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Hydroxyurea (HU) is a non-alkylating agent administered for the management of different types of cancer or sickle cell
disease. HU has a cytostatic action, blocking cell cycle in S-phase and also inducing double-stranded breaks in DNA. HU
is generally well tolerated, however its widespread use has revealed the presence of adverse events related to tissues
that have a high cellular turnover.
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| 1. Introduction

Hydroxyurea (HU; also known as hydroxycarbamide) is a non-alkylating agent orally administered for the management of
different types of cancer, such as of melanoma, resistant chronic myelocytic leukemia and recurrent, metastatic, or
inoperable carcinoma of the ovary. HU is also widely employed for treatment of chronic myeloproliferative neoplasms
(MPNSs).

In addition to cancer management, HU is used to stimulate fetal hemoglobin production in sickle cell diseasel.

| 2. Mechanism of action

HU is a non-alkylating agent that is widely employed for treatment of chronic MPNs. HU exhibits non-competitive inhibition
of ribonucleotide reductase, which leads to the depletion of deoxyribonucleotides. As a result, DNA synthesis is
interrupted and the cell cycle blocked in S-phase (Figure 1) [, As ribonucleotide reductase is involved in DNA repair, HU
also induces double-stranded breaks in DNA 2,

Safety profile

Although HU is generally well tolerated, its widespread use, not only in MPNs, has revealed the presence of adverse
events related to tissues that have a high cellular turnover due to the cytostatic action of HU. Multiple cutaneous
alterations have been described in patients treated with HU. Among these, cutaneous ulcers and non-melanoma skin
cancer lead to treatment discontinuation due to inacceptable toxicity with consequent modification of the treatment
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Figure 1. Mechanism of action of hydroxyurea.

3. Cutaneous Adverse Events Associated with Hydroxyurea in patients



| with MPNsl1]

Cutaneous ulcers, typically in the perimalleolar area, are probably an underestimated side effect of HU. The pathogenesis
of these lesions is likely multifactorial, and the cytotoxic effects of HU on basal cells of the epidermidis, keratinocytes, and
endothelial cells likely plays a key role. HU-induced macrocytosis has also been recognized as a possible cause of
microvascular disturbance due to deformability of red blood cells in capillaries and reduced oxygenation of the basal layer
of the skin®l. On the other hand, MPNs induce alterations in both arterial and venous circulation, likely contributing to
ischemia and delays in wound repair Bl. However, cutaneous ulcers may often occur after long-term treatment with HU
and when patients show hematological response.

Non-melanoma skin cancer (NMSC) and actinic keratosis (AK) have been reported to be induced by HU. Impaired DNA
repair upon exposure to HU leads to somatic mutations and chromosomal damage, especially in sun-exposed areas, and
UV-induced breaks in double-stranded DNA may also contribute to HU-mediated carcinogenesis.

Other HU-induced skin toxicities have only aesthetic implications, such as hyperpigmentation of skin and nails. Melanin
deposition by melanocyte stimulation in the nail matrix by HU and photosensitization have been hypothesized as
pathogenic mechanisms. Although alopecia represents a frequently described dermatological side effect with the use of
more potent cytostatic drugs, it has also been reported in patients treated with HU. Its pathogenesis is related to the
alterations in cell kinetics of the hair matrix HU (Eigure 2).
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Figure 2. Pathogenesis of hydroxyurea-induced cutaneous toxicity.

Ulcers are the most frequent reported cutaneous adverse event in patients with MPNs undergoing treatment with HU
(Table 1).

Table 1. Reported cases of hydroxyurea-induced cutaneous toxicity.

Duration

. Driver HU . .
Study Study Reported Sex Age U_nderlylng Mutation Dose of Toxicity Type site Biopsy H_U ) Intervention Vascu_la.r Sun
Type Case Disease Gene (gldaily) Treatment Performed Discontinued Type Insufficiency Exposure
9 V) (months)
Antar, 2014181 C3s€ 1 F 60 ET JAK2 nir 60 ssc Leg Yes Yes Surgical nir nir
report excision
Oral steroid
Bader, Case 1F, 0.66 and skin
200081 series 3 am 84.6 2PV, 1ET, nir (0.5-1) 18-96 Ulcers Leg Yes (2) Yes (2) split graft 3 nir
@
5PV, 2ET,
Best, 1998!8] siirlisees 10 :’; 64.1 2 MF, 1u- nir 1'52;1_ 84 (3-15) Ulcers Diffuse Yes nir nir nir nir
MPN
Butler, Case

