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Executive summary

In July 2008, a group of paediatric experts and WHO staff members met to review the
evidence supporting current formulation and dosage guidelines for paediatric TB drugs. The
meeting followed a literature review of the pharmacokinetics of three paediatric TB
medicines on the Essential Medicines List. As a result of this consultation, the group
recommended changes to the current drug doses of first line drugs, including fixed dose
combination products, and identified future research areas required to define the ideal fixed
dose combinations. This report details the new recommendations, summarizes the existing
evidence and provides an overview of the meeting's outcomes.

Declaration of interests

Participants of the TB medicines for children meeting reported the following:

e Dr Peter Roderick Donald reported that his department received research support
($750,000) from Bristol-Myers Squibb in 2005. He also reported being a consultant to
Tibotec in 2007 and to the Global Alliance for TB Drug Development.

e Dr Kalle Hoppu reported having been a consultant (€ 5000) for Lundbeck A/S in 2007.

(€ 5000)

¢ Dr Gregory Kearns reported research support for pharmacokinetics studies from Wyeth
Pharmaceuticals, Astellas Pharma USA, Cubist Pharmaceuticals, Amylin Pharmaceuticals,
and GlaxoSmithKline. In addition, Dr Kearns has done consultancy work for Procter and
Gamble, BioDelivery Sciences, Merck, Altana Pharma, Morton Grove Pharmaceuticals,
Cubist Pharmaceuticals and Abbott Laboratories. He also serves as a member of the United
States FDA Clinical Pharmacology Advisory Committee and receives research support
from the National Institutes of Health.

e Dr Stephen Spielberg reported being a principal investigator for the Institute for Paediatric
Innovation, a not-for-profit organization.

e Dr Jeffrey Starke reported providing expert opinions for the American Academy of
Paediatrics, a not-for-profit organization, on tuberculosis policies.

e Dr Anita Zaidi reported that her department received research funding ($32,000) from
Wyeth in 2007 for work on respiratory infections.

¢ Dr Lisa Adams, Dr Rohini Fernandopulle, Dr Robert Gie and Professor Cleotilde Hidalgo
How reported no conflict of interest.



WHO report on TB medicines for children

Introduction

As widely recognized, the doses of TB drugs prescribed for children require adaptation to
yield the same exposure as in adults. The manner in which this adaptation is made has been
the subject of considerable controversy, so a number of rules and conversion factors have
been developed to arrive at appropriate doses. However, most of these factors were little
understood at the time of the development of the current ‘first-line” drugs. The aim of the
July 2008 meeting was to bring together paediatric pharmacology and TB experts to review
the existing evidence on the matter. The group considered the need for any revisions to the
existing recommendations and identified future areas of research needed to achieve ideal
doses of first line TB drugs for children.

Meeting background

Meeting objectives

1. Review the evidence on first line drugs for the treatment of tuberculosis in children
with a view to making changes in the recommended doses.

2. Determine whether existing fixed dose combination products of first line drugs for
children are appropriate in light of the dosing recommendations.

3. Define ideal fixed dose combinations or recommend on research required to define
the ideal fixed dose combinations.

Preparatory work

A comprehensive review of the pharmacokinetic studies of pyrazinamide, isoniazid and
rifampicin was carried out by Dr Donald prior to the meeting. This review served as the
basis for the meeting participants to make recommendations. Dr Donald's literature review
and all other background documents are available upon request.

Meeting process

Before the meeting began, potential declarations of interests were identified and assessed
prior to developing recommendations, and no participants with significant interests were
identified.

