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IMPORTANCE Narrowband UV-B (NBUVB) phototherapy has been the mainstay in the
treatment of vitiligo, but its long-term safety in terms of photocarcinogenesis has not been
established.

OBJECTIVES To investigate the risks of skin cancer and precancerous lesions among patients
with vitiligo undergoing NBUVB phototherapy, based on the number of NBUVB phototherapy
sessions.

DESIGN, SETTING, AND PARTICIPANTS This nationwide population-based retrospective cohort
study enrolled 60 321 patients with vitiligo 20 years or older between January 1, 2007, and
December 31, 2017. Patients and outcomes were identified through nationwide cohort data
from the Korean national health insurance claims database, and frequency matching by age
and sex was performed.

EXPOSURES The number of phototherapy sessions each patient received between 2008 and
2017. Patients were classified into 5 groups according to the number of phototherapy
sessions (O sessions, 20 105 patients; 1-49 sessions, 20 106 patients; 50-99 sessions, 9702
patients; 100-199 sessions, 6226 patients; and =200 sessions, 4182 patients). We also
identifed patients who underwent at least 500 phototherapy sessions (717 patients).

MAIN OUTCOMES AND MEASURES Primary outcomes were the development of actinic
keratosis, Bowen disease, nonmelanoma skin cancer, or melanoma after enrollment.

RESULTS Among the 60 321 patients with vitiligo in this study (33 617 women; mean [SD] age,
50.2 [14.9] years), the risks of Bowen disease (<50 sessions of phototherapy: hazard ratio
[HR], 0.289 [95% CI, 0.060-1.392]; 50-99 sessions: HR, 0.603 [95% Cl, 0.125-2.9041];
100-199 sessions: HR, 1.273 [95% Cl, 0.329-4.924]; =200 sessions: HR, 1.021[95% Cl,
0.212-4.919]), nonmelanoma skin cancer (<50 sessions: HR, 0.914 [95% Cl, 0.533-1.5671];
50-99 sessions: HR, 0.765 [95% Cl, 0.372-1.576]; 100-199 sessions: HR, 0.960 [95% ClI,
0.453-2.034]; =200 sessions: HR, 0.905 [95% Cl, 0.395-2.073]), and melanoma

(<50 sessions: HR, 0.660 [95% Cl, 0.286-1.526]; 50-99 sessions: HR, 0.907 [95% Cl,
0.348-2.362]; 100-199 sessions: HR, 0.648 [95% Cl, 0.186-2.255]; =200 sessions: HR,
0.539 [95% Cl, 0.122-2.374]) did not increase after phototherapy. The risk of actinic keratosis
increased significantly for those who had undergone 200 or more NBUVB phototherapy
sessions (HR, 2.269 [95% Cl, 1.530-3.365]). A total of 717 patients with vitiligo underwent at
least 500 sessions of NBUVB phototherapy: their risks of nonmelanoma skin cancer and
melanoma were no greater than those of the patients who did not undergo NBUVB
phototherapy (nonmelanoma skin cancer: HR, 0.563 [95% Cl, 0.076-4.142]; melanoma:

HR, not applicable).

CONCLUSIONS AND RELEVANCE Our results suggest that long-term NBUVB phototherapy is
not associated with an increased risk of skin cancer in patients with vitiligo and that NBUVB
phototherapy may be considered a safe treatment.
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hototherapy has played a major role in the treatment

of various skin diseases, including psoriasis, atopic der-

matitis, and vitiligo."*> Given the chronic and relapsing
nature of such skin diseases, patients often receive multiple
courses of phototherapy during their lives. There have been
concerns about whether repetitive exposure to UV light dur-
ing long-term phototherapy would increase the risk of
photocarcinogenesis®because UV is well known to cause non-
melanoma skin cancers (NMSCs) and melanoma.>* Among the
various types of phototherapy, psoralen plus UV-A (PUVA) pho-
totherapy has been found to be associated with an increased
risk of skin cancers,>” but it is not currently widely used. The
widespread use of indoor tanning has raised concerns about
an increased risk of skin cancer and many dermatologists are
strongly opposed to indoor tanning.® However, to our knowl-
edge, therisk of skin cancer after long-term narrowband UV-B
(NBUVB) phototherapy, which is now widely used for thera-
peutic purposes in dermatology, has not been fully
investigated.>°-1°

Vitiligo is a common chronic depigmenting skin disorder
caused by loss of melanocytes that affects 1% of the popula-
tion worldwide." In the absence of approved medication, pho-
totherapy has been the mainstay of treatment for patients with
vitiligo.!? Narrowband UV-B phototherapy has now replaced
PUVA phototherapy because it is more effective, does not re-
quire ingestion of a photosensitizing agent, and shows fewer
adverse events than PUVA.!®> Because NBUVB phototherapy is
usually performed 2 or 3 times weekly for at least 6 to 12 months
to achieve sufficient repigmentation in patients with vitiligo, 2
the cumulative exposure to phototherapy could be large.

