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Abstract

Portal hypertension, liver fibrosis, and angiosarcoma of the liver (ASL) have been
reported among workers exposed to vinyl chloride monomer (VCM) since the
1970s. In 2007, the International Agency for Research on Cancer established the
association of VCM with hepatocellular carcinoma (HCC), though only on the
basis of the few cases available. Thereafter, recent reports from the United States
cohort and a European sub-cohort of vinyl chloride workers provided compelling
evidence of a strong association between cumulative VCM exposure and HCC
risk. Further areas of research include the risk of liver cancer at lower levels of
exposure and different patterns of risk of ASL and HCC with the time since
exposure. The evidence of interaction between VCM exposure and other known
liver carcinogens such as alcohol and chronic viral infection provides clues for the
health surveillance of exposed workers. Notably, also the risk of VCM-associated
chronic liver disease is modulated by alcohol consumption, viral infection, and
genetic polymorphism. A counter-intuitive finding from cohort studies of
exposed workers is the lower mortality from liver cirrhosis with respect to the
general population; this can be attributed to the healthy worker effect and to the
selection of liver cancer as the cause of death in the presence of concomitant
chronic liver disease. Studies designed to overcome these intricacies confirmed an
association between cumulative VCM exposure and the risk of liver cirrhosis.

Key words: Vinyl chloride; Occupational exposure; Epidemiology; Liver cancer;
Angiosarcoma; Hepatocellular carcinoma; Liver cirrhosis

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Occupational exposure to vinyl chloride monomer (VCM) causes chronic liver
disease, liver angiosarcoma, and hepatocellular carcinoma. VCM exposure has a
synergistic effect with other known risk factors of liver diseases such as alcohol
consumption and chronic viral infection. Further research is warranted to assess the risk
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2 of liver cancer at low levels of exposure and to investigate the patterns of risk with time

since exposure.
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INTRODUCTION

Vinyl chloride monomer (VCM) is a synthetic gas mostly used in the manufacture of
polyvinyl chloride (PVC), a widely used plastic material. Occupational exposure to
VCM primarily occurs in the VCM/PVC production and processing industry!"l. The
role of occupational exposure to VCM in the development of angiosarcoma of the
liver (ASL) is well known since the mid-1970s. In 2007, the International Agency for
Research on Cancer (IARC) established that exposure to VCM causes both ASL and
hepatocellular carcinoma (HCC)™. The evidence on HCC was mainly derived from
studies carried out in the early 2000s, demonstrating a relationship between HCC
incidence and cumulative VCM exposure, as well as an association of VCM exposure
with liver cirrhosis™.

However, some controversy remained because findings on HCC were based only
on a limited number of confirmed cases. Such controversy was fueled by reviews
issued by VCM industry consultants, claiming that the results about HCC might have
been biased due to misclassification between HCC and ASL, and underlining the fact
that overall among VCM workers mortality from liver cirrhosis was lower with
respect to the general population!**l. Notably, one of these reviews deduced that a
firm conclusion about the role of VCM in the development of liver diseases other than
ASL is unlikely to be reached in the future, because of the contrasting personal views
given by experts’l. The statements regarding irresolvable controversies might be used
in the legal setting, yet the scientific evidence usually proceeds by slowly accu-
mulating new original studies that shed light on gray areas of the available
knowledge.

In fact, after the IARC assessment, new epidemiological studies updating previous
results from cohorts of workers employed in VCM/PVC production in the United
States!”], Europel'*'!l, and Taiwan['? have been published. Aim of this review is to
summarize such new findings within the frame of the previous evidence.

HEPATOCELLULAR CARCINOMA

An increase in mortality from liver cancer among vinyl chloride workers has been
reported by several studies carried out in the past decades, especially two large
multicentric cohort studies from the United States!”'*'"l and Europel”'*l. However, the
association between VCM exposure and HCC is difficult to investigate because most
studies did not collect histological or clinical information distinguishing HCC from
ASL or other primary/secondary neoplasms!'l. The IARC assessment carried out in
2007 relied mostly on the results from the European cohort of workers employed in
the vinyl chloride industry?], from an Italian sub-cohort!*, and a case-control study
nested in the latter sub-cohort!®’. Overall, a clear association of HCC risk with
cumulative exposure was found, although based only on a few confirmed cases
(ranging from 10 to 13).

