
Case Series of Dermatologic Events
Associated With the Insulin-Like Growth
Factor Receptor 1 Inhibitor Cixutumumab

Introduction

The insulin-like growth factor-1 receptor (IGFR1) is frequently
overexpressed in a broad range of tumors. Its signaling has been
shown to be involved in tumorigenesis and metastatic potential of
multiple cancers.1 Drugs targeting this pathway began to be developed
in the late 1990s, including monoclonal antibodies to IGFR1.2 Cixu-
tumumab (IMC-A12; ImClone Systems, Bridgewater, NJ), a fully
humanized monoclonal IgG1 antibody, binds to IGFR1 with high
affinity, inhibiting its activation.3

Because IGFR1-targeted therapy is relatively new, the potential
toxicities are not fully understood. IGF-1 has many physiologic roles
that could potentially be compromised by the inhibition of its recep-
tor. One of these roles is to enhance epidermal proliferative potential
as well as keratinocyte cell migration.4 Therefore, potential dermato-
logic adverse effects can be anticipated when IGFR1 function is inhib-
ited. An in-depth review of the literature did not reveal any previous
reports that have addressed this issue. In this article, we describe four
patients who were enrolled onto clinical trials using cixutumumab
and subsequently developed skin and nail abnormalities.

Case Reports

A 59-year-old Asian man known to have chronic hepatitis B had
a resected, well-differentiated hepatocellular carcinoma and two local
recurrences that were treated with bland transarterial embolization.
When his disease progressed, however, the patient was enrolled onto a
clinical trial evaluating cixutumumab in patients with advanced hep-
atocellular carcinoma (A Phase II Study of IMC-A12 [NSC742460] in
Hepatocellular Carcinoma). The patient tolerated therapy well, and
continued with stable disease for more than 2 years. The patient noted
brittle nails and axillary hair thinning about 14 months after the start
of therapy. Evaluation by a dermatologist revealed grade 1 koilonychia
(Fig 1), xerosis, and body hair thinning. Laboratory parameters re-
vealed that total iron (Fe) and total iron-binding capacity (TIBC) were
elevated to 224 mcg/dL and 524 mcg/dL, respectively, whereas the
transferrin saturation index was normal at 43%. These results are best
explained by the fact that the patient was already receiving iron sulfate
supplementation. The patient continues to receive cixutumumab.

A 77-year-old man was diagnosed at age 63 years with adenocar-
cinoma of the prostate (Gleason score 8) with a pretreatment prostate-
specific antigen of 28 ng/mL and lymph node involvement. After
treatment with gonadotropin-releasing hormone agonist and multi-
ple lines of antiandrogens, the cancer was deemed refractory to hor-
mone therapy. The patient was enrolled onto successive clinical trials,
during which he incurred repeated biochemical relapse, until he
joined a clinical trial that combined cixutumumab and temsirolimus
(Phase I/II Trial of Anti-IGF-IR Monoclonal Antibody IMC-A12 Plus

mTOR Inhibitor Temsirolimus [CCI-779] in Metastatic Castration-
Resistant Prostate Cancer). Three months after the start of this ther-
apy, the patient developed a pruritic rash across the flanks and subtle
nail changes. Evaluation by a dermatologist revealed grade 1 xerosis
and grade 1 koilonychia (Fig 2). The patient’s iron studies were all
within normal reference ranges (Fe, 107 mcg/dL; TIBC, 349 mcg/dL;
transferrin saturation index, 31%). The patient has not received any
iron supplementation and remains enrolled onto the study at
this time.

A 48-year-old woman was diagnosed at age 43 years with leiomy-
osarcoma involving the distal left fibula, for which she underwent
wide excision. Two years later, the patient was found to have lung
metastases and then bone metastases, for which she was treated with
different lines of chemotherapy and palliative radiation to the sites of
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bone metastases. On additional progression of disease, the patient was
enrolled onto a clinical trial evaluating the combination of temsiroli-
mus and cixutumumab (A Phase II Study of Temsirolimus [CCI-779,
NSC 683864] and IGF-1 Receptor Antibody Cixutumumab [IMC-
A12, NSC 742460] in Patients With Metastatic Sarcomas). Three
months after the start of therapy, the patient began experiencing
dermatologic problems including paronychia, loss of cuticles, dry
skin, pruritus, and decreased hair growth. Evaluation by a dermatol-
ogist revealed grade 2 paronychia and grade 2 xerosis (Fig 3). The
patient was also evaluated for microcytic anemia and was found to
have an iron deficiency (Fe, 27 mcg/dL; TIBC, 373 mcg/dL; transferrin
saturation index, 7%) that was subsequently treated with intravenous
iron administration. Five months after enrollment onto the trial, the
patient was found to have a new brain metastasis for which she under-
went resection and radiation therapy. The disease ultimately pro-
gressed and the patient died as a result of her illness.

