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Methotrexate Exposure and Risk of Cutaneous Malignant Melanoma:
No Evidence of a Dose-response Relationship
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Methotrexate treatment has been linked with an in-
creased risk of melanoma. However, a possible dose-
response relationship with respect to methotrexate
exposure and melanoma has not been addressed. The
aim of the present study was to investigate whether
higher accumulated doses of methotrexate correla-
te with an increased risk of melanoma, which would
further support a possible association. A nationwide
retrospective cohort study was conducted. All Swe-
dish patients over 18 years of age who were dispensed
methotrexate in the period 2005 to 2014 were regis-
tered (n=101,966) and matched to the cancer regist-
ry. A Cox proportional hazards model, testing risk of
melanoma vs. total accumulated methotrexate dose,
controlled for sex, age group, and time from first to
last dispensed prescription of methotrexate, yielded
no significant risk dependence on dose, and a hazard
ratio of 1.02 (95% CI 0.97-1.08). Overall, no conclusi-
ve dose-response relationship was observed between
methotrexate exposure and risk of melanoma.
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ethotrexate (MTX) was first developed in the 1940s
(1). It is an antimetabolite and antineoplastic drug
with immunosuppressive properties (2) that acts as an
antagonist of folic acid. MTX is used in a range of in-
flammatory diseases, such as psoriasis (Pso), psoriatic
arthritis (PsoA) and rheumatoid arthritis (RA).
Unsurprisingly, an immunosuppressive drug such as
MTX, which has been used clinically for decades, has
been under scrutiny regarding risk of development of
cancer. Several studies have been performed regarding
exposure to MTX and risk of malignancies in patients
with Pso; however, no increase in risk of cutaneous
malignant melanoma (CMM) has been reported (3-5).
Moreover, patients with gestational trophoblastic
tumours treated with MTX and folic acid as a single
chemotherapeutic regimen were not found to have an
increased risk of CMM (6). In an Australian cohort
consisting of patients with RA treated with MTX,
Buchbinder et al. (7) demonstrated a 3-fold increase in
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SIGNIFICANCE

Methotrexate is a commonly prescribed drug used in auto-
immune and inflammatory diseases, such as rheumatoid
arthritis and psoriasis. However, it has been linked with
an increased risk of melanoma. This retrospective registry-
based nationwide cohort study, including all Swedish pa-
tients over 18 years of age in the period 2005 to 2014,
found no increase in risk of melanoma related to higher ac-
cumulated doses of methotrexate. The absence of a dose-
response relationship casts doubt on a possible association
between methotrexate and the risk of melanoma, which is
reassuring to physicians in everyday clinical practice.

risk of CMM; however, the accumulated dose was not
taken into consideration.

In a previous study, we observed a small, but signi-
ficant, increase in risk of CMM in patients treated with
MTX compared with MTX-unexposed, sex- and age-
matched subjects (8). However, the model considered
only whether patients had ever been exposed to MTX
(including trivial exposure) and did not take into account
the accumulated dose. To further investigate a potential
association between MTX exposure and CMM, the aim
of the present study was to determine whether there was
a dose-response relationship between accumulated MTX
dose and CMM.

METHODS

Design overview

The raw data analysed and methods in this study used have been
described previously (8). A nationwide retrospective registry-based
cohort study was conducted. Data collection was approved by the
regional ethics board (approval number 461-15).

Databases, study participants and exposure

Data were obtained from the Swedish prescribed drug register (9)
for all patients in Sweden over 18 years of age who were dispensed
a prescription of MTX (ATC codes: L04AX03 and/or LO1BAO1)
from Swedish pharmacies in the period 1 August 2005 to 31 De-
cember 2014 (MTX-exposed group). Detailed information on all
dispensed prescriptions of MTX was available, including route
of administration (oral/parenteral) and dose. For the respective
MTX-exposed patients, all dispensed MTX prescriptions were
calculated, adding up to a total accumulated dose (in g) during
the time period studied. Patients with a missing accumulated dose
were excluded from the analysis. Only outpatient prescriptions
were obtained, since inpatient administration is not included in the
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registry. For each MTX-exposed patient, 5 age- and sex-matched
patients who had been dispensed any pharmaceutical drug other
than MTX were randomly selected (MTX-unexposed group). The
unexposed patients were dispensed their drugs within a period of
+1 month from the date of the first MTX prescription dispensed
to the patients in the MTX-exposed group. Data generated were
matched to the Swedish cancer registry (10), which has a virtually
complete capture rate (11). All history of CMM (invasive and in
situ melanomas) was obtained from the start of the registry in 1958
until 2014. Data from the Swedish cause of death register (12)
were obtained, providing the date and cause of death for diseased
individuals in the study time period.

