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Abstract

Background Pheochromocytoma and paraganglioma (PPGL) are rare neuroendocrine tumours, often associated with
germline mutations that influence the disease biology and clinical course. We aimed to describe the genotypic and
phenotypic characteristics of a consecutive series of PPGL patients and correlate mutation status with clinical
outcomes.

Methods We performed a retrospective cohort study of all PPGL patients who presented to a tertiary referral centre
between March 2005 and February 2022. Genotypic, phenotypic and follow-up data were analysed.

Results A total of 140 patients were included. Of these, 94 (67%) patients underwent genetic testing and a mutation
was detected in 36 (38%) patients. Mutation presence was associated with younger age, smaller tumour size and
bilateral adrenal tumours. Disease recurrence occurred at a median time of 5.4 (IQR 2.8-11.0) years after treatment in
21 (15%) patients, of which 14 (67%) had a mutation in a susceptibility gene. Recurrence pattern was influenced by
mutation type; higher local recurrence risk for SDHA, SDHB, and MEN2B disease, and higher metastatic risk for
SDHB, VHL and MEN2A disease. Recurrence occurred in three (3%) patients with mutation absence. Multivariate
analysis revealed that age <40 years and mutation presence were associated with increased risk of disease
recurrence.

Conclusions Genotypic characteristics strongly influence disease presentation and recurrence risk, which may occur
more than 5 years after initial treatment. Routine genetic testing of PPGL patients is warranted given the high
prevalence of mutations, allowing for prognostication and tailored follow-up. In the presence of germline mutations,
follow-up should be life-long.
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Introduction

Pheochromocytoma and paraganglioma (PPGL) are rare
catecholamine-secreting  tumours. Pheochromocytoma
(PC) arises from the chromaffin cells of the adrenal
medulla and is morphologically and functionally similar to
paraganglioma (PG), which originates from extra-adrenal
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chromaffin cells in the sympathetic or parasympathetic
paraganglia [1].

PPGL are associated with the highest known degree of
heritability of all human neoplasms and may be associated
with a mutation in any of the minimum 20 known sus-
ceptibility genes [2—5]. The most common mutations are of
the succinate dehydrogenase (SDH) subunit genes,
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followed by VHL, RET and NF1 mutations [3]. The
reported proportion of PPGL patients with germline
mutations ranges from 7.5 to 53% [6, 7] and routine genetic
testing is widely recommended in international clinical
practice guidelines [4, 8].

In this study, we aim to describe the long-term outcomes
of a consecutive series of PPGL patients treated at a tertiary
referral centre in Australia and examine the relationship
between genetic mutation status and clinical outcomes.

Materials and methods

All patients undergoing surgery for PPGL between March
2005 and December 2021 at a tertiary referral centre were
identified from a prospectively maintained endocrine sur-
gery database and included in the study. Perioperative data
were collected and included patient demographic details,
presenting symptoms, past medical history, family history,
tumour location, imaging, biochemistry results, operative
approach, tumour size, pathological details, immunohisto-
chemical (IHC) staining results, genetic testing results,
presence of recurrence, follow-up time, and mortality.
Genetic testing was performed through the department of
cancer genetics at our own institution. All patients who had
undergone genetic testing at our institution were identified
from this database. The genetic testing protocol at our
institution evolved during the study period. Currently in
2022, we test all potentially implicated genes on a multi-
gene exome panel, and this has been the approach for
approximately 5 years. Prior to this, we followed the evi-
dence-based algorithm described by Lenders et al,
including SDHB, SDHD, SDHC, RET, VHL, NFI,
TMEM127 and MAX genes [4], and if indicated by the
clinical presentation, also analysed SDHA, FH, CDKN1B
and SDHAF?2 genes.

Patients had annual clinical follow-up with plasma
metanephrines testing. Further imaging was performed in
the event of recurrence of symptoms or elevated plasma
metanephrines. Recurrence was defined as either radio-
logically or pathologically confirmed disease.

Statistical analysis was performed using SPSS (IBM
Corp, Version 27.0. Armonk, NY: IBM Corp). Categorical
variables were analysed using Fisher’s exact test and
continuous variable means were analysed using the Stu-
dent’s ¢ test or Mann—Whitney U test. The Kruskal-Wallis
test was used to compare medians between groups. The
Kaplan—-Meier method and log-rank test were used to
compare disease-free survival between groups. Univariate
and multivariate binomial logistic regression models were
performed to identify independent predictors of disease-
free survival. All p values were two-sided and val-
ues < 0.05 were considered statistically significant. Ethics
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approval was obtained from the Northern Sydney Local
Health District (2020/ETH02787).

