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ABSTRACT

Clinical trials frequently include multiple end points that mature at different times. The initial report,
typically based on the primary end point, may be published when key planned co-primary or
secondary analyses are not yet available. Clinical Trial Updates provide an opportunity to disseminate
additional results from studies, published in JCO or elsewhere, for which the primary end point has
already been reported.
Patients with Kirsten rat sarcoma viral oncogene homolog (KRAS)–mutated non–small-cell
lung cancer (NSCLC) and untreated CNS metastases have a worse prognosis than similar
patients without KRAS mutations. Adagrasib has previously demonstrated CNS penetration
preclinically and cerebral spinalfluid penetration clinically. We evaluated adagrasib in patients
with KRASG12C-mutated NSCLC and untreated CNS metastases from the KRYSTAL-1 trial
(ClinicalTrials.gov identifier: NCT03785249; phase Ib cohort), in which adagrasib 600 mg was
administered orally, twice daily. Study outcomes included the safety and clinical activity
(intracranial [IC] and systemic) by blinded independent central review. Twenty-five patients
with KRASG12C-mutated NSCLC and untreated CNS metastases were enrolled and evaluated
(median follow-up, 13.7 months); 19 patients were radiographically evaluable for IC activity.
Safety was consistent with previous reports of adagrasib, with grade 3 treatment-related
adverse events (TRAEs) in 10 patients (40%) and one grade 4 (4%) and no grade 5 TRAEs.
The most common CNS-specific TRAEs included dysgeusia (24%) and dizziness (20%).
Adagrasib demonstrated an IC objective response rate of 42%, disease control rate of 90%,
progression-free survival of 5.4 months, andmedian overall survival of 11.4months. Adagrasib
is the first KRASG12C inhibitor to prospectively demonstrate IC activity in patients with
KRASG12C-mutated NSCLC and untreated CNS metastases, supporting further investigation in
this population.

INTRODUCTION

The Kirsten rat sarcoma viral oncogene homolog (KRAS) is
mutated in approximately 25% of non–small-cell lung
cancer (NSCLC) cases,1-3 with the glycine-to-cysteine mu-
tation at codon 12 (KRASG12C) occurring in approximately 14%of
adenocarcinomas.4 CNS metastases are observed at diagnosis in
27%-42% of patients with KRASG12C-mutated NSCLC.5-8 Patients
with KRAS-mutated NSCLC and CNS metastases have a worse
prognosis andhigher ratesofCNS failure comparedwithpatients
without KRAS mutations.9-11

Adagrasib (MRTX849), a KRASG12C inhibitor that selectively
and irreversibly binds the switch II pocket of KRASG12C,12 has
demonstrated CNS penetration, intracranial (IC) tumor

regression, and increased survival in multiple preclinical
models.13 Preliminary clinical data have similarly shown
cerebral spinal fluid penetration and regression of CNS le-
sions by imaging.13

KRYSTAL-1 (ClinicalTrials.gov identifier: NCT03785249) is
an ongoing trial of adagrasib in patients with advanced
KRASG12C-mutated solid tumors.14 Here,we report data froma
phase Ib cohort evaluating adagrasib monotherapy in pa-
tients with NSCLC and untreated CNS metastases.

METHODS

Patients with KRASG12C-mutated NSCLC with untreated
CNS metastases received adagrasib monotherapy at the
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recommended phase II dose (600 mg twice a day adminis-
tered orally [capsule, fasted state]). Study oversight and
methodology are described in the Data Supplement ([Ap-
pendix 1.1 and 1.2], online only).

Patients

All patients had KRASG12C-mutated NSCLC; neurologically
stable, asymptomatic, untreated CNS metastases; and
Eastern Cooperative Oncology Group performance status of
0 or 1. Full eligibility criteria are provided in the Data Sup-
plement (Appendix 1.3).

Objectives and End Points

Primary objectives were to characterize the safety and IC
clinical activity of adagrasib. Safety assessments included
documentation of adverse events (AEs), laboratory ab-
normalities, dose interruptions, and treatment discontin-
uations. CNS efficacy was evaluated by blinded independent
central review (BICR) using modified CNS RECIST v1.115 and
modified Response Assessment in Neuro-Oncology Brain
Metastases (mRANO-BM)16 criteria; with both criteria,
measurable lesions had a size ≥5 mm. Systemic clinical
activity was evaluated according to RECIST v1.1 per BICR.
Overall survival (OS) and 1-year survival rate were evalu-
ated. Full details are provided in the Data Supplement
(Appendix 1.4).

