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ABSTRACT

PURPOSE RET rearrangements and RET activating point mutations represent targetable
genomic alterations in advanced solid tumors. However, the frequency and
clinicopathologic characteristics of wild-type RET amplification in cancer and
its potential role as a targetable oncogenic driver are not well-characterized.

METHODS In two institutional cohorts of patients with solid cancers from the Dana-Farber
Cancer Institute (DFCI) and Memorial Sloan Kettering Cancer Center (MSKCC)
whose tumors underwent next-generation sequencing (NGS), the frequency
and clinicopathologic features of wild-type RET amplification in the absence of
RET rearrangements or activating mutations was assessed. The findings were
validated using merged data from The Cancer Genome Atlas (TCGA), Genomics
Evidence Neoplasia Information Exchange (GENIE), and China Pan-Cancer
data sets.

RESULTS The frequency ofwild-typeRET amplification across all solid cancerswas 0.08%
(26of 32,505) in theDFCI cohort, 0.05% (26 of 53,152) in theMSKCC cohort, and
0.25% (71 of 28,623) in the cohort from TCGA, GENIE, and China Pan-Cancer.
Cancer types with RET amplification included non–small-cell lung cancer
(NSCLC), hepatobiliary cancer, prostate cancer, breast cancer, and others. The
median RET copy number in RET-amplified cases was 7.5 (range, 6-36) in the
DFCI cohort and 5.7 (range, 4-27.7) in the MSKCC cohort. Among 11
RET-amplifiedNSCLCs, eight had no other concurrent drivermutations. Finally,
we report on a 69-year-old man with recurrent NSCLC harboring high-level
wild-type RET amplification (22-28 copies) as the only identified putative
genomic driver who experienced both a systemic and intracranial confirmed
response to the RET inhibitor selpercatinib.

CONCLUSION Amplification of wild-type RET represents a novel, targetable molecular subset
of cancer.

INTRODUCTION

Genomic alterations in the rearranged during transfection
(RET) receptor tyrosine kinase gene are targetable oncogenic
drivers across multiple cancer types.1,2 RET activating point
mutations are common in medullary thyroid cancer while
RET fusions are found in papillary thyroid cancer (approx-
imately 20%), non–small-cell lung cancer (NSCLC,
1%-2%), and other solid tumors (<1%).2 Earlier studies with
multikinase inhibitors in RET-altered cancers were limited
by modest efficacy and unfavorable side effect profiles.3,4

Recently, the selective RET inhibitors selpercatinib and
pralsetinib demonstrated higher response rates, more du-
rable efficacy, and fewer toxicities than multikinase RET
inhibitors, leading to their approval for cancers with RET
fusions or activating point mutations.5-10

Despite robust characterization of RET rearrangements and
activating point mutations as oncogenic drivers, whether
wild-type RET amplification acts as a targetable oncogenic
driver is not well-understood. This study investigates the
frequency, clinicopathologic characteristics, and genomic
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features of wild-type RET amplification across solid tumor
types. We report the first known case of clinical response to
selpercatinib in a patient with metastatic NSCLC with high-
level, focal amplification of RET without other known RET
alterations or oncogenic drivers.

METHODS

The frequency ofwild-typeRET amplification in solid tumors
was evaluated in three independent pan-cancer cohorts (Data
Supplement [Fig A1]). Hematologic malignancies were ex-
cluded. For all cohorts, RET-amplified cases with a concurrent
oncogenic/likely oncogenicRETpointmutation (perOncoKB11)
or a concurrent RET fusion reported on DNA next-generation
sequencing (NGS) were not considered wild-type RET-
amplified. RET-amplified cases identified with sequencing
platforms that did not assess for fusions/structural variants
(n 5 1 case) were also not considered wild-type amplified.

