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Abstract

Background: Pheochromocytomas are rare tumors of the
adrenal medulla and extra-adrenal sympathetic
chromaffin tissues. This study investigates the clinical and
genetic features of pheochromocytoma.

Methods: We analyzed records of 167 patients diagnosed
with pheochromocytomas. Patients were divided into
three groups, as follows: group 1 – patients with multiple
endocrine neoplasia type 2; group 2 – patients with von
Hippel-Lindau Syndrome; group 3 – patients with sporadic
pheochromocytoma.

Findings: The average age at the time of initial diagnosis
was 25 years in group 1, 18 years in group 2 and 47 years
in group 3. The predominant secretion of epinephrine was
associated with the multiple endocrine neoplasia type 2,
the predominant secretion of norepinephrine was
associated with von Hippel-Lindau syndrome and the
mixed secretion was associated with sporadic
pheochromocytoma. There was a positive relationship
between the tumor sizes and excretion of methylated
metanephrines in group 1. All tumors of this group were
localized in adrenals (82% of pheochromocytomas were
bilateral and 58% of pheochromocytomas were
multifocal). In group 2 16.4% of patients had extra-
adrenal tumor localization, at 6.6% of patients had
metastases. In groups 1 and 3 no metastases were found.

Conclusion: These data suggest that genetic testing
should be recommended in patients younger than 40
years, in patients with bilateral and multifocal tumors and
in patients with family history of pheochromocytoma. The
predominant production of norepinephrine makes the
diagnosis of multiple endocrine neoplasia type 2 unlikely.
In patients with multiple endocrine neoplasia type 2 and
the predominant production of epinephrine the search for

the metastases and extra-adrenal tumor localization is
inappropriate.
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Introduction
Recent data have clearly demonstrated, that hereditary

cause of chromaffin tumors is much more prevalent (30-42%
of patients) than previously thought (10% of patients) [1-3].
Hereditary pheochromocytomas are attributable to pathogenic
variants in RET, VHL, NF1, SDHD, SDHC and SDHB. Some
hereditary pheochromocytomas are associated with increased
risk of malignancy and tumor recurrence. In such patients the
general condition and prognosis of the disease are burdened
by co-existing tumor pathology. Timely diagnosis of
pheochromocytoma and concomitant syndromes determine
the prognosis of disease, further tactics of treatment and
observation of patients.

Researchers are still debating about the spectrum of genetic
testing in patients with pheochromocytoma. Testing of
all tumor susceptibility genes in all patients with
pheochromocytoma is economically infeasible. In this regard,
the determination of phenotypic characteristics of hereditary
diseases (clinical picture, secretory and topical features of a
tumor) plays an important role in planning for genetic testing.

Currently, there is no consensus regarding the volume of
surgical intervention in patients with hereditary
pheochromocytoma. Partial adrenalectomy is associated with
a significantly increased risk of local tumor recurrence (in
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hereditary syndrome each chromaffin cell has a high tumor
potential). The re-interventions are associated with a
significantly increased risk of intra- and postoperative
complications. On the other hand, the total bilateral
adrenalectomy (in patients with bilateral pheochromocytoma)
is associated with the necessity for lifelong regular
corticosteroid therapy and leads to a significant deterioration
in the quality of life [4].

According to the literature data, the detection rate of
metastatic lesions in patients with pheochromocytoma varies
within wide limits – from 3% to 36%. There is no clear
understanding of malignant potential in Multiple endocrine
neoplasia type 2 (MEN 2) – from 0% to 10% [5]. Thus, the
determination of metastatic potential of different genotypic
lesions is topical. The prediction of malignant potential will
help to establish an adequate monitoring algorithm.

Currently, the expensive imaging methods with different
radiation exposure are being used for the determination of
lesion extent: computed tomography scan, magnetic-
resonance imaging, positron emission tomography, 123I-
metaiodobenzylguanidine scintigraphy and others. However,
the indications for each method of topical diagnosis and scope
of the examination in different genetic variants of
pheochromocytoma remain unclear.

Thus, multilateral analysis of genetically determined
pheochromocytomas is necessary to develop the optimum
medical tactics of this category of patients. The patients have
been examined and operated on in the period 1979 to 2010.
The diagnosis of pheochromocytoma was histologically
confirmed in all cases.

