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Abstract

This study examined the safety and tolerability of erlotinib and the heat shock protein 90
inhibitor onalespib in EGFR-mutant non—-small cell lung cancer (NSCLC). The phase Il
component examined preliminary efficacy in epidermal growth factor receptor exon 20 insertion
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(EGFRex20ins) NSCLC. Overlapping toxicities, mainly diarrhea, limited the tolerability of the
combination. EGFRex20ins circulating tumor DNA (ctDNA) was detected in the majority of
patients; failure to clear ctDNA was consistent with lack of tumor response.

Background: Onalespib is a novel heat shock protein 90 inhibitor (HSP90i). Previous preclinical
and clinical studies with HSP90i have demonstrated activity in £GFR-mutant non—-small cell lung
cancer (NSCLC). This study sought to determine the safety and tolerability of onalespib plus
erlotinib in EGFR-mutant NSCLC and to evaluate the preliminary efficacy of the combination in
epidermal growth factor receptor exon 20 insertion (EGFRex20ins) NSCLC.

Patients and Methods: Standard 3+3 dose escalation was followed by a phase 1l expansion
in EGFRex20ins. The phase I component targeted a response rate of 25% versus a background
rate of 5%. Prospective next-generation sequencing (NGS) of 70 cancer-related genes, including
EGFR, via plasma circulating tumor DNA (ctDNA) was performed. Toxicity was graded by
Common Terminology Criteria for Adverse Events (CTCAE), version 4, and response was
determined by Response Evaluation Criteria in Solid Tumours (RECIST) 1.1.

Results: Eleven patients were treated (nine dose escalation, two dose expansion). Two dose-
limiting toxicities (DLTs) occurred in dose level (DL) 0 and zero in DL =1 (minus). In 10
EGFRex20ins patients, no responses were observed, median progression-free survival was 5.4
months (95% confidence interval, 0.9-5.7), and the disease control rate (DCR) was 40% (median,
3.5 months). EGFRex20ins was detected in nine of 10 ctDNA samples at baseline; on-treatment
CtDNA clearance was not observed. Grade 3 diarrhea was the predominant toxicity in 45%

of patients. The recommended phase 11 dose is DL -1 (minus): erlotinib 150 mg orally every
morning and onalespib 120 mg/m? intravenously on days 1, 8, and 15 every 28 days.

Conclusion: Overlapping toxicities of erlotinib and onalespib, mainly diarrhea, limited the
tolerability of this combination, and limited clinical activity was observed, so the trial was closed
early. Plasma EGFRex20ins ctDNA was detected in the majority of patients; failure to clear
CtDNA was consistent with lack of tumor response (NCT02535338).

Keywords

Heat shock protein inhibitors; circulating tumor DNA; EGFR Exon 20 insertion; Heat shock
protein 90; EGFR tyrosine kinase inhibitor

Introduction

Epidermal growth factor receptor exon 19 deletion (EGFR E19del) and the EGFR L858R
mutation in exon 21 represent the vast majority of EGFR-activating mutations and are
exquisitely sensitive to approved EGFR tyrosine kinase inhibitors (TKIs). Erlotinib is a
first-generation EGFR TKI and one of several EGFR TKIs currently FDA approved for
these canonical EGFR mutations based on improved response rates and progression-free
survival (PFS) compared with platinum-based chemotherapy.! £GFR exon 20 insertions
(EGFRex20ins) are a collection of driver mutations comprising approximately 4% to
12% of all EGFR mutant lung cancers.23 Although £GFRex20ins usually have the same
transforming ability as more common EGFR-activating mutations and are thus considered
oncogenic drivers, they are typically unresponsive to first- and second-generation EGFR
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TKIs due to the modified structures of their kinase domains.# Osimertinib, although FDA
approved for EGFR E19del, L858R, and T790M-positive NSCLC, is not approved for
EGFRex20ins, but it has modest preclinical activity and anecdotal reports of response

and is being studied in a National Cancer Institute (NCI) cooperative group study
(NCT03191149).58 Newer generation EGFR TKIs, such as poziotinib and mobocertinib
(TAK-788) or the EGFR/mesenchymal—epithelial transition (MET) bifunctional antibody
amivantamab (JNJ-372), have improved clinical activity with higher response rates and are
in clinical trials but are not yet approved for routine clinical use.”-10

Heat shock protein (HSP) complexes act as molecular chaperones that participate in
stabilizing and activating client proteins. Cancer cells use HSP90 to protect mutated and
overexpressed proteins from ubiquitin-mediated degradation.1 £GFRex20ins mutations
have demonstrated interaction with and dependence on HSP90 in vitro.1213 |n patients
harboring EGFRex20ins, modest activity was observed with the HSP90 inhibitor luminespib
(AUY922) as a single agent with an overall response rate of 17% and median PFS of 2.9
months (95% confidence interval [CI], 1.4-5.6); a high rate of diarrhea and an unusual side
effect of ocular visual changes were observed.14

