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Hepatocellular Cancer, Aflatoxin, and Radiofrequency Radiation
Lennart Hardell

Abstract
There is sufficient evidence that aflatoxin is a human carcinogen, Group 1, 
according the International Agency for Research on Cancer (IARC).  One of 
the target organs is the liver with increased risk for hepatocellular cancer. Mill 
workers may be exposed to aflatoxin e.g. during the processing of imported 
soybeans. 

Methods: In this study, using data from the Swedish 1960 census on 
occupations and the Cancer Register, 16 mill workers with hepatocellular 
cancer were identified. Two control groups were used, one group consisted of 
other mill workers without liver cancer while the other was population based. 
Four controls in each group were used matched to every case. 

Results: Based on work history potential exposure to aflatoxin was no risk 
factor for hepatocellular cancer, but the results were based on low numbers. 

Discussion: After a decline of the incidence of primary liver cancer in Sweden 
since early 1980s the incidence is increasing since 2006 in women and since 
2007 in men. Radiofrequency (RF) radiation is a known human carcinogen, 
Group 2B, according to the IARC (WHO) evaluation. Handheld devices 
emitting RF radiation such as laptops and mobile phones may be in close 
contact with the abdomen and thereby expose the liver to high levels. Animal 
studies have shown a promotor effect from RF radiation with increased risk 
for e.g., liver cancer.  Exposure to RF radiation is proposed to be a potential 
contributing factor to the increasing incidence of liver cancer, exhibiting a 
short latency period consistent with a promoting effect.
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Introduction
The incidence of primary liver cancer is high in geographical areas with high 

concentration of aflatoxin in the food, i.e. parts of Africa and Southeast Asia [1]. 
In the same regions the prevalence of hepatitis-B virus is high, also a known risk 
factor for primary liver cancer [2]. Studies in animals have shown that aflatoxin 
is a potent liver carcinogen [3,4]. Taking into account both aflatoxin and hepatitis 
B virus infection, studies have indicated these exposures to be independent risk 
factors for hepatocellular cancer [5]. 

This article presents previous results on liver cancer in Swedish mill workers 
with potential exposure to aflatoxin. These results have not been published 
previously, but may nevertheless be of importance in the evaluation of risk 
factors among mill workers. The background for this study was an interlinking 
of the Swedish Census 1960 (FOB 1960) and the Swedish Cancer Register. The 
Census gives personal information including occupation. For the time period 
from 1960 until 1979, primary liver cancer among mill workers was found in 14 
men and two women.
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liver carcinogen [4]. Thus it was pertinent to make an 
epidemiological study on that issue. The results in this 
investigation were based on rather low numbers of cases and 
controls. However, there was no indication that aflatoxin was 
a major risk factor for hepatocellular cancer in this study. 
Since before hepatocellular cancer has been associated with 
hepatitis B virus [6] and alcohol [2]. In our previous study on 
primary liver cancer an association with alcohol and organic 
solvents was reported [7]. No case in the current study 
reported occupational exposure to organic solvents. Most 
cases had only occasional alcohol intake and no one was a 
heavy drinker. Thus, based on low numbers no conclusions 
could be drawn on organic solvents and alcohol as risk 
factors for hepatocellular cancer. None of the cases in this 
study reported hepatitis B virus infection.

Materials and Methods
This was a case-control study. The cases consisted of the 

16 mill workers that had developed primary liver cancer. All 
had hepatocellular cancer confirmed by histopathological 
review. Two sets of controls were selected. Four mill 
workers without primary liver cancer were selected to each 
case from the Swedish Census 1960. They were matched on 
gender and age within five years. The second control group 
was population based and consisted of four subjects with 
any other occupation. Also these controls were matched on 
gender and age in 5 year groups. 

