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Abstract: Pheochromocytomas and paragangliomas (PPGLs) associated with negative catecholamines
are not uncommon. However, few studies have examined clinical features of patients with these
tumors. In the absence of available data, it is difficult to identify characteristics of patients with
potential PPGLs and normal serum and urine screens. Therefore, an analysis of patients with
PPGLs was conducted retrospectively to compare the clinical features of patients with positive and
negative catecholamines. This study included 214 patients, including 69 patients with negative
catecholamines. Prevalence rates of diabetes (p < 0.001) and hypertension (p < 0.001) were lower
and tumor diameter (p < 0.001) was smaller in the negative-catecholamine group compared with
the positive-catecholamine group. Multivariable logistic regression analysis showed that extra-
adrenal PPGLs were independently positively associated with negative catecholamines (p = 0.004);
hypertension (p = 0.001) and tumor diameter (p = 0.016) were independently negatively associated
with negative catecholamines. There was no significant difference in tumor recurrence between the
two groups (mean follow-up, 20.54 + 11.83 months) (p = 0.44). The results demonstrated that PPGL
patients with negative catecholamines were more likely to have extra-adrenal tumors and less likely
to have comorbidities, and these patients should also be closely monitored for tumor recurrence.
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1. Introduction

Pheochromocytomas and paragangliomas (PPGLs) are rare neuroendocrine tumors.
Pheochromocytomas (PHEOs) originate from chromaffin cells of the adrenal cortex, and
paragangliomas (PGLs) originate from extra-adrenal chromalffin cells of the sympathetic
paravertebral ganglia located in the thorax, abdomen, pelvis, and from parasympathetic
ganglia located along the glossopharyngeal and vagal nerves in the neck and at the base
of the skull [1]. The combined incidence is approximately 0.57 cases per 100,000 person-
years [2]. Symptoms such as headache, palpitations, and sweating are caused by cate-
cholamines produced by these tumors [3]. PPGLs should be diagnosed and treated as soon
as possible because incorrectly treated PPGLs can cause life-threatening complications [4].
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As PPGLs secrete catecholamines, the diagnostic biochemical tests for these tumors
involve the detection of these hormones. According to current clinical practice guide-
lines, measurements of plasma or urinary catecholamines should be performed during
biochemical screening for PPGLs, and there is no recommendation regarding which test
should be preferred [1]. Even though these tests are with high sensitivity, for example, the
sensitivity of plasma free metanephrines to diagnose PPGLs has been reported as between
96 and 99% [5], there are indeed many patients with PPGLs who do not exhibit elevated
catecholamines. It may pose a problem for clinicians who mistakenly believe they have
ruled out PPGLs. However, there is little information in the current literature concerning
the clinical features of catecholamine-negative PPGLs, with the majority being case studies
of single patients [6-8]. Therefore, the objective of this study was to compare clinical
characteristics of PPGL patients with positive and negative catecholamine levels to provide
more information for clinicians to better understand this clinical population.

2. Materials and Methods

All consecutive adult patients with PPGLs who underwent surgical resection and had
their diagnosis confirmed by pathological examinations from January 2018 to June 2020 in
the Peking Union Medical College Hospital were retrospectively enrolled. The electronic
medical files of patients were reviewed. Clinical history data, preoperative biochemical
examination results, and tumor diameters and locations were obtained from the electronic
medical record. A total of 313 patients were eligible for study inclusion; we then excluded
58 patients with no catecholamine information, 25 patients who presented to our hospital
due to recurrence or metastasis of PPGLs after treatment in other hospitals, and 16 patients
with incomplete clinical data. In total, 214 were included for analysis.

Patients were grouped according to catecholamine concentration measurements. Neg-
ative catecholamine was defined as when 24 h urinary catecholamine (epinephrine and
norepinephrine), plasma metanephrine, and plasma normetanephrine concentrations did
not exceed their respective reference limits. Positive catecholamine was defined as an
abnormal elevation of the 24 h urinary catecholamine (epinephrine and norepinephrine),
plasma metanephrine, or plasma normetanephrine. The diagnosis of hypertension and
diabetes was made on based on patient history and preoperative blood pressure and
blood glucose measurements, respectively. The patterns of hypertension in patients with
PPGLs comprised sustained, paroxysmal, and mixed patterns [3]. Recurrence was de-
fined as local relapse detected on computed tomography, magnetic resonance imaging,
or functional imaging. Metastatic PPGL was defined as the recurrence at sites without
chromaffin tissue [9]. All recorded laboratory indicators were the results of the patients
before surgery. Measurements of plasma normetanephrine, plasma metanephrine, and
24 h urinary catecholamines were by mass spectrometry. Plasma metanephrine and plasma
normetanephrine were measured after the patients maintained a supine position for at
least 30 min [1]. Factors that affect catecholamine levels, such as caffeine, tricyclic antide-
pressants, phenoxybenzamine, sympathomimetics, and monoamine oxidase inhibitors,
were discontinued at least 24 h before blood samples were obtained [1,10,11]. The tumor
diameters were determined on the basis of the pathological specimens. Most PHEOs were
resected with minimally invasive adrenalectomy; however, open resection was performed
for large tumors (>6 cm). Most PGLs were resected with open surgery; however, laparo-
scopic resection was performed for small tumors in surgically favorable locations [1]. All
patients with hormonally functional PPGLs underwent preoperative blockade, and the
x-adrenergic receptor blockers were the first choice. The 3-adrenergic receptor blockers
were indicated only after administration of «-adrenergic receptor blockers [1]. If patients
with negative catecholamines had positive functional imaging findings, they also under-
went preoperative preparation as described above. If these patients were with negative
functional imaging results, a decision about whether to use preoperative preparation was
made by multidisciplinary teamwork [12].
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The study was approved by the ethics committee of Peking Union Medical College
Hospital and was conducted in accordance with the Declaration of Helsinki. The in-formed
consent requirement was waived because all data were anonymized.