Onalespib lactate (AT13387) is a non-ansamycin small molecule that potently inhibits
HSP90 chaperone activity and promotes degradation of client oncoproteins that mediate
resistance to EGFR TKIs.1518 Maintaining prolonged knockdown of HSP90 client proteins
has been a challenge in the development of this class of drugs in NSCLC. Oncoprotein
knockdown by onalespib is prolonged relative to its plasma half-life in NSCLC cell lines
and xenotransplants.1’ Preclinical activity of HSP90 inhibition with onalespib has been
shown in several oncogene-driven tumors, including EGFR TKI-sensitive and -resistant
EGFR-mutant NSCLC, anaplastic lymphoma kinase-rearranged NSCLC, BRAFmutant
melanoma both sensitive and resistant to dual BRAF and MEK inhibition, and K/7 mutated
gastrointestinal stromal tumors both sensitive and resistant to imatinib.18-20 Onalespib has
single-agent activity in EGFR-mutant NSCLC, is synergistic with erlotinib in EGFR-mutant
NSCLC, and delays the emergence of resistance to EGFR TKI treatment in cell lines and
xenotransplants.20

In addition to determining the safety and efficacy of erlotinib plus onalespib in a phase

I dose escalation trial in EGFR-mutant NSCLC, the phase 11 portion of this study sought
to explore whether combination strategies with HSP90 inhibition and EGFR TKIs may
increase activity specifically in EGFRex20ins NSCLC.

Eligibility Criteria

Eligible patients were required to have NSCLC harboring an £GFR-activating mutation. In
dose escalation, patients with EGFR E19del, L858R, L861Q, or G719X must have received
prior EGFR TKI therapy for metastatic disease with evidence of disease progression.
Patients with EGFRex20ins must have received prior platinum-based chemotherapy with
disease progression on or after treatment. Patients must have had an Eastern Cooperative
Oncology Group performance status < 2; measurable disease according to Response
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Evaluation Criteria in Solid Tumors (RECIST) version 1.1; and adequate hematologic,
renal, and liver function. Key exclusion criteria included active central nervous system
metastasis (treated central nervous system metastasis allowed); corrected QT interval by
Fredericia (QTcF) >470 ms; left ventricular ejection fraction < 50% as demonstrated by
echocardiogram or multigated acquisition (MUGA\) scan; or any major medical condition
that would interfere with participation.

The study was approved by independent ethics review boards and in accord with an
assurance filed with and approved by the Department of Health and Human Services by each
site (NCT02535338). The study was conducted according to the tenets of the Declaration

of Helsinki. The study was approved by the Central Institutional Review Board for the NCI
in accordance with an assurance filed with and approved by the Department of Health and
Human Services at each of the participating investigational centers. All patients provided
written informed consent prior to study participation.

Study Design and Treatment

The phase I portion, an open label, 3+3 dose escalation, was designed with four dose

levels. Erlotinib was administered orally at 150 mg daily at all dose levels, and no more
than two dose reductions (100 mg and 50 mg) were permitted for drug-related adverse
events. Onalespib was administered intravenously (1.V.) on days 1, 8, and 15 on a cycle

of every 28 days. The starting dose of onalespib in combination with erlotinib (DL0) was
150 mg/m? 1.V. with two planned dose escalation levels (180 mg/m? and 220 mg/m?) and a
dose de-escalation level of onalespib at 120 mg/m? (DL -1 (minus)) if more than one dose-
limiting toxicity (DLT) was observed at the starting dose level (Figure 1). Treatment was
continued until disease progression, occurrence of unacceptable adverse events, investigator
determination, or patient withdrawal from the study. Specific additional discontinuation
criteria included patients with interstitial lung disease of any grade related to the study
drugs, recurrent grade (Gr) 3 diarrhea despite medical management, and recurrent Gr 3 rash
despite medical management.

Adverse events were graded by Common Terminology Criteria for Adverse Events
(CTCAE), version 4. DLTs were defined as =Gr 3 non-hematologic toxicity except
nausea, vomiting, or diarrhea that could be controlled by appropriate medical intervention
or prophylaxis and that resolved to <Gr 1 within 48 hours with medical intervention,
except electrolyte toxicities that can be corrected to <Gr 1 within 48 hours. Gr 3 rash
attributed to the combination was considered a DLT if it remained Gr 3 despite maximal
medical management (including oral antibiotic and topical or oral steroids) for >72 hours.
Hematologic toxicities qualifying as DLTs included febrile neutropenia; Gr 4 neutropenia
for >7 days or thrombocytopenia < 25,000/mm3 (Gr 4) if associated with a bleeding event
that did not result in hemodynamic instability but required an elective platelet transfusion;
or a life-threatening bleeding event that resulted in urgent intervention and admission to an
intensive care unit. Delay in starting the second cycle of =14 days due to toxicity related
to one or more protocol drugs was also considered a DLT. The first 28-day cycle was
considered the DLT period.

