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This study aims to monitor and identify adverse events (AEs) associated with cetuximab, a drug

used to treat various late-stage (metastatic) tumors, to improve patient safety and guide drug use.
This study retrospectively analyzed the cases reported in the FDA adverse event reporting system
(FAERS) related to the application of cetuximab from 2013 Q1 to 2022 Q4. Disproportionality
analyses, including the reporting odds ratio (ROR), the proportional reporting ratio (PRR), the
Bayesian confidence propagation neural network (BCPNN), and the empirical Bayesian geometric
mean (EBGM) algorithms, were employed to quantify the signals of cetuximab-associated AEs. A

total of 8364225 reports were contained in the FAERS database, of which 5186 reports of cetuximab
were identified as ‘primary suspected (PS)’ AEs. The application of cetuximab resulted in AEs in 22
system organ classes (SOCs), which preserved 176 significant disproportionality preferred terms (PTs)
through the computation of four algorithms. The main SOCs (Skin and subcutaneous tissue disorders,
investigations, metabolism and nutrition disorders, and blood and lymphatic system disorders)
accounted for 58.63%. Some AEs were not on the drug label: speech disorder, intervertebral discitis,
glomerulonephritis rapidly progressive and disseminated intravascular coagulation. This study
identified new signals of adverse drug reactions (ADRs) other than those mentioned in the specification
associated with cetuximab, providing valuable insights into the relationship between ADRs and
cetuximab use. The findings highlight the importance of continuous surveillance to detect and manage
AEs effectively, ultimately improving patient safety during treatment with cetuximab.

Keywo rds Cetuximab, Head and neck cancer, Adverse events (AEs), Adverse drug reactions (ADRs),
Preferred terms (PTs), System organ class (SOC)

Abbreviations

FAERS FDA adverse event reporting system

AEs Adverse events

ADRs Adverse drug events

PTs Preferred terms

SOC System organ class

ROR Reporting odds ratio

PRR Proportional reporting ratio

BCPNN Bayesian confidence propagation neural network
EBGM Empirical bayesian geometric mean

95% CI 95% Confidence interval
2

X Chi-squared
IC Information component
1C025 The lower limit of 95% CI of the IC
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E(IC) The IC expectations

V(IC) The variance of IC

EBGMO05 The lower limit of 95% CI of EBGM
ROR_95 95% Confidence interval of ROR algorithm
PRR_95 95% Confidence interval of PRR algorithm

Cetuximab is a monoclonal antibody to epidermal growth factor receptors, which can directly act on the
extracellular region or soluble ligand of EGFR, prevent the formation of receptor dimers, and inhibit EGFR
signaling!. cetuximab plays a significant role in the treatment of various tumors, including metastatic colorectal
cancer (mCRC), where it is particularly effective for patients with KRAS wild-type tumors and has become a key
partner in personalized targeted therapy?. It has also been approved by the FDA for the treatment of head and
neck squamous cell carcinoma (HNSCC) and as the first-line treatment for recurrent/metastatic HNSCC (R/M
HNSCC)?. Although its application in non-small cell lung cancer (NSCLC) has been explored, studies like the
SWOG $0819 have not shown additional benefits when combined with chemotherapy®. Research on the use of
cetuximab in pancreatic cancer is ongoing, investigating its potential as a standalone or combined treatment®.
The importance of cetuximab is underscored by its ability to target specific molecular subgroups within these
cancers, offering innovative treatment options and hope for patients facing resistance to conventional therapies.

The FAERS database was maintained by the U.S. Food and Drug Administration (FDA) to collect AEs and
medication misinformation® related to using FDA-regulated medical products. FAERS allows us to monitor
and analyze drug-related adverse drug reactions (ADRs)’. FDA uses the information contained in the FAERS
database to monitor the safety of medical products and identify potential safety signals that could prompt
further investigation or regulatory action. In addition, some studies have found that using database from FAERS
to study drugs can uncover new signals of ADRs. It is important to note that the information in FAERS does
not necessarily indicate a causal relationship between a medical product and an AE, as reporting systems rely
on voluntary submissions. However, it provides valuable information for the FDA when evaluating the safety
and benefits of medical products. In cancer patients receiving immunotherapy, antibiotic therapy is associated
with immune-related adverse events (irAEs), and in cancer patients receiving anti-PD1/PD-L1, antibiotic use
should be carefully assessed to avoid a potential increased risk of irAEs®. In patients with non-small cell lung
cancer treated with nivolumab, a higher proportion of interstitial pneumonitis (IP) treated with nivolumab in
combination with EGFR-TKI was reported compared with either drug alone®. Analysis of reports of pericardial
toxicity associated with the treatment of acute myeloid leukemia showed that while cytarabine has been routinely
used and/or preferred for induction chemotherapy for acute myeloid leukemia, alternatives to cladribine may
have a higher safety profile in terms of pericardial toxicity'. It can be seen that through extensive data analysis
of FAERS, analysts can always get some tips for safe medication.