Two studies have recently confirmed the IARC assessment. For the first time in
2017, data were published from the US cohort of vinyl chloride workers specifically
addressing HCC risk, with the diagnosis based on information reported in death
certificates. The risk of HCC steeply increased with increasing duration of
employment and VCM cumulative exposure. The authors warned that in the absence
of histopathological confirmation, such figures might have been influenced by
misclassification of ASL and HCC in the earlier decades!”. However, such mis-
classification did not probably affect the main results since findings were confirmed
after exposures were lagged by 10-40 years. More recently, an update of an Italian
cohort of vinyl chloride workers found a strong association with VCM cumulative
exposure in a large series of HCC confirmed by histology and/or clinical records!'"l. In
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summary, all the original studies available provide compelling evidence of the causal
role of occupational VCM exposure in the development of HCC (Table 1).

It must be remarked that vinyl chloride is mutagenic, being associated to
chromosomal aberrations, micronucleus formation, sister chromatid exchange, Ki-ras
and p53 gene mutations?”; furthermore, the development of liver cirrhosis per se
increases the risk of HCC through multiple mechanism, including chromosomal
instability!"”l. Within this framework, specific aspects of the association between VCM
and HCC, namely, the absence of risk below a threshold of exposure, a decrease in the
rates of liver cancer in historical cohorts through the more recent decades of follow-
up, and interactions with other known risk factors for HCC, need further clarification.

Analyses on the risk of HCC at low levels of cumulative VCM exposure are
hampered by the limited number of available cases. In the United States cohort, based
on 32 cases of HCC as identified from death certificates, mortality rates did not
increase except for the highest quintile of cumulative exposure (= 2271 ppm-years).
However, after exposures were lagged by 30 years, HCC mortality significantly
increased already in the 865-2271 ppm-years class (or in the 1021-3301 ppm-years
class using high cut-points based on quintiles for all liver cancers, see also Table 1).
The authors suggested a possible threshold at about 1000 ppm-years cumulative
exposurel’l. In the European cohort of vinyl chloride workers, an increase in liver
cancer risk (all types) with increasing exposure was confirmed in analyses restricted
to subjects with cumulative exposure < 1500 ppm-years’®. In an Italian cohort, an
approach based on a non-parametric regression was adopted to model in continuous
form the relationship between exposure and mortality considering 31 confirmed HCC
cases; HCC mortality rates were found to increase with cumulative VCM exposure
already in the range below 2000 ppm-years!'l. In view of the above data, the risk of
HCC seems not to be confined only to a few subjects in the highest exposure
categories, but probably involves most workers from the United States and Europe,
who had relevant exposures to VCM before the major improvements in working
conditions achieved in the mid-1970s.

The second issue is represented by the possible decline in liver cancer risk among
previously exposed workers decades after the large decrease in the VCM exposure
levels that were achieved in the chemical industry. According to the last update of the
cohort of vinyl chloride workers in Taiwan!'?, liver cancer mortality reached a peak
during 1991-1996, and thereafter showed a decline. Although information on
histological type was missing for most patients who died of liver cancer, the limited
number of cases with available medical records were all confirmed HCC, with no case
of ASL identified!"]. In the United States cohort, the peak of standardized mortality
ratios (SMR) for liver cancer (all types) was observed during the 1970s; however, in
subsequent decades a more than two-fold excess risk for liver cancer was still
observed!”l. Among the confirmed cases, the median latency for HCC (48 years) was
found to be considerably longer than that for ASL (36 years)".. In an Italian cohort of
vinyl chloride workers, SMRs for liver cancer remained increased through the most
recent period of follow-up!''); analyses by latency showed that the highest SMR was
reached after more than 40 years from the first exposurel'”"'l. Once again among the
confirmed cases, latency was observed to be longer for HCC as compared to ASL,
being mean latency 39 and 32 years, respectively!"'l. The overall picture from the
historical cohorts is consistent with a first major peak of liver cancer deaths, mostly
represented by ASL; in the more recent decades, mortality for liver cancer remained
significantly increased, mainly sustained by the occurrence of HCC.

