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Abstract
Purpose Few studies have assessed the clinical features of pheochromocytoma and paraganglioma (PPGL) not producing
excessive catecholamine. We aimed to clarify the clinical characteristics of PPGL patients with negative results for urinary
metanephrines.
Methods This is a retrospective cross-sectional study. We established a database by combining datasets from the Nation-
wide Cohort Study on the Development of Diagnosis and Treatment of Pheochromocytoma in Japan (PHEO-J) and the
Advancing Care and Pathogenesis of Intractable Adrenal diseases in Japan (ACPA-J). We compared the clinical differences
between PPGL patients with negative results for urinary metanephrines and those with catecholamine-producing PPGL.
Results Five hundred PPGL patients in the combined database were analyzed. Among them, 31 were negative for meta-
nephrines. PPGL with negative results for urinary metanephrines was significantly associated with extra-adrenal disease
(Odds ratio (OR) 6.58, 95% CI (confidence interval) 3.03–14.3, p < 0.001), the presence of metastatic disease (OR 4.22, 95%
CI 1.58–11.3, p= 0.004), and negativity on meta-iodobenzylguanidine (MIBG) scintigraphy (OR 0.15, 95% CI 0.03–0.77,
p= 0.023).
Conclusions Our findings demonstrate that PPGL patients with negative results for urinary metanephrines are associated
with extra-adrenal lesions, metastatic disease, and negative MIBG findings. This suggests that PPGL patients with negative
results for urinary metanephrines have a greater need for systemic whole-body imaging other than MIBG scintigraphy and
close follow-up to monitor for metastasis than do patients with PPGL overtly producing excessive catecholamine.
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Introduction

Pheochromocytoma and paraganglioma (PPGL) are neu-
roendocrine tumors that originate, respectively, from chro-
maffin cells in the adrenal medulla and paraganglia in the
sympathetic and parasympathetic nervous systems [1]. PPGLs
are rare diseases with a combined incidence of 0.57 cases per
100,000 person-years [2]. Typically, these tumors produce
catecholamines, which cause patients to develop such symp-
toms as hypertension, glucose intolerance, panic attacks, and
arrhythmias [1]. Catecholamines are converted to metane-
phrines by catechol-O-methyltransferase (COMT) within the
cells of the catecholamine-producing tumors and are then
released into the circulation [3]. Consequently, for a diagnosis
of PPGL, measurements of metanephrines are a more sensi-
tive indicator than measurements of catecholamines [4].
However, in a portion of PPGL patients, metanephrines levels
are not elevated. In the recent Endocrine Society guidelines,
these patients were described as being rare [4], and there have
been few reports analyzing their clinical features [5, 6]. The
aim of the present study, therefore, was to clarify the char-
acteristics of PPGL patients with negative results for urinary
metanephrines. To do so, we compared the clinical char-
acteristics of patients with catecholamine-producing PPGL
and those with negative results for urinary metanephrines by
an analysis of data from two large databases: the Advancing
Care and Pathogenesis of Intractable Adrenal Diseases in
Japan (ACPA-J) and the Nationwide Cohort Study on the
Development of Diagnosis and Treatment of Pheochromo-
cytoma in Japan (PHEO-J) registries.

Materials and methods

Study population

This is a retrospective, cross-sectional study. We obtained the
clinical data on PPGL patients from the PHEO-J and ACPA-J
databases. The PHEO-J was built to establish a disease reg-
istry for elucidation of prognoses and the effects of treatments
in PPGL patients and to establish a method for early diagnosis
of PPGL based on histopathological markers. The purpose of
the ACPA-J is to build a registration system and cohort for
patients with adrenal tumors and to produce new evidence to
apply to the management of adrenal tumors and contribute to
clinical guidelines. The ACPA-J focuses not only on patients
with PPGL but also on those with other adrenal diseases, such
as Cushing syndrome, subclinical Cushing syndrome, and
adrenocortical cancer.

