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ARTICLE INFO ABSTRACT

Keywords: Background: Sotorasib has been approved for the treatment of adult patients with KRAS G12C-
Sotorasib mutated locally advanced or metastatic non-small cell lung cancer (NSCLC). Due to the limita-
FAERS tions of clinical trials, potential adverse events (AEs) and long-term safety issues cannot be
A],ES L detected. The presented study aimed to evaluate sotorasib-associated AEs using the FDA Adverse
Disproportionality analyses .

WSP Event Reporting System (FAERS) database.

Methods: Post-marketing AE reports of sotorasib in the database were collected for analysis.
Disproportionality analyses, including the reporting odds ratio (ROR), proportional reporting
ratio (PRR), information component (IC) and empirical bayes geometric mean (EBGM) algo-
rithms, were performed to mine the signals of sotorasib-associated AEs. The median duration,
quartiles and the Weibull shape parameter (WSP) test were used to assess the onset time data.
Results: The database contained 1538 cases of sotorasib as primary suspect (PS), with 27 signals
detected, scattering in 5 SOCs. The SOC of hepatobiliary disorders (182, ROR 4.48, PRR 4.07, IC
2.02, EBGM 4.07) met the four methodological thresholds. The median onset time of sotorasib-
associated AEs was 42 days (interquartile range [IQR] 14-86.75 days). Different SOCs had
different types of risk over time.

Conclusion: After obtaining marketing authorization, the study identified all potentially relevant
adverse event (AE) signals expected to have a reporting frequency higher than anticipated and
characterized them during sotorasib treatment.

1. Introduction

Non-small cell lung cancers (NSCLCs) represent 85 % of lung tumors [1]. The KRAS p. G12C mutation occurs in 13 % of NSCLCs and
in 1-3 % of colorectal cancers and other cancers [2]. Local advanced or metastatic NSCLC with KRAS G12C-mutation accounts for
approximately 14 % of advanced NSCLC cases [3]. Sotorasib (also known as AMG 510) is the world’s first-in-class KRAS G12C mu-
tation inhibitor and has been received accelerated approval from FDA on May 28, 2021. Due to the irreversible covalent bond formed
between sotolasib and the cysteine of KRAS G12C [3], KRAS signaling is blocked, cell and tumor growth are inhibited, and cell
apoptosis is only promoted in the KRAS G12C tumor cell line [4]. It is used to treat adult patients of locally advanced or metastatic
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NSCLC with KRAS G12C-mutation who have received at least one previous systemic treatment [3,5].

FDA’s accelerated approval of sotorasib for marketing is based on the results of a Phase I/1I clinical study codenamed CodeBreaK
100 [5]. In this experiment, researchers recruited 124 advanced NSCLC patients with KRAS G12C-mutation, 96 % of the participants
had received at least two or more therapies including chemotherapy and immunotherapy. After sotorasib treatment, the drug resis-
tance markers (hematopoietic factor receptor like kinases JAK1 and JAK2) significantly decreased, tumor growth was effectively
inhibited with significant shrinkage. The overall response rate (ORR) of 36 % [95 % confidence interval (CI), 28-45] was achieved and
median duration of response was 10.0 months (95 % CI, 6.9-not estimable). Among them, 58 % of patients experienced continuous
response for no less than 6 months. A randomized, double-blind phase 3 clinical trial conducted in 148 centers across 22 countries
showed that compared to docetaxel, sotorasib significantly increased progression free survival and improved safety in patients of
advanced NSCLC with KRAS mutation [6]. Sotorasib is also used for the treatment of other advanced solid tumor patients with G12C
mutation, including colorectal cancer, pancreatic cancer, endometrial cancer, appendix cancer and refractory colorectal cancer
(combination therapy with panitumumab) [2,7-9].

According to the product description [4], the most common adverse drug reactions (ADRs) (>20 %) were diarrhea, nausea, fatigue,
musculoskeletal pain, hepatotoxicity and cough. The most common laboratory abnormalities (>25 %) are decreased hemoglobin or
lymphocytes, elevated aspartate aminotransferase or alanine aminotransferase, decreased calcium or sodium, elevated alkaline
phosphatase or urinary protein. About 5 % of patients reduced the dose of sotorasib due to an adverse reaction, 34 % of patients
interrupted dosage due to an adverse reaction. > 2 % of patients were required dosage interruption because of AEs such as hepato-
toxicity (11 %), diarrhea (8 %), musculoskeletal pain (3.9 %), nausea (2.9 %) and pneumonia (2.5 %), respectively. Permanent
discontinuation in 9 % of patients due to AEs including hepatotoxicity [4].