A common criticism of cohort studies is the lack of adjustment for known risk
factors such as alcohol consumption and hepatitis B virus (HBV) or hepatitis C virus
(HCV) infection. Two nested case-control studies, already included in the IARC
review, investigated such an issue. A multiplicative effect between employment in
jobs with high VCM exposure and HBsAg carrier status was reported for liver cancer
(mostly HCC) in the Taiwanese cohort!'”. Furthermore, a study from Italy reported
that cumulative VCM exposure was an independent risk factor for HCC, interacting
synergistically with alcohol consumption and additively with viral infection!. Such
studies provide useful clues for the health surveillance and disease prevention in
previously exposed workers, as the interaction between multiple exposures further
increases the risk for HCC. Therefore, cessation of alcohol consumption and treatment
of chronic viral infection should be prioritized among vinyl chloride workers,
especially in the view of the recent availability of directly acting antivirals for HCV
treatment.
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Table 1 Studies investigating the association between occupational exposure and hepatocellular carcinoma in vinyl chloride workers

. Study Disease Exposure Exposure Number of Relative risk
Ref. location I . 0 Notes
description assessment assessment categories cases (95%Cl)
Ward et all’l Cohort study, HCC, best Job exposure 0-734 3 1.0 Trend test
(2001), European 12700 workers evidence matrix: ' 735-2379 5 3.02 (0.50-1.81) P =0.004
cohort Cumulative
exposure (ppm-  2380-5188 1 2.47 (0.26-23.9)
years) 5189-7531 1 5.33 (0.54-52.8)
>7532 2 20.3 (2.98-138)
Mundt et al'’} Cohort study, HCC, death Job exposure high cut-points: 30-yr lagged exp
(2017), United 9951 workers certificates matrix: ' <1021 8 10 10
States cohort Cumulative
exposure (ppm-  1021-3300 4 1.2 (0.4-3.8) 3.8 (1.4-10.4)
years) 3301-5685 7 7.2 (2.6-20.0) 8.9 (2.8-28.5)
5686-10551 6 7.3 (2.5-21.1) 14.6 (4.7-45.1)
>10551 7 18.8 (6.8-51.9) 34.6 (10.3-115.8)
Fedeli et all'!! Cohort study, HCC, histology or Job exposure 0-734 12 1.00
(2019), Italian 1685 workers clinical records matrix: ) 735.2379 4 1.72 (0.55-5.32)
plant cumulative
exposure (ppm- 2380-5188 9 5.24 (2.20-12.5)
years) > 5189 6 5.52 (2.03-14.9)
Wong et all'’} Nested case- Liver cancer: 10 Job title based on Tank cleaning 18 liver cancers 3.6 (1.4-9.2) Additional
(2903), control study: 18 conflrnfled HCC, job history High exposure 29 (1.1-7.3) analyses on joint
Taiwanese cases, 68 referents no angiosarcoma ‘obs effects
cohort !
Mastrangelo et Nested case- HCC, histology or Job exposure Each 1000 ppm- 13 1.71 (1.29-2.44) Additional
al®! (2004), control study: 13  clinical records ~ matrix: years increase alcohol/virus analyses on joint
Italian plant cases, 139 Cumulative adjusted effects
referents exposure (ppm-
years)

HCC: Hepatocellular carcinoma; CI: Confidence interval.

