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INTRODUCTION

KRASG12C mutations occur in about 14% of non–small-
cell lung cancers (NSCLCs)1 and are responsive to
selective KRASG12C inhibitors (G12Ci), including sotor-
asib (AMG510) and adagrasib (MRTX849).2,3 Sotorasib
is the first approved drug for metastatic KRASG12C-
mutant NSCLC, with a response rate of 28%-37% and
median progression-free survival of 5.6-6.8 months.2,4

Thus far, in published trials of sotorasib, patients with
active, untreated brain metastases were excluded from
participation, and therefore, little is known on the central
nervous system (CNS) efficacy of sotorasib. Because
brain metastases commonly occur in patients with
KRAS-mutant NSCLC and significantly affect morbidity
and mortality,5 we sought to better characterize the
incidence of brain metastases in patients with
KRASG12C-mutant NSCLC and assess preliminary CNS
efficacy in patients with active brain metastases who
received commercial-use sotorasib.

METHODS

Patients with de novo stage IV NSCLC and available
KRAS mutational status who had consented to a cor-
relative research study (Dana-Farber/Harvard Cancer
Center protocol #02-180) at the Dana-Farber Cancer
Institute, as well as to the publication of the information
reported hereby, between September 2013 and De-
cember 2021 were included in this study. Institutional
Review Board approved Dana-Farber/Harvard Cancer
Center protocol #02-180. Patients provided written
consent. Clinicopathological data were collected from
electronic medical records. Genomic alterations and
tumor mutational burden were assessed on all NSCLCs
which successfully underwent comprehensive tumor
genomic profiling with the OncoPanel platform as
previously described.6 Intracranial disease was
assessed by magnetic resonance imaging (MRI) and
reviewed by a dedicated radiologist (M.N.) and radiation
oncologist (A.A.) according to response assessment in
neuro-oncology brain metastases (RANO-BM) criteria
in patients with at least one target CNS lesion (≥ 5 mm)

and/or nontarget lesions. For nontarget lesions, cases
with neither a complete response nor progressive dis-
ease were categorized as stable disease.7 Survival es-
timates were performed by the Kaplan-Meier method
and multiple comparisons correction used the
Benjamini-Hochberg procedure. P-values, .05 andQ-
values, 0.05 (for multiple comparisons analyses) were
considered significant.

RESULTS

We identified 899 patients with a diagnosis of stage IV
KRAS-mutant NSCLC. Among these patients, 35.1%
(N = 316) had synchronous brain metastases, defined
as those occurring within 3 months of initial pathological
diagnosis of NSCLC. There was no significant difference
in the incidence of brain metastases in patients with
KRASG12C-mutant NSCLC (N = 146/392, 37.2%) com-
pared with patients with KRASnon-G12C–mutant NSCLC
(N = 170/507, 33.5%, P = .26, Fig 1A). Overall survival
in KRAS-mutant NSCLC was significantly longer in pa-
tients without versus with brain metastases at the time of
metastatic diagnosis (16.0 v 13.2 months, respectively;
P = .017, Fig 1B). A similar trend was observed when
restricting this analysis to patients with KRASG12C-mutant
NSCLC, although not statistically significant (19.0 v
16.1 months, respectively; P = .063; Appendix Fig A1).

When comparing KRASG12C-mutant NSCLCs without
versus with synchronous brainmetastases at metastatic
diagnosis, there was no difference in the programmed
cell death ligand 1 tumor proportion score (median,
40% v 20%, respectively; P = .222) or tumor mutational
burden (median, 9.89 v 10.65 mutations/megabase,
respectively; P = .324, Appendix Figs A2A and A2B). To
determine if there were any genomic differences in
KRASG12C-mutant NSCLCs without versus with brain
metastases, we performed a gene enrichment analysis
which showed no significant difference in the frequency
of TP53, STK11, or KEAP1 alterations after correcting
for multiple comparisons (Appendix Figs A3A
and A3B). There was an enrichment in BRCA2 mu-
tations in NSCLCs with brain metastases (N = 9/95
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[9.5%CI] vN=1/142 [0.7%]; odds ratio, 0.07; 95%CI, 0.01
to 0.51; Q = 0.021); however, the number of overall cases
with pathogenic BRCA2 alterations in our cohort was small,
and an association of BRCA2mutation with the presence of
brain metastases in KRASG12C-mutant NSCLC was not ob-
served in the publicly available Memorial Sloan Ketter-
ing–Metastatic Events and Tropisms cohort data (Appendix
Fig A4).8

