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ABSTRACT

Background: Monoclonal antibodies for the treatment of patients with different types of cancer, such as cetuximab, have been widely
used for the past 10 years in oncology. Although drug information package insert contains some representative adverse events which
were observed in the clinical trials for drug approval, the overall adverse event patterns on the real-world cetuximab use were less
investigated. Also, there have been no published papers that deal with the full spectrums of adverse drug events of cetuximab using
national-wide drug safety surveillance systems. Methods: In this study, we detected new adverse event signals of cetuximab in the
Korea Adverse Event Reporting System (KAERS) by utilizing proportional reporting ratios, reporting odds ratios, and information
components indices. Results: The KAERS database included 869,819 spontaneous adverse event reports, among which 2,116
reports contained cetuximab. We compared the labels of cetuximab among the United States, European Union, Australia, Japan, and
Korea to compare the current labeling information and newly detected signals of our study. Some of the signals including
hyperkeratosis, tenesmus, folliculitis, esophagitis, neuralgia, disseminated intravascular coagulopathy, and skin/throat tightness
were not labeled in the five countries. Conclusion: We identified new signals that were not known at the time of market approval.
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For the past 10 years, immunotherapy has emerged as a
promising approach to combat advanced stages of cancers.
The ability of immune system to detect foreign matters and
produce proteins (antibodies) against them is one of the
essential means by which the body protect itself against
diseases. In a similar vein, delivering substantial amount of
antibodies targeting the tumor complex has been considered as
a potentially effective approach to treat cancer. Monoclonal
antibody (mAb) have demonstrated to be a useful addition to
the armamentarium for many types of cancer. Pertuzumab,
panitumumab, trastuzumab, and cetuximab, mAbs that are
directly binding to the receptors of the epidermal growth
factor family, result in the diminished function of subsequent
signaling pathways." In addition to signaling interruption,
some of these mAbs can also activate antibody-dependent

cellular cytotoxicity (ADCC) to cancer cells.”)

Cetuximab (Erbitux™), a recombinant human/murine chimeric
mADb, binds to the overexpressed epidermal growth factor
receptor (EGFR) or human epidermal growth factor receptorl
(HER1). It has been approved by the U.S. Food and Drug
Administration (FDA) for the treatment of colorectal cancer
and locally advanced squamous cell carcinoma of the head
and neck (SCCHN).> Representing 10.2% of the newly
diagnosed cancer in the world, colorectal cancer is the second
leading cause of death. SCCHN is the sixth most common
cancer, and over 90% of SCCHN of upper gastro-intestinal
tract have overexpressed EGFR.? Cetuximab when combined
with radiation increased a disease control rate for colorectal
cancer by 53%, and improved the median survival time from
29.3 to 49 months.>¥ Also, other indicators demonstrated
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favorable results of better life quality for the patients. With
respect to side effects, the most commonly reported adverse
drug events was rash, within the range of 30% of patients,
however, health department has attentively investigated the
full spectrums of adverse events in spite of the relatively short
usage history of mAbs.”)

Toxicities related to mAbs use can be resulted from the
intended pharmacological effects of the mAb. For example,
mAbs could cause toxicities by interacting with the targeted
antigen on the unintended tissue as in the dermatological
adverse event cases of cetuximab. Cutaneous toxicities including
populopustular rash (acne like rash) or skin dryness are the
most common adverse events observed from the use of EGFR
inhibitors, however the clear mechanism has not been well
explained.®? Also the non-specific, off-target toxicity can be
occurred from the use of mAbD, resulting in hypersensitivity
which might be driven by the non-human portion of chimeric
mAbs.'? Other impacting factors, such as producing methods,
storage, impurities or cell-line used to manufacture mAbs all
contribute to unexpected reactions.”!"

To exploit greater range of unexpected results from the
medication use and protect public health, spontaneous adverse
event reporting system of Korea (KAERS) was established in
1988. Since then, the Korea Institute of Drug Safety and Risk
Management (KIDS) started to monitor adverse drug events
observed in the Korean population and make effective policies
on the use of medication, which is called pharmacovigilance.'>'®
KAERS database includes the data collected from spontaneous
reports, reports from research (individual case reports, post-
marketing surveillance, re-examination, etc), and information
from literatures.'>'¥ Korea joined to the World Health
Organization (WHO) Program for International Drug Monitoring
in 1992, and KAERS database is compatible with the
international standard with being ranked in the second most
active reporting country following the United States.!>

