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Abstract

Background and Design: Malignant skin tumors have been reported in patients using hydroxyurea (HU) for hematological disorders. This
study aimed to investigate the characteristics of precancerous skin lesions and malignant skin tumors in association with long-term HU therapy.
Materials and Methods: Records of consecutive patients diagnosed with precancerous and cancerous skin lesions during HU therapy in a
single dermatology department between 2008 and 2021 were retrospectively analyzed.

Results: Among 13 patients (mean age: 66.5 years) treated with HU for five different hematological diseases, 11 had used HU >5 years,
whereas the time was shorter in the other two patients. The period between HU treatment initiation and the appearance of the first lesion
was approximately 9-10 years. Actinic keratosis (AKs) were found in two patients, non-melanoma skin cancers (NMSCs) accompanied by AKs
in seven patients, and only NMSCs in four patients. Melanoma was seen in a patient with NMSCs and AKs. In total, 12 basal cell carcinomas
(BCCs), 12 squamous cell carcinomas (SCCs), and one melanoma were diagnosed. The superficial type was the most common type of BCCs,
followed by the nodular type. NMSCs were located mainly on the face, followed by the scalp, neck, and extensor surfaces of the upper
extremities.

Conclusion: The results of this large series support the possibility of the relationship between UV-induced skin cancer and HU therapy. SCCs
and BCCs showed equal incidence in the present study in contrast to some previous reports, and different BCC types may occur in these
patients. As many patients have more than one malignant skin tumor, protective measures against sunlight, which is another inducing factor
for these tumors, and a long-term follow-up, should not be ignored.
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Oz

Amag: Hematolojik hastaliklar icin hidroksitire (HU) kullanan hastalarda malign deri timérii gelisimi daha énce bildirilmistir. Bu calisma ile uzun
stireli HU kullanimi ile iliskili premalign deri lezyonlari ve malign deri tiimérlerinin tiim &ézelliklerinin arastirlmasi amaclanmistir.

Gereg ve Yéntem: Tek bir dermatoloji merkezinde 2008-2021 yillari arasinda HU tedavisi sirasinda prekanseréz deri lezyonu veya malign deri
tUmord tanisi alan ardisik hastalarin dosyalari retrospektif olarak incelendi.

Bulgular: Bes farkli hematolojik endikasyon icin HU kullanan 13 hastada (ortalama yas 66,5 yil) prekanseréz deri lezyonu [aktinik keratoz
(AK)] veya malign deri timérii gérildi. Hastalardan 11'i bu ilaci 5 yildan uzun siire kullanmisken 2'sinde bu siire daha kisaydi. ilk lezyonlarin
olusumu ile ilacin baslangic tarihi arasinda ortalama 9-10 yillik bir siire vardi. iki hastada tek basina AK gériliirken 7 hastada melanom disi deri

kanseri ve AK beraber gorildl. Dért hastada ise sadece melanom disi deri kanseri saptandi. Melanom disi deri kanseri ve AK gorilen hastalarin
birinde ayrica melanom saptandi. Toplamda 12 bazal hicreli karsinom (BHK), 12 skuamdz hticreli karsinom (SHK) ve 1 adet melanom tanisi
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konuldu. En sik gorilen BHK tipi, ylzeyel tipti ve bunu noddler tip takip etti. Melanom disi deri kanserlerinin en sik yerlestigi bolge yiz olup bunu sagli deri, boyun ve

Ust ekstremite ekstansor ylzeyleri izledi.

Sonug: Bu genis serinin sonuclari, UV iliskili deri maligniteleri ve HU tedavisi iliskisi olasiligini giiclendirmektedir. Daha &nceki bazi yayinlardan farkli olarak SHK ve BHK
ayni insidansta gorulmus, BHK'nin farkli tiplerine rastlanabilecedi saptanmistir. Bircok hastada birden fazla malign deri tdméri oldugu géz 6ntinde bulunduruldugunda
HU tedavisi alan tim hastalarda bu timérlerin olusumunu kolaylastiran diger bir faktor olan glines isigina karsi koruyucu énlemlere uyulmasinin saglanmasinin ve

uzun dénem takibin ihmal edilmemesinin 6nemi ortaya ¢ikmaktadir.

