
PRILOZI, Odd. med. nauki, XXXV 1, 2014                                                                                                                   MANU 
CONTRIBUTIONS. Sec. Med. Sci., XXXV 1, 2014                                                                                                            MASA 
 

ISSN 0350-1914 
UDC: 616.61-036.21(497) 

 
 
 
WHAT DO WE KNOW ABOUT THE BALKAN ENDEMIC NEPHROPATHY  
AND THE UROEPITHELIAL TUMORS? 
 
Momir Polenakovic1, Vladisav Stefanović2 

 
1 Macedonian Academy of Sciences and Arts, Skopje, R. Macedonia 
2 Faculty of Medicine, University of Niš, Niš, Serbia 
 
Corresponding Author: Polenakovic Momir, Macedonian Academy of Sciences and Arts, Bul. Krste Misirkov br. 2, 
1000 Skopje, R. Macedonia; Tel: + 389 (0)2 3 23 54 00, Fax: + 389 (0)2 3 23 55 00, E-mail: maknefpo@t-home.mk 
 
 

Abstract 
Balkan endemic nephropathy (BEN), a familial chronic tubulo interstitial disease with a slow pro-
gression to terminal renal failure, affects people living in the alluvial plains along the tributaries of 
the Danube River. One of its most peculiar characteristics is a strong association with upper uro-
thelial cancer. An increased incidence of upper urinary tract (UUT) transitional cell cancer (TCC) 
was discovered among the inhabitants of endemic settlements and in families affected by BEN. In 
areas where BEN is endemic, the incidence of upper tract TCC is significantly higher, even 100 
times, than in non-endemic regions. Until now, several hypotheses have been introduced about the 
etiopathogenesis of BEN. Only the toxic effect aristolochia clematidis has been confirmed as a fac-
tor in the occurrence of the disease. We don’t have specific biomarkers for an early diagnosis of 
BEN and UUT-TCC. With application of modern molecular and genetic methods in investigation 
of etiopathogenesis and diagnosis of BEN and UUT-TCC we should expect improvement in the 
study of BEN. 
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Introduction 
Balkan endemic nephropathy (BEN), a 

familial chronic tubulo interstitial disease with 
a slow progression to terminal renal failure, af-
fects people living in the alluvial plains along 
the tributaries of the Danube River. One of its 
most peculiar characteristics is a strong asso-
ciation with upper urothelial cancer. An increa-
sed incidence of upper urinary tract (UUT) 
transitional cell cancer (TCC) was discovered 
among the inhabitants of endemic settlements 
and in families affected by BEN. In areas 
where BEN is endemic, the incidence of upper 
tract TCC is significantly higher, even 100 ti-
mes, than in non-endemic regions [1, 2]. Until 
now, several hypotheses have been introduced 
about the etiopathogenesis of BEN. Only the 
toxic effect aristolochia clematidis has been 

confirmed as a factor in the occurrence of the 
disease. We would like to indicate several refe-
rences that are of interest in the investigation of 
BEN UUT. 

Some references about BEN – what do 
we know?! 

• Tanchev Y, Evstatiev T, Dorosiev D, 
Pencheva Z, Tsvetkov G. Study of nephritis in 
the region of Vratza (in Bulgarian). Savr Med. 
1956; 9: 14–29. 

• Danilovic V, Djurisic M, Mokranjac M, 
Stojimirovic B, Zivojinovic J, Stojakovic P. 
Ne’ phrites chroniques provoque’ es par l‘into-
xication au plomb par voie digestive (farine). 
Presse Med. 1957; 65: 2039–40. 

• Polenaković M, Mojsiev B. Endemska 
nefropatija u selu Vitino (Kosmet) (Néphropa-
thie endémique au village de Vitino (Kosmet)). 
Medicinski podmladak. 1962/63; XIV(4): 363–71. 
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• Polenaković M, Hrisoho D. Balkan En-
demic Nephropathy: Immunofluorescent exami-
nation. II. Symposium on endemic nephropat-
hy, Belgrade–Lazarevac, 24. and 25. VI 1977, 
Serbian Academy of Sciences and Arts. 1979; 
137–50. 

• Polenaković M, Karanfilski B. Study of 
Cell-Mediated Immunity in Balkan Endemic 
Nephropathy – BEN. I. Congress of Yugoslav 
Nephrologists, Belgrade, 14–18 October 1979, 
Proceedings, Belgrade, Union of Medical As-
sociations of Yugoslavia. 1981; 118–22. 

• Polenaković M, Polenaković B, Savić 
V, Strahinjić S, Stefanović V. Cryoglobulins in 
Patients with Balkan Endemic Nephropathy. 
Proceedings of the 5th Symposium on Endemic 
(Balkan) Nephropathy, Current Research in 
Endemic (Balkan) Nephropathy – Niš. 1983; 
39–45. 

