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Although discovered back in the 1970s, the RAS family 
proteins were considered undruggable (1), primarily because 
the KRAS protein has a pocket-less structure unsuitable for 
fitting an effective drug. However, with concerted efforts 
from academia, pharmaceutical industry, and initiatives on 
RAS from National Cancer Institute (2), significant new 
strides have been made to tame this master oncogene in the 
last few years (3). 

The discovery of a covalent inhibitor drug handle in 
KRASG12C protein (4) led to the development of the 
first in class KRASG12C off state inhibitor and ultimately 
to FDA accelerated approval of sotorasib/LUMAKRAS® 
(Amgen, USA) for previously treated advanced metastatic 
patients with non-small cell lung cancer (NSCLC) 
harboring KRAS G12C (5). Having a similar mechanism 
of action, another G12C inhibitor, adagrasib/KRAZATI® 
(Mirati Therapeutics, USA) also received accelerated FDA 
approval for the same setting (6).

Now that we have two “weapons” to go against KRAS 
G12C, how can we further improve on patient outcomes? 
One key consideration would be brain penetration of these 
inhibitors, as treatment and prevention of brain metastases 
would be critical on patient outcomes. The development 

of brain metastases in lung cancer is typically associated 
with worse survival (7). Furthermore, significant increase in 
symptoms such as fatigue, headaches and depression post 
the diagnosis of brain metastases have been reported by 
Guérin and colleagues (8), suggesting that central nervous 
system (CNS) disease control is crucial to maintain the 
quality of life (QOL) of patients.  

As clinical trials excluded patients with active CNS 
metastases in the published sotorasib studies, there is 
limited data on sotorasib’s CNS penetration. In the paper 
“Activity of Adagrasib (MRTX849) in Brain Metastases: 
Preclinical Models and Clinical Data from Patients with 
KRASG12C-Mutant Non-Small Cell Lung Cancer”, Sabari 
and colleagues first present their retrospective analysis on 
brain metastases in KRAS mutant NSCLC patients, then 
provide a comprehensive review of the pharmacological and 
preclinical data on adagrasib, followed by two case studies 
of patients with previously untreated brain metastases who 
had successful response to adagrasib (9). 

Of all the KRAS G12C mutant patients in the cohort, 
40% (n=150) developed brain metastases at any time, 
highlighting the high propensity of these patients to 
progress in the CNS (9). The authors properly comment on 
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their limitations—the retrospective nature of the analysis, 
comparisons only made within KRAS mutated NSCLC 
and the possible underestimation due to the fact that serial 
CNS imaging was not performed. Nonetheless, 40% is a 
percentage that is compelling and consistent with prior 
studies (10,11). 

The comprehensive pharmacological and preclinical 
review of adagrasib shown by Sabari and colleagues 
highlights the favorable pharmacokinetic properties including 
CNS penetration. From mice models, they demonstrated 
that adagrasib has an IC50 of 980 nmol/L for inhibiting 
p-glycoprotein, indicating the concentration-dependent 
inhibition of its own efflux within a physiologically relevant 
range anticipated to bypass the constraints of the blood-
brain barrier (9). The mice treated with 200 mg/kg of 
adagrasib orally yielded a total plasma concentration, free-
plasma, and cerebral spinal fluid (CSF) concentrations 
of 8,600, 43 and 52 nmol/L, respectively, 8 hours after 
administration. At the 200 mg/kg dose level in mice (which 
had a mean steady state comparable to clinical human free-
plasma concentration with the phase II adagrasib dose of 
600 mg twice daily), the unbound brain to unbound plasma 
concentration (Kp,uu) value was approximately 1 at 8 hours, 
suggesting significant CNS penetration at this dose level (9).

Lastly, the authors describe two case studies of patients 
with previously untreated brain metastases who were given 
adagrasib as part of the KRYSTAL-1 study. Consistent 
with preclinical data, in these two patients with untreated 
brain metastases, the CSF concentrations of adagrasib 
measured above the target cellular IC50 and both patients 
demonstrated corresponding regression of brain lesions 
based on serial imaging. The average Kp,uu in these two 
patients was 0.47, which was consistent with observations 
from preclinical models and also exceeded values for 
other tyrosine kinase inhibitors with known CNS activity 
(9,12,13).  