Anahtar Kelimeler: Hidroksilre, aktinik keratoz, bazal hicreli karsinom, skuamoz hiicreli karsinom, melanom

Introduction

Hydroxyurea (HU), a ribonucleotide reductase inhibitor, has been
commonly used for the long-term treatment of various hematological
disorders™. Its mucocutaneous side effects vary widely from benign
conditions including alopecia, xerosis, hyperpigmentation, acral
erythema, dermatomyositis-like eruption, leukocytoclastic vasculitis,
atrophy, keratoderma, and leg ulcers to precancerous skin lesions
and skin cancers®'®. Squamous dysplasia, actinic keratosis (AK),
Bowen's disease, keratoacanthoma, squamous cell carcinomas
(SCQ), basal cell carcinoma (BCC), and Merkel cell carcinoma have
been occasionally reported during or after the long-term treatments
with HU, mostly used for myeloproliferative disorders”™®. However,
their real incidence and further clinical features in association with
HU therapy have not been well described yet. This study aimed to
investigate precancerous skin lesions and types of malignant skin
tumors that occurred under HU therapy including their detailed
clinical features in a relatively large series. The relevant literature was
also reviewed, and findings were compared with the results of this
series.

Materials and Methods

This retrospective cross-sectional study was performed in a single
dermatology department enrolled consecutive patients who were
diagnosed with precancerous skin lesions and malignant skin tumors
during or following HU treatment for hematological disorders between
2008 and 2021. Data of these patients including follow-up data were
retrospectively reviewed, and demographic features of the patients (age
and sex), primary hematological disease, duration of HU treatment,
and other cytoreductive therapies were recorded.

Ethical approval was obtained from the istanbul University, istanbul
Faculty of Medicine Local Ethics Committee (approval number: 12,
date: 11.06.2021). Diagnoses of all malignant skin tumors were
confirmed by histopathological examination but diagnoses of AKs were
established based on clinical and/or histopathological evaluation.

Statistical Analysis

The descriptive statistics were given as means + standard deviations
(minimum-maximum). Furthermore, types, subtypes, and localization
of precancerous skin lesions and malignant skin tumors including their
chronologic relationship with HU treatment were evaluated.

Results

During the study period, 13 patients (9 men and 4 women) who
were on HU or previously treated with HU because of various
hematological disorders were diagnosed with precancerous and
cancerous skin lesions in a single dermatology department. The
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epidemiological and clinical features of these patients are summarized
in Table 1. The mean age of these patients was 66.5+15.39 (range:
36-85) years at the time of diagnosis of the first precancerous and/or
cancerous skin lesion. The Fitzpatrick skin type of the patients varied
between 2 and 3; however, in three patients, it was not recorded.
The primary hematological disorders were as follows: polycythemia
vera (n=7), essential thrombocythemia (n=3), thalassemia (n=1),
chronic myeloid leukemia (n=1), and myelofibrosis (n=1). Three of
the patients received HU monotherapy, and 10 patients received
other cytoreductive drugs such as anagrelide (n=7), ruxolitinib (n=2),
busulfan (n=1), and interferon (n=1). The mean duration of HU
treatment until the recognition of the first precancerous or cancerous
lesion was 9.7+6.97 (range: 0.4-28) years. All but two of the patients
were still on HU during the diagnosis of their first skin tumor. The first
skin tumor was diagnosed 3 and 4 years after the discontinuation of
HU treatment in two patients (cases 13 and 9, respectively). One of
these patients who were also on busulfan and ruxolitinib was treated
with HU for only 5 months (case 9). The other patient (case 13) was
on ruxolitinib on the first visit to the dermatology department 15
years after the HU therapy.