To date, several particle-based analysis algorithms, such as reported odds ratio (ROR)!!, proportional
reporting ratio (PRR)!2, Bayesian confidence propagation neural network (BCPNN)'?, and empirical Bayesian
geometric mean (EBGM)!', have been used to assess the risk of AEs and detect the signal intensity of AEs
associated with cetuximab using FAERS data sources. Cetuximab has been used for R/M HNSCC and mCRC for
more than a decade's, and to further improve patient safety and guide drug use, we must pay close attention to
the AEs that may occur after cetuximab treatment and data analysis help us further understand its wide clinical
application and controllable toxicity. This study used the ROR and PRR algorithms to calculate the association
between cetuximab and AEs. We then used the BCPNN algorithm to construct a joint probabilistic model
between cetuximab and AE identified by ROR and PRR. Finally, we use the EBGM algorithm to convert the risk
association into a corresponding risk index and screen the significant high-risk combinations of cetuximab and
AE identified by the above three algorithms. This study combined these four algorithms to detect and identify
new AE signals not listed in the cetuximab label.

Materials and methods

Data source and preprocess

The FAERS is a database (https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-sy
stem-faers/fda-adverse-event-reporting-system-faers-public-dashboard) developed and maintained by FDA,
collect information on a variety of adverse events and side effects associated with the use of medical products,
including prescription and over-the-counter drugs, biologics, medical devices, and dietary supplements.

This study analyzed AE data using the relevant FAERS database by generic cetuximab name “cetuximab”
and trade name “ERBITUX” The data acquisition and preprocessing process use SAS and Navcat for MySQL
software. It is then cleaned, standardized, and mapped to RxNorm and MedDRA v23.0 concepts to eliminate
duplicate case records and identify ADRs, which are statistically identified'®. The study collected AEs associated
with cetuximab use over ten years and calculated and counted significant ADRs. Then it mapped these ADR
terms to PTs and SOCs representing different MedDRA levels!’. The study identified cetuximab as the primary
suspect drug type for detecting ADR in FAERS and categorized serious clinical outcomes as death, disability,
hospitalization, or life-threatening events. Other indicators analyzed included gender, age, and reporter’s country.

Statistical analysis

To identify cetuximab-AEs pairs that are reported more frequently than expected, we use multiple algorithms
to measure disproportionately reported. All AEs are calculated by four algorithms: ROR, PRR, BCPNN, and
EBGM!, and significant ADRs (must meet the criteria of all four algorithms) is detected. Before calculating
the values of these four algorithms., values a, b, ¢, and d need to be obtained (where ‘@’ represents the number
of reports of target adverse events caused by cetuximab, ‘b’ represents the number of reports of non-target
adverse events caused by cetuximab, C represents the number of reports of target adverse events caused by
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non-cetuximab, ‘d’ represents the number of reports of non-target adverse events caused by non-cetuximab.
N=a+b+c+d, Table 1). The specific formulas of the four algorithms are as follows:

(1) ROR algorithm

ROR = (ad) / (bc)
95% C'T — ¢™(ROR)E 1.96y/ I+ 1414 T
The criteria of positive safety signal detection: the lower limit of 95% CI>1, N>3;

(2) PRRalgorithm

PRR = [a(c+d)]/[c(a+b)]

2 (a+b+c+d) (ad — be)®

(a+b)(c+d)(a+c)(b+d)

The criteria of positive safety signal detection: PRR>2, XZ >4, N>3;

(3) BPCNN algorithm

_ ala+b+c+d)
IC = log, (a+b)(a+c)

95% CI = E(IC) + 2 x /V (IC)

The criteria of positive safety signal detection: IC025 >0 (IC025: the lower bound of 95% CI);
(4) EBGM algorithm
EBGM = (aN) /[(a+b) (a + ¢)]
95% O — M(EGBM)E 1.96¢/1 414141

The criteria of positive safety signal detection: EBGMO05 >2 (EBGMO5: the lower bound of 95% CI).

Results

Characteristics in real world population

In this study, 8,364,225 cases reported were collected from the FAERS database during the study period (from
2013 QI to 2022 Q4). There were 5186 case reports analyzed after duplicates were excluded, and identification
was conducted using four algorithms. Among these cases, 176 adverse events (AEs) were found to be adverse
drug reactions (ADRs) related to cetuximab as the primary suspect drug. The specific clinical characteristics of
events with cetuximab are described in Table 2.

Regarding the case reports documenting all adverse events (AEs), Males accounted for more than half of
the total points (57.81%). Among the cases where the patient’s age was recorded, individuals aged 60 to 69 were
more likely to experience AEs than other age groups, accounting for 19.59% (case=1016) of cases. The top five
countries with the highest reported number of cetuximab uses were the United States (2630, 50.71%), Germany
(1789, 34.50%), Japan (321, 6.19%), China (78, 1.50%), and France (53, 1.02%). Among the recorded AEs, the
most commonly reported severe outcome was hospitalization (1158, 22.33%), followed by death (653, 12.59%),
life-threatening events (285, 5.5%), and disability (48, 0.93%).

Signal detects at system organ class level
The top five ADRs that occurred and ranked by case numbers at the SOC level in Table 3 were shown in the
Fig. 1.