Discussions focused on the existing evidence on pyrazinamide, isoniazid and rifampicin for
the treatment of tuberculosis in children. Dr Donald's comprehensive literature review was
outlined during the meeting and served as the basis upon which participants were able to
discuss appropriate recommendations. Their recommendations took account of quality of
evidence, data gaps, and safety issues. Consensus on the wording of the recommendations
was achieved during the course of the meeting. Meeting presentations are also available
upon request.
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Summary of meeting discussion

The WHO meeting on TB medicines for children, which met in Geneva from 8 to 9 July 2008,
was opened on behalf of the Director-General by Dr Hans Hogerzeil (Director of the
Department of Medicines Policy and Standards) and by Dr Mario Raviglione (Director of the
Stop TB Partnership). Both highlighted the scarcity of medicines adapted to children and
emphasized the possibility of driving innovation in this field by revising guidelines through
an evidence-based review of the current first-line drugs.

Background information
(Available upon request)

Dr Grzemska presented the current recommendations on first-line TB medicines for children.
She outlined the existing treatment regimens and described the operational problems of
treatment delivery.

Dr Matiru provided an overview of the current paediatric TB market. He suggested that any
revision of the current recommendations may have a substantial impact on drug suppliers.

Dr Qazi summarized the previous publications on the review of ethambutol' including the
evidence on its related ocular complications. The recommendations following that review
were to amend the daily dose of ethambutol for children of all ages to 20 mg/kg (range 15-
25 mg/kg).

Dr Donald introduced his review, outlined the methodology, and presented his draft
recommendations.

The studies on the pharmacokinetics of pyrazinamide, isoniazid and rifampacin are
summarized below, along with the meeting recommendations.

Key findings and recommendations

Pyrazinamide
Current dose recommendation

The current WHO recommendation is 25 mg/kg (range 20-30). Current approved labeling
according to the FDA is 15-30 mg/kg.

Current dosage forms

Marketed dosage forms Products prequalified by | Products available through GDF
WHO

400 mg tablet or capsule 400 mg tablet 150 mg tablet (Lupin)
(Cadila, Macleods)

500 mg tablet or capsule

1 Donald PR, Maher D, Maritz ]S, Qazi S. Ethambutol dosage for the treatment of children:
literature review and recommendations. Bull Int Union Tuberc Lung Dis 2006; 10(12):1318-30.
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Summary of evidence discussed
See Annex 1 for studies reviewed.
Indication/target use

PRZ is used in children of all ages with TB, in combination with other anti-TB medications.
The PK properties and metabolic pathways for pyrazinamide are known in adults, but have
not been quantitatively described in children.

Seven potentially relevant (English language) citations were retrieved, of which five
contained pharmacokinetic data from approximately 150 children aged 1 to 14 years,
published from 1987 to 2008. Sampling processes and assay methods vary across studies, and
the dosage form, method of administration as well as dosage regimens are not consistently
described. The panel recommended that if at all possible, additional information about these issues be
sought from the authors. In general the overall quality of PK evidence is low. However, the
limited information available would suggest that, to achieve plasma concentrations in
children comparable to those in adults that are associated with efficacy, the current
recommended dosage needs to be increased. There is very little evidence, if any, of dose
related toxicity in children. Efficacy and safety data are available in children but need to be
formally summarized.

The panel noted in particular that despite widespread use in children aged 0-3 months of age,
there is a lack of evidence to guide specific dosing recommendations in this age group. The
consensus of the panel was that in current clinical practice, doses of 30 mg/kg per day are
frequently used.

The panel recommends that the dose of PZ in children above 3 months of age should be 35 mg/kg
(range 30-40) per day. The maximum daily dose should not exceed the recommended adult daily dose.
If data are accessible, further analysis of the IPD from recent PK studies may increase the confidence
in this recommendation.

The panel noted that the current dosage forms do not provide appropriate flexibility for
accurately administering the recommended dose to children of a range of weights, based on
considerations of currently available dosage forms (listed) above. Specifically, the current
liquid form is suitable for a 5-9 kg child but for children > 10 kg, may require 10 mL per dose
or more to achieve target doses. The 150mg scored or dispersible tablet could be used for
5 kg children. The 400 mg tablet could be used for 10 kg children and two 400 mg tablets
could be used for 20 kg children.

