recommended as monotherapy unless the patient cannot tolerate alpha blockade.
Metyrosine can also be used in addition to alpha blockade to stabilize bp. Beta blockade
can be added to alpha blockade for tachycardia. B1 selective blockers or nonselective
beta blockers can be used. Combination beta/alpha blockers are not recommended.

Resection (minimally invasive preferred when

Continue medical therapy for secreting tumors, and:

« If SSR-positive imagingX: consider PRRT with 177Lu-dotatate,P
or octreotide or lanreotide (if symptomatic)”

Observe, if asymptomatic

Continue medical therapy for secreting tumors (octreotide or

« Cytoreductive (R2) resection, when possible,™ or

« Systemic chemotherapy (eg, CVDY or temozolomide), or

* HSA iobenguane | 131° or other 1311-MIBG (requires prior
positive MIBG scan), or

« If SSR-positive PET imaging*: consider PRRT with 177Lu-

« Palliative RT for symptomatic metastases

NCCN GUIDELINES®

_—

Surveillance
(see PHEO-3)

©HSA iobenguane | 131 is an FDA-approved option.

P Data are limited on the use of PRRT with 177Lu-dotatate in this
setting. See Principles of PRRT with 177Lu-dotatate (NE-G*).

4 CVD = cyclophosphamide, vincristine, and dacarbazine

" For symptom control, octreotide 150-250 mcg SC TID or
octreotide LAR 20-30 mg IM or lanreotide 90-120 mg SC
every 4 weeks. Dose and frequency may be further increased
for symptom control as needed. Therapeutic levels of
octreotide would not be expected to be reached for 10-14 days
after LAR injection. Short-acting octreotide can be added to
octreotide LAR for rapid relief of symptoms or for breakthrough
symptoms. For details on the administration of short-acting
and/or long-acting octreotide with 177Lu-dotatate, see NE-G*.

*Available online, in these guidelines, at NCCN.org.
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diagnosis and metastasis have been reported in a retro-
spective study spanning 55 years of patients with pheo-
chromocytomas or paragangliomas, and many such
patients survive long term after treatment of metastatic
disease.''” Thus, patients presenting during childhood,
adolescence, or young adulthood require careful, lifelong
surveillance (see “Surveillance of Pheochromocytomas/
Paragangliomas,” page 864).

Evaluation for Pheochromocytomas/Paragangliomas

A patient with possible pheochromocytoma should be
evaluated with fractionated metanephrines and normeta-
nephrines in 24-hour urine or free metanephrines in
plasma. Elevated levels of metanephrines or normeta-
nephrines are suggestive of pheochromocytoma or para-
ganglioma. In general, adrenal pheochromocytomas
more commonly secrete metanephrines and paraganglio-
mas secrete normetanephrines, with a few exceptions.®
Concurrent medications should be reviewed before testing
for those that interfere with plasma or blood

metanephrine/normetanephrine evaluation, including
acetaminophen, certain beta- and alpha-adrenoreceptor
blocking drugs, serotonin-reuptake inhibitors, and mono-
amine oxidase inhibitors."'® Elevations in metanephrine or
normetanephrine levels that are 3 times above the upper
limit of normal are diagnostic. Urine or plasma catechol-
amines are no longer routinely recommended for the eval-
uation of pheochromocytoma as 15%—-20% of patients with
pheochromocytoma have normal levels of urine catechol-
amines due to intermittent secretion in some tumors and
insignificant secretion by others.''® Measurement of serum
and/or 24-hour urine fractionated catecholamines can be
considered since rare tumors preferentially secrete cate-
cholamines, and cervical paragangliomas can secrete
dopamine.

