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Abstract :

Background: As antiretroviral treatment (ART) programmes mature, data on drug utilization

and costs are needed to assess durability of treatments and inform programme planning.

Methods: Children initiating ART were followed in an observational cohort in Thailand.
Treatment histories from 1999-2009 were reviewed. Treatment changes were categorized
as: drug substitution (within class), switch across drug class (non-nucleoside reverse-
transcriptase inhibitors (NNRTIs) and protease-inhibitor (P1), and to salvage therapy (dual Pl
or Pl and NNRTI). Antiretroviral drug costs were calculated in six-month cycles (US$ 2009
prices). Predictors of high drug cost including characteristics at start of ART (baseline),
initial regimen, treatment change and duration on ART were assessed using mixed-effects

regression models.

Results: 507 children initiated ART with a median 54 (IQR, 36-72) months of follow-up.
Fifty-two percent had a drug substitution, 21% switched across class and 2% to salvage
therapy. When allowing for drug substitution, 78% remained on their initial regimen. Mean
drug cost increased from $251 to $428 per child per year in the first and fifth year of therapy,
respectively. Pl-based and salvage regimens accounted for 16% and 2% of treatments
prescribed and 33% and 5% of total costs, respectively. Predictors of high cost include:
baseline age =8 years, non nevirapine-based initial regimen; switch across drug class and to

salvage regimen (p<0.005).

Conclusion: At 5 years, 21% of children switched across drug class and 2% received
salvage therapy. The mean drug cost increased by 70%. Access to affordable second and

third-line drugs is essential for the sustainability of treatment programmes.
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Introduction

In 2011, an estimated 562,000 HIV-infected children were on antiretroviral therapy (ART)
globally. Coverage of ART is estimated at 28% of children eligible for treatment as
compared to 57% among adults *. As part of the UNAIDS Global Plan to eliminate paediatric
AIDS by 2015, there are calls to expand access to early infant HIV diagnosis and timely
provision of ART for HIV-infected children *. As countries and donors consider scale-up of
paediatric treatment programmes, there is a need for data on the cost of ART from the
healthcare provider's perspective, to inform programme planning and decision analytic

models for optimal allocation of resources.

Antiretroviral drugs constitute a major expenditure for HIV treatment programmes,
accounting for 30% to over 50% of total annual costs in low- and middle-income countries®®.
A recent modelling study based on data from the Global Fund recipient countries, projected
dramatic increases in expenditures on antiretrovirals as increasing number of patients
inevitably require more costly second and third line regimens °. Cross-sectional studies
estimated that 2% to 10% of paediatric cohorts in Africa and Asia are receiving second line
therapy, while estimates in South America are much higher at 13% to 40%, due to varying
levels of programme maturity and patient monitoring strategies "®. There are scarce data on
drug utilization in children and cost implications at the programmeme level, particularly in in

low- and middle-income countries.

In this study we analysed data from a large prospective observational cohort of children
initiating ART in Thailand (NCT00433030 www.clinicaltrials.gov). The objectives were to
describe the long-term trends in drug utilization, costs from the healthcare provider

perspective and to assess predictors of high drug costs.



Methods

Study population: HIV-infected children received ART as part of an open observational
cohort study in a network of 28 public hospitals throughout Thailand, as described elsewhere
%10 |n brief, the study began in 1999 and is ongoing. All visits, ART and laboratory
monitoring were provided free of charge. Parents/guardians provided written informed
consent at study entry and from December 2006, assent was requested from children =8-

years-old. The study was approved by the Thai Ministry of Public Health and local Ethics

Committees.

Inclusion Criteria. Antiretroviral naive children (<18 years old) who initiated ART (defined as
23 drugs including =22 drug class) between 1st January 1999 and 31st January 2009; and
were on follow-up for >1 day were included in this analysis, with follow-up data included

through 30™ September 2009.

Antiretroviral treatment. Children initiated ART based upon clinical and immunological
criteria: US Centers of Disease Control and Prevention (CDC) HIV clinical disease stage B
or C or CD4 T cell percentage <20% if under 2 years old, and CD4<15% if 2 years old or
above 2. Protease inhibitor (Pl) based regimens were first available in 1999, mainly
unboosted nelfinavir, and from 2006 ritonavir boosted lopinavir . Non-nucleoside reverse
transcriptase inhibitors (NNRTI) based regimens were available from 2002, including an
adult generic fixed dose combination of stavudine, lamivudine and nevirapine (GPOvir-S©)
and from 2008 zidovudine, lamivudine and nevirapine (GPOvir-Z©) produced in Thailand.
These fixed dose combinations were widely used in older children who could swallow, with
tablets divided into half or quarters according to the child’s body weight'®. From 2006, there
was a gradual phase out of the use of stavudine to avoid long-term toxicity **. Children
received alternative regimens as needed for toxicity/intolerance or treatment failure as

defined by the physician at site.