Occupations and different exposures were assessed by a 
questionnaire. If necessary the answers were supplemented 
by phone by a trained interviewer. Further, regarding mill 
workers additional information on work and work conditions 
were obtained from the employers, if possible. Thus, the 
exposure data relied on the questionnaire, personal interviews, 
and employers. 

The study was initiated by the Swedish National Board of 
Occupational Safety and Health that also reviewed the ethical 
aspects on the study. 

Results
This is a historical presentation of data that have not 

been published before. Thus all exposure data were assessed 
in 1989. Nevertheless since the aim of the study still is 
considered to be relevant the results deserve to be published. 

All 16 cases with liver cancer answered the questionnaire. 
Of the 64 control subjects that were mill workers without 
liver cancer, 52 (81 %) answered the questionnaire. Of the 
population based controls 55 (86 %) participated. Total 
number of controls was 128 and of these 107 (83.6 %) 
participated.

Among the 16 cases with primary liver cancer, all of 
whom were mill workers, only one individual reported 
potential exposure to aflatoxin during the processing of 
groundnut feed for animals. Among the 52 control subjects 
employed in mills, four reported contact with groundnuts. 
None of the population based controls had any exposure 
to groundnuts. In total, four control subjects (3.7%) were 
considered to be exposed to aflatoxin. None of the two 
female cases and none of their 12 participating controls 
reported any exposure to aflatoxin. This study did not 
provide evidence supporting potential exposure to aflatoxin 
to be a risk factor for hepatocellular carcinoma.

Discussion
Millers may be exposed to aflatoxin while processing 

groundnuts. Their working conditions may increase the 
risk for hepatocellular cancer since aflatoxin is a known 

Figure 1: Age‑standardized incidence of primary liver cancer 
(ICD‑7  155.0) in Sweden between 1970‑2023 for men (top line) 
and women (bottom line), all ages, according to the Swedish Cancer 
Register (Statistikdatabaser - Cancerstatistik - Val).

It is of interest that after a decline of primary liver cancer 
incidence in Sweden since the early 1980s, the incidence is 
increasing in women since 2006 and in men since 2007, Figure 
1. One risk factor to be considered is the increasing use of
wireless technology. Figure 2 shows outgoing mobile phone
calls in million minutes in Sweden during 2001-2024. The
liver may be highly exposed when modern mobile phones,
referred to as smartphones, are used for internet browse. The
increasing use of RF (radiofrequency) emitting laptops could
also expose the liver to high levels. A tumor promoting effect
from RF radiation was found in a study on mice at low to
moderate levels (0.04 and 0.4 W/kg SAR), which were well
below the exposure limits for mobile phones, 2 W/kg (of
tissue) to the head [8].  The results in animal studies on the
RF radiation carcinogenesis were similar in both the National
Toxicology Program (NTP) studies [9,10] and the Ramazzini
Institute findings [11]. Equivocal evidence of carcinogenic

https://sdb.socialstyrelsen.se/if_can/val.aspx
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activity was demonstrated, interpreted as showing a marginal 
increase of neoplasms that may be test agent related [12-14]. 
Based on the IARC preamble to the monographs, RF radiation 
should be classified as Group 1, the agent is carcinogenic to 
humans [12].
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Figure 2: Outgoing mobile phone calls in million minutes in Sweden 
during 2001-2024. Source: Post och Telestyrelsen, the Swedish 
Telecommunication Market https://statistik.pts.se/en/telecom-and-
broadband/the-swedish-telecommunication-market/

Conclusion
No association between primary liver cancer and 

aflatoxin was found in this population based study. However, 
these results were based on low numbers. Interestingly the 
declining incidence of liver cancer since early 1980’s has 
been reversed with increasing incidence in women since 
2006 and in men since 2007 in Sweden. During the same 
time exposure to RF radiation has increased. Animal studies 
have shown a tumor promoting effect, in addition to tumor 
initiation, from RF radiation. Thus, such exposure should be 
further investigated as a contributing factor for the increasing 
incidence of primary liver cancer.
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