There may be criticism towards this study such as 
the number of human subjects reported was small (n=2). 
However, we would like to first commend the team for 
expanding the study drug to those with brain metastases and 
the patients/study team involved for diligently obtaining 
CSF which provided undoubtedly valuable data. While the 
phase Ib portion of the trial had already allowed patients 
with neurologically stable, asymptomatic, untreated (non-
cerebellar/non-focal leptomeningeal) brain lesions <2 cm in 
size, the eligibility criteria were later expanded to remove 
the size restrictions and brain lesions and allowed for up 

to 25 patients (9). If 40% of KRAS G12C mutant patients 
were to develop brain metastases at any time, this is not a 
number that can be ignored. While prior studies have been 
traditionally hesitant regarding allowing entry of those 
with brain metastases, improved inclusion of such patients 
have been called upon by the American Society of Clinical 
Oncology-friends of cancer research brain metastases 
working group (14) and we hope to see increased inclusion 
of patients with brain metastases so that the trial patient 
population is representative of that of the “real-world”. 

Although Sabari and colleagues have shown the proof 
of concept preclinical and clinical data of adagrasib as a 
CNS-penetrant KRAS G12C inhibitor, there is more to 
be investigated. The duration of response in the brain 
remains a question and we will eagerly await the results of 
the 25 patients with brain metastases from KRYSTAL-1. 
Furthermore, although allowing untreated brain metastases 
to enroll in itself was eye-opening, we must acknowledge 
that many of the patients with brain metastases are treated 
upfront with radiation therapy or surgery, especially when 
symptomatic. What role could adagrasib play in these 
situations? Finally, there could be molecular heterogeneity 
between the primary site of tumor versus metastatic sites, 
in particular the brain (15) and differences in the tumor 
microenvironment has also been reported (16,17), but how 
would we account for that?

We are fortunate to be now in an era to have two FDA-
approved KRAS G12C inhibitors. KRAS G12C, once 
thought “undruggable” has now become a “druggable” 
target.  The key next steps to further improving on patient 
outcomes would be evaluating the potential of brain 
penetration of these inhibitors, as treatment and prevention 
of brain metastases would be critical on patient outcomes. 
KRYSTAL-1 team should be commended for allowing 
entry of those patients with untreated brain metastases. 
We agree that prospective interventional studies with serial 
CNS imaging would be the gold standard of evaluating 
CNS activity of tyrosine kinase inhibitors, but we must 
remember; this is a great start, but only a start. 

Acknowledgments

The authors are grateful to SKY Foundation Inc. Partners 
Fund, Perry’s Family Funds and U-CAN-CER VIVE 
Foundation for supporting studies in Dr. Azmi’s laboratory.
Funding: Work in the lab of Dr. Azmi was supported by 
NIH R37-CA215427.



Translational Lung Cancer Research, Vol 12, No 4 April 2023 667

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2023;12(4):665-668 | https://dx.doi.org/10.21037/tlcr-23-71

Footnote

Provenance and Peer Review: This article was commissioned 
by the editorial office, Translational Lung Cancer Research. 
The article did not undergo external peer review.

Conflicts of Interest: Both authors have completed the ICMJE 
uniform disclosure form (available at https://tlcr.amegroups.
com/article/view/10.21037/tlcr-23-71/coif). MN has 
received consulting fees from AstraZeneca, Caris Life 
Sciences, Daiichi Sankyo, Novartis, EMD Serono, Pfizer, 
Lilly and Genentech, has received travel support from 
AnHeart Therapeutics and is a speaker for Takeda, Janssen, 
Mirati and Blueprint Medicines. ASA received funding from 
Karyopharm, EISAI, Janssen and serves as a consultant for 
GLG and Guidepoint. The authors have no other conflicts 
of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Spiegel J, Cromm PM, Zimmermann G, et al. Small-
molecule modulation of Ras signaling. Nat Chem Biol 
2014;10:613-22.

