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Background: Ripretinib has been approved for the treatment of gastrointestinal

stromal tumors (GIST). As a novel therapy, several adverse reactions remain

unidentified, necessitating a thorough safety evaluation. This study analyzes real-

world data from the US Food and Drug Administration Adverse Event Reporting

System (FAERS) to investigate adverse events (AEs) associated with ripretinib.

Methods: Adverse event reports (AERs) related to ripretinib were extracted from

FAERS ASCII data spanning from the second quarter of 2020 to the second

quarter of 2024. Following standardization, various disproportionality analyses,

including the reporting odds ratio (ROR), proportional reporting ratio (PRR),

bayesian confidence propagation neural network (BCPNN), and empirical

bayes geometric mean (EBGM), were employed to identify potential safety

signals linked to ripretinib. The data provided by medical professionals

underwent sensitivity analysis to assess the robustness of the results.

Results: A total of 3,105 ripretinib-related AERs were identified, categorized into

22 system organ classes (SOCs) and 84 preferred terms (PTs). Common AEs, such

as alopecia, constipation, and muscle spasms, were consistent with the drug

label and clinical trial findings. Notably, the risk of skin cancer associated with

ripretinib was further elucidated. Additionally, new signals, including liver abscess

and prostatomegaly, were detected. Despite their lower frequency, these signals

demonstrated significant strength. A substantial proportion of adverse reactions

(n = 322, 39.80%) occurred within the first month of treatment, although a

smaller fraction emerged after one year. The sensitivity analysis revealed that
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most PTs related to skin and subcutaneous tissue maintained high signal values,

with 8 cases of skin squamous cell carcinoma-related AEs still reported.

Conclusion: The findings of this study align with established drug guidance and

uncover new adverse event signals for ripretinib, thereby enhancing clinical

monitoring and facilitating risk identification.
KEYWORDS

ripretinib, FAERS, adverse event, disproportionality analysis, pharmacovigilance study
1 Introduction

Ripretinib is a novel oral type II tyrosine switch control inhibitor

developed by Deciphera Pharmaceuticals. It specifically and durably

inhibits the KIT proto-oncogene receptor tyrosine kinase (KIT) and

the platelet-derived growth factor receptor A (PDGFRA), thus

suppressing tumor cell growth (1). In vitro studies have

demonstrated that ripretinib also inhibits various other kinases,

including platelet-derived growth factor receptor b (PDGFRB),

vascular endothelial growth factor receptor 2 (VEGFR2),

angiopoietin-1 receptor (TIE2), and serine/threonine-protein kinase

B-raf (BRAF) (2). InMay 2020, ripretinib was approved in the United

States as the first switch pocket-targeting TKI inhibitor for the

treatment of advanced gastrointestinal stromal tumors (GIST) in

adult patients who have previously received three or more kinase

inhibitors (3). Clinical trial data indicate that ripretinib significantly

extends both median progression-free survival and overall survival in

patients with advanced GIST (4). Furthermore, ripretinib shows

efficacy against other tumor types harboring KIT or PDGFRA

mutations, including mastocytosis, leukemia, and lung cancer (1,

2). A clinical trial in metastatic melanoma reported an objective

response rate of 23% (5). Additionally, ripretinib has exhibited

encouraging synergistic effects in combination with other anti-

tumor agents. For instance, the combination of ripretinib and the

MEK inhibitor trametinib effectively targets GIST and systemic

mastocytosis cells (6). Another study revealed that ripretinib

combined with carboplatin significantly inhibits the proliferation of

ovarian clear cell carcinoma (7).

Despite the substantial survival benefits of ripretinib for patients

with advanced GIST, some individuals have had to pause or

discontinue treatment due to severe adverse reactions, with certain

events potentially being life-threatening (4). Therefore, early

identification of adverse drug reactions and timely adjustments to

therapeutic strategies are imperative. Clinical trials have identified

common adverse events associated with ripretinib, including

alopecia, actinic keratosis, muscle and joint pain, fatigue, nausea,

decreased appetite, constipation, diarrhea, and palmar-plantar

erythrodysesthesia syndrome (PPES) (5, 8, 9). As the number of

patients treated with oral ripretinib increases, the reported adverse

events have also risen. However, clinical trials, often constrained by
02
sample size, may overlook some rare adverse reactions. In contrast,

extensive real-world data can provide a more comprehensive

understanding of ripretinib’s adverse drug reactions.

