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Introduction: Concerns over safety profiles of tumor necrosis factor (TNF)-alfa inhibitors

have been raised. The purpose of this study was to clarify the adverse events associated with

TNF-alfa inhibitors using a spontaneous reporting system database.

Materials and Methods: A retrospective pharmacovigilance disproportionality analysis

was conducted using the Japanese Adverse Drug Event Report (JADER) database. Adverse

event reports submitted to the Pharmaceuticals and Medical Devices Agency between 2004

and 2017 were analyzed, and the reporting odds ratio (ROR) and 95% confidence interval

(CI) for each adverse event were calculated.

Results: Among the 34,031 reports of adverse events associated with TNF-alfa inhibitors,

65.8% were women, who were frequently in their 60s (28.2%). Signals were detected for

pneumonia (ROR, 5.36; 95% CI, 5.14–5.6), interstitial lung disease (ROR, 2.04; 95% CI,

1.95–2.15), pneumocystis jirovecii pneumonia (ROR, 11.8; 95% CI, 11.1–12.5), and herpes

zoster (ROR, 6.4; 95% CI, 5.92–6.91) for TNF-alfa inhibitors as a class. There was

variability in their signal strength across individual TNF-alfa inhibitors.

Conclusion: The strength of the associations of TNF-alfa inhibitors with adverse events is

variable, and further studies are required to evaluate the identified signals.

Keywords: TNF-alfa inhibitors, adverse drug events, spontaneous reporting system,

reporting odds ratio, Japanese Adverse Drug Event Report database

Introduction
Tumor necrosis factor (TNF)-alpha is a potent pro-inflammatory cytokine exerting

pleiotropic effects on various cell types and plays a central role in the pathogenesis

of inflammatory diseases. Antibodies that bind to and neutralize TNF-alfa have

been developed in order to inhibit its activity, and have been shown to be effective

for patients with rheumatoid arthritis (RA) and other forms of inflammatory disease

such as psoriasis, psoriatic arthritis, juvenile rheumatoid arthritis (JRA), ankylosing

spondylitis (AS), and inflammatory bowel disease (IBD).1,2 Currently available

therapies for them are infliximab, etanercept, adalimumab, golimumab, and certo-

lizumab pegol in Japan. Several Phase III studies showed that TNF-alpha inhibitors

had favorable safety profiles.3,4 In clinical practice, however, unexpected adverse

events could occur because patients have various backgrounds and etiologies,

unlike in clinical trials, where enrollment criteria are strict. Therefore, unexpected

adverse drug effects can emerge, and so investigation of their occurrence is

important.
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In the post-marketing phase, it is important to monitor

high-priority adverse events and gain insight into actual drug

safety profiles. Spontaneous reporting systems are a primary

source of information to detect safety signals, especially for

newly marketed drugs.5,6 For the pharmacovigilance

approach, the Japanese Adverse Drug Event Report

(JADER) database is a large published database managed by

the Pharmaceuticals and Medical Devices Agency

(PMDA).7,8 In this study, we aimed to clarify the adverse

event profiles of five TNF-alfa inhibitors as a class and indi-

vidual agents in real-world settings using the JADER

database.

Methods
The JADER database is freely obtainable from the website

of the PMDA, which has been reported.9–12 The data

covered the period between April 2004 and

January 2017. The JADER consists of 4 tables: patient

demographic information (DEMO), drug information

(DRUG), adverse events (REAC), and medical history.

After we removed duplicate data from each table, the

DEMO table was then linked to the REAC and DRUG

tables using the ID number. The contribution of the med-

ication to adverse events was classified into three cate-

gories: “suspected medicine,” “concomitant medicine,”

and “interaction.” We only extracted cases that were clas-

sified as “suspected medicine” and analyzed the reports of

suspected drugs and adverse events in the “Preferred Term

(PT)” coded in the Medical Dictionary for Regulatory

Activities (MedDRA). We compiled a cross-tabulation

table based on two classifications: the presence or absence

of the adverse event, and the presence or absence of the

suspected medicine. Then, we calculated the reporting

odds ratio (ROR) by the following formula.