Research needs

The following research priorities were identified:
- review of any existing data in children 0-3 months
- further modelling of PK data from existing studies
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Isoniazid
Current dose recommendation

The current WHO recommendation is 5 mg/kg (range 4-6) for both adults and children.
Current approved labeling according to the FDA is 10-15 mg/kg or 10-20 mg/kg.

Current dosage forms

Marketed dosage forms Products prequalified by Products available through GDF
WHO
100 mg tablet or capsule | 300 mg tablet 100 mg tablet
(Macleods) (Cadila, Lupin, Macleods)
300 mg tablet or capsule | 100 mg tablet (Macleods) 50 mg tablet
(Lupin, Macleods)

Summary of evidence discussed
See Annex 2 for studies reviewed.
Indication/target use

INH is used in children from the newborn period onwards, for treatment of active disease
and latent TB infection (also referred to as prophylaxis). In treatment it is used in
combination regimens; in prophylaxis it is used as single treatment. The PK properties of
INH have been extensively studied and metabolism has been characterized according to
acetylator phenotype and genotype in some instances.

Efficacy and safety data are available but need to be formally summarized. Although
hepatoxicity of INH is well described, anecdotally it seems to be less frequent in children
even at higher doses but this needs further review.

Thirty-five (English language) citations were identified containing data from approximately
7300 children aged 3 months to 14 years, published from 1956 to 2005. As noted for PZ,
studies are reported poorly in general, but the extent of data available provides sufficient
information about plasma concentrations in children that can be compared to those in adults.
A relationship between exposure and efficacy has been established. On the basis of these
data, even in homozygous slow acetylators, the recommended dose of INH should be
increased. There is very little evidence, if any, of dose related toxicity in children. An
additional consideration is the public health importance of reducing the risk of developing
isoniazid resistance, which is more likely to occur with lower plasma concentrations.

Use of isoniazid for the treatment of latent TB infection (prophylaxis) was considered and it
was noted that doses of 5mg/kg per day have been shown to be effective for this purpose.
However, in making its recommendation the panel took account of the public health issues
related to resistance, as noted above, and the wide therapeutic margin of safety for isoniazid.
Noting the value of consistent dosage recommendations for implementation of treatment
regimens at the programmatic level, on balance, the panel decided that the dose used for
treatment of latent TB infection (prophylaxis) should be the same as that used for treatment.

5
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The panel noted in particular that despite widespread use in children aged 0-3 months of age,
there is a lack of evidence to guide specific dosing recommendations in this group. The
consensus of the panel was that in current clinical practice, doses of 10-15 mg/kg per day are
frequently used in this group.

The panel recommends that the dose of isoniazid in children above 3 months of age for treatment or
prophylaxis (treatment of latent TB infection) should be 10 mg/kg (range 10-15) per day. The
maximum daily dose should not exceed the recommended adult daily dose.

The panel noted that the current dosage forms would allow accurate treatment of children
from 5 kg up, but with heavier children needing to take multiple tablets.

Rifampicin
Current dose recommendation

The current WHO recommendation is 10 mg/kg per day (range 8-12), including for
intermittent doses. Current approved labeling according to the FDA is 10-20 mg/kg.

Current dosage forms

Marketed dosage forms Products prequalified by | Products available through GDF

WHO
150 mg tablet or capsule (available as FDC only) (available as FDC only)
300 mg capsule
300 mg tablet or capsule
20 mg/mL syrup

Summary of evidence discussed
See Annex 3 for studies reviewed.
Indication/target use

RMP is used in children of all ages with TB, in combination with other anti-TB medications.
The PK properties and metabolic pathways for rifampicin are well described in adults, and
have been studied in children.