Statistical methods

Histograms and normal quantile-quantile plots were used to assess normality. Con-
tinuous data were reported as the mean =+ standard or median (25th, 75th percentiles),
and they were compared between the groups by Student’s t-test or the rank-sum test.
Categorical variables are presented as numbers (percentages) and were compared using the
Pearson’s chi-square test or Fisher’s exact test as appropriate. Parameters with p < 0.1 in the
univariate logistic regression analysis were included in the multivariate logistic regression
analysis. Two-sided p value < 0.05 was considered as statistically significant. Statistical
analyses were performed using SPSS statistical software, version 25.0 (IBM Corp., Armonk,
NY, USA). GraphPad Prism 8.0 (GraphPad, San Diego, CA, USA) was used to perform
receiver operating characteristic (ROC) curve analysis.

3. Results

Among the 214 study patients, 69 patients had negative catecholamine levels. The
patients’ clinical characteristics are summarized in Table 1. The mean age of the entire
study population was 46.01 & 12.95 years. Hypertension and diabetes accounted for 63.6%
and 26.6% of the patients, respectively. Incidentaloma occurred in 79 patients (36.9%) in the
entire cohort. Tumor location was extra-adrenal in 93 patients (43.5%) and adrenal in 121
(56.5%). Among extra-adrenal tumors, in 25 patients (26.9%) they were located in head and
neck, and in 68 (73.1%) they were located in the thorax or abdomen. Open resection and
minimally invasive adrenalectomy were performed in 142 patients (66.4%) and 72 patients
(33.6%), respectively.

Table 1. Clinical characteristics of patients with pheochromocytoma and paragangliomas.

Variable All (n =214)
Age, years (n = 214) 46.01 + 12.95
Female, % (n = 214) 112(52.3)
Diabetes, % (n = 214) 57(26.6)
Hypertension, % (n = 214) 136(63.6)
BMI, kg/m? (n = 214) 24.37 +3.27
Metabolic parameters
Glucose, mmol/L (n = 214) 5.4(4.7, 6.53)
Total cholesterol, mmol/L (n = 211) 4.49(4.02, 5.23)
Triglyceride, mmol/L (1 = 211) 1.25(0.85, 1.79)
LDL-c, mmol/L (n = 210) 2.76 £ 0.76
Plasma metanephrine, nmol/L (n = 118) 0.18(0.1, 2.59)
Plasma normetanephrine, nmol/L (n = 118) 2.50(0.79, 5.98)
24hU-E, ug/24 h (n = 214) 4.22(2.81,17.51)
24hU-NE, pug/24 h (n = 214) 56.88(31.81,188.01)
24hU-DA, pg/24 h (n = 214) 232.15(186.74, 296.01)
Tumor characteristics (n = 214)
Adrenal PPGL, % 121(56.5)
Extra-adrenal PPGL, % 93(43.5)
Tumor diameter (cm) 5.0(4.0, 6.53)

PPGL, pheochromocytoma and paraganglioma; BMI, body mass index; 24hU-E: 24 h urine epinephrine; 24hU-NE:
24 h urine norepinephrine; 24hU-DA: 24 h urine dopamine; LDL-c, low-density lipoprotein cholesterol. Reference
range: plasma metanephrine: <0.5nmol/L; plasma normetanephrine: <0.9 nmol/L; 24hU-E: 1.74-6.42 ug/24 h;
24hU-NE: 16.69-40.65 ug/24 h; 24hU-DA: 120.93-330.59 ug/24 h.

