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Tuberculosis Is a complex socio-economic problem that impedes human development. Tuberculosis
exerts a toll of eight million new sufferers and two million deaths every year. Around one third of world
population harbors Mycobacterium tuberculosis that Is sensitive to rifampicin, isoniazid, pyrazinamide
and ethambutol. As tuberculosis is contagious, it infects many others thereby necessitating early diag-
nosis and treatment. A standard 6 months treatment regimen formulated by World Health Organization
(WHO), in its operational point of view is a complex procedure leading to treatment fallure and resur-
gence of drug resistant strains.To Increase the patient compliance, in its recently revised Tuberculosis
Treatment Guidelines for National Tuberculosis Programs, WHO encourages the use of Fixed Dose
Combination (FDC) tablets, which assures ingestion of all the components of tuberculosis treatment
regimen. However, the major quality issue associated with FDCs Is assuring the bioavailability of ri-
fampicin. If not carefully manufactured, bioavailability of rifampicin is negatively affected which could
directly lead to poor treatment outcome and may lead to drug resistance. In the light of above scenario,
this review mainly focuses the potential advantages of FDC formulations with special emphasis on

quality of FDC preparation to be used for tuberculosis control.

TUBERCULOSIS (TB) EPIDEMIC

Since time immemorial, TB has been a scourge to
mankind. The earliest evidence of TB in man and ani-
mals is provided by fossil bones dating back to 8000
BC'. Even a century after Koch's discovery of tubercle

bacillus and decades after the discovery of powerful anti- .

TB drugs to date, TB remains a leading cause of death
due to infectious diseases in the developing countries.
Taking into the consideration the severity and spread of
the disease, in 1993 World Health Organization (WHO)
declared TB as a ‘global emergency’ as more than 1900
million people are infected with this organism2, Each year
9-10 million people come in the grip of this disease world-
wide and WHO projects that by 2020, another 200 million
individuals to become sick, and 70 million to die from
1B, most of them from the developing countries. On the
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other hand, about 50 million TB cases of multi-drug
resistance will cost up to 100 times the available treat-
ment cost of TB3, Furthermore, the impending HIV pan-
demic has increased morbidity and mortality due to TB*
¢, By 2020, TB and HIV infection together are expected
to account for 90% of adult deaths from infectious dis-
easesS. HIV infection as a risk factor will account for
25% of the TB burden, as the lifetime risk of developing
TB increases from 5-10% in HiV-positive individuals.

The problem in India is even greater as it is esti-
mated that India accounts for one fourth of global TB
burden India has an estimated 14 miltion TB cases to
which about 2 milion are added every year. Each year
TB kills 5 lakh people in India ~ more than 1000 every
day, nearly 1 every minute!’

TREATMENT APPROACHES
Short Course Chemotherapy:
M. tuberculosis is a tormidable organism having a

Indian Journal of Pharmaceutical Sciences 1



TABLE 1: RECOMMENDED DOSES (mg/kg) FOR ESSENTIAL ANTI-TB DRUGS

Anti-TB drug

Recommended dose (mg/kg) *

(abbreviation) Mode of action Daily Intermittent

' 3x per week 2x per week
Isoniazid (H) Bactericidal 5 (4-6) 10(8-12) 15 (13-17)
Rifampicin (R) Bactericidal 10 (8-12) 10(8-12) 10 (8-12)
Pyrazinamide (P) Bactericidal 25 (20-30) 35 (30-40) 50 (40-60)
Ethambutol (E) Bacteriostatic 15 (15-20) 30 (25-35) 45 (40-50)
Streptomycin (S) Bactericidal 15 (12-18) 15 (12-18) 15 (12-18)
Thioacetazone (T) Bacteriostatic 2.5 Nat Applicable