Eighteen potentially relevant citations were reviewed, of which eleven contained
pharmacokinetic data from approximately 250 children aged 23 days to 14 years, published
from 1969 to 1997. Sampling processes and assay methods vary across studies, and the
dosage form, method of administration as well as dosage regimens are not consistently
described. In the case of rifampicin, there are known potential problems with pharmaceutical
manufacturing and product quality that mean this lack of reporting complicates
interpretation of the study findings.? In general the overall quality of PK evidence is low, and
the use of microbiological analysis methods which measure active metabolites further

2 Panchagnula R, Agrawal S. Biopharmaceutic and pharmacokinetic aspects of variable
bioavailability of rifampicin. Int ] Pharm. 2004 Mar 1;271(1-2):1-4.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Panchagnula%20R%22%5BAuthor%5D&itool=Email.EmailReport.Pubmed_ReportSelector.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Agrawal%20S%22%5BAuthor%5D&itool=Email.EmailReport.Pubmed_ReportSelector.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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confounds the interpretation of many early studies. However, the information available
would suggest that, to achieve plasma concentrations, efficacy relationships have been
established. Most of the available PK data was based on single-dose studies. Rifampicin is
known as a very potent inducer of drug metabolism, including its own metabolism. No
quantitative data is available on the induction in children. However, theoretically it can be
assumed that the effect of induction in children would probably be less or equal to that in
adults.

If children are to attain plasma drug concentrations comparable to those concentrations in
adults that are associated with efficacy, the current recommended dosage needs to be
increased. Experience with rifapentine suggests that higher dosages are required to obtain
similar plasma concentrations in young patients compared with those achieved in adults.
Evidence of dose related toxicity in children needs to be further examined. Efficacy and
safety data are available in children, but as for the other drugs, need to be formally
summarized.

The panel noted in particular that, despite widespread use in children aged 0-3 months of
age, there is a lack of evidence to guide specific dosing recommendations in this group. The
consensus of the panel was that in current clinical practice, doses of 10-20 mg/kg per day are
frequently used in this group.

The panel recommends that the dose of RMP in children above 3 months of age should be 15 mg/kg
(range 10-20) per day. Dosages at the higher ranges may be preferable for children under 10 kilograms,
and children with HIV infection or malnutrition. The maximum daily dose should not exceed the
recommended adult daily dose.

The panel noted that the current dosage forms do not provide appropriate flexibility for
accurately administering the recommended dose to children of a range of weights. Based on
considerations of currently available dosage forms (listed) above, a 150 mg tablet could be
used for 10 kg children and a 300 mg tablet could be used for 20 kg children. The participants
noted that these tablets are not scored and cannot be fractured, and that titration is possible
across weight ranges. The meeting also noted that GDF does not distribute RMP as a single
product and that the market for it seems limited.

Research needs

- data in children 0-3 months
- further modelling of PK data from existing studies



Fixed-dose combinations:

Current combinations:
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Product Dosage form Manufacturer Source
Isoniazid 150 mg/Rifampicin 150 mg tablet or capsule oo
Isoniazid 100 mg/Rifampicin 150 mg tablet or capsule oo
Isoniazid 150 mg/Rifampicin 300 mg tablet or capsule Sandoz oo*
.. . .. Lupin, Sandoz, .
Isoniazid 75 mg/Rifampicin 150 mg tablet or capsule Macleods
Isoniazid 75 mg/Rifampicin
150 mg/Ethambutol 275 mg tablet or capsule
Isoniazid 75 mg/Pyrazinamide
1 1 oo
400 mg/Rifampicin 150 mg tablet or capsule
Isoniazid 75 mg/Pyrazinamide tablet Macleods, Wyeth, .
400mg/Rifampicin 150mg/Ethambutol 275mg Lupin, Sandoz
Isoniazid '30 mg_/I"yrazmamlde ta‘blet or capsule Macleods, Sandoz ot
150 mg/Rifampicin 60 mg dispersible
1 1
Isoniazid 30 mg/Rifampicin 60 mg ta'b et o) capstie Macleods, Sandoz oo+
dispersible
Isoniazid 150 mg/Ethambutol 400 mg tablet Macleods *
Isoniazid 60 mg/Rifampicin 60 mg ta'blet o capsule Macleods, Sandoz oo+
dispersible

