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Purpose: The purpose of this study was to investigate the adverse events (AEs) related to 
the use of off-label drugs.
Materials and Methods: A cross-sectional study was carried out using available data 
pertaining to off-label drug were sourced from U.S. FDA spontaneous adverse drug reaction 
reporting database (FAERS) and Korea Adverse Event Reporting System database (KIDS- 
KD) for the years 2014 to 2018. The number and frequencies of AE cases were calculated. 
Disproportionality was analyzed using the proportional reporting ratio (PRR), the reporting 
odds ratio (ROR), the information component (IC), and the empirical Bayes geometric mean 
(EBGM) methods.
Results: The reported AEs associated with off-label drug use were more common among 
older patients compared with younger patients. Gastric nonspecific symptoms and therapeu-
tic procedure (4.16–4.57%) and haemorrage term (4.16–5.29%) were the most common AE 
symptoms and antithrombotic agents and immunosuppressants were the drugs most com-
monly reported to cause AEs in FAERS. Secondary term events (43.45–48.62%) including 
inappropriate schedule of drug administration and medication error were the most common 
AEs, and immunosuppressants and antipsychotics were the most common AE-related drugs 
from KIDS-KD. The numbers of reported AEs in new drug categories such as other 
antineoplastic agents trended to increase from 2014 to 2018 in both datasets.
Conclusion: The numbers of reported AEs with off-label drug increased annually. AEs 
associated with off-label drugs may have a significant impact on older patients. Healthcare 
experts should be concerned about prescriptions of off-label drugs, especially anticoagulants 
and newly developed drugs such as immunosuppressants and antineoplastic agents.
Keywords: off-label use, adverse events, adverse drug reaction reporting systems, 
disproportionality

Introduction
The off-label use of medicine refers to the use of an approved drug for conditions 
that are not included on the approved label, such as in cases of unapproved 
indications, age groups, dosages or routes of administration.1 Physicians are usually 
allowed to prescribe approved medications in a manner different from the product 
label. The off-label use of medicines may be clinically appropriate given the lack of 
alternative effective approved drugs or the complexity of the patient’s condition.

Off-label prescribing is common in several patient populations, especially 
children, due to the fact that many medications do not receive regulatory approval 
for the pediatric population.2 Therefore, national medicine regulatory authorities 
have established various strategies and regulations to promote clinical research for 
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children and hopefully to decrease off-label drug use.3 

However, the rate of off-label drug prescribing in children 
has still increased over the past two decades.4 

Additionally, antipsychotics have shown the highest rates 
among off-label drug classes according to previous 
reports.5–7 The use of multiple drugs, often termed poly-
pharmacy in relation to off-label drug use,8 especially 
antipsychotics and antidepressants, has been common in 
elderly patients.9 Therefore, this trend may increase the 
risk of adverse outcomes in geriatric populations.

On the other hand, large global pharmaceutical com-
panies have traditionally focused on developing medicines 
for common diseases such as diabetes, cardiovascular dis-
orders, hyperlipidemias, and arthritis, to compensate for 
their drug discovery efforts and to generate profits.10 The 
market for these classes of medicines given their broad 
and common indications is currently saturated, which has 
resulted in competing drug approval processes that 
increase pricing burdens as well as stricter reimbursement 
criteria.11 Over the past three decades and certainly over 
the past five years there has a very clear shift to niche 
markets and personalized medicine.12 Compared to these 
common diseases, rare diseases include many indications 
where the level of unmet clinical need is very high. There 
is a lack of approved drug for rare diseases, making it 
easier to obtain a large market share and pharmaceutical 
companies get reimbursement for high prices. Therefore, 
the goal of new drug developments for narrow indications 
may strengthen at this time. The development of innova-
tive technologies, such as genomics and gene, antisense, 
and cell therapies, has also accelerated to growth of 
advanced drugs to treat rare diseases.13 Additionally, 
drugs to treat rare diseases can be considered for market-
ing approval via conditional rapid authorization systems 
based on Phase II clinical trial data. Furthermore, certain 
off-label uses of medicines are integral to disease treat-
ment and are recommended in guidelines.14 The off-label 
use of generic drugs is quite common as a rare disease 
solution.15,16 Therefore, the rate of off-label drug prescrib-
ing will likely continue to increase.

