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We recently reported an increased risk of uveal melanoma among mobile phone
users. Here, we present the results of a case-control study that assessed the asso-
ciation between mobile phone use and risk of uveal melanoma. We recruited 459
uveal melanoma case patients at the University of Duisburg-Essen and matched
455 case patients with 827 population control subjects, 133 with 180 ophthalmolo-
gist control subjects, and 187 with 187 sibling control subjects. We used a question-
naire to assess mobile phone use and estimated odds ratios (ORs) and 95%
confidence intervals (95% Cls) of risk for uveal melanoma using conditional logistic
regression. Risk of uveal melanoma was not associated with regular mobile phone
use (OR = 0.7, 95% CI = 0.5 to 1.0 vs population control subjects; OR = 1.1, 95% Cl =
0.6 to 2.3 vs ophthalmologist control subjects; and OR = 1.2, 95% CIl = 0.5 to 2.6 vs
sibling control subjects), and we observed no trend for cumulative measures of
exposure. We did not corroborate our previous results that showed an increased

risk of uveal melanoma among regular mobile phone users.

J Natl Cancer Inst 2009;101:120-123

We recently reported an increased risk of
uveal melanoma for subjects who reported
frequent use of mobile phones at work (1).
However, this study suffered from incom-
plete exposure assessment and relatively low
statistical power due to low exposure preva-
lence, which triggered some discussion
about the validity of these findings (2-4).
Uncertainty exists about the role, if any, of
radio waves transmitted by radio sets or
mobile phones in human carcinogenesis
(5,6). Radio waves at levels below those that
cause detectable harmful heating do not
have sufficient energy to destabilize elec-
tron configurations within DNA molecules.
Thus, there is no direct link between expo-
sure to radio waves and genotoxic mecha-
nisms, such as DNA mutations, DNA strand
breaks, or other genetic lesions (6). The
assessment of the potential association of
radio frequency radiation and cancer risk is
hampered by uncertainties about effective
electromagnetic frequency ranges and by
difficulties of exposure assessment. We con-
ducted a case-control study that included
three control groups, the Risk Factors for
Uveal Melanoma Study, between Septem-
ber 25, 2002, and September 24, 2004, at
the University of Duisburg-Essen’s referral
center for eye cancers. Details of the study
protocol and uveal melanoma incidence
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rates have been published elsewhere (7-9).
Subjects were eligible when they were first
diagnosed with uveal melanoma if they were
aged 20-74 years, lived in Germany, and
were proficient in the German language. Of
486 eligible patients, 459 (94%) partici-
pated in the study. Population-based con-
trol subjects were selected from the census
of the local districts and were matched to
case patients by age (5-year age groups), sex,
and region of residence. Sibling control
subjects who were within 10 years of the age
of the case patient were recruited after the
case patient interviews. Ophthalmology
control subjects were recruited from prac-
tices of the same opthalmologists who had
referred the uveal melanoma case patients
and had to have a newly diagnosed benign
disease of the eye. However, recruitment of
ophthalmology control subjects became dif-
ficult because of lack of support by the
ophthalmologists. We therefore stopped
recruiting ophthalmologists’ control sub-
jects for incident case patients during the
second half of the recruitment period.
Response proportions were 94% for the
case patients, 57% for the population and
sibling control subjects, and 52% for the
ophthalmologists’ control subjects. Further
details of the study characteristics are pre-
sented in Supplementary Table 1 (available

online). Overall, 282 of 683 population con-
trol subjects (41%) who refused to partici-
pate completed a short questionnaire
allowing the comparison of mobile phone
use between participating and these 282
nonparticipating population control sub-
jects. Trained study personnel conducted
standardized computer-assisted telephone
interviews with the participants. For the
detailed assessment of mobile phone use, we
used the questionnaire of the Interphone
study (10-12). The study was approved by
the ethical review board of the University of
Duisburg-Essen. We classified subjects as
never users, sporadic users (subjects who
had used a mobile phone at least once, but
did not use one on a regular basis), or regu-
lar users. Among regular users, we esti-
mated the lifetime cumulative number of
incoming and outgoing phone calls and the
duration of phone calls. We used the same
categories of the cumulative exposure mea-
sures as the German part of the Interphone
study (10). We used conditional logistic
regression to estimate odds ratios (ORs) and
95% confidence intervals (Cls) accounting
for the matched factors. Interval estimates
did not account for the overlapping case
patient membership. Detailed methods of
the study are presented in the Supplementary
Methods (available online).