ROR ¼ a=b
c=d

; 95%CI

¼ exp log RORð Þ � 1:96

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

a
þ 1

b
þ 1

c
þ 1

d

r( )

a: the number of patients with a target event when they

received a target drug

b: the number of patients with non-target adverse

events when they received a target drug

c: the number of patients with a target event when they

received non-target drugs

d: the number of patients with non-target adverse

events when they received non-target drugs

A signal was considered present when the lower limit

of the 95% CI of the ROR exceeded one.

Results
The total number of adverse events associated with the use

of TNF-alfa inhibitors was 34,031. Of those, 16,724, 7441,

5131, 3376, and 1359 were reported with infliximab, etaner-

cept, adalimumab, golimumab, and certolizumab pegol,

respectively (Table 1). Infliximab has been available for

the longest period among the five drugs (Table S1). As

shown in Table 2, characteristics of those who experienced

adverse events on receiving TNF-alfa inhibitors are listed. In

brief, most of the reports concerned females (65.8%), who

were most frequently in their 60s (28.2%). Reasons for using

TNF-alfa inhibitors included RA (71.3%), Crohn’s disease

(13.0%), and ulcerative colitis (3.0%). Drug use for

unknown or other indications involved 1620 reports (4.7%).

Table 3 shows the disproportionality analysis based on

the top 30 adverse events associated with TNF-alfa inhi-

bitors as a class. The most frequently reported adverse

event associated with TNF-alfa inhibitors as a class was

pneumonia (ROR, 5.36; 95% CI, 5.14–5.6), followed by

Table 1 Annual Reports of Adverse Events Associated with TNF-Alfa Inhibitors from 2004 to 2016

Year Total

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

All TNF-alfa inhibitors 2397 2744 2597 2620 1899 2196 2937 2380 3361 3576 2517 2427 2380 34,031

Infliximab 2397 2041 1803 2025 1267 1115 1646 995 982 778 643 498 534 16,724

Etanercept 703 794 595 507 615 676 548 774 488 464 593 684 7441

Adalimumab 125 466 615 794 570 443 798 726 594 5131

Golimumab 43 1009 1643 280 204 197 3376

Certolizumab pegol 26 224 332 406 371 1359

Abbreviation: TNF, tumor necrosis factor.
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interstitial lung disease (ROR, 2.04; 95% CI, 1.95–2.15),

pneumocystis jirovecii pneumonia (ROR, 11.8; 95% CI,

11.1–12.5), herpes zoster (ROR, 6.4; 95% CI, 5.92–6.91),

infusion-related reaction (ROR, 29.2; 95% CI, 26.6–32),

sepsis (ROR, 3.16; 95% CI, 2.92–3.41), and pneumonia

bacterial (ROR, 11.5; 95% CI, 10.5–12.5). Focusing on

SOC, “infections and infestations” were most frequently

reported.

Next, we examined the top 10 adverse events by

individual TNF-alfa inhibitor (Tables 4–8). Pneumonia

was the most frequently reported for infliximab, etaner-

cept, adalimumab, golimumab, and certolizumab pegol.

Especially, the number of reports involving infliximab

was the highest (1254 reports). Interstitial lung disease

ranked high in infliximab, etanercept, adalimumab,

golimumab, and certolizumab, and the ROR values

were similar among the five TNF-alfa inhibitors. The

ROR value for pneumocystis jirovecii pneumonia sug-

gested the strongest association with infliximab. As for

infusion reactions, reports were obtained for only inflix-

imab, and the ROR value was noteworthy (ROR, 58.6;

95% CI, 53.4–64.3). Regarding malignant tumors, the

associations of breast and colon cancers were suggested

with etanercept and certolizumab pegol, respectively.

Discussion
This study presents profiles of adverse events associated

with the use of TNF-alfa inhibitors based on the real-world

data from the JADER database. In our results, the number

of reports of adverse events involving TNF-alfa inhibitors

during the study period were 34,031, and there is varia-

bility in the safety profile among TNF-alfa inhibitors. To

the best of our knowledge, this is the first study to report

the associations of five TNF-alfa inhibitors with adverse

events using a spontaneous reporting database.

