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Abstract

IMPORTANCE Merkel cell carcinoma (MCC) is a rare and highly aggressive cutaneous
neuroendocrine carcinoma with increasing incidence. Cytotoxic chemotherapy and checkpoint
inhibitors provide treatment options in the metastatic setting; however, there are no approved or
standard of care targeted therapy treatment options.

OBJECTIVE To identify actionable alterations annotated by the OncoKB database therapeutic
evidence level in association with tumor mutation burden (TMB).

DESIGN, SETTING, AND PARTICIPANTS This is a retrospective, cross-sectional study using data
from the American Association for Cancer Research Genomics Evidence Neoplasia Information
Exchange, a multicenter international cancer consortium database. Patients with MCC were enrolled
in participating institutions between 2017 and 2022. Data from version 11.0 of the database were
released in January 2022 and analyzed from April to June 2022.

MAIN OUTCOMES AND MEASURES The main outcome was the percentage of patients with high
TMB and OncoKB level 3B and 4 alterations.

RESULTS A total of 324 tumor samples from 313 patients with MCC (107 women [34.2%]; 287 White
patients [91.7%]; 7 Black patients [2.2%]) were cataloged in the database. The median (range)
number of alterations was 4.0 (0.0-178.0), with a mean (SD) of 13.6 (21.2) alterations. Oncogenic
alterations represented 20.2% of all alterations (862 of 4259 alterations). Tissue originated from
primary tumor in 55.0% of patients (172 patients) vs metastasis in 39.6% (124 patients). TMB-high
(�10 mutations per megabase) was present in 26.2% of cases (82 patients). Next-generation
sequencing identified 55 patients (17.6%) with a level 3B variation for a Food and Drug
Administration–approved drug for use in a biomarker-approved indication or approved drug in
another indication. An additional 8.6% of patients (27 patients) had a level 4 variation. Actionable
alterations were more common among high TMB cases, with 37 of 82 patients (45.1%) harboring
level 3 alterations compared with only 18 of 231 patients (7.8%) with low TMB. The most common
level 3B gene variants included PIK3CA (12 patients [3.8%]), BRCA1/2 (13 patients [4.2%]), ATM (7
patients [2.2%]), HRAS (5 patients [1.6%]), and TSC1/2 (6 patients [1.9%]). The most common level 4
variants include PTEN (13 patients [4.1%]), ARID1A (9 patients [2.9%]), NF1 (7 patients [2.2%]), and
CDKN2A (7 patients [2.2%]). Copy number alterations and fusions were infrequent. In 61.0% of cases
(191 cases), a PanCancer pathway was altered, and 39.9% (125 cases) had alterations in multiple
pathways. Commonly altered pathways were RTK-RAS (119 patients [38.0%]), TP53 (103 patients
[32.9%]), cell cycle (104 patients [33.2%]), PI3K (99 patients [31.6%]), and NOTCH (93 patients
[29.7%]). In addition, oncogenic DNA mismatch repair gene alterations were present in 8.0% of
cases (25 patients).

CONCLUSIONS AND RELEVANCE In this cross-sectional retrospective study of alterations and TMB
in MCC, a minority of patients had potentially actionable alterations. These findings support the
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Abstract (continued)

investigation of targeted therapies as single agent or in combination with immunotherapy or
cytotoxic chemotherapy in selected MCC populations.
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Introduction

Merkel cell carcinoma (MCC) is a highly aggressive cutaneous neuroendocrine carcinoma with
incidence that has increased nearly 5-fold higher over recent decades.1 MCC is the second most
common cause of death from skin cancer after melanoma, with a 5-year overall survival of 35% in
nodal disease and 14% in the metastatic setting.2 It is a disease of elderly patients, with a median age
at diagnosis of 76 years.3

The majority (80%) of MCCs harbor the tumorigenic DNA virus Merkel cell polyomavirus
(MCPyV), which expresses oncogenic viral proteins.4 MCPyV-negative tumors generally have a
higher tumor mutation burden (TMB) and worse prognosis than MCPyV-positive tumors.5,6

Combination cytotoxic chemotherapy (eg, carboplatin and etoposide) does not produce durable
responses and is reserved for palliation of metastatic or refractory disease.2 Avelumab and
pembrolizumab are both approved for advanced MCC with a 56% objective response rate and
24-month overall survival rate of 68.7% for first-line pembrolizumab.7,8 However, targeted therapies
or immunotherapy combinations have yet to be approved in MCC.9

Given that many patients do not benefit from current treatments for MCC, targeted therapies
have the potential to play an important role. We surveyed the presence of targetable alterations in
MCC from the American Association for Cancer Research (AACR) Genomics Evidence Neoplasia
Information Exchange (GENIE).