The first pan-cancer cohort consisted of consecutive pa-
tients with solid cancers at the Dana-Farber Cancer Institute
(DFCI) between 2013 and 2022 whose tumors underwent
targeted NGS using the OncoPanel platform,12 which as-
sesses 277 (version 1, April 2013-July 2014), 302 (version 2,
July 2014-September 2016), and 447 (version 3, September
2016-present) cancer-associated genes. RET amplification
was defined as ≥6 copies. This cutoff is based on an estab-
lished threshold used for determining amplifications in the
OncoPanel platform. Cases with amplification of the entire
chromosome 10 (n 5 2) rather than having focal RET am-
plification were excluded. Chromosome 10 polysomy was
determined by manual visualization of the chromosome 10
copy plots derived from calculated log2 ratios for all DFCI
RET-amplified cases (by a dedicated pathologist, M.S.G.),12

which allowed for easy discernment between focal RET
amplification versus polysomy (Data Supplement [Fig A2]).

A second institutional analysiswas performed in a pan-cancer
cohort of patients with solid cancers at the Memorial Sloan
Kettering Cancer Center (MSKCC) whose tumors underwent
NGS using the MSK-IMPACT platform, which assesses 341
(version 1), 410 (version 2), and 468 (version 3) cancer-
associated genes.13 RET-amplified cases from MSKCC were
initially identified as those with a RET fold change >2, an
established threshold used for clinical reporting of amplifi-
cations detected usingMSK-IMPACT.13 These identified cases
were further evaluated using fraction and allele-specific copy
number estimates (FACETS) segmentation methodology,
allowing for allele-specific, tumor purity-adjusted determi-
nations of RET total copy number and segment size.14 To
ensure high-quality copy number information, samples with
an estimated tumor purity <20% or that otherwise failed
FACETS quality control were excluded from this further
analysis. Ploidy-corrected total copy number was subse-
quently calculated for samples meeting this requirement;
this adjustment allowed for more accurate gene amplifica-
tion calling since it accounts for the presence of chromo-
somal aneuploidy or whole-genome doubling. Cases with a
ploidy-corrected total copy number ≥4 (an empirical cutoff
identified in previous research on detection of amplifications
with FACETS)15 were defined as RET-amplified in theMSKCC
cohort. For the DFCI and MSKCC cohorts, the thresholds for
RET amplification were copy number cutoffs specific to the
respective unique platforms, which were felt to be more
appropriate than arbitrarily introducing a new single
threshold across the two cohorts. For both institutional
cohorts, patients provided written informed consent to
institutional review board–approved protocols at each site.

Finally, analyses using merged data from The Cancer Ge-
nome Atlas (TCGA) Pan-Cancer Atlas,16 Project Genomics
Evidence Neoplasia Information Exchange (GENIE) version
13.017 (excluding cases from DFCI and MSKCC), and China

CONTEXT

Key Objective
Although RET fusions and activating mutations are well-studied as actionable genomic alterations in multiple solid tumor
types, wild-type RET amplification remains poorly characterized in cancer. This study examined the frequency and clini-
copathologic features of wild-type RET-amplified cancer in three pan-cancer cohorts.

Knowledge Generated
Across all solid cancers, the frequency of wild-type RET amplification was 0.08%, 0.05%, and 0.25% in the three cohorts,
respectively, and was observed in cancer types including non–small-cell lung cancer (NSCLC), hepatobiliary cancer,
prostate cancer, and breast cancer. Among RET-amplified NSCLCs, 73% had no other concurrent drivers. Finally, we present
the first reported case of a response to the RET inhibitor selpercatinib in a patient with RET-amplified NSCLC without RET
fusion or other oncogenic drivers.

Relevance
Wild-type RET amplification represents a novel genomic subtype of cancer with susceptibility to targeted therapy, a finding
with important implications for targeted treatment strategies in multiple cancer types.
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Pan-Cancer18 data sets (all accessed via the cBioPortal for
Cancer Genomics19,20) were performed to identify the fre-
quency of wild-type RET amplification (according to an-
notations in each data set) in a third pan-cancer cohort.

