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Abstract

Objectives: KRAS mutations, which occur in approximately 25% of lung adenocarcinoma 

cases, represent a major unmet clinical need in thoracic oncology. Preclinical studies have 

demonstrated that KRAS mutant NSCLC cell lines and xenografts with additional alterations in 

either TP53 or CDKN2A (INK4A/ARF) loci are sensitive to focal adhesion kinase (FAK) 

inhibition. Defactinib (VS-6063) is a selective oral inhibitor of FAK.

Materials and Methods: Patients with previously treated advanced KRAS mutant NSCLC 

were prospectively assigned to one of four molecularly defined cohorts based on the presence or 

absence of TP53 or CDKN2A alterations and received treatment with defactinib 400 mg orally 

BID until disease progression or intolerable toxicity. The primary endpoint was progression-free 

survival (PFS) at 12 weeks.

Results: Fifty-five patients were enrolled. Mean age was 62 years; 51% were female. The 

median number of prior lines of therapy was 4 (range 1–8). Fifteen (28%) patients met the 12-

week PFS endpoint, with one patient achieving a partial response. Median PFS was 45 days. 

Clinical efficacy did not correlate with TP53 or CDKN2A status. The most common adverse 

events were fatigue, gastrointestinal, and increased bilirubin, and were generally grade 1 or 2 in 

severity.

Conclusion: In heavily pretreated patients with KRAS mutant NSCLC, defactinib monotherapy 

demonstrated modest clinical activity. Efficacy was not associated with TP53 and CDKN2A 
status. Defactinib was generally well tolerated.
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1.0 Introduction

Despite years of research, KRAS mutant non-small cell lung cancer (NSCLC) remains a 

major unmet clinical need. KRAS mutations, the second most common genomic alteration 

in human cancer after TP53 mutations, occur in 25–30 percent of lung adenocarcinomas.[1] 

[2] High affinity binding of KRAS to its GTP substrate has hindered the development of 

therapeutic agents that directly inhibit KRAS. Only recently have KRAS-specific inhibitors 

have been developed.[3, 4] Among them, direct, covalent KRASG12C inhibitors have 

demonstrated encouraging efficacy and appear well tolerated.[5, 6] However, this subtype 

represents only one-third of KRAS mutant NSCLC. Other KRAS treatment strategies under 

investigation include inhibition of post-translational modification, inhibition of effector 

pathways, and targeting synthetic lethality interactions.[7–9]

Focal adhesion kinase (FAK) may represent a new therapeutic target in KRAS mutant lung 

cancer. FAK is a highly conserved non-receptor tyrosine kinase that has roles in cellular 

adhesion, migration, and stem cell proliferation.[10–13] Additionally, studies in xenograft 
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and transgenic models of KRAS mutant lung adenocarcinoma have demonstrated that the 

RHOA-FAK pathway provides a critical signaling axis for these cancers.[14] Specifically, 

FAK inhibition with RNA interference and with small molecules attenuated growth of 

KRAS mutant but not KRAS wild adenocarcinomas and provided a radiosensitizing effect.

[15] Importantly, concomitant alteration of tumor suppressors TP53 and/or CDKN2A lead to 

increase activation of the RHOA-FAK pathway and were requisite for efficacy.

Defactinib (VS-6063; Verastem, Needham, MA) is a potent and selective ATP-competitive 

small molecular inhibitor of FAK and proline-rich tyrosine kinase 2 (Pyk2), each with IC50 

<0.6 nM. Clinically, the drug is well tolerated, with minimal drug-drug interactions, 

consistent bioavailability independent of food intake, and principal toxicities of low-grade 

nausea, fatigue, headache, and a reversible Gilbert’s-type isolated unconjugated 

hyperbilirubinemia.[16] In a phase 1 study in subjects with advanced solid tumors, doses up 

to 750 mg twice daily were administered. Exposure was found not to increase substantially 

above doses of 425 mg twice daily, with no maximum tolerated dose established. Based on 

these data and preclinical pharmacodynamic studies, the recommended phase 2 dose was 

established as 400 mg orally twice daily.