We performed a nationwide population-based retrospec-
tive cohort study to investigate the risks of skin cancer and pre-
cancerous lesions according to the number of NBUVB photo-
therapy sessions undergone by patients with vitiligo. We also
assessed the risks of skin cancer and precancerous lesions in
patients undergoing extremely long-term NBUVB photo-
therapy (=500 sessions).

Methods

Study Design and Data Source

In this nationwide population-based retrospective cohort
study, we used information entered into the Korean national
health insurance claims database between January 1, 2007, and
December 31, 2017. Korea has one of the largest national health
insurance systems worldwide, covering 98% of Korea’s 50 mil-
lion people and paying for all services provided by the Ko-
rean national health insurance and medical aid programs.'* The
study was approved by the St Vincent’s Hospital Institutional
Review Board, which waived patient consent because the data
were deidentified.

Study Population

We first identified all patients 20 years of age or older who saw
aphysician at least 4 times and received a principal diagnosis
of vitiligo according to the International Statistical Classifica-
tion of Diseases and Related Health Problems, Tenth Revision
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Key Points

Questions Is narrowband UV-B phototherapy associated with
increased risk of skin cancer in patients with vitiligo?

Findings In this nationwide population-based cohort study,
narrowband UV-B phototherapy was not associated with an
increased risk of Bowen disease, nonmelanoma skin cancer, or
melanoma; however, the risk of actinic keratosis increased
significantly for those who had undergone 200 sessions or more
of narrowband UV-B phototherapy. For patients who had
undergone extremely long-term narrowband UV-B phototherapy
(=500 sessions), the risk of skin cancer did not change.

Meaning Narrowband UV-B phototherapy was not associated
with an increase in the risk of skin cancer in patients with vitiligo
and appears to be safe for patients with vitiligo.

(code L80) between January 1, 2007, and December 31, 2017.
To eliminate any potential effect of previous sessions of NBUVB
phototherapy, we excluded patients who received photo-
therapy during 2007 (a 1-year washout period). We also
excluded those with a diagnosis of actinic keratosis (AK),
Bowen disease (BD), NMSC, or melanoma prior to receiving a
diagnosis of vitiligo or undergoing their first phototherapy
session.

Number of Phototherapy Sessions

We counted the number of phototherapy sessions received by
each patient between January 1, 2008, and December 31, 2017,
by retrieving billing claims for phototherapy during the en-
tire study period. Given that psoralen was not available in Ko-
rea during this time, NBUVB was the only type of photo-
therapy administered. We categorized patients with vitiligo into
those who had not received phototherapy (no NBUVB group),
those who had received less than 50 sessions (NBUVB <50
group), and those who had undergone 50 or more sessions
(NBUVB =50 group). Based on the NBUVB =50 group, we re-
established the other groups using 1:1 frequency matching ac-
cording to age and sex. Finally, we further stratified the NBUVB
>50 group into the following 3 small groups: patients who re-
ceived 50 to 99 treatment sessions (NBUVB 50-99 group), pa-
tients who received 100 to 199 treatment sessions (NBUVB 100-
199 group), and patients who received 200 or more treatment
sessions (NBUVB =200 group).

