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Abstract

Still little is known about possible environmental risk factors of childhood hematolog-
ical malignancies (CHM). Previous studies suggest that ultraviolet radiation (UVR)
exposure is associated with a lower risk of acute lymphoblastic leukemia (ALL) in chil-
dren. We investigated the association between solar UVR exposure and risk of CHM
in Switzerland, a country with greatly varying topography and weather conditions.
We included all resident children aged 0-15 years from the Swiss National Cohort
during 1990-2016 and identified incident cancer cases through probabilistic record
linkage with the Swiss Childhood Cancer Registry. We estimated the overall annual
mean UV level and the mean level for the month of July during 2004-2018 at chil-
dren's homes using a climatological model of the midday (11 am-3 pm) UV-index
(UVI) with a spatial resolution of 1.5-2 km. Using risk-set sampling, we obtained a
nested case-control data set matched by birth year and fitted conditional logistic
regression models (virtually equivalent to analyzing full cohort data using propor-
tional hazards models) adjusting for sex, neighborhood socio-economic position,
urbanization, air pollution, and background ionizing radiation. Our analyses included
1446 cases of CHM. Estimated adjusted hazard ratios (HR) per unit increase in UVI in
July were 0.76 (95% Cl 0.59-0.98) for leukemia and 0.74 (0.55-0.98) for ALL. Results
for annual exposure were similar but confidence intervals were wider and included
one. We found no evidence for an association for lymphoma overall (HR 1.14, 95%
Cl 0.59-2.19 for annual exposure) or diagnostic subgroups. Our study provides fur-
ther support for an inverse association between exposure to ambient solar UVR and
childhood ALL.
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1 | BACKGROUND

Childhood hematological malignancies (CHM) are the most common
pediatric cancers globally, including in Switzerland, where they
account for about 44% of cases diagnosed.> CHM includes two major
diagnostic groups: leukemia and lymphoma, representing about 32%
and 12% of pediatric cancers, respectively.

Little is known about risk factors for CHM. Rare genetic condi-
tions, including Down syndrome, are known to increase the risk of leu-
kemia in children, but they account for only a small fraction of cases.
Among environmental exposures, moderate-to-high doses of ionizing
radiation for leukemia? and some infectious diseases with immunosup-
pressive effects for lymphoma (e.g., Epstein-Barr virus) are established
risk factors.®> Exposure to non-ionizing radiation, particularly
extremely-low-frequency magnetic fields from high-voltage power
lines, has also been suspected to be a risk factor of childhood leukemia,
but the evidence is inconclusive.*>

Solar ultraviolet radiation (UVR) is non-ionizing radiation to which
humans are chronically exposed. Individual doses vary greatly accord-
ing to geographic location, season, time of the day, and personal
behavior.®” UVR is subdivided according to its wavelengths and bio-
logical effects into UVA (315-400 nm, 95% of UVR reaching Earth);
UVB (280-315 nm, 5% of UVR reaching Earth), and UVC (100-
280 nm, mostly blocked by the ozone layer). Carcinogenic effects of
UVB and UVA have been shown for skin, lip, and eye cancers, particu-
larly in fair-skinned populations.2? The effects of UVR on other cells
or organs remain unclear, however. A parallel increase in the incidence
of melanoma and non-Hodgkin's lymphoma (NHL) in adults during the
1970s and 1980s gave rise to the hypothesis of a common etiology of
these cancers.’®*! The known immunosuppressive effects of UVB’
offered a plausible biological mechanism. Subsequent studies showed
conflicting results, however, with an international pooled study of
case-control studies'? even finding a consistent inverse association
based on self-reported recreational sun exposure. This observation
led to the hypothesis of a protective effect of UVB through photosyn-
thesis of vitamin D.12 However, the effect of UVR on CHM may differ
in strength and underlying mechanisms from a corresponding effect in
adulthood. Childhood ALL, the most frequent CHM, develops at very
young ages with early genetic alterations occurring in utero, leaving
only a short, though critical, time window for environmental expo-
sures such as UVR to have an effect. Also, exposure levels are typi-
cally lower in children. In most Western countries, parents are
recommended to protect their children from direct exposure to UVR

Little is known about the etiology of childhood hematological malignancies (CHM). Ultraviolet
radiation (UVR) could have an impact on these cancers through different pathways, such as its
immunosuppressive effects or photosynthesis of vitamin D. The authors investigated if ambient
solar UVR exposure was associated with CHM in Switzerland, a country with varying UVR. They
observed a decreased risk of 24% for acute lymphoblastic leukemia per one-unit increase of UV

in the first years of life. It has also been proposed that childhood ALL
may have an infectious origin.’®> UVR exposure (or lack thereof) might
thus affect the risk of childhood ALL by acting on the immune system.

