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Introduction

Colorectal cancer (CRC) is the third most prevalent
cancer worldwide (1). Different initiatives and screening
procedures try to improve early detection and therefore
reduce mortality. But despite these initiatives and ongoing
breakthroughs in the treatment of CRC, the 5-year survival
rate is still only approximately 65% (1). Furthermore, the
5-year survival rate decreases substantially to approximately
14% when patients are diagnosed with advanced or
metastatic colorectal cancer (mCRC).

Although treatment options have improved and
expanded in mCRC, there is still an unmet need for more
active targeted therapies. Possible chemotherapy regimens
including oxaliplatin, irinotecan and fluoropyrimidines are
used as first and second line strategies (2,3). The last decade
targeted agents such as VEGF inhibitors and anti-epidermal
growth factor receptor (EGFR) antibodies were approved in
association with classic cytotoxic agents or in monotherapy
(anti-EGFR) (4,5). In third and fourth line, tyrosine
kinase inhibitors (TKI, e.g., regorafenib) and trifluridine-
tipiracil were added after showing improved survival
in pre-treated mCRC (6,7). These therapeutic options
remain the backbone in the treatment of mCRC. Recently
pembrolizumab was approved for microsatellite instability-
high (MSI-H) and the combination of encorafenib and
cetuximab for BRAF V600E mutant mCRC (8-10).
Nevertheless, the median overall survival (OS) after first
and second line treatment remains only 7-8 months
(10). Therefore, developing novel therapeutic options is
necessary.
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The last 5 years have taught us that CRC is a very
heterogeneous disease. In 2022, we characterize different
subtypes to optimize patient- and tumor-driven personalized
medicine. New insights into genetic and epigenetic changes
involved in colorectal carcinogenesis have caused new ways
of categorizing CRC and therefore new treatment strategies.
For instance, we know that the Ras-Raf-mitogen-activated
protein kinase (MAPK) signaling pathway is a crucial
mediator in the development of CRC.

Mutations in Kirsten rat sarcoma viral (KRAS) oncogene
homolog, which is part of the MAPK signaling pathway,
are the most frequent alterations in all human cancers.
KRAS/NRAS mutations are present in almost 50% of all
mCRC (11), with KRAS G12C representing 3% of all
mCRC (12,13). KRAS mutations promote uninhibited cell
proliferation by activating BRAF and mitogen-activated
protein kinase kinase (MEK) downstream in the MAPK
pathway. KRAS is situated downstream from the EGFR (11).
These KRAS mutations are often associated with resistance
to specific targeted treatments, such as anti-EGFR
antibodies. Seeing that KRAS mutant mCRC patients have
worse outcomes than KRAS wild type mCRC, there is an
unmet need for new and improved treatment options for
these patient groups.

Since its discovery almost 40 years ago, RAS proteins
have been regarded as undruggable until Ostrem ez 4/. (14)
found a different binding mechanism in KRAS G12C
protein and therefore laying the foundation for the
development of targeted KRAS G12C inhibitors. In
2020, Hong et al. (15) published the first phase 1 trial
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(CodeBreaK100) with the KRAS G12C inhibitor sotorasib,
showing clinical activity in monotherapy in solid organ
tumors. New results of the following single-arm phase 2
trial with sotorasib have recently been published in Lancer

Oncology (16).

Summary and discussion

CodeBreaK100 is an ongoing phase 1 and 2 basket trial
evaluating the safety and efficacy of the selective KRAS
G12C inhibitor sotorasib. Sotorasib is a covalent inhibitor
that rapidly and irreversibly occupies KRAS G12C and
diminishes its activity. In the phase 1 part (15) a total of
129 patients, mostly non-small cell lung cancer (NSCLC)
and mCRC, were treated with monotherapy sotorasib
in dose escalation and expansion cohorts. Primary
endpoint was safety, whilst objective response rate was a
secondary endpoint. The study included 42 patients with
mCRC of whom all had received at least 2 prior lines of
chemotherapy. Three patients (7.1%, 95% CI: 1.50-19.48)
had a confirmed response and 31 patients (73.8%) had
disease control. Sotorasib was well tolerated with grade 3
and 4 treatment related adverse effects occurring in 11.6%
of all patients. A daily oral dose of 960 mg showed sufficient
evidence to completely inhibit the KRAS G12C protein for
more than 24 hours.