The clinical characteristics of patients with negative and positive catecholamines are
summarized in Table 2. Age, sex, and BMI were not significantly different between the
two groups. Fewer patients in the negative-catecholamine group had hypertension and
diabetes compared with the positive-catecholamine group (43.5% vs. 73.1%, p < 0.001 and
10.1% vs. 34.5%, p < 0.001, respectively). Concentrations of total cholesterol, triglycerides,
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and low-density lipoprotein cholesterol did not significantly differ between the groups. In
the negative-catecholamine group, median concentrations of plasma metanephrine, plasma
normetanephrine, 24 h urine epinephrine, and 24 h urine norepinephrine were 0.1 nmol/L,
0.27 nmol/L, 3.37 ug/24 h, and 28.39 ug/24 h, respectively. Corresponding concentrations
in the positive-catecholamine group were 0.39 nmol/L, 3.77 nmol/L, 5.68 ug/24 h, and
126.00 pg/24 h, respectively. Extra-adrenal PPGLs were more frequent in the negative-
catecholamine group compared with the positive-catecholamine group (65.2% vs. 33.1%,
p <0.001). In patients with head and neck PPGLs, 2 patients (4.2%) were in the positive-
catecholamine group and 23 patients (51.1%) were in the negative-catecholamine group
(p <0.001). In patients with thoracic or abdominal PPGLs, 46 patients (95.8%) were in the
positive-catecholamine group and 22 patients (48.9%) were in the negative-catecholamine
group (p < 0.001). Tumor diameter in the negative-catecholamine group was significantly
smaller than that in the positive-catecholamine group (4.0 (3.0, 6.0) vs. 5.5 (4.5, 7.0) cm,
p <0.001).

Table 2. Clinical characteristics of the patients in the positive- and negative-catecholamine groups.

Negative- Positive-
Variable Catecholamine Catecholamine p Value
Group (n = 69) Group (n = 145)
Age, years (n = 214) 4791 £ 12.53 45.10 + 13.09 0.138
Female, % (n = 214) 41(59.4) 71(49.0) 0.152
Diabetes, % (n = 214) 7(10.1) 50(34.5) <0.001
Hypertension, % (n = 214) 30(43.5) 106(73.1) <0.001
BMI, kg/m? (n = 214) 24.63 +2.98 24.26 + 3.40 0.439
Metabolic parameters
Glucose, mmol/L (n = 214) 4.9(4.6,5.65) 5.6(4.9, 6.75) 0.001
Total cholesterol, mmol/L (n =211) 4.38(3.96, 4.92) 4.55(4.03, 5.34) 0.103
Triglyceride, mmol /L (n = 211) 1.36(0.90, 1.86) 1.23(0.76, 1.76) 0.36
LDL-c, mmol/L (n = 210) 2.63 +0.74 2.81+0.77 0.106
Tumor characteristics (n = 214)
Adrenal PPGL, % 24(34.8) 97(66.9) <0.001
Extra-adrenal PPGL, % 45(65.2) 48(33.1) <0.001
Tumor diameter (cm) 4.0(3.0, 6.0) 5.5(4.5,7.0) <0.001

PPGL, pheochromocytoma and paraganglioma; BMI, body mass index; LDL-c, low-density lipoprotein
cholesterol.

In the univariate logistic regression analysis, extra-adrenal PPGLs were positively
associated with negative catecholamines (odds ratio (OR): 3.789, 95% confidence interval
(95% CI): 2.071-6.933; p < 0.001). Diabetes, hypertension, and tumor diameter were nega-
tively associated with negative catecholamines (OR: 0.215, 95% CI: 0.091-0.504, p < 0.001;
OR: 0.283, 95% CI: 0.155-0.516, p < 0.001; and OR: 0.77, 95% CI: 0.662-0.895, p = 0.001,
respectively). These results are summarized in Table 3. According to the results of the uni-
variate logistic regression analysis, diabetes, hypertension, total cholesterol, extra-adrenal
PPGL, and tumor diameter were included in the multivariate logistic regression analysis.
The results showed that extra-adrenal PPGL (OR, 2.724; 95% CI: 1.382-5.372; p = 0.004)
was independently positively associated with negative catecholamines; hypertension (OR,
0.305, 95% CI: 0.155-0.600, p = 0.001) and tumor diameter (OR, 0.826, 95% CI: 0.707-0.966,
p = 0.016) were independently negatively associated with negative catecholamines. We
used ROC curves to determine the diagnostic potential of tumor diameter for PPGLs
with negative catecholamines. The area under the curve was 0.660 (95% CI: 0.577-0.743;
p <0.001), and the cutoff value was 4.85 cm (Figure 1).
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Table 3. Results of the univariate logistic regression.

