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Abstract

Fresolimumab is an antibody capable of neutralizing all human isoforms of transforming growth 

factor beta (TGFβ) and has demonstrated anticancer activity in investigational studies. Inhibition 

of TGFβ by fresolimumab can potentially result in the development of cutaneous lesions. The aim 

of this study was to investigate the clinical, histological, and immunohistochemical characteristics 
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of cutaneous neoplasms associated with fresolimumab. Skin biopsies (n = 24) were collected and 

analyzed from patients (n = 5) with treatment-emergent, cutaneous lesions arising during a phase 1 

study of multiple doses of fresolimumab in patients (n = 29) with melanoma or renal cell 

carcinoma. Blinded, independent histological review and measurements of Ki-67, p53, and HPV 

integration were performed. Based on central review, four patients developed lesions with 

histological characteristics of keratoacanthomas, and of these patients, a single case of well-

differentiated squamous cell carcinoma was also found. Expression of Ki-67, no evidence of p53 

overexpression, and only focal positivity for human papillomavirus RNA by in situ hybridization 

in 4/18 cases were consistent with these findings. Following completion of fresolimumab, lesions 

spontaneously resolved. Therefore, benign, reversible keratoacanthomas were the most common 

cutaneous neoplasms observed, a finding of importance for adverse event monitoring, patient care, 

and optimization of therapies targeting TGFβ.
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Introduction

Transforming growth factor beta (TGFβ) is a pleiotropic cytokine that is critical for normal 

cellular homeostasis [1, 2]. However, in advanced malignancies, TGFβ is typically 

overexpressed and is associated with higher pathological grade, increased frequency of 

metastases, and poorer survival in a variety of cancers. In these malignancies, TGFβ 
signaling is often altered, rendering TGFβ a tumor promoter by directly stimulating cell 

proliferation, migration, and invasion [2-4]. In addition, overproduction of TGFβ induces the 

development of a tumor growth-supportive microenvironment by increasing angiogenesis, 

activating stromal cells, increasing extracellular matrix production, and suppressing 

anticancer immunity [2-4]. For these reasons, targeting and neutralizing TGFβ represents a 

rational anticancer approach.

Fresolimumab, also known as GC1008, is a high affinity, human immunogobulin (IgG) 4 

monoclonal antibody capable of binding and neutralizing all human isoforms of TGFβ (β1, 

β2, and β3). In a phase 1 study of fresolimumab in 29 patients with malignant melanoma 

(MM) or renal cell carcinoma (RCC), the development of keratoacanthomas (KAs) and 

squamous cell carcinoma (SCC) were reported in four MM patients [5, 6]. In skin, TGFβ 
inhibits normal keratinocyte proliferation and enhances differentiation [7]. TGFβ typically 

binds to cell surface receptors and induces the formation of a complex [TGFβ receptor R1, 

R2, and R3 (betaglycan)] with serine/threonine kinase activity [2, 3]. This causes the 

phosphorylation and activation of members of the Smad pathway that translocate to the 

nucleus and regulate gene expression. Although the Smad pathway plays a predominant role, 

TGFβ signaling is complex and a diverse number of pathways may be activated by cross talk 

between members of TGFβ family ligands, receptors, Smad components, and their 

transcription factors [8]. Non-Smad signaling through the activation of mitogen-activated 

(MAP) kinases, phosphatidylinositol-3′-kinase (PI3K), extracellular signal-regulated kinase 
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(Erk), Jun N-terminal kinase (JNK), and protein kinase B (Akt) also occurs. In addition, 

TGFβ may signal through other receptors such as endoglin [2].

With the advent of novel targeted therapies, the development of KA and SCC have been 

reported following treatment with several different agents including the multikinase inhibitor 

sorafenib [9, 10], the TNF inhibitor infliximab [11], and the B-rapidly accelerated 

fibrosarcoma (RAF) inhibitors vemurafenib [12, 13] and dabrafenib [14, 15]. In a phase 1 

trial, fresolimumab, an antibody that neutralizes TGFβ, was associated with the development 

of KAs. Herein, we report the clinical and histopathological characteristics of cutaneous 

neoplasms developing in patients receiving fresolimumab therapy.

