ABSTRACT

BACKGROUND: Patients with advanced cutaneous
squamous cell carcinoma (¢SCC) frequently have high
tumor mutation burdens (TMBs) but cannot tolerate
immunotherapy due to comorbid conditions or already
immunosuppressed states. OBJECTIVE: We considered
whether these patients might be good candidates

for targeted therapy if unique genetic mutations are
identified. METHODS: Biopsies of primary tumors or
metastases of advanced ¢SCC from seven patients were
sent for FoundationOne testing. Genomic alterations
and TMBs were compiled from these samples and used
to tailor therapy when possible. Patients were followed
for changes in their disease burden. RESULTS: Eight
biopsies taken from seven patients were sent for
FoundationOne testing. Sixty-three genomic alterations
were identified. Thirteen genes had mutations occur
more than once, with mutations in TP53 being the most
frequently identified (100% of patients). In one patient,
an ERBB3 mutation was identified, and lapatinib

was added to nivolumab for a six-month course of
treatment, after which point the patient experienced
stabilization of disease without progression for two
years as of the most recent follow-up. CONCLUSION:
More routine investigation of ¢SCC tumors with next-
generation sequencing can help to identify unique
mutations that respond favorably to targeted therapy
in these notoriously difficult-to-treat malignancies.
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Cutaneous squamous cell carcinoma
is a frequently encountered primary
cutaneous malignancy, comprising
approximately 20 percent of all skin
cancers, with an increasing incidence
predicted.in the coming years." Systemic
therapy options are limited for patients
with advanced ¢SCC with distant
metastases or locally advanced disease.
Therapeutic options are limited not only
by a lack of matched trial options, but
also by the dearth of treatments that
have been approved by the United States
Food and Drug Administration. Further,
advanced ¢SCC often has a high tumor
mutation burden (TMB), which may be
responsive to immunotherapy, but this
treatment is often contraindicated as
many patients are immunosuppressed or
have a history of organ transplantation.
As such, targeted therapy would be ideal
for these challenging-to-treat cancers.
The following case series adds to existing
pooled genomic data of alterations
identified with next-generation
sequencing (NGS) in seven patients with
locally advanced, recurrent or metastatic
¢SCC.

CASE PRESENTATIONS
Patient 1. A 69-year old woman with
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a history of ¢SCC of the left scalp was
initially treated with Moh’s surgery with
local recurrence and lung metastases
two months later. Wide local excision
and modified neck dissection were
then performed, followed by radiation
and cisplatin, which was stopped at
Week 5 due to thrombocytopenia
and acute kidney injury. Treatment
with 5-fluorouracil/carboplatin and
cetuximab was started but discontinued
after liver metastases were found.
Biopsy of a metastatic lesion was then
sent for FoundationOne testing (Table
1). No targetable alterations were
identified. Patient received 10 cycles
of pembrolizumab before she had
progressive disease. She completed one
cycle of paclitaxel before transitioning to
hospice care.

Patient 2. A 56-year-old man with
a history of ¢SCC of the right scalp with
locally advanced disease had completed
treatment with cetuximab and radiation,
but had progression of disease within
four months. Superficial parotidectomy
and right modified lymph node dissection
were performed for control of metastatic
disease into the right parotid gland and
sent for FoundationOne testing (Table 1).
Three potentially targetable aberrations
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TABLE 1. Genomic findings (TMB, microsatellite status, and mutations) for each biopsy

GENE PATIENT 1 PATIENT 6, PATIENT 6, ABERRATION | TARGETABLE
IDENTIFICATION BIOPSY 1 BIOPSY 2 DETAILS ABERRATION

56H|:IIGU|I'II'S/ 11: Il::"I'S/ 31HlIdGU|:"S/ JIERMED AT ZSHI:AGUII'II:S/ JHTERMEDIATE SIS INTERMEDIATE, 75HlIdGU|:"S/
11 MUTS/MB 7 MUTS/MB 12 MUTS/MB

MICROSATELLITE
R e e
P53 Table 2
BRCA2 Xt X' Xt Xt Table 2
RB1 X X X X Table 2
FAT1 X X Table 2
(DKN2A X X' Table 2
KMT2C (MLL3) X X Table 2
MLL2 X X Table 2
FLT1 X Table 2
NOTCH1 X X Table 2
LRP1B X X Table 2
NOTCH3 X Table 2
BCORL1 X Table 2
TERT-promoter X X Table 2
ASXL1 W930*
JUN Amplification
HRAS Xt G13D
SMARGBT X Sp"‘]egg\m
ac X R422*
IKZF1 X 61585, Q366*
PREX2 X E421K
SPoP X E47K
EZH2 X' Y646N
ARID2 X Q651%
NOTCH2 X Q206*
TNFRSF14 X G124fs*66
FANCA X £E692*
VHL X L188V
CCNET X Equivocal
NFKB1A X Equivocal
NKX2-1 X Equivocal
AKT1 g Amplification
PIK3R2 X E296*
ERBB3 Xt R135C
NF2 xt Q400*
CARD11 X R888C
RUNX1T1 X R394W

