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TECHNICAL APPENDIX
The text below provides additional detail on the methods informing this paper, as well as supplementary results and sensitivity analysis.  
APPENDIX METHODS
Strategies

To quantify the benefit from the availability of 2nd-line therapy, we included two relevant comparators among the base case strategies:  cotrimoxazole prophylaxis only and 1st-line ART only plus cotrimoxazole prophylaxis.  In the base case, we assessed three main monitoring approaches:  (1) clinical monitoring, with failure defined as a WHO stage III-IV event; (2)  immunologic monitoring, with failure defined as a 50% decrease from peak regimen-specific CD4 count (consistent with WHO recommendations); and (3) virologic monitoring, with failure defined as a minimum 1-log10 increase in HIV RNA and/or return to pre-treatment HIV RNA level.  In a secondary analysis, we evaluated variations of the three main monitoring strategies.  These included:  (1) alternative clinical criteria for 1st line failure (WHO stage III-IV event or TB, WHO stage III-IV event or TB or invasive bacterial diseases); (2) alternative immunologic criteria for 1st line failure (25% decrease from peak regimen-specific CD4 count); (3) combined clinical and immunologic / virologic monitoring (e.g., WHO stage III-IV event or a minimum 1-log10 increase in HIV RNA and/or return to pre-treatment HIV RNA level); (4) delayed initiation of second-line ART following virologic failure.  A complete list of strategies is shown in Appendix Table A1.

Model Structure


We employed a 1st-order Monte Carlo simulation model — the CEPAC-International model — of HIV disease progression and treatment.  The model is characterized by three main health states — Chronic HIV, Acute Events, and Death — which are further defined by current and setpoint HIV RNA, current and nadir CD4 count, and current and prior opportunistic infections.  Using a random number generator to draw from an initial distribution of country-specific demographic (age, sex) and clinical characteristics (CD4 count, HIV RNA level, history of opportunistic infection), the model simulates individual patients whose clinical course is tracked from model entry until death.  A sequence of monthly transition probabilities determines each individual patient’s chance of transitioning to or remaining in a particular health state.  
The model projects state-specific intermediate outcomes (e.g., mechanism of detection for antiretroviral failure, mean CD4 cell count upon observed antiretroviral therapy failure, mean time between virologic failure and observed failure) associated with each health state and long-term aggregate outcomes (e.g., mean life expectancy and lifetime costs).  To obtain stable estimates for each strategy, one million simulations are conducted, one at a time, with summary statistics calculated across the simulated cohort.  The model is coded in the C programming language and compiled in VC++ 6.0 (Microsoft, Redmond, WA).
The Resistance Penalty

In the presence of ineffective antiretroviral therapy (ART) (i.e., upon true, but not yet detected, virologic failure), we hypothesize that individuals faced consequences for time on ineffective treatment.  Specifically, upon virologic failure, we assume patients receiving antiretroviral therapy while not fully suppressed virologically are at greater risk of developing resistance to subsequent drug regimens.
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  The resistance penalty characterizes resistance based on an individual’s cumulative time spent on failed antiretroviral therapy
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 and yields a reduction in the efficacy of subsequent antiretroviral regimens containing drugs in the same class from which resistance arose.  Please see the main text for the detailed information regarding specification of the resistance penalty.
Antiretroviral Therapy Initiation 


In the base case, HIV-infected individuals received 1st-line antiretroviral therapy when a patient’s pre-treatment CD4 cell count fell below 200 cells/mm3; a patient experienced any one severe opportunistic infection (bacterial enteritis, other invasive bacterial diseases, tuberculosis, other WHO stage III–IV events, malaria, or other non-specific severe events); or when a patient presented with CD4 cell count above 200 cells/mm3 but below 350 cells/mm3 along with a primary or secondary opportunistic infection.4  In settings in which laboratory tests were not routinely available (see Secondary Analysis), patients started 1st-line antiretroviral therapy after experiencing any one of severe opportunistic infections (bacterial enteritis, other severe bacterial diseases, tuberculosis, other WHO stage III–IV events, malaria, or other non-specific severe events).  
Assumptions


We made a number of assumptions in the model:  First, HIV-infected individuals initiated 1st-line ART in accordance with current WHO guidelines.4  We also assumed that CD4 counts were used to initiate 1st-line ART no matter the monitoring strategy; however, CD4 tests after antiretroviral initiation were administered only if specified by the monitoring strategy.  Second, due to possible initial patient adherence issues, detection of 1st-line ART failure could not occur until at least 12 months after initiation of the 1st-line regimen.  Third, we assumed that all opportunistic infections were detected and treated.  Fourth, we assumed that variations in immunologic measurements (due to individual biologic variation or test measurement error) and virologic measurements (due to individual biologic variation, test measurement errors, or virologic “blips”) were captured in CD4 cell count and HIV RNA strata.  Fifth, laboratory tests were repeated to verify immunologic or virologic failure of antiretroviral therapy.  Sixth, diagnostic tests were discontinued after observed failure of the last ART regimen and patients remained on the 2nd-line regimen for the duration of his or her lifetime.4  Finally, regimen-specific virologic suppression on antiretroviral therapy was limited to <15 years.  Model assumptions were evaluated in sensitivity analysis.  