Materials and methods

Patients

In the phase 1 study of fresolimumab [5, 6], MM and RCC patients were treated at 1 of 6 

dose levels (0.1, 0.3, 1, 3, 10, or 15 mg/kg) in a 3 + 3 dose escalation design with 4 planned 

doses. Patients achieving at least stable disease were eligible to receive “extended treatment” 

consisting of 4 additional doses of fresolimumab every 2 weeks for up to two additional 

courses. For each extended treatment course, intrapatient dose escalation to the current 

fresolimumab dose determined to be safe was allowed. Twenty-two patients (21 MM, 1 

RCC) were treated during the dose escalation portion of the study, including six patients at 

the highest dose 15 mg/kg. In an expansion cohort, seven additional MM patients were 

treated at 15 mg/kg to better evaluate safety and the incidence of skin events. The protocol 

for this study (clinicaltrials.gov: ) was approved by the Institutional Review Board at each 

participating site, and written informed consent was obtained from each patient.

Skin biopsies and analyses

Patients developing new skin lesions while on study were evaluated at their local institution, 

and full thickness skin biopsies were recommended and obtained as appropriate. In general, 

4-βm sections from formalin-fixed, paraffin-embedded biopsy samples of skin lesions were 

stained with hematoxylin and eosin and then evaluated by dermatopathologists at the 

treating institution. Stained and unstained slides were provided for independent central 

review. Hematoxylin- and eosin-stained slides were reviewed in a blinded fashion by a 

dermatopathologist (Joan Guitart), followed by an unblinded review with reports and history 

with the co-investigator (Mario E. Lacouture). In cases where a diagnosis was equivocal, the 

opinion of another dermatopathologist was to be sought; however, there were no 

discordances between investigators in the diagnoses.

Unstained slides and skin samples were further evaluated for the expression of a panel of 

immunohistochemical (IHC) markers. Unstained 4-βm sections of formalin-fixed, paraffin-

embedded skin biopsies were analyzed for expression of kinesis (Ki)-67 (monoclonal 

MIB-1; Dako) and p53 protein (Thermo Scientific, Waltham, MA). Slides were 

deparaffinized and treated with an alcohol gradient to absolute ethanol. Endogenous 

peroxidase activity was blocked with the peroxidase-blocking solution (Dako; S2001). 

Antigen retrieval was achieved with target retrieval solution (Dako). Primary antibody was 
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applied at 1:100 dilution and incubated at 4 °C for 1 h. Anti-mouse IgG with the Dako 

EnVision System (horseradish peroxidase) was employed according to the manufacturer’s 

instructions. Samples were also examined for human papillomavirus (HPV) using in situ 

hybridization to detect common sequences of low- and high-risk HPV genotypes (HPV type 

6/11, 16/18, 31/33/35; Enzo Diagnostics, New York, NY).

Results

Overview of patients treated on study

As reported separately [5, 6], 29 patients (28 MM, 1 RCC) were treated on study with 

fresolimumab. Early evidence of clinical benefit, defined as stable disease or better, was 

observed in seven MM patients: one PR and six SD, including three patients with mixed 

tumor response. Skin toxicity was the most common adverse events/serious adverse events 

(AE/SAE) considered possibly related to fresolimumab. As determined by the local site, this 

included skin rash, the development of eruptive KAs and hyperkeratosis in two patients, 

cutaneous SCC in two patients, and basal cell carcinoma (BCC) in one patient with a history 

of multiple prior BCCs. Grade 1 or 2 skin rashes were reported in 10 patients that improved 

or resolved by end of study (various terms used to describe lesions; events were considered 

either related or unrelated), and six of these patients continued therapy without worsening of 

symptoms. Two SAEs were considered possibly related to fresolimumab, a well-

differentiated SCC in a patient with a prior history of this cancer and a patient that 

developed herpes zoster. There were no drug-related grade 4 or 5 SAEs, and no AE led to 

study drug discontinuation.