Further analysis of the strength of safety signals reveals that Skin and subcutaneous tissue disorders and
Investigations rank first and second, respectively, in meeting the four calculation methods. All these Terms
are marked on the label of cetuximab. In addition, not all SOC terms are mentioned on the drug label, such

Target AEs | Non-target AEs

Cetuximab a b

Non-cetuximab | ¢ d

Table 1. 2*2 matrix. Cetuximab/Erbitux is target drug in this study; N=a+b+c+d; AEs, Adverse events.
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Cetuximab

Counts | Percentages
Number of events | 5186

Gender

Male 2998 57.81
Female 1298 25.03
Unknown 890 17.16
Age

<20 5 0.10
20-29 17 0.33
30-39 86 1.66
40-49 246 4.74
50-59 657 12.67
60-69 1016 19.59
70-79 714 13.77
>80 239 4.61
Unknown 2206 42.54

Reported countries (the top ranked)
US(United States) | 2630 50.71
DE(Germany) 1789 34.50

JP(Japan) 321 6.19
CN(China) 78 1.50
FR(France) 53 1.02

Serious outcomes

Hospitalization 1158 2233

Death 653 12.59
Life-threatening | 285 5.5
Disability 48 0.93

Table 2. The features of reports associated with cetuximab from the 2013 Q1 to 2022 Q4.

as Gastrointestinal disorders, Infections and infestations, Nervous system disorders, and Vascular disorders
complications, which are not marked on the label of cetuximab.

Signal detections ranked by the EBGM at prefer terms level
In this study, four algorithms were used to analyze ADRs and assess their compliance with various screening
criteria. The results of the most rigorous algorithm EBGM can be found in Table 4 and Supplementary Table SI.

At the PTs level, there were 176 ADR terms associated with 22 SOCs. The top five strongest signal ADRs,
ranked by the EBGM algorithm at the PTs level, are shown in the Fig. 2.

These ADRs were associated with Renal and urinary disorders (case numbers:3, ROR (95% CI)=10.73
(3.45-33.4), PRR (95% CI)=10.72 (3.45-33.36), x*=26.27, IC (1C025) =3.41 (0.49), EBGM (EBGMO05) = 10.66
(3.42)) and identified as potential new ADRs not included in the cetuximab label. Moreover, several newly
detected ADRs were found to be associated with other SOCs, such as speech disorder (Case number: 80, ROR
(95% CI)=7.67 (6.15-9.57), PRR (95% CI)=7.57 (6.09-9.41), IC (IC025)=2.91 (2.19), EBGM: 2.91 (2.19)
), disseminated intravascular coagulation (Case number: 13, ROR (95% CI)=5.97 (3.46-10.3), PRR (95%
CI)=5.96 (3.46-10.27), IC (IC025)=2.57 (0.9), EBGM: 5.94 (3.44)), intervertebral discitis (Case number: 4,
ROR (95% CI)=13.85 (5.17-37.06), PRR (95% CI)=13.84 (5.17-37.01), IC (1C025)=3.78 (1.11), EBGM: 13.73
(5.13) ), among others. Please refer to the supplementary Table S1 for the EBGM rankings of other PTs.

Discussion

Head and neck cancer is the sixth tumor threatening human health globally, and its large number of multi-
dimensional information is published in the TCGA and GEO databases; based on these data, it is very promising
to find more effective therapeutic targets'®. At present, the successfully transformed and marketed drugs are
supervised by the FAERS system to ensure safe medication use. Since the EXTREME study?® and CHANGE-2
study?! have established the efficacy of cetuximab in SCCHN patients in the Occident and China. Cetuximab
has been approved as a first-line targeted drug for the treatment of R/M SCCHN, and the frequency of use will
inevitably be increased in the future, so research of AEs is much more significant.

We use four measures of dis-proportionality??, based on the classic four-grid table (Table 1), to explore the
ADRs by combining the calculation methods of ROR, PRR, BCPNN, and EBGM with higher sensitivity and
specificity (Tables 3 and 4). Most of the AEs obtained by the study analysis are mentioned in the medicine
instructions, and the rash is the most significant AE of cetuximab. However, the rash rarely goes beyond grade
3, and symptom is improved to apply dermatitis pine, hydrocortisone ointment, or erythromycin ointment to
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Case IC EBGM

SOC Code | SOC reports | ROR (95% CI) PRR (95% CI) X (IC025) (EBGMO5) |a b c d

10,040,785 | Skin and subcutaneous 1495 | 10.52(9.91-11.17) | 7.78 (7.45-8.12) 912432 | 2.95(2.76) | 7.74(7.29) | 1495 | 3691 | 309,901 | 8,049,138
tissue disorders

10,022,891 | Investigations 576 6.16 (5.65-6.72) 559 (5.17-6.03) 2204.62 | 2.48 (2.19) | 5.57 (5.11) | 576 | 4610 | 166,233 | 8,192,806

10,027,433 g?:é?gg‘:ma“d““m“on 515 473 (432-5.18) 436 (4.01-4.73) 1360.01 | 2.12(1.82) | 4.35(3.97) |515 |4671 | 190,477 | 8,168,562

10,005,329 gilf;’riii:fsdlympha‘“y“em 455 4.71 (4.28-5.19) 4.39 (4.02-4.79) 1210.80 | 2.13 (1.81) | 4.38 (3.98) | 455 |4731 | 167,177 | 8,191,862

10,021,428 | Immune system disorders | 428 7.49 (6.78-8.26) 6.95 (6.35-7.61) 2196.98 | 2.79 (2.46) | 6.92 (6.27) | 428 | 4758 | 99,263 | 8,259,776