Primary outcome

* To investigate whether, within the MTX-exposed group, there
is an increased hazard ratio (HR) for CMM with respect to an
increase in the total accumulated MTX dose, controlling for the
time from first to last exposure to MTX.

Secondary outcomes

* To compare the CMM incidence rate for the MTX-exposed
group, divided into subgroups according to total accumulated
dose intervals, with the incidence rate of the entire Swedish
population.

* To compare the MTX-exposed patients who had their first MTX
prescription in 2005, and therefore had the longest follow-up
time, with their MTX-unexposed counterparts with respect to
time to CMM in a survival analysis. The analyses were also
stratified with respect to total accumulated MTX dose.

* To compare the risk of CMM between the MTX-unexposed
group and the MTX-exposed group only dispensed parenteral
prescriptions of MTX.

» To compare overall mortality, including all causes of death,
between the MTX-exposed and MTX-unexposed groups.

Observation period and censoring

The start dates for the observation period were taken as the dates
of the first MTX prescription dispensed in the observation period
and the dispensed prescription of the random drug. Patients were
censored due to death or end of study period. Data on emigration
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was not obtained. Patients with a previous history of CMM before
the first dispensed prescription were excluded.

Statistical analyses

All data were analysed using R version 3.0.3 (The R Foundation
for Statistical Computing, Vienna, Austria).

Primary analysis

» A Cox proportional hazards regression model was used with
the time from first observed dispensed MTX prescription to
the first CMM as the dependent variable. Only patients in the
MTX-exposed group were included in the primary analysis. The
independent variables used were: sex, age group at treatment
start, total accumulated MTX dose (g), and time from first to last
dispensed prescription of MTX during the period 2005 to 2014.
This last variable was divided into the following groups: 0 (MTX
only dispensed at one time i.e. single day dispensation), >0 to
<2 years, >2 to <4 years, >4 to <6 years, >6 to <8 years and
>8 to <10 years. The age groups at treatment start were divided
into the following intervals: <40, >40 to <50, >50 to <60, >60
to <70 and >70 years). The same analysis was repeated within
each subgroup of the above 6 periods between the first and
last dispensed prescription of MTX. The HRs and confidence
intervals corresponding to a total MTX exposure of 1 g were
calculated for each model. Finally, the above analyses were also
performed in 2 subanalyses for the MTX-exposed patients who
had prescriptions provided exclusively by a rheumatologist or
a dermatologist, respectively.

Secondary analyses

* The overall incidence rates of CMM during the period 2005 to
2014 and the corresponding standardized incidence ratios (SIR)
(MTX observed/MTX expected) were calculated and Poisson
tests were performed. The expected incidences were computed,
keeping the sex and age distribution from the MTX-exposed
fixed, but assuming the same underlying incidence of CMM
as in the Swedish general population. The above analysis was
performed within subgroups divided according to total accumu-
lated MTX dose into the following groups: <2, >2 to <4, >4 to
<6,>6to <8 and >8 g.

Table I. Demographic characteristics for methotrexate (MTX)-exposed patients

MTX-exposed, n=101,144
Mean (95% CI)

MTX-unexposed, n=505,090
Mean (95% CI)

Age at first dispensed prescription (years)

Men 56.8 (56.7-57.0), (n=37,672, 37%) 56.8 (56.7-56.9), (n= 188,080, 37%)
Women 57.8 (57.6-57.9), (n=63,472, 63%) 57.8 (57.7-57.8), (n=317,010, 63%)
Al 57.4 (57.3-57.5) 57.4 (57.4-57.4)

MTX-exposed group only; Time from first to last observed dispensed prescription of MTX