Among the TNF-alfa inhibitors analyzed in this study,

infliximab has been clinically available for use for the

longest (Table S1), and so it is suggested that infliximab

is likely to be associated with more adverse events, solely

based on this longer time on the market. In this study, we

found that reports of infectious adverse events were com-

mon on the use of TNF-alfa inhibitors (Table 3). TNF-alfa

inhibitors suppress immunity; therefore, the risk of infec-

tion may be increased.13,14 However, we found that indi-

vidual agents showed a variable signal strength for

multiple types of infectious adverse events. For example,

the ROR value for pneumocystis jirovecii pneumonia was

the highest for infliximab, whereas that for herpes zoster

was the highest for certolizumab pegol. On the other hand,

interstitial lung disease, which was the second most highly

reported after pneumonia (Table 3), showed almost the

same signal values among all TNF-alfa inhibitors. Wakao

et al reported that interstitial lung disease is more often

reported in Japan compared with the rest of the world.15

There may be a coding preference that contributes to the

difference in the relative reporting rate of interstitial lung

disease between Japan and the rest of the world.

Therefore, interstitial lung disease may be more commonly

reported on the use of individual TNF-alfa inhibitors,

leading to small variations in signal values.

Binding and neutralizing activities against soluble

TNF are common actions of TNF-alfa inhibitors; how-

ever, recent studies demonstrated that these inhibitors

Table 2 Characteristics of the Patients with Adverse Events

Associated with TNF-Alfa Inhibitors

Variables All TNF-Alfa Inhibitors

Number of Reports (%)

Total 34,031

Sex Men/Women/Unknown 11,380 (33.4)/22,394 (65.8)/

257 (0.8)

Age

Under 10s 132 (0.4)

10s 491 (1.4)

20s 1,933 (5.7)

30s 2679 (7.9)

40s 3205 (9.4)

50s 5562 (16.3)

60s 9611 (28.2)

70s 7850 (23.1)

80s 1505 (4.4)

90s 53 (0.2)

Unknown/Others 1010 (3.0)

Reasons for use

Rheumatoid arthritis 24,250 (71.3)

Crohn’s disease 4417 (13.0)

Ulcerative colitis 1020 (3.0)

Behcet’s syndrome 880 (2.6)

Psoriasis 763 (2.2)

Psoriatic arthritis 508 (1.5)

Pustular psoriasis 212 (0.6)

Drug use for unknown

indication

132 (0.4)

Juvenile idiopathic arthritis 121 (0.4)

Ankylosing spondylitis 108 (0.3)

Unknown/Others 1,620 (4.7)

Abbreviation: TNF, tumor necrosis factor.
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have additional biological effects against transmembrane

TNF16–20 and Fc receptor-expressing cells.21,22 Several

studies demonstrated the binding of infliximab, adalimu-

mab, etanercept, or certolizumab to cell lines expressing

transfected transmembrane TNF, and showed that the

degree of cell binding was 3-fold greater with infliximab

or adalimumab than with etanercept or certolizumab.19,23

In addition, CD64 modulates the efficacy of infliximab

both in vitro and ex vivo, whereas the presence of this

receptor has no impact on the inhibitory activity of cer-

tolizumab-pegol, which lacks the Fc fragment.21,22 In

order to reduce adverse effects by preventing interaction

with the Fc receptors,24 certolizumab pegol was produced

without the Fc region, removing the mechanism

Table 3 The Top 30 Adverse Drug Events Associated with TNF-Alfa Inhibitors

PT SOC All

TNF-Alfa Inhibitors

n ROR 95% CI

Pneumonia Infections and infestations 2517 5.36 5.14–5.6*

Interstitial lung disease Respiratory, thoracic and mediastinal disorders 1760 2.04 1.95–2.15*

Pneumocystis jirovecii pneumonia Infections and infestations 1357 11.8 11.1–12.5*

Herpes zoster Infections and infestations 729 6.4 5.92–6.91*

Infusion-related reaction Injury, poisoning and procedural complications 679 29.2 26.6–32*

