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This multi centre observational cohort study gives a view about the occurrence, clinical and laboratory presentation,
localization, histological type and genetic background of pheochromocytoma (PHEO) and paraganglioma (PGL) in Eastern 
Slovakia. It included 28 patients (18 women + 10 men), of which 23 were diagnosed to have PHEO (82,1%) and 7 patients 
(25%) suffered from PGL with retroperitoneal, inguinal/pelvic and mediastinal distribution. Arterial hypertension was the
major symptom present in 86 % with slight dominance of paroxysmal form (58%). In 3 cases (10,7%), the diagnosis was 
gained after differentiation of adrenal incidentaloma in asymptomatic patients. Five patients (17,8%) were classified to have
malignant form of the disease. 9 patients (32,1%) were confirmed to have hereditary form - five of them (17,8%) with familiar
medullar thyroid cancer (FMTC) and mutations in RET gene classified as multiple endocrine neoplasia 2A and 4 patients
(14,3%) with germline mutations of SDHB gene, respectively. There was found a relatively high occurrence of other co-mor-
bidities: thyroid disease in 20 patients (71,4%), impairment of glucose metabolism in 11 patients (39,3%) and apart from 
FMTC, 4 patients (14,3%) suffered also from other malignancy. Together with a bigger size of the primary tumor (6,6 cm),
higher concentrations of metanephrines and prevalence of extra-adrenal tumors, malignant and hereditary forms, we suppose 
genetic and environmental factors of Eastern Slovakia may play a role in the etiopathogenesis of the tumors.
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Pheochromocytomas (PHEOs) and paragangliomas (PGLs) 
are rare neuroendocrine tumors deriving in 85% from 
adrenomedullary tissue (PHEO) and in 15% from extra-adre-
nal chromaffin tissue (PGL) [1, 2, 3]. Thanks to their ability to 
produce and secrete catecholamines, they represent secondary 
endocrine cause of paroxysmal or sustained arterial hyperten-
sion that is potentially treatable - surgically correctable in most 
cases. They are responsible for 0,05-0,1% of all cases of arterial
hypertension with an estimated incidence 3-8 cases/1000000 
inhabitans/1 year [4-6]. However, as a result of commonly un-
predictable nature of this secretion, the clinical presentation is 
highly variable from poor to malignant and potentially lethal if 
not correctly or quickly diagnosed and treated. The incidence
of metastatic PHEO/PGL ranges from 3% to 36% depending 
on the genetic background and tumor localization [6-10]. Due 
to evaluation of metanephrines, O-methylated metabolites 
of catecholamines that are produced continuously within 
chromatic tumor cells and independently of highly variable 
release of catecholamines, the diagnosis is now much more 
easier than previously, however if suspected [11-17]. Plasma-

free metanephrines represent accessible diagnostic tool with 
99% sensitivity and specificity of 89% [1, 13].

Although the majority of tumors occur sporadically, in-
herited forms represent almost 24% of all cases [18, 19]. To 
date, at least nine genes mutations have been described to be 
responsible for hereditary forms of these tumors: RET gene 
in multiple endocrine neoplasia type 2 (MEN2), von Hippel-
Lindau (VHL) gene in VHL syndrome, neurofibromatosis type
1 (NF1) gene in von Recklinghausen’s disease [20-22]. More 
recently, germline mutations of genes encoding 4 subunits of 
succinate dehydrogenase (SDHA, SDHB, SDHC and SDHD), 
of transmembrane protein 127 (TMEM127) gene and tumor 
suppressor susceptibility gene MAX (MYC-associated factor 
X) have been identified to be associated with PHEO/PGL [19,
23, 24]. In addition to a positive family history of PHEO/PGL 
or evidence of specific syndrome, the presence of multiple
primary tumors is an indicator of genetic predisposition. In 
sporadic cases with a single tumor, early age at diagnosis, 
malignancy or extra-adrenal location, are risk factors for the 
presence of a germline mutation. However, many of associated 
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genes have incomplete penetrance and/or variable expression 
[17, 25-28].

Following study gives a view about the occurrence, clini-
cal and laboratory manifestation, localization, histological 
type and genetic background of PHEO and PGL in Eastern 
Slovakia.

Patients and methods

Patients. This observational, both retrospective and pro-
spective, multi centre, cohort study maps the occurrence of 
PHEO and PGL in Eastern Slovakia region in years 2006 – 
2011. The study included 28 patients (18 women and 10 men),
all of them residents of East of Slovakia that were diagnosed 
by endocrinologists from subregions of Eastern Slovakia and 
sent to the 1st Department of Internal Medicine of University 
Hospital Košice, Slovakia. 

