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Abstract

Purpose: Patients with BRAF V600 wild-type melanoma whose tumors progress on checkpoint 

inhibition currently have limited therapeutic options, and additional rational treatment targets are 

needed. ERBB2 alterations may be amenable to targeted inhibition, but the rate of ERBB2 
alterations across melanoma subtypes is not well described.

Patients and Methods: All patients with nonuveal melanoma (cutaneous, acral, mucosal, and 

unknown primary) whose tumors underwent multigene sequencing with MSK-IMPACT at 

Memorial Sloan Kettering Cancer Center (New York, NY) from 2014 to 2018 were reviewed for 

known or likely oncogenic somatic alterations in ERBB2 and the other known canonical driver 

genes BRAF, NRAS, KIT, NF1, GNAQ, and GNA11.

Results: A patient with acral melanoma resistant to checkpoint inhibition was found to have 

ERBB2 amplification and achieved a durable complete response to trastuzumab emtansine. Tumor 

sequencing results from 732 melanoma cases were analyzed for ERBB2 and canonical driver gene 
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alterations. ERBB2 amplifications were detected in acral (3%) and mucosal (3%) melanomas. 

ERBB2 mutations were found in cutaneous (1%), acral (2%), and mucosal (2%) subtypes and 

frequently cooccurred with NF1 alterations. Among the 140 patients whose tumors lacked 

canonical driver alterations, ERBB2 amplifications were detected in acral (7%) and mucosal (6%) 

melanomas.

Conclusions: ERBB2 amplification is present in a minority of acral lentiginous and mucosal 

melanomas. Activating mutations in ERBB2 were identified in nonuveal melanoma subtypes and 

are frequently comutated with canonical drivers. HER2 could represent a therapeutically relevant 

target across melanoma subtypes.

Introduction

The introduction of programmed death-1 (PD-1)–based checkpoint inhibition and BRAF 
V600–directed therapies has been crucial advancements in the treatment of melanoma (1). 

However, for patients whose tumors progress on first-line therapies, existing options have 

limited utility, particularly for patients whose tumors are BRAF V600 wild-type (1). Studies 

enrolling patients with melanoma that have progressed on PD-1–based therapy are ongoing, 

but early results of novel checkpoint inhibitor combinations suggest objective response rate 

(ORR) similar to traditional cytotoxic chemotherapy (2). Acral lentiginous melanoma is a 

rare subtype of melanoma arising from the palms, soles, and nail beds. BRAF V600 

mutations are less prevalent in acral melanoma than in cutaneous melanoma (~15% vs. 

~45%) suggesting that the pathogenesis of these melanomas is distinct (3). Prior studies 

suggest that the majority of acral melanomas harbor alterations in cyclin-dependent kinase 

pathways such as CDKN2A/CDK4/ CCND1 that are less easily targetable by currently 

available therapies (4). Identifying novel actionable driver alterations would provide 

important new opportunities for therapeutic intervention.

Alterations in ERBB2, the gene that encodes the HER2 receptor tyrosine kinase, can lead to 

uncontrolled cellular proliferation and oncogenesis through various mechanisms (5). The 

therapeutic implications of ERBB2 amplifications are best understood in breast 

adenocarcinomas, where they are predictive of clinical benefit from HER2-directed mAbs 

(trastuzumab and pertuzumab), antibody-drug conjugates (trastuzumab emtansine), and 

HER2 kinase inhibitors (lapatinib; ref. 6). ERBB2 amplifications are also predictive of 

response to trastuzumab in gastroesophageal junction adeno-carcinoma (7). In addition, it is 

now recognized that some cancers activate ERBB2 through mutation rather than 

amplification of the wild-type gene (8). Recent clinical data suggest that a subset of patients 

with ERBB2 mutant tumors can achieve durable responses to the irreversible pan-HER 

kinase inhibitor neratinib (9).

Trastuzumab emtansine (T-DM1) acts through the binding of the trastuzumab antibody 

component to the HER2 receptor, which triggers endocytosis of the HER2-T-DM1 complex 

and subsequent release of the microtubule assembly-inhibiting emtansine component (10). A 

phase III clinical trial has shown 44% ORR to TDM-1 in advanced breast cancers (11). We 

report the case of a patient with acral melanoma refractory to checkpoint inhibition found to 

harbor ERBB2 amplification who was treated with HER2-directed T-DM1 therapy. We also 
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report the frequency of ERBB2 alterations across multiple melanoma subtypes at a single 

institution.

