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Narrow-band TL-01 ultraviolet B phototherapy (TL-01)
is an effective and widely used treatment for many
skin diseases. The purpose of the investigation was to
assess the risk of skin cancers in patients treated with
TL-01 phototherapy who have not received any other
phototherapy modalities. This cohort study included
4,815 TL-01 treated patients in Finland with psoriasis
or atopic dermatitis. Clinical information was collec-
ted from the hospital records and linked with Finnish
Cancer Registry data. The follow-up started from the
first TL-01 treatment and the mean follow-up time was
8.4 years. Standardized incidence ratios were calcula-
ted for basal cell carcinoma, cutaneous melanoma, and
squamous cell carcinoma. The standardized incidence
ratio for basal cell carcinoma was 2.5 (95% confidence
interval 1.8-3.5), for cutaneous melanoma 4.0 (95%
confidence interval 2.1-6.8) and for squamous cell
carcinoma 3.7 (95% confidence interval 1.7-7.0). For
basal cell carcinoma and squamous cell carcinoma, the
standardized incidence ratios remained similar during
the whole follow-up time while the standardized in-
cidence ratio for cutaneous melanoma was markedly
higher during the first 5 years of follow-up. In con-
clusion, an increased incidence of skin cancers was
observed among TL-01 treated patients. It should be
confirmed in the future whether the skin cancer risk
of TL-01 phototherapy will remain high in a longer
follow-up.
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hototherapy has been used for decades to treat vari-

ous skin conditions. In the early 1980s Parrish and
Jaenicke showed that the wavelengths around 311 nm
had the best therapeutic effect when treating psoriasis
and caused less erythema than previously used broadband
ultraviolet B (UVB) treatment (1). It took several years
until a commercial lamp (Philips ultraviolet B narrow-
band TL 100W/01 lamp) at this wavelength was available

SIGNIFICANCE

Phototherapy has been used for decades to treat various
skin conditions. On the other hand, ultraviolet radiation is
known to be carcinogenic to humans. Nowadays, narrow-
band TL-01 ultraviolet B phototherapy is the major pho-
totherapy modality for many skin diseases but the long-
term carcinogenic risk of TL-01 phototherapy has still not
been fully established. Our aim was to assess the risk of
skin cancers in patients treated with TL-01 but not with
other phototherapy modalities. An increased incidence of
skin cancers was observed among TL-01 treated patients.
The results need to be confirmed in future studies.

as narrowband TL-01 ultraviolet B phototherapy (TL-
01 phototherapy) (2). Nowadays, over 30 years after
development of TL-01 phototherapy, it is still the major
phototherapy for psoriasis but also used for many other
skin diseases due to its ease and effectiveness.

According to the International Agency for Research
on Cancer (IARC) classification, UVB radiation is carci-
nogenic to humans (Group 1 carcinogen) (3). In animals
TL-01 radiation has been shown to be more carcinogenic
than broadband UVB (4-6). Psoralen-ultraviolet A pho-
tochemotherapy (PUVA) is associated with an increased
risk of skin cancers (especially squamous cell carcinoma,
SCC) in a dose-dependent way (7-9) and this is one of
the reasons why TL-01 phototherapy moved towards
replacing PUVA for the treatment of skin diseases. An
increased risk of cutaneous melanoma (CM) has also
been reported among PUVA-treated patients, especially
after high exposure to PUVA (10, 11). The increased risk
had a long latency: it showed up 15 years after the first
exposure to PUVA treatment.

So far, the long-term carcinogenic risk of TL-01
phototherapy has not been fully established. Previous
studies have not found a firm association between TL-01
phototherapy and skin cancer risk. No evidence of an
increased skin cancer risk was found among 126 German,
484 TIrish, 1,908 or 3,867 Scottish patients treated with
TL-01 phototherapy (12—15). However, it takes decades
to develop skin cancer and the follow-up times in these
studies were quite short. It is possible that an increased
risk of skin cancer due to TL-01 phototherapy will be
noticed only in studies with longer follow-up and larger
sample size (16). Our study has those characteristics.
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The aim of this study was to gain more knowledge re-
garding the carcinogenic risk of TL-01 phototherapy in
patients who have not received any other phototherapy
modalities previously.

