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Preferred ARV medicines for treating and preventing HIV infection in
children.

Report of the WHO Paediatric Antiretroviral Working Group

Introduction

There is an urgent need for affordable, safe, quality ARV formulations appropriate for paediatric
use, particularly solid fixed dose combination (FDC) formulations to facilitate programme
planning, improve adherence and accelerate the pace of ART scale up using simplified
standardized treatment approaches as outlined in the public health approach of WHO [1, 2].
Pharmaceutical industry and regulatory authorities are requesting guidance on the range and
characteristics of the required ARV products, including on formulation strength for single ARV
products and proportions of active pharmaceutical ingredients for fixed dose combination (FDC)
ARV products. Recently a number of ARV FDC products for paediatric use have been
developed. The WHO paediatric ARV working group (PAWG) initially constituted to develop
dosing recommendations for the WHO guidelines has since met to prioritize single and fixed dose
ARYV formulations needed, and agree upon key research and pharmacovigilance activities that are
urgently required. This is a summary report of the working group findings and recommendations
to date.

Background:

In 2006, there were an estimated 2.3 million children living with HIV infection largely acquired
through mother to child transmission. HIV/AIDS now accounts for 3% of deaths in children
younger than five years globally—and 6% in sub-Saharan Africa, where HIV has become one of
the major killers of young children [3, 4]. While the majority of MTCT infections can be
prevented, current global estimates suggest that by the end of 2005 only around 10% of women
living with HIV are gained access to effective interventions to prevent new infections in their
children. It is therefore necessary alongside efforts to scale up access to prevention services to
provide optimal HIV care for those children infected where prevention efforts have failed. In the
absence of HIV care, including antiretroviral treatment, the progression of HIV infection in
children is particularly aggressive [5]. While enormous progress in treating adults living with
HIV has been made since the launch of 3X5 and other global initiatives to increase access to HIV
care and treatment, children are still not gaining access to the medicines including ARVs that can
prolong their lives. WHO and UNAIDS estimated that by the end of 2006, 115 500 (103 000—128
000) children had access to treatment, representing a coverage rate of about 15%, with sub-
Saharan Africa having the lowest treatment coverage for children of any region [4].

WHO, in collaboration with UNICEF, has recently committed to making paediatric medications a
priority area of work, and has initiated a series of activities designed to assess and update the
essential medicines list in regards to its applicability to the needs of children. Following the
commitment by G8 members and, subsequently, heads of states and governments at the 2005 UN
World Summit, the UNAIDS Secretariat and UN partners, including WHO, have undertaken to
work towards universal access to HIV/AIDS prevention, treatment and care by 2010. WHO as a



UNAIDS cosponsor and the lead UN agency responsible for health, sees children's access to HIV
prevention, treatment, care and support as a critical area of work.

There are many problems and obstacles not related to ARV products that have impeded progress in
the scale-up of paediatric HIV treatment. But recent international efforts now provide significant
momentum and opportunities to expand the access of children to safe effective HIV therapies.
Industry, both originator and generic and regulatory authorities, including the prequalification
programme are seeking guidance on the most needed HIV products to support universal paediatric
access.

A WHO/UNICEEF consultation on pediatric ARV formulations held in November 2004
recommended that guidance for dosing on pediatric ARVs should be simplified. In developing
the 2006, WHO ART treatment recommendations a small working group therefore worked to
develop an annex with recommended dosing based on weight bands for existing ARV products.
However, the lack of a full range of ARV products designed specifically for treating children
means that this guidance is incomplete.. Formulations, particularly FDC formulations in solid
forms for treating smaller children (including those under 14 kg) were recognized to be urgently
needed to allow scale up of treatment for younger infants and children. The limitations of liquid
formulations (including storage difficulty, volumes required, palatability, excipient nature and
cost) and the potential benefits of a small range of solid FDCs (improved adherence and easier
programming) needs to guide recommendations for optimal products for children of all ages.

The market for paediatric ARV preparations is narrower than the market for adult formulations,
and should be anticipated with increasing coverage of more effective PMTCT interventions to not
expand further. A range of financing options, including the GFTAM and the UNITAID/IDPF
offer opportunities to overcome some of the financial barriers to production and procurement of
pediatric ARVs.

Objectives of the working group

o To review the status of pediatric ARV products for younger children (safety,
pharmacokinetics and toxicity).

o To develop criteria for prioritization of new pediatric ARV products for HIV infected
children.

o To examine the results of analysis of intended dosing for actual and potential ARV FDC
combinations.

o To develop a summary list of recommended priority products, including FDCs to guide
manufacturers, regulatory authorities and the WHO in assessment and development of
new pediatric ARV products.

o To develop a list of key research areas regarding pharmacokinetics, toxicity and dosing
that need to be answered to further facilitate and support ARV FDC development and
safely monitor their use in paediatric populations.

This report summarizes the recommendations and findings of the work undertaken by the
working group throughout 2006-2007, and based on meetings held in October 2006 (Geneva) and
July 2007 (London).

Paediatric ARV working group members



The paediatric ARV working group was established in 2005 to work with the WHO HIV
department in the development of the dosing recommendations contained in WHO antiretroviral
treatment recommendations (ART). Representatives of the pharmaceutical industry (originator or
generic) are not included. Participants include clinical care providers (paediatricians and clinical
pharmacologists) providing ART to HIV infected children, technical advisers of partners
implementing programme activities in resource limited countries and paediatric ART
pharmacology researchers and pharmacists. WHO regional offices also nominate regional or
country experts to attend face to face meetings, and additional experts have been invited to share
emerging data or other specific expertise on an as required basis. Participants are listed in the
annex.

Working methods

The PAWG initially worked through a series of teleconferences. Face to face meetings have been
held three times (February 2006; October 2006; and July 2007), initially involving only the core
working group established from the WHO guidelines development group. In 2007 a web based
working space was established to facilitate sharing of working documents. At the latter two
meetings, the working group first prioritized the range of ARV products required, through a
ranking exercise based on current WHO treatment recommendations. For the priority products
identified they evaluated a range of dose strengths against criteria agreed in the development of
the 2006 WHO treatment recommendations. The analysis was facilitated by use of a generic tool
developed by WHO that allows the intended dose delivered to be assessed for any given single or
combined product for any body weight (or if indicated based on body surface area [BSA]) (see
http://www.who.int/hiv/paediatric/generictool/en/index.html. The tool demonstrates potential
over- or under- dosing for any given weight. Available published and unpublished evidence was
also reviewed (see WHYTE report ). The group sought to identify a short list of combined triple,
dual, and single ARV products for paediatric HIV treatment and prevention of MTCT in the
infant. The PAWG also assessed existing FDC products.

Methods used to evaluate and characterize ideal ARV products:

o Used the previously determined 2006 WHO recommendations [1] (provided as Annex E
of the treatment guidelines document), target doses and weight bands as a benchmark, and
followed the underlying principles contained therein.

o Reviewed currently available published and unpublished data to assess dosing. (A detailed
report is available separately (add link to WHYTE report ).

o Used a WHO generic tool to assess and evaluate the expected dose delivered of any
product in relation to intended dose targets as set out in the above mentioned WHO
recommendations.

« Attempted to ensure that for all formulations, changes in the numbers of pills and
switches from one formulation to another, occurred at the same weight bands.

« Attempted to avoid dosing any single ARV component below 90% of intended delivered
dose and not more than 25 % above intended dose (or intended dose range for products
with an established dose range). For nevirapine, the group sought to avoid dosing below
100% of the minimum of the dose range (150mg/m?).

o Each individual drug considered was assessed for a range of tablet strengths using the
same tool and principles.



Sought to justify discrepancies of dose delivered and intended dose based on available
pharmacokinetic data, consideration of toxicity, and threshold for development of HIV
drug resistance.

Accepted higher dosing for children under 3 years for drugs with known increased
metabolism or clearance in the child (Nevirapine, Lamivudine, Stavudine, Abacavir,
Lopinavir/ritonavir).

