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abstract

PURPOSE In head and neck squamous cell carcinoma (HNSCC), HRASmutation is a new actionable oncogene
driver. We aimed to evaluate HRAS mutational variants, comutation profile, and survival outcomes of this
molecularly defined population.

METHODS We leveraged four deidentified patient data sets with HRAS-mutant HNSCC, MD Anderson Cancer
Center, Kura Oncology, Inc trial, Foundation Medicine, and American Association for Cancer Research GENIE
v.12. Patient demographic information and clinical courses were extracted, when available, in addition to HRAS
mutation type and co-occurring mutations. Survival outcomes were analyzed (Kaplan-Meier method).

RESULTS Two hundred forty-nine patients with HRAS-mutant HNSCC were identified from the four data sets.
Median age ranged from 55 to 65 years, with a higher frequency in male patients (64%); the majority ofHRAS-
mutant HNSCC occurred in human papillomavirus–negative HNSCC. HRAS mutation patterns were similar
across data sets; G12S was the most common (29%). Treatment responses to tipifarnib were not codon-
specific. Compared with wild-type, significantly co-occurring mutations withHRAS were Casp8 (Fisher’s exact
test, P , .00013), TERT (P , .0085), and NOTCH1 (P , .00013). Analysis of clinical courses from the MD
Anderson Cancer Center and Kura Oncology, Inc data sets demonstrated poor clinical outcomes with a high
rate of recurrence following primary definitive treatment (50%-67% relapse , 6 months) and short disease-
free survival (4.0 months; 95% CI, 1.0 to 36.0) and overall survival (OS; 15.0 months; 95% CI, 6.0 to 52.0).
Use of tipifarnib in this data set demonstrated improved OS (25.5 months; 95% CI, 18.0 to 48.0).

CONCLUSION Oncogenic mutations in HRAS occur in 3%-4% of HNSCC, with G12S being the most frequent.
Without targeted therapy, patients with HRAS-mutant HNSCC had poor clinic outcomes; observable trend
toward improvement in OS has been noted in cohorts receiving treatments such as tipifarnib. The comutation
pattern of HRAS-mutant in HNSCC is distinct, which may provide insight to future therapeutic combination
strategies.
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BACKGROUND

Head and neck squamous cell carcinoma (HNSCC) are
a heterogeneous group of tumors arising from the oral
cavity, pharynx, and larynx, with varying etiological
factors, traditionally, related primarily to tobacco and
alcohol exposure or human papillomavirus (HPV)
infection.1 Despite recent advances using programmed
death-1 targeting agents with the standard-of-care
chemotherapy and radiation, prognosis remains poor
and median overall survival (OS) is 13-15 months.2

Activating mutations in the Ras proto-oncogenes
(K-, N-, H-) are initiating oncogenic events in hu-
man cancer,3 and the development of Ras-targeted
agents has been historically challenging. Recently, a
better understanding of Ras signaling has led to the

development of promising compounds directly
inhibiting KRAS G12C mutant tumors.4 Recent
molecular analysis studies have shown that HRAS is
the predominant mutated RAS isoform in squamous
cell carcinomas of several cancers, including
HNSCC,5 where mutations in HRAS have been re-
ported to occur in 4%-8%.6

All RAS isoforms are farnesyltransferase (FTase) sub-
strates; however, only HRAS is exclusively dependent
upon farnesylation. Subsequent clinical evidence con-
firms that HRAS-mutant tumors are susceptible to in-
hibition of FTase.7 Tipifarnib, an FTase inhibitor (FTI), is a
first-in-class nonpeptidomimetic quinolinone that binds
and potently inhibits FTase (half maximal inhibitory
concentration of 0.86 nM for lamin B farnesylation).8

For patients withmetastatic or recurrent HNSCC, patients
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whose tumor harboring HRAS mutations, tipifarnib treatment
has produced an objective response rate of 55% and a
median OS of 15.4 months,9 which led to the US Food and
Drug Administration granting Breakthrough Therapy Desig-
nation to tipifarnib for the treatment of patients with recurrent
or metastatic HRAS-mutant HNSCC.