For all three cohorts, multiple samples from the same pa-
tient were only considered as separate cases if they were of
different cancer types; for the DFCI cohort, cases from the
same patient in which it was ambiguous whether they were
of different cancer types were resolved by chart review.
Clinicopathologic characteristics of RET-amplified cases
were abstracted from the medical record or cBioPortal,
where available. Given the varied methodologies to evaluate
copy count in each cohort, we determined cohort-specific
frequencies of RET amplification, rather than presenting a
single pooled RET amplification frequency. For clinico-
pathologic and genomic features of RET-amplified cases, we
evaluated both pooled data (especially to allow for explor-
atory analyses within cancer types, where sample sizes were
small) and cohort-specific data.

In the patient case, DNA NGS was performed by OncoPanel.12

Targeted RNA sequencing was performed by Solid Fusion
Assay (Massachusetts General Hospital) using Anchored
Multiplex PCR.21 RET fluorescence in situ hybridization
(FISH) was performed using a RET break-apart probe
(Kreatech RET, 10q11 Dual Color). Lesions were assessed by
computed tomography (CT) and magnetic resonance im-
aging (MRI) and reviewed by a dedicated radiologist (M.N.)
and radiation oncologist (A.A.) according to the RECIST and
response assessment in neuro-oncology brain metastases
(RANO-BM) criteria, respectively. Consent from the patient
for publication of this case was obtained.

RESULTS

RET Amplification Frequency and Clinicopathologic
Features Across Cancer Types

To assess RET amplification frequency across cancer types
and explore associated clinicopathologic and genomic
characteristics, two pan-cancer institutional cohorts of solid
tumors from DFCI (N 5 32,505) and MSKCC (N 5 53,152)
were assessed. Additionally, merged data of solid cancer
cases from the TCGA, GENIE, and China Pan-Cancer data
sets (N 5 28,623) were evaluated (excluding cases in GENIE
from DFCI and MSKCC). Nine cases of RET amplification
occurring concurrently with RET fusion or activating RET
point mutations were identified (detailed in Data Supple-
ment [Table A1]); these cases were excluded from subse-
quent analyses to focus on wild-type RET amplification. The
frequency of wild-type RET amplification across all solid
cancers was 0.08% (26 of 32,505) in the DFCI cohort, 0.05%
in theMSKCC cohort (26 of 53,152), and 0.25% (71 of 28,623)
in the cohort from TCGA, GENIE, and China Pan-Cancer
(Figs 1A-1C, Data Supplement [Fig A1]). In NSCLC, the fre-
quency of RET amplification was 0.08% (4 of 4,778) in the
DFCI cohort, 0.04% (3 of 7,139) in the MSKCC cohort, and

0.09% (4 of 4,293) in the TCGA, GENIE, and China Pan-
Cancer cohort (Figs 1A-1C). Of the 11 RET-amplified NSCLC
cases, five were adenocarcinoma, four were squamous cell
carcinoma, one was NSCLC favor adenocarcinoma, and one
was adenoid cystic carcinoma. Other cancer types with RET
amplification included breast cancer, hepatobiliary cancer,
and prostate cancer, among others. Detailed frequencies of
RET amplification across cancer types are presented in the
Data Supplement (Table A2).

In the DFCI cohort, the median RET gene copy number
among amplified cases was 7.5 (range, 6-36) while in the
MSKCC cohort, the median RET gene copy number was 5.7
(range, 4-27.7) (Data Supplement [Fig A3A]). Regarding
clinicopathologic and genomic features of RET-amplified
cases, among the 11 RET-amplified NSCLCs, eight had no
other codriver alterations while three had concurrent driver
alterations (MET amplification, KRAS G12C, and EGFR exon 20
insertion) (Data Supplement [Fig A3B]). The median age of
patients with RET-amplified NSCLC was 69 years and 36.4%
were female. In eight RET-amplified NSCLC cases with
available smoking status,five had ahistory of tobacco use, two
of which had concurrent drivers (KRAS G12C and MET am-
plification). Of the 24 RET-amplified breast cancer cases, four
had concurrentPIK3CAmutations, andof the 15RET-amplified
breast cancers with immunohistochemistry available, seven
were triple-negative, two were triple-positive, three were
estrogen receptor–negative (ER–)/progesterone receptor–
negative (PR–)/human epidermal growth factor receptor
2–positive (HER21), two were ER1/PR1/HER2–, and one
was ER1/PR–/HER2– (Data Supplement [Fig A3C]). Detailed
clinicopathologic and genomic characteristics for the
three cohorts are summarized in the Data Supplement
(Tables A3-A5).