10,017,947 | Gastrointestinal disorders | 425 6.67 (6.04-7.37) 6.21 (5.67-6.8) 1873.98 | 2.63 (2.3) | 6.19(5.6) | 425 |4761 | 110,372 | 8,248,667
General disorders and

10,018,065 | administration site 344 5.54 (4.97-6.18) 5.24 (4.73-5.8) 1191.67 | 2.39 (2.02) | 5.23 (4.68) | 344 | 4842 | 105,806 | 8,253,233
conditions
Neoplasms benign,

10,029,104 | malignant and unspecified | 281 11.97 (10.61-13.51) | 11.38 (10.15-12.75) | 2653.87 | 3.5(3.1) | 11.3(10.02) | 281 | 4905 | 39,809 | 8,319,230
(incl cysts and polyps)

10,047,065 | Vascular disorders 271 5.82 (5.15-6.57) 5.56 (4.95-6.25) 1020.66 | 2.47 (2.06) | 5.55 (4.91) | 271 | 4915 | 78,507 | 8,280,532

10,038,738 | Respiratory, thoracic and 254 9.81 (8.65-11.14) 9.38 (8.32-10.58) 1900.84 | 3.22 (2.8) |9.33(8.22) |254 |4932 |43,642 | 8315397
mediastinal disorders

10,029,205 | Nervous system disorders | 137 4.58 (3.86-5.43) 4.49 (3.8-5.29) 37231 | 2.16 (1.6) |4.48(3.78) |137 |5049 | 49223 |8,309,816

10,021,881 | Infections and infestations | 115 16.77 (13.93-20.19) | 16.42 (13.69-19.69) | 1650.57 | 4.02 (3.41) (11652561) 115 | 5071 | 11,290 | 8,347,749

10,022,117 | 1njury, poisoning and 78 116.87 (92.74-147.3) | 115.13 (91.65-144.63) | 8237.79 | 6.75 (5.99) | 107-32 78 | 5108 | 1092 | 8,357,947
procedural complications (85.32)

10,028,395 | Musculoskeletal and 65 3.16 (2.48-4.04) 3.14 (2.46-3.99) 9480 | 1.65(0.85) | 3.13 (2.45) |65 |5121 |33,402 | 8325637
connective tissue disorders

10,007,541 | Cardiac disorders 37 3.88 (2.8-5.36) 3.86 (2.8-5.32) 7820 | 1.94(0.9) |3.85(2.78) |37 |5149 | 15469 | 8,343,570

10,042,613 | Surgical and medical 27 3539 (24.15-51.87) | 3521 (24.07-515) | 87839 | 5.11(3.89) | sonid 27 | 5159 [ 1236 | 8,357,803
procedures (23.53)

10,015,919 | Eye disorders 24 6.26 (4.19-9.35) 6.23 (4.18-9.3) 105.08 | 2.63(1.36) | 621 (4.16) |24 |5162 | 6208 | 8,352,831

10,019,805 | Hepatobiliary disorders 11 10.27 (5.67-18.59) 10.25 (5.67-18.53) | 9125 | 3.35(1.55) | 10.19 (5.63) | 11 | 5175 | 1730 | 8,357,309

10,041,244 | Social circumstances 7 5.68 (2.7-11.93) 5.67 (2.7-11.9) 2684 | 25(0.34) |5.65(2.69) |7 5179 | 1990 | 8,357,049

10,036,585 | Lregnancy, puerperiumand | g 5.86 (2.43-14.1) 5.85 (2.43-14.08) 2005 | 2.54(0.09) | 5.84(242) |5 5181 | 1377 | 8,357,662
perinatal conditions

10,010,331 | Congenital, familialand 5 186.09 (56.31-615.02) | 185.98 (56.31-614.28) | 494.87 | 7.38 (4.21) | L9685 3 |s5183 |26 8,359,013
genetic disorders (50.48)

10,038,359 | Renal and urinary disorders | 3 10.73 (3.45-33.4) 10.72 (3.45-33.36) | 26.27 | 3.41(0.49) | 10.66 (3.42) | 3 5183 | 451 8,358,588

Table 3. Signal strength of AEs of cetuximab at the system organ class (SOC) level in FDA adverse event
reporting system (FAERS) source.

the affected area. Our analysis found that the most affected SOC was skin and subcutaneous tissue disorders,
with 1495 reports, of which 570 were reported by rash, 152 by acneiform dermatitis, 143 by dry skin, and 58 by
skin toxicity. In addition to the surface of tumor cells, EGFR is also expressed in the basal layer of the epidermis
and the outer layer of hair follicles, and inhibition of EGFR will cause different degrees of skin toxicity?. It has
been reported that the severity of rash is positively correlated with its treatment effect?, and patients must quit
smoking before receiving treatment and pay attention to avoid ultraviolet irradiation.