Given the ongoing unmet clinical need, strong preclinical rationale, and the availability of a 

well-tolerated orally bioavailable FAK inhibitor, we conducted a single-arm, open-label, 

multi-cohort trial of defactinib in previously treated advanced KRAS mutant NSCLC. 

Following the preclinical observations that co-alterations in TP53 and CDKN2A were 

associated with benefit from FAK inhibition in KRAS-driven tumors, these genomic 

alterations were determined up-front in enrolled patients and incorporated into cohort 

assignment.

2.0 Materials and Methods

2.1 Patients

Written, informed consent was obtained from all enrolled patients. Eligible patients were 

recruited at nine U.S. medical centers and had inoperable advanced (stage IVA/IVB, AJCC 

7th edition) NSCLC harboring a documented KRAS mutation, had received at least one prior 

line of chemotherapy that included at least one platinum-based chemotherapy doublet for 

metastatic or locally recurrent disease, had measurable disease by Response Evaluation 

Criteria in Solid Tumors (RECIST) version 1.1 guidelines, and no prior treatment with a 

FAK inhibitor. There was no limit to the number of prior lines of therapy. Adequate bone 

marrow, cardiovascular (including ECG QTc interval <480 msec), liver, and renal function, 

and performance status (ECOG 0–1) were required. Previously treated brain metastases with 

no evidence of progression were permitted. In addition, radiographically and clinically 

stable brain metastases not requiring steroids were allowed without requirement for prior 

radiation or surgical resection. Leptomeningeal metastasis was excluded. Submission of 

archival and/or fresh tumor tissue biopsy samples for molecular analysis was required. For 

patients with inadequate archival tissue, a study-specific biopsy could be performed.
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2.2 Study Design and Treatment

Enrolled patients were initially assigned to one of four cohorts: (A) KRAS mutation with 

wild type CDKN2A and wild type TP53; (B) KRAS mutation with CDKN2A alteration and 

wild type TP53; (C) KRAS mutation with wild type CDKN2A and TP53 mutation; (D) 

KRAS mutation with both CDKN2A alteration and TP53 mutation. Pre-screening of 

patients for molecular profile while they were receiving earlier lines of therapy was 

permitted. During the course of the study, molecular characterization was modified to 

include CDKN2A deletions by FISH as well as CDKN2A mutations among CDKN2A 
alterations. A complete list of TP53 mutations and CDKN2A alterations examined is 

provided in Supplemental Table 1 and Supplemental Table 2. Cases with wild type 

CDKN2A for which sufficient tissue was not available for CDKN2A FISH were assigned to 

a fifth cohort (undetermined; E).

All patients were treated with defactinib (provided as 200 mg tablets) 400 mg orally twice 

daily continuously in 21-day cycles until disease progression or unacceptable toxicity. 

Prophylactic antiemetics and antidiarrheals were not routinely administered. Radiographic 

assessment of response was performed every two cycles. For patients with previously 

untreated brain metastases, CNS imaging was performed at the time of other disease 

imaging throughout treatment. Safety assessments included monitoring of adverse events, 

clinical laboratory parameters, vital sign measurements, physical examinations, and ECGs. 

In selected cases with evidence of clinical benefit by investigator judgment, defactinib could 

be continued beyond progression.

Dose reduction from 400 mg twice daily to 200 mg twice daily was performed for Grade 3 

or 4 neutropenia or thrombocytopenia, recurrent Grade 3 and initial Grade 4 non-

hematological adverse events (except alopecia and nausea, vomiting, or diarrhea not 

managed by optimal medical interventions), and for the first episode of Grade 3 or 4 

hyperbilirubinemia with an increase in AST and/or ALT above the baseline grade. 

Defactinib was permanently discontinued for ≥ Grade 2 hyperbilirubinemia with AST and/or 

ALT ≥ Grade 2.

2.3 Molecular Analysis

For enrollment, KRAS mutation positive status was defined as codon 12, 13, or 61 mutations 

detected by sequencing by a CLIA-certified assay. Central KRAS testing was not required. 