Redundant mutations (seen in more than one biopsy) are shown in green rows

X (Patients 2, 4,
and 6)

X (Patient 7)

Mutations identified as candidates for targeted therapy
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were identified on sequencing. He
completed 20 cycles with pembrolizumab
and has been dlinically stable for one year.
Patient 3. A 96-year-old woman
with a history of locally advanced
malignant melanoma with spindle cell
differentiation, Breslow depth of 1.8mm,
of the nose and central face presented
to the clinic. Surgery was not performed
on the melanoma following initial
biopsy due to the patient’s underlying
Parkinson’s disease. One year later, a
biopsy was taken on a ¢SCCon her thigh
and sent for FoundationOne testing
(Table 1). While awaiting FoundationOne
results, the patient received one dose of
talimogene laherparepvec for treatment
of her melanoma. Radiotherapy was
planned for management of her ¢SCC
pending FoundationOne testing (with
one targetable aberration identified);
however, she quickly declined
following her initial dose of talimogene
laherparepvec and did not survive long
enough to pursue further treatment.
Patient 4. A 65-year-old man with a
history of scleroderma and nonsurgically
resectable ¢SCC of the right parietal scalp
presented. A second biopsy was taken
six months after diagnosis and sent for
FoundationOne testing (Table 1) and
one targetable mutation was identified.
He completed radiation and two cycles
of pembrolizumab before he passed
away from complications of pulmonary
hypertension secondary to his underlying
scleroderma.
Patient 5. A 62-year-old man with
a history of ¢SCC of the right temple
was treated with radiation followed
by recurrent, locally advanced disease
without metastases. FoundationOne
testing was conducted on a locally
recurrent lesion, with no targetable
genetic alterations identified (Table 1).
Wide local excision, parotidectomy, and
neck dissection were performed with
negative margins. At his most recent
follow-up, cemiplimab was planned;
however, the patient has not been seen by
any providers in the six months since that
visit.
Patient 6. A 63-year-old woman
with a history of BRCA2-positive breast
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cancer (status post-lumpectomy and
chemoradiation without hormone
therapy) and ¢SCC of the scalp was initially
treated with surgical excision. Fifteen
years following her initial diagnosis,
local recurrence of the ¢SCC was noted,
and biopsy was performed, followed
by wide local excision. She was treated
with surgery followed by radiation,
cetuximab, carboplatin, and olaparib. She
had progression of her disease with local
recurrence and metastatic disease to the
neck and lymph nodes two years after
chemotherapy, and a new biopsy was
sent for FoundationOne testing (Table 1).
Two targetable genomic alterations were
identified, but the patient passed away
from complications of osteomyelitis of
the skull and subdural empyema before
therapy could be further discussed.
Patient 7. An 84-year-old man
with a history of unresectable ¢SCC
of the left zygoma was treated with
palliative surgical debulking followed by
cryosurgery of the base, radiation, and
nivolumab with progression of disease
found after eight cycles of therapy. Repeat
debulking was done, with biopsy sent
for FoundationOne testing and three
targetable mutations reported (Table
1). Lapatinib was added to nivolumab
based on the identification of an FRBB3
mutation via FoundationOne. He
completed six months with this regimen
before discontinuation and has had stable
disease without local recurrence for two
years, continuing routine follow-up in the
dlinic.

RESULTS

Advanced ¢SCC poses a significant
challenge in management, from
recognizing what constitutes high-risk
disease to identifying treatment options.
While there is not one unified definition
of high-risk ¢SCC (HRcSCC), multiple
staging systems for the identification of
tumors with high-risk features have been
published. Common themes among the
different systems include a tumor size of
2cm or greater, perineural invasion, and
poor histologic differentiation.? Certain
patient characteristics are generally
recognized as increasing the risk for

poor outcomes, with chronic ultraviolet
radiation exposure, advanced age, and
immunosuppression (from medication,
autoimmune disease, or solid organ
transplant) frequently mentioned.™3* All
patients in this case series were older than
55 years of age, with varying degrees of
historical ultraviolet exposure. One patient
had underlying autoimmune disease
(Patient 4, scleroderma), and two had
other active or prior malignancies (Patient
3, melanoma, and Patient 6, breast
cancer).