The analysis found that Injury, poisoning, and procedural complications ranked highly, among which
radiation mucositis and radiation skin injury were the top 2 signal strength of AEs of cetuximab at preferred
terms PTs ranked by EBGM. Radiotherapy is essential in causing the above AEs, and radiotherapy can also
cause pharyngeal inflammation, mucosal infection, osteoradionecrosis and other AEs?. The AEs of blood and
lymphatic system disorders are mainly bone marrow suppression, mainly reflected in investigations, including
leukopenia (case=29), neutropenia (case=144), thrombocytopenia (case=66), decreased hemoglobin
(case=11), anemia (case=96), etc. If leukocytes and neutrophils decline, chemotherapy should be withheld,
and patients should be treated with elevated leukocyte therapy, such as recombinant human granulocyte colony-
stimulating factor®®. But when blood alkaline phosphatase increased (case=20), blood lactate dehydrogenase
increased (case=13), and aspartate aminotransferase increased (case=32), it often means impaired liver
function. Increased blood urea (case=12), accompanied by increased serum creatinine, often predicted
renal failure. However, patients with compensable impairment of liver and kidney function have no clinically
significant effect on the pharmacokinetics of cetuximab, and the drug can continue to be used when the disease
is controllable. In Gastrointestinal disorders, in addition to nausea, vomiting, and diarrhea, adverse reactions
include dysphagia (case=130), stomatitis (case =100), and dry mouth (case =130). The most common immune
system disorders are infusion-related reactions (case=207); more than 90% of hypersensitivity occurs at the
first infusion of the drug, only a little occur during the infusion, and male smoking patients are a high-risk
factor?’. Because EGFR is also expressed in alveolar parietal cell type2, we have seen a large number of reports
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Cases: 1,495

Signal Strength

= ROR (95% ClI): 10.52 (9.91-11.17)
= PRR (95% ClI): 7.78 (7.45-8.12)

= Chi-square: 9124.32

= IC (IC025): 2.95 (2.76)

= EBGM (EBGMO0S5): 7.74 (7.29)

1. Skin and Subcutaneous Tissue Disorders:

2. Investigations:

Cases: 576

Signal Strength

= ROR (95% CI): 6.16 (5.65-6.72)
= PRR (95% CI): 5.59 (5.17-6.03)
= Chi-square: 2204.62

= |C (IC025): 2.48 (2.19)

= EBGM (EBGMO0S5): 5.57 (5.11)

3. Metabolism and Nutrition Disorders

Cases: 515

Signal Strength

» ROR (95% CIl): 4.73 (4.32-5.18)
* PRR (95% CI): 4.36 (4.01-4.73)
= Chi-square: 1360.01

= IC (1IC025): 2.12 (1.82)

= EBGM (EBGMOS5): 4.35 (3.97)

Cases: 455

Signal Strength:

= ROR (95% CI): 4.71 (4.28-5.19)
= PRR (95% CI): 4.39 (4.02-4.79)
= Chi-square: 1210.80

= |C (IC025): 2.13 (1.81)

= EBGM (EBGMO05): 4.38 (3.98)

4. Blood and Lymphatic System Disorders:

5. Immune System Disorders:

Cases: 428

Signal Strength:

= ROR (95% Cl): 7.49 (6.78-8.26)
= PRR (95% CIl): 6.95 (6.35-7.61)
= Chi-square: 2196.98

= |C (IC025): 2.79 (2.46)

= EBGM (EBGMO5): 6.92 (6.27)

Fig. 1. The top five ADRs that occurred and ranked by case numbers at the SOC level.

of pneumonia and pulmonary toxicity in Respiratory, thoracic and mediastinal disorders; pulmonary toxicity is
mainly manifested as pneumonia and interstitial lung disease, often causing severe tachypnoea or even asphyxia.
In this case, it is necessary to immediately stop the drug and inject steroids until the condition of patient is
stable?®. During treating of cetuximab in combination with FOLFIRI, pulmonary embolism was reported in
4.4% of patients, compared with only 3.4% of patients treated with FOLFIRI alone. Metabolism and nutrition
disorders remind us that for patients with loss of appetite and malnutrition, it is important to pay attention
to the imbalance of potassium, sodium, magnesium, and calcium in water and electrolytes. Among them,
hypomagnesemia (case =79) was the most reported because EGFR was also more expressed in the distal tubules
and collecting ducts of the kidney, and a small amount acted on the proximal tubules, glomerular capillaries,
mesangium, bottom epithelial cells, peritubular capillaries, and arterioles. Inhibition of EGFR by cetuximab
results in reduced reabsorption of magnesium ions in the thick segment of the ascending branch of the renal
loop of the renal medullary cord®.