Submission of archival and/or fresh tumor or DNA samples was mandated for additional 

molecular analysis. Specific requirements included 10–15 unstained slides (10-micron 

preferred) or 110–120 ng of archival DNA (by Nanodrop quantitation) or a minimum of 20 

ng (by Qubit analysis). If DNA was submitted for analysis, an additional five unstained 5-

micron slides were required for biomarker testing. This tissue underwent NextGeneration 

sequencing using the Ion PGM™ system and the Ion PGM™ Sequencing 200 v2 Kit (Life 

Technologies) according to the manufacturer’s instructions, which was performed centrally 

at the Baylor College of Medicine Molecular Genetics Laboratory. A detailed description of 

library construction, template preparation, and sequencing and data analysis is provided in 

Supplemental Materials.
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After study activation, central FISH analysis was added to evaluate for CDKN2A deletions. 

Fluorescence in situ hybridization with the dual color CDKN2A probe set (CEP9 

SpectrumGreen/Vysis LSI CDKN2A SpectrumOrange) was performed on the FFPE slides 

(Vysis, Downers Grove, IL). Slides were hybridized to the CDKN2A probe according to 

manufacturer’s instructions with minor modification. Loss of one or two red signals was 

interpreted as heterozygous or homozygous CDKN2A deletion, respectively. A complete 

listing of TP53 mutations and CDKN2A alterations examined is provided in Supplemental 

Table 1 and Supplemental Table 2. Cases with wild type CDKN2A for which sufficient 

tissue was not available for CDKN2A FISH were assigned to a fifth cohort (undetermined; 

E).

Planned exploratory biomarkers included FAK and phospho-FAK expression, CDKN2A 
methylation status, SKT11/LKB1 sequencing by ion torrent, and TP53-equivalent alterations 

(ATM mutation, nuclear ATM expression, BIM expression, Bcl-2 expression), although 

tissue availability limited performance to only some of these assays.

2.4 Endpoints and Statistical Considerations

The primary endpoint of this study was 12-week progression-free survival (PFS) rate. A 

landmark PFS rate was selected because (1) at the time of trial design and execution, 

objective responses had not been noted in clinical trials of single-agent targeted therapy for 

KRAS mutant NSCLC, and (2) landmark PFS rate is less subject to bias than PFS. PFS was 

measured from the first day of study treatment until radiographic disease progression per 

RECIST 1.1 criteria, or death of any cause. Secondary endpoints included PFS, overall 

survival (OS), overall response rate (ORR), and safety. Radiographic assessment of response 

was based on investigator assessment. Pharmacodynamic endpoints included the association 

between tumor biomarkers and clinical outcome measures (ORR, PFS, OS). Adverse events 

were classified based on the National Cancer Institute Common Terminology Criteria for 

Adverse Events (CTCAE) version 3.0 and were assessed on Days 1 and 8 during Cycle 1 

and on Day 1 during subsequent cycles.

PFS and OS in each cohort were estimated using Kaplan-Meier product limit estimates. For 

binary outcomes (including the primary endpoint of 12-week PFS) the Fisher’s exact test or 

logistic regression was conducted. For time-to-event outcomes, the Cox proportional hazard 

model was used. Cox proportional hazards models were used to explore the association of 

time-to-event and covariates (patient characteristics, clinical characteristics, and 

biomarkers). Fisher’s exact test or logistic regression was used to evaluate the association 

between tumor markers and efficacy outcomes.

Two efficacy populations (intent-to-treat and efficacy evaluable) and one safety population 

were defined. The intent-to-treat population and safety populations were defined as all 

patients administered at least one dose of study drug. The efficacy evaluable population was 

defined as either (1) patients administered at least 12 weeks of study drug and at least one 

follow-up objective disease assessment, or (2) patients receiving at least 14 days of study 

drug who discontinued therapy due to toxicity or disease progression and underwent at least 

one follow-up objective disease assessment, or (3) patients receiving at least 14 days of 
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study drug who died from any cause. If additional efficacy data was required in a cohort, 

non-evaluable patients were replaced (Supplemental Figure 1).