Clinical Data
Additional data not shown in Manuscript Table 2 are shown in Appendix Table A2.  Information on the derivation of select estimates is discussed in the text that follows.

The Resistance Penalty
For the resistance penalty (i.e., the decrease in subsequent antiretroviral efficacy due to accumulated resistance mutations), we drew upon data from the literature and assumptions to determine a conservative baseline value and plausible range.  Antiretroviral efficacy estimates for a 2nd-line, PI-based regimen in the absence of resistance were derived from the MONARK trial, which evaluated lopinavir/ritonavir plus zidovudine and lamivudine in 53 treatment naïve patients (77% HIV RNA suppressed <400 copies/mL at 24 weeks).
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  Second-line, PI-based antiretroviral efficacy in the presence of resistance was derived from 80 treatment-experienced patients receiving atazanavir plus ritonavir, tenofovir, and 1 nucleoside reverse transcriptase inhibitor (didanosine, stavudine, lamivudine, zidovudine, or abacavir); HIV RNA suppression <400 copies/mL was estimated as 73.3% at 24 weeks.
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We assumed the cumulative time on virologically failed 1st-line ART was 10.8 months, which reflects median duration of ART prior to study enrollment in 124 subjects experiencing virologic failure after 24 weeks on their 1st ART regimen.
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  While some study subjects enrolled were receiving a PI-based regimen at the time of enrollment, over 90% were receiving an NNRTI-based regimen.  We assumed a range for time on virologically failed 1st-line ART of 3 months (for patients observed to have failed via virologic criterion) to 58 months (for patients observed to have failed via immunologic criterion (25% decrease in peak CD4)).  These data yielded an estimate of a 0.45% (range: 0.00%–1.63%) relative monthly decrease in 2nd-line HIV RNA suppression at 24 weeks due to time on virologically failed 1st-line ART.
For a secondary analysis in which we assumed treatment expansion to 3rd-line ART, we estimated a resistance penalty of 0.45% per month on virologically failed 1st-line ART (as in the base case) and 1.00% per month on virologically failed 2nd-line ART.  The latter estimate was obtained by calibrating the value of the resistance penalty until aggregate outcomes across all simulated patients reflected 61.3% HIV RNA suppression (24 weeks)
 ADDIN EN.CITE 
6
 in patients receiving 3rd-line ART. 
APPENDIX RESULTS
Base Case and Modified Base Case Strategies
Complete results for all 19 monitoring strategies (base case strategies and variations of these strategies), along with cotrimoxazole prophylaxis and 1st-line ART only plus cotrimoxazole prophylaxis, are shown in Appendix Table A3.  Undiscounted life expectancy was 2.2 years for cotrimoxazole prophylaxis only and 12.0 years for 1st-line ART only plus cotrimoxazole prophylaxis.  In the base case, undiscounted life expectancy associated with the availability of 2nd-line ART ranged from 14.9 years for clinical monitoring (1st-line ART failure criterion of 1 WHO stage III-IV event, excluding tuberculosis and invasive bacterial diseases) to 17.5 years for biannual CD4 monitoring (50% decrease in peak CD4) to 19.3 years for biannual HIV RNA monitoring to guide switching to 2nd-line ART (immediate switch).  Compared with only 1 line of ART, the incremental benefits from the availability of 2nd-line ART ranged from a 24.3% increase in undiscounted life expectancy to a 46.4% increase to a 61.3% increase, respectively.  Mean CD4 counts at 1st-line observed failure ranged from 129 to 467 cells/μL, with earlier detection of failure (as occurred with HIV RNA monitoring strategies) associated with a higher CD4 count at time of failure detection and switching.  
Appendix Table A3 shows the discounted costs and incremental cost-effectiveness ratios for each strategy assuming an HIV RNA test cost of $87 per test.  Compared to clinical monitoring, CD4-based monitoring (switching to 2nd-line ART when a 50% decrease in peak CD4 count is observed on 1st-line ART) had an incremental cost-effectiveness ratio of $2,120 per year of life gained (YLS).  In comparison, virologic monitoring (with a failure criterion of 1-log10 increase in HIV RNA or return to pre-treatment HIV RNA level) had an incremental cost-effectiveness ratio of $3,750 per YLS.  