Pharmacovigilance refers to the long-term safety monitoring

conducted after a drug’s market approval and involves a

multifaceted process. This includes the collection of drug safety

data, mandatory reporting of adverse reactions by pharmaceutical

companies and healthcare professionals, solicitation of patient

feedback regarding medication experiences, and the identification

of potential safety signals that may indicate drug-related concerns

(10). To date, many countries have established robust

pharmacovigilance systems to monitor medication safety. These

systems typically contain vast amounts of valuable real-world data,

which are ideal for analysis using data mining algorithms in

pharmacovigilance studies to detect potential safety signals

associated with ripretinib. Spontaneous reporting systems remain

the most widely utilized approach in pharmacovigilance, with the

U.S. Food and Drug Administration Adverse Event Reporting

System (FAERS) serving as the largest spontaneous reporting

database for drug-related adverse events, accumulating over 20

million reports globally. No research has utilized the FAERS

database to examine the adverse reactions associated with

ripretinib to present date. Our objective is to evaluate the safety

profile of ripretinib by analyzing extensive real-world patient

adverse event data from FAERS, thereby offering valuable insights

for clinical practice.
2 Methods

2.1 Data source

Data on adverse events (AEs) related to ripretinib were sourced

from FAERS database (https://fis.fda.gov/extensions/FPD-QDE-

FAERS/FPD-QDE-FAERS.html). The primary method of data

collection in FAERS involves the voluntary submission of adverse

reaction reports by healthcare professionals, consumers, and

pharmaceutical manufacturers. For this study, ASCII report files

were extracted from the FAERS database, covering the period from

the second quarter of 2020 to the second quarter of 2024. The report
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files included seven distinct datasets: patient demographics

(DEMO), drug (DRUG), reaction (REAC), outcome (OUTC),

report source (RPSR), therapy (THER), and indications (INDI).

In the FAERS database structure, these files are linked through

unique identifiers such as PRIMARYID.
2.2 Data processing

To ensure data accuracy, duplicate reports were removed in

accordance with the Food and Drug Administration (FDA)

recommendations. Data fields including PRIMARYID, CASEID, and

FDA_DT, were extracted from the DEMO dataset and subsequently

sorted. For reports sharing identical CASEID, the record with the most

recent FDA_DT value was retained. In instances where both CASEID

and FDA_DT values were identical, the record with the numerically

largest PRIMARYID was preserved to ensure data uniqueness. When a

patient experienced multiple AEs, each event was recorded separately

and included in the analysis to ensure comprehensive safety signal

detection. The drug role code in the event (ROLE_COD) is classified as

primary suspect (PS), secondary suspect (SS), concomitant (C), or

interaction (I). The Medex_UIMA_1.3.8 system was utilized to

standardize drug names. Reports were filtered using “ripretinib” as a

keyword in the DRUGNAME and PROD_AI columns, focusing

specifically on cases where ripretinib was designated as the PS drug.
Frontiers in Oncology 03
The clinical characteristics of each report were collected, including

demographic information (gender, age, reporter identity, reported

country, and report year), drug indications, the date of AE

occurrence, and its outcomes. If at least one of the following

outcomes was reported, the event was classified as a serious AE:

death, life-threatening, hospitalization, disability, or other serious

events. The Medical Dictionary for Regulatory Activities (MedDRA

26.1) was employed to code the preferred terms (PTs) and system

organ classes (SOCs) associated with ripretinib AEs. The specific

screening procedure is illustrated in Figure 1.
2.3 Statistical analysis

Descriptive analysis was conducted to characterize all ripretinib-

related AEs. Time to onset of ripretinib-related events was calculated by

subtracting the administration date from the AE occurrence date.

Disproportionality analysis techniques were employed, including the

reporting odds ratio (ROR) (11), proportional reporting ratio (PRR)

(12), bayesian confidence propagation neural network (BCPNN) (13),

and empirical bayes geometric mean (EBGM) (14), to detect AEs.

These four methods compare the incidence of AEs associated with the

target drug to that of all other drugs. If this ratio exceeds a predefined

threshold, it suggests disproportionality and may indicate a potential

safety signal. ROR was the most widely employed disproportionality
FIGURE 1

Flowchart of identifying AE cases of ripretinib from the FAERS database.
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analysis method in pharmacovigilance due to its computational

simplicity and ability to incorporate adjustments through logistic

regression. Another significant advantage of ROR was its robustness

against non-selective underreporting of either drugs or ADRs, which

does not affect its calculated value (15). PRR quantified the ratio

between observed and expected reporting frequencies (16), providing

greater specificity than ROR (17). ROR and PRR, as frequency

methods, exhibit high sensitivity but may yield false positives in

instances of low AE counts (18). In contrast, BCPNN and EBGM, as

Bayesian methods, were capable of effectively handling complex

variables. BCPNN effectively mitigates stochastic errors in small-

sample analyses while providing robust signal strength estimation

through its Information Component (IC) metric (13). EBGM proved

particularly valuable for analyzing multi-drug-event combinations,

employing Bayesian shrinkage to suppress false-positive signals.