Few studies have investigated the link between solar UVR and
risk of CHM, and these differed widely in their designs and methods
of exposure assessment.'*"*® Two large record-based studies using
objective measurements of residential ambient UVR exposure found
conflicting results: a Californian case-control study found an inverse
association for ALL and NHL but no association with other CHM sub-
types.t> A French ecological study found a positive association of
mean UVR levels in the municipality of residence at diagnosis with
precursor-B cell ALL (PBC-ALL), but no evidence of an association for
other types of CHM.2* In the subsequent pooled case-control studies,
the same authors found similar associations with PBC-ALL for ambi-
ent UV exposure assessed both at birth and diagnosis.?” To date no
cohort study has been conducted on this subject.

We aimed to investigate the association between residential
exposure to solar UVR and CHM in a nationwide census-based cohort
study in Switzerland. Roughly 60% of the Swiss territory represents
mountainous regions, and 20% of the population living in these areas
are exposed to elevated doses of ambient UVR at higher altitudes. In
addition, the resident population is predominantly fair-skinned, and
incidence rates of skin melanoma are high by international

comparison.°

2 | MATERIALS AND METHODS

21 | Population

The study cohort consisted of the Swiss resident population under
16 years of age recorded in the decennial censuses of 1990 and 2000
and the annual population-registry-based censuses between 2010
and 2016. We obtained the population data from the Swiss National
Cohort (SNC, source: Federal Statistical Office), a cohort study based
on record linkage of national censuses since 1990 with each other
and with national datasets on birth, mortality, and migration.2*?2 The
SNC records socio-demographic information as well as the geocodes
of the residential address of all Swiss residents. Children residing in
temporary dwellings or with unknown residences were excluded from
the analysis. We identified first primary cases of hematological cancer
from the Childhood Cancer Registry of Switzerland (ChCR), a popula-
tion-based nationwide cancer registry operating since 1976.
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Estimations suggest that the ChCR includes>95% of cases diagnosed
since 1995.2% We used the Canadian probabilistic record linkage soft-
ware G-Link to match SNC records with cancer diagnoses recorded in
the ChCR based on sex, date of birth, maternal and paternal dates of
birth, geocoded residence at census, municipality of residence at cen-
sus and at birth, and nationality. We included a diagnosis of a malig-
nant hematological cancer if it occurred during the study period
1991-2016, could be linked to a subject in our study population, and
was the first registered primary cancer diagnosed in that child. Chil-
dren diagnosed with cancer before they entered the cohort, that is,
those with a registered diagnosis before the first census of their life-
time, were excluded from the analysis.

2.2 | Outcomes

We investigated the following diagnostic groups according to the
International Classification of Childhood Cancer, Third Edition
(ICCC-3)?* all hematological cancers combined (ICCC-3 diagnostic
groups | + II), leukemia (1), lymphoid leukemia (l.a), acute myeloid leu-
kemia (AML) (L.b), lymphomas (Il), Hodgkin lymphomas (HL) (Il.a), and
non-Hodgkin lymphomas (NHL) (Il.b). Chronic lymphoid leukemia
(CLL; included in diagnostic subgroup l.a) is extremely rare in children
and there were no cases of CLL in our study sample; we thus refer to
ICCC-3 diagnostic subgroup l.a as acute lymphoblastic leukemia (ALL).

2.3 | Exposure modeling
A climatological UV model specific to Switzerland was used to esti-
mate ambient erythemal UV irradiance. A detailed description of the
methodology of the model is given elsewhere.?®> Briefly, the model
combines the libRadtran clear-sky surface UV irradiance and the
HelioMont cloud forcing to estimate the all-sky surface UV irradiance,
with an erythemal action spectrum applied. The Swiss UV climatology
covers the period from 2004 to 2018, with a spatial resolution of
1.5-2 km and a temporal resolution of 1 h. Climatologically modeled
ground-level UV radiation was validated against ground-level irradi-
ance measurements from three stations located in distinct geographi-
cal areas of Switzerland: Davos, Locarno-Monti, and Payerne.
Comparison of measured and modeled values under varying meteoro-
logical conditions showed a good correlation, with an average RMSE
of 0.21. A recent study using SNC data and a similar exposure model
reported a positive association between malignant melanoma mortal-
ity and estimated ambient UV levels.2¢