For patients not definitively managed
with initial surgical excision—due
to tumor size/invasiveness or patient
inability to tolerate surgery, radiation
therapy has been a mainstay of
management. In those patients with
extensive local spread and/or metastases
that are not managed by radiotherapy,
systemic therapy is the next line of
management.?3 All patients in our case
series underwent radiation treatments
except for one (Patient 3), who was
unable to tolerate either surgical excision
or radiation secondary to advanced
age (96 years) and generalized frailty
precluding aggressive intervention—that
same patient was also unable to tolerate
any systemic therapy prior to their death.
Of the remaining six patients, one (patient
1) received platinum-based chemotherapy
prior to NGS sampling, one (Patient 2)
received treatment with epidermal growth
factor receptor (EGFR) inhibition with
cetuximab prior to NGS testing, and one
(Patient 6) was on a multiagent regimen
with cetuximab, carboplatin, and olaparib
(targeting BRCA2 given the history of
breast cancer) prior to testing. All three
of these patients exhibited disease
progression despite their respective
treatments.

Of the six patients who were able to
tolerate some form of systemic therapy,
five were treated with some form of
immunotherapy, either EGFR inhibition
with cetuximab (Patients 2 and 6)
or programmed cell death protein 1
(PD-1) inhibition with pembrolizumab
(Patients 1, 2, and 4) or nivolumab
(Patient 7). Patients 1, 2, and 7 all had
high TMBs on FoundationOne testing,



TABLE 2. Most commonly found gene mutations identified by specific aberrations in each biopsy

PATIENT 6, PATIENT 6,

TP53 P278S,R248W  R342*,V143G
BRCA2 W2619*
Q217%, splice

RB1 site 1960
+1G>A

FAT1 Q1483*, R1070*

(DKN2A p16INK4a P43L

KMT2C (MLL3) R3405fs*15

MLL2 D1203* Q773%,R2915%

FLT1 S287F

NOTCH1

LRP1B Q3834*

NOTCH3 Amplification

BCORL1 R1090% Q438*

TERT-promoter

H179Y,Q317%, Q77F
*_ ’ * * *
Sl?gjlna| P250L C279fs*65 M160fs*10 M160fs*10 R196%, R282W
12315fs*12,1

*at ! %19t

P2771fs*6 N2288fs*41 1315fs*12

Q7* P591fs*8 P591fs*8

*

2l s
p16INK4a loss and t
p14ARF loss exons pTGINKAa [)841(’

13 p14ARF R98L
splice site
Ras43C 14344-1G>A
E1682fs*40
M661-subclonal -

H2033fs*6 W745*%

G4199E
R113%
146C>T 139_-138CC>TT

*Aberrations identified as candidates for targeted therapy

but only Patient 2 had a sustained
clinical response to immune checkpoint
inhibition with pembrolizumab and did
not require further treatment. Patient 1
experienced disease progression despite
immunotherapy and, with no genetic
targets identified on NGS, transitioned to
hospice care. Patient 7 also experienced
disease progression on nivolumab,
but demonstrated clinical response to
treatment with lapatanib, targeted to
an ERBB3 mutation reported on NGS.
Patient 5 also returned a high TMB but
no targetable aberrations on testing
and, at the most recent follow-up, had
been chosen for initiation of cemiplimab
(anti-PD-1), the only systemic therapy
for locally advanced/metastatic ¢SCC
in patients who are not candidates for
surgical resection or curative radiation
approved by the Food and Drug
Administration.®

In total, 63 genomic alterations were
identified in eight biopsies from seven
patients by FoundationOne testing (Table
1). These 63 alterations occurred across

a total of 36 different genes. Thirteen
genes had mutations occur more than
one time (Figure 1). Mutations of TP53
occurred most often and were present

in each biopsy sent. Four mutations
occurred each in FAT1, BRCA2, and RB1.
Three mutations occurred in CDKN2a,
KMT2C (MML3), and MML2. Two mutations
occurred in BCORL2, FLT1, NOTCH3, LRP18B,
NOTCH1, and Tert-promoter. Mutations in
the remaining genes reported occurred
only once. TMB was reported as high in 62
percent of patients (5/8 biopsies) (Figure
2). Microsatellite status was reported

as stable in 7 of 8 biopsies, and was not
reported in the remaining biopsy.

Two patients (Patients 1 and 5)
returned no targetable genomic findings
on FoundationOne testing. Five patients
(Patients 2, 3, 4, 6, and 7) all returned
between one and three targetable
alterations on testing (Tables 1 and
2). Patients 3, 4, and 6 died during or
shortly after the period between the
identification of genomic aberrations and
potential initiation of targeted therapy.
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Patient 2, who is still living, completed
and responded well to 20 cycles of
pembrolizumab.