The trial was developed using a Simon’s two-stage optimal design.[17] In the first stage of 

each cohort, enrollment of 11 patients was planned. If three or fewer patients were 

progression-free at 12 weeks, enrollment in the cohort would be stopped. If four or more 

patients were progression-free at 12 weeks, 23 additional patients would be accrued, for a 

total of 34 evaluable patients in the cohort. This interim analysis was not completed, as study 

enrollment was closed early and the study did not proceed to stage 2 due to sponsor 

prioritization of alternative treatment strategies (such as defactinib combination regimens).

The sample size was calculated based on improvement of 12-week PFS rate from a historical 

control of 25 percent (derived from the KRAS mutation-positive population in the 

international phase 3 INTEREST trial[18, 19]) to 50 percent. Thirty-four patients provided 

85% power at one-sided significance of 0.05 to demonstrate this difference. All efficacy 

analyses were conducted on the efficacy evaluable population. Each cohort was analyzed 

independently. Additionally, Cohorts B, C, and D (KRAS mutation with CDKN2A alteration 

and/or TP53 alteration) were each compared with Cohort A (KRAS mutation with wild type 

CDKN2A and wild type TP53), and Cohorts B, C, and D were pooled together and 

compared with Cohort A for PFS and OS endpoints.

2.5 Study Oversight

This study was designed by the investigators with input from Verastem. Data collection was 

monitored and maintained in a central electronic database. Analyses were performed by 

Verastem. Local institutional review boards approved the study at all sites. The study was 

registered at clinicaltrials.gov () prior to enrollment of any patients. Written informed 

consent from each patient was obtained prior to the performance of any study-related 

procedures. Verastem provided funding for the study.

3.0 Results

3.1 Patients

A total of 75 subjects were screened, of whom 55 (73%) were enrolled on the study between 

September 2013 and June 2016 and received at least one dose of study therapy (Table 1 and 

Supplemental Figure 1). Mean age was 62 years, 51% were female, and 91% were white. 

Patients were assigned to individual cohorts as follows: A (12 patients) - KRAS mutation 

with wild type CDKN2A and wild type TP53, B (13 patients) - KRAS mutation with 

CDKN2A alteration and wild type TP53, C (12 patients) - KRAS mutation with wild type 

CDKN2A and TP53 alteration, D (12 patients) - KRAS mutation with CDKN2A alteration 

and TP53 alteration, E (6 patients) - KRAS mutation with undetermined CDKN2A status.

KRAS mutation type is shown in Table 2. Over 90% were codon 12 mutations, with codon 

13 and codon 61 mutations together accounting for only 7% of cases. We did not observe an 

association between type of KRAS mutation and TP53 or CDKN2A status.
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3.2 Treatment Exposure

All enrolled patients terminated treatment before the study ended. The most common 

reasons for termination of treatment included disease progression (n=35, 64%), symptomatic 

deterioration (n=7, 13%), and unacceptable AEs (n=5, 9%). The most common reason for 

discontinuation from the study was death (n=42, 76%). Overall, patients were exposed to 

defactinib for a mean of 89 days. Patients in Cohorts A and B had the highest durations of 

exposure (mean 120 and 115 days, respectively), while patients in Cohorts C, D, and E had 

mean exposure ranging 64 to 70 days. A total of 18 patients had dose interruptions (mean 

1.4), with a mean duration of 12 days. A single patient had a dose reduction during the 

study.

3.3 Efficacy

The efficacy evaluable population included 43 patients (Cohort A, n=11; Cohort B, n=11; 

Cohort C, n=10; Cohort D, n=11). Overall, 17 patients (31%) were progression free at 12 

weeks as follows (Cohort A, n=5 [42%]; Cohort B, n=5 [39%]; Cohort C, n=3 [25%]; 

Cohort D, n=3 [25%], Cohort E, n=1 [17%]). There was no statistically significant 

difference in the risk of disease progression or death between arms (overall P>0.05) (Figure 

1).