Results

A total of 140 patients, who underwent 155 procedures,
met the inclusion criteria (Table 1). There were 72 (52%)
females and 68 (48%) males with a mean (SD) age of 48.8
(16.7) years at diagnosis. For patients presenting with
newly diagnosed PPGL, a minimally invasive surgical
resection was performed in 93 (66%) cases, with 49 (35%)
cases performed by a laparoscopic transperitoneal
approach and 44 (31%) by a posterior retroperitoneoscopic
approach. Patients presenting with recurrent disease were
more commonly treated with an open procedure, with eight
(30%) patients undergoing an anterior laparotomy. A total
of seven (5%) deaths occurred during the follow-up period.

Phenotypic and tumour characteristics were analysed
according to mutation status (Table 2). At initial presen-
tation, patients with a germline mutation presented at a
significantly younger age (SD), 38.5 (12.2) versus 53.6
(14.8) years (p < 0.001), and were more likely to have
asymptomatic disease with lower preoperative levels of
catecholamines at a median of 1.8 x ULN (IQR 0.5-6.0)
versus 4.0 x ULN (IQR 1.8-9.7) (p = 0.011). At recurrent
disease presentation, mutation carriers also presented at
significantly younger age (SD) 40.8 (14.3 years). Mean
tumour size was smaller among patients with germline
mutations (33.3 vs 45.8 mm, p = 0.032), and patients were
more likely to have bilateral disease (11% vs 0%,
p = 0.002). Of the nine (6%) sympathetic paragangliomas
that were localised to the Organ of Zuckerkandl, eight
(89%) were associated with a germline mutation. Two
patients presented with metastatic disease at initial diag-
nosis, both of whom had metastasis to bone and neither had
a genetic mutation.

A total of 137 patients underwent IHC staining at the
time of surgery and loss of the normal SDHB or SDHB and
SDHA expression was observed in 12 (9%) and one (1%)
cases, respectively, which were all associated with a
germline mutation in one of the SDH genes.

The median overall follow-up time was 3.1 years (IQR
1.1-6.9) and median time to recurrence was 5.4 years (IQR
2.8-11.0). A total of 12 (9%) patients developed metastatic
disease, of which four (33%) had synchronous disease
(metastasis at or within six months of diagnosis) and eight
(67%) had metachronous disease (metastasis development
more than six months after diagnosis). Of the seven (5%)
deaths recorded, five patients had developed metastatic
disease. The date of death was available for four patients
and median time to death was 5.8 years (IQR 0.9-10.6).
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Table 1 Demographic and clinical characteristics

Characteristic Total
(N = 155)

Female (%) (n = 140) 72 (52)
Age at diagnosis (mean years, SD) 48.8 (16.7)
Family history of adrenal or thyroid pathology (%) (n = 140)

MEN2 6 (4)

PPGL 43

Follicular thyroid cancer 1(1)

Past medical history of other tumours (%) (n = 140)

Medullary thyroid cancer 8 (6)
Papillary thyroid cancer 1(1)
B cell lymphoma 312
Prostate carcinoma 2()
Renal cancer 2()
Other 9 (6)
Symptomatic at presentation (%) 95 (61)
Preoperative biochemistry (median xULN, IQR)
Catecholamines (n = 97) 3.3 (1.5 -8.6)
Metanephrines (n = 105) 53 (1.6 -11.5)
Preoperative imaging (%)
CT 130 (84)
Dotatate PET 67 (43)
MIBG 38 (25)
MRI 28 (18)
FDG PET 12 (8)
Octreotide PET 3(12)
Operative approach at first operation (%) (n = 128)
Open
Anterior laparotomy 18 (13)
Posterior laparotomy 1(1)
Multi-visceral resection 0 (0)
Laparoscopic to open 7(5)
Minimally invasive
Laparoscopic transperitoneal 49 (35)
Posterior retroperitoneoscopic 44 (310
Unknown 9 (6)
Operative approach for recurrence (%) (n = 27)
Open
Anterior laparotomy 8 (30)
Multi-visceral resection 2(7)
Laparoscopic to open 14
Minimally invasive
Laparoscopic transperitoneal 2(7)
Posterior retroperitoneoscopic 5(19)
Thoracoscopic 14)
Unknown 8 (3)
Mortality (%) 7(5)

CT computed tomography, FDG fluorodeoxyglucose, IQR interquartile range, MEN2 multiple endocrine neoplasia type 2, MIBG iodine-123
meta-iodobenzylguanidine, MRI magnetic resonance imaging, PC pheochromocytoma, PET positron emission tomography, PPGL pheochro-
mocytoma and paraganglioma, ULN upper limit of normal, VHL Von-Hippel Lindau
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Table 2 Phenotypic characteristics according to mutation status