Further, we found many ADRs that were not on the label, such as speech disorder (case=80), disseminated
intravascular coagulation (case=13), intervertebral discitis (case=4), glomerulonephritis rapidly progressive
(case=3), etc. It is worth paying more attention to clinical use in the future. Speech disorders may also be
caused by the pharmacological effects of psychotropic drugs (such as antiepileptic drugs, central nervous system
stimulants, and antidepressants) or toxic reactions due to drug accumulation in the body™. Intervertebral discitis
may also be triggered in drug adverse reaction events by the following factors: the direct toxic effects of long-
term use of drugs (such as nonsteroidal anti-inflammatory drugs and glucocorticoids), and the effect of biologics
for autoimmune diseases (such as anti-TNF-a drugs) in altering the body’s immune status®!.Rapidly Progressive
Glomerulonephritis (RPGN) may also be caused by the following factors: certain drugs (such as hydralazine,
propylthiouracil, allopurinol, sulfadiazine, minocycline, penicillamine, rifampicin, aminoguanidine, and
sofosbuvir) can induce ANCA-associated vasculitis. Immune checkpoint inhibitors used for cancer treatment
(such as PD-1, PD-L1, and CTLA-4 inhibitors) may trigger glomerulonephritis. Antibiotics and nonsteroidal
anti-inflammatory drugs (NSAIDs) can alter the function of the immune system, leading to the formation and
deposition of immune complexes, thus causing nephritis. Antibiotics and antiviral drugs may directly damage
the glomerular filtration membrane, resulting in glomerulonephritis. Patients with autoimmune diseases (such
as systemic lupus erythematosus) or chronic kidney disease may be more susceptible to glomerulonephritis
when using certain drugs®2. Disseminated Intravascular Coagulation (DIC) may also be triggered by the
following factors: Antipyretic analgesics (such as aspirin, ibuprofen, etc.) may activate the coagulation system
by damaging vascular endothelial cells. Certain antibiotics (such as penicillin and cephalosporin) may trigger
allergic reactions or directly damage vascular endothelial cells. Immune checkpoint inhibitors (PD-1 and PD-
L1 inhibitors) may activate the immune system. Certain enzyme preparations (fibrinolytic inhibitors) and the
inhibition of the fibrinolytic system (e.g., tranexamic acid, aminocaproic acid) may impact the fibrinolytic
system. Long-term, high-dose use of glucocorticoids may suppress the function of the mononuclear phagocyte
system, leading to a decreased ability to clear procoagulant substances, thereby inducing DIC*. This has great
reference value when the above AEs occur in clinical practice.