MATERIALS AND METHODS

Patients

To explore the carcinogenicity of TL-01 monotherapy we retro-
spectively collected data of 4,835 individuals treated with TL-01
phototherapy in Finland during 1999-2019. We investigated the
patient phototherapy registers of 17 Finnish Central and Uni-
versity Hospitals (Tampere University Hospital, HUS Helsinki
University Hospital, Turku University Hospital, Kuopio University
Hospital, Paijéat-Hdme Central Hospital, Kanta-Héme Central
Hospital, North Karelia Central Hospital, South Karelia Central
Hospital, Satasairaala Hospital, Central Finland Hospital Nova,
Lapland Central Hospital, Lansi-Pohja Central Hospital, Vaasa
Central Hospital, Seindjoki Central Hospital, Central Ostroboth-
nia Central Hospital, Mikkeli Central Hospital, Kainuu Central
Hospital) to identify all psoriasis and atopic dermatitis patients
(with ICD-10 codes L20 and L40) who received TL-01 therapy
and no other phototherapy modalities (e.g. PUVA treatment) in
these hospitals. There are a total of 5 University Hospitals and
16 Central Hospitals in Finland, and we were able to collect data
extensively from 4 and 13 of them. Only 19 patients (0.4 % of all)
were treated in more than 1 different hospital. Personal clinical
information (personal identity codes, phototherapy details, history
of skin cancers) was collected from the hospital records and linked
with the Finnish Population Information System to confirm the
accuracy of the personal identity codes and to obtain the dates
of death and emigration. The 19 patients who were not found in
the Population Information System and 1 person with distinctly
incorrect phototherapy dates were excluded, so a total of 4,815
TL-01 treated patients were included in the analyses.

Skin cancers

The patient data were linked with the Finnish Cancer Registry
(FCR) data for the years 1999 to 2020 to obtain information on
the patients’ skin cancers. The FCR is a population-based national
registry of all cancer cases diagnosed since 1953. FCR receives
cancer data from several sources such as hospitals, private phy-
sicians, pathological laboratories, and death certificates (17). The
cancer cases have been coded using ICD-O-3 codes (International
Classification of Diseases for Oncology, third edition). In the case
of multiple cancers with the same morphological groups, only
the first diagnosed cancer within each topography is considered
during the patient’s life. Among the skin cancers, only histologi-
cally verified ones are registered. The three most common types
of skin cancers, i.e. basal cell carcinoma (BCC), cutaneous SCC,
and CM, were selected for analysis.

Narrow-band ultraviolet B phototherapy

Narrow-band UVB phototherapy (TL-01 phototherapy) is a widely
used treatment modality in Finland for psoriasis, atopic dermatitis,
and other skin diseases. The Finnish Dermatological Society has
created the guidelines concerning treatment initiation, frequency,
and dose increments. Recommendations have been made separa-
tely for psoriasis and atopic dermatitis, and depending on patients’
skin phototype.

Typically, treatments are given 2 to 3 times per week and greater
doses are used when treating psoriasis. Genitals and full face (or
at least the eyes if the face is involved with dermatitis) should be
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protected. A dermatologist has usually inspected the whole skin
before starting treatments. TL-01 phototherapy is not recommen-
ded for patients with very fair or photodamaged skin, or a history
of extensive exposure to UV radiation. The phototherapy period
normally consists of 15 to 30 therapeutic sessions depending on
treatment response. A maximum of 2 phototherapy periods per
year is recommended.

Statistical analysis

Follow-up of the patients was started from the first TL-01 treat-
ment and ended at death, emigration, or on 31 December 2020,
whichever was first. Standardized incidence ratios (SIRs) were
calculated for different skin cancers as a ratio of observed and
expected numbers of cases. The observed numbers of cases and
person-years were calculated separately for 2 follow-up periods
(the first 5 years after the first TL-01 administration, and the
period after that) by gender and 5-year age group. The expected
numbers of cases were calculated by multiplying the number of
person-years in each age and sex stratum by the respective national
skin cancer incidence rate derived from the FCR data. The 95%
confidence intervals (Cls) for SIRs were calculated assuming
that the observed number of cases followed the Poisson distribu-
tion. Statistical analyses were performed with R (R Core Team,
2019; R Foundation for Statistical Computing, Vienna, Austria)
and RStudio (Posit Team, 2023), the package “popEpi” was used
for SIR calculations. P-values less than 0.05 were considered
statistically significant.

