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Abstract
Aim: To assess the potential risk of tuberculosis (TB) in patients treated with anti-tumor necrosis factor-alpha

(TNF-a) agents in Asia.

Methods: Absolute risk increase (ARI) of TB was estimated for three widely used anti-TNF-a therapies using pub-

lished standardized incidence ratios (SIR) from the French Research Axed on Tolerance of bIOtherapies registry

and incidence (absolute risk [AR]) of TB in Asia. Assuming an association of increased TB risk with anti-TNF-a
therapy and country TB AR (incidence), the ARI of TB by country was calculated by multiplying the SIR of the

anti-TNF-a therapy by the country’s TB AR. The numbers needed to harm (NNH) for each anti-TNF-a agent and

numbers needed to treat (NNT) to reduce one TB event using etanercept therapy instead of adalimumab or

infliximab were also calculated for each country.

Results: The ARI of TB with anti-TNF-a therapies in Asian countries is substantially higher than Western Europe

and North America and the difference between etanercept versus the monoclonal antibodies becomes more

evident. The NNH for Asian countries ranged from 8 to 163 for adalimumab, 126 to 2646 for etanercept and 12

to 256 for infliximab. The NNT to reduce one TB event using etanercept instead of adalimumab therapy ranged

from 8 to 173, and using etanercept instead of infliximab therapy the NNT ranged from 13 to 283.

Conclusion: Higher numbers of patients are at risk of developing TB with anti-TNF-a therapy in Asia compared

with Western Europe and North America. The relative lower risk of TB with etanercept may be particularly

relevant for Asia, an endemic area for TB.

Key words: ankylosing spondylitis, health services and health care economics, psoriatic arthritis, rheumatoid
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INTRODUCTION

Therapies directed against tumor necrosis factor-alpha

(TNF-a) have significantly advanced the treatment of

rheumatoid arthritis (RA), ankylosing spondylitis,

Crohn’s disease, psoriatic arthritis and psoriasis.1,2

However, increased risks of tuberculosis (TB) and other

infections are a major safety concern with anti-TNF-a
treatments.3–9 Three widely used anti-TNF-a agents with

long-term safety data – etanercept, infliximab and

adalimumab – have been shown to increase the risk of

developing TB.

Some studies have suggested that the risk for TB reac-

tivation/infection may differ among the anti-TNF-a
agents with the monoclonal antibodies (infliximab and

adalimumab) having a higher risk of TB than the solu-

ble TNF-a receptor fusion protein (etanercept).7,10–12

Although these differences between the two types of

anti-TNF-a agents may not be clinically relevant in

Western Europe and North America, this may not be

the case in regions such as Asia where TB is endemic.13

The World Health Organization reports the largest

number of new TB cases is in Asia, which accounted for

60% of new cases worldwide.14

Data that permit calculations of the risk of TB with

anti-TNF-a treatment in Asia and the impact of

increased use of anti-TNF-a therapy in this region are

limited. Thus this report provides estimates for the

potential risk of TB in patients who are candidates

for anti-TNF-a therapy in Asia. Estimates were devel-

oped for both anti-TNF-a monoclonal antibodies and

the soluble TNF-a receptor fusion protein, using data

from the Research Axed on Tolerance of bIOtherapies

(RATIO) registry in France15 and TB incidence in

several Asian countries,13,16 assuming an association

of TB incidence with increased risk of TB due to anti-

TNF-a therapy. This assumption is based on pub-

lished reports of several clinical trials in which most

cases of TB occurred in endemic regions17–19 and

recent data from Japan, Taiwan, the Philippines and

Korea related to the risk of TB with anti-TNF-a
therapies.8,20–23

METHODS

The potential risk of TB with the three most widely used

anti-TNF-a agents (adalimumab, etanercept and inflix-

imab) in Asia were estimated using published age and

gender standardized incidence ratios (SIR) from the

RATIO registry report15 and the absolute risks (AR) or

incidence of TB for each country.13,16

The RATIO registry reported the SIRs for individual

anti-TNF-a agents as 18.6 (95% confidence interval

[CI], 13.4–25.8) for infliximab, 29.3 (95% CI, 20.3–
42.4) for adalimumab and 1.8 (95% CI, 0.7–4.3) for

etanercept.15 A sensitivity analysis was performed based

on the 95% CI of the SIR for each of the anti-TNF-a
agents. The deviation of the SIR from 1.00 was tested,

assuming a Poisson distribution for the observed cases,

given the small number of cases.15

The estimated absolute risk increase (ARI) for each

of the anti-TNF-a agents in each Asian country was

determined as follows: the SIR of each agent reported

in the RATIO registry15 was multiplied by the AR (TB

incidence) in that country13,16 Next, the absolute risk

increase (ARI) of TB, above that of the general popu-

lation, due to use of anti-TNF-a agents was calculated

by subtracting the AR from the above value for each

anti-TNF-a agent in each country (Fig. 1). The number

needed to harm (NNH) or produce one TB event was

calculated as the reciprocal of the ARI (NNH =
1/ARI).

A sensitivity analysis was also performed using the

95% CI of SIR for each anti-TNF-a in the RATIO registry

report.

