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Introduction

ABSTRACT

KRAS regulates several cellular processes, such as cell proliferation, cell cycle regulation, metabolic changes, cell
survival, and cell differentiation. Abnormalities in the KRAS gene are found in approximately 30% of patients with
non-small cell lung cancer, usually in patients diagnosed with nonsquamous cancer and more often in Caucasian
patients, women, and smokers. The p.G12C variant is most frequently found in KRAS-positive patients. Sotorasib
is the first drug approved for this population. The superiority of sotorasib over docetaxel after failure of immu-
nochemotherapy was demonstrated in the CodeBreak 200 phase Il study for the primary endpoint — median
progression-free survival was 5.6 months [95% confidence interval (Cl) 4.3-7.8] vs. 4.5 months (3.0-5.7); hazard
ratio = 0.66 (95% Cl 0.51-0.86; p = 0.0017), while the 12-month progression-free survival rate was 24.8% for
sotorasib and 10.1% for docetaxel. Currently, sotorasib monotherapy, at an initial dose of 960 mg/day, is indicated
for use in adults with advanced non-small cell lung cancer with the KRAS p.G12C mutation who have experienced
disease progression after at least one previous line of systemic treatment. More randomized trials are needed to
determine the optimal place of sotorasib in the systemic treatment sequence in this patient population.
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Kirsten rat sarcoma viral oncogene homolog (KRAS)
gene are essential from a practical point of view since

Patients diagnosed with advanced non-small cell lung
cancer (NSCLC) represent a heterogeneous population.
Currently, the choice of optimal systemic therapy is deter-
mined not only by the patient’s clinical and morphologi-
cal characteristics (performance status, comorbidities,
or histological type) but also by the immunohistochemi-
cal (IHC) and molecular profile of the disease [1, 2].
In daily practice, next-generation sequencing (NGS) is
increasingly used to diagnose molecular characteristics
of lung cancer, allowing simultaneous assessment of
multiple molecular abnormalities. Abnormalities in the

they are detected in approximately 30% of patients,
usually in individuals diagnosed with nonsquamous
NSCLC and more often in Caucasians, women, and
smokers [3]. The p.G12C variant is found most fre-
quently and accounts for approximately 50% of patients
with KRAS gene abnormalities [1]. Despite the high
prevalence of these molecular abnormalities, attempts
to develop targeted therapies have been unsuccess-
ful for years. It was not until 2021 that the Food and
Drug Administration (FDA) and European Medicines
Agency (EMA) approved sotorasib, which is the first
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selective small-molecule KRAS inhibitor [4, 5]. This
article summarizes the current understanding of the
role of the KRAS pathway in oncogenesis, mutational
analysis of the KRAS gene, and the efficacy and safety
profile of sotorasib, including data from clinical trials
and real-world experience.

The role of the KRAS pathway

The KRAS gene is located on the short arm of
chromosome 12 (12p11.1-12p12.1) [6]. KRAS encodes
six exons, resulting in two splice variants, KRAS4A
and KRAS4B. There is a difference in the C-terminal
sequence between these two variants. KRAS4A is
expressed in a tissue-specific and developmentally
restricted fashion, while KRAS4B is ubiquitously ex-
pressed and dominant [7]. Together with Harvey
ratsarcomaviral oncogene (HRAS) and neuroblastomarat
sarcoma viral oncogene (NRAS), they encode proteins
belonging to the RAS family [8]. The KRAS protein
consists of several domains, each with a specific function.
The G domain is responsible for binding to guanosine
triphosphate (GTP) and guanosine diphosphate (GDP)
and hydrolyzing GTP to GDP [9]. The G domain is criti-
cal for the switching between active (GTP-bound) and
inactive (GDP-bound) states of the protein. In addition,
KRAS has a flexible C-terminal structural element,
also known as the hypervariable region, responsible
for membrane anchoring and localization of KRAS
to the cell membrane [10]. Other critical functional
elements of KRAS are the switch regions, which are
crucial for conformational changes during GTP bind-
ing and hydrolysis. The switch-I and switch-II regions
undergo structural changes that influence the interaction
of KRAS with downstream effectors [11]. Only in the
GTP-bound state, turned on by extracellular stimuli, can
KRAS bind and activate its effector proteins [12]. Key
effector pathways downstream of oncogenic KRAS in-
clude mitogen-activated protein kinase (MAPK), phos-
phatidylinositol-3-kinase (PI3K), and Ras-like (Ral)
GEF (RalGEF). Therefore, activated KRAS regulates
several cellular processes, such as cell proliferation, cell
cycle regulation, metabolic changes, cell survival, and
cell differentiation. Activating KRAS mutations results
in the high-affinity binding of GTP and loss of GTPase
activity, resulting in the deregulation of RAS-dependent
signaling pathways [13]. KRAS mutations are commonly
found in various types of tumors, most often in pancre-
atic (88%), colorectal (45-50%), and lung cancer (31—
—35%) [14]. Most mutations in KRAS affect codons 12,
13, 61, and 146. However, mutations of codon 146 occur

in colorectal cancers and hematological malignancies,
while they are relatively rare in NSCLC. The most fre-
quent KRAS mutations in NSCLC are p.G12C, p.G12V,
and p.G12D [15]. Therefore, lung cancer cells express
mutations in KRAS4A and KRAS4B splice variants [7].