Each document that are collected by the pharmacovigilance
database is called individual case safety report (ICSR), which
contains the demographic information of patient, administered
medications, adverse drug events, and other related information
that are required to judge the causality of the medication use
and the subsequent adverse events.'® Adverse drug event
(ADE) means any unwanted incidence during the medication
treatment that does not necessarily have a causal relationship.
Meanwhile, adverse drug event (ADE) means a harmful or

unwanted reaction after the use of medications under normal

conditions and is suspected to be associated with the
medication use.!” Searching for disproportionately represented
ADEs and detecting the possible ADEs among them is the
main reason to collect ICSRs nation-wide as well as
worldwide.'® Literally, “all” unexpected events related to the
drug use are encouraged to report “spontaneously,” therefore
the better approach to understand what ICSR is to see them as
a report of ADEs. However, over 90% of ICSRs in Korea are
reported by health professionals such as physicians, pharmacists,
and nurses who are mandatorily trained how to discriminate
ADEs from ADEs, and to report suspicious cases to the
pharmacovigilance systems. Owing to the reports from well-
trained and alert health professionals, the ICSRs reported in
Korea considered to have the highest quality among all nations.'”)

In spite of the well-established pharmacovigilance systems
and the need for understanding the thorough clinical features
of cetuximab use, there has been no published articles on the
full ADE spectrums of cetuximab. Utilizing ICSR database,
the purpose of our study was to demonstrate the patterns of
cetuximab ADEs by comparing the number of each reported
ADE in cetuximab use with other cancer immunotherapeutic
or targeting agents (CITAs), and all other medications, detect
signals of cetuximab ADEs from KAERS database, and
compare the labels of cetuximab among the 5 major developed
countries or continental; United States, European Union,

Australia, Japan, and Korea.

Materials and Methods

Data source and Study drug
This study included all spontaneous ICSRs in Korea from

January 2013 to December 2017, which collected by Korea
Institute of Drug Safety & Risk Management (KIDS). ICSRs
includes demographic information on patient, suspected drug
information, ADE code, reporter, and causality assessment.
The causality assessment was not reflected in this study. Also,
the total ICSR numbers of cetuximab are yet fewer as it is a
new drug, so we decided not to include the causality assessment
results in this analysis. The anonymized spontaneous ICSRs
collected by KIDS have been analyzed in this study under the
approval of the institutional review board ethics committee of
the Korea University with an ethical exemption (IRB-2019-
0239).

Generating analytic database, KIDS screened ICSRs without
demographic information. Among all the reported drugs, we



identified all the targeted cancer therapy or immunotherapeutic
agents that are classified into number 421 by WHO-ATC
(World Health Organization-Anatomical Therapeutic Chemical)
code drug name.'**” ADEs are coded by the Preferred Terms
(PT) of WHO-Adverse Reaction Terminology (WHO-ART)
for the analysis. The number of reported ADEs were utilized
to detect signals of ADEs that could result in a greater number
of ICSRs given one patient could have experienced multiple
ADEs from the use of medications. We defined unexpected
adverse event as the event that is not consistent with applicable
product information or characteristics of medication. If an
ADE was reported to cause death, life threatening, hospitalization
or prolonged hospitalization, or persistent of significant
disability, it was defined as a serious ADE.!>!®)

The total number of 869,819 ICSRs were reported between
2013 and 2017 in the KAERS database and ADEs were
3,055,865. Among the ICSRs, the only reports classified as
‘suspected” were included. Cetuximab was selected as the
study drug and compared with two different groups: all other
cancer immunotherapeutic or targeting agents (CITAs) and all
other drugs. Also the research publication numbers of each
CITA were searched in Pubmed® and Chemotherapy®
archives to estimate the current research subjects and volumes
of each medication with their generic names.”"*? Each drug’s
approval date was also identified through the package insert
and Korea Pharmaceutical Information Center database.

Statistical analysis
The descriptive analysis was applied to demonstrate the

demographic characteristics of the patients, such as sex and

age groups included in the ICSRs. As the next step, a Chi-
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squared test was utilized to examine the existence of statistically
significant difference among different groups by applying
p<0.05 as the significance level. Signal detection of ADEs
was performed by quantitatively measuring disproportionality
between an ADE and a drug use. A two-by-two contingency
table serves as the framework for the analysis (Table 1).

