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Anti-tuberculosis therapy (ATT) with
multiple antimicrobials, administered
individually or as fixed dose
combinations (FDC) is the key to control

of tuberculosis. Arguments in favour of FDC include
better patient compliance, simplification of
prescriptions, easier management of drug supply,
reduced programmatic cost, and less chances of
developing drug resistance(1-3). WHO and other
agencies also recommend FDC for delivering
ATT(4).

However, the bioavailability of rifampicin in
FDC may be reduced owing to chemical reaction
with isoniazid in the acidic gastric environment;
pyrazinamide and ethambutol catalyze this
reaction(5,6). Using FDC with poor rifampicin
bioavailability can make therapy inadequate and
thereby potentially increase drug resistance. A multi-
national study reported that poor rifampicin
bioavailability was twice as common with FDC as
compared to separate administration among various
ATT preparations from different countries including
India(7). Other arguments against FDC are: (i)
younger children may receive slightly higher dose
than required; (ii) development of side effects may
necessitate omission/modification of the entire
combination, and (iii) FDC may be more expensive
than individual components in terms of cost per
tablet.

For these reasons, although FDC are considered
the international standard for tuberculosis
treatment(4), the WHO cautions that only
preparations with proven bioavailability should be
used and publishes a list of prequalified products(8).

Most of the FDC available in India are not listed
therein. It is therefore relevant to examine the
scientific evidence on FDC for treating tuberculosis
in children.

RELEVANCE

FDC are liberally prescribed in children despite
limited information on the pharmacological
properties of most preparations marketed in India.
The concerns highlighted above mandate that the
value (or otherwise) of FDC in treating childhood
tuberculosis be evaluated carefully.

The clinical question addressed in this systematic
review of evidence is: “In people with tuberculosis
(population), does antimicrobial administration
through fixed-dose combinations (intervention)
compared to separate administration (comparison)
affect treatment effectiveness (outcome)?” Treat-
ment effectiveness can be determined by clinical
and/or microbiological cure, or surrogate outcomes
such as antimicrobial pharmacodynamic/pharmaco-
kinetic measurements. Other relevant outcomes
include safety, emergence of antimicrobial
resistance during therapy, compliance, patient
satisfaction and cost.

CURRENT BEST EVIDENCE

A broad, sensitive Pubmed and Cochrane Library
search with the terms “(fixed-dose combination)
tuberculosis” was undertaken on 25 August 2009
without any filters/limits. This identified 65 relevant
citations which were examined in detail for
randomized controlled trials (RCT) addressing the
clinical question. Five RCTs(9-13) evaluated
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treatment efficacy, one examined relapse(14), two
estimated the emergence of drug resistance(14,15),
and two(16,17) examined bioequivalence of
rifampicin in FDC versus separate administration.
The five trials measuring efficacy also reported
adverse effects of therapy (safety data).

Data from three RCTs(9,11,13) examining
treatment efficacy in sputum smear-positive
pulmonary tuberculosis could be pooled through
meta-analysis. The pooled odds ratio for treatment
failure with FDC is 0.70 (95% CI 0.39-1.25,
I2=10.6%, fixed-effect model, 1502 participants),
suggesting that both FDC and separate
administration have comparable efficacy (Fig. 1).
Two additional RCTs(10,12) among sputum positive
pulmonary tuberculosis patients also reported
comparable efficacy, but did not present data in a
format that could be pooled. Only one RCT(14) was
designed to evaluate long term efficacy of treatment
by measuring relapse rate (smear or culture
positivity), three to five years after treatment. The
trial reported a non-statistically significant higher
relapse rate with FDC (10.1% vs. 2.7%, P=0.07).

Two RCTs compared the emergence of
antimicrobial resistance. One included over 5000
patients taking self-administered ATT either as FDC
or separate administration(15). Antimicrobial
resistance of isolates was measured twice, at least
three months apart. Acquired drug resistance,

defined as initial isolate sensitive and second isolate
resistant, occurred in less than 0.5% patients; it was
lower among those taking FDC (0.3%) compared to
separate administration (1.0%). Another RCT(12)
among 105 participants examined drug resistance in
a small minority and reported that 4 patients
developed resistance with FDC (all pyrazinamide)
compared to 8 with separate administration (6
pyrazinamide, 2 ethambutol).