Most importantly, the off-label use of medicines can 
apply to patients in the absence of strong scientific evi-
dence, and patients can be exposed to medicines in off- 
label use settings with potential risk.17 It has been reported 
that approximately 73% of such medicines were estimated 
to have little or no scientific support, although approxi-
mately 21% of prescriptions overall were reported to be 
for off-label drug use.7 Accordingly, the rate of adverse 

events (AEs) for off-label use has been reported to be 
higher than that for on-label use.17 Specifically, significant 
deleterious effects can occur with the off-label use of some 
drugs, such as in patients with heart valve damage who 
take fenfluramine18 and benfluorex.19

Post-market monitoring of drugs is essential for accu-
mulating long-term evidence and for providing assurance 
regarding the efficacy as well as safety of these drugs. 
Marketing authorization holders regularly submit periodic 
safety update reports to medicine authorities, providing 
new information about the safety of specific drugs. 
Suspected adverse drug events have been voluntarily 
reported to spontaneous reporting systems,20,21 and these 
reports include cases of safety issues related to the off- 
label use of medicines.9 Therefore, the purpose of this 
study was to investigate the AEs associated with off- 
label drug use using the United States Food and Drug 
Administration (FDA) spontaneous adverse drug reaction 
reporting database (FAERS) and the Korea Institute of 
Drug Safety & Risk Management (Ministry of Food and 
Drug Safety)-Korea Adverse Event Reporting System 
database (KIDS-KD).

Materials and Methods
Data Source
Case reports related to off-label use from the FAERS22 and 
KIDS-KD23 database were used in this cross-sectional 
study. The subjects were the patients who were reported 
to use off-label drugs in both databases. The variables 
related to patients (gender and age), suspected drug, and 
AEs were collected. The off-label use and AEs are coded 
to terms Medical Dictionary for Regulatory Activities 
(MedDRA, International Council for Harmonisation 
(ICH) Legal Mention, 2018)24 preferred term level terms 
and as the World Health Organization (WHO) adverse 
reaction terminology (WHOART version 093) system25 

in the FARES and KID-KD, respectively. The FAERS 
data from 2014 to 2018 were downloaded. The data for 
PRIMARYID that contains off-label use in INDI_PT and 
a primary suspect drug in ROLE_COD were extracted. 
The lexicons of the off-label use were based on 
MedDRA in the FAERS by modification of the previous 
method26 as follows: Off-label use, Product use in unap-
proved indication, Product use in unapproved therapeutic 
environment, Product used for unknown indication, 
Unintentional use for unapproved indication, and Drug 
effective for unapproved indication. Concomitant drugs 
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and AEs in the patients who used off-label drugs were 
obtained from DRUG and REACT files using the 
PRIMARYID that contain off-label use, respectively. Off- 
label use (Adverse reaction record number (ARRN)/ 
Sequence number =1615/005) as the WHOART system 
from 2014 to 2018 in the KID-KD were provided from 
KIDS. The FAERS and KIRES-KD data are freely acces-
sible, and the requirement for written informed consent 
from participants was waived because all participants were 
anonymized by FDA and KIDS and in compliance with 
the ethical standard. Therefore, no further ethical measure 
was required.

Data Preprocessing
Patients in FAERS data were classified into the following age 
groups according to the format of systems: less than 1 month 
old, 1 month to 2 years, 2 to 12 years, 12 to 17 years, 17 to 64 
years old, and 65 years old or older.27 Patients in KIDS-KD 
data were classified into the following age groups: less than 28 
days old, 28 days to 2 years, 2 to 12 years, 12 to 19 years, 19 to 
64 years old, and 65 years old or older.28 The MedDRA 
preferred term level terms were combined to Standardised 
MedDRA Queries (SMQ) due to duplicated reports of varia-
bility in the preferred terms chosen to describe the same AE.29 

Additionally, the WHOART-ARRN terms were grouped into 
“System Organ Classes (SOC)” level. Duplications were 
removed according to the FDA recommendation, by selecting 
the latest FDA_DT (Date FDA received Case) when the 
CASEIDs were the same and selecting the higher 
PRIMARYID when the CASEID and FDA_DT were the 
same.30 When the drugs were analyzed, only as off-label 
drugs were used by INDI_DRUG_SEQ for the analysis of 
drugs in FAERS data. In the KID-KD data, however, only 
single administered off-label use drugs were extracted, because 
which drug was administered for off-label use could not be 
determined when two or more drugs were concomitantly 
administered. If only trade names were reported, they were 
converted to generic names. The drugs are classified according 
to the WHO’s Anatomical Therapeutic Chemical (ATC) 
Classification System.

Data Analysis
Categorical variables are presented in frequency and percen-
tages. Continuous variables are presented with average and 
standard variations. The number and frequency of reported 
AEs or drugs were counted and calculated by the total reported 
during the period. Disproportionality was analyzed using the 
proportional reporting ratio (PRR),31 the reporting odds ratio 