Outcomes of Interest

The outcomes of interest were the development of AK, BD,
NMSC, or melanoma after enrollment until the end of study
period. Nonmelanoma skin cancer and melanoma were de-
fined when a patient with vitiligo consulted a physician, and
the principal diagnosis was coded C44 (NMSC) or C43 or DO3
(melanoma). The Korean government provides financial sup-
port based on the principal diagnosis code to those with a di-
agnosis of malignant neoplasms; diagnoses of BD, NMSC, and
melanoma are highly reliable.!® Actinic keratosis and BD were
defined when a patient with vitiligo visited a physician at least
twice during the study period and was assigned diagnostic
codes of L570 (AK) or DO4 (BD); this minimized the likeli-
hood of misclassification.
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Figure. Schematic Diagram Showing the Enrollment and Categorization of Patients With Vitiligo
According to the Number of Narrowband UV-B (NBUVB) Sessions of Phototherapy

88 888 Patients aged 220 y who received a diagnosis of vitiligo
between 2008 and 2017, excluding those who were
receiving NBUVB phototherapy before 2008

291 Patients excluded with a history of preexisting precancerous
lesions or skin cancers before vitiligo diagnosis or before 20082
168 With actinic keratosis
22 With Bowen disease
86 With nonmelanoma skin cancer
54 With melanoma

‘ 88 597 Patients without preexisti

ng actinic keratosis or skin cancers ‘

l

|

30381 With no NBUVB
phototherapy sessions

38106 With <50 NBUVB
phototherapy sessions

20110 With 250 NBUVB
phototherapy sessions

l

l

Frequency matching by age and
sex to the NBUVB 250 group

Frequency matching by age and
sex to the NBUVB 250 group

‘ 20105 Inno NBUVBgroupb ‘ ‘ 20106 In NBUVB <50 group® ‘ 20110 In NBUVB =50 groupd ‘
‘ 20105 Inno NBUVB group ‘ ‘ 20106 In NBUVB <50 group ‘ ‘ 9702 In NBUVB 50-99 group® ‘ ‘6226 In NBUVB 100-199 groupf‘ ‘ 4182 In NBUVB 2200 group9

2 There were patients who had more than 1 case of precancerous skin lesions or
skin cancer.

b patients who had not received phototherapy.
¢ Patients who had received less than 50 sessions.
d Patients who had received 50 or more sessions.

¢ Patients who had received 50 to 99 sessions.
f Patients who had received 100 to 199 sessions.

8 Patients who had received 200 or more sessions.

Subgroup Analyses

We performed subgroup analysis by sex and age (20-49 or
>50 years). We also analyzed patients with vitiligo who
underwent 500 or more NBUVB sessions to investigate the risk
of skin cancer and premalignant skin lesions after extremely
long-term NBUVB treatment.

Statistical Analysis

We estimated the incidences of AK, BD, NMSC, and melanoma
per 10 000 person-years in each group and subgroup. We used
univariable and multivariable Cox proportional hazards regres-
sion models to explore the association of NBUVB phototherapy
with the risks of skin cancer and precancerous lesions after ad-
justing for confounding variables (age and sex). All statistical
analyses were performed using SAS, version 9.4 software (SAS
Institute Inc). All Pvalues were from 2-sided tests and results were
deemed statistically significant at P < .05.

|
Results

Characteristics of the Study Population

After excluding those who had received NBUVB phototherapy
before 2008, we first identified a total of 88 888 patients with vit-
iligo who were 20 years of age or older who were treated between
2008 and 2017 (Figure). After further excluding those with a di-
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agnosis of precancerous skin lesions or skin cancers prior to the
diagnosis of vitiligo, 88 597 patients remained, of whom 30 381
received no phototherapy, 38 106 received less than 50 sessions,
and 20110 received 50 or more sessions. After 1:1 frequency
matching by age and sex of those who received 50 or more ses-
sions, we formed ano NBUVB group (n = 20 105),an NBUVB <50
group (n=20106), and an NBUVB 250 group (n =20110)
(Table 1). We further stratified the NBUVB =50 group into 3
groups: patients who received 50 to 99 sessions (n = 9702), pa-
tients who received 100 to 199 sessions (n = 6226), and patients
who received 200 or more sessions (n = 4182), as already de-
scribed.

AK After Long-term NBUVB Phototherapy

The AK incidence rate was 14.2 per 10 000 person-years (95%
CI, 10.2-19.4 per 10 000 person-years) in the NBUVB =200
group, whereas it was 6.1 per 10 000 person-years (95% CI, 4.7-
7.7 per 10 000 person-years) in the no NBUVB group (Table 2).
The risk of AK was significantly increased in the NBUVB 2200
group (hazard ratio [HR], 2.269 [95% CI, 1.530-3.365]) com-
pared with the no NBUVB group but was not significantly
increased in the NBUVB <50 group (HR, 0.940[95% CI, 0.662-
1.336]), the NBUVB 50-99 group (HR, 0.751 [95% CI, 0.467-
1.209]), or the NBUVB 100-199 group (HR, 1.413 [95% CI, 0.921-
2.168]). For young patients (aged 20-49 years), the AK risk was
increased significantly in both the NBUVB 100-199 group (HR,
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Table 1. Characteristics of the Study Population