* = Prequalified by WHO
+ = Available through GDF

o = Listed in International Drug Price Indicator Guide

After much deliberation as to the best fixed dose combinations (FDCs), the meeting
participants recommended that existing formulations were not optimal. It was concluded
that ideally, both a three and a four-drug tablet would be necessary but that a three-drug
combination constitutes the first priority, with the possibility of adding ethambutol as a
separate tablet if needed. More specifically, the meeting decided on the following ideal
Isoniazid 100 mg/Pyrazinamide 350 mg/Rifampicin 200 mg/(Ethambutol
200 mg). From a biopharmaceutical perspective, the ideal formulation would be readily
dispersible and scored to a sufficient depth to allow accurate splitting of the tablet while
maintaining the integrity of the final dosage form.

formulation:

It would then be possible for a half tablet to be used for a 5 kg child, one tablet for a 10 kg
child, 1.5 tablets for a 20 kg child and two tablets for a 30 kg child.

Next steps and outstanding issues
Guideline revision process

The recommendations from this technical meeting will be discussed at the TB Guidelines
meeting later in 2008. A decision by the STB Department will be made as to whether the
treatment guidelines for children will be further updated as a separate process.
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http://erc.msh.org/dmpguide/resultsdetail.cfm?language=english&code=ISRP60T&s_year=2007&year=2007&str=60%2B30%2B150%20mg&desc=Rifampicin%2BIsoniazid%2BPyrazinamide&pack=new&frm=TAB%2DCAP&rte=PO&class_code2=06%2E2%2E4%2E&supplement=&class_name=%2806%2E2%2E4%2E%29Antituberculosis%20medicines%3Cbr%3E
http://erc.msh.org/dmpguide/resultsdetail.cfm?language=english&code=ISR1502T&s_year=2007&year=2007&str=150mg%2B150mg&desc=Rifampicin%2BIsoniazid&pack=new&frm=TAB%2DCAP&rte=PO&class_code2=06%2E2%2E4%2E&supplement=&class_name=%2806%2E2%2E4%2E%29Antituberculosis%20medicines%3Cbr%3E
http://erc.msh.org/dmpguide/resultsdetail.cfm?language=english&code=ISR1502T&s_year=2007&year=2007&str=150mg%2B150mg&desc=Rifampicin%2BIsoniazid&pack=new&frm=TAB%2DCAP&rte=PO&class_code2=06%2E2%2E4%2E&supplement=&class_name=%2806%2E2%2E4%2E%29Antituberculosis%20medicines%3Cbr%3E
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To confirm the recommendations, a number of topics were identified as needing urgent
evidence reviews:

1. A summary of the evidence from clinical trials on the use of first-line TB drugs for the
treatment of children, including a review of safety and adverse reactions.

2. Further development of recommendations on whether the current dosage forms,
specifically the FDC products, can be used appropriately in children of various ages and
weights, particularly in younger age groups. The following table provides an estimate of
plasma concentrations that could be achieved with the currently available formulations
(Isoniazid 30 mg/Pyrazinamide 150 mg/Rifampicin 60 mg/; Isoniazid 30 mg/Rifampicin
60 mg and Isoniazid 60 mg/Rifampicin 60 mg) in children weighing 5, 6, 7, 8 and 9 kg. As
shown, the 60 mg dose of rifampicin in the currently available formulations would be
appropriate only for children of 5 and 6 kg who have a strain of M. tuberculosis that has an
MIC of 1.0. With a more sensitive organism (MIC 0.1), it would be possible for the 60 mg
RMP dose to be effective for the entire 5 to 9 kg weight band. Children weighing more than
9 kg would need to take multiple tablets of this combination.

Weight (kg) Dose (mg/kg) Cmax at 2 hr (mg/L) | % of Q24hr dose interval
where C > MIC (of 1 mg/L)
5 12 9.0 39.1
6 10 7.5 36.8
7 8.6 6.4 35
8 7.5 5.6 33.3
9 6.7 5 32

Outstanding issues for further research:

Several topics were identified as needing further investigation and clinical trials:
Key priorities, possible to commence immediately pending funding:

1. Individual patient data analysis of the PK data on PZA from the published literature
with modelling of population PK data if possible.