Appendix Table A3 also shows complete results of the modified base case strategies with alternative 1st-line ART failure criteria.  None of the strategies that combined clinical and immunologic or virologic monitoring were more effective, less costly, or more cost-effective, than the base case strategies.  These modified base case strategies are presented pictorially in Figure 2 of the main text.
In the base case, we examined the impact of different monitoring strategies on the timing of ART (Appendix Figure A1).  For HIV RNA monitoring (immediate switch), mean duration on virologically failed 1st-line ART was 1.1 years, representing approximately 5.5% of total life expectancy.  In contrast, mean time on virologically failed ART for a CD4-based monitoring strategy (50% decrease in peak CD4) was 5.1 years, or 28.9% of total life expectancy.  Detecting ART failure earlier — as occurs when using HIV RNA monitoring — resulted in a shorter duration on virologically failed 1st-line ART and longer total duration on 2nd-line ART.  
We also evaluated the influence of different monitoring strategies on survivorship (Appendix Figure A2).  Median survivals were 12.79 years for a clinical switching strategy, 16.13 years for a CD4-based switching strategy, and 18.96 years for an HIV RNA-based switching strategy.    By approximately 2 years, the proportion of the initial cohort surviving when relying on HIV RNA-based switching criteria always exceeded the proportion surviving when relying on CD4-based criteria.  By approximately 5 years, the proportion of the initial cohort surviving when relying on CD4-based criteria always exceeded the proportion surviving when relying on clinical criteria.  
Secondary Analyses
Settings in Which No Laboratory Monitoring is Available


In this secondary analysis, we assumed that no CD4 and/or HIV RNA tests were available and that all treatment-related decisions, including antiretroviral therapy initiation, relied solely on clinical information.  First-line ART only resulted in discounted life expectancy of 9.39 years and discounted lifetime costs of $5,290.  With the availability of 2nd-line ART, mean CD4 count at 1st-line observed failure ranged from 129 to 243 cells/μL using failure criterions of 1 WHO stage III-IV event, excluding tuberculosis but not invasive bacterial diseases, and 1 WHO stage III-IV event, including both tuberculosis and invasive bacterial diseases, respectively.  Using 1 WHO stage III–IV event, excluding both tuberculosis and severe bacterial diseases, to guide switching increased discounted life expectancy by 1.62 years and lifetime costs by $2,700, for an incremental cost-effectiveness ratio of $1,670 per year of life gained compared to 1st-line ART only.  The addition of tuberculosis to the clinical failure criterion increased life expectancy 0.23 years for an additional $650.  Including both tuberculosis and invasive bacterial diseases resulted in an additional 0.35 years and $1,170, for an incremental cost-effectiveness ratio of $3,340 compared to clinical monitoring with a failure criterion of 1 WHO stage III-IV event, including tuberculosis only. 


Treatment Expansion to 3rd-line ART

Because 3rd-line and subsequent regimens are becoming increasingly available in settings like Côte d’Ivoire, we assessed the impact of available downstream regimens in sensitivity analysis.  Compared to a clinical monitoring strategy, a CD4-based strategy with failure defined as at least a 50% decrease in peak on-treatment CD4 increased discounted life expectancy by 1.90 years and lifetime costs by $3,590.  Using a 1-log10 increase in HIV RNA or return to pre-treatment HIV RNA level provided the greatest clinical benefit of all monitoring strategies assessed (discounted life expectancy of 14.7 years) for an additional $3,920 compared to CD4-based monitoring.  
Sensitivity Analysis
We assessed the robustness of results through clinically plausible variations in assumptions and parameter values.  In the text that follows and in Appendix Table A4, we present select results not discussed in the main text. 
Select One-way Sensitivity Analyses

CD4 at Presentation (Table A4-a).  We considered three cohorts entering care with CD4 counts of 100 (standard deviation (SD) 25), 250 (SD 25), and 425 (SD 25) cells/μL (versus CD4 count 140 (SD 116) cells/μL in the base case).  No matter the stage at which patients entered care, we found that life expectancy for HIV RNA monitoring strategies exceeded CD4 monitoring strategies, which in turn exceeded clinical monitoring strategies.  When patients entered care later (i.e., initial CD4 count 100 (SD 25) cells/μL), monitoring strategies resulting in earlier detection of 1st-line ART failure (as occurred with HIV RNA monitoring) became increasingly cost-effective compared to monitoring strategies detecting 1st-line ART failure later (as occurred with CD4-based monitoring strategies).  
Effectiveness of Antiretroviral Therapy (Table A4-b).  Decreasing 2nd-line HIV RNA suppression in the absence of resistance from 80.4% to 64.0% (24 weeks) diminished both discounted life expectancy and discounted lifetime costs for all monitoring strategies.  When we assumed that 2nd-line HIV RNA suppression increased (88% suppressed at 24 weeks), both life expectancy and lifetime costs for all monitoring increased.  However, in both cases, the relative ranking of the monitoring strategies did not change and our policy conclusions remained consistent.
We also assessed the delay in CD4 decline after virologic failure.  When we assumed a delay in CD4 decline >18 months after virologic failure (versus 12 months in the base case), we found that an HIV RNA temporal strategy (i.e., relying on HIV RNA to identify failure and postponing the switch to 2nd-line ART by 6 months) became an efficient strategy (results not shown).  However, variations in our assumptions regarding the delay in CD4 decline after virologic failure did not change overall policy conclusions.
Monitoring Frequency (Table A4-c).  We explored the implications of using different CD4 and HIV RNA monitoring frequencies.  Monitoring HIV RNA every 12 months (rather than every 6 months, as in the base case) followed by an immediate switch decreased both lifetime costs and life expectancy; however, lifetime costs decreased at a rate faster than life expectancy, thereby decreasing the incremental cost-effectiveness ratio compared to CD4 monitoring.  While discounted life expectancy for this strategy decreased by about 1% compared to the base case (13.36 years vs. 13.52 years), discounted lifetime costs decreased by over 10.3% ($12,860 vs. $14,190).  
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	Table A1. Monitoring Strategies to Guide Switching to 2nd-line ART