No. (%) of Patients in Group

All No NBUVB NBUVB <50 NBUVB 50-99 NBUVB 100-199 NBUVB 2200
Characteristic (N =60321) (n=20105)° (n = 20106)° (n=9702)° (n = 6226)¢ (n=4182)° P Value
Age group, y
20-29 6357 (10.5) 2119(10.5) 2119 (10.5) 1138 (11.7) 644 (10.3) 337(8.1)
30-39 9069 (15.0) 3021 (15.0) 3024 (15.0) 1511 (15.6) 966 (15.5) 547 (13.1)
40-49 12351 (20.5) 4117 (20.5) 4117 (20.5) 1945 (20.0) 1251 (20.1) 921 (22.0)
50-59 15215 (25.2) 5071 (25.2) 5072 (25.2) 2418 (24.9) 1559 (25.0) 1095 (26.2) <.001
60-69 11112(18.4) 3704 (18.4) 3704 (18.4) 1729 (17.8) 1150(18.5) 825(19.7)
70-79 5337 (8.8) 1779 (8.8) 1779 (8.8) 835 (8.6) 558 (9.0) 386 (9.2)
280 880 (1.5) 294 (1.5) 291 (1.4) 126 (1.3) 98 (1.6) 71(1.7)
Sex
Male 26704 (44.3) 8899 (44.3) 8901 (44.3) 4237 (43.7) 2768 (44.5) 1899 (45.4)
Female 33617 (55.7) 11206 (55.7) 11205 (55.7) 5465 (56.3) 3458 (55.5) 2283 (54.6) -
Abbreviation: NBUVB, narrowband UV-B. ¢ Patients who had received 50 to 99 sessions.
2 Patients who had not received phototherapy. d patients who had received 100 to 199 sessions.
b Patients who had received less than 50 sessions. ¢ Patients who had received 200 or more sessions.
Table 2. Risk of Skin Cancer in Patients With Vitiligo After Long-term NBUVB Phototherapy
Univariable Analysis Multivariable Analysis
Incidence Rate Events, Population, No. of Crude HR Adjusted HR
Group (95% CI)? No. No. Person-Years (95% Cl) PValue  (95%Cl)® P Value
Actinic keratosis
No NBUVB® 6.1(4.7-7.7) 65 20105 106910 1 [Reference] 1 [Reference]
NBUVB <509 5.6 (4.3-7.2) 60 20106 106578 0.920(0.648-1.307) .64 0.940 (0.662-1.336) .73
NBUVB 50-99¢ 4.3(2.7-6.4) 23 9702 53732 0.701(0.435-1.127) .14 0.751(0.467-1.209) .24
NBUVB 100-199f 8.4 (5.7-11.9) 31 6226 36888 1.379(0.899-2.115) .14 1.413(0.921-2.168) .11
NBUVB 22009 14.2 (10.2-19.4) 40 4182 28106 2.359(1.590-3.499) <.001 2.269 (1.530-3.365) <.001
Bowen disease
No NBUVB® 0.7 (0.3-1.3) 7 20105 107110 1 [Reference] 1 [Reference]
NBUVB <50¢ 0.2 (0-0.7) 2 20106 106748 0.283(0.059-1.360) .12 0.289 (0.060-1.392) .12
NBUVB 50-99¢ 0.4 (0-1.3) 2 9702 53795 0.560(0.116-2.694) .47 0.603(0.125-2.904) .53
NBUVB 100-199f 0.8(0.2-2.4) 3 6226 36992 1.219(0.315-4.714) .78 1.273(0.329-4.924) .73
NBUVB 2200° 0.7 (0.1-2.6) 2 4182 28260 1.068 (0.221-5.146) .94 1.021(0.212-4.919) .98
Nonmelanoma skin cancer
No NBUVB® 2.6(1.7-3.8) 28 20105 107 025 1 [Reference] 1 [Reference]
NBUVB <509 2.3(1.5-3.5) 25 20106 106674 0.889(0.518-1.525) .67 0.914(0.533-1.567) .74
NBUVB 50-99¢ 1.9(0.9-3.4) 10 9702 53781 0.705 (0.343-1.452) .34 0.765(0.372-1.576) .47
NBUVB 100-199f 2.4(1.1-4.6) 6226 36960 0.924 (0.436-1.959) .84 0.960 (0.453-2.034) .91
NBUVB 22009 2.5(1.0-5.1) 7 4182 28233 0.940(0.410-2.153) .88 0.905 (0.395-2.073) .81
Melanoma
No NBUVB*© 1.3(0.7-2.2) 14 20105 107 090 1 [Reference] 1 [Reference]
NBUVB <50¢ 0.8 (0.4-1.6) 9 20106 106736 0.649 (0.281-1.500) .31 0.660 (0.286-1.526) .33
NBUVB 50-99¢ 1.1(0.4-2.4) 6 9702 53772 0.862(0.331-2.243) .76 0.907 (0.348-2.362) .84
NBUVB 100-199f 0.8(0.2-2.4) 3 6226 36991 0.632(0.182-2.200) .47 0.648 (0.186-2.255) .50
NBUVB 22009 0.7 (0.1-2.6) 2 4182 28254 0.559(0.127-2.460) .44 0.539(0.122-2.374) .41