Because brain metastases frequently occur in patients with
NSCLC and are associated with worse survival, we sought to
examine whether there was preliminary evidence of in-
tracranial activity in patients with KRASG12C-mutant NSCLC
and active, untreated brain metastases who received
commercial-use sotorasib. Among all patients with stage IV

KRAS-mutant NSCLC, we identified six patients who de-
veloped active, untreated brain metastases (at any point in
their disease course) before sotorasib initiation, with a
median overall survival of not reached (8.7 to not estimable)
at a median follow-up time of 8.8 months (95% CI, 7.8 to
not estimable), relative to the start date of sotorasib treat-
ment. All patients had baseline MRI immediately before
sotorasib initiation. One patient died 3 weeks after starting
sotorasib because of disease progression and did not have
further systemic or intracranial imaging; the remaining five
patients had at least one subsequent MRI while on
sotorasib, and their outcomes are summarized in Table 1.
Of them, patient 5 had five nonmeasurable lesions by
RANO-BM criteria at baseline (, 5 × 5mm). After sotorasib
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FIG 1. (A) Prevalence of synchronous brain metastases at stage IV diagnosis in patients with KRAS-mutant NSCLC. (B) Kaplan-Meier estimates of OS of
patients with stage IV KRAS-mutant NSCLC by presence of synchronous brain metastases at diagnosis. NSCLC, non–small-cell lung cancer; OS, overall
survival.

TABLE 1. Characteristics of Patients Who Received Sotorasib and Had Available Intracranial Tumor Assessment

ID Sex Age ECOG PS

Comutation Status

IC Response
Systemic
Response

IC PFS,
Months

IC DOR,
Months

Site
of Disease
ProgressionTP53 STK11 KEAP1

1 F 75 0 Mut WT WT PR SD 8.8a 8.1a NAa

2 M 72 2 Mut WT WT PR SD 4.7 3.8 CNS

3 F 69 1 Mut WT WT PR PR 5.9 4.1 CNS

4 F 38 2 Mut NA NA PD PD 1.2 — Systemic and CNS

5 F 69 2 WT WT NA SDb PR 3.9 — Systemic and CNS

Abbreviations: CNS, central nervous system; DOR, duration of response; ECOG PS, Eastern Cooperative Oncology Group performance status;
F, female; IC, intracranial; M,male; Mut, mutant; NA, not assessed; PD, progressive disease; PFS, progression-free survival; PR, partial response;
RANO-BM, response assessment in neuro-oncology brain metastases; SD, stable disease; WT, wild-type.

aOngoing response to treatment.
bResponse was evaluable but nonmeasurable by RANO-BM and was categorized as SD.
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treatment, four of five lesions completely resolved while one
decreased in size but was still present on subsequent MRI
(1.5 mm slice thickness). This response was categorized as
stable disease as this patient had nonmeasurable disease
at baseline. The remaining four patients had measurable
disease by RANO-BM criteria. Confirmed intracranial
disease response to treatment was observed in three of
four patients (Fig 2), with a median duration of response
of 4.1 months (95% CI, 3.9 to not estimable), and a
median intracranial progression-free survival of 4.7 months
(95% CI, 3.9 to not estimable). Patient 1 is still on sotorasib
with an ongoing intracranial response 7 months on treat-
ment. Patient 2 had objective response in the brain and
systemic disease improvement that did not reach RECIST
criteria for partial response, followed by intracranial disease
progression with controlled systemic disease. Patient 3 had
initial objective response both intracranially and extracra-
nially, followed by isolated CNS progression but continued
systemic response. Finally, patient 4 had primary extra-
cranial and intracranial disease progression. We describe
two illustrative cases of patients with untreated brain me-
tastases from KRASG12C-mutant NSCLC who achieved in-
tracranial disease response to sotorasib.