	

	Strategy*
	Test Modality
	Criteria for 1st-line ART Failure

	Clinical Monitoring (Stage III-IV)†
	Clinical 
	WHO stage III-IV event

	
	Stage III-IV & TB
	Clinical
	WHO stage III-IV event or TB 

	
	Stage III-IV & TB, Bacterial
	Clinical 
	WHO stage III-IV event or TB or severe bacterial infection

	Immunologic Monitoring (50%↓CD4)‡
	CD4 
	50% ↓ in peak CD4

	
	25% ↓ in peak CD4
	CD4 
	25% ↓ in peak CD4

	
	Stage III-IV/CD4
	Clinical/CD4
	WHO stage III-IV event or 50% ↓ in peak CD4

	
	Stage III-IV & TB/CD4 50%
	Clinical/CD4
	WHO stage III-IV event or TB or 50% ↓ in peak CD4

	
	Stage III-IV & TB, Bacterial/CD4 50%
	Clinical/CD4
	WHO stage III-IV event or TB or severe bacterial infection 

or 50% ↓ in peak CD4

	
	Stage III-IV/CD4 25%
	Clinical/CD4
	WHO stage III-IV or 25% ↓ in peak CD4

	
	Stage III-IV & TB/CD4 25%
	Clinical/CD4
	WHO stage III-IV event or TB or 25% ↓ in peak CD4

	
	Stage III-IV & TB, Bacterial/CD4 25%
	Clinical/CD4
	WHO stage III-IV event or TB or severe bacterial infection 

or 25% ↓ in peak CD4

	Virologic Monitoring ( 1-log ↑/pre-tx)
	HIV RNA
	1-log10 ↑ or return to pre-treatment HIV RNA

	
	Delayed switch to 2nd-line (6 months)
	HIV RNA
	WHO stage III-IV event or 1-log10 ↑ or return to pre-treatment level

	
	Stage III-IV/HIV RNA
	Clinical/HIV RNA
	WHO stage III-IV event or 1-log10 ↑ or return to pre-treatment HIV RNA

	
	Stage III-IV & TB/HIV RNA
	Clinical/HIV RNA
	WHO stage III-IV event or TB or 1-log10 ↑ or return to pre-treatment HIV RNA

	
	Stage III-IV & TB, Bacterial/HIV RNA
	Clinical/HIV RNA
	WHO stage III-IV event or TB or severe bacterial infection 

or 1-log10 ↑ or return to pre-treatment HIV RNA

	
	Stage III-IV/HIV RNA (6 months)
	Clinical/HIV RNA
	WHO stage III-IV or 1-log10 ↑ or return to pre-treatment HIV RNA

	
	Stage III-IV & TB/HIV RNA (6 months)
	Clinical/HIV RNA
	WHO stage III-IV event or TB or 1-log10 ↑ or return to pre-treatment HIV RNA

	
	Stage III-IV & TB, Bacterial/HIV RNA (6 months)
	Clinical/HIV RNA
	WHO stage III-IV event or TB or severe bacterial infection 

or 1-log10 ↑ or return to pre-treatment HIV RNA

	Abbreviations: ART = antiretroviral therapy; WHO = World Health Organization; and TB = tuberculosis. 

	*
	Shaded rows indicate the 3 general base case strategies.  Strategies evaluated in secondary analyses are shown without shading.  In the strategies, clinical, immunologic, and virologic observed failure criteria for 1st-line ART were not mutually exclusive.  For example, observed 1st-line ART failure could occur based on either clinical criteria (i.e., 1 WHO stage III-IV event excluding TB and bacterial infections) or immunologic criteria (i.e., 25% decrease in peak, regimen-specific CD4).  

