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Purpose: Cutaneous melanoma is among the fastest growing malignancies in Norway and

ultraviolet radiation (UVR) exposure is the primary environmental risk factor.
Immunomodulating drugs can increase skin photosensitivity and suppress immune responses,
and by such mechanisms influence melanoma risk. We, therefore, aimed to examine the
associations between use of immunomodulating drugs and melanoma risk, at a nationwide
population level.

Patients and Methods: In the Cancer Registry of Norway, we identified all cases aged
18-85 with a first primary cutaneous melanoma diagnosed in 2007-2015 (n=12,106). These
were matched to population controls from the Norwegian National Registry 1:10
(n=118,564), on sex and year of birth using risk set sampling. Information on prescribed
drugs (2004-2015) was obtained by linkage to the Norwegian Prescription Database
(NorPD). Conditional logistic regression was used to estimate rate ratios (RRs) and 95%
confidence intervals (CIs) for associations between use of immunomodulating drugs (immu-
nosuppressants and corticosteroids) and melanoma risk, adjusted for ambient UVR and other
drug use.

Results: Compared with <I prescription, use of >8 prescriptions of immunosuppressants was
associated with increased risk of melanoma (RR 1.50, 95% CI 1.27, 1.77). Similar associations
were found for subgroups of immunosuppressants: drugs typically prescribed to organ trans-
plant recipients (OTRs) (RR 2.02, 95% CI 1.35, 3.03) and methotrexate (RR 1.27, 95% CI
1.04, 1.55). Similar results were found for high levels of cumulative doses and across all
histological subtypes. Use of corticosteroids was not associated with melanoma risk.
Conclusion: We found a positive association between use of immunosuppressants and
melanoma risk, with the highest risk seen for drugs prescribed to OTRs. Knowledge about
this risk increase is important for physicians and users of these drugs, for intensified
surveillance, awareness and cautious sun exposure.

Keywords: corticosteroids, melanoma,
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Summary

The number of melanoma cases has reached historically high levels in fair-skinned
populations worldwide, and is most likely caused by excessive sun exposure. However,
immunomodulating drugs may influence the risk of melanoma by affecting our
immune system’s tumor surveillance or increasing the skin’s sensitivity to sunlight.
Such drugs include both immunosuppressants and systemic corticosteroids, typically
prescribed to treat long-term autoimmune diseases and to prevent organ transplant
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rejection. As far as we know, this is the first epidemiological
study that examines the association between use of immuno-
modulating drugs (including immunosuppressants and sys-
temic corticosteroids) given for any indication, and
melanoma risk on a nationwide level.

Compared with non-use, users of immunosuppressive
drugs had an increased risk of melanoma, with the highest
risk seen for drugs designed to prevent organ transplant
rejection. Use of corticosteroids was not associated with
melanoma risk. The side effects of immunosuppressive
drugs, including immune suppression and increased photo-
sensitivity in the skin, are possible explanations for these
results. The findings could be valuable for both physicians
and users of these drugs, as they could help reduce mela-
noma risk by increasing surveillance and awareness, which
could lead to more careful sun exposure behavior.

Introduction

Cutaneous melanoma (hereafter melanoma) is the skin
cancer that causes the highest number of deaths. It is the
malignancy with the most rapid growth rate in Norway,
which ranks among the top 3 countries worldwide, both in
terms of incidence and mortality."* The primary environ-
mental risk factor for melanoma is ultraviolet radiation
(UVR) exposure, which is estimated to be responsible for
as much as three-quarters of all cases worldwide.® The
development of melanoma, however, is a process depen-
dent on many factors in which individual susceptibility
(number of nevi and skin sensitivity to UVR?), previous
melanoma diagnosis,” family history of melanoma,® and
additional factors such as anthropometric measures,’ hor-
monal factors®” and alcohol consumption'® are suggested
to influence the risk.

Immunomodulating drugs comprise immunosuppressants
and systemic corticosteroid hormones (hereafter corticoster-
oids), and are typically used for the treatment of inflammatory
and autoimmune diseases, as well as to prevent the rejection of
transplanted organs.'"'> The immunosuppressive actions of
these drugs have a well-documented list of side-effects and
toxicities due to the non-specific nature of immune-
suppression.'*!* It is well-established that the immune system
has an important role in the progression and regression of
melanoma, and therefore it is likely that the development of
this cancer is affected by long-term exposure to immunomo-
dulating drugs.'”” Organ transplant recipients (OTRs) are
shown to experience an increased risk of melanoma,'® "
though such a relationship is not clear for other patient groups
who use immunosuppressant drugs.’’ Methotrexate is

a commonly prescribed immunosuppressant, used to treat
inflammatory and autoimmune disorders, such as rheumatoid
arthritis and psoriasis. Studies indicate an association between
methotrexate use and risk of melanoma and melanoma-

specific mortality,”'

although no dose-response association
has been discovered.”* Other drugs with immunosuppressant
actions, commonly used to treat these diseases, are also sug-
gested to increase the melanoma risk.”> 2’ Furthermore, the
propensity of certain immunosuppressants to exacerbate
UVR-induced DNA damage is theorized to be responsible
for a potential elevated risk of melanoma.?**
Corticosteroids, and glucocorticoids in particular, are
used as part of a variety of anti-inflammatory and immu-
nosuppressive therapies, for conditions such as rheumatoid
arthritis, inflammatory bowel syndrome, psoriasis, and
eczema.'? Epidemiological studies have shown that use
of glucocorticoids is associated with increased risk of non-