Clin Lung Cancer. Author manuscript; available in PMC 2022 June 28.
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For the dose-expansion phase Il portion of the study, patients with EGFRex20ins were
treated at the recommended phase 11 dose (RP2D) of erlotinib and onalespib determined

in the dose-escalation portion of the study (Figure 1). This cohort enrolled patients with
metastatic or recurrent NSCLC who harbored an £GFRex20ins and had progressive disease
on platinum-based chemotherapy. The primary endpoint for the phase Il segment was best
objective response by RECIST 1.1 criteria and governed by Simon’s two-stage minimax
design, implemented to distinguish a 25% response rate from an assumed background rate
of 5%, with 10% type | and type Il error rates. Time on treatment was defined as time from
treatment initiation to discontinuation for any reason. Disease control was defined as stable
disease or better on at least two assessments approximately 8 weeks apart. The planned
initial stage was to enroll 13 subjects, continuing if one or more responded. The target
planned total accrual for this phase Il expansion cohort was 20 subjects, with three responses
considered encouraging for further development in the relevant class of patients.

EGFR Mutation Analysis

EGFR mutational analysis was per local Clinical Laboratory Improvement Amendments
(CLIA) regulations as part of standard of care. Subjects were permitted to enroll if the
EGFR mutation was identified based on tissue mutational analysis or circulating tumor DNA
(ctDNA) mutational analysis.

Pharmacokinetic Analysis

Plasma was collected for pharmacokinetic analysis of onalespib. Blood samples at C1D8
were drawn into lithium heparin—containing tubes prior to onalespib infusion and at 0.5, 1, 2,
3, 4, 6, 8, and 25 hours after the start of onalespib infusion.

Plasma Mutation Analysis

ctDNA analysis was completed using a commercially available targeted next-generation
sequencing (NGS) assay (Guardant360; Guardant Health, Redwood City, CA) that is CLIA
certified, College of American Pathologists accredited, and New York State Department of
Health approved. ctDNA isolation and analytic methods have been described previously.21:22
Briefly, two 10-mL tubes of whole blood were collected in Cell-Free DNA BCT blood
collection tubes (Streck, Inc., La Vista, NE) prior to treatment, every two cycles (every

8 weeks), and at progression. At the time of this study, Guardant360 included targeted
analysis of single-nucleotide variants in 68 to 70 clinically relevant cancer genes, as well
as small insertions/deletions, gene fusions, and copy number gains (CNGS) in a subset

of genes including £EGFR and common resistance mechanisms to EGFR TKis (including
EGFRCNG, METCNG, EGFR T790M, oncogenic fusions, BRAF, and HERZ CNG).
The variant allele fraction (VAF) was calculated by dividing the number of tumor-derived
DNA molecules at each location by the total number of unique ctDNA molecules at the
given nucleotide position. We used 5% VAF-detectable £GFRex20ins ctDNA at baseline
to analyze clinical outcomes based on a previous association of 5% ctDNA or above with
overall survival in NSCLC.23

Clin Lung Cancer. Author manuscript; available in PMC 2022 June 28.
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Eleven patients were treated: nine in dose escalation and two in expansion; the patient
characteristics are provided in Table 1. The majority of patients (10/11) had lung cancers
harboring EGFRex20ins and were heavily pretreated; over half of the patients (54%)
received three or more prior lines of therapy. Mean systemic area under the curve exposures
overlapped for the onalespib dose levels of 120 mg/m?2 and 150 mg/m? due to higher
variability at the lower dose (see Supplemental Table 1 in the online version at doi:10.1016/
j-cllc.2021.05.001).

Two DLTs (Gr 3 maculopapular rash and Gr 3 hypophos-phatemia) occurred among the
three patients treated at dose level 0 (erlotinib 150 mg PO daily, onalespib 150 mg/m?

IV D1, D8, D15 on a 28-day cycle), so patients were subsequently enrolled in DL -1
(minus), per the 3+3 design. No DLTs occurred at DL -1 (minus) (erlotinib 150 mg PO
daily, onalespib 120 mg/m? IV D1, D8, D15 on a 28-day cycle). The Gr 3 maculopapular
rash at DLO was asymptomatic but involved more than 30% of body surface area. The Gr
3 hypophosphatemia met DLT criteria, as it was not corrected to grade 1 or better within
48 hours. Common drug-related adverse events (AEs) of any grade were diarrhea (100%),
rash (64%), fatigue (55%), increased bilirubin (27%), and nausea/vomiting (55%). The
most common drug-related Gr 3 AEs were diarrhea (45%), maculopapular rash (9%), and
hypophosphatemia (9%) (Table 2).