Notably, EBGM estimates were considered more robust when the

number of reports is limited (19–21). Each algorithm offered distinct

advantages, and their combined use improved our ability to identify

potential AEs more effectively. A PT was considered a positive signal

when it met the threshold for all four algorithms simultaneously. All

algorithms are based on 2×2 contingency tables, as detailed in

Supplementary Table S1, with specific formulas and thresholds

provided in Supplementary Table S2. Higher values indicate stronger

signal strength, reflecting a more robust association between ripretinib

and AEs. Statistical analyses were performed using R software

version 4.4.0.
3 Results

3.1 Basic characteristics of AEs associated
with ripretinib

From the second quarter of 2020 to the second quarter of 2024,

a total of 6,270,392 AERs were collected from the FAERS database.
Frontiers in Oncology 04
Ripretinib was identified as the primary suspect in 10,911 cases of

AEs, involving 3,105 patients. Reports from male patients were

more frequent than those from females, comprising 54.40% of the

total. The highest number of reports originated from the elderly

group (over 65 years). Reports were primarily submitted by

consumers (59.74%), followed by pharmacists (22.64%) and

healthcare professionals (17.46%), with the majority originating

from the United States (92.72%). A clear annual increase in reports

was observed. Notably, severe outcomes such as hospitalization,

death, life-threatening conditions, and disability accounted for
TABLE 1 Clinical characteristics of reports with ripretinib from the
FAERS database.

Characteristics Number of
cases, n

Proportion,
%

Gender

Male 1689 54.40

Female 1349 43.45

Unknown 67 2.16

Age

<18 1 0.03

18-65 530 17.07

>=65 787 25.35

Unknow 1787 57.55

(Continued)
TABLE 1 Continued

Characteristics Number of
cases, n

Proportion,
%

Reporter

Consumer 1855 59.74

Pharmacist 703 22.64

Physician 542 17.46

Unknown 5 0.16

Reported countries

United States 2879 92.72

France 53 1.71

Canada 46 1.48

China 23 0.74

Others 104 3.35

Report year

2020(Q2-Q4) 191 6.15

2021 686 22.09

2022 787 25.35

2023 900 28.99

2024(Q1-Q2) 541 17.42

Outcomes

Hospitalization 567 38.18

Other serious 528 35.56

Death 371 24.98

Life threatening 16 1.08

Disability 3 0.20

Indications

Gastrointestinal
stromal tumour

2233 71.92

Gastric cancer 23 0.75

malignant melanoma 9 0.29

systemic mastocytosis 7 0.23

Others 833 26.81
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nearly half of the total AERs. Additionally, our investigation

revealed that beyond the FDA-approved use for GIST (71.92%),

ripretinib has been utilized to treat other conditions, such as gastric

cancer (0.75%). Detailed information is available in Table 1.
3.2 Time-to-onset of ripretinib-associated
AEs

After excluding reports with missing or incorrect onset times,

809 reported AEs met the inclusion criteria, with a median onset

time of 62 days (interquartile range 8-220 days). The number of AEs

over different time periods is depicted in Figure 2. Nearly 40% of

AEs occurred within the first month of use. Although the number of

AEs decreased over time, 14.09% of events could still occur more

than a year after starting the medication.
3.3 Signal of SOCs

A total of 22 SOCs were identified in this study, with the

corresponding case numbers and ROR values presented in Figure 3.

The four most prevalent systems were general disorders and

administration site conditions (n = 2,312; ROR 1.19, PRR 1.15, IC

0.2, EBGM 1.15), skin and subcutaneous tissue disorders (n = 1,457;

ROR 2.66, PRR 2.44, IC 1.28, EBGM 2.43), gastrointestinal

disorders (n = 1,432; ROR 1.72, PRR 1.63, IC 0.7, EBGM 1.63),

and injury, poisoning, and procedural complications (n = 1,320;

ROR 0.92, PRR 0.93, IC -0.11, EBGM 0.93). Notably, skin and

subcutaneous tissue disorders satisfied all four criteria. Detailed

information is available in Supplementary Table S3.
Frontiers in Oncology 05
3.4 Signal of PTs

We identified 84 PTs that met all four screening criteria. The

following three methods were used to exclude certain PTs: 1)

Complications that may arise during the treatment of GIST; 2)

