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Human exposure to polyhalogenated hydrocarbons and incidence of selected 
malignancies – central European experience
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This paper describes results of two ecological studies design to analyze the incidence of selected malignancies in two
populations exposed to polychlorinated hydrocarbons, mostly PCBs and TCDDs/Fs by comparing data available in the Na-
tional Cancer Registry of the Slovak Republic and National Oncological Registry of the Czech Republic databases for the Slovak 
Republic (~ 5 M inhabitants) and the Czech Republic (10,3 M inhabitants) to the data relevant for the population of Michalovce 
District, the Slovak Republic (~ 112,000 inhabitants) and Uherske Hradiste, the Czech Republic (146,000 inhabitants). Those
districts are recognized as PCB-contaminated areas due to production and industrial use of PCBs. 

Data were analyzed for the 10-year period 1987-1996. The age adjusted world standard ratio (WSR) incidence of thyroid,
pancreatic, breast, ovarian, bladder, and brain tumors in females and thyroid, pancreatic, breast, bladder, brain, prostate and 
testicular tumors in males were compared. 

Neither PCBs nor TCDDs/Fs appear to contribute to the observed significantly lower incidence of breast and prostate cancer in
the Michalovce District and lower bladder cancer incidence in Uherske Hradiste District. However, anti-estrogenic and anti-andro-
genic properties have been described for hydroxylated and methylsulfonyl PCB metabolites. These properties could contribute to
a mechanism through which these metabolites might modulate the development of breast, prostate and bladder cancer. 

The results of our analysis points to substantial potential problems of risk assessment for cancer incidence in populations
exposed to xenobiotics, or more generally, as it relates to a wide spectrum of confoundings of cancer risk factors.
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Findings regarding the carcinogenicity of polyhalogen-
ated hydrocarbons are inconclusive and even contradictory 
[1–2].

A population-based cross sectional study (PCB Risk 5th 
FP) confirmed that the population of the Michalovce District
in Eastern Slovakia was exposed to elevated polychlorinated 
biphenyl (PCB) levels due to the production of 21,500 met-
ric tons of PCBs in a local chemical plant from 1959 – 1983 
[3–4]. As such, the Michalovce District is recognized as one 
of the most heavily PCB-contaminated areas of the world. 
Due to the inconclusive and at times contradictory findings
concerning the carcinogenicity of polyhalogenated hydrocar-
bons [1-2], this ecological study was conducted to analyze the 

incidence of selected malignancies in the exposed population 
by comparing data from the National Cancer Registry of the 
Slovak Republic database (established in 1975) for the Slovak 
Republic (~ 5 million inhabitants) and the Michalovce District 
(~ 112,000 inhabitants). Data were analyzed for the ten-year 
period 1987-1996 [5].

Increased polyhalogenated hydrocarbons were found in 
breast milk fat samples collected in the Uherske Hradiste 
(UH) District compared to that of five other sampled regions
throughout the Czech Republic [6–9]. The content of lipophilic
xenobiotics corresponded to the values detected in the breast 
milk samples in Eastern Slovakia, Michalovce District, that 
were collected according the same protocol within the 5th 
FP PCBRisk QLK 4-2000-00488 [4]. According to the same 
protocol, was performed analysis of the same spectrum of 
malignancies in UH district in comparison with the incidence 
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of the malignancies in the Czech Republic for the course in the 
same time period of ten years (1987-1996). Throughout this ten
year period collected dataset for the Czech Republic represents 
~103M and for UH District ~1,46 M person years. 

Methods

The age-adjusted world standard ratio (WSR) incidence
of malignant thyroid, pancreatic, breast, ovarian, bladder, 
and brain tumors in females and malignant thyroid, pan-
creatic, breast, bladder, brain, prostate and testicular tumors 
in males were compared for whole the Slovak Republic and 
the Michalovce District. For the period 1987-1996, the study 
base for the Slovak Republic was 50 M person-years and for 
Michalovce District approximately 1.12 M person-years. Statis-
tical significance was evaluated using two sample paired t-tests 
of the means in the STATISTICA 6.0 software.