Here, we leveraged four independent data sets of HRAS-
mutant HNSCC and aimed to evaluate the mutational profile
and co-occurring genetic alteration landscape of HRAS-
mutant HNSCC from four different data sets: MD Ander-
son Cancer Center (MDACC), KURA KO-TIP-001 trial par-
ticipants (KuraOncology, Inc, Boston,MA [Kura]) Foundation
Medicine Inc (FMI)–profiled cases, and American Associa-
tion for Cancer Research (AACR) Project GENIE v.12.10 Thus,
in this study, we provide the largest genomic data set of
HRAS-mutant HNSCC reported to date and explore the
clinical and genomic landscape of HRAS-mutant HNSCC.

METHODS

Data Sets and Patient Population

HRAS-mutant HNSCC cases were collected from four
data sets: MDACC, KURA KO-TIP-001 trial participants
(ClinicalTrials.gov identifier: NCT02383927), FMI-
profiled cases (samples collected from 2013 to 2020),
and AACR Project GENIE v.12,10 an international clin-
icogenomic data-sharing consortium, now in its twelfth
version (analyzed in July 2022). Co-occurring genomic
profiles were evaluated in each data set. Please refer
Appendix 1 for detail for each data set.

Genomic Profiling

In the FMI cohort, genomic data were collected using a tissue-
based, targeted comprehensive genomic profiling assay
(FoundationOne or FoundationOneCDx)11 in a Clinical Lab-
oratory Improvement Amendments–certified, College of
American Pathologists–accredited, New York State–approved
laboratory (FMI), as previously described. Tumor mutation
burden (TMB) is the number of nondriver somatic coding

mutations per megabase (mut/Mb) of genome sequenced.12

TMBhighwas defined as≥ 10mut/Mb. TMB lowwas defined
as , 10 mut/Mb.

In the MDACC data set, tumor samples were evaluated per
standard-of-care procedure. All procedures were performed
in a Clinical Laboratory Improvement Amendments–com-
pliant environment. For genomic analysis, samples were
sequenced in the MDACC molecular diagnostic laboratory
using assays, the Oncomine platform (Thermo Fisher Sci-
entific, Waltham, MA) for the detection of somatic mutations
in the coding sequence of 143 cancer-related genes, as
previously described13; the Ion Ampliseq 48-Gene Assay for
the detection of mutations in the coding sequence of
50 genes (Thermo Fisher Scientific); and the Ion Ampliseq
50-Gene Assay for the detection of mutations in the coding
sequence of 50 genes (Thermo Fisher Scientific).

In the KURA KO-TIP-001 trial data set, for genomic se-
quencing, local testing was used and included platforms such
as OncoDNA, Foundation One, Memorial Sloan Kettering-
Impact, as well as nonspecified local hospital testing platforms.

Statistical Methods for Demographics and

Comutation Comparisons

In the FMI cohort, for themutation and comutation analysis,
Fisher’s exact tests were used to determine enrichment of
gene alterations in HRAS-mutant and HRAS wild-type
samples; clinical data, described above, were analyzed
as categorical values using Fisher’s exact test. In the
MDACC cohort and Kura data set, descriptive statistics
were used to describe demographic features listed above
(summarized in Appendix Tables A3 and A4).

Definitions of Clinical Outcomes

Disease-free survival (DFS) was defined as the duration of
time from the end of primary treatment (surgery or con-
current chemoradiotherapy) for initial locoregional diag-
nosis to recurrence or metastasis. OS was defined as time
from initial primary treatment to death. OS for metastatic

CONTEXT

Key Objective
To evaluateHRASmutational variants, comutation profile, and survival outcomes in head and neck squamous cell carcinoma

(HNSCC), we leverage four independent data sets to better define this patient population.
Knowledge Generated
Mutations in oncogenic HRAS are rare (3%) in patients with HNSCC and occur more frequently in human papillomavirus

(HPV)–negative tumors, with HRAS G12S being the most common alteration. Responses to tipifarnib are not specific to
HRAS mutation codon site. Significantly co-occurring mutations with HRAS are Casp8, TERT, and NOTCH1.

Relevance
We confirm the comutation profile of HRAS-mutant HNSCC as unique, and understanding the comutation profile could affect

future treatment strategies inHRAS-mutant HNSCC. We demonstrate thatHRASmutations occur in both HPV-positive and
HPV-negative HNSCC, although a more focused testing strategy in HPV-negative patients may be important for clinicians in
resource-limited settings.
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patients (OSmet) was defined as time from treatment for
recurrent or metastatic disease to death.