Adrenal protocol CT scans (abdomen/pelvis) are rec-
ommended. Other imaging studies, including abdomi-
nal/pelvic multiphasic CT or MRI scans, SSR-based
imaging (PET/CT or PET/MRI), FDG-PET/CT scans (skull
base to midthigh), chest CT scans with or without contrast,
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SURVEILLANCES

12 wk—12 mo post-resection:t

Resectable di | 21y post-resection up to 10 y:

(post-resection)

» Years 1-3: every 6—12 mo®
» Years 4+ up to 10 y: annuallyS

>10y:

Every 12 wk—12 mo:!

» Consider imaging:

or

Locally unresectable disease or
Distant metastases

or
» FDG-PET/CT

b See Principles of Biochemical Testing (NE-C*).

JPET/CT or PET/MRI of skull base to mid-thigh with IV contrast when possible.

kK SSR PET tracers include: 68Ga-DOTATATE, 64Cu-DOTATATE, 68Ga-DOTATOC.
s See NCCN Guidelines for SurvivorshipT.

tEarlier, if symptoms; less frequently if stable disease and no new symptoms.

*Available online, in these guidelines, at NCCN.org.

* H&P, blood pressure, and markersP
» Consider chest CT (* contrast) and abdominal/pelvic CT or MRI with contrast

»> | « H&P, blood pressure, and markersP

* H&P, blood pressure, and markersP

or
» SSR-PET/CTX or SSR-PET/MRIX

Neuroendocrine and Adrenal Tumors, Version 2.2021

* Consider chest CT (* contrast) and abdominal/pelvic CT or MRI with contrast

» Consider surveillance as clinically indicated

» Chest/abdominal/pelvic CT with contrast

» Chest CT (* contrast) and abdominal/pelvic MRI without contrast (if risk for hypertensive episode)

1To view the most recent version of these guidelines, visit NCCN.org.
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and metaiodobenzylguanidine (MIBG) scans should be
performed as appropriate if metastatic or multifocal dis-
ease is suspected. CT scans are most helpful for adrenal
masses and paragangliomas. However, there are some
instances where extra-adrenal paragangliomas are seen
better with MRI scans.

Genetic Counseling/Testing in Pheochromocytomas/
Paragangliomas

Although many pheochromocytomas and paraganglio-
mas are thought to be sporadic, increasing evidence
shows that a number of pheochromocytomas and para-
gangliomas are in fact associated with inherited genetic
syndromes.''"2° Pheochromocytomas occur in patients
with MEN2A, MEN2B, and other familial diseases such
as neurofibromatosis and von Hippel-Lindau syndrome
(see “Principles of Genetic Risk Assessment and
Counseling,” NE-E). Paragangliomas are also associated
with  polycythemia-paraganglioma-somatostatinoma

syndrome due to somatic mutations in the HIF2A
gene.'?"'*? In addition to germline mutations associated
with these syndromes (ie, RET, NF1, VHL), germline
mutations in SDHB, SDHA, SDHAF2, SDHD, SDHC,
TMEM127, MAX, FH, and MDH2 have also been associ-
ated with an increased incidence of pheochromocytomas
and paragangliomas.''*'?°'?6 SDHB gene mutations are
associated with a 40%—-60% risk of developing metastatic
disease.''? Patients younger than 45 years of age or those
with multifocal, bilateral, or recurrent lesions are more
likely to have a heritable mutation, although many indi-
viduals with a hereditary syndrome present with solitary
disease and no family history.'?® Because a significant
proportion of patients with a pheochromocytoma or par-
aganglioma have a heritable mutation,'*® genetic
counseling is recommended in patients with such a diag-
nosis and in those with a family history of these tumors,
with genetic testing when appropriate. The Endocrine
Society has published guidelines that include a genetic
testing decision algorithm.®
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Individuals with known germline mutations associ-
ated with pheochromocytomas and paragangliomas
should undergo lifelong biochemical and clinical surveil-
lance, beginning around ages 6 to 8 years.'*® The type
and timing of the surveillance should be based on which
gene is affected and take into account known genotype-
phenotype relationships. MRI may be the preferable imag-
ing modality for tumor detection in these individuals to
limit radiation exposure.