While AKs were seen in isolation in two patients, non-melanoma
skin cancers [(NMSCs); BCC, n=2; SCC, n=4; both BCC and SCC,
n=1] accompanied AKs in seven patients (Figure 1a, b). In other four
patients, only NMSCs (SCC, n=1; BCC, n=1; both BCC and SCC, n=2)
(Figure 1c) were seen. A total of 12 BCCs and 12 SCCs were diagnosed
in 11 patients. The BCC subtypes were as follows: Superficial (n=6;
Figure 1d), nodular (n=5; Figure 1e), and morphoeic (n=1; Figure 1f).
The face, particularly the nose and forehead, was the area mainly
involved (n=11) by NMSCs, followed by the scalp (n=1), neck (n=2),
and extensor surfaces of the upper extremities (n=4) (Figure 1). In only
one patient (case 1), superficial BCCs involved the trunk (Figure 1d).
Patients with multiple BCCs did not present with any other signs or
symptoms that might relate to Gorlin syndrome. None of the SCCs in
this series were metastatic. Furthermore, an in situ superficial spreading
melanoma and a sebaceous adenoma accompanied by other lesions
occurred in one patient each.

In situ melanoma and all NMSCs, excluding some superficial BCCs,
were surgically excised. Some of the superficial BCCs were treated
with imiquimod topically. A mean follow-up duration of 3.2+3.25
(range: 0.5-12) years could be achieved in 11 of the patients, and
two patients were lost to follow-up. In addition to two patients in
whom malignant skin tumors initially developed after the cessation
of HU therapy, new skin tumors (BCC, n=1; SCCs, n=2) developed in
one patient despite the discontinuation of HU treatment after the
diagnosis of the first skin tumor. Moreover, in two patients who had
to continue HU therapy (cases 1 and 4), new BCCs (n=4) and AKs
developed, respectively.
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Discussion

Although the relationship between HU and malignant skin tumors
was previously shown in other studies mainly based on reports of
hematology clinics, the current dermatology center-based study
reporting malignant skin tumors or precancerous skin lesions presents
a detailed description of clinical features. In the study period, a total
of 4,121 patients were diagnosed with AK, Bowen'’s disease, SCCs,
or BCCs in our dermatopathology department (unpublished data) and
HU-induced cases (n=13) accounted a small percentage (0.3%) of the
total group.

Besides HU, certain medications may also lead to the development
of skin cancers through different mechanisms. The induction of
secondary keratoacanthoma and SCC under vemurafenib or dabrafenib
treatment, which is primarily used for BRAFV600-mutant metastatic
melanoma, is another well-known example of this phenomenon™:'2.
Furthermore, the risk of the development of secondary malignancies,
especially skin cancers, appears to be increased in patients with
myeloproliferative neoplasia’®'*. However, whether this higher risk is
caused by the cytoreductive drugs or immune dysregulation associated
with myeloproliferative neoplasia remains unclear’. In a study with a
large series evaluating risk factors for NMSC development in patients
with myeloproliferative neoplasms, exposure to cytoreductive drugs
such as busulfan (alkylating agent) or high cumulated doses of HU were
found to be independent risk factors'. Furthermore, the increased
risk of NMSCs was also observed in patients with myeloproliferative
neoplasms using pipobroman (alkylating agent) and ruxolitinib

(JAK inhibitor)™'20, In one large study, duration of HU therapy and
ruxolitinib therapies of >5 years was found as a risk factor for NMSCs
in patients with myelofibrosis treated with ruxolitinib’™. However,
other studies have stated that some patients with NMSCs treated with
ruxolitinib therapy were also exposed to HU previously?'?2. In general,
a relationship exists between long-term HU therapy and development
of precancerous and cancerous skin lesions’°. Among the 13 patients
who received HU therapy, two used busulfan and/or ruxolitinib
after HU treatment in the present series. One of them was still on
ruxolitinib treatment at the first visit, whereas the other had used HU
for 5 months before busulfan and ruxolitinib. This combination of HU
and other cytoreductive drugs in the treatment of two patients of the
present series made it difficult to evaluate the role of HU alone in the
development of skin cancers and leads to the question of whether both
drugs had an additional triggering effect on NMSCs in these patients.
Because of insufficient data in the present study, it is impossible to
interpret the relationship between NMSCs and daily or cumulative
dosage of HU. On the contrary, the male predominance in the present
series was found to be in line with a previous report, indicating male sex
as a risk factor for NMSCs in patients with essential thrombocythemia
and polycythemia vera'®.