No objective responses were noted in the 11 patients treated with erlotinib and onalespib
(10 EGFRex20ins and one EGFR E19del), although half of the patients (5/10) with
EGFRex20ins treated with erlotinib and onalespib had some degree of tumor shrinkage
(Figure 2). In patients with EGFRex20ins, the median number of cycles administered was
two (range, 1-6), with two patients discontinuing for toxicity with a median disease control
of 3.5 months (range, 1.3-6.6) and a disease control rate of 40%. Median PFS was 5.4
months (95% CI, 0.9-5.7) (Figure 3). Of the 10 patients with EGFRex20ins, six were
removed from treatment for progressive disease, two for toxicity (persistent Gr 2 diarrhea),
and two by investigator decision.

EGFRex20ins was detected in ctDNA at baseline in nine of 10 patients and failed

to clear (ie, alterations remaining detectable) in all nine patients with longitudinally
collected samples after initiation of treatment. Among the 10 patients treated, eight unique
EGFRex20ins were observed that represent the most frequent £GFRex20ins encountered
in clinical practice, including the two most common EGFRex20ins: A797_V769dup and
S768_A770dup.® Comutations were assessed, and of the nine patients with detectable
EGFRex20ins ctDNA, seven patients (67%) at baseline also harbored p53 co-mutations
(78% at end of therapy). Supplemental Figure 1 (see the online version at doi:10.1016/
j.cllc.2021.05.001) represents co-alterations at baseline and at the end of treatment. In the
absence of objective responses, it is unclear that any changes in co-alterations at the end
of treatment represented potential acquired resistance mechanisms versus passive acquired
alterations33:34,

Clin Lung Cancer. Author manuscript; available in PMC 2022 June 28.
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EGFRex20ins baseline VAF was associated with time on treatment. With £GFRex20ins low
VAF (<5%), mean time on treatment was 4.37 months; with high VAF (=5%), the mean time
on treatment was 1.28 months (P =.004). The overall impact of treatment on VAFs of the
EGFRex20ins was modest (Figure 4). Also included was one patient with a non-exon 20
insertion who was previously treated with several lines of therapy and whose tumor harbored
EGFR E19del/T790M alterations and the hotspot PIK3CA mutation R88Q at baseline (after
progression on multiple lines of chemotherapy, including erlotinib, capmatinib, afatinib,
osimertinib, and necitumumab). This patient had progression of disease at first response
assessment with concomitant failure to clear ctDNA.

Discussion

HSP90 inhibitors have shown modest clinical activity in EGFR-mutant lung cancer,
including in combination with erlotinib, and modest activity as a single agent in
EGFRex20ins NSCLC.14:24 |n this study, the addition of onalespib to erlotinib in EGFR-
mutant NSCLC among 10 of 11 patients harboring £EGFRex20ins yielded no objective
responses in the first 11 patients treated, including eight patients dosed at the RP2D
(onalespib at 120 mg/m2 IV on days 1, 8, and 15 and erlotinib at 150 mg PO every day

on a 28-day cycle). Given the lack of response and the changing landscape of treatment

of advanced £EGFRex20ins with the development of next-generation EGFR inhibitors such
as poziotinib, mobocertinib, and amivantamab, the investigators recommended early trial
closure prior to accrual completion following consultation with the trial sponsor (NCI).

Overlapping toxicities of erlotinib and onalespib, mainly diarrhea and other gastrointestinal
side effects, limited the tolerability of this combination. At the first dose level, DLTs in

two of three patients (rash and hypophosphatemia) necessitated a dose de-escalation, with
onalespib at 120 mg/m? 1.V. on days 1, 8, and 15 IV and erlotinib at 150 mg orally every day
on a 28-day cycle determined to be the maximum tolerated dose (MTD) and RP2D.