Abbreviations: HR, hazard ratio; NBUVB, narrowband UV-B. d Patients who had received less than 50 sessions.

2 Incidence rate per 10 000 person-years. € Patients who had received 50 to 99 sessions.
b Adjusted by age and sex. f Patients who had received 100 to 199 sessions.

¢ Patients who had not received phototherapy. 8 Patients who had received 200 or more sessions.

5.759[95% CI, 1.054-31.451]) and the NBUVB =200 group (HR, = NMSC After Long-term NBUVB Phototherapy

E4

20.529[95% CI, 4.488-93.915) (Table 3), but this increased risk
was not seen in older patients (aged >50 years). No between-
sex difference was apparent.
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Of the 60 321 patients with vitiligo enrolled in this study, we
observed 16 cases of BD and 79 cases of NMSC during the
study period (Table 2). The incidence rates did not differ
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Table 3. Subgroup Analyses of the Association of Risk of Skin Cancer With Long-term NBUVB Phototherapy by Sex and Age

Male Female Aged 20-49y Aged 250y
Adjusted HR Adjusted HR Adjusted HR Adjusted HR P
Group (95% CI)? PValue (95% Cl)? PValue (95% Cl)? PValue (95% Cl)? Value
Actinic keratosis
No NBUVB® 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
NBUVB <50°¢ 1.353(0.768-2.383) .30 0.744(0.472-1.174) .20 1.953(0.358-10.665) .44 0.910(0.635-1.305) .61
NBUVB 50-99¢ 0.940(0.414-1.974) .80 0.678(0.372-1.238) .21 1.911(0.269-13.573) .52 0.717 (0.437-1.175) .19
NBUVB 100-199¢ 1.937(0.970-3.871) .06 1.158 (0.669-2.004) .60 5.759(1.054-31.451) .04 1.276 (0.813-2.004) .29
NBUVB >200f 2.638(1.360-5.120)  .004 2.099(1.284-3.431) .003 20.529 <.001 1.747(1.131-2.699) .01
(4.488-93.915)
Bowen disease
No NBUVB® 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
NBUVB <50°¢ 0.335(0.035-3.221) .34 0.255(0.028-2.281) .22 0 (NA) .99 0.339 (0.068-1.680) .19
NBUVB 50-99¢ 0.701 (0.073-6.741) .76 0.531(0.059-4.753) .57 0 (NA) .99 0.710(0.143-3.517) .68
NBUVB 100-199¢ 2.039(0.340-12.211) .44 0.708 (0.079-6.340) .76 0 (NA) .99 1.492 (0.373-5.967) .57
NBUVB >200f 2.302(0.384-13.803) .36 0 (NA) >.99 0 (NA) .99 1.184(0.239-5.872) .84
Nonmelanoma skin
cancer
No NBUVBP 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
NBUVB <50°¢ 0.744(0.299-1.849) .52 1.025(0.523-2.007) .94 0.973(0.137-6.910) .98 0.907 (0.518-1.590) .73
NBUVB 50-99¢ 0.972(0.338-2.797) .96 0.630(0.233-1.709) .37 1.899 (0.267-13.492) .52 0.664 (0.301-1.468) .31
NBUVB 100-199¢ 1.733 (0.640-4.688) .28 0.498 (0.146-1.700) .27 1.377(0.125-15.199) .79 0.924 (0.418-2.042) .85
NBUVB >200f 1.639(0.569-4.722) .36 0.430(0.099-1.863) .26 0 (NA) .99 0.976 (0.424-2.250) .96
Melanoma
No NBUVB® 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]
NBUVB <50°¢ 0.635(0.208-1.941) .43 0.695(0.196-2.467) .57 0.976 (0.197-4.835) .98 0.572(0.211-1.547) .27
NBUVB 50-99¢ 0.784(0.208-2.954) .72 1.076 (0.269-4.313) .92 0.670(0.070-6.444) .73 0.993 (0.345-2.860) .99
NBUVB 100-199¢ 0.382(0.048-3.055) .36 0.995(0.201-4.937) >.99 0 (NA) .99 0.840(0.234-3.015) .79
NBUVB >200f 0.468(0.059-3.748) .51 0.631(0.076-5.248) .67 1.283(0.133-12.371) .83 0.336 (0.043-2.605) .30