Follow up. Children attended the clinic monthly for a basic physical exam, drug refills and
adherence counseling by a nurse. They saw a physician every month during the first 3
months of treatment and every 3 months thereafter. Laboratory monitoring including CD4

and viral load assessments were conducted every 6 months.

Deaths were reported by the sites. Loss to follow-up was defined as missed scheduled visit

and no contact for over six months.

Treatment history: Data on individual treatment history was prospectively collected with start
and end dates of all drugs disbursed, including dates of treatment interruptions (defined as

stopping all drugs for any duration).

Treatment changes were reviewed and categorised as: (i) drug substitution: change of 21
drug within the same drug class; (ii) switch: change of =21 drug including change across drug
class, from NNRTI to Pl-based regimen or vice versa and (iii) change to salvage therapy
defined as dual PI or PI plus NNRTI based regimen. All treatment switches were reviewed
and reason for change was categorised as: treatment failure (immunologic, virologic or
clinical), toxicity/intolerance, treatment simplification (to reduce pill burden) or other reasons.
Use of salvage therapy was assumed to be due to treatment failure. Two children
participated in a clinical trial after entry into the observational cohort. Since their subsequent

treatment did not reflect standard of care, these children were censored on entry to the trial.

Drug cost: The outcome of interest was drug cost which refers only to cost of antiretrovirals
and does not include cost of other medications or other related services. Costs were
calculated per 6-month cycle based on individual treatment history and dosage,
incorporating all treatment changes and interruptions during the cycle. Drug dosage was
based on the closest weight available at start of each cycle using the WHO weight/dosage
categories (<10kg, 10-14kg, 15-19kg, 20-29kg, =30kg)™. Missing weight data (5%) was
imputed using the carry-forward method from the previous recorded month, except for

missing baseline weight (2%), where backward imputation was used based on the next



available weight. Costs were calculated up to date of death or last visit, not including the
cost of prescription at last visit. Children who did not complete a 6-month cycle were
censored at date of last visit or death, and drug costs were calculated up to that date.
Periods of treatment interruption were assigned a cost of zero. Some drug combinations
used during the initial years of the study are no longer recommended. As the aim of this
analysis was not to document historical costs, but rather to estimate likely costs of similar
cohorts receiving treatment today, we applied the cost of the most comparable drugs or
treatment combination (same drug class) widely used in Thailand today. For example, cost
of unboosted nelfinavir was replaced by the cost of ritonavir-boosted lopinavir which is the

preferred PI.

Drug costs were standardised at 2009 government prices based on bulk purchasing and
reported in Thai baht. Where government prices were not available non-governmental
organisation prices paid by the programme were used. Costs were converted to US dollar

(US$) using the 2009 average market exchange rate of 34.3 bath per dollar *°.
Statistical Analyses

First, Kaplan Meier probability of treatment change for failure (defined as switch across drug
class for documented reason of failure or to salvage therapy) was assessed; children were
at risk from date of ART initiation to first switch for failure or last follow up visit. In addition,
we assessed the probability of virological failure defined as: non suppression (viral load (VL)
2400 copies) after one year of ART in infants or after 6 months in older children; or
virological rebound with confirmed VL2400 copies after previous suppression as per Thai
guidelines *’. We used the 400 copies/mL over the recommended 50 copies/mL threshold
as this was the lower limit of detection of the virological assays during the earlier years of the

programme. Children were censored at date of first virological failure or last follow up.

Second, we assessed predictors of drug cost using the outcome of log transformed cost per

6-month cycle. Where drug cost was zero (due to extended treatment interruption) the value
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of one was applied to allow inclusion in the analysis. Explanatory variables considered were
baseline characteristics at start of ART: sex, age, CD4%, viral load, CDC stage,
anthropometric measures (weight-for-age z-score (WAZ), height-for-age z-score (HAZ) and

weight-for-height for age z-score (WHZ) based on the Thai reference curves *#*°

), calendar
year and initial regimen. In addition, we considered duration on follow-up and type of
treatment change: drug substitution, switch across class and to salvage treatment (as

separate binary variables). All explanatory variables had <10% missing values except for

viral load with 17% missing data.