RESULTS

Of the 4,815 patients treated with TL-01 phototherapy,
2,443 (51%) were female and 2,372 (49%) were male.
In all, 54% were treated for psoriasis and 46% for atopic
dermatitis. The mean age at the first TL-01 radiation was
46 years among patients with psoriasis (range 4-93) and
30 years among atopic patients (range 1-87). Age distri-
bution of the cohort patients at the first TL-01 radiation
is represented in Fig. 1. The mean follow-up time was
8.4 years for the entire cohort (range 0.03—21.6) and the
total number of person-years was 40,230 (Table I).
During the follow-up, 38 BCC, 13 CM, and 9 SCC
cases were observed versus 15 BCC, 3 CM, and 2 SCC
expected. The SIR for BCC was 2.5 (95% CI 1.8-3.5),
for CM 4.0 (95% CI 2.1-6.8), and for SCC 3.7 (95% CI
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Fig. 1. Number of patients with atopic dermatitis and psoriasis in
the cohort, by 5-year age categories at first TL-01 exposure.
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Table I. Number of patients under follow-up and number of person-
years up to 31 December 2020, by sex and age

Men Women
Age No.?  Person-years® No.? Person-years®
0-14 years 197 764 198 884
15-29 years 613 4,544 968 6,726
30-44 years 538 4,835 466 5,263
45-59 years 609 5,124 448 3,825
60-74 years 352 3,534 286 2,983
>75 years 63 794 77 954

3Age at the beginning of follow-up. PAge during follow-up.

1.7-7.0) (Table II). The SIRs for BCC and CM were
higher among patients with psoriasis than among atopic
patients while the SIR of SCC was higher in atopic der-
matitis (Table II).

Most of the CMs (11/13) were diagnosed during the
first 5 years after the first treatment (SIR 7.0, 95% CI
3.5-12.5) and only 2 cases after that (SIR 1.2, 95% CI
0.1-4.2). For BCC and SCC, SIRs remained quite similar
during the whole follow-up time (Table III).

DISCUSSION

In our study we found an increased incidence of BCC,
CM, and SCC among the 4,815 TL-01 treated patients.
The SIR of BCC was increased only among patients
with psoriasis while the risk of SCC was especially high
among persons with atopic dermatitis.

This study is based on the largest cohort receiving TL-
01 phototherapy alone so far, with a follow-up of up to
almost 22 years. Data were available extensively around
Finland and our cohort includes TL-01 treated patients
from 17 of the 21 University and Central Hospitals in
Finland. Only 0.4% of patients in the cohort had recei-
ved TL-01 phototherapy in more than 1 study hospital.
Hence, it is unlikely that many of the patients would have
received TL-01 or other phototherapy modalities in the
4 missing hospitals.

Previous studies have not found any increased risk of
skin cancers related to TL-01 phototherapy, but they had
a small sample size and quite short follow-up times. The
earliest of these studies was a German study including
126 TL-01 treated patients with a mean follow-up of
5.7 years and a total of 726 person-years. No other skin
cancers were observed during the follow-up except 1
in situ melanoma, which was diagnosed within the first
year after the phototherapy initiation (12). Among 484
TL-01 treated patients from Northern Ireland (some

Table III. Observed (Obs) and expected (Exp) numbers of skin
cancers and standardized incidence ratios (SIR) with 95%
confidence intervals (CI), by time since the first TL-01 exposure

Time since first exposure

<5 years =5 years
Skin cancer type Obs Exp SIR 95% CI Obs Exp SIR 95% CI
BCC 15 73 21 1.2-34 23 7.8 3.0 19-44
Cutaneous melanoma 11 1.6 7.0 3.5-125 2 1.7 1.2 0.1-4.2
SscC 4 1.1 3.6 1.0-9.2 5 1.3 3.8 1.2-88

BCC: basal cell carcinoma; SCC: squamous cell carcinoma.

also treated with PUVA), the incidence of skin cancers
during follow-up of a maximum of approximately 10
years was similar to that in the general population (13).
In a Scottish study with 3,867 TL-01 treated patients
and a median follow-up time of 5.5 years no difference
was found in CM risk between the TL-01 patients and
the age- and sex-matched population in the same region
(SIR 0.99, 95% CI 0.12-3.59) (15). The SIRs for BCC
and SCC were closer to our findings, being 1.63 (95% CI
0.89-2.73) and 1.94 (95 % CI 0.53-4.97), respectively.
As the follow-up time of the Scottish study started 6
months after the first TL-01 exposure, we also performed
a comparable analysis excluding the first 6 months after
the TL-01 phototherapy initiation. The SIRs from this
analysis were quite similar to our original results; the SIR
for CM was 3.5 (95% CI 1.8-6.3), for BCC 2.5 (95% CI
1.7-3.5), and for SCC 3.8 (95% CI 1.7-7.2). Hence both
our own and the Scottish study suggest an elevated risk
of BCC and SCC among TL-01 phototherapy patients
while for CM the CI for the Scottish finding is so wide
that comparison with our finding cannot really be done.