In our study, we defined a signal that satisfies all three
disproportionality indices: proportional reporting ratio (PRR),
reporting odds ratio (ROR), and Bayesian confidence propagation
neural networks of information component (IC) (Table 1).
Using the PRR, a signal is detected if the incidence of the
ADE is greater than or equal to three, and the value of PRR is
greater than or equal to two. The associated chi-square value
is greater than or equal to four. The same standard was
applied to ROR. IC identifies a signal if the lower limit of the
95% two-sided confidence interval exceeds 02329 (Table 1).
Statistical analysis were performed by STATA 14.0. The
detected signals were compared to Erbitux™ labels of the
United States, European Union, Australia, Japan, and Korea.

Results

From January 2013 to December 2017, the total of 869,819
ICSRs were collected in KAERS, of which 2,116 included
reports on cetuximab use. The total number of 33 CITAs such
as sorafenib, rituximab or afatinib were selected to compare
the incidence of ADEs to cetuximab (Table 2). Cetuximab was
ranked in the fourth place of the most frequently reported
medication with ADEs in CITA, with 5,180 adverse reaction
reports since it was first put on the market in 2009, per year

average ADE reports of 518. The top three most frequently

Table 1, 2x2 contingency table and the related definitions for disproportionality analysis

2x2 contingency table for disproportionality calculation

Target drug All other drugs Total

Specific drug A B A+B

All other drugs C D C+D
Total A+C B+D A+B+C+D

Definition and signal detection criteria of implemented data mining indices

Indices Definition Criteria of signal detection
PRR [A/(A+B))/[C/(C+D)] PRR 22, Chi-squared >4, and A >3
ROR (A/B)/(C/D) ROR 22, Chi-squared >4, and A >3
IC log[P(AE, drug)/P(AE)P(drug)] Under limit of 95 % confidence interval >0

PRR, proportional reporting ratio; ROR, reporting odds ratio; IC, information component; AE, adverse event
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Table 2. Frequency analysis of ADE reports for cancer immunotherapy agents

Top 3 Adverse Events'

Drug Frequency . 5 3 Percent Marketing Year Per-Year AE Report*
sorafenib 20,060 205 1,765 268 28.21 2008 1,824
afatinib 6,417 205 27 327 9.03 2014 1,283
pazopanib 4,755 205 165 268 6.69 2010 528
cetuximab 5,180 27 1 308 7.29 2009 518
rituximab 8,245 572 24 731 11.60 2003 515
nilotinib 3,187 594 27 24 4.48 2010 354
lapatinib 4,054 1,765 205 308 5.70 2007 338
imatinib 3,669 308 27 544 5.16 2006 282
regorafenib 1,556 1,765 716 1,199 2.19 2013 259
trastuzumab 3,378 731 572 570 475 2005 241
bevacizumab 2,765 308 572 908 3.89 2007 230
dasatinib 1,817 594 524 725 2.56 2011 227
pertuzumab 986 572 570 205 1.39 2013 164
erlotinib 1,172 27 24 205 1.65 2005 84
sunitinib 839 1,765 165 716 1.18 2006 65
gefitinib 1,009 27 24 205 1.42 2003 63
ramucirumab 248 570 528 24 0.35 2015 62
ceritinib 205 205 268 308 0.29 2015 51
blinatumomab 153 725 1,903 360 0.22 2015 38
nivolumab 136 350 1,141 27 0.19 2015 34
ruxolitinib 185 544 594 566 0.26 2013 31
osimertinib 67 496 1,068 205 0.09 2016 22
crizotinib 166 965 722 1,345 0.23 2011 21
ipilimumab 79 350 716 722 0.11 2014 16
ibrutinib 73 306 314 528 0.10 2014 15
lenvatinib 51 210 205 268 0.07 2015 13
brentuximab vedotin 40 24 1,615 44 0.06 2013 7
vemurafenib 30 27 205 1,361 0.04 2012 4
cobimetinib 8 716 724 27 0.01 2017 4
vandetanib 17 27 425 722 0.02 2013 3
pembrolizumab 7 309 165 572 0.01 2015 2
axitinib 12 481 183 205 0.02 2012 2
daratumumab 3 1,290 528 0 0.00 2017 2

Total 71,102 16,855 14,920 14,200 100.00

"LTop 3 adverse events: the reported number of rash, acne, and nausea respectively which are the most frequently reported ADEs on cetuximab.
*Per-Year AE Reports: the numbers were generated by WHO-UMC Custom Search results.
ADE, adverse drug events; AE, adverse events