Although several clinical trials have reported sotorasib related ADRs [10-12], due to the limitations of clinical trials, potential
adverse events (AEs) and long-term safety issues cannot be detected. The FDA Adverse Event Reporting System (FAERS) design to
support the post-market monitoring program for drugs and therapeutic bioproducts, all adverse event information and medication
error information were collected including but not limited to drug side effects, drug abuse and misuse and drug interactions, etc. By
conducting a comprehensive analysis of the FAERS database, our study aims to detect and analyze the AEs associated with sotorasib
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Fig. 1. Multi-step process of data extraction, processing, and analysis for sotorasib-related cases.
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post-market, thereby enhancing our understanding of treatment outcomes, particularly AEs, in diverse patient populations and
optimizing its application strategies.

2. Methods
2.1. Study design and data sources

The study was designed as a case/non-case study, and a total of 10 quarterly data in FAERS were screened covering the period from
January 2021 to June 2023. The FAERS data files comprised seven types of datasets: patient demographic and administrative in-
formation (DEMO), drug/biologic information (DRUG), adverse events (REAC), patient outcomes (OUTC), report sources (RPSR), start
and end dates of drug therapy (THER), and indications for use/diagnosis (INDI) [13]. The unique identification number for each report
was used to link seven files. A total of 4538519 reports were retrieved during the study period. Due to the existence of a large number of
duplicated reports, we removed the redundant records before performing statistical analysis, based on the PRIMARYID and CASEID
column in the DEMO file as previously described [14,15], reducing the data to 3991841 (Fig. 1). Futher scanning were performed
based on the brand name (lumakras) and generic name (sotorasib) approved by FDA. Moreover, only the reports with primary suspect
(PS) role in the DRUG file were selected to ensure results with high relevancy. AEs in FAERS were coded using the preferred term (PT)
codes by standardized Medical Dictionary for Regulatory Activities (MedDRA®, version 26.1) [15], which has a hierarchical structure
and allows PT grouping at different levels (high level term [HLT], high level group term [HLGT], system organ class [SOC]).

2.2. Data mining

Descriptive analyses were performed to collect as many clinical characteristics as possible for all sotorasib-associated reports.
Because many items were not required fields in the database, we considered the effect of unexploitable data and calculated the
available data, such as sex, age, weight, indications, cumulative dose, outcomes, combination medication and reporting countries, etc.
Disproportionality analyses, including reporting odds ratio (ROR), proportional reporting ratio (PRR), the information component (IC)
and the empirical bayes geometric mean (EBGM), are used to identify drug-associated AEs (signals) that are reported more frequently
than expected by estimating proportion of specific AEs occurrence between a specific drug and all other drugs [16,17]. We performed
the disproportionality analyses at both PT and SOC levels to explore the correlation of sotorasib at different hierarchies. The asso-
ciations between drugs and AEs were measured by the values for the four calculation methods (Table 1). When multiple algorithm
standards are consistent, the analysis results are more reliable, and AE was considered overreporting when four algorithmic criteria
were met simultaneously [18].

2.3. Time to onset

Time to onset (TTO) was calculated from the initiation of sotorasib treatment to the occurrence of the AEs related to sotorasib. Data
errors or missing were removed, and only reports for which TTO data were available were analyzed. The median duration, quartiles
and the Weibull shape parameter (WSP) test were used to assess the TTO data. The incidence of AEs depends on the mechanism of drug
action and often fluctuates with the duration of treatment. The WSP test is used for statistical analysis of TTO and describes the risk of
AE increasing or decreasing over time [19]. The characteristics of the Weibull distribution are described by the scale parameter («) and
the shape parameter (). The evaluation criterion for the selected parameter were detailed in previous studies [20]. After initiation of
sotorasib treatment, the median TTO and WSP of the different SOC signals were calculated to predict the hazard of these AEs occurring
over time in SOC levels.

All data storage, filtering, processing and statistical analysis were performed by MySQL 8.0, R software 4.2, and Microsoft EXCEL
2019.

Table 1
Four algorithms used to assess potential associations between sotorasib and AEs.
Algorithms Equation Criteria
ROR ROR = ad/b/c lower limit of 95 % CI > 1, N > 3
95%CI = eln(ROR)il.Qﬁ(l/a+1/b+l/c+1/d)A0.5
PRR PRR = a(c + d)/c/(a+b) PRR>2, > > 4,N >3
¥ = [(ad-be)21(a+b + ¢ + d)/[(a+b) (c + d) (a+c) (b + d)]
BCPNN IC = logsa(a+b + ¢ + d)/((a+c) (a+b)) 1C025 > 0
95%CI = E(IC) + 2 V(IC)"0.5
MGPS EBGM = a(a+b + ¢ + d)/(a+c)/(a+b) EBGMO5 > 2

95%CI = eln(EBGM)Ll.Qé(l/a—1/b+1/c—1/d)"0.5

Equation: a, number of reports containing both the target drug and target AE; b, number of reports containing other AE of the target drug; ¢, number of
reports containing the target AE of other drugs; d, number of reports containing other drugs and other AE. AE, adverse event; 95%CI, 95 % confidence
interval; N, the number of reports; Xz’ chi-squared; IC, information component; IC025, the lower limit of 95 % CI of the IC; E(IC), the IC expectations; V
(IC), the variance of IC; EBGM, empirical Bayesian geometric mean; EBGMOS5, the lower limit of 95 % CI of EBGM.