In the PHEO-J study, PPGL patients who visited out-
patient clinics and hospitals between April 1, 2008, and
March 31, 2012, were registered, regardless of their age.
There were 178 participating institutions. In the ACPA-J

study, patients aged 20 to 90 who were diagnosed with
PPGL between January 2006 to December 2015 were
enrolled. The ACPA-J study was established at 10 centers,
including the National Center for Global Health and Med-
icine, National Hospital Organization Kyoto Medical Cen-
ter, St. Marianna University Yokohama City Seibu
Hospital, Tottori University Hospital, Tokyo Medical and
Dental University, Osaka University Graduate School of
Medicine, Kyoto University, Kanazawa University Gradu-
ate School of Medical Science, Tenri Hospital, and Saisei-
kai Yokohama-shi Tobu Hospital.

Patients enrolled in both studies were mainly treated with
surgery; however, a few patients diagnosed with PPGL at each
institution did not undergo surgery, based upon the assessment
of data that included the levels of catecholamine metabolites
and the results of 123I/131I-meta-iodobenzylguanidine (MIBG)
scintigraphy or magnetic resonance imaging. Some patients
were registered in both the PHEO-J and ACPA-J studies. For
those patients, we analyzed the clinical data in the ACPA-
J study.

The PHEO-J study collected the patients’ clinical char-
acteristics, results of biochemical examinations, and radi-
ological and pathological findings at the time of their initial
diagnosis, at the time of enrollment, and six months after
enrollment. These data were obtained throughout a web
registry system. The ACPA-J study gathered these data at
the time of enrollment, and no follow-up data is available at
present. Collected data were registered to another web
registry system. The present study was conducted using a
dataset validated in March 2013 for the PHEO-J study and
March 2019 for the ACPA-J study.

Of 188 PPGL patients enrolled in the ACPA-J study, we
excluded 16 patients for whom there were no data on
urinary metanephrine or normetanephrine. Forty PPGL
patients were not categorized as having a catecholamine-
producing PPGL or a PPGL with negative results for
urinary metanephrines. Hence, they were not included in the
analysis. Twenty-six patients who had been previously
diagnosed at another institution were also excluded. A total
of 939 PPGL patients were registered in the PHEO-J study.
In the same way, we excluded 451 patients whose data on
urinary metanephrine or normetanephrine were unavailable.
Sixty-one patients were not categorized as having a
catecholamine-producing PPGL or a PPGL with negative
results for urinary metanephrines. Nine patients were
removed due to double registration, and 24 were eliminated
because they were also registered in the ACPA-J study.

Analysis

We collected data on age, sex, family history, and blood
chemistry, including urinary adrenaline, urinary nora-
drenaline, urinary dopamine, urinary metanephrine, and
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urinary normetanephrine. We also gathered radiological
findings, including the location of the tumor, the presence of
metastasis, and the results of MIBG scintigraphy. Metastatic
PPGL was diagnosed when there were tumors in non-
chromaffin cells, such as lymph nodes, liver, lung, or bones.
Patients who had already been diagnosed with PPGL and
received surgery in other hospitals were excluded from the
analysis. The information from MIBG scintigraphy was
only available for patients registered in the ACPA-J.

For the present study, PPGL with negative results for urinary
metanephrines was defined when both urinary metanephrine and
normetanephrine did not exceed their upper reference limits.
PPGL was defined as catecholamine-producing when either
urinary metanephrine or normetanephrine exceeded a level three
times higher than its upper reference limit.

We also collected data on metabolic parameters, including
body mass index (BMI), fasting blood sugar, HbA1c [NGSP,
National Glycohemoglobin Standardization Program], total
cholesterol, high-density lipoprotein cholesterol, low-density
lipoprotein cholesterol (calculated using Friedewald equa-
tion), and triglyceride from the ACPA-J database.

Patients were considered to have hypertension or dysli-
pidemia after confirming a history of hypertension or dys-
lipidemia in the dataset. A diagnosis of glucose intolerance
was made when PPGL patients had FPG ≥ 110 mg/dL, a
75 g oral glucose tolerance test with a two-hour plasma
glucose level of 140 mg/dL or greater, HbA1c ≥ 6.2%, or
were taking medication for diabetes mellitus.

Assay methods

Urinary adrenaline, noradrenaline, dopamine, metanephr-
ine, and normetanephrine were measured using high-
performance liquid chromatography (HPLC). We defined
the upper reference limit for metanephrine as 0.18 mg/day
and that for normetanephrine as 0.28 mg/day.