(ROR),32 the information component (IC),33 and the empirical 
Bayes geometric mean (EBGM)34 methods. The PRR is the 
degree of disproportionate reporting of an adverse event for 
a particular drug compared to this same event for all or several 
other drugs.31 A given drug AE pair was defined as a signal if 
the event count was 3 or more, while the PRR was 2 or more 
with an associated chi-square value of 4 or more. The ROR is 
calculated according to the ratio of the odds of the reporting of 
one specific event versus all other events for a given drug 
relative to the matching reporting odds for all other drugs.32 It 
was defined if the lower limit of the 95% two-sided confidence 
interval (CI) of ROR exceeded 1. The IC is computed as the 
logarithm of the ratio of the observed rate of reporting of 
a specific drug-AE combination to the expected rate.33 The 
AE signal indicated when the lower bound of the 95% two- 
sided confidence interval of IC (IC025) value exceeds 0.33 The 
EBGM values are adjusted estimates of relative reporting 
ratios, observed reporting rate/expected reporting rate, after 
Bayesian multi-item gamma Poisson shrinker.35 Safety signals 
were identified if EBGM and its lower limit of the 95% 
confidence interval (EBGM05) values were 2 or more. Data 
were analyzed with SAS Enterprise Guide version 7.1 (SAS 
Institute Inc., Cary, NC, USA).

Results
Characteristics of the Study Population 
from FAERS
The numbers of patients administered with off-label drug and 
reported AEs in the FAERS data increased annually from 
2014 (N=108737) to 2018 (N=290458). The characteristics 
of the patients from FAERS are presented in Table 1. The 
reported AE frequencies of female patients (47.02% to 
50.06%) were higher than those of male patients (37.13% 
to 38.92%). The ages of the patients who were reported had 
AEs ranged from 56.19 to 58.91 years over a course of five 
years. The AE frequencies of patients less than 17 years of 
age ranged from 3.10% (6540 out of 210,789) to 3.68% 
(3995 out of 108,737), while those who were 65 or older 
ranged from 26.40% (28,702 out of 108,737) to 28.74% 
(60,571 out of 210,789). Therefore, reported AEs associated 
with off-label drug use were more common among older 
patients compared with younger patients. A range of 3.40 
to 3.97 AEs on average was reported for each patient who 
reported using off-label drugs, with these patients were co- 
administered with 2.73 to 4.32 other drugs on average. 
Hospitalization was found as the top-ranked outcomes 
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(31.19–32.82%) of AEs followed by death (11.93–16.50%) 
except for other serious medical event.

AEs Related to Off-Label Drugs in FAERS
Gastrointestinal nonspecific symptoms and therapeutic 
procedures represented the most common SMQ from 
2014 (4.16%) to 2018 (4.26%), except for haemorrhage 
term (39,870, 5.29%), which was the most common SMQ 
in 2016, when off-label drugs were administered conco-
mitantly among AE symptoms from the FAERS data 
(Table 2). The next common SMQ was anticholinergic 
syndromes (3.17% to 4.02%), followed by neuroleptic 
malignant syndromes (3.30% to 3.53%).

Off-Label Drugs Related to Reported AEs 
in FAERS
AEs related to administered off-label drugs were used for 
a further analysis. In the FAERS data, the numbers of off- 
label drug related to reported AEs increased annually from 

2014 (N=295556) to 2018 (N=1042836) and the ATC 
classification of the off-label used drugs are presented in 
Table 3. Antithrombotic agents were the drugs most com-
monly reported to cause in 2014 (18,315 out of 295,556, 
6.20%), 2015 (36,033 out of 574,499, 6.27%), and 2016 
(50,899 out of 709,274, 7.18%). Immunosuppressants 
were the most commonly reported AE drugs in 2017 
(81,944 out of 1,026,588, 7.98%), while drugs for peptic 
ulcer and gastro-oesophageal reflux disease was most 
commonly reported in relation to AEs in 2018 (69,766 
out of 1,042,836, 6.69%). The number of reported AEs 
in new drug categories, such as immunosuppressants and 
other antineoplastic agents, tended to increase from 2014 
to 2018 compared to other drugs.

Signals Related to Off-Label Drugs in 
FAERS
A total of 21,659,660 drug-AE pairs were analyzed by 
disproportionality for detecting signals. The PRR, ROR, 

Table 1 Demographic Characteristics of the Subjects from the FAERS

Characteristics 2014 2015 2016 2017 2018

Number of patients, n 108,737 180,866 210,789 237,846 290,458

Age, years 56.19±21.00 57.86±20.63 58.91±20.18 58.23±20.45 58.33±20.38

Less than 1 month old, n (%) 634 (0.58) 1389 (0.74) 1239 (0.59) 1043 (0.44) 1497 (0.52)
1 month to 2 years, n (%) 684 (0.63) 885 (0.49) 954 (0.45) 1001(0.42) 1315 (0.45)

2 to 12 years, n (%) 1577 (1.45) 2328 (1.28) 2481 (1.18) 3174 (1.33) 3434 (1.18)
12 to 17 years, n (%) 1100 (1.01) 1644 (0.91) 1866 (0.89) 2405 (1.01) 2829 (0.97)

17 to 64 years old, n (%) 40,877 (37.59) 62,131 (34.22) 67,994 (32.26) 74,865 (31.48) 95,461 (32.87)