A 60-year-old man was diagnosed at age 36 years with chondro-
sarcoma of the sternum for which he underwent partial sternal resec-
tion with bone graft reconstruction. At age 52, he was found to have
bilateral calcified lung nodules. Expectant management was chosen
given the indolent nature of the disease. Five years later, enlargement
of the lung nodules was noted along with new bony lesions in multiple
sites. The latter were treated palliatively. At age 59, the patient was
enrolled onto a randomized trial of the tyrosine kinase inhibitor
brivanib versus a placebo, but the disease progressed. The patient,
whose tumor tested positive for IGFR1 expression, subsequently en-
rolled onto the same clinical trial of cixutumumab and temsirolimus
as the third patient described (the 48-year-old woman originally diag-
nosed with leiomyosarcoma). A rash developed over the back and
chest approximately 3 weeks after the start of therapy. Evaluation by a
dermatologist revealed a grade 2 rash consisting of multiple papules
and pustules. A punch biopsy was obtained that showed culture-
negative suppurative folliculitis. Treatment consisted of doxycycline
at a dose of 100 mg twice per day and steroid cream, and significant
clinical improvement was observed. The patient was also found to
have grade 1 xerosis and grade 2 nail abnormalities that consisted of
flattened nails with subungual proximal dyschromia and paronychia
(Fig 4). The patient’s iron studies were all within normal reference
ranges (Fe, 66 mcg/dL; TIBC, 337 mcg/dL; transferrin saturation in-
dex, 20%). The patient has not received any iron supplementation and

remains enrolled onto the study at this time. He required a nail avul-
sion because of progressive paronychia despite conservative measures.

Discussion

IGFR1 is an attractive treatment target for multiple neoplasms.1,5

Inhibition of its action can be achieved by monoclonal antibodies,
tyrosine kinase inhibitors, and small interfering RNA molecules.6,7

Cixutumumab binds avidly to IGFR1 and inhibits its activation
and downstream signaling by mediating internalization and degrada-
tion of this receptor. In addition to being a mitogen, IGF-1 is a
mediator of the growth-promoting action of growth hormone, and a
metabolic regulator with insulin-like activity; inhibiting it would the-
oretically lead to many adverse effects including dermatologic effects.8

In vitro, IGFR1 was found to enhance epidermal proliferative
potential as well as keratinocyte migration.4 Therefore, dermatologic
adverse effects can be anticipated when IGFR1 function is inhibited.
IGF-1 is locally produced by dermal papilla cells. It interacts with its
receptor, which is predominantly expressed in basal keratinocytes,
leading to regulation of the progenitor cell population responsible for
the regeneration of the epidermis.9 Genetic experiments showed that
eliminating IGFR1 in skin results in a disrupted epidermis wherein
keratinocytes exhibit accelerated differentiation and decreased prolif-
eration.10 Moreover, in vitro skin cultures treated with anti-IGFR1
antibodies show focal necrotic areas; this suggests that IGFR1 has a
critical role in cell survival.11

These experimental findings shed some light on a number of
disease states. Skin sections from patients with diabetes showed absent
expression of IGF-1 within the basal layer and fibroblasts. This was
found to contribute to the defective wound healing seen in patients
with diabetes mellitus.12 Moreover, a rare autosomal recessive hered-
itary disease called pycnodysostosis is associated with a decrease in
circulating IGF-1 levels and a phenotype that includes short stature,
bone abnormalities, delayed eruption of teeth, and dysplastic nails.8,13

In view of these pathologic entities, it is reasonable to believe that
the inhibition of IGFR1 using cixutumumab in the patients described
created an acquired form of disease that affected the hair and nails, in
particular. Other causes of koilonychia should be explored and ex-
cluded before this hypothesis can be endorsed. The single most im-
portant factor associated with koilonychia is iron deficiency anemia.14

Three of the four patients had normal iron studies. Koilonychia has
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also been reported in other states: idiopathic, hereditary, traumatic, or
related to fungal infection, psoriasis, or even polycythemia vera.15,16

None of these inciting factors were present in our patients.
In three of the four patients, a combination of cixutumumab

with mammalian target of rapamycin (mTOR) inhibitor was used.
This raises the question of a possible interaction between the two
classes of drugs, be it a simple additive effect or a potentiation. In fact,
mTOR inhibitors have been independently linked to various derma-
tologic toxicities. In a recent review of the subject,17 the cutaneous and
mucosal effects associated with mTOR inhibitors included acne-like
dermatitis, pruritus, exanthema, mouth ulcers, and onychopathy.
Types of onychopathy included longitudinal ridging, distal onycholy-
sis, splinter hemorrhages, transverse leukonychia, and periungual dis-
orders. These adverse dermatologic events were dose dependent and
most were reversible.17 In light of these findings, an interaction be-
tween IGFR1 and mTOR inhibitors that contributes to the described
dermatologic manifestations cannot be ruled out. Combination stud-
ies are needed to establish the validity of such an interaction.

In conclusion, to our knowledge, the case reports presented pro-
vide the first clinical evidence that supports the risk of dermatologic
toxicity when using a drug that inhibits IGFR1. However, the experi-
ence with such investigational drugs is still limited, and studies in
larger patient populations will be needed to establish the true spec-
trum and rate of adverse events (especially low-frequency events)
associated with this class of agents. Therefore, awareness of the poten-
tial dermatologic adverse effects is important, but additional studies
and longer follow-up are needed to know the clinical value and the
need for dermatologic examination in patients who are being treated
with inhibitors of IGFR1.
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