32 . .
30-32 and corticosteroids are found

melanoma skin cancers,
to increase the risk of cutaneous T-cell lymphoma.*?
Epidemiological studies concerning a relationship with
melanoma risk appear to be lacking. Pre-clinical studies,
however, have demonstrated an ability by certain gluco-
corticoids (particularly dexamethasone) to inhibit human
melanoma growth.>*>

To our knowledge, no nationwide epidemiological stu-
dies have investigated the associations between the pre-
scribed use of immunosuppressants and corticosteroids,
given for any indication, and melanoma risk. We aimed
to investigate this association in a nested case-control
study, employing population-based registries in Norway.

Materials and Methods

This case-control study was nested within the Norwegian
adult
Norwegian population during the period 2004-2015

National Registry, encompassing the entire
(3.9 million people). A nested case-control design was
chosen due to a principle of data minimization. Data were
drawn from the Cancer Registry of Norway (CRN), the
National Registry, the Norwegian Prescription Database
(NorPD), and the Medical Birth Registry of Norway
(Figure S1). Unique personal identification numbers (PIN)
assigned to each person residing in Norway, were used to
link the data across registries. Data collection procedures

and study design features have been described.*

Selection of Cases and Controls
By law, the CRN has recorded data regarding cancer
diagnoses since 1953. After 2000, >99% of melanoma
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cases have been morphologically verified.'*” We selected
all first primary melanoma cases in the CRN, which were
diagnosed at the age of 18-85 in the period 2007-2015
(n=12,106). The cases were recorded according to the
International Classification of Diseases (ICD) of oncology
3rd edition (ICD-O-3), and the ICD 10th Revision (C43).
Tumor site was categorized as head/neck (C43.0—4), trunk
(C43.5), upper limb (C43.6), lower limb (C43.7), other
(C43.8) and unspecified (C43.9). The histological subtype
of each tumor (recorded according to ICD-O-3) was cate-
gorized as superficial spreading melanoma (SSM; 87433),
nodular melanoma (NM; 87213) or other subtypes (87423,
87443, 87453/87803/87613, and 87203 (unspecified)). The
CRN records the stage of melanoma at diagnosis based on
clinical and pathological information on metastasis, which
is the basis for its categorization as local disease (no
metastases), regional metastasis (regional lymph nodes,
satellites and in transit metastases), distant metastasis
(non-regional lymph node and organ metastases) and
unspecified.

For each melanoma case, 10 controls were drawn at
random (with replacements) from the National Registry
using risk set sampling, matched on sex and year of birth
(n=118,564). The controls in question had to be alive, free
of any previous cancer diagnosis, and had to reside in
Norway at their index date (date of diagnosis for respec-
tive case). This meant, however, that they could develop
cancer afterwards. Permission to conduct the study was
granted by the Norwegian Data Inspectorate, the Regional
Committee for Medical and Health Research Ethics and
each of the relevant registries.

Assessment of Inmunomodulating Drug
Use

All prescription drugs dispensed from Norwegian pharma-
cies have been recorded by the NorPD since 1 January 2004,
except for those prescribed to institutionalized individuals.*®
Drugs are classified according to the Anatomical Therapeutic
Chemical (ATC) classification system version 2017.%%
Information about the date, prescriber, patient and drug is
included for each record of dispensation.®” Information was
obtained for the period 2004-2015, including the date of
dispensing, ATC classification code, and the number of
defined daily doses (DDD) dispensed, which is defined as
the assumed average maintenance dose per day for a drug
used for its main indication in adults.** Immunosuppressants
were defined as any drug included in the ATC group L04.*°

Due to the elevated risk of skin cancer reported for OTRs and
because the most commonly prescribed immunosuppressant
was methotrexate (L04AX03) (11.5%), immunosuppressant
drugs commonly used by OTRs (L04AA06/10/18,
L04ADO01/02) and methotrexate (L04AX03) constituted
two separate groups for analysis. Users of all remaining
immunosuppressants constituted the category “Other drugs
with immunosuppressant actions” (selective immunosup-
pressants (ATC codes L04AA13/21/24/27/31), tumor necro-
sis factor alpha inhibitors (ATC codes L04AB01/02/04/05/
06), interleukin inhibitors (ATC codes L04AC03/05), and
other immunosuppressive drugs (ATC codes L04AX01/02/
05)).*° Corticosteroids were defined as any drug included in
the ATC group H02, and were analyzed as one group due to
the many different and overlapping indications for use. The
most commonly prescribed type of corticosteroid, however,
was glucocorticoids (99.2%).

We quantified the number of prescriptions for each
person based on their total number of filled prescriptions
over the period 2004-2015. Exclusive use of immunosup-
pressants or corticosteroids for each individual was cate-
gorized according to the number of filled prescriptions
since 2004: <1 prescription, 2—7 prescriptions and >8
prescriptions.*’ This was based on the assumption that
each immunomodulating drug prescription is equivalent
to 3 months of use. For methotrexate, each prescription
may last up to 6 months depending on dosing regimen,**
thus the use was categorized as <l prescription, 2—3 pre-
scriptions and >4 prescriptions. While repeated prescrip-
tions indicate sustained use of a drug, a single prescription
reflects non-use or very limited use due to reasons such as
lack of effect, side-effects, non-compliance or insufficient
follow-up within the time period of the study. We therefore
chose to combine non-use and limited use in the same
category. The prescriptions in question could have been
filled at separate or the same dates.