*(Dose ranges given in parentheses)

sturdy wall, which is impervious to most antibiotics,
Because of the slow division of organism, no course of
treatment of less than 6 months duration is effective in
smear positive patients. Unfortunately, no drug that sig-
nificantly improves treatment outcome or shortens the
duration of therapy is likely to be available in the near
future. Therefore, the only available option is to make
use of existing drugs effectively and rationally. As treat-
ment of TB always requires multi-drug therapy, to reduce
the emergence of drug resistant strains, WHO has for-
mulated a standardized Short Course Chemotherapy regi-
mens consisting of essential first-line anti-TB drugs as
shown in table 1. Treatment regimens have an initial
(intensive) phase lasting for 2 months and a continuation
phase for next four months. In the intensive phass,
there is a rapid killing of tubercle bacilli; infectious pa-
tients become non-infectious within 2 weeks and symp-
toms improve. For sterilizing effects, in the continuation
phase fewer drugs are necessary for a fonger period of
time®,

Although, the term ‘short course’ is coined with stand-
ard anti-TB regimens, from patient's point of view, it is
very difficult to adhere to the treatment for such a long
period. To worsen the fact, patient has to consume large
number of tablets and capsules every day, which is a
common cause of patient noncompliance. As the dose
given in the form of separate formulations is fixed, there
exists an every possibility of overdosing or underdosing,
as there is no flexibility in the calculation of dosage ac-
cording to patient's requirement. Thus, these short course
chemotherapeutic regimens lasting for 6 months are dif-
ficult to implement thereby resulting in patient noncom-
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pliance and emergence of drug resistance®.

Directly Observed Treatment Shortcourse (DOTS);
An Effective Tool for Management of TB:

The lack of organization of services to ensure wide-
spread detection and cure of patients resulted in the un-
believable TB toll and surge in drug resistance. However,
there is a proven, cost effective management package
for the treatment of TB known as DOTS that ensures the
effective delivery of health services to TB patients'e?,
DOTS has five key components:

© Government commitment to sustained TB contro!
activities.

o Case detection by sputum smear microscopy among
symptomatic patients self-reporting to health serv-
ices.

© Standardized treatment regimen of six to eight
months for at least all confirmed sputum smear posi-
tive cases, with directly observed treatment for at
least the initial two months.

© A regular, uninterrupted supply of all essential anti-
TB drugs.

© A standardized recording and reporting system that
allows assessment of treatment results for each
patient and of the TB control program overall.

Although, yet DOTS is not widely implemented
(20% case detection in 1998), with effective community
participation WHO has targeted at least 70% detection
of infectious cases and 85% cure rates by year 2005
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The rise in multi-drug resistant (MDR) TB has threat-
ened the success of TB control, WHO and International
Union Against Tuberculosis and Lung Disease (IUATLD)
have identified several geographical areas where MDR-
TB's prevalence is greater than 3%. To effectively man-
age the problem of MDR-TB, WHO has formed a pilot
project ‘DOTS-plus’, in the regions of high rates of MDR-
TB also known as ‘hot zones'. DOTS-plus concept in-
cludes the five tenets of DOTS strategy and additionally,
takes into account specific issues that need to be ad-
dressed to control MDR-TB. The goal of DOTS-plus is to
prevent further development and spread of MDR-TB'*'4,

Fixed dose combination (FDC) tablets in the
management of TB:

The use of standardized regimen is the fundamental
strategy of WHO and |UATLD. Deviations from such regi-
men result in increased cost and risks of side effects, or
decreased chance of cure, or both. One of the best ways
of ensuring compliance with such regimens is to physi-
cally combine the requisite drugs into one preparation ~

a fixed dose combination product. FDC formulation thus °

is a combination of two or more first line anti-TB drugs

namely rifampicin, isoniazid, pyrazinamide and etham-
buto! in a fixed proportion in a single dosage form and
this stemmed from the fact that TB always requires multi-
drug therapy'. The potential advantages associated with
the use of FDCs are:

o Reduced risk of emergence of dug resistant strains
Less risk of medication errors

Better patient compliance

Reduced cost of treatment

Dosages adjustment according to patient need

o 0 0 o

Simplify drug supply management, shipping and dis-
tribution

Based on this rationale, WHO and {UATLD recom-
mend the use of FDC tablets as a routine practice in the
treatment of TB'. It would be pertinent to note here that
the FDC is a part of WHO model list of essential drugs"
as shown in Table 2.