Solar UV radiation at children's places of residence was defined
as the midday (11 am-3 pm) UV index (UVI) estimated using this cli-
matological model. We prepared the UVI data as a raster file and
extracted exposure levels for children's geocoded home address loca-
tions. Despite the UVI being a whole number indicator of UV irradi-
ance, we treated our model-based estimates as continuous measures
(interval scale) with 1 unit corresponding to 1 integer step on the UVI

scale. As we observed little variation in UVI levels between individual

years, we calculated the overall annual mean during 2004-2018 and
the overall mean level for the month of July (the month with the high-
est UVI values of the year) at place of residence at diagnosis. UVI
exposure levels were time-updated as of the first day of a change in
residential location recorded in the SNC data. If the exact date of relo-
cation was not known, it was imputed as the midpoint between the
two closest time points for which the address location was known
from the SNC.

2.4 | Potential confounding

We considered the following potential confounders: sex, neighbor-
hood socio-economic position (Swiss-SEP in quintiles),27 level of
urbanization (urban, suburban, and rural), modeled air pollution (ambi-
ent levels of NO, in pg/m®) at diagnosis,?® and modeled background
ionizing radiation (total cumulative dose from terrestrial gamma and
cosmic radiation since birth in mSv).2? We also included presence
(yes/no) of a general cancer registry in the canton of residence at
diagnosis to account for potential under-ascertainment of cases in
cantons without such a registry. In cantons with such registries, data
exchanges with the ChCR is likely to have resulted in a more complete
ascertainment of cases. All covariates were time-updated for every
census point or known or imputed intermittent change in home
address location.

2.5 | Statistical analysis

We prepared the SNC cohort as a time-to-event dataset with age as
the underlying time scale. Follow-up began on the day of the first
census in a child's lifetime and ended on the date of diagnosis, death,
16th birthday, emigration, loss to follow-up, or end of administrative
follow-up on December 31, 2016, whichever occurred first. In order
to facilitate the analyses using time-varying covariates, we sampled
100 controls for each case matched by age and year of birth from
the population at risk at the time of a case's diagnosis (risk-set
sampling).

We fitted conditional logistic regression models to the matched
case-control data conditioning on the risk sets. This procedure is
approximately equivalent to estimating Cox proportional hazards
models on the full cohort and we therefore interpret odds ratios as
hazard ratios (HR).2° We ran likelihood ratio (LR) tests comparing
models including the exposure in quintiles (unrestricted model) with a
model including the quintile means of the exposure as a linear term
(linearly restricted model) to test for evidence on non-linearity in the
association with the outcome. As the LR-tests showed no evidence of
non-linearity (p-value LR-test >0.05), we present the analyses of UVI
as a linear exposure term (unrestricted climatological model estimates)
as the main analyses but also report models including the exposure
variable categorized into quintiles for comparison. We fitted both uni-
variable and fully adjusted models including the potential confounders

listed above. All models were complete case analyses.
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We ran all statistical analyses using the R language for statistical

computing version 4.2.3.

3 | RESULTS

3.1 | Characteristics of the study population

In total, we identified 5627 incident cases of childhood cancer diag-
nosed between 1990 and 2016 from the ChCR, 3777 of which were
diagnosed after the first census in their lifetime and thus potentially
eligible for inclusion in the study. A total of 495 eligible cases could
not be linked to a record in the SNC, 129 had missing geocodes, and
16 were censored prior to diagnosis. Of the remaining 3137 childhood
cancers, 1446 cases were hematological malignancies, 951 leukemias,
and 495 lymphomas (Figure 1).

The characteristics of the study population are presented in
Table 1 stratified by the July mean levels of UVI exposure used for
the categorical analyses. The mean level of the UVI in July at the place
of residence of the study population ranged between 4.54 and 6.32.
Compared to the children in the lowest exposure quintile, children in
the highest quintile were less likely to live in a rural municipality and
be exposed to higher levels of ambient air pollution. The distribution
of the study population by annual mean levels of UVI exposure was
somewhat different, with higher proportions of highly exposed chil-
dren living in a rural area, exposed to low levels of air pollution, and
residing in a neighborhood ranked lower on the Swiss-SEP (Table S1).