CHRONIC LIVER DISEASE

Portal hypertension and fibrosis at liver biopsy have been reported among VCM
production workers since the 1970s*). Thereafter, multiple studies adopting different
approaches have investigated the association between occupational exposure to VCM
and chronic liver disease: Prevalence surveys among active workers, cohort mortality
studies, nested case-control studies. Ultrasonography was advocated as the preferred
method for health surveillance of workers exposed to VCM since the mid-1970s:
Enlarged portal vein, splenomegaly, and changes in hepatic structure were the most
commonly observed abnormalities; by contrast, liver function tests were reported to
be unsuitable for the detection of VCM-associated liver diseases?”!!. Subsequent studies
reported contrasting results for liver function tests, and a possible role for cholestasis
indices was suggested for the surveillance of exposed workers*. In spite of the early
recognition of the role of liver ultrasonography, only a few studies describing the
findings associated with VCM exposure have been published. An increased
prevalence of periportal liver fibrosis among workers with past high VCM exposure
was reported among 757 Italian workers, whereas no association with steatosis and
changes in liver function tests was observed™!. Among 347 male workers in Taiwan,
those with a history of high VCM-exposure jobs were at a higher risk of liver fibrosis
(a category combining cirrhotic and pre-cirrhotic sonographic changes of the liver).
Other risk factors for liver fibrosis included overweight/obesity and HBV/HCV
infection; workers with both viral infection and high exposure were at the highest risk
of liver fibrosis*’l. A possible role of genetic polymorphism of Cytochrome P450 2E1
(CYP2E1) in the development of VCM-induced liver fibrosis was suggested™!. Among
Taiwanese workers, a synergistic effect between high VCM exposure and hepatitis
viral infection was also found responsible for increased transaminase levels!”’.. The
association between occupational VCM exposure and chronic liver disease was
confirmed by higher rates of hospital admissions for cirrhosis with respect to non-
exposed reference workers!*’l. Lastly, an increasing prevalence of abnormalities (all
types) was detected at liver ultrasonography across workers with no, low, and high
VCM exposures in China; once again, a joint effect with CYP2E1 polymorphism was
reported®).
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The studies investigating ultrasonography findings among VCM workers still
employed in Western countries and Taiwan were carried out about twenty years after
the end of high exposure periods, with a possible underestimation of risks due to
workers quitting job as a consequence of liver diseases!*). More recently, Cave and
colleagues reviewed slides from liver biopsies and analyzed frozen sera obtained
during 1974-1977 from 25 United States workers with extremely high exposure
submitted to intensive medical surveillance (four had concomitant ASL, with a fifth
case developing ASL in subsequent years)!". Steatohepatitis was observed in 20 (80%)
biopsies, among which, liver fibrosis was present in 11. Notably, among these cases,
called “Toxicant Associated Steatohepatitis” (TASH), serum transaminases were not
altered with respect to healthy chemical workers. TASH, the consequence of current
high VCM exposures, may not always be reversible after exposure has been
withdrawn and may further evolve into progressive liver injury and fibrosis®’.

The role of VCM exposure in the development of chronic liver disease has been
confirmed by a case-control study carried out within an Italian cohort of VCM
workerslPl. The case group comprising 40 patients with cirrhosis diagnosed at
histology or on a clinical basis was compared to 139 reference workers without any
liver disease. Cumulative VCM exposure was an independent risk factor for cirrhosis,
interacting with both alcohol consumption and viral infection.

By contrast, cohort studies on vinyl chloride workers usually report a risk of
mortality from liver cirrhosis/chronic liver disease lower than the expected based on
rates registered in the general population; this finding can be attributed to the healthy
worker effectl’). Within-cohort analyses avoiding bias derived from comparison with
an external reference have been performed in the European and the United States
cohorts. In both cohorts, increased mortality rates were observed in highly exposed
groups with respect to the reference group having the lowest exposure (Table 2),
although a linear trend across the categories of cumulative exposure could not be
demonstrated?”l. It must be remarked that mortality from cirrhosis can be
underestimated especially among highly exposed workers. In the presence of ASL or
HCC, liver cancer will be selected as the underlying cause of death, whereas the co-
existing chronic liver disease will be mentioned only as a concomitant cause (or even
omitted)!"'”"!]. To overcome this limit, deaths from liver cirrhosis were analyzed
together with the deaths of patients with histologically or clinically evident cirrhosis,
yet having liver cancer as the underlying cause: A strong association with cumulative
VCM exposure was demonstrated!'!l.

CONCLUSION

Occupational exposure to VCM causes a substantial burden of liver diseases; in the
last update of an Italian cohort, as much as 29% of overall deaths among workers in
the highest exposure category were from liver cancer (all types) or liver cirrhosis!''l.
Available original studies reviewed by IARC and published after the IARC
assessment confirm the association between occupational VCM exposure and chronic
liver disease as well as HCC. Further research is warranted to assess the disease risk
in the lower range of cumulative exposure and to investigate the pattern of risk with
the time elapsed since exposure. The evidence of additive or multiplicative
interactions with other known risk factors should prompt health surveillance and
promotion programs among exposed workers, aimed at reduction of alcohol
consumption and body weight, and identification and treatment of chronic viral
infection.
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Table 2 Studies investigating the association between occupational exposure and liver fibrosis/liver cirrhosis in vinyl chloride workers