Of the two cases of KAs reported by the treating institution, one occurred in a patient who 

initially received treatment at 1 mg/kg (4 doses) and then extended treatment at 3 mg/kg (4 

doses) and 15 mg/kg (4 doses), and the second case occurred in a patient who received 

treatment at 15 mg/ kg (4 doses). Of the two cases reported by a clinical site as representing 

SCC, one occurred in a patient who received treatment at 1 mg/kg (4 doses) and then 

extended treatment at 3 mg/kg (4 doses), and the second case occurred in a patient who 

received treatment at 15 mg/kg (4 doses). In all four patients, KA/SCC lesions were first 

definitively diagnosed by biopsy either during or following their final course of therapy 

(Table 1). However, in three of these four cases, mild non-specific rashes or skin lesions 

preceded the development of the KA/SCC lesions. Patients who developed skin lesions 

underwent biopsies and local treatment. Multiple KA/SCC lesions were present in all four of 

these patients, and following completion of fresolimumab, the remaining lesions were 

observed over time.

Histological analyses

Twenty-four skin biopsies were provided for independent central review. Unstained 

histopathology sections were available for 18 skin lesions from three subjects. IHC and in 

situ hybridization studies were performed in an attempt to distinguish KA from SCC. IHC 

was performed using antihuman p53 oncogene and anti-Ki-67 (MIB-1) proliferative marker 

to detect any specific patterns. Prior to testing the subject samples, a panel of six 

immunomarkers including beta-catenin, CD10, CD99, p63, bcl2, p53, and Ki-67 in control 
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tissues were examined. These markers had been reported to provide diagnostic clues to 

distinguish KA from SCC [16-19]. The six markers were tested in prototypical cases of KA 

(2), verruca vulgaris (1), SCC well differentiated (1), and with keratoacanthomatous changes 

(2). The antibodies satisfactorily stained all control tissues. Based on this pilot sample, the 

markers that we found to be of best assistance at differentiating KA from SCC were p53 and 

Ki-67. Both of these markers showed distinct patterns in SCC and KA. Strong p53 staining 

has been reported in SCC, but this pattern is rare in KA. The proliferative marker Ki-67 is 

expressed diffusely in SCC, whereas in KA, Ki67 is expressed only during the proliferative 

phase and mostly at the periphery of the tumor.

Two slides from each case were examined by in situ hybridization against common 

sequences of low- and high-risk HPV genotypes (HPV type 6/11, 16/18, 31/33/35). Stained 

slides were evaluated and graded for nuclear expression.

Clinical and pathologic characterization of skin lesions

Of the skin lesions examined by independent central review, 16 KAs, 1 well-differentiated, 

microinvasive SCC, and 7 other dermatologic abnormalities (pilomatricoma; acantholytic 

acanthoma; actinic keratosis; seborrheic keratosis, inflamed; perivascular dermatitis with 

eosinophils; verruca vulgaris, inflamed; chronic spongiotic dermatitis with eosinophils) were 

noted in the 24 samples submitted (Table 2; representative examples are shown in Figs. 1, 2). 

Discordance of SCC/KA diagnoses between this independent central review and that of the 

local sites occurred in three lesions. In this central review, the two cases diagnosed at the 

treating institution as SCC were interpreted as representing KAs, and in another case, a 

lesion diagnosed as a squamous epithelial proliferation with KA-like features was 

interpreted as most consistent with SCC.

Mutant p53 expression was negative in most cases of KAs, consistent with prior reports. 

Focal and weak expression was observed in three cases of KA, but upon histology review, 

these focal areas showed no evidence of atypia. One case of squamous cell carcinoma and 

one case of hypertrophic actinic keratosis, both within a background of solar elastosis, were 

strongly positive (Table 3).

Of the 15 lesions identified as KA, Ki-67 staining was 2+ in 20 % of lesions, compared to 

66 % in SCC, p53 staining + in 13 % (compared to 100 % of SCC), high-risk HPV mRNA 

was + in 20 % of KA but none of the SCC. The proliferative marker Ki-67 reflected the 

growth phase of the lesion and showed a trend for increased expression in cases with 

morphological evidence of squamous atypia. The staining was primarily at the periphery or 

advancing border of the lesions. In situ hybridization for unrestricted low- and high-risk 

HPV were negative with the exception of one case that was focally positive for low-risk 

HPV and three cases also focally positive for high-risk HPV. The significance of focal 

positivity in these samples is unclear and could imply episomal viral products rather 

oncogenic viral integration.
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Discussion

In this study, we report the development of KA lesions in melanoma patients following the 

blockade of TGFβ with a neutralizing antibody. KAs are characterized by rapidly growing, 

symmetrical, dome-shaped nodules that frequently undergo spontaneous resolution [20, 21]. 