Detection of KRAS mutations

In 1981, point mutations in the KRAS gene resulting
in single amino acid changes in specific codons (G12,
G13, and G61) were detected in lung cancer cells [16].
This finding started the era of molecular diagnostics
in oncology. Today, KRAS is a well-characterized pro-
tooncogene, whose activating mutations are frequently
detected in various tumors [14]. KRAS alterations are
among the most frequent genetic variants detected
in NSCLC [17]. KRAS alterations are detected in ap-
proximately 20-40% and 5% of patients with adeno-
carcinoma and squamous NSCLC, respectively [18].
The vast majority of KRAS mutations (> 95%) occur
primarily at codon 12, with the most frequent altera-
tion resulting in a substitution of glycine for cysteine
at codon 12 (p.G12C) [15]. This variant is identified in
approximately 40% of NSCLC patients with KRAS mu-
tations. Other frequent KRAS substitutions are p.G12V,
p-G12D, and p.G12A, detected in 21%, 17%, and 7%
of NSCLC patients, respectively [19].

The emergence of targeted therapies for specific
mutations, such as KRAS p.G12C, highlights the im-
portance of molecular testing in guiding treatment de-
cisions. Identifying the presence of the KRAS p.G12C
mutation in a patient’s tumor helps to select the most ap-
propriate treatment options, and improves the chances
of a favorable response. The EMA has approved mo-
lecularly targeted therapies for NSCLC patients who
require the identification of variants in many different
genes [20]. To administer an optimal treatment regimen
in these patients, it is necessary to perform molecular
tests that allow the precise detection of not only point
mutations in EGFR, KRAS, BRAF, and ERBB?2 genes
but also fusions of ALK, ROS1, NTRK1/2/3, MET, and
RET genes [20]. In addition, increasing attention is being
paid to the need to determine the presence of mutations
inthe STK11, KEAAPI, and TP53 genes or the analysis
of genomic signatures, such as tumor mutational burden
(TMB) [21]. Therefore, according to the current guide-
lines of the European Society for Medical Oncology
(ESMO), NGS is a method that should be routinely
used to diagnose patients with advanced NSCLC [21]. In
addition, numerous studies conducted on patients with
advanced lung cancer have shown that the simultaneous
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analysis of biomarkers is more effective than the se-
quential use of single-gene tests [22-25]. One of these
studies found that sequential testing results in more false
positives (3.3%) than simultaneous analysis of several
genes (1.4%), as each additional test increases the likeli-
hood of a false positive result. At the same time, it was
found that the sequential use of single-gene tests also
increases the number of nondiagnostic results (sequen-
tial tests — 6.9% vs. NGS — 2.7%) [22]. Studies have
also shown that diagnostics conducted with sequential
tests have a negative impact on the total turn-around
time (TAT) or diagnostic costs [22-24]. In addition,
using multiple tests also increases the risk of material
exhaustion before the end of the diagnostic process in
individual patients [22, 24].

Effectiveness of sotorasib
— data from clinical trials

Initially, the value of sotorasib was assessed in
CodeBreaK100, a multicohort dose-escalation study
in patients with various solid tumors [26-28]. A total
of 427 patients with the KRAS p.G12C mutation were
enrolled. The updated results of this trial have been
published on a group of 174 patients diagnosed with
NSCLC, in which 52% of participants were women, 23%
had brain metastases, and all individuals had received at
least one line of systemic treatment (25% — three lines)
[28]. Most patients had received chemotherapy and
immunotherapy before qualifying for sotorasib (83%).
The objective response rate (ORR) was 41% [95%
confidence interval (CI) 33.3-48.4], and the disease
control rate (DCR) was 84% (95% CI 77.3-88.9). In the
group of patients who achieved an objective response at
12 months, 50.6% remained progression-free. Median
progression-free survival (PFS) was 6.3 months with
a 95% CI of 5.3-8.2, and median overall survival (OS)
was 12.5 months (95% CI 10.0-17.8). The proportions
of patients still alive at 12 and 24 months were 51% and
33%, respectively. Intracranial control was documented
in 88% of the patients (14 of 16).

The phase III CodeBreak200 trial aimed to compare
the value of sotorasib to second-line standard chemo-
therapy with docetaxel in patients who had failed im-
munochemotherapy (treatment with chemotherapy and
immune checkpoint inhibitor could be concurrent or
sequential) [29]. Patients were eligible if they had good
performance status, had no active brain metastases, and
had not previously received docetaxel for advanced dis-
ease. Patients were randomly assigned to receive sotora-
sib (960 mg/day) or docetaxel (75 mg/m?). Patients were

treated until disease progression, significant adverse
events, or death. Crossover was allowed in this trial. In
the sotorasib arm, 98% of the patients had nonsquamous
NSCLC, 33% had brain metastases, and 17% had liver
metastases. Before qualifying for sotorasib, 45% of the
patients had received one line of therapy, and the rest
had received two or more. The primary endpoint of the
CodeBreak200 trial was PFS assessment.