We recruited 459 incident uveal mela-
noma case patients (mean age = SD, 58 = 11
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years). As expected, the majority of
case patients resided in North Rhine-
Westphalia, the most populous federal
state in Germany. The number of case
patients declined in proportion to the
distance between the region where they
resided and the city of Essen (North Rhine—
Westphalia), where the referral center for
located (Table 1).
Although the population-based analysis of

eye tumors was
persons who regularly used mobile phones
revealed odds ratios that suggested a
decreased risk of uveal melanoma with
increasing use, risk estimates that were
based on ophthalmologist and sibling
control analyses did not show any associa-
tion (OR = 0.7, 95% CI = 0.5 to 1.0 vs
population control subjects; OR = 1.1,
95% CI = 0.6 to 2.3 vs ophthalmologist
control subjects; and OR = 1.2, 95% CI =
0.5 to 2.6 vs sibling control subjects).
Surrogate measures of cumulative dose,
including cumulative years of regular use,
cumulative number of phone calls, and
cumulative duration of phone calls, did
not show a clear association with risk of
uveal melanoma (Table 2).

Odds ratios that were estimated with
varying lag times that ignored mobile
phone exposure 3-10 years before the
reference date showed no association

between mobile phone use and risk of
uveal melanoma. Also, stratification of
the analyses by eye color, social status, or
age did not substantially modify the odds
ratios (data not shown). The use of radio
sets overall or the use of subtypes of radio
sets (eg, walkie talkies, citizen’s band
radios, or other devices) was not associ-
ated with the risk of uveal melanoma
(Supplementary Table 2, available online).
Duration-response analyses showed no
association between radio set use and risk
of uveal melanoma (data not shown).
The null result of this study is inconsis-
tent with the result of our initial study (1),
which reported an increased risk of uveal
melanoma among subjects who were
exposed in the workplace to either mobile
phones or radio sets. This earlier study had
only 118 case patients and used only a
crude exposure assessment. In particular,
exposure assessment was restricted to the
workplace and to intensive regular exposure
at a time when mobile phone technology
was not very common. It may be that case
patients differed from control subjects in
ways that were not controlled in the analy-
sis, given that they had this unusual high-
intensity exposure to mobile phones and
radio sets in an era when such exposures
were rare. This study included 459 case

CONTEXT AND CAVEATS

Prior knowledge

Although there is no direct link between
exposure to radio waves and the genotoxic
mechanisms that lead to cancer, studies to
address the association between use of cel-
lular telephones and cancer risk have been
performed.

Study design

Case-control study of uveal melanoma
patients in Germany using three groups of
control subjects: population-based, siblings
of patients, and ophthalmology control
subjects.

Contributions
No association between cellular telephone
use and uveal melanoma risk was observed.

Implications
Using cellular telephones is not associated
with increased risk of uveal melanoma.

Limitations

Subjects who agreed to participate in the
study were more likely to regularly use cel-
lular telephones than subjects who did not
agree to participate.

From the Editors

patients and used a very detailed exposure
assessment, which included measurement

Table 1. Characteristics of the interviewed uveal melanoma case patients and control subjects of the Risk Factors for Uveal Melanoma

Case-Control Study, Germany, 2002-2004*

Population control subjects

Ophthalmologist control subjectst

Sibling control subjects¥

Control subjects,

Case patients,

Control subjects,

Case patients, %

Control subjects, % Case patients,

Characteristic % (n = 827) % (n = 455) % (n = 180) (n =133) (n=187) % (n =187)
Sex
Male 55 53 57 59 43 51
Female 45 47 43 41 57 49
Age, y
20-34 4 4 2 3 4 7
35-44 9 9 8 8 15 12
45-54 17 17 14 16 20 22
55-64 37 35 34 32 39 32
65-74 33 35 41 41 22 27
Place of residence
North Rhine region 16 16 21 19 17 19
North Rhine- 44 41 41 43 38 40
Westphalia
Midwestern region 20 20 20 21 18 19
Southern region 18 19 17 17 18 19
Eastern region 3 3 1 1 7 3
Region missing 0 0 0 0 2 0

* Risk Factors for Uveal Melanoma. Percentages may not add to 100 due to rounding error.

—+

(until September 24, 2003).

+

jnci.oxfordjournals.org

Case patients without eligible siblings could not contribute control subjects to the study.

Ophthalmologists’ control subjects were recruited only for case patients who were diagnosed the first year of case patient recruitment
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of total exposure to mobile phones and
radio sets in an era when such exposures
were more common. Systematic uncon-
trolled differences between case patients
and control subjects therefore seem far less
likely to occur.