Case Report

A 58-year-old Caucasian male was diagnosed in 2012 with T4bN1a acral melanoma of the 

left great toe that was BRAF/ KIT/NRAS wild-type using targeted exon sequencing. He was 

treated with wide local excision, full lymph node dissection, and adjuvant high-dose 

interferon alpha-2b. Six months into adjuvant therapy, he was found to have isolated lung 

metastases in the right middle lobe and opted to undergo wedge resection. Eleven months 

later, he had a recurrence in the lung and enrolled on a clinical trial of tumor infiltrating 

lymphocyte (TIL) therapy with primary progression. He was then treated with ipilimumab 3 

mg/kg plus nivolumab 1 mg/kg within the context of a clinical trial. He received three doses 

with a partial response complicated by grade 4 hemolytic anemia. For 18 months, he 

received nivolumab 3 mg/kg every 2 weeks. During this time, he had two local interventions 

for isolated progressive disease in the lung and mediastinum (10 and 14 months into 

nivolumab therapy, respectively) with eventual progression in the pleura. He then received 

one cycle of temozolomide 175 mg/m2 × 5 days, which was discontinued due to grade 4 

pancytopenia. Within 1 month of receiving temozolomide, the patient’s disease had 

progressed with an enlarging pleural mass and the development of right pleural and 

pericardial effusions (Fig. 1A).

As the patient’s prior limited tumor molecular analysis had identified no known driver 

alteration, a lung metastasis was collected following disease progression on immune 

checkpoint inhibitor therapy and analyzed using a hybridization capture-based panel of 410 

cancer-related genes (MSK-IMPACT; ref. 12). The tumor had a low mutation rate with only 

a single missense mutation, a missense mutation of unknown significance in the AURKB 
gene. The tumor did, however, harbor 26-fold amplification of ERBB2. CDK12, also located 

on Chromosome 17q12, was amplified 7.3-fold, and CDK4 and MDM2 were amplified 3.8- 

and 4.2-fold.

On the basis of the finding of ERBB2 amplification, the patient was treated off-label with T-

DM1 at a dose of 2.7 mg/kg every 3 weeks, which represented an upfront 25% dose 

reduction due to baseline thrombocytopenia. After 2 months of T-DM1 treatment, a repeat 

CT scan showed a significant reduction in both the pleural and pericardial effusions and 

otherwise stable pleural disease. Following 8 months of T-DM1, there was a radiographic 

complete response with resolution of effusions (Fig. 1B). This response has persisted for 28 

months, and treatment is ongoing without evidence of disease progression. The patient’s 

treatment course has been notable for grade 2 transaminitis with regenerative hepatic 

nodules, which was managed with occasional dose delays. The patient has consented to the 

publication of this report.

Retrospective Assessment of ERBB2 Alterations in Melanoma Subtypes

Given the index patient’s profound and durable response to HER2-directed therapy, we 

sought to characterize the rate of ERBB2 aberrations across melanoma subtypes. After 

Institutional Review Board approval of methods in accordance with the Belmont Report, we 
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clinically annotated and reviewed genomic data for all 732 patients with nonuveal melanoma 

who had undergone tumor genomic profiling using MSK-IMPACT at our institution between 

2014 and 2018. Mutations in ERBB2 were assessed for functional significance using the 

annotated database OncoKB (13). The primary site was cutaneous in 438 patients, acral in 

58, mucosal in 118, or an unknown primary in 118. Alterations detected included 

nonsynonymous single nucleotide variants, small indels, copy-number alterations (log2 fold 

change >2 or <−2), and structural rearrangements. All patients without detected oncogenic 

alterations in BRAF, NRAS, KIT, NF1, GNAQ, or GNA11 were considered “canonical wild-

type” cases.

In patients with melanoma who had undergone MSK-IMPACT testing, the rate of ERBB2 
amplification was 3% in acral (range, 3.5 to 26.0-fold), 3% in mucosal (range, 2.1 to 35.8-

fold), and 0% in other subtypes. Rates of ERBB2 missense mutation were 1% in cutaneous, 

2% in acral, 3% in mucosal, and 0% in melanoma of unknown primary. Previously validated 

hotspot mutations were found in both the extracellular and kinase domains (Fig. 2). No 

melanomas had both ERBB2 amplification and coding alterations. In the subgroup of 

canonical wild-type tumors (N = 140), rates of ERBB2 amplification were 7% in acral 

(range, 3.5 to 26.0-fold) and 6% in mucosal melanoma (range, 2.4 to 25.8-fold). In contrast, 

among canonical wild-type tumors, ERBB2 missense mutations were only present in one 

cutaneous melanoma (Table 1). The remaining 6 ERBB2 mutant melanomas had comutation 

of NF1 (N = 4), KIT (N = 1), and NFI with BRAF (N = 1; Fig. 3).