. Study Disease Exposure Exposure Number of Relative risk
Ref. location - ; 0 Notes
description assessment assessment categories cases (95%Cl)
Maroni et all™  Survey of 757 Liver Job exposure 0 Overall 1.0 Adjusted for age,
(2003), Italy, four active workers ultrasonography: matrix: Max prevalence 16.0% _ alcohol, body
. R 1-10 1.55 (P = 0.276) . .
VC plants Periportal fibrosis Exposure (ppm) mass index, viral
50 154 (P=0405)  hepatitis
200 4.12 (P = 0.005)
500 2.47 (P =0.064)
Hsiao et all*’] Survey of 347 Liver Job exposure Low 3 1.0 Adjusted for age,
(2003), Taiwan, — active workers ultrasonography: matrix: Mod alcohol, body
i 5 4.6 (1.0-25.5
five VC plants Liver fibrosis Cumulative oderate ( ) mass index
including pre- exposure (ppm-  High (>2400) 12 59 (1.7-28.2)
cirrhosis and years)
cirrhosis
Mastrangelo et Nested case- Cirrhosis at Job exposure Each 1000 ppm- 40 1.37 (1.13-1.69) Additional
al! (2004), control study: 40  histology and/or matrix: years increase alcohol/ virus analyses on joint
Italian plant Cases and 139 clinical records ~ Cumulative adjusted effects
controls exposure (ppm-
years)
Ward et all’! Cohort study, Cause of death Job exposure <524 8 1.0
(2001), European 12700 workers fI‘OII.I .death matrix: . 504-998 8 9.38 (3.52-25.0)
cohort certificates Cumulative
exposure (ppm- ~ 999-3428 9 4.01 (1.55-10.4)
years) 3430-5148 8 9.77 (3.66-26.1)
5149+ 9 8.28 (3.15-21.8)
Mundt et al'’} Cohort study, Cause of death Job exposure <63 11 1.0
(2017), United 9951 workers from death matrix: 63-286 19 1.8 (0.9-3.8)
States cohort certificates Cumulative T
exposure (ppm-  287-864 2 2.0 (1.0-4.1)
jeas) 865-2270 24 2.1 (1.0-4.3)
2271+ 21 1.7 (0.9-3.7)
Fedeli et all'"! Cohort study, Deaths from Job exposure <734 35 1.0
(2019), Italian 1685 workers c1rrh0§1s + deaths matrix: . 7342378 8 1.18 (0.55-2.55)
plant from liver cancer Cumulative
with exposure (ppm- 2379-5187 12 2.43 (1.26-4.70)
histological/clinic years) > 5188 8 2.60 (1.19-5.67)

al evidence of
cirrhosis

VC: Vinyl chloride; CI: Confidence interval.

REFERENCES

1 TARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Chemical agents and
related occupations. JARC Monogr Eval Carcinog Risks Hum 2012; 100: 9-562 [PMID: 23189753]

2 TIARC Working Group on the Evaluation of Carcinogenic Risks to Humans. IARC monographs on the
evaluation of carcinogenic risks to humans. Volume 97. 1,3-butadiene, ethylene oxide and vinyl halides
(vinyl fluoride, vinyl chloride and vinyl bromide). ZARC Monogr Eval Carcinog Risks Hum 2008; 97: 3-
471 [PMID: 20232717]

3 Ward E, Boffetta P, Andersen A, Colin D, Comba P, Deddens JA, De Santis M, Engholm G, Hagmar L,
Langard S, Lundberg I, McElvenny D, Pirastu R, Sali D, Simonato L. Update of the follow-up of mortality
and cancer incidence among European workers employed in the vinyl chloride industry. Epidemiology
2001; 12: 710-718 [PMID: 11679801 DOI: 10.1097/00001648-200111000-00021]

4 Pirastu R, Baccini M, Biggeri A, Comba P. [Epidemiologic study of workers exposed to vinyl chloride in
Porto Marghera: Mortality update]. Epidemiol Prev 2003; 27: 161-172 [PMID: 12958735]