Characteristic Total (N = 155) Mutation (n = 47) No mutation (n = 108) p value
Pathological diagnosis (%)
PC 141 (91) 36 (77) 105 (97) <0.001
PG 14 (9) 11 (23) 3(3)
First presentation (n = 129) n=31 n =98
Age (mean years, SD) 50.0 (15.6) 38.5 (12.2) 53.6 (14.8) <0.001
Symptomatic disease (%) 86 (67) 17 (55) 69 (70) <0.001
Metastatic disease (%) 2(2) 2 (6) 0 (0) 0.054
Preoperative catecholamines (median xXULN, IQR) 3.4 (0.6-8.9) 1.8 (0.5-6.0) 4.0 (1.8-9.7) 0.011
Preoperative metanephrines (median xULN, IQR) 5.8 (1.6-12.2) 3.0 (1.5-9.3) 6.4 (2.0-12.5) 0.123
Recurrent presentation (n = 26) n=16 n=10
Age (mean years, SD) 46.7 (15.3) 40.8 (14.3) 56.2 (12.4) 0.010
Symptomatic disease (%) 9 (35) 4 (25) 5 (50) 0.234
Metastatic disease (%) 9 (35) 3(19) 6 (60) 0.046
Preoperative catecholamines (median xXULN, IQR) 2.6 (1.1-6.4) 1.9 (1.0-2.8) 2.4 (1.5-4.0) 0.350
Preoperative metanephrines (median xULN, IQR) 2.0 (1.1-3.0) 3.3 (1.2-6.0) 1.4 (1.0-6.5) 0.947
Tumour size (mean mm, SD) 44.6 (30.0) 33.3 (29.0) 45.8 (31.1) 0.032
Tumour location (%)
Adrenal 128 (83) 30 (64) 98 (91) <0.001
Unilateral 123 (79) 25 (53) 98 (91) <0.001
Bilateral 5@3) 511 0 (0) 0.002
Extra-adrenal 15 (10) 12 (25) 3(3) <0.001
Organ of Zuckerkandl 9 (6) 8 (17) 1(1) <0.001
Other 6 4) 4(9) 2(2) 0.069
Unknown 12 (8) 510 7 (6) 0.513

IQR interquartile range, PC pheochromocytoma, PG paraganglioma, SD standard deviation, ULN upper limit of normal

A total of 94 (67%) patients underwent genetic testing,
who were identified by the availability of testing results
within our medical records. A mutation detected in 36
(38%) of the patients tested. Of these, there were a total of
9 MEN2A, 7 SDHB, 6 VHL, 5 SDHD, 4 NF1,2 TMEM127,
2 MEN2B and 1 SDHA gene mutations. All patients with
positive mutation status tested positive to only one muta-
tion, except for one patient who harboured pathogenic
mutations for both MEN2A and SDHD. Of the 36 patients
with positive mutation status, 10 patients had positive
family history of adrenal or thyroid tumours, including six
with MEN2 disease and four with PPGL. In the same
cohort, 15 patients had positive past medical history of
previous tumour diagnosis, of which eight had medullary
thyroid cancer and ten had PPGL (three patients had both).
All patients with a family history of MEN2 disease were
confirmed to also have MEN2 disease themselves.

Overall, recurrence occurred in 21 (15%) patients and
Table 3 describes disease course by mutation status.
Among the 36 patients with a confirmed mutation, 14
(39%) developed disease recurrence. Recurrence was not
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observed in any patients with mutations in NF1 or
TMEM127. Recurrence associated with germline mutation
included four local recurrences, six s primary tumours, and
five patients who developed metastatic disease. Of the 58
patients with a confirmed absence of germline mutation,
three (5%) developed disease recurrence (Table 4); two had
local recurrence and one developed metastatic recurrence.
The remaining 46 patients did not undergo genetic testing
and there were three metastatic recurrences and one
recurrence of unknown nature in this cohort (recurrence
rate 9%).

Kaplan—-Meier estimates for disease-free survival strat-
ified by mutation status are shown in Fig. la. Disease-free
survival was significantly lower for patients with germline
mutations. Kaplan—Meier estimates for metastatic disease-
free survival are shown in Fig. 1b and did not demonstrate
significant difference between mutation status groups.

