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Previous studies have suggested that persistent tobac-
co smoking impairs survival in cutaneous melanoma,
but the effects of smoking and other prognostic fac-
tors have not been described in detail. This study exa-
mined the association of smoking (persistent, former,
or never) with melanoma-specific (MSS) and overall
survival (0S) in patients with cutaneous melanoma
treated in Southwest Finland during 2005 to 2019.
Clinical characteristics were obtained from electro-
nic health records for 1,980 patients. Smoking status
was available for 1,359 patients. Patients were resta-
ged according to the 8t edition of the tumour-node-
metastasis (TNM) classification. Smoking remained an
independent prognostic factor for inferior melanoma-
specific survival regardless of age, sex, stage, and co-
morbidities. The hazard ratio of death from melanoma
was 1.81 (1.27-2.58, p=0.001) in persistent and 1.75
(1.28-2.40, p=0.001) in former smokers compared
with never smokers. In 351 stage IV patients, smoking
was associated with increased melanoma-specific and
overall mortality: median MSS 10.4 (6.5-14.3), 14.6
(9.1-20.1), and 14.9 (11.4-18.4) months, p=0.01
and median OS 10.4 (6.5-14.3), 13.9 (8.6—-19.2), and
14.9 (11.7-18.1) months, p=0.01 in persistent, for-
mer, and never smokers, respectively. In conclusion,
since smoking represents an independent modifiable
poor prognostic factor in patients with cutaneous me-
lanoma, smoking habits should be proactively asked
about by healthcare professionals, in order to support
smoking cessation.
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Cutaneous melanoma is a growing health problem,
especially in countries with fair-skinned popula-
tions, such as the Nordic countries (1, 2). According to
the Finnish Cancer Registry the incidence of cutaneous
melanoma has doubled in the 2000s (3). At the same
time, survival rates are increasing, probably due to the
increasing diagnosis of melanoma at an earlier stage (2,
4, 5). The most well-known risk factors for cutaneous
melanoma are increased exposure to ultraviolet (UV)

SIGNIFICANCE

Earlier studies have suggested that smoking impairs sur-
vival in patients with cutaneous melanoma, but the effect
of smoking, along with other established prognostic fac-
tors, has not been described in detail. This study examined
the association of smoking status (persistent, former, or
never) with survival in patients with cutaneous melanoma
treated in Southwest Finland in 2005 to 2019. Smoking
was an independent prognostic factor for shorter survival
after adjustment for other risk factors, including age, sex,
TNM stage, and comorbidities. The detrimental effect of
smoking on survival was most marked in patients with me-
tastatic melanoma and these patients should routinely be
supported to stop smoking.

radiation, fair skin type, and genetic susceptibility (1).
Epidemiological studies have shown a controversial
inverse association between tobacco smoking and the
incidence of cutaneous melanoma (2, 6—10). It has been
suggested that smoking may protect from melanoma
indirectly, by suppressing cutaneous inflammation (11,
12) and, directly, by affecting cell signalling pathways
in melanocytes (12). Excess mortality from smoking
may also cause survival bias, as patients who smoke die
before developing cutaneous melanomas (7).

Established poor prognostic factors in cutaneous mela-
noma include increased Breslow thickness, ulceration of
the primary tumour, and advanced TNM stage (tumour,
node, and metastasis classification of malignant tumours)
(1, 13). Older patients have worse prognosis than younger
ones (14, 15). Men are diagnosed with more advanced
melanomas and have higher mortality rates than women
(4,14, 15). Despite the fact, that melanoma is more com-
mon among people in higher socioeconomic classes, the
mortality rate is higher in lower socioeconomic classes.
This is probably due to a poorer lifestyle, including
smoking habits, and poorer access to health services (4).
Higher than normal body mass index (BMI) is thought
to increase the risk of melanoma directly and indirectly
through socioeconomic class (4, 9). The presence of co-
morbidities is also associated with more advanced stage
of melanoma and shorter survival time (16).