Cumulative dose of overall immunosuppressants or
corticosteroids was calculated based on the total number
of DDDs filled for each person and was categorized as
non-users (0) and users (1-365; 366-1100; 1101-1800;
1801-2900; >2901). For subgroup analyses, immunosup-
pressants prescribed to OTRs, methotrexate and “Other
drugs with immunosuppressant actions”, DDD were cate-
gorized as 1-365; 366-1800; >1801. The DDD categor-
izations were formed based on the assumption that
immunomodulating drugs are typically prescribed for
long-lasting

inflammatory and/or immunosuppressive

indications.'*'® The user levels thus corresponded to <I,
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1-3, 45, 6-8, >8 years of use, though some of these
levels were collapsed in subgroup analyses due to low
numbers of drug users.

All prescriptions filled within a year prior to and after
individual index dates (date of diagnosis for cases and
respective controls) were disregarded to reduce potential
impact of reverse causation.

Covariates

There are several drugs which could influence the risk of
melanoma by affecting skin photosensitivity or the
mechanisms of the immune system.** *® Therefore, infor-
mation about ever-use of cardiovascular drugs (yes/no),
antidepressant drugs (yes/no), and whether >1 prescription
was filled of any other prescription drug (yes/no) was
drawn from the NorPD, for the period 2004-2015. We
used the information about use of such drugs up to
a year prior to individual index dates.*>*’

Ambient UVR exposure decreases from southern to
northern Norway. The level of ambient UVR exposure
was categorized according to the region of residence for
each person. This information was obtained from both the
CRN (for cases) and the NorPD (for controls),*® and was
categorized into a five-level covariate: southeast coast,
southeast inland, southwestern Norway, central Norway
and northern Norway.” We also categorized this informa-
tion into a three-level covariate with highest (eastern and
southern Norway), medium (western and central Norway)
and lowest (northern Norway) levels of UVR exposure.*’
Persons (both cases and controls) that lacked information
concerning region of residence were excluded (67 cases
and 3257 controls).

Parity is suggested to influence melanoma risk through

female sex hormones,so’5 !

or factors related to parity
habits).>”

Therefore, we obtained individual information on number

(socioeconomic  status and  sunbathing
of children (up until index date) for all women from the
Medical Birth Registry, and categorized it as 0, 1-3 and >3

children.

Statistical Analyses

We used conditional logistic regression to investigate the
association between the use of prescribed immunosuppres-
sant and corticosteroid drugs, and melanoma risk, estimat-
ing rate ratios (RRs) with 95% confidence intervals
(CIs).> All analyses were adjusted for sex, year of birth
and index date by design, including residential ambient
UVR exposure and other drug use. Immunosuppressant

(L04) and corticosteroid (H02) drug use were also
mutually adjusted. Analyses of OTR drugs and methotrex-
ate were adjusted for corticosteroid (H02) drug use,
including use of non-OTR and non-methotrexate immuno-
suppressive drugs, respectively. The results from the mul-
tivariable analyses are presented without adjustment for
parity (for women), since this covariate had a negligible
effect on the effect estimates.

A likelihood ratio test was used to test for interactions,
on the multiplicative scale, between the number of immu-
nosuppressant and corticosteroid prescriptions, and age (at
index date), sex, ambient UVR exposure level (three level
variable) and parity (women only). RRs were also calcu-
lated for the associations between the number of prescrip-
tions of immunosuppressants and corticosteroids, and
stratified sex, age (at index date), and residential ambient
UVR exposure. Lastly, we conducted stratified analyses
for tumor site, histological subtype, and clinical stage at
diagnosis, in which contrast tests for heterogeneity
between effect estimates were performed.>

The statistical software package R (version 3.5.1) was
used to conduct all statistical analyses.>® The significance
level was set to 5%, and all tests were two-sided.

Results
The study sample consisted of 130,670 individuals, includ-
ing 5988 male and 6118 female cases of melanoma diag-
nosed in the period 2007-2015, and 58,309 male and
60,255 female population controls (Table 1). Most cases
and controls were >50 years at index date and resided in
the southern and eastern regions of Norway. The majority
of melanomas were located on the trunk (47%). SSM was
the most frequent histological subtype (55%), and most
tumors were diagnosed with no metastasis (81%). Of the
study population, 1.8% had filled at least 1 immunosup-
pressant prescription, of which 60.5% had >8 prescrip-
tions, and 9.4% were in the highest dose level. By
contrast, 14.7% had filled at least 1 corticosteroid prescrip-
tion, of which 16.8% had >8 prescriptions and 0.6% were
in the highest dose level. While not depicted in Table 1,
people who had filled both immunosuppressant and corti-
costeroid prescriptions constituted 1.5% of all study parti-
cipants, and 9.7% of all immunomodulating drug users.
A 50% increased risk of melanoma was found in indi-
viduals with >8 prescriptions filled of any immunosup-
pressant drug, compared with <l prescription filled
(Table 2). When investigating immunosuppressant drugs
prescribed to OTRs, >8 prescriptions was associated with
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Table | Characteristics of Cases and Controls in the Study Table | (Continued).
Sample
L. Characteristics Cases Controls
Characteristics Cases Controls 12,106 =118.564
(n=12,106) | (n=118,564) g: (;) ) :1; (y; )
No. (%) No. (%) S S

o IIl. Corticosteroids (H02)°
Men 5988 (49.5) | 58,309 (49.2) 2_7 Z'T (T‘g) ZTZZ (7‘4)
Women 6118 (50.5) 60,255 (50.8) =8 o1 (1.7) 309