Case

We present a case of response to selpercatinib in a patient
with wild-type RET-amplified NSCLC without RET fusion
or other oncogenic alterations. The patient is a 69-year-
old man with a 40 pack-year history of tobacco use who
presented with hoarseness and was found to have
unresectable stage III NSCLC favor adenocarcinoma, with
a 5.6-cm left upper lobe (LUL) lung mass and involve-
ment of 4R and 4L lymph nodes (Data Supplement
[Fig A4]). Pathologic analysis showed weak positivity for
TTF-1 and INSM1, positive (retained) RB1 expression,
and negative p40 and PD-L1 expression (Data Supple-
ment [Fig A5A-C]). Positron emission tomography-CT
imaging showed no distant metastases, and a brain MRI
was negative for metastatic disease. NGS showed focal
RET amplification (estimated 22 copies, Data Supplement
[Fig A6]) without RET fusion or RET point mutation and
was negative for other oncogenic driver mutations in
KRAS, EGFR, ALK, ROS1, BRAF, MET, NTRK, HER2, and
NRG1. Targeted RNA sequencing demonstrated no fusions
but a high number of RET transcripts compared with
historical NSCLC controls.
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The patient was initially treated with cisplatin plus peme-
trexed and concurrent radiation followed by durvalumab
consolidation, with a decrease in the LUL mass. Subsequent
imaging approximately 3 months after durvalumab initia-
tion showed increased right axillary lymphadenopathy, and a
biopsy of this lymph node revealed recurrent NSCLC with
similar morphology and immunohistochemical phenotype
to the prior (Data Supplement [Fig A5D-F]). Additionally, a
brain MRI demonstrated a new enhancing right frontal lobe
metastasis. Genomic sequencing of the recurrent axillary
lymph node redemonstrated RET amplification (28 copies),
without other oncogenic alterations (Fig 2A). Additionally,
RET FISH on the axillary recurrence showed no split signals
or isolated 39 signals to indicate a RET rearrangement but did
showmarked 59 RET signal amplification (59 signals with >25
copies per cell and an intact number of normal fused 59 and 39
signals, Fig 2B), supportive of focal RET amplification rather
than chromosome 10 polysomy. Repeat targeted RNA se-
quencing again showed no oncogenic fusions but increased
RET transcript levels compared with historical NSCLC con-
trols, similar to the previous analysis (Fig 2C).

Given the progression after recent platinum-doublet che-
motherapy and PD-L1 immunotherapy, along with the
finding of high-level RET amplification, the patient was
started on off-label selpercatinib at the standard dose of
160 mg twice daily. Stereotactic radiosurgery to the brain
metastasis was considered in multidisciplinary discussion
with radiation oncology but deferred given the lesion’s close

proximity to the optic nerve. Subsequent serial imaging
while on selpercatinib demonstrated an ongoing confirmed
objective response, with a complete response in the right
axillary lymph node achieved at approximately 6 weeks
(ongoing at approximately 5 months; Fig 2D, Data Supple-
ment [Fig A7]) and a partial response in the brain metastasis
achieved at 3 months (ongoing at approximately 6 months;
Fig 2E, Data Supplement [Fig A7]). Selpercatinib was tol-
erated with an adverse effect profile consistent with that
previously published.8 The patient experienced transient
grade 1 transaminase elevation that subsequently resolved as
well as intermittent abdominal pain, indeterminate for ca-
sual relationship to selpercatinib, or baseline chronic
diverticulitis.

DISCUSSION

Selective targeting of RET has become the standard of care for
patients with RET fusion–positive cancer or RET activating
point mutations. Here, we demonstrate that amplification of
wild-type RET represents a novel, targetable, albeit rare
molecular subtype across cancer types, and to our knowledge,
we report the first case of clinical response to the RET in-
hibitor selpercatinib in a patient with advanced NSCLC with
RET amplification and no other known oncogenic alterations.