As the outcome was repeat measures of cost over follow-up time, a multilevel regression
model was used with subject level clusters ?°. A random coefficient model with a random
slope for follow-up time was chosen over a fixed-effect model of time as this was a better fit
to the observed data (p<0.05). Variables associated with higher drug cost in univariable and
multivariable analyses with p<0.2 were included in the final model based on a complete case
analysis. The predicted log costs were retransformed using Duan’s method, the mean
predicted value was calculated and compared to the mean actual cycle cost and the
distribution of cluster level standardised residuals checked **. Results were compared with a
generalized estimation equation (GEE) model with an autoregressive correlation structure,
using predicted individual intercepts #. In sensitivity analyses, missing baseline explanatory
variables were imputed using multiple imputation using chained equations (MICE) . All
statistical analyses were performed using STATA 11 (Stata Corporation, College Station,

TX).
Results

A total of 507 children were included in this analysis. At start of ART, the median age was 7
years (15% <2 years) and the median CD4% was 7% (Table 1). Fifty-five percent of children
initiated on nevirapine (NVP) based regimen, 40% on efavirenz (EFV) based, and 5% on PI-

based regimens. As of September 2009, there were 36 deaths (7.1%), 25 loss to follow up
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(4.9%), and 52 (10.1%) withdrew from the study, mostly due to relocation. The median
duration of follow-up was 54 months (IQR, 36-72), 207 (41%) children reached 5 years of

ART.

Treatment changes

Overall, 311 (61%) children experienced treatment change (Table 2): 187 (60%) had one, 68
(22%) had two, and 56(18%) had three or more changes. Seventy-three percent of changes
were drug substitutions. Two-thirds of these were changes in NRTI backbone, of which 73%
was stavudine replacement. If we ignored drug substitutions, 397 (78%) children would be

considered to be on their initial regimen.

One hundred and six children (21%) had treatment changes across drug class: 93%
switched from NNRTI to Pl and 7% from Pl to NNRTI-based regimens. The reasons for
switch were: 93 (88%) treatment failure, 5 (5%) intolerance/toxicity, 3 (3%) treatment
simplification and 5 (5%) for other reasons (3 Tuberculosis concomitant treatment, 1
pregnancy, and 1 by error). Among children who switched due to treatment failure, the
median time to switch was 23 (IQR 17-33) months after start of ART. Overall, ten children
(2%) received salvage regimen at a median of 27 (IQR, 20-51) months after start of ART.
The Kaplan Meier probability of treatment change for failure was 1.5% (95% CI, 0.6-2.9) at 1
years, 17.8% (95% ClI, 14.5-21.7) at 3 years and 21.4% (95% ClI, 17.6-25.8) at 5 years of

therapy (Figure 1).

The probability of virological failure was 18.1% (95% CI, 14.9-21.9); 23.4% (95% CI, 19.7-
27.6) and 27.8% (95%Cl, 23.5-32.5) at 1, 3 and 5 years, respectively. Among the 120
children experiencing virological failure, 82 (68%) had a treatment change across drug class
or to salvage therapy. The median duration between first virological failure and treatment

change was 9.6 months (IQR, 7.8-14.0).

Trends in antiretroviral drugs prescribed and costs



When we take into account all treatments disbursed, 79% was NNRTI-based. However, the
proportion of children on NNRTI-based regimens declined from 95% at baseline to 69% at 5
years, while the proportion on Pl-based regimens increased from 5% to 23, respectively

(Supp. Figure 1). A small proportion of children received NRTI-only regimens in the process
of treatment change or to address adherence issues. In addition, 44 children experienced 52

episodes of treatment interruptions, which represented 2% of total treatment time.

The mean cost of antiretrovirals varied significantly by drug class and weight category.
NNRTI-based regimens were the least costly from $255 to $748 per child per year
depending on weight/dosage (Table 3). Pl-based regimens ranged from $582 to $1,626,
while the most costly were dual Pl salvage regimens from $1,047 to $2,386. In this cohort,
the mean cost of ARV drugs increased from $251 to $428 per child per year in the first and
fifth year, respectively, an increase of 70% (Supp. Figure 2). This corresponds with the
rising number of children on Pl-based and to a lesser extent to salvage regimens, which
accounted for 16% and 2% of all treatments disbursed and 33% and 5% of total drug costs,
respectively. By year 5, Pl-based and salvage regimens accounted for half of the annual

drug costs (Supp. Figure 3).