The tumors are mostly endophytic with a verrucous exophytic component during the 

growing phase, but in late lesions, full keratinization occurs resulting in transepidermal 

extrusion of keratotic debris. KAs are often clinically indistinguishable from well-

differentiated SCCs or other verrucous processes. While some authors have considered KAs 

to be low-grade cutaneous SCCs, the lack of frank atypia and the spontaneous resolution of 

the tumors indicate otherwise [22-24]. Known risk factors for cutaneous squamous cell 

proliferations are ultraviolet light exposure, especially in fair-skinned individuals, 

immunosuppression, and HPV infection. KAs most often arise on sun-exposed sites of light-

skinned people of middle or older age and are more frequent in immunocompromised 

patients. The development of multiple KAs are typically rare. However, they can be seen as 

generalized eruptive lesions in the context of the Ferguson-Smith syndrome, the Muir–Torre 

syndrome, and the rare Grzybowski syndrome.

TGFβ is a pleiotropic cytokine with immune modulatory and other functions. It might be 

expected that blockade of TGFβ could be detrimental to normal homeostatic activities. In 

the extreme case, complete disruption of TGFβ1 in homozygous “knockout” (KO) mice can 

result in intrauterine death, and although more than a third of fetuses do develop to term, the 

resulting animals develop a fatal wasting syndrome characterized by inflammatory lesions in 

multiple organs including the lungs and heart, which results in death within a few weeks of 

birth [25, 26]. In these TGFβ1 knockout (KO) mice, no lesions were reported in the skin 

upon histological examination; however, the animals were only 10–21 days old at the time of 

analysis. With respect to the development of inflammatory multifocal disease, complete 

versus partial neutralization of TGFβ may have very different outcomes. Animals with 

partial heterozygous deletion of TGFβ have a normal phenotype [25]. In addition, preclinical 

models of chronic TGFβ neutralization have not replicated these multi-organ inflammatory 

phenotypes in mice [27] or non-human primates (Genzyme, unpublished observations), 

indicating that neutralizing antibodies to TGFβ reduce but cannot completely remove or KO 

TGFβ in vivo.

TGFβ is known to act as a tumor suppressor early in carcinogenesis, but then switches to a 

promoter of tumor growth and metastatic behavior in some late-stage cancers. In a skin 

chemical-induced carcinogenesis model, cutaneous TGFβ signaling appeared to promote the 

development of benign tumors but suppressed premalignant progression to cancerous 

lesions, and treatment with SB431542, a small molecule inhibitor of anaplastic lymphoma 

receptor tyrosine kinase (ALK)5 (aTGFβ type I receptor), was observed to increase the 

conversion of papillomas to SCCs [28]. However, the effect of TGFβ appears to be context 

dependent. Other investigators have examined the effect of overexpression of TGFβ in rat 

sarcoma (RAS)-transfected human malignant epidermal keratinocytes that represent the 

early stages of human SCC [29]. Cells that over-expressed TGFβ were more proliferative, 

grew into larger tumors, and were more invasive than controls, indicating a role of TGFβ in 

the growth and progression of these cancerous lesions. These data again indicate that TGFβ 
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over-expression has a complex effect that is different for normal and premalignant cells 

compared to advanced cancer cells and likely reflect genetic changes that influence the 

signaling pathways in context-dependent manners. In the case of fresolimumab, the KAs and 

other lesions did not have an increased conversion to SCC.

In this study, we examined treatment-emergent skin lesions arising in MM or RCC patients 

participating in a clinical study of fresolimumab [5]. On central review, all lesions reported 

by the treating institution as SCC were interpreted as consistent with KA, and of all cases 

reported by the treating institution as KA, one case was interpreted as consistent with SCC. 

All institution-reported cases of SCCs came from a single collaborating site where the term 

“keratoacanthoma” was not used, and instead, all cases with features of KA were reported as 

SCC. In the single case where a lesion was interpreted as SCC by central review, the biopsy 

was read at the institution as an atypical squamous epithelial proliferation with 

keratoacanthoma features and arose in a skin cancer patient with a history of prior SCC 

lesions.