RET amplification was first described in thyroid cancer and
has subsequently been identified in various cancer types. In a
previous pan-cancer cohort (N 5 4,871), 0.5% had RET
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FIG 1. (A) Frequency of wild-type RET amplification overall and by individual cancer type in a pan-cancer cohort of 32,505 sequenced solid
tumor cases from DFCI. (B) Frequency of wild-type RET amplification overall and by individual cancer type in a pan-cancer cohort of 53,152 solid
tumor cases from MSKCC. (C) Frequency of wild-type RET amplification overall and by individual cancer type in 28,623 solid tumor cases from
the TCGA Pan-Cancer Atlas, GENIE (excluding cases from DFCI andMSKCC), and the China Pan-Cancer data sets. For all three bar graphs (A-C),
cancer types displayed are those with a frequency of >1% of the cohort and those in which >1 RET-amplified case was identified. Data
Supplement (Table A2) summarizes frequencies across all observed cancer types. DFCI, Dana-Farber Cancer Institute; GENIE, Genomics
Evidence Neoplasia Information Exchange; MSKCC, Memorial Sloan Kettering Cancer Center; NSCLC, non–small-cell lung cancer; TCGA, The
Cancer Genome Atlas.
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amplification (with an incidence of 0.48% in NSCLC)22; in a
separate breast cancer cohort (N5 9,693), the frequency was
0.84%.23 To our knowledge, our analyses provide the largest
pan-cancer assessment of RET amplification to date. We
found that RET amplification frequency across all solid cancer
types was 0.08% in the DFCI cohort, 0.05% in the MSKCC
cohort, and 0.25% in theTCGA,GENIE, andChinaPan-Cancer
cohort and that the frequency in NSCLC was 0.08%, 0.04%,
and 0.09% in these three cohorts, respectively. Our observed
frequencies are lower than previously reported, whichmay, in

part, be due to the larger cohort size in our study. Additionally,
in the DFCI cohort, cases with amplification of the entire
chromosome 10 rather than focal RET amplification were
excluded while in the MSKCC cohort, FACETS was used to
correct for tumor ploidy as previously described14; these
measures may contribute to a lower, more accurate rep-
resentation of the frequency of focal RET amplification
(information on ploidy was not available in the TCGA,
GENIE, and China Pan-Cancer cohort). Differing amplifi-
cation thresholds may additionally account for some of the
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differences in frequency estimates betweenour cohorts. Given
the uniquemethodologies in determining copy number count
and distinct amplification thresholds in the DFCI and MSKCC
platforms, we used these cohort-specific cutoffs, rather than
impose a new single arbitrary cutoff across cohorts. Varied
methodologies between institutions in evaluating copy count
pose inherent limitations, an area that merits future work.

Our analyses also shed light on the clinicopathologic and
genomic features of RET-amplified tumors. A dispropor-
tionate number of RET-amplified breast cancer cases were
triple-negative (7 of 15 cases with available immunohisto-
chemistry); although the sample size is small, this finding
is intriguing and is in line with prior evidence that
RET-amplified breast cancer tends to be ER-negative and
ERBB2 nonamplified.23 This observation must be interpreted
in the context of the fact that breast cancer in general, and
TP53-mutant triple-negative breast cancer in particular,
tends to be characterized by genomic instabilitywithmultiple
amplification events.24 Regarding NSCLC, compared with
previous real-world reports on clinical characteristics of
NSCLC harboring a RET fusion, the 11 RET-amplified NSCLC
cases in this study were slightly older (median age 69 years,
compared with a median age of 56-65 years in previous
studies of RET-fused NSCLC) and more male-predominant
(36.4% female, compared with 45%-56% female in previous
studies of RET-fused NSCLC).25-28 A history of smoking was
present in 62.5% of RET-amplified NSCLC cases, with
available smoking status slightly higher than the historical
rate of tobacco use (31%-49.1%) observed among RET-fused
NSCLC in previous studies.25-28 Additionally, 36.4% of RET-
amplifiedNSCLC cases were squamous cell carcinoma, higher
than the frequency (0%-1.7%) seen previously in RET-fused
NSCLC.25-28 These conclusions are limited by the small sample
size of our RET-amplified NSCLC subset. There was not
sufficient data on PD-L1 and tumormutational burden (TMB)
in our RET-amplified NSCLC cases to allow for meaningful
comparisons. Finally, a key finding from our exploration of
genomic features of RET-amplified tumors is that 8 of the
11 RET-amplified NSCLC cases did not have a concurrent
driver alteration, suggesting that RET amplification may be
the sole potential oncogenic driver in a subset of lung cancers.