Variable P OR 95% CI
Age 0.139 1.017 0.994-1.040
Female 0.153 1.526 0.854-2.727
Diabetes <0.001 0.215 0.091-0.504
Hypertension <0.001 0.283 0.155-0.516
BMI 0.437 1.035 0.948-1.130
Total cholesterol 0.09 0.759 0.551-1.044
Triglyceride 0.747 0.963 0.768-1.209
LDL-c 0.108 0.725 0.489-1.073
Extra-adrenal PPGL <0.001 3.789 2.071-6.933
Tumor diameter 0.001 0.77 0.662-0.895

PPGL, pheochromocytoma and paraganglioma; BMI, body mass index; LDL-c, low-density lipoprotein cholesterol;
OR, odds ratio; 95% CI, 95% confidence interval.
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Figure 1. Receiver operating characteristic curve evaluating the diagnostic potential of tumor di-

ameter for predicting PPGLs with negative catecholamines. AUC: area under the curve; PPGLs:
pheochromocytomas and paragangliomas.

In this study, 180 patients were followed up for a mean of 20.54 + 11.83 months, includ-
ing 61 in the negative-catecholamine group and 119 in the positive-catecholamine group.
Among them, five patients developed disease recurrence, namely three in the negative-
catecholamine group and two in the positive-catecholamine group. There was no significant
difference in tumor recurrence rates between the groups (p = 0.44). Three patients were
diagnosed with metastases during the follow-up, and all were in the positive-catecholamine
group. One patient died because of hypertension in the positive-catecholamine group.

4. Discussion

In our study, a positive association was found between extra-adrenal PPGLs and
negative catecholamines, and there was no significant difference in early tumor recurrence
rates between the two groups. Additionally, comorbidities were less frequent and tumor
diameter was smaller in the negative-catecholamine group. This study provided useful
information for clinicians to understand the PPGL patients with negative catecholamines,
which was very helpful for diagnosis and follow-up of patients with PPGLs.

A previous study of 42 patients presenting with adrenal incidentaloma revealed
14 cases of PHEO, with 3 (21%) of these exhibiting borderline urine or serum metanephrine
concentrations [13]. Another study from Italy revealed that 14% of the patients with PHEOs
had negative urine catecholamines [14]. In Kawashima et al.’s cohort [15], the prevalence of
patients with PPGLs and negative urine catecholamine results was 6.2%. In Heavner et al.’s
study [6], 9% of patients with PHEOs had negative markers preoperatively. On the basis of
these findings, the exact proportion of negative catecholamines in patients with PPGLs is
not yet clear. Two factors may explain the wide range of reported rates: study population
and definition of negative catecholamine concentrations. The evaluated population in our
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study comprised patients with PPGLs; however, some previous studies evaluated patients
with PHEOs only [6,14]. Furthermore, the definition of negative catecholamines varied in
previous studies in accordance with testing conditions at the different medical facilities
where the studies were conducted. In our study, negative catecholamine was defined as
plasma metanephrine, plasma norepinephrine, and urinary catecholamine concentrations
not exceeding their respective upper reference limits. In Kawashima et al.’s study [15],
negative catecholamine was defined as when the levels of urinary metanephrine and
normetanephrine did not exceed their upper reference limits. Large-scale, well-defined,
and well-targeted studies are needed to address this issue; however, because of the rarity
of PPGLs, performing these studies will be a great challenge.

In the present study, extra-adrenal PPGLs were significantly associated with nega-
tive catecholamines, and this result was similar with Kawashima et al.’s study [15]. An
association between negative catecholamines and extra-adrenal PPGLs is implied by the
high proportion of extra-adrenal PPGLs in patients in the negative-catecholamine group.
In PPGLs with the SDHB mutation, tyrosine hydroxylase is sometimes absent, resulting
in PPGL with biochemical silence [16]. Moreover, biochemically silent PPGLs have been
associated with SDHD mutations in a previous study [17]. A recent paper describing
the natural history and management of familial PGL syndrome type 1 also reported that
negative biochemical results occurred in the patients with SDHD mutations [18]. In ad-
dition, according to Neumann et al.’s study, patients with SODHB/SDHD mutations were
significantly more likely to develop extra-adrenal PPGL than those without [19]. According
to the results of above studies, the tumor locations and catecholamine secretion may be
associated with the type of gene mutation.