Methods

The AACR Project GENIE database is a large, publicly accessible, international cancer registry that
contains clinical data from 19 different participating cancer centers worldwide.10 Patient data were
accessed from GENIE version 11.0, which was publicly released in January 2022 via cBioPortal, and
were analyzed in May 2022. The present study analyzed publicly available deidentified data and was
determined to be exempt from institutional review board review and the need for informed consent,
in accordance with 45 CFR §46. This report follows the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline for retrospective cross-sectional studies.

Variables of interest extracted from the database included demographic data, genomic
alterations with their OncoKB annotations for therapeutic evidence level, presence of The Cancer
Genome Atlas PanCancer pathway alterations, and estimation of TMB.11 Demographic data collected
for each patient included patient age at sequencing, sex, and race as recorded by the submitting
institution. Race was analyzed in this study given the large variation in cancer incidence between
races and the potential for differential variant factors by race. Recorded tumor characteristics
included sample site (primary tumor vs metastases), total number of variants, number of oncogenic
variants, number and type of structural variants, and number and type of copy number
alterations (CNAs).

OncKB level of evidence (definitions are given in eTable 1 in Supplement 1) was recorded for
variants, structural variants, and CNAs. OncoKB is a database of US Food and Drug Administration
(FDA)–recognized genomic variants with evidence-based information about the level of actionability
of these alterations.12 Variants were considered potentially actionable if they had an FDA-approved
drug for use in a biomarker-approved indication or approved drug in another indication (levels 1-3).
Level 4 evidence indicates potential targetability based on biological evidence.
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Statistical Analysis
Data were analyzed from April to June 2022 using SPSS statistical software version 28 (IBM).
Categorical variables are presented as percentages and compared with χ2 tests. For continuous
variable group comparisons, 2-sample t test and 2-sample proportion test are used. Two-sided
P < .05 was considered statistically significant.

Results

Of 136 096 samples present in AACR GENIE version 11.0, 1025 were nonmelanoma skin cancer
samples that contained 324 MCC samples from 313 patients (107 women [34.2%]). Reported race
was 91.7% White (287 patients), 2.2% Black (7 patients), and 0.6% Asian (2 patients). Full
demographic data are presented in the Table.

The median (range) number of alterations was 4.0 (0.0-178.0), and the mean (SD) was 13.6 (21.1)
alterations. Oncogenic alterations represented 20.2% (862 of 4259 variants) of all variants. Tissue
originated from primary tumor in 172 cases (55.0%) vs metastasis in 124 cases (39.6%). There are no
FDA-approved targeted therapies for MCC; therefore, there are no level 1 or 2 alterations. Genomic
sequencing identified 55 patients (17.6%) with an FDA-approved drug for use in a biomarker-
approved indication or approved drug in another indication (level 3 variation). An additional 8.6% (27

Table. Demographic Data of Cohort and Key Findings of Genomic Alterations by Total Population
and TMB Subgroup

Demographic data

Patients, No. (%)

P valueTotal population
TMB low (<10
mutations/Mb)

TMB high (≥10
mutations/Mb)

Age at sequencing, y

<40 6 (1.9) 5 (2.2) 1 (1.2) .59

40-65 90 (28.8) 72 (31.2) 18 (21.9) .11

66-79 146 (46.6) 107 (46.3) 39 (47.6) .85

≥80 71 (22.7) 47 (20.3) 24 (29.3) .10

Sex

Male 206 (65.8) 144 (62.3) 62 (75.6) .03

Female 107 (34.2) 87 (37.5) 20 (24.4) .03

Race

Asian 2 (0.6) 2 (0.9) 0 .40

Black 7 (2.2) 7 (3.0) 0 .11

White 287 (91.7) 208 (90.0) 79 (96.3) .08

Unknown or not collected 17 (5.4) 14 (6.1) 3 (3.7) .41

Sample type

Primary 172 (54.9) 131 (56.7) 41 (50.0) .29

Metastasis unspecified 115 (36.7) 83 (35.9) 32 (39.0) .62

Distant organ metastasis 3 (1.0) 3 (1.3) 0 .30

Local recurrence 7 (2.2) 3 (1.3) 4 (4.9) .06

Lymph node metastasis 6 (2.0) 5 (2.2) 1 (1.2) .59

Not collected or unspecified 10 (3.2) 6 (2.6) 4 (4.9) .31

Alterations classified as oncogenic,
No./total No. (%)