	†
	Clinical events categorized as WHO stage III–IV events did not include invasive bacterial diseases or tuberculosis unless otherwise specified.  In the model, WHO stage III-IV events consisted of severe visceral events, non-visceral events, and non-specific events.  We defined visceral events as the occurrence of toxoplasmosis, isosporosis, cryptococcosis, Kaposi’s sarcoma, lymphoma, cryptosporidiosis, microsporidiosis, non-tuberculosis mycobacteriosis, invasive herpes simplex virus, or cytomegalovirus infection.  Non-visceral events included chronic genital herpes simplex virus and oesophogeal candidiasis.  Non-specific events consisted of unexplained diarrhea for >30 days and fever of unexplained origin (no foccus, non-specific pneumonia, and non-specific neurologia).  Other severe opportunistic infections included tuberculosis and severe bacterial events (pneumonia, isolated bacteremia, invasive uro-genital events, and severe bacterial infections from other causes).  Estimates assumed no administration of cotrimoxazole to the study population.  In sensitivity analysis, we varied incidence of opportunistic events by +/-50%.

	‡
	Immunologic failure occurred based on a percent decrease in peak observed, regimen-specific CD4 count.


Table A2.  Additional Model Input Variables

	Variable
	Base Case Value
	Reference(s)

	Clinical characteristics in the absence of antiretroviral therapy
	

	Mean monthly CD4 count decline (SD) by HIV RNA stratum (cells/μL)
	Mellors et al.8

	> 30,000 copies/mL
	6.4 (0.3)
	

	10,001–30,000 copies/mL
	5.4 (0.2)
	

	3,001–10,000 copies/mL
	4.6 (0.2)
	

	500–3,000 copies/mL
	3.7 (0.3)
	

	<500 copies/mL
	3.0 (0.3)
	

	Rate of clinical events, by CD4 count (events per 100 person-years)*
	Minga et al.,
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 Seyler et al.10

	
	<50 cells/mL
	51–100 cells/mL
	101–200 cells/mL
	201–350 cells/mL
	350–500 cells/mL
	>500 cells/mL
	

	HIV-related, severe
	
	
	
	
	
	
	

	WHO stage III–IV 
	
	
	
	
	
	
	

	     Visceral
	35.54
	17.32
	4.21
	2.45
	0.65
	0.43
	

	
Non-visceral
	33.42
	15.99
	5.55
	1.44
	0.71
	0.27
	

	
Non-specific
	25.23
	11.80
	5.72
	1.72
	1.07
	0.54
	

	Bacterial enteritis
	16.10
	15.60
	10.24
	5.78
	3.91
	2.19
	

	Bacterial infections 
	15.66
	40.81
	17.67
	9.11
	6.34
	4.96
	

	Malaria
	36.27
	34.28
	22.62
	14.94
	20.64
	17.01
	

	Tuberculosis
	4.21
	8.03
	7.96
	3.09
	1.70
	0.28
	

	HIV-related, mild
	
	
	
	
	
	
	

	Fungal infections
	119.28
	56.43
	31.58
	13.94
	12.41
	8.10
	

	Bacterial infections 
	24.37
	22.95
	21.71
	16.19
	12.93
	12.07
	

	Other
	50.79
	35.21
	31.80
	18.93
	12.51
	10.60
	

	Other severe events†
	5.10
	4.10
	3.10
	2.10
	1.00
	0.70
	

	% acute mortality, by CD4 count stratum
	Minga et al.,
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 Seyler et al.10

	
	<50 cells/mL
	51–100 cells/mL
	101–200 cells/mL
	201–350 cells/mL
	350–500 cells/mL
	>500 cells/mL
	

	HIV-related, severe
	
	
	
	
	
	
	

	WHO stage III–IV 
	
	
	
	
	
	
	

	     Visceral and non-specific events
	40.00
	32.3
	9.72
	4.65
	1.50
	0.00
	

	Bacterial infections and malaria
	14.29
	14.29
	5.77
	3.25
	0.00
	0.00
	

	Tuberculosis
	50.00
	50.00
	22.22
	4.17
	1.50
	0.00
	

	Non-HIV–related†
	14.29
	14.29
	5.77
	3.25
	0.00
	0.00
	

	Rate of chronic HIV/AIDS mortality in the absence of antiretroviral therapy, by CD4 count stratum (events per 100 person-years)*
	Minga et al.,
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 Seyler et al.10

	
	<50 cells/mL
	51–100 cells/mL
	101–200 cells/mL
	201–350 cells/mL
	350–500 cells/mL
	>500 cells/mL
	

	WHO stage III–IV events, excluding TB and invasive bacterial diseases
	63.95
	63.95
	34.79
	18.11
	1.58
	0.00
	

	HIV-related TB and invasive bacterial diseases, malaria, and other severe events
	13.25
	13.25
	5.96
	3.30
	1.58
	0.00
	


	Efficacy and toxicity of cotrimoxazole‡
	Anglaret et al.,
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 Yazdanpanah et al.12

	Efficacy (% reduction in risk of opportunistic infection) 
	

	
Mild bacterial infection
	48.8
	

	
Bacterial enteritis and other severe bacterial infection
	49.8
	

	
Malaria 
	88.4
	

	
Isosporiasis
	81.8
	

	
Toxoplasmic encephalitis
	83.3
	

	
Acute unexplained fever
	17.9
	

	Toxicity (per 100 person-months)
	