65 years old or older, n (%) 28,702 (26.40) 49,741 (27.51) 60,571 (28.74) 65,204 (27.41) 82,042 (28.25)
Unknown, n (%) 35,163 (32.34) 62,748 (34.85) 75,684 (35.91) 90,154 (37.90) 103,880 (35.76)

Gender (n, %)
Male, n (%) 42,281 (38.88) 70,405 (38.92) 79,684 (37.80) 88,774 (37.32) 107,859 (37.13)

Female, n (%) 54,437 (50.06) 87,688 (48.44) 102,020 (48.40) 113,952 (47.91) 136,581 (47.02)

Unknown, n (%) 12,019 (11.05) 22,773 (12.64) 29,085 (13.80) 35,120 (14.77) 46,013 (15.84)

Co-administration drugs, n 2.73±3.34 3.19±3.87 3.38±4.20 4.32±4.93 3.60±4.37

Reported events per patients, n 3.41±4.24 3.40±4.43 3.57±4.65 3.63±4.64 3.97±5.19

Number of outcomes, n 134,498 231,745 278,059 315,481 388,969
Congenital Anomaly, n (%) 710 (0.53) 2186 (0.94) 1338 (0.48) 1306 (0.41) 1957 (0.50)

Death, n (%) 22,191 (16.50) 34,532 (14.90) 36,349 (13.07) 43,366 (13.75) 46,401 (11.93)

Disability, n (%) 3500 (2.60) 4778 (2.06) 5283 (1.90) 5333 (1.69) 6840 (1.76)
Hospitalization - Initial or Prolonged, n (%) 41,956 (31.19) 74,687 (32.23) 91,272 (32.82) 99,582 (31.57) 123,301 (31.70)

Life-Threatening, n (%) 4458 (3.31) 6755 (2.91) 7878 (2.83) 9799 (3.11) 14,015 (3.60)

Other Serious (Important Medical Event), n (%) 61,581 (45.79) 108,699 (45.90) 135,918 (48.88) 156,084 (49.47) 196,443 (50.50)

Required Intervention to Prevent Permanent   

Impairment/Damage, n (%)

102 (0.08) 108 (0.05) 21 (0.01) 11 (0.00) 12 (0.00)

Note: Values are reported as n (%) or mean±standard deviation. 
Abbreviation: FAERS, Food and Drug Administration Adverse Event Reporting System.
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IC, and EBGM methods detected the 51,405, 97,854, 
143,776, and 23,749 signals, respectively. The 20,869 
signals were detected by all these four methods. AEs 
associated with off-label drugs are listed in Table 4 and 
Supplementary Table S1. The signal of haemorrhage term 
was most frequently reported for aspirin, followed by 
rivaroxaban.

Characteristics of the Study Population 
from KIDS-KD
In the KIDS-KD data, the number of patients administered off- 
label drugs who also reported AEs in 2014 increased in 2018 
(from 408 to 1134). The characteristics of the patients from the 
KIDS-KD are presented in Table 5. The frequencies of patients 
less than 19 years of age ranged from 8.09% (33 out of 408) to 

Table 2 Top Ten Adverse Event Symptoms of Off-Label Drug Use from the FAERS Data

SMQ 2014 
(N=371163)

2015 
(N=614905)

2016 
(N=753034)

2017 
(N=863205)

2018 
(N=1153963)

Gastrointestinal nonspecific symptoms and 

therapeutic procedures

15,440 (4.16) 28,412 (4.62) 34,385 (4.57) 37,586 (4.35) 49,148 (4.26)

Haemorrhage terms (excl laboratory terms) 12,831 (3.46) 22,611 (3.68) 39,870 (5.29) 30,697 (3.56) 37,204 (3.22)
Anticholinergic syndrome 14,935 (4.02) 22,425 (3.65) 23,880 (3.17) 30,844 (3.57) 38,704 (3.36)

Neuroleptic malignant syndrome 12,858 (3.46) 21,689 (3.53) 25,281 (3.36) 30,096 (3.49) 38,067 (3.30)

Accidents and injuries 9630 (2.59) 14,803 (2.41) 20,283 (2.69) 22,520 (2.61) 28,417 (2.46)
Hyperglycaemia/new onset diabetes mellitus 8561 (2.31) 15,541 (2.53) 18,639 (2.48) 24,730 (2.86) 29,827 (2.59)

Hypersensitivity 13,184 (3.55) 19,630 (3.19) 6301 (0.84) 7109 (0.82) 34,739 (3.01)
Dementia 6106 (1.65) 10,441 (1.70) 12,698 (1.69) 15,892 (1.84) 20,557 (1.78)

Arthritis 4891 (1.32) 8171 (1.33) 10,939 (1.45) 13,467 (1.45) 21,062 (1.83)

Peripheral neuropathy 4736 (1.28) 8745 (1.42) 10,762 (1.43) 12,178 (1.41) 15,376 (1.33)

Note: Values are reported as n (%). 
Abbreviations: FAERS, Food and Drug Administration Adverse Event Reporting System; SMQ, Standardised Medical Dictionary for Regulatory Activities Queries.

