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Summary

Background: Causal relationships with the occurrence of cancer have been
established for a number of infections and environmental risk factors.

Methods: Numbers and proportions (population-attributable fractions, PAF) of
cancer cases attributable to these factors in Germany were calculated by sex and
age groups for ages 35 to 84 years based on population projections, national cancer
incidence, exposure data, and published risk estimates.

Results: For 2018, more than 17 600 cancer cases (4.0% of all incident cancers)
were estimated to be attributable to infections. The largest contributions come from
Helicobacter pylori (n = 8764) and human papillomavirus (n = 7669) infections.
Infection with hepatitis B and C, human immunodeficiency virus, and human herpes-
virus 8 were estimated to cause 983 cases, 144 cases, and 116 cases, respectively.
More than 5400 cancer cases (1.2% of all incident cancers) were estimated to be
attributable to selected environmental factors, of which the largest contributor is
indoor radon (n = 3185), followed by particulate matter (n = 1049), sunbed use
(n=892), and secondhand smoke (n = 309).

Conclusion: Of all cancers expected in 2018 in Germany, at least 5% are
attributable to potentially avoidable infections and environmental factors. Further
research should be directed towards more comprehensive identification and
quantification of environmental risks as a basis for targeted cancer prevention.
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carcinogenic agents from different sources in their en-

vironment. A causal relationship with the occurrence
of cancer has been established between exposure to
numerous infections and environmental factors (1, 2).
This study provides estimates of the burden of incident
cancer cases attributable to infections (Helicobacter
pylori, human papillomavirus, hepatitis B, hepatitis C,
human immunodeficiency virus, human herpesvirus 8)
and major environmental factors (secondhand smoke,
indoor radon, particulate matter, sunbed use) in Germany
in 2018.

| n a broad sense, people are exposed to a wide range of

Methods
To provide estimates of cancer cases attributable to
infectious and environmental agents, we calculated
population-attributable fractions (PAF; for details see
the Box in Mons et al., this issue). In this study, we con-
sidered six infectious and four environmental agents
that fulfilled the following criteria (7Table):
® The risk factor has been classified as carcinogenic
to humans by the International Agency for
Research on Cancer (IARC);
® The exposure is potentially modifiable, i.e., a
decrease of risk factor exposure can be deemed
effective in reducing the risk of cancer; and
® Suitable data on the distribution of risk factors
could be obtained for Germany.

Statistical methods

As described in Mons et al. in this issue, we calculated
PAF by sex and age groups for ages 35 to 84 years com-
bining the prevalence of exposure and the cancer
site—specific relative risk (RR). For infection with
human papillomavirus, PAF estimates are based on the
proportion of tumors in which viral DNA was
prevalent. To estimate the number of cancer cases
attributable to each risk factor, we multiplied the PAFs
by the projected cancer incidence for the year 2018
(eTables 1-3). The methods are reported in detail in the
supplement to this article (eSupplement A and B).

Data sources and assumptions—infectious agents
Helicobacter pylori

Helicobacter pylori infection is typically acquired in
childhood; in the absence of specific treatment, it
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Cancer site (ICD-10)

Infectious agents and environmental factors with corresponding cancer sites, reference exposure level, and prevalence

of DNA in tumor | Reference
cells

Reference exposure level

of exposure in

population
Infections
Helicobacter pylori (H. pylori) | Stomach (C16), non-cardia
Gastric MALT lymphoma No infection 40.0 (26)
(C88.4)
Human papillomavirus (HPV) | Oral cavity (C02-C04) 37 (6)
Oropharynx
(CO1, C05, C09, C10) 19.9 (6)
Anus and anal canal (C21) 87.6 (7)
Vulva (C51) No infection 183 ®)
Vagina (C52) 71.0 9)
Cervix (C53) 100.0 (1)
Penis (C60) 322 (10)
Hepatitis B virus (HBV) Liver (C22), N
hepatocellular carcinoma No infection = 1)
Hepatitis C virus (HCV) Liver (C22),
hepatocellular carcinoma
No infection 0.3 (27)
Non-Hodgkin lymphoma
(C82-C88)
Human immunodeficiency Non-Hodgkin lymphoma No infection 0.1 (15)
virus (HIV) (C82-C88)
Human herpesvirus 8 (HHV-8) | Kaposi sarcoma (C46) No infection 100.0 (5)
Environmental factors
Secondhand smoke (SHS) Lung (C33-C34) No exposure to SHS 25.9* (12)
Particulate matter (PM,() Lung (C33-C34) Mean annual exposure to
PM;, below the WHO 23.0 (22)
guideline value
Indoor radon Lung (C33-C34) Natural outdoor radon 100.0 (19)
concentration
Sunbed use Skin melanoma (C43) Never use of sunbeds 28.0 (24)

* For secondhand smoke, the population refers to all never smokers
MALT, mucosa-associated lymphoid tissue

typically persists throughout adulthood. National
prevalence data on H. pylori infection were available
from the German National Health Interview and Exam-
ination Survey 1998 (GNHIES9S; eSupplement C,
eTable 4). For the association between H. pylori infec-
tion and risk of non-cardia stomach cancer and
low-malignant mucosa-associated lymphoid tissue
(MALT) gastric lymphoma, we used pooled risk
estimates from prospective studies (3, 4) (eFigure 1).

Human papillomavirus (HPV)

In order to estimate the PAF for infection with HPV,
the prevalence of viral DNA in tumor material is suffi-
cient to infer that HPV caused the cancer (5). The PAF
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for malignancies of the oral cavity or oropharynx were
estimated using the combination of positivity for
HPV-DNA and for either E6%] mRNA expression or
p16™&4 (6). For cancers of the anus (7), vulva (8),
vagina (9), and penis (10), the PAF were derived from
HPV-DNA prevalence in invasive cancers. For cancer
of the cervix uteri all cases were assumed to be attri-
butable to HPV (11) (Table).

Hepatitis B (HBV) and hepatitis C (HCV)

Assuming that combined infection by both HBV and
HCV is very rare, and assuming a latency period of 10
years between ascertainment of infection status and
cancer diagnosis, we used seroprevalence from the
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nationally representative German Health Interview and
Examination Survey for Adults for the period 2008 to
2011 (DEGS1) (12). In the process, seropositivity for
HBsAG and the prevalence of HCV antibodies were
used as indicators for chronic infection with HBV or
HCYV (eTable 4). We used the relative risks for hepato-
cellular carcinoma reported in a meta-analysis of HBV
and HCV mono-infection comprising studies from
low-endemic countries (13). Summary relative risks
for non-Hodgkin lymphoma associated with HCV were
taken from a meta-analysis of epidemiological studies
(14) (eFigure I).

Human immunodeficiency virus (HIV)

and human herpesvirus 8 (HHV-8)

Based on the absolute number of people living with
HIV in Germany in 2016, the relative prevalence in
Germany in 2018 was calculated (15) (eSupplement C,
elable 4).

For uterine cervix and Kaposi sarcoma the PAF
were not calculated separately, as both HPV and
HHV-8 are considered necessary causal factors (5,
11). The PAF were also not estimated for anal cancer
and Hodgkin lymphoma, because it is assumed that
these cancers occur due to co-infection with HPV and
Epstein—Barr virus. Due to the absence of information
on incidence, conjunctival cancer was not considered
in the analysis. To estimate the number of cases of
HIV-attributable non-Hogkin lymphoma, relative risk
estimates were taken from a population-based
registry-linkage study (16) (eFigure I).