Y. Ding et al. Heliyon 10 (2024) e30437

3. Results
3.1. Descriptive analysis

As of second quarter of 2023, a total of 1538 sotorasib-associated reports as PS were recorded in the FAERS database, among which
contained 2748 AEs. The clinical characteristics of cases with sotorasib were detailedly described in Table 2. After sotorasib goes on
sale, the number of AE reports increase significantly and rapidly. There were 146 (9.49 %), 629 (40.90 %), and 763 (49.61 %)
sotorasib-associated reports received in 2021, 2022, and the first half of 2023, respectively. The proportion of females was slightly
higher than that of males (53.42 % vs 46.58 %). The proportion of elderly patients was higher (>65 years, 61.07 %), with a median age
of 68 (interquartile range [IQR] 61-74) years. The median weight of the patients was 64.1 years (IQR 52-75.2, with data available in
only 173 case reports, 11.25 %). The most reported indication of sotorasib was lung cancer (89.72 %, valid reports in 890,/992) and
intestinal cancer (3.93 %, valid reports in 39/992). The median cumulative dose at onset was 47.04 g (IQR 21.12-66.24, with only 107

Table 2

Clinical characteristics of reports with sotorasib from the FAERS database (2021-2023 Q2).
Characteristics Available case number, n Case proportion, %
Number of case 1538 100
Sex 1142 74.25
Female 610 53.42
Male 532 46.58
Age (year) 655 42.59
<65 255 38.93
>65 400 61.07
IQR 68 (61-74) /
Weight (kg) 173 11.25
<70 109 63.01
>70 64 36.99
IQR 64.1 (52-75.2) /
Indications 992 64.50
Lung cancer 890 89.72
Intestinal cancer 39 3.93
Cumulative dose (g) 107 6.96
<50 59 55.14
>50 48 44.86
IQR 47.04 (21.12-66.24) /
Time to onset (day) 442 28.74
<30 189 42.76
>30 253 57.24
IQR 42 (14-86.75) /
Serious outcome 1086 70.61
Death (DE) 336 30.94
Life-threatening (LT) 19 1.75
Hospitalization (HO) 285 26.24
Disability (DS) 7 0.64
Congenital anomaly (CA) 22 2.03
Required intervention to prevent permanent impairment/damage (RI) 1 0.09
Other serious medical events (OT) 788 71.64
Combination medication (Top five) 360 23.41
Acetaminophen 60 16.67
Folic acid 39 10.83
Gabapentin 38 10.56
Atorvastatin 34 9.44
Dexamethasone 33 9.17
Reported countries (Top five) 1538 100
America (US) 791 51.43
France (FR) 257 16.71
Japan (JP) 185 12.03
Germany (DE) 52 3.38
Italy (IT) 43 2.80
Reporter type 1489 96.81
Physician (MD) 830 55.74
Pharmacist (PH) 142 9.54
Health-professional (HP) 217 14.57
Consumer (CN) 300 20.15
Reporting year 1538 100
2023 Q2 763 49.61
2022 629 40.90
2021 146 9.49

IQR, interquartile range; Q2, the second quarter.
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case reports, 6.96 %). Additionally, valid onset time was recorded in 28.74 % of the reports, with the median TTO of 42 days (IQR
14-86.75 days). A total of 70.61 % of the reports had a serious outcome, including 336 deaths (30.94 %). Of note, deaths were more
likely to be related to disease progression than to sotorasib-associated AEs. Among sotorasib-induced reports, 360 cases (23.41 %) were
presented in combination with other drugs. The top five combination medications were acetaminophen (16.67 %), folic acid (10.83
%), gabapentin (10.56 %), atorvastatin (9.44 %), and dexamethasone (9.17 %). More than half of the reports came from the United
States (51.43 %). Most of the reports were submitted by physician (55.74 %), followed by consumer (20.15 %), health-professional
(14.57 %) and pharmacist (9.54 %).