5 Mastrangelo G, Fedeli U, Fadda E, Valentini F, Agnesi R, Magarotto G, Marchi T, Buda A, Pinzani M,
Martines D. Increased risk of hepatocellular carcinoma and liver cirrhosis in vinyl chloride workers:
Synergistic effect of occupational exposure with alcohol intake. Environ Health Perspect 2004; 112: 1188-
1192 [PMID: 15289165 DOI: 10.1289/¢hp.6972]

6 Fedeli U, Mastroangelo G. Vinyl chloride industry in the courtroom and corporate influences on the
scientific literature. Am J Ind Med 2011; 54: 470-473 [PMID: 21456080 DOI: 10.1002/ajim.20941]

7 Frullanti E, La Vecchia C, Boffetta P, Zocchetti C. Vinyl chloride exposure and cirrhosis: A systematic
review and meta-analysis. Dig Liver Dis 2012; 44: 775-779 [PMID: 22440240 DOI:
10.1016/7.d1d.2012.02.007]

8 Lotti M. Do occupational exposures to vinyl chloride cause hepatocellular carcinoma and cirrhosis? Liver
Int 2017; 37: 630-633 [PMID: 28063180 DOI: 10.1111/1iv.13326]

9 Mundt KA, Dell LD, Crawford L, Gallagher AE. Quantitative estimated exposure to vinyl chloride and
risk of angiosarcoma of the liver and hepatocellular cancer in the US industry-wide vinyl chloride cohort:

Raishidengs WJG | https://www.wjgnet.com 4890 September 7,2019 | Volume 25 | Issue33 |


http://www.ncbi.nlm.nih.gov/pubmed/23189753
http://www.ncbi.nlm.nih.gov/pubmed/20232717
http://www.ncbi.nlm.nih.gov/pubmed/11679801
https://dx.doi.org/10.1097/00001648-200111000-00021
http://www.ncbi.nlm.nih.gov/pubmed/12958735
http://www.ncbi.nlm.nih.gov/pubmed/15289165
https://dx.doi.org/10.1289/ehp.6972
http://www.ncbi.nlm.nih.gov/pubmed/21456080
https://dx.doi.org/10.1002/ajim.20941
http://www.ncbi.nlm.nih.gov/pubmed/22440240
https://dx.doi.org/10.1016/j.dld.2012.02.007
http://www.ncbi.nlm.nih.gov/pubmed/28063180
https://dx.doi.org/10.1111/liv.13326

10

11

12

13
14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Jaishidengs  WJG | https://www.wjgnet.com

Fedeli U et al. Vinyl chloride and liver diseases

Mortality update through 2013. Occup Environ Med 2017; 74: 709-716 [PMID: 28490663 DOI:
10.1136/0emed-2016-104051]

Scarnato C, Rambaldi R, Mancini G, Olanda S, Spagnolo MR, Previati E, Parmeggiani V, Minisci S,
Comba P, Pirastu R. [Mortality study update of workers exposed to vinyl chloride in plants located in
Ferrara and Ravenna (Emilia-Romagna Region, Northern Italy)]. Epidemiol Prev 2017; 41: 271-278
[PMID: 29119762 DOI: 10.19191/EP17.5-6.P271.088]

Fedeli U, Girardi P, Gardiman G, Zara D, Scoizzato L, Ballarin MN, Baccini M, Pirastu R, Comba P,
Mastrangelo G. Mortality from liver angiosarcoma, hepatocellular carcinoma, and cirrhosis among vinyl
chloride workers. Am J Ind Med 2019; 62: 14-20 [PMID: 30474170 DOI: 10.1002/ajim.22922]

Hsieh HI, Chen PC, Wong RH, Du CL, Chang YY, Wang JD, Cheng TJ. Mortality from liver cancer and
leukaemia among polyvinyl chloride workers in Taiwan: An updated study. Occup Environ Med 2011; 68:
120-125 [PMID: 20798004 DOI: 10.1136/0em.2010.056978]

Cooper WC. Epidemiologic study of vinyl chloride workers: Mortality through December 31, 1972.
Environ Health Perspect 1981; 41: 101-106 [PMID: 7199425 DOI: 10.1289/e¢hp.8141101]