Materials and Methods
This study was a retrospective comparative study of 167

patients with pheochromocytoma managed in Endocrinology
Research Centre (ERC). The patients have been examined and
operated on in the period 1979 to 2010. The diagnosis of
pheochromocytoma was histologically confirmed in all cases.
Patients were divided into three groups, as follows: group 1
(n=66) – patients with multiple endocrine neoplasia (MEN)
type 2 (group 1); group 2 (n=61) – patients with von Hippel-
Lindau Syndrome; group 3 (n=40) – patients with sporadic
pheochromocytoma. The diagnosis was confirmed genetically
and/or clinically (if patients have at least two classical
components of syndrome the diagnosis may be confirmed
clinically without genetic research). The group 3 included
patients with unilateral pheochromocytoma without burden
family medical history or any diseases, associated with
hereditary pheochromocytomasyndromes.

The histology research of postoperative material has been
confirmed in the Department of Pathomorphology of ERC. The
tissues were stained with hematoxylin and eosin. For cortex
verification the staining by Sudan Black or Sudan III has been
used. The diagnosis was formulated according to WHO
International Histological Classification of Tumors in the 1983
edition.

The molecular genetic testing was conducted in different
genetic laboratories, including Laboratory of Department of
hereditary endocrinopathy of ERC. The patients' blood was
collected in tubes with EDTA. The DNA was extracted from
peripheral blood leukocytes using QIAMP DNA mini kit
(QIAGEN, Hilden, Germany). RET (exons 10, 11 и 16) and VHL
genes were analyzed using PCR with following sequencing.

The 24-hour urinary metanephrine and normetanephrine
excretion was measured in the Laboratory of hormonal assay
of ERC by enzyme immunoassay using the commercial kits of
the IBL company (Germany) for metanephrine and
normetanephrine.The 24-hour urine was collected with
preservative in cold mode. The following normal ranges of
methylated catecholamine derivatives 24-hour excretion were
accepted: 20-312 µg for metanephrine and 30-440 µg for
normetanephrine. These normal reference ranges have been
elaborated on a random sample of general population.

The statistical analysis of the results was performed using
standard methods of statistical analysis (Statistica 6.0).
Descriptive statistics was used to summarize and describe the
obtained data. Results are presented as median and
interquartile range (IQR) boundaries; minimum-maximum and
standard deviation are given if necessary (± SD). The
quantitative data in the groups were tested for normal
distribution using the Shapiro-Wilk test, and then tested the
hypothesis of equality of variances using the Levene’s test. As
in all cases the distribution was different from normal, non-
parametric methods used in data analysis. To test the
statistical hypotheses in the analysis of unrelated groups, the
Mann-Whitney test has been used for quantitative traits and
the χ2 with Yates' correction has been used for the quality
traits. The identification of the measure of linear relationship
between parameters was performed using Spearman's rank
correlation. Differences were accepted as statistically
significant at p<0.05.

The investigation was in accordance with the ethical
standards of the responsible committee on human
experimentation and with the Helsinki Declaration.

Results
By gender, patients in our study were as follows: 38% males

and 62% females (n=64 and n=103 respectively; р<0.00001). In
the group of patients with MEN 2 (n=66) 36% were male and
64% were female (n=24 and n=42 accordingly; р=0.0017). In
the group of patients with Von Hippel-Lindau Disease (n=61)
53% were male and 47% were female (n=32 and n=29
accordingly; р>0.05). In the group of patients with sporadic
pheochromocytoma (n=40) 20% were male and 80% were
female (n=8 and n=32 accordingly; р<0.00001).

Molecular genetic testing determined the mutation at
codon 634 of exon 11 in most of patients with MEN 2 (n=36)
and at codon 918 of exon 16 (n=12), which characterized by
the most aggressive course of medullary thyroid cancer (MTC):
67% and 22% accordingly. Patients with mutation at codons
611 (n=1), 791 (n=2) and with deletion at codons 632-636
(n=2) were also identified in our research.
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In the group of patients with Von Hippel-Lindau Disease
molecular genetic testing has been conducted in 15 patients: 2
patients had mutations at codon 157, 2 patients – at codon
161, 2 patients – at codon 163, 1 patient – at codon 167, 1
patient – at codon 213. 7 patients with Von Hippel-Lindau
Disease had no mutations, confirming diagnosis. It is known
that the sensitivity of the method for determining VHL gene
mutation can be less than 85%. Thus, diagnosis of this
pathology in patients without genetic examination/
confirmation was based on combination of 2 and more
features, associated with these syndromes [6].