3.2. Disproportionality analysis

The signal strength and number of reports of sotorasib at the SOC level were presented in Table 3. In general, we found that all
sotorasib-associated AEs were concentrated in 26 organ systems. The strength of SOC simultaneously satisfying the four methodo-
logical thresholds was hepatobiliary disorders (n = 182, ROR 4.48 [3.84-5.23], PRR 4.07 [433.49], IC 2.02 [1.77], EBGM 4.07 [3.48]).
In order to get more SOCs that are worth considering safety for broader clinical applications of sotorasib, the SOCs conforming to at
least one of these methodologies were also included respiratory, thoracic and mediastinal disorders (n = 444, ROR 2.25 [2.02-2.51],
PRR 1.89 [219.4], IC 0.92 [0.76], EBGM 1.89 [1.69]) and neoplasms benign, malignant and unspecified (n = 380, ROR 2.09
[1.86-2.35], PRR 1.82 [162.5], IC 0.86 [0.69], EBGM 1.82 [1.62]).

After excluding PTs caused by non-drug therapy, a total of 27 sotorasib-related AE signals were screened by four algorithms, which
were scattered in 5 SOCs (Table 4), including 12 PTs in hepatobiliary disorders, 9 PTs in investigations, 3 PTs in gastrointestinal
disorders, 2 PTs in respiratory, thoracic and mediastinal disorders, and 1 PT in cardiac disorders. Moreover, in order to mine more
suspicious signals, we also listed the additional signals in Table 5 that only satisfy the ROR methodology, with the results of 15 PTs in 6
SOCs.

3.3. Time to onset analysis

Results of TTO analysis for overall 42 (IQR 14-86.75) days, hepatobiliary disorders 39 (IQR 23-54) days, investigations 25 (IQR
14-44) days, respiratory, thoracic and mediastinal disorders 29 (IQR 7-69.5) days, gastrointestinal disorders 18 (IQR 7-53) days and
cardiac disorders 23 (9-56) days were summarized in Table 6. Most of the cases occurred within the firstl (n = 189, 42.76 %), 2 (n =
281, 63.57 %) and 3 months (n = 337, 76.24 %) after sotorasib initiation. In the WSP analysis, both the shape parameter § and the
upper limit of its 95 % CI were <1, suggesting overall, respiratory, thoracic and mediastinal disorders, gastrointestinal disorders and
cardiac disorders had early failure types, with the hazard of occurrence gradually decreased over time. However, since the shape

Table 3
Signal strength of reports of sotorasib at the System Organ Class (SOC) level in FAERS database.
System Organ Class (SOC) Cases ROR (95 % two-sided CI) PRR (x2) IC (IC025) EBGM (EBGMO05)
General disorders and administration site conditions 576 0.95 (0.86-1.05) 0.97 (1.01) —0.05 (—0.18) 0.97 (0.87)
Respiratory, thoracic and mediastinal disorders 444 2.25 (2.02-2.51)" 1.89 (219.4) 0.92 (0.76)" 1.89 (1.69)
Neoplasms benign, malignant and unspecified 380 2.09 (1.86-2.35)" 1.82 (162.5) 0.86 (0.69)" 1.82 (1.62)
Gastrointestinal disorders 312 1.13 (0.99-1.27) 1.10 (3.48) 0.14 (—0.04) 1.10 (0.97)
Injury, poisoning and procedural complications 217 0.37 (0.32-0.42) 0.46 (202.81) —-1.13(-1.34) 0.46 (0.40)
Hepatobiliary disorders 182 4.48 (3.84-5.23)" 4.07 (433.49)" 2.02 (1.77)* 4.07 (3.48)*
Investigations 178 1.02 (0.87-1.19) 1.02 (0.05) 0.02 (-0.21) 1.02 (0.87)
Nervous system disorders 112 0.35 (0.28-0.42) 0.39 (128.8) —1.35 (-1.63) 0.39 (0.32)
Metabolism and nutrition disorders 98 0.97 (0.79-1.19) 0.97 (0.07) —0.04 (-0.35) 0.97 (0.79)
Cardiac disorders 920 0.55 (0.45-0.68) 0.58 (30.91) —0.79 (-1.11) 0.58 (0.47)
Musculoskeletal and connective tissue disorders 90 0.46 (0.38-0.57) 0.50 (52.35) —1.01 (-1.33) 0.50 (0.40)
Vascular disorders 80 0.35 (0.28-0.44) 0.39 (89.4) —-1.37 (-1.70) 0.39 (0.31)
Infections and infestations 64 0.31 (0.24-0.39) 0.34 (96.44) —1.58 (—-1.95) 0.34 (0.26)
Skin and subcutaneous tissue disorders 52 0.21 (0.16-0.28) 0.24 (148.34) —2.07 (—2.49) 0.24 (0.18)
Psychiatric disorders 49 0.22 (0.17-0.30) 0.25 (129.35) —2.02 (—2.44) 0.25 (0.19)
Surgical and medical procedures 48 0.81 (0.61-1.08) 0.81 (2.10) —0.30 (—0.74) 0.81 (0.61)
Blood and lymphatic system disorders 43 0.51 (0.38-0.70) 0.53 (19.20) —0.92 (-1.39) 0.53 (0.39)
Renal and urinary disorders 32 0.26 (0.19-0.38) 0.28 (64.10) —1.84 (—2.36) 0.28 (0.20)
Immune system disorders 27 0.16 (0.11-0.24) 0.18 (112.18) —2.48 (—3.05) 0.18 (0.12)
Endocrine disorders 10 0.28 (0.15-0.52) 0.28 (18.68) —1.82 (-2.78) 0.28 (0.15)
Eye disorders 7 0.10 (0.05-0.22) 0.11 (53.73) —3.21 (—4.32) 0.11 (0.05)
Product issues 7 0.09 (0.04-0.19) 0.09 (64.41) —3.41 (—4.53) 0.09 (0.04)
Reproductive system and breast disorders 6 0.06 (0.03-0.13) 0.06 (91.59) —4.02 (-5.22) 0.06 (0.03)
Congenital, familial and genetic disorders 3 0.38 (0.12-1.17) 0.38 (3.10) —1.41 (-3.25) 0.38 (0.12)
Ear and labyrinth disorders 1 0.05 (0.01-0.38) 0.05 (16.73) —4.21 (-7.17) 0.05 (0.01)
Pregnancy, puerperium and perinatal conditions 1 0.04 (0.01-0.26) 0.04 (24.87) —4.72 (-7.66) 0.04 (0.01)