Persistent smoking has been associated with increased
melanoma-specific and overall mortality, but TNM stag-
ing was not included in these studies (17—19). Gibson et
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al. (7) included stage as an explanatory covariate, and re-
ported shorter overall, but not melanoma-specific, survi-
val, in patients who smoke. We have previously reported
increased mortality among males, but not females, with
cutaneous melanoma who smoke compared with those
who have never smoked (19). The aims of the current
study were to explore the effect of smoking on survival
and disease recurrence in a larger cohort of patients with
melanoma with detailed information on other relevant
prognostic factors, and to determine if smoking affects
survival in stage [V patients.

MATERIALS AND METHODS
Study population

All patients with International Classification of Diseases 10th
revision (ICD-10) code C43 or histopathological diagnosis of
cutaneous melanoma during 2005 to 2019 were obtained from the
electronic health records system of Turku University Hospital, re-
presenting good population-based coverage of the patients treated
in Southwest Finland (19). Overall, 2,130 patients with cutaneous
melanoma were identified. Patients with melanoma in situ (n=119)
and 31 patients whose TNM stage could not be determined were
excluded to form the staging cohort (z=1,980, Table SI). Smoking
status could not be retrieved for 621 (31%) participants and these
patients were excluded from further analyses. The remaining final
patient cohort (n=1,359) was manually restaged by the authors

Table I. Characteristics of 1,359 patients with known smoking status and 621 patients with

unknown smoking status at the time of melanoma diagnosis

according to the 8" TNM classification (13). Patients with multiple
primary melanomas (n=3) were classified according to the first
melanoma diagnosed within the study period.

Smoking status was determined based on the Universal Langu-
age Model Fine-tuning (ULMFiT) assisted deep learning natural
processing algorithm from our previous study for patients diagno-
sed during 2009 or later, in which smokers and never smokers were
correctly classified with high accuracy (accuracy 0.92) (19). The
algorithm classifies smoking status (tobacco and cigars) over the
whole observation period, and intermittent smokers are classified
according to a probability logic of individual smoking entries, as
described previously (19). Pack years and cessation years were
seldom documented; thus, we cannot reliably distinguish cessation
after melanoma diagnosis. Smoking status was obtained manually
for those patients diagnosed during 2005 to 2008.

Patient data were completed manually by going through electro-
nic health records to obtain patients’ demographic characteristics,
including age, sex, BMI, Eastern Cooperative Oncology Group
(ECOQG) performance status (where 0 denotes full independent
performance status) (20), and Charlson Comorbidity Index (CCI)
(where 0 denotes no comorbidities) (21) at melanoma diagnosis,
and tumour characteristics, including Breslow thickness, ulcera-
tion, and BRAF (v-raf murine sarcoma viral oncogene homolog
B1) mutation status. At Turku University Hospital, BRAF mutation
status was available only for stage III and IV melanomas and was
determined using immunohistochemistry and PCR or next gene-
ration sequencing methods since 2008. Follow-up information
on the course of melanoma (local melanoma recurrence, distant
metastases, cancer treatments, last follow-up visit or death date,
and cause of death (melanoma vs other)) was collected manually
when available. Cause of death records
were obtained from the national Statis-
tics Finland registry.

Never Former Persistent Unknown .

Smoking status n=3841 n=301 n=217 p-value* n=621 Ethics approval
Age, years, mean (range) 63 (11-94) 66 (23-90) 58 (16-93) 0.01 65 (5-101) The study was approved by the Institu-
Age, years, median (IQR) 66 (55-76) 68 (60-76) 60 (50-70) N.t 66 (53-79) tional Review board of Turku University
Age group, n (%) . P

<45 years 123 (15) 29 (10) 39 (18) <0.0001 81 (13) H(zisr;éa(l)lw(;gle;lsel nt}lmbe(ris T132/2019
45-70 years 392 (47) 141 (47) 128 (59) 270 (44) and ). Informe consent was
>70 years 326 (39) 131 (43) 50 (23) 270 (44) waived due to the retrospective design of
Sex, n (%) the study according to Finnish legislation
Female 470 (56) 77 (26) 91 (42) <0.0001 309 (50) on secondary use of health data.