Table 3 Off-Label Drug Classifications for Reported Adverse Events in the FAERS Data

Drug Classification 2014 
(N=295556)

2015 
(N=574499)

2016 
(N=709274)

2017 
(N=1026588)

2018 
(N=1042836)

Antithrombotic agents 18,315 (6.20) 36,033 (6.27) 50,899 (7.18) 66,460 (6.47) 62,901 (6.03)

Immunosuppressants 11,700 (3.96) 20,876 (3.63) 27,833 (3.92) 81,944 (7.98) 49,680 (4.76)
Drugs for peptic ulcer and gastro-oesophageal 

reflux disease

11,004 (3.72) 23,705 (4.13) 29,663 (4.18) 35,153 (3.42) 69,766 (6.69)

Antidepressants 13,138 (4.45) 25,212 (4.39) 30,028 (4.23) 40,596 (3.95) 42,412 (4.07)
Opioids 13,543 (4.58) 22,773 (3.96) 24,895 (3.51) 35,922 (3.50) 40,086 (3.84)

Antiepileptics 11,343 (3.84) 20,513 (3.57) 24,911(3.51) 36,384 (3.55) 35,708 (3.42)

Lipid modifying agents, plain 8912 (3.02) 19,429 (3.38) 25,389 (3.58) 30,908 (3.01) 35,723 (3.43)

Antipsychotics 7548 (2.55) 13,737 (2.39) 15,886 (2.24) 33,627 (3.28) 27,317 (2.62)

First-generation 2007 (0.68) 3731 (0.65) 4049 (0.57) 6791 (0.66) 7112 (0.68)
Second-generation 5541 (1.87) 10,006 (1.74) 11,837 (1.67) 26,836 (2.61) 20,205 (1.94)

Antineoplastic agents 9372 (3.17) 16,511 (2.87) 18,634 (2.63) 46,176 (4.50) 30,173 (2.90)
Chemotherapy 4712 (1.59) 7415 (1.29) 6830 (0.96) 16,776 (1.63) 12,036 (1.16)

Targeted therapy 4660 (1.58) 9096 (1.58) 11,804 (1.66) 29,400 (2.86) 18,137 (1.74)

Anxiolytics 7968 (2.70) 13,246 (4.48) 14,402 (2.03) 19,534 (1.90) 22,351 (2.14)

Direct acting antivirals 4368 (1.48) 11,157 (1.94) 11,323 (1.60) 15,054 (1.47) 13,263 (1.27)

Note: Values are reported as n (%). 
Abbreviation: FAERS, Food and Drug Administration Adverse Event Reporting System.
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21.57% (88 out of 1134), while those 65 and older ranged from 
12.08% (137 out of 1134) to 27.02% (207 out of 766). In 
addition, 2.80 to 3.14 for AEs on average were reported per 
patient who used off-label drugs, and these patients were co- 
administered 5.02 to 5.71 other drugs on average. The most 
frequent outcome was “requires hospitalization or extension of 
hospital stay” (28.85–48.31%), followed by “death” (7.25– 
17.87%).

AEs Related to Off-Label Drugs in 
KIDS-KD
In the KIDS-KD data, secondary terms-events (43.45% to 
48.62%) such as “inappropriate schedule of drug adminis-
tration”, “medication error”, and “surgical intervention” 
were the most common AEs from 2014 to 2018 (Table 6). 
The next common SOC was body as a whole-general dis-
orders (8.97% to 11.80%) such as effect, lack of, drug 
ineffective, and pain from 2014 to 2018, but not 2016.

Off-Label Drugs Related to Reported AEs 
in KIDS-KD
In the KIDS-KD data, AEs related to administered single off- 
label drugs were used for a further analysis. 
Immunosuppressants were the most common AE-related 
drugs reported for 2014 (63 out of 307, 20.52%) and 2015 
(66 out of 436, 15.14%), while antipsychotics were the most 
common AE-related drugs reported for 2016 (421 out of 
1007, 41.81%) (Table 7). Parathyroid hormones and analo-
gues were the most common drugs related to AE reported in 
2017 (122 out of 513, 23.78%), while other antineoplastic 
agents were the most common for 2018 (148 out of 733, 
20.19%) (Table 7). The frequencies of other antineoplastic 
agents (0.65% to 20.19%) and direct acting antivirals (0% to 
16.92%) trended to increase from 2014 to 2018.

Discussion
Scientific evidence related to off-label prescribing is scant 
compared to that related to prescriptions for approved 
indications, indicating that safety issues related to these 
drugs are a concern. Spontaneous reports can be used to 
determine AEs associated with off-label drug use. In rela-
tion to this, this study analyzed AEs associated with off- 
label drug use using data from FAERS and KIDS-KD.