The superiority of sotorasib over docetaxel was dem-
onstrated for the primary endpoint: median PFS was
5.6 months (95% CI 4.3-7.8) vs. 4.5 months (95% CI
3.0-5.7); hazard ratio (HR) = 0.66 (95% CI 0.51-0.86;
p = 0.0017), the 12-month PFS rate was 24.8% for soto-
rasib and 10.1% for docetaxel [29]. There was also a su-
periority of sotorasib in terms of the ORR 28.1% (95%
CI 21.5-35.4) vs. 13.2% (8.6-19.2); p < 0.001. Clinical
benefit was observed in the overall population, includ-
ing patients with brain metastases. Additionally, the
benefit in quality-of-life parameters was documented.
The time to deterioration in global health status, physical
functioning, and cancer-related symptoms (dyspnea and
cough) was delayed with sotorasib. However, there were
no differences in OS between groups (HR = 1.01; 95%
CI0.77-1.33), probably due to the crossover between the
arms. At the time of analysis (median study follow-up
17.7 months), in both subgroups, approximately 40% of
patients received systemic treatment after disease pro-
gression. Of the patients initially treated with docetaxel,
143 discontinued treatment (95 due to disease progres-
sion), and 49 patients subsequently received sotorasib
[29]. It is also worth noting that in previous clinical trials
(with immune checkpoint inhibitors in the second-line
setting with docetaxel as a comparator), mPFS for doc-
etaxel was approximately 3—4 months, with a 12-month
PFS rate estimated at 6-8% and mOS of approximately
9 months [30-33]. In the current study, the clinical ben-
efit was more significant in this arm. Table 1 summarizes
the treatment efficacy data from CodeBreak200.

Safety profile of sotorasib

In the CodeBreak?200 trial, adverse effects were ob-
served in almost all patients from both groups. Treatment-
-identified adverse effects were more common in doc-
etaxel-treated patients (86% vs. 70%) and similarly
treatment-related severe adverse effects (23% vs. 11%).
Fifteen percent of patients treated with sotorasib
required a dose reduction and 10% required treat-
ment discontinuation. For sotorasib, diarrhea and an
increase in aminotransferase activity were observed
most frequently. For docetaxel, neutropenia and fatigue
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Table 1. Treatment efficacy of sotorasib in the CodeBreak200 study [29]

Sotorasib Docetaxel HR (95% ClI) P
(171) (174)
ORR [%] 28.1 13.2 < 0.001
DCR [%] 82.5 60.3
mPFS [months]; 95% Cl 5.6 (4.3-7.8) 4.5 (3.0-5.7) 0.66 (0.51-0.86) 0.0017
mOS [months]; 95% Cl 10.6 (8.9-14.0) 11.3(9.0-14.9) 1.01 (0.77-1.33) 0.53
12-months PFS 241 10.1

Cl — confidence interval; DCR — disease control ratio; HR — hazard ratio; m — median; ORR — overall response ratio; OS — overall survival; PFS

— progression-free survival

Table 2. The most common adverse events of sotorasib and docetaxel in the CodeBreak200 study

Sotorasib

Docetaxel

Any grade [%]

Grade > 3 [%] Any grade [%] Grade > 3 [%]

Diarrhea 34 12 19 2
Fatigue 7 1 25 6
Nausea 14 1 21 0
Anemia 3 1 18 3
Stomatitis 1 0 1 1
Alanine aminotransferase increase 10 8 0 0
Aspartate aminotransferase increase 10 5 0 0
Neutropenia 1 0 13 12
Edema peripheral 0 0 9 1
Febrile neutropenia 0 0 5 5

were the most frequently reported. Details of the safety
profile are presented in Table 2.

Effectiveness of sotorasib
— real-world data

The availability of sotorasib is limited in many
countries. In Poland, sotorasib was reimbursed for use
in patients diagnosed with advanced NSCLC and a con-
firmed KRAS p.G12C mutation after the failure of at
least one line of chemotherapy and/or immunotherapy
in September 2023. As a result, data from the literature
documenting the value of sotorasib in daily practice are
limited. Several congress abstracts have been presented
recently, and these are briefly discussed below.

At the 2022 ESMO Congress, Awad et al. [34] pre-
sented the results of an international analysis of patients
treated with sotorasib as part of the Expanded Access
Programme (EAP). Patients with Eastern Cooperative
Oncology Group (ECOG) performance status of
0-2 were eligible for the EAP. A total of 137 patients
were included in the analysis; approximately 90% had
previously received platinum-based immunotherapy

and chemotherapy, and 26% had brain metastases
(in most cases, after previous local treatment). Median
PFS in the whole analyzed population was 6.4 months.
No significant differences were found in the subgroups
of patients with brain metastases or ECOG 2. Treatment-
related grade > 3 adverse effects occurred in 23% of pa-
tients; the most common was aminotransferase eleva-
tion levels (5%). Dose reduction was required in 25%
of patients [34]. The updated results of this study were
presented during the European Lung Cancer Congress
(ELCC) in 2023, where the results of a group of 147 pa-
tients were summarized [35]. With a median follow-up
of 13.6 (95% CI 11.1-14.6) months, median OS was 9.5
(95% CI 8.6-12.0) months. The median OS rate was
similar in patients with and without a history of CNS
metastases. However, clinical factors such as perfor-
mance status (ECOG 2), number of previous lines of
treatment (> 2), and smoking status (never smokers)
may have negatively influenced OS [35]. Some additional
safety data were reported.