Data sources and assumptions—environmental factors

Secondhand smoke (SHS)

Assuming a latency period of 10 years between SHS
exposure and cancer incidence, we used prevalence of
self-reported exposure to SHS at home, at the work-
place, and in leisure time from DEGS1 2008-2011 (12)
(eTable 5). A meta-analysis of the relative risk of lung
cancer due to SHS among never smokers provided a
lung cancer risk associated with workplace exposure
(17), which we assumed to apply to home and leisure
time exposure as well (eFigure 2). The estimated
numbers of lung cancers occurring among never
smokers were taken from the study by Mons et al. in
this issue.

Indoor radon

For exposure to indoor radon, the mean annual indoor
radon concentration for Germany was used (18, 19).
Concentrations below the estimated outdoor air con-
centration were not considered for the calculation of
attributable cases (eSupplement C). The results from a
collaborative analysis of individual data from 13
European studies (20) showed a linear dose-response
association between radon exposure and lung cancer
risk without a threshold below which an exposure
would carry no risk (eFigure 2). As most of the radon-
induced cancer cases arise from a synergistic effect of
radon and smoking (21), we also estimated the attri-

butable cancer cases caused by indoor radon exposure
combined with smoking (eSupplement A).

Particulate matter (PM_ )

The proportions of the population at different PM expo-
sure levels for the years 2007-2011 were obtained from
the Federal Environmental Agency (22). Based on
these, we calculated the mean prevalence of the popu-
lation exposed to PM,, concentrations (particles with
aerodynamic diameter < 10 pm) exceeding the WHO
mean annual guideline value (>20 pg/m’) and the
corresponding  population-weighted mean PM,,-
concentrations. We defined the excess exposure level
by the difference between the mean exposure in those
exceeding the guideline value and those who are within
the limit (eSupplement A, elable 6). Risk estimates
were taken from a meta-analysis of nine studies
examining the risk for lung cancer associated with par-
ticulate matter (23) (eFigure 2).

Sunbed use

Sunbeds are a source of artificial ultraviolet (UV) radi-
ation. Assuming a latency period of 10 years between
sunbed use and cancer incidence, we used lifetime
prevalence from a representative population-based tele-
phone survey from 2007 (24) (eTables 7, 8). We used
risk estimates from a meta-analysis of sunbed use and
risk of developing malignant melanoma (25)
(eFigure 2).

Sensitivity analyses
The methods used for sensitivity analyses are described
in eSupplement D.

Results

Infections

Helicobacter pylori

According to GNHIES9S, the overall seroprevalence of
H. pylori antibodies in the German population in 1998
was 40% (26). We estimated that a total of 8299 (86%)
non-cardia stomach cancers (men 4833, women 3466)
and 465 (67%) gastric MALT lymphomas (men 208,
women 257) are attributable to H. pylori infection (Figure
1, eTables 9-11).

Human papillomavirus (HPV)

A total of 7669 cancers of the oral cavity (n=134),
oropharynx (n=983), anus (n=1592), vulva (n=498),
vagina (n=292), cervix (n=3913), and penis (n=257)
were estimated to be attributable to HPV (men 1691,
women 5978) (Figure 1, eTables 9-11).

Hepatitis B (HBV) and hepatitis C (HCV)

The overall prevalence of both HBV and HCV infec-
tion in Germany in the period 2008 to 2011 was about
0.3% (27). A total of 903 cases (16%) of hepatocellular
carcinoma were estimated to be attributable to HBV
and HCV infection (men 732, women 171), and a total
of 80 non-Hodgkin lymphomas (<1%) to HCV infec-
tion (men 37, women 43) (Figure 1, eTables 9—11).
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Human immunodeficiency virus (HIV)

and human herpesvirus 8 (HHV-8)

We estimated that 0.1% of the German population aged
35 to 84 years is infected with HIV in 2018. A total of
144 non-Hodgkin lymphomas (<1%) and 116 cases
(100%) of Kaposi sarcoma were estimated to be at-
tributable to HIV and HHV-8 infection (men 224,
women 36) (Figure 1, eTables 9-11).

Sensitivity analyses

Sensitivity analyses using the 95% confidence limits of
risk estimates and of HPV prevalences respectively in-
dicated a potential range of 16 000 to 18 800 cancer
cases attributable to infections (eZables 12—13).

Environmental factors

Secondhand smoke

In the period 2008 to 2011, 26% of never smokers aged
25 to 74 years living in Germany were exposed to
secondhand smoke. Overall, 309 lung cancer cases
were estimated to be attributable to SHS exposure, 212
among men and 97 among women. This corresponds to
a PAF of 5% among never-smoking men aged 35 to 84,
and a PAF of 3% among never-smoking women
(Figure 2, eTable 14).

Indoor radon

After subtraction of the mean radon outdoor air concen-
tration, the mean annual excess indoor radon concen-
tration was 40 Bq/m® for Germany. A total of 3185
(6%) lung cancer cases were estimated to be attribu-
table to residential radon (men 2071, women 1114), of
which 425 cases (1%) were estimated to be caused by
radon alone and 2760 cases (5%) by the combination of
smoking and radon (Figure 2, eTable 15).

Particulate matter (PM_ )

According to the data of the Federal Environmental
Agency, 23% of the German population were exposed
to PM,, concentrations exceeding the WHO mean an-
nual guideline value for PM,, in the period 2007 to
2011. Based on this, a total of 1049 (2%) lung cancer
cases were estimated to be attributable to PM,, expo-
sure at concentrations above the WHO guideline value
(men 682, women 367) (Figure 2).

Sunbed use

According to a national representative population-
based survey on sunbed use in Germany in 2007, 28%
of the German population have used sunbeds at some
time in their life (24). We estimated that a total of 892
(5%) malignant melanomas are attributable to ever use
of sunbeds (men 360, women 532) (Figure 2, elable
16). Additional analyses indicated that the vast majority
of these cases could be due to highly frequent sunbed
use (elable 17).

Sensitivity analyses

In sensitivity analyses using the 95% confidence limits
of risk estimates, estimated numbers of cancer cases
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attributable to the selected environmental factors
ranged from 1500 to 9500 (eZable 18).

Summary of results

To estimate the total proportion of cancer cases in Ger-
many in 2018 that could be attributed to all modifiable
cancer risk factors considered in this article and in the
articles by Mons et al. and Behrens et al. in this issue,
we combined the single PAF to estimate a joint PAF as-
suming independence of risk factors (28). We estimated
that of all cancer cases to be expected at ages 35 to 84
years in Germany in 2018 (about 440 000 cases),
37.4% of incident cancer cases are attributable to the
considered modifiable risk factors and thus are
potentially avoidable (Figure 3). The lifestyle-related
factors, in particular smoking, but also dietary factors,
overweight, and physical inactivity, contribute most to
this cancer burden. More than 17 600 cases (4.0%) are
attributable to infections and more than 5400 cases
(1.2%) are attributable to selected environmental fac-
tors. Reducing the prevalence of these risk factors in
the German population has the potential to substantially
reduce the cancer burden.

Discussion

Cancer burden attributable to infections

Our analyses indicate that about 4.9% (ca. 9900) of
all cancer cases in women and about 3.2% (ca. 7700)
of cases in men are due to infections. The cancer
burden attributable to infections was estimated to be
greater in women than in men, largely because all cer-
vical cancer cases (ca. 3700 cases) are counted as due
to HPV infection, as it is considered a necessary
causal factor. Among infections, the largest contribu-
tors to the cancer burden in the German population
were estimated to be H. pylori and HPV infection,
with about 8700 and 7600 attributable cancer cases,
respectively. In total, they account for about 90% of
all cancer cases estimated to be attributable to infec-
tious agents. Overall, our cancer burden estimates for
infections were slightly greater than those from
previous studies in other countries with comparable
income levels, which found proportions of cancer
cases attributable to infections in the range of 3.3% to
3.6%. The differences can be explained by a higher
prevalence of H. pylori infection in Germany and the
use of more recent risk estimates for the association
between H. pylori infection and gastric MALT
lymphoma.