Statistical methods

We used JMP® ver. 13.2.1 developed by the SAS Institute
Inc. and Stata®/SE ver. 14 developed by LightStone®. Results
are presented as the median (interquartile range) and fre-
quencies (positive/total observations) unless otherwise sta-
ted. The Wilcoxon signed-rank test was used for quantitative
variables. Pearson’s χ2 test was used for categorical vari-
ables. The odds of an event occurring are expressed
as the odds ratio (OR) with the 95% confidence interval (CI).

Ethics

The PHEO-J study was conducted in accordance with the
Declaration of Helsinki and the guidelines for clinical stu-
dies published by the Ministry of Health and Labour, Japan

and was approved by the Ethics Committee of the National
Hospital Organization Kyoto Medical Center as the project-
leading center and by the institutional ethics committees of
the participating centers. The present retrospective study
received ethical approval for the use of the opt-out consent
method according to the Ethics Guidelines for Medical
Research for Humans in Japan.

The ACPA-J study was conducted in accordance with
the Declaration of Helsinki and the guidelines for clinical
studies published by the Ministry of Health, Labour, and
Welfare, Japan and was approved by the Ethics Committee
of the National Center for Global Health and Medicine as
the project-leading center and by the institutional ethics
committees of the participating centers.

Results

A total of 500 PPGL patients were analyzed in the present
study: 106 from the ACPA-J study and 394 from the PHEO-J
study. Their baseline characteristics are summarized in Table
1. The prevalence of PPGL patients with negative results for
urinary metanephrines was 6.2%. The prevalence of patients
with a family history of PPGL was 6.4%. Extra-adrenal
PPGLs were observed in 16.2% of patients. The prevalence of
patients with metastatic PPGL was 6.7%.

In a univariate logistic regression analysis, we found that
extra-adrenal PPGL was positively associated with negative
results for urinary metanephrines (OR 6.58, 95% CI
3.03–14.3, p < 0.001). The presence of metastasis was also

Table 1 Baseline characteristics of patients with PPGL in the ACPA-J
and PHEO-J studies

Characteristic Patients in the
present study

Number of patients analyzed 500

Family history, % 6.4%

Sex, male, % 42.9%

Age, year 53 (39–64)

Urinary adrenaline, µg/day 41.6 (12.3–196)

Urinary noradrenaline, µg/day 445 (194–1510)

Urinary dopamine, µg/day 841 (618–1472)

Urinary metanephrine, mg/day 0.70 (0.14–2.80)

Urinary normetanephrine, mg/day 1.92 (0.86–5.00)

PPGL with negative results for urinary
metanephrines, %

6.2%

Extra-adrenal tumor, % 16.2%

Metastasis, % 6.7%

MIBG positivitya, % 90.3%

aInformation on MIBG positivity was available for 93 patients enrolled
in the ACPA-J study. PPGL pheochromocytoma and paraganglioma,
MIBG meta-iodobenzylguanidine
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positively associated with negative results for urinary
metanephrines (OR 4.22, 95% CI 1.58–11.3, p= 0.004).
The prevalence of MIBG positivity was negatively asso-
ciated with negative results for urinary metanephrines (OR
0.15, 95% CI 0.03–0.77, p= 0.023). Other parameters,
including sex, age at the time of the first diagnosis, and
family history did not differ significantly between PPGL
patients with negative results for urinary metanephrines and
those with a catecholamine-producing PPGL. These results
are summarized in Table 2.

We next assessed the metabolic parameters in patients
with PPGL. The baseline metabolic parameters in PPGL
patients in the ACPA-J study are shown in Table 3. The
percentages of patients with hypertension, glucose intoler-
ance, and dyslipidemia were 64.8%, 42.3%, and 39.4%,
respectively. A comparison between the metabolic para-
meters in patients with negative results for urinary meta-
nephrines and catecholamine-producing PPGL patients in
the ACPA-J cohort is summarized in Table 4. The pre-
valence of hypertension and glucose intolerance were sig-
nificantly lower in PPGL patients with negative results for
urinary metanephrines (35.7% vs. 69.2%, p= 0.015, 15.4%
vs. 46.2%, p= 0.036). Fasting blood sugar and HbA1c
were also significantly lower in PPGL patients with nega-
tive results for urinary metanephrines (89 mg/dL vs.
115 mg/dL, p < 0.001, 5.6% vs. 6.1%, p= 0.007). BMI did
not significantly differ between patients with negative
results for urinary metanephrines and catecholamine-
producing PPGL patients.