• Polenakovic M, Stefanovic V. Balkan 
nephropathy. In: Cameron JS, Davison AM, 
Grunfeld JP, Kerr D, Ritz E, editors. Oxford 
textbook of clinical nephrology. Edn. 1, Ox-
ford: Oxford University Press. 1992; p. 857–66. 

• Stefanovic V, Polenakovic M. Balkan 
nephropathy. Kidney disease beyond the Bal-
kans? Am J Nephrol. 1991; 11: 1–11 [Editorial]. 

• Mihailov T. Genealogical status of Bal-
kan endemic nephropathy in Bulgaria. In: 
Strahinjić S, Stefanović V, editors. Endemic 
(Balkan) Nephropathy. Niš: University Press. 
1979; 247–52. 

• Ceovic S, Hrabar A, Radonic M. An 
etiological approach to Balkan endemic nep-
hropathy based on the investigation of two ge-
netically different populations. Nephron. 1985; 
40: 175–9. 

• Petkovic S, Mutavdzic M, Petronic V, 
Markovic V. Les tumeurs du bassinet et de 
l’uretère. Recherches cliniques et étiopatholo-
giques. J Urol Nephrol. 1971; 77: 429–39. 

• Cukuranovic R, Ignjatovic M, Stefano-
vic V. Urinary tract tumors and Balkan nephro-
pathy in the South Morava River basin. Kidney 
Int. 1991; 40 (Suppl. 34): S80–4. 

• Miletic-Medved M, Peraica M, Domi-
jan AM. Recent data on endemic nephropathy 
and related urothelial tumors in Croatia. Wien 
Klin Wochenschr. 2005; 117: 604–9. 

• Chernozemsky IN, Stoyanov IS, Petko-
va-Bocharova TK, Nicolov IG, Draganov IV, 

Stoichev II, et al. Geographic correlation bet-
ween the occurrence of endemic nephropathy 
and urinary tract tumours in Vratza district, 
Bulgaria. Int J Cancer. 1977; 19: 1–11. 

• Hall PW, Vasiljević M. Beta2-micro-
globulin excretion as an index of renal tubular 
disorders with special reference to endemic 
Balkan nephropathy. J Lab Clin Med. 1973; 
81: 897–904.  

• Ivic M. The problem of etiology of en-
demic nephropathy. Lijetc Vjes. 1969; 91: 
1278–81. 

• Dojcinov D, Strahinjic S, Stefanovic V. 
Pathohistology of the kidney in the early 
phases of endemic (Balkan) nephropathy. In: 
Strahinjic S, Stefanovic V, editors. Endemic 
(Balkan) Nephropathy. Niš: University Press. 
1979; p. 91–104. 

• Ferluga D, Hvala A, Vizjak A, Trnace-
vic S, Halilbasic A. Renal function, protein 
excretion, and pathology of Balkan endemic 
nephropathy. III. Light and electron microsco-
pic studies. Kidney Int. 1991; 40 (Suppl. 34): 
S57–67. 

• Stefanovic V. Diagnostic criteria for en-
demic (Balkan) nephropathy. In: Strahinjic S, 
Stefanovic V, editors. Current research in ende-
mic (Balkan) nephropathy. Niš: University 
Press. 1983; p. 351–63. 

• Cukuranovic R, Savic V, Djocinov D, 
Stefanovic V. Immunohistochemical localiza-
tion of laminin in renal lesions of Balkan nep-
hropathy. Nephron. 1995; 70: 504–505. 

• Stefanovic V, Jelakovic B, Cukuranovic 
R, Bukvic D, Nikolic J, Lukic L, et al. Diag-
nostic criteria for Balkan endemic nephropathy. 
Proposal by an International Panel. Renal Fail. 
2007; 29: 867–90. 

• Toncheva D, Dimitrov T, Tzoneva M. 
Cytogenetic studies in Balkan endemic nephro-
pathy. Nephron. 1988; 48: 18–21. 

• Toncheva D, Gerov TD, Tzoneva MT, 
Bouchakliev ZP. Spontaneous and induced chro-
mosome aberrations in Balkan endemic nep-
hropathy. Kidney Int. 1991; 40 (Suppl. 34): 
S97–101. 

• Toncheva DI, Atanassova S, Gergov T, 
Todorovska EG, Roeva IG, Georgiev TH, et al. 
Genetic changes in uroepithelial tumors of pa-
tients with Balkan endemic nephropathy. J 
Nephrol. 2002; 15: 387–93. 
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• Atanasova SY, von Ahsen N, Toncheva 
DI, Dimitrov TG, Oellerich M, Armstrong VW. 
Genetic polymorphisms of cytochrome P450 
among patients with Balkan endemic nephro-
pathy (BEN). Clin Biochem. 2005; 38: 223–8. 