Identifying the Patterns of Adverse Drug Responses of Cetuximab /230

Table 3. Trend analysis of ADEs on cancer immunotherapy and targeted-therapeutic agents and the other drugs (number, (%))

Year Number of ADEs on cetuximab Number of ADEs on CITA except cetuximab ~ Number of ADEs on all other drugs
2013 1,985 (38.32) 9,093 (13.79) 524,064 (17.18)
2014 1,317 (25.42) 14,096 (21.38) 564,801 (18.51)
2015 399 (7.70) 13,594 (20.62) 555,630 (18.21)
2016 830 (16.02) 15,816 (23.99) 621,463 (20.37)
2017 649 (12.53) 13,323 (20.21) 784,727 (25.72)
Total 5,180 (100) 65,922 (100) 3,050,685 (100)

ADE, adverse drug event; CITA, cancer immunotherapeutic agent

Table 4, Adverse event reports on cancer immunotherapeutic agents and all other drugs by different characteristics from 2013 to 2017
(number, (%))

Number of ICSRs Number of ICSRs Number of ICSRs

Characteristics on cetuximab on all other CITAs on all other drugs p-value
Sex <0.001
Male 1,409 (66.59) 13,402 (48.17) 347,544 (41.55)
Female 707 (33.41) 14,423 (51.83) 507,159 (58.45)
Age group <0.001
0-19 2(0.09) 220(0.79) 53,492 (6.16)
20-39 101 (4.77) 2,317 (8.33) 139,852 (16.12)
40-64 1,236 (58.41) 16,566 (59.54) 409,684 (47.21)
Over 65 777 (36.72) 8,722 (31.35) 264,675 (30.51)
Reporter <0.001
Doctor 1,089 (51.91) 15,223 (56.24) 232,143 (26.75)
Pharmacist 104 (4.96) 1,612 (5.96) 115,178 (13.27)
Nurse 681 (32.46) 6,737 (24.89) 435,659 (50.21)
Other health professionals 1(0.05) 27 (0.10) 1,329 (0.15)
Consumer 217 (10.34) 3,155 (11.66) 44,611 (5.14)
Others 6(0.29) 313 (1.16) 17,081 (1.98)
NA* 18 (0.85) 758 (2.72) 21,702 (2.50)
Report center <0.001
Regional pharmacovigilance center 902 (42.63) 8,894 (31.96) 649,846 (77.37)
Pharmaceutical company 1,186 (56.05) 18,657 (67.05) 159,712 (19.02)
Clinic 28 (1.32) 240 (0.86) 20,913 (2.49)
Pharmacy 0(0) 33(0.12) 1,139 (0.14)
Consumer 0(0) 0(0) 6,209 (0.74)
Others 0(0) 1 (0.00) 2,052 (0.24)
NA* 0(0) 0(0) 7(0.00)
Total 2,116 (100) 27,825 (100) 867,703(100)

*NA: number of missing reports
ICSR, individual case safety report; CITA, cancer immunotherapeutic agent
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reported ADEs of cetuximab were rash, acne, and nausea.

Annual number of ADE reports on cetuximab, CITAs other
than cetuximab, and all other drugs was shown in the Table 3.
The trend of reported numbers of ADEs on cetuximab use
have been decreased until 2015 after which a slight increase
was observed for the following years. ADEs on all other
medications demonstrated an upward continuous increase. The
ADE reports on CITA except cetuximab showed relatively sta-
ble values of ADE reports from 2013.

Table 4 shows the characteristics of ICSRs on cetuximab,
CITAs without cetuximab, and all other drugs without cetuxi-
mab. Compared to all drugs other than cetuximab category,
greater number of cases were reported for male among those
who were included in the analytic data, and the reports were
concentrated on the age group of 40 to 64 or more. Different

from the all other drugs category, doctors were the major

Table 5. Frequently reported adverse drug events associated with
cetuximab use

Adverse Events No. of AEs %
Rash 474 9.15
Acne 322 6.22
Nausea 295 5.69
Pruritus 281 5.42
Diarrhea 214 4.13
Granulocytopenia 201 3.88
Anorexia 182 3.51
Stomatitis 145 2.80
Asthenia 131 2.53
Abdominal pain 118 2.28
Vomiting 115 2.22
Urticaria 112 2.16
Skin disorder 108 2.08
Fever 97 1.87
Constipation 95 1.83
Leucopenia 91 1.76
Dyspnea 88 1.70
Rigors 68 1.31
Mucositis nose 68 1.31
Nail disorder 62 1.20
Others 1,913 36.93
Total 5,180 100

AE, Adverse event

reporter of ADEs of cetuximab and CITAs. Generally, nurses
were the most active reporting professional for other cases.
Followed by the regional pharmacovigilance center, pharma-
ceutical company was the biggest reporting sources.