PTs related to dosing errors or packaging issues; 3) PTs that did not

specify the AE type. Detailed exclusion information were provided

in Supplementary Table S4. The remaining PTs were sorted by case

number, with the top 20 were shown in Figure 4. Among AEs

reported more than 100 times, alopecia (n = 386), constipation (n =

181), muscle spasms (n = 164), decreased appetite (n = 143), dry

skin (n = 138), hypertension (n = 131), PPES (n = 125), and myalgia

(n = 120), all noted on the ripretinib drug label. The label also cites

anemia, skin lesions (particularly certain malignancie), weight loss,

paresthesia, oral discomfort, and specific laboratory abnormalities

such as reduced blood phosphorus and calcium levels, which aligns

with our findings. Interestingly, several common AEs listed on the

drug label, including nausea, vomiting, fatigue, diarrhea, and heart

failure, did not meet our four algorithm standards. Additionally, we

observed AEs not documented on the label or in clinical trials, such

as hypersomnia (n = 18; ROR = 3.7, PRR = 3.69, IC = 1.88, EBGM =

3.69), upper-airway cough syndrome (n = 7; ROR = 4.23, PRR =

4.23, IC = 2.08, EBGM = 4.22), increased tendency to bruise (n = 6;

ROR = 4.25, PRR = 4.25, IC = 2.08, EBGM = 4.24), and

prostatomegaly (n = 5; ROR = 7.5, PRR = 7.5, IC = 2.9, EBGM

= 7.47).

To identify rare AEs, we ranked the EBGM signal strength, and

Table 2 presents the top 50 PTs. Results indicate that most of the

top ten PTs with the strongest EBGM signals are associated with

skin and subcutaneous tissue disorders. Notably, tongue

hemorrhage (n = 3; EBGM = 4.24) and gingival bleeding also
FIGURE 2

Time to onset of ripretinib-related adverse events (AEs).
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exhibited relatively high signal strength, suggesting an increased

risk of bleeding associated with ripretinib. Notably, liver abscess (n

= 3; EBGM = 5.45) was identified as the only infection-related PT

that met the algorithm’s criteria. These results warrant careful

attention from healthcare professionals.
Frontiers in Oncology 06
3.5 Sensitivity analysis

We selected AERs submitted by healthcare professionals for

signal detection, identifying 1,245 case reports that documented

4,274 AEs. Analysis of the baseline characteristics revealed no
frontiersin.or
FIGURE 3

(A) The number of repretinib induced ADEs at the SOC level. (B) Signal detection at the SOC level.
g

https://doi.org/10.3389/fonc.2025.1542315
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2025.1542315
significant differences in the distributions of gender, age, and the

proportion of serious events (Supplementary Table S5). When

evaluating the 22 SOCs, none met the criteria across all four

algorithms. However, skin and subcutaneous tissue disorders

yielded the highest values in all algorithms (Supplementary Table

S6). For the PTs, three types were excluded based on a previously

established methodology, leaving 42 PTs that met the criteria

(Supplementary Table S7). Most PTs related to skin and

subcutaneous tissue displayed high EBGM signal values, with 8

cases of cases of skin squamous cell carcinoma-related AEs still

reported (ROR 13.14, PRR 13.12, IC 3.71, EBGM 13.05). After

comparing with the PTs in Table 2, duplicate entries were marked

with an asterisk in Table 2, indicating that these PTs demonstrated

greater statistical robustness.
4 Discussion

This study utilized over four years of data from the FAERS

database to comprehensively analyze AEs associated with ripretinib.

The goal was to identify new significant risk signals through real-

world data, thereby providing more comprehensive and accurate

support for medical practice and public health decisions. Previously,

most reports on ripretinib’s adverse reactions were derived from

clinical trials, which often involved limited sample sizes that may

have overlooked some rare but critical adverse reactions. A prior

study using data from the European Spontaneous Adverse Event

Reporting System analyzed ripretinib’s adverse reactions but, with

only 176 cases, lacked the comprehensiveness needed for a

thorough description (22). In contrast, our study collected a total

of 10,911 ripretinib-related AEs involving 3,105 AERs, significantly

exceeding the sample sizes of other studies. Based on the extensive
Frontiers in Oncology 07
dataset, we identified new AEs not previously recorded in drug

labels or other studies, such as liver abscess and prostatomegaly.

Our baseline data indicated that the proportion of adverse

reactions to ripretinib was slightly higher in males than in

females, which may be related to the gender differences in the

incidence of GIST (23). Reports were predominantly from the

elderly group (aged over 65), consistent with epidemiological data

indicating that the average onset age for GIST is 63. This trend may

also be attributed to older adults being more susceptible to adverse

drug reactions (24). Most adverse events occurred in the United

States, likely due to ripretinib’s recent market entry and its limited

approval or use in other countries. Additionally, aside from the

currently approved indication for GIST, we noted some adverse

reactions during treatment for other conditions like gastric cancer

and mastocytosis. This off-label use may arise from challenges

related to KIT inhibitor resistance caused by mutations in the

drug target (25, 26), prompting some healthcare providers to

utilize ripretinib for advanced patients. The increasing annual

number of AERs reflects the gradual adoption of ripretinib, with

serious outcomes accounting for nearly half of total AERs. This

underscores the critical importance of monitoring ripretinib’s

adverse reactions. Our time-to-onset analysis revealed

irregularities in the timing of adverse reactions, highlighting the

challenges faced in effectively monitoring these AEs.