• Dimitrov P, Tsolova S, Georgieva R, et 
al. Clinical markers in adult offspring of fami-
lies with and without Balkan endemic nephro-
pathy. Kidney Int. 2006; 69: 723–9. 

• Feder GL, Radovanović Z, Finkelman 
RB. Relatinship between weathered coal depo-
sits and the etiology of Balkan endemic nep-
hropathy. Kidney Int. 1991; 40 (Suppl. 34): 
S9–11. 

• Voice TC, McElmurry SP, Long DT, 
Dimitrov P, Ganev VS, Peptropoulos EA. Eva-
luation of the hypothesis that Balkan endemic 
nephropathy is caused by drinking water expo-
sure to contaminants leaching from Pliocene 
coal deposits. J Expo Sci Environ Epidemiol. 
2006; 16: 515–24. 

• Pfohl-Leszkowicz A, Petkova-Bocha-
rova T, Chernozemsky IN, Castegnaro M. Bal-
kan endemic nephropathy and associated uri-
nary tract tumours: a review on aetiological 
causes and the potential role of mycotoxins. 
Food Addit Contam. 2002; 19: 282–302. 

• Pfohl-Leszkowicz A, Manderville RA. 
Review on Ochratoxin A: an overview on toxi-
city and carcinogenicity in animals and hu-
mans. Mol Nutr Food Res. 2007; 51: 61–99. 

• Pfohl-Leszkowicz A, Tozlovanu M, 
Manderville R, Peraica M, Castegnaro M, Ste-
fanovic V. New molecular and field evidences 
for the implication of mycotoxins but not ari-
stolochic acid in human nephropathy and uri-
nary tract tumor. Mol Nutr Food Res. 2007; 51: 
1131–46. 

• Polenakovic M, Cukuranovic R, Savic 
V, Jovanovic I, Stefanovic V. Immunological 
studies in Balkan endemic nephropathy. Prilozi 
= Contributions. Section of Biological and Me-
dical Sciences. MASA. 2007; 28(1): 13–22 

• Voice TC, Long DT, Radovanović Z, 
Atkins JL, McElmury SP, Niagolova ND, et al. 
Critical evaluation of environmental exposure 
agents suspected in the etiology of Balkan en-
demic nephropathy. Int J Occup Environ He-
alth. 2006; 12: 369–76. 

• Grollman AP, Shibutani S, Moriya M, 
Miller F, Wu L, Moll U, et al. Aristolochic acid 

and the etiology of endemic (Balkan) nephro-
pathy. PNAS. 2007; 104, 12129–34. 

• Nortier JL, Martinez MC, Schmeiser 
HH, Arlt VM, Bieler CA, Petein M, et al. Uro-
thelial carcinoma associated with the use of a 
Chinese herb (Aristolochia fangchi). N Engl J 
Med. 2000; 342: 1686–92. 

• Jelaković B, Karanović S, Vuković-
Lela I, Miller F, Edwards KL, Nikolić J, et al. 
Aristolactam-DNA adducts are a biomarker of 
environmental exposure to aristolochic acid. 
Kidney Int. 2012; 81(6): 559–67.  

• Chen CH, Dickman KG, Moriya M, Za-
vadil J, Sidorenko VS, Edwards KL, et al. Ari-
stolochic acid-associated urothelial cancer in 
Taiwan. Proc Natl Acad Sci USA. 2012; 
109(21): 8241–6. 

• De Broe. Chinese herbs nephropathy 
and Balkan endemic nephropathy: toward a 
single entity, aristolochic acid nephropathy ME 
Kidney Int. 2012 Mar; 81(6): 513–5. 

• Cvitković A, Vuković-Lela I, Edwards 
KL, Karanović S, Jurić D, Cvorišćec D, et al. 
Could disappearance of endemic (Balkan) ne-
phropathy be expected in forthcoming deca-
des? Kidney Blood Press Res. 2012; 35(3): 
147–52. 

Do we have molecular markers for BEN 
– PROTEOMICS? The requirements for mole-
cular markers are:  
• High sensitivity and high specificity. 
• Increased capability of diagnosis of tumors 
in primary stage, mainly in situ cancers. 
• To be independent of subjective factors like 
methodology and examiner’s experience. 
• To be a method with reproducible results. 
• To be a quick, simple and easy method. 
• To be with the least possible discomfort for 
the patient. 
• To provide results at a low cost. 