All patients in group 1 have had medullary thyroid cancer in
their history. The first clinical manifestation of medullary
thyroid cancer (nodular goiter) in patient with mutation at
codons 918 and 634 has been revealed at 12 years, in patient
with deletion at codons 632-636 – at 17 years, in patient with
mutation at codon 791 – at 44 years and in patient with
mutation at codon 611– at 54 years. The median age at the
moment of thyroidectomy was 24 years (n=66; min/max 4-65
years; SD ± 15.99 years). The preventive thyroidectomy was
performed in 1 four-year-old patient (mutation at codon 634) –
the histopathology did not reveal the medullary carcinoma; at
the time of the study (10 years post-thyroidectomy) calcitonin
level was within normal range.

In our study the primary hyperparathyroidism has been
diagnosed in 4 patients with MEN, the median age of diagnosis
was 30 years (min/max 22-37 лет; SD ± 6.95 years). All of
patients had mutation at codon 634, which corresponds to
other studies: primary hyperparathyroidism as part of MEN 2
is most often associated with mutation at codon 634 of RET
[7]. Because of the mild course of disease, the surgical
treatment has not been performed.

It is known, that cutaneous amyloidosis (lichenoid) may
indicate the presence of a mutation at codon 634 of RET [8]. In
our study one patient with skin changes, previously
interpreted as psoriasis, had mutation at codon 634. The
patient in this regard received different treatment, including
cytostatics (methotrexate), without any positive effect. After
histological confirmation of cutaneous amyloidosis the
symptomatic treatment was prescribed. Thus, the correct
diagnosis obviates the necessity for lifelong debilitating
therapy with cytotoxic and immunosuppressive drugs in these
patients.

Patients with Von Hippel-Lindau Disease besides
pheochromocytoma also had the following comorbidities:
erythrocytosis (n=26), retinal angiomatosis (n=25), central
nervous system hemangioblastomas (n=23), polycystic (n=10)
and kidney cancer (n=3), tumors of pancreas (n=12) and 1
patient had Brugada syndrome.

We analyzed the comorbidities and erythrocytes level in the
other groups. In the group of MEN 2 the erythrocytosis was
diagnosed in 2 patients (р<0.00001), and polycystic of kidney
was diagnosed in 1 patient (p=0.003). In the group of sporadic
pheochromocytoma erythrocytosis was diagnosed in 3
patients (р=0.001), polycystic of kidney was diagnosed in 1

patient (р=0.03). There were no other components, associated
with Von Hippel-Lindau Disease, in groups 1 and 3.

The analysis of indications for primary diagnosis of
pheochromocytoma in the group 1 demonstrated that in 50%
of patients (n=33) pheochromocytoma has been suspected
based on clinical symptoms, in 30% (n=20) – after the
diagnosis of medullary thyroid cancer. In 11% of patients (n=7)
examination was initiated after revealing the adrenal
incidentaloma and in 9% (n=6) pheochromocytoma has been
diagnosed based on known family history. The targeted
interviewing identified the burdened family history in 44%
(n=29) of patients.

In group 2 the 80% of pheochromocytomas (n=49) have
been suspected based on clinical symptoms. In 15% of patients
(n=9) examination was initiated after revealing the adrenal
incidentaloma and 5% (n=3) of pheochromocytomas have
been diagnosed based on known family history. The targeted
interviewing identified the burdened family history in 29%
(n=18) of patients.

In 65% patients of the group 3 pheochromocytoma has
been suspected based on clinical symptoms. In 35% of patients
examination was initiated after revealing the adrenal
incidentaloma. These data confirm the significant detection
rate of adrenal incidentaloma currently.