	

	
Minor events
	1.9
	

	
Major events
	0.7
	

	Antiretroviral efficacy
	
	Delfraissy et al.,
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	3rd-line antiretroviral therapy in the absence of resistance
	
	

	HIV RNA suppression§ 
	77.0% at 24 weeks
	

	CD4 count increase¶ 
	+105 cells/μL at 24 weeks
	

	     Resistance penalty (monthly relative decrease)§
	-1.00% in 3rd-line HIV RNA suppression at 24 weeks per month on virologically failed 1st- and 2nd-line ART 
	

	Costs (2006 US$)║
	
	

	Opportunistic infection treatment (per event)
	
	Yazdanpanah et al.12

	HIV-related, severe*
	
	

	WHO stage III–IV 
	
	

	     Visceral
	98.16
	

	     Non-visceral
	98.16
	

	     Non-specific
	93.69
	

	Bacterial enteritis
	137.39
	

	Bacterial infections
	137.39
	

	Malaria
	96.17
	

	Tuberculosis
	329.74
	

	HIV-related, mild
	
	

	Fungal infections
	47.32
	

	Bacterial infections
	53.43
	

	Other
	53.43
	

	Non-HIV–related†
	94.65
	

	Antiretroviral therapy (annual)
	
	Médicins sans Frontières,13 Yazdanpanah et al.12

	3rd-line ART (PI-based)**
	749.00
	

	
	
	

	Abbreviations:  WHO = World Health Organization; PY = person-year; NNRTI = non-nucleoside reverse transcriptase inhibitor; PI = protease inhibitor; and IQR = interquartile range.  

Note:  Unless otherwise indicated, model variables were varied +/-50% to assess the impact of clinically plausible variations in assumptions and parameter values.

	*
	Clinical events categorized as WHO stage III–IV events did not include invasive bacterial diseases or tuberculosis unless otherwise specified.  In the model, WHO stage III-IV events consisted of severe visceral events, non-visceral events, and non-specific events.  We defined visceral events as the occurrence of toxoplasmosis, isosporosis, cryptococcosis, Kaposi’s sarcoma, lymphoma, cryptosporidiosis, microsporidiosis, non-tuberculosis mycobacteriosis, invasive herpes simplex virus, or cytomegalovirus infection.  Non-visceral events included chronic genital herpes simplex virus and oesophogeal candidiasis.  Non-specific events consisted of unexplained diarrhea for >30 days and fever of unexplained origin (no foccus, non-specific pneumonia, and non-specific neurologia).  Other severe opportunistic infections included tuberculosis and severe bacterial events (pneumonia, isolated bacteremia, invasive uro-genital events, and severe bacterial infections from other causes).  Estimates assumed no administration of cotrimoxazole to the study population.  In sensitivity analysis, we varied incidence of opportunistic events by +/-50%.

	†
	Other severe events were defined as severe events requiring hospitalization (e.g., acute unexplained fever or acute unexplained diarrhea with hospitalization).

	‡
	In accordance with WHO guidelines, patients received 960 mg of cotrimoxazole daily (800 mg sulfamethoxazole plus 160 mg trimethoprim).14

	§
	We assumed 3rd-line HIV RNA suppression in the presence of resistance was 61.3% at 24 weeks;
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 in the absence of resistance, we assumed a value of 77.0% suppressed at 24 weeks.
 ADDIN EN.CITE 
5
  In the absence of data on time on virologically failed 2nd-line ART, we derived the value for the resistance penalty as applied to 3rd-line ART by calibrating the value of the resistance penalty (1.0% per month) until aggregate outcomes across all simulated patients reflected 61.3% HIV RNA suppression (24 weeks)
 ADDIN EN.CITE 
6
 in patients receiving 3rd-line ART.  

	¶
	For 3rd-line ART (assessed in a secondary analysis), we estimated 24-week CD4 count increases from baseline of 105 cells/μL, which reflects adjustments for loss to follow-up and reporting time. 

	║
	Cost estimates did not include direct non-medical costs, patient time costs, or the opportunity cost of foregone earnings due to illness.  All costs were adjusted to 2006 price levels and converted, when necessary, from local currency to US dollars using official exchange rates.  

	**
	ART costs were derived based on Clinton Foundation negotiated ceiling prices.13  Costs of 3rd-line ART (assessed in a secondary analysis) were assumed to be equivalent to 2nd-line ART costs.  We assumed all negotiated costs reflected 2006 price levels.  See main text, Table 2 for details.