Single dispensed prescription >0-<2 years

> 2-<4 years >4-<6 years >6-<8 years >8-<10 years

n (%) n (%) n (%) n (%) n (%) n (%)
Men
<40 years 786 (7.2) 2,361 (7.7) 1,000 (6.0) 662 (5.3) 545 (5.0) 706 (3.6)
>40-<50 years 677 (6.2) 1,991 (6.5) 1,027 (6.2) 729 (5.8) 646 (5.9) 1,028 (5.2)
>50-<60 years 790 (7.2) 2,248 (7.3) 1,256 (7.6) 1,013 (8.1) 933 (8.5) 1,929 (9.8)
>60-<70 years 950 (8.7) 2,736 (8.9) 1,588 (9.6) 1,201 (9.6) 1,052 (9.6) 1,938 (9.8)
>70 1,042 (9.5) 2,810 (9.2) 1,521 (9.2) 1,035 (8.3) 666 (6.1) 806 (4.1)
Women
<40 years 1,180 (10.8) 3,157 (10.3) 1,569 (9.5) 1,164 (9.3) 1,017 (9.3) 1,438 (7.3)
>40-<50 years 945 (8.7) 2,720 (8.9) 1,466 (8.9) 1,106 (8.9) 1,067 (9.8) 2,044 (10.4)
>50-<60 years 1,317 (12.1) 3,666 (12.0) 2,086 (12.6) 1,645 (13.2) 1,728 (15.8) 3,754 (19.1)
>60-<70 years 1,459 (13.4) 4,117 (13.5) 2,382 (14.4) 1,891 (15.1) 1,743 (15.9) 3,876 (19.7)
>70 years 1,765 (16.2) 4,796 (15.7) 2,634 (15.9) 2,041 (16.3) 1,541 (14.1) 2,158 (11.0)
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All MTX exposed patients (n = 101,144) Exclusive prescription by rheumatologist (n = 39,689) Exclusive prescription by dermatologist (n = 10,399)
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Fig. 1. Hazard ratios corresponding to a total methotrexate (MTX) exposure of 1 g and 95% confidence intervals (CI) from Cox proportional
hazards regression models for subgroups dividing time from first to last MTX exposure into intervals, and a model including all patients
(controlling for the above-mentioned time intervals). Hazard ratios > 1 indicate an increased risk of cutaneous malignant melanoma (CMM) with
increased dose. Single day dispensed prescriptions were not included in the figure due to a large CI.

» Cox proportional hazards regression models were used to com-
pare the time to CMM between the MTX-exposed patients who
received their first dispensed prescription of MTX in 2005 and

» A Cox proportional hazards model was used to compare overall
mortality (i.e. overall survival analysis), with respect to all cau-
ses of death, between the MTX-exposed and MTX-unexposed

their corresponding MTX-unexposed counterparts with sex and
age group as independent variables. The analysis was separa-
ted into 5 models corresponding to the above-mentioned dose

groups, stratifying with respect to sex and age group.

All tests were 2-sided and p <0.05 was considered statistically

intervals. In each model, the MTX-exposed individuals were significant.
compared with their respective MTX-unexposed counterparts.
» A Cox proportional hazards model was used where the MTX-
RESULTS

exposed patients with exclusively parenteral MTX administra-
tion were compared with their corresponding MTX-unexposed
subjects with respect to CMM risk, with sex and age group as
independent variables.

In total, 101,144 of the 101,169 MTX-exposed patients
without a prior history of CMM before initiation of MTX,

All MTX exposed (n = 101,144)

Single day dispensation >0 to <2 years >2 to <4 years
> 1.004
n=10,911 n =30,602 n=16,529
D 0.75
@©
"5 0.50-
< 0.25
0.00
T T T T T T T T T T T T
0 5 10 15 0 5 10 15 0 5 10 15
Men (n = 4,245, 38.9%) Men (n = 12,146, 39.7%) Men (n = 6,392, 38.7%)
Median age = 58.6 yrs Median age = 57.7 yrs Median age = 59.4 yrs
Median MTX dose = 0.25 g Median MTX dose = 0.75 g Median MTX dose =2.25g
Women (n = 6,666, 61.1%) Women (n = 18,456, 60.3%) Women (n = 10,137, 61.3%)
Median age = 59.3 yrs Median age = 59.2 yrs Median age = 59.8 yrs
Median MTX dose =0.25 g Median MTX dose = 0.75 g Median MTX dose =2.25g
>4 to <6 years >6 to <8 years >8 to <10 years