Statistical Methods for Clinical Outcome Analysis

Kaplan-Meier methods were used to estimate median and
annual outcomes with 95% CIs. P values , .05 were
considered statistically significant. All analyses were per-
formed using GraphPad v9.

RESULTS

HRAS Mutation Distribution in HNSCC

First, using four independent data sets, we characterized
the mutational landscape of HRAS-mutant HNSCC
(Table 1) and found that the functional sites of HRAS-
mutant were strikingly similar across the four data sets
(Fig 1). Alterations in codons 12 and 13 accounted for 59%
of mutations in the MDACC data set, 70% of the Kura data
set and 68% of the FMI data set. In the FMI data set,
mutations at codon 13 included two G13_V14 frameshift
mutations (Table 1, Appendix Table A1). To validate these
findings using an independent publicly available data set,
we analyzed 153,834 samples from 137,401 patients
available from AACR Project GENIE v.12.10 database for the
prevalence of HRAS mutations in HNSCC; mutations in
HRAS were found in 3.3% of cases (56 of 1,708 cases),
and the functional sites of HRAS-mutant HNSCC were
similar in this data set: Here, alterations in codons 12 and
13 accounted for 64% of functional alterations (n = 36;
Table 1, Appendix Table A1). In all cohorts, the most
frequentHRASmutation was G12S, which was identified in
25% in MDACC, 30% in Kura, 26% in FMI data set, and
41% of AACR Project GENIE v.12 cohort, respectively.

Aside from mutations in codons 12 and 13, mutations in
codon 61 were also frequently present, altered in 31% in
the MDACC, 11% in Kura, 27% in FMI data set (n = 42),
and 20% of AACR Project GENIE v.12 cohort (n = 11;
Table 1, Appendix Table A1). We also analyzed the
documented pathogenicity of each HRAS-mutant in
Table 1, using mutation impact on COSMIC v73,14 sum-
marized in Appendix Table A2. Using this analysis, only
scores ≥ 0.7 are classified as pathogenic; almost all HRAS
mutations reported in this study were deemed pathogenic
(98%, Appendix Table A2).

Clinicopathological Characteristics of

HRAS-Mutant HNSCC

Next, we examined the clinicopathological features of
HRAS-mutant HNSCC and identified cases from data sets
with available clinical data (combined total of 193 patients
[13 from MDACC, 27 from Kura, and 155 from FMI]; there
was one overlapping case between the Kura data set and
theMDACC data set and a separate single overlapping case
between the Kura data set and the FMI data set).

For each data set, we described the patient demographics
and tumor characteristics (Appendix Table A4). The
median age was similar across the three data sets, median
age 55 years (range, 42-74 years) in MDACC, 61 years
(range, 48-79 years) in Kura, and 65 years in FMI. Pa-
tients were more frequently male (64% in total data set, in
54% in MDACC, 73% in Kura, and 65% in FMI; Appendix
Table A4). In all three data sets, HRAS-mutant HNSCC
occurred with a higher frequency in HPV-negative tumors
(78.5%) for cases with available HPV/p16 results: HPV-
negative cases in 57% in MDACC, 80% in Kura, and 79%
in FMI data set, respectively.

The FMI clinical data set was the largest cohort analyzed,
and 155 uniqueHRAS-mutant HNSCC cases were identified
from a total of 4,759 HNSCC sequenced, representing a
prevalence of 3.3%. Here, we compared clinical demo-
graphic features of patients with HRAS-mutant versus pa-
tients with wild-type HNSCC. There was no significant
difference in age or gender distribution: In both HRAS-
mutant and HRAS wild-type groups, most of the patients
were 59 years or older (67.7% in HRAS-mutant v 58.3% in
HRAS wild-type, Fig 2). Most patients in both HRAS-mutant
andwild-typeweremale (65.2%ofHRAS-mutant v 76.3%of
HRAS wild-type, Fig 2). HPV-positive disease was observed
in 20.6% of patients with HRAS-mutant HNSCC (32/155),
while HPV-positive disease was observed in 32.5% of pa-
tients with HRAS wild-type (1,485/4,604), Fisher’s exact
P , .0015, which encompasses most patients with HNSCC
(Fig 2). Therefore, the majority of HRAS-mutant HNSCCs
were HPV-negative (78.5%), and HRAS-mutant HNSCC
appears to enrich for HPV-negative disease. TMB high was
less frequent in HRAS-mutant (20.7%) compared with
HRAS wild-type group (27.7%, P = .044, Fig 2). Pro-
grammed death-ligand 1 data were available for only 13 of