FAERS is frequently exploited to perform disproportion-
ality analyses given its quick updates and the fact that it 
contains data reported by multiple countries even though it 
is operated by the US FDA.36,37 KIDS-KD is managed by the Ta
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KIDS, and studies using that system have increased.38,39 The 
reports on specific AEs in FAERS use MedDRA, while those 
in KIDS-KD use WHOART. We exploited these two data-
bases as to whether these two terminologies can be used for 
the detection of off-label use.

Although the occurrence rate of AEs and adverse 
symptoms varied and depended on the off-label drugs 
used, the occurrence rates of reported AEs increased 
according to both FAERS and KIDS-KD from 2014 to 
2018. Higher rates of AEs were reported for women than 
for men in our study, consistent with previous reports 
indicating higher rates for women than men.40,41

The frequency of off-label administration can vary 
depending on the age and gender of patients and the 
drugs they use. The frequency of off-label medicines was 
highest in less than 48.5 years old patients and decreased 
in older patients according to the Medical Office of XXI 
Century electronic health record network in Canada.6 The 
frequency of receiving an off-label prescription was 
reduced for each year of increase in age up to 20 
years.42 In contrast, an increase in off-label antidepressant 

use was found in patients aged 0 to 17 years.43 It is well 
known that the use of off-label drugs in children is both 
common and associated with the risk of adverse drug 
reactions.44 However, our results showed that the AE 
frequencies in adults were higher compared to those in 
children. The severity and types of AEs can vary depend-
ing on the physiological conditions of the patients such as 
their sex, age, and body weight.45 Speculation is permitted 
given that both monitoring systems underreported due to 
a failure to recognize an AE or a failure to report 
a recognized AE in children.46,47

Additionally, reported AEs associated with off-label drug 
use were common among older patients, most likely related 
to their complex patterns of medication administration and 
high rates of medical comorbidity.9,17 Specifically, the fre-
quencies of reported AEs associated with off-label drug use 
among older patients tended to increase from 2014 to 2018 in 
KIDS-KD, possibly due to the increase in the aged popula-
tion. Older adults are especially vulnerable, as age-related 
physiologic changes, coexisting conditions, and instances of 
polypharmacy all increase the risk of an AE and the health 

Table 5 Demographic Characteristics of the Subjects from the KIDS-KD Data

Characteristics 2014 2015 2016 2017 2018

Number of patients, n 408 544 1193 766 1134

Age, years 52.72±22.25 46.62±24.71 59.86±21.45 57.06±21.50 50.10±20.70

Less than 28 days old, n (%) 1 (0.25) 0 3 (0.25) 2 (0.26) 9 (0.79)
28 days to 2 years, n (%) 6 (1.47) 29 (5.33) 9 (0.75) 11 (1.44) 26 (2.29)

2 to 12 years, n (%) 16 (3.92) 23 (4.23) 20 (1.68) 20 (2.61) 30 (2.65)
12 to 19 years, n (%) 10 (2.45) 24 (4.41) 16 (1.34) 17 (2.22) 23 (2.03)

19 to 64 years old, n (%) 133 (32.60) 172 (31.62) 216 (18.11) 242 (31.59) 315 (27.78)

65 years old or older, n (%) 77 (18.87) 85 (15.63) 248 (20.79) 207 (27.02) 137 (12.08)
Unknown, n (%) 165 (40.44) 211 (38.79) 681 (57.08) 267 (34.86) 594 (52.38)

Gender (n, %)
Male, n (%) 184 (45.10) 203 (37.32) 282 (23.64) 277 (36.16) 494 (43.56)

Female, n (%) 190 (46.57) 260 (47.98) 405 (33.95) 383 (50.00) 456 (40.21)

Unknown, n (%) 34 (8.33) 80 (14.71) 506 (42.41) 106 (13.84) 184 (16.23)

Coadministration drugs, n 5.03 ± 4.19 5.41 ± 4.70 5.65 ± 4.79 5.02 ± 4.40 5.71±4.81

Reported events per patients, n 2.85 ± 3.47 2.80± 3.52 2.90 ± 3.70 2.95 ± 3.51 3.14±4.20

Number of outcomes, n 89 88 207 334 610
Results in persistent or significant disability or incapacity, n (%) 1 (1.12) 0 2 (0.08) 0 4 (0.66)

Congenital anomaly/birth defect, n (%) 0 0 0 0 7 (1.15)

Life-threatening, n (%) 1 (1.12) 1 (1.14) 4 (1.93) 9 (2.69) 8 (1.31)
Death, n (%) 10 (11.24) 12 (13.64) 15 (7.25) 29 (8.68) 109 (17.87)

Requires hospitalization or extension of hospital stay, n (%) 43 (48.31) 28 (31.82) 74 (35.75) 115 (34.43) 176 (28.85)