1.00
0.754
0.50
0.25+
0.00

5 10 15
Total accumulated MTX dose (g)
Men (n = 3,842, 35.1%)

Median age = 58.3 yrs
Median MTX dose = 5.00 g

o4

Men (n = 6,407, 32.6%)
Median age = 58.1 yrs
Median MTX dose = 6.50 g

Men (n = 4,640, 37.2%)
Median age = 59.4 yrs
Median MTX dose =3.75 g

Women (n = 7,847, 62.8%)
Median age = 60.0 yrs
Median MTX dose = 3.50 g

Women (n = 7,096, 64.9%)
Median age = 58.7 yrs
Median MTX dose =4.75 g

Women (n = 13,270, 67.4%)
Median age = 58.8 yrs
Median MTX dose = 6.35 g

Fig. 2. Histograms of total accumulated methotrexate (MTX) dose (g) stratified into subgroups defined by dividing time from first to last
MTX exposure into intervals.
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Table II. Aggregated incidences for cutaneous malignant melanoma (CMM) over the period 2005 to 2014

Total accumulated MTX dose, g

<2 years >2-<4 years >4-<6 years >6-<8 years >8years
Number of CMM among MTX-exposed 389 224 169 112 58
Person-years among MTX-exposed, n 465,536 203,093 143,932 91,900 52,153
Crude (observed) incidence-rate®, mean (95% CI) 84 (75-92) 110 (96-125) 117 (100-135) 122 (99-144) 111 (83-140)
Expected incidence rate for MTX-exposed® , mean (95% CI) 80.5 (79.8-81.3) 88.0(87.3-88.8) 94.3 (93.5-95.2) 95.8 (94.9-96.6) 94.7 (93.9-95.6)
SIR (MTX observed/MTX expected) (95% CI) 1.0 (0.9-1.2) 1.3*%* (1.1-1.4) 1.2*%* (1.0-1.4) 1.3* (1.0-1.5) 1.2 (0.9-1.5)

Number of CMM among the Swedish population (2005 to 2014)¢ 47,910
Person-years among MTX-exposed, n
Crude incidence for the Swedish population, mean (95% CI)

71,972,798
66.6 (66.0-67.2)

3per 100,000 person years among the MTX-exposed. °The expected incidence rate in the methotrexate (MTX)-exposed group with sex and age distribution maintained,
but assuming that the underlying incidence was equal to the general population. “The total number of CMM (including in situ melanomas) among individuals > 20 years

in the entire Swedish population in the period 2005 to 2014.

Standardized incidence ratios (SIR) differing significantly from 1 are denoted by *(p<0.05) and **(p<0.01). CI: confidence interval.

had an accumulated dose value and were included in the
analyses (Table I).

Primary analysis

* The risk of CMM did not significantly depend on dose
(p=0.41). The model yielded a HR of 1.02 (95% CI
0.97-1.08) for 1 g of total MTX exposure. The patients
were divided into groups with respect to time from the
first to the last MTX exposure and the same analysis
was performed within each group. No significant as-
sociation with respect to dose was found for the risk of
CMM in any subgroup: single day dispensed prescrip-
tion, p=0.57; HR 2.71 (95% CI 0.09-83.9); >0 to <2
years, p=0.32; HR 1.21 (95% CI1 0.83-1.78); >2 to <4
years, p=0.77; HR 0.97 (95% C10.79-1.19); >4 t0 <6
years, p=0.84; HR 1.02 (95% CI 0.88-1.18); >6to <8
years, p=0.20; HR 1.07 (95% CI 0.96-1.19) and >8
to <10 years, p=0.98; HR 1.00 (95% CI 0.93-1.07).
When the above analysis was repeated for subgroups of
patients with an exclusive prescription from a rheuma-
tologist or a dermatologist, respectively, no significant
dependence between the risk of CMM and the accu-
mulated dose was observed in either subgroup (Fig. 1).
The distribution of the total accumulated doses within
each subgroup is shown in Fig. 2 and Figs S1-S2".