Statistical Considerations

The safety population was defined as all patients who
received ≥1 dose of the study drug. The clinical activity
evaluable population included all patients who received ≥1
dose and had disease assessments at baseline and on-study.
Statistical analyses and study assessments are described in
the Data Supplement (Appendix 1.5 and 1.6).

RESULTS

Patients

As of August 1, 2022, 25 patients with NSCLC were enrolled,
and 19 were evaluable for IC activity by CNS RECIST v1.1, of
whom 14 had target lesions and five patients had nontarget
lesions only (Data Supplement [Appendix Fig 1]). One ad-
ditional patient did not have measurable/evaluable CNS
metastases at baseline using CNS RECIST v1.1 but was
evaluable for systemic activity and IC activity usingmRANO-
BM criteria. Themedian follow-upwas 13.7months (95%CI,
8.5 to not evaluable). The median age was 66 years, and the
median number of previous systemic therapies was 1
(Table 1).

Safety

Treatment-related AEs (TRAEs) of any grade occurred in 25
patients (100%); 10 patients (40%) experienced a grade 3

TRAE (Table 2). The most common TRAEs were nausea,
diarrhea, vomiting, increased alanine aminotransferase,
increased aspartate aminotransferase, and fatigue. One
patient experienced a grade 4 TRAE (neutropenia); no grade
5 TRAEswere reported. TRAEs led to dosemodifications in 15
patients (60%; dose reduction in eight patients [32%], dose

TABLE 1. Patient Demographics and Clinical Characteristics

Characteristic
Adagrasib

Monotherapy (N 5 25)

Age, years, median (range) 66 (47-89)

Female sex, No. (%) 13 (52)

Race, No. (%)

White 21 (84)

Black or African American 1 (4)

Asian 1 (4)

Other 2 (8)

ECOG performance status, No. (%)

0 7 (28)

1 18 (72)

Smoking history, No. (%)

Never-smoker 1 (4)

Current smoker 7 (28)

Past smoker 17 (68)

Baseline CNS lesions,a,b No. (%)

Target: NE/0/1/2-5 2 (8)/5 (20)/12 (48)/6 (24)

Nontarget: NE/0/1/2-5 2 (8)/6 (24)/6 (24)/11 (44)

Size range of baseline CNS target
lesions,a mm

6-18

Cerebellar metastases,a,c No. (%) 9 (36)

Focal leptomeningeal disease,a,d No. (%) 4 (16)

Genotype basis, No. (%)

Tissue sample 21 (84)

Circulating tumor DNA 4 (16)

Previous lines of systemic therapy, No. (%)

0 4 (16)

1 15 (60)

2 3 (12)

≥3 3 (12)

Previous regimen component

Platinum therapy 17 (68)

Checkpoint inhibitor therapy 20 (80)

Other therapy 17 (68)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; mRANO-BM;
modified Response Assessment in Neuro-Oncology Brain Metastases; NE,
not evaluable.
aTarget and nontarget lesions according to CNS RECIST v1.1.
bNo. of baseline CNS lesions per mRANO-BM: target: 0 (5 [20%]),
1 (13 [52%]), and 2-5 (7 [28%]); nontarget: 0 (7 [28%]), 1 (7 [28%]), 2-5
(10 [40%]), and >5 (1 [4%]).
cNo. of patients with cerebellar metastases at baseline per mRANO-BM:
10 patients.
dNo. of patients with focal leptomeningeal disease at baseline per
mRANO-BM: two patients.
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TABLE 2. Summary of TRAEs (N 5 25)

Event Any Grade Grade 1 Grade 2 Grade 3 Grade 4a

TRAE, No. (%) 25 (100) 7 (28) 7 (28) 10 (40) 1 (4)

TRAE of any grade occurring in >5% of patients or that was grade ≥3,b No. (%)

Nausea 22 (88) 11 (44) 8 (32) 3 (12) 0 (0)

Diarrhea 19 (76) 17 (68) 2 (8) 0 (0) 0 (0)

Vomiting 15 (60) 9 (36) 2 (8) 4 (16) 0 (0)

ALT increase 10 (40) 5 (20) 3 (12) 2 (8) 0 (0)

AST increase 10 (40) 6 (24) 3 (12) 1 (4) 0 (0)