Male 371 (44) 224 (74) 126 (58) 312 (50)

BMI, kg/m?, median (IQR) 27 (24-30) 28 (22-34) 27 (24-30) 0.02 27 (24-30)

ECOG performance status, n (%) Statistical analysis

0 122 (32% 58 (32) 30 (28) 0.94 34 (23) ) ) )

1 205 (53) 94 (52) 61 (57) 68 (47) The primary endpoints of this study
>2 60 (16) 29 (16) 17 (16) 43 (30) were melanoma-specific (MSS) and
Unknown 454 120 109 N.t 476 overall survival (OS) and the secondary
Cohar'son Comorbidity Index, ”5(;/;)(62) 47 49) 138 (64) 0001 441 (7) endpoint was melanoma-free survival
1 163 (20) 82 (27) 46 (22) 82 (13) (MFS). MSS was deﬁngd as the time
52 153 (19) 72 (24) 33 (15) 98 (16) from melanoma diagnosis to death due
TNM Stage, n (%) to melanoma and patients who were alive
I 478 (57) 140 (47) 116 (53) 0.01 405 (65) or had died due to a non-melanoma cause
I 167 (20) 67 (22) 33 (15) 113 (18) were censored at the end of follow-up
I 121 (14) 60(20) 38 (18) 80 (13) on 15 June 2021. OS was defined from
v 75 (9) 34 (11) 30 (14) 23 (4) | di is to death due t
Breslow, mm, mean (range) 1.9 (0.1-20.0) 2.4 (0.1-18.5) 2.6 (0.2-30.0)  0.01 2.1 (0.1-30.0) melanoma diagnosis to death due o any
Breslow, mm, median (IQR) 1.1 (0.3-1.9) 1.5(0.2-2.8) 1.1(0.1-2.1)  N.t 1.0 (0.2-1.8) cause. MFS was conditionally defined
Ulceration, n (%) for completely resected, stage 1111
No 466 (76) 152 (69) 111 (72) 0.15 347 (76) patients as the time from primary me-
Yes 150 (24) 68 (31) 43 (28) 108 (24) lanoma diagnosis to disease recurrence
Bili"i":’;ation n %) 225 81 63 Nt 166 (local or distant) at least 3 months after
No ' 70 (52) 26 (54) 11 (37) 0.26 11 (29) primary d1agn051s: Descriptive Yarlables
Yes 64 (48) 22 (46) 19 (63) 27 (71) were compared with Bonferroni-correc-
Unknown 707 253 187 N.t 583 ted x* or analysis of variance (ANOVA)

IQR: interquartile range; N.t: not tested.

*Bonferroni-corrected x? p-value test performed including persistent, former, and never smokers.
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methods. Survival was analysed with
Kaplan—Meier log-rank method. A multi-
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variable Cox regression analysis was performed for MSS with
enter method and 95% confidence intervals (95% CI). For the
Cox regression analysis, age was dichotomized to <70 years and
>70 years, as in our previous report (19). All analyses were made
with SPSS version 27 (IBM Corp. Armonk, NY, USA). Statistical
significance threshold was set at <0.05, applying SPSS-integrated
Bonferroni correction to the alpha level.

RESULTS
Study population

Patient characteristics at the time of melanoma diagnosis
are summarized in Table I for 1,359 patients with known
smoking status and for 621 patients with unknown smok-
ing status. Of 1,359 patients with known smoking status,
217 (16%) continued to smoke, 301 (22%) were former
smokers, and 841 (62%) had never smoked. There was
no change in the proportion of smokers over the study
period of 15 years. Persistent smokers were more often
men (58% vs 44%) and of younger age at the time of
diagnosis (median 60 vs 66 years) compared with never
smokers. Small differences in the stage of melanoma
were observed according to smoking status, smokers
presenting more often with stage III-1V disease. Co-
morbidities were most common among former smokers.
Information on tumour ulceration and BRAF mutation
status were not available for all patients, but their expres-
sion status was similar in all patient groups regardless
of smoking status. In addition, 45 patients had received
adjuvant treatment, usually interferon-alpha, after com-
plete resection of stage I1I-IV melanoma.

