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Introduction

Skin ulcers are defined as tissue loss interesting the dee-
per layers of the dermis and hypodermis, with low tendency 
to spontaneous healing (1).

Chronic ulcers affect over 6 million people in the United 
States, with an incidence that is expected to grow as the in-
creasing rate of general population mean age and the number 
of individuals with diabetes. Chronic ulcers strongly affect 
the quality of life and productivity of the patients,  represen-
ting a financial burden to the health care system (1).

Several mechanisms may be implicated in the pathogene-
sis, then wounds can be classified as: venous, arterial (large 
and small vessels), neurotrophic, hypertensive, infectious, 
hematologic, neoplastic, related to physical and chemical 
agents and pyoderma gangrenosum. Among these, venous 
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insufficiency is the main cause of ulceration (70%), mostly 
localized to lower legs. Other frequent mechanisms invol-
ved are vascular diseases related to diabetes and chronic 
lymphoedema, malignancy and trauma (1, 2).

Moreover, skin ulceration have occasionally been repor-
ted in literature as drugs side effects, especially related to 
the administration of traditional chemotherapy agents and 
new molecular target therapies such as: Epidermal Growth 
Factor Receptor (EGFR) inhibitors (Gefitinib, Cetuximab) 
(3, 4); Angiogenesis inhibitors (Sorafenib, Sunitinib, 
Bevacizumab) (5-7); BCR-ABL, c-KIT, Platelet-Derived 
Growth Factor (PDGFR) inhibitors (Imatinib) (8); Mam-
malian Target Of Rapamycin (M-Tor) inhibitor (Sirolimus) 
(9); Antimetabolites (Methotrexate, Gemcitabine) (10,11); 
Antiproliferative (Hydroxyurea) (12) (Table 1).

Authors aim to investigate literature data concerning 
skin ulceration related to drugs administration, focusing on 
particular drug categories, the possible implied mechanism 
of action, the evolution related to the underlying neoplastic 
disease, and suggesting an emerging new class of wounds 
which physicians should be aware in clinical practice.

EGFR Inhibitors

Gefitinib 

Gefitinib is an antineoplastic agent that inhibits epider-
mal growth factor receptors (EGFR) signal transduction, 
effective in patients with advanced non-small cell lung 
cancer (NSCLC). It has been associated with multiple 
cutaneous effects, most of which of mild entity and well 
tolerated. Acneiform eruption, seborrheic dermatitis, and 
paronychia are common dose-dependent adverse cutaneous 
reactions (3).

Two cases of skin ulceration induced by Gefitinib are 
reported in literature (13, 14).

Sagara et al. described the case of a 55-year-old man 
suffering from non-small cell lung cancer who developed 
an ulcerated erythematous plaque on the hypogastrium, 
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with central necrosis and hypertrophic border, clinically and 
histologically compatible with the diagnosis of pyoderma 
gangrenosum-like lesion (13).

Fernández-Guarino et al. reported the case of a perfora-
ting dermatosis after treatment with Gefitinib (14).

These adverse skin reactions disappeared with dose 
reduction.

Cetuximab 

Cetuximab is a chimeric monoclonal antibody binding 
to the epidermal growth factor receptor (EGFR), inhibiting 
tumour growth, invasion, angiogenesis and metastasis. It is 
used for treatment of metastatic colorectal and squamous 
cell carcinoma of head and neck (15). Among side effects, 
in literature are described only few cases of Cetuximab 
inducing skin ulcerations. 

Tsuboi et al.  described a particular case of Cetuximab-
associated cutaneous ulcers in a 82-years old female with 
metastatic colorectal cancer. The patient, after 18 weeks 
of adjuvant chemotherapy following a curative surgical 
resection, developed two skin ulcerations around her stoma, 
healed only after Cetuximab withdrawal (4).

Busam et al. examined 10 patients with renal cell carci-
noma treated with C225, who developed several cutaneous 
side-effects such as painfull fissurations of the distal fingers 
tufts. Another frequent side effect was a follicular rash with 
acneiform distribution appearing approximately 1 week after 

the beginning of therapy. Other patients developed intraoral 
aphtous ulcers. The clinical features and timing of the findings 
in 10 different patients following monotherapy with C225 
strongly suggested a direct biological effect of the drug.

The authors showed that treatment with C225 results in 
upregulation of p27Kip1 in epidermal keratinocytes, which 
can affect follicular and epidermal homeostasis. Further 
investigations concerning the role of EGFR pathway in kera-
tinocytes regulation may be significant to explain ulceration 
and acneiform skin eruptions (16).