The number needed to treat (NNT) to reduce one TB

event by using etanercept instead of adalimumab or inf-

liximab was calculated as follows:

NNT (using etanercept instead of adalimumab)

¼ 1

ðARI[adalimumab]� ARI[etanercept]Þ

NNT (using etanercept instead of infliximab)

¼ 1

ðARI[infliximab]� ARI[etanercept]Þ

The reliability and accuracy of these estimates of TB

risk were compared with reported risks for each anti-

TNF-a agent in countries where recent data are available

(Japan, Taiwan, the Philippines and Korea).8,20–23

RESULTS
Impact of anti-TNF-a therapy on baseline TB
risk in Asian countries
Fifteen Asian countries were included in this analysis.

According to the World Bank13 and Taiwan TB Control

report,16 baseline TB incidence (AR) ranged from a low

of 21 per 100 000 in Japan to a high of 442 per

100 000 in Cambodia (Table 1; Fig. 1). Table 1 and
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Figure 1 show the incremental risk of TB with anti-TNF-

a therapy in these 15 Asian countries. The magnitude of

increased risk is proportional to the incidence (AR) in

each country.

Number needed to harm
The NNH for each anti-TNF-a agent per country ranges

from 8–163 for adalimumab, 126–2646 for etanercept

and 12–256 for infliximab, and is proportional to the

incidence (AR) of TB in each country (Table 1). In

order to determine how sensitive the analysis is to the

uncertainties in the value of the parameters, a one-way

sensitivity analysis based on the range of the 95% CI

for the SIRs was performed. The NNH calculated based

on the upper and lower limits of the 95% CI of SIRs

ranged from 5–235 for adalimumab, 53–6803 for eta-

nercept and 9–355 for infliximab, which was consistent

with the analysis results.

Number needed to treat
Analysis of the NNT by country is presented in Table 1.

The NNT to reduce one TB event for each country with

etanercept instead of adalimumab ranged from 8–173.
The NNT to reduce one TB event per country with eta-

nercept treatment instead of infliximab therapy ranged

from 13–283.
Of the countries included in the analysis, Cambodia

had the highest TB incidence, the lowest NNH, and the

lowest NNT values, whereas Japan had the lowest TB

incidence and the highest NNH and NNT values.

Table 2 shows the ARI of TB in patients with RA

treated with anti-TNF-a agents in Japan, Korea, Taiwan

and the Philippines based on the model and the pub-

lished actual ARI of TB in these countries.8,20–23 Actual

published data also showed a difference in ARI of TB

with etanercept versus adalimumab and infliximab.

DISCUSSION

The high incidence of TB in many Asian countries pre-

sents a major public health problem in this region.14

Compounding this issue is the well-established finding

that use of anti-TNF-a agents increases the incidence/

risk of TB. Published data from registries suggest that

the risk of TB may be less with etanercept than with

the monoclonal antibodies infliximab and ada-

limumab.15,24 This difference between etanercept and

the monoclonal antibodies may be more substantial

and clinically meaningful in Asia where TB is endemic.

Due to the limited amount of real-world published

data, this study estimated the increased risk of TB with

anti-TNF-a therapy in Asia. Data from clinical trials of

multiple anti-TNF-a monoclonal antibodies indicate an

association between the risk of developing TB on anti-

TNF-a therapy and the incidence of TB in the region.

Most cases of TB in these clinical trials occurred in

regions with a higher incidence of TB, especially

Asia.17–19 Results from the RATIO registry showed an

increase in the risk of TB among patients treated with

various anti-TNF-a agents compared with the general

population, as well as a difference among the various

anti-TNF-a agents in this respect. Assuming that the

increase in TB incidence/risk (ARI) with use of anti-

TNF-a therapy depends on the TB incidence (AR), the

ARI for each anti-TNF-a agent for each country can be

estimated using the SIRs for each agent reported by

Figure 1 Projected incremental tubercu-
losis (TB) risks in Asian countries in
patients treated with adalimumab, eta-
nercept or infliximab.
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Tubach et al. (RATIO registry in France)15 and the

known TB incidence (AR) for each country.13,16 The

data were then used to determine the NNH and NNT

for each anti-TNF-a agent in each Asian country. The

NNH, used in conjunction with the NNT, assessed

potential adverse effects of an intervention by providing

the number of treatments needed to harm a patient.25

The NNT for using etanercept instead of adalimumab

or infliximab provided the number of patients that need

to be treated in order to prevent one event of TB.

Together, NNH and NNT allow physicians to compare

different treatment options and outcomes for the same

disease, enabling them to translate the results from clin-

ical trials and systemic reviews for use in routine clinical

practice.25–27 The NNH due to anti-TNF-a therapy in

our analysis was substantially lower in Asian countries

(ranging from 8–2646) than previously published val-

ues in Western Europe (ranging from 232–6410).15,24

Our study also indicates that the monoclonal antibody

treatments adalimumab and infliximab had substan-

tially lower NNH than the soluble TNF-a receptor

fusion protein etanercept.