Further information on the WHO generic dosing tool can be found at:
http://www.who.int/hiv/paediatric/en/index.html

Findings and recommendations

A. Criteria for prioritizing new pediatric ARV products

The following criteria for assessing potential ARV products for use in paediatric populations
were followed:

Maximum number of tablets at any one dose should be no more than three.

Minimum dose is one half tablet of products that are scored

Limit the number of dosing forms for each single ARV or FDC required for prevention
and treatment of HIV in adults and children.

Harmonize dosing schedules and weight-based dose switching points for all products
wherever possible.

Avoid using different doses in the morning and evening wherever possible.

Recognize that younger children, particularly those under three years, behave differently
with respect to pharmacokinetics and pharmacodynamics and that they may therefore
need specific products or modified dosing recommendations.

Require products suitable for the infant or child 14 kg or below.

Require soluble or dispersible solid forms for optimal prevention and treatment in early
childhood.

Seek combinations that facilitate TB/HIV co-treatment for children

The actual or predicted cost of individual products was not considered.

The PAWG also agreed on key principles to consider when prioritizing which new ARV drug
formulations for children are required:

Paediatric FDCs do not need to be restricted to the same ratios or combinations as used in
adult FDC ARV products.

Paediatric solid FDCs are expected to improve prescribing, adherence, supply,
procurement, distribution, storage and dispensing.

Products should ensure ARV drugs at the intended dosing recommended in 2006 WHO
ART treatment guidelines for children (these are provided in Annex E of the treatment
guidelines).

Recommended priority products should include second line ARV agents.

Solid, scored, palatable, easily crushable, granular or dispersible forms that allow for
easy oral administration are preferred.

Systematic efforts to ensure pharmacovigilance activities to detect, assess, and prevent
both early and late adverse effects, must be undertaken as products are developed and
used.



* Producers of new products should indicate willingness to submit for national registration
in high burden countries (a list of highest burden countries is attached in the annex A).

* Products should have a long shelf life of not less than 24 months (except for protease
inhibitors [PI] where this may not be possible), stability at high temperature and
humidity, and be easy to store, transport and dispense.

B. Specific considerations relating to pharmacokinetics, toxicity, and safety of
paediatric antiretrovirals to guide development of new products.

Table 1 below provides a summary of the key factors that guided the working group in their
considerations. A detailed review is also available at
http://www.who.int/hiv/paediatric/en/index.html

Table 1. Specific ARVs and pharmacokinetic, safety or other data to be considered in
developing recommendations on new ARV products for children.

Drug Considerations Target Dosing Range References
(* denotes key
reference)
Zidovudine Twice daily dosing (BD) is 180-240mg/m” per dose [6-9]
(AZT or acceptable and preferred.
ZDV)

Dosing at the upper end of the range Twice daily

is recommended for CNS HIV

disease

Dosing at lower end maybe

preferred in settingf where anaemia

is prevalent
Lamivudine  Clearance' in children <3 years old ~ 4mg/kg per dose [7, 10-15]
(3TC) is increased, and minimal observed  Twice daily

toxicity allows for higher dosing in

younger children (up to Smg/kg

BD).

PK data on once daily dosing

suggests acceptable troughs and

overall troughs similar to BD

dosing. Once daily dosing not

recommended for children under 3

years.
Abacavir Clearance in children <3 years old is  8-10 mg/kg per dose - twice ~ [10%*, 11%*, 16-
(ABC) increased, and it should therefore be  daily 19]

used twice daily in this age-group;
once daily dosing not recommended
for initiation of ART or in children

! Clearance here refers to the rate at which a drug and or its metabolites are removed from the body.



Drug

Didanosine
(ddI)

Stavudine
(d4T)

Emtricitabine
(FTC)

Tenofovir
(TDF)

Nevirapine
(NVP)

Considerations

<3 years but can be used in children
>3 years.

Because of potential for
hypersensitivity, a substitution
option should be available

Enteric coated dosing forms are
recommended rather than the
buffered form. Needs to be given 1
hour before or 2 hours after food.
Once daily dosing accepted over 6
years

Needed as a priority product despite
well recognized longer term
toxicities (lipodystrophy in children
and adults), as it is initially well
tolerated, is safer to use in anaemia
than AZT, and has lower laboratory
monitoring requirements.

Avoid over-dosing wherever
possible (noting recent revision to
adult dosing recommendations to
reduce), and especially for extended
periods to minimize toxicity.

Safety and efficacy established for
use in children over 3 months of
age, using once daily dosing.

Have limited safety and toxicity
data, and the dosing and safety
continue to be studied in children.

Can be used in adolescents?

A BSA based dose range of 150-
200mg/m? for nevirapine is used to
generate weight band dosing.
Products and dosing schedules were
sought that avoid dosing below
minimum of 150mg/m? wherever
possible due to low barrier to
development of HIV drug
resistance[43, 44]

A reduced dose is recommended for

Target Dosing Range

< 3 months 50mg/m? per
dose

> 3 months 120 mg/m” per
dose

Twice daily.

1 mg/kg per dose twice daily

6mg/kg for liquid forms
4.8-6 mg/kg for solid forms
Once daily

300 mg once daily which
approximates 8 mg/kg in
adults

Once daily

150-200mg/m” per dose
Twice daily

References
(* denotes key
reference)

[20-26]

[7,27-34]

[35-38]

[39-42]

[25, 45-59]



Drug

Efavirenz
(EFV)

Lopinavir/rito
navir

( LPV)r)

Ritonavir
(RTV)

Considerations

the first two weeks when initiating
nevirapine treatment regimens.(ref)

Due to developmental changes in
nevirapine metabolism, young
children require a higher nevirapine
dose relative to the NRTI
components than delivered in
current adult FDC combinations.

Because of potential for severe
toxicity, a substitution option should
be available.

Dosing has not been established for
children under 3 years.

Approved dosing is already
provided based on weight bands,
and the dosing provided
approximates this.

Syrup and solid forms are not
bioequivalent, with the syrup being
over 30% less bioavailable.

Evening dosing is preferred

Clearance in children <3 years old is
increased.

Heat-stable paediatric formulation is
recently approved .

Actual exposure depends on
metabolism and inter patient
variability, which is considerable.
Pharmacokinetic data suggests
higher clearance if given with
NNRTI hence WHO target dosing is
above approved dose.
Lopinavir/ritonavir is currently the
preferred PI.

Needed to use as pharmacological
booster in treatment of children with
a PI and for children receiving
rifampicin-based anti tuberculosis
therapy.

Target Dosing Range References
(* denotes key
reference)

15 -18.75/kg solid form or [31, 60-71]

19.5 mg/kg syrup

Once daily

< 6 months [62, 72-78]

<15 kg 12/3 mg/kg

>15kg 10/2.5 mg/kg

Twice daily

Approved at 230/75.5 mg/m*

is twice daily and increased

to 300/75 mg/m? if taken

with Nevirapine

As a booster for Lopinavir: [79-83]

Ritonavir target doses are :
7—15 kg: 3 mg/kg

15-40 kg: 2.5 mg/kg
Twice daily

Ritonavir dose and dosing
frequency (once or twice
daily) varies with the PI



Drug

Nelfinavir

(NFV)

Saquinavir

(SQV)

Indinavir
(IDV)

Atazanavir
(ATV)

fos-

amprevavir
(FPV)

Considerations

Even with very high doses infants
have lower blood levels (Penta 7)
Needs to be taken with a fatty meal.
Not a priority product

Bioavailability is very poor and
manufacturing of appropriate
paediatric dosing forms have so far
not been successful.

Limited information about use in
children and not considered further
due to concerns regarding toxicity.

Limited information available about
use in children

Manufacturers recently have an
FDA-approved suspension

Target Dosing Range

which it is combined with.