As expected, children living in Southern and Western Switzerland
were exposed to higher levels of solar UVR in July than children in
Northwestern, Northeastern, Central, and Eastern Switzerland (Figure
2). The highest UVI values were estimated for the highest mountain-
ous regions, inhabited by few people if at all. The spatial variation of
the annual mean UVI levels was rather similar, albeit with less overall
variation and a clearer divide between the mountainous Alpine
regions and the low-lying Central Plateau, home to the biggest urban
areas and the majority of the population (Figure S1). The annual mean
level of UVI at the place of residence of the study population ranged
between 2.46 and 3.83 (Table S1 and Figure S2).

3.2 | Childhood hematological cancer risk and
exposure to solar UV radiation

LR tests showed no evidence of a departure from linearity neither for
all hematological cancers combined nor for any diagnostic group or
subgroup individually for July exposure (p-values >0.4; Table S4). P-
values of LR-tests of models for annual exposure were similar (>0.3;
Table S5). We therefore included exposure as a linear term in our
main analyses and based our interpretation of results on these
models. Since these LR-tests may have been underpowered, we also
report the analyses of the categorical models.

After adjusting for potential confounders, we found some evi-
dence that higher ambient UVI levels in July were associated with

reduced risks of leukemia and ALL (Table 2): adjusted HRs per unit
increase in July UVI levels were 0.76 (95% confidence interval
[CI] 0.59-0.98) for leukemia and 0.74 (95%-Cl: 0.55-0.98) for ALL
(Table 2). Corresponding point estimates for models including annual
UVI exposure were similar but confidence intervals wider (Leukemia:
adj. HR 0.71, 95%-Cl 0.44-1.14; ALL: 0.70, 0.41-1.19; Table S2). By
contrast, there was no evidence of an association for AML. Models
also showed no evidence of association for lymphomas (0.96; 0.67-
1.38 for July exposure; Table 2). Adjusting the models for potential
confounders generally resulted in lower point estimates of the HR
(Table 2).

In the analyses including exposure as a categorical term (quin-
tiles), there was no evidence for an association overall nor for any
diagnostic group or subgroup with p-values of LR-tests comparing cat-
egorical (quintile) models with the null models without the exposure
>0.2 for both July and annual exposure (Tables 3, S3, S5, and Sé).
Comparable with the results of models with exposure as a linear term,
categorical models for leukemia and ALL showed slightly reduced risks
for the highest quintile exposure category but confidence intervals
included 1 both for July and annual exposure (Tables 3 and S3).

As recommended by a reviewer, we also ran separate, age-
stratified analyses for leukemia and ALL to allow for possibly differing
effects between young (0-4 years) and older children (5-15 years).
For leukemia, the adjusted HR for exposure in July (entered as a linear
term) were slightly higher for children aged 0-4 years (0.89, 0.58-
1.38) than for children aged 5-15 years (0.74, 0.53-1.02). Results for
ALL were similar (Table 2). For annual mean exposure, adjusted HR
for leukemia were virtually identical for children aged 0-4 years (0.75,
0.34-1.69) and for children aged 5-15years (0.76, 0.42-1.39),
whereas, for ALL, adjusted HR were slightly lower for children aged
0-4 years (0.64, 0.27-1.52) and slightly higher for children aged 5-
15 years (0.84, 0.42-1.67; Table S2).

4 | DISCUSSION

This nationwide census-based cohort study investigating the associa-
tion between exposure to solar UVR and childhood hematological
cancer found some evidence of a reduced risk of childhood leukemia,
specifically with ALL, in Switzerland. The inverse association was
stronger in models including predicted ambient UVI levels for the
month of July as a linear exposure term and adjusting for various
potential confounders (socio-economic status, level of urbanization,
modeled traffic-related air pollution, and external background ionizing
radiation). Similar associations were found in adjusted models includ-
ing annual mean UVI exposure, albeit with wider confidence intervals.
By contrast, there was little evidence of an association of ambient
UVI exposure for AML or for lymphomas.

The few other studies that have investigated associations
between UV exposure and the risk of cancer in children showed con-

14-18 A Jarge record-based case-control study

flicting results.
conducted in California focusing on children aged less than 6 years

reported an inverse association between ALL and NHL risk and
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TABLE 1 Characteristics of the study population (controls only, n.=313, 700) by quintiles of UV index, mean levels in July.