Discussion

This case represents, to our knowledge, the first successful use of a HER2-targeted therapy 

in a patient with melanoma harboring ERBB2 amplification. The patient had progressed on 

ipilimumab plus nivolumab, investigational TIL therapy, had received multiple local 

interventions, and was intolerant to cytotoxic therapy. Treatment of this patient with 

trastuzumab emtansine for over 2 years represents meaningful therapeutic benefit derived 

from broad genomic sequencing that incorporates copy-number amplifications.

In contrast with cutaneous and unknown primary melanomas, acral and mucosal melanomas 

are less likely to have BRAF and NRAS driver alterations (3). A minority will have KIT 
alterations, although KIT-directed therapy has proven less effective than BRAF V600–

directed therapy in patients with melanoma (14). As a result, most patients with acral and 

mucosal melanomas that progress on checkpoint inhibitors lack targeted therapy options. A 

prior study of 600 melanomas that included 18 acral and mucosal primaries found a rate of 

HER2 overexpression of 5% by IHC, but did not report rates by primary site (15). Our data 

suggest that ERBB2 amplifications are present at a rate of 3% in unselected acral lentiginous 

and mucosal melanomas, and are enriched (6%–7%) among the subset wild-type for BRAF, 
NRAS, KIT, NF1, GNAQ, and GNA11. Thus, clinical testing for ERBB2 amplification 

should be considered in acral or mucosal melanomas, particularly those that are wild-type 

for these canonical drivers. In contrast, ERBB2 mutations occur at low rates across 

cutaneous, mucosal, and acral melanomas and appear to cooccur with canonical alterations, 

most frequently NF1. The comutation pattern could potentially impact the sensitivity of 

these tumors to both HER2-targeted therapies as well as therapies directed against other 
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canonical driver such as KIT. The 1% to 3% rate of ERBB2 mutations in this report may be 

an underestimate of the true rate of oncogenic ERBB2 alterations across melanoma subtypes 

as OncoKB periodically incorporates future investigations that validate additional 

pathogenic mutations.

ERBB2 amplifications and mutations appear to be distinct molecular events with little 

overlap across melanoma subtypes, consistent with findings from a recent pan-cancer 

analysis (16). The molecular basis for this distinction remains unclear, although responses to 

therapy appear to vary by type of ERBB2 alteration. ERBB2 amplifications have been 

successfully targeted in breast cancer by T-DM1, trastuzumab, and pertuzumab with and 

without conventional chemotherapy, resulting in overall response rates (ORR) of 44% to 

80% (6). Targeted therapy in HER2-amplified metastatic colon cancers has also shown 

efficacy in phase II trials, with a 30% ORR with the combination of trastuzumab and 

lapatinib (17). Two preliminary reports of prospective trials of T-DM1 in HER2-amplified 

tumors suggest varying efficacy by histology, with several responses seen in salivary cancers 

but fewer seen in colon cancers (18, 19). No data on melanoma were reported from either 

trial. HER2-directed therapy has generally shown less benefit in ERBB2 mutant patients in 

prior clinical trials, although it also likely varies by histologic subtype. A phase II “basket 

trial” of neratinib for patients with ERBB2- or ERBB3-mutant tumors of any histology 

demonstrated an ORR of 32% in 25 patients with breast cancer, but a similar sized cohort of 

patients with lung cancer had a response rate of only 4% (9).

To our knowledge, the only other patient with melanoma treated thus far with HER2-

directed therapy was a patient with cutaneous melanoma harboring an ERBB2 S310F 

mutation enrolled on the neratinib “basket trial.” The ERBB2 mutation in this tumor was the 

“sole driver” identified by MSK-IMPACT tumor profiling. Similar to the patient in this 

report, that patient had previously received ipilimumab-nivolumab and dacarbazine; in 

contrast to our case, that patient did not benefit to neratinib and progressed after 1.3 months 

(9). Notably, that patient’s tumor was of insufficient purity to allow for an assessment of the 

clonality of that alteration. Given the frequency of coaltered canonical drivers with ERBB2 
missense mutations in this report, it is reasonable to hypothesize that the patient’s tumor 

may have harbored another undetected driver alteration. The recently reported MyPathway 

study enrolling patients with ERBB2 amplifications to receive trastuzumab plus pertuzumab 

did not specify the number of enrolled patients with melanoma, but no objective responses in 

this subtype were reported (20).