Patient characteristics of 351 stage IV melanomas with
known smoking status are shown in Table SII. A total of
168 (48%) patients had received systemic treatment for
stage IV melanoma (51% of persistent smokers, 43%
of former smokers, and 49% of never smokers). The
proportion of women was largest (52% vs 19%) in never
smokers. Age, BMI, ECOG performance status, Charlson
Comorbidity Index, BRAF mutation status, metastasis

stage, and the use of systemic treatment were evenly
distributed in persistent, former and never smokers with
stage IV melanoma.

Smoking increased the risk of death from melanoma
independently of age, sex, and disease stage

With a median follow-up time of 4.9 years (range 0—16.0
years) for alive patients and when 622 deaths and 351
melanoma recurrences had occurred, smoking (persistent
and former) was unequivocally associated with increased
melanoma-specific and overall mortality (Fig. 1 A, B),
but only among former smokers with increased recur-
rence of melanoma (Fig. 1C). The unadjusted hazard
ratio (HR) of death from melanoma was 1.76 (1.30—2.40)
and 1.38 (1.03—1.85) and the unadjusted HR of any-
cause death 1.56 (1.23-2.00) and 1.31 (1.04—1.65) in
persistent and former smokers compared with never
smokers, respectively (Fig. 1A, B). The estimated 5-year
melanoma survival rates were 71% (persistent smok-
ers), 76% (former smokers) and 83% (never smokers).
The unadjusted HR of melanoma recurrence was 1.31
(0.99—1.75) in persistent smokers and 1.42 (1.11—-1.82)
in former smokers compared with never smokers (Fig.
1C). The MSS, OS, and MFS curves according to TNM
stage regardless of smoking status are shown in Fig. S1.

In the multivariable Cox regression analysis, both per-
sistent and former smoking were independently associa-
ted with short MSS while accounting for age, sex, TNM
stage, and comorbidities (Table II). The adjusted HR of
death from melanoma was 1.81 (1.27-2.58, p=0.001)
in persistent smokers and 1.75 (1.28-2.40, p=0.001) in
former smokers compared with never smokers, respec-
tively. In addition to the smoking status, more advanced
TNM stage (p<0.001) and older age (p=0.001) were
also associated with inferior MSS in the multivariable
analysis (Table II).

Overall, men presented more commonly with a history
of smoking, stage III-1V disease, comorbidities, and

A 10 - — Never smoker B 1.0 C 1.0 1
— Former smoker
— Persistent smoker
0.8 o 0.8 4 5 08 4
2
< = J ® _
5 06 1 Z 06 g os
@ ® @
5 g 5
5 S 5
S 04 + 0.4 - S04 4
= HR persistent vs. never smoker 1.76 (1.30-2.40) HR persistent vs. never smoker 1.56 (1.23-2.00) = HR persistent vs. never smoker 1.31 (0.99-1.75)
HR former vs. never smoker 1.38 (1.03-1.85) HR former vs. never smoker 1.31 (1.04-1.65) HR former vs. never smoker 1.42 (1.11-1.82)
0.2 - 02 + 02 -
Time (years) Time (years) Time (years)
T T T T T T T T T T T T
0 25 5 75 10 0 25 5 75 10 0 25 5 7.5 10
No.at risk (events)
Never 841 564(89) 361(116) 194(129) 82(134) 841 564(118)  361(170) 194(200) 82(220) 841 502(152)  325(173) 172(185) 71(190)
Former 301 199(40) 119(59)  60(64) 30(65) 301 199(57) 119(86)  68(95) 30(100) 301 170(75) 99(90)  57(92) 22(94)
Persistent 217 136(41) 85(52)  43(58) 22(59) 217 136(49) 85(67)  43(80) 22(84) 217 124(51) 74(60)  38(62) 19(63)