Sepsis Infections and infestations 660 3.16 2.92–3.41*

Pneumonia bacterial Infections and infestations 636 11.5 10.5–12.5*

Pyrexia General disorders and administration site conditions 622 1.35 1.25–1.47*

Pulmonary tuberculosis Infections and infestations 573 27.9 25.3–30.9*

Cellulitis Infections and infestations 524 6.73 6.15–7.38*

Lymphoma Neoplasms benign, malignant and unspecified 454 14.9 13.5–16.5*

Pyelonephritis Infections and infestations 309 10.4 9.19–11.7*

Pancytopenia Blood and lymphatic system disorders 296 1.42 1.27–1.6*

Disseminated tuberculosis Infections and infestations 292 31.9 27.6–36.7*

Organising pneumonia Infections and infestations 261 13.6 11.9–15.5*

Hepatic function abnormal Hepatobiliary disorders 248 0.41 0.36–0.46

Anaphylactoid reaction Immune system disorders 246 2.7 2.37–3.07*

Breast cancer Neoplasms benign, malignant and unspecified 241 12.5 10.9–14.3*

Urinary tract infection Infections and infestations 226 3.61 3.15–4.13*

White blood cell count decreased Investigations 219 0.26 0.23–0.3

Tuberculosis Infections and infestations 218 32.7 27.7–38.6*

Tuberculous pleurisy Infections and infestations 216 47.4 39.6–56.7*

Pleurisy Respiratory, thoracic and mediastinal disorders 214 10.8 9.34–12.5*

Platelet count decreased Investigations 211 0.23 0.2–0.27

Arthritis bacterial Infections and infestations 205 13.7 11.8–16*

Bronchitis Infections and infestations 199 4.65 4.02–5.37*

Intestinal obstruction Gastrointestinal disorders 182 4.71 4.05–5.48*

Blood pressure decreased Investigations 173 1.05 0.9–1.22

Rash Skin and subcutaneous tissue disorders 172 0.68 0.59–0.79

Gastric cancer Neoplasms benign, malignant and unspecified 164 6.07 5.17–7.13*

Note: *Signal detected.

Abbreviations: CI, confidence interval; PT, preferred terms; ROR, reporting odds ratio; SOC, system organ class; TNF, tumor necrosis factor.

Table 4 TheTop 10AdverseDrug Events Associatedwith Infliximab

PT Infliximab

n ROR 95% CI

Pneumonia 1254 5.04 4.75–5.34*

Pneumocystis jirovecii pneumonia 888 14.5 13.5–15.5*

Interstitial lung disease 799 1.78 1.66–1.92*

Infusion related reaction 679 58.6 53.4–64.3*

Herpes zoster 412 6.82 6.17–7.55*

Sepsis 409 3.79 3.43–4.19*

Pulmonary tuberculosis 384 32.2 28.7–36.1*

Pyrexia 381 1.62 1.47–1.8*

Pneumonia bacterial 323 10.5 9.37–11.8*

Lymphoma 306 18.4 16.3–20.8*

Note: *Signal detected.
Abbreviations: CI, confidence interval; PT, preferred terms; ROR, reporting odds

ratio.
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dependent on the presence of that region.24 In addition,

certolizumab pegol was a pegylated anti-TNF F(ab’)2

fragment,25 with a structure different from that of other

TNF-alfa inhibitors. However, it is possible that other

factors contribute to infections. Further studies will be

needed to clarify this.

Different from other TNF-alfa inhibitors, infliximab

is a mouse/human chimeric monoclonal TNF-alfa inhi-

bitor of the IgG1 isotype,25 so it requires intravenous

drip infusion. In our results, infusion reaction was

reported only for infliximab. In addition, anaphylactic

reaction and reduction in blood pressure were noted

with infliximab. These results are consistent with those

of previous reports.26–28

As for malignancy, our results showed that lymphoma,

breast cancer, and gastric cancer were significantly corre-

lated with TNF-alpha inhibitors as a class. Especially,

reports of breast cancer were numerous with etanercept.