2. Review of any existing data on use of first-line TB medicines in children 0-3 months.

3. Review of existing data on the use of intermittent dose treatment regimens in
children.

4. Review of evidence on the treatment of tuberculous meningitis in children.

5. Review of evidence on the treatment of HIV/TB co-infection in children although
currently the available evidence suggests that there is no need to adjust the doses for
untreated HIV infected and malnourished children.

6. Review of evidence of the effect of malnutrition on the efficacy and safety of first-line
medicines for TB in children.
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Additional topics

1. Interaction of existing dosage forms with foods/liquids commonly used as mixers to
administer medicines to children

2. Development of a guide on recommended/acceptable methods to administer
medicines to children

3. Pharmacoanthropologic study of medication administration to children in different
cultures

4. Studies (using optimal formulations) on the induction of drug metabolism caused by
rifampicin in children, particularly newborns.

In addition, the meeting suggested that further clinical trials in children with TB are clearly
needed, particularly if new products can be developed in new dosage forms that are more
suitable than the exciting products. Clinical trials are especially needed to test whether the
assumptions made by the meeting's participants on the basis of available pharmacokinetic
data hold up to expectations, especially regarding drug side effects.

Update of WHO Model List of Essential Medicines for
Children

The meeting report will be presented to the next meeting of the Subcommittee on Essential
Medicines for Children, to inform their review of the current medicines listed for paediatric
first-line treatment of TB.
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Annex 1: Summary of evidence on

pyrazinamide
Authors Analysis Method Single Dose? Dose mg/kg Age or Weight n
1| Magdorf 1987 Mass Not stated 34 children 1-14 yrs 34
fragmentography received 30;
21 children
received only
PZA and 13
received INH
(5-10) and RMP
(10-15)
2| Donald et al 1988 | HPLC Not stated 40 Not stated 13
3| Le Bourgeois et al | Not stated Not stated Mean 23.3 Not stated 43
1989
4| Roy et al 1999 Spectrophotometry Not stated 35 6-12 yrs 10
(16-34kg)
5| Zhu et al 2002 Gas chromatography | Established 25 21 children had 23
assay mean age 4 yrs; 2
others were
described with
adults
6| Graham et al HPLC Not stated Mean 33 Mean 5.7 yrs 27
2006 (Mean 14.3 kg
weight)
7] Gupta et al 2008 | Spectrophotometry Single 15 and 25 5-12 yrs 20

Annex 1 references:

1.

Magdorf K. Intensiv-Anfangsbehandelung bei der Kindertuberkulose unter besonderer
Berticksichtigung des pyrazinamids. Intensivbehandelung 1987; 12:99-102.
Donald PR, Seifart HI. Cerebrospinal fluid pyrazinamide concentrations in children with
tuberculous meningitis. Pediatr Infect Dis | 1988; 7:469-71.
le Bourgeois M, de Blic, Paupe J, Scheinmann P. Good tolerance of pyrazinamide in children

with pulmonary tuberculosis. Arch Dis Child 1989; 64:177-8.

Roy V, Tekur U, Chopra K. Pharmacokinetics of pyrazinamide in children suffereing from

pulmonary tuberculosis. Int | Tuberc Lung Dis 1999; 3:133-7.

Zhu M, Starke JR, Burman W], et al. Population pharmacokinetic modeling of pyrazinamide
in children and adults with tuberculosis. Pharmacother 2002; 22:686-95.
Graham SM, Bell DJ, Nyirongo S, Hartkoorn R, Ward SA, Molyneux EM. Low levels of
pyrazinamide and ethambutol in children with tuberculosis and impact of age, nutritional
status and human immunodeficiency virus infection. Antimicrob Agents Chemother 2006;

50:407-13.