Table A3.  Clinical Benefits, Costs, and Cost-effectiveness of Monitoring Strategies to Guide Switching to 2nd-line Antiretroviral Therapy:  Base Case and Modified Base Case Strategies (HIV RNA Test Cost = $87)
	Strategy* 
	Mean CD4 at Observed ART Failure (cells/mL)
	Undiscounted Life Expectancy (years)
	Discounted Life Expectancy (years)
	Discounted Lifetime Costs ($)†
	ICER

($/years of life gained)‡

	Cotrimoxazole only
	N/A
	2.21
	2.11
	1,060
	--

	1st-line ART only plus cotrimoxazole
	N/A
	11.95
	9.39
	5,290
	580

	1st- & 2nd-line ART plus cotrimoxazole
	
	
	
	
	

	
1 WHO stage III-IV event§ 
	129
	14.85
	11.01
	7,990
	1,670

	
1 WHO stage III-IV event, including TB 
	173
	15.29
	11.24
	8,640
	dominated

	
1 WHO stage III-IV event, including TB or invasive bacterial diseases
	243
	15.90
	11.59
	9,810
	dominated

	
50% decrease in peak CD4¶
	189
	17.49
	12.42
	10,980
	2,120

	
50% decrease in peak CD4 or 1 WHO stage III-IV event
	214
	17.50
	12.47
	11,410
	dominated

	
50% decrease in peak CD4 or 1 WHO stage III-IV event, including TB
	230
	17.40
	12.41
	11,600
	dominated

	
50% decrease in peak CD4 or 1 WHO stage III-IV event, including TB or invasive bacterial infections
	265
	17.18
	12.32
	12,030
	dominated

	
25% decrease in peak CD4
	308
	18.48
	13.00
	12,240
	2,170

	
25% decrease in peak CD4 or 1 WHO stage III-IV event
	310
	18.31
	12.93
	12,440
	dominated

	
25% decrease in peak CD4 or 1 WHO stage III-IV event, including TB
	312
	18.12
	12.83
	12,540
	dominated

	
HIV RNA temporal (Switch 6 months after observed failure) or 1 WHO stage III-IV event, including TB or invasive bacterial diseases║
	418
	17.62
	12.61
	12,610
	dominated

	
25% decrease in peak CD4 or 1 WHO stage III-IV event, including TB or invasive bacterial diseases
	321
	17.71
	12.63
	12,710
	dominated

	
HIV RNA temporal (Switch 6 months after observed failure) or 1 WHO stage III-IV event, including TB 
	440
	18.30
	12.95
	13,170
	dominated

	
HIV RNA temporal (Switch 6 months after observed failure) or 1 WHO stage III-IV event
	452
	18.64
	13.14
	13,450
	dominated

	
HIV RNA temporal (Switch 6 months after observed failure)
	467
	19.13
	13.38
	13,830
	dominated

	
HIV RNA (Switch immediately) or 1 WHO stage III-IV event, including TB or invasive bacterial diseases
	418
	18.22
	12.97
	13,950
	dominated

	
HIV RNA (Switch immediately) or 1 WHO stage III-IV event, including TB
	440
	18.71
	13.22
	14,070
	dominated

	
HIV RNA (Switch immediately) or 1 WHO stage III-IV event
	452
	18.97
	13.34
	14,110
	dominated

	
HIV RNA (Switch immediately)¶
	467
	19.28
	13.52
	14,190
	3,750

	Abbreviations: ICER = incremental cost-effectiveness ratio; N/A = not applicable; ART = antiretroviral therapy; WHO = World Health Organization; and TB = tuberculosis.  

	* Shaded rows indicate the 3 general base case strategies.  Strategies evaluated in secondary analyses are shown without shading.  In the strategies, clinical, immunologic, and virologic observed failure criteria for 1st-line ART were not mutually exclusive.  For example, observed 1st-line ART failure could occur based on either clinical criteria (i.e., 1 WHO stage III-IV event excluding TB and bacterial infections) or immunologic criteria (i.e., 25% decrease in peak, regimen-specific CD4).  All ART strategies included cotrimoxazole prophylaxis.  In accordance with WHO guidelines, patients received 960 mg of cotrimoxazole daily (800 mg sulfamethoxazole plus 160 mg trimethoprim).14

	† Costs are reported in 2006 US$.  

	‡ Dominated strategies were either more expensive and less effective or less cost-effective, compared to the next least expensive strategy. 

	§ In clinical switching strategies, clinical events categorized as “WHO stage III–IV” did not include TB or invasive bacterial diseases unless otherwise specified.

	¶ Strategy recommended in current WHO guidelines.4

	║ In strategies labeled “HIV RNA”, failure was defined as a 1-log10 increase in or a return to pre-treatment HIV RNA level. 