Others, n (%) 34 (38.20) 47 (53.41) 112 (54.11) 181 (54.19) 306 (50.16)

Note: Values are reported as n (%) or mean ± standard deviation. 
Abbreviation: KIDS-KD, the Korea Institute of Drug Safety & Risk Management (Ministry of Food and Drug Safety)-Korea Adverse Event Reporting System database.
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impact of experiencing one. A survey taken in the United 
States showed that nearly 20% of participants aged 65 years 
and older took at least five drugs per week.48,49 

Polypharmacy increases the risk of drug–drug interactions 
and AEs, which can cause hospitalization.48,49

Gastrointestinal nonspecific symptoms and therapeutic 
procedures were the most commonly reported AEs in 
FAERS. Gastrointestinal symptoms induced by medication 
can frequently occur.50 Medications can produce symp-
toms due to changes in gastrointestinal physiology (eg, 
anticholinergics) or intestinal microbiota (eg, antibiotics), 
damage to tissues (eg, non-steroidal anti-inflammatory 
drugs), or through unknown mechanisms.51,52 The fre-
quencies of secondary-term events including “medication 

error”, “inappropriate schedule of drug administration”, 
and “drug ineffective” were higher in the KIDS-KD data. 
This suggests that the effectiveness of off-label drugs and 
issues related to medication errors must be considered. 
The differences in the results from FAERS and KIDS- 
KD may have been caused by differences in the AE 
reporting systems, including the AE terminology or reg-
ulations pertaining to off-label use.

Antithrombotic agents were the most frequently 
reported AE-associated therapeutic class of drugs in 
FAERS, similar to a previous report and signs of hemor-
rhaging were most frequently reported for antithrombotic 
agents.53 Anticoagulants, opioids, and diabetic agents were 
high-priority drug class targets for AE prevention efforts 

Table 6 Top Ten Adverse Event Symptoms of Off-Label Drug Use from the KIDS-KD Data

SOC 2014 
(N=1068)

2015 
(N=1355)

2016 
(N=2818)

2017 
(N=2040)

2018 
(N=2885)

Secondary terms-events 464 (43.45) 609 (44.94) 1370 (48.62) 910 (44.61) 1388 (48.11)

Body as a whole-general disorders 126 (11.80) 159 (11.73) 238 (8.45) 183 (8.97) 289 (10.02)

Gastro-intestinal system disorders 64 (5.99) 90 (6.64) 254 (9.01) 174 (8.53) 182 (6.31)
Central & peripheral nervous system disorders 76 (7.12) 80 (5.90) 222 (7.88) 124 (6.08) 110 (3.81)

Psychiatric disorders 47 (4.40) 57 (4.21) 114 (4.05) 89 (4.36) 114 (3.95)

Application site disorders 20 (1.87) 68 (5.02) 131 (4.65) 69 (3.38) 100 (3.47)
Skin and appendages disorders 62 (5.81) 57 (4.21) 87 (3.09) 58 (2.84) 87 (3.02)

Respiratory system disorders 31 (2.90) 27 (1.99) 34 (1.21) 61 (2.99) 84 (2.91)
Musculo-skeletal system disorders 15 (1.40) 28 (2.07) 60 (2.13) 43 (2.11) 58 (2.01)

Metabolic and nutritional disorders 9 (0.84) 23 (1.70) 41 (1.45) 48 (2.35) 49 (1.70)

Notes: Values are reported as n (%). Secondary terms-events mainly contained inappropriate schedule of drug administration, medication error, incorrect technique in drug 
usage process, incorrect dose prescribed, incorrect dose administered, and surgical intervention. 
Abbreviations: KIDS-KD, the Korea Institute of Drug Safety & Risk Management (Ministry of Food and Drug Safety)-Korea Adverse Event Reporting System database; 
SOC, System Organ Classes.

Table 7 Off-Label Single-Drug Classifications for Adverse Events in the KIDS-KD Data

Drug Classification 2014 (N=307) 2015 (N=436) 2016 (N=1007) 2017 (N=513) 2018 (N=733)

Second generation antipsychotics 1 (0.33) 7 (1.61) 421 (41.81) 21 (4.09) 13 (1.77)
Parathyroid hormones and analogues 8 (2.61) 58 (13.30) 242 (24.03) 122 (23.78) 14 (1.91)

Antineoplastic agents 2 (0.65) 29 (6.65) 37 (3.67) 49 (9.55) 148 (20.19)
Chemotherapy 0 6 (1.38) 8 (0.79) 11 (2.14) 11 (1.50)

Targeted therapy 2 (0.65) 26 (5.96) 30 (2.98) 49 (9.55) 148 (20.19)

Immunosuppressants 63 (20.52) 66 (15.14) 26 (2.58) 43 (8.38) 49 (6.68)