TABLE 1. Pooled HRAS Mutation Distribution: MD Anderson Cancer
Center, KURA KO-TIP-001 Trial Participants, Foundation
Medicine–Profiled Cases and AACR Project GENIE v.12 Cohort10

HRAS Mutation
No. (%)
N = 249

G12 C/D/F/N/S/V 98 (39.4)

G13 C/D/E/R/S/V/insG/insGG 69 (28)

Q61 H/K/L/R 60 (24)

A59T 8 (3.2)

D119 H/N 4 (1.6)

Q22K 2 (0.8)

K117 2 (0.8)

F82C 1 (0.4)

A18V 1 (0.4)

V29G 1 (0.4)

D33Y 1 (0.4)

G60D 1 (0.4)

E91Q 1 (0.4)

Values (n) indicate the exact mutation present for each codon, the
number of cases for the four cohorts combined and the percentage of
occurrence of the HRAS mutation.

JCO Precision Oncology 3

HRAS as a Distinct Group in Head and Neck Squamous Cell Carcinoma



the HRAS-mutant group and 305 of the HRAS wild-type
group (Fig 2).

Comutational Landscape With HRAS Mutation in HNSCC

Next, we explored the comutational landscape of HRAS-
mutant HNSCC. As the FMI data set, with 155 uniqueHRAS-
mutant HNSCC, was the largest genomic data set identified
in an established platform (324 gene panel and select gene
rearrangements), we focused our subsequent analysis and
comparisons using this data set. In the FMI data set, in
comparison with HRAS wild-type HNSCC tumors, mutations
in caspase-8 (CASP8), telomerase reverse transcriptase
(TERT), and notch homolog 1, translocation-associated
(NOTCH1) were the most frequent co-occurring mutations
in HRAS-mutant HNSCC tumors, observed in 27% (P ,
.00013), 60% (P , .00013), and 30.5% of HRAS-mutant
tumors, respectively (P , .0085, Fig 3). Mutations in
CDKN2A were frequently observed in both HRAS-mutant
and HRAS wild-type patients (53% v 41%, P , .009), in
addition to TP53mutations in both groups (50% v 64%, P,
.002; Fig 3). FGF amplifications (amplifications in FGF3,

FGF4, FGF19) were significantly lower in the HRAS-mutant
tumors compared with HRAS wild-type (4% v 19% re-
spectively, P , .0003), as well as amplifications in CCND1
which were present in 4% of HRAS-mutant versus 19% of
HRAS wild-type tumors (P , .0001, Fig 3). Notably, in
contrast toKRAS-mutant non–small-cell lung cancer, STK11
mutations were a rare phenomenon across all data sets:
There were only five patients with STK11 comutations
(3.1%) in the FMI data set and no documented STK11
comutations in the MDACC or Kura data sets. In addition,
there were no KEAP1 mutations observed in all data sets.

In all data sets, co-occurring mutations in the presence of
HRAS-mutant were frequently noted: Only 15% (n = 2) of
the MDACC data set and 19% (n = 5) of the Kura data set
had no documented co-occurring alteration in the pres-
ence of HRAS-mutant. The most frequent co-occurring
mutation across all data sets was TP53 (MDACC, 46%
[n = 6]; Kura, 32% [n = 9]; FMI, 53% [n = 82], Fig 3). In the
Kura data set, comutations in TERT andNOTCH1were also
observed, present in 11% and 4% of patients, respectively;
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FIG 1. Functional sites of HRAS mutations across four data sets: (A) MDACC cohort, (B) Kura cohort, (C) FMI cohort, and (D) AACR
GENIE v.12 cohort. Lollipop plots indicate the location ofHRASmutations documented in all four cohorts. AACR, American Association for
Cancer Research; FMI, Foundation Medicine Inc; Kura, Kura Oncology Inc; MDACC, MD Anderson Cancer Center.
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PIK3CA was a frequently occurring comutation, present in
26% of patients (n = 7), and there were no documented
CASP8 comutations.