Fig. 1. Ten-year survival in melanoma patients with known smoking status. (A) Melanoma-specific survival, (B) overall survival, and (C) melanoma-
free survival with unadjusted hazard ratios (HR) according to smoking status.
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Table II. Multivariable Cox regression model of the adjusted risk
of death from melanoma

Covariate Hazard ratio 95% CI p-value
Persistent vs never smoker 1.81 1.27-2.58 0.001
Former vs never smoker 1.75 1.28-2.40 0.001
Age over 70 years 1.57 1.21-2.04 0.001
Male sex 1.31 1.00-1.71 0.05
CCI 21 1.24 0.96—1.60 0.10
Stage II vs I 3.89 2.90-5.20 <0.001
Stage III vs I 8.70 6.13-12.20 <0.001
Stage IV vs I 52.6 33.33-83.33  <0.001

Complete data from 1,359 patients.
CI: confidence interval; CCI: Charlson Comorbidity Index.

were, on average, 4 years older than women (Table SI).
Respectively, patients aged >70 years presented more
often with stage Il melanomas, had more comorbidities,
lower BMI, and poorer performance status compared
with younger patients (Table SI). The impact of smoking
status on survival according to age is shown in Fig. S2.
In the subgroup Kaplan—Meier analysis, smoking was
associated with decreased MSS and OS only in patients
under 70 years old (Fig. S2A, B).

Smoking impairs survival in stage IV melanoma

Kaplan—Meier subgroup analysis of MSS was performed
according to smoking status and melanoma stage at
melanoma diagnosis. The results are shown in Fig. S3,
where significant differences in survival were seen only
in patients with primary stage IV melanoma (n=139).
Moreover, we further studied the group of patients
(n=351) who presented with stage IV disease during
the entire study period. Within stage IV melanoma
patients, the median MSS was 10.4 (6.5—14.3), 14.6
(9.1-20.1), and 14.9 (11.4-18.4) months, p=0.01 in

1.0 =
Median OS, months
08 - — Never smoker 14.9 (11.7-18.1)
: — Former smoker  13.9 (8.6-19.2)
- — Persistent smoker 10.4 (6.5-14.3)
2
E -
2 06
T
[
>
© 04 -
0.2 - log-rank p=0.01
Time (years)
L] L] L] L] 1
0 1 2 3 4 5
No.at risk (events)
Never 194 168(34) 117(70) 84(94) 70(104) 54(113)
Former 94 76(18) 57(34) 41(46) 31(56) 21(59)
Persistent 63 47(16) 28(34) 16(45) 12(49) 11(49)

Fig. 2. Overall survival (0OS) of 351 patients with stage IV melanoma
according to smoking status.
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persistent, former, and never smokers. The median OS
was 10.4 months (6.5-14.3), 13.9 (8.6—19.2), and 14.9
(11.7-18.1) months, p=0.01, respectively (Fig. 2).

DISCUSSION

Although smokers seem to have lower incidence of
cutaneous melanoma (2, 6—10), several studies suggest
that patients with melanoma who continue to smoke have
impaired survival (17—19). Smoking has been connected
to poor prognostic factors in melanoma, such as higher
Breslow thickness, microscopic tumour ulceration, and
sentinel lymph node metastases (22). However, con-
flicting results on smoking and melanoma survival are
also reported (7) and the exact association between poor
prognosis and smoking status is far from clear.