The age at primary surgical treatment of
pheochromocytoma corresponded with the age at
pheochromocytoma diagnosis verification. The median age at
the time of primary surgery for the pheochromocytoma in
patients with MEN 2 was 25 years (n=66; min/max 18-57
years; [21;40]; SD ± 11.6 years). The youngest age at surgery
for the pheochromocytoma in patients of this group was 18
years.

The median age at the primary surgery for
pheochromocytoma in patients with Von Hippel-Lindau
Disease, was 18 years (n=61; min/max 7-57 years; [13;29]; SD
± 11.63 years). The youngest age at surgery for the
pheochromocytoma in patients of this group was 7 years.

The median age at primary surgery for the
pheochromocytoma in patients with sporadic
pheochromocytoma was 47 years (n=40; min/max 30-68 years;
[39.5;53]; SD ± 9.64 years). The youngest age at surgery for the
pheochromocytoma in patients of this group was in 30 years
(Figure 1).

In our investigation we had the statistically significant
differences regarding the frequency of occurrence of
hypertension and panic attacks between groups. Hypertension
and panic attacks have been more common in patients with
Von Hippel-Lindau Disease. Headache has been often
observed in patients with Von Hippel-Lindau Disease and
sporadic pheochromocytoma. Episodes of hypotension or lack
of any clinical symptoms are more common in patients with
MEN 2 (Figure 2).
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Figure 1 Age at diagnosis of pheochromocytoma. The
average age at the time of primary surgery for the
pheochromocytoma was 25 years in group 1, 18 years in
group 2 and 47 years in group 3.

Figure 2 Clinical manifestations of pheochromocytoma. The
figure demonstrates the statistically significant differences
regarding the frequency of occurrence of hypertension,
panic attacks, headache and asymptomatic course of the
disease between groups.

Analysis of patients with MEN 2 without clinical
manifestations of pheochromocytoma demonstrated, that
tumor size in that patients did not exceed 2 cm. We supposed
that small tumors have a low secretory activity. For confirming
this hypothesis we conducted correlation analysis between the
tumor size and values of methylated catecholamines.

Analysis of methylated catecholamines excretion levels
demonstrated, that patients from group 1 have predominantly
epinephrine type of secretion (metanephrine type of
excretion; it means, that in most cases metanephrine level
exceeded normetanephrine level (82/18%; р<0.00001)). We
also revealed, that in this group the metanephrine level, on
the average, exceeded 6.6 times the upper limit of normal

(average amplitude/multiplicity of exceeding the upper limit of
normal in the group) (2285 µg/day), and the normetanephrine
level exceeded 3.7 times the upper limit of normal (1628 µg/
day).

Patients of group 2 have predominantly norepinephrine
type of secretion (normetanephrine type of excretion): in all
cases (100%) the normetanephrine level exceeded the
metanephrine level. We also revealed, that in patients of this
group the metanephrine level, on the average, exceeded 1.04
times the upper limit of normal (358 µg/day), and the
normetanephrine level exceeded 14.5 times the upper limit of
normal (6389 µg/day).

Patients of the group 3 had no predominant type pf
secretion (mixed type): patients had as adrenaline and
noradrenaline type of secretion almost equally (52% and 48%
respectively, р>0.05). Also, the metanephrine level, on the
average, exceeded 8.3 times the upper limit of normal (2877
µg/day), and the normetanephrine level exceeded 9.3 times
the upper limit of normal (4100 µg/day).

For determination the correlation between tumor size and
level of secretion the analysis of the size of tumor nodule and
tumor tissue has been conducted. Thus, in the group 1 the size
of tumor nodule consisted 3 cm (Ме) (n=140 [2; 4.5] min/max
0.7 -10; SD 1.71), in the group 2 – 3.3 cm (Ме) (n=139[2.29; 5]
min/max 1 -8; SD 1.73), in the group 3 – 4.5 cm (Ме) (n=40[4;
5.5] min/max 2.5-12; SD 1.92). We obtained statistically
significant differences between groups in the size of tumor
node: between 1 and group 2s р=0.019, between 1 and group
3s р<0.0000001, between 2 and group 3s р=0.00018.