Discussion

Our study demonstrated that extra-adrenal PPGL and
metastasis are positively associated with negative results for
urinary metanephrines, while MIBG positivity is negatively
associated with negative results for urinary metanephrines

We found that the prevalence of PPGL patients with
negative results for urinary metanephrines was 6.2% in our

cohort. Based on earlier spectrophotometry, Lenders et al.
reported that 26 of 114 (22.8%) patients were negative for
urinary total metanephrines. Based on an HPLC analysis,
they also reported that only 3 of 105 (2.9%) patients showed
negative results for urinary fractionated metanephrines [7].
A more recent study showed that the prevalence of PPGL
patients with negative results for urinary deconjugated
metanephrines was 16 of 226 patients (7.1%) [8]. In that
study, the prevalence of patients with negative results for
plasma-free metanephrines was lower than urinary levels
(3.4% vs. 7.1%). If plasma-free metanephrines had been
measured instead of urinary fractionated metanephrines in
our study, the prevalence of patients with negative results
for metanephrines in our cohort may have been lower than
the present result. Heavner et al. reported that 7 of 78
(8.9%) PPGL patients were negative for serum biomarkers

Table 2 Comparison of the
clinical characteristics between
PPGL with negative results for
urinary metanephrines and
catecholamine-producing PPGL

Characteristic PPGL with negative results for
urinary metanephrines n= 31

Catecholamine-
producing PPGL n= 469

OR 95% CI p

Family history, % 7.4% 6.4% 1.17 0.26–5.22 0.834

Sex, male, % 58.1% 41.9% 1.92 0.94–4.00 0.083

Age, year 54 (42–67) 53 (38–64) 1.00 0.98–1.03 0.710

Extra-adrenal, % 51.7% 14.0% 6.58 3.03–14.3 < 0.001*

Metastasis, % 20.7% 5.8% 4.22 1.58–11.3 0.004*

MIBG
positivitya, %

66.7% 92.9% 0.15 0.03–0.77 0.023*

aInformation of MIBG positivity was available from 93 patients enrolled in ACPA-J; asterisks (*) indicate
significant differences (p < 0.05). PPGL pheochromocytoma and paraganglioma, OR odds ratio, CI confidence
interval, MIBG meta-iodobenzylguanidine

Table 3 Baseline metabolic parameters in patients in the ACPA-
J study

Characteristic ACPA-J

Number of patients analyzed 106

Sex, male, % 39.6%

Age, year 58 (43–67)

BMI, kg/m2 21.6 (19.2–23.7)

Hypertension, % 64.8%

Fasting blood sugar, mg/dL 111 (94–133)

HbA1c (NGSP), % 6.0 (5.7–6.7)

Glucose intolerance, % 42.3%

Triglyceride, mg/dl 83 (63–123)

HDL cholesterol, mg/dL 69 (58–84)

LDL cholesterol, mg/dL 112 (96–137)

Dyslipidemia, % 39.4%

PPGL with negative results for urinary
metanephrines, %

13.2%

BMI body mass index, HbA1c hemoglobin A1c, HDL high-density
lipoprotein, LDL low-density lipoprotein, PPGL pheochromocytoma
and paraganglioma
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(4 patients were negative for urinary metanephrine, 2 were
negative for plasma metanephrine, and 1 was negative for
plasma catecholamine). In contrast to our results, there were
no extra-adrenal or metastatic tumors in PPGL patients
negative for catecholamines and their metabolites, whereas
there were 6 extra-adrenal and 9 metastatic cases in patients
with catecholamine-producing PPGL [5].