Fatigue 8 (32) 6 (24) 2 (8) 0 (0) 0 (0)

Blood creatinine increase 7 (28) 3 (12) 4 (16) 0 (0) 0 (0)

Anemia 6 (24) 2 (8) 4 (16) 0 (0) 0 (0)

Blood alkaline phosphatase increase 6 (24) 3 (12) 2 (8) 1 (4) 0 (0)

Decreased appetite 6 (24) 3 (12) 3 (12) 0 (0) 0 (0)

Dysgeusia 6 (24) 4 (16) 2 (8) 0 (0) 0 (0)

Dizziness 5 (20) 2 (8) 0 (0) 3 (12) 0 (0)

WBC count decrease 4 (16) 2 (8) 2 (8) 0 (0) 0 (0)

Amylase increase 3 (12) 2 (8) 1 (4) 0 (0) 0 (0)

Dehydration 3 (12) 0 (0) 3 (12) 0 (0) 0 (0)

Dry mouth 3 (12) 3 (12) 0 (0) 0 (0) 0 (0)

Electrocardiogram QT prolongation 3 (12) 1 (4) 2 (8) 0 (0) 0 (0)

Lipase increase 3 (12) 0 (0) 1 (4) 2 (8) 0 (0)

Lymphocyte count decrease 3 (12) 0 (0) 1 (4) 2 (8) 0 (0)

Platelet count decrease 3 (12) 3 (12) 0 (0) 0 (0) 0 (0)

Pruritus 3 (12) 1 (4) 1 (4) 1 (4) 0 (0)

Upper abdominal pain 2 (8) 1 (4) 1 (4) 0 (0) 0 (0)

Arthralgia 2 (8) 1 (4) 1 (4) 0 (0) 0 (0)

Ataxia 2 (8) 1 (4) 1 (4) 0 (0) 0 (0)

Dyspepsia 2 (8) 2 (8) 0 (0) 0 (0) 0 (0)

Hyperkalemia 2 (8) 2 (8) 0 (0) 0 (0) 0 (0)

Hyperuricemia 2 (8) 2 (8) 0 (0) 0 (0) 0 (0)

Hypoalbuminemia 2 (8) 1 (4) 1 (4) 0 (0) 0 (0)

Hyponatremia 2 (8) 2 (8) 0 (0) 0 (0) 0 (0)

Hypophosphatemia 2 (8) 0 (0) 2 (8) 0 (0) 0 (0)

Myalgia 2 (8) 1 (4) 1 (4) 0 (0) 0 (0)

Neutropenia 2 (8) 0 (0) 0 (0) 1 (4) 1 (4)

Neutrophil count decrease 2 (8) 1 (4) 1 (4) 0 (0) 0 (0)

Rash 2 (8) 2 (8) 0 (0) 0 (0) 0 (0)

Rash maculopapular 2 (8) 2 (8) 0 (0) 0 (0) 0 (0)

Weight decreased 2 (8) 1 (4) 1 (4) 0 (0) 0 (0)

Asthenia 1 (4) 0 (0) 0 (0) 1 (4) 0 (0)

Chronic kidney disease 1 (4) 0 (0) 0 (0) 1 (4) 0 (0)

Dermatitis acneiform 1 (4) 0 (0) 0 (0) 1 (4) 0 (0)

Encephalopathy 1 (4) 0 (0) 0 (0) 1 (4) 0 (0)

Eye disorder 1 (4) 0 (0) 0 (0) 1 (4) 0 (0)

Hypokalemia 1 (4) 0 (0) 0 (0) 1 (4) 0 (0)

Pancreatitis acute 1 (4) 0 (0) 0 (0) 1 (4) 0 (0)

NOTE. CNS-specific TRAEs that did notmeet reporting threshold include aphasia (n5 1; 4%; grade 1), confused state (n5 1; 4%; grade 2), headache
(n5 1; 4%; grade 2), and insomnia (n5 1; 4%; grade 1). AEs were graded per the National Cancer Institute Common Terminology Criteria for Adverse
Events (version 5.0).
Abbreviations: AE, adverse event; TRAE, treatment-related AE.
aNo grade 5 TRAEs occurred. There were no grade 4 or 5 CNS-related TRAEs.
bFor each preferred term, patients were included only once at the maximum severity.
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interruption in 14 patients [56%]); two patients (8%) dis-
continued treatment (grade 3 acute pancreatitis and grade 2
fatigue).