Table 5 displays the frequently reported ADEs associated
with cetuximab usage. Rash was the most frequently reported
ADE (474, 9.15%), followed by acne (322, 6.22%) and nau-
sea (295, 5.69%).

Signals of cetuximab compared with all other CITAs
We detected 34 signals over all other CITAs. Tenesmus (fee-

ling of cramping rectal pain with ineffectual urge to pass
stools), lips dry, thirst, onycholysis, seborrhoea, and dissemi-
nated intravascular coagulopathy were detected as unexpected
signals that were not labeled among the selected five coun-
tries. Disseminated intravascular coagulation was a serious and
unexpected signal from our disproportionality analysis (Table 6).

Signals of cetuximab compared to all other drugs
We identified 53 signals over all other drugs. Hyperkerato-

sis, tenesmus, lips dry, respiratory insufficiency, onycholysis,
folliculitis, neuralgia, esophagitis, skin tightness, seborrhoea,
disseminated intravascular coagulation, and throat tightness
were detected as unexpected signals that were not labeled
among the selected five countries. Respiratory insufficiency,
esophagitis, and disseminated intravascular coagulation were
detected as serious, and unexpected ADE signals among the
five countries (Table 7).

Discussion/Conclusion

Among the 33 CITAs, cetuximab was ranked top forth both
in the total number of reported ADEs and average per year
reports. Compared to other agents such as rituximab,
trastuzumab, and Bevacizumab that are high ranked on the list
of ADEs, studies on cetuximab was less actively performed.
Most of the available papers on cetuximab use were focused
on the dermatological toxicities, infusion-related reactions, and
their management strategies.*®23%)  With regard to the
currently available publication results on cetuximab use, this
study would be beneficial for the health professionals and
immunologists by demonstrating a full range of possible
ADE:s from the use of cetuximab.

Topical toxicities ranked in top such as rash, acne, and

pruritus were the unique constellation of class-specific dermal
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Table 6. Detected signals and signal information of cetuximab in the drug labels of 5 countries compared with cancer immunotherapeutic
and targeted therapeutic agents by disproportionality analysis

Adverse events description N PRR ROR IC Drug labels

KR us EU AUS Jp
Acne 322 7.62 8.06 2.36 Y Y Y Y Y
Skin disorder 108 3.98 4.05 1.71 Y Y Y Y Y
Mucositis nose 68 3.25 3.28 1.48 Y Y Y Y Y
Nail disorder 62 6.47 6.53 221 Y Y Y Y Y
Hypotension 49 3.37 3.39 1.52 Y Y Y Y Y
Anaphylactic reaction 40 21.21 21.37 3.10 Y Y Y Y Y
Dysphagia 37 9.81 9.87 2.58 Y N Y Y N
Skin reaction localized 34 2.96 2.98 1.37 Y Y Y Y Y
Dermatitis 22 3.78 3.80 1.65 Y Y Y Y Y
Flushing 22 2.39 2.40 1.12 Y Y N N N
Sputum increased 21 3.47 3.48 1.56 Y N N N N
Hiccup 17 3.33 3.34 1.51 Y N N N N
Hypomagnesaemia 15 38.18 38.29 3.36 Y Y Y Y Y
Tenesmus 14 11.14 11.16 2.68 N N N N N
Anaphylactic shock 14 35.63 35.73 3.34 Y Y Y Y Y
Phosphatase alkaline increased 13 3.76 3.77 1.65 N Y N N N
Allergic reaction 13 591 5.92 2.12 Y Y Y Y Y
Neurologic disorder nose 12 3.92 3.92 1.69 Y Y N N N
Rash pustular 9 4.24 425 1.78 Y Y N N Y
Lips dry 9 6.74 6.75 225 N N N N N
Thirst 8 5.99 6.00 2.14 N N N N N
Respiratory insufficiency 8 2.83 2.83 1.32 Y N N Y Y
Onycholysis 8 5.36 5.37 2.02 N N N N N
Stupor 6 3.64 3.64 1.61 Y Y N Y Y
Circulatory failure 5 3.54 3.54 1.58 Y Y Y Y Y
Purulent discharge 5 5.30 5.31 2.01 Y Y N N Y
Drug hypersensitivity syndrome 5 3.35 3.35 1.52 Y Y Y Y Y
Eye pain 4 3.18 3.18 1.46 Y N Y Y N
Respiratory disorder 4 3.39 3.40 1.53 Y Y Y Y Y
WBC abnormal nose 4 7.27 7.28 2.32 Y N Y N N
Seborrhea 3 5.45 5.46 2.04 N N N N N
Disseminated intravascular coagulation 3 38.18 38.20 3.36 N N N N N
Tolerance 3 3.82 3.82 1.66 N N N N N