Age at diagnosis/index date, years US; by cumulative dose (DDD") 10283 (849 100,488 (84.8
<50 3163 (26.1) | 30,348 (25.6) 1283 (84.9) 488 (848)
50-69 5616 (46.4) 55,279 (46.6) I. Inmunosuppressants overall (L04)"

270 3327 (27.5) 32,937 (27.8) 1-365 I (0.1) 197 (0.2)

Residential ambient UVR® exposure 36(6)_| Iggo 22 (2'2) ;:9 50'2)
Lowest (northern Norway) 717 (5.9) 11,906 (10.0) :' :‘;9 130.1) . ( ':)
Medium (central/western Norway) 1725 (14.3) 19,445 (16.4) 801-2900 6 (0.05) 601

_ 22901 6 (0.05) 39 (0.0)
Highest (southern/eastern Norway) | 9664 (79.8) 87,213 (73.6)

Parity (women only) Il. Corticosteroids overall (H02)®
No children 1864 (30.5) 18,994 (31.5) ;_365 0 '253 (11-2) '3'87:3 (;"6)
1-3 children 3895 (63.7) | 36,942 (61.3) IT(’T': "1 7 ('4") Iiz (13)
>3 children 359 (5.8) 4319 (7.2) 01-1800 304 342 (03)

1801-2900 17 (0.1) 164 (0.1)

Tumor site 22901 4 (0.05) 69 (0.0)
Head/neck 1315 (10.9) - E  other d
Tounk 5661 (46.8) B ver u.se of other drugs f
Upper limb 1559 (129) Antidepressant drugs (NO6A) 1870 (15.4) | 20,243 (17.1)

’ B i _10)8
Lower limb 2869 (23.7) B gardlovasculhar drugs (C1-10) 5342 (:8.(2)) 5;,;6?t (:Z.S)
Other 52 (04) _ ther drugs 5450 (45.0) 52,964 (44.7)
Unspecified 650 (5.3) — Notes: “Ultraviolet radiation; ®Does not show number of individuals dispensed
both immunosuppressant and corticosteroid prescriptions (mixed use); “Users of

Histological subtype immunosuppressants only; dUsers of corticosteroids only; °Defined daily dose; fUse
Superficial spreading melanoma 6656 (55 0) _ of antidepressants, but not cardiovascular drugs; 8Use of cardiovascular drugs, but

P P g ' not antidepressants; "Use of all other drugs other than antidepressant or cardio-
Nodular melanoma 2079 (17.2) - vascular drugs.
Other 3371 27.8) | -

Clinical stage a two-fold increased risk of melanoma, compared with <1
Local disease 9833 (81.2) - prescription. For methotrexate, >4 prescriptions was asso-
Regional metastasis 573 (4.7 - . . . .

.g ) *7) ciated with a 27% increased melanoma risk, compared

Distant metastasis 635 (5.2) - . L. L
Unspecified 1065 (8.8) _ with <1 prescription. No associations were found for use
of “Other drugs with immunosuppressant actions” or cor-

Use of immunomodulating drugs b . . . .

ticosteroids (Table 2). When analyzing the use of immu-

Overall use by number of ) .

prescriptions nosuppressants overall by cumulative dose in DDDs,
<l 11,029 (91.1) | 107,998 (91.1) significantly elevated RRs were found for all DDD cate-
2-7 647 (5.3) 6791 (5.7) gories >366 (except 1801-2900), compared with 1-365
> .
=8 43036) 3775 (32) (Table 3). Analyses by drug group showed increased RRs

Use by number of prescriptions of by increasing DDD for OTR drugs in particular (RR 1.81,

each drug type 95% CI 0.76, 4.30), but also for methotrexate (RR 1.47,
< .. . .
<! 1029 G1Y) | 107598 G1.1) 95% CI 0.89, 2.40), although not statistically significant.

I. Immunosuppressants (L04)° No significant associations were found for cumulative
27 14.0.1) 190 (0.) doses of corticosteroids.