RATIONALE FOR FDCS
FDC to prevent drug resistance:
The management and control of TB is complicated

TABLE 2: WHO MODEL LIST OF ESSENTIAL DRUGS (FROM DECEMBER 1997)

Drug Forms

Strengths

Streptomycin

Rifampicin Capsule or tablet
Isoniazid Tablet
Pyrazinamide Tablet
Ethambutol Tablet
Thioacetazone + isoniazid Tablet

Isoniazid + ethambutol Tablet -
Rifampicin + isoniazid Tablet

Rifampicin + isoniazid +
pyrazinamide

Powder for injection

S 1g (as sulphate) in vial

R 150 mg
R 300 mg

H 100 mg
H 300 mg

Z 400 mg

E 100 mg

E 400 mg

T 50 mg + H 100 mg
T 150 mg + H 300 mg
H 150 mg + E 400 mg

R150m3+H 75 mg
R 300 mg + H 150 mg
R150mg+H 150 mg * .

R 150 mg + H 75 mg + Z 400 mg
R150mg+H 150 mg + Z500 mg *

* For intermittent use three times weekly
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by the émergence of drug resistant strains. The results
of a sentinel survey conducted in South Africa shows
that the rate of MDR-TB among smear positive patients
increased six folds from 1994 to 1996'8, In some parts of
the globe, the prevalence of acquired drug resistance
(ADR) increased dramatically'®?! and in some cases went
as high as 51.5%?%. ADR is mainly associated with
monotherapy®® suggesting a need for appropriate treat-
ment regimen and increased supervision.

Although, multi-drug therapy is prescribed for TB, in
clinical reality patients tend to take only one drug
(monotherapy). The possible reasons for monotherapy
include: a temporary lack of supply of one or more medi-
cations; mistakes in dispensing; patient's decision to
purchase only one medication to save money and pa-
tient’s deliberate decision to take only one drug because
of perceived or real symptoms associated with other
drugs®, Thus, poor compliance and multiple interruptions
in the treatment are primary reasons of drug resistance.

To control the tide of emerging resistance, the usual
measures recommended are: 1) increased supervision
of TB treatment in the form of DOTS that eliminate or
reduce the interruptions in the treatment and 2) ingestion

interruptions in treatment may lead to drug resistance®.

In the United Kingdom, which has low rates of drug
resistance, 73% to 79% of rifampicin is sold as FDCs.
While in the United States of America, which has a high
rate of drug resistance, only 15 to 18% of rifampicin is
utilized in the form of FDC. This data can be used as a
basis to claim that the low use of FDCs in the United
States of America is a reason for high rates of drug re-
sistance?, This imperfect evidence and more importantly,
the fact that treatment with combined preparations pre-
cludes monotherapy and its potential to create drug re-
sistance, form a persuasive argument that FDCs should
be used for treating TB whenever possible.

Simplified treatment:

Use of FDCs, as a routine therapeutic regimen, sim-
plifies TB treatment thereby increasing patient’s adher-
ence to the therapy. This can be appreciated from Table
3, where patient is required to take only three FDC tab-
lets in contrast to 9 to 16 tablets of separate formula-
tions'®.

With the use of separate formulations, the apparent
prescription errors can be anticipated, as number of for-

TABLE 3: NUMBER OF TABLETS TO BE TAKEN DAILY IN THE INTENSIVE PHASE OF TB TREATMENT*

Single-drug tablets

Number of tablets FDC tablets

Number of tablets

Rifampicin (R)150mg 3 RHZE 3
Isoniazid (H) 300 mg 1(3) (150mg

(100 mg) +75mg

Pyrazinamide (Z) 400 mg 3 + 400mg

Ethambutol (E) 400 mg + 275mg)

(100 mg) 2(7)

Total 9 (16) 3

* For a 50 kg patient. Figures in parentheses refer to alternative dose formulations and related number of tablets

of adequate number of drugs in the initial treatment of
TB'.