CNS-specific TRAEs, categorized as nervous system dis-
orders, included dysgeusia (24%), dizziness (20%), ataxia
(8%), and aphasia, confused state, encephalopathy,
headache, and insomnia (each 4%). The majority of
CNS-specific TRAEs were grade 1-2; four patients expe-
rienced grade 3 CNS-specific TRAEs (dizziness, n 5 3;
encephalopathy, n 5 1), and there were no grade ≥4 CNS-
related events (Table 2). Treatment-emergent AEs are
summarized in the Data Supplement (Appendix Table 1).

Clinical Outcomes

The confirmed IC objective response rate (ORR) per RECIST v1.1
criteria was 42% (95% CI, 20.3 to 66.5; three patients had
complete IC response andfivepatients partial IC response;Data
Supplement [Appendix Table 2]; Fig 1A). IC responses by

comutational status are shown in the Data Supplement (Ap-
pendix Table 3). The IC disease control rate (DCR) was 90%.
Themedian IC progression-free survival (PFS) was 5.4months
(12-month PFS, 33.9%; Fig 1B). The median time to response
was 2.1months; themedian IC duration of response (DOR) was
12.7 months, with treatment ongoing for >10 months in two
patients still in response (Fig 1C). Of eight patients with con-
firmed IC response, four (50%) recorded their first response at
the second on-study scan. All patients with an IC response had
a dosemodification during treatment. The CNS failure rate was
37% (7 of 19); two patients experienced CNS progression only.
Among 20 patients evaluable for IC activity per mRANO-BM,
the confirmed ICORRwas 35%and ICDCRwas85%.Additional
IC efficacy outcomes per mRANO-BM are shown in the Data
Supplement (Appendix Table 2).

The systemic ORR was 30%, with a median DOR of
5.6 months and a median PFS of 5.3 months (Data Supple-
ment [Appendix Table 2 and Fig 2]). The concordance rate
between systemic and IC (per CNS RECIST v1.1) disease
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control was 79% (Data Supplement [Appendix Table 4]). The
median OS was 11.4 months (12-month OS, 41.1%; Fig 1D).

DISCUSSION

Patients with KRAS-mutated NSCLC and untreated CNS
metastases have limited treatment options and poor clinical
outcomes.9-11 Radiation therapy has been the historical
standard of care, but recent interest has focused on targeted
drugs with CNS penetration (eg, epidermal growth factor
receptor or anaplastic lymphoma kinase inhibitors).17,18 This
approach avoids adverse effects of radiation such as necrosis
and cognitive impairment.19,20

The results presented here are the first prospective data for
a KRASG12C inhibitor in patients with NSCLC and untreated
CNS metastases. Adagrasib 600 mg twice a day achieved
promising IC clinical activity, a high concordance rate
between IC and systemic activity (79%), and a low rate of
CNS failure (37%). These results provide proof-of-concept
for adagrasib’s ability to penetrate the CNS and provide CNS
activity. The safety and tolerability profile seen in this
cohort, with the most common CNS-specific TRAEs re-
ported being dysgeusia and dizziness, was broadly con-
sistent with previous reports from the KRYSTAL-1 trial.14,21

No other KRASG12C inhibitor has previously demonstrated
IC activity in a prospective clinical trial, although case

studies22-24 and post hoc analyses from registrational data
sets13,25 have demonstrated IC responses with sotorasib
and adagrasib. However, the post hoc analyses from both
sotorasib and adagrasib required adequately treated CNS
metastases including radiation before enrollment, leading
to an inability to fully interpret the IC activity of the
KRASG12C inhibitor.13,25

Limitations of this study include its exploratory nature,
limited follow-up period, small evaluable patient pop-
ulation, and exclusion of patients with poor performance
status. Additionally, a full analysis of subsequent
treatment was unavailable. Therefore, further analyses
are required to elucidate the optimal timing and
sequencing of adagrasib in relation to radiotherapy.
Additional data generation efforts are ongoing in the
KRYSTAL program across different lines of therapy in
patients with NSCLC, including those with untreated CNS
metastases.

In conclusion, adagrasib is the first KRASG12C inhibitor
to prospectively demonstrate IC activity, including on-
going responses, in patients with KRASG12C-mutated
NSCLC and untreated CNS metastases. Adagrasib had
a manageable safety profile with few CNS-specific
TRAEs. These findings support continued clinical
development of adagrasib for patients with KRASG12C-
mutated NSCLC.
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