Predictors of high drug cost

In univariable analysis, all variables were associated with the mean cycle cost except for
sex, baseline viral load, WAZ, WHZ and drug substitution (Table 4). In multivariable
analyses, key independent predictors of high cost were older age at start of ART, non-NVP

initial regimen, switch across drug class and receipt of salvage therapy.

Children aged =8 years at start of ART had 26% higher drug cost per cycle as compared to
2-7 year olds (p<0.0001). EFV-based and Pl-based initial regimen was associated with
significantly higher cycle cost as compared to NVP-based regimen (p<0.0001). Children with
a treatment switch across drug class had 45% higher cost as compared to no switch

(p<0.0001), while receipt of salvage regimen was associated with an 89% increase in mean
9



drug cost as compared to children without salvage therapy (p=0.002). In addition, high
baseline HAZ and longer duration on follow-up were associated with a small increase in
mean costs (p<0.006). After adjusting for these factors, baseline CD4% and CDC stage
were no longer associated. These results were consistent with those obtained when using
the GEE model and the MICE dataset (data not shown). The findings were comparable
when the model included only baseline characteristics and duration on ART (exclude type of
treatment change), with no effect of CD4% or CDC stage and the strongest predictor of high

cost remained initial regimen (data not shown).

Discussion

In this large Thai pediatric cohort, approximately two-thirds of children experienced a
treatment change. However the large majority of these changes were drug substitutions
within the same drug class, in response to updated treatment guidelines, namely
replacement of stavudine to avoid long-term toxicities **. The Thai national pediatric
treatment programme with over 3,400 children with a shorter median duration of follow-up of
1.7 years reported that 17.3% had a treatment change for any cause up to 2007 . This is
consistent with our observation of 61% treatment change over a median 4.5 years of follow-
up, taking into account the large phase out of stavudine from 2006 which may not have been

fully captured in the national programme.

If we ignored drug substitutions then 78% of children would be considered to be on their
initial regimen. This is comparable to results from the US and Europe, where 65-71% of
children remained on their initial regimen at 5-years of follow up, when allowing for drug

substitutions®%?’

In this cohort, one in five children had a treatment switch across drug class, 88% of which

had documented treatment failure. The probability of treatment change for failure was 21%

10



at 5 years. This is higher than previous estimates from cross sectional surveys which
reported only 10% of children on second therapy in Asia’. However, the median duration on
treatment in that study was unclear and it included sites with limited access to second line

therapies and may underestimate actual need.

Furthermore, this study had routine access to viral load monitoring every 6 months. Early
detection of viremia allows for a more rapid switch to avoid accumulation of resistance
mutations as compared to clinical or immunological only monitoring used in other settings’.
The probability of virological failure was 23% at 3 years and 28% at 5 years of therapy. This
is comparable to previous reports of virological failure in children in Thailand®. Among the
children with virological failure, 70% subsequently switched treatments, highlighting how
some children may remained on failing regimens despite virological monitoring, particularly if
presenting with adherence issues as reported elsewhere ?°. Only two percent of children in
our cohort received salvage regimen This is lower than reports from the recent PENPACT-1
trial in the US/Europe where 7% of children needed salvage therapy at 5-years but this was

based on stringent switching criteria .

The mean annual cost of ARV regimen per child increased by 70% from $280 to $480 over 5
years. As expected, second and third line regimens were key drivers of higher cost as our
cohort matured. In the fifth year, one-quarter of children received Pl-based or salvage
regimen, which accounted for half of the annual drug cost (Supp. Figure 3). Similar trends

31,32

has been observed in adult studies However, these higher costs of advanced

regimens must be considered in the wider context. Most children respond well to second and

33-35

third line therapy , which reduces the risk of mortality, disease progression and AIDS

defining events and potentially offsetting the cost of inpatient care in part.

It is also important to note that the highest estimated cost of drugs in children in our cohort at

year 5 remains lower than the reported mean annual costs of drugs in adults in Thailand®. A
11



large pooled analyses of data from low and middle income countries estimated mean drug
costs of $549 per adult per year®’, an increased from previous years due to the transition

from stavudine to more costly tenofovir containing first line regimens.

These findings have important implications, first is the importance of adherence support for
children and their caregivers to maximize durability of first line treatments. Second,
improved access to affordable second and third line regimens is critical for the long-term
sustainability of treatment programmes, particularly for pediatrics programmes due to the

limited drug options available in child-friendly formulations.