Response to FTase Inhibitor, Tipifarnib, by Mutations

in HRAS

We next sought to assess whether the location of HRAS
mutation affected response to tipifarnib therapy, by ana-
lyzing the KURA KO-TIP-001 trial participant data set. In this
data set, 20 patients with HRAS-mutant HNSCC with HRAS
variant allelle frequency ≥ 20% received tipifarnib and had
evaluable disease response. Treatment responses were not
codon-specific, and documented partial responses were
achieved in patients withHRAS-mutant HNSCC in codon 12,
13, 61, and 22 (Fig 4): In total, 11 patients achieved partial
response as best response (55%). This included seven
patients with G12C/D/S mutations, two with G13R/V muta-
tions, one with Q61K, and one with Q22K (Fig 4). Six patients
had stable disease as best overall response (30%), and five
of six of these patients had documented tumor shrinkage.

Clinical Outcomes and Survival Analyses in

HRAS-Mutant HNSCC

Complete clinical and outcome data were available for two
of four data sets (MDACC and Kura) which were then
analyzed. Appendix Table A3 summarizes clinical and
pathological characteristics. Most patients had stage IV
disease at diagnosis (63% in MDACC data set and 85% in

Kura data set), and primary definitive treatment, while
heterogeneous in both groups, typically involved surgery
followed by adjuvant or upfront concurrent chemo-
radiotherapy. In the metastatic setting, chemotherapy
(50% in MDACC data set and 37% in Kura data set) as well
as immunotherapy were frequently used (38% in MDACC
data set and 48% in Kura data set).

In the Kura data set, all patients received tipifarnib as part of
a clinical trial (ClinicalTrials.gov identifier: NCT02383927).
Among the 27 patients in the Kura data set who had pri-
mary definitive HNSCC treatment, most patients (67%, n =
18) progressed within 6 months of definitive treatment
(range, 7-48 months). In the Kura data set for patients, DFS
was 4.0 months (95% CI, 2.0 to 6.0; range, 1-63 months;
n = 27) and OS was 25.5 months (95% CI, 18.0 to 48.0;
range, 4-94 months; n = 27; Figs 5A-5C); the median
OSmet in the Kura data set was 15.0 months (95% CI, 2.0
to 33.0; range, 1-47months; n = 27; Fig 5B). In theMDACC
data set, we performed the same analyses (one patient
received tipifarnib as part of clinical trial, ClinicalTrials.gov
identifier: NCT02383927, and was excluded from MDACC
analysis but included in Kura analysis). Here, 50% of
patients progressed after definitive therapy within 6
months. DFS was 4.0 months (95% CI, 1.0 to 36.0; n = 12)
and OS was 15 months (95% CI, 6.0 to 52.0; n = 12; Figs
5A-5C); the median OSmet was 12 months (95% CI, 1.0 to
36.0; n = 12; Fig 5B).

DISCUSSION

In this retrospective, multicohort study of 249 cases of
HRAS-mutant HNSCC is the largest genomic data set of
HRAS-mutant HNSCC reported to date. Our study confirms
that HRAS mutations occur at a rate of 3%-4% in patients
with recurrent or metastatic HNSCC,6 and HRAS mutations
occur in both HPV-positive and HPV-negative HNSCC,
though more frequently in HPV-negative tumors, supporting
a more focused testing strategy in HPV-negative patients in
resource-constraint settings. We describe the mutation and
comutational landscape of HRAS-mutant HNSCC: By
leveraging four independent data sets, we identify HRAS
G12S as the most common HRAS mutation and confirm
responses to tipifarnib are not codon-specific, as responses
to tipifarnib were seen across codons, 12, 13, and 61. Thus,
we confirm that all functional HRAS mutations can benefit
from FTIs, such as tipifarnib.