Characteristics

Total

Sex
Male
Female

Year of birth
1975-1979
1980-1984
1985-1989
1990-1994
1995-1999
2000-2004
2005-2009
2010-2015

Year of cohort entry
1990
2000
2010
2011-2014

Degree of urbanization
Urban
Peri-Urban
Rural

Swiss-SEP index®
first quintile (low SEP)
Second quintile
Third quintile
fourth quintile
Fifth quintile (high SEP)

Cantonal cancer registry
No
Yes

NO; (ug/m?)
<17.9
>17.9-21.9
>21.9-26.7
>26.7
Missing

[4.54, 5.01]
63,042

32,008
31,034

1495
5675
12,100
10,992
12,994
7404
6901
5481

22,431
23,270
13,050

4291

14,980
26,837
21,225

18,031
14,141
11,382
10,213

9275

16,818
46,224

16,987
14,071
14,590
17,391

3

Background ionizing radiation (mSv)

<4.68

>4.68-8.48
>8.48-11.3
>11.3-31.2

16,522
16,102
15,366
15,052

(%)
(100.0)

(50.8)
(49.2)

(2.4)
(9.0
(19.2)
(17.4)
(20.6)
(11.7)
(10.9)
(8.7)

(35.6)
(36.9)
(20.7)
(6.8)

(23.8)
(42.6)
(33.7)

(28.6)
(22.4)
(18.1)
(16.2)
(14.7)

(26.7)
(73.3)

(26.9)
(22.3)
(23.1)
(27.6)
(0.0)

(26.2)
(25.5)
(24.4)
(23.9)

Note: Values represent counts (column percentages).
®The SEP-index is an area-based measure of socio-economic position for Switzerland, estimated for neighborhoods of 50 households using a principal
component analysis of four socio-economic variables, with data from the 2000 census.

(5.01, 5.1]
62,466

32,342
30,124

1310
5205
11,376
10,357
12,791
7956
7537
5934

20,810
22,876
14,155

4625

18,815
29,785
13,866

12,199
11,755
12,621
13,514
12,377

21,510
40,956

10,445
15,393
18,208
18,420

0

17,972
16,667
16,080
11,747

(%)
(100.0)

(51.8)
(48.2)

(2.1)

(8.3)

(18.2)
(16.6)
(20.5)
(12.7)
(12.1)
(9.5)

(33.3)
(36.6)
(22.7)
(7.4)

(30.1)
(47.7)
(22.2)

(19.5)
(18.8)
(20.2)
(21.6)
(19.8)

(34.4)
(65.6)

(16.7)
(24.6)
(29.1)
(29.5)
(0.0)

(28.8)
(26.7)
(25.7)
(18.8)

ambient UVR at birth address but no association with other CHM sub-

types.t> We also observed an inverse association with ALL but not

with NHL. By contrast, a French ecological study using small areal

(5.1,5.2]

62,981

32,290
30,691

1374
5332
11,387
10,549
12,821
8011
7660
5847

21,150
22,897
14,300

4634

11,795
29,251
21,935

11,873
11,880
12,720
13,558
12,950

22,250
40,731

14,503
19,387
17,178
11,912

1

17,602
16,524
16,476
12,379

(%)
(100.0)

(51.3)
(48.7)

(27.9)
(26.2)
(26.2)
(19.7)

(5.2,5.47]

62,593

31,941
30,652

1491
5305
11,452
10,658
12,927
7895
7213
5652

21,577
22,771
13,810

4435

12,922
25,402
24,269

17,806
14,607
13,299
10,664

6217

32,079
30,514

22,757
16,958
13,170
9708

0

16,483
15,799
15,203
15,108

(%)
(100.0)

(51.0)
(49.0)

(2.4)

(8.5)

(18.3)
(17.0)
(20.7)
(12.6)
(11.5)
(9.0)

(34.5)
(36.4)
(22.1)
(7.1)

(20.6)
(40.6)
(38.8)

(28.4)
(23.3)
(21.2)
(17.0)
(9.9)

(51.3)
(48.7)

(36.4)
(27.1)
(21.0)
(15.5)
(0.0)

(26.3)
(25.2)
(24.3)
(24.1)

(5.47, 6.32]
62,618

31,988
30,630

1430
4783
10,585
10,144
13,367
8434
8089
5786

19,412
23,183
15,187

4836

16,808
33,128
12,682

20,441
12,622
10,568
10,073

8914

3328
59,290

12,687
10,701
14,645
24,567

18

15,317
14,778
13,018
19,505

1o

(%)
(100.0)

(51.1)
(48.9)