Diagnosis of PHEO/PGL consisted of history taking, 
clinical evaluation, laboratory investigations confirming cate-
cholamines overproduction and imaging methods uncovering 
the morphologic basis of the disease in each of the patient. All 
patients underwent surgical treatment that also enabled the 
histological confirmation of the diagnosis. Based on the clini-
cal, laboratory, morphologic and histological features, genetic 
analysis was performed in order to reveal hereditary / familial 
forms of PHEO/PGL in suspect cases. 

Methods. History taking and clinical evaluation was focused 
on the presence of hypertension, its duration and character 
(paroxysmal, sustained), presence of orthostatic hypotension 
as well as typical clinical symptoms (headache, palpitations, 
sweating) and other symptoms associated with catecho-
lamines overproduction (pallor, nausea, weight loss, tiredness, 
anxiety, etc.). In the meantime, basic investigation oriented on 
other clinical features of hereditary syndromes associated with 
PHEO/PGL (VHL, NF-1, MEN-2) was performed. Moreover, 
presence of other endocrinopathies (except for those known to 
be associated with PHEO/PGL) as well as other severe comor-
bidities (e.g. myocardial infarction, arrhythmias, heart failure, 
stroke, diabetes mellitus, etc.) was assessed. At last, but not at 
least, family history of PHEO/PGL, malignant hypertension or 
sudden death possibly related to PHEO/PGL as well as familial 
medullar thyroid cancer (FMTC) was evaluated.

Laboratory assessment followed clinical evaluation and 
except for basic hematological and biochemical parameters in-
cluded examination focused on confirmation of catecholamines
overproduction. Biochemical diagnosis of PHEO/PGL consisted 
of measurement of plasma free metanephrines – metanephrine 
(MN) and normetanephrine (NMN), vanyllilmandelic acid 
(VMA), chromogranin A (CGA), neuron specific enolase
(NSE). Free plasma metanephrines were assessed using high 
pressure liquid chromatography, VMA using spectrophotom-
etry, CGA and NSE radioimunoanalytically using kits in RIA 
Laboratory in Košice. Since there is no possibility to obtain 
clonidine for diagnostic or therapeutic use in Slovakia, clonidine 
suppression test was not included in diagnostic protocol.

Imaging methods included ultrasound (US), computed 
tomography (CT) or magnetic resonance imaging (MRI). 
In controversial cases or when extra-adrenal and malignant 
PHEO/PGL was suspect, 131I-labeled meta-iodobenzylgua-
nidine (131I-MIBG) scintigraphy and 18fluorodeoxyglucose
positron emission tomography (18FDG-PET) in combina-
tion with computed tomography (18FDG-PET/CT) were 
performed. 

Histological diagnosis followed surgical procedures in all 
patients and except for histological criteria, immunohisto-
chemical analyses including CGA clone LK2H1, S-100 protein 
clone 15E2E2 and Synaptophysin clone Snp 88 using Biogenex 
kits were performed.

Genetic testing for RET, VHL gene mutations was per-
formed at Department of medical genetics, Oncological 
Institute of Saint Elisabeth in Bratislava. Since there is no pos-
sibility for SDHx gene germline mutations testing in Slovakia, 
mutations of these genes were analysed in National Institutes 
of Health (NIH) in Bethesda, MD, USA.

Statistical analysis was performed using statistical program 
SPSS Statistics, version 17.0. As this is only a non-comparative 
study (without control group), methods of descriptive statistics 
were used mainly. Continuous variables are presented as mean 
± standard deviation (SD), categorical variables are expressed 
as numbers or percentage of patients. The multivariable as-
sociation was analyzed with linear regression analysis and 
P-value < 0,05 was considered statistically significant.

Results

Mean age at the time of the diagnosis was 46,9 ± 14,8 years 
with the range from 20 to 71 years. Mean approximate time of 
the duration from the first symptoms to the diagnosis was 4,4
± 1,2 years, with the range from 2 months to 20 years (patient 
with sustained hypertension).

Symptoms of patients with PHEO/PGL are shown in the 
Table 1. Arterial hypertension was the most frequent clinical 
presentation of the disease with slightly higher occurrence of 

Table 1. Clinical presentation according to the frequency of symptoms.