<10 kg: dose listed is
targeted to achieve a dose of
~75 mg/kg/dose twice daily

>10 kg to 19.9 kg: dose
listed is targeted to achieve a
dose of ~60 mg/kg/dose
twice daily

Only above 25 kg, 50mg/kg
Twice daily

50 mg/kg, three times daily.
When boosted with RTV,
can be dosed twice daily
without food restrictions.
NA

Therapy naive < 6 years,
30 mg/g twice daily, not to
exceed the adult dose of
1,400 mg twice daily or
18 mg/kg plus ritonavir 3
mg/kg administered twice
daily

Therapy experienced > 6
years,

18 mg/kg plus ritonavir 3
mg/kg administered twice
daily

C. Considerations for fixed dose combination in children

References
(* denotes key
reference)

[79, 80, 82, 84-
92]

[85, 86, 93, 94]

[95]

[96-98]

The working group emphasized the benefits that fixed dose combinations are expected to provide for
children, while recognizing the potential associated risks. Based on available published evidence, early
data from studies in progress and population based PK modeling, the working group recommends that
the ratio for fixed dose combinations for use in younger children requires more nevirapine relative to the
NRTI component than an adult FDC. Similar revised ratios are also necessary for other combination



ARYV products. The working group felt that solid fixed dose combinations at dose strengths for the
youngest children are the most urgently required FDC. Adult FDC combinations have been demonstrated
to be bioequivalent to adult single drug combinations[99, 100], and bioequivalence data is also available
for some of the existing paediatric FDC products.

D. Recommended Priority ARV Products identified

A list of priority ARV products was identified and ranked according to how urgent the participants felt
need for development based on the criteria above (table 2 ). For each of these, a range of possible dosing
strengths was assessed using the WHO generic tool.

Table 2. Dosing strengths assessed for ARV products

Priority Product Dosing strengths Reviewed (mg)
Priority ARV Products for infant MTCT prevention
12 mg sachet granules
Urgent Zidovudine 4 mg sachet granules
6 mg sachet granules
[Nevirapine 2 mg sachet granules
Priority ARV Products required for treatment
60/30/50mg tablet
60/30/60mg tablet
Zidovudine/Lamivudine/Nevirapine 150/75/100mg tablet
60/30mg tablet
Zidovudine/Lamivudine 150/75mg tablet
6/30mg tablet
Stavudine/Lamivudine 15/75mg tablet
6/30/50mg tablet
5:20:35mg tablet
Urgent 7:30:50mg tablet
12:60:100mg tablet
Stavudine/Lamivudine/Nevirapine 10:40:70 mg tablet
50mg tablet
[Nevirapine 100mg tablet
100/25mg tablet
Lopinavir/ritonavir 90/22.5mg tablet
60mg tablet
120mg tablet
Abacavir 150mg tablet
: 100mg tablet
High Efavirenz 600mg tablet
60/30mg tablet
Abacavir/Lamivudine 150/75mg tablet
60mg tablet
Zidovudine 100mg tablet
60/30/60mg tablet
Zidovudine/Lamivudine/Abacavir 150/75/150mg tablet




6mg tablet
Stavudine 15mg tablet
Didanosine 125 ec 200 ec

30mg tablet

75mg tablet
Lamivudine 150 mg tablet

Important |Efavirenz/Emtricitabine 100/35mg tablet

Emtricitabine 35mg tablet

25mg tablet
Ritonavir 100mg tablet
Fosamprenavir not yet determined
[Darunavir not yet determined

Proposed ideal formulations and harmonized simplified dosing

Both the outputs from the generic tool as well as clinical pharmacokinetic data if available were used to
evaluate the different dosing strengths for the priority ARV products identified. The working group set
out to simplify dosing by creating a single harmonized common dosing schedule suitable for all weights
and ages of children, for use with all first line ideal ARV products. Implementation of this harmonized
dosing would allow changes in the numbers of tablets required for any FDC or single ARV formulation
at the same weight band. The working group felt that such a combined dosing schedule would offer
considerable theoretical and practical advantages and support scale up. An ideal dosing strength that
could be used according to such a unified, simplified and harmonized dosing schedule for all ARV
agents was therefore sought and is provided in table 4 . A final list of ideal dosing strengths identified by
the working group are given in table 3 and details of the simplified dosing for each product are provided
in Annexes. This final list of ideal dosing strengths differs from the list provided in an earlier version of
this draft document. Specifically, the ideal dosing strength of nevirapine — both in single ARV and FDC
formulations has been revised based on early PK data and population based PK modeling of intended
target dose and area under the curve (AUC). In addition, the d4T dosing strength has been revised to
reflect findings of population pharmacokinetic modeling and recent revisions that reduced dosing
recommendations for adults in order to reduce toxicity to d4T (see
http://www.who.int/hiv/treatment/en/index.html).

The working group recognizes that further revision to these product profiles may be required as new data
becomes available and that additional products will be necessary in the future as ART treatment
recommendations evolve.



Table 3. Ideal dosing strengths for priority ARV product. All tablets should be scored
wherever possible

Priority

Product

Ideal Dosing strengths

Priority ARV Products for infant MTCT prevention

Urgent

Urgent

High

Important

Zidovudine

12 mg sachet granules

[Nevirapine

Priority ARV Products required for treatment

6 mg sachet granules

Zidovudine/Lamivudine/Nevirapine [60/30/50mg tablet*
Zidovudine/Lamivudine 60/30mg tablet
Stavudine/Lamivudine 6/30mg tablet*
Stavudine/Lamivudine/Nevirapine  |6/30/50mg tablet*
[Nevirapine 50mg tablet*
Lopinavir/ritonavir 100/25mg tablet*
Abacavir 60mg tablet
Efavirenz 100mg tablet
Abacavir/Lamivudine 60/30mg tablet
Zidovudine 60mg tablet
Zidovudine/Lamivudine/Abacavir  [00/30/60mg tablet
Stavudine 6mg tablet™
Didanosine No new products identified
Lamivudine 30mg tablet
Efavirenz/Emtricitabine 100/35mg tablet
Emtricitabine 35mg tablet
Ritonavir 25mg tablet
Fosamprenavir Not yet determined

* denotes a change from initial recommendations made in the first draft of the working group’s

report.




Table 4: Simplified harmonized dosing schedule for ideal ARV products used in first line regimens

Number of tablets by weight band (twice daily)

Number of
Children less tablets by

Strength than 6 Children 6 months of age and above Strength of | weight band

Drug of child monthg of adult tab (twice daily)

tab (mg) ase (mg)

10- 14- 20- 25- 30-

339 | 449 | 3-39 | 449 | 559 | 699 | 139 | 199 | 249 29.9 | 349

kg kg kg kg kg kg kg kg kg kg kg
AZT 60 0.5 0.75 1 1 1 1.5 2 2.5 3 300 1 1
AZT/3TC 60/30 0.5 0.75 1 1 1 1.5 2 2.5 3 300/150 1 1
AZT/3TC/NVP | 60/30/50 0.5 0.75 1 1 1 1.5 2 2.5 3 300/150/200 1 1
ABC 60 0.5 0.75 0.5 0.75 1 1.5 2 2.5 3 300 1 1
ABC/3TC 60/30 0.5 0.75 0.5 0.75 1 1.5 2 2.5 3 300/150 1 1
ABC/AZT/3TC | 60/60/30 0.5 0.75 0.5 0.75 1 1.5 2 2.5 3 300/300/150 1 1
3TC 30 0.5 0.75 1 1 1 1.5 2 2.5 3 150 1 1
d4T 6 0.5 0.75 1 1 1 1.5 2 2.5 3 30 1 1
d4T/3TC 6/30 0.5 0.75 1 1 1 1.5 2 2.5 3 30/150 1 1
d4T/3TC/NVP | 6/30/50 0.5 0.75 1 1 1 1.5 2 2.5 3 30/150/200 1 1
NVP 50 0.5 0.75 1 1 1 1.5 2 2.5 3 200 1 1

0.75 BD is delivered as 1 tablet AM and 0.5 tablets PM
*Doses for infants under 6 months are lower in view of altered absorption, distribution, metabolism, excretion, and pharmacologic effects of
drugs in neonates and infants.