Primary Treatment of Pheochromocytomas/
Paragangliomas
Surgical resection is the mainstay of treatment of both
benign and malignant pheochromocytomas and para-
gangliomas. Surgery or stress can cause a sudden release
of large amounts of catecholamines, causing very signifi-
cant and sometimes life-threatening hypertension.
Therefore, patients with pheochromocytomas or para-
gangliomas should receive preoperative alpha-
adrenergic blockade with aggressive volume repletion
and high-salt diet for 7 to 14 days or until stable. Alpha
1-selective receptor blockers include terazosin, doxazo-
sin, and prazosin, and nonselective receptor blockers
include phenoxybenzamine. If additional blood pressure
control is needed after alpha blockade, the addition of
dihydropyridine calcium channel blockers can be consid-
ered. Calcium channel blockers are not recommended as
monotherapy unless the patient cannot tolerate alpha
blockade. Metyrosine can be used in addition to alpha
blockade to control blood pressure. Beta blockade (B1-
selective blockers or nonselective beta-blockers) can
also be added to alpha blockade to control tachycardia.
Generally, alpha- and beta-blockers should be adminis-
tered independently, and use of combination beta-/
alpha-blockers is not recommended. Nonselective alpha
blockade phentolamine (intravenous) can be used intra-
operatively for additional blood pressure control.
Resection is the recommended treatment of patients
with resectable tumors. A minimally invasive approach,
when safe and feasible, is the preferred treatment of adrenal
medullary tumors, including pheochromocytomas.'? 2
Forlocally unresectable tumors, observation is recom-
mended, if asymptomatic. Radiation therapy is recom-
mended with cytoreductive resection, when possible.
Alternatively, if tumors are positive on MIBG scan,'*%3!
treatment with high-specific-activity (HSA) iobenguane
I-131 or other iodine-131-MIBG therapy is recommended.
If tumors are SSR-positive on imaging, PRRT with 177Lu-
dotatate or treatment with octreotide or lanreotide (if
symptomatic) may be considered. The panel advises dili-
gence to ensure that the maximum cumulative radiation
dose is not reached for these patients. In addition, medical
therapy as described previously should be continued for
unresectable secreting tumors.

NCCN GUIDELINES®

The results of a phase 2, open-label, multicenter study
investigating HSA iobenguane I-131 to treat patients with
malignant, recurrent, and/or unresectable pheochromo-
cytoma or paraganglioma'*'** revealed that the primary
endpoint, which was areduction in antihypertension med-
ication by at least half, was met by 25% of all patients who
received at least one therapeutic dose (n=68) and 32% of
patients who received 2 therapeutic doses (n=50)."** The
objective tumor response was evaluated as a secondary
endpoint. Overall, 23% of patients had partial response,
which went up to 30% in patients who received 2 therapeu-
tic doses, and 68% of patients had stable disease. The
median OS was 37 months. The most commonly reported
side effects in patients who received any dose of HSA
iobenguane I-131 were nausea, myelosuppression, and
fatigue. In 2018, HSA iobenguane I-131 became an FDA-
approved option for patients who have an MIBG positive
scan; have unresectable, locally advanced, or metastatic
pheochromocytoma or paraganglioma; and require sys-
temic anticancer therapy.

A study of 20 patients with high SSR expressing pheo-
chromocytoma or paraganglioma treated with 177Lu-
dotatate measured the effectiveness of PRRT in controlling
hypertension.’*> Most patients receiving PRRT saw no
increase or reduction in medication to treat hypertension.
The median PFS was 39 months and median OS was not
reached with a median follow-up time of 28 months. A sys-
tematic review and meta-analysis of 201 patients with
inoperable or metastatic pheochromocytomas or para-
gangliomas determined that treatment with PRRT led to
an ORR of 25% (95% CI, 19%-32%) and a disease control
rate of 84% (95% CI, 77%-89%)."*® Clinical responses
were reported in 61% of patients.