PRR, proportional reporting ratio; ROR, reporting odds ratio; IC, information component; WBC, white blood cell; KR, Korea; US, the United
States; EU, the European Union; AUS, Australia; JP, Japan
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Table 7. Detected signals and signal information of cetuximab in the drug labels of 5 countries compared with all other drugs by
disproportionality analysis

Adverse events description N PRR ROR IC Drug labels

KR us EU AUS Jp
Rash 474 2.69 2.86 1.42 Y Y Y Y Y
Acneiform dermatitis 322 52.79 56.22 5.60 Y Y Y Y Y
Anorexia 182 2.28 2.33 1.19 Y Y Y Y Y
Stomatitis 145 5.50 5.63 245 Y Y Y Y Y
Asthenia 131 241 2.44 1.26 Y Y Y Y Y
Skin disorder 108 20.32 20.73 4.30 Y Y Y Y Y
Leucopenia 91 2.27 2.29 1.18 Y N Y N N
Rigors 68 3.65 3.68 1.86 Y Y Y Y N
Mucositis nose 68 6.89 6.97 2.77 Y Y Y Y Y
Nail disorder 62 11.16 11.28 3.46 Y Y Y Y Y
Pain 49 2.78 2.80 1.47 Y Y Y Y Y
Rash erythematous 43 3.31 3.33 1.72 N Y N Y N
Anaphylactic reaction 40 5.10 5.13 234 Y Y Y Y Y
Dysphagia 37 9.00 9.06 3.15 Y N Y Y N
Skin reaction localized 34 7.85 7.89 2.96 Y Y Y Y Y
Paronychia 28 7.78 7.82 2.94 Y Y Y Y Y
Skin exfoliation 27 4.81 4.83 2.26 Y Y Y Y Y
Skin dry 23 4.56 4.58 2.18 Y Y Y Y Y
Dermatitis 22 3.88 3.90 1.95 Y Y Y Y Y
Flushing 22 2.09 2.09 1.06 Y Y N N N
Skin discoloration 21 4.01 4.02 2.00 Y N N N N
Sputum increased 21 2.61 2.61 1.38 Y N N N N
Hyperkeratosis 19 8.34 8.37 3.04 N N N N N
Cachexia 18 2.62 2.62 1.39 Y N N N N
Death 16 3.82 3.83 1.93 Y Y Y Y Y
Rash maculo-papular 15 4.16 4.17 2.05 N Y N N N
Hypomagnesaemia 15 5.26 5.27 2.39 Y Y Y Y Y
Tenesmus 14 8.59 8.61 3.08 N N N N N
Anaphylactic shock 14 8.16 8.18 3.01 Y Y Y Y Y
Phosphatase alkaline increased 13 5.31 5.32 2.40 N Y Y N N
Allergic reaction 13 3.71 3.72 1.89 Y Y Y Y Y
Neurologic disorder nos. 12 24.98 25.04 4.59 Y Y N N N
Dysphonia 11 222 2.22 1.15 Y N N N N
Rash pustular 9 8.94 8.95 3.14 Y Y N N Y
Lips dry 9 6.48 6.49 2.68 N N N N N
Respiratory insufficiency 8 2.15 2.15 1.10 N N N N N
Onycholysis 8 33.20 33.24 498 N N N N N
Glossitis 7 439 4.39 2.13 Y Y Y Y Y
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Table 7, Continued