2 indicates statistically significant signals in algorithm. ROR, reporting odds ratio; CI, confidence interval; PRR, proportional reporting ratio; y?, chi-
squared; IC, information component; IC025, the lower limit of 95 % CI of the IC; EBGM, empirical Bayesian geometric mean; EBGMOS5, the lower limit
of 95 % CI of EBGM.
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Table 4
Signal strength of reports of sotorasib at the Preferred Term (PT) level in FAERS database.
SOC Preferred Terms (PTs) Cases ROR (95 % two-sided PRR (x2) IC EBGM
CDh (IC025) (EBGMO5)
Hepatobiliary disorders Hepatotoxicity 41 22.99 (16.84-31.39) 22.40 3.85 22.22 (16.27)
(832.21) (3.39)
Hepatic function abnormal 25 9.73 (6.55-14.46) 9.59 2.79 9.56 (6.43)
(191.96) (2.21)
Liver disorder 19 6.55 (4.16-10.30) 6.48 (88.00) 2.27 6.47 (4.11)
(1.60)
Hepatic cytolysis 17 9.97 (6.18-16.10) 9.87 2.64 9.84 (6.09)
(135.18) (1.93)
Cholestasis 14 12.12 (7.15-20.55) 12.02 2.69 11.97 (7.07)
(140.95) (1.91)
Hepatitis 9 6.31 (3.27-12.16) 6.28 (39.88) 1.89 6.27 (3.25)
(0.92)
Jaundice 8 7.33 (3.65-14.70) 7.30 (43.37) 1.93 7.28 (3.63)
(0.91)
Hepatic failure 7 4.60 (2.19-9.67) 4.59 (19.61) 1.47 4.58 (2.18)
(0.37)
Hypertransaminasaemia 6 9.67 (4.33-21.58) 9.63 (46.27) 1.88 9.60 (4.30)
(0.70)
Cholangitis 4 9.92 (3.71-26.50) 9.89 (31.86) 1.51 9.86 (3.69)
(0.06)
Hepatitis cholestatic 4 13.30 (4.97-35.58) 13.27 1.62 13.21 (4.94)
(45.16) (0.17)
Immune-mediated hepatitis 4 17.69 (6.61-47.36) 17.65 1.70 17.54 (6.55)
(62.41) (0.25)
Investigations Alanine aminotransferase 33 10.46 (7.40-14.78) 10.26 2.96 10.22 (7.24)
increased (275.24) (2.46)
Liver function test increased 32 18.63 (13.11-26.48) 18.27 3.53 18.15 (12.77)
(519.24) (3.02)
Aspartate aminotransferase 31 11.86 (8.31-16.94) 11.64 3.08 11.60 (8.12)
increased (300.82) (2.55)
Hepatic enzyme increased 29 5.87 (4.06-8.48) 5.78 2.27 5.77 (3.99)
(114.70) (1.72)
Blood alkaline phosphatase 13 13.14 (7.60-22.71) 13.04 2.70 12.98 (7.51)
increased (143.86) (1.89)
Blood bilirubin increased 10 7.62 (4.09-14.20) 7.58 (56.95) 2.11 7.56 (4.05)
(1.19)
Gamma-glutamyltransferase 7 7.00 (3.33-14.73) 6.97 (35.75) 1.80 6.96 (3.31)
increased (0.71)
Liver function test abnormal 7 7.48 (3.56-15.73) 7.45 (39.00) 1.85 7.43 (3.53)
(0.76)
Transaminases increased 7 4.91 (2.34-10.33) 4.89 (21.67) 1.52 4.89 (2.32)
(0.43)
Respiratory, thoracic and mediastinal Pneumonitis 14 7.04 (4.16-11.92) 6.99 (71.70) 2.22 6.97 (4.11)
disorders (1.44)
Pleural effusion 13 3.75 (2.17-6.48) 3.73 (25.99) 1.53 3.73 (2.16)
(0.73)
Gastrointestinal disorders Diarrhea 163 3.76 (3.19-4.42) 3.47 1.76 3.46 (2.94)
(294.63) (1.52)
Colitis 11 3.90 (2.16-7.07) 3.88 (23.56) 1.52 3.88 (2.14)
(0.65)
Gastrointestinal toxicity 7 20.11 (9.54-42.38) 20.02 2.37 19.88 (9.43)
(125.57) (1.27)
Cardiac disorders Pericardial effusion 8 5.37 (2.68-10.76) 5.35 (28.24) 1.68 5.34 (2.66)
(0.65)