The diagnosis of KA is further supported by additional markers and the clinical behavior of 

the lesions. We used immunohistochemistry as an ancillary test, since morphological overlap 

by routine histology is a common problem in differentiating KA from SCC. Lack of 

significant p53 expression (<10 % of viable keratinocytes) is more consistent with KA, 

whereas high p53 expression is suggestive of SCC. Similarly, Ki67 (MIB-1) is not abundant 

in mature KA (<10 % of keratinocytes), whereas SCC tend to show persistent high 

expression (>50 % of viable cells).

In our study, increased expression of Ki-67 confined to the tumor periphery, decreased p53 

expression, and lack of HPV integration were observed in most cases. These findings are 

consistent with that of KA and indicate that any potential role of HPV in the development of 

these lesions may be limited to a minority of cases. High-risk HPV strains are typically 

associated with mucosal SCC and with carcinomas of the skin in immunosuppressed 

patients. Clinically, these fresolimumab-treated patients developed multiple lesions that were 

noted to wax and wane over time. Lesions that remained following completion of treatment 

were observed, and over a period of weeks to months, they regressed, supporting a benign, 

reversible clinical behavior and the diagnosis of KA. Fresolimumab has a long half-life of 

approximately 3 weeks, and persistent antibody is likely a contributing factor to the slow 

regression of these lesions.

Four patients developed these KA/SCC lesions, and in each case, the patients were either 

treated with the highest dose level of fresolimumab, 15 mg/kg, or received extended 

treatment (Table 1). Although this may be a reflection of fresolimumab dose and exposure, 

other factors may be important for the development of these lesions. In preclinical studies 

with neutralizing anti-TGFβ antibodies in mice [27] and non-human primates (Genzyme, 

unpublished observations), animals did not develop skin lesions or KAs. However, some did 

develop hyperkeratosis in the oral cavity, notably adjacent to emerging teeth. Similar oral 

lesions were not observed in humans and may indicate either differences in species or 

differences in oral cavity tissues such as the state of cell growth and proliferation. In this 
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clinical trial of fresolimumab, patients developing these KA/SCC lesions of the skin had 

MM and histories of solar damage.

In this study, 10 patients developed transient grade 1 or 2 skin lesions, which were described 

by various non-specific terms such as papular rash, maculopapular rash, or drug eruption and 

considered either related or unrelated. The majority of patients (80 %) with skin events 

reported developing these lesions after multiple doses of GC1008 or after single 

administration of the highest dose 15 mg/kg. It is interesting to speculate that some of these 

skin dis-orders may represent precursors of KAs and to note that dose intensity and the 

development of such lesions may be directly related. In the future, comparative gene 

profiling of these various lesions and KAs may be informative as to their etiology and 

development. Immunohistochemical stains revealed some differences between KA and SCC, 

namely, KA have a lower frequency of staining for Ki-67 when compared to SCC. Staining 

for high-risk HPV mRNA was low in KA and absent in SCC.

Recently, a clinical disease correlate has been described that could provide insights into the 

biology of KAs. In work by Goudie et al. [30], genomic sequencing was performed on 

families with Ferguson-Smith disease, an autosomal dominant skin condition characterized 

by the appearance of multiple KAs. In this study, a genotype–phenotype correlation between 

loss of function of TGF– R1 (TGFβ receptor 1) and the development of the characteristic 

skin lesions were found. Interestingly, the lesions observed in patients receiving 

fresolimumab have similarities to those described with this genetic disorder. Therefore, 

effective neutralization of TGFβ with fresolimumab may mimic the loss of TGFβ signaling 

found in patients with Ferguson-Smith disease.

With the advent of novel, targeted therapies for the treatment of cancer, the development of 

skin lesions has emerged as an unexpected toxicity. The development of KAs and SCCs has 

been reported following treatment with a variety of agents that target different pathways. 

These include the multikinase inhibitor sorafenib [9, 10], the TNF inhibitor infliximab [11], 

the B-RAF inhibitors vemurafenib [12, 13] and dabrafenib [14, 15], and now fresolimumab, 

an anti-TGFβ monoclonal antibody.