One patient achieved a partial response (PR) during the study. Eight patients (33%) achieved 

a best overall response of stable disease (SD) and 11 subjects (46%) achieved a best overall 

response of progressive disease (PD) (Figure 2). Median progression-free survival (PFS) for 

Cohorts B, C, and D combined was 47 (90% CI, 43–102) days, compared to 41 days (90% 

CI, 36–126) days for Cohort A. According to pre-specified criteria, cohorts A and B met 

threshold for cohort expansion (≥ 4 subjects out of 11 with ≥ 12 weeks of PFS). However, 

because the study failed to identify a candidate molecular subset or biomarker to predict 

benefit from defactinib, the trial sponsor and investigators decided not to pursue additional 

enrollment but instead devote effort and resources to possible future combination trials. PFS 

analysis in the ITT population approximated that in the efficacy evaluable population 

(Supplemental Table 2).

We also examined efficacy according to type of KRAS mutation. No patient with a KRAS 
codon 13 or 61 mutation reached the 12-week PFS endpoint. Among codon 12 mutations, 

there was not a significant difference in 12-week PFS between patients with G12C or G12V 

mutations, which activate the RAL pathway, versus G12D which activates the RAF/MAPK 

and PI3K pathways.[20]

Median overall survival across cohorts is shown in Figure 3. There was no statistically 

significant increase in overall survival in Cohorts B, C, and D each versus Cohort A or 

Cohorts B, C, and D combined versus Cohort A.

Next generation sequencing covering 50 unique cancer-associated genes was performed on 

47 patients in the evaluable cohort (see Supplemental Materials). We evaluated whether co-

current alterations which occurred in three or more patients were more or less commonly 

observed in two populations: 1) patients with a PFS ≥200 days (n=7) or patients with an OS 

≥1 year (n=14). Four cases had occurring STK11 mutations although this alteration was only 
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observed in patients with a PFS < 200 days. Similarly, four GNAS mutations were identified 

and was only seen in patients with a PFS <200 days. In addition, three cases had PIK3CA 
mutations; however, this alteration was not observed in any patient with a PFS ≥200 days or 

OS ≥1 year. Conversely, STK11 alterations were seen in two patients with an OS ≥1year. 

GNAS mutations were more common in patients with a shorter OS (n=3); however, one 

patient with a GNAS mutation was alive at one year despite rapid progression on study. 

Interestingly, all three patients with a concurrent PIK3CA mutation had an OS≤ 1 year.

3.4 Safety

Overall, 54 patients (98%) experienced at least one treatment-emergent adverse event (AE) 

during the study. In total, 44 patients (80%) experienced at least one AE considered related 

by the investigator to study therapy (Table 3A). Fifteen patients (27%) experienced a ≥ 

Grade 3 treatment-related AE (Table 3B). Overall, five patients discontinued treatment due 

to an AE, of which two (cerebrovascular accident and respiratory failure) were considered 

possibly related to study treatment. Twenty-seven patients (49%) experienced a total of 56 

serious adverse events, of whom seven patients had serious adverse events considered by the 

investigator to be related to study therapy. Eleven patients (20%) experienced fatal adverse 

events (including eight cases of cancer progression, two cases of respiratory failure, and one 

case of myocardial infarction). Only one fatal event (respiratory failure occurring on day 5 

of study therapy) was considered by the investigator to be related to treatment.

The most common treatment-related (investigator assessment) AEs (incidence ≥ 5%) were 

fatigue (35%), nausea (22%), diarrhea (20%), vomiting (18%), hyperbilirubinemia (16%), 

decreased appetite (11%), peripheral edema (11%), dizziness (7%), and headache (6%). In 

total, 32 subjects (58%) experienced ≥ Grade 3 AEs. The most common were malignant 

neoplasm progression (16%), dyspnea (7%), nausea (7%), hyperbilirubinemia (6%), 

respiratory failure (6%), and vomiting (6%).