Secondary analyses

* The observed and expected incidence rates of CMM
within different intervals of the total accumulated MTX
dose were compared. A significant risk increase was
seen for MTX-exposed individuals compared with the
Swedish population for the dose intervals >2 to <4 g
(standardized incidence ratio (SIR) 1.3, 95% CI 1.1-
1.4; p=0.001), >4 to <6 g (SIR 1.2, 95% CI 1.0-1.4
»=0.006) and >6 to <8 g (SIR 1.3, 95% CI 1.0-1.5;
p=0.014). However, no risk increase was observed for
the groups <2 g (SIR 1.0, 95% CI10.9-1.2; p=0.47) and
>8 g (SIR 1.2, 95% CI1 0.9-1.5; p=0.20) (Table II).

*https://doi.org/10.2340/00015555-2987

* Patients who had a first prescription of MTX in 2005
(n=29,235) were compared with their MTX-unexpo-
sed counterparts with respect to risk of CMM (Table
ST' and Fig. S3'). A significant difference in the risk
of CMM between the MTX-exposed and unexposed
individuals was observed in the subanalyses in which
MTX-exposed patients had a total accumulated dose
of>4t0<6g,p=0.006; HR 1.45 (95% CI 1.11-1.88);
and>6to<8 g, p=0.044; HR 1.36 (95% CI 1.01-1.82).
However, no significant differences between MTX-
exposed and unexposed individuals were observed in
the subanalyses corresponding to <2 g, p=0.49; HR
1.12 (95% CI 0.82-1.52); >2 to <4 g, p=0.18; HR
1.23 (95% CI1 0.91-1.65) and >8 g, p=0.58; HR 1.11
(95% CI1 0.77-1.58).

* Patients with an exclusively parenteral MTX expo-
sure (n=3,774) were compared with their respective

g 1.0000 — —— MTX-unexposed
o
% ——| Only parenteral MTX-exposed
©
€
S 0.9975-
o
0}
[
8
2
o
2 0.9950 -
=
®©
<
©
c
& 0.9925 -
g Number of events
3 MTX-exposed: 19 1
a MTX-unexposed: 92
I I T I I I I I I I
01 2 3 4 5 6 7 8 9
Number at risk
MTX-exposed 3,774 2,623 1,675 849
MTX-unexposed 18,699 12,788 8,008 4,340

Time from medicine start (years)
Fig. 3. Kaplan—-Meier plots for patients exclusively dispensed
parenteral methotrexate (MTX) and their corresponding MTX-
unexposed patients. The figure depicts the proportion of patients not
having cutaneous malignant melanoma vs. time from medicine start.
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MTX-unexposed patients (n=18,699) for a difference
in risk of CMM. No significant difference was found
between parenteral MTX-exposed and unexposed pa-
tients, p=0.85 and a HR of 1.05 (95% CI 0.64-1.72)
(Fig. 3). In 2 subanalyses, patients with exclusively
parenteral MTX exposure only having prescriptions
from a dermatologist or a rheumatologist, respectively,
were compared with their respective MTX-unexposed
patients and no significant differences in risk of CMM
were found (data not shown).

* Finally, comparing the overall mortality after first
dispensed prescription, including all causes of death
between the MTX-exposed and MTX-unexposed,
yielded an increased mortality for the MTX-unexposed
among men >40 years and an increased mortality for
MTX-exposed among women aged <50 and >70 years
(Table III and Fig. 4).

DISCUSSION

This nationwide, retrospective and registry-based cohort
study, found no conclusive or convincing evidence for

a dose-response association between exposure to MTX
and the risk of CMM. Since a dose-response relationship
might prove difficult to assess, we believe it is essential
to address a potential association using different models.

The primary analysis aimed to determine whether
there was a correlation between the accumulated MTX
dose and the risk of CMM controlling for sex and age
group at treatment start. This analysis was repeated
within groups that had a total exposure time divided into
predefined intervals; in effect comparing patients who
had approximately the same overall exposure time, but
different doses. The purpose of performing subgroup
analyses was to avoid a bias resulting from a correlation
between higher accumulated doses and not being censo-
red. In order to address indication bias, subanalyses with
patients whose prescriptions were exclusively from either
a dermatologist or a rheumatologist were performed.
Overall, stratifying with respect to exposure time, and
within each subgroup, no significant correlation between
accumulated dose and the risk of CMM was found.