20141 report 1 M 64 PV JAK2 15 36 Acral erythema Hand/foot No nir nir nir nir



Duration

. Driver HU . .
Study Study Reported Sex Age U_nderlymg Mutation Dose of Toxicity Type Site Biopsy H_U ) Intervention Vascu_la.r Sun
Type Case Disease . Treatment Performed Discontinued Type Insufficiency Exposure
Gene (g/daily) (months)
71 2 SCC, 3 BCC,
Callot-Mellot, H !
allo [; ° Case 5 3F (64- 2PV,3ET nir nir 78 (24~ actinic keratosis nir Yes Yes nir n/r nir
1996 series 2M 120)
76) (5)
Cohen Case Fingernails
1999[3{ report 1 F 70 PV nir 2-4 48 Melanonychia and No Yes nir nlr nir
P toenails
Palms,
3ulcers, 1 !
Daoud, Case 56- 61 (55— L ' toes,
19971201 series 3 niv 69 1PV,2ET nir niv 79) polkle!t::etriv::tous dorsal feet, Yes Yes nir nir nir
P ankles
De Case Leg, oral Surgical
Benedettis, 1 M 66 PV nir 1 204 Ulcers, SCC 9 Yes Yes 9x nir nir
2004011 report scc excision
Demicray,  Case 3 3E fslée 3ET i 1 50 (6-84) Ulcers Le Yes (2) Yes (1/3) Oral 23 nir
20020121 series 65)_ g 9 steroids
Esteve, Case Actinic keratosis, Surgical
20011231 report 1 F 83 PV nir nir 156 scc Hands Yes Yes excision nlr nlr
Hernandez- Case Fingernails
Martin, report 1 M 78 ET nir 1 5 Melanonychia and No No None nir nir
19991241 P toenails
Hirri, 2001251 RZT;E" 1 M 66 u-MPN nir 1.5 8 Ulcers Leg No Yes None nir nir
Case Ulcers, actinic Surgical
Hoff, 20091161 1 F 68 PV nir nir 96 ' Leg, head Yes Yes excision, No nir
report keratosis, SCC
cryotherapy
Leg,
Hwang, Case Ulcers, fingernails
20000271 report 1 M 75 ET nir 2 48 melanonychia and Yes Yes None nir nir
toenails
Surgical
Kelly, 19941181 Case 1 M 61 PV nir 15-2 72 Ac""'° kera“’s's Diffuse Yes No e:‘:}'i:'l' nir Yes

ET: Essentlal Thrombocythemia; MPN: Myeloproliferative neoplasms PV: Polycythemia Vera;s8®€: Squamous Cell
CajfitiomacBCC: BasalcCellcarciaoma; mir: NOtokeportes.  wetanonychia  Toenails No No None nir nir

Fingernails

Altogae@herreri papers Have®beentbublistied, infcfuding®a rantf8iiZEd cogiiblled cfhical tridl, retroSpfective stldies, ¢ase
series, and case reports, accounting for a total of 249 Ca%&a[é]l61l101[11]r12]l161[23]I24]l251[261[27][281[291[30][311[32][33][341 The

Surgical
S|meonovsk| Cas and nummular 9

deroggraphisand Slinicdl fekturesof MPRI havé ot alifays havesbeen dwserived “But whef avail§fii&ithe m&dian agé of

keratosis, BCC

pa}'furr's? W|th skln ulcers was 67 years (range 19-91) and thueersfuavn\.'ﬁi a hllj%lggr prevalence of HU-felated ulcers in women
(6228, 10@#176) ‘compared with then 138.6%."68/178). Underlying MPN=patholSgies wéfe disfiiimted as"follows™ PV
32.4% (67/207), ET 54.6% (113/207), MF 12.1% (25/207), and u-MPN 1% (2/207). The median time from initiation of HU
to the detection of a skin ulcer was 60 months (range 1-262) at a median daily dose of 1 g (range 0.25—2) [SI€ll10]11][12]
[16][17][23][24][25][26][27][28][29][301[S11[32][33][34][35](361[37][38] The most frequent localization was the leg, at the perimalleolar side,

and concomitant venous or arterial insufficiency was reported in 38 cases. To ensure healing of the lesion, discontinuation
of therapy is mandatory and was described in virtually all cases in which intervention was specified (Eigure 3).

Patient features Underlying MPN
129 25/207 1%, 20207
Variable
Median age. years (range) &7 (19-01)
Female/male J08/68

Median time on HU therapy, months (range) 60 (1-262)

Median HU dose (range) 1(0.25-2)
55%, 113207
PV ET MF u-MPN
Figure 3. Summary of cutaneous ulcers as an adverse event.

AK and NMSC are notable adverse events in HU-treated patients (Eigure 4).



Precancerous/cancerous skin sce
lesion type (n=100 patients)
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Patient features Underlying MPN

2%, 1168

Variable
Median age, years (range) 70 (29-86)
Femala/male 34734

Median time on HU therapy, months (range) 75 (1-204)

Median HU dose {range) 1.25 (0.5-2)

Figure 4. Summary of actinic keratosis and non-melanoma skin cancer as an adverse event.

AK has been reported in 15 patients!22E5139[40][41](42](43] oten preceding the appearance of NMSC. SCC occurred in 41
patients and BCC in 44 patients [GI16124129][31][34](35][41][42][44][45] The median age of onset was 70.6 years (range 29-86),
with a similar incidence of NMSC in women (34 patients) and men (34 patients). The most frequently involved regions

were photo-exposed areas, such as the scalp (43 patients), ears/neck (5 patients), hands (5 patients), and diffuse pattern
(5 patients). When reported, the underlying MPN disease were as follows: PV (32/68, 47%), ET (35/68, 51.5%) and MF
(1/68, 1.5%). The median time to NMSC after initiating HU was 75 months (range 1-204) at a median HU daily dose of
1.25 g (range 0.5-2). Surgical excision of the suspected lesion and HU discontinuation were the most frequent types of
intervention.
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