We estimated the size of tumor tissue (the sum of the
diameters of the tumor nodules) for patients with multicentric
variant of pheochromocyoma. The size of tumor tissue was 3.5
cm (Ме) (n=17 [2; 6.7] min/max 1 -18.5; SD 4.71) in group 1,
6.75 cm (Ме) (n=18 [4.5; 11.5] min/max 2 -20; SD 4.65) in
group 2. There was no multicentric variant in group 3 (n=40),
that’s why the size of tumor tissue corresponded to the tumor
size – 4.5 cm (Ме).

There were no statistically significant differences between
the groups regarding size of tumor tissue: р ≥ 0.05. We
determined the size of tumor tissue and then examined the
correlation between methylated catecholamine derivatives
levels and size of tumor (tumor tissue). The time difference
between hormonal assay (methylated catecholamine
derivatives levels) and determination the size of tumor did not
exceed 17 days.

There were no correlation between the methylated
catecholamine derivatives levels and size of tumor tissue in
groups 2 and 3. In the first group we revealed positive
correlation between the size of tumor tissue and excretion
levels of metanephrine (r=0.77; p=0.0003), normetanephrine
(r=0.75; p=0.0006).

44% of patients (n=29) with MEN 2 had synchronous
pheochromocytomas (bilateral adrenal lesion was initially
diagnosed), and 30% of patients (n=20) had metachronous
pheochromocytomas (after the surgical treatment of
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pheochromocytoma at one side, tumor in the other adrenal
gland further developed). Generally, in group 1 bilateral
adrenal lesion was revealed in 74% cases (n=49), and in 26% of
patients (n=17) at the time of the study the unilateral adrenal
lesion was diagnosed.

In patients with Von Hippel-Lindau Disease the bilateral
adrenal lesion was revealed in 90% of the cases (n=55; 46%
synchronous (n=28) and 44% metachronous (n=27)). 10% of
patients (n=6) in this group had unilateral lesion.

Generally, in 82% of patients (n=104) with genetically
determined pheochromocytoma bilateral adrenal lesion was
revealed. Among them in 45% (n=57) bilateral lesion was
synchronous, and in 37% (n=47) bilateral lesion was
metachronous (Figure 3).

Figure 3 The characteristic of the adrenal gland lesions. In
patients of group 1 the bilateral adrenal lesion was revealed
in 74% cases, and in patients of group 2 the bilateral adrenal
lesion was revealed in 90% of the cases. Generally, in 82% of
patients with genetically determined pheochromocytoma
bilateral adrenal lesion was revealed. Among them in 45%
bilateral lesion was synchronous, and in 37% bilateral lesion
was metachronous.

In our study in group 1 (n=66) none of the patients had
extra-adrenal pheochromocytoma. In group 2 (n=61) extra-
adrenal location of pheochromocytoma (paraganglioma) was
detected in 16.4% of patients (n=10): one patient had
paraganglioma of the chest cavity and 9 patients had
paragangliomas of the retroperitoneum.

According to WHO criteria, malignancy of tumor from
chromaffin tissue is defined by the presence of metastases,
but not by conventional morphological criteria [9]. No patient
was found to have metastases of pheochromocytoma in
groups 1 and 3 (n=66 and n=40). In group 2 (n=61) 4 patients
(6.6%) had metastases of pheochromocytoma: to liver (n=2),
skull bones (n=1) and the spine (n=1).

Histological examination of tumors in group 1 (n=66)
revealed pheochromoblastoma in 20% of cases (n=13) and
pheochromocytoma in 80% of cases. In group 2 (n=61) 31% of

patients (n=19) had pheochromoblastoma and 69% of patients
had pheochromocytoma. In group 3 (n=40) only one patient
had pheochromoblastoma. The difference between group 3
and groups 1 and 2 was statistically significant (р=0.01 and
р=0.0004 respectively).

It should be noted that in 3 patients with metastases of
pheochromocytoma the primary tumor histologically has been
interpreted as benign pheochromocytoma, and in 1 patient
with verified metastatic process the primary tumor
histologically has been interpreted as pheochromoblastoma.
These data again highlight that there are no clear criteria of
malignant pheochromocytoma.