In terms of patient level predictors of high drug cost, there was no effect of baseline CD4%
or CDC disease stage, suggesting that children initiating therapy at advanced disease stage
did not incur greater costs. However it is important to note that this refers only to cost of
antiretroviral drugs and does not include cost of hospitalizations or treatment of opportunistic
infections which are known to be considerably higher in those with advanced disease stage
31038 The strongest predictor of high drug cost was initiation on efavirenz or Pl-based initial
regimens. As expected, treatment switch across drug class and to salvage regimen were
also associated with higher cost. The effect of older age was most likely due to higher
dosage requirement. The association between higher height-for-age z-score and not weight
for age z-score with higher drug cost was unexpected, further analyses using time-updated

growth parameters may provide further insight.

There are several study limitations to consider. Firstly, the study was based on drugs
available in Thailand and prices quoted in 2009. The antiretroviral drug market is rapidly
evolving with price reductions and introduction of new drugs that may alter some of our cost
estimates. For example, there has been two price reductions of over 5% as of 30" May

2012: lopinavir/ritonavir (100mg/25mg by 6.5%), saquinavir (500mg by 12%), and the

12



introduction of tenofovir, tenofovir/emtricitabine and darunavir for third line treatment.
Nonetheless, our costs are still comparable with recent estimates by the WHO for low and

middle income countries 8°,

Second, we only examined baseline prognostic variables associated with high drug cost
rather than time updated variables such as current CD4, viral load or adherence which have
been reported as predictive of cost of HIV care in adults®. Third, we did not have patient-
level data on drug formulation of regimens used which may affect the cost, although we did
base our estimates on the most commonly used formulation within the weight category.
Fourth, we used actual cost as paid by the healthcare provider rather than market costs.
While the latter is often considered to best reflect opportunity cost of resources used “, it
would have provided an inflated estimate of cost of drugs in the Thai setting and therefore

have limited application in informing national policies.

The development of a low-cost EFV based fixed dose combination which is expected to be
available in Thailand at under $200 per person per year is likely to nullify the higher cost
associated with EFV based first line regimen **. However, we consider the other main
findings to stand, particularly the higher cost associated with Pl-based first line regimen. This
may have important implications as recent studies suggest that infants have superior
response to Pl-based initial therapy as compared to NVP based therapy, irrespective of prior
NVP exposure®. Indeed Pl-based regimens are already the preferred starting regimen for
young children in resource-rich countries®®. As PI drugs are also the basis of most second
line and salvage regimens, they are an essential component of any treatment programme.
Improved access to child-friendly second and third line drugs at affordable prices through
market incentivisation, price negotiations or pooled purchasing will be critical for the long

term sustainability of national treatment programmes *>**,

13



References

1

10.

11.

12.

13.

14.

UNAIDS. Together we will end AIDS. 2012;
http://www.unaids.org/en/media/unaids/contentassets/documents/epidemiol
0gy/2012/20120718_togetherwewillendaids_en.pdf. Accessed 15th August
2012.

Meyer-Rath G, Brennan A, Long L, et al. Cost and outcomes of paediatric
antiretroviral treatment in South Africa. AIDS. 2012;Publish Ahead of Print.e25-
e32.

Harling G, Wood R. The Evolving Cost of HIV in South Africa: Changes in Health
Care Cost With Duration on Antiretroviral Therapy for Public Sector Patients.
JAIDS Journal of Acquired Immune Deficiency Syndromes. 2007;45(3):348-354.
Leisegang R, Cleary, S., Hislop,M., Davidse,A., Regensberg,L., Little,F., Maartens,
G.,. Early and Late Direct Costs in a Southern African Antiretroviral Treatment
Programme: A Retrospective Cohort Analysis. PLoS Med. 2009;6(12).

Stover J, Korenromp EL, Blakley M, et al. Long-Term Costs and Health Impact of
Continued Global Fund Support for Antiretroviral Therapy. PLoS ONE.
2011;6(6):e21048.

Zhou F, Kominski G, Qian H-Z, et al. Expenditures for the care of HIV-infected
patients in rural areas in China's antiretroviral therapy programs. BMC Medicine.
2011;9(1):6.

TREAT Asia Pediatric HIV Observational Database (TApHOD) International
Epidemiologic Databases to Evaluate AIDS (IeDEA) Southern Africa Paediatric
Group. A biregional survey and review of first-line treatment failure and second-
line paediatric antiretroviral access and use in Asia and southern Africa. Journal
of the International AIDS Society. 2011;14(1):7.