Cadranel et al. [36] presented the results of an analysis
of a group of 651 patients after failure of chemotherapy,
with or without immunotherapy. Fifty-one percent of pa-
tients received sotorasib immediately after failure of
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immunotherapy. Due to reimbursement procedures
in France, the results were presented for two cohorts
of patients. The median duration of treatment with so-
torasib was 7.5 (1.5-11.3) months for patients in the first
group (121/130) and 3.5 (0.2-5.7) months for patients
in the second group (152/549) [36].

In the 105 patients described by Thummalapali et al.
[37], sotorasib treatment resulted in the ORR in 28%
of patients, with median PFS and OS of 5.3 months and
12.6 months, respectively. The potential predictive value
of coexisting molecular abnormalities was also dem-
onstrated: for KEAPI mutations, the differences were
statistically significant (for PFS HR = 3.19; p = 0.004;
for OS HR = 4.10; p = 0.003). No effect on survival
parameters was observed for coexisting abnormalities
in the TP53 and STKII genes. Furthermore, patients
previously treated with immune checkpoint inhibitors
had a higher incidence of adverse events. The most
common was hepatic toxicity [37]. The coexistence of
KRAS p.G12C variant with KEAP1, SMARCA4, and
CDKN2A variants may limit the efficacy of sotorasib
(as well as another KRAS inhibitor, adagrasib) in this
patient population. However, extensive molecular profil-
ing is not routinely performed when qualifying patients
for treatment [38].

Conclusions

Currently, sotorasib monotherapy, at an initial dose
of 960 mg/day, is indicated for use in adult patients with
advanced NSCLCwith KRAS p.G12C mutation who have
experienced disease progression after at least one prior
line of systemic treatment [39]. In the CodeBreak 200
trial, most patients received platinum-based chemo-
therapy and immune checkpoint inhibitors before the
initiation of sotorasib. Considering the relatively high
prevalence of the variant p.G12C, it is reasonable to
routinely perform molecular assessment, including the
KRAS gene, with concurrent evaluation of all clinically
relevant abnormalities in NSCLC by NGS. Currently,
immunotherapy or immunochemotherapy, depending
on the level of PD-L1 expression, remains the standard
of care for the first-line treatment of NSCLC. This also
applies to patients with the p.G12C mutation in the
KRAS gene, in whom the efficacy of immune checkpoint
inhibitors is comparable to that in other patients [40—45].
Clinical trials are underway to evaluate the value of soto-
rasib in combination with other cancer drugs in first-line
treatment (NCT05920356, NCT04933695) [46, 47].
More randomized trials are needed to determine the
optimal place of sotorasib in the systemic treatment

sequence in this patient population. It is important to
remark on the relatively good safety profile of sotorasib,
with diarrhea and liver dysfunction as the most common
adverse events. At the same time, the higher risk of liver
toxicity reported in the literature in patients who re-
ceived immunotherapy shortly before starting sotorasib
treatment should be noted [48].

In conclusion, sotorasib is the first drug to prolong
PFS and significantly increase the proportion of patients
who remain progression-free at 12 months in patients di-
agnosed with advanced KRAS p.G12C-mutated NSCLC
after failure of systemic therapy.

Article Information and Declarations

Author contributions

M.K.-W., B.W.: conceptualization, literature review,
writing of draft manuscript.

Both authors have read and agreed to the published
version of the manuscript.

Funding

None.

Acknowledgments

None.

Conflict of interest

M.K.-W.: invited speaker, travel grants — Amgen,
AstraZeneca, BMS, MSD, ROCHE, Pfizer, Takeda,
Sanofi.

B.W.: received honoraria from Amgen, AstraZeneca,
Janssen, Roche, and Takeda.

Supplementary material
None.

References

1. Hendriks LE, Kerr KM, Menis J, et al. ESMO Guidelines Commit-
tee. Electronic address: clinicalguidelines@esmo.org. Oncogene-
-addicted metastatic non-small-cell lung cancer: ESMO Clinical
Practice Guideline for diagnosis, treatment and follow-up. Ann Oncol.
2023; 34(4): 339-357, doi: 10.1016/j.annonc.2022.12.009, indexed in
Pubmed: 36872130.

2. Hendriks LE, Kerr KM, Menis J, et al. ESMO Guidelines Committee.
Electronic address: clinicalguidelines@esmo.org. Non-oncogene-ad-
dicted metastatic non-small-cell lung cancer: ESMO Clinical Practice
Guideline for diagnosis, treatment and follow-up. Ann Oncol. 2023;
34(4): 358-376, doi: 10.1016/j.annonc.2022.12.013, indexed in Pub-
med: 36669645.

3. Reck M, Carbone DR, Garassino M, et al. Targeting KRAS in
non-small-cell lung cancer: recent progress and new approaches. Ann
Oncol. 2021; 32(9): 1101-1110, doi: 10.1016/j.annonc.2021.06.001,
indexed in Pubmed: 34089836.