862/4259 (20.2) 199/808 (24.6) 658/3451 (19.1) <.001

Level 3B alterations present 55 (17.6) 18 (7.8) 37 (45.1) <.001

Mean (range) 0.2 (0.0-4.0) 0.1 (0.0-3.0) 0.6 (0.0-4.0) <.001

Level 3-4 alterations present 82 (26.2) 31 (13.4) 51 (62.2) <.001

Mean (range) 0.4 (0.0-4.0) 0.2 (0.0-3.0) 1.0 (0.0-4.0) <.001

Total alterations, median (range), No. 4.0 (0.0-178.0) 3.0 (0.0-20.0) 40.0 (1.0-178.0) <.001

Oncogenic alterations, median (range), No. 1.0 (0.0-20.0) 0.0 (0.0-11.0) 7.5 (1.0-20.0) <.001

The Cancer Genome Atlas pathways altered,
mean (range), No.

2.2 (0.0-9.0) 0.8 (0.0-6.0) 6.0 (1.0-9.0) <.001 Abbreviations: Mb, megabase; TMB, tumor
mutation burden.
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patients) had a level 4 variation. The most common level 3B gene variants include PIK3CA (12 cases
[3.8%]), BRCA1/2 (13 cases [4.2%]), ATM (7 cases [2.2%]), HRAS (5 cases [1.6%]), and TSC1/2 (6 cases
[1.9%]). The most common level 4 variants include PTEN (13 cases [4.1%]), ARID1A (9 cases [2.9%]),
NF1 (7 cases [2.2%]), and CDKN2A (7 cases [2.2%]). Figure 1 shows a heat map in relation to TMB.

Only 3 fusions were identified: level 3B ATM-CDK12 and intragenic TSC2 and a level 4 intragenic
PTEN. CNAs were identified in a small subset of patients. Level 3B CNAs included ATM (1 patient),
CHEK1 (1 patient), BARD1 (1 patient), BRCA2 (1 patient), RAD51B (1 patient), and RAD51D (1 patient).
Level 4 CNAs identified included CDKN2A (4 patients) and PTEN (1 patient).

Cases were separated into TMB cohorts of TMB high (TMB-H; �10 mutations per megabase)
and TMB-low (TMB-L; <10 mutations per megabase). Within each cohort, 231 cases (73.8%) were
TMB-L, whereas 82 cases (26.2%) were TMB-H. Among TMB-H cases, the most common level 3B

Figure 1. Genomic Alteration Heat Map
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alterations were PIK3CA (10 cases [12.2%]), SMARCA4 (6 cases [7.3%]), NF1 (4 cases [4.9%]), BRCA1
(3 cases [3.7%]), and TSC1/2 (3 cases [3.7%]); the most common level 4 alterations were PTEN (7
cases [8.5%]), CDKN2A (6 cases [7.3%]), ARID1A (6 cases [5.3%]), and ATM (4 cases [4.9%]). Among
TMB-L cases, the most common level 3B gene alterations were BRCA1/2 (3 cases [1.3%]), HRAS (4
cases [1.7%]), ARID1A (2 cases [0.9%]), and TSC1/2 (3 cases [1.3%]); the most common level 4
alterations were PTEN (6 cases [2.6%]) and NF1 (2 cases [0.9%]). Actionable alterations were more
common among TMB-H cases, with 37 of 82 patients (45.1%) harboring level 3 alterations compared
with only 18 of 231 patients (7.8%) with TMB-L.