Wong O, Whorton MD, Foliart DE, Ragland D. An industry-wide epidemiologic study of vinyl chloride
workers, 1942-1982. Am J Ind Med 1991; 20: 317-334 [PMID: 1928109 DOI: 10.1002/ajim.4700200305]
Mundt KA, Dell LD, Austin RP, Luippold RS, Noess R, Bigelow C. Historical cohort study of 10 109
men in the North American vinyl chloride industry, 1942-72: Update of cancer mortality to 31 December
1995. Occup Environ Med 2000; 57: 774-781 [PMID: 11024202 DOI: 10.1136/0em.57.11.774]
Simonato L, L'Abbé KA, Andersen A, Belli S, Comba P, Engholm G, Ferro G, Hagmar L, Langard S,
Lundberg I. A collaborative study of cancer incidence and mortality among vinyl chloride workers. Scand
J Work Environ Health 1991; 17: 159-169 [PMID: 2068554 DOI: 10.5271/sjweh.1715]

El-Serag HB, Rudolph KL. Hepatocellular carcinoma: Epidemiology and molecular carcinogenesis.
Gastroenterology 2007; 132: 2557-2576 [PMID: 17570226 DOI: 10.1053/j.gastro.2007.04.061]

Wong RH, Chen PC, Du CL, Wang JD, Cheng TJ. An increased standardised mortality ratio for liver
cancer among polyvinyl chloride workers in Taiwan. Occup Environ Med 2002; 59: 405-409 [PMID:
12040117 DOLI: 10.1136/0em.59.6.405]

Wong RH, Chen PC, Wang JD, Du CL, Cheng TJ. Interaction of vinyl chloride monomer exposure and
hepatitis B viral infection on liver cancer. J Occup Environ Med 2003; 45: 379-383 [PMID: 12708141
DOI: 10.1097/01.jom.0000063622.37065.fd]

Smith PM, Crossley IR, Williams DM. Portal hypertension in vinyl-chloride production workers. Lancet
1976; 2: 602-604 [PMID: 61343 DOI: 10.1016/S0140-6736(76)90668-1]

Williams DM, Smith PM, Taylor KJ, Crossley IR, Duck BW. Monitoring liver disorders in vinyl chloride
monomer workers using greyscale ultrasonography. Br J Ind Med 1976; 33: 152-157 [PMID: 962999 DOI:
10.1136/0em.33.3.152]

Attarchi MS, Aminian O, Dolati M, Mazaheri M. Evaluation of liver enzyme levels in workers exposed to
vinyl chloride vapors in a petrochemical complex: A cross-sectional study. J Occup Med Toxicol 2007, 2:
6 [PMID: 17686177 DOIL: 10.1186/1745-6673-2-6]

Maroni M, Mocci F, Visentin S, Preti G, Fanetti AC. Periportal fibrosis and other liver ultrasonography
findings in vinyl chloride workers. Occup Environ Med 2003; 60: 60-65 [PMID: 12499459 DOI:
10.1136/0em.60.1.60]

Maroni M, Fanetti AC. Liver function assessment in workers exposed to vinyl chloride. Int Arch Occup
Environ Health 2006; 79: 57-65 [PMID: 16091976 DOI: 10.1007/s00420-005-0018-y]

Hsiao TJ, Wang JD, Yang PM, Yang PC, Cheng TJ. Liver fibrosis in asymptomatic polyvinyl chloride
workers. J Occup Environ Med 2004; 46: 962-966 [PMID: 15354062 DOI:
10.1097/01.jom.0000137722.66767.38]

Hsieh HI, Chen PC, Wong RH, Wang JD, Yang PM, Cheng TJ. Effect of the CYP2E1 genotype on vinyl
chloride monomer-induced liver fibrosis among polyvinyl chloride workers. Toxicology 2007; 239: 34-44
[PMID: 17659824 DOI: 10.1016/j.tox.2007.06.089]

Hsieh HI, Wang JD, Chen PC, Cheng TJ. Synergistic effect of hepatitis virus infection and occupational
exposures to vinyl chloride monomer and ethylene dichloride on serum aminotransferase activity. Occup
Environ Med 2003; 60: 774-778 [PMID: 14504367 DOI: 10.1136/0em.60.10.774]

Du CL, Wang JD. Increased morbidity odds ratio of primary liver cancer and cirrhosis of the liver among
vinyl chloride monomer workers. Occup Environ Med 1998; 55: 528-532 [PMID: 9849539 DOI:
10.1136/0em.55.8.528]