Abbreviations: HR, hazard ratio; NA, not applicable; NBUVB, narrowband UV-B.
2 Adjusted by age and sex.

b Patients who had not received phototherapy.

¢ Patients who had received less than 50 sessions.

d patients who had received 50 to 99 sessions.
€ Patients who had received 100 to 199 sessions.
f Patients who had received 200 or more sessions.

among the groups, and the HR did not increase with the
number of NBUVB sessions for NMSC (<50 sessions of pho-
totherapy: HR, 0.914 [95% CI, 0.533-1.567]; 50-99 sessions:
HR, 0.765 [95% CI, 0.372-1.576]; 100-199 sessions: HR,
0.960 [95% CI, 0.453-2.034]; =200 sessions: HR, 0.905
[95% CI, 0.395-2.073]) or for BD (<50 sessions: HR, 0.289
[95% CI, 0.060-1.392]; 50-99 sessions: HR, 0.603 [95% CI,
0.125-2.904]; 100-199 sessions: HR, 1.273 [95% CI, 0.329-
4.924]; =200 sessions: HR, 1.021 [95% CI, 0.212-4.919]).
Subgroup analyses by age and sex revealed no differences in
either BD or NMSC incidence (Table 3).

Melanoma After Long-term NBUVB Phototherapy

During the study period, 34 cases of melanoma were identified
among the enrolled patients, but the risk of melanoma did not
increase with the number of NBUVB sessions (<50 sessions of
phototherapy: HR, 0.660 [95% CI, 0.286-1.526]; 50-99 sessions:
HR, 0.907 [95% CI, 0.348-2.362]; 100-199 sessions: HR, 0.648
[95% CI, 0.186-2.255]; 2200 sessions: HR, 0.539[95% CI, 0.122-
2.374]) (Table 2). Subgroup analyses by age and sex also revealed
no increase in melanoma after NBUVB phototherapy (Table 3).
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Skin Cancer Risk After Extremely Long-term NBUVB
Phototherapy

We identified 717 patients with vitiligo who underwent 500 or
more sessions of NBUVB treatment. Among those 717
patients, we observed 7 cases of AK (incidence, 12.6 per 10 000
person-years [95% CI, 5.1-25.9 per 10 000 person-years]), 1 case
of BD (1.8 per 10 000 person-years [95% CI, 0-10.0 per 10 000
person-years]), and 1 case of NMSC (1.8 per 10 000 person-years
[95% CI, 0-10.0 per 10 000 person-years]) (Table 4). Multivari-
able analysis revealed that extremely long-term NBUVB treat-
ment (=500 sessions) was not associated with a significant in-
crease in therisk of AK, BD, NMSC, or melanoma compared with
the no NBUVB group.

|
Discussion

In this 10-year nationwide retrospective cohort study, we
found that long-term NBUVB phototherapy was not associ-
ated with an increased risk of NMSC or melanoma for
patients with vitiligo, but a significant increased risk of AK
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Table 4. Association of Risk of Skin Cancer With Extremely Long-term NBUVB Phototherapy in Patients With Vitiligo

Univariable Analysis Multivariable Analysis

Incidence Rate Events, Population, No. of Crude HR Adjusted HR

Group (95% CI)? No. No. Person-Years (95% Cl) PValue (95%Cl)® P Value
Actinic keratosis