Symptom n (%)

Arterial hypertension 
 

Paroxysmal 24 (86 %) 14 (58 %)

Sustained 10 (42 %)

Orthostatic hypotension 5 (18%)
Adrenal incidentaloma – asymptomatic 3 (11 %)
Cephalea 18 (64 %)
Palpitations, tachycardia 16 (57%)
Sweating 15 (54 %)
Abdominal discomfort, pain, nausea, vomiting, etc. 12 (43 %)
Psychic symptoms (anxiety, fear, jitter, etc.) 10 (39 %)
Pallor 9 (32 %)
Chest pain 8 (28 %)
Hot flushes 6 (21 %)
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its paroxysmal form. The mean arterial pressure was 126,1/68,1
± 23,6/36,5 torr, maximal blood pressure 175,5/101,4 ± 37,9/
17,4 torr, minimal blood pressure 107,1/ 60,8 ± 11,5/6,7 torr. In 
3 cases (10,7%), the diagnosis was gained after differentiation
of adrenal incidentaloma in asymptomatic patients. 

Apart from arterial hypertension, thyroid diseases were 
the most frequent associated morbidity in our study. They
occured in 20 (71,4%) of all patients with PHEO/PGL. Ten 
patients (35,7%) had autoimmune thyroiditis, 5 of them were 
euthyroid, 4 hypothyroid and one patient had thyrotoxicosis, 
respectively. Five patients (17,8%), member of 2 families suf-
fered from FMTC with a need of surgical treatment and were 
therefore classified as MEN-2A syndrome. Other 4 patients
(14,3%) had benign nodular goiter and one patient (3,6%) 
had benign cystic goiter.

Impairment of glucose metabolism was the second most 
frequent co-morbidity affecting 11 patients (39,3 %). Type 2
diabetes mellitus was diagnosed in 10 patients, 6 of them were 
treated with oral antidiabetic drugs (OAD), 2 with insulin and 

2 with diet. 1 patient was classified to have impaired glucose
tolerance.

Apart from FMTC (5 patients with MEN-2A syndrome), 
4 patients (14,3 %) had also other malignancy. Two women 
underwent ovariohysterectomy, one due to myomatous uterus 
(patient with T2DM) and another due to coincidence of myo-
matous uterus and teratoma of the ovary. One patient suffered
from prostatic cancer. One patient with MEN-2A (bilateral 
adrenal PHEOs and 3 extraadrenal abdominal PGLs + FMTC, 
with 3 family members with FMTC) died because of non-small 
cell lung carcinoma.

Mean values of laboratory parameters in patients with 
PHEO/PGL are demonstrated in the Table 2. In general, 
mean levels of both, MN and NMN were approximately 8 
times above their superior limits. Also CGA was present in 
high concentrations (5 times above its superior limit) and 
showed to have a positive correlation with the size of the tumor 
(r=0,768; p=0,01).

CT was the major method used in order to localize the 
tumor and was performed in every patient. Although it was 
reliable in uncovering the primary tumor (100%), it failed to 
reveal real size of the affection in 3 patients with extra-ad-
renal malignant tumor. 131I-MIBG scintigraphy was used in 
14 patients (50 %) and was helpful in localization in 13 cases 
(92,9%). Functional imaging with 18FDG-PET/CT was used 
in 2 cases for detection of metastases. 

Distribution of PHEOs/PGLs depending on its location 
is shown in Table 3. There was no difference between the af-
fection of right and left adrenal gland. All 3 bilateral PHEOs
were found in patients with MEN-2A syndrome, members 
of 2 families, however with the simultaneous presence of 3 
retroperitoneal PGLs in one case and extra-adrenal relapse 
of the disease in another.

Table 4 shows all therapeutic modalities used in our pa-
tients. Every patient with PHEO/PGL underwent surgical 
treatment. However, tumors were non-resecable in 2 pa-
tients and only explorative laparotomy with the biopsy and 
surgical chemoembolization was performed, respectively. 
Patient with infiltrative left retroperitoneal PGL underwent
huge laparotomic resection of primary tumor including 
left nephrectomy, left adrenalectomy (without confirmation

Table 2. Mean values of laboratory parameters and their range.

Parameter: Mean ± SD Range

Plasma free metanephrine (pg/ml) 650,3 ± 787,1 21-3000
Plasma free normetanephrine (pg/ml) 2023,2 ± 2654,7 87-10298
Vanylmandelic acid (mg/24 h) 769,5 ± 1206 62-2162,5
Chromogranin A (ng/ml) 501,0 ± 377,6 67-1170
NSE (ng/ml) 11,26 ± 5,121 5-19

Table 3. Localization of PHEOs/PGLs. 