Results 

The WSR incidence at most cancer sites was not sig-
nificantly different between the Michalovce District and the
whole Slovak Republic. For males, the incidence of prostate 
cancer was significantly lower in the Michalovce District
than in whole the Slovak Republic during the period stud-
ied (p = 0.03; Table 1 and Figure 1). During this period, the 
WSR age-adjusted prostate cancer incidence per 100,000 
males, resp. females was 22.42 in the Slovak Republic, but 
only 17.97 in the PCB-contaminated area of Michalovce. For 
females, the incidence of malignant breast cancer was also 
significantly lower in Michalovce than in the whole Slovak
Republic during the period studied (p = 0.01; Table 2; Figure 
2). The WSR age-adjusted breast cancer incidence values were
39.61/100,000 and 33.49/100,000 in the Slovak Republic and 
Michalovce, respectively. This is noteworthy because previous
studies have observed that the population in the Michalovce 
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Figure 2. Linear regression of WSR values for breast cancer in females in 
the Slovak Republic and Michalovce District.

Figure 1. Linear regression of WSR values for prostate cancer in males in 
the Slovak Republic and Michalovce District.

        SLOVAK REPUBLIC          MICHALOVCE

p-valuet-test     RR95% CIWSR  95% CI        WSRDG

0.49-0.720.87      ± 0.4010.15      ± 4.388.78C25 PANCREAS

0.76-0.320.83      ± 0.090.46      ± 0.580.38C50 BREAST

0.03-2.650.80      ± 1.1322.42      ± 3.7617.97C61 PROSTATE

0.650.481.12      ± 0.585.44      ± 2.856.08C62 TESTES

0.19-1.410.85      ± 0.4314.44      ± 3.5512.34C67 BLADDER

0.45-0.780.89      ± 0.425.21      ± 1.634.63C71 BRAIN

0.77-0.310.86      ± 0.161.08      ± 1.100.93C73 THYREOID

Table 1. World standard ratio (WSR) age-adjusted incidence of selected 
malignancies per 100,000 in males in the exposed district (Michalovce) 
and the Slovak Republic, during the period 1987 – 1996

CI, confidence interval; RR, relative risk of WSR average values for this 10-year
period; t-test, t-test value of WSR average values; p-value, p-value in t-test 
calculation of WSR average values. 

Table 2. World standard ratio (WSR) age-adjusted incidence of selected 
malignancies per 100,000 in females in the exposed district (Michalovce) 
and the Slovak Republic during the period 1987 – 1996

        SLOVAK REPUBLIC         MICHALOVCE

p-valuet-test     RR95% CI       WSR  95% CI        WSRDG

0.34 1.011.11      ± 0.205.31      ± 1.425.92C25 PANCREAS

0.01-3.110.85      ± 2.2239.61      ± 5.5333.49C50 BREAST

0.44-0.820.90      ± 0.2710.81      ± 3.049.73C56 OVARIUM

0.500.701.13      ± 0.132.92      ± 1.143.29C67 BLADDER

0.450.791.13      ± 0.314.06      ± 1.494.58C71 BRAIN

0.161.521.59      ± 0.383.12      ± 2.834.95C73 THYREOID

CI, confidence interval; RR, relative risk of WSR average values for this 10-year
period; t-test, t-test value of WSR average values; p-value, p-value in t-test 
calculation of WSR average values. 
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District was exposed to higher levels of PCBs than the whole 
Slovak Republic [3]. The increasing trend in breast cancer in
both populations was strikingly similar trough out the follow 
up period.

The results of age adjusted WSR incidence of selected
malignancies in the second study based on database of the 
National Oncological Registry of the Czech Republic did 
not offer any striking differences. The only exceptions were
malignancies of bladder in both males and females (see table 
3 and 4) at the level p<0.01. During the follow up period it 
ranged within 16.67±1.54 per 104 in Czech Republic compar-
ing with 10.78±2.77 in Uherske Hradiste District in males 
and 3.74±0.55 versus 1.47±0.58 per 104 in females (see Figs. 
3 and 4).