No NBUVB® 6.1(4.7-7.7) 65 20105 106910 1 [Reference] 1 [Reference]

NBUVB 2500¢ 12.6 (5.1-25.9) 7 717 5565 2.104 (0.963-4.595) .06 1.739(0.796-3.799) .17
Bowen disease

No NBUVB® 0.7 (0.3-1.3) 7 20105 107 110 1 [Reference] 1 [Reference]

NBUVB =500¢ 1.8 (0-10.0) 1 717 5587 2.961(0.362-24.217) .31 2.520(0.308-20.592) .39
Nonmelanoma skin
cancer

No NBUVB® 2.6(1.7-3.8) 28 20105 107 025 1 [Reference] 1 [Reference]

NBUVB =500¢ 1.8 (0-10.0) 1 717 5585 0.668 (0.091-4.921) .69 0.563 (0.076-4.142) .57
Melanoma

No NBUVB*© 1.3(0.7-2.2) 14 20105 107 090 1 [Reference] 1 [Reference]

NBUVB 2500¢ 0.0 (0-3.7) 0 717 5588 0 (NA) .99 0 (NA) .99

Abbreviations: HR, hazard ratio; NA, not applicable; NBUVB, narrowband UV-B.
2 Incidence rate per 10 000 person-years.
b Adjusted by age and sex.

< Patients who had not received phototherapy.
9 Patients who had received 500 or more sessions.

was associated with patients who underwent 200 or more
sessions of NBUVB phototherapy. To our knowledge, few
studies have explored the risk of skin cancer after NBUVB
phototherapy in patients with vitiligo.'® A Dutch cohort
study that enrolled 1307 patients with vitiligo found that
the risks of NMSC and melanoma did not increase among
patients with vitiligo who underwent PUVA or NBUVB pho-
totherapy and that the risks were not associated with the
number of sessions.!” On the other hand, an Italian cohort
study of 10 040 patients with vitiligo found the increased
risks of NMSC and melanoma among those who received
phototherapy.'® However, both studies included patients
undergoing either PUVA or NBUVB phototherapy; the risks
posed by NBUVB alone were not presented. A UK cohort
study found no significant association between NBUVB
phototherapy and the risk of melanoma, basal cell carci-
noma, or squamous cell carcinoma in 3867 patients who
received NBUVB phototherapy.!® However, most of the
enrolled patients had psoriasis; any risk specific for patients
with vitiligo was not assessed. A recent population-based
cohort study of 16 575 Taiwanese patients with psoriasis
found no difference in the overall cumulative incidences of
skin cancers between those receiving short-term (<90 ses-
sions) and those receiving long-term (290 sessions) NBUVB
phototherapy, although a no-phototherapy group was not
included.' In our study, we enrolled 60 321 patients with
vitiligo and found no association between increased risk of
BD, NMSC, or melanoma and long-term NBUVB photo-
therapy (=200 sessions). In addition, we observed no asso-
ciation between increased risk of skin cancer and extremely
long-term NBUVB phototherapy (=500 sessions). Our data
suggest that NBUVB phototherapy is safe for patients with
vitiligo in terms of photocarcinogenesis.

The risk of skin cancer associated with indoor tanning
has become a concern.® One meta-analysis found
that indoor tanning was associated with an increased risk
of melanoma and basal cell carcinoma.?° However, NBUVB

JAMA Dermatology Published online March 11,2020

phototherapy differs from indoor tanning in many ways.
First, NBUVB phototherapy uses an NBUVB ray with a wave-
length of approximately 311 nm, whereas indoor tanning
uses the UV-A ray that is used in PUVA phototherapy.?! UV-A
radiation induces genetic damage and creates reactive oxy-
gen species that damage the cell membrane and negatively
affect intracellular signaling, ultimately promoting tumor
development.?? Furthermore, UV-A penetrates more deeply
into the skin than does UV-B, thus potentially triggering
malignant changes in stem cells of the basal epidermal
layer.2® Second, the level of UV-A radiation delivered by a
tanning bed may be much greater than that of NBUVB pho-
totherapy; the minimal erythemal dose of UV-A is almost
1000-fold higher than that of UV-B. Thus, the skin cancer
risks associated with NBUVB phototherapy and indoor tan-
ning may differ.