Besides its role in the long-term treatment of hematological disorders
as an anti-metabolite by locking down the DNA synthesis and cell cycle
at G1/S%, HU may also induce a damaged repair of DNA that sensitizes
keratinocytes against UV radiation, resulting in the progression of p53-
mutated keratinocyte clones to squamous dysplasia, particularly on the
sun-exposed areas of the body. Thus, HU and UV may synergistically

Figure 1. SCC on the dorsum of the hand surrounded by multiple actinic keratoses (a). SCC on the neck accompanying multiple actinic keratoses
on the face (b). SCC on the nose (c). Superficial BCC on the shoulder (d). Nodular BCC on the nose (e). Morphoeic BCC on the forehead (f)

SCC: Squamous cell carcinomas, BCC: Basal cell carcinomas
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elicit cutaneous precancerous and cancerous lesions after a latent
period. Although sun exposure data of the study patients during their
HU treatment were lacking, having skin phototypes 2 and 3 in the
majority of these patients can be considered a relative risk factor for
NMSC development. In support, all but two NMSCs in the present
series involved the sun-exposed areas of the body including the face,
particularly the nose, forehead, scalp, neck, and upper extremities.

In the present series, the patients were treated with HU because
of five different hematological indications. Therefore, underlying
hematological diseases do not appear to be related to the development
of skin tumors. Although the causality between the development of
skin cancer and HU does not appear to be absolute, findings in the
present series including the co-existence of different types of skin
tumors in three patients, presence of multiple lesions of NMSCs, abrupt
onset of some lesions after HU administration, absence of previous skin
cancer history, and termination of the occurrence of new skin tumors
after HU cessation in most patients indicate a causal role of HU, which
was also pointed out previously by Sanchez-Palacios and Guitart®.
Among precancerous skin lesions, multiple AKs are the most common
problems in patients on HU therapy, as it were in six patients of
the present series?#?>. Additionally, three patients had solitary AK.
Bowen disease’?® and keratoacanthomas?*?” were reported as other
HU-associated precancerous skin lesions or low-grade tumors in the
literature, but none of the patients presented with these types of skin
lesions in the present series.

Of the 13 patients in this series, 11 have used HU for >5 years. The
duration from HU initiation to the initial onset of NMSCs was reported
as an average of 6.55 years in the literature' and 6.25 years (range:
1-204 months) in another review?, but it was 9.7 years in the present
series. Furthermore, the shortest duration from HU treatment initiation
until the onset of skin lesions, which was formerly reported as 6
months, was 2 years in the present series?.

The incidence of HU-related SCCs and BCCs was 0.09% in a multicenter
cohort study of 3,411 patients receiving HU», but it reached 7.7% in
a small series®®. Furthermore, 30.8% of the patients also had AKs in
the latter series®. Although some previous studies have reported SCCs
as a developing skin cancer type more commonly in association with
HU therapy?”2°3', one large series (BCCs, n=3; SCCs, n=3)* and the
present series (BCCs, n=12; SCCs, n=12) showed an equal prevalence
of both NMSC types (Table 2). In a large study evaluating patients
treated with HU, busulfan, or radioactive phosphorus, BCC was more
commonly seen than SCC'. The concurrence of SCCs and BCCs was

previously reported, and it was also seen in three of the patients in the
present series?>*2. In five of the eight patients with SCC in the present
series, AKs were also associated.

The face, especially the nose and forehead, is the most common
location of NMSCs in our series, followed by other sun-exposed
locations such as the scalp, neck, and extensor surfaces of the arms.
Although all SCCs occurred on sun-exposed areas such as the head,
neck, and arm in the present series, none of them developed on the
vermilion border of the lip. However, SCC was previously reported on
the lower lip mucosa in association with HU?’. SCC occurred in the
ear in one patient of the present series and in another patient from
the literature?’33. Furthermore, HU-associated SCCs were also reported
to occur in some other body areas that are not exposed to the sun
such as the heel’* and intraoral mucosa®. In the present series, two
BCCs occurred on the trunk. Three patients had more than one SCC,
like some other cases that were reported previously**=¢. Although
HU-associated metastatic SCCs were occasionally reported in the
literature?>3°, none of the SCCs had become metastatic in the present
series during the follow-up period.