28 40 (0.3 343 (0.3 . .. ..
©3) ©3) Compared with <1 prescription, >8 prescriptions of
(Continued) immunosuppressants was associated with increased risk
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Table 2 Rate Ratios (RRs) with 95% Confidence Intervals (Cls)
for Number of Prescriptions of Immunomodulating Drugs and
Melanoma Risk

Table 3 Rate Ratios (RRs) with 95% Confidence Intervals (Cls) for
Cumulative Defined Daily Dose (DDD) of Immunomodulating
Prescription Drugs and Melanoma Risk

Number of Prescriptions No. Case/Controls | RR (95% CI)®
Immunosuppressants overall
(L04)
<l 11,858/116,663 1.00 (reference)
2-7 63/637 0.98 (0.75, 1.28)
28 185/1264 1.50 (1.27, 1.77)
OTR® drugs (LO4AA06/10/18,
LO4ADO1/02)¢
<l 12,069/118,363 1.00 (reference)
2-7 6/50 1.11 (0.47, 2.61)
28 31/151 2.02 (1.35, 3.03)
Methotrexate (L04AX03)°
<I 11,950/117,270 1.00 (reference)
2-3 22/267 0.79 (0.51, 1.22)
24 134/1027 1.27 (1.04, 1.55)
Other drugs with
immunosuppressant actions
(LO4AAI13/21/24/27/31,
L04ABO1/02/04/05/06,
LO4ACO03/05, L04AX01/02/05)%
<I| 12,002/117,736 1.00 (reference)
2-7 27/249 1.00 (0.66, 1.50)
28 77/579 1.19 (0.91, 1.54)
Systemic corticosteroids
(Ho2)"
<l 11,101/108,721 1.00 (reference)
2-7 691/6917 0.96 (0.88, 1.04)
28 314/2926 0.98 (0.86, I.11)

Notes: “Estimated RRs with 95% Cls, due to risk-set sampling of controls, adjusted
for sex and birth year (by design) and ever use of other drugs and residential
ambient ultraviolet radiation exposure; bAdditionally adjusted for number of sys-
temic corticosteroid prescriptions; “Organ transplant recipient; “Additionally
adjusted for number of non-organ transplant immunosuppressants and systemic
corticosteroid prescriptions; °Additionally adjusted for number of non-
methotrexate immunosuppressants and systemic corticosteroid prescriptions;
Methotrexate prescription categories compensate for comparatively longer dura-
tion of use; Additionally adjusted for number of organ transplant and methotrexate
immunosuppressant and systemic corticosteroid prescriptions; "Additionally
adjusted for number of immunosuppressant prescriptions.

of melanoma for both men and women (P;eraction = 0.068)
(Table 4). Increased risk was also found for age groups
>50 years (Pinteraction = 0-174) and for residential regions
with the highest and medium levels of ambient UVR
exposure (Piperaction = 0.105). There were negligible dif-
ferences in the results of multivariable analyses between
the five-level and three-level variable of residential ambi-
ent UVR exposure (not shown). Compared with <I pre-
of corticosteroids was

scription, >8 prescriptions

associated with a 20% reduced melanoma risk in men.

Cumulative Dose, DDD No. Case/ RR (95% CI)?
Controls

Immunosuppressants

overall (L04)®
0 11,837/116,436 | 1.14 (0.86, 1.50)
1-365 56/635 | (Reference)
366-1100 92/657 1.6l (1.13,229)
1101-1800 52/344 1.75 (1.17, 2.61)
1801-2900 38/297 1.45 (0.94, 2.25)
22901 31/195 1.75 (1.09, 2.80)

OTRC drugs (L04AA06/10/18,

LO4ADO1/02)¢
0 12,067/118,352 | 0.79 (0.41, 1.55)
1-365 10/74 | (Reference)
366-1800 12/71 1.36 (0.55, 3.37)
21801 17/67 1.81 (0.76, 4.30)

Methotrexate (L04AX03)°
0 11,927/117,072 | 1.07 (0.78, 1.46)
1-365 45/472 | (Reference)
366-1800 104/801 1.37 (0.94, 1.98)
21801 30/219 1.47 (0.89, 2.40)

Other drugs with

immunosuppressant actions

(LO4AA13/21/24/27/31, LO4ABOI/

02/04/05/06, LO4ACO03/05,

L04AX01/02/05)"
0 11,994/117,628 | 1.11 (0.77, 1.60)
1-365 34/343 | (Reference)
366-1800 59/426 1.34 (0.85, 2.09)
21801 19/167 1.07 (0.59, 1.95)

Systemic

corticosteroids (H02)®
0 10,342/101,098 | 1.04 (0.98, 1.11)
1-365 1445/14,450 | (Reference)
366—1100 203/2080 0.95 (0.81, 1.11)
1101-1800 69/569 I.11 (0.85, 1.45)
1801-2900 36/268 1.21 (0.85, 1.74)
22901 16/99 1.54 (0.90, 2.63)

Notes: “Estimated RRs with 95% Cls, due to risk-set sampling of controls, adjusted
for sex and birth year (by design) and ever use of other drugs and residential
ambient ultraviolet radiation exposure; *Additionally adjusted for cumulative corti-
costeroid dose; “Organ transplant recipient; Additionally adjusted for cumulative
dose of non-organ transplant immunosuppressants and systemic corticosteroids;
°Additionally adjusted for cumulative dose of non-methotrexate immunosuppres-
sants and systemic corticosteroids; fAdditionaIIy adjusted for cumulative dose of
organ transplant immunosuppressants, methotrexate and systemic corticosteroids;
8Additionally adjusted for cumulative dose of immunosuppressants.