ROR, reporting odds ratio; CI, confidence interval; PRR, proportional reporting ratio; x>, chi-squared; IC, information component; EBGM, empirical

Bayesian geometric mean.

parameter f is equal to or nearly 1 and its 95 % CI contained the value 1, the hepatobiliary disorders and investigations were random
failure types, with the hazard of continuous occurrence over time. Furthermore, the cumulative incidence over time in different

scenarios were plotted in Fig. 2.

4. Discussion

To the best of our knowledge, this is the first post-marketing pharmacovigilance study of sotorasib-associated AEs based on the
FAERS database. Disproportionality analyses were performed to mine the signals of sotorasib-associated AEs. More than half of the
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Table 5
Supplementary signals that merely satisfy the threshold of the ROR method.
SOC Preferred Terms (PTs) Cases ROR (95 % two-sided PRR (x2) IC (IC025) EBGM
cn (EBGMO5)
Metabolism and nutrition disorders Decreased appetite 29 1.75 (1.21-2.53) 1.74 (9.22) 0.71 (0.17) 1.74 (1.20)
Hypocalcaemia 4 3.41 (1.28-9.09) 3.40 (6.77) 0.88 3.40 (1.27)
(-0.57)
Hepatobiliary disorders Drug-induced liver injury 8 3.18 (1.59-6.37) 3.17 1.18 (0.16) 3.16 (1.58)
(11.86)
Acute hepatic failure 3 3.46 (1.12-10.76) 3.46 (5.24) 0.68 3.46 (1.11)
(—0.99)
Cholestatic liver injury 3 16.77 (5.38-52.24) 16.74 1.35 16.64 (5.34)
(44.12) (-0.33)
Mixed liver injury 3 11.22 (3.61-34.91) 11.20 1.24 11.16 (3.59)
(27.75) (—0.43)
Investigations Blood bilirubin abnormal 3 33.47 (10.7-104.65) 33.41 1.46 32.99 (10.55)
(93.11) (-0.22)
Blood magnesium 3 4.67 (1.50-14.51) 4.66 (8.62) 0.87 4.66 (1.50)
decreased (—0.80)
Hepatic enzyme 3 8.27 (2.66-25.71) 8.25 1.14 8.23 (2.65)
abnormal (19.07) (—-0.53)
Musculoskeletal and connective tissue Myalgia 17 1.79 (1.11-2.90) 1.79 (5.91) 0.69 1.79 (1.11)
disorders (-0.01)
Respiratory, thoracic and mediastinal Pulmonary embolism 13 2.81 (1.63-4.85) 2.79 1.20 (0.40) 2.79 (1.62)
disorders (14.97)
Acute respiratory failure 5 3.48 (1.45-8.39) 3.48 (8.81) 1.04 3.47 (1.44)
(—0.26)
Lung opacity 3 7.96 (2.56-24.76) 7.95 1.12 7.93 (2.55)
(18.18) (—0.55)
Pulmonary toxicity 3 5.11 (1.65-15.89) 5.10 (9.88) 0.92 5.10 (1.64)
(-0.75)
General disorders and administration site Oedema 7 2.36 (1.12-4.97) 2.36 (5.48) 0.82 2.36 (1.12)
conditions (-0.28)

ROR, reporting odds ratio; CI, confidence interval; PRR, proportional reporting ratio; XZ, chi-squared; IC, information component; EBGM, empirical
Bayesian geometric mean.