 
Further studies in the urothelial cancer 

suggest:  
• Identify the involvement of genes which are 
either novel or have previously not been known 
to be involved in the development of early stage 
TCC. 
• Identify genes predisposing to BEN. 
• Identify genes predisposing to TCC asso-
ciated with BEN. 
• Identify biomarkers for detection of predis-
position to TCC before the clinical manife-
station of the disease. 
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• Provide information on the combine mole-
cular signatures (of gene and gene products–
mRNA; protein) of pTa/pT1 TCC – this comp-
lex approach has a higher sensitivity for dete-
ction of diagnostic and prognostic biomarkers 
for high and low risk groups of tumors than the 
separate high throughput study. 
• Determine the significant changes in ge-
ne/protein expression between early stage TCC 
with and without progression. 
• Identify urine proteomics markers for moni-
toring the disease. 
• Identify biomarkers for invasive TCC. 
• Identify predictive biomarkers for chemosen-
sitivity of TCC. 

 
We should examine more the epigenetics 

factors and in general, the influence of environ-
ment to genotype and phenotype of the disease. 

Several questions are enumerated for 
further collaborative studies, to give answers:  
• Do we know current topographical distribu-
tion of BEN?  
• Would genetic research solve the problem of 
BEN etiology? 
• How to direct collaborative etiological stu-
dies? 
• Is the exposure to the unknown BEN agent 
currently going on?  
• How to assess it?  
• Which tests should be used to pick up pos-
sibly affected individuals in a screening of 
BEN?  
• Is mass screening of BEN ethically justified?  
• Should the population be mass screened for 
UUT? 
• How to identify cases outside of BEN foci?  
• How to make BEN research more methodo-
logically sound?  

 
Prevention and treatment of ben 
We just started to unravel the etiology of 

BEN and associated urothelial cancer.  
Since BEN was first described, around 

half a century ago, socioeconomic changes (in 
housing, farming, living standards, etc.) have 
been  profound and  the effect of environmental  
 
 
 

toxicants has been reduced. Genetically suscep-
tible persons have become ill and have died. 

Avoidance of etiological factors is the 
best prevention. 

As aristolochic acid is the probable toxi-
cant in the South Morava region, in Croatia and 
in Bulgaria, the number of BEN and associated 
UUT has been reduced and probably will dis-
appear. 

Treatment of BEN is similar to that of all 
chronic interstitial nephropathies. Patients with 
BEN should pay close attention to cardiovascu-
lar risk and stop smoking, eat healthy and ba-
lanced diet, and take regular exercise. 

Hypertension should be treated with 
ACEIs and ARBs. A low protein diet can be 
used in CKD stages 3 and 4.  

Hemo- and peritoneal dialysis as well as 
kidney transplantation have been used with suc-
cess. BEN does not recur after renal transplan-
tation. 

With longer survival on renal replace-
ment therapy, patients develop tumors of the 
renal pelvis, ureter, and urinary bladder. And 
long term surveillance is required for that. Pret-
ransplant bilateral uretero-nephrectomy is ne-
cessary to prevent urothelial cancer on native 
urinary tract [3, 4]. 

There are more questions than answers 
in the investigation of BEN. So, we expect fruit-
ful results from this meeting about BEN. 
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Резиме  
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Балканската ендемска нефропатија (БЕН) 

е фамилијарна хронична тубулоинтерстицијална 
болест со бавно напредување до терминална бу-
брежна инсуфициенција, ги зафаќа луѓето кои 
живеат во алувијалните рамнини по должинa на  
притоките на реката Дунав. Една од нејзините 
најзначајни карактеристики е силна поврзаност 

со карцином на горниот уротелиум. Зголемена 
инциденца на карцином на преодни клетки (TCC)  
на горниот уротелиум била откриена меѓу жите-
лите на ендемични населби и кај семејствата 
погодени од БЕН. Во областите каде што БЕН е 
ендемска, инциденцата на TCC во горниот тракт 
е значително повисока, дури и 100 пати отколку 
во неендемските региони. Досега, неколку хипо-
тези се дадени за етиопатогенезата на БЕН. 
Само токсичниот ефект на Aristolochia clemati-
dis е потврден како фактор во појавата на бо-
леста. Немаме специфични биомаркери за рана 
дијагноза на БЕН и на карцином на горниот 
уротелиум – TCC. Со примена на современи мо-
лекуларни и генетски методи во истражувањето 
на етиопатогенезата и дијагнозата на БЕН и кар-
цином на горниот уротелиум – TCC се очекува 
подобрување во истражувањето на БЕН. 

 
Клучни зборови: балканска ендемска нефропатија, 
горен уринарен тракт, карцином на преодни клетки. 
 

 
 
 