Localization n (%)

Adrenal
23 (82,1%)

Left 10 (35,7 %)
Right 10 (35,7 %)
Bilateral 3 (10,7 %)

Extra-adrenal
7 (25%)

Retroperitoneum 5 (17 %)
Upper+back mediastinum 1 (3,6 %)
Small pelvis and left inguine 1 (3,6 %)

Table 4. Type of the treatment.

Type of treatment n (%)

Surgical

Laparoscopic adrenalectomy 12 (39,3%)
Laparotomic adrenalectomy unilateral 10 (35,7%) 7 (25%)

bilateral 3 (10,7%)
Laparotomic extirpation/resection of PGL 4 (14,2%)
Mediastinoscopic/-tomic resection of PGL 1 (3,6%)
Chemoembolization 1 (3,6%)

Therapeutic 131I-MIBG 2 (7,1%)
Adjuvant chemotherapy (CVD) 2 (7,1%)
External radiotherapy 1 (3,6%)
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of PHEO), left colectomy with colorectal anastomosis and
lymphadenectomy. Patient with infiltrative mediastinal PGL
underwent several operations in order to minimalize the tumor 
(mediastinoscopy, mediastinotomy, partial resection of tumor, 
tracheostomy, stabilizing operation of vertebras), however re-
quired also therapeutic application of 131I-MIBG. Therapeutic
131I-MIBG and chemotherapy using CVD therapeutic protocol 
(cyclophosphamid, vincristin, dacarbasin) followed surgical 
treatment in patient with metastatic retroperitoneal PGL. 
Patient with non-resecable metastatic pelvic/inguinal PGL 
underwent CVD chemotherapy and external radiotherapy 
(vertebral metastases). 

Mean size of the tumor was 66,2 ± 39,3 mm, with a range 
from 25 to 200 mm. Histological diagnosis was obligatory in 
each patient. Apart from basic pathological evaluation, immuno-
histochemical analysis was performed in the majority of patients 
showing an absolute positivity in examined cases (Table 5.)

Based on the patient’s history, clinical presentation, bio-
chemical analysis, imaging methods and histological diagnosis, 
23 patients were recognized to have PHEO (82,1%) and 6 
patients PGL (21,4%). According to the presence, localization 
and multiplicity of metastases and/or infiltrative growth/inva-
sion, 23 patients (82,1%) were classified to have benign form
of the disease and 5 patients (14,3%) as malignant. The most
frequent localization of metastases was lymphatic nodes, liver, 
lungs and bones, respectively.

Nine patients of 28 (32,1%) were confirmed to have heredi-
tary form of PHEO/PGL. 5 patients (17,8%), members of 2 
families (4+1) were classified as MEN-2A syndrome. In these
2 families, genetic screening for RET gene mutation was part 
of the diagnostic protocol and confirmed (1+1) or revealed the
disease (1+0), or answered the question of further follow up 
and early treatment in previously asymptomatic patients (2+0), 
respectively. FMTC with a need of thyroidectomy occurred 
before or after manifestation of PHEO/PGL. However, RET
gene mutation and FMTC with a need of surgical treatment 
but without confirmed PHEO/PGL was found also in 3 of 4
members of the second family (of patient with FMTC, bilateral 
PHEO and 3 retroperitoneal PGLs). Germline mutations of 
SDHB gene were present in 4 of 7 examined patients (14,3% 
of total patients): in patient with infiltrative mediastinal PGL,
patient with metastatic retroperitoneal PGL, patient with 
metastatic pelvic/inguinal PGL and patient with non-rese-
cable PHEO of right adrenal gland. However, further genetic 
screening in the families of patients with mediastinal PGL and 
non-resecable PHEO revealed another 3+2 family members 
with positive SDHB gene mutation respectively, although 
without further confirmation of the diagnosis of PHEO/PGL.
Remaining 19 patients with PHEO/PGLs were considered to 
have non-familial form.

Discussion

This multi centre observational study of PHEO/PGL from
Eastern Slovakia region represents one of the biggest studies 

on PHEO/PGL in a geographic area to date. However, we sup-
pose that the true prevalence of PHEO/PGL could be higher as 
not all endocrinologists from Eastern Slovakia participated on 
the study. Moreover, thanks to variable clinical and laboratory 
presentation of the disease, the diagnosis will be missed if not 
suspected yet in primary care. 