(2.3)
(7.6)
(16.9)
(16.2)
(21.3)
(13.5)
(12.9)
(9.2)

(31.0)
(37.0)
(24.3)
(7.7)

(26.8)
(52.9)
(20.3)

(32.6)
(20.2)
(16.9)
(16.1)
(14.2)

(5.3)
(94.7)

(20.3)
(17.1)
(23.4)
(39.2)
(0.0)

(24.5)
(23.6)
(20.8)
(31.1)

units (municipalities) found a positive association between the most
common subtype of ALL, the precursor-B cell ALL (PBC-ALL), and
ambient UVR at diagnosis.»* No associations were observed for other
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types of CHM. A replication of this study pooling two French
population-based case-control studies (ESCALE and ESTELLE studies)
produced the same results, even after adjustment for potential
individual-level confounders. The study also found the same associa-
tion when considering residential ambient UVR at time of birth
instead of diagnosis.!” The French and Californian studies both con-
sidered the whole UV spectrum in the exposure assessment, whereas,
in our study, we focused on ambient erythemal UV doses by using UV
Index estimates. The earlier French study observed that annual ambi-
ent UVA and UVB radiation at the municipality level were highly cor-
related and that it was impossible to analyze them separately.* It is,
therefore, unlikely that the discrepancy of results observed compared

]

5,627 cases <16y
diagnosed 1990-
2016

Identification

1,850 cases
—»| diagnosed
prior to census

— A 4

3,777 cases
eligible

495 cases not

> linked to SNC

Inclusion

129 cases’
| geocodes
missing

16 cases
—»| censored prior
to diagnosis

3,137 cases:
951 leukemia
495 lymphoma

[ Analysis ] [

FIGURE 1 Flow diagram of the study inclusion of the childhood
hematological cancer cases.

47.5°N -

47.0°N -

46.5°N -

46.0°N -

to the French study are due to differences in the ambient UVR indica-
tors selected.

Furthermore, a Finnish study observed a lower incidence of ALL
in the dark season versus the light season, but only for the age group
of 2-4 year olds, and no association for other age groups or with
childhood AML.2® A multi-country ecological study observed an
inverse association between leukemia and ambient UVR but no evi-
dence of association with lymphoma.’® A Greek case-control study
found an inverse association between sunbathing for more than
15 days per year and risk of childhood NHL.*” These studies all dif-
fered notably from ours regarding study design, exposure assessment,
and the range of UV exposure.

We found stronger evidence of an inverse association with ALL
when using UVI levels in July instead of the annual average. The Cali-

fornian study observed seasonality in the effect of UVR with a

TABLE 2 Hazard ratios (HR) for childhood hematological
malignancies per 1 unit of UV Index increase (interval scale) in
ambient UV irradiance in July.

Outcome Cases

Hematological 1446

HR (95% CI)*
0.98 (0.82-1.18)

Adj HR (95% CI)°
0.83(0.67-1.02)

Leukemia 951 0.93(0.74-1.17) 0.76 (0.59-0.98)
0-4 years 339 0.87 (0.59-1.28) 0.89 (0.58-1.38)
5-15 years 612 0.96 (0.73-1.28) 0.74 (0.53-1.02)

ALL 754 0.86 (0.67-1.12) 0.74 (0.55-0.98)
0-4 years 296 0.79 (0.52-1.20) 0.81(0.51-1.30)
5-15 years 458 0.91(0.66-1.26) 0.74 (0.51-1.07)

AML 133 1.71 (0.98-3.01) 1.36 (0.71-2.62)

Lymphoma 495 1.08 (0.79-1.47) 0.96 (0.67-1.38)

HL 234 1.00 (0.64-1.58) 0.90 (0.53-1.52)

NHL 163 1.34 (0.80-2.26) 1.04 (0.56-1.93)

®Model adjusted for sex, birth year, and year of entry into the cohort.
bModel adjusted for sex, birth year, year of entry into the cohort,
Swiss-SEP index, level of urbanization, air pollution, existence of a

cantonal registry, and background ionizing radiation.

UV Index

e

7
6
Is

FIGURE 2 Map of UV index
distribution in Switzerland, mean evels in

July between 11 am and 3 pm,
11°E 2004-2018.
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TABLE 3 Hazards ratios (HR) for
childhood hematological malignancies per
quintiles of UV index in July.