Two trials performed pharmacodynamic
measurements to compare the bioavailability of
rifampicin between FDC and separate
administration. One  was designed as an open,
within-subjects, single-blind, cross-over study (each
volunteer acting as own control) measuring multiple
parameters such as peak drug concentration, time to
achieve peak concentration, biological half-life of
elimination and area under the curve (AUC)(16). All
were comparable except peak concentration which
was lower with FDC (but within the therapeutically
acceptable range). Another randomized, cross-over
comparison in healthy volunteers examined
rifampicin bioavailability in FDC formulations
available globally. Seven of ten FDC formulations
were not bioequivalent to separate administration of
rifampicin(17).

Three RCTs(10-12) reported lower frequency of
various adverse effects with FDC, while two(9,13)
reported comparable frequency. The data could not

FIG. 1 Treatment failure with fixed drug combination (FDC) vs. separate administration of anti-tuberculosis therapy (ATT).
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be pooled together. One trial(9) reported better
patient acceptability with FDC and one trial(13)
reported comparable treatment drop-out rate with
FDC and separate administration. There was no RCT
comparing therapy costs.

CRITICAL APPRAISAL

Most trials recruited only sputum smear positive
cases, making the interpretation of results much
more reliable and valid than assessment of treatment
efficacy in suspected/latent tuberculosis. On the
other hand, the results cannot be directly
extrapolated to smear negative cases; this probably
explains the complete absence of information in
children. It is interesting that almost all the trials
reported very high treatment success rate, which may
not conform to the usual population pattern. This
suggests better compliance to therapy during the
course of clinical trials (the Hawthorne effect) and
not necessarily treatment efficacy alone.

It is important to note that current best evidence
does not support the presumed superiority of FDC
over separate administration. This may be because
either such superiority does not exist or due to low
treatment failure rate in the available trials (limited
scope for improvement). If the former presumption
is correct, then trials need to be designed to prove
non-inferiority, which is somewhat different from
the usual RCT design. Either way, it suggests that the
benefits of FDC (if any) relate to operational issues
(drug procurement, storage, transport) and
convenience (slightly better compliance) rather than
clinical benefit. Given these considerations, a
blanket recommendation favouring FDC ATT is
difficult to appreciate.

EXTENDIBILITY

Many of the included trials were conducted in

developing countries with population
characteristics, disease prevalence, treatment
protocols, compliance rates etc similar to India.
Hence the evidence is applicable even though none
of the trials was conducted here. It is not clear
whether the available data can be extended to
children and paucibacillary/smear-negative cases.

Funding: None.
Conflict of interest: None stated.

REFERENCES

1. Bangalore S, Kamalakkannan G, Parkar S, Messerli
FH. Fixed-dose combinations improve medication
compliance: a meta-analysis. Am J Med 2007; 120:
713-719.

2. Hong Kong Chest Service/British Medical
Research Council. Acceptability, compliance, and
adverse reactions when isoniazid, rifampin, and
pyrazinamide are given as a combined formulation
or separately during three-times-weekly
antituberculosis chemotherapy. Am Rev Resp Dis
1989; 140: 1618-1622.

3. Blomberg B, Spinaci S, Fourie B, Laing R. The
rationale for recommending fixed-dose
combination tablets for treatment of tuberculosis.
Bull WHO 2001; 79: 61-68.

4. Tuberculosis Coalition for Technical Assistance
(TBCTA). International standards for tuberculosis
care. Available at http://www.stoptb.org/
resource_center/assets/documents/istc_report.pdf.
Accessed on 25 August, 2009.

5. Prasad B, Bhutani H, Singh S. Study of the
interaction between rifapentine and isoniazid under
acid conditions. J Pharm Biomed Anal 2006; 41:
1438-1441.