Effective strategies to reduce the cancer burden
attributable to infectious agents include infection
control and vaccination promotion. While prevalence
of H. pylori infection seems to decline substantially in
younger birth cohorts even without specific interven-
tion, enhanced promotion of and adherence to HPV
vaccination could reduce the burden of HPV-related
cancers. For example, Australia has achieved a
considerable fall in the prevalence of the most com-
mon high-risk HPV types among 18- to 35-year old
women in recent years through the implementation of
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Helicobacter pylori

Gastric MALT lymphoma (C88.4)
All above cancer types combined*’

Human papillomavirus
Oral cavity (C02-C04)
Oropharynx (C01. C05. C09. C10)
Anus (C21)
Vulva (C51)
Vagina (C52)
Cervix (C53)
Penis (C60)
All above cancer types combined*'

Hepatitis B
Liver (C22), hepatocellular carcinoma

All above cancer types combined*’

Hepatitis C
Liver (C22), hepatocellular carcinoma
Non-Hodgkin lymphoma (C82-C88)
All above cancer types combined*'

Human immunodeficiency virus
Non-Hodgkin lymphoma (C82-C88)
All above cancer types combined®’

Human herpesvirus 8
Kaposi sarcoma (C46)

All above cancer types combined*'

All infections combined*

Stomach (C16), non-cardia_ 8299 (85.9%)

I 465 (66.9%)

8764 (2.0%)

I 134 (3.7%)

W 983 (19.9%)

I 1592 (87.6%)

M 498 (18.3%)

W 292(71.0%)

I 3913 (100.0%)

W 257 (32.2%)

7669 (1.7%)

W 510 (9.2%)

510 (0.1%)

W 393 (7.1%)

80 (0.5%)

474.(0.1%)

I 144 (0.9%)

144 (< 0.1%)

I 116 (100.0%)

116 (< 0.1%)

— 17 633 (4.0%)

| T I l T T l
0 2000 4000 6000

T I T T T T l T T T |
8000 10000 12000 14000 16000 18000

Estimated number and proportion of site-specific incident cancer cases attributable to infections among men and women aged 35 to 84 years in Germany for

the year 2018.

*' The population-attributable fraction (PAF) for the category “All above cancer types combined” was computed with respect to total cancer incidence (ICD-10 C00-C99

without C44).

*2 A joint PAF of all infections was calculated assuming independence of infections (28)

a comprehensive government-funded national school-
based vaccination program (29).

Cancer burden attributable to selected environmental
factors

About 1.4% (ca. 3300) of all cancer cases in men and
1.0% (ca. 2000) of cases in women were estimated to
be attributable to selected environmental risk factors.
Of all these factors, indoor radon accounted for the
highest proportion and number of cancer cases (ca.
3100). Overall, the estimated PAF are roughly in line
with previous studies (30-32). With respect to air
pollution, a recent study (32) estimated the number of

lung cancer cases attributable to fine particles (PM, s)
in the UK to be considerably greater (1.0% of all inci-
dent cancer cases) than those in this study, which likely
reflects the differences in particle size and reference ex-
posure levels. Generally, it is important to keep in mind
that the assumptions that were made to estimate the
number of PM -attributable cancers are quite conser-
vative, as a guideline-based reference level was chosen,
even though an increased risk for lung cancer has also
been reported for exposure levels below current
guidelines (1, 31). All of the considered environmental
factors are potentially avoidable and there is evidence
that exposure could be reduced by policy measures,

Deutsches Arzteblatt International | Dtsch Arztebl Int 2018; 115: 586-93
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Secondhand smoke

Lung (C33-34) NI 309 (0.6%) —> 0.1% of allincident cancers

[ 3185 (6.0%) —> 0.7% of all incident cancers

| 1049 (2.0%) — 0.2% of all incident cancers

Indoor radon

Lung (C33-C34)
Particulate matter (PM ) 0)

Lung (C33-C34)
Sunbed use

Skin melanoma (C43) | 392 (4

.7%) — 0.2% of all incident cancers

All factors combined *'

5338 (1.2%)

| T
0 1000

I T I T T
2000 3000 4000 5000

T |
6000

Estimated number and proportion of site-specific incident cancer cases attributable to selected environmental factors among men and women aged 35 to 84

years in Germany for the year 2018.

*WAjoint PAF of all selected environmental factors was calculated assuming independence of the selected risk factors (28)

FIGURE 3

All risk factors combined— 37.4% (164 656)

Smoking_ 19.3% (85 072)

Unhealthy diet N 7.8% (34 162)

6.9% (30 567)

Physical inactivity

Excess body Weight_

6.1% (27 081)

Infections_ 4.0% (17 633)

High alcohol intake [N 2.2% (9588)

Selected environmental factors _ 1.2% (5338)

I T
0%

10%

I l l
20% 30%

l
40%

Estimated number and proportion of all incident cancer cases (ICD-10 C00-C99 without C44) attributable to the reported lifestyle-related factors, environmental factors
and infections among men and women aged 35 to 84 years in Germany for the year 2018

such as comprehensive smoke-free legislation (34),
building regulations for radon prevention and
mitigation (35), road traffic-related emission control
interventions to improve air quality (36), and restriction
of access to sunbeds (37).

Strengths and limitations

This is the first study to provide estimates of the cancer
burden attributable to infections and selected environ-
mental factors in Germany in 2018. Our estimates are
based on the latest population projections and cancer
registry information and—for most of the considered
risk factors—nationally representative survey data on
seroprevalence of infections and prevalence of
exposure to environmental factors. In agreement with
previous studies from other countries, we assumed
latency periods for most risk factors, taking into
account that current cancer cases were caused by past
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exposure (38). We were not able to quantify the
combined impact of different risk factors due to lack of
appropriate data. Generally, we may have underesti-
mated the cancer burden attributable to environmental
factors because reliable population-based prevalence
estimates were not available for some established risk
factors, including exposure to natural solar radiation,
which is considered the most important environmental
cause of skin cancer (25). In addition, we could not
consider numerous potentially carcinogenic environ-
mental factors because they have not yet been suffi-
ciently examined in epidemiological studies.

Conclusion

Our findings suggest that of all cancers expected in
2018 in Germany, at least 5% are attributable to infec-
tions and selected environmental factors. Although the
estimates rely on several assumptions and not all risk
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Key messages

® We used population-attributable fractions (PAF) to estimate
the proportion of cancer incidence attributable to exposure to
infectious agents and selected environmental factors in 2018.

@ Of all incident cancer cases expected to occur at ages 35 to
84 years in Germany in 2018 (ca. 440 000 cases), an esti-
mated 4% (ca. 17 600 cases) are caused by infections and at
least 1.2% (5400 cases) are caused by excess levels of se-
lected environmental factors.

® About 90% of cancer cases estimated to be attributable to
infections are caused by infection with Helicobacter pylori
and human papillomavirus.

® Both national vaccination programs and individual vacci-
nation advice delivered by health professionals could be ef-
fective in reducing the incidence of infection-related cancer
cases.