In a recent systematic review reporting patients with PPGLs treated with Sunitinib,
almost half of the patients with malignant PPGLs did not have excess catecholamine
secretion, while the remaining patients were with elevated catecholamines [20]. This
phenomenon suggests that it is very interesting to explore the relationship between cate-
cholamine secretion and metastatic progression of PPGLs. In Kawashima et al.’s study [15],
PPGLs with negative catecholamines were associated with metastatic disease. In contrast to
Kawashima et al.’s results [15], Heavner et al. [6] reported there were no metastatic PPGLs
in patients with negative catecholamines, whereas there were nine metastatic cases in
patients with positive catecholamines. Another study also reported that catecholamine con-
centrations were higher in patients with metastatic PPGLs than non-metastatic PPGLs [21].
In our study, after the short-term follow-up, only three patients were diagnosed with
metastatic PPGLs, and all were in the catecholamine-positive group. Compared with
previous reports [15,22,23], the proportion of metastatic PPGLs was lower in this study.
The possible reasons for this difference are as follows: First, we excluded patients who
presented with recurrence or metastasis of PPGL after treatment in other hospitals before
analysis. Second, as metastatic PPGLs often become evident several years after initial
diagnosis, the lower metastatic prevalence in this study may be due in part to the short-
term follow-up. Nonetheless, the proportion of tumor recurrence between the two groups
was not significantly different, suggesting that it is essential to closely monitor patients
in the catecholamine-negative group for tumor recurrence, just as patients with positive
catecholamines.

Several previous studies have reported a positive correlation between tumor size
and catecholamine concentrations [24-26]. In this study, we also found that tumor di-
ameter in the patients in the negative-catecholamine group was smaller than that in the
positive-catecholamine group. Although tumor diameter was smaller in patients with
negative catecholamines, existing literature has indicated that caution should be exercised
regarding complications when resecting these tumors. In one case report, a hypertensive
episode occurred during resection of an incidentally discovered adrenal lesion in a patient
without elevated metanephrine concentration, and PHEO was later diagnosed [7]. Despite
successful treatment, this case illustrates that complications may still occur during surgical
resection of tumors with negative catecholamines.
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In our study, hypertension and diabetes were less frequent in the negative cate-
cholamine group than the positive catecholamine group, which was expected owing to the
effect of catecholamines on blood pressure and glucose metabolism [27-29]. Catecholamines
also affect body weight during hypermetabolic and proinflammatory states [30]. As a re-
sult of a comparison between patients with negative catecholamines and patients with
catecholamine-positive PPGLs, Heavner et al. [6] reported that BMI was higher in patients
with negative catecholamines; however, Kawashima et al. [15] did not find a difference in
BMI between their negative- and positive-catecholamine groups, and the results in this
study were consistent with Kawashima et al.’s. The difference between the BMI in the above
studies may be due to the different prevalence of obesity between Asians and Americans.

Anatomical documentation of the tumor is necessary to diagnose PPGLs, and hor-
monal tests for catecholamines are helpful in the diagnosis of them [11]. Current Endocrine
Society Guidelines [1] suggests annual biochemical surveillance for PPGL patients. Ac-
cording to Puliani et al.’s suggestions [18], in PPGL patients with negative biochemical
results and SDHD mutations, periodic follow-up should include an annual biochemical
and ultrasonographic screening and biannual neck-mediastinum magnetic resonance exam-
ination. Based on our experience, for catecholamine-negative patients, we also recommend
annual biochemical testing and ultrasonographic screening, as well as biannual magnetic
resonance imaging to assess recurrence and metastasis.

This study has several limitations. First, bias was inevitable because of the ret-
rospective and single-center study design. Second, plasma metanephrine and plasma
normetanephrine concentrations were not measured in all patients. However, not all hospi-
tals have the ability to measure plasma-free catecholamines, while measurement of urine
catecholamines is common and feasible. Third, owing to the lack of genetic screening, we
could not confirm a relationship between genotype and catecholamines. Fourth, there
was no reliable method for dopamine-producing tumors. The plasma methoxytyramine
measurement was not available in our medical institution; although urinary dopamine
was collected, the majority of it is synthesized in the renal tubules from circulating Dopa.
Therefore, urinary dopamine is not a reliable indicator of dopamine-producing tumors. As
tumors that produce dopamine predominantly or exclusively are rare [31-33], the results
in our study can still be used for the assessments of most PPGLs.

5. Conclusions

The existence of catecholamine-negative PPGLs has been established, and they are
not uncommon. Negative first-line catecholamine testing does not necessarily rule out
a diagnosis of PPGLs. PPGL patients with negative catecholamines had an increased
likelihood of having extra-adrenal lesions and a lower likelihood of having comorbidities. In
addition, patients with preoperative negative catecholamines should be closely monitored
for tumor recurrence.

Author Contributions: Conceptualization, L.Z., Y.L. and X.Z. (Xianlian Zhou); methodology, L.Z. and
Y.L.; formal analysis, L.Z. and X.Z. (Xiaoran Zhang); resources, Y.L., X.Z. (Xianlian Zhou) and H.Z,;
data curation, T.Z., XM., Q.Z., H.F. and X.Z. (Xiaoran Zhang); writing—original draft preparation,
L.Z.; writing—review and editing, X.Z. (Xiaoran Zhang), Y.L., X.Z. (Xianlian Zhou) and H.Z. All
authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Science and Technology Innovation 2030 “New Generation
Artificial Intelligence” Major Project (Ministry of Science and Technology) (2020AAA0109600) and
the National Key Research and Development Program of China (2016YFC1300100). The funding
sources had no involvement in the study design; collection, analysis, and interpretation of the data;
writing of the report; or the decision to submit the article for publication.