Table 6
The results of time to onset analysis for signals with different SOCs.
SOC TTO (days) Weibull distribution Failure type
Cases Parameter Scale parameter Shape parameter
n Median (IQR) Min-max o 95 % CI B 95 % CI
Overall 442 42 (14-86.75) 0-525 57.91 49.91-67.19 0.65 0.60-0.70 Early failure
Hepatobiliary disorders 85 39 (23-54) 2-376 52.27 42.40-64.43 1.08 0.93-1.25 Random failure
Investigations 59 25 (14-44) 0-307 36.04 26.90-48.28 0.91 0.76-1.10 Random failure
Respiratory, thoracic and mediastinal disorders 51 29 (7-69.5) 0-264 44.93 30.32-66.59 0.73 0.58-0.91 Early failure
Gastrointestinal disorders 85 18 (7-53) 0-525 29.83 20.74-42.89 0.61 0.51-0.72 Early failure
Cardiac disorders 19 23 (9-56) 0-437 40.38 17.70-92.13 0.57 0.40-0.81 Early failure

n, number of cases with available time-to-onset; IQR, interquartile range; TTO, Time-to-onset. When TTO, is 0 days, the adverse event occurred within
the same day with the therapy.

reports came from the United States (51.43 %), followed by France (16.71 %) and Japan (12.03 %). From global epidemiology of lung
cancer [21], the incidence rate in American women is now higher than that in men. In Europe, the morbidity of female is still rising
(except the United Kingdom, Denmark and the Netherlands). In Asia, the female morbidity in China, Japan and South Korea is also
rising. The morbidity of male in other European countries is declining (except France and Spain, where it is basically stable). The
slightly higher proportion of females (53.42 %) compared to males (46.58 %) in our study may be attributed to this factor.

In the 2-year analysis of CodeBreaK 100, which is the largest clinical data set with the longest follow-up reported for patients
treated with KRAS G12C inhibitor [11], sotorasib treatment-related any-grade AEs have been observed in 70 % of patients received
sotorasib 960 mg once daily, with grade 3 and grade 4 in 20 % and 1 %, and no fatal AEs [11]. Among them 22 % and 6 % were led to
treatment reduction or interruption and discontinuation, which were lower than that in the product description [4]. In our results,
serious outcome including life-threatening, hospitalization, disability and other serious medical events accounting for 70.61 % were
observed in 1538 sotorasib-associated reports, which was higher than that in the 2-year analysis of CodeBreaK 100 with 174 patients
[11]. Although variations in the definition and attribution of serious outcomes may exist, and it may not reliably identify significant
differences within the real population, but can provide some reference for clinical practitioners.

In our study, most of the cases occurred within the 1 (n = 189, 42.76 %), 2 (n = 281, 63.57 %) and 3 months (n = 337, 76.24 %)
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after sotorasib initiation. Valid onset time was recorded in 28.74 % of the reports, with the median TTO of 42 days (IQR
14-86.75 days), which consistent with the median (range) time to diarrhea and hepatotoxicity onset with 6.1 (1.7-11.1) and 9.1
(3.1-18.7) weeks in the clinical research report [11]. Interestingly, the median cumulative dose at onset was 47.04 g, which is
approximately equivalent to a normal dose of 960 mg once daily (recommended dosage by FDA) for about 42 days.

Diarrhea (163 [10 %]), increased alanine aminotransferase (33 [2 %]), and increased aspartate aminotransferase (31 [2 %]) were
found to be the most common AEs. Despite the absence of an exact denominator that could have resulted in lower values, they still
remain inferior to those observed in the 2-year analysis of CodeBreaK 100 (30 %, 18 %, and 18 % respectively). However, compared to
RCTs, the FAERS database not only lacks a denominator but also suffers from significant underreporting of adverse reactions, as this
value would be even lower if there were data on the population using the medication. There have been reports of nervous system
disorders, metabolism and nutrition disorders, cardiac disorders, musculoskeletal and connective tissue disorders, as well as vascular
complications associated with sotorasib administration. This suggests that patients with pre-existing neurological or other systemic
conditions should exercise caution regarding the potential impact of sotorasib on their underlying condition.