Patient 1

A 75-year-old woman with a history of tobacco use presented
with metastatic KRASG12C-mutant lung adenocarcinoma
progressing after multiple lines of cytotoxic chemotherapy

and immune checkpoint inhibition; her most recent
therapy before sotorasib was vinorelbine. After a brain MRI
demonstrated multiple supratentorial and infratentorial en-
hancing lesions (greatest 10 × 6 mm in the right lateral
cerebellum) with no significant mass effect or hemorrhage
(Fig 3A), the patient was started on sotorasib 960 mg by
mouth once daily. After 6 weeks of treatment, a brain MRI
showed intracranial partial response with a decrease in size of
all lesions, followed by further improvement at subsequent
scans (Fig 3A). Treatment was still ongoing 8.8 months after
sotorasib initiation, with minimal adverse effects.

Patient 2

A 72-year-old man with a history of tobacco use was di-
agnosed with stage IV KRASG12C-mutant lung adenocar-
cinoma with liver, bone, and brain metastases. After
treatment with first-line chemoimmunotherapy, a brainMRI
showed the appearance of new brain lesions and en-
largement of previously detected brain metastases; the
largest one was a 12-mm lesion in the right precentral gyrus
(Fig 3B). The patient was started on sotorasib 960 mg by
mouth once daily. An intracranial partial response was
observed at the first brain MRI performed 5 weeks after
treatment start (Fig 3B) which was confirmed on a sub-
sequent MRI 2 months later. The right precentral gyrus
lesion was progressing 4 months later and was treated with
stereotactic radiosurgery (20 Gy in one fraction). The pa-
tient continued treatment with sotorasib which is still on-
going 8 months after treatment start, with good tolerance,
except for grade 2 elevation of liver function tests.

DISCUSSION

In patients with KRASG12C-mutant NSCLC, the lifetime inci-
dence of brain metastases is approximately 40%,9 and ef-
fective therapy for CNS disease represents an important
unmet need in this population. Tyrosine kinase inhibitors of
epidermal growth factor receptor (EGFR) or anaplastic lym-
phoma kinase, for example, are highly effective against in-
tracranial metastases, with CNS response rates reaching up
to 70% with the EGFR inhibitor osimertinib10 and 60%-80%
with the anaplastic lymphoma kinase inhibitors alectinib or
lorlatinib.11,12 With the development of novel KRASG12C in-
hibitors with potential CNS activity in NSCLC, the decision of
whether to offer local CNS treatment modalities such as
radiation or surgery before initiation of a G12Ci should be
discussed by a multidisciplinary team. Adagrasib demon-
strated activity in preclinical models of brainmetastases,9 and
recent data presented from the KRYSTAL-1 study of ada-
grasib in patients with KRASG12C-mutant NSCLC showed an
intracranial objective response rate of 31.6% among 19
evaluable patients with active, untreated brain metastases.13

Although a post hoc analysis of the CodeBreaK100 study
reported on the intracranial activity of sotorasib in patients
with stable and treated brain metastases,14 patients with
active, untreated brain metastases were not included in this
analysis. Recently, an intracranial response to sotorasib was
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FIG 2. Waterfall plot of changes from baseline in intracranial disease
burden of patients with KRASG12C-mutant NSCLC with active untreated
brain metastases at the time of sotorasib start and with measurable
disease according to RANO-BM criteria. Systemic response by
RECIST v. 1.1. criteria is also shown. NSCLC, non–small-cell lung
cancer; RANO-BM, response assessment in neuro-oncology brain
metastases.
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described in a patient with KRASG12C-mutant NSCLC and
active untreated brain metastases.15

Although our study is limited by the small sample size and the
lack of brainmetastasis animalmodels and correlative analyses
from patient cerebrospinal fluid, this retrospective series
demonstrates preliminary intracranial activity of sotorasib
in patients with KRASG12C-mutant NSCLC and untreated

brain metastases. Prospective studies are needed to more
accurately quantify the efficacy of sotorasib in this population.
Although CNS responses were observed, the duration of in-
tracranial disease control for some patients was relatively short,
highlighting the need to further investigate CNS penetration of
sotorasib and to develop improved strategies for treating brain
metastases in patients with KRASG12C-mutant NSCLC.
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FIG A1. Kaplan-Meier estimates of overall survival of patients with stage IV KRASG12C-
mutant NSCLC by presence of synchronous brain metastases at diagnosis. NSCLC,
non–small-cell lung cancer.
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