Adverse events description N PRR ROR IC Drug labels

KR us EU AUS Jp
Folliculitis 6 4.02 4.03 2.00 N N N N N
Neuralgia 5 2.78 2.78 1.47 N N N N N
Embolism pulmonary 5 2.54 2.54 1.34 Y Y Y Y Y
Purulent discharge 5 18.69 18.70 4.18 Y Y N N Y
Esophagitis 4 2.77 2.77 1.46 N N N N N
Coma hepatic 4 3.43 3.43 1.77 Y N N N N
LDH increased 4 4.26 426 2.08 Y N N N N
WBC abnormal nos.* 4 37.03 37.05 5.13 Y Y Y N N
Skin tightness 4 38.20 38.23 5.17 N N N N N
Seborrhea 3 3.16 3.16 1.66 N N N N N
Cheilitis 3 3.25 3.25 1.69 Y Y Y Y Y
Dehydration 3 333 3.33 1.73 Y Y Y Y Y
Disseminated intravascular coagulation 3 5.73 5.73 2.51 N N N N N
Tolerance 3 45.12 45.15 5.39 N N N N N
Throat tightness 3 542 5.42 243 N N N N N

*nos.: not otherwise specified

PRR, proportional reporting ratio; ROR, reporting odds ratio; IC, information component; LDH, lactate dehydrogenase; WBC, white blood cell;
KR, Korea; US, the United States; EU, the European Union; AUS, Australia; JP, Japan

ADEs associated with the original pharmacologic effect of
EGFR inhibition.’® EGFRs are abundantly expressed in the
basal layer of epidermis and its appendages, therefore the high
incidence of dermatological ADEs induced by EGFR inhibitors
are consistent within this class of medications. Compared to
profiles of other CITAs or all other medications, the reported
cetuximab ADEs were biased to male patients over their
female counterparts. Given that one of the main indications
for cetuximab is colorectal cancer which is the second
frequent cancer around the world with biased incidence in the
male population, greater number of reportings for male is not
abnormal. ¥ Also, the risk of colorectal cancer increases as
people gets older, the age related finding of our study makes a
complete sense.

Different from the rest of the drug use, ADEs of cetuximab
were reported most frequently by doctors. In case of other
drugs, nurses are the most active health proffessionals to
report ADEs. This might be explained by the severity of the
indicated diseases of cetuximab use. Cetuximab is generally
indicated for the patients with advanced, metastatic stages or
whom with refractory history to other chemotherapies.®) Most
of the patients might be weakend, fragile, and sensitive

requiring close monitoring from the physicians. The patient
monitoring with cetuximab therapy is usually one of the major
concerns of doctors, and the assessment of ADEs after
cetuximab might be soley left to the physicians’s decision.
Nurses were still highly ranked professionals for cetuximab
ADE reportings, however, the less intensified than other
medications.

We detected 34 signals associated with cetuximab use
compared to all other CITAs, and there were 7 unknown
signals compared to all other CITAs. According to cetuximab
label information suggested by the U.S. FDA, the most
common ADEs (incidence >25%) are cutaneous adverse
reactions including rash, pruritus, and nail changes, headache,
diarthea, and infection.”) Lips dry, thirst, onlycholysis, and
seborrthoea were detected in our study, but not formerly
known signals in the package insert of 6 countries. Since dried
skin was considered as ADEs from cetuximab use, lips dry
could also be presented in the patients. However, specific
information on dryness such as dry skin, mouth dryness, or
dry eyes were differenciated in all package inserts of 6
countries.”) It would be better to add specified terms of lips

dry for the sake of patients’ awareness on the thorough ADE
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profile of cetuximab use.>?*3”) Also nail changes were also
included in all label informations in 5 countries, however,
onycholisys (nail detach from the skin underneath) was not
listed at all.

Acneiform rash was also listed in all 5 labels, however,
seborrhoea (excessive sebum) was not included. Possible
explanation would be that patients or physicians cannot
directly relate the symptom of thirsty and cetuximab use since
all other CITAs are not signalling this ADE. Though
gestrointestinal side effects are well known after CITA use,
input of thirsty in the official labeling of cetuximab is highly
recommended for the clearer understanding of clinical profiles
of cetuximab use.