Renaud-Théry F, Avila-Figueroa, C., Stover, J., Thierry,S., Vitoria,M.,
Habiyambere,V., Souteyrand, Y., . Utilization Patterns and Projected Demand of
Antiretroviral Drugs in Low- and Middle-Income Countries. AIDS Research &
Treatment. 2011;2011.

Collins 1, Jourdain G, Hansudewechakul R, et al. Long Term Survival of HIV
Infected Children Receiving Antiretroviral Therapy in Thailand: A5 Year
Observational Cohort Study. Clinical Infectious Diseases. 2010;51(12):1449-1457.
Collins IJ, Cairns J, Jourdain G, et al. Hospitalization trends, costs and risk factors
in HIV infected children on antiretroviral therapy (ART) in Thailand. AIDS.
2012;26(15):1943-1952.

Working Group on Antiretroviral Therapy Medical Management of HIV-Infected
Children. Guidelines for the use of antiretroviral agents in pediatric HIV infection,
January 7, 2000. HIV Clinical Trials. Nov-Dec 2000;1(3):58-99.

Thai Ministry of Public Health. National guidelines for the clinical management of
HIV infection in children and adults. . 7th Edition. ed. Bangkok2002.
Chokephaibulkit K, Plipat N, Cressey TR, et al. Pharmacokinetics of nevirapine in
HIV-infected children receiving an adult fixed-dose combination of stavudine,
lamivudine and nevirapine. AIDS. Sep 23 2005;19(14):1495-1499.

World Health Organization. Antiretroviral therapy for HIV infection in adults and
adolescents: Recommendations for a public health approach (2006 revision).
2006. http://www.who.int/hiv/pub/arv/adult/en/index.htlm. Accessed 12th
November 2011.

14



15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

World Health Organization. Antiretroviral therapy of HIV infection in infants and
children: towards universal access. Recommendations for a public health
approach. 2010.

The World Bank. Official average exchange rates from local currency units to
USD. 2009; http://data.worldbank.org/indicator/PA.NUS.FCREF. . Accessed 18th
June 2012.

Puthanakita T. TA, Ananworanichc J., Wongsawatd J., Suntrattiwonge P.,
Wittawatmongkolf O., Mekmullicag J., Waidabh W., Bhakeecheepi S.,,
Chokephaibulkitf K. Thai national guidelines for the use of antiretroviral therapy
in pediatric HIV infection in 2010. Asian Biomedicine. 2010;4(4):505-513.
Working Group on using Weight and Height References in Evaluating the Growth
Status of Thai Children. Manual on using weight and height references in
evaluating the growth status of Thai children Bangkok: Department of Health,
Ministry of Public Health;2000.

Traisathit P, Jourdain G, LeCoeur S, et al. Effect of antiretroviral therapy on the
growth of HIV infected children in Thailand. 1st International Workshop on
Pediatric HIV Cape Town, S.Africa2009.

Rabe-Hesketh S, Skrondal, A., . Multilevel and Longitudinal Modeling Using Stata.
2nd ed: Stata Press; 2008.

Cameron CA, Trivedi, P.K., . Microeconometrics Using Stata: Stata Press; 2008.
Twisk JWR. Applied Longitudinal Data Analysis for Epidemiology: A Practical
Guide: Cambridge University Press; 2003.

Royston P. Multiple imputation of missing value. The Stata Journal.
2004;4(3):227-241.

World Health Organization. Rapid Advice: Antiretroviral therapy for HIV
infection in adults and adolescents. 2009.
http://www.who.int/hiv/pub/arv/rapid_advice_art.pdf.

McConnell M, Chasombat S, Siangphoe U, et al. National Program Scale-Up and
Patient Outcomes in a Pediatric Antiretroviral Treatment Program, Thailand,
2000-2007. Journal of Acquired Immune Deficiency Syndromes. August 1, 2010

2010;54(4):423-429.

26.

27.

28.

29.

Judd A. Early antiretroviral therapy in HIV-1-infected infants, 1996-2008:
treatment response and duration of first-line regimens. AIDS. Nov 28
2011;25(18):2279-2287.

Babiker A, Castro nee Green H, Compagnucci A, et al. First-line antiretroviral
therapy with a protease inhibitor versus non-nucleoside reverse transcriptase
inhibitor and switch at higher versus low viral load in HIV-infected children: an
open-label, randomised phase 2/3 trial. The Lancet infectious diseases. Apr
2011;11(4):273-283.