In a second analysis, the expected incidence rates for
the time period in the MTX-exposed group were com-

Table III. Kaplan—-Meier analyses with respect to time to cutaneous malignant melanoma (CMM) and time to death, respectively

Total observation time for

Number of observed Cox proportional hazards model for

Total observation time, years® censored patients, years® deaths© overall mortality
Median Mean (95% CI) Median Mean (95% CI) n (%) 95% CI Hazard ratio? 95% CI p-value
All patients
MTX-unexposed 5.78 5.54 (5.53-5.55) 5.79 5.55 (5.54-5.55) 62,677 (12.4) 12.3-12.5 1.00 0.98-1.02 0.89
MTX-exposed 5.79 5.56 (5.54-5.58) 5.80 5.57 (5.55-5.59) 12,583 (12.4) 12.2-12.6
Men
<40 years
MTX-unexposed 5.46 5.35 (5.32-5.39) 5.47 5.35 (5.32-5.39) 362 (1.2) 1.1-1.3 1.02 0.80-1.32 0.85
MTX-exposed 5.47 5.34 (5.27-5.42) 5.48 5.35 (5.27-5.42) 74 (1.2) 1.0-1.5
>40-<50 years
MTX-unexposed 5.75 5.53 (5.50-5.57) 5.75 5.54 (5.50-5.57) 817 (2.7) 2.5-2.9 0.75 0.62-0.91 0.003
MTX-exposed 5.79 5.56 (5.49-5.64) 5.79 5.57 (5.49-5.64) 124 (2.0) 1.7-2.4
>50-<60 years
MTX-unexposed 6.28 5.82 (5.79-5.85) 6.29 5.82 (5.79-5.85) 2,804 (6.9) 6.6-7.1 0.74 0.67-0.82 <0.00001
MTX-exposed 6.38 5.89 (5.83-5.96) 6.40 5.90 (5.84-5.97) 420 (5.1) 4.7-5.6
>60-<70 years
MTX-unexposed 5.44 5.35(5.33-5.38) 5.46 5.36 (5.34-5.39) 6,826 (14.5) 14.1-14.8 0.85 0.80-0.91 <0.00001
MTX-exposed 5.62 5.47 (5.41-5.53) 5.63 5.48 (5.41-5.54) 1,194 (12.6)  11.9-13.3
>70 years
MTX-unexposed 3.79 4.31 (4.28-4.34) 3.80 4.32 (4.29-4.35) 15,485 (39.4) 38.9-39.9 0.90 0.87-0.94 <0.00001
MTX-exposed 4.11 4.49 (4.42-4.55) 4.13 4.50 (4.43-4.56) 2,901 (36.8)  35.7-37.9
Women
<40 years
MTX-unexposed 6.04 5.69 (5.66-5.72) 6.04 5.69 (5.67-5.72) 294 (0.6) 0.5-0.7 1.31 1.02-1.68 0.034
MTX-exposed 6.04 5.67 (5.61-5.73) 6.04 5.67 (5.61-5.73) 77 (0.8) 0.6-1.0
>40-<50 years
MTX-unexposed 6.27 5.81 (5.78-5.84) 6.28 5.82 (5.79-5.85) 898 (1.9) 1.8-2.0 1.21 1.04-1.40 0.013
MTX-exposed 6.25 5.79 (5.73-5.85) 6.26 5.80 (5.73-5.86) 216 (2.3) 2.0-2.6
>50-<60 years
MTX-unexposed 6.89 6.09 (6.07-6.11) 6.91 6.10 (6.08-6.12) 3,224 (4.6) 4.4-4.7 1.01 0.93-1.09 0.88
MTX-exposed 6.90 6.10 (6.05-6.15 6.92 6.11 (6.06-6.16) 651 (4.6) 4.2-4.9
>60-<70 years
MTX-unexposed 6.37 5.87 (5.85-5.89) 6.41 5.88 (5.86-5.90) 7,639 (9.9) 9.7-10.1 1.02 0.97-1.08 0.40
MTX-exposed 6.40 5.90 (5.85-5.95) 6.45 5.91 (5.86-5.96) 1,572 (10.2) 9.7-10.6
>70 years
MTX-unexposed 4.96 5.09 (5.06-5.11) 4.97 5.10 (5.07-5.12) 24,328 (32.6) 32.3-33.0 1.12 1.09-1.15 <0.00001
MTX-exposed 4.85 5.02 (4.97-5.07) 4.87 5.03 (4.98-5.08) 5,354 (35.8)  35.1-36.6