As FDC combines the most effective drugs in one
formulation, use of these FDC formulations minimizes
adaptation of monotherapy by patients. The spread of
resistance can be controlled by FDCs, which afford pro-
toction against the potential selection cf resistant strains.
It is important that FDC tablets must be given under su-
pervision of DOTS as FDC tablets if given unsupervised,”
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mulations with varying dosage strengths is available in
the market. In a survey conducted in the slums of Bom-
bay, Uplekar found that 100 private doctors prescribed
80 different regimens; most of them were inappropriate
and expensive?’. Other reports available also convey the
same message of inadequate knowledge and wrong prac-
tices of health providers in the treatment of TB?*%, Using
FDCs, prescribing anti-TB medication is much simpler,
thus minimizing prescription errors and increasing
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patient compliance. Use of FDC formulations is particu-
larly useful in the private sector where national guide-
lines are not readily available thereby preventing treat-
ment with inadequate regimens'®,

The proof of increased patient compliance with FDCs
is given by a study conducted in Hong Kong where, only
1% of patients had complaints about size, quantity or
difficulties in swallowing in contrast to 5% of patients
complaining about the compliance with separate formu-
lations®'. In general, FDCs prevent indiscriminate selec-
tion of drugs and limit the mistakes associated with
choice and calculation of dosages.

Simplifying drug supply management:

With separate formulations, out of stock situations
occur for three main reasons: no buffer stock, delays in
receipt of orders, and expiry date reached without re-
placement stock being available. While in FDC tablets,
there are fewer drug formulations to consider; thus mak-
ing it easier to calculate the drug needs. Because of fewer
drug formulations to order, ship and distribute; the result
is less strain on staff in the national TB programs. In
addition, FDC tablets minimize the risk of theft and mis-
use of rifampicin for conditions other than TB'.

Dosage adjustment according to individual patient
need:

In FDCs, it is possible to satisfy the dosage require-
ments in terms of mg/kg body weight for each drug. One
such product, Rifater, has been developed from the ba-
sic principle starting with mg/kg doses for the patients in
Asia. The fixed ratio of the different anti-TB drugs in this
formulation is rifampicin 12 mg/kg, isoniazid 8 mg/kg,
and pyrazinamide 25 mg/kg of body weight. To simplify
the dosage adjustment, the tablet is designed to contain
rifampicin 120 mg, isoniazid 80 mg, and pyrazinamide
250 mg, which ensures the simple dosage of one tablet
for 10 kg of body weight.

By adopting this approach, the dosage of three es-
sential drugs in the fixed combination can be given more
accurately than has previously been the case with sepa-
rate formulations. In case of separate formulations, the
patients are given the same dose over a wide range of
body weight. Thus, the patients with lower body weight
receive more drugs than is required while; the higher body
weight patients tend to be underdosed. Since most of
the patients in Asia are of low body weight, there is a
potential for serious large-scale overdoses with conse-
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quent adverse effects, and wastage of valuable drugs
that could be saved for the treatment of other patients.

FDCs, with its accuracy of dosages for all three or four

active agents, overcome these problems?s,

Better management of DOTS using FDCs:

FDCs can simplify the procedures involved in the
DOTS strategy to a great extent and thereby aid in its
effective implementation. This can be appreciated from
the fact that after diagnosis of TB, FDCs ensure that the
drugs required are available in the right proportion in a
single dosage form. In addition, FDCs at the same time
reduce the burden on the health care professionals in
terms of monitoring and analysis of DOTS strategy.

ISSUES ASSOCIATED WITH FDC

Although, the transition from single drug formulations
to FDC tablets has been in process for many years, glo-
bally, only an estimated 23.8% of total number of noti-
fied cases are treated with two and /or three drug FDCs
in public sector®, The problems associated with FDC for-
mulations regarding quality, its registration and barriers
in effective implementation into national program have
limited the widespread use of FDCs.