Pharmacokinetic (PK) studies were evaluated with onalespib in the nine subjects

in dose escalation (see Supplemental Table 1 in the online version at doi:10.1016/
j.cllc.2021.05.001). The PK profile was similar to what has been reported previously.25
However, doses achieved in combination with erlotinib were limited by overlapping toxicity
and were lower than in the phase | trial of single-agent onalespib. In the single-agent study,
the MTD of weekly onalespib was 260 mg/m? on days 1, 8, and 15 of a 28-day cycle and
120 mg/m? twice weekly on a 28-day cycle.25 Lower doses of onalespib may limit target
engagement. Although onalespib has been shown to concentrate in tumors in preclinical

in vivo models, with a half-life up to 65 hours which far exceeds the plasma half-life,
suppression of mutant £GFR in patients may be more transient.1>17

EGFRex20ins are heterogeneous, with over 60 different mutations noted by NGS in

the largest published series.3 NGS comprehensively assesses the spectrum of possible
EGFRex20ins for clinical decision making. To our knowledge, this is the first prospective,
therapeutic clinical trial demonstrating the feasibility of detecting and monitoring ctDNA in
a prospective therapeutic trial for EGFRex20ins in NSCLC. This study demonstrated that a
well-validated, commercially available targeted NGS ctDNA assay (Guardant360) was able

Clin Lung Cancer. Author manuscript; available in PMC 2022 June 28.
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to reliably detect EGFRex20ins in 90% of patients (9/10) at baseline, often following several
lines of previous therapy.

Lack of objective radiographic response corresponded with the failure to clear EGFRex20ins
from ctDNA following treatment. Previous studies have shown that the VVAFs of targetable
alterations tends to decrease following effective therapy. Moreover, clearance of these
alterations from ctDNA has been associated with response to therapy and improved
outcomes in numerous cancer types, including NSCLC with common £GFR-activating
mutations E19del and L858R.26:27 In this study, the failure to reach undetectable levels of
ctDNA in any patient following treatment corresponded to a lack of clinical or radiographic
response to erlotinib and onalespib. This prospective trial adds further evidence to support
the use of ctDNA to monitor treatment response (or lack thereof) and may aid in the early
identification of patients who may derive more or less benefit from specific EGFRex20ins-
directed therapeutics in future clinical trials. 7P53 co-mutations at baseline were detected

in the majority of patient ctDNA samples (6/9, 67%), comparable to the rate of p53
co-mutation in the largest known series of £EGFRex20ins with broad genomic profiling

in tissue (56%).3 753 co-mutations have also been shown to be prognostic for inferior
clinical outcomes, including overall survival, in NSCLC harboring the most common EGFR
mutations, E19del and L858R, and potentially a negative predictive factor for clinical
outcomes to EGFR TKiIs in these less common EGFR mutations, as well.28 Future studies
should also examine the impact of p53 mutations on clinical outcomes in less common
EGFR mutations such as EGFRex20ins NSCLC.

Interestingly, patients with low or undetectable £GFRex20ins VAFs at baseline (defined

as <5%) had the longest time on treatment compared with high baseline VAFs (=5%;

mean time on treatment, 4.37 months vs. 1.28 months), with the majority of these patients
being removed from the study for progressive disease (Figure 4). Similar to what was
observed in a previous study with a comparable cutpoint dichotomizing patients with a
VAF of <5% versus =5%, our study found that patients with a VAF of <5% had improved
outcomes.23:29:30 Although further validation of ctDNA levels as a potential prognostic
biomarker is necessary, improved clinical outcomes with lower VAFs may be due to several
factors, including performance status, extent of disease burden, a more aggressive tumor
phenotype, or fewer co-occurring alterations observed in the sample.

In a single-agent study of the HSP90 inhibitor luminespib (AUY922), overall response rate
was 17%, and median PFS was 2.9 months (95% Cl, 1.4-5.6). Although no responses

were observed after adding the EGFR TKI erlotinib to the HSP90 inhibitor onalespib,
median PFS was comparable at 5.4 months (95% CI, 0.9-5.7). Preclinical activity of other
HSP90 inhibitors has been shown in combination with next-generation EGFR TKIs, such as
osimertinib, that have more activity against £GFRex20ins NSCLC than erlotinib.31:32 With
next-generation EGFRex20ins inhibitors in clinical development, both TKIs and monoclonal
antibodies, the addition of HSP90 inhibition may provide enhanced clinical activity,
although the tolerability of these combinations may also be limited by gastrointestinal side
effects such as diarrhea and other overlapping toxicities.’

Clin Lung Cancer. Author manuscript; available in PMC 2022 June 28.
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Clinical Practice Points

. Onalespib is a novel heat shock protein 90 inhibitor (HSP90i). Previous
preclinical and clinical studies with HSP90i have demonstrated activity in
EGFR-mutant non-small cell lung cancer (NSCLC).

. This study sought to determine the safety and tolerability of onalespib plus
erlotinib in EGFR-mutant NSCLC and evaluate the preliminary efficacy of the
combination in EGFR exon 20 insertion (EGFRex20ins) NSCLC.

. The recommended phase Il dose is erlotinib 150 mg orally every day and
onalespib 120 mg/m? intravenously weekly (on days 1, 8, and 15 of a 28-day
cycle).