® Given our exclusive focus on environmental factors for which
both reliable exposure data and reliable risk estimates for
specific cancers are available and the lack of such data for
many other environmental factors, the total numbers and pro-
portions of cancers attributable to environmental factors are
likely to be much higher.

factors could be considered, the results indicate that
many thousand cancer cases could be avoided if expo-
sure to these risk factors were reduced or eliminated
through effective prevention measures. Further re-
search should be directed towards more comprehensive
identification and quantification of environmental risks
as a basis for targeted cancer prevention.
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eSupplement A

Statistical methods

The estimates are based on the concept of population-attributable fraction (PAF), which
indicates the proportion of incident cancer cases that would be prevented if exposure to a risk

factor were reduced to an alternative exposure level.

The selection of risk factors and corresponding cancer sites followed the IARC evaluations of
carcinogenicity, considering only cancer types determined as causally related with

environmental factors or infections.

For all risk factors except human papillomavirus (HPV) and human herpesvirus 8 (HHV-8), we
calculated the PAF, combining the prevalence of exposure and the relative cancer risk
associated with exposure using Levin’s formula (el)

S ERR)
A = T S (or ERRY)

where p, is the proportion of the population at exposure level x and ERR,, is the excess relative

risk associated with exposure level x, calculated as (RR — 1).

With respect to human papillomavirus, estimations of the PAF were based on prevalence of the
infectious agent in tumor tissue among cases, assuming that the presence of viral DNA is
sufficient for causality. For the detection of cancer of the oral cavity and oropharynx attributed
to HPV, additionally overexpression of the p16 protein or expression of E6 mRNA was selected

to allow for the possibility that HPV was present but had not yet led to cancer.

The reference category against which the excess risk was evaluated differed between risk
factors. It referred to the absence of exposure in the case of infections and sunbed use, the

presence of natural background exposure for indoor radon, and the mean annual exposure



concentration of the proportion of the population below a specific threshold for particulate

matter.

Risk estimates for the association of relevant risk factors with site-specific cancer incidence
were derived from published systematic reviews and meta-analyses, where available (eFigures

1, 2) (e2—€10).

For radon, the relative risk was obtained from a collaborative analysis of individual data from
13 European studies (e3), involving 7148 lung cancer cases. The dose-response analysis
showed a linear increase in relative risk (RR) of 16% per 100 Bq per cubic meter of air (Bg/m3;
RR=1.16, 95% CI 1.05 to 1.31). For our calculations we computed the RR for 40 Bg/m3,
because the nationwide mean indoor concentration of radon was estimated at 49 Bg/m? (e1l)
and the outdoor air concentration at 9 Bg/ms3. The estimations of attributable cases caused by
indoor radon exposure were made for radon alone and combined with smoking. We therefore
used the estimated numbers of lung cancers occurring among never smokers and smokers
(current and former smokers combined). These were taken from the study by Mons et al. in this

issue.

For particulate matter, we assumed a log-linear relationship between exposure and risk. We
computed the log RR of lung cancer associated with the mean level of excess by multiplying
the mean level of excess by the log RR of lung cancer for a one-unit increase in PM1o. Using
the exponential transformation RR=exp(log RR), we calculated the PAF for the mean level of

€XCesSs.

The relative risk used for the calculation of the fractions of malignant melanomas attributable
to sunbed use was taken from a meta-analysis of 27 studies comparing people who had used
sunbeds at least once in their lifetime with people who had never used sunbeds. However, it is
important to keep in mind that there is evidence for a dose-response relationship of sunbed use

and cancer risk. Dose-response analysis showed an increase of 1.8% (RR=1.018, 95% CI 0.998



to 1.038) in risk of melanoma per additional sunbed use per year. High use of sunbeds was
associated with an 42% increased cancer risk (RR=1.42, 95% CI 1.15-1.74) (e5). Using this
risk estimate, we additionally estimated the cases of malignant melanoma attributable to

frequent use of sunbeds (>10 times/year).

To estimate the number of incident cancers attributable to the excess in each risk factor, we
multiplied the PAF by the expected cancer incidence for 2018 (Supplementary Material B).
Since prevalence estimates were selected for different years, we assumed latency periods for
each risk factor, considering that current cancer burden was caused by past exposure. Where
possible, we calculated the PAF separately for each sex and age group (eTables 9 to 11, 14 to

17).

To estimate the total proportion of cancer cases that could be attributed to all considered risk
factors, we combined the single PAFs (PAF;) to estimate a joint PAF assuming independence
of risk factors. The joint PAF of the n risk factors was calculated using the following equation

proposed by Ezzati et al. (e12):

n
Joint PAF =1 — 1_[(1 — PAF)

i=1



eSupplement B

Cancer incidence projections

The estimated number of site-specific cancers among men and women in Germany in 2018 by
age were based on the population projections for the year 2018 and the most recent cancer
incidence rates, which were those for the year 2014. For each sex and age group, we estimated
the number of site-specific cancers by multiplying the most recent sex- and age-specific cancer
incidence rates available from the German cancer registries by the sex- and age-specific
population projections for Germany for the year 2018 (el3, el4). The estimate of cancer
incidence was a conservative one using population projections based on the assumption that the

increase in population due to immigration is low (scenario 1).

We used the information that the proportion of gastric non-cardia cancer cases among all gastric
cancers is 63% for men and 81% for women (el5) and that 64% of all liver cancer are
hepatocellular carcinoma (e16). With respect to low-grade B-cell mucosa-associated lymphoid
tissue (MALT) gastric lymphoma, we assumed that the proportion among all non-Hodgkin"s
lymphoma is 3.7% for men and 5.4% for women. These calculations were based on the
assumptions that gastric MALT lymphoma represents 12.2% of the extranodal non-Hodgkin
lymphomas in men and 17.9% in women (e17) and that 30% of all non-Hodgkin’s lymphomas

are extranodal (e18) (eTables 1 to 3).



eSupplement C

Infections, environmental factors and their prevalence estimates

To estimate the prevalence of exposure to the selected infections and environmental factors in
Germany, we used data from nationwide representative population-based surveys and federal

agencies.

We estimated the prevalence of exposure to second-hand smoke among never-smoking men
and women using data on 1,028 men and 1,714 women aged 25-74 years from the nationwide

representative DEGS1 survey conducted in Germany in 2008-2011 (e19) (eTable 5).

The seroprevalences of hepatitis B and C are based on data on 7,047 men and women from the
same survey (e20). For our calculations, we assumed the seroprevalence in the age groups 20
to 29 and 70 to 79 years to be equal to that in age groups 25 to 29 and 70 to 74 years, respectively

(eTable 4).

Data on prevalence of Helicobacter pylori were obtained from the German National Health
Interview and Examination Survey 1998 (GNHIES98) (e21). Since the seroprevalence was
reported separately for the former East and West Germany, we combined the two estimates by
weighting on basis of the proportion of persons living in East and West Germany in 1998. For
this, we used the recalculated population sizes of the federal states based on the microcensus
2011 (e22). For our calculations, we assumed the seroprevalence in age groups 18 to 29 and 50
to 59 years to be equal to that in age groups 20 to 29 and 50 to 54 years, respectively

(Supplementary Table S4).

For human immunodeficiency virus (HIV), the estimation of prevalence was based on the total
age- and sex-specific number of people living with HIV in Germany in 2016 obtained from the
Robert Koch Institute (e23). We calculated the sex-specific prevalence for each age group (35

to 39 years, 40 to 49 years, 50 to 59 years, 60 to 69 years, 70 to 79 years, and 80 to 84 years)



using the population projections for Germany for the year 2016 and applied these to the

population projections for Germany for the year 2018 (e13) (scenario 1; eTable 4).