Despite the potential advantages offered by FDC
products over separate formulations, the successful treat-
ment of TB is determined by quality of FDC formulation
used. It has been shown that the bioavailability of ri-
fampicin component when given as FDC tablets is ad-
versely affected if good manufacturing procedures are
not followed. The poor relative bioavailability of rifampicin
from some of the FDC formulations is reported by Pillai
et al.®, In addition, results of a series of studies have
shown that while some FDC formulations had accept-
able rifampicin bioavailability, others did not*3+43, Moreo-
ver, a satisfactory in vitro dissolution test need not neces-
sarily guarantee acceptable rifampicin bioavailability*®:444s,
The bioavailability problems with isoniazid, pyrazinamide,
and ethambutol components of FDC have not been en-
countered*'“, presumably because of their much greater
water sclubilities and mcre rapid rates of absorption’s.
The major preblem with FDCs is that when rifampicin is
physically combined with other drugs, the crystalline
structure of rifampicin can change, and the bioavailability
of the drug can decrease dramatically*’. Even very small
changes in the manufacturing process, or a change in
excipient can cause an unexpected alteration in
bioavailability of rifampicin*®4, Thus, the bioavailability

Indian Journal of Pharmaceutical Sciences 5



of ritampicin is at risk if strict manufacturing procedures
are not followed, or poor quality raw materials are used.
Uitimately, using FDC tablets of poor rifampicin
bioavailability could directly lead to treatment failure and
may create instead of preventing drug resistance?. Fur-
ther, the clinical and bacteriological investigations revealed
that anti-TB activity of rifampicin is dose dependents.
Recently, its therapeutic ratio was shown to be only ap-
proximately four as compared with sixteen for isoniazids'.
its potency, therefore, will be severely affected by using
formulations with impaired rifampicin absorption. There-
fore, good quality FDC tablets with demonstrated
bioavailability of rifampicin are an absolute requirement
for successful treatment outcomes in programs utilizing
FDC based regimens.

FDC formulations will be efficacious only if all the
components of FDC are available at the tissue site in
therapeutic effective concentration®?%4, Against this back-
ground, WHO and IUATLD issued a joint statement in
1994 advising that only FDC tablets of good quality and
proven bioavailability of rifampicin should be used in the
treatment of TB'S. Before 1996, when WHO published
guidelines on registration requirements to establish the
interchangeability of generic pharmaceutical formula-
tions®®, the accurate assessment of rifampicin
bioavailability was questionable, as there were no clear
guidelines existing®. As involvement of human volun-
teers in bioavailability is cost prohibitive, WHO and
IUATLD have developed a simplified and effective proto-
col, which js more convenient and cheaper. This protocol
utilizes six blood sampling time points over eight-hour
period compared with the conventional requirement of
about thirteen samples over a period of twenty-four hour
without affecting the precision of estimation’’s®, In this
context, it is pertinent to mention the studies conducted
in India and South Africa, WHO has nominated National
Institute of Pharmaceutical Education and Research
(NIPER), India and Medical Research Centre/ University
of Cape Town (MRC/UCT), South Africa as two reference
centers for assessing the bioavailability of rifampicin con-
taining FDC tablets9%0, At NIPER, the WHO/IUATLD
recommended simplified protocol is further validated for
all the types of FDCs (2, 3 or 4 drugs) available in the
market®?,

The important hurdle in the development of FDCs is
attributed to the fact that in most of the developing coun-
tries the regulatory authorities are prone to register, rather
‘blindly’, only those formulations, which have been
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already registered by European or American counterparts.
Paradoxically, in Europe the time constraints and costs
involved in further clinical trials to prove the efficiency of
the FDCs in comparison to the separate formulations have
restrained the manufacturers to produce FDCs. In addi-
tion, the concerns of manufacturers over the regulatory
process arise from regulatory requirement paradox that
the registration requirements vary across the countries.
Some do not require bicequivalence testing for the regis-
tration of FDCs. In addition, number of human volunteers
required is not uniform in national regulatory guidelines.
A high registration fee in some of the countries is also a
barrier for entry of FDC into market. Thus, the time con-
straints, costs of clinical trials and regulatory problems
are the strong disincentives for the manufacturers to pro-
duce FDC tablets's.