Partial adrenalectomy for pheochromocytoma (resection of
adrenal gland with tumor) has been done in group 1 to 5
patients (3 patients with mutation at codon 634, 1 patient
with mutation at codon 918 and 1 patient without genetic
study). All of patients had tumor recurrence at the operated
side after 7 years (Ме) (min/max 1-25 years; SD ± 9.69 years).
One patient underwent 6 surgical interventions on the same
adrenal gland. During the latter intervention peri - and
postoperative complications occurred resulting in death of the
patient. The main cause of complications is the pronounced
scar process in the area of operations.

In group 2, 8 patients underwent partial adrenalectomy. All
of them had tumor recurrence at the operated side. The
median time of recurrence detection was 13 years (min/max
1-27 years; SD ± 9.34 years). 5 patients have been operated
again without complications. 3 patients have had peri- and
postoperative complications: abscess, lower lobe pneumonia,
bleeding. Thus, 10% patients (n=13) with genetically
determined pheochromocytoma (n=127) underwent partial
adrenalectomy, then all of patients (100%) have had tumor
recurrence at operated side after ~10 years (min/max 1-27
years; SD ± 9.16 years). 4 patients (more than 1/3 of all
patients with recurrence) have had peri- and postoperative
complications: pancreatic abscess, lower lobe pneumonia,
bleeding. The main causes of complications are the
pronounced scar and adhesions process in the area of
operations.

To answer the question about the reason for such high
number of recurrence we examined the nature of the lesions
within the adrenal gland. In group 1 (n=66) multifocal lesion
has been detected in 62% cases (n=41) and in group 2 (n=61)
in 53% cases (n=32). Generally, multifocal lesion in genetically
determined pheochromocytomas has been noted in 58% of
cases. There were no statistically significant differences
between 1 and 2 groups (р>0.05). In group 3 (n=40) there
were no data for primary-multiple lesion.

Discussion
Genetically determined pheochromocytomas have

laboratory and topical features. There is no doubt that the
genetic testing is necessary for determination of the
probability of occurrence of serious diseases, associated with
hereditary pheochromocytomasyndromes, the time of their
manifestation and the aggressiveness of their clinical course,
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the tactics of patients’ management and identification sick
relatives.

Our data are comparable with data of other studies –
pheochromocytoma occurs almost equally in both men and
women, with a slight predominance of women [10].

Our study demonstrates the delayed diagnosis of medullary
cancer and almost complete lack of "preventive
thyroidectomy" practice in Russia in last decades. The
identification of medullary cancer on manifest stadium means
the high probability of metastasis [11]. In our opinion, the low
frequency of hyperparathyroidism diagnosis may be due to
surgical trauma of parathyroid glands during thyroidectomy
performing for the medullary thyroid cancer.

Patients with Von Hippel-Lindau Disease significantly more
often have erythrocytosis, retinal angiomatosis, central
nervous system hemangioblastomas, polycystic and kidney
cancer, tumors of pancreas and Brugada syndrome.

As mentioned above, not all patients in our study have been
identified as having mutation, confirming the diagnosis of Von
Hippel-Lindau Disease. This may be due to low sensitivity of
method for determining VHL gene mutation status (false-
negative result), patient refusal or lack of possibility for testing
(the molecular testing of Von Hippel-Lindau Disease has been
introduced in Russia only since the mid-2000s). Thus, the
diagnosis in patients without genetic examination was based
on combination of 2 and more features, associated with this
syndrome. In our study, the diagnosis «Von Hippel-Lindau
Disease» was based on combination of pheochromocytoma
and presence of retinal angiomatosis and/or central nervous
system hemangioblastomas and/or kidney cancer and/or
tumors of pancreas. The erythrocytosis, polycystic of pancreas
and kidneys were not in themselves grounds for the Von
Hippel-Lindau Disease diagnosis due to their frequent
occurrence in a general population. On the contrary, there are
few data about combination of rare Brugada syndrome, which
characterized by frequent episodes of polytope ventricular
tachycardia and syncope, and Von Hippel-Lindau Disease in the
literature. In this connection, the combination of this
syndrome with pheochromocytoma, in our opinion, is not
enough for positive diagnosis without genetic confirming, and
further study of this issue is necessary. Generally, the presence
of the listed above comorbidities in patient should orient the
medical research in relation to the pheochromocytoma and
Von Hippel-Lindau Disease identification.