Depending on a number of factors, indoor radon levels can vary considerably even within a
small geographical area (e24). Concentrations are typically low (approximately 9 Bg/m?3) in
outdoor air in Germany (e25), but can reach very high levels in buildings. The national average
indoor radon concentration was estimated at 49 Bg/m?3 (e11), which is under the recommended
reference levels of 100 Bg/m?3 of the World Health Organization (WHO). For the calculations,

concentrations below the estimated outdoor air concentration were not taken into account.

Currently, particulate matter pollution in Germany cannot be determined at an individual level.
In order to estimate the burden of lung cancer attributable to particulate matter, we used annual
population-weighted average PM1o concentrations to approximately indicate the exposure of
the population. As exposure levels can vary considerably over time, we calculated the mean
concentration for the years 2007 to 2011, assuming a 10-year latency period between exposure
and development of cancer. Data were obtained from the Federal Environmental Agency and
were categorized into seven exposure levels. For the calculation, we used the proportion of the
population exposed to PM1o-concentrations exceeding the WHO mean annual guideline value

(>20 pg/m®) (eTable 6).

Data on the prevalence of sunbed use was obtained from a representative population-based
telephone survey of 1501 men and women aged 14 years and older (e26). For the calculations,
all respondents who reported having used sunbeds at least once in their lifetime were considered
exposed (eTable 7). The prevalence of highly frequent use of sunbeds (>10 times/year) was
used for additional analyses (eTable 8). We assumed the prevalence in the age groups 18 to 29

and 60+ years to be equal to that in age groups 25 to 29 and 60 to 74 years, respectively.



eSupplement D

Sensitivity analyses

In sensitivity analyses, we examined the impact of the uncertainty in the cancer-specific
relative risk estimates by comparing the total number of attributable cancer cases when using
the point estimate (main analysis), the lower limit of the corresponding 95% confidence
interval, and the upper limit, respectively, of the relative risk estimates (eTables 12 to 13, 18).
For the sensitivity analyses of human papillomavirus, we used the lower and upper limits of
the cancer-site specific prevalence estimates. In the case of oropharyngeal cancer and cancer
of the oral cavity, the estimates are based on simultaneous positivity of three markers (HPV-
DNA+, HPV E6*I mRNA+, and p16'N%%2+), as no confidence limits were reported for the
prevalence estimates of the main analysis. However, in contrast to the main analysis the
geographical origin of the patients was not restricted to Europe due to a lack of appropriate
data (eTable 13). In general, it is important to note that the estimates of head and neck cancers
attributable to HPV used in our main analysis are conservative because we defined the
estimate of the HPV-attributable fraction by the presence of at least two different markers
(HPV-DNA+ and HPV E6*1 mRNA+ or p16'N%%2+), A recent meta-analysis reported
estimates of attributable fractions of human papillomavirus in head and neck cancers that are
substantially higher than those used in our analysis (e27, e28). With respect to cancer of the
vulva, the crude prevalence of HPV-DNA and p16™K4 in invasive vulvar cancer was used in
the main analysis. In the corresponding sensitivity analysis, we used confidence limits of the
adjusted prevalence, because no confidence limits were reported for the crude prevalence
estimate of the main analysis. However, it is important to note that both the lower and the
upper confidence limit of the crude prevalence are slightly lower than the point estimate used

in the main analysis.



Exposure, cancer type [Reference] RR (95% CI)
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eFigure 1. Relative risks of site-specific cancer for different infections. RR, relative risk; Cl,
confidence interval; HCC, hepatocellular carcinoma



Exposure, cancer type [Reference] RR (95% CI)
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eFigure 2. Relative risks of site-specific cancer for different environmental factors. RR,
Relative risk; Cl, confidence interval



eFigure 3. Estimated number of site-specific incident cancer cases attributable to infections among men and women aged 35-84 years in Germany

for the year 2018
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eFigure 4. Estimated number of site-specific incident cancer cases attributable to environmental factors among men and women aged 35-84 years in
Germany for the year 2018



eTable 1. Estimated number of cancers at selected sites in 2018 in Germany by age, based on the population projections for the year 2018 (Federal Office of

Statistics, 2015) and the most recent cancer incidence rates (German cancer registry data, 2014)

Cancer site (ICD-10) 35-39 years 40-49 years 50-59years 60-69years 70-79years 80-84 years é)l:nal?iise d
Men and women combined
Oral cavity (C02-C04) 31 262 1,121 1,237 753 254 3,658
Oropharynx (C05, C09, C10) 21 319 1,685 1,834 883 194 4,936
Stomach (C16) 111 603 2,180 3,519 4,743 2,755 13,911
Gastric non-cardia? 81 423 1,499 2,418 3,297 1,943 9,661
Anus (C21) 31 209 513 456 435 172 1,816
Liver (C22) 31 191 1,136 2,717 3,160 1,435 8,670
Hepatocellular carcinoma® 19 123 727 1,739 2,022 918 5,548
Lung (C33-C34) 150 1,552 9,791 17,597 16,967 6,858 52,915
Melanoma (C43) 771 2,488 4,007 4,624 5,175 1,942 19,007
Kaposi’s sarcoma (C46) 11 16 20 18 38 13 116
Vulva (C51) 48 210 501 597 856 506 2,718
Vagina (C52) 5 26 87 101 116 76 411
Cervix (C53) 427 826 1,074 840 501 245 3,913
Penis (C60) 11 54 138 233 254 109 799
Non-Hodgkin lymphoma (C82-C88) 249 923 2,609 3,900 5,253 2,628 15,562
Gastric MALT lymphoma® (C88.4) 11 40 116 174 235 119 695

@ We assumed that the proportion of gastric non-cardia adenocarcinomas among all gastric cancers is 63% for men and 81% for women, based on published data (e15).
b We assumed that 64% of all liver cancers are hepatocellular carcinomas, based on the recent cancer report (€16).

¢ We assumed that the proportion of gastric MALT lymphomas among all non-Hodgkin lymphomas is 3.7% for men and 5.4% for women. According to Wu et al. (e17), gastric MALT
lymphomas represent 12.2% of the extranodal non-Hodgkin lymphomas in men and 17.9% in women. We assumed that 30% of all non-Hodgkin lymphomas are extranodal (e18).



eTable 2. Estimated number of cancers at selected sites among men in 2018 in Germany by age, based on the population projections for the year 2018 (Federal
Office of Statistics, 2015) and the most recent cancer incidence rates (German cancer registry data, 2014)

Cancer site (ICD-10) 35-39 years 40-49 years 50-59years 60-69years 70-79years 80-84 years f(‘)l:‘[iﬂise d
Men
Oral cavity (C02-C04) 21 199 818 841 457 133 2,469
Oropharynx (C01, C05, C09, C10) 18 236 1,318 1,413 660 120 3,765
Stomach (C16) 47 364 1,482 2,400 3,024 1,596 8,913
Gastric non-cardia® 30 229 934 1,512 1,905 1,005 5,615
Anus (C21) 16 79 189 165 170 58 677
Liver (C22) 13 123 856 2,088 2,289 947 6,316
Hepatocellular carcinoma® 8 79 548 1,336 1,465 606 4,042
Lung (C33-C34) 66 827 5,841 11,358 11,659 4,659 34,410
Melanoma (C43) 306 1,000 2,026 2,562 3,194 1,153 10,241
Kaposi’s sarcoma (C46) 11 16 17 15 28 11 98
Penis (C60) 11 54 138 233 254 109 799
Non-Hodgkin lymphoma (C82-C88) 155 570 1,440 2,154 2,839 1,332 8,490
Gastric MALT lymphoma® (C88.4) 6 21 53 80 105 49 314

@ We assumed that the proportion of gastric non-cardia adenocarcinomas among all gastric cancers is 63% for men and 81% for women, based on recently published data (e15).
b We assumed that 64% of all liver cancers are hepatocellular carcinomas, based on the recent cancer report (€16).