The current study found that smoking was an inde-
pendent poor risk factor, nearly doubling the risk of
death from melanoma while accounting for age, sex,
TNM stage, and comorbidities in the multivariable Cox
regression analysis. As expected, TNM stage (including
Breslow thickness, ulceration, lymph node, and meta-
stasis status) had the greatest impact on survival in the
multivariable analysis. The negative impact of smoking
on MSS and OS was most evident in stage [V patients
and in younger patients (<70 years). Older patients are
most likely to die from other causes than melanoma,
where smoking may also play an important role. Male
sex was a borderline risk factor of inferior survival in the
current study cohort. These results are consistent with
previous observations indicating that men and elderly
patients with melanoma have inferior survival (4, 14, 15,
19). The effect of smoking on melanoma-free survival
was statistically significant between never and former
smokers but did not reach statistical significance between
never and persistent smokers in this study cohort.

The proportion of never smokers was higher among
women in the current study cohort (74% of women
vs 51% of men). The metabolism of nicotine is more
rapid in women than in men, possibly affecting smoking
behaviour and the metabolism of tobacco-derived car-
cinogens (23), which may, in part, explain the shorter
survival among men with melanoma. Unfortunately,
we also noticed that smoking habits of patients with
melanoma did not change over the period of 15 years,
and smoking status was not documented into medical
records for 31% of patients with melanoma treated at
the study hospital. Moreover, smoking cessation year
was seldom reported, making it difficult to analyse the
impact of smoking cessation on subsequent survival.
This underscores, that healthcare professionals should
be further educated to include smoking status as a part of
relevant medical history for all cancer patients including
patients with melanoma.

Tobacco smoke contains over 70 known carcinogens
(24) and there are numerous proposed biological mecha-
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nisms explaining impaired survival in cancer patients
who continue to smoke. Exposure to tobacco smoke
increases proliferation, migration, invasion, metastasis,
and angiogenesis of cancer cells promoting the survival
and spread of cancer (25). Smoking may also alter the
distribution and metabolism of several anticancer drugs
by inducing the activity of cytochrome P450 (CYP) en-
zymes (26), and induce resistance to therapy, e.g. seen
in non-small cell lung cancer patients treated with epi-
dermal growth factor receptor tyrosine kinase inhibitors
(27). In addition, smoking has numerous effects on the
activity of the immune system generally, weakening im-
munity against infections and promoting autoimmunity
(25, 28). It has been speculated that persistent smokers
may derive less benefit from immune checkpoint inhibi-
tors, although this might be outweighed by higher tumour
mutational burden among smokers (29). However, results
concerning smoking and BRAF and MEK inhibitors or
immune checkpoint inhibitors in cutaneous melanoma
could not be found, since smoking status is rarely even
collected in clinical trials (30).

The limitations of the current study are attributed to
the retrospective collection of study data from original
medical records. There were missing information on
some relevant prognostic factors, especially BRAF mu-
tation status and ulceration. However, the distribution
of BRAF mutation and ulceration was similar in persis-
tent, former, and never smokers. The medical history of
patients with melanoma did not contain comprehensive
information on education, socioeconomic status, travel
habits, and the use of sunbeds, limiting the opportunity
to compare these results with the results of previous
reports (2, 4). During 2005 to 2019, approximately half
of the patients had received active systemic treatment
(chemotherapy, immune checkpoint inhibitors, or BRAF
and MEK inhibitors) for stage IV disease regardless of
their smoking status. Chemotherapy has limited efficacy
in stage IV melanoma. BRAF and MEK inhibitors and
PD-1 inhibitors became available in Finland only after
2014 (31) explaining short MSS and OS in stage IV
patients. Due to the relatively small number of stage [V
patients (n=351) treated at single centre, we were not
able to analyse the effect of smoking on different cancer
treatments. However, the 3—4 months’ survival benefit
seen in never and former smokers compared with persis-
tent smokers is clinically relevant in stage IV melanoma
and supports advising patients to stop smoking.

In conclusion, this study shows the association of both
persistent and former smoking with higher melanoma
mortality in a cohort of 1,359 cutaneous melanoma
patients irrespective of age, sex, stage, and comorbidities.
The detrimental effect of smoking appears to be most
marked in stage IV melanoma. These results emphasize
the need to ask about smoking habits, and that support
for patients to stop smoking should be integrated into
routine care of patients with melanoma.
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