20bservation times are for the Kaplan-Meier analysis for time to CMM. bpatients are censored if dead or if end of observation period is reached. “The number of observed
deaths, including all causes of death, in the period August 2005 to December 2014. Percentages are the proportion of patients who died. dcox proportional hazards

model with respect to overall mortality, including all causes of death. The hazard ratio is hazard

MTX: methotrexate.
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Fig. 4. Kaplan—-Meier plots of overall mortality, including all causes of death, divided by sex and age groups.

pared with the observed incidence rates, using incidence
for the Swedish population. A significant risk increase
was found in 3 of the 5 subgroups: >2to <4 g,>4t0 <6
g, and >61to <8 g.

Thirdly, the risk of CMM in the MTX-exposed indivi-
duals was compared with their corresponding unexposed
counterparts, dividing them into subgroups defined by
intervals of total accumulated dose of MTX. Only pa-
tients with their first dispensed prescription in 2005, and
hence having the longest potential follow-up time, were
included in this model. A significant increase in risk was
found for the MTX-exposed among the patients, with an
accumulated dose of >4 to <6 g and >6 to <8 g, but not
in the other 3 groups. However, when interpreting the
above results from subanalyses 2 and 3, it is important
to take into account the intrinsic censoring bias for the
MTX-exposed patients with higher accumulated doses,
as they are less likely to be censored compared with the
Swedish population and the MTX-unexposed group,
respectively. On the other hand, patients with an accu-
mulated dose of more than 8 g would be the least likely
to be censored, but did not differ significantly from the
MTX-unexposed or the Swedish population regarding
CMM risk or CMM incidence, respectively.

Parenteral MTX administration has a higher bioavaila-
bility compared with oral intake (13, 14). Thus, it could
be expected that patients with exclusive dispensed pres-
criptions of MTX would have an even higher increase in
risk of CMM compared with their respective unexposed
counterparts than in our previous article comparing all
MTX-exposed and MTX-unexposed patients (8). No
difference in the risk of CMM in this subset and their
respective MTX-unexposed patients was seen.

Interestingly, the overall mortality, including all
causes of death, differed between MTX-exposed and
MTX-unexposed individuals within certain sex and age
groups. Particularly for women younger than 50 years, a
significantly increased mortality was observed for MTX-
exposed individuals. It is unlikely that this observation
is due to MTX exposure; it might rather be explained
by disease-associated mortality (confounding by indica-
tion). On the other hand, for men older than 40 years, a
lower mortality rate was observed among MTX-exposed
compared with the MTX-unexposed group. Indeed this
observation is interesting and opens up to speculation
about a potential protective effect of MTX among men.
However, due to residual confounding, this association
is premature and further research is needed.
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The results of the present study are conflicting, as they
do not reproduce entirely within our models. If there is a
dose-response relationship between accumulated doses
of MTX and risk of CMM, the association might be too
small to discern. Moreover, the risk of CMM might in-
crease after a specific threshold value rather than being
linear. Finally, the observation period used in the present
study might be too short to discern a clear dose-response
association. As an example, psoralen plus UVA (PUVA)
treatments enhanced the risk of CMM 15 years after the
first treatment, and the increase in risk was more pronoun-
ced in patients with more than 250 treatments (15, 16).

A publication investigating 6 human melanoma cell
lines in vitro, demonstrated that MTX upregulates Fas/
FasL and enhances melanoma apoptosis, which might
suggest an anti-neoplastic effect. The findings indicate
preclinical evidence that MTX might be used for com-
bination therapy regimens directed against melanoma
(17). Another publication suggested a lower risk of me-
tastasis in a human melanoma cell line in mice treated
with MTX (18). Moreover, some of the cytokines that
may affect melanogenesis and melanocytic growth (in-
terleukin (IL)-1a, IL-6 and tumour necrosis factor alpha
(TNF-a))) have also been reported to be involved in the
pathogenesis of Pso (19). MTX reduces the production
of proinflammatory cytokines I1L-4, IL-6, IL-13, TNF-a
and interferon gamma (20). IL-6 plays an important role
in the development and progression of melanoma (21)
and it might be hypothesized that MTX treatment could
reduce the risk of development of a CMM by reducing
the production of pro-inflammatory cytokines.