In our study, we have registered a much higher prevalence 
of PHEO/PGL in women than men (18 vs. 10, representing 
64.3% vs. 35,7%, respectively). Arterial hypertension (AH) 
was the major symptom present in 86 % of patients with slight 
dominance of paroxysmal form (58%). In 3 cases (10,7%), 
the diagnosis was gained after differentiation of adrenal
incidentaloma in asymptomatic patients. According to the 
current data, PHEO/PGL can be found in 1,5-23% of adrenal 
incidentalomas [29]. Also frequency of other symptoms, as 
well as efficacy of laboratory and imaging methods used for
the diagnosis were comparable with literature data (1, 2, 16). 
We confirm CGA to be a good marker for a size of the tumor
mass [30].

However, we have found relatively high prevalence of other 
co-morbidities, especially thyroid diseases that were present in 
71,4%, which has not been described in such quantity yet. In 
fact, apart from FMTC and MEN-2A syndrome, there are no 
data about the association between pheochromocytoma and 
other thyroid diseases. In our study, autoimmune thyroiditis 
with all its clinical forms (euthyroidism, hypothyroidism, 
thyrotoxicosis) was even more frequent than FMTC (17,8%), 
affecting 35,7% of patients. Perhaps, dominantly female
distribution of our group could give us one of the explana-
tions. Furthermore, we have found relatively high occurrence 
(39,3%) of glucose metabolism impairment as well. Although, 
the effects of catecholamines on insulin secretion and glucose
metabolism is well known [31-36], there are only few data 
about long-term effects or association with diabetes mellitus
[37-40]. However, a number of glucose metabolism disorders 
in this multi centre study could be higher, as some patients 
joined the group after they had undergone the treatment be-
cause of the severity of the disease and without previous proper 
examination for glucose metabolism disturbances. The same as
it was in the case of lipid metabolism evaluation that we had 
to exclude from the analysis due to the lack of the data.

Interestingly, apart from FMTC (17,8%) the patients suf-
fered also from other malignancies (14,3%), representing 
altogether 32,1%. Together with the bigger size of the pri-
mary tumor (6,6 cm), higher concentrations of metanephrines 
(8 times above their superior limit) high prevalence of extra-
adrenal tumors (25%), malignant (14,3%) and hereditary forms 

Table 5. Immunohistochemical analyses of tumors. 

Immunohistochemical parameter Positivity

CGA clone LK2H1 100%
S-100 protein clone 15E2E2 100%
Synaptophysin clone Snp 88 100%
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(32,1%), we suppose a possible contribution of genetic and 
environmental factors of this geographical region, however 
this requires further evaluation. Since the genetic testing was 
performed only in 12 of all patients (42,9 %), in this context 
it would be valuable to examine other patients from the study 
group as well, at least all those with features associated with 
higher risk (see above). On the other hand, thanks to genetic 
diagnosis, further genetic screening in the families of posi-
tive patients revealed another mutation positive members of 
4 families (in both families with RET gene mutations and in 
2 families with SDHB gene mutations, respectively). In case 
of patients with MEN-2A syndrome, they enabled to discover 
and treat tumors yet in asymptomatic individuals. Asympto-
matic family members with germline SDHB mutations and 
without confirmed disease remain in close endocrinological
follow up. 

Among environmental factors of Eastern Slovakia that 
might play role in the pathogenesis of various diseases, poly-
chlorinated biphenyls (PCBs) represent the most discussed 
ones. Region of Eastern Slovakia counts to the regions with 
the highest pollution of PCBs in the world [41]. PCBs rep-
resent persistent organic pollutants with a variety of known 
serious health effects such as cancer and a number of non-
carcinogenic effects. Depending on the character, amount
and severity of the pollution of PCBs and their coexistence 
with human, they may either participate on the expression 
and penetration of pre-existed inherited mutations, or even 
show mutagenic effects. Influence of PCBs on thyroid gland,
metabolism and immunity in the population from this area 
has been already described [42-57] and higher prevalence of 
the thyroid diseases and impairment of glucose metabolism 
in our patients with PHEO/PGL could be the clue to their 
possible etiopathogenetic role.

Conclusion

This multi center observational study gives a view about
the occurrence, clinical and laboratory presentation, localiza-
tion, histological type and genetic background of PHEO/PGL 
in Eastern Slovakia. It reports relatively high occurrence of 
thyroid diseases, impairment of glucose metabolism and other 
malignancy in patients with PHEO/PGL, which has not been 
described yet. Together with a bigger size of the primary tu-
mor, higher concentrations of metanephrines and prevalence 
of extra-adrenal tumors, malignant and hereditary forms, 
we suppose genetic and environmental factors of this region 
may play a role in the etiopathogenesis. However this requires 
a further evaluation.
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