E. Existing paediatric FDC Products

Generic suppliers have recently begun manufacture of a number of paediatric FDCs. All of these
contain combinations of d4T, 3TC and NVP in a variety of different ratios. Five FDC tablet
products, and one FDC solution (table 5) were identified and assessed using the same criteria that
were applied to the selection of ideal dosing strengths for priority ARV products. Of note, these
FDCs were developed prior to the 2006 revision of the WHO pediatric ART guidelines and the
working group noted that in some cases, the manufacturers' recommended dosing schedules
would not achieve or consistently provide the WHO target intended doses. In particular the
working group was concerned that any FDC must be dosed to achieve adequate NVP exposure in
light of data confirming that a minimum total daily dose of 300 mg/m2 (160 - 200mg mg/m2 per
dose given twice daily ) is preferred [52].

Of the solid FDC products assessed, only one (FDC 6) met the specification of the ideal dosing
strength recommended by the PAWG. The ratio of components in the other solid forms was felt
by the group to be unsuitable for dosing the smaller, younger child.

A FDC solution should be more versatile for dosing and could be used to deliver target intended
dose for all components including for smaller children, However, the existing FDC 10s currently
available is not in a ratio considered appropriate for the very young infant or child. It is also
supplied as a powder and needs to be reconstituted with clean water before administration. Once
reconstituted, the solution has to be refrigerated at 4°C. These are considerable impediments to
the use of such a product and the PAWG did not consider FDC 10s to be a useful alternative to
the solid FDC form.



Table S: Currently manufactured paediatric d4T containing FDC products

Fixed dose Active Strength in mg

combination” Components

FDC 5 d4T/3TC/NVP 5:20:35

FDC 6 d4T/3TC/NVP 6:30:50

FDC 7 d4T/3TC/NVP 7:30:50

FDC 10 d4T/3TC/NVP 10:40:70

FDC 10s d4T/3TC/NVP 10:40:70 per 5 ml reconstituted
suspension

FDC 12 d4T/3TC/NVP 12 :60 :100

F. Recommended research Priorities

1. Pediatric specific pharmacokinetic data are urgently needed for the following
antiretroviral drugs when co-administered with rifampicin or rifabutin:
a. Efavirenz
b. Nevirapine
c. Lopinavir/ritonavir

2. Additional pharmacology data are required for the following individual antiretroviral
therapy agents in the following paediatric populations:
a. To establish dosing of efavirenz for children less than 3 years of age and <10kgs
b. Pharmacokinetic data for efavirenz and nevirapine in different genetic populations
of children
c. Pharmacokinetic data for nevirapine in young children, particularly those under 6
months of age

e. Initiating nevirapine-containing antiretroviral therapy regimens without a lead-in
phase in children

f. Once daily dosing for lamivudine for children younger than 3 years

g. Once daily dosing of abacavir for children initiating ART

h. Dosing and medium and long term toxicity for Tenofovir and Atazanavir" in
children

i.  Pharmacokinetic and toxicity data for efavirenz in children under 3 years.

3. Impact of nutritional status on the pharmacokinetics, pharmacodynamics, adverse events
and efficacy in children with moderate to severe malnutrition for all antiretroviral drugs,
especially nevirapine, stavudine, zidovudine and lopinavir/r

4. Establish pharmacovigilance systems and protocols to monitor:
a. Long term safety of all antiretroviral medicines in paediatric populations

" These are simple numerical names given to FDC products given by the working group members, and the number
denotes the milligrams of d4T contained, the s denotes solution. A range on manufacturers produce these products.
" No suitable formulation available currently.



b. Safety of zidovudine-containing antiretroviral therapy regimens in populations
with high prevalence of malaria and/or anaemia
c. Hepatotoxicity of nevirapine in populations with high prevalence of viral hepatitis
d. Rates of abacavir hypersensitivity reactions in paediatric population in low
income countries
(See http://www.who.int/medicines/publications/PhV_for antiretrovirals.pdf)

5. Investigation of innovative drug formulations to improve:
a. Heat stability of formulations, particularly of lopinavir/ritonavir
b. Bioavailability
c. Acceptability
d. Long term adherence

G. Review of the dosing tool

The group reviewed the assumptions and format of the WHO dosing tools outputs. The dosing
tool as originally developed uses an estimated body surface area derived from WHO standard
growth curves with BSA estimated using the Mostellar formula'. The values used were compared
to BSA estimated from against the Mid Upper Arm Circumference/ Weight for height study
database (MUAC/WFH) study database, which includes data from over 560 nutritional
anthropometry surveys. The original values for estimated BSA derived from the Mostellar
“WHO” formula was found to underestimate BSA in the middle weight range, and the group
agreed that the dosage tool may be improved by adoption of a quadratic model presented at the
meeting. All the final simple dosing recommendations are now presented based on the revised
estimations of BSA. There is also a need for further research into the effect of body-shape on

BSA estimators. A simple look up table was derived and will now be used for the dosing tool
(table 6).



Table 6. Revised look up table for BSA (Ref):

Weight (Kg) BSA Quadratic

weight kg/m’
3 0.22
4 0.26
5 0.30
6 0.34
7 0.38
8 0.42
9 0.46
10 0.49
11 0.53
12 0.56
14 0.63
17 0.72
20 0.81
25 0.93
30 1.04
35 1.12
H. Future plans for the paediatric ARV working group
1. The group will review and approve final simple dosing tables for all priority products.
2. WHO HIV department should consider developing new terms of reference for PAWG.
3. The working group should then consider new drugs and drug classes in development.
4. WHO HIV department should maintain and keep up to date simple dosing
recommendations for all existing and ideal products and use the working group to review
these.
5. WHO HIV Department should consolidate and maintain the shared working space and
paediatric ARV library.
6. WHO HIV department should commission and review summary data from population
pharmacokinetic modeling outputs for nevirapine, 3TC and d4T.
Conclusions
1. Recommended priority products for ARV drug development were identified, and multiple
dosage strengths were assessed for each product.
2. For each priority product an ideal dosage strength and dosing schedule was established.
3. For all first line priority products, the dosing schedule was harmonized to a single weight
based schedule to be used for all first line ARV products and in children of all weights
and ages.
4. The PAWG felt these products offer considerable theoretical and practical advantages,

and recommend that the pharmaceutical industry, international drug regulatory authorities
and other international partners take immediate steps to secure their development and
availability for treatment programmes.



. A detailed review of evidence and characteristics for each ARV drug and combination

FDC product should be completed and made available in the public domain
Emerging pharmacokinetic data and new drug classes should be evaluated by the
working group.

Immediate next steps

[98)

. Recommended priority products identified should be communicated to pharmaceutical

industry by WHO and partners .

WHO HIV department should complete the additional work suggested by the group.
WHO HIV department in collaboration with the WHO cluster on Medicines Policy and
Standards, Technical Cooperation for Essential Drugs and Traditional Medicine, that
includes the WHO prequalification programme should review the recommendations and
assess any implications for the 7 expression of interest or for the model essential
medicines list.

The results of the analysis using the tool and the findings of analysis undertaken by
working group should be published and made available on the WHO web site for public
use.



References

[1] WHO WHO. Antiretroviral Therapy for HIV Infection in Infants and Children:Towards
Universal Access. Recommendations for a public health approach. 2007 August 2006.

[2] Gilks CF, Crowley S, Ekpini R, Gove S, Perriens J, Souteyrand Y, et al. The WHO
public-health approach to antiretroviral treatment against HIV in resource-limited settings.
Lancet. 2006 Aug 5;368(9534):505-10.

[3] WHO WHO. The world health report 2005 - make every mother and child count. 2005.
[4] WHO WHO. Scaling up priority HIV/AIDS interventions in the health sector. Progress
Report, April 2007. 2007(1).

[5] Newell ML, Coovadia H, Cortina-Borja M, Rollins N, Gaillard P, Dabis F. Mortality of
infected and uninfected infants born to HIV-infected mothers in Africa: a pooled analysis.
Lancet. 2004 Oct 2-8;364(9441):1236-43.