219


http://dx.doi.org/10.1016/j.annonc.2022.12.009
https://www.ncbi.nlm.nih.gov/pubmed/36872130
http://dx.doi.org/10.1016/j.annonc.2022.12.013
https://www.ncbi.nlm.nih.gov/pubmed/36669645
http://dx.doi.org/10.1016/j.annonc.2021.06.001
https://www.ncbi.nlm.nih.gov/pubmed/34089836

ONCOLOGY IN CLINICAL PRACTICE 2024, Vol. 20, No. 3

20.

21,

22,

23.

24.

https://www.fda.gov/drugs/resources-information-ap-
proved-drugs/fda-grants-accelerated-approval-sotora-
sib-kras-g12c-mutated-nsclc.
https://www.ema.europa.eu/en/documents/product-informa-
tion/lumykras-epar-product-information_en.pdf.

Chang EH, Gonda MA, Ellis RW, et al. Human genome contains four
genes homologous to transforming genes of Harvey and Kirsten murine
sarcoma viruses. Proc Natl Acad Sci U S A. 1982; 79(16): 4848-4852,
doi: 10.1073/pnas.79.16.4848, indexed in Pubmed: 6289320.

Tsai FD, Lopes MS, Zhou Mo, et al. K-Ras4A splice variant is
widely expressed in cancer and uses a hybrid membrane-
-targeting motif. Proc Natl Acad Sci U S A. 2015; 112(3): 779-784,
doi: 10.1073/pnas. 1412811112, indexed in Pubmed: 25561545.
Zhou Y, Hancock JF. Ras nanoclusters: Versatile lipid-based sign-
aling platforms. Biochim Biophys Acta. 2015; 1853(4): 841-849,
doi: 10.1016/j.bbamcr.2014.09.008, indexed in Pubmed: 25234412.
Wittinghofer A, Vetter IR. Structure-function relationships of the
G domain, a canonical switch motif. Annu Rev Biochem. 2011; 80:
943-971, doi: 10.1146/annurev-biochem-062708-134043, indexed in
Pubmed: 21675921.

. Welman A, Burger MM, Hagmann J. Structure and function of the

C-terminal hypervariable region of K-Ras4B in plasma membrane
targetting and transformation. Oncogene. 2000; 19(40): 4582-4591,
doi: 10.1038/sj.0nc.1203818, indexed in Pubmed: 11030147.

. Abraham SJ, Muhamed |, Nolet R, et al. Expression, purification, and

characterization of soluble K-Ras4B for structural analysis. Protein Expr
Purif. 2010; 73(2): 125-131, doi: 10.1016/j.pep.2010.05.015, indexed
in Pubmed: 20566322.

. Singh K, Groth-Vasselli B, Farnsworth PN, et al. Effect of thiobase

incorporation into duplex DNA during the polymerization reaction.
Res Commun Mol Pathol Pharmacol. 1996; 94(2): 129-140, indexed
in Pubmed: 8987110.

. Malumbres M, Barbacid M. RAS oncogenes: the first 30 years. Nat

Rev Cancer. 2003; 3(6): 459-465, doi: 10.1038/nrc1097, indexed in
Pubmed: 12778136.

. Prior IA, Hood FE, Hartley JL. The Frequency of Ras Mutations in

Cancer. Cancer Res. 2020; 80(14): 2969-2974, doi: 10.1158/0008-
5472.CAN-19-3682, indexed in Pubmed: 32209560.

. Dogan S, Shen R, Ang DC, et al. Molecular epidemiology of EGFR and

KRAS mutations in 3,026 lung adenocarcinomas: higher susceptibil-
ity of women to smoking-related KRAS-mutant cancers. Clin Cancer
Res. 2012; 18(22): 6169-6177, doi: 10.1158/1078-0432.CCR-11-3265,
indexed in Pubmed: 23014527.

. Ellis RW, Defeo D, Shih TY, et al. The p21 src genes of Harvey and

Kirsten sarcoma viruses originate from divergent members of a fam-
ily of normal vertebrate genes. Nature. 1981; 292(5823): 506-511,
doi: 10.1038/292506a0, indexed in Pubmed: 6265801.

. Wood K, Hensing T, Malik R, et al. Prognostic and Predictive Value

in KRAS in Non-Small-Cell Lung Cancer: A Review. JAMA Oncol.
2016; 2(6): 805-812, doi: 10.1001/jamaoncol.2016.0405, indexed in
Pubmed: 27100819.

. Martin P, Leighl NB, Tsao MS, et al. KRAS mutations as prognostic

and predictive markers in non-small cell lung cancer. J Thorac Oncol.
2013; 8(5): 530-542, doi: 10.1097/JT0O.0b013e318283d958, indexed
in Pubmed: 23524403.

. Skoulidis F, Heymach JV. Co-occurring genomic alterations

in non-small-cell lung cancer biology and therapy. Nat Rev Cancer.
2019; 19(9): 495-509, doi: 10.1038/s41568-019-0179-8, indexed in
Pubmed: 31406302.

Della Corte CM, Morgillo F. Rethinking treatment for RET-altered lung
and thyroid cancers: selpercatinib approval by the EMA. ESMO Open.
2021; 6(1): 100041, doi: 10.1016/j.esmoop.2020.100041, indexed in
Pubmed: 33477006.