In Nervous system disorders, besides pharyngeal paraesthesia (case=3) and neuropathy peripheral
(case=54), speech disorder (case =80) that was not on the label was detected. Speech and swallowing are directly
related to the quality of life**, so speech disorder after taking the medication in advanced patients needs to be
paid great attention to. Vascular disorders are most commonly involved in the anaphylactic reaction (case=_87),
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Case IC EBGM
AEs SOC reports | ROR (95% CI) PRR (95% CI) (IC025) | (EBGMO5) |a b c d
s Injury, poisoning
Radiation and procedural 8 717.48 (311.83-1650.83) | 71638 (311.63-1646.82) | &> | 49626 8 |s178 |18 8,359,021
mucositis AR (6.51) (215.68)
complications
s . Injury, poisoning
Radiation skin and procedural 59 34231 (258.19-453.84) | 338.43 (255.94-4475) |13 | 27988 59 |5127 |281  |8,358,758
Injury complications (7.21) (111
Respiratory, thoracic
Pharyngeal and mediastinal 35 203.57 (143.09-289.61) | 202.2 (142.43-287.06) | .- 179.78 35 | 5151 [279  |8,358,760
inflammation disorders (6.35) (126.37)
s Skin and
Dermatitis subcutaneous tissue | 152 161.04 (136.03-190.65) | 156.35 (132.67-184.26) | '8 142.61 152 | 5034 | 1567 | 8,357,472
acneiform disorders (6.6) (120.46)
. . Infections and 7.85 230.41
Mucosal infection infestations 10 269.16 (137.73-526.01) | 268.64 (137.62-524.42) (5.81) 117.9) 10 | 5176 | 60 8,358,979
Respiratory, thoracic $.66 40321
Pneumonia serratia | and mediastinal 3 537.59 (145.5-1986.35) | 537.28 (145.49-1984.07) | /- . 3 5183 |9 8,359,030
disorders (5.15) (109.13)
Musculoskeletal and 758 191.35
Osteoradionecrosis | connective tissue 7 217.27 (98.65-478.53) 216.98 (98.61-477.44) . " 7 5179 | 52 8,358,987
disorders (5.25) (86.88)
. Infections and 6.21 74.11
Paronychia infestations 59 78.51 (60.38-102.1) 77.63 (59.87-100.67) (5.35) (56.99) 59 | 5127 | 1225 8,357,814
Neoplasms benign,
Oncologic malignant and 6.38 83.29
complication unspecified (indl cysts 22 88.14 (57.34-135.5) 87.77 (57.2-134.69) (5.02) (54.18) 22 | 5164 | 404 8,358,635
and polyps)
k-ras gene Congenital, familial 7.38 166.85
mutation and genetic disorders 3 186.09 (56.31-615.01) 185.98 (56.31-614.28) (421) (50.48) 3 5183 | 26 8,359,013
Surgical and medical 7.38 166.85
Laryngectomy procedures 3 186.09 (56.31-615.01) 185.98 (56.31-614.28) (421) (50.48) 3 5183 | 26 8,359,013
Surgical and medical 6.69 102.95
Hepatectomy procedures 6 110.03 (48.1-251.68) 109.9 (48.09-251.16) (4.29) (45.01) 6 5180 | 88 8,358,951
Skin and 574 53.52
Skin toxicity subcutaneous tissue 58 55.93 (42.99-72.77) 55.32 (42.64-71.77) y : 58 | 5128 | 1690 8,357,349
disorders (4.88) (41.13)
Respiratory, thoracic 6.19
Laryngeal disorder | and mediastinal 8 76.42 (37.58-155.38) 76.3 (37.56-154.98) (4 08) 72.9 (35.85) | 8 5178 | 169 8,358,870
disorders ’
Cutaneous Skin and 5.87
subcutaneous tissue 9 60.55(31.11-117.86) 60.44 (31.09-117.52) . 58.3(29.95) | 9 5177 | 240 8,358,799
symptom disorders (3.87)
Infusion related Immune system 5.02 32.49
reaction disorders 207 34.48 (29.96-39.67) 33.14 (28.96-37.93) (4.55) (28.24) 207 | 4979 | 10,068 | 8,348,971
Respiratory, thoracic
Tracheostomy and mediastinal 3 93.04 (29.05-298.03) 92.99 (29.05-297.67) 646 87.97 3 |5183 |52 8,358,987
malfunction di (3.41) (27.47)
isorders
Granulocyte count o 5.52 45.82
decreased Investigations 10 47.22 (25.16-88.61) 47.13 (25.15-88.33) (3.61) (24.42) 10 | 5176 | 342 8,358,697
. | Metabolism and 49 29.88
Hypomagnesaemia nutrition disorders 79 30.88 (24.68-38.65) 30.43 (24.4-37.95) (4.16) (23.88) 79 | 5107 | 4185 8,354,854
Surgical and medical 6.15 71.16
Proctectomy procedures 3 74.44 (23.39-236.91) 74.39 (23.39-236.62) (.13) (22.36) 3 5183 | 65 8,358,974
Surgical and medical 5.56 47.24
Lymphadenectomy procedures 7 48.7 (22.95-103.34) 48.63 (22.94-103.1) (3.36) (22.26) 7 5179 | 232 8,358,807
General disorders and
Mucosal administration site | 121 | 27.58 (23-33.08) 26.96 (22.57-32.2) 473 2653 121 | 5065 | 7234 | 8,351,805
inflammation L (4.13) (22.12)
conditions
Thrombophlebitis . 5.58 47.91
migrans Vascular disorders 6 49.4 (21.91-111.35) 49.34 (21.91-111.12) (.24) (21.25) 6 5180 | 196 8,358,843
Postoperative Infections and 5.77 54.67
abscess infestations 4 56.6 (20.88-153.46) 56.56 (20.88-153.22) (3.05) (20.17) 4 5182 | 114 8,358,925
Injury, poisoning
f:s;ls’rmd“ral and procedural 5 49.49 (20.32-120.55) 49.44 (20.31-120.34) (53'538) 48(19.71) |5 |5181 163 | 8,358,876
P complications )
Pneumatosis Gastrointestinal 4.87 29.32
intestinalis disorders 19 29.95 (19.01-47.2) 29.85 (18.98-46.95) (3.44) (18.61) 19 | 5167 | 1026 8,358,013
Pyoderma Infections and 4 46.09 (17.05-124.56) 46.05 (17.05-124.38) 549 448(16.58) |4 | 5182 | 140  |8,358,899
¥ infestations . : . . . - (2.77) . - e
Infusion related Immune system 5.6 48.39
hypeysensxtmty disorders 3 49.88 (15.8-157.42) 49.85 (15.81-157.23) 2.61) (15.33) 3 5183 | 97 8,358,942
reaction
Continued
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Case IC EBGM
AEs SOC reports | ROR (95% CI) PRR (95% CI) (IC025) | (EBGMO5) |a b c d
Nail bed bleeding | Vascular disorders 4 41.36 (15.32-111.63) 41.33 (15.32-111.46) 523633) ?&3924) 4 |5182 | 156 8,358,883
Neoplasms benign,
Squamous cell .
carcinoma of head | Malignant and 3 4743 (15.04-149.57) | 47.41 (15.04-149.39) | 223 = | 46.08 3 |s5183 | 102 |8,358937
unspecified (incl cysts (2.54) (14.61)
and neck
and polyps)
Skin and 438 20.84
Nail disorder subcutaneous tissue | 30 21.21 (14.78-30.44) 21.1 (14.73-30.21) (G22) | (1452) 30 |5156 | 2292 | 8,356,747
disorders . )
) Skin and . 5.02 3247
Onychalgia subcutaneous tissue 6 33.16 (14.77-74.45) 33.12 (14.76-74.29) @2.7) (14.46) 6 5180 | 292 8,358,747
disorders . .
Skin and 4.14 17.67
Skin fissures subcutaneous tissue 45 18 (13.4-24.18) 17.85 (13.32-23.92) (é 18) (1_;) 15) 45 | 5141 | 4063 8,354,976
disorders . .
Skin and 4.01 16.14
Skin reaction subcutaneous tissue 48 16.43 (12.35-21.87) 16.29 (12.28-21.62) (é 08) (lé 13) 48 | 5138 | 4749 8,354,290
disorders X .
Neoplasms benign,
Neoplasm malignant and 4.35 20.36
rectrence unspecified (incl cysts 14 20.66 (12.19-35.03) 20.61 (12.17-34.89) 272) | (2.0 14 | 5172 [ 1095 | 8,357,944
and polyps)
Immune system 4.2
Laryngeal oedema | 4. "0 20 18.63 (11.98-28.97) 18.56 (11.95-28.82) (g1 | 1836 (11.8) |20 |5166 | 1737 | 8,357,302
gi‘;‘r’edafelagnesmm Investigations 2 15.86 (10.41-24.16) 15.8 (10.39-24.02) (32967 " (1566258) 22 | 5164 | 2245 | 8,356,794
3:;’3&?;‘:31 Eye disorders 5 25.21 (10.42-61.01) 25.18 (10.42-60.9) ?26135) %fles) 5 |5181 (320 |8358719
Skin and 3.96 15.56
Rash pustular subcutaneous tissue | 20 15.76 (10.14-24.5) 15.7 (10.12-24.37) 257) | (1001) 20 |5166 |2053 | 8,356,986
disorders : .
gf;:’sigﬂ count | 1 vestigations 92 1236 (10.05-15.2) 12.16 (9.92-14.9) (3;991) 12.07 (9.82) | 92 | 5094 | 12,198 | 8,346,841
Table 4. The top 40 signal strength of AEs of cetuximab at preferred terms (PTs) level ranked by EBGM in
FDA adverse event reporting System (FAERS) source.
1. Radiation Mucositis 2.Radiation Skin Injury 3. Pharyngeal Inflammation
Cases: 8 Cases: 59 Cases: 35
ROR (95% Cl): 717.48 (311.83-1650.83) ROR (95% Cl): 342.31 (258.19-453.84) ROR (95% CI): 203.57 (143.09-289.61)
PRR (95% Cl): 716.38 (311.63-1646.82) PRR (95% Cl): 338.43 (255.94-447.5) PRR (95% Cl): 202.2 (142.43-287.06)
IC (1C025): 8.95 (6.51) IC (IC025): 8.13 (7.21) IC (1C025): 7.49 (6.35)
EBGM: 496.26 (215.68) EBGM: 279.88 (211.1) EBGM: 179.78 (126.37)
4. Dermatitis Acneiform 5. Mucosal Infection
Cases: 152 Cases: 10
ROR (95% CI): 161.04 (136.03-190.65) ROR (95% CI): 269.16 (137.73-526.01)
PRR (95% CI): 156.35 (132.67-184.26) PRR (95% CIl): 268.64 (137.62-524.42)
IC (IC025): 7.16 (6.6) IC (IC025): 7.85 (5.81)
EBGM: 142.61 (120.46) EBGM: 230.41 (117.9)