[6] Bergshoeff AS, Fraaij PL, Verweij C, van Rossum AM, Verweel G, Hartwig NG, et al.
Plasma levels of zidovudine twice daily compared with three times daily in six HIV-1-infected
children. J Antimicrob Chemother. 2004 Dec;54(6):1152-4.

[7] Fletcher CV, Yogev R, Nachman SA, Wiznia A, Pelton S, McIntosh K, et al.
Pharmacokinetic characteristics of ritonavir, zidovudine, lamivudine, and stavudine in children
with human immunodeficiency virus infection. Pharmacotherapy. 2004 Apr;24(4):453-9.

[8] Brady MT, McGrath N, Brouwers P, Gelber R, Fowler MG, Yogev R, et al. Randomized
study of the tolerance and efficacy of high- versus low-dose zidovudine in human
immunodeficiency virus-infected children with mild to moderate symptoms (AIDS Clinical Trials
Group 128). Pediatric AIDS Clinical Trials Group. J Infect Dis. 1996 May;173(5):1097-106.
[9] Wintergerst U, Rolinski B, Vocks-Hauck M, Wahn V, Debatin KM, Notheis G, et al.
Pharmacokinetics of orally administered zidovudine in HIV-infected children and adults.
Infection. 1995 Nov-Dec;23(6):344-8.

[10] Bergshoeff A, Burger D, Verweij C, Farrelly L, Flynn J, Le Prevost M, et al. Plasma
pharmacokinetics of once- versus twice-daily lamivudine and abacavir: simplification of
combination treatment in HIV-1-infected children (PENTA-13). Antivir Ther. 2005;10(2):239-
46.

[11] LePrevost M, Green H, Flynn J, Head S, Clapson M, Lyall H, et al. Adherence and
acceptability of once daily Lamivudine and abacavir in human immunodeficiency virus type-1
infected children. Pediatr Infect Dis J. 2006 Jun;25(6):533-7.

[12] Burger DM, Verweel G, Rakhmanina N, Verwey-Van Wissen CP, La Porte CJ,
Bergshoeff AS, et al. Age-dependent pharmacokinetics of lamivudine in HIV-infected children.
Clin Pharmacol Ther. 2007 Apr;81(4):517-20.

[13] Narang VS, Lulla A, Malhotra G, Purandare S. Pharmacokinetic profiling and
bioequivalence evaluation of 2 lamivudine tablet formulations after single oral administration in
healthy human Indian volunteers. J Acquir Immune Defic Syndr. 2005 Apr 15;38(5):566-9.
[14] Kabamba DLh, R. F Ewings, V Mulenga, C Kankasa, M Thomason, S Walker, C Chintu,
D Burger, D Burger, D Gibb, and The CHAPAS study group. Pharmacokinetics of Nevirapine,
Stavudine, and Lamivudine in HIV-infected Children in Zambia Treated with Pediatric Fixed-
dose Combination Tablets

CROI 2007(580 ).

[15] Tremoulet AH, Capparelli EV, Patel P, Acosta EP, Luzuriaga K, Bryson Y, et al.
Population pharmacokinetics of lamivudine in human immunodeficiency virus-exposed and -
infected infants. Antimicrob Agents Chemother. 2007 Dec;51(12):4297-302.

[16] Gibb DM, Walker AS, Kaye S, De Rossi A, Ait-Khaled M, Pillay D, et al. Evolution of
antiretroviral phenotypic and genotypic drug resistance in antiretroviral-naive HIV-1-infected



children treated with abacavir/lamivudine, zidovudine/lamivudine or abacavir/zidovudine, with or
without nelfinavir (the PENTA 5 trial). Antivir Ther. 2002 Dec;7(4):293-303.

[17] Hughes W, McDowell JA, Shenep J, Flynn P, Kline MW, Yogev R, et al. Safety and
single-dose pharmacokinetics of abacavir (1592U89) in human immunodeficiency virus type 1-
infected children. Antimicrob Agents Chemother. 1999 Mar;43(3):609-15.

[18] Jullien V, Urien S, Chappuy H, Dimet J, Rey E, Pons G, et al. Abacavir pharmacokinetics
in human immunodeficiency virus-infected children ranging in age from 1 month to 16 years: a
population analysis. J Clin Pharmacol. 2005 Mar;45(3):257-64.

[19] Kline MW, Blanchard S, Fletcher CV, Shenep JL, McKinney RE, Jr., Brundage RC, et al.
A phase I study of abacavir (1592U89) alone and in combination with other antiretroviral agents
in infants and children with human immunodeficiency virus infection. AIDS Clinical Trials
Group 330 Team. Pediatrics. 1999 Apr;103(4):e47.

[20] Marchisio P, Principi N, Gabiano C, Galli L, Gattinara GC, Caselli D, et al. Once versus
twice daily administration of didanosine in children with symptomatic HIV-associated disease
who were intolerant to or clinically deteriorated on zidovudine. The Italian Pediatric
Collaborative Study Group on Didanosine. Antivir Ther. 1997 Jan;2(1):47-55.

[21] Mueller BU, Pizzo PA, Farley M, Husson RN, Goldsmith J, Kovacs A, et al.
Pharmacokinetic evaluation of the combination of zidovudine and didanosine in children with
human immunodeficiency virus infection. J Pediatr. 1994 Jul;125(1):142-6.

[22] Mueller BU, Butler KM, Stocker VL, Balis FM, Brouwers P, Jarosinski P, et al. Clinical
and pharmacokinetic evaluation of long-term therapy with didanosine in children with HIV
infection. Pediatrics. 1994 Nov;94(5):724-31.

[23] Abreu T, Plaisance K, Rexroad V, Nogueira S, Oliveira RH, Evangelista LA, et al.
Bioavailability of once- and twice-daily regimens of didanosine in human immunodeficiency
virus-infected children. Antimicrob Agents Chemother. 2000 May;44(5):1375-6.

[24] Fletcher CV, Brundage RC, Remmel RP, Page LM, Weller D, Calles NR, et al.
Pharmacologic characteristics of indinavir, didanosine, and stavudine in human
immunodeficiency virus-infected children receiving combination therapy. Antimicrob Agents
Chemother. 2000 Apr;44(4):1029-34.

[25] KingJR, Nachman S, Yogev R, Hodge J, Aldrovandi G, Damle B, et al. Single-dose
pharmacokinetics of enteric-coated didanosine in HIV-infected children. Antivir Ther. 2002
Dec;7(4):267-70.

[26] Stevens RC, Rodman JH, Yong FH, Carey V, Knupp CA, Frenkel LM. Effect of food and
pharmacokinetic variability on didanosine systemic exposure in HIV-infected children. Pediatric
AIDS Clinical Trials Group Protocol 144 Study Team. AIDS Res Hum Retroviruses. 2000 Mar
20;16(5):415-21.

[27]  Jullien V, Rais A, Urien S, Dimet J, Delaugerre C, Bouillon-Pichault M, et al. Age-related
differences in the pharmacokinetics of stavudine in 272 children from birth to 16 years: a
population analysis. 2007 Feb 26.

[28] Kaul S, Kline MW, Church JA, Dunkle LM. Determination of dosing guidelines for
stavudine (2',3'-didehydro-3'-deoxythymidine) in children with human immunodeficiency virus
infection. Antimicrob Agents Chemother. 2001 Mar;45(3):758-63.

[29] Kline MW, Dunkle LM, Church JA, Goldsmith JC, Harris AT, Federici ME, et al. A
phase I/II evaluation of stavudine (d4T) in children with human immunodeficiency virus
infection. Pediatrics. 1995 Aug;96(2 Pt 1):247-52.

[30] de Mendoza C, Ramos JT, Ciria L, Fortuny C, Garcia FJ, de Jose M1, et al. Efficacy and
safety of stavudine plus didanosine in asymptomatic HIV-infected children with plasma HIV
RNA below 50,000 copies per milliliter. HIV Clin Trials. 2002 Jan-Feb;3(1):9-16.