Mosele F, Remon J, Mateo J, et al. Recommendations for the use of
next-generation sequencing (NGS) for patients with metastatic can-
cers: areport from the ESMO Precision Medicine Working Group. Ann
Oncol. 2020; 31(11): 1491-1505, doi: 10.1016/j.annonc.2020.07.014,
indexed in Pubmed: 32853681.

Wolff HB, Steeghs EMP, Mfumbilwa ZA, et al. Cost-Effectiveness of
Parallel Versus Sequential Testing of Genetic Aberrations for Stage
IV Non-Small-Cell Lung Cancer in the Netherlands. JCO Precis
Oncol. 2022; 6: €2200201, doi: 10.1200/P0.22.00201, indexed in
Pubmed: 35834758.

Steeghs EMP, Groen HJM, Schuuring Ed, et al. PATH consortium.
Mutation-tailored treatment selection in non-small cell lung cancer
patients in daily clinical practice. Lung Cancer. 2022; 167: 87-97,
doi: 10.1016/j.lungcan.2022.04.001, indexed in Pubmed: 35461050.
Dall'Olio FG, Conci N, Rossi G, et al. Comparison of Sequential Testing
and Next Generation Sequencing in advanced Lung Adenocarcinoma

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

patients - A single centre experience. Lung Cancer. 2020; 149: 5-9,
doi: 10.1016/j.lungcan.2020.08.008, indexed in Pubmed: 32932213.
Kuang S, Fung AS, Perdrizet KA, et al. Upfront Next Generation
Sequencing in Non-Small Cell Lung Cancer. Curr Oncol. 2022;
29(7): 4428-4437, doi: 10.3390/curroncol29070352, indexed in
Pubmed: 35877212.

APhase 1/2, Study Evaluating the Safety, Tolerability, PK, and Efficacy
of Sotorasib (AMG 510) in Subjects With Solid Tumors With a Specific
KRAS Mutation (CodeBreaK 100). ClinicalTrials.gov.

Skoulidis F, Li BT, Dy GK, et al. Sotorasib for Lung Cancers with p.G12C
Mutation. N Engl J Med. 2021; 384(25): 2371-2381, doi: 10.1056/NE-
JM0a2103695, indexed in Pubmed: 34096690.

Dy GK, Govindan R, Velcheti V, et al. Long-Term Outcomes
and Molecular Correlates of Sotorasib Efficacy in Patients With
Pretreated G12C-Mutated Non-Small-Cell Lung Cancer: 2-Year
Analysis of CodeBreaK 100. J Clin Oncol. 2023; 41(18): 3311-3317,
doi: 10.1200/JC0.22.02524, indexed in Pubmed: 37098232.

de Langen AJ, Johnson ML, Mazieres J, et al. CodeBreaK 200 Investi-
gators. Sotorasib versus docetaxel for previously treated non-small-cell
lung cancer with KRAS mutation: a randomised, open-label, phase
3 trial. Lancet. 2023; 401(10378): 733-746, doi: 10.1016/S0140-
6736(23)00221-0, indexed in Pubmed: 36764316.

Brahmer J, Reckamp KL, Baas R, et al. Nivolumab versus Docetaxel
in Advanced Squamous-Cell Non-Small-Cell Lung Cancer. N Engl
JMed. 2015; 373(2): 123-135, doi: 10.1056/NEJMoa1504627, indexed
in Pubmed: 26028407.

Rittmeyer A, Barlesi F, Waterkamp D, et al. OAK Study Group.
Atezolizumab versus docetaxel in patients with previously treated
non-small-cell lung cancer (OAK): a phase 3, open-label, multicentre
randomised controlled trial. Lancet. 2017; 389(10066). 255-265,
doi: 10.1016/S0140-6736(16)32517-X, indexed in Pubmed: 27979383.
Herbst RS, Baas P Kim DW, et al. Pembrolizumab versus docetaxel
for previously treated, PD-L1-positive, advanced non-small-cell lung
cancer (KEYNOTE-010): a randomised controlled trial. Lancet. 2016;
387(10027): 1540-1550, doi: 10.1016/S0140-6736(15)01281-7, in-
dexed in Pubmed: 26712084.

Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus Docetaxel in
Advanced Nonsquamous Non-Small-Cell Lung Cancer. N Engl J Med.
2015; 373(17): 1627-1639, doi: 10.1056/NEJMoa1507643, indexed in
Pubmed: 26412456.

Awad M, Pelizzari G, Stevenson JP, et al. 989P Sotorasib in advanced
KRAS p.G12C-mutated non-small cell lung cancer (NSCLC): Safety
and efficacy data from the global expanded access program (EAP).
Ann Oncol. 2022; 33: S1005, doi: 10.1016/j.annonc.2022.07.1116.
Novello S, Maimon N, Stevenson JR, et al. 7MO Sotorasib in KRAS
G12C-mutated advanced non-small cell lung cancer (aNSCLC): Over-
all survival (OS) data from the global expanded access program (EAP
study-436). J Thorac Oncol. 2023; 18(4): S40-S41, doi: 10.1016/s1556-
0864(23)00261-7.