2. McCormick F. A brief history of RAS and the RAS 
Initiative. Adv Cancer Res 2022;153:1-27.

3. Drosten M, Barbacid M. Targeting the MAPK Pathway in 
KRAS-Driven Tumors. Cancer Cell 2020;37:543-50.

4. Ostrem JM, Peters U, Sos ML, et al. K-Ras(G12C) 
inhibitors allosterically control GTP affinity and effector 
interactions. Nature 2013;503:548-51.

5. Nakajima EC, Drezner N, Li X, et al. FDA Approval 
Summary: Sotorasib for KRAS G12C-Mutated Metastatic 

NSCLC. Clin Cancer Res 2022;28:1482-6.
6. US FDA. FDA grants accelerated approval to adagrasib 

for KRAS G12C-mutated NSCLC. Last accessed on 
January 15, 2023. Available online: https://www.fda.gov/
drugs/resources-information-approved-drugs/fda-grants-
accelerated-approval-adagrasib-kras-g12c-mutated-nsclc

7. Offin M, Feldman D, Ni A, et al. Frequency and outcomes 
of brain metastases in patients with HER2-mutant lung 
cancers. Cancer 2019;125:4380-7.

8. Guérin A, Sasane M, Zhang J, et al. Brain metastases in 
patients with ALK+ non-small cell lung cancer: clinical 
symptoms, treatment patterns and economic burden. J 
Med Econ 2015;18:312-22.

9. Sabari JK, Velcheti V, Shimizu K, et al. Activity of 
Adagrasib (MRTX849) in Brain Metastases: Preclinical 
Models and Clinical Data from Patients with KRASG12C-
Mutant Non-Small Cell Lung Cancer. Clin Cancer Res 
2022;28:3318-28.

10. Cui W, Franchini F, Alexander M, et al. Real world 
outcomes in KRAS G12C mutation positive non-small cell 
lung cancer. Lung Cancer 2020;146:310-7.

11. Wu MY, Zhang EW, Strickland MR, et al. Clinical and 
Imaging Features of Non-Small Cell Lung Cancer with 
G12C KRAS Mutation. Cancers (Basel) 2021;13:3572.

12. Ballard P, Yates JW, Yang Z, et al. Preclinical Comparison 
of Osimertinib with Other EGFR-TKIs in EGFR-Mutant 
NSCLC Brain Metastases Models, and Early Evidence 
of Clinical Brain Metastases Activity. Clin Cancer Res 
2016;22:5130-40.

13. Kodama T, Hasegawa M, Takanashi K, et al. Antitumor 
activity of the selective ALK inhibitor alectinib in models 
of intracranial metastases. Cancer Chemother Pharmacol 
2014;74:1023-8.

14. Lin NU, Prowell T, Tan AR, et al. Modernizing Clinical 
Trial Eligibility Criteria: Recommendations of the 
American Society of Clinical Oncology-Friends of Cancer 
Research Brain Metastases Working Group. J Clin Oncol 
2017;35:3760-73.

15. Paik PK, Shen R, Won H, et al. Next-Generation 
Sequencing of Stage IV Squamous Cell Lung Cancers 
Reveals an Association of PI3K Aberrations and Evidence 
of Clonal Heterogeneity in Patients with Brain Metastases. 
Cancer Discov 2015;5:610-21.

16. Mansfield AS, Aubry MC, Moser JC, et al. Temporal and 
spatial discordance of programmed cell death-ligand 1 
expression and lymphocyte tumor infiltration between 
paired primary lesions and brain metastases in lung cancer. 

https://tlcr.amegroups.com/article/view/10.21037/tlcr-23-71/coif
https://tlcr.amegroups.com/article/view/10.21037/tlcr-23-71/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Nagasaka and Azmi. CNS activity of KRAS inhibitors668

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2023;12(4):665-668 | https://dx.doi.org/10.21037/tlcr-23-71

Ann Oncol 2016;27:1953-8.
17. Failing JJ, Aubry MC, Mansfield AS. Human leukocyte 

antigen expression in paired primary lung tumors and 

brain metastases in non-small cell lung cancer. Cancer 
Immunol Immunother 2021;70:215-9.

Cite this article as: Nagasaka M, Azmi AS. Penetrating the 
central nervous system sanctuary of KRAS, a target once 
thought “undruggable”. Transl Lung Cancer Res 2023;12(4):665-
668. doi: 10.21037/tlcr-23-71