In a retrospective study from the Mayo Clinic, plasma or
urinary metanephrines/catecholamines levels within the
reference ranges were found in 51 of 248 (20.6%) patients
with metastatic PPGL patients [9]. Similarly, PPGL patients
with negative results for urinary metanephrines accounted
for 18.8% (6/32) of PPGL patients with metastasis in our
cohort. The proportion of patients with negative results for
urinary metanephrines was higher among those with meta-
static PPGL than among all PPGL patients. This implies an
association between negative results for metanephrines and
metastatic PPGL. In catecholamine-producing PPGL, cate-
cholamines and their metabolites are higher in patients with
metastatic PPGL than in those with non-metastatic PPGL.
For example, Feng compared the clinical characteristics of
136 PPGL patients and showed that urinary metanephrine
and normetanephrine were significantly higher in patients
with metastatic than non-metastatic PPGL [10]. In their
study, all PPGL patients exhibited elevation of catechola-
mines or their metabolites, whereas our study included
PPGL patients with negative results for urinary metane-
phrines and catecholamines. We presume this discrepancy
is attributable to differences in the characteristics of the
enrolled patients between our study and theirs.

The clinical characteristics of PPGL patients with SDHx
mutations were recently reported. The frequency of meta-
static PPGL is reportedly higher among patients with SDHB
mutations than among those without them [11, 12].

In addition, PPGL with SDHB mutations sometimes lacks
tyrosine hydroxylase, which results in biochemically silent
PPGL [13]. More recently, Dreijerink et al. similarly
showed that SDHD mutations are associated with bio-
chemically silent PPGL [14]. Neumann et al. found that the
prevalence of extra-adrenal PPGL was significantly higher
among patients with SDHB/SDHD mutations than among
those without these mutations [15], while Timmers et al.
showed that the sensitivity of MIBG scintigraphy was lower
in patients with SDHB/SDHD mutations [16]. In the present
study, PPGLs with negative results for urinary metane-
phrines were significantly associated with extra-adrenal
PPGL, negative MIBG scintigraphy findings, and the pre-
sence of metastatic lesions. Considering the characteristics
of SDHx-related PPGL, patients with SDHx mutations may
account for a significant portion of the patients with nega-
tive results for urinary metanephrines in our cohort.

Park et al. assessed urinary excretion of catecholamines and
their metabolites per tumor diameter and found that the amount
of excreted vanillylmandelic acid per tumor diameter was
significantly lower in patients who developed metastatic PPGL
than in those who did not develop metastatic PPGL [17]. In
addition, Grouzmann showed that tumoral catecholamines and
metanephrine levels were lower in patients with extra-adrenal
than adrenal PPGL [18]. Eisenhofer reported that PPGL
patients with SDHB mutations showed lower tumoral cate-
cholamines levels than did other tumors [19]. Eisenhofer et al.
also reported that tumoral catecholamine content had a positive
relationship with tumor-derived increases in metanephrine [20].
We suggest the higher proportion of negative results for urinary
metanephrines in patients with metastatic PPGL may reflect the
lower tumoral catecholamine content in patients with SDHB
mutations or extra-adrenal PPGL, which are more prone to
metastasis than other tumors.

Table 4 Comparison of
metabolic parameters between
PPGL with negative results for
urinary metanephrines and
catecholamine-producing PPGL
in the ACPA-J study

Characteristic PPGL with negative results for
urinary metanephrines n= 14

Catecholamine- producing
PPGL n= 92

p

Sex, male, % 42.9% 39.1% 0.791

Age, year 57 (44–73) 58 (43–67) 0.592

BMI, kg/m2 22.1 (18.6–25.0) 21.6 (19.2–23.7) 0.742

Hypertension, % 35.7% 69.2% 0.015*

Fasting blood sugar, mg/
dL

89 (77–92) 115 (98–133) < 0.001*

HbA1c (NGSP), % 5.6 (5.3–5.9) 6.1 (5.7–7.1) 0.007*

Glucose intolerance, % 15.4% 46.2% 0.036*

Triglyceride, mg/dl 94 (74–227) 81 (62–121) 0.069

HDL cholesterol, mg/dL 66 (48–81) 70 (59–84) 0.402

LDL cholesterol, mg/dL 123 (87–137) 112 (97–136) 0.695

Dyslipidemia, % 38.5% 39.6% 0.940

Asterisks (*) indicate significant differences (p < 0.05). BMI body mass index, HbA1c hemoglobin A1c,
HDL high-density lipoprotein, LDL low-density lipoprotein, PPGL pheochromocytoma and paraganglioma
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The sensitivity of MIBG scintigraphy ranged between 85
and 88% in adrenal PPGL [4]. However, the sensitivity of
MIBG scintigraphy is reportedly lower in other settings. It
ranged between 56 and 75% in extra-adrenal PPGL [4], 50-
59% in metastatic PPGL [16, 21, 22], and 45% in PPGL
arising from SDHx mutations [16]. In the present study, we
found that MIBG positivity was negatively associated with
negative results for urinary metanephrines. This may be
associated with a higher proportion of metastatic PPGL and
extra-adrenal PPGL in patients with negative results for
urinary metanephrines.