[31] Scherpbier HJ, Bekker V, Pajkrt D, Jurriaans S, Lange JM, Kuijpers TW. Once-daily
highly active antiretroviral therapy for HIV-infected children: safety and efficacy of an efavirenz-
containing regimen. Pediatrics. 2007 Mar;119(3):e705-15.

[32] Vigano A, Mora S, Testolin C, Beccio S, Schneider L, Bricalli D, et al. Increased
lipodystrophy is associated with increased exposure to highly active antiretroviral therapy in
HIV-infected children. J Acquir Immune Defic Syndr. 2003 Apr 15;32(5):482-9.

[33] Popielska J, Marczynska M. [Lipodystrophy in HIV infected children]. Med Wieku
Rozwoj. 2004 Oct-Dec;8(4 Pt 1):936-48.

[34] Kline MW, Fletcher CV, Federici ME, Harris AT, Evans KD, Rutkiewicz VL, et al.
Combination therapy with stavudine and didanosine in children with advanced human
immunodeficiency virus infection: pharmacokinetic properties, safety, and immunologic and
virologic effects. Pediatrics. 1996 Jun;97(6 Pt 1):886-90.

[35] Wang LH, Begley J, St Claire RL, 3rd, Harris J, Wakeford C, Rousseau FS.
Pharmacokinetic and pharmacodynamic characteristics of emtricitabine support its once daily
dosing for the treatment of HIV infection. AIDS Res Hum Retroviruses. 2004 Nov;20(11):1173-
82.

[36] Wang LH, Wiznia AA, Rathore MH, Chittick GE, Bakshi SS, Emmanuel PJ, et al.
Pharmacokinetics and safety of single oral doses of emtricitabine in human immunodeficiency
virus-infected children. Antimicrob Agents Chemother. 2004 Jan;48(1):183-91.

[37] McKinney RR, J.Rathore, M.Hu,C. Flynn, P.Hughes, M.Dickover, R.Weinberg, A.Blum,
MR.Sahner, D.Jankelevich, S.Serchuck, L.Ortiz, B.Draper, L.Tran, PP and Pediatric AIDS
Clinical Trials Group. Phase I/II Study of a Once-daily Regimen of emtricitabine, didanosine, and
efavirenz in HIV-infected, therapy-naive children and adolescents: PACTG protocol 1021.
Conference on Retroviruses and Opportunistic Infections. 2006(Abstract 17).

[38] McKinney RE, Jr., Rodman J, Hu C, Britto P, Hughes M, Smith ME, et al. Long-term
safety and efficacy of a once-daily regimen of emtricitabine, didanosine, and efavirenz in HIV-
infected, therapy-naive children and adolescents: Pediatric AIDS Clinical Trials Group Protocol
P1021. Pediatrics. 2007 Aug;120(2):e416-23.

[39] Gafni RI, Hazra R, Reynolds JC, Maldarelli F, Tullio AN, DeCarlo E, et al. Tenofovir
disoproxil fumarate and an optimized background regimen of antiretroviral agents as salvage
therapy: impact on bone mineral density in HIV-infected children. Pediatrics. 2006
Sep;118(3):e711-8.

[40] Giacomet V, Mora S, Martelli L, Merlo M, Sciannamblo M, Vigano A. A 12-month
treatment with tenofovir does not impair bone mineral accrual in HIV-infected children. J Acquir
Immune Defic Syndr. 2005 Dec 1;40(4):448-50.

[41] Hazra R, Balis FM, Tullio AN, DeCarlo E, Worrell CJ, Steinberg SM, et al. Single-dose
and steady-state pharmacokinetics of tenofovir disoproxil fumarate in human immunodeficiency
virus-infected children. Antimicrob Agents Chemother. 2004 Jan;48(1):124-9.

[42] Vigano A, Aldrovandi GM, Giacomet V, Merlo M, Martelli L, Beretta S, et al.
Improvement in dyslipidaemia after switching stavudine to tenofovir and replacing protease
inhibitors with efavirenz in HIV-infected children. Antivir Ther. 2005;10(8):917-24.

[43] de Vries-Sluijs TE, Dieleman JP, Arts D, Huitema AD, Beijnen JH, Schutten M, et al.
Low nevirapine plasma concentrations predict virological failure in an unselected HIV-1-infected
population. Clin Pharmacokinet. 2003;42(6):599-605.

[44] Duong M, Buisson M, Peytavin G, Kohli E, Piroth L, Martha B, et al. Low trough plasma
concentrations of nevirapine associated with virologic rebounds in HIV-infected patients who
switched from protease inhibitors. Ann Pharmacother. 2005 Apr;39(4):603-9.

[45] Nevirapine is now available for use in HIV-infected children. Fac Notes (New Orleans
La). 1999 Mar-Apr;11(2):11.



[46] Chaix ML, Ekouevi DK, Peytavin G, Rouet F, Tonwe-Gold B, Viho I, et al. Impact of
nevirapine (NVP) plasma concentration on selection of resistant virus in mothers who received
single-dose NVP to prevent perinatal human immunodeficiency virus type 1 transmission and
persistence of resistant virus in their infected children. Antimicrob Agents Chemother. 2007
Mar;51(3):896-901.

[47] Chokephaibulkit K, Plipat N, Cressey TR, Frederix K, Phongsamart W, Capparelli E, et
al. Pharmacokinetics of nevirapine in HIV-infected children receiving an adult fixed-dose
combination of stavudine, lamivudine and nevirapine. Aids. 2005 Sep 23;19(14):1495-9.

[48] EllisJC, L'Homme R F, Ewings FM, Mulenga V, Bell F, Chileshe R, et al. Nevirapine
concentrations in HIV-infected children treated with divided fixed-dose combination
antiretroviral tablets in Malawi and Zambia. Antivir Ther. 2007;12(2):253-60.

[49] Eshleman SH, Krogstad P, Jackson JB, Wang YG, Lee S, Wei LJ, et al. Analysis of
human immunodeficiency virus type 1 drug resistance in children receiving nucleoside analogue
reverse-transcriptase inhibitors plus nevirapine, nelfinavir, or ritonavir (Pediatric AIDS Clinical
Trials Group 377). J Infect Dis. 2001 Jun 15;183(12):1732-8.

[50] Giuliano M, Galluzzo CM, Germinario EA, Amici R, Bassani L, Deho L, et al. Selection
of resistance mutations in children receiving prophylaxis with lamivudine or nevirapine for the
prevention of postnatal transmission of HIV. J Acquir Immune Defic Syndr. 2006
May;42(1):131-3.

[51] Krogstad P, Lee S, Johnson G, Stanley K, McNamara J, Moye J, et al. Nucleoside-
analogue reverse-transcriptase inhibitors plus nevirapine, nelfinavir, or ritonavir for pretreated
children infected with human immunodeficiency virus type 1. Clin Infect Dis. 2002 Apr
1;34(7):991-1001.

[52] Luzuriaga K, Bryson Y, McSherry G, Robinson J, Stechenberg B, Scott G, et al.
Pharmacokinetics, safety, and activity of nevirapine in human immunodeficiency virus type 1-
infected children. J Infect Dis. 1996 Oct;174(4):713-21.

[53] Mirochnick M, Clarke DF, Dorenbaum A. Nevirapine: pharmacokinetic considerations in
children and pregnant women. Clin Pharmacokinet. 2000 Oct;39(4):281-93.

[54] Rakhmanina NY, Capparelli EV, van den Anker JN, Williams K, Sever JL, Spiegel HM,
et al. Nevirapine concentration in nonstimulated saliva: an alternative to plasma sampling in
children with human immunodeficiency virus infection. Ther Drug Monit. 2007 Feb;29(1):110-7.
[55] Seifert LL. Development of resistance mutations to nevirapine as part of triple-drug
therapy in children. Pharmacotherapy. 2002 Jan;22(1):113-7.