Angiogenesis inhibitors

Sorafenib 

Sorafenib is an oral multitargeted kinase inhibitor (MKI) 
that shows anti-mytotic and anti-angiogenetic properties. It 
targets both c-Raf and b-Raf, MAP kinase (MEK) and extra-
cellular regulated kinase (ERK) phosphorylation, preventing 
cancer growth (17).

It also reduces angiogenesis, demonstrating a significant 
activity against several tyrosine kinase receptors involved 
in neo-vascularization and tumour progression, such as 
vascular endothelial growth factor 2 and 3 (VEGFR), pla-
telet-derived growth factor receptor-β (PDGFR), FMS-like 
tyrosine kinase-3 (FLT), c-KIT and RET receptor tyrosine 
kinase (18).

TYPE FUNCTION DRUG MOLECULAR TARGET

EGFR inhibitors

Tyrosine kinase inhibitors

Monoclonal antibodies

Gefitinib

Cetuximab EGFR

Angiogenesis Inhibitors

Multikinase multitarget 
inhibitors

Recombinant human mono-
clonal antibody

Sorafenib 

Sunitinib 

Bevacizumab 

VEGFR1, 2 , 3; Flt3; c-KIT; PDGFR; RAF

VEGF

BCR-ABL, c-KIT, PDGFR 
inhibitors

Tyrosine kinase inhibitors
Imatinib 

BCR-ABL;c-KIT;PDGFR

m-TOR inhibitors Serine-threoninne kinases Sirolimus
VEGF; HIF

Antimetabolites

Folic acid  antagonists

Pyrimidines antagonists

Methotrexate

Gemcitabine

DHFR

Ribonucleotide Reductase

Antiproliferative DNA synthesis inhibitor Hydroxyurea Ribonucleotide reductase

Table 1. Classification of traditional chemotherapy agents and new molecular target therapies inducing skin ulcers.
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Therefore, Sorafenib may inhibit cancer growth by a 
dual mechanism, acting either directly on the neoplasia 
or on endothelial cells, implicated in the tumoral neo-
angiogenesis (17).

It has recently been approved by the Food and Drug 
Administration (FDA) for advanced renal cell carcinoma 
and hepatocellular carcinoma (17).

Sorafenib is associated with several side effects, such as 
diarrhoea, nausea, fatigue and hypertension (19).

Cutaneous adverse events include mucositis, stomatitis, 
rash, facial and acral erythema, splinter hemorrhages, alope-
cia, xerosis, and hand-and-foot skin reaction (HFSR) (5).

Moreover, squamous cell carcinoma, keratoacanthoma 
and eruptive melanocytic lesions have been associated with 
MKI therapy (20).

Literature reports a case of skin ulceration described in 
a 79-years-old man with metastatic renal cell carcinoma. 
The patient developed painful erythematous plaques and 
bullae that evolved in skin erosions and ulcerations on lower 
limbs and elbows about 20 days after starting Sorafenib 
therapy (21).

The reasons for ulcerations are probably linked to the 
anti-mytotic and anti-angiogenetic properties of Sorafenib, 
which mechanism of action may affect and compromise 
skin homeostasis (22).

The complete resolution of skin erosions and ulcerations 
was obtained only after treatment withdrawal, meanwhile the 
patient developed new lesions after reintroducing Sorafenib 
at half doses, indicating a not dose-dependent pathogenesis 
for cutaneous side effect (21).

Literature also reports a case of skin ulceration due to a 
leukocytoclastic vasculitis, where authors could reintroduce 
Sorafenib at a lower dose without recurrence of the vasculitic 
lesions (23).

The development of cutaneous side effects during therapy 
with Sorafenib has been associated with a better treatment 
response: a recent study reported a lower tumour progression 
in a patient with skin lesions and diarrhea (24). 

                  
Sunitinib 

Sunitinib is a multi-targeted kinase inhibitor (MKI) 
affecting tumor cell angiogenesis and proliferation through 
inhibition of several receptor tyrosine kinases, including the 
vascular endothelial growth factor receptor 2 and 3 (VEGF), 
platelet-derived growth factor receptor (PDGF α and β), 
Tyrosine-Protein Kinase (KIT), FMS-like tyrosine kinase 3 
(FLT3) , colony-stimulating factor-1 (CSF1) and rearranged 
during transfection (RET) (25).