Genomic analysis has revealed a complex mutational profile
forHRAS-mutant HNSCC.15,16 In contrast to HRAS wild-type
HNSCC tumors, we find CASP8, TERT, and NOTCH1 as
the most frequent co-occurring mutations with HRAS
mutations.15,16 CASP8 is one of the most frequently mutated
genes in HNSCC, and CASP8 mutations are known to be
associated with poor survival.17 Additionally, CASP8 has
been shown to correlate with HRAS-mutant in HNSCC and
could be permissive for HRAS-mutant.17 We present mu-
tations in NOTCH1 and TERT as novel comutations of
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HRAS-mutant HNSCC; 32.5% [1,485/4,604] of patients with
HRASwild-type,P, .0015). **P, .044; ***P, .0016. HNSCC,
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potential significance in HRAS-mutant HNSCC. TERT has
been shown to contribute to cancer development and
progression via multiple activities, including its telomere
lengthening-dependent and independent functions,18 and
TERT promoter mutations are prognostic in many cancers.
Genomic sequencing of HNSCC has suggested that
NOTCH1 acts as a tumor suppressor gene, and it has been
documented as the second most frequent alteration in
HNSCC, with an incidence of 15%-19%.19,20 Thus, while
mutations in NOTCH1 and TERT have been observed in
HNSCCs15,21,22 (TERT in HPV-negative HNSCC), their

respective roles in the setting of HRAS-mutant HNSCC as
comutations have not been clearly defined.

Amplification of 11q13 is frequently observed in solid tu-
mors including HNSCC, and several genes in this amplicon,
such as FGF3, FGF4, FGF19, and CCND1, are associated
with tumorigenesis.23,24 Interestingly, we found that this
amplicon (FGF3, FGF4, FGF19, CCND1) is less likely to
occur in HRAS-mutant HNSCC tumors compared with
HRAS wild-type HNSCC. In contrast to K-RAS-mutant
non–small-cell lung cancer, we found that comutations in
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KEAP1 were absent and STK11 mutations were rare
(3.1%). Our data suggest that HRAS-mutant HNSCC is a
distinct biological entity with a unique comutational profile.

Clinically, real-world data in recurrent and/or metastatic
HNSCC have overall shown poor outcomes with reported
median progression-free survivals of 4.8-7.1 months and OS
7.1-11.7months.25,26 Analysis of our MDACC clinical data set
confirmed that clinical outcomes in HRAS-mutant HNSCC,
overall, are poor, with a high rate of relapse following primary
definitive treatment and relatively short DFS (4.0months) and
OS (15.0 months). Tipifarnib has demonstrated encour-
aging efficacy in patients withHRAS-mutant HNSCC,9 and
the use of tipifarnib in the Kura data set demonstrated
improved OS compared with the MD Anderson cohort.
While the DFS were comparable in MDACC (4.0 months)
and Kura (4.0 months) data sets, the difference of OS
between MDACC (15.0 months) and Kura (25.5 months)
can be partially explained as clinical trial patients are
typically more robust; it is also highly likely that the ad-
dition of tipifarnib to their arsenal of therapeutic options
provided benefit, as tipifarnib demonstrated PFS of
5.6 months in the prior report.27 Altogether, our clinical
data highlight the poor prognosis of this molecularly de-
fined HNSCC subtype, while emphasizing the importance
of FTIs, such as tipifarnib in this area of unmet need.

Our study has several limitations. While we were able to
leverage four independent data sets, including the recent
AACR GENIE v.12 data set,10 two of these cohorts were
small, and the largest data sets did not have full clinical
outcome information. As this is a rare oncogene-driven
subset of HNSCC, our combined data sets nonetheless
provide unique insights into thismolecularly defined disease.
The complete comutation analysis was only performed with
one large data set. In this analysis, we are also limited by not
functionally validating these mutations using experimental
models, which should be a focus of future work.