Univariate analysis demonstrated that age <40 years
(OR 9.227; 95% CI 2.832-30.066) and any germline
mutation (OR 25.435; 95% CI 3.130-206.684) were sig-
nificantly associated with reduced disease-free survival
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Table 3 Disease course of patients according to genetic mutation

Gene Recurrence  Recurrence Median Median Mortality Notes
(%) type TTR OFT
(years) (years)
Genetic 14 (39) 6 Local 4.4 49 2 (6) 10 x positive FH
mutation 6 s primary 15 x positive PMH
(any, n = 36) .
5 metastatic
disease
SDHA (n=1) 1 (100) 1 x local 33 49 None PG recurrence in Organ of Zuckerkandl
SDHB (n = 7) 3 (43) 2 x local 34 33 None 2 x patients had bony metastatic disease at initial
1 x metastatic presentation
PC 2 x patientshad 2 revision operations
each
1 x positive FH(PPGL)
1 x positive
PMH (PPGL)
SDHD (n = 5) 3 (60) 2 x second 6.3 9.3 None Time to metastatic disease = 4.4 years. This
primary patient also had MEN2A and initial bilateral
1 x metastatic disease
PG 3 x positive FH (2 x PPGL, 1 x MEN2)
4 x positive PMH (PPGL)
NF1 (n = 4) 0 (0) N/A N/A 1.5 None N/A
VHL (n = 6) 2 (33) 1 x second 14.2 12.0 1 (Lung 1 x positive FH (PPGL)
primary metastasis)  « positive PMH (PPGL)
1 x metastatic
PC
TMEM127 0 (0) N/A N/A 9.8 None 1 x bilateral disease
(n=2)
MEN2A 5 (56) 3 x second 12.1 6.1 1 (Aortic Deceased patient had 2 x operations for bilateral
n=9) primary wall PC 5 x positive FH (MEN2)
2 x metastatic metastasis) ¢ positive PMH (6 x MTC, 3 x PPGL)
PC
MEN2B (n =2) 1 (50) 1 x local 1.9 4.5 None 1 x positive FH (MEN2)
2 x positive PMH (1 x PPGL, 2 x MTC)
No mutation 39 2 x local 10.0 2.6 0 (0) 1 x positive FH
(n = 60) 1 x metastatic
disease
Not tested 4 (9) 3 X metastatic 5.4 1.0 53 7 x patients with positive PMH
(n = 46) disease metastatic)

1 x unknown

FH family history, MTC medullary thyroid cancer, N/A not applicable, OFT overall follow-up time, PC pheochromocytoma, PG paraganglioma,
PMH past medical history, PTC papillary thyroid cancer, TTR time to recurrence

(Table 5). Asymptomatic presentation, preoperative cate-
cholamine and metanephrines levels <3 x ULN and
tumour size is 40 mm all demonstrated a trend to reduced
disease-free survival but did not reach statistical signifi-
cance. Multivariate binomial regression analysis revealed
that age < 40 years (OR 9.668; 95% CI 1.077-86.774) and
positive mutation status (OR 10.835; 95% CI 1.214-
96.690) retained significance as independent predictors of
recurrence.

Discussion

This 17-year retrospective cohort study of PPGL patients is
the first to correlate genetic and follow-up data in an
Australian population. We demonstrate that 38% of
patients undergoing genetic testing have a confirmed
germline mutation. At initial presentation, germline muta-
tion carriers were more likely to present younger, with
bilateral disease, asymptomatic disease, smaller tumours,
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Table 4 Cases of recurrence in patients with confirmed mutation absence

Initial disease Initial Recurrence type Median Subsequent management Mortality
management TTR (years)
Right PC (PASS 4, Anterior Local (para-aortic tissue 10.0 Posterior retroperitoneoscopic None
35 mm) laparoscopic and peri-adrenal fat)
Local (peri-nephric fat) 11.4 Anterior laparotomy
Left PC (PASS and Anterior Local 14.0 Left adrenal fossa None
size unavailable) laparotomy resection + retroperitoneal lymph
(overseas) node dissection
Right PC (PASS 8, Anterior Metastatic disease to liver 6.5 MIBG therapy and 4 x cycles of Lutate None
120 mm) laparotomy and bones therapy

MIBG iodine-123 meta-iodobenzylguanidine, PASS Pheochromocytoma of the adrenal gland scaled score, PC pheochromocytoma, PG para-

ganglioma, TTR time to recurrence
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Fig. 1 Kaplan—Meier survival curves for patients with PPGL
stratified according to mutation status. Curves are shown for
disease-free survival (a) as well as for metastatic disease-free survival
(b). Unknown mutation status was assumed as no mutation in (b) due

lower preoperative catecholamines, and have a higher risk
of disease recurrence. When examining recurrent disease,
mutation carriers re-presented at younger age and were
more likely to develop metastatic disease. Disease recur-
rence occurred in 21 (15%) of patients, 14 (67%) of whom
were mutation carriers and seven (33%) were not or had
not been tested. Independent predictors of disease recur-
rence on multivariate analysis included age at presenta-
tion < 40 years and the presence of a germline mutation.