In the present series, the superficial BCC was the most common BCC
type, followed by nodular (nodulo-ulcerative) and morpheaform types.
Two patients had more than one BCC. BCC subtypes in patients using
HU were not described previously.

Contrary to the high incidence of secondary NMSCs, melanoma,
which is another malignant tumor usually related to UV, was
occasionally reported in patients on HU therapy3'#%4!. In a study
evaluating secondary cancers, among 1,881 patients with
myeloproliferative neoplasms, melanoma was seen in 4.9%,
and the rate of melanoma was relatively higher in patients with
polycythemia vera™. However, the number of these patients
under HU therapy was not stated. Kissova et al.>' reported three
melanomas in a cohort of 66 patients receiving HU therapy.
Verner et al.*° reported that 5 of 149 patients on HU therapy were
diagnosed with melanoma. In the present series, in situ melanoma
on the trunk accompanied by SCC was seen in one of the patients
with chronic myeloid leukemia.

In addition, sebaceous adenoma, which was seen in one of the
patients in the present series, in association with HU treatment has not
been previously reported. Although this sebaceous gland tumor can be
seen in association with solid neoplasia in the spectrum of Muir-Torre
syndrome®>#3, it was not associated with chronic myeloproliferative
diseases. Therefore, it may be an incidental finding.

Table 2. Reported large series presenting HU-associated precancerous lesions and malignant skin tumors

Total number of Total number of SCC number of BCC number of | Other cutaneous
patients under HU | patients with skin | AK | patients/number patients/number | malignancies
therapy tumors of lesions of lesions (number of patients)
Our series N/A 13 9 8/12 6/12 In situ melanoma (1)
Antonioli et al.?® 3411 10 3/3 3/3 -
Vassallo et al.?” 158 5 - 3/3 - Keratoacanthoma (2)
Salmon-Ehr et al.* 26 10 8 2/2 - -
Gomez et al.™® 312 43 - 30* 36* -
Kissova et al.*! 66 9 - ?/5 ?/3 Melanoma (3)
*In this study, a total of 36 BCCs and 30 SCCs were seen in 51 patients, but only 43 of them had used HU and eight of them were exposed to busulfan and radioactive
phosphorus. AK: Actinic keratoses, BCC: Basal cell carcinoma, N/A: Not available, SCC: Squamous cell carcinoma, HU: Hydroxyurea
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Some studies have reported the occurrence of new skin tumors after
HU therapy cessation*“°. In the present series, three patients had skin
tumors after HU therapy cessation. Because of the development of
chronic skin malignancies associated with HU therapy, a regular patient
follow-up is necessary.

Study Limitations

This study has some limitations. This is a single-center study was
conducted via the collaboration of only the dermatology and
pathology departments without the contribution of the hematology
department. The study mainly aimed to determine the real incidence
of precancerous skin lesions and malignant skin tumors in a cohort
of patients receiving HU therapy. HU was not the single cytoreductive
drug used in most patients, which made the interpretation of its role in
cutaneous malignancy development more difficult.

Conclusion

AK and NMSGCs, particularly involving the sun-exposed areas of the
body, are important problems of patients on long-term HU regardless
of their primary hematological disorders. While the incidence of BCC
and SCC are comparable, the superficial and nodular BCCs more
commonly occur in association with HU therapy. Most patients have
a history of long-term HU therapy, but even a short-term treatment
may induce such lesions. The duration from the initiation of HU to the
onset of these lesions may be up to 10 years. Given this lifelong risk,
protective measures against sunlight and a long-term follow-up should
be recommended for all patients treated with HU. Whether there is an
association between melanoma and HU treatment as seen in one of
our patients should be verified by further studies.
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