In the present study, the prevalence of metastatic PPGL
was 6.7%, which is lower than in previous reports. For
example, Eisenhofer et al. reported 35 of 365 (9.6%) PPGL
patients were diagnosed with metastatic PPGL at the time of
initial presentation. They also reported that another 70
patients were diagnosed with metastatic PPGL during their
follow-up [19]. Another report conducted in South Korea
showed that while 94 of 1048 (9.0%) patients had metastatic
PPGL at the time of diagnosis, an additional 91 patients
were diagnosed with metastatic PPGL during their follow-up
period [23]. Considering that metastatic lesions often
become apparent several years after the initial diagnosis, the
lower prevalence of metastatic PPGL in our cohort is likely
due in part to the lack of follow-up data in the present study.
It may also partly derive from the lower sensitivity of MIBG
scintigraphy for detecting metastatic lesions.

Among metabolic parameters, those associated with
blood pressure and glucose intolerance were significantly
worse in patients with catecholamine-producing PPGL.
This is to be expected, considering the effects of catecho-
lamines on blood pressure and glucose metabolism [24, 25].
A previous study showed the effects of catecholamines on
body weight throughout a hypermetabolic and proin-
flammatory state [26]. Heavner et al. compared the clinical
characteristics between patients with negative results for
catecholamines and their metabolites and catecholamine-
producing PPGLs [5]. They reported that BMIs were sig-
nificantly higher in patients who were negative for cate-
cholamines or their metabolites, though the prevalence of
glucose intolerance did not significantly differ between the
two groups. Our results are inconsistent with these results.
This may reflect differences in the prevalence of obesity and
glucose intolerance between Japan and the United States of
America.

Limitations

There are several limitations to this study. The most
important limitation is that genetic testing was not per-
formed in our cohort. Second, the degree to which con-
sanguinity was investigated was not uniform among the
participating institutions. Third, no MIBG scintigraphy data

were available in the PHEO-J registry. Fourth, according to
the 4th edition of the WHO classification of endocrine
tumors, all PPGLs may have metastatic potential. In the
present study, however, a diagnosis of metastatic PPGL was
based on radiological findings at the time of initial diagnosis
[27, 28]. Fifth, this is a retrospective study. Sixth, we
defined PPGL patients as negative for urinary metane-
phrines when both urinary metanephrine and normeta-
nephrine did not exceed the upper reference limits.
However, the definition of PPGL with negative results for
metanephrines has not been unified in previous reports.
Seventh, we did not have an adequate method for detecting
dopamine-producing tumors. Although data on urinary
dopamine were collected in the study, nearly all urinary
dopamine is synthesized within the renal tubules from cir-
culating DOPA through tubular DOPA-decarboxylase
activity. Consequently, urinary dopamine is not an ade-
quate indicator of dopamine-producing tumors. Eighth, the
methods for measuring tumor size differed in the ACPA-J
and PHEO-J studies. In the ACPA-J study, tumor size was
determined by radiological imaging, whereas it was deter-
mined by measuring pathological specimens in the PHEO-J
study. This made it impossible to include tumor size in the
analysis. Finally, it is impossible to distinguish PPGL that
did not produce catecholamines from tumors classified as
PPGL with negative results for urinary metanephrines.

Conclusion

Our study revealed that PPGL patients without excessive
catecholamines were more likely to have extra-adrenal
lesions and metastatic disease. Because PPGL with negative
results for urinary metanephrines was associated with
negative MIBG scintigraphy findings, whole-body imaging
other than MIBG scintigraphy is important for accurate
localization PPGLs and for diagnosis of metastasis. In
addition, these patients should be closely followed up and
monitored for the emergence of metastatic lesions, even
when there was no metastasis at the time of the first
diagnosis.

Data availability

The data sets used or analyzed during the study are avail-
able from the corresponding author on reasonable request.
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