For one patient (Patient 7) in this series,
results of FoundationOne testing were
applied with significant clinical benefit.
Patient 7, who initially presented with
metastatic ¢SCC with primary tumor of
the left zygoma, had undergone four
surgical excisions and radiation, and was
previously on nivolumab and experienced
disease progression. A unique mutation in
ERBB3 was identified on testing, lapatinib
was added to nivolumab, and the patient
had marked improvement; they have
been stable without local recurrence off of
therapy for two years.

DISCUSSION

FoundationOne testing assays all genes
known to be somatically altered in human
solid tumors that have been validated
as therapeutic targets; currently, this
assay includes 315 genes and introns of
28 genes involved in rearrangements,
as well as TMB and microsatellite status,




FIGURE 2. Tumor mutation burden in eight biopsies of
advanced ¢SCC, where low TMB is five or less Muts/Mb,

intermediate TMB is six to 19 Muts/Mb, and high TMB is
20 or greater Muts/Mb™

where high, medium, and low TMBs

are defined as 20 or more Muts/Mb, six
to 19 Muts/Mb, and five or less Muts/
Mb, respectively. In our case series of
eight biopsies taken from seven patients
(one patient had testing repeated on a
separate lesion more than one year after
initial biopsy), FoundationOne analysis
identified a total of 63 unique genetic
aberrations across 36 different genes
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(Tables 1 and 2). Thirteen genes had
mutations in more than one patient, with
TP53 being the most frequently mutated
(100% of biopsies). Other genes with
redundant mutations, in descending
order of frequency, were BRCA2 and RB1
(4 biopsies each); FAT1, CDKN2A, KMT2C
(MLL3), and MLL2 (3 biopsies each); and
FLTT, NOTCH1, LRP1B, NOTCH3, BCORLT,
and TERT-promoter (2 biopsies each). Of
those genes, targetable alterations were
reported in BRCA2 (specific mutations
listed in Table 2) and CDKN2A. The
(DKN2A mutation was only reported to be
targetable in Patient 7 (p16INK4a D84Y
and p14ARF R98L), based on preclinical
data suggesting that loss-of-function
mutations in p16INK4a may be responsive
to the addition of CDK4/6.” Other
targetable mutations that occurred once
each were found in HRAS, SMARCB1, EZH2,
AKT1, ERBB3, and NF2 (Table 2). Zilberg

et al® reported a series of NGS results

for 10 high-risk ¢SCC samples—in their
study, frequently observed mutations
also included 7P53 (10/10 samples), AKT1
(5/10 samples), and RBT (5/10 samples).
Other redundant mutations that were

not similarly reported in our series were
ATM, APC, ERBB4, GNAQ, and ABL1 (all
6/10) and KIT and PIK3CA (both 5/10). The

FIGURE 1. Mutation frequency of the most common genomic alterations in advanced cutaneous squamous cell carcinoma (mutations that occurred in more than one biopsy)

NGS panel used in that study identified
targetable mutations in eight different
genes; the only one also identified in our
series was that in HRAS.2 Overall, Zilberg
et al reported targetable mutations in
60 percent of their cases (comparable to
targetable mutations found in 5/7 of our
patients; 71%). Notably, all of the samples
in the Zilberg et al publication were
taken from non-metastatic cases of ¢SCC,
while our series included patients with
metastatic disease and, while targetable
mutations were identified, no patients
were treated as part of the study by
Zilberg et al; therefore, patient outcomes
are outside the scope of the report.
Many of the commonly identified
aberrations in our case series are not
limited to ¢SCC. Other studies have
identified mutations in TP53, CDKN2A,
RB1, FAT1, and KMT2C (MLL3) as
driver genes for the development and
progression of malignancy.*~ TP53
has widely been recognized for its
tumor-suppression function; however,
despite being widely mutated in a
number of cancers, it has remained an
elusive target for therapy.” RB7 has
been long-established as a gatekeeper
of the cell cycle, inactivation of FATT is
theorized to have a role in tumorigenesis




via upregulation of Wnt signaling, and
KMT2C (MLL3) has shown involvement
in transcription regulation.’" Loss of
CDKN2A function has been thought to
contribute to immunotherapy resistance
in melanoma and other solid organ
tumors via the concomitant loss of
JAK2 and subsequent resistance to
interferon-y™>—all three patients in our
case series who demonstrated CDKN2A
alterations either had partial response to
immunotherapy or progression of disease
while on immunotherapy.