Analyses stratified by residential region (Piyeraction
0.064), showed that melanoma risk within the region of

medium UVR exposure increased by number of
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Table 4 Rate Ratios (RRs) with 95% Confidence Intervals (Cls)
for Melanoma Risk for 2-7 and 28 vs <I| Prescription of
Immunosuppressants and Systemic Corticosteroids, Stratified
by Sex, Age at Diagnosis/Index Date and Residential Ambient
Ultraviolet Radiation (UVR) Exposure

Variables 2-7 and >8 Prescriptions vs <| Prescription
Immunosuppressants | Systemic
(L04) Corticosteroids
(H02)
RR (95% CI)* RR (95% CI)°
Sex©
Men
<l 1.00 1.00
2-7 1.25 (0.87, 1.80) 0.93 (0.82, 1.05)
28 1.36 (1.05, 1.77) 0.80 (0.65, 0.98)
Women
<l 1.00 1.00
2-7 0.79 (0.54, 1.16) 0.98 (0.88, 1.09)
28 1.60 (1.29, 1.98) 1.12 (0.95, 1.31)
Pinceraction 0.068 0.018
Age at diagnosis/index date®, years
<50
<l 1.00 1.00
2-7 0.89 (0.46, 1.72) 1.04 (0.86, 1.24)
28 1.16 (0.74, 1.82) 1.15 (0.77, 1.73)
50-69
<I 1.00 1.00
2-7 1.18 (0.83, 1.69) 0.91 (0.81, 1.04)
=8 1.47 (1.17, 1.85) 0.98 (0.80, 1.20)
>70
<I 1.00 1.00
2-7 0.76 (0.46, 1.26) 0.97 (0.85, 1.11)
28 1.72 (1.29, 2.29) 0.94 (0.79, 1.13)
interaction 0.174 0.405
Residential ambient UVR exposure®
Low (northern
Norway)
<| 1.00 1.00
2-7 0.14 (0.02, 1.23) 0.84 (0.46, 1.53)
=8 0.77 (0.27, 2.18) 1.30 (0.60, 2.84)
Medium (central/
western Norway)
<I 1.00 1.00
2-7 1.14 (0.44, 2.90) 0.90 (0.68, 1.19)
28 2.36 (1.26, 4.45) 0.47 (0.27, 0.81)
Highest (southern/
eastern Norway)
<l 1.00 1.00

(Continued)

Table 4 (Continued).

Variables 2-7 and >8 Prescriptions vs <| Prescription
Immunosuppressants | Systemic
(L04) Corticosteroids
(H02)
RR (95% CI)* RR (95% CI)®
2-7 1.02 (0.76, 1.37) 0.95 (0.87, 1.04)
28 1.52 (1.26, 1.85) 1.01 (0.87, 1.16)
Pinceraction 0.105 0.064

Notes: *Estimated RRs with 95% Cls, due to risk-set sampling of controls, adjusted
for number of corticosteroid prescriptions; ®Adjusted for number of immunosup-
pressant prescriptions; “Adjusted for age (by design), ever use of other drugs and
residential ambient UVR exposure; “Adjusted for sex (by design) ever use of other
drugs and residential ambient UVR; *Adjusted for sex and age (by design) and ever
use of other drugs; Interaction is analyzed on a multiplicative scale.

immunosuppressant drug prescriptions, while risk
decreased by number of corticosteroid drug prescriptions.
Melanoma risk also increased by number of immunosup-
pressant drug prescriptions within the region of highest
UVR exposure, though no association was seen for
corticosteroids.

Compared with <1 prescription, >8 prescriptions of
immunosuppressants was associated with increased risk
of melanoma located at the head/neck (RR 2.22, 95% CI
1.45, 3.40), trunk (RR 1.67, 95% CI 1.30, 2.13) and
upper limb (RR 1.51, 95% CI 0.96, 2.36), though not
significant for the latter (Table 5). Significantly elevated
RRs were also found for >8 prescriptions of immuno-
suppressants for all histological subtypes and for local
disease and regional metastasis. No association between
corticosteroids and melanoma were found across tumor
site, histological subtype or clinical stage. Tests for
heterogeneity found no difference between the effect
estimates for tumor site, histological subtype or clinical
stage, for either immunosuppressants (Ppecerogencity
0.112, 0.676, 0.338, respectively) or corticosteroid pre-
scriptions  (Pheterogencity = 0.507, 0.417, 0.260, respec-

tively) and melanoma (Table 5).

Discussion

In this population-based study, using data from nationwide
health registries, we investigated associations between use
of prescribed immunosuppressant and corticosteroid drugs,
and melanoma risk. Users of immunosuppressant drugs
had a higher risk of melanoma. This was found for both
users of >8 prescriptions and for increasing levels of
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Table 5 Rate Ratios (RRs) with 95% Confidence Intervals (Cls)
for 2-7 and 28 vs <I Prescription of Inmunosuppressants and
Systemic Corticosteroids, and Melanoma Risk, Stratified by
Tumor Site, Histological Subtype, and Clinical Stage at Diagnosis

2-7 and >8 Prescriptions vs <| Prescription

Immunosuppressants Systemic

Table 5 (Continued).