¢ We assumed that the proportion of gastric MALT lymphomas among all non-Hodgkin lymphomas is 3.7% for men and 5.4% for women. According to Wu et al. (e17), gastric MALT
lymphomas represent 12.2% of the extranodal non-Hodgkin lymphomas in men and 17.9% in women. We assumed that 30% of all non-Hodgkin lymphomas are extranodal (e18).



eTable 3. Estimated number of cancers at selected sites among women in 2018 in Germany by age, based on the population projections for the year 2018 (Federal Office of
Statistics, 2015) and the most recent cancer incidence rates (German cancer registry data, 2014)

Cancer site (ICD-10) 35-39 years  40-49years 50-59years 60-69 years 70-79years  80-84 years '(?:)I:na&ise d
Women
Oral cavity (C02-C04) 10 63 303 396 296 121 1,189
Oropharynx (C01, CO05, C09, C10) 3 83 367 421 223 74 1,171
Stomach (C16) 64 239 698 1,119 1,719 1,159 4,998
Gastric non-cardia? 51 194 565 906 1,392 938 4,046
Anus (C21) 15 130 324 291 265 114 1,139
Liver (C22) 18 68 280 629 871 488 2,354
Hepatocellular carcinoma® 11 44 179 403 557 312 1,506
Lung (C33-C34) 84 725 3,950 6,239 5,308 2,199 18,505
Melanoma (C43) 465 1,488 1,981 2,062 1,981 789 8,766
Kaposi’s sarcoma (C46) 0 0 3 3 10 2 18
Vulva (C51) 48 210 501 597 856 506 2,718
Vagina (C52) 5 26 87 101 116 76 411
Cervix (C53) 427 826 1,074 840 501 245 3,913
Non-Hodgkin lymphoma (C82-C88) 94 353 1,169 1,746 2,414 1,296 7,072
Gastric MALT lymphoma® (C88.4) 5 19 63 94 130 70 381

@ We assumed that the proportion of gastric non-cardia adenocarcinomas among all gastric cancers is 63% for men and 81% for women, based on recently published data (e15).

b \We assumed that 64% of all liver cancer are hepatocellular carcinoma, based on the recent cancer report (e16).

¢ We assumed that the proportion of gastric MALT lymphomas among all non-Hodgkin lymphomas is 3.7% for men and 5.4% for women. According to Wu et al. (e17), gastric MALT lymphomas represent
12.2% of the extranodal non-Hodgkin lymphomas in men and 17.9% in women. We assumed that 30% of all non-Hodgkin lymphomas are extranodal (e18).



eTable 4. Prevalence of selected infections among men and women aged 20 to 84 years in Germany

Prevalence (%0) of infection at exposure

20-29 All ages

Exposure yearst 30-39 years 40-49 years 50-59 years 60-69 years 70-79 years 80-84 years combined Reference
Men and women combined

Hepatitis B 0.2 0.6 0.1 0.5 0.5 0.1 - 0.3 (e14)
Hepatitis C 0.0 0.0 0.4 0.3 0.3 0.7 - 0.3 (e14)
Helicobacter pylori 215 29.4 39.8 45.0 56.6 60.0 - 40.0 (e15)
Human immunodeficiency virus 0.1 0.2 0.2 0.2 0.1 <0.1 <0.1 0.1 (e17)
Men

Hepatitis B 0.2 0.8 0.2 0.8 1 0.2 - 0.5 (e14)
Hepatitis C 0.0 0.0 0.6 0.5 0.2 0.0 - 0.3 (e14)
Helicobacter pylori 215 29.4 39.8 45.0 56.6 60.0 - 40.0 (e15)
Human immunodeficiency virus 0.1 0.3 0.4 0.3 0.1 0.1 <0.1 0.2 (e17)
Women

Hepatitis B 0.3 0.4 0.0 0.2 0.2 0.0 - 0.2 (e14)
Hepatitis C 0.0 0.0 0.2 0.1 0.4 1.2 - 0.3 (el4)
Helicobacter pylori 21.5 29.4 39.8 45.0 56.6 60.0 - 40.0 (e15)
Human immunodeficiency virus <0.1 0.1 0.1 0.1 <0.1 <0.1 <0.1 0.1 (e17)

@For Helicobacter pylori, this age group includes the 18to 29-year-olds.



eTable 5. Prevalence of exposure to second-hand smoke among 1,028 never-smoking men and 325 never-smoking women aged 25 to 74 years, data from of the
nationwide representative DEGS1 survey, 2008-2011, Germany

Prevalence (%0) of exposure to second-hand smoke among never smokers

25-44 years 45-54 years 55-64 years 65-74 years All ages combined
Men and women combined 35.8 31.0 18.8 10.3 25.9
Men 47.1 38.4 245 16.5 355

Women 27.3 25.6 155 7.2 19.7




eTable 6. Proportion of the German population in different exposure categories of particulate matter (PM1o) with mean annual concentration levels in Germany;
data from the Federal Environmental Agency (e29)

Proportion (%) and mean (m) annual concentration for exposure categories by year

2007 2008 2009 2010 2011 All years combined

Exposure category % m % m % m % m % m % m
Particulate matter (PM1o)

Level 1 <10 pg/m? 0.0 10 00 10 0.0 10 0.0 10 0.1 10 0.0 10.0
Level 2 >10< 15 pg/m? 1.4 12.5 10 12.5 149 125 104 125 7.1 12.5 8.8 12.5
Level 3 >15<20 pg/m? 374 175 594 175 503 175 544 175 485 175 50.0 17.5
Levels 1-3 <20 pg/m? 388 173 69.4 16.8 652 164 648 16.7 55.7 16.8 58.8 16.8
Level 4 >20 <25 pg/m® 56.8 225 279 225 299 225 313 225 401 225 37.2 22.5
Level 5 >25 <30 pg/m® 4.1 27.5 25 275 4.7 27.5 3.8 27.5 4.1 27.5 3.8 27.5
Level 6 >30 <35 pg/m? 0.2 325 02 325 0.2 325 0.1 325 0.1 32.5 0.2 325
Level 7 >35 <40 pg/m® 0.0 375 00 375 0.0 37.5 0.0 37.5 0.0 37.5 0.0 37.5

Levels 4-7 >20 pg/m® 61.1 229 30.6 23.0 348 232 352 231 443  23.0 41.2 23.0




eTable 7. Lifetime prevalence of sunbed use among 1,501 men and women aged 14 to 60+ years; data from a nationwide representative, population-based telephone

survey, 2007, Germany (e26)

Lifetime prevalence (%) of sunbed use

14-17 years 18-29 years 30-44 years 45-49 years 60+ years All
Men and women combined 18.5 39.1 43.2 22.0 14.8 28.0
Men 4.0 35.0 36.0 14.0 13.0 22.8
Women 34.0 44.0 51.0 31.0 16.0 33.6
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eTable 8. Prevalence of high-frequency sunbed use (>10 times/year) among 1501 men and women aged 14 to 60+ years; data from a nationwide
representative, population-based telephone survey, 2007, Germany (e26)

Prevalence (%) of high-frequency (>10 times/year) sunbed use

14-17 years 18-29 years 30-44 years 45-49 years 60+ years
Men 2.0 19.0 14.0 5.0 7.0
Women 31.0 16.0 16.0 11.0 6.0