It has been reported that the immunosuppressive effects of

TNF-alpha inhibitors raise the risk of cancer,29 although it

is known that RA disease activity by itself is a risk factor

for developing malignancy.30

Several studies reported that TNF-alfa inhibitors are

associated with central nervous system (CNS) demyeli-

nating disorders, as well as peripheral nervous system

disorders (Guillain-Barré syndrome, Miller Fisher syn-

drome, chronic inflammatory demyelinating polyneuro-

pathy, multifocal motor neuropathy with conduction

Table 5 The Top 10 Adverse Drug Events Associated with

Etanercept

PT Etanercept

n ROR 95% CI

Pneumonia 625 5.61 5.16–6.09*

Interstitial lung disease 529 2.72 2.49–2.97*

Pneumocystis jirovecii pneumonia 209 6.88 5.98–7.9*

Herpes zoster 153 5.5 4.68–6.47*

Sepsis 117 2.37 1.98–2.85*

Pyrexia 111 1.05 0.87–1.27

Cellulitis 106 5.55 4.58–6.74*

Pneumonia bacterial 104 7.17 5.89–8.72*

Breast cancer 87 17.8 14.3–22.1*

Urinary tract infection 83 5.7 4.58–7.09*

Note: *Signal detected.
Abbreviations: CI, confidence interval; PT, preferred terms; ROR, reporting odds

ratio.

Table 6 The Top 10 Adverse Drug Events Associated with

Adalimumab

PT Adalimumab

n ROR 95% CI

Pneumonia 272 3.39 3–3.83*

Interstitial lung disease 238 1.72 1.51–1.96*

Pneumocystis jirovecii pneumonia 160 7.62 6.5–8.93*

Herpes zoster 115 5.99 4.97–7.21*

Pyrexia 114 1.58 1.31–1.9*

Pulmonary tuberculosis 104 23.9 19.5–29.1*

Cellulitis 92 7.01 5.69–8.63*

Pneumonia bacterial 86 8.59 6.93–10.7*

Pancytopenia 82 2.52 2.02–3.14*

Sepsis 79 2.32 1.86–2.9*

Note: *Signal detected.
Abbreviations: CI, confidence interval; PT, preferred terms; ROR, reporting odds

ratio.

Table 7 The Top 10 Adverse Drug Events Associated with

Golimumab

PT Golimumab

n ROR 95% CI

Pneumonia 366 7.39 6.63–8.24*

Interstitial lung disease 194 2.16 1.87–2.49*

Pneumonia bacterial 123 19.3 16–23.1*

Pneumocystis jirovecii pneumonia 100 7.18 5.88–8.77*

Cellulitis 78 9.06 7.22–11.4*

Pyelonephritis 70 20.6 16.2–26.2*

Hepatic function abnormal 70 1.14 0.9–1.45

Platelet count decreased 57 0.62 0.48–0.81

Liver disorder 56 1.53 1.18–2*

Sepsis 55 2.45 1.88–3.21*

Note: *Signal detected.
Abbreviations: CI, confidence interval; PT, preferred terms; ROR, reporting odds

ratio.

Table 8 The Top 10 Adverse Drug Events Associated with

Certolizumab Pegol

PT Certolizumab Pegol

n ROR 95% CI

Pneumonia 208 10.9 9.44–12.7*

Herpes zoster 119 25.1 20.8–30.4*

Interstitial lung disease 84 2.33 1.87–2.9*

Pneumocystis jirovecii pneumonia 44 7.83 5.79–10.6*

Cellulitis 32 9.16 6.45–13*

Pyelonephritis 25 17.9 12–26.6*

Pneumonia bacterial 24 8.94 5.96–13.4*

Sepsis 21 2.32 1.51–3.58*

Pyrexia 20 1.04 0.67–1.61

Colon cancer 19 17.5 11.1–27.6*

Note: *Signal detected.
Abbreviations: CI, confidence interval; PT, preferred terms; ROR, reporting odds

ratio.
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block, mononeuropathy multiplex, and axonal sensorimo-

tor polyneuropathies).31,32 However, in this study, the top

30 adverse events caused by TNF-alfa inhibitors included

no CNS-related adverse events.

The present study has several limitations. First, this study

does not cover all known TNF-alpha inhibitors. Second, as

a consequence of the self-reporting database, it is difficult to

completely remove reporting bias. In addition, the data

occasionally contain coding errors. Third, ROR does not

provide a robust indication of the signal strength. In sponta-

neous reporting systems such as JADER, control popula-

tions are not included, so ROR is different from the “odds

ratio” that is commonly used in epidemiological studies. In

real terms, ROR indicates an increased risk of adverse event

reporting, and not the risk of an adverse event itself. Finally,

the JADER database did not include detailed clinical infor-

mation on the patients’ clinical status.

In conclusion, the strength of the association among

TNF-alfa inhibitors with adverse events is variable, and

further studies are required to evaluate the identified signals.
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