Nineteen patients developed total bilirubin values greater than CTCAE Grade 1 (17 with 

Grade 2; two with Grade 3), all of which subsequently decreased to CTCAE Grade 1 or 

lower. The elevations were transient, appearing between 14 and 21 days after the initiation of 

study drug and generally resolving within approximately 25 days. The elevations did not 

lead to discontinuation from the study or study drug, or to any dose modifications.

4.0 Discussion

Based on evidence that FAK inhibition inhibits growth of transgenic and xenograft KRAS 
mutant lung adenocarcinoma models and the availability of a well-tolerated FAK inhibitor, 

we conducted this multi-cohort single-arm phase 2 trial of defactinib in previously treated 

advanced KRAS mutant NSCLC. To our knowledge, this was the first trial in KRAS mutant 

NSCLC that prospectively identified patient cohorts according to concurrent genomic 

alterations. Specifically, we determined status of the tumor suppressors CDKN2A and TP53 
in addition to documenting KRAS mutations.

In preclinical models, efficacy of FAK inhibition was limited to those KRAS mutant tumors 

with concurrent CDKN2A and/or TP53 alterations.[14] Accordingly, in this clinical trial we 
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hypothesized that patients with tumors harboring either CDKN2A and/or TP53 alterations 

would demonstrate improved clinical outcomes compared to the dual wild-type population. 

However, this trend was not observed, with 12-week PFS rates comparable across all cohorts 

and only one patient achieving a radiographic response.

That this trial did not confirm preclinical observations may reflect small patient numbers, 

biologic differences between laboratory models and human patients (in whom co-mutation 

of TP53 and KRAS may predict deleterious effects of adjuvant chemotherapy[21]), 

unmeasured biomarkers, or the complexity of characterizing the two genes of interest. For 

instance, we initially performed gene sequencing of both TP53 and CDKN2A. However, 

further discussion after trial initiation led to the decision to include CDKN2A FISH to 

enhance detection of CDKN2A deletions. However, by that point archival tissue for some 

patients had been exhausted. Indeed, despite requesting 10–15 unstained slides (or 110–120 

mg of archival DNA plus 5 slides) per patient, we were not able to perform a number of 

planned secondary biomarker analyses on any of the cases due to insufficient residual tissue. 

Whether those proposed biomarkers would have yielded additional predictive information is 

not clear. Of note, numerous recent studies suggest that the dual KRAS mutant and LKB1/
STK11 altered subset appears to represent a biologically distinct entity.[22] Molecular 

characterization in this study was limited to examining LKB1/STK11 mutations, which were 

identified in only six cases. As LKB1/STK11 is often deleted or epigenetically silenced, it 

remains to be explored whether this molecular subtype may predict benefit from FAK 

inhibition.

The prevalence of CDKN2A alterations and TP53 mutations in this trial largely resembled 

that reported in other KRAS mutant populations. In a preliminary retrospective analysis of 

cases from Memorial Sloan Kettering Cancer Center, approximately 50% of KRAS mutant 

NSCLC harbored either INK4a or TP53 alterations. Approximately half of cases had an 

INK4a alteration, half had a TP53 mutation, and co-existence of both gene alterations was a 

rare event.[14, 23, 24]

In the present trial, we did not observe a significant difference in efficacy according to type 

of codon 12 mutation. Clinical outcomes were similar between patients with KRAS G12C or 

G12V mutations (which activate RAL pathway) and patients with G12D mutations (which 

activate RAF/MAPK leading to RHO/FAK activation).[20] [25] Similarly, in early-stage 

NSCLC, specific KRAS codon 12 mutations do not have prognostic effects.[26] In contrast, 

among patients with KRAS mutant NSCLC treated with docetaxel plus the MEK inhibitor 

selumetinib, there were trends toward greater improvement in OS, PFS, and ORR among 

those with KRAS G12C or G12V mutations.[27]

How does the efficacy of defactinib compare to other treatment strategies investigated for 

KRAS mutant NSCLC? Across cohorts in this relatively heavily pretreated population 

(median 4 lines of prior therapy), the disease control rate was approximately 50%, similar to 

that of sorafenib reported in KRAS mutant cases in the Biomarker-Integrated Approaches of 

Targeted Therapy for Lung cancer Elimination (BATTLE) trial.[28] Historically, response 

rates to single-agent molecularly targeted therapies in KRAS mutant NSCLC have been low. 