Our disproportionality analysis identified 22 SOCs, with skin

and subcutaneous tissue disorders being the most notable.

Common reactions such as alopecia, dry skin, hyperkeratosis, and

PPES align with the drug label. Alopecia was the most frequently

reported AE, consistent with phase III clinical trial results (4),

despite its rarity with other tyrosine kinase inhibitors (27). The

mechanism behind ripretinib-related alopecia remains unclear but

may involve the inhibition of kinases such as KIT, PDGFRA,
FIGURE 4

(A) Heatmap of the top 20 PTs ranked by numbers. (B) The number of PTs.
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TABLE 2 The top 50 AEs of ripretinib ranked by the EBGM at the PTs level.

SOC Preferred
term (PT)

Case
numbers

ROR (95%
two-side Cl)

PRR (95% two-
side Cl)

IC
(IC025)

EBGM
(EBGM05)

skin and subcutaneous tissue disorders Hyperkeratosis* 98 114.59
(93.32, 140.7)

113.57
(93.36, 138.16)

6.74
(6.44)

106.56
(89.74)

skin and subcutaneous tissue disorders ephelides 8 84.07
(41.33, 170.99)

84.01
(41.49, 170.13)

6.32
(5.36)

80.12
(44.23)

reproductive system and breast disorders nipple disorder 3 57.71
(18.26, 182.39)

57.7
(18.15, 183.4)

5.8
(4.36)

55.85
(21.32)

skin and subcutaneous tissue disorders skin hypertrophy* 15 32.02
(19.2, 53.38)

31.97
(19.21, 53.22)

4.97
(4.26)

31.41
(20.48)

skin and subcutaneous tissue disorders PPES* 125 29.64
(24.81, 35.41)

29.31
(24.57, 34.96)

4.85
(4.59)

28.84
(24.85)

neoplasms benign, malignant and
unspecified (incl cysts and polyps)

melanocytic naevus 25 28.65
(19.29, 42.55)

28.58
(19.31, 42.3)

4.81
(4.25)

28.13
(20.2)

investigations nutritional
condition abnormal*

3 23.24
(7.44, 72.63)

23.23
(7.45, 72.4)

4.52
(3.09)

22.94
(8.84)

neoplasms benign, malignant and
unspecified (incl cysts and polyps)

skin papilloma* 14 21.03
(12.41, 35.63)

21
(12.37, 35.65)

4.38
(3.64)

20.76
(13.35)

neoplasms benign, malignant and
unspecified (incl cysts and polyps)

acrochordon 5 20.43
(8.46, 49.36)

20.43
(8.46, 49.35)

4.34
(3.17)

20.2
(9.66)

skin and subcutaneous tissue disorders hair
texture abnormal*

40 20.48
(14.99, 27.99)

20.41
(14.92, 27.93)

4.34
(3.89)

20.18
(15.54)

gastrointestinal disorders tongue haemorrhage 3 18.41
(5.9, 57.44)

18.4
(5.9, 57.35)

4.19
(2.76)

18.22
(7.03)

gastrointestinal disorders gingival bleeding* 28 14.79
(10.19, 21.46)

14.75
(10.16, 21.41)

3.87
(3.34)

14.63
(10.72)

investigations blood
chloride decreased

3 13.17
(4.23, 41.02)

13.17
(4.23, 41.05)

3.71
(2.29)

13.07
(5.05)

metabolism and nutrition disorders weight gain poor* 5 12.63
(5.24, 30.44)

12.62
(5.22, 30.49)

3.65
(2.49)

12.54
(6)

skin and subcutaneous tissue disorders alopecia* 386 11.8
(10.66, 13.07)

11.42
(10.35, 12.6)

3.5
(3.36)

11.35
(10.42)

investigations blood
electrolytes decreased

3 11.34
(3.64, 35.29)

11.34
(3.64, 35.34)

3.49
(2.07)

11.27
(4.36)

neoplasms benign, malignant and
unspecified (incl cysts and polyps)

squamous cell
carcinoma of skin*

12 10.55
(5.98, 18.61)

10.54
(5.97, 18.61)

3.39
(2.6)

10.48
(6.52)

investigations blood iron decreased* 27 10.53
(7.21, 15.38)

10.51
(7.24, 15.25)