The major differences between the actions of the

two classes of drugs in vivo appear to be related to

effects on granulomas and infections.28 While the sol-

uble receptor may have high affinity for the TNF-a
molecule, the monoclonal antibodies have a higher

avidity for transmembrane TNF-a and thus bind TNF-

a more tightly.29–32

Our analysis has a number of limitations. Due to the

lack of published data in Asia, we estimated the

increased risk of TB with anti-TNF-a therapy using data

from the French RATIO registry. These data may not be

applicable to Asian countries, given the differences in

health care standards, co-morbidities and the overall

socioeconomic conditions. However, given the higher

standards of health care, lower incidence of TB and

generally better socioeconomic conditions in France,

these analyses may actually underestimate the risk of

TB in most regions of Asia. The analyses will increase

the awareness of a higher risk of TB in Asia and will

encourage more research in this field. Because the

RATIO study was conducted in a population with dif-

ferent socioeconomic backgrounds and with different

levels of health care, it is possible the ARI for Asian

populations may be either under- or overestimated.

However, given the much worse socioeconomic condi-

tions and standards of health care, one would expect

the actual ARI based on local data would be worse.

This is essentially confirmed by comparisons of the

limited published data with the estimated ARI. Some

actual (but limited) data have recently been reported

from Japan, Taiwan, the Philippines and Korea regard-

ing the TB risk associated with infliximab. For example,

Japanese post-marketing data showed a < 1% inci-

dence of TB among 5000 RA patients taking infliximab

(most of whom had received isoniazid prophylaxis).33

In a 14-week study of 87 Chinese RA patients receiving

infliximab, only one developed TB. However, patients

with positive tuberculin tests or radiographic evidence

of active or occult TB at screening were excluded from

this study.34 A literature review on anti-TNF therapy in

India revealed a TB reactivation rate of 10.6% in

patients with spondyloarthropathy receiving standard

doses of infliximab, which was 56 times greater than

the incidence in the general Indian population. By con-

trast, etanercept was reported to cause reactivation

tuberculosis in only 5% of RA patients after 1 year of

treatment.35 In a Philippine study, TB developed in 5/

64 (7.8%) patients with rheumatic disease receiving

infliximab (at study enrolment, one of these patients

had active TB that was being treated, and four were

receiving isoniazid for latent TB).23 The probability of

new infection with anti-TNF-a therapy increases where

TB is endemic; under- or overestimated data may be

influenced by the prophylaxis or surveillance strategies

of the specific country. However, the available data are

very limited and sporadic and could very well be a

Table 2 Estimated and actual ARI of TB in patients with RA or ankylosing spondylitis treated with anti-TNF-a agents in Japan,

Korea, Taiwan and the Philippines

Anti-TNF-a agent ARI (incidence of TB per 100 000 population with anti-TNF-a agent use)

Japan Korea Taiwan Philippines

Estimated Published20 Estimated Published8,21 Estimated Published22 Estimated Published23

Etanercept 38 NR 162 0, 0 112 NR 504 NR

Infliximab 391 300 1674 540, 2558 1153 NR 5208 7813

Adalimumab 615 NR 2637 490, NR 1817 9302 8204 NR

ARI, absolute risk increase; TB, tuberculosis; RA, rheumatoid arthritis; TNF-a, tumor necrosis factor alpha; NR, not reported.
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function of inadequate sample size. Our estimates do

not take into account the administration of only a few,

intermittent doses of TNF inhibitors in some Asian

countries (since this was not recommended by product

labels), or the widespread use of corticosteroids. These

factors could confound extrapolation of the French

data to Asian countries and might affect the calculation

of NNT and NNH.

It should be noted that none of the 69 cases in the

RATIO study had been treated with correct chemopro-

phylaxis against TB before anti-TNF-a therapy was initi-

ated. Over the past few years, there has been greater

awareness of this problem, and many countries have

developed better screening programs that may eventu-

ally reduce the number of TB cases by decreasing the

number of reactivations of latent TB. For example, a

screening program consisting of a tuberculin skin test,

QuantiFERON-TB Gold (QTG) test, standard chest

radiograph, and contrast enhanced-computerized

tomography of the chest has been recommended in

India due to the high prevalence of TB.36 However, such

screening procedures will not impact de novo TB infec-

tion. The risk of de novo TB is higher in areas with a

greater incidence of the disease.19 Thus, patients in Asia

treated with TNF inhibitors will remain at a higher risk

of contracting a new infection with TB despite the use

of screening procedures, and vigilance is needed while

patients are being treated with such therapies. Early

detection and treatment of TB while on TNF-inhibitor

therapy may result in better outcomes for the

patient.17,19

The findings of this study provide additional insights

about the use of anti-TNF-a therapies in Asian countries

where patients are at high risk for TB. The lower risk of

developing TB with etanercept relative to adalimumab

and infliximab may be more pronounced and more

clinically relevant in Asia given the higher risk of TB

which is endemic in many of these countries. This issue

warrants further evaluation using results from registries

and real-world practice data from Asia. The use of anti-

TNF-a agents in this area will require health care

providers to become familiar with the warnings and

precautions on the labels of all such therapies. Guide-

lines have been developed that emphasize the impor-

tance of screening for TB before initiating treatment

with biologic agents.37–39
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