For the MEK inhibitors trametinib and selumetinib, response rates are 12% and 0%.[29, 30] 
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KRASG12C inhibitors represent an important exception to these relatively disappointing 

results, with partial responses in more than half of lung cancer cases.[6] By comparison, in 

the current trial, approximately 20% of cases had evidence of radiographic shrinkage, 

although only one met criteria for PR. Approximately 10% of cases had disease control for 9 

months or longer.

Defactinib was generally safe and well tolerated in this study. Principal toxicities were 

fatigue and gastrointestinal events, most of which were low grade. Higher-grade events 

responded to supportive care, resolved upon withholding of treatment, and did not recur after 

modification of prophylactic regimens and/or dose modification. Hyperbilirubinemia was 

predominantly unconjugated, not accompanied by transaminitis, and was not associated with 

clinical symptoms. The single case of grade 5 respiratory failure had no clinical or 

radiographic features of pneumonitis, and high-grade treatment-related respiratory events 

were not reported in the phase 1 defactinib trial or a phase 2 trial of maintenance defactinib 

in mesothelioma.[31, 32]

The main limitations of this trial are small sample size and incomplete molecular 

characterization of cases. In comparing efficacy across relatively small patient cohorts, 

differences arising from tumor molecular characteristics may be masked by clinical 

heterogeneity of cases (such as the range in number of lines of prior treatment and 

unmeasured variables such as response to prior therapies and burden of disease[33]). Despite 

relatively stringent requirements for submission of archival tissue, we were not able to 

complete assessment of several biomarkers. Finally, the single-arm design of the trial limits 

conclusions regarding the efficacy of single-agent FAK inhibition in this population.

5.0 Conclusions

In conclusion, this trial demonstrates that expanded and timely molecular characterization of 

KRAS mutant lung cancer cases for patient selection and treatment assignment is feasible. 

Single-agent defactinib, an orally bioavailable and well-tolerated FAK inhibitor, has only 

modest activity in KRAS mutant NSCLC. In contrast to preclinical studies, this activity does 

not appear dependent on CDKN2A or TP53 status. Recently, defactinib failed to improve 

outcomes as maintenance therapy after standard first-line chemotherapy for mesothelioma, 

where FAK inhibition had been shown to selectively kill mesothelioma cells expressing low 

levels of moesin-ezrin-radixin-like protein (merlin).[32] Based on the drug’s favorable 

toxicity profile and preclinical data supporting combination therapy (including taxane 

chemotherapy,[34] PI3K inhibitors,[35] mTOR inhibitors,[36] and the multi-targeted kinase 

inhibitor cabozantinib[37]), any future defactinib studies in KRAS mutant NSCLC will 

likely be focused on multi-drug regimens.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

• KRAS mutant non-small cell lung cancer (NSCLC) is a major unmet clinical 

need

• RHOA-focal adhesion kinase (FAK) pathway is a signaling axis for KRAS 
mutant NSCLC

• KRAS mutant NSCLC models with TP53 or CDKN2A alterations respond to 

FAK inhibition

• Defactinib (VS-6063) is a selective oral inhibitor of FAK

• Defactinib had modest effects in KRAS mutant NSCLC, independent of TP53 
or CDKN2A
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Figure 1. 
Progression-free survival
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Figure 2. 
Best radiographic response

Gerber et al. Page 16

Lung Cancer. Author manuscript; available in PMC 2021 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Overall survival
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Table 1.