In the Lancet Oncology, Fakih et al. (16) present data on
the subsequent phase 2 trial with sotorasib monotherapy
in pretreated KRAS G12C mutant mCRC. This single-
arm trial included 62 patients with KRAS G12C mutated
mCRC who had progressed after receiving treatment
with fluoropyrimidine-, oxaliplatin- and irinotecan-based
chemotherapy. All patients received the optimal dose of
960 mg daily until disease progression or development
of unacceptable treatment-related adverse effects. The
primary endpoint was objective response rate. Fakih
et al. aimed for a response rate where the lower limit of the
95% CI was above 10%. However, only in 6 patients (9.7%,
95% CI: 3.6-19.9) objective response rates were observed.
Therefore, the primary endpoint was not reached. Disease
control was achieved in 51 patients (82.3%). At a median
follow-up time of 11 months, the median progression free
survival was approximately 4 months (95% CI: 2.8-4.2).
"This phase 2 trial confirmed a good tolerance with serious
treatment-related adverse events observed in only 2 patients
(3%), with no fatal events occurring. Grade 3 adverse events
occurred in 6 patients (10%) with diarrhea being the most
common.
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When we look closer to the patient groups in the mCRC
cohort, it is important to notice that these patients are heavily
pretreated, with 42% having 4 or more previous lines of anti-
cancer systemic therapy. Another important thing to notice,
is that in the CodeBreaK100 basket trial the results in the
NSCLC-group were far better, with response rates of 37.1%
and a progression free survival of 6.8 months (95% CI: 5.1-
8.2 months). These results caused approval of sotorasib by
the US Food and Drug Administration in May 2021.

Significant limitations in this paper are that
interpretation of data from subgroup analyses is limited
due to small sample sizes. CodeBreaK100 trial didn’t have
a comparator arm and therefore making assumptions to its
clinical importance is very difficult. What Fakih et 4/. did
manage to show is that KRAS G21C inhibitors are safe and
well tolerated in KRAS G12C mutated mCRC.

Remarks and future trials

In the CodeBreaK100 manuscript, we saw an important
difference in response in NSCLC patients in comparison
to CRC patients. These differences in response rates of
targeted therapies across different tumor types of the same
genetic alteration is regularly seen. The best example in
CRC is seen in the BRAF V600E mutated cancers. Whereas
treatment with a single agent BRAF inhibitor in metastatic
melanoma produces response rates of up to 50-60%, these
results could not be reproduced in mCRC. Indeed, several
studies showed that inhibition with a BRAF inhibitor alone
in BRAF V600E mutant did not lead a relevant activity,
probably due to feedback activation of the MAPK pathway
and also via cross talks. However, in the BEACON trial (9),
it was shown that combining multiple inhibitors in the
MAPK pathway improves the response rate of BRAF
V600E inhibitors in mCRC. Therefore, the combination
of a BRAF V600E inhibitor and an anti-EGFR antibody is
now the standard of care as second line treatment in BRAF
V600E mt mCRC.

Seeing that both KRAS and BRAF are part of the MAPK
signaling pathway, similarities in resistance mechanisms
can be hypothesized. Amodio ez /. (17) showed that KRAS
G12C CRC models have a higher basal receptor tyrosine
kinase (RTK) activation, an important signaling rebound
upon KRAS G12C inhibition and are responsive to growth
factor stimulation. They identified EGFR signaling as
the dominant mechanism of resistance to KRAS G12C
blockade in mCRC. They showed that KRAS G12C
mCRC retains their EGFR-MAPK dependency despite
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KRAS G12C inhibition and therefore, just as in the BRAF
V600E mt mCRC group, they can potentially benefit from
the combination of an anti-EGFR antibody and a selective
KRAS G12C inhibitor to partially overcome resistance
mechanisms and improve resistance rates. This concept has
recently been studied and endorsed in 2 small trials. Indeed,
the combination of sotorasib and panitumumab in extension
cohort of the CodeBreaK100 led to a higher response rate,
compared to sotorasib alone (18). In the KRYSTAL-1 trial,
adagrasib, another KRAS G12C tyrosine kinase inhibitor,
led to a response rate of 22% in a small study, while the
combination of adagrasib plus cetuximab led to a response
rate of 43% in chemorefractory KRAS G12C mutant
mCRC (19).