In our patient, the primary and untreated baseline metastatic tumors were not available for 

sequencing, so it is not clear whether the ERBB2 amplification was present at baseline or 

arose under the selective pressure of therapy. The depth and durability of response, however, 

strongly suggest that ERBB2 amplification represents either a true driver of this acral 

melanoma or a clinically relevant resistance mechanism to checkpoint inhibitor therapy. The 

presence of ERBB2 alterations in other baseline, pretreatment acral and melanoma samples 

in our cohort also suggests they represent recurrent drivers. Two molecular features are 

worth noting. First, HER2-directed therapy was successful in our patient despite the 

presence of CDK4 and MDM2 amplification, two alterations that are thought to be clinically 

relevant driver alterations in acral melanoma and in well-and dedifferentiated liposarcomas 
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(21, 22). Second, the magnitude of ERBB2 amplification (log2 of 26-fold) was near the 

highest in the entire melanoma cohort. In a large meta-analysis of patients with ERBB2-

amplified breast cancer treated with adjuvant trastuzumab; however, the magnitude of 

ERBB2 amplification measured by fluorescence in situ hybridization was not associated 

with disease-free survival (23).

Overall, this case demonstrates the potential clinical utility of detecting ERBB2 copy-

number alterations in acral and mucosal melanomas. These results from a single exceptional 

responder are not a substitute for prospective clinical trial data. Testing the validity of this N 
= 1 observation with a standard phase II trial would be difficult, unfortunately: 

approximately 550 patients with these rare melanomas would have to be screened in the 

checkpoint inhibitor refractory setting to successfully treat approximately 18 patients. 

Ongoing “basket trials” such as SUMMIT (NCT01953926), TAPUR (NCT02693535), NCI-

MATCH (NCT02465060), and My Pathway (NCT02091141) represent crucial prospective 

assessments of the broader utility of this clinical observation without the strict requirement 

for enrolling a specific number of cases of a rare histology. Thus, every effort should be 

made to enroll eligible patients with ERBB2-altered melanomas on these ongoing protocols. 

Clinicians treating patients ineligible for clinical trials with HER2-targeted agents should be 

encouraged to share efficacy data with the testing entity for periodic publication of “real-

world” outcomes data. Together, these data will help us to understand how pathologic 

features like histology as well as molecular features such as magnitude of amplification, 

mutant allele frequency, and presence of concurrent driver alterations may influence the 

chance of clinical benefit to HER2-directed therapy.
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Translational Relevance

There are few treatment options with durable benefit for patients with BRAF V600 wild-

type melanomas that progress despite checkpoint inhibition. This report describes a case 

of durable complete response in a patient with ERBB2-amplified acral melanoma to 

trastuzumab emtansine (T-DM1), a HER2-directed antibody–drug conjugate approved for 

breast adeno-carcinomas. Upon review of a single-left cohort of 732 patients with various 

nonuveal melanoma subtypes, distinct patterns of ERBB2 amplifications and mutations 

were seen. ERBB2 amplifications were detected at a modest rate (6%–7%) in acral and 

mucosal melanomas that lack canonical driver alterations (BRAF, NRAS, KIT, NF1, 
GNAQ, and GNA11). ERBB2 mutations were detected across multiple melanoma 

subtypes, most often comutated with canonical drivers such as NF1. These data suggest 

ERBB2 testing should be considered for patients with acral and mucosal melanomas and 

ERBB2 mutations may contribute to tumor growth in a subset of melanomas with a 

known driver alteration.
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Figure 1. 
A, Coronal CT image of the chest, abdomen, and pelvis 2 weeks prior to T-DM1 treatment is 

notable for pleural/mediastinal disease with symptomatic pleural effusions. B, After 8 

months of T-DM1 therapy, a comparison image shows a complete response in the pleural/

mediastinal disease and resolution of the effusions that is maintained for 27+ months.
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Figure 2. 
Lollipop plot of ERBB2-coding variants detected by MSK-IMPACT in seven patients with 

various subtypes of melanoma. One tumor was found to have two coding variants (S310F 

and L785F).
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Figure 3. 
Oncoprint of ERBB2-altered cases (six amplifications and seven mutations) across 

melanoma subtypes. Canonical driver genes with concurrent alterations are listed. No 

alterations in NRAS, GNAQ, and GNA11 were detected in these cases.
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