Demographic and Baseline Characteristics

Category
Cohort A

N=12
Cohort B

N=13
Cohort C

N=12
Cohort D

N=12
Cohort E

N=6
Overall
N=55

Wild type 
INK4a/ARF and 
wild type TP53

INK4a/ARF 
alteration and wild 

type TP53

Wild type 
INK4a/ARF and 
TP53 mutation

INK4a/ARF 
alteration and 
TP53 mutation

Unknown

Sex, n (%)

 Male 7 (58) 7 (54) 5 (42) 5 (42) 3 (50) 27 (49)

 Female 5 (42) 6 (46) 7 (58) 7 (58) 3 (50) 28 (51)

Race, n (%)

 White 12 (100) 12 (92) 11 (92) 11 (92) 5 (83) 50 (92)

 Black 0 0 1 (8) 1 (8) 0 2 (4)

 Asian 0 1 (8) 0 0 0 1 (2)

 Native Hawaiian 
or Pacific Islander 0 0 0 0 1 (17) 1 (2)

Age, mean (SD) (y) 63 (9.2) 63 (12.3) 67 (7.7) 59 (12.6) 58 (12.0) 62 (10.9)

ECOG performance status, n (%)

 0 1 (8.3) 2 (15.4) 3 (25.0) 1 (8.3) 1 (16.7) 8 (14.5)

 1 11 (91.7) 11 (84.6) 8 (66.7) 11 (91.7) 5 (83.3) 46 (83.6)

 2 0 0 1 (8.3) 0 0 1 (1.8)

Smoking history, n 
(%)

 Yes 10 (83) 9 (69) 12 (100) 10 (83) 4 (67) 45 (82)

 No 2 (17) 4 (31) 0 2 (17) 2 (33) 10 (18)

Number of prior systemic therapies

Median (range) 5.5 (3–11) 6.0 (2–10) 3.0 (1–8) 3.0 (2–9) 4.0 (2–6) 4.0 (1–11)

ECOG = Eastern Cooperative Oncology Group; SD = standard deviation
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Table 2.

KRAS mutations

KRAS mutation
Cohort A

N=12
Cohort B

N=13
Cohort C

N=12
Cohort D

N=12
Cohort E

N=6
Overall
N=55

Wild type 
INK4a/ARF and 
wild type TP53

INK4a/ARF 
alteration and wild 

type TP53

Wild type 
INK4a/ARF and 
TP53 mutation

INK4a/ARF 
alteration and TP53 

mutation
Unknown

G12A 0 1 2 2 0 5

G12C 3 2 4 4 1 14

G12D 4 3 1 2 2 12

G12F 1 0 0 0 0 1

G12R 1 1 0 0 0 2

G12S 0 0 2 0 0 2

G12V 2 2 0 1 2 7

G13D 0 1 0 0 0 1

G13R 0 1 0 0 0 1

Q61H 0 0 1 0 0 1

Q61L 0 0 0 1 0 1

Not listed 1 2 2 2 1 8
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Table 3A.

Treatment-related Adverse Events Occurring in >10% of the safety population (N=55)

Term Number (%)

Fatigue 19 (35)

Nausea 12 (22)

Diarrhea 11 (20)

Vomiting 10 (18)

Hyperbilirubinemia 9 (16)

Decreased appetite 6 (11)

Peripheral edema 6 (11)
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Table 3B.

Grade ≥3 treatment-related adverse events in the safety population (N=55)

Term Number (%)

Nausea 4 (7)

Vomiting 3 (6)

Hyperbilirubinemia 3 (6)

Anemia 1 (2)

Fatigue 1 (2)

QTc prolongation 1 (2)

Increased lipase 1 (2)

Cerebrovascular accident 1 (2)

Dizziness 1 (2)

Intracranial hemorrhage 1 (2)

Acute renal failure 1 (2)

Respiratory failure 1 (2)

Notes: CTCAE, Version 4.03 was used for severity grading. If a subject experienced more than 1 event with a given preferred term, that subject 
was counted only once for that preferred term. Subjects were tabulated based on their most severe occurrence of a preferred term. Adverse events 
with a missing severity were analyzed as Grade 3 (severe).
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