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To the Editor, 

 Imatinib mesylate, an orally available inhibitor of 
constitutively activated BCR-ABL tyrosine kinase, 
platelet-derived growth factor receptor (PDGFR) 
alpha and beta, and the c-kit receptor tyrosine kinase 
[1], is approved by the FDA for the treatment of 
several malignancies. Various dermatologic toxicities 
have been described in recent years. To our knowl-
edge, squamous cell carcinomas (SCCs) potentially 
associated with imatinib were only reported once [2]. 
We report two patients who developed keratoacan-
thomas (KA) while receiving imatinib.   

 Case 1 

 An 89-year-old male had a 3 mm thick melanoma 
resected on the right sole. Over the following years, 
subsequent in-transit metastases of the right leg 
were treated with cryotherapy, topical imiquimod 
cream and local injections of OncoVEX granulocyte-
macrophage colony stimulating factor. His dermato-
logic history was signifi cant for actinic keratoses 
(AKs), a KA on the left forearm, and a basal cell 
carcinoma (BCC) on the right ear. Due to persistent 
in-transit metastases and because his melanoma har-
bored an exon 11 L576P and an amplifi cation of 
KIT (alterations suggesting sensitivity to therapy 
with a KIT inhibitor), he was enrolled in a clinical 
trial of imatinib (NCT00470470) 400 mg twice a 
day for resistant, recurrent melanoma. A mildly pru-
ritic maculopapular rash affecting the trunk and 
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extremities developed after two weeks of therapy. 
Temporary interruption and reduction of imatinib 
to 400 mg daily resulted in improvement. Approx-
imately seven months after restarting imatinib, a 
7 mm hyperkeratotic nodule developed on the 
right elbow, followed by another 6 mm keratotic, 
erythematous papule on the right lower leg, two 
months later (Figure 1A/B). The histopathologic 
fi ndings revealed a crateriform squamous prolifera-
tion with a central keratin plug surrounded by 
squamous cells with abundant pink cytoplasm and 
associated with infl ammation (Figure 2)  –  features 
typical of a KA. Both lesions were treated surgi-
cally, without recurrence. Therapy with imatinib 
was continued and no new lesions have been noted 
as of the last follow-up visit 11 months after their 
surgical removal.   

 Case 2 

 A 67-year-old female with metastatic melanoma had 
progression of disease on temozolomide and was 
enrolled in the same clinical trial with imatinib. Her 
dermatologic history was signifi cant for only a few 
AKs. After two weeks on imatinib, a maculopapular 
rash necessitated temporary interruption and dose 
reduction with resultant improvement. A tender 
keratotic 4 mm papule on the right anterior tibia 
developed after approximately six months of treat-
ment and proved to be a KA, and was treated surgi-
cally without recurrence. Imatinib was discontinued 
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one month following surgical intervention due to 
progression of melanoma.    

 Discussion 

 Maculopapular eruptions and edema are the most 
common dermatologic adverse events of imatinib 
[3]. To our knowledge there have been only a few 
reports of cutaneous neoplasms in patients receiving 
imatinib. Malpighian epithelioma and hyaline-cell 
chondroid syringoma have been reported in two 
patients undergoing long-term treatment with ima-
tinib, exceeding 50 weeks [4]. The development of 
new squamous cell carcinomas (SCCs) and a rapid 
progression of a pre-existing lesion with subsequent 
ulceration were reported in two patients with chronic 
myeloid leukemia receiving imatinib [2]. However, 
in this report the true association is diffi cult to 
ascertain, since lesions developed in photo-exposed 
areas and one patient had numerous AKs. More 
importantly, both patients had previously received 
hydroxyurea, which is a risk factor for development 
of SCCs on sun-exposed areas [2]. In one of our 
patients with previous history of AKs, BCC and a 
KA, new KAs developed on relatively photoprotected 
areas. The second patient had only few previous AK ’ s 
and no history on non-melanoma skin cancers, sug-
gesting that imatinib may be a potential culprit. 