NGS may also be useful in identifying
patients who are less likely to respond
to traditional chemotherapy. Reports of
patients with NOTCH3 amplification in
high-grade serous ovarian carcinoma have
been attributed to carboplatin resistance;
while only one patient in our series was
found to have NOTCH3 amplification, that
patient did not respond well to either
carboplatin or cisplatin.’ Where ¢SCC
patients have historically been treated
with platinum-based chemotherapies
that do not regularly result in sustained
remission and have significant side
effect profiles, immunotherapy has been
identified as a more well-tolerated option
with promising results coming from case
series and ongoing clinical trials.” Though
the lack of prospective randomized phase
[l trials comparing chemotherapeutics
and immunotherapies limits what
final recommendations can be made
regarding agent selection, early data from
clinical studies include a PD-1 treatment
response rate of up to 50 percent in
locally recurrent/advanced ¢SCC, with
even greater benefit seen when given
in combination with an EGFR inhibitor.?
High TMB, routinely seen in ¢SCC and
reflective of environmental DNA damage
sustained from ultraviolet radiation, has
been associated with long-term clinical
benefit from immunotherapy in patients
with melanoma, non-small-cell lung
cancer, and urothelial cancer.’® However,
caution should be used when considering
these treatments in organ transplant
recipients, as immune checkpoint
inhibitors have been linked to rejection
reactions in this patient population.2"
The risks of transplant rejection with

immunotherapy are especially significant
when considering ¢SCC treatment. In
organ transplant patients receiving
immunosuppressive treatment, the risk
of developing ¢SCC has been reported

to be 65 to 250 times the risk in the
general population.® These patients
represent a convergence of high-risk
factors for the development of aggressive
disease and poor tolerance of the most
common systemic therapies. NGS offers
the potential to identify unique genetic
alterations that can be specifically
targeted for tailored tumor treatment,
circumventing the risks associated

with immune checkpoint inhibitors. In
nontransplanted patients, NGS also has
utility for those who have progressed or
who are intolerant of platinum-based
chemotherapies and/or immunotherapy.
As previously mentioned, some genetic
alterations, such as in CDKN2A, have been
reported to contribute to immunotherapy
resistance—agiven the frequently high
TMB seen in ¢SCC patients, there may

be many more mutations that decrease
efficacy of standard treatments, which
would otherwise go unrecognized if

not for NGS." This was demonstrated

in our case series in patient 7, who had
undergone multiple surgical resections
and experienced disease progression while
on anti-PD-1 therapy with nivolumab;

in this patient, FoundationOne testing
revealed a unique ERBB3 mutation that
responded favorably to the addition of
lapatinib. ERBB3 is a low-activity kinase
that encodes a member of the EGFR
family and requires the activity of other
ERBB family members for full signaling
function.?’ Targeting ERBB2 has been
proposed for those with ERBB3 mutations,
and, as seen in our patient, treatment
with ERBB2 inhibition via lapatinib
resulted in clinical improvement and
stable disease for two years as of the most
recent follow-up.

CONCLUSION

The genomic profile of sampled ¢SCC
is heterogeneous and highly variable
amongst patients. Further, the majority
of tumors harbored a high mutational
burden, which has also been established
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as characteristic of this tumor type given
the carcinogenic effect of ultraviolet

light exposure.”'® Genomic alterations in
this series have predominantly affected
well-known cancer-associated genes,
including TP53, CDKN2A, RB1, FAT1,

and KMT2C (MLL3). Similarly, previous
research has identified these as potential
driver mutations.”~"" The majority of
these tumors are treated with some
combination of EGFR inhibitors and
anti-PD-1 antibodies. While results with
anti-PD-1 antibody therapy are promising,
with reported response rates of up to 50
percent in locally advanced and metastatic
¢SCC and more significant responses in
combination with an EGFR inhibitor,

a significant portion of these patients

still experiences a suboptimal response

to these therapies.? Furthermore, the
analysis of NGS results has been reported
to reveal mutations that may predict
resistance to immunotherapies.” In

many institutions, additional mutational
analysis of progressive or recurrent
tumors is not routinely performed as
there are currently no established practice
guidelines. Basket trials using NGS have
not altered management practices of
patients with advanced ¢SCC despite
identifying molecular alterations."
However, in our case series, we had one
patient who was successfully treated
based on the identification of an unusual
mutation that responded well to lapatinib.
While our case series was too limited in a
sample size to draw any larger conclusions
regarding the widespread applicability

of NGS, the positive results suggest that,
in the era of rapid genetic and molecular
tumor analysis, personalized cancer care
is possible if we are willing to investigate
each patient and to act on the data
obtained.
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