3.39
(2.85)

10.45
(7.61)

hepatobiliary disorders hepatic lesion* 8 10.2
(5.09, 20.43)

10.19
(5.13, 20.23)

3.34
(2.4)

10.13
(5.66)

investigations protein
total decreased

4 8.68
(3.25, 23.19)

8.68
(3.26, 23.13)

3.11
(1.84)

8.64
(3.8)

skin and subcutaneous tissue disorders hair growth abnormal 8 8.48
(4.23, 17)

8.48
(4.27, 16.84)

3.08
(2.13)

8.44
(4.72)

investigations serum
ferritin decreased

3 8.19
(2.63, 25.47)

8.19
(2.63, 25.53)

3.03
(1.61)

8.16
(3.16)

investigations blood
potassium abnormal

4 8.16
(3.06, 21.8)

8.16
(3.06, 21.74)

3.02
(1.75)

8.13
(3.57)

(Continued)
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TABLE 2 Continued

SOC Preferred
term (PT)

Case
numbers

ROR (95%
two-side Cl)

PRR (95% two-
side Cl)

IC
(IC025)

EBGM
(EBGM05)

investigations blood
phosphorus
decreased*

6 8.15
(3.65, 18.18)

8.14
(3.64, 18.18)

3.02
(1.95)

8.11
(4.14)

investigations blood
bilirubin increased*

28 8.1
(5.58, 11.74)

8.08
(5.57, 11.73)

3.01
(2.48)

8.04
(5.89)

reproductive system and breast disorders prostatomegaly* 5 7.5
(3.12, 18.07)

7.5
(3.1, 18.12)

2.9
(1.74)

7.47
(3.58)

investigations blood
albumin decreased*

7 7.32
(3.48, 15.39)

7.32
(3.48, 15.42)

2.87
(1.86)

7.29
(3.92)

investigations blood
creatinine decreased*

4 6.73
(2.52, 17.96)

6.73
(2.53, 17.93)

2.74
(1.48)

6.7
(2.95)

gastrointestinal disorders tongue ulceration 3 6.16
(1.98, 19.14)

6.16
(1.98, 19.2)

2.62
(1.2)

6.14
(2.38)

musculoskeletal and connective
tissue disorders

muscle spasms* 164 6.04
(5.17, 7.04)

5.96
(5.1, 6.97)

2.57
(2.35)

5.94
(5.22)

skin and subcutaneous tissue disorders hair colour changes* 12 5.7
(3.23, 10.05)

5.7
(3.23, 10.06)

2.51
(1.72)

5.68
(3.53)

skin and subcutaneous tissue disorders skin atrophy 6 5.68
(2.55, 12.67)

5.68
(2.54, 12.69)

2.5
(1.43)

5.66
(2.9)

skin and subcutaneous tissue disorders blister* 54 5.59
(4.28, 7.31)

5.57
(4.23, 7.33)

2.47
(2.09)

5.55
(4.44)

infections and infestations liver abscess 3 5.46
(1.76, 16.97)

5.46
(1.75, 17.02)

2.45
(1.03)

5.45
(2.11)

investigations vitamin
b12 decreased

3 5.45
(1.75, 16.92)

5.45
(1.75, 16.99)

2.44
(1.02)

5.43
(2.1)

skin and subcutaneous tissue disorders dry skin* 138 5.37
(4.54, 6.35)

5.31
(4.54, 6.21)

2.41
(2.16)

5.3
(4.61)

investigations red blood cell
count increased

3 5.29
(1.7, 16.45)

5.29
(1.7, 16.49)

2.4
(0.98)

5.28
(2.05)

skin and subcutaneous tissue disorders pain of skin* 26 5.11
(3.47, 7.51)

5.1
(3.45, 7.55)

2.35
(1.8)

5.09
(3.68)

gastrointestinal disorders tongue discomfort 5 4.98
(2.07, 11.99)

4.98
(2.06, 12.03)

2.31
(1.16)

4.97
(2.38)

musculoskeletal and connective
tissue disorders

myalgia* 120 4.95
(4.13, 5.93)

4.91
(4.12, 5.86)

2.29
(2.03)

4.9
(4.21)

gastrointestinal disorders constipation* 181 4.73
(4.08, 5.48)

4.67
(4.07, 5.36)

2.22
(2.01)

4.66
(4.12)

general disorders and administration
site conditions

tenderness 8 4.47
(2.23, 8.95)

4.47
(2.25, 8.88)

2.16
(1.21)

4.46
(2.5)

gastrointestinal disorders gingival pain 5 4.44
(1.85, 10.69)

4.44
(1.84, 10.73)

2.15
(0.99)

4.43
(2.13)

blood and lymphatic system disorders increased tendency
to bruise

6 4.25
(1.91, 9.48)

4.25
(1.9, 9.49)

2.08
(1.01)

4.24
(2.17)

respiratory, thoracic and
mediastinal disorders

upper-airway
cough syndrome

7 4.23
(2.02, 8.89)

4.23
(2.01, 8.91)

2.08
(1.08)

4.22
(2.27)

skin and subcutaneous tissue disorders sensitive skin* 9 4.02
(2.09, 7.74)

4.02
(2.11, 7.68)

2.01
(1.11)

4.01
(2.32)

(Continued)
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VEGFR2, and BRAF, all of which have been linked to hair loss.