 The underlying mechanism that may explain 
the occurrence of KAs in association with imatinib 
is unknown. However, development of AKs, KA ’ s 
and SCCs in association with sorafenib, a targeted 
agent approved for treatment of advanced renal cell 
and hepatocellular carcinoma, has been well docu-
mented [5]. Sorafenib, initially designed to inhibit a 
RAF kinase, has multiple other targets including vas-
cular endothelial growth factor (VEGFR)-2 and -3, 
PDGFR-beta, c-Kit, ret proto-oncogene, and FMS-
like tyrosine kinase 3 [6]. Similarly, a novel selective 
mutant RAF inhibitor PLX4032 has also been asso-
ciated with the development of KAs and SCCs [7]. 
The underlying pathogenesis has not yet been eluci-
dated but one proposed hypothesis is that RAF inhi-
bition may result in activation of upstream, parallel, 
alternative pathways such as PI3K/Akt with subse-
quent inhibition of apoptosis and cell proliferation 
[8]. Additionally, recent investigations of RAF inhib-
itors demonstrated that although signifi cant inhibi-
tion of mitogen-activated protein kinase (MAPK) 
signaling is observed in cells harboring BRAF muta-
tions, a paradoxical activation of RAF-MEK-ERK 
pathway occurs in cells with wild-type BRAF [9]. 
Therefore, it is plausible that tendency to develop 
cutaneous neoplasms with agents that inhibit BRAF 
may stem from enhanced signaling of the MAPK 
  Figure 1A/B. Keratoacanthoma arising on the right lower leg.  
  Figure 2.     Biopsy of the right lower leg lesion demonstrated a 
crateriform squamous proliferation with a central keratin plug 
surrounded by squamous cells with abundant pink cytoplasm and 
associated with infl ammation, consistent with a keratoacanthoma.   
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pathway in skin. However, the same does not apply 
to imatinib, which is not known to target BRAF. 

 In vitro studies of head and neck squamous carci-
noma cells demonstrated the ability of imatinib to 
indirectly induce activation of the epidermal growth 
factor receptor (EGFR) and downstream signaling of 
the MAPK pathway, which was attributed to the 
release of endogenous EGFR-activating ligands [10]. 
It has also been shown that there is an overexpres-
sion of the EGFR in KAs, SCCs, and AKs [8,11]. 
Based on these studies, enhanced EGFR activity 
may be a potential underlying mechanism that may 
explain increased growth of KAs in our patients. 
However, other in vitro studies have demonstrated 
signifi cant imatinib-induced inhibition of head and 
neck squamous cell carcinoma cells either alone or 
in combination with chemotherapy and radiation 
[12 – 14]. Furthermore, regression of SCC in a patient 
with CML after several months of imatinib treatment 
has also been reported [15]. If an association between 
imatinib mesylate and growth of cutaneous squamous 
neoplasms does exist, further investigations are neces-
sary to elucidate the underlying mechanisms and 
explain the differences in clinical behavior among dif-
ferent patients. It is likely that the development of KAs 
in our patients is multifactorial in nature, but direct 
molecular effects of imatinib on signaling pathways 
regulating cellular growth may be involved as well. 

 Familiarity with this potential toxicity is thera-
peutically relevant and can facilitate earlier recogni-
tion and treatment. If the induction of KAs is truly 
associated with imatinib, patients undergoing such 
therapy may benefi t from routine dermatologic 
screening. 

  Declaration of interest:  Dr. Carvajal is a consul-
tant for Novartis and is on advisory board for 
Novartis and Baxter. He has received honoraria from 
Novartis and Baxter. There are no funding sources 
to declare. 