Outcome

Hematological

Leukemia

ALL

AML

Lymphoma

HL

NHL

INTERNATIONAL

JOURNAL of CANCER

I

uvi Cases HR (95% CI)* Adj HR (95% CI)°
[4.54, 5.01] 295 1.00 1.00

(5.01, 5.1] 308 1.06 (0.90-1.24) 1.05 (0.89-1.23)
(5.1,5.2] 277 0.94 (0.80-1.11) 0.96 (0.82-1.14)
(5.2,5.47] 277 0.95(0.81-1.12) 0.97 (0.82-1.14)
(5.47, 6.32] 289 0.98 (0.84-1.16) 0.89 (0.75-1.06)
[4.54,5.01] 190 1.00 1.00

(5.01, 5.1] 203 1.07 (0.88-1.31) 1.07 (0.87-1.31)
(5.1,5.2] 191 1.00 (0.82-1.23) 1.03 (0.84-1.27)
(5.2,5.47] 185 0.98 (0.80-1.21) 1.02 (0.83-1.25)
(5.47, 6.32] 182 0.95 (0.77-1.16) 0.83 (0.67-1.03)
[4.54, 5.01] 152 1.00 1.00

(5.01, 5.1] 160 1.05 (0.84-1.31) 1.04 (0.83-1.31)
(5.1,5.2] 158 1.03 (0.82-1.29) 1.05 (0.84-1.31)
(5.2,5.47] 145 0.96 (0.76-1.21) 0.99 (0.78-1.25)
(5.47, 6.32] 139 0.90(0.71-1.13) 0.80 (0.63-1.03)
[4.54, 5.01] 24 1.00 1.00

(5.01, 5.1] 28 1.20 (0.70-2.08) 1.19 (0.68-2.07)
(5.1,5.2] 22 0.92 (0.52-1.65) 0.96 (0.53-1.72)
(5.2, 5.47] 24 1.03 (0.59-1.83) 1.05 (0.59-1.88)
(5.47, 6.32] 35 1.51 (0.89-2.54) 1.34 (0.77-2.34)
[4.54, 5.01] 105 1.00 1.00

(5.01, 5.1] 105 1.02 (0.78-1.35) 1.01(0.77-1.33)
(5.1,5.2] 86 0.83(0.62-1.10) 0.85 (0.63-1.13)
(5.2,5.47] 92 0.89 (0.67-1.18) 0.88 (0.66-1.17)
(5.47, 6.32] 107 1.05 (0.80-1.38) 1.03(0.77-1.38)
[4.54, 5.01] 52 1.00 1.00

(5.01, 5.1] 48 0.98 (0.66-1.45) 0.95 (0.64-1.42)
(5.1,5.2] 43 0.85 (0.56-1.27) 0.86 (0.57-1.29)
(5.2,5.47] 44 0.87 (0.58-1.30) 0.85 (0.56-1.29)
(5.47, 6.32] 47 0.94 (0.63-1.40) 0.91 (0.59-1.40)
[4.54, 5.01] 35 1.00 1.00

(5.01, 5.1] 28 0.82 (0.50-1.34) 0.81(0.49-1.35)
(5.1,5.2] 31 0.89 (0.55-1.45) 0.94(0.57-1.53)
(5.2,5.47] 32 0.95 (0.59-1.54) 0.94(0.57-1.54)
(5.47, 6.32] 37 1.13(0.71-1.80) 1.00 (0.60-1.66)

#Model adjusted for sex, birth year, and year of entry into the cohort.
®Model adjusted for sex, birth year, year of entry into the cohort, Swiss-SEP index, level of urbanization,
air pollution, existence of a cantonal registry, and background ionizing radiation.

stronger apparent protective effect for ALL when considering children
born between April and September compared to children born
between October and March.® Given that “both UVR and vitamin D
were found to be protective against tuberculosis and influenza
infections,” and maternal influenza during pregnancy was positively
associated to ALL in previous studies,®! the authors concluded that
this finding supported the role of UVR in “reducing cancer risk via
reducing susceptibility to viral infections.” However, UVR immune

system modulation could equally promote the oncogenesis process

through chronic inflammation or immunosuppression, as suggested by
some animal studies.>? A pan-cancer analysis performed among pedi-
atric cancer cases showed a genome-wide mutational signature attrib-
uted to UV in eight aneuploid leukemias.®® Also, a recent meta-
analysis on sunbed use and risk of hematological malignancies in
adulthood showed a positive association after adjusting for sun expo-
sure, and UV sunbed lamps emit mostly UVA3* In summary, UVR
exposure may affect the development of hematological malignancies