Further, the general concern about the quality of ri-
fampicin in some FDC formulations has prevented their
use on a wide scale. As they are not being widely pur-
chased, there is a limited production, resulting in prices
that many countries cannot afford. However, as the de-
mand for FDCs increases, large-scale production and
increased competition are expected to result in reduced
prices®,

On the contrary, the available FDC formulations in
the market are characterized by large variety of different
dosage ratios of the drugs. This plethora of different for-
mulations and different dosages has created a consider-
able confusion impending the application of standardized
therapeutic regimens. Hence, there is a need for uniformity
of dosage on the part of manufactures to avoid confu-
sion to prescrYers.

In short, several factors that hinder the introduction
of FDCs and the expansion of their use include higher
prices, particularly for three and four drugs FDCs, lack
of proof of bioavailability of rifampicin in some formula-
tions, protectionist measures on the part of certain Na-
tional Drug Regulatory Authorities, who favor locally pro-
duced single tablets versus imported FDCs. In addition,
availability of inappropriate FDC formulations in the local
or international market as compared to the international
standardized regimens for TB is also another factor for
slow progreés in FDCs.

Role of reference laboratories in the quality assur.
ance of FDCs:

Taking into consideration time and cost constraints
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involved in the bioequivalence trials, WHO and IUATLD
have developed a simplified screening protocol for evalu-
ation of rifampicin bioequivalence’’. WHO and IUATLD
have also identified two reference laboratories, especially
in high prevalence, low-income countries, to have as-
sessed to FDC preparations which would be of good qual-
ity®®. As mentioned earlier, in India, NIPER is the refer-
ence laboratory for the evaluation of FDCs and at present
is actively involved in assessment of quality of FDCs to
be registered for marketing. The objective of these qual-
ity control reference laboratories is to have a system in
place that is efficient, yet simple to access and inexpen-
sive to maintain. Optimal utilization and recognition of
these laboratories would be essential to achieve the ob-
jective of providing good quality FDCs to National TB
Program. Fourie and Spinaci have described the struc-
ture, management responsibilities of these reference labo-
ratories for judging the standards of FDC preparations in
detail®?. The scope of activity of the surveillance labora-
tory in conjunction with the procurement office is as fol-
lows:

o To establish by testing, whether a given sample of
drug, either locally manufactured or imported, con-
firms to required specifications and whether pack-
aging is adequate.

0 To examine anti-TB FDC preparations suspected to
be of questionable efficacy or safety, and to dem-
onstrate and document any evidence of deteriora-
tion, contamination, or adulteration.

© To check the stability of products under local condi-
tions of storage

Blomberg et al. suggest that for prequalification of
FDCs, a criteria similar to vaccine model should be de-
scribedS3, Assigning reference laboratories for quality
evaluation of FDCs fulfills this requirement.

Future of FDCs:

The potential advantages inherent with FDC formu-
lations are well known. It is expected that, a large global
market of FDCs will encourage large-scale production
and increased competition will result in affordable FDC

as DOTS, WHO can achieve its target of 85 % cure rate
by 2005.

CONCLUSIONS

Worldwide, TB remains the most important commu-
nicable disease. Its control requires multi-drug therapy
for at least six months that lead to patient non-compli-
ance, failure of therapy and ultimately emergence of drug
resistance. Anti-TB therapy using FDC tablets reduces
the number of tablets to be consumed thereby increas-
ing patient compliance and adherence to recommended
treatment regimen. Thus, FDCs can be a primary way to
prevent the emergence of drug resistance. However, not
all the FDCs ensures the proper treatment as in some
combinaticns the rifampicin bioavailability may be ad-
versely affected due to lack of good manufacturing pro-
cedures. Hence, only FDCs with proven rifampicin
bioavailability should be used in the treatment and con-
trol of TB.
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