In the signal detection of cetuximab over all other drugs,
hyperkeratosis, tenesmus, lips dry, respiratory insufficiency,
onycholysis, folliculitis, neuralgia, oesophagitis, seborroea, and
skin/throat tightness were suggested as unknown ADEs.
Tenesmus, which was also identified as a unknown signal in
the comparison to other CITAs, was unexpected ADE in both
comparisons. It can be associated with several medical
conditions such as inflammatory bowel diseases or muscle
disorders that affects gut movement.’® Other gastrointestinal
disorders like nausea and diarrhea are well listed in all labels,
however, there is no information of possible tenesmus after
cetuximab use. Considering that one of the main mechanisms
of action of cetuximab brings in mucosal reactions through the
body, the reasonable assumption for the incidence of tenesmus
would be explained by gastrointestinal mucositis.’® In the
case study by Achermann (2012), two patient were died due
to gastrointestinal bleeding after cetuximab use.® Further
investigation on the incidence of tenesmus in cetuximab use
would be beneficial for providing clear epidemiologic and
pathophysiologic information.

Respiratory insufficiency was newly detected ADE in this
study, which is distinguished from the cardiopulmonary
symptoms after cetuximab use. Cardiopulmonary arrest symptoms
including circulatory failure or cardiac electrolyte imbalances
were detected as signals. Given that the respiratory insufficiency
can be resulted from diverse reasons, we encourage further
research on this topic in the consequence studies.

Hyperkeratosis is newly detected, unexpected ADE in
comparison to all other drugs. Most of the clinical presentations
of dermatological toxicities after cetuximab use were
acneiform rashes or skin dryness. Hyperkeratosis itself has not

been indicated as a possible ADEs after cetuximab use so far.

Also neuralgia, which is newly detected unexpected ADE
compared to all other drugs, needs to be epidemiologically
investigated in future studies.

The incidence of folliculitis and skin or throat tightness
could be explained by the expansion of cutaneous tocixities.
Oesophagitis can be interpreted as another form of mucositis
of body. However, providing the detailed information on these
incidences in labels might be more beneficial for the sake of
the completeness of clinical information.

DIC was detected in both comparison analysis. It is a life-
threatening ADE and the underlying causes of DIC are usually
severe tissue injuries, infection, inflammation, or cancer?,
Considering cetuximab is attacking cancer cells as well as
other normal mucosal linings, this could trigger abnormal
clotting cascades. Otherwise, exacerbation of cancer might
have caused DIC. However, all three disproportionality indices
of PRR, ROR, and IC indicate that DIC gained the highest
scores compared to other CITAs. DIC was also detected as
unknown, unexpected, and serious ADE in comparison to all
other drugs, therefore closer investigation on DIC incidence
after cetuximab use need to be followed.

Tolerance was detected in both analyses. Since most of
immunotherapeutic agents can develop resistance after some
period of therapy, it has relatively lower scores in the CITAs
comparion®. In the comparison with all other drugs that were
mostly show far less resistance rate than cetuximab, tolerance
showed the second highest scores in all disproportionality
analyses. Although tolerance can be an expected result from
all cancer therapy, clear comments on the incidence of drug
tolerance after cetuximab use might be suggested with labels
in the future.

Compared to previous studies, our research is differentiated
with respect to the following strong points. Firstly, we utilized
KAERS from 2013 to 2017, which covered all incidence of
ADE:s of all Korean population. There have been no precedent
research on the national ADE incidences with cetuximab use.
Secondly, our study compared the official labels of 5
representative market places, and detected unknown ADE
signals which can brings a unique addition to clinical
immunologists in the field of oncology. Also we added
potentially serious ADE information that could critically
damage public health. Finally, we detected signals of
cetuximab use compared with other CITAs, and all other
drugs to verify compatibility.

However, our study has some limitations as well. We did
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not included causality assessment information of ICSRs, since
the major goal of this study was to demonstrate the general
patterns of ADEs from the cetuximab use by utilizing cutting
edge data-mining skills. Also, most adverse events at
institutions still go underreported, though this study covered
all incidences from cetuximab use.*" The whole spectrum of
ADEs from cetuximab use could have not been fully
uncovered by our study; however, this is the most advanced
research to reach the full features of cetuximab ADEs. Also,
the fact that the data analyzed in our study limited to the
incidences in the Korean population might be a limitation of
our study as well. There might be different ADE profiles due
to the ethnical diversity of the patients with cetuximab use.
further

demonstrate holistic spectrum of ADEs among different

Therefore, pharmacoepidemiologic researches to
ethnicity need to be followed. However, we made big
contributions for clinical immunologists in oncology setting,
as the early detection of clinically important ADEs is very
significant in providing optimized patient centered care.

In conclusion, we identified several new, unknown, and
unexpected signals in our study. Among them, hyperkeratosis,
tenesmus, and DIC could threaten the safety of the patients

using cetuximab.
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