Cadranel J, Quantin X, Girard N, et al. 1121P Real-world (RW) data
from the sotorasib French pre-market authorization early access
program in patients (pts) with KRASG12C driven metastatic non-small
celllung cancer (MNSCLC): Clinical characteristics. Ann Oncol. 2022;
33: S1063-S1064, doi: 10.1016/j.annonc.2022.07.1245.
Thummalapalli R, Bernstein E, Herzberg B, et al. Clinical and Genomic
Features of Response and Toxicity to Sotorasib in a Real-World Cohort
of Patients With Advanced -Mutant Non-Small Cell Lung Cancer. JCO
Precis Oncol. 2023; 7: €2300030, doi: 10.1200/P0.23.00030, indexed
in Pubmed: 37384866.

Negrao MV, Araujo HA, Lamberti G, et al. Comutations and KRASG12C
Inhibitor Efficacy in Advanced NSCLC. Cancer Discov. 2023; 13(7):
1556-1571, doi: 10.1158/2159-8290.CD-22-1420, indexed in Pub-
med: 37068173.
https://www.ema.europa.eu/en/documents/product-informa-
tion/lumykras-epar-product-information_pl.pdf.

Chmielewska I, Krawczyk P Grenda A, et al. Breaking the ‘Undrug-
gable’ Barrier: Anti-PD-1/PD-L1 Immunotherapy for Non-Small Cell
Lung Cancer Patients with Mutations-A Comprehensive Review and
Description of Single Site Experience. Cancers (Basel). 2023; 15(14),
doi: 10.3390/cancers15143732, indexed in Pubmed: 37509393.
Knetki-Wréblewska M, Tabor S, Pluzanski A, et al. Efficacy of Im-
munotherapy in Second-Line Treatment of -Mutated Patients with
Non-Small-Cell Lung Cancer-Data from Daily Practice. Curr Oncol.
2022; 30(1): 462-475, doi: 10.3390/curroncol30010037, indexed in
Pubmed: 36661686.

Landre T, Justeau G, Assié JB, et al. Anti-PD-(L)1 for KRAS-mutant
advanced non-small-cell lung cancers: a meta-analysis of randomized-
-controlled trials. Cancer Immunol Immunother. 2022; 71(3): 719-726,
doi: 10.1007/s00262-021-03031-1, indexed in Pubmed: 34378081.

220


https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-sotorasib-kras-g12c-mutated-nsclc
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-sotorasib-kras-g12c-mutated-nsclc
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-sotorasib-kras-g12c-mutated-nsclc
https://www.ema.europa.eu/en/documents/product-information/lumykras-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lumykras-epar-product-information_en.pdf
http://dx.doi.org/10.1073/pnas.79.16.4848
https://www.ncbi.nlm.nih.gov/pubmed/6289320
http://dx.doi.org/10.1073/pnas.1412811112
https://www.ncbi.nlm.nih.gov/pubmed/25561545
http://dx.doi.org/10.1016/j.bbamcr.2014.09.008
https://www.ncbi.nlm.nih.gov/pubmed/25234412
http://dx.doi.org/10.1146/annurev-biochem-062708-134043
https://www.ncbi.nlm.nih.gov/pubmed/21675921
http://dx.doi.org/10.1038/sj.onc.1203818
https://www.ncbi.nlm.nih.gov/pubmed/11030147
http://dx.doi.org/10.1016/j.pep.2010.05.015
https://www.ncbi.nlm.nih.gov/pubmed/20566322
https://www.ncbi.nlm.nih.gov/pubmed/8987110
http://dx.doi.org/10.1038/nrc1097
https://www.ncbi.nlm.nih.gov/pubmed/12778136
http://dx.doi.org/10.1158/0008-5472.CAN-19-3682
http://dx.doi.org/10.1158/0008-5472.CAN-19-3682
https://www.ncbi.nlm.nih.gov/pubmed/32209560
http://dx.doi.org/10.1158/1078-0432.CCR-11-3265
https://www.ncbi.nlm.nih.gov/pubmed/23014527
http://dx.doi.org/10.1038/292506a0
https://www.ncbi.nlm.nih.gov/pubmed/6265801
http://dx.doi.org/10.1001/jamaoncol.2016.0405
https://www.ncbi.nlm.nih.gov/pubmed/27100819
http://dx.doi.org/10.1097/JTO.0b013e318283d958
https://www.ncbi.nlm.nih.gov/pubmed/23524403
http://dx.doi.org/10.1038/s41568-019-0179-8
https://www.ncbi.nlm.nih.gov/pubmed/31406302
http://dx.doi.org/10.1016/j.esmoop.2020.100041
https://www.ncbi.nlm.nih.gov/pubmed/33477006
http://dx.doi.org/10.1016/j.annonc.2020.07.014
https://www.ncbi.nlm.nih.gov/pubmed/32853681
http://dx.doi.org/10.1200/PO.22.00201
https://www.ncbi.nlm.nih.gov/pubmed/35834758
http://dx.doi.org/10.1016/j.lungcan.2022.04.001
https://www.ncbi.nlm.nih.gov/pubmed/35461050
http://dx.doi.org/10.1016/j.lungcan.2020.08.008
https://www.ncbi.nlm.nih.gov/pubmed/32932213
http://dx.doi.org/10.3390/curroncol29070352
https://www.ncbi.nlm.nih.gov/pubmed/35877212
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/ClinicalTrials.gov
http://dx.doi.org/10.1056/NEJMoa2103695
http://dx.doi.org/10.1056/NEJMoa2103695
https://www.ncbi.nlm.nih.gov/pubmed/34096690
http://dx.doi.org/10.1200/JCO.22.02524
https://www.ncbi.nlm.nih.gov/pubmed/37098232
http://dx.doi.org/10.1016/S0140-6736(23)00221-0
http://dx.doi.org/10.1016/S0140-6736(23)00221-0
https://www.ncbi.nlm.nih.gov/pubmed/36764316
http://dx.doi.org/10.1056/NEJMoa1504627
https://www.ncbi.nlm.nih.gov/pubmed/26028407
http://dx.doi.org/10.1016/S0140-6736(16)32517-X
https://www.ncbi.nlm.nih.gov/pubmed/27979383
http://dx.doi.org/10.1016/S0140-6736(15)01281-7
https://www.ncbi.nlm.nih.gov/pubmed/26712084
http://dx.doi.org/10.1056/NEJMoa1507643
https://www.ncbi.nlm.nih.gov/pubmed/26412456
http://dx.doi.org/10.1016/j.annonc.2022.07.1116
http://dx.doi.org/10.1016/s1556-0864(23)00261-7
http://dx.doi.org/10.1016/s1556-0864(23)00261-7
http://dx.doi.org/10.1016/j.annonc.2022.07.1245
http://dx.doi.org/10.1200/PO.23.00030
https://www.ncbi.nlm.nih.gov/pubmed/37384866
http://dx.doi.org/10.1158/2159-8290.CD-22-1420
https://www.ncbi.nlm.nih.gov/pubmed/37068173
https://www.ema.europa.eu/en/documents/product-information/lumykras-epar-product-information_pl.pdf
https://www.ema.europa.eu/en/documents/product-information/lumykras-epar-product-information_pl.pdf
http://dx.doi.org/10.3390/cancers15143732
https://www.ncbi.nlm.nih.gov/pubmed/37509393
http://dx.doi.org/10.3390/curroncol30010037
https://www.ncbi.nlm.nih.gov/pubmed/36661686
http://dx.doi.org/10.1007/s00262-021-03031-1
https://www.ncbi.nlm.nih.gov/pubmed/34378081