. Overlapping toxicities of erlotinib and onalespib limited the tolerability of this

combination, with grade 3 diarrhea being the predominant toxicity in 45% of
patients, and the combination demonstrated limited activity in EGFRex20ins
NSCLC, as no responses were observed.

. Plasma EGFRex20ins circulating tumor DNA (ctDNA) was detected in the
majority of patients; failure to clear ctDNA was consistent with lack of tumor
response

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This work was supported by a Paul Calabresi Career Development Award in Clinical Oncology from the National
Institutes of Health (5 K12 CA 138464 to JWR) and by a National Cancer Institute Cancer Center Support grant
(P30-CA093373 to PNL). This work was also sponsored by a grant from the National Cancer Institute Cancer
Therapy Evaluation Program (UM1-CA186717).

References

1.

Zhou C, Wu YL, Chen G, et al. Erlotinib versus chemotherapy as first-line treatment for patients
with advanced EGFR mutation-positive non-small-cell lung cancer (OPTIMAL, CTONG-0802):
a multicentre, open-label, randomised, phase 3 study. Lancet Oncol 2011;12:735-742. [PubMed:
21783417]

. Yasuda H, Kobayashi S, Costa DB. EGFR exon 20 insertion mutations in non-small-cell lung

cancer: preclinical data and clinical implications. Lancet Oncol 2012;13:e23-e31. [PubMed:
21764376]

. Riess JW, Gandara DR, Frampton GM, et al. Diverse EGFR exon 20 insertions and co-occurring

molecular alterations identified by comprehensive genomic profiling of NSCLC. J Thorac Oncol
2018;13:1560-1568. [PubMed: 29981927]

. Yasuda H, Park E, Yun CH, et al. Structural, biochemical, and clinical characterization of epidermal

growth factor receptor (EGFR) exon 20 insertion mutations in lung cancer. Sci Transl Med
2013;5:216ral77.

. Floc’h N, Martin MJ, Riess JW, et al. Antitumor activity of osimertinib, an irreversible mutant-

selective EGFR tyrosine kinase inhibitor, in NSCLC harboring EGFR exon 20 insertions. Mol
Cancer Ther 2018;17:885-896. [PubMed: 29483211]

Clin Lung Cancer. Author manuscript; available in PMC 2022 June 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Riess et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 10

. Piotrowska Z, Fintelmann FJ, Sequist LV, Jahagirdar B. Response to osimertinib in an EGFR

exon 20 insertion-positive lung adenocarcinoma. J Thorac Oncol 2018;13:e204—-e206. [PubMed:
30244855]

. Robichaux JP, Elamin Y'Y, Tan Z, et al. Mechanisms and clinical activity of an EGFR and

HER2 exon 20-selective kinase inhibitor in non-small cell lung cancer. Nat Med 2018;24:638-646.
[PubMed: 29686424]

. Janne PA, Neal JW, Camidge DR, et al. Antitumor activity of TAK-788 in NSCLC with EGFR exon

20 insertions. J Clin Oncol 2019;37:9007.

. Piotrowska Z, Wang Y, Sequist LV, Ramalingam SS. ECOG-ACRIN 5162: a phase 11 study of

osimertinib 160 mg in NSCLC with EGFR exon 20 insertions. J Clin Oncol 2020;38:9513.

Park K, John T, Kim S, et al. Amivantamab (JNJ-61186372), an anti-EGFR-MET bispecific
antibody, in patients with EGFR exon 20 insertion (exon20ins)-mutated non-small cell lung cancer
(NSCLC). J Clin Oncol 2020;38:9513.

Neckers L, Workman P. Hsp90 molecular chaperone inhibitors: are we there yet? Clin Cancer Res
2012;18:64-76. [PubMed: 22215907]

Xu W, Soga S, Beebe K, et al. Sensitivity of epidermal growth factor receptor and ErbB2 exon 20
insertion mutants to Hsp90 inhibition. Br J Cancer 2007;97:741-744. [PubMed: 17712310]

Jorge SE, Lucena-Araujo AR, Yasuda H, et al. EGFR exon 20 insertion mutations display
sensitivity to Hsp90 inhibition in preclinical models and lung adenocarcinomas. Clin Cancer Res
2018;24:6548-6555. [PubMed: 30154228]

Piotrowska Z, Costa DB, Oxnard GR, et al. Activity of the Hsp90 inhibitor luminespib among
non-small-cell lung cancers harboring EGFR exon 20 insertions. Ann Oncol 2018;29:2092-2097.
[PubMed: 30351341]