In addition to elevated levels of alanine aminotransferase and aspartate aminotransferase, adverse events associated with sotorasib
included 8 cases of jaundice and 10 cases of increased blood bilirubin. A substantial number of adverse reactions associated with
hepatotoxicity in the SOCs of hepatobiliary disorders and investigations indicate that caution should be exercised by clinicians when
considering the use of sotorasib for treatment due to its potential hepatic toxicity. Retrospective analysis of clinical trials conducted
across 16 medical centers in France revealed that the combination therapy involving sotorasib and anti-PD-(L)1 agents may potentially
induce severe immune-mediated hepatotoxicity. Consequently, it is recommended to avoid initiating sotorasib treatment within a
period of 30 days following the last infusion of anti-PD-(L)1 [22]. In addition, approximately 23.41 % (360 cases) of reported
sotorasib-induced AEs were associated with concomitant use of other drugs in our study, with acetaminophen, folic acid, gabapentin,
atorvastatin, and dexamethasone identified as the top five combination medications, accounting for 9.17 %-16.67 % of cases. Acet-
aminophen is a non steroidal anti-inflammatory drug that inhibits the synthesis of prostaglandins, which is widely used clinically for
antipyretic and analgesic purposes. It is relatively safe at therapeutic doses, however, excessive acetaminophen may lead to fatal acute
liver injury. Acetaminophen induced hepatotoxicity (AIH) is mainly caused by the toxic metabolite N-acetyl benzoquinone imine
(NAPQI) [23]. Inflammation and oxidative stress play important roles in liver injury, dexamethasone induces oxidative stress and
activation of caspase-3, leading to liver toxicity [24]. A study evaluating the relationship between atorvastatin and liver toxicity in a
real-world environment showed that the risk of liver toxicity increased by 1.3-1.5 times after taking atorvastatin [25]. Thus when used
in combination with sotorasib, it will be possible to increase the risk of hepatotoxicity. In addition, acetaminophen, dexamethasone or
atorvastatin are P-gp substrates [26-28]. In the instruction manual of sotorasib, it is mentioned to avoid coadministration with P-gp
substrates, as minimal concentration changes may lead to severe toxicities [4]. So if coadministration cannot be avoided, the substrate
dose is suggested to be reduced based on its prescription information. Because sotorasib is primarily metabolized by CYP3A4, specific
dose modification strategies are recommended for concomitant use of sotorasib with CYP3A4 inducers (oxcarbazepine, phenobarbital,
honey, vitamins,etc.) and substrates (codeine, cyclosporin, diazepam and erythromycin, etc.), P-glycoprotein (P-gp) substrates (tax-
anes, tyrosine kinase inhibitors, and some PARP inhibitors, etc) and acid-reducing agents (proton pump inhibitors, H2 receptor
blockers) [4]. It is noteworthy that nervous system disorders account for 7.28 % of sotorasib-associated reports in this study, which
with few relevant research reports. Brain metastasis occurs in approximately 40 % of patients with KRAS mutant NSCLC [29],
significantly affects the morbility and are associated with worse survival [30]. Therefore those nervous system disorders maybe relate
to the brain metastasis in patients with KRASG12C-mutant instead of adverse reactions.

There are some limitations in our study. First, the reporter of adverse reactions may use self-report to obtain data, which may have
issues with memory bias and subjective perception. Second, FAERS includes information submitted to the FDA regarding adverse
events and reports of drug use errors, but it should be noted that the presence of reports in FAERS does not prove a causal relationship
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between AEs and drug itself, which needs to be validated through prospective clinical studies. Indeed, measures of disproportionality
analysis cannot estimate risks or necessarily account for a causal association; rather, they only facilitate the identification of adverse
events that are expected to have a higher reporting frequency than anticipated. The findings from disproportionality analysis require
cautious interpretation, assessment of bias risk, and clinical evaluation (qualitative analysis) before drawing any causal inferences
[31]. Third, although more possible AEs can be detected, some rare new AEs may also be overlooked. For sotorasib, hemolytic anemia
as a grade 3 new-onset AE was found in 2 % of patients [11], but our study did not detect this adverse reaction by disproportionality
analysis (only 2 cases). When adverse reactions occur, we need to comprehensively evaluate the patient’s primary disease and its
progression (such as brain metastasis, lymph node metastasis), drug/food interactions, time and dose correlation of symptom
occurrence, and other factors.

5. Conclusion

Based on FAERS database, the study comprehensively and systematically revealed the AE signals and time to AEs onsets in
treatment with sotorasib. We unearthed 27 sotorasib-associated signals, and the SOC of hepatobiliary disorders was the main path-
ogenic organ. The median cumulative dose at onset was 47.04 g, and the median TTO was 42 days (IQR 14-86.75 days). In addition,
the WSP test showed more characteristics of TTO data. In addition, we explored the potential impact of underlying diseases and drug
interactions in the clinical application of sotorasib, as well as the need to pay attention to adjusting the drug dosage when used in
combination with anti-PD - (L) 1 agents, P-gp substrates or CYP3A4 inducers, etc. Given the increasing use of sotorasib, pharmaco-
vigilance studies may play an important role in facilitating risk-benefit assessment through large real-world databases, especially for
unanticipated AEs that are not documented by the label. In conclusion, our findings and management recommendations may improve
clinicians/researchers awareness of sotorasib-associated toxicity and help reduce risk.
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