Currently, Sunitinib has gained US Food and Drug 
Administration approval for treatment of advanced renal 
cell carcinoma and provided an increase of progression-free 
survival among patients with metastatic disease compared 
with the previous standard of therapy, Interferon α. Suni-
tinib has also demonstrated efficacy in Imatinib-resistant 
gastrointestinal stromal tumor (GIST) and Hepatocarci-
noma (26). 

80% of treated patients developed cutaneous manifesta-
tions, such as hand-and-foot skin reaction (36%), stomatitis 
(36%), skin/hair depigmentation (30%), facial swelling 
(24%), subungual haemorrhages (10%) (6).

Among side effects, in literature are described few cases 
of Sunitinib inducing skin ulceration.

Durant et al described the case of a 50-year-old woman 
with sensory neuropathy who developed necrotic ulcers of 
the extremities (hands and feet) one month after starting 
Sunitinib therapy (27).

Feyerabend S, Schilling D, Wicke C et al. reported the 
case of  necrotic lesion of the foot developed 8 days later 
Sunitinib treatment in a patient with type II diabetes, then 
forced to amputation (28).

Guyot-Caquelin et al. reported the case of a 73-year-old 
woman with a history of deep venous thrombosis of the right 
leg who developed chronic ulcers in the same leg 6 weeks 
after starting Sunitinib (29).

Kluger et al. described the case of a 55-year-old man 
with advanced renal cell cancer with bone, lung and lymph 
node metastases that one week later Sunitinib treatment 
developed lower limbs erosion with painful fibrous and 
inflammatory borders. 

Moreover, an examination revealed bilateral erythema 
of the palms and soles, bullous swelling of the soles, kera-
totic paronychia and subungual splinter haemorrhages. The 
simultaneous occurrence of erosive leg lesions and hand-foot 
skin reactions with subungual haemorrhages suggested 
the presence of multiple cutaneous side effects related to 
Sunitinib (30).

Ulcerations may be the consequence of the antiangio-
genic effect with ischemia related to an impairment in skin 
microcirculation (30). Sunitinib may also interfere with 
contractile interactions between fibroblasts and the surroun-
ding extracellular matrix, by modifying the differentiation 
of fibroblasts into myofibroblasts (31). Furthermore, in lite-
rature have been reported two cases of Sunitinib-associated 
pyoderma gangrenosum (PG) developed during the treat-
ment of metastatic renal cell carcinoma and  hepatocellular 
carcinoma (32). 

The mechanism of Sunitinib inducing Pyoderma gangre-
nosum is still unclear; the concomitant inhibition of c-KIT 
and VEGFR in predisposed patient may conduce to the de-
velopment of necrotic lesions with neutrophilic infiltration 
eliciting Pyoderma gangrenosum (32).

Evidences supporting Sunitinib as the major cause 
of skin ulcers in the cases reported are: delay of onset at 
least one week after Sunitinib intake; improvement after 
withdrawal of the drug;  recurrence after its reintroduction 
and concurrency of other skin lesions that have previously 
been reported to be associated with Sunitinib (hand-foot 
syndrome, splinter haemorrhages) (30).

 
Bevacizumab  

Bevacizumab is a humanized monoclonal antibody 
that inhibits vascular endothelial growth factor (VEGF), 
approved by the US Food and Drug Administration for 
metastatic colon cancer, non –small cell lung cancer, renal 
cell carcinoma, and recurrent glioblastoma multiforme (33). 
Adverse events related to Bevacizumab include hyperten-
sion, proteinuria, deep vein thrombosis, gastrointestinal 
perforation and hemorrhages (34). 

Among side effects, in literature are described some 
cases of impairing or delay in wound healing.
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Scappaticci et al. reported an increase of postoperative 
wound healing complications in patients who had major sur-
gery during Bevacizumab therapy for metastatic colorectal 
cancer (CRC) (7).

Moreover, the results of their analysis suggested that 
the use of Bevacizumab in combination with 5-fluorouracil/
leucovorin-based chemotherapy, 28–60 days after primary 
cancer surgery, caused no increased risk of wound healing 
complications compared with chemotherapy alone (7).

Peters et al. presented four cases of ulcerated striae di-
stensae in primary brain tumor patients on concurrency of 
corticosteroid and Bevacizumab therapy (35).