1 eTable 9. Estimated number of site-specific incident cancer cases attributable to infections among men and women combined in Germany for the year
2 2018, stratified by age
3

Total (N) and relative number (%) of attributable cancer site-specific cases by age at outcome

35-39years 40-49years 50-59years  60-69years  70-79years  80-84years  All ages combined

Cancer site (ICD-10) N % N % N % N % N % N % N %

Men and women combined
Hepatitis B virus

Liver (C22), HCC 1 5.3 14 115 20 2.8 194 112 258 128 23 2.5 510 9.2
Hepatitis C virus

Liver (C22), HCC - 0.0 - 0.0 73 10.0 143 8.2 110 54 67 7.3 393 7.1

Non-Hodgkin lymphoma (C82-C88) - 0.0 - 0.0 16 0.6 19 0.5 22 0.4 23 0.9 80 0.5
Helicobacter pylori

Stomach (C16), non-cardia - - 327 773 1,236 82.5 2,090 86.4 2,895 87.8 1,751 90.1 8,299 85.9

Gastric MALT lymphoma (C88.4) - - 21 525 70 60.3 118 67.8 166  70.6 90 75.6 465 66.9
Human immunodeficiency virus

Non-Hodgkin lymphoma (C82-C88) 6 2.4 24 2.6 51 2.0 36 0.9 23 0.4 4 0.2 144 0.9
Human herpesvirus 8

Kaposi’s sarcoma (C46) 11 100.0 16 1000 20 100.0 18 1000 38 100.0 13 100.0 116 100.0
Human papillomavirus

Oral cavity (C02—C04) 1 3.7 9 3.7 41 3.7 46 3.7 28 3.7 9 3.7 134 3.7

Oropharynx (C01, C05, C09, C10) 5 19.9 64 19.9 335 199 365 199 175 19.9 39 19.9 983 19.9

Anus (C21) 27 876 183 87.6 450 87.6 400 87.6 381 876 151 87.6 1592 87.6

Vulva (C51) 9 18.3 38 18.3 92 18.3 109 183 157 183 93 18.3 498 18.3

Vagina (C52) 4 71.0 18 71.0 62 71.0 72 71.0 82 71.0 54 71.0 292 71.0

Cervix (C53) 427 1000 826 1000 1,074 1000 840 1000 501 100.0 245 100.0 3,913 100.0

Penis (C60) 4 32.2 17 32.2 44 32.2 75 32.2 82 32.2 35 32.2 257 32.2
All cancer types combined 492 1,560 3,585 4,523 4,919 4,922 17,676

HCC, Hepatocellular carcinoma



eTable S10. Estimated number of site-specific incident cancer cases attributable to infections among men in Germany for the year 2018, stratified by age

Total (N) and relative number (%) of attributable cancer site-specific cases by age at outcome

35-39years  40-49 years 50-59 years 60—69 years 70-79 years 8084 years All ages combined

Cancer site (ICD-10) N % N % N % N % N % N % N %
Men
Hepatitis B virus

Liver (C22), HCC 0 3.7 11 134 20 3.7 179 134 237 16.2 23 3.7 470 11.6
Hepatitis C virus

Liver (C22), HCC - 0.0 - 0.0 65 11.8 134 10.0 63 4.3 - 0.0 262 6.5

Non-Hodgkin lymphoma (C82-C88) - 0.0 - 0.0 13 0.9 16 0.7 8 0.3 - 0.0 37 0.4
Helicobacter pylori

Stomach (C16), non-cardia - - 177 775 770 825 1,307 86.4 1,673 87.8 906 90.1 4,833 86.1

Gastric MALT lymphoma (C88.4) - - 11 53.3 32 60.9 54 67.8 74 70.5 37 75.0 208 66.4
Human immunodeficiency virus

Non-Hodgkin lymphoma (C82-C88) 5 3.1 21 3.7 44 3.1 32 1.5 21 0.7 3 0.2 126 1.5
Human herpesvirus 8

Kaposi’s sarcoma (C46) 11 100.0 16 100.0 17 100.0 15 100.0 28 100.0 11 100.0 98 100.0
Human papillomavirus

Oral cavity (C02-C04) 1 3.7 7 3.7 30 3.7 31 3.7 17 3.7 5 3.7 91 3.7

Oropharynx (C01, C05, C09, C10) 4 19.9 47 19.9 262 19.9 281 19.9 131 19.9 24 19.9 749 19.9

Anus (C21) 14  87.6 69 87.6 166 87.6 145 87.6 149 87.6 51 87.6 594 87.6

Penis (C60) 4 32.2 17 32.2 44 32.2 75 32.2 82 32.2 35 32.2 257 32.2
All cancer types combined 37 377 1,464 2,269 2,483 1,094 7,725

HCC, Hepatocellular carcinoma



eTable 11. Estimated number of site-specific incident cancer cases attributable to infections among women in Germany for the year 2018, stratified by age

Total (N) and relative number (%) of attributable cancer site-specific cases by age at outcome

35-39 years 40-49 years 50-59 years 60-69 years 70-79 years 80-84 years All ages combined

Cancer site (ICD-10) N % N % N % N % N % N % N %
Women
Hepatitis B virus
Liver (C22), HCC 1 55 3 7.2 - 0.0 15 3.7 21 3.7 - 0.0 40 2.6
Hepatitis C virus
Liver (C22), HCC - 0.0 - 0.0 8 4.4 9 2.2 47 8.4 67 215 131 8.7
Non-Hodgkin lymphoma (C82-C88) - 0.0 - 0.0 3 0.3 3 0.1 14 0.6 23 1.8 43 0.6
Helicobacter pylori
Stomach (C16), non-cardia - - 150 775 466 82.5 783 86.4 1,222 87.8 845 90.1 3,466 85.7
Gastric MALT lymphoma (C88.4) - - 10 53.3 38 60.9 64 67.8 92 70.5 53 75.0 257 67.3
Human immunodeficiency virus
Non-Hodgkin lymphoma (C82-C88) 1 1.0 3 1.0 7 0.6 4 0.2 2 0.1 1 0.0 18 0.3
Human herpesvirus 8
Kaposi’s sarcoma (C46) - 100.0 - 100.0 3 100.0 3 100.0 10 100.0 2 100.0 18 100.0
Human papillomavirus
Oral cavity (C02-C04) 0 3.7 2 3.7 11 3.7 15 3.7 11 3.7 4 3.7 43 3.7
Oropharynx (C01, CO05, C09, C10) 1 19.9 17 19.9 73 19.9 84 19.9 44 19.9 15 19.9 234 19.9
Anus (C21) 13 876 114 87.6 284 87.6 255 876 232 87.6 100 87.6 998 87.6
Vulva (C51) 9 18.3 38 18.3 92 18.3 109 183 157 18.3 93 18.3 498 18.3
Vagina (C52) 4 71.0 18 71.0 62 71.0 72 71.0 82 71.0 54 71.0 292 71.0
Cervix (C53) 427 100.0 826  100.0 1,074 100.0 840  100.0 501 100.0 245  100.0 3,913 100.0
All cancer types combined 755 1,183 2,121 2,254 2,435 3,072 9,951

HCC, Hepatocellular carcinoma



eTable 12. Sensitivity analyses of the estimated number of all incident cancer cases attributable to different infections in Germany for the year 2018, stratified by gender
Total and relative number of preventable cancer cases for all ages combined