It is difficult to assess the precise role of exposure to
TL-01 phototherapy in the observed increase in incidence
of'skin cancers. Patients treated with other phototherapy
modalities (e.g. PUVA, broadband UVB, or solarium)
were excluded but patients with psoriasis especially are
likely to be exposed to excessive sunlight, which may
be an additional risk factor. We were not able to contact
the patients to examine their sunbathing habits. Some
patients may have had immunosuppressive therapies and
patients with psoriasis have also been shown to have a
1.12 to 1.72 times higher risk of SCC and BCC compared
with reference populations (18, 19). An association has
been shown between the higher risk of keratinocyte skin
cancer and the severity of psoriasis, and some studies
have indicated that the risk of SCC is higher than the
risk of BCC among patients with psoriasis (18). The risk
of skin cancers among patients with atopic dermatitis

Table II. Observed (Obs) and expected (Exp) numbers of skin cancers 1999-2020 and standardized incidence ratios (SIR) with 95%
confidence intervals (CI) among 4,815 TL-01 phototherapy-treated patients

Psoriasis Atopic dermatitis All
Skin cancer type Obs Exp SIR 95% CI Obs Exp SIR 95% CI Obs Exp SIR 95% CI
Basal cell carcinoma 35 11.5 3.1 2.1-43 3 3.7 0.8 0.2-2.4 38 15.1 2.5 1.8-3.5
Cutaneous melanoma 10 2.3 4.4 2.1-8.1 3 1.0 3.0 0.6-8.8 13 3.3 4.0 2.1-6.8
Squamous cell carcinoma 5 1.9 2.6 0.8-6.0 4 0.5 7.8 2.1-19.9 9 2.5 3.7 1.7-7.0
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is not as well established but previous data suggest an
association between atopic dermatitis and keratinocyte
skin cancers (20-22).

To investigate the temporal impact of TL-01 therapy on
skin cancer risk we calculated SIRs separately for the first
5 years after the first TL-01 administration and the period
after the first 5 years of exposure. The SIRs for BCC and
SCC remained quite similar throughout the follow-up
but for CM, the SIR was markedly higher during the
first 5 years of follow-up. The typical latency between
exposure and cancer diagnosis is long and therefore it
is unlikely that phototherapy initiated shortly before a
diagnosis of skin cancer would be causally related. One
explanation for the increased incidence of CM during
the first years after phototherapy initiation may be that
patients receiving phototherapy are under regular der-
matological follow-up and they are more likely to have
their skin cancers diagnosed earlier.

Limitations

Our study also has limitations. Although the number of
patients in the study is large, patients were relatively
young to have skin cancer. The mean age at first radia-
tion was 38 years. Patients with psoriasis in our cohort
were somewhat older than atopic patients when receiving
their first TL-01 administration. The median cumulative
numbers of TL-01 treatments until the end of the follow-
up were 20 for psoriasis (range 1-376) and 18 for atopic
dermatitis (range 1-214), and median cumulative UV-B
doses 15.3 J/em? (range 0.2-374.5) and 10.4 J/cm? (range
0.1-219.3), respectively. The strength of the study would
have increased if we had had more patients with long
exposure to UV radiation. Unfortunately, in Finland,
TL-01 phototherapy was not used before the late 1990s
when it became available for treating psoriasis and
other skin diseases and soon replaced PUVA as a major
phototherapy modality for many skin diseases. Because
we wanted to study the effects of TL-01 treatment as a
monotherapy and therefore excluded patients who had
received other phototherapy modalities previously, there
are no patients with longer exposure or follow-up than we
managed to collect in our cohort. It takes several years
or even decades from initiation to develop skin cancers
and multiple genetic mutations are necessary to establish
amalignant phenotype and advance the tumorigenesis of
UV-associated skin cancers (23, 24). Because of latency,
the true carcinogenic risk related to TL-01 exposure can
be seen only after a longer follow-up than is currently
possible in Finland.

Conclusion

Although a slightly increased incidence of skin can-
cers was observed among TL-01 treated patients, the
carcinogenic role of TL-01 phototherapy needs further
examination. For future studies, we have planned to
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compare TL-01 exposures more closely between patients
with skin cancers and controls in a nested case-control
study. We will also continue to follow up our cohort and
repeat the study in the future to determine whether the
skin cancer risk of TL-01 phototherapy will change after
longer follow-up.
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