Authors hypothesized that ulceration in striae distensae is 
a two-step process: at first, corticosteroids modify collagen 
synthesis, impair tensile strength and lead to striae deve-
lopment; then, Bevacizumab delay healing of these areas 
owing to inhibition of VEGF predisponing the weakened 
striae to ulceration (35).

BCR-ABL, c-KIT, PDGFR  Inhibitors

Imatinib 

Imatinib is a specific tyrosine kinase inhibitor used in 
the treatment of chronic myeloid leukemia (CML) and acute 
lymphoblastic leukemia Ph+ which acts by blockingthe Bcr-
Abl oncogene protein on the cell surface (36).

It is generally well tolerated and the most frequent side 
effect is generalized skin rash.

Oral painful erosions and lichenoid reactions have also 
been related to Imatinib , requiring treatment with oral 
steroids or even withdrawal (37).

Basso at al. reported two cases of painful oral ulcerative 
lesion in patients with CML Ph+, after the beginning of 
Imatinib therapy. In both cases lesions underwent complete 
remission after withdrawal of the drug. It can be hypothe-
sized that the phenomenon is dose-dependent. However, 
patients using Imatinib are frequently on multiple drugs, 
which could make the determination of the causative agent 
difficult. Allopurinol and drugs with CYP3A4 interactions 
(omeprazol and derivates) are the most important agents.  
Anyway, these patients were not assuming these drugs during 
the onset of the described side effects (8).

m-TOR Inhibitors

Sirolimus 

Sirolimus inhibits the 
kinase activity of mTOR, 
blocking the cell cycle 
progression in the mid- to 
late-G1 phase. It also has 
inhibitory effects on inter-
leukin-2-dependent and -in-
dependent proliferation of B 
lymphocytes and production 
of immunoglobulins A, M, 
and G (38). 

Among side effects, in literature are described cases of 
skin manifestations, mainly consisting of aphthous mouth 
ulcerations, rash or acne (9).

Tracey et al. reported the case of a debilitating ulcerating 
maculopapular rash in a liver transplantation woman affected 
by cryptogenic cirrhosis,  3 months later immunosuppres-
sive treatment with Sirolimus  requiring the withdrawal of 
therapy (9).

Schaffellner et al. analyzed several cases of mouth ul-
cers induced by Sirolimus that appeared after 2-6 weeks of 
therapy and regressing with dose reduction (39).

Antimetabolites 

Methotrexate

Methotrexate (MTX) is a folate analogue drug that inhi-
bits the DNA synthesis by competition with dihydrofolate 
reductase, lymphocyte proliferation and polymorphonuclear 
chemotaxis (40).

MTX was initially employed as an antineoplastic agent 
in the treatment of carcinomas, leukemias and lymphomas 
(high-dose treatment). It is widely FDA approved as a 
disease modifying agent (DMARD) in the treatment for 
autoimmune conditions such as rheumatoid arthritis (RA) 
and psoriatic arthritis (61).

Common side events, even with low-dose MTX therapy, 
include liver toxicity, impaired renal function, gastrointesti-
nal effects and bone marrow suppression.

Less commonly, MTX toxicity has been associated with 
adverse cutaneous reactions that are usually dose-related and 
may occur in patients receiving high doses of drug.

Skin ulceration has often been reported as an adverse 
effect of MTX in psoriatic patients (42).

Pearce and Wilson revised 47 patients, who developed 
ulceration or erosion of psoriatic plaques meanwhile trea-
ted with MTX. The most common risk factors were high 
dosage, concomitant non-steroidal anti-inflammatory drugs 
(NSAIDS), renal failure, infection, older age and pustular 
psoriasis (43).  

Ulceration localized into psoriatic plaques may be related 
to higher uptake of MTX by the hyperproliferative kerati-
nocytes compared to normal skin (Fig. 1) (10).

Fig.1 Cutaneous ulceration of psoriatic plaque as a sign of MTX toxicity in patients with psoriasis (A), 
healed after drug decreasing dosage (A). 
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Gemcitabine

Gemcitabine is an antimetabolite nucleoside employed 
in the treatment of carcinoma of the lung, pancreas and 
urothelium. It is usually well tolerated, with cutaneous to-
xicity reported in approximately 25% of patients, including 
alopecia, maculo-papular eruption, urticaria, palmar-plantar 
erythrodysesthesia and acute lipodermatoslerosis-like reac-
tions (44).

Recently, Gemcitabine has been associated with notable 
vascular side effects such as acute arterial events, venous 
thromboembolism, digital ischemia, vasculitis and throm-
botic microangiopathy (11). 