Zhu SM, Ren XF, Wan JX, Xia ZL. Evaluation in vinyl chloride monomer-exposed workers and the
relationship between liver lesions and gene polymorphisms of metabolic enzymes. World J Gastroenterol
2005; 11: 5821-5827 [PMID: 16270392 DOI: 10.3748/wjg.v11.i37.5821]

Cave M, Falkner KC, Ray M, Joshi-Barve S, Brock G, Khan R, Bon Homme M, McClain CJ. Toxicant-
associated steatohepatitis in vinyl chloride workers. Hepatology 2010; 51: 474-481 [PMID: 19902480
DOI: 10.1002/hep.23321]

Fedeli U, Schievano E, Lisiero M, Avossa F, Mastrangelo G, Saugo M. Descriptive epidemiology of
chronic liver disease in northeastern Italy: An analysis of multiple causes of death. Popul Health Metr
2013; 11: 20 [PMID: 24112320 DOI: 10.1186/1478-7954-11-20]

4891 September 7, 2019 | Volume 25 | Issue33 |


http://www.ncbi.nlm.nih.gov/pubmed/28490663
https://dx.doi.org/10.1136/oemed-2016-104051
http://www.ncbi.nlm.nih.gov/pubmed/29119762
https://dx.doi.org/10.19191/EP17.5-6.P271.088
http://www.ncbi.nlm.nih.gov/pubmed/30474170
https://dx.doi.org/10.1002/ajim.22922
http://www.ncbi.nlm.nih.gov/pubmed/20798004
https://dx.doi.org/10.1136/oem.2010.056978
http://www.ncbi.nlm.nih.gov/pubmed/7199425
https://dx.doi.org/10.1289/ehp.8141101
http://www.ncbi.nlm.nih.gov/pubmed/1928109
https://dx.doi.org/10.1002/ajim.4700200305
http://www.ncbi.nlm.nih.gov/pubmed/11024202
https://dx.doi.org/10.1136/oem.57.11.774
http://www.ncbi.nlm.nih.gov/pubmed/2068554
https://dx.doi.org/10.5271/sjweh.1715
http://www.ncbi.nlm.nih.gov/pubmed/17570226
https://dx.doi.org/10.1053/j.gastro.2007.04.061
http://www.ncbi.nlm.nih.gov/pubmed/12040117
https://dx.doi.org/10.1136/oem.59.6.405
http://www.ncbi.nlm.nih.gov/pubmed/12708141
https://dx.doi.org/10.1097/01.jom.0000063622.37065.fd
http://www.ncbi.nlm.nih.gov/pubmed/61343
https://dx.doi.org/10.1016/S0140-6736(76)90668-1
http://www.ncbi.nlm.nih.gov/pubmed/962999
https://dx.doi.org/10.1136/oem.33.3.152
http://www.ncbi.nlm.nih.gov/pubmed/17686177
https://dx.doi.org/10.1186/1745-6673-2-6
http://www.ncbi.nlm.nih.gov/pubmed/12499459
https://dx.doi.org/10.1136/oem.60.1.60
http://www.ncbi.nlm.nih.gov/pubmed/16091976
https://dx.doi.org/10.1007/s00420-005-0018-y
http://www.ncbi.nlm.nih.gov/pubmed/15354062
https://dx.doi.org/10.1097/01.jom.0000137722.66767.38
http://www.ncbi.nlm.nih.gov/pubmed/17659824
https://dx.doi.org/10.1016/j.tox.2007.06.089
http://www.ncbi.nlm.nih.gov/pubmed/14504367
https://dx.doi.org/10.1136/oem.60.10.774
http://www.ncbi.nlm.nih.gov/pubmed/9849539
https://dx.doi.org/10.1136/oem.55.8.528
http://www.ncbi.nlm.nih.gov/pubmed/16270392
https://dx.doi.org/10.3748/wjg.v11.i37.5821
http://www.ncbi.nlm.nih.gov/pubmed/19902480
https://dx.doi.org/10.1002/hep.23321
http://www.ncbi.nlm.nih.gov/pubmed/24112320
https://dx.doi.org/10.1186/1478-7954-11-20

JRnishideng®

Published By Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk:http://www.f6publishing.com/helpdesk

http://www.wjgnet.com

© 2019 Baishideng Publishing Group Inc. All rights reserved.