2-7 and >8 Prescriptions vs <I Prescription

Immunosuppressants Systemic
(L04) Corticosteroids
(H02)

(L04)

Corticosteroids
(Ho02)

RR (95% CI)*

RR (95% CI)®

RR (95% CI)*

RR (95% CI)°®

Clinical stage (cases/controls)

Tumor site (cases/controls)

Head/neck (1315/12,842)

Local disease (9833/
95,842)

<I 1.00 1.00
2-7 0.88 (0.65, 1.19) 0.95 (0.87, 1.04)
=8 1.50 (1.26, 1.79) 1.03 (0.90, 1.18)
Regional metastasis (573/
5610)
<l 1.00 1.00
2-7 0.94 (0.28, 3.12) 0.92 (0.64, 1.33)
28 2.17 (1.04, 4.54) 0.73 (0.41, 1.31)
Distant metastasis (635/
6216)
<l 1.00 1.00
2-7 1.27 (0.43, 3.73) 1.01 (0.71, 1.43)
=8 1.39 (0.60, 3.20) 0.87 (0.49, 1.54)

Unspecified (1065/
10,351)

< 1.00 1.00
2-7 1.99 (0.95, 4.15) 111 (0.81, 1.54)
>8 0.48 (0.12, 2.03) 0.58 (030, I.13)
Phererogeneity 0338 0.260

<I 1.00 1.00

2-7 1.71 (0.90, 3.22) 0.98 (0.78, 1.24)

=8 2.22 (1.45, 3.40) 1.17 (0.87, 1.57)
Trunk (5661/55,107)

<I 1.00 1.00

2-7 1.24 (0.86, 1.79) 0.95 (0.84, 1.07)

28 1.67 (1.30, 2.13) 0.92 (0.75, 1.12)
Upper limb (1559/15,197)

<I 1.00 1.00

2-7 0.31 (0.10, 0.98) 0.95 (0.76, 1.19)

28 1.51 (0.96, 2.36) 1.08 (0.78, 1.50)
Lower limb (2869/28,005)

<I 1.00 1.00

2-7 0.72 (0.40, 1.31) 0.93 (0.78, 1.10)

28 1.01 (0.70, 1.47) 0.96 (0.73, 1.27)
Other (52/511)

<I 1.00 1.00

2-7 1.04*-8 (0, NA) 1.04 (0.29, 3.68)

28 2.27 (0.21, 25.09) 0.37 (0.04, 3.00)
Unspecified (650/6357)

<I 1.00 1.00

2-7 0.96 (0.29, 3.21) 1.08 (0.77, 1.51)

=8 1.04 (0.43, 2.49) 0.68 (0.36, 1.28)

Pheterogeneity 0.112 0.507

Histological subtype (cases/controls)

SSM* (6656/64,826)

<I 1.00 1.00
2-7 0.90 (0.62, 1.31) 0.97 (0.87, 1.08)
28 141 (1.12, 1.76) 0.99 (0.83, 1.19)
NM? (2079/20,330)
<l 1.00 1.00
2-7 1.02 (0.56, 1.87) 0.92 (0.75, 1.12)
28 1.56 (1.06, 2.31) 1.10 (0.83, 1.45)
Other® (3371/32,863)
<1 1.00 1.00
2-7 111 (0.69, 1.78) 0.96 (0.82, 1.12)
28 1.67 (1.21, 2.30) 0.86 (0.8, 1.10)
Phecerogeneicy 0.676 0417
(Continued)

Notes: “Estimated RRs with 95% Cls, due to risk-set sampling of controls, adjusted
for sex and age (by design), number of corticosteroid prescriptions, ever use of
other drugs, and residential ambient ultraviolet radiation exposure; °Adjusted for
sex and age (by design), number of immunosuppressant prescriptions, ever use of
other drugs, and residential ambient ultraviolet radiation exposure; “Superficial
spreading melanoma; “Nodular melanoma; ®Includes all other histological types.

cumulative DDDs, with the highest risk observed for users
of immunosuppressants prescribed for OTRs. Positive
associations between melanoma risk and >8 prescriptions
of immunosuppressants were found for all histological
subtypes. No associations were found for users of corti-
costeroids, apart from a decreased risk of melanoma in
men and for users residing in the region with medium
UVR exposure.

The results from pre-clinical studies concerning the asso-
ciation between immunosuppressants and melanoma indicate
a prevailing growth inhibition of melanoma cells, primarily
through pro-apoptotic mechanisms.>> >’ Previous epidemio-
logical studies concerning this association are primarily
based on patient-cohorts, which overwhelmingly show sig-
nificantly increased melanoma risk in OTRs, compared with
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non-OTRs.'*'®5% Immunosuppressants used by patient
groups with conditions such as inflammatory bowel disease
or psoriasis are also associated with increased melanoma
risk,%¢ particularly the use of methotrexate.?'23->%°

As opposed to cohorts of patients, this population-based
register study examined the use of immunosuppressants
among melanoma cases and their controls on a nationwide
basis. Although we were able to separately examine the use
of drugs commonly prescribed to OTRs and for methotrexate
alone, we did not have sufficient power to analyze individual
drugs, or indeed by ATC 4th levels. The increased melanoma
risk found with use of immunosuppressant drugs prescribed
to OTRs is in line with results from previous studies and
supports long-term and/or high intensity drug use of this type
as a risk factor for melanoma. For methotrexate use, mela-
noma risk increased for users of >8 prescriptions, which is
also in line with previous observations.?' > However, no
association with melanoma was found for “Other drugs
with immunosuppressant actions”, and we were not able to
clarify the indeterminate findings in previous studies for
these drugs.®' %