Patients with vitiligo may also benefit from enhanced
immune surveillance of latent skin cancers.'®-?* Cohort stud-
ies have shown that the risk of skin cancer is lower in those
with vitiligo than in those without vitiligo.!”!® Moreover, a
previous cohort study found that the overall risk of internal
malignant neoplasms was lower in patients with vitiligo
compared with matched healthy controls.?® A recent study
found that the genetic loci associated with vitiligo have an
inverse association with the risk of basal cell carcinoma,
squamous cell carcinoma, and melanoma.2® It was sug-
gested that genetic variations in patients with vitiligo
increased resistance to malignant neoplasms or immune
activity in general.?® Thus, we postulate that the autoim-
mune nature of vitiligo may provide some protection against
possible photocarcinogenesis as a result of long-term
NBUVB phototherapy.

A significant increase in the overall risk of AK was
associated with 200 or more NBUVB sessions (HR, 2.269
[95% CI, 1.530-3.365]) as well as 100 to 199 sessions in the
younger subgroup (20-49 years) (HR, 5.759 [95% CI, 1.054-
31.451]). However, the risks of NMSC and melanoma were
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not increased in parallel in any subgroup, although AK is a
precancerous lesion and can be a marker of development of
NMSCs.2”-28 Multiple factors, such as long-term UV radiation
or heat exposure, environmental carcinogens, viral infec-
tion, and immunosuppression, have been reported to predis-
pose individuals to the development of squamous cell
carcinoma??; many predisposing factors work together for
carcinogenesis. In contrast, the increased immune response
of patients with vitiligo may hinder the progression of AK to
squamous cell carcinoma.?®3° Moreover, based on the
results of our study and other epidemiologic studies,'° we
speculate that the carcinogenicity of NBUVB phototherapy
may be less than that of sunlight or indoor tanning. Also,
regular skin examinations by a dermatologist during photo-
therapy may prevent the progression of AK to skin cancer by
detecting AK early. This surveillance is not usually the case
in indoor tanning facilities operated by nonmedical person-
nel. However, considering the long latency period for the
development of skin cancer even after stopping photo-
therapy, the 10-year follow-up may not be enough to make
conclusions. Longer observational studies will be needed to
confirm our findings.

Strengths and Limitations
Our study had several strengths. First, we enrolled a large num-
ber of patients from the nationwide national health insur-
ance claims database and assessed the risk of skin cancer over
10 years. Second, we retrieved detailed unbiased information
on NBUVB phototherapy and the development of skin
cancer; the Korean national health insurance system in-
cludes health care data on all Korean residents. Finally, we en-
rolled patients with vitiligo only, thereby minimizing study
heterogeneity.

Our study also had certain limitations. First, we lacked de-
tailed information on vitiligo (activity, severity, and sub-
type), the characteristics of phototherapy (dose of each treat-
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ment), and the confounding factors that might have been
associated with development of skin cancer (such as sun ex-
posure and use of sunblock, smoking status, and use of sys-
temic or topical immunosuppressive drugs). Second, we lacked
data on phototherapy prior to 2007, although we established
a 1-year washout period. Third, the exclusion of the patients
with a prior history of skin cancer and precancerous lesion
could bias the results. However, dermatologists tend not to pre-
scribe phototherapy to patients at a high risk of skin cancer,
and our findings would not be applicable to such individuals.
Fourth, it could be difficult to generalize the results directly
to individuals of other races/ethnicities. However, we found
therelative risks according to the number of phototherapy ses-
sions among individuals of the same race/ethnicity; these find-
ings could be applicable to individuals of other races/
ethnicities. More research on the use of phototherapy for
individuals of other races/ethnicities with vitiligo is required
to confirm our findings. Fifth, the demonstration of an in-
creased risk of AK in patients undergoing 200 or more ses-
sions of NBUVB phototherapy will require long-term study to
determine the significance of this finding.

|
Conclusions

We found that long-term NBUVB phototherapy was not
associated with an increased risk of NMSC or melanoma in
patients with vitiligo, whereas an increased risk of AK was
associated with undergoing 200 or more sessions of NBUVB
phototherapy. The risk of skin cancer was also not associated
with extremely long-term NBUVB phototherapy (=500 ses-
sions). Our data suggested that NBUVB phototherapy
appears to be safe for patients with vitiligo in terms of the
development of skin cancer. Further studies are needed for
individuals of different races/ethnicities and patients with
other skin diseases.
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