6. Bhutani H, Singh S, Jindal KC, Chakraborti AK.
Mechanistic explanation to the catalysis by
pyrazinamide and ethambutol of reaction between

EURECA CONCLUSION IN THE INDIAN CONTEXT

• There is no evidence of superiority of fixed-dose combination ATT over separate administration in terms of
treatment effectiveness.

• Marginal benefit in terms of compliance, convenience and lower acquired drug resistance may be offset by
unpredictable pharmacological properties of many FDC preparations.

• The choice of FDC or separate administration of ATT should be individualized rather than empiric.



INDIAN  PEDIATRICS 880 VOLUME 46__OCTOBER 17, 2009

EURECA FIXED-DOSE DRUG COMBINATION FOR TUBERCULOSIS

rifampicin and isoniazid in anti-TB FDCs. J Pharm
Biomed Anal 2005; 39: 892-899.

7. Laserson KF, Kenyon AS, Kenyon TA, Layloff T,
Binkin NJ. Substandard tuberculosis drugs on the
global market and their simple detection. Int J
Tuberc Lung Dis 2001; 5: 448-454.

8. World Health Organization. WHO List of
Prequalified Medicinal Products. Available at
http://apps.who.int/prequal/. Accessed on 25
August, 2009.

9. Bartacek A, Schütt D, Panosch B, Borek M;
Rimstar 4-FDC Study Group. Comparison of a
four-drug fixed-dose combination regimen with a
single tablet regimen in smear-positive pulmonary
tuberculosis. Int J Tuberc Lung Dis 2009; 13: 760-
766.

10. Zaka-Ur-Rehman Z, Jamshaid M, Chaudhry A.
Clinical evaluation and monitoring of adverse
effects for fixed multidose combination against
single drug therapy in pulmonary tuberculosis
patients. Pak J Pharm Sci 2008; 21: 185-194.

11. Gravendeel JM, Asapa AS, Becx-Bleumink M,
Vrakking HA. Preliminary results of an operational
field study to compare side-effects, complaints and
treatment results of a single-drug short-course
regimen with a four-drug fixed-dose combination
(4FDC) regimen in South Sulawesi, Republic
of Indonesia. Tuberculosis (Edinb) 2003; 83:
183-186.

12. Su WJ, Perng RP. Fixed-dose combination
chemotherapy (Rifater/Rifinah) for active
pulmonary tuberculosis in Taiwan: a two-year
follow-up. Int J Tuberc Lung Dis 2002; 6: 1029-
1032.

13. Zhu L, Yan B, Ma W. Controlled clinical study on
efficacy of fixed-dose compounds rifater/rifinah in
antituberculous chemotherapy. Zhonghua Jie He
He Hu Xi Za Zhi. 1998; 21: 645-647.

14. Suryanto AA, van den Broek J, Hatta M, de
Soldenhoff R, van der Werf MJ. Is there an
increased risk of TB relapse in patients treated with
fixed-dose combination drugs in Indonesia? Int J
Tuberc Lung Dis 2008; 12: 174-179.

15. Moulding TS, Le HQ, Rikleen D, Davidson P.
Preventing drug-resistant tuberculosis with a fixed
dose combination of isoniazid and rifampin. Int J
Tuberc Lung Dis 2004; 8: 743-748.

16. Nyazema NZ, Rabvukwa P, Gumbo J, Ndudzo P,
Chitemerere C. Bioavailability of rifampicin in a
separate formulation and fixed dose combination
with isoniazid NIH: a case for a fixed dose
combination (FDC) for the treatment of
tuberculosis. Cent Afr J Med 1999; 45: 141-144.

17. Pillai G, Fourie PB, Padayatchi N, Onyebujoh PC,
McIlleron H, Smith PJ, et al. Recent
bioequivalence studies on fixed-dose combination
anti-tuberculosis drug formulations available on the
global market. Int J Tuberc Lung Dis 1999; 3(11
Suppl 3): S309-S316.