Shimamura T, Lowell AM, Engelman JA, Shapiro Gl. Epidermal growth factor receptors harboring
kinase domain mutations associate with the heat shock protein 90 chaperone and are destabilized
following exposure to geldanamycins. Cancer Res 2005;65:6401-6408. [PubMed: 16024644]
Garcia-Carbonero R, Carnero A, Paz-Ares L. Inhibition of HSP90 molecular chaperones: moving
into the clinic. Lancet Oncol 2013;14:e358-e369. [PubMed: 23896275]

Graham B, Curry J, Smyth T, et al. The heat shock protein 90 inhibitor, AT13387, displays a long
duration of action in vitro and in vivo in non-small cell lung cancer. Cancer Sci 2012;103:522—
527. [PubMed: 22181674]

Smyth T, Van Looy T, Curry JE, et al. The HSP90 inhibitor, AT13387, is effective against imatinib-
sensitive and -resistant gastrointestinal stromal tumor models. Mol Cancer Ther 2012;11:1799-
1808. [PubMed: 22714264]

Smyth T, Paraiso KHT, Hearn K, et al. Inhibition of HSP90 by AT13387 delays the emergence

of resistance to BRAF inhibitors and overcomes resistance to dual BRAF and MEK inhibition in
melanoma models. Mol Cancer Ther 2014;13:2793-2804. [PubMed: 25349308]

Courtin A, Smyth T, Hearn K, et al. Emergence of resistance to tyrosine kinase inhibitors in
non-small-cell lung cancer can be delayed by an upfront combination with the HSP90 inhibitor
onalespib. Br J Cancer 2016;115:1069-1077. [PubMed: 27673365]

Odegaard JI, Vincent JJ, Mortimer S, et al. Validation of a plasma-based comprehensive cancer
genotyping assay utilizing orthogonal tissue- and plasma-based methodologies. Clin Cancer Res
2018;24:3539-3549. [PubMed: 29691297]

Zill OA, Banks KC, Fairclough SR, et al. The landscape of actionable genomic alterations

in cell-free circulating tumor DNA from 21,807 advanced cancer patients. Clin Cancer Res
2018;24:3528-3538. [PubMed: 29776953]

Schwaederle MC, Patel SP, Husain H, et al. Utility of genomic assessment of blood-derived
circulating tumor DNA (ctDNA) in patients with advanced lung adenocarcinoma. Clin Cancer Res
2017;23:5101-5111. [PubMed: 28539465]

Johnson ML, Yu HA, Hart EM, et al. Phase I/1l study of HSP90 inhibitor AUY922 and erlotinib for
EGFR-mutant lung cancer with acquired resistance to epidermal growth factor receptor tyrosine
kinase inhibitors. J Clin Oncol 2015;33:1666-1673. [PubMed: 25870087]

Clin Lung Cancer. Author manuscript; available in PMC 2022 June 28.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Riess et al.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Page 11

Shapiro Gl, Kwak E, Dezube BJ, et al. First-in-human phase | dose escalation study of a second-
generation non-ansamycin HSP90 inhibitor, AT13387, in patients with advanced solid tumors. Clin
Cancer Res 2015;21:87-97. [PubMed: 25336693]

Rolfo C, Mack PC, Scagliotti GV, et al. Liquid biopsy for advanced non-small cell lung cancer
(NSCLC): a statement paper from the IASLC. J Thorac Oncol 2018;13:1248-1268. [PubMed:
29885479]

Mok T, Wu YL, Lee JS, et al. Detection and dynamic changes of EGFR mutations from
circulating tumor DNA as a predictor of survival outcomes in NSCLC patients treated with
first-line intercalated erlotinib and chemotherapy. Clin Cancer Res 2015;21:3196-3203. [PubMed:
25829397]

Aggarwal C, Davis CW, Mick R, et al. Influence of TP53 mutation on survival in patients with
advanced EGFR-mutant non-small-cell lung cancer. JCO Precis Oncol 2018;2018 PO.18.00107.
Pairawan S, Hess KR, Janku F, et al. Cell-free circulating tumor DNA variant allele frequency
associates with survival in metastatic cancer. Clin Cancer Res 2020;26:1924-1931. [PubMed:
31852833]

Schwaederle M, Husain H, Fanta PT, et al. Use of liquid biopsies in clinical oncology: pilot
experience in 168 patients. Clin Cancer Res 2016;22:5497-5505. [PubMed: 27185373]
Piotrowska Z, Wang Y, Sequist LV, Ramalingam S. ECOG-ACRIN 5162: a phase 1l study of
osimertinib 160 mg in NSCLC with EGFR exon 20 insertions. J Clin Oncol 2020;38:9513.
Codony-Servat J, Codony-Servat C, Viteri S, et al. Hsp90 inhibitors enhance the antitumoral effect
of osimertinib and overcome osimertinib resistance in non-small cell lung cancer cell models. Ann
Oncol 2019;30:v10-v11.