The diagnosis process of pheochromocytoma (both in
patients with MEN 2 and patients with Von Hippel-Lindau
Disease) in most cases was initiated because of patients’
complaints. Primary detection of medullary thyroid cancer also
contributes to the early diagnosis of pheochromocytoma in
MEN 2 patients. Generally, pheochromocytoma was detected
during routine examination based on a known family history
only in 7% (n=9) of patients with genetically determined
syndromes, while targeted survey about relative’s diseases
allows to suspect pheochromocytoma in 37% (n=47) of
patients. The presented data confirm the importance of

informing the first-degree relatives of patients with genetically
determined syndromes about necessity of examination.

It is known, that the average age of pheochromocytoma
manifestation in population of patients without genetic
examination is 40-50 years [12]. According to our data,
genetically determined pheochromocytomas are more
common in young people, while sporadic pheochromocytomas
are more common in people aged over 39 years. For this
reason, we consider that it is necessary to exclude genetic
causes of pheochromocytoma in patients younger than 40
years of age.

Pheochromocytoma is detected significantly earlier in
patients with MEN 2 than in patients with sporadic
pheochromocytoma (р>0.0000001). Pheochromocytoma is
detected significantly earlier in patients with Von Hippel-
Lindau Disease (49% - in the childhood), than in patients with
MEN 2 (р=0.000004) and patients with sporadic
pheochromocytoma (р>0.0000001). The high frequency of
genetic cause of disease in children (according to the literature
it reaches 40% [13]) highlights the potential importance of
genetic studies in pediatric patients with this type of tumors.
Thus, in our opinion, RET-mutation carriers and patients with
Von Hippel-Lindau Disease should be screened for
pheochromocytoma annually. Screening should begin no later
than 18 years of age in RET-mutation carriers and no later than
7 years of age in patients with Von Hippel-Lindau Disease.

It is known that the symptoms of pheochromocytoma are
diverse. The most common clinical symptoms of disease
(classic triad) include headache attacks, excessive sweating
and palpitation (40% - 80% of patients). Hypertension is
detected in more than 90% of patients (new onset or
worsening of pre-existing hypertension; hypertension is often
paroxysmal in nature). All of these symptoms are not always
present, may be produced by many other clinical conditions
and are not diagnostically significant [14].

The differences between clinical symptoms are due to
features of diseases’ pathogenesis. It is known that tumors in
MEN 2 produce phenylethanolamine-N-methyltransferase
(enzyme that converts norepinephrine into epinephrine), while
in tumors in Von Hippel-Lindau Disease hypoxia activates
angiogenesis. Tumors in MEN 2 secrete predominantly
epinephrine in the background, while in paroxysmal mode
they secrete epinephrine and norepinephrine.
Pheochromocytoma in patients with Von Hippel-Lindau
Disease in the absence of the above-mentioned enzyme has
more constant norepinephrine catecholamine profile [15].
Tumors in MEN 2 have smaller size of catecholamine stores
and more intensive intratumoral metabolism (intratumoral
inactivation due to methylation) compared with tumors in Von
Hippel-Lindau Disease. These features explain the low clinical
activity of small size tumors. The differences in secretion of
norepinephrine and epinephrine in these two types of tumors
and the direct effect of catecholamines on alpha and beta-
adrenergic receptors determine the differences in the clinical
picture of syndromes [15,16].
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The hypertension in Von Hippel-Lindau Disease occurs more
frequently due to constant cathecholamine (norepinephrine)
profile. In MEN 2 high blood pressure is not always fixed, and
even hypotension may be diagnosed, due to paroxysmal
cathecholamine secretion. Headache accompanies
hypertension, which, respectively, occurs more often in group
2. Norepinephrine type of secretion, possibly, also plays role in
more frequent occurrence of this symptom due to reduction of
cerebral blood flow. Also, hyperactivation of the sympathetic
nervous system and exactly norepinephrine release is the
cause of panic attacks in patients with norepinephrine type of
tumor secretion (patients with Von Hippel-Lindau Disease).