Fortunately, most cases were graded as mild (grade 1, indicating <

50% hair loss) (28), and longitudinal analysis showed no

progression over time (4). Dry skin was also a common adverse

reaction, though its mechanism remains unknown. While

epidermal growth factor receptor (EGFR) inhibitors can cause

severe dryness (29), there is no evidence that ripretinib inhibits

EGFR. Early clinical trials reported seborrheic keratosis and actinic

keratosis with incidence rates exceeding 10%, but no severe

reactions (grade 3 or higher) were observed, allowing for the

continued use of the drug (9). PPES, a common adverse reaction

associated with chemotherapy or targeted therapies, includes

symptoms such as erythema, swelling, pain, and peeling on the

palms and soles (30). Previous trials reported a high incidence of

PPES, and similar to alopecia, most cases were mild and did not

worsen over time (4). While the exact mechanism is unclear, it has

been suggested that anti-angiogenic drugs may cause significant

inflammation following vascular injury, particularly in high-

pressure areas like the palms and soles (31). Other VEGFR

inhibitors, such as sunitinib and sorafenib, have also reported

multiple PPES reactions (32, 33).

In contrast to milder skin-related adverse reactions, primary

skin malignancies represent a significant concern for ripretinib. In

the INVICTUS trial, 4.7% of the 85 patients treated with ripretinib

developed squamous cell carcinoma, while 2.4% developed

melanoma (4). Our study recorded 12 cases of squamous cell

carcinoma, along with 25 cases of melanocytic nevi, 14

papillomas, and 5 fibromas, indicating that ripretinib can induce

various benign and malignant skin tumors (4). A review of patients

who developed squamous cell carcinoma during ripretinib

treatment showed an average age of 72, with lesions primarily in

sun-exposed areas, displaying non-aggressive histopathological

features similar to low-risk lesions induced by UV exposure (4).

Therefore, patients on ripretinib, particularly the elderly, should be

advised to avoid strong sunlight and undergo regular

dermatological examinations. The mechanism by which ripretinib

induces squamous cell carcinoma may relate to BRAF inhibition. A

review summarized potential mechanisms by which BRAF

inhibitors can induce squamous cell carcinoma, including

individual HRAS gene mutations and infections with human

papillomavirus (HPV) or human polyomavirus (HPyV) (34).
Frontiers in Oncology 10
The increased susceptibility to HPVs seems to explain the

reported cases of cutaneous papilloma in our results.

Interestingly, studies have indicated that metastatic melanoma

patients treated with BRAF inhibitors might develop new primary

melanomas and atypical nevi, possibly linked to MAPK pathway

activation (35). Although we did not report any cases of melanoma,

we observed 25 cases of melanocytic nevi with high EBGM signal

values. Previous research has demonstrated ripretinib’s potential for

approval in treating advanced melanoma, and our data also reveal

that a minority of melanoma patients have already undergone

treatment with this drug, highlighting the need for careful

monitoring of melanocytic lesions during the treatment period.

Additionally, we identified previously unreported skin adverse

reactions, such as freckles and skin thickening, with notably high

EBGM signal values.

Other frequently reported AEs include constipation, appetite

loss, hypertension, myalgia, muscle spasms, and decreased red blood

cell counts, all of which align with findings from the package insert

and clinical trials (4). Hypertension is a notable adverse reaction

that may necessitate dosage reduction or temporary suspension of

ripretinib, likely due to VEGFR2 inhibition (36, 37). In the

INVICTUS study, 14% of GIST patients on ripretinib experienced

grade 1-3 hypertension, with grade 3 hypertension constituting 7%,

significantly higher than in the placebo group (4). Grade 2

hypertension requires a dose reduction, while grade 3 necessitates

suspension of the drug. Therefore, managing blood pressure before

initiating treatment and monitoring it throughout is vital. Although

the incidence of anemia is relatively low in both clinical trials and

our findings, its severity often leads to permanent discontinuation of

treatment (4). However, the INVICTUS study indicated a higher

incidence of anemia in the control group compared to the ripretinib

group. Therefore, we attribute anemia more to systemic nutritional

depletion from poorly controlled advanced gastrointestinal tumors

rather than direct induction by ripretinib. Nonetheless, given its

severity , enhancing nutrit ional support through iron

supplementation or erythropoiesis-stimulating agents may be

necessary during treatment. Another adverse reaction that

requires attention is the risk of bleeding. We noted several

bleeding-related AEs from FAERS database, including tongue

bleeding, gum bleeding, tumor bleeding, and an increased

tendency to bruise. The INVICTUS trial also reported laboratory
TABLE 2 Continued