In 61.0% of cases (191 cases), a PanCancer pathway was altered, and 125 cases (39.9%) had
alterations in multiple pathways. Commonly altered pathways were RTK-RAS (119 cases [38.0%]),
TP53 (103 cases [32.9%]), cell cycle (104 cases [33.2%]), PI3K (99 cases [31.6%]), and NOTCH (93
cases [29.7%]) (Figure 2 and eFigure in Supplement 1). In addition, oncogenic DNA mismatch repair
gene alterations were present in 25 cases (8.0%).

Discussion

In this cross-sectional analysis of 324 samples from 313 patients, to our knowledge, we present the
largest genomic analysis of MCC patient samples to date. We found 20.2% of alterations identified to
be oncogenic. Variants that were potentially targetable with an FDA-approved drug were present in
17.6% of patients (55 patients), and 61.0% of cases had a PanCancer pathway altered.

Many of the most frequent actionable alterations within TMB-H tumors were within tumor
suppressor pathways (PIK3CA/PTEN, CDKN2A, BRCA1/2, NF1, ATM, and TSC1/2), suggesting that many
variants may be passenger rather than driver alterations in the setting of highly altered tumors.
However, there remains a minority of patients with TMB-L and TMB-H tumors who have actionable
and potentially actionable alterations.

Previously, single institution and small case series have described smaller sets of genomic
analysis from patients with MCC.13-19 A review by Erstad et al13 noted that the most common variant
genes in patients with MCC included RB (a restrictor of the cell cycle), TP53, and PIK3CA. In a small
set of tumors, Harms et al14 showed that MCPyV-negative tumors were TMB-H and had an ultraviolet

Figure 2. Frequently Altered Pathways in Merkel Cell Carcinoma (MCC) Data Set
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signature with additional oncogenic alterations in HRAS, PRUNE2, and NOTCH family genes, whereas
MCPyV-positive tumors were TMB-L and had no ultraviolet signature. Similarly, Wong and
colleagues15 analyzed 34 patients with a 619-gene panel and found that all virus-negative tumors
harbored RB1 or TP53 variants with an increased frequency of NOTCH1 and FAT1 variants. MAPK and
PI3K pathway alterations were also common. In a single-institution study of 17 patients by Cohen
et al,20 there was a high frequency of variants in the TP53 gene (12 of 17 cases [71%]); cell cycle
pathway (CDKN2A/B, CDKN2C, or RB1; 12 of 17 cases [71%]); PI3K, AKT, and mTOR pathway (9 of 17
cases [53%]); and DNA repair genes (5 of 17 cases [29%]). Although the small sample size limited
generalizability, they found frequencies of variants similar to those we observed.

The only study of comparable size to ours is from a single next-generation sequencing platform
analysis of 317 tumors.21 Using known genomic sequences of MCPyV, the authors were able to
separate MCPyV-positive vs MCPyV-negative tumors and TMB-H (�20 mutations per megabase; 117
cases) vs TMB-L (�20 mutations per megabase; 175 cases) status.21 The most common variants in
that cohort were TP53, RB1, NOTCH1, KMT2D, and FAT1, with an incidence of more than 25% among
TMB-H MCCs.21 The most frequent mutations in TMB-L MCCs were the same, but no variation had an
incidence greater than 10%.21 Notably, that study did not report the actionability of variants.21

Although targeted therapy and immunotherapy combinations have been successful in other
cancer types, MCC has been infrequently included within targeted therapy basket trials.22 These
results reveal that targeted therapies may be effective in select patients with variants in commonly
altered pathways, including the TP53, cell cycle, PI3KA, and RTK-RAS pathways. Ongoing and
reported clinical trials using targeted therapies are shown in eTable 2 in Supplement 1.

Limitations
This analysis is limited by database constraints, and bias may exist in terms of which samples are
submitted for including by participating institutions. Variables not captured by the database included
cancer stage, systemic and surgical treatments and outcomes, and the presence of MCPyV.
Nonuniform next-generation sequencing testing panels lead to variation in tested genes and
reporting of zygosity, copy numbers, and allele fraction.

Conclusions

This cross-sectional study found that most patients with MCC had an oncogenic alteration in a cancer
pathway and identified a subset of patients with targetable variants in MCC. However, the majority
of targetable variants occurred in TMB-H tumors. These findings may support the investigation of
small molecule inhibitors as single agent or in combination with immunotherapy or cytotoxic
chemotherapy in MCC.
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