Main analysis Sensitivity analysis: lower Sensitivity analysis: upper
confidence limits of relative risks confidence limits of relative risks

Exposure N % N % N %
Men
Hepatitis B virus 470 0.2 268 0.1 774 0.3
Hepatitis C virus 299 0.1 218 0.1 414 0.2
Helicobacter pylori 5,041 2.1 4,615 1.9 5,332 2.2
Human immunodeficiency virus 126 0.1 121 0.1 131 0.1
Human herpesvirus 8 98 <0.1 98 <0.1 98 <0.1
Human papillomavirus? 1,691 0.7 1,438 0.6 1,808 0.8
Women
Hepatitis B virus 40 <0.1 21 <0.1 70 <0.1
Hepatitis C virus 174 0.1 128 0.1 233 0.1
Helicobacter pylori 3,723 1.8 3,359 1.7 3,957 2.0
Human immunodeficiency virus 18 <0.1 18 <0.1 19 <0.1
Human herpesvirus 8 18 <0.1 18 <0.1 18 <0.1
Human papillomavirus? 5,978 3.0 5,663 2.8 6,053 3.0
Men and women combined
Hepatitis B virus 510 0.1 289 0.1 844 0.2
Hepatitis C virus 474 0.1 346 0.1 647 0.1
Helicobacter pylori 8,764 2.0 7,974 1.8 9,289 2.1
Human immunodeficiency virus 144 <0.1 139 <0.1 150 <0.1
Human herpesvirus 8 116 <0.1 116 <0.1 116 <0.1
Human papillomavirus? 7,669 1.7 7,101 1.6 7,861 18
All infections combined 17,633 4.0 15,952 3.6 18,821 4.3

L For human papillomavirus, the sensitivity analyses were based on the 95% confidence limits of prevalence of DNA in tumor cells (Supplementary Table S13).



eTable 13. Sensitivity analyses of the estimated number of site-specific cancer cases attributable to human papillomavirus in Germany for the year 2018

Total and relative number of preventable cancer site-specific cases for all ages combined

Main analysis Sensitivity analysis: lower confidence Sensitivity analysis: upper confidence
limits of prevalence limits of prevalence

Cancer site N % N % N %
Oral cavity (C02-C04)* 134 3.7 81 2.2 153 4.2
Oropharynx (C01, C05, C09, C10)* 983 19.9 798 16.2 1,031 20.9
Anus (C21) 1,592 87.6 1,480 81.6 1,673 92.1
Vulva (C51)2 498 18.3 348 12.8 476 17.5
Vagina (C52) 292 71.0 259 63.0 320 78.0
Cervix (C53) 3,913 100.0 3,913 100.0 3,913 100.0
Penis (C60) 257 32.2 222 27.8 295 36.9
All cancer types combined 7,669 7,101 7,861

The sensitivity analyses of cancer of the oral cavity and oropharynx were conducted using the upper and lower confidence limits of prevalence estimates based on simultaneous positivity of all
three markers (HPV-DNA+, HPV E6*I mRNA+ and p16INK4a+).

2 The sensitivity analyses of vulva cancer were conducted using the upper and lower confidence limits of the adjusted prevalence estimate.



eTable 14. Estimated number of incident cases of lung cancer (ICD-10 C33-C34) cases attributable to second-hand smoke exposure among never smokers in

Germany for the year 2018

Total (N) and relative number (%0) of attributable lung cancer cases by age at outcome

35-54 years 55-64 years 65—-74 years 75-84 years All ages combined
Cancer site N % N % N % N % N %
Men and women combined 65 7.6 85 6.9 73 4.3 86 2.7 309 4.3
Men 41 9.4 60 7.8 47 51 64 3.5 212 54
Women 24 5.7 25 53 26 3.3 22 1.6 97 3.1




eTable 15. Estimated number of incident cases of lung cancer cases attributable to indoor radon exposure among men and women combined in Germany for the
year 2018, stratified by smoking status

Total (N) and relative number (%) of lung cancer cases attributable to radon by age and smoking status

35-54 55-64 65-74 75-84 All ages combined
Age N % N % N % N % N %
Men and women combined
Never smokers 51 11 76 0.5 103 0.6 195 1.2 425 0.8
Smokers (current and former) 259 4.9 797 55 950 5.4 754 4.8 2,760 5.2
All 310 6.0 873 6.0 1,053 6.0 949 6.0 3,185 6.0
Men
Never smokers 26 0.9 47 0.5 56 0.5 110 1.0 239 0.7
Smokers (current and former) 148 5.1 503 55 636 55 545 5.0 1,832 5.3
All 174 6.0 550 6.0 692 6.0 655 6.0 2,071 6.0
Women
Never smokers 25 1.1 29 0.5 47 0.8 85 1.7 186 1.0
Smokers (current and former) 111 4.9 294 55 314 5.2 209 4.3 928 5.0

All 136 6.0 323 6.0 361 6.0 294 6.0 1,114 6.0




eTable 16. Estimated number of incident cases of malignant melanoma (ICD-10 C43) attributable to ever-use of sunbeds among men and women combined in
Germany for the year 2018, stratified by age and assuming a 10-year latency period between exposure and cancer incidence

Total (N) and relative number (%0) of attributable cases of malignant melanoma by age at outcome

35-39 years 40-54 years 55-69 years 70-84 years All ages combined
N % N % N % N % N %
Men and women combined 58 7.5 362 8.1 276 41 196 2.8 892 4.7
Men 20 6.5 130 6.7 99 2.7 110 2.5 360 35
Women 38 8.1 232 9.3 177 5.8 86 3.1 532 6.1




eTable 17. Estimated number of incident cases of malignant melanoma (ICD-10 C43) attributable to highly frequent use of sunbeds (>10 times/year) among men
and women combined in Germany for the year 2018, stratified by age and assuming a 10-year latency period between exposure and cancer incidence

Total (N) and relative number (%0) of attributable cases of malignant melanoma by age at outcome

35-39 years 40-54 years 55-69 years 70-84 years All ages combined
N % N % N % N % N %
Men and women combined 52 6.7% 265 6.0% 209 3.1% 192 2.7% 718 3.8%
Men 23 7.4% 108 5.6% 75 2.1% 124 2.9% 330 3.2%
Women 29 6.3% 158 6.3% 134 4.4% 68 2.5% 389 4.4%




eTable 18. Sensitivity analyses of the estimated number of incident cancer cases attributable to selected environmental factors in Germany for the year 2018,
stratified by gender

Total and relative number of preventable cancer cases for all ages combined

Main analysis Sensitivity analysis: lower Sensitivity analysis: upper
confidence limits of relative risks confidence limits of relative risks

Exposure N % N % N %
Men
Second-hand smoke 212 0.1 129 0.1 127 0.1
Indoor radon 2,071 0.9 675 0.3 3,796 1.6
Particulate matter 682 0.3 0 0.0 1,396 0.0
Sunbed use 350 0.1 148 0.1 594 0.2
Women
Second-hand smoke 97 <0.1 58 <0.1 143 <0.1
Indoor radon 1,114 0.3 363 0.1 2,041 0.5
Particulate matter 367 0.1 0 0.0 751 0.2
Sunbed use 532 0.1 222 0.1 862 0.2
Men and women combined
Second-hand smoke 310 0.1 187 <0.1 452 0.1
Indoor radon 3,185 0.7 1,038 0.2 5,837 1.3
Particulate matter 1,049 0.2 0 0.0 2,147 0.5
Sunbed use 892 0.2 370 0.1 1,456 0.3

All selected environmental factors combined 5,338 1.2 1,534 0.3 9,589 2.2
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