Investigating and reporting adverse and unexpected
effects from pharmaceutical drugs is key to the intro-
duction of novel drugs. Moreover, side-effects might
shed light on possible disease-causing mechanisms.
As an example, sildenafil was recently linked to an
increased risk of melanoma (22). However, subsequent
publications have not been able to reproduce an evident
increased risk in patients with a dispensed prescription
of phosphodiesterase inhibitors. Moreover, a clear dose-
response association was not seen (23, 24).

To the best of our knowledge, the present study is the
first to address whether there is a dose-response rela-
tionship between risk of CMM and MTX exposure. The
cohort also includes a large number of patients, which is
necessary in order to discern even a weak association.
Recently, an Australian publication investigated the risk
of non-melanoma skin cancer (NMSC) in an Australian
cohort of patients with rheumatic disease (n=405) (25).
The authors concluded that exposure to MTX increased
the risk of NMSC, and there is some suggestion of a
dose-dependent trend in risk of NMSC with increasing
dose. However, patients with accumulated doses over
8 g had a SIR 4.81 (95% CI 3.60-6.29). In our cohort,
patients with MTX exposure over 8 g did not have an
increased risk of CMM.

www.medicaljournals.se/acta

When analysing our results it is critical to mention con-
founding by indication. Even though the exact diagnosis
that prompted MTX prescription was not included in our
database, most patients with a prescription exclusively
from a dermatologist or rheumatologist were likely to
have Pso or RA, respectively. Pso as an independent
risk factor for development of CMM is hard to assess
due to confounding phototherapy treatment. In a large
meta-analysis investigation, 14 studies were included.
No increased risk of CMM was observed (SIR 1.07, 95%
CI0.85-1.35), whereas the risk of NMSC was enhanced
(26). In a Danish nationwide cohort study, patients with
mild Pso had an increased risk of CMM, whereas patients
with severe disease did not (27). Similar results were pre-
sented in a British cohort (28). In a Swedish nationwide,
population-based, prospective, cohort study, patients
with RA who were not treated with TNF inhibitors did
not have an enhanced risk of in situ or invasive CMM
compared with the general population. On the other
hand, patients with RA exposed to TNF inhibitors had a
50% increased relative risk of development of invasive
melanoma compared with unexposed patients with RA.
No corresponding risk increase was observed for in situ
melanoma or invasive cancer at all sites (29). Interes-
tingly, in a European collaboration project including 11
registers, no increase in risk of invasive CMM was seen
for patients with RA treated with TNF inhibitors (SIR
1.2, 95% CI 0.99-1.6).

Importantly, the present study has some limitations.
First, only data on dispensed prescriptions of MTX were
obtained, omitting concomitant medication, which could
have confounded the results. Moreover, it is likely that
patients with only a trivial exposure or short duration
of MTX treatment either had a more severe disease or
experienced side-effects and were moved to another
drug. Due to the retrospective design, data for relevant
risk factors, such as a family history of CMM, skin type
or detailed ultraviolet (UV) exposure history, could not
be obtained. A higher level of UV exposure is expected
in the group pf patients prescribed MTX by a derma-
tologist where no significant increase in risk of CMM
was seen. Thus, it is not excluded that, albeit not being
significant, the risk in this group may be exaggerated.
The present study was conducted in a Swedish popula-
tion, which might not be comparable to other countries
in terms of the population skin types. Significantly, as
mentioned above, the diagnosis that prompted MTX
prescription was unknown, as this information was not
part of the database analysed. Subanalyses for a cohort
with Pso and patients with RA would have contributed
substantially. Finally, the present study lacks data about
relevant comorbidities and hospitalizations.

To summarize, these results do not prove a conclusive
reproducible dose-response relationship between CMM
risk and MTX dose, and thus cast doubt on such an as-
sociation.
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