Institutional Review Board Statement: This study was approved by the ethics committee of Peking
Union Medical College Hospital (approval number: JS-2898 (accessed on 27 April 2021)).

Informed Consent Statement: Owing to the retrospective nature of the study and that all data were
anonymized and de-identified, the requirement for informed consent in this study was waived.



J. Clin. Med. 2022, 11, 5583 80of9

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

@

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Lenders, ].W.; Duh, Q.Y.; Eisenhofer, G.; Gimenez-Roqueplo, A.P.; Grebe, S.K.; Murad, M.H.; Naruse, M.; Pacak, K.; Young, W.E, Jr.
Pheochromocytoma and paraganglioma: An endocrine society clinical practice guideline. J. Clin. Endocrinol. Metab. 2014,
99, 1915-1942. [CrossRef]

Berends, A.M.A; Buitenwerf, E.; de Krijger, R.R.; Veeger, N.; van der Horst-Schrivers, A.N.A.; Links, T.P; Kerstens, M.N. Incidence
of pheochromocytoma and sympathetic paraganglioma in the Netherlands: A nationwide study and systematic review. Eur. |.
Intern. Med. 2018, 51, 68-73. [CrossRef]

Lenders, ].W.; Eisenhofer, G.; Mannelli, M.; Pacak, K. Phaeochromocytoma. Lancet 2005, 366, 665-675. [CrossRef]

Y-Hassan, S.; Falhammar, H. Cardiovascular Manifestations and Complications of Pheochromocytomas and Paragangliomas.
J. Clin. Med. 2020, 9, 2435. [CrossRef]

van Berkel, A ; Lenders, J.W.; Timmers, H.J. Diagnosis of endocrine disease: Biochemical diagnosis of phaeochromocytoma and
paraganglioma. Eur. |. Endocrinol. 2014, 170, R109-R119. [CrossRef]

Heavner, M.G.; Krane, L.S.; Winters, S.M.; Mirzazadeh, M. Pheochromocytoma diagnosed pathologically with previous negative
serum markers. J. Surg. Oncol. 2015, 112, 492-495. [CrossRef]

Kota, S.K.; Kota, S.K.; Panda, S.; Modi, K.D. Pheochromocytoma: An uncommon presentation of an asymptomatic and biochemi-
cally silent adrenal incidentaloma. Malays. . Med. Sci. 2012, 19, 86-91. [PubMed]

Ozkaya, M.; Yuzbasioglu, M.E; Bulbuloglu, E.; Bakaris, S.; Oksuz, H.; Gisi, K.; Onder, A. Incidental pheochromocytoma presenting
with sublaboratory findings in asymptomatic surrenal masses: A case report. Cases J. 2008, 1, 10. [CrossRef]

Parasiliti-Caprino, M.; Lucatello, B.; Lopez, C.; Burrello, J.; Maletta, F.; Mistrangelo, M.; Migliore, E.; Tassone, F.; La Grotta, A.;
Pia, A.; et al. Predictors of recurrence of pheochromocytoma and paraganglioma: A multicenter study in Piedmont, Italy.
Hypertens. Res. 2020, 43, 500-510. [CrossRef]

Neary, N.M.; King, K.S.; Pacak, K. Drugs and pheochromocytoma—Don’t be fooled by every elevated metanephrine. N. Engl. .
Med. 2011, 364, 2268-2270. [CrossRef]

Prinzi, N.; Corti, E; Torchio, M.; Niger, M.; Antista, M.; Pagani, F.; Beninato, T.; Pulice, I.; Rossi, R.E.; Coppa, |.; et al. Metastatic
pheochromocytomas and paragangliomas: Where are we? Tumori 2022. Online ahead of print. [CrossRef] [PubMed]

Fang, F; Ding, L.; He, Q.; Liu, M. Preoperative Management of Pheochromocytoma and Paraganglioma. Front. Endocrinol. 2020,
11, 586795. [CrossRef]

Lee, J.A.; Zarnegar, R.; Shen, W.T.; Kebebew, E.; Clark, O.H.; Duh, Q.Y. Adrenal incidentaloma, borderline elevations of urine
or plasma metanephrine levels, and the “subclinical” pheochromocytoma. Arch. Surg. 2007, 142, 870-873; discussion 873-874.
[CrossRef]

Mantero, E; Terzolo, M.; Arnaldi, G.; Osella, G.; Masini, A.M.; Ali, A.; Giovagnetti, M.; Opocher, G.; Angeli, A. A survey on
adrenal incidentaloma in Italy. Study Group on Adrenal Tumors of the Italian Society of Endocrinology. J. Clin. Endocrinol. Metab.
2000, 85, 637-644. [CrossRef]