Gupta P, Roy V, Sethi GR, Mishra TK. Pyrazinamide blood concentrations in children
suffering from tuberculosis: a comparative study at two doses. Brit | Clin Pharmacol 2008;

65:423-7.
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Annex 2: Summary of evidence on isoniazid
Authors Analysis Single Dose? Dose mg/kg Age n
Method
1. | Debré 1956 Not stated Not stated 10 w/ children Not stated Not stated
>2yrs old; 20 with
children <2 yrs old
Meningitis: 20 in
older children and
30-40 in younger
children
2. | Cocchi 1956 Not stated Not stated 10-15 Not stated Not stated
3. | Lincoln et al 1956 | Not stated Not stated 4 at first and then 3.5yrs 1
20 once child
diagnosed with
meningitis
4. | U.S. Public Not stated Not stated 4-6 Not stated 2750
Health Service
1957
5. | Lanier et al 1958 Microbiologic | Not stated 12 children Not stated 12+45+21
al assay received 4; children
45 children 300 adults
received 7-9
(Not clear) (Not clear)
6. | Levy et al 1960 Not stated Not stated 8 103 children | 169
<7yrs
7. | Bartmann et al Not stated Not stated Recommend 200 Not stated Not stated
1961
8. | Mount et al 1961 Bioassay Not stated 4-6 but test dose of | Not stated 770
8
9. | Simane et al 1961 | Not stated Not stated 10 1-12 yrs 48
10] Lupasco et al Not stated Not stated Suggest 10 <10yrs 96
1965
11] Comstock et al Not stated Not stated Two groups: 1.25 Not stated 1701
1969 and 5
12| Akabani et al Fluorometry/ | Not stated 10 Not stated 12
1977 spectrophoto
metry
13| Stevenson 1977 Not stated Not stated Not stated Not stated Not stated
14| Llorens et al 1978 | Method of Not stated Three groups: <3Byrs 30
Mabher et al RMP 15;
1957 INH 15;
RMP15/INH 15
15| Buchanan et al Not stated Not stated Not stated Not stated 7
1979
16] Advenier et al Not stated Not stated Not stated 0.5-17yrs 134
1981
17| Olson et al 1981 Spectrophoto | Not stated 5.8-20 1.5-15yrs 6
metry
18] Bouveret et al Fluorometry Not stated 10 Mean 6.4 186
1983 (+4.5) years

12




WHO report on TB medicines for children

Authors Analysis Single Dose? Dose mg/kg Age n
Method
19] Cheminat et al Not stated Not stated 1.64-13.3 Not stated 204
1983
20| Beltran et al 1986 | Not stated Not stated INH 5, RMP 10 and | "14" yrs (but | 112
PZA 30 could be
error: <14)
21| Kergueris et al Fluorometry | Not stated 5 16 were 458
1986 <15yrs
22| Notterman et al Spectrophoto | Not stated INH 20, RMP 20 8 months 1
1986 fluorometry and SM 40 (in
apple sauce)
" Same as Not stated Same as above 12 and 18 yrs | 2
above
23| Steensma et al Not stated Not stated 4-8 (Mean dose 5.1) | Not stated 45
1986
24| Eriksson et al Spectro- Not stated 10 6 months-12 | 41
1988 photometry yrs
25| Seth et al 1990 HPLC Not stated 10 0-13 yrs 70
26| Pariente-Khayat | Not stated Not stated Not stated 8-447 days 54 with
et al 1991 (children variety of
with variety | conditions
of and 5 with
conditions) Pierre-
Robin
syndrome
27| Donald et al 1992 | HPLC Not stated 10 and 20 Not stated 38
28| Seth et al 1992 Not stated Not stated INH 10 and RMP Not stated Not stated
12
29| Seth et al 1993 Spectro- Not stated 10 1-13yrs 94
fluorometry
assay
30| Seth et al 1994 HPLC Not stated INH 20 and RMP 1-13yrs 20
12
31| Seifartetal 1995 | Not stated Not stated 20 Not stated 13
32| Roy et al 1996 Spectro- Not stated 2 groups: received | 6-12 20
photometry 5o0r10
33| Rey et al 1998 Not stated Not stated 10 Not stated 61
34| Rey et al 2001 HPLC Single 10 Not stated 34
35| Schaaf et al 2005 HPLC Not stated 10 Mean 3.8yrs | 64
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Annex 3: Summary of evidence on

rifampicin

Rifampicin maximum serum concentration (Cmax) in children
following a single oral dose.