      References 

  Druker BJ, Talpaz M, Resta DJ, Peng B, Buchdunger E, [1] 
Ford JM, et al. Effi cacy and safety of a specifi c inhibitor of 
the BCR ABL tyrosine kinase in chronic myeloid leukemia. 
N Engl J Med 2001;344:1031 – 7.  
  Baskaynak G, Kreuzer KA, Schwarz M, Zuber J, Audring H, [2] 
Riess H, et al. Squamous cutaneous epithelial cell carcinoma 
in two CML patients with progressive disease under imatinib 
treatment. Eur J Haematol 2003;70:231 – 4.  
  Scheinfeld N. Imatinib mesylate and dermatology part 2: [3] 
A review of the cutaneous side effects of imatinib mesylate. 
J Drugs Dermatol 2006;5:228 – 31.  
  Breccia M, Carmosino I, Russo E, Morano SG, Latagliata R, [4] 
Alimena G. Early and tardive skin adverse events in chronic 
myeloid leukaemia patients treated with imatinib. Eur J 
Haematol 2005;74:121 – 3.  
  Dubauskas Z, Kunishige J, Prieto VG, Jonasch E, Hwu P, [5] 
Tannir NM. Cutaneous squamous cell carcinoma and 
infl ammation of actinic keratoses associated with sorafenib. 
Clin Genitourin Cancer 2009;7:20 – 3.  
  Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, [6] 
Siebels M, et al. Sorafenib in advanced clear-cell renal-cell 
carcinoma. N Engl J Med 2007;356:125 – 34.  
  Lacouture ME, McArthur GA, Chapman PB, Ribas A, [7] 
Flaherty KT, Lee RJ, et al. PLX4032 (RG7204), a selective 
mutant RAF inhibitor: Clinical and histologic characteristics 
of therapy-associated cutaneous neoplasms in a phase I trial. 
J Clin Oncol 2010;28:7s(Suppl abstr 8592).  
  Bulj TK, Krunic AL, Cetner AS, Villano JL. Refractory [8] 
aggressive keratoacanthoma centrifugum marginatum of the 
scalp controlled with the epidermal growth factor receptor 
inhibitor erlotinib. Br J Dermatol 2010.  
  Poulikakos PI, Zhang C, Bollag G, Shokat KM, Rosen N. [9] 
RAF inhibitors transactivate RAF dimers and ERK signal-
ling in cells with wild-type BRAF. Nature 2010;464(7287):
427 – 30.  
  Johnson FM, Saigal B, Donato NJ. Induction of heparin-[10] 
binding EGF-like growth factor and activation of EGF 
receptor in imatinib mesylate-treated squamous carcinoma 
cells. J Cell Physiol 2005;205:218 – 27.  
  Reid DC, Guitart J, Agulnik M, Lacouture ME. Treatment [11] 
of multiple keratoacanthomas with erlotinib. Int J Clin Oncol 
2010;15:413 – 5.  
  Oertel S, Krempien R, Lindel K, Zabel A, Milker-Zabel S, [12] 
Bischof M, et al. Human glioblastoma and carcinoma 
xenograft tumors treated by combined radiation and imat-
inib (Gleevec). Strahlenther Onkol 2006;182:400 – 7.  
  Wang-Rodriguez J, Lopez JP, Altuna X, Chu TS, Weisman [13] 
RA, Ongkeko WM. STI-571 (Gleevec) potentiates the effect 
of cisplatin in inhibiting the proliferation of head and neck 
squamous cell carcinoma in vitro. Laryngoscope 2006;116: 
1409 – 16.  
  Chu HR, Ongkeko WM, Diaz A, Altuna X, Aguilera J, [14] 
Weisman RA, et al. Growth inhibition of head and neck 
squamous cell carcinoma by imatinib mesylate (Gleevec). 
Cancer Ther 2005;3:515 – 24.  
  Kawakami Y, Nakamura K, Nishibu A, Yanagihori H, [15] 
Kimura H, Yamamoto T. Regression of cutaneous squamous 
cell carcinoma in a patient with chronic myeloid leukaemia 
on imatinib mesylate treatment. Acta Derm Venereol 2008;88: 
185 – 6.    