In comparison with previous study in the Slovak Republic 
in population of the Uherske Hradiste District we found only 
not statistically significant lower incidence of breast cancer.

Discussion

During recent decades, the possible influence of PCBs on
the development of breast cancer has been studied extensively. 
A few studies reported an association between PCB body 
burden and a higher incidence of breast cancer [10–12], but 
the majority of the epidemiological studies did not find an as-
sociation between PCB exposure and an increased incidence 
of breast cancer [13–16]. 

Laboratory studies have demonstrated that PCBs may 
induce a broad range of estrogenic and anti-estrogenic or an-
drogenic effects [17–24]. A variety of factors including the dose
and duration of exposure, and more importantly, the degree 
of chlorination will influence the nature and severity of effect.
Mono-, di-, and tricholrinated biphenyls have very different
affinities for biological receptors in comparison to PCBs with
six or more chlorines. It is unclear if environmental agents have 

Table 4. World standard ratio (WSR) age-adjusted incidence of selected 
malignancies per 100,000 in females in the exposed district (Uherske 
Hradiste District) and the Czech Republic, during the period 1987 
– 1996
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Figure 3. Linear regression of WSR values for bladder cancer in males in 
Czech Republic and Uherske Hradiste District .

Figure 4. Linear regression of WSR values for bladder cancer in females 
in Czech Republic and Uherské Hradiště District 

Table 3. World standard ratio (WSR) age-adjusted incidence of selected ma-
lignancies per 100,000 in males in the exposed district (Uherske Hradiste 
District) and the Czech Republic, during the period 1987 – 1996

   UHERSKE HRADISTE   CZECH REPUBLIC

p-valuet-test    RR95% CIWSR  95% CI        WSRDG

0.530.651.06      ± 0.3011.48    ± 2.2212.18C25 PANCREAS

0.131.681.67      ± 0.050.51    ± 0.480.85C50 BREAST

0.630.501.04      ± 3.3326.82    ± 4.4527.93C61 PROSTATE

0.97-0.041.00      ± 0.425.48    ± 1.325.46C62 TESTES

<0.01-5.770.65      ± 1.5416.67    ± 2.7710.78C67 BLADDER

0.610.531.09      ± 0.505.18    ± 2.245.66C71 BRAIN

0.101.851.51      ± 0.161.34    ± 0.852.02C73 THYREOID

CI, confidence interval; RR, relative risk of WSR average values for this 10-year
period; t-test, t-test value of WSR average values; p-value, p-value in t-test 
calculation of WSR average values. 

CI, confidence interval; RR, relative risk of WSR average values for this 10-year
period; t-test, t-test value of WSR average values; p-value, p-value in t-test 
calculation of WSR average values. 

   UHERSKE HRADISTE   CZECH REPUBLIC

p-valuet-test     RR95% CIWSR  95% CI        WSRDG

0.76-0.320.96      ± 0.256.68    ± 1.746.43C25 PANCREAS

0.20-1.390.91      ± 3.3448.67    ± 7.5644.07C50 BREAST

0.48-0.740.94      ± 0.6813.34    ± 2.9512.56C56 OVARIUM

<0.01-11.380.39      ± 0.553.74    ± 0.581.47C67 BLADDER

0.43-0.830.91      ± 0.183.63    ± 1.023.30C71 BRAIN

0.680.421.11      ± 0.473.52    ± 2.033.90C73 THYREOID
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contributed to the lower incidence of breast or prostate cancer 
observed in the Michalovce district. The anti-estrogenic prop-
erties of hydroxylated and methylsulfonyl PCB metabolites 
may help explain the lower incidence of breast cancer in the 
Michalovce District as well as the observed lower incidence of 
bladder malignancies in Uherské Hradiste District.

In conclusion the results of our descriptive study point to 
substantial potential problems of risk assessment for cancer 
incidence in populations exposed to xenobiotics, or more 
generally, as it relates to a wide spectrum of confoundings of 
cancer risk factors.
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