Magdalena Knetki-Wréblewska, Bartosz Wasag, Sotorasib for non-small cell lung cancer

43.

44,

45.

Guo X, Du He, Li J, et al. Efficacy of ICls on patients with onco-
gene-driven non-small cell lung cancer: a retrospective study. Cancer
Drug Resist. 2022; 5(1): 15-24, doi: 10.20517/cdr.2021.85, indexed
in Pubmed: 35582532.

Mazieres J, Drilon A, Lusque A, et al. Immune checkpoint inhibi-
tors for patients with advanced lung cancer and oncogenic driver
alterations: results from the IMMUNOTARGET registry. Ann Oncol.
2019; 30(8): 1321-1328, doi: 10.1093/annonc/mdz167, indexed in
Pubmed: 31125062.

Nakajima E, Ren Yi, Vallejo J, et al. Outcomes of first-line immune
checkpoint inhibitors with or without chemotherapy according to KRAS

46.

47.

48.

mutational status and PD-L1 expression in patients with advanced
NSCLC: FDA pooled analysis. J Clin Oncol. 2022; 40(16_suppl):
9001-9001, doi: 10.1200/jc0.2022.40.16_suppl.9001.
https://clinicaltrials.gov/study/NCT059203567?cond=nsclc&intr=soto
rasib&page=1&rank=4.
https://clinicaltrials.gov/study/NCT049336957?cond=nsclc&intr=soto
rasib&page=1&rank=3.

Desai A, Rakshit S, Bansal R, et al. Time from immune checkpoint inhibitor
to sotorasib use correlates with risk of hepatotoxicity in non-small cell lung
cancer: A brief report. Cancer Treat Res Commun. 2023; 36: 100743,
doi: 10.1016/j.ctarc.2023.100743, indexed in Pubmed: 37531736.

221


http://dx.doi.org/10.20517/cdr.2021.85
https://www.ncbi.nlm.nih.gov/pubmed/35582532
http://dx.doi.org/10.1093/annonc/mdz167
https://www.ncbi.nlm.nih.gov/pubmed/31125062
http://dx.doi.org/10.1200/jco.2022.40.16_suppl.9001
https://clinicaltrials.gov/study/NCT05920356?cond=nsclc&intr=sotorasib&page=1&rank=4
https://clinicaltrials.gov/study/NCT05920356?cond=nsclc&intr=sotorasib&page=1&rank=4
https://clinicaltrials.gov/study/NCT04933695?cond=nsclc&intr=sotorasib&page=1&rank=3
https://clinicaltrials.gov/study/NCT04933695?cond=nsclc&intr=sotorasib&page=1&rank=3
http://dx.doi.org/10.1016/j.ctarc.2023.100743
https://www.ncbi.nlm.nih.gov/pubmed/37531736