Kawashima, A.; Sone, M.; Inagaki, N.; Okamoto, K.; Tsuiki, M.; Izawa, S.; Otsuki, M.; Okamura, S.; Ichijo, T.; Katabami, T.; et al.
Pheochromocytoma and paraganglioma with negative results for urinary metanephrines show higher risks for metastatic diseases.
Endocrine 2021, 74, 155-162. [CrossRef]

Timmers, H.J.; Pacak, K.; Huynh, T.T.; Abu-Asab, M.; Tsokos, M.; Merino, M.].; Baysal, B.E.; Adams, K.T.; Eisenhofer, G.
Biochemically silent abdominal paragangliomas in patients with mutations in the succinate dehydrogenase subunit B gene.
J. Clin. Endocrinol. Metab. 2008, 93, 4826-4832. [CrossRef]

Dreijerink, KM.A.; Rijken, J.A.; Compaijen, C.J.; Timmers, H.; van der Horst-Schrivers, A.N.A.; van Leeuwaarde, R.S,;
van Dam, P.S.; Leemans, C.R.; van Dam, E.; Dickhoff, C.; et al. Biochemically Silent Sympathetic Paraganglioma, Pheochromocy-
toma, or Metastatic Disease in SDHD Mutation Carriers. . Clin. Endocrinol. Metab. 2019, 104, 5421-5426. [CrossRef]

Puliani, G.; Sesti, F.; Feola, T.; Di Leo, N.; Polti, G.; Verrico, M.; Modica, R.; Colao, A.; Lenzi, A.; Isidori, A.M.; et al. Natural
History and Management of Familial Paraganglioma Syndrome Type 1: Long-Term Data from a Large Family. J. Clin. Med. 2020,
9, 588. [CrossRef]

Neumann, H.P; Pawlu, C.; Peczkowska, M.; Bausch, B.; McWhinney, S.R.; Muresan, M.; Buchta, M.; Franke, G.; Klisch, J.;
Bley, T.A.; et al. Distinct clinical features of paraganglioma syndromes associated with SDHB and SDHD gene mutations. JAMA
2004, 292, 943-951. [CrossRef]

Sesti, F.; Feola, T.; Puliani, G.; Centello, R.; Di Vito, V.; Bagni, O.; Lenzi, A.; Isidori, A.M.; Cantisani, V.; Faggiano, A.; et al. Sunitinib
Treatment for Advanced Paraganglioma: Case Report of a Novel SDHD Gene Mutation Variant and Systematic Review of the
Literature. Front. Oncol. 2021, 11, 677983. [CrossRef]

Feng, F; Zhu, Y.; Wang, X.; Wu, Y.; Zhou, W,; Jin, X.; Zhang, R.; Sun, F; Kasoma, Z.; Shen, Z. Predictive factors for malignant
pheochromocytoma: Analysis of 136 patients. J. Urol. 2011, 185, 1583-1590. [CrossRef]


http://doi.org/10.1210/jc.2014-1498
http://doi.org/10.1016/j.ejim.2018.01.015
http://doi.org/10.1016/S0140-6736(05)67139-5
http://doi.org/10.3390/jcm9082435
http://doi.org/10.1530/EJE-13-0882
http://doi.org/10.1002/jso.24031
http://www.ncbi.nlm.nih.gov/pubmed/22973143
http://doi.org/10.1186/1757-1626-1-10
http://doi.org/10.1038/s41440-019-0339-y
http://doi.org/10.1056/NEJMc1101502
http://doi.org/10.1177/03008916221078621
http://www.ncbi.nlm.nih.gov/pubmed/35593402
http://doi.org/10.3389/fendo.2020.586795
http://doi.org/10.1001/archsurg.142.9.870
http://doi.org/10.1210/jcem.85.2.6372
http://doi.org/10.1007/s12020-021-02816-9
http://doi.org/10.1210/jc.2008-1093
http://doi.org/10.1210/jc.2019-00202
http://doi.org/10.3390/jcm9020588
http://doi.org/10.1001/jama.292.8.943
http://doi.org/10.3389/fonc.2021.677983
http://doi.org/10.1016/j.juro.2010.12.050

J. Clin. Med. 2022, 11, 5583 90f9

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Eisenhofer, G.; Lenders, ].W.; Siegert, G.; Bornstein, S.R.; Friberg, P.; Milosevic, D.; Mannelli, M.; Linehan, W.M.; Adams, K,;
Timmers, H.J.; et al. Plasma methoxytyramine: A novel biomarker of metastatic pheochromocytoma and paraganglioma in
relation to established risk factors of tumour size, location and SDHB mutation status. Eur. ]. Cancer 2012, 48, 1739-1749.
[CrossRef] [PubMed]