SOC Preferred
term (PT)

Case
numbers

ROR (95%
two-side Cl)

PRR (95% two-
side Cl)

IC
(IC025)

EBGM
(EBGM05)

skin and subcutaneous tissue disorders skin fissures 16 4.01
(2.46, 6.55)

4.01
(2.46, 6.55)

2
(1.31)

4
(2.65)

investigations blood
calcium decreased

7 3.78
(1.8, 7.94)

3.78
(1.79, 7.96)

1.92
(0.91)

3.77
(2.03)

musculoskeletal and connective
tissue disorders

muscle atrophy* 7 3.76
(1.79, 7.89)

3.76
(1.79, 7.92)

1.91
(0.91)

3.75
(2.02)

skin and subcutaneous tissue disorders skin disorder 25 3.74
(2.52, 5.54)

3.73
(2.52, 5.52)

1.9
(1.34)

3.73
(2.68)
* All four algorithms were still satisfied in the sensitivity analysis.
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coagulation abnormality such as increased activated partial

thromboplastin time and international normalized ratio. This

heightened bleeding risk may be linked to ripretinib’s VEGFR

inhibition (2). A retrospective study suggested that combining low

molecular weight heparin and other factor Xa inhibitors with

VEGFR TKIs might further elevate the risk of bleeding (38). In

contrast to the easily detectable and manageable oral bleeding,

gastrointestinal bleeding from large tumors is often more

insidious and life-threatening. This underscores the importance of

closely monitoring coagulation function and exercising caution with

other medications that may impact coagulation during

ripretinib treatment.

Additionally, our analysis identified some unreported adverse

reactions, such as liver abscess, upper-airway cough syndrome, and

prostate hyperplasia. Although only three cases of liver abscess were

reported, existing literature suggests that ripretinib may increase the

risk of infections. The results of the INVICTUS study indicate that,

compared to the control group, patients in the ripretinib group

experienced a decrease in neutrophil counts, with one patient

developing a perianal abscess (4). Currently, there is no clear

evidence linking ripretinib directly to upper-airway cough

syndrome or prostate hyperplasia, nor have other TKIs been

reported to cause these issues. However, in the sensitivity

analysis, prostatic hyperplasia still met the criteria of all four

algorithms, suggesting the potential existence of undiscovered

signaling pathways that may be sustaining this association.

Further investigation is needed to clarify these relationships as

ripretinib becomes more widely used.

Notably, many AEs reported were due to incorrect dosing,

confusion over product appearance, and unclear packaging. These

issues may stem from the relatively short time since ripretinib’s

market introduction and its limited use, which contribute to

unfamiliarity among healthcare professionals, and they should

be preventable.
5 Limitations

While this study represents the first large-scale real-world

investigation of adverse reactions to ripretinib, certain limitations

must be acknowledged. The patients in the FAERS database are

primarily from the United States, and the demographic data may

not fully represent the broader population using ripretinib,

potentially limiting the generalizability of the findings. Nearly

60% of the data originated from consumer spontaneous reports,

which may introduce bias and lead to incomplete information.

Severe adverse reactions might be underreported, as suggested by

the absence of cardiac-related AEs noted in the package insert.

Conversely, symptoms not caused by the drug may be overreported,

potentially skewing the frequency and association of AEs and

resulting in inaccurate conclusions. Additionally, due to the lack

of comprehensive patient-level data, we are unable to assess the

impact of confounding factors or conduct meaningful dose-

response evaluations. Finally, signals of all AEs represent only
Frontiers in Oncology 11
statistical correlations, and further case-control studies and

mechanistic research to establish causation are essential.
6 Conclusion

This study investigated the post-marketing safety characteristics

of ripretinib using the FAERS database. Reports of AEs related to

ripretinib were concentrated in 22 SOCs, and 84 positive signals

were detected. It was found that skin-related adverse reactions are

the most common and that ripretinib carries a risk of inducing skin

cancer. The common AEs detected in this study are generally

consistent with the manufacturer’s labeling and clinical trials.

Additionally, the median time to onset of these AEs was analyzed,

providing guidance for the safe clinical use of ripretinib.
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