The ability of RET amplification to serve as a potential
oncogenic alteration vulnerable to targeted therapy is
supported by our case of a patient with RET-amplified
NSCLC without other known drivers who responded to
selpercatinib. Three previous case reports observed efficacy
of multikinase inhibitors in RET-amplified tumors: one case
described response to sunitinib in treatment-refractory
RET-amplified germ cell tumor,29 the second documented
response to cabozantinib 1 nivolumab in a patient with
hepatocellular carcinoma harboring RET amplification, high
TMB, and positive PD-L1 expression (although whether the
kinase inhibitor or the immunotherapy drove this response
is unclear),30 and the third reported stable disease in a pa-
tient with RET-amplified adenocarcinoma of the tongue
(thought to have originated in a minor salivary gland)

treated with sunitinib, with 22% shrinkage of lung metas-
tases.31 Importantly, the first two cases did not pursue RNA
NGS or FISH testing and thus may have overlooked the
presence ofRET fusion sinceRET fusion andamplification can
cooccur. In contrast to the activity of multikinase inhibitors
in these cases, another study observed no difference in re-
sponse rate among 24 patients with RET-amplified NSCLC
who received vandetanib versus a comparator arm in four
phase III trials of vandetanib, although conclusions from this
study are limited by the small sample size and the modest
impact of multikinase inhibitors even in RET fusion-positive
cases.32 With the advent of selective RET inhibitors, whether
these therapies are effective againstRET-amplified tumors is
of interest. One report documented response to pralsetinib in
a patient with NSCLC with a novel intergenic RET fusion and
RET amplification, although whether the fusion or amplifi-
cation accounted for the response is unclear.33 Notably, a
recent case report observed a response to selpercatinib in
RET-amplified glioblastoma.34 This report together with our
case of response to selpercatinib in wild-type RET-amplified
NSCLC provide compelling motivation for further investi-
gation of RET amplification as a possible novel targetable
oncogenic driver across cancer types. Indeed, the potential
oncogenicity and targetability of RET amplification is sup-
ported by preclinical studies showing that RET amplification
promotes transformation of nontumorigenic mammary cells
in vitro and that overexpressionor amplification ofwild-type
RET in mice induces formation of mammary tumors that are
susceptible to RET inhibitors.23,35 The possibility of RET
amplification serving as a targetable oncogenic driver is
further supported by analogous situations that exist forHER2
and MET amplification in NSCLC.36-38 Together, the body of
preclinical data supportingwild-typeRET amplification as an
oncogenic driver, our case and prior cases of response of
wild-type RET-amplified cancer to selective RET inhibition,
and the parallels with HER2 and MET amplification offer
important evidence that wild-type RET amplification may
serve as a novel driver alteration.

Another intriguing question is whether RET amplification can
serve as a mechanism of acquired resistance to targeted ther-
apies for other driver alterations. Our RET-amplified cases with
available treatment course information either already had RET
amplification at baseline or did not have paired pretreatment
and post-treatment genomics available to examine this ques-
tion. However, RET amplification was previously reported as a
potential mechanism of acquired resistance to HER2-targeted
therapy in a patient with breast cancer.23 Further research is
warranted to probe this question in greater depth.

Overall, this study provides evidence that amplification of
wild-type RET represents a novel, actionable, rare genomic
subset of NSCLC and other cancers. This finding underscores
the importance of broad next-generation sequencing to
identify rare but actionable alterations that can profoundly
influence patients’ lives and motivates future work in larger
RET-amplified cohorts to help inform targeted treatment
strategies across cancer types.
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