Direct acting antivirals 0 2 (0.46) 13 (1.29) 23 (4.48) 124 (16.92)

Hormonal contraceptives for systemic use 43 (14.01) 16 (3.67) 14 (1.39) 19 (3.70) 9 (1.23)
Antiepileptics 7 (2.28) 16 (3.67) 37 (3.67) 16 (3.12) 20 (2.73)

Drugs used in benign prostatic hypertrophy 24 (7.82) 16 (3.67) 13 (1.29) 9 (1.75) 13 (1.77)

Antiinfectives and antiseptics, excl. Combinations 47 (14.31) 10 (2.29) 0 4 (0.78) 6 (0.82)
Antithrombotic agents 2 (0.65) 11 (2.52) 21 (2.09) 23 (4.48) 4 (0.55)

Antidepressants 5 (1.63) 7 (1.61) 7 (0.70) 3 (0.58) 14 (1.91)

Note: Values are reported as n (%). 
Abbreviation: KIDS-KD, the Korea Institute of Drug Safety & Risk Management (Ministry of Food and Drug Safety)-Korea Adverse Event Reporting System database.
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by the Department of Health and Human Services in 
2019.53 Recently, the adverse signal of chronic kidney 
disease associated with proton pump inhibitors based on 
FAERS has been reported.54 This result was similar to the 
results here. The off-label prescribing of proton pump 
inhibitors has been widely reported, including in patients 
taking antiplatelet, anticoagulant, or corticosteroid drugs, 
for the prevention of chemotherapy or radiotherapy- 
associated lesions in patients with cancer, or in the man-
agement of extra-digestive symptoms.55 The number of 
reported AEs related to new drug categories, such as 
other antineoplastic agents, tended to increase from 2014 
to 2018 in both the FAERS and KIDS-KD data because 
possibly approvals of these types of medicines increased 
dramatically.56

In our study, we used four different data mining algo-
rithm for signal detection using the FAERS data because 
the detectability depends on the effect sizes and the level 
of confounding data present in the data.57 There is no gold 
standard for this type of algorithm, and various dispropor-
tionality analysis methods arrive at different concordance 
under different circumstances.58 On the other hand, the 
disproportional analysis could not be conducted using 
KIDS-KD data in our study because the whole reports 
were not provided according to the policy of KIDS.

Another limitation of this study was that the AE reports 
in the spontaneous AE systems were submitted voluntarily, 
meaning that underreporting may be an issue. Specifically, 
there were relatively few reported AE cases associated 
with off-label drugs in KIDS-KD. Although the duplicated 
reports were removed according to the same report date 
and CASEID, some duplicated reports may remain. The 
reported AEs are unable to determine causal associations 
and cannot be verified, meaning that this information 
cannot be used to infer incidence rates. As a result, off- 
label status in this study was not verified.

However, pharmacoepidemiologic research on adverse 
drug effects, especially in relation to off-label drug use, is 
difficult due to limited sample sizes, reduced follow-up 
rates, and evaluations of surrogate markers.59 There are no 
tools or methodologies that are specific to the monitoring 
of the safety of medicines that are used as off-label drugs. 
To the best of the author’s knowledge, this study addressed 
the adverse events of off-label use for the first time 
through AE reporting system databases in 
a comprehensive manner. Relatively few studies have 
recently described AEs associated with off-label uses in 
limited populations60 or specific cases.61 The results here 

can be useful when making predictions of AEs associated 
with off-label use. However, off-label use does not neces-
sarily mean that a drug is being used inappropriately. It is 
believed that the tools and methodologies for the post- 
market safety monitoring of approved drugs can generally 
be used to monitor the safety of medicines used in an off- 
label manner. Another limitation of this study was that it 
was difficult to distinguish between off-label drugs and 
other co-administered drugs because off-drug use is 
included within the adverse-drug reaction symptom terms 
in the KIDS-KD system. Therefore, only single adminis-
tration of off-label drugs was analyzed in our study.

It is known that off-label drug use is a risk factor for AEs.17 

In this study, we investigated adverse symptoms and trends 
related to the use of off-label drugs using data from sponta-
neous AE reporting systems. We believe that the collection 
and analysis of these real-world data may pay attention to 
healthcare professionals as a point of view of the clinical 
implications of off-label drug use. Further study is still needed 
to evaluate the clinical benefits and risks of off-label drug uses.

Conclusion
AEs associated with off-label drugs were analyzed using 
data from adverse event reporting systems in this study. 
The numbers of reported AEs with off-label drug 
increased annually. AEs associated with off-label drugs 
may have a significant impact on older patients. From 
the findings here, older patients should be monitored care-
fully for AEs when treated with off-label drugs. Healthcare 
experts should potentially be concerned about the prescrip-
tion of off-label drugs, especially anticoagulants and 
newly developed drugs such as immunosuppressants and 
antineoplastic agents.
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