Although these data show first evidence that RAS can be
successfully targeted, key questions for future trials remain
open. To help make better patient selections, it is important
to identify biomarkers that can predict response to KRAS
G12C inhibition. Furthermore, we should improve our
insights into the different resistance mechanisms to help
advance future combination therapies. The multi-arm
phase 1b CodeBreaK101 trial is underway to evaluate the
safety and tolerability of a KRAS G12C inhibitor, sotorasib,
in combination with other therapies, including an anti-
EGFR antibody, in KRAS G12C mutated solid tumors
(18,20). In the meantime, a randomized phase 3 study in
second line treatment, randomizing patients to a standard
chemotherapy (irinotecan-based) or to adagrasib plus
cetuximab is ongoing to validate this concept (21). Also,
other interesting KRAS G12C inhibitors in combination
with TKI’s targeting the MAPK pathway at different levels
(e.g., ERK) and/or with checkpoint-inhibitors as well as
inhibitors of the more frequently mutated KRAS G12D are
under early development.

Conclusions

These first trials of treating patients with selective KRAS
G12C inhibitors are an important step forward in acquiring
new insights and concepts for the management of metastatic
CRC. Although the primary endpoint in the CodeBreaK100
phase 2 trial was not reached, these results are encouraging
and can be the basis for future trials. It is therefore clear as
the authors stated, that a treatment with sotorasib or other
selective KRAS G12C inhibitors is a promising new tool in
the therapeutic landscape of mCRC. Future trials of KRAS
G12C inhibitors in combination with other drugs, such
as e.g., anti-EGFR antibodies, TKI’s and/or checkpoint
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inhibitors, in order to block the pathway at different levels,
will hopefully lead to higher activity and help broaden our
therapeutic options for patients with this difficult to treat
mutation.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
by the editorial office, Annals of Palliative Medicine. The
article did not undergo external peer review.

Conflicts of Interest: Both authors have completed the ICMJE
uniform disclosure form (available at https://apm.amegroups.
com/article/view/10.21037/apm-22-532/coif). EVC holds
participation to advisory boards for Abbvie, Array, Astellas,
Astrazeneca, Bayer, Beigene, Biocartis, Boehringer Ingelheim,
Bristol-Myers Squibb, Celgene, Daiichi, Halozyme, GSK,
Helsinn, Incyte, Ipsen, Jansse Research, Lilly, Merck Sharp
& Dohme, Merck KGaA, Mirati, Novartis, Pierre Fabre,
Roche, Seattle Genetics, Servier, Sirtex, Terumo, Taiho,
TRIGR, Zymeworks. EVC receives research grants from
Amgen, Bayer, Boehringer Ingelheim, Bristol-Myers Squibb,
Celgene, Ipsen, Lilly, Merck Sharp & Dohme, Merck KGaA,
Novartis, Roche, Servier that paid to his institution. CS has
no 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. Bray F Ferlay ], Soerjomataram I, et al. Global cancer

Ann Palliat Med 2022;11(8):2792-2795 | https://dx.doi.org/10.21037/apm-22-532


https://apm.amegroups.com/article/view/10.21037/apm-22-532/coif
https://apm.amegroups.com/article/view/10.21037/apm-22-532/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Annals of Palliative Medicine, Vol 11, No 8 August 2022

10.

11.

12.

statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA
Cancer J Clin 2018;68:394-424.

Rougier P, Van Cutsem E, Bajetta E, et al. Randomised
trial of irinotecan versus fluorouracil by continuous
infusion after fluorouracil failure in patients with
metastatic colorectal cancer. Lancet 1998;352:1407-12.
Van Cutsem E, Hoff PM, Harper P, et al. Oral
capecitabine vs intravenous 5-fluorouracil and leucovorin:
integrated efficacy data and novel analyses from two large,
randomised, phase III trials. Br J Cancer 2004;90:1190-7.
Hurwitz H, Fehrenbacher L, Novotny W, et al.
Bevacizumab plus irinotecan, fluorouracil, and leucovorin
for metastatic colorectal cancer. N Engl ] Med
2004;350:2335-42.