[56] Taha TE, Kumwenda N, Kafulafula G, Kumwenda J, Chitale R, Nkhoma C, et al.
Haematological changes in African children who received short-term prophylaxis with nevirapine
and zidovudine at birth. Ann Trop Paediatr. 2004 Dec;24(4):301-9.

[57] Vazquez E. Viramune (Nevirapine) is approved for children. Posit Aware. 1998 Nov-
Dec;9(6):17.

[58] Verweel G, Sharland M, Lyall H, Novelli V, Gibb DM, Dumont G, et al. Nevirapine use
in HIV-1-infected children. Aids. 2003 Jul 25;17(11):1639-47.

[59] Wiznia A, Stanley K, Krogstad P, Johnson G, Lee S, McNamara J, et al. Combination
nucleoside analog reverse transcriptase inhibitor(s) plus nevirapine, nelfinavir, or ritonavir in
stable antiretroviral therapy-experienced HIV-infected children: week 24 results of a randomized
controlled trial--PACTG 377. Pediatric AIDS Clinical Trials Group 377 Study Team. AIDS Res
Hum Retroviruses. 2000 Aug 10;16(12):1113-21.

[60] BMS. Efavirenz capsules and tablets SUSTIVA®.

[61] Engelhorn C, Hoffmann F, Notheis G, Funk M, Eberle J, Belohradsky BH, et al. Effect of
antiretroviral combination therapies including efavirenz in heavily pretreated HIV-infected
children. Eur J Med Res. 2002 Jan 29;7(1):30-4.



[62] Fraaij PL, Neubert J, Bergshoeff AS, van Rossum AM, Hartwig NG, Schroten H, et al.
Safety and efficacy of a NRTI-sparing HAART regimen of efavirenz and lopinavir/ritonavir in
HIV-1-infected children. Antivir Ther. 2004 Apr;9(2):297-9.

[63] Funk MB, Notheis G, Schuster T, Elanjkal Z, von Hentig N, Sturmer M, et al. Effect of
first line therapy including efavirenz and two nucleoside reverse transcriptase inhibitors in HIV-
infected children. Eur J] Med Res. 2005 Dec 7;10(12):503-8.

[64] Manfredi R, Chiodo F. Four-drug salvage antiretroviral treatment including nelfinavir and
efavirenz in highly treated children with congenital HIV disease. Int J STD AIDS. 2000
Feb;11(2):132-3.

[65] McComsey G, Bhumbra N, Ma JF, Rathore M, Alvarez A. Impact of protease inhibitor
substitution with efavirenz in HIV-infected children: results of the First Pediatric Switch Study.
Pediatrics. 2003 Mar;111(3):e275-81.

[66] Saitoh A, Fletcher CV, Brundage R, Alvero C, Fenton T, Hsia K, et al. Efavirenz
Pharmacokinetics in HIV-1-Infected Children Are Associated With CYP2B6-G516T
Polymorphism. 2007 Mar 8.

[67] Starr SE, Fletcher CV, Spector SA, Brundage RC, Yong FH, Douglas SD, et al. Efavirenz
liquid formulation in human immunodeficiency virus-infected children. Pediatr Infect Dis J. 2002
Jul;21(7):659-63.

[68] Teglas JP, Quartier P, Treluyer JM, Burgard M, Gregoire V, Blanche S. Tolerance of
efavirenz in children. Aids. 2001 Jan 26;15(2):241-3.

[69] von Hentig N, Koenigs C, Elanjikal S, Linde R, Dunsch D, Kreuz W, et al. Need for
therapeutic drug monitoring in HIV-1 infected children receiving efavirenz doses according to
international guidelines. Eur J Med Res. 2006 Sep 29;11(9):377-80.

[70] Wintergerst U, Engelhorn C, Kurowski M, Hoffmann F, Notheis G, Belohradsky BH.
Pharmacokinetic interaction of amprenavir in combination with efavirenz or delavirdine in HIV-
infected children. Aids. 2000 Aug 18;14(12):1866-8.

[71] RenY, Nuttall JJ, Egbers C, Eley BS, Meyers TM, Smith PJ, et al. High prevalence of
subtherapeutic plasma concentrations of efavirenz in children. J Acquir Immune Defic Syndr.
2007 Jun 1;45(2):133-6.

[72] van der Lee M, Verweel G, de Groot R, Burger D. Pharmacokinetics of a once-daily
regimen of lopinavir/ritonavir in HIV-1-infected children. Antivir Ther. 2006;11(4):439-45.

[73] Rosso R, Di Biagio A, Dentone C, Gattinara GC, Martino AM, Vigano A, et al.
Lopinavit/ritonavir exposure in treatment-naive HIV-infected children following twice or once
daily administration. J Antimicrob Chemother. 2006 Jun;57(6):1168-71.

[74] Resino S, Bellon JM, Munoz-Fernandez MA. Antiretroviral activity and safety of
lopinavir/ritonavir in protease inhibitor-experienced HIV-infected children with severe-moderate
immunodeficiency. J Antimicrob Chemother. 2006 Mar;57(3):579-82.

[75] Ramos JT, De Jose MI, Duenas J, Fortuny C, Gonzalez-Montero R, Mellado MJ, et al.
Safety and antiviral response at 12 months of lopinavir/ritonavir therapy in human
immunodeficiency virus-1-infected children experienced with three classes of antiretrovirals.
Pediatr Infect Dis J. 2005 Oct;24(10):867-73.

[76] Bergshoeff AS, Fraaij PL, Ndagijimana J, Verweel G, Hartwig NG, Niehues T, et al.
Increased dose of lopinavir/ritonavir compensates for efavirenz-induced drug-drug interaction in
HIV-1-infected children. J Acquir Immune Defic Syndr. 2005 May 1;39(1):63-8.

[77] Delaugerre C, Teglas JP, Treluyer JM, Vaz P, Jullien V, Veber F, et al. Predictive factors
of virologic success in HIV-1-infected children treated with lopinavir/ritonavir. J Acquir Immune
Defic Syndr. 2004 Oct 1;37(2):1269-75.

[78] Saez-Llorens X, Violari A, Deetz CO, Rode RA, Gomez P, Handelsman E, et al. Forty-
eight-week evaluation of lopinavir/ritonavir, a new protease inhibitor, in human
immunodeficiency virus-infected children. Pediatr Infect Dis J. 2003 Mar;22(3):216-24.



[79] Burger DM, Bergshoeff AS, De Groot R, Gibb D, Walker S, Treluyer JM, et al.
Maintaining the nelfinavir trough concentration above 0.8 mg/L improves virologic response in
HIV-1-infected children. J Pediatr. 2004 Sep;145(3):403-5.

[80] Floren LC, Wiznia A, Hayashi S, Jayewardene A, Stanley K, Johnson G, et al. Nelfinavir
pharmacokinetics in stable human immunodeficiency virus-positive children: Pediatric AIDS
Clinical Trials Group Protocol 377. Pediatrics. 2003 Sep;112(3 Pt 1):e220-7.

[81] KingJR, Nachman S, Yogev R, Hodge J, Aldrovandi G, Hughes MD, et al. Efficacy,
tolerability and pharmacokinetics of two nelfinavir-based regimens in human immunodeficiency
virus-infected children and adolescents: pediatric AIDS clinical trials group protocol 403. Pediatr
Infect Dis J. 2005 Oct;24(10):880-5.

[82] Schuster T, Linde R, Wintergerst U, Funk MB, Kurowski M, Kreuz W, et al. Nelfinavir
pharmacokinetics in HIV-infected children: a comparison of twice daily and three times daily
dosing. Aids. 2000 Jul 7;14(10):1466-8.

[83] Krogstad P, Wiznia A, Luzuriaga K, Dankner W, Nielsen K, Gersten M, et al. Treatment
of human immunodeficiency virus 1-infected infants and children with the protease inhibitor
nelfinavir mesylate. Clin Infect Dis. 1999 May;28(5):1109-18.

[84] Hoffmann F, Notheis G, Wintergerst U, Eberle J, Gurtler L, Belohradsky BH.
Comparison of ritonavir plus saquinavir- and nelfinavir plus saquinavir-containing regimens as
salvage therapy in children with human immunodeficiency type 1 infection. Pediatr Infect Dis J.
2000 Jan;19(1):47-51.