We found that use of immunosuppressants increased
the risk of all histological subtypes of melanoma, which
could be indicative of a common mechanism of effect.
A lack of heterogeneity between these effect estimates
underscores this. A significantly increased risk of mela-
noma was found for the head/neck and trunk locations.
However, a lack of heterogeneity suggested that there was
no difference between the effect estimates of each loca-
tion. On the other hand, the head/neck is considered more
chronically exposed to UVR, while exposure at the trunk
is typically repeatedly intermittent. This might be indica-
tive of an interaction between UVR radiation and immu-
with
Moreover, the elevated melanoma risk in immunosuppres-

nosuppressants photosensitizing  potential.*®
sant users was found in regions with medium and the
highest levels of ambient UVR exposure, which could
support a photosensitizing effect of the drugs.*®
However, low power and a lack of individual UVR expo-
sure metrics may be the reason for not seeing a similar
effect in the Northern region; this might have likewise
prevented an interaction with region of residence. There
were no sex-specific differences observed. The increased
risk was found for users of immunosuppressants in age
groups >50 years, though low power due to a small sample
size may be why a similarly increased melanoma risk was
not observed in users <50 years of age, or why an inter-
action with immunosuppressant drug use was not found.

We found no indication of a relation between mela-
noma risk and use of corticosteroids, although a reduced
risk was seen in men and in the region with medium UVR
exposure. Previous epidemiological studies reported that
use of glucocorticoids in particular is associated with risk

3033 while this relation-

of other cutaneous malignancies,
ship seems not to be examined for melanoma. The pre-
vailing consensus from pre-clinical studies, however,
indicates an anti-proliferative effect of corticosteroids,
through suppression of angiogenesis and growth of mela-
noma cells in vivo. 343364766

A major strength of our study is that it is based on
complete and high-quality registers with nationwide cover-
age and mandatory reporting, providing detailed informa-
tion regarding melanoma diagnoses and pre-diagnostic drug
use. The nature of the study precludes the influence of recall
bias. An attempt to control for reverse causation bias was
made by excluding prescriptions received in the last year
before index date. The impact of primary non-adherence is
limited by the fact that only information on drugs actually
dispensed from pharmacies to patients is recorded in the
NorPD, which is more indicative of use than databases
including all drugs prescribed by physicians.®’

The study also has weaknesses to consider while inter-
preting the results. We had no information concerning
individual UVR exposure, such as behaviors related to
recreational sun exposure, indoor tanning and sunburns,
which might, apart from causing melanoma in their own
right, interact with drugs with photosensitizing effects. For
example, men who use glucocorticoids may be less
exposed to sunlight and thus have a lower risk of mela-
noma, due to behavioral adaptations associated with an
underlying disease. Regarding the increased melanoma
risk for users of immunosuppressants, a reduction in out-
door activity among patients with conditions such as rheu-
matoid arthritis, would reduce rather than increase the risk
estimates in our study. Additionally, a lack of power due to
small sample sizes may have prevented the detection of
significant interactions between number of prescriptions
and certain covariates, hence the often wide Cls.

Immunosuppressant drug therapy often consists of sev-
eral different drugs given together as part of a collective
drug regimen. In addition, the number and combinations of
these drugs may change over time.'""'*®® This makes it
challenging to narrow the risk of disease down to the influ-
ence of one specific drug, as an increased risk of melanoma
may be due to the cumulative effect of the entire immuno-
suppressive drug regimen. Patient characteristics such as
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indications for drug use could also be sources of residual
confounding, as the risk of melanoma may be modified by
the underlying conditions for which these drugs are pre-
scribed, including autoimmune and inflammatory diseases.
Moreover, 3% of controls were excluded due to lack of
residential information, which was sourced by NorPD.
Individuals who lacked this information would by definition
consist of those who did not receive any prescription drugs.
Thus, the exclusion may have introduced a certain degree of
selection bias. They could, for example, represent excep-
tionally healthy people or long-term inpatients.

Furthermore, there were not enough users across the
different drugs to properly differentiate and examine the
type and severity of these wide-ranging indications. This
may have introduced potential confounding by indication,
especially when considering that autoimmune skin disor-
ders (e.g. psoriasis) are treated with high-dose photother-
apy which may increase the risk of melanoma.®® Different
indications can also be related to other factors suggested to
influence melanoma risk (e.g. obesity, socioeconomic fac-
tors, hormones and alcohol use).”'® With an unknown
latency time for melanoma, the follow-up time from start
of drug exposure to index date may be insufficient to
establish a true association.

Finally, as most people in Norway reside in the south-
ern and eastern regions of the country, we cannot discount
the possibility that intra-regional differences regarding
prescription practices and access to healthcare have influ-
enced the results.”” However, adjusting for other drug use
could act as a proxy in this regard, and we have also
adjusted for residential region.

Conclusions

To our knowledge, this is the first nationwide register-
based study examining the association between the use
of immunomodulating drugs (immunosuppressants and
corticosteroids), given for any indication, and melanoma
risk. A positive association was found for higher doses of
immunosuppressants. The study particularly supports
drugs prescribed to OTRs, as an important risk factor for
melanoma, and a positive association was also found for
methotrexate. Use of corticosteroids seems not to increase
the risk of melanoma. Our findings suggest that users of
immunosuppressant drug types comprise a notable risk
group for melanoma, and so should in addition to regular
skin checkups, pursue a more cautious approach to sun
exposure.
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