A potential limitation of this study is
selection bias. We used information from
the questionnaires of a subgroup of the non-
participants to evaluate the potental of
selection bias among the population control
subjects. Regular mobile phone use was
more prevalent among participating popula-
tion control subjects (45% in men and 25%
in women) than nonparticipating population
control subjects (37% in men and 16% in
women) (Supplementary Table 3, available
online). Similar potential biases have been
observed in other recent case-control stud-
ies of mobile phone use (13). To quantify
this potential influence we used probabilistic
bias with an error model for the selection
bias among population control subjects (14).
We found that selection bias could not
account entirely for the null results of the
population-based analysis (Supplementary
Table 4, available online), at least given our
error model. Further results of these bias
analyses will be presented in a separate
report (15). We believe, therefore, that the
case-control analysis using population con-
trol subjects provides the most informative
results because this analysis included nearly
all of the case patients, and the bias analysis
indicates that selection bias does not fully
explain the null association.

In conclusion, we observed no overall
increased risk of uveal melanoma among
regular mobile phone users or users of

jnci.oxfordjournals.org

radio sets in Germany, where digital mobile
phone technology was introduced in the
early 1990s. These null results are restricted
to short lag or latency periods (approxi-
mately <10 years).

References

1. Stang A, Anastassiou G, Ahrens W, Bromen
K, Bornfeld N, Jockel KH. The possible role
of radiofrequency radiation in the develop-
ment of uveal melanoma. Epidemiology.
2001;12(1):7-12.

2. Johansen C, Boice JD Jr, McLaughlin JK,
Christensen HC, Olsen JH. Mobile phones
and malignant melanoma of the eye. Br 7
Cancer. 2002;86(3):348-349.

3. Inskip PD, Devesa SS, Fraumeni JF Jr. Trends
in the incidence of ocular melanoma in the
United States, 1974-1998. Cancer Causes
Control. 2003;14(3):251-257.

4. Stang A, Jockel KH. Trends in the incidence
of ocular melanoma in the United States,
1974-1998. Cancer Causes Control. 2004;15(1):
95-96.

5. Moulder JE, Foster KR, Erdreich LS,
McNamee JP. Mobile phones, mobile phone
base stations and cancer: a review. Int 7 Radiat
Biol. 2005;81(3):189-203.

6. Ahlbom A, Green A, Kheifets L, Savitz D,
Swerdlow A. Epidemiology of health effects
of radiofrequency exposure. Environ Health
Perspect. 2004;112(17):1741-1754.

7. Schmidt-Pokrzywniak A, Jockel KH, Bornfeld
N, Stang A. Case-control study on uveal mela-
noma (RIFA): rational and design. BMC
Ophthalmol. 2004;4:11.

8. Stang A, Schmidt-Pokrzywniak A, Lehnert M,
et al. Population-based incidence estimates of
uveal melanoma in Germany. Supplementing
cancer registry data by case-control data. Eur
7 Cancer Prev. 2006;15(2):165-170.

9. Schmidt-Pokrzywniak A, Stang A, Bornfeld
N, Jockel KH. Risk of uveal melanoma.
Ophthalmology. 2007;114(7):1418.

10. Schiiz J, Bohler E, Berg G, et al. Cellular
phones, cordless phones, and the risks of
glioma and meningioma (Interphone Study
Group, Germany). Am J Epidemiol. 2006;
163(6):512-520.

11. Berg G, Schuz J, Samkange-Zeeb F, Blettner
M. Assessment of radiofrequency exposure
from cellular telephone daily use in an epide-
miological study: German validation study
of the international case-control study of
cancers of the brain—INTERPHONE-
Study. 7 Expo Anal Environ Epidemiol.
2005;15(3):217-224.

12. Samkange-Zeeb F, Berg G, Blettner M.
Validation of self-reported cellular phone use.
7 Expo Anal Environ Epidemiol. 2004;14(3):
245-248.

13. Lahkola A, Salminen T, Auvinen A. Selection
bias due to differential participation in a
case-control study of mobile phone use and
brain tumors. Ann Epidemiol. 2005;15(5):
321-325.

14. Lash TL, Fink AK. Semi-automated sensi-
tivity analysis to assess systematic errors in
observational data. Epidemiology. 2003;14(4):
451-458.

15. Lash TL, Fox MP, Fink AK. Applying
Quantitative Bias Analysis to Observational
Epidemiologic Research. New York: Springer
Verlag; 2009.

Funding

German Science Foundation (DFG) (grants KFO
109/1-1 and 444 USA 111/7/06 to AS); Federal
Radiation Protection Agency (BFS) (grant M 8811
to AS).

Notes

The sponsors had no role in the study design,
the collection of the data, the interpretation
of the results, the preparation of the manuscript,
or the decision to submit the manuscript for
publication.

Manuscript received May 23, 2008; revised
October 9, 2008; accepted October 28, 2008.

JNCI | Brief Communications 123