[85] Grub S, Schwarzwald HL, Kline MW, Jorga K. Pharmacokinetics of saquinavir in
children during long term treatment. Pediatr Infect Dis J. 2002 Jul;21(7):712-3.

[86] Kline MW, Brundage RC, Fletcher CV, Schwarzwald H, Calles NR, Buss NE, et al.
Combination therapy with saquinavir soft gelatin capsules in children with human
immunodeficiency virus infection. Pediatr Infect Dis J. 2001 Jul;20(7):666-71.

[87] Bergshoeff AS, Fraaij PL, van Rossum AM, Wolfs TF, Geelen SP, de Groot R, et al.
Pharmacokinetics of nelfinavir in children: influencing factors and dose implications. Antivir
Ther. 2003 Jun;8(3):215-22.

[88] Hoffmann F, Funk M, Linde R, Notheis G, Petropoulou T, Eberle J, et al. Effect of
antiretroviral triple combinations including the protease inhibitor nelfinavir in heavily pretreated
children with HIV-1 infection. Eur J] Med Res. 2002 Jul 24;7(7):330-4.

[89] Crommentuyn KM, Scherpbier HJ, Kuijpers TW, Mathot RA, Huitema AD, Beijnen JH.
Population pharmacokinetics and pharmacodynamics of nelfinavir and its active metabolite M8
in HIV-1-infected children. Pediatr Infect Dis J. 2006 Jun;25(6):538-43.

[90] Hirt D, Urien S, Jullien V, Firtion G, Rey E, Pons G, et al. Age-related effects on
nelfinavir and M8 pharmacokinetics: a population study with 182 children. Antimicrob Agents
Chemother. 2006 Mar;50(3):910-6.

[91] van Heeswijk RP, Scherpbier HJ, de Koning LA, Heymans HS, Lange JM, Beijnen JH, et
al. The pharmacokinetics of nelfinavir in HIV-1-infected children. Ther Drug Monit. 2002
Aug;24(4):487-91.

[92] Gatti G, Castelli-Gattinara G, Cruciani M, Bernardi S, De Pascalis CR, Pontali E, et al.
Pharmacokinetics and pharmacodynamics of nelfinavir administered twice or thrice daily to
human immunodeficiency virus type 1-infected children. Clin Infect Dis. 2003 Jun
1;36(11):1476-82.

[93] Grub S, Delora P, Ludin E, Duff F, Fletcher CV, Brundage RC, et al. Pharmacokinetics
and pharmacodynamics of saquinavir in pediatric patients with human immunodeficiency virus
infection. Clin Pharmacol Ther. 2002 Mar;71(3):122-30.

[94] Ananworanich J, Kosalaraksa P, Hill A, Siangphoe U, Bergshoeff A, Pancharoen C, et al.
Pharmacokinetics and 24-week efficacy/safety of dual boosted saquinavir/lopinavir/ritonavir in
nucleoside-pretreated children. Pediatr Infect Dis J. 2005 Oct;24(10):874-9.



[95] Fraaij PL, van Kampen JJ, Burger DM, de Groot R. Pharmacokinetics of antiretroviral
therapy in HIV-1-infected children. Clin Pharmacokinet. 2005;44(9):935-56.

[96]  Shelton MJ, Wire MB, Lou Y, Adamkiewicz B, Min SS. Pharmacokinetic and safety
evaluation of high-dose combinations of fosamprenavir and ritonavir. Antimicrob Agents
Chemother. 2006 Mar;50(3):928-34.

[97] Wire MB, Baker KL, Jones LS, Shelton MJ, Lou Y, Thomas GJ, et al. Ritonavir increases
plasma amprenavir (APV) exposure to a similar extent when coadministered with either
fosamprenavir or APV. Antimicrob Agents Chemother. 2006 Apr;50(4):1578-80.

[98] Wire MB, Shelton MJ, Studenberg S. Fosamprenavir : clinical pharmacokinetics and drug
interactions of the amprenavir prodrug. Clin Pharmacokinet. 2006;45(2):137-68.

[99] Narang VS, Lulla A, Malhotra G, Purandare S. A combined-formulation tablet of
lamivudine/nevirapine/stavudine: bioequivalence compared with concurrent administration of
lamivudine, nevirapine, and stavudine in healthy Indian subjects. J Clin Pharmacol. 2005
Mar;45(3):265-74.

[100] Monif T, Tippabhotla SK, Garg M, Singla AK, Vijan T. Nevirapine/lamivudine/stavudine
as a combined-formulation tablet: bioequivalence study compared with each component
administered concurrently under fasting condition. Int J Clin Pharmacol Ther. 2006
Jun;44(6):276-83.



Annex A.
List of regions with greatest burden of children living with HIV
(Source: 2006 Report on the global AIDS epidemic, UNAIDS/WHO, May 2006. estimates)

Region Children living with HIV ( 0—14 years ) 2005
Sub-Saharan Africa 2 000 000
South and South-East Asia 170 000
North America 11 000
North Africa and Middle East 31 000
Latin America 32 000
Eastern Europe and Central Asia 6900

East Asia 6400
Caribbean 22 000
Western and Central Europe 4000
Oceania 3000
Global (total) 2300 000

Countries with greatest number of children in need of ART
(Source Scaling up priority HIV/AIDS interventions in the health sector. Progress Report, April 2007-
http://www.who.int/hiv/mediacentre/universal_access progress report en.pdf

Country Estimated number of children in need of ART
South Africa 86,000
Nigeria 98,000
Mozambique 34,000
Ethiopia 12,000-61,000
India 17,000-94,000
DRC 45,000
Zimbabwe 45,000

Kenya 44,000
Uganda 42.000
Tanzania 41,000
Zambia 41,000
Malawi 23,000

Cote D' Ivoire 17,000
Cameroon 14,000
Angola 14,000
Rwanda 6,900

Lesotho 6,000
Swaziland 5,300
Namibia 4,900

Haiti 2,800



Annex B

Description of the WHO Generic tool for assessing paediatric dosing

The tool is an Excel based spreadsheet that allows for manipulation of the intended delivered
dose given for any product (ARV in this case) for a range of weight bands to examine whether
the intended dose is above or below the target dose recommended. Where dosing is only provided
in body surface area then an estimation of the body weight is made from the body surface area
(BSA)" The BSA is estimated and based on the international standard height for any given
weight and calculated using the Mostellar formula®. It can be adapted for single, dual or triple
combinations. The generic tool, although not completed, can be used to assess existing or
potential products and to work out dosing schedules for any particular single or combination
product. This report contains some worked example spreadsheets.

The excel file for each product contains 3 major areas.

Sheet one:
Main data. This is where the data on the actual active ingredients are completed and can be
manipulated depending on proportion or strength of API for different FDC products

Sheet 2:

This sheet contains the doses selected examined by weight band and calculates the dose delivered
based on the amount of formulation (ml/caps/tablets) selected for each weight. The amount
intended to be delivered can be manipulated.

The formula using estimation of the Surface area (m?) for each weight generates a list of the
maximum and minimum intended dose delivered and allows visualization of the dose delivered
at the lowest weight/estimated surface area and the dose delivered at the Top weight/SA dose or
estimated surface area.

Where this is over the maximum of the target range it is shaded red, where it is below the
minimum of the target range it is shaded yellow.

BSA ranges are estimated using a quadratic equation derived from analysis of BSA from the
MUAC WFH data base .

Sheet 3:

This provide a visual picture of how much each selected dose can be expected to deliver at
compared to the recommended range for the target dose. This enables any over or under dosing
to be easily visualized.

Sheet 4:
Where included this provides a simple summary table of the recommended dose by weight.

v These are based on estimated BSA derived from the MUAC WFH data base.

Y Mosteller RD, Simplified Calculation of Body Surface Area, N Engl J Med, 1987;0ct 22;317(17):1098
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