In conclusion, we present the largest data set ofHRAS-mutant
HNSCC and confirm HRAS-mutant HNSCC as a distinct
clinical and genomic entity. We demonstrate that FTI tipifarnib
is active across HRAS codons, and while clinical outcomes in
HRAS-mutant HNSCC, overall, are poor, our data highlight the
importance of FTIs in this rare genomically defined HNSCC
subgroup. We confirm that, although more likely to be as-
sociated with HPV-negative disease, HRAS mutation can
occur in both HPV-positive and HPV-negative HNSCC and we
observe clinical benefit from FTase inhibition in patients with
HRAS-mutant HNSCC with both HPV-positive and HPV-
negative tumors. Comutations of significance in HNSCC are
present in HRAS-mutant HNSCC (NOTCH1, CASP8, TP53,
CDKN2A) and demonstrate FGF and CCND1 amplifications
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are mutually exclusive with HRAS mutation. Understanding
the mutational, genomic landscape of HNSCC has led to the
development of better therapeutic approaches in this disease

and our data provide additional insights into this rare genomic
subset of HNSCC which may be of interest in future clinical
trial design.
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APPENDIX 1. SUPPLEMENTARY MATERIAL AND RESULTS

Supplementary Methods

Detail of each of the four data sets.

MD Anderson Cancer Center cohort. The study was approved by
the Institutional Review Boards at MD Anderson Cancer (January
2004 to June 2020, per protocol LAB02-039 and PA14-0947). Data
were pooled from an institutional data set with complete clinical
information including age, sex, primary cancer site, smoking status,
human papillomavirus (HPV) status, treatments received, date of
diagnosis, date of death, treatment dates, and genomic information
for each patient (HRAS mutation status and comutational data,
testing platform varies).

Kura cohort. For the cases used from the KURA KO-TIP-001 study
(ClinicalTrials.gov identifier: NCT02383927), approval for this study,
including a waiver of informed consent and a Health Insurance
Portability and Accountability Act waiver of authorization, was obtained
from the Western Institutional Review Board (Protocol No. 20152817,
September 2015 to April 2020). These studies were conducted in
accordance with ethical guidelines including the Declaration of Hel-
sinki and US Common Rule. Consented data that can be released are
included in the article and its supplementary files. Clinical data were
collected for each patient, including age, sex, race, smoking status,
HPV status (if known), primary cancer, primary definitive treatment
received, metastatic treatments, date of diagnosis, date of death,
treatment dates, and genomic information.

Foundation Medicine cohort. Patient samples were collected
from 2013 to 2020. Full genomic data for patients with HRAS-mutant
head and neck squamous cell carcinoma and HRAS wild-type head
and neck squamous cell carcinoma were available for analysis, in-
cluding HRASmutation and comutational data. Clinical data regarding
treatment, date of diagnosis, and treatment outcomes were not
available for this cohort. Clinical data that were available for patients in
this cohort included age, sex, HPV status, TMB high/low status,
microsatellite stability, and programmed death-ligand 1 (PD-L1)
status.

AACR GENIE v.12 cohort. AACR Project GENIE is a publicly ac-
cessible cancer registry of real-world data assembled through data
sharing between 19 leading international cancer centers. The data set
was analyzed in July 2022, to accessHRASmutation distribution data.
No clinical data were available in this cohort.

Histology. PD-L1 status was determined through immunohisto-
chemistry performed on formalin-fixed paraffin-embedded tissue
sections with 22C3 (Dako/Agilent, Santa Clara, CA). A board-certified
pathologist determined the tumor proportion score (TPS) for each
sample as defined by the assay package insert for use as a companion
diagnostic. The TPS is the proportion of tumor cells exhibiting linear
membranous staining out of all tumor cells and is reported as a
percentage (0%-100%). PD-L1 expression was summarized as neg-
ative (, 1% TPS) or positive (≥ 1% TPS). The pathology laboratory
established performance characteristics for this assay per the re-
quirements of the Clinical Laboratory Improvement Amendments ’88
and in accordance with College of American Pathologists checklist
requirements and guidance.
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TABLE A1. HRAS Mutation Distribution in Each Cohort, MDACC (2004-2020), KURA KO-TIP-001 Trial Participants, FMI-Profiled Cases, and
AACR Project GENIE v.12 Cohort

MDACC (n = 12) Kura (n = 27) FMI (n = 154)
AACR GENIE v.12

(n = 56)

G12S/V/D: 42% (n = 5) G12S/V/D: 44% (n = 12) G12 C/D/F/N/S: 36%
(n = 56)

G12S/D/N: 40% (n = 25)

G13V: 17% (n = 2) G13V/R/S: 26% (n = 7) G13 C/D/E/R/S/V/insG/
insGG: 32% (n = 49)