Fig. 2. The top five signal ADRs, ranked by the EBGM algorithm at the PTs level.

without mentioning disseminated intravascular coagulation, and the literature reports of arteriovenous
thrombosis associated with cetuximab-based chemoradiotherapy®, which reminds us to observe of patients’
vascular endothelial cells, Anticoagulant monitoring, and fibrinolytic activity test results, if necessary, complete
the Color Doppler test. In Infections and infestations, discitis is not mentioned on the label, which may be
related to the patient’s low immunity, bed rest and symptomatic anti-inflammatory therapy can effectively
relieve the worsening of symptoms. Glomerulonephritis rapidly progressive were detected in renal and urinary
disorders and not on drug label, and only one report on an unusual case of diffuse proliferative and crescentic
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glomerulonephritis in a 67- year-old man in close temporal association with cetuximab treatment for recurrent
oral squamous cell carcinoma®. After stopping therapy of cetuximab, the patient was treated with short-term
cyclophosphamide and steroids, and the renal function improved significantly. In conjunction with reports,
we suspect that cetuximab treatment may trigger or exacerbate IgA-mediated glomerular injury and that close
monitoring of renal function in patients treated with this EGFR inhibitor is required.

Our research is relatively scientific, and we try to overcome the data limitations and serve patients’ health
by analyzing FAERS information. Indications of cetuximab cover a variety of cancer types (mainly CRC and
HNSCC), while chemoradiotherapy and other combination factors may interfere with monitoring AEs signals.
Second, due to the different competencies of the rapporteurs who uploaded the data (physicians vs. patients), the
quality of the data may reflect something other than the proper use of the drug. The data provided by the FAERS
database is not very comprehensive, and the conclusion is not verified in other databases, such as VigiBase’,
Yellow Card Scheme?®, EudraVigilance®*, MedWatch?® which could not represent the true incidence of ADRs.
Therefore, it is necessary to pay special attention to drug interactions in the analysis and try to identify which
ADRs are more likely to be associated with a particular drug. Different indications may affect the dose, frequency
of administration, and patient population, all of which may influence the discovery of AEs. When mining AEs,
it is necessary to consider and use the information of patient’s previous treatment history as much as possible
to improve the accuracy of signal detection. Each of these factors may have an impact on the identification and
analysis of adverse events, so when using the FAERS database for drug safety monitoring and signal mining, the
results should be interpreted with caution and account for these potential confounding factors.

Conclusion

This study identified four potential new AEs signals: speech disorder, disseminated intravascular coagulation,
intervertebral discitis, and glomerulonephritis rapidly progressive which may assist in clinical monitoring and
risk identification of cetuximab. The use of cetuximab in SCCHN patients is a milestone event, and there is still
a long way to go from mitigating chemotherapy toxicity to forming chemo-free regimens (in combination with
immunotherapy) in the future. During this period, using FAERS and other databases to obtain cetuximab-related
medication feedback can help identify AEs earlier in the clinic and intervene early to ensure the drug safety of
patients while monitoring ADRs of drug combination is still very important in future research. However, it
should be clear that automated analysis methods for database mining still cannot replace experienced drug
safety experts for a clinical case review and interpretation.
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The data included in this study are available on the request from the corresponding author or the first author.
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