Kim, J.H.; Moon, H.; Noh, J.; Lee, J.; Kim, S.G. Epidemiology and Prognosis of Pheochromocytoma/Paraganglioma in Korea: A
Nationwide Study Based on the National Health Insurance Service. Endocrinol. Metab. 2020, 35, 157-164. [CrossRef] [PubMed]
Falhammar, H.; Kjellman, M.; Calissendorff, J. Initial clinical presentation and spectrum of pheochromocytoma: A study of 94
cases from a single center. Endocr. Connect. 2018, 7, 186-192. [CrossRef]

Guerrero, M.A.; Schreinemakers, ].M.; Vriens, M.R.; Suh, I.; Hwang, J.; Shen, W.T.; Gosnell, ].; Clark, O.H.; Duh, Q.Y. Clinical
spectrum of pheochromocytoma. J. Am. Coll. Surg. 2009, 209, 727-732. [CrossRef]

Eisenhofer, G.; Lenders, ].W.; Goldstein, D.S.; Mannelli, M.; Csako, G.; Walther, M.M.; Brouwers, EM.; Pacak, K. Pheochromocy-
toma catecholamine phenotypes and prediction of tumor size and location by use of plasma free metanephrines. Clin. Chem.
2005, 51, 735-744. [CrossRef]

Pappachan, ].M.; Tun, N.N.; Arunagirinathan, G.; Sodi, R.; Hanna, EW.F. Pheochromocytomas and Hypertension. Curr. Hypertens.
Rep. 2018, 20, 3. [CrossRef]

Khatiwada, S.; Agarwal, S.; Kandasamy, D.; Jyotsna, V.P.; Kumar, R.; Kumar Bansal, V.; Pandey, R.M.; Gupta, N.; Tandon, N.
Diabetes mellitus in pheochromocytoma and paraganglioma: Prevalence, dynamics of insulin secretion/sensitivity and predictors
of remission. Diabetes Metab. Syndr. 2020, 14, 2169-2175. [CrossRef]

Elenkova, A.; Matrozova, J.; Vasilev, V.; Robeva, R.; Zacharieva, S. Prevalence and progression of carbohydrate disorders in
patients with pheochromocytoma/paraganglioma: Retrospective single-center study. Ann. D’endocrinologie 2020, 81, 3-10.
[CrossRef] [PubMed]

Krumeich, L.N.; Cucchiara, A.J.; Nathanson, K.L.; Kelz, R.R.; Fishbein, L.; Fraker, D.L.; Roses, R.E.; Cohen, D.L.; Wachtel, H.
Correlation Between Plasma Catecholamines, Weight, and Diabetes in Pheochromocytoma and Paraganglioma. J. Clin. Endocrinol.
Metab. 2021, 106, €4028-e4038. [CrossRef]

Eisenhofer, G.; Goldstein, D.S.; Sullivan, P.; Csako, G.; Brouwers, EM.; Lai, E.W.; Adams, K.T.; Pacak, K. Biochemical and clinical
manifestations of dopamine-producing paragangliomas: Utility of plasma methoxytyramine. J. Clin. Endocrinol. Metab. 2005,
90, 2068-2075. [CrossRef]

Lee, M.S; Lee, R,; Park, S.H.; Kwon, S.; Park, ].Y.; Lee, S.W.; Lee, S.M.; Moon, ].E. Metanephrine Negative Pheochromocytoma: A
rare case report of dopamine-secreting tumor in an adolescent patient with NF1. Ann. Pediatric Endocrinol. Metab. 2022. [CrossRef]
Miyamoto, S.; Yoshida, Y.; Ozeki, Y.; Okamoto, M.; Gotoh, K.; Masaki, T.; Nishida, H.; Shibuya, T.; Shin, T.; Daa, T.; et al.
Dopamine-Secreting Pheochromocytoma and Paraganglioma. J. Endocr. Soc. 2021, 5, bvab163. [CrossRef]


http://doi.org/10.1016/j.ejca.2011.07.016
http://www.ncbi.nlm.nih.gov/pubmed/22036874
http://doi.org/10.3803/EnM.2020.35.1.157
http://www.ncbi.nlm.nih.gov/pubmed/32207276
http://doi.org/10.1530/EC-17-0321
http://doi.org/10.1016/j.jamcollsurg.2009.09.022
http://doi.org/10.1373/clinchem.2004.045484
http://doi.org/10.1007/s11906-018-0804-z
http://doi.org/10.1016/j.dsx.2020.10.030
http://doi.org/10.1016/j.ando.2020.01.001
http://www.ncbi.nlm.nih.gov/pubmed/32067697
http://doi.org/10.1210/clinem/dgab401
http://doi.org/10.1210/jc.2004-2025
http://doi.org/10.6065/apem.2244016.008
http://doi.org/10.1210/jendso/bvab163

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