Puthanakit T, Aurpibul L, Oberdorfer P, et al. Sustained immunologic and
virologic efficacy after four years of Highly Active Antiretroviral Therapy in
Human Immunodeficiency Virus infected children in Thailand Pediatric
Infectious Disease Journal. 2007;26(10):953-956.

Davies M-A, Moultrie H, Eley B, et al. Virologic Failure and Second-Line
Antiretroviral Therapy in Children in South Africa—The IeDEA Southern Africa
Collaboration. JAIDS Journal of Acquired Immune Deficiency Syndromes.
2011;56(3):270-278 210.1097/QA1.1090b1013e3182060610.

15



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

The PENPACT-1 (PENTA 9/ PACTG 290) Study Team. First-Line Antiretroviral
Therapy With A Protease Inhibitor Versus Non-Nucleoside Reverse
Transcriptase Inhibitor And Switch At Higher Versus Low Viral Load In Hiv-
Infected Children: An Open-Label, Randomised Phase 2/3 Trial. Lancet Infect Dis.
2011;11(4):273-283.

Long L, Fox M, Sanne I, Rosen S. The high cost of second-line antiretroviral
therapy for HIV/AIDS in South Africa. AIDS. Mar 27 2010;24(6):915-919.

Long La, Fox Mab, Sanne lac, Rosen Sab. The high cost of second-line
antiretroviral therapy for HIV/AIDS in South Africa. AIDS. 2010;24(6):915-919.
Ananworanich J, Prasitsuebsai W, Kosalaraksa P, et al. Outcomes of third-line
antiretroviral therapy containing darunavir, etravirine or raltegravir in Thai
children with HIV infection (MOPEOQ38). XIX International AIDS Conference.
Washington D.C, USA2012.

Sauysod R, Harrison L, Traisathit P, et al. Virologic outcome of second-line
antiretroviral therapy in Thailand (P_48). 4th International Workshop on HIV
Pediatrics. Washington DC, USA2012.

Puthanakit T, Jourdain G, Suntarattiwong P, et al. High virologic response rate
after second-line boosted protease inhibitor-based antiretroviral therapy
regimens in children from a resource limited setting. AIDS Res Ther.
2012;9(1):20.

Yamabhai I, Mohara A, Tantivess S, Chaisiri K, Teerawattananon Y. Government
use licenses in Thailand: an assessment of the health and economic impacts.
Global Health. 2011;7(1):28.

Menzies NA, Berruti AA, Berzon R, et al. The cost of providing comprehensive
HIV treatment in PEPFAR-supported programs. AIDS. Sep 10 2011;25(14):1753-
1760.

Meyer-Rath G, Miners A, Santos AC, Variava E, Venter WD. Cost and Resource Use
of Patients on Antiretroviral Therapy in the Urban and Semiurban Public Sectors
of South Africa. J Acquir Immune Defic Syndr. Nov 1 2012;61(3):e25-e32.

World Health Organization. Global HIV/AIDS Response: Epidemic update and
health sector progress towards Universal Access. Progress Report 2011. . 2011.
http://www.who.int/hiv/pub/progress_report2011/en/index.html. Accessed 2
June 2012.

Levy AR, James D, Johnston KM, et al. The direct costs of HIV/AIDS care. The
Lancet Infectious Diseases. 2006;6(3):171-177.

Médecins Sans Frontieres. Untangling the web of antiretroviral price reductions :
14th Edition, July 2011. 2011. http://utw.msfaccess.org/.

Violari A, Lindsey JC, Hughes MD, et al. Nevirapine versus Ritonavir-Boosted
Lopinavir for HIV-Infected Children. New England Journal of Medicine.
2012;366(25):2380-2389.

Waning B, Diedrichsen E, Jambert E, et al. The global pediatric antiretroviral
market: analyses of product availability and utilization reveal challenges for
development of pediatric formulations and HIV/AIDS treatment in children. BMC
Pediatrics. 2010;10(1):74.

Lallemant M, Chang S, Cohen R, Pecoul B. Pediatric HIV — A Neglected Disease?
New England Journal of Medicine. 2011;365(7):581-583.