An ENETS Centre study with 22 patients with progres-
sive or metastatic pheochromocytomas or paraganglio-
mas treated patients with PRRT with either 90Y-dotatate
or 177Lu-dotatate, and 131I-MIBG."®" Patients treated
with PRRT had increased PFS and treatment response
compared with 131I-MIBG treatment, but no significant
differences were seen in OS. Other case studies have
been presented at conferences®*'*° or published'"!*
that have also shown improvements in patients with high
SSR-expressing pheochromocytoma or paraganglioma
treated with 177Lu-dotatate.

When distant metastases are present, observation is
recommended if asymptomatic. Medical therapy with
octreotide or lanreotide should be continued for secreting
tumors. For the latter, cytoreductive resection is recom-
mended when possible. Other options for treating unre-
sectable, metastatic disease include: (1) clinical trial; (2)
systemic chemotherapy (eg, cyclophosphamide/vincris-
tine/dacarbazine [CVD] or temozolomide)'*3'*%; (3) HSA
iobenguane 1311 or other iodine-131-MIBG therapy after
positive MIBG scan®*3"13% (4) if SSR-positive PET
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imaging, consider PRRT with 177Lu-dotatate; or 5) pallia-
tive radiation therapy for symptomatic metastases.

A retrospective review of 52 evaluable patients treated
with various systemic chemotherapy regimens for meta-
static pheochromocytomas or paragangliomas showed
that patients with a response to chemotherapy (reduction
in symptoms, antihypertensive medications, or tumor
size) had a median survival of 6.4 years and nonresponders
had a median survival of 3.7 years.'** Approximately 33% of
patients exhibited a tumor response.

A review of 48 patients with pheochromocytoma or
paraganglioma treated with iodine-131-MIBG therapy at
4 centers showed that, although partial responses were
rare, stable disease was achieved after 83.1% of treat-
ments."*® A meta-analysis of 17 studies that included a total
of 243 patients with malignant paraganglioma or pheo-
chromocytoma found a stable disease rate of 52% (95%
CI, 0.41-0.62) after iodine-131-MIBG therapy.'*® Partial
and complete responses were seen in 27% and 3% of
patients, respectively.

Surveillance of Pheochromocytomas/Paragangliomas

Surveillance intervals for patients with pheochromocyto-
mas or paragangliomas are similar to those for other
NETs. Following complete resection, history and physical
should be performed and blood pressure and tumor
markers should be measured after 12 weeks to 12 months,
then every 6 to 12 months for the first 3 years, and then
annually for up to 10 years. After 10 years, surveillance
should be considered as clinically indicated. In addition,
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chest CT scans with or without contrast, and abdominal/
pelvic CT or MRI scans with contrast can be considered.
Timing for these surveillance events and procedures can
be earlier if symptoms dictate or less frequently if the dis-
ease is stable and there are no new symptoms. For locally
unresectable disease or distant metastases, history and
physical should be performed and blood pressure and rel-
evant markers should be measured every 12 weeks to 12
months. Chest/abdominal/pelvic CT scans with contrast,
chest CT scans (with or without contrast) and abdomi-
nal/pelvic MRI scans without contrast (if the patient is at
risk for a hypertensive episode), FDG-PET/CT scans, or
SSR-based imaging can be considered. In addition, indi-
viduals with hereditary paraganglioma/pheochromocy-
toma may require more frequent and longer follow-up
(see “Principles of Genetic Risk Assessment and
Counseling,” NE-E in the algorithm).

Summary

In the 2021 update, a new section was created to provide
recommendations for patients with well-differentiated
G3 NETs. A principles of genetic risk assessment section
was also added. Because NETs can be associated with
inherited genetic syndromes, genetic counseling and test-
ing should be recommended, as appropriate. Recent suc-
cesses have shown that large randomized controlled
trials studying treatments for NETs can provide practice-
changing results. Rigorous studies will allow continued
progress in the development of improved treatments for
patients with NETs.
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