Pheochromocytoma as part of MEN 2 is characterized by
epinephrine type of secretion, pheochromocytoma as part of
Von Hippel-Lindau Disease is characterized by norepinephrine
type of secretion, and sporadic pheochromocytoma is
characterized by mixed type of secretion. When comparing the
presented groups the following tendency can be observed:
patients with MEN 2 are characterized by low-amplitude
increased normetanephrine level and medium-amplitude
increased metanephrine level. Patients with Von Hippel-Lindau
Disease are characterized by high-amplitude increased
normetanephrine level and low-amplitude increased
metanephrine level. Patients with sporadic
pheochromocytoma are characterized by high-amplitude
increased metanephrine and normetanephrine levels
regarding the upper limit of normal.

Secretory feature of the tumor may determine the
diagnostic concept and tactics of further examination of the
patients. Isolated secretion of norepinephrine may suppose
the Von Hippel-Lindau Disease. In patients with predominant
epinephrine secretion there is a high probability of the MEN 2.
In these patients it is necessary to determine RЕТ gene
mutation status and examine for a MTC.

The maximum tumor size was observed in patients with
sporadic pheochromocytoma. Probably, the earlier diagnosis
of pheochromocytoma (at the stage of small tumor size) in
patients with genetically determined pheochromocytoma is
due to curation of patients with a known family history and
with MTC. The curation contributes to the survey for
pheochromocytoma. Generally, our data are consistent with
other author’s data: the average tumor size in general
population of patients with pheochromocytoma is 3-5 cm [17].

In patients with MEN 2, the smaller the tumor, the smaller
the level of methylated catecholamine. Therefore, in patients
with MEN 2 the adrenal tumor with any increase of
catecholamine levels (including the gray-zone elevation)
should be regarded as pheochromocytoma, without
conducting confirming tests.

Genetically determined forms of pheochromocytoma may
be associated with bilateral tumors. Thus, after the unilateral
adrenal surgical removal, it is important to follow-up, in order
to detect pheochromocytoma of the other adrenal gland.
Patients are followed with once a year urine catecholamines.

Pheochromocytoma in patients with MEN 2 is exclusively
located in the adrenal gland. In this regard, in patients with

MEN 2 (but not in the patients with noradrenaline type of
secretion) it is permitted to conduct imaging tests to locate a
possible tumor only within the abdomen. Searching for extra-
adrenal pheochromocytoma using scintigraphy or other
imaging tests in patients with MEN 2 is inappropriate.

The risk of malignancy in patients with genetic syndromes is
low and malignant pheochromocytoma is not associated with
MEN 2. In our opinion, searching the metastases of
pheochromocytoma in patients with MEN 2 is inappropriate.
There are no clear criteria of malignant pheochromocytoma. In
this regard, further research in this direction is necessary.

The hereditary forms of pheochromocytoma are
characterized by multicentric lesion, suggesting that the
progression of primary-multiple process from the residue of
adrenal medulla is the cause of 100% local recurrence of
pheochromocytoma after partial adrenalectomy. In this regard,
it is appropriate to recommend the radical operative
treatment (adrenalectomy with tumor) to all patients with
genetically determined pheochromocytoma.

Generally, we studied the clinical, laboratory and topical
features of chromaffin tumor. Our data allows optimizing
approaches to diagnosis and treatment of the most severe
genetically determined forms of pheochromocytoma. These
facts are reflected in the relevant conclusions.

Conclusion
Genetically determined pheochromocytomas have

laboratory and topical features, requiring a differentiated
approach to diagnosis and treatment.

The age of onset for genetically determined
pheochromocytoma is usually before 40 years.

The pheochromocytoma as part of MEN 2 is characterized
by epinephrine type of secretion, and the pheochromocytoma
as part of Von Hippel-Lindau Disease is characterized by
norepinephrine type of secretion.

In patients with MEN 2 we founded the positive correlation
between tumor size and level of methylated catecholamine
derivatives excretion. False-negative results of laboratory
diagnosis of pheochromocytoma in MEN 2 may be due to a
low activity of small tumors.

In patients with MEN 2 and Von Hippel-Lindau Disease the
bilateral adrenal lesion has been detected in 82% of cases
(synchronous or metachronous), and MEN 2 is not associated
with malignant or extra-adrenal lesion.

The 100% local tumor recurrence after partial
adrenalectomy in patients with MEN 2 and Von Hippel-Lindau
Disease is due to multicentric nature of the tumor within the
adrenal gland.
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