G13R/C/V/D: 17.5% (n = 11)

A18V: 4% (n = 1)

Q22K: 4% (n = 1) Q22K: 1.6% (n = 1)

V29G: 4% (n = 1) D33Y: 1.6% (n = 1)

A59T: 7% (n = 2) A59T: 2.6% (n = 4) A59T: 3%. (n = 2)

Q61K/L: 33% (n = 4) Q61K/R: 11% (n = 3) Q61 H/K/L/R: 27% (n = 42) G60D: 1.6% (n = 1)

Q61K/L/H/R: 17.5% (n = 11)

F82C: 8% (n = 1) E91Q: 1.6% (n = 1)

K117: 1.3% (n = 2)

D119: 0.7% (n = 1) D119H/N: 5% (n = 3)

NOTE. Values (n) indicate the exact mutation present for each codon, the number of cases for the overall four cohorts.
Abbreviations: AACR, American Association for Cancer Research; FMI, Foundation Medicine Inc; Kura, Kura Oncology Inc; MDACC, MD

Anderson Cancer Center.
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TABLE A2. Summary of the Pathogenic Score of Each HRAS Mutation
Identified Using Mutation Impact on COSMIC v73
HRAS Mutation Pathogenic Score

G12C 0.99

G12D 0.99

G12N 0.99

G12V 0.99

G12S 0.99

G13C 0.99

G13V 0.99

G13D 0.99

G13R 0.99

G13S 0.99

A18V 0.99

Q22K 1.00

A59T 0.97

Q61K 0.99

Q61L 0.98

Q61R 0.97

K117 0.99

D119H 0.97

D119N 0.97

D33Y 0.99

E91Q 0.99

G12F NA

G13E NA

F82C NA

V29G NA

Q61H NA

G13insG/GG NA

NOTE. These scores have been derived from the new
FATHMM-MKL algorithm, which predict the functional, molecular, and
phenotypic consequences of protein missense variants using hidden
Markov models. To highlight the most significant data in COSMIC, only
scores ≥ 0.7 are classified as pathogenic.

Abbreviation: NA, no results available.

TABLE A3. Clinical and Pathological Characteristics of the MDACC
and Kura Cohorts
Data Set MDACC (n = 11) Kura (n = 27)

Primary site of disease,
No. (%)

Oral cavity 7 (64) 16 (59)

Base of tongue 3 (27) 3 (11)

Tonsil/tonsillar fossa 1 (9) 1 (4)

Other 0 7 (26)

Initial stage at diagnosis,
No. (%)

I 1 (9) 0

II 0 2 (7)

III 3 (27) 2 (7)

IVa 5 (45) 23 (85)

IVb 2 (18)

Primary definitive treatment,
No. (%)

Surgery =. XRT with or
without chemo

5 (45) 14 (52)

Concurrent chemo-XRT 2 (18) 1 (4)

Induction =. definitive
therapy

2 (18) 5 (19)

Surgery =. XRT
=. salvage chemo/XRT

0 4 (15)

Surgery alone 1 (9) 2 (7)

XRT alone 1 (9) 1 (4)

Exposure to platinum in
metastatic setting,
No. (%)

4 (50) 10 (37)

Exposure to IO in metastatic
setting, No. (%)

3 (38) 13 (48)

Abbreviations: IO, immunotherapy; Kura, Kura Oncology, Inc;
MDACC, MD Anderson Cancer Center; XRT, radiotherapy.
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TABLE A4. Patient Demographics ofHRAS-Mutant Head andNeck Squamous Cell
Carcinoma in the Three Cohorts: MDACC (2004-2020), KURA KO-TIP-001 Trial
Participants, and FMI-Profiled Cases
Data Set MDACC (n = 13) Kura (n = 27) FMI (n = 155)

Median age, years 55 61 65

Sex, % cases

Male 54 73 65

Female 46 27 35

HPV status, No. (%)

Positive 3 (43) 3 (20) 38 (21)

Negative 4 (57) 12 (80) 139 (79)

NOTE. HPV cases include only cases which were tested.
Abbreviations: FMI, Foundation Medicine Inc; HPV, human papillomavirus;

Kura, Kura Oncology, Inc; MDACC, MD Anderson Cancer Center.
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