WHO report on TB medicines for children

Authors Dose age n Cmax
(mg/kg) (ug/ml)
Kofman et al 1969 20 - 3 21.9
“ 15 - 3 11.7
“ 20 - 3 11.2
“ 20 - 3 9.6
Bergamini et al 1970 20 8-12 months 14 10.2
10 8-12 months 14 3.7
Acocella et al 1970 10 4-18 months 12 3.5
Hussels et al 1973 10 2-<6 years 7 4.5
“ 10 2-<6 years 7 6.5
“ 10 6-10 years 11 53
“ 10 6-10 years 11 71
“ 10 10-14 years 9 5.4
“ 10 10-14 years 9 6.6
McCracken et al 10 6-58 months 21 9.2
1980) Suspension
« 10 6-58 months 12 6.2
Suspension in
apple sauce
« 10 6-58 months 5 8.8
Powder in
apple sauce
Tan et al 1993 10 Mean 23 4 2.8
days
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Rifampicin maximum serum concentration (Cmax) in children
established on rifampicin.

Authors Dose age n Cmax
(mg/kg) (pug/ml)
Kofman et al 20 - 1 9.6
1969
De La Roy et al 15 2months- 20 5.2
1974 5 years
Seth et al 1992 12 1-13 15 3.0
years Normal nutrition
« 12 « 30 3.3
Malnutrition
« 12 « 10 34
Malnutrition
Seth et al 1993 12 1-13 29 3.9
years Primary Complex
« « « 5 34
Progresssive Primary TB
« « « 5 3.9
Tuberculous meningitis

Mahajan et al 10 6 months-10 10 3.8
1997 years

« 7.5 « 10 2.2
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Annex 4: Meeting agenda and presentations

Day 1

Chairperson: Mr Robert Matiru

Tuesday, 8 July

09.00 -09.15 Welcoming remarks Dr Hans V.
Hogerzeil
Director, STB
Director, CAH
09.15-09.30 Introductions Chair
Declaration of Interests
09.30 -10.00 Objectives of the meeting WHO
10.00 - 10.30 Background information
e current recommendations on the first line TB Malgosia Grzemska
medicines for children
e current products Robert Matiru
e summary of ethambutol review Shamim Qazi
10.30 - 11.00 Overview of review Peter Donald
11.00-11.30 Coffee
11.30 -13.00 Pyrazinamide
e summary of evidence Peter Donald
e pharmacokinetics / clinical pharmacology Stephen Spielberg
e recommendations -
13.00-14.00 lunch
14.00-15.30 Isoniazid
e summary of evidence Peter Donald
e pharmacokinetics / clinical pharmacology Kalle Hoppu
15.30-15.45 Coffee
15.45-16.45 Isoniazid
e recommendations
16.45-17.00 Summing up and close
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Day 2
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Chairperson: Dr Suzanne Hill

Wednesday, 9 July
09.00 - 09.15 Welcome Chair
0015-1045 | Nifampicin |

e summary of evidence Peter Donald

e pharmacokinetics / clinical pharmacology

Greg Kearns

10.45 - 11.00 Coffee break
11.00 -12.00 Rifampicin
recommendations
12.00 - 13.00 Evidence for fixed dose combinations
13.00 -14.00 Lunch
14.00 - 15.30 Recommendations for fixed dose combinations
15.30 - 16.00 Coffee
16.00 - 17.00 Next steps
Close
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