Literature reports the case of a 82-year-old woman with 
extensive necrotic ulcerative lesions on the back side of her 
lower limbs, arised after the second cycle of chemothe-
rapy with Gemcitabine for metastatic pancreatic cancer. A 
temporal relationship was observed between gemcitabine 
administration and skin ulcerations, with a progressive 
shrinkage of the lesions observed with chemotherapy with-
drawal (45). The mechanisms implied in the pathogenesis 
of vascular toxicity may be endothelial damage, increased 
adherence of platelets, deposition of immune complexes and 
a hypercoagulable state (44).

Antiproliferative

Hydroxyurea 

Hydroxyurea (Hydroxycarbamide; HU), an antitumor 
agent belonging to the family of antimetabolites, is com-
monly used for the long-term treatment of patients with 
Philadelphia-chromosome negative chronic myeloprolife-
rative disorders (MPNs) (46).

Although this agent is usually well-tolerated, several 
cutaneous adverse events are described in literature; among 
them leg ulcers have been noted in association with long-
term administration (12).

A retrospective study on a large multicenter series of 
3,411 patients affected by MPNs and treated with Hydro-
xyurea, revealed significant drug-related toxicities. 

Twenty-eight patients (24 females and 4 males) develo-
ped painful oral mucosal lesions obtaining complete healing 
only after HU dose reduction or suspension.

Cutaneous ulcers were recorded in 118 patients (72 
females and 46 males), frequently on the perimalleolar 
region and on the pretibial area. In 62 patients at least one 
concurrent risk factor was identified: arterial hypertension 
(16), peripheral vascular disease (13), diabetes (4).

A complete wound healing was obtained in 53 patients 
in a median of 5 months, following withdrawal of HU and 
concurrent use of therapeutic strategies such as decompression 
chamber, wounds surgical toilettes, local therapy with antibio-
tics and heparin. Thirty-one patients continued to assume HU 
at a reduced dosage; in 8 some improvement of ulcer without 
healing was reported over several months (Fig. 2) (12).

The exact mechanisms of skin ulceration are controver-
sial. Hydroxyurea selectively kills cells during the synthesis 
phase of the cell cycle, therefore damaging basal keratino-
cytes and collagen synthesis. Moreover, inhibition of DNA 
synthesis can cause red blood cells to become megaloblastic, 
impairing blood flow in the microcirculation (47, 48).

Altered microcirculation occur in patients affected by 
essential thrombocythemia, then careful evaluation of peri-
pheral circulation should be reserved in patients before the 
administration of HU. 

 
Conclusions

Cutaneous ulcers represent a major public health, con-
cerning disability related to pain, risk of infection and am-
putation, chronic management, requiring working absence 
with notably economic burden. The major cause is often 
related to underlying vascular disease, infections, tumors, 
autoimmunity, trauma, even if literature occasionally repor-
ted several cases of drug inducing skin ulceration. Most of 
drugs involved are chemotherapy agents and more recently 
molecular target therapies.

Individual predisposition, sex, age, co-morbidities, con-
comitant therapies and dose administered may contribute 
to ulceration. 

Drugs inhibiting target molecules such as VEGFR, 
PDGFR and EGFR, imply an impairment

in vessels repair which results in the onset of dermo-
epidermal injury. Endothelial damage also leads to a local 
drug release with consequent onset of inflammation. Anti-
proliferative and antimetabolities agents are also implicated 
in dermo-epidermal integrity loss.

Fig. 2 (A, B, C). Ulcerative lesions in progressive healing in patients treated with hydroxyurea.
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Evidences supporting these drugs as the major cause of 
skin ulcers include: delay of onset after therapy initiation, 
improvement after withdrawal of the drug, recurrence after 
its reintroduction and, sometimes, simultaneous occurrence 
of other skin lesions that have previously been reported to be 
associated with these agents (hand-foot syndrome, splinter 
haemorrhages). 

Most of cases tend to spontaneously healing with dose 
reduction or drug withdrawal. 

Moreover, physician should consider the entity of neo-
plastic disease together with the severity of skin ulceration, 
avoiding drug interruption if risk related to ulcerative lesions 
appears acceptable considering the significant survival 
benefit of the drug. 

In conclusion, careful attention should be reserved to 
patients undergoing antineoplastic agents, especially if 
previously affected by predisposing comorbidities. 
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