16



Tables

Table 1. Characteristics of children at start of ART (N=507)

n_ (%
Characteristic at ART initiation
Sex, female 272 (54)
Age, median (years) (IQR) 7.2 (3.9to0 10.0)
<2 years 78 (15)
CDC HIV Classification (n=490)
N or A 231 (47)
B 121 (25)
C 138 (28)
CD4%, median (IQR) (n=499) 7% (2 to 14%)
Viral load, median (IQR) (n=422) 5.1 (4.7 to 5.6)
Weight in kg, median (IQR) (n=498) 17 (12-21)
Weight for age z-score, median (IQR) (n =498) -1.2 (-1.7 t0 -0.7)
<-2 z-score 84 (17)
Height for age z-score, median (IQR) (n =467) -2.2 (-3.1t0-1.3)
<-2 z-score 265 (57)
Weight for height z-score, median (IQR) (n=467) -0.5 (-1.1t0 0.1)
<-2 z-score 39 (8)
Initial regimen
NVP-based 272 (55)
EFV -based 199 (40)
Pl-based 25 (5)
Calendar year at initiation
<2003 50 (10)
2003-2004 233 (46)
>2005 223 (44)

Note: Data are no. (%) unless otherwise indicated; IQR, inter quartile range.
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Table 2. Summary of treatment changes and interruptions

Median time to first event

n %o in months after start of
ART (IQR)
No treatment change 196 39 -
One or more treatment change 311 61 -
Drug substitution (within class) 266 52 31 (11-41)
Switch across drug class (NNRTI to Pl or vice versa) 106 21 22 (17-33)
To salvage regimen (dual Pl or PI & NNRTI) 10 2 27 (20-51)
Treatment interruption 44 9 18 (3-37)

Note: *Denominator is total cohort (N=507), one child can contribute to more than one type of
treatment change.

Table 3. Mean annual cost of antiretroviral drugs per patient by weight and drug class (USD)

Weight category (kg)
<10 10-14 15-19 20-29 >30
NNRTI based $260 $255 $278 $465 $749
Single Pl based $583 $908 $850 $1,225 $1,626
Dual Pl based - $1,037 $1,172 $1,633 $2,386
Pl & NNRTI - $997 $1,009 $1,305 $1,316
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Table 4. Predictors of 6-monthly treatment cost using random coefficient model

Univariable analysis

Multivariable analysis

Coef Exp(Coef)* SE P Coef Exp (Coef)* SE P

Sex Female 0.00 1.00 0.07 0.97 - -

Age (years) <2 yrs -0.17 0.84 0.11 0.12 -0.39 0.67 0.11 <0.0001
2-7 yrs -0.24 0.79 0.08 0.002 -0.30 0.74 0.06 <0.0001
=8 yrs Referent Referent Referent Referent

CD4% (n=563) per 5% increase -0.05 0.95 0.02 0.038 0.01 1.00 0.02 0.78

Viral load (n=484) per log increase 0.03 1.03 0.05 0.51 -

CDC stage (n=561) N or A Referent Referent Referent
BorC 0.14 1.15 0.07 0.06 -0.02 0.98 0.06 0.75

WAZ (n=564) per z-score increase 0.03 1.03 0.04 0.43 - -

HAZ (n=523) per z-score increase 0.07 1.07 0.03 0.009 0.06 1.06 0.02 0.006

WHZ (n=523) per z-score increase 0.03 1.03 0.03 0.32 - -

First line regimen NVP based Referent Referent Referent Referent
EFV based 0.70 2.00 0.07 <0.0001 0.63 1.88 0.06 <0.0001
Pl-based 1.03 2.79 0.13 <0.0001 1.0 2.72 0.14 <0.0001

Calendar year <2003 Referent Referent Referent Referent
2003-4 -0.36 0.70 0.13 0.004 -0.18 0.83 0.11 0.10
>2005 0.03 1.03 0.13 0.82 0.03 1.03 0.11 0.78

Drug substitution (within class) 0.00 1.00 0.07 0.96 -

Switch across class 0.38 1.46 0.09 <0.0001 0.37 1.45 0.07 <0.0001

To salvage therapy 0.73 2.06 0.25 0.005 0.64 1.89 0.20 0.002

Follow-up time per 6-month increase 0.01 1.00 0.00 <0.0001 0.01 1.01 0.001 <0.0001

Note: WAZ: weight for age z-score; HAZ height for age z-score; WHZ weight for height for age z-score; NVP nevirapine; EFV efavirenz; Pl protease inhibitor.
Exp(Coef) exponential of coefficient.
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Figures

Figure 1. Cumulative probability of switch for treatment failure

Cumulative probability (%)

Number at risk

0 1 2 3 4 5
Time since start ART in years
507 443 379 31 242 156
95% CI Switch for treatment failure
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Supplement Figures
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Supp Figure 1. Distribution of antiretroviral drugs prescribed by drug class over time on ART
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