The development of multiple KAs reported in patients treated with sorafenib, vemurafenib, 

and dabrafenib therapy show a similar clinical pattern and histological appearance to that 

observed in our study [31]. KAs and SCCs are frequent events observed with agents 

targeting the RAF pathway such as vemurafenib and dabrafenib and have been reported to 

have an incidence between 11 and 21 % in treated patients. The lesions occurring in these B-

RAF inhibitor-treated patients typically harbor RAS mutations, most frequently HRAS [13]. 

Evidence suggests that RAF inhibitors induced BRAF–CRAF dimerization in BRAF wt 
keratinocytes, thereby activating the MAP kinase pathway with resultant keratinocyte 

proliferation. In a subset of sorafenib-induced neoplasms (n = 2), two lesions revealed 

somatic missense mutations in TGFBR1 in one KA (c.1120G > A; p.Gly374Arg) and in one 

SCC in situ (c.248C > T; Pro83Leu) [10]. Although fresolimumab and these other novel 

agents act on different signaling pathways, there may be significant cross talk between these 

affected pathways. However, a common etiology for the development of KA and SCC has 

not yet been identified. These data implicating an association of KAs and RAF, RAS, and 
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TGFBR1 were not available at the time this trial was completed, and therefore, the 

collection of appropriate samples and assessment of these parameters were not planned or 

performed as part of this study.

In conclusion, neutralization of TGFβ by fresolimumab may induce the development of skin 

lesions consistent with eruptive KAs. Our data regarding the expression of Ki-67, p53, and 

HPV support this diagnosis, and the regression of lesions following completion of study 

drug demonstrates their reversible, non-malignant nature. However, close and frequent 

follow-up, as well as the standard management of KA/SCCs should be instituted in patients 

who develop these events, as there is a low, yet poorly defined risk of metastases [32]. 

Treatment-emergent KAs have been reported following other novel therapies such as 

sorafenib [9], vemurafenib [12], and infliximab [11] and may reflect cross talk between 

signaling pathways affected by these agents and TGFβ. Although not examined in this study 

of fresolimumab, data from studies of B-RAF inhibitors [13] and sorafenib [9, 10] have 

suggested a role for H-RAS mutations and the development of drug-associated KAs. Future 

research focusing on the common defects between these treatment-emergent skin lesions, the 

RAS pathway, and that of Ferguson-Smith disease may yield important insights into the 

development of these skin lesions.
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Abbreviations

AE/SAE Adverse events/serious adverse events

Akt Protein kinase B

ALK Anaplastic lymphoma receptor tyrosine kinase

ERK Extracellular signal-regulated kinase

HPV Human papillomavirus

IHC Immunohistochemical

IgG Immunoglobulin

JNK Jun N-terminal kinase

KA Keratoacanthoma

Kg Kilograms

Ki Kinesis

KO Knockout

Mg Milligrams
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MM Malignant melanoma

NCI National Cancer Institute

RAF Rapidly accelerated fibrosarcoma

RAS Rat sarcoma

RCC Renal cell carcinoma

SCC Squamous cell carcinoma

SMAD Small body size mothers against decapentaplegic

TGFβ Transforming growth factor β

TGFBR Transforming growth factor β receptor
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Fig. 1. 
a Cutaneous neoplasms following fresolimumab treatment. Patient 007 was a 65-year-old 

woman with MM who received fresolimumab at 1 mg/kg ×4 doses followed by extended 

treatment at 3 and 15 mg/kg ×4 who achieved a PR. An asymptomatic, self-limited, papular 

rash developed after three doses of fresolimumab 1 mg/kg. At 3 mg/kg, a papular rash with a 

few keratosis pilaris-like papules developed, which on biopsy revealed an enlarged hair 

follicle with irregular keratinization and lichenoid keratosis. Between courses, rashes 

improved and tumor continued to regress. At 15 mg/kg, lesions with features of 

keratoacanthomas developed on her face, chest, and arms. These lesions completely 

regressed over a period of months following completion of therapy. b Characteristic 

appearance of a keratoacanthoma. Lesions were characterized by skin-colored, domeshaped 

papules or nodules with a crateriform center and keratin plug
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Fig. 2. 
Histology of keratoacanthoma arising in a patient treated with fresolimumab. Hematoxylin- 

and eosin-stained skin biopsy section demonstrates a central keratinous plug present within 

an acanthotic epidermis with few atypical keratinocytes. A sparse inflammatory dermal 

infiltrate underlies this lesion
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