Cerami E, et al. The cBio Cancer Genomics Portal: An Open Platform for

Exploring Multidimensional Cancer Genomics Data. Cancer Discovery 2012;2(5):401-404.
doi:10.1158/2159-8290.CD-12-0095. [PubMed: 22588877]

Gao J, et al. Integrative analysis of complex cancer genomics and clinical profiles using the
cBioPortal. Sci Signal 2013;2(6):269. doi:10.1126/scisignal.2004088.

Clin Lung Cancer. Author manuscript; available in PMC 2022 June 28.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Riess et al. Page 12

-1 150 mg 120 mg/m?2
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EGFR Exon 20 ins NSCLC with
progression on or after platinum
based chemotherapy
(planned N=20)

Figure 1.
Diagram of Dose Escalation and Expansion Cohort.

Abbreviations: EGFR = epidermal growth factor receptor; TKI = tyrosine kinase inhibitor.

Clin Lung Cancer. Author manuscript; available in PMC 2022 June 28.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Riess et al.

A
20
10
6 e
=10
o
o
5 20
o 30%
= 30
% 40 & & R S cf& S & &
1 S
g o #f_(\ 4‘&(\ Cf\a '(\6‘& * ‘gf'(\ f '\7‘\Q «5‘
=50 7 > 9 3 &
E & & oF & F & @
60~
70
80
90
-100

@ - New Lesions  Best Overall Response: M SD (N=7) B NA (N=1) B PD (N=2)
Each bar represents one subject in the study.

Figure 2.

Page 13

x H773_V774insH

X S768_A770dup

2 z H773_V774insGTNPH
[=]
2 Y AT67_V769dup
2
17}
2 X N770delinsGY
=
8 X S769_V769insVAS
['4
@
g AT67_V769dup
2
S
a z $768_A770dup
O Stable
" @ Progression
V774_CT75insHNPHV
x _C775insl BNA
x Off Tx for Progression
- ¥, V774_CT75insHV ¥ Off Tx for Toxicity
2z Off Tx for Patient\MD Decision
T T T T T T T T
0 1 2 3 4 5 6 - ¢
Months on Treatment

Each bar represents one subject in the study.

A, Waterfall Plot of Best Response and B, Months on Treatment Among £GFRex20ins

NSCLC.

Abbreviation: EGFRex20ins = EGFR exon 20 insertion.

Clin Lung Cancer. Author manuscript; available in PMC 2022 June 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Riess et al.

Page 14

1.0 ———H
Progression-free (N=10, Events=6):
| Median PFS Survival (95% CI) = 5.4 (0.9, 5.7) mos
0.8
©
2
<
o 06
[}
[}
= 1l
] 1T
c
)
7
o 0.4 -
D
o
o
0.2
0.0
At Risk | 10 8 6 5 4 2 0
0 1 2 3 4 5 6
Months from Start of Treatment
Figure 3.

PFS in EGFRex20ins Patients Treated with Erlotinib and Onalespib.
Abbreviations: EGFRex20ins = EGFR exon 20 insertion; PFS = progression-free survival.
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A, Dynamics of EGFRex20ins VAF From Plasma ctDNA. Nine of 10 Patients With
EGFRex20ins Were Detected at Baseline. No Patients With Detectable £GFRex20ins
ctDNA at Baseline Cleared the Mutation During Treatment, Corresponding With the Lack of
Clinical or Radiographic Response. B, Baseline VAF and Months on Treatment. Cutpoint of
5% EGFRex20ins VAF Was Prognostic for Time on Treatment.
Abbreviations: ctDNA = circulating tumor DNA; EGFRex20ins = EGFR exon 20 insertion;

VAF = variant allele fraction
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Table 1
Patient Demographics and Clinical Characteristics

Patient Characteristics (N = 11)
Age (y), median (range) 60 (51-70)
Gender, 17 (%)

Male 3(27)

Female 8 (73)
ECOG performance status, /7 (%)

0 4(36)

1 6 (55)

2 1(9)
Histology, 77 (%)

Adenocarcinoma 9 (82)

Adenosquamous carcinoma 1(9)

Non-small cell carcinoma - NOS 1(9)
EGFRex20ins, n (%)

Yes 10 (91)

No (EGFR E19del/PIK3CA R88Q) 1(9)
Prior treatments (1; 2; =3), 77(%) 1(9); 4 (36); 6 (54)
EGFRex20ins treated with prior EGFR TKI, 77 (%) 5 of 10 (50)

Abbreviations: ECOG = Eastern Cooperative Oncology Group; EGFR = epidermal growth factor receptor; EGFRex20ins = EGFR exon 20
insertion; TKI = tyrosine kinase inhibitor; NOS = not otherwise specified
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