in multiple ways.
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The main strength of our study was the nationwide retrospective
cohort design based on routine data sets, which maximizes sample
size while minimizing the risk of selection bias. The study did not
require active participation of subjects and we could include almost
the whole childhood population of Switzerland. We used a climatolog-
ical model of UV radiation to estimate the UV Index for all of
Switzerland for a grid with resolution of 1.5-2 km. Given that solar
UV radiation varies little at this scale, a greater resolution would not
likely have increased the accuracy of exposure assessment. We identi-
fied all cases of hematological cancer from the ChCR, the Swiss
population-based cancer registry with high coverage. UVI exposure
was determined for both cases and controls based on geocodes of the
residential address recorded in the SNC with correspondingly little
risk of recall bias or differential misclassification bias. Finally, in our
analyses, we could control for some important potential confounders
like background ionizing radiation and ambient air pollution, which
were shown to be associated with some hematological childhood can-
cers in Switzerland.?” "%’

As our UVR model estimated UVI exposure as a continuous mea-
sure, we fitted separate models with exposure both as a continuous
(linear term) and as a categorical variable (quintiles). While both
models showed an inverse association with ALL for the mean UVI in
July, in the categorical model, the risk reduction was only apparent for
the highest quintile of exposure with the LR test (quintiles versus null
model, Table S4) showing no evidence of an association. However,
there was no evidence of a deviation from linearity (quintiles
vs. quintile means model, Table S4) and statistical power for detecting
an (approximately linear) association was higher for the model with
the linear term compared to the quintile model. We therefore think
that the more parsimonious model with a linear term provides an ade-
quate representation for the observed association.

Linkage between the ChCR and the SNC was done probabilisti-
cally, which likely resulted in some misclassification errors. Also, the
climatological UVI model estimates ambient irradiance at children's
home addresses, which may be a poor proxy for individual exposure
(see below). We have no reason to believe that such misclassification
could have been differential, but non-differential misclassification may
have biased our results toward the null. A previous study into the
completeness of the ChCR found evidence of regional differences in
cancer registration.?> We attempted to adjust for this in our models
by including a time-varying variable indicating the existence of a
(adult) cancer registry in the canton of children's place of residence.
However, as can be inferred from the characteristics table of the
study population (Table 1), children exposed to the highest levels of
UVI exposure were more likely to reside in a canton with an existing
cancer registry. The chance that we may have underestimated the risk
of hematological cancer due to under-registration should therefore be
small. Finally, we could not control for ethnicity in our study popula-
tion which is known to be associated with cancer risk in many
populations due to a lack of data.

Individual exposure to UVR does not only depend on ambient
levels but also on behavioral factors, the local environment (e.g., shad-

ing), and effective time spent outdoors. Indeed, a simulation study

considering six European cities with different UVR levels showed that
the within-city variation of facial UVR doses could be much higher
than between-city variation as a result of individual behaviors.3®
Unfortunately, administrative data do not contain any information on
behavioral aspects. Moreover, Switzerland is a multilingual and multi-
cultural country, and health behaviors vary by language region. For
instance, one study found higher mortality due to lung cancer in the
French-speaking than in the German-speaking areas, presumably due
to the higher prevalence of tobacco consumption in the French-
speaking part.36 Furthermore, another Swiss study showed lower inci-
dence of skin melanoma than the national average in the cantons with
the highest ambient UV levels namely Valais, Ticino, and Graubiin-
den.?® These observations could reflect genetic or lifestyle factors
that have an impact on either skin sensitivity or individual UV expo-
sures and could confound the association between ambient UVR and
CHM. We cannot exclude spatial confounding by behavioral or
genetic factors, or by other environmental factors not considered in
our analyses.

In conclusion, our study provides further support for an inverse
association between exposure to ambient solar UVR and childhood
ALL. The evidence was stronger when using UVI levels in July instead
of the overall annual mean, potentially indicating a seasonal depen-
dence of an underlying causal pathway. As in previous studies, our
analyses may be affected by exposure classification and residual con-
founding, and findings should be interpreted with caution. Ideally,
future studies should include information on behavioral factors that
are important determinants of individual UVR exposure; however,
such studies would require the active participation of the study popu-
lation, potentially leading to selection bias. Also, distinguishing expo-
sure to UVA and UVB at different seasons could shed light on the
importance of different causal pathways that could result in the devel-
opment of childhood ALL.
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