The prevalence of germline mutations in this cohort is
consistent with previous studies, which report that at least
one third of patients with clinically apparently sporadic
disease have predisposing germline mutation [5, 9]. Of
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to a large proportion of metastatic patients with unknown mutation
status

those with genetic disease, we confirm previously known
associations with younger age at diagnosis, bilateral dis-
ease and higher recurrence risk [4, 10]. Patients with a
family history or previously known genetic mutation are
more likely to undergo imaging that leads to diagnosis
before symptom development, which may explain why
these patients also presented with more asymptomatic
disease, smaller tumours and lower preoperative
catecholamines.

The proportion of patients with recurrent disease in this
cohort (15%) and the median time to recurrence of
5.4 years are comparable to other large cohort studies
[11-14]. More than 50% of the patients with an SDHA or
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Table 5 Univariate and multivariate predictors of recurrence
Parameter OR (95% CI) p value OR (95% CI) p value
Univariate analysis Multivariate analysis
Age < 40 years 9.227 (2.832-30.066) <0.001 9.668 (1.077-86.774) 0.043
Sex
Male Ref
Female 0.700 (0.258-1.896) 0.483
Pathology
PG Ref
PC 0.357 (0.085-1.496) 0.159
Asymptomatic presentation 1.600 (0.586—4.367) 0.359
Preoperative biochemistry
Catecholamines < 3 x ULN 2.500 (0.697-8.971) 0.160
Metanephrines <3 x ULN 1.036 (0.282-3.808) 0.958
Operative approach at first operation
Open Ref
Minimally invasive 0.417 (0.066-2.632) 0.352
Tumour size > 40 mm 1.002 (0.341-2.942) 0.997
Genetic testing (n = 94)
Negative Ref
Positive 25.435 (3.130-206.684) 0.002 10.835 (1.214-96.690) 0.033

CI confidence interval, OR = odds ratio, PC pheochromocytoma, PG paraganglioma, Ref reference, ULN upper limit of normal

SDHD mutation or MEN2A/B syndromes experienced
disease recurrence. In both the univariate and multivariate
analysis, younger age and mutation status were strong
predictors of disease recurrence, confirming previous
reports [14—17]. Mutations in MEN2A, SDHB and VHL
were the only genes associated with the development of
metastatic disease, confirming previously known associa-
tions [7].

Three patients developed disease recurrence in the
absence of a germline mutation. Two developed local
recurrence, raising the possibility of capsular breach and
tumour seeding at time of initial operation. The third
patient developed metastatic disease, likely a result of
aggressive tumour biology, suggested by a 120 mm tumour
with a Pheochromocytoma of the Adrenal Gland Scaled
Score (PASS) of 8. It has been suggested that PASS values
greater than four indicate biologically aggressive tumour
behaviour [18], however, there is high inter-observer and
intra-observer variability associated with PASS and it is no
longer routinely performed [19]. Contrary to previous
studies, we did not find an association between tumour size
and recurrence risk [14, 16].

Despite the increasing recognition of the impact of
genotype on disease phenotype, the presenting character-
istics of PPGL patients are not specific to mutation status.
For example, in this cohort, there were three patients who

were diagnosed with unilateral PC at age > 50 years (5%
of patients diagnosed in this age category), without a
family history of PPGL, who harboured a germline muta-
tion. These findings support the position of the most recent
clinical practice guidelines, that recommend germline
testing be routinely performed for PPGL patients [4]. The
results may have significant implications for family mem-
bers and disease follow-up. Follow-up for PPGL patients
should be at least 10 years and annual life-long follow-up
is recommended for patients with a confirmed germline
mutation [4, 9].

This study has several limitations. Due to the changing
practices with respect to genetic testing and storage of data,
not all patients underwent genetic testing. The retrospec-
tive nature of the study design impacted the completeness
of the available data. Because the median follow-up time of
3.1 years was shorter than the time to recurrence, some
recurrences may have been missed in our data collection.
We also did not perform an overall survival analysis due to
the low number of events in our cohort. The association
between genotype and mortality represents an area of
future research.

In conclusion, the presence of a germline mutation in
PPGL patients is associated with extra-adrenal disease and
higher risk of recurrence. The risk of recurrence may be
stratified according to the specific mutation. Routine
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genetic testing of PPGL patients should be performed to
allow enhanced prognostication as well as personalised
treatment and follow-up pathways.
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