Cunningham D, Humblet Y, Siena S, et al. Cetuximab
monotherapy and cetuximab plus irinotecan in irinotecan-
refractory metastatic colorectal cancer. N Engl ] Med
2004;351:337-45.

Grothey A, Van Cutsem E, Sobrero A, et al. Regorafenib
monotherapy for previously treated metastatic colorectal
cancer (CORRECT): an international, multicentre,
randomised, placebo-controlled, phase 3 trial. Lancet
2013;381:303-12.

Mayer RJ, Van Cutsem E, Falcone A, et al. Randomized
trial of TAS-102 for refractory metastatic colorectal
cancer. N Engl ] Med 2015;372:1909-19.

André T, Shiu KK, Kim TW, et al. Pembrolizumab in
Microsatellite-Instability-High Advanced Colorectal
Cancer. N Engl ] Med 2020;383:2207-18.

Kopetz S, Grothey A, Yaeger R, et al. Encorafenib,
Binimetinib, and Cetuximab in BRAF V600E-Mutated
Colorectal Cancer. N Engl ] Med 2019;381:1632-43.

Van Cutsem E, Cervantes A, Adam R, et al. ESMO
consensus guidelines for the management of patients with
metastatic colorectal cancer. Ann Oncol 2016;27:1386-422.
Vogelstein B, Fearon ER, Hamilton SR, et al. Genetic
alterations during colorectal-tumor development. N Engl
J Med 1988;319:525-32.

Henry JT, Coker O, Chowdhury S, et al. Comprehensive

Cite this article as: Severi C, Van Cutsem E. KRAS G12C
inhibition with sotorasib in metastatic colorectal cancer. Ann
Palliat Med 2022;11(8):2792-2795. doi: 10.21037/apm-22-532

© Annals of Palliative Medicine. All rights reserved.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2795

Clinical and Molecular Characterization of KRAS G12C-
Mutant Colorectal Cancer. JCO Precis Oncol 2021;5:ePO.
Salem ME, El-Refai SM, Sha W, et al. Landscape of
KRASGI12C, Associated Genomic Alterations, and
Interrelation With Immuno-Oncology Biomarkers

in KRAS-Mutated Cancers. JCO Precis Oncol
2022;6:€2100245.

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

Hong DS, Fakih MG, Strickler JH, et al. KRASG12C
Inhibition with Sotorasib in Advanced Solid Tumors. N
Engl ] Med 2020;383:1207-17.

Fakih MG, Kopetz S, Kuboki Y, et al. Sotorasib for
previously treated colorectal cancers with KRASG12C
mutation (CodeBreaK100): a prespecified analysis of a
single-arm, phase 2 trial. Lancet Oncol 2022;23:115-24.
Amodio V, Yaeger R, Arcella P, et al. EGFR Blockade
Reverts Resistance to KRASG12C Inhibition in Colorectal
Cancer. Cancer Discov 2020;10:1129-39.

Fakih M, Falchook GS, Hong DS, et al. CodeBreaK101
subprotocol H: phase 1b study evaluating combination
of sotorasib (Soto), a KRASG12C inhibitor, and
panatimumab (PMab), an EGFR inhibitor, in advanced
KRAS p.G12C-mutated colorectal cancer (CRC). Ann
Oncol2021;32:S530-82.

Weiss J, Yaeger RD, Johnson ML, et al. KRYSTAL-A:
Adagrasib (MRTX849) as monotherapy or combined
(Cetux) in patients (Pts) with colorectal cancer (CRC)
harboring a KRASG12C mutation. Ann Oncol
2021;32:S1283-346.

Hong DS, Strickler J, Fakih M, et al. Trial in progress:

A phase 1b study of sotorasib, a specific and irreversible
KRASGI12C inhibitor, as monotherapy in non-small

cell lung cancer (NSCLC) with brain metastasis and in
combination with other anticancer therapies in advanced
solid tumors (CodeBreaK 101). Proc Am Soc Oncol
2021;31:TPS2669.

Available online: https://clinicaltrials.gov/ct2/show/
NCT04793958

Ann Palliat Med 2022;11(8):2792-2795 | https://dx.doi.org/10.21037/apm-22-532