Table A4-a.  Sensitivity Analysis on CD4 count at Presentation 
	Strategy* 
	Discounted Life Expectancy (years)
	Discounted Lifetime Costs ($)†
	ICER

($/years of life gained)‡

	CD4 count at Presentation = 100 (SD 25) cells/μL (Base Case = 140 (SD 116) cells/uL) 

	Cotrimoxazole only
	1.65
	900
	--

	1st-line ART plus cotrimoxazole
	9.09
	4,870
	530

	1st- & 2nd-line ART plus cotrimoxazole
	
	
	

	
1 WHO stage III-IV event§ 
	10.81
	7,660
	1,630

	
50% decrease in peak CD4¶
	12.18
	10,840
	2,310

	
HIV RNA (Switch immediately)
	13.32
	13,600
	2,420

	
	
	
	

	CD4 count at Presentation = 250 (SD 25) cells/μL (Base Case = 140 (SD 116) cells/uL)

	Cotrimoxazole only
	2.90
	1,340
	--

	1st-line ART plus cotrimoxazole
	10.64
	6,510
	670

	1st- & 2nd-line ART plus cotrimoxazole
	
	
	

	
1 WHO stage III-IV event§ 
	12.27
	9,290
	1,700

	
50% decrease in peak CD4¶
	13.95
	12,380
	1,840

	
HIV RNA (Switch immediately)
	14.97
	16,630
	4,150

	
	
	
	

	CD4 count at Presentation = 425 (SD 25) cells/μL (Base Case = 140 (SD 116) cells/uL)

	Cotrimoxazole only
	4.57
	1,880
	--

	1st-line ART plus cotrimoxazole
	11.58
	6,900
	720

	1st- & 2nd-line ART plus cotrimoxazole
	
	
	

	
1 WHO stage III-IV event§ 
	12.94
	9,270
	1,740

	
50% decrease in peak CD4¶
	14.48
	12,270
	1,950

	
HIV RNA (Switch immediately)
	15.28
	16,210
	4,930

	Abbreviations: ICER = incremental cost-effectiveness ratio; ART = antiretroviral therapy; and WHO = World Health Organization.  

	* All ART strategies included cotrimoxazole prophylaxis.  In accordance with WHO guidelines, patients received 960 mg of cotrimoxazole daily (800 mg sulfamethoxazole plus 160 mg trimethoprim).14  No matter the stage at which patients entered care, patients received antiretroviral therapy in accordance with WHO recommendations.4

	† Costs are reported in 2006 US$.  

	‡ Dominated strategies were either more expensive and less effective or less cost-effective, compared to the next least expensive strategy. 

	§ In clinical switching strategies, clinical events categorized as WHO stage III–IV did not include invasive bacterial diseases or tuberculosis.  

	¶ Strategy recommended in current WHO guidelines.4

	║ In strategies labeled “HIV RNA”, failure was defined as a 1-log10 increase in HIV RNA or a return to pre-treatment HIV RNA level. 


Table A4-b.  Sensitivity Analysis on ART effectiveness

	Strategy* 
	Discounted Life Expectancy (years)
	Discounted Lifetime Costs ($)†
	ICER

($/years of life gained)‡

	2nd-line ART HIV RNA suppression at 24 weeks = 64.0% (Base Case = 77.0%)

	Cotrimoxazole only
	2.11
	1,060
	--

	1st-line ART plus cotrimoxazole
	9.39
	5,290
	580

	1st- & 2nd-line ART plus cotrimoxazole
	
	
	

	
1 WHO stage III-IV event§ 
	10.69
	7,640
	1,810

	
50% decrease in peak CD4¶
	11.95
	10,400
	2,190

	
HIV RNA (Switch immediately)
	12.88
	13,380
	3,210

	
	
	
	

	2nd-line ART HIV RNA suppression at 24 weeks = 88.0% (Base Case = 77.0%)

	Cotrimoxazole only
	2.11
	1,060
	--

	1st-line ART plus cotrimoxazole
	9.40
	5,290
	580

	1st- & 2nd-line ART plus cotrimoxazole
	
	
	

	
1 WHO stage III-IV event§ 
	11.27
	8,280
	1,600

	
50% decrease in peak CD4¶
	12.80
	11,460
	2,070

	
HIV RNA (Switch immediately)¶
	14.05
	14,870
	2,730

	
	
	
	

	Delay in CD4 decline after virologic failure = 6 months (Base Case = 12 months)

	Cotrimoxazole only
	2.11
	1,060
	--

	1st-line ART plus cotrimoxazole
	9.16
	5,170
	580

	1st- & 2nd-line ART plus cotrimoxazole
	
	
	

	
1 WHO stage III-IV event§ 
	10.78
	7,860
	1,660

	
50% decrease in peak CD4¶
	12.24
	10,950
	2,110

	
HIV RNA (Switch immediately)¶
	13.24
	13,870
	2,920

	
	
	
	

	Delay in CD4 decline after virologic failure = 18 months (Base Case = 12 months)

	Cotrimoxazole only
	2.11
	1,060
	--

	1st-line ART plus cotrimoxazole
	9.63
	5,410
	580

	1st- & 2nd-line ART plus cotrimoxazole
	
	
	

	
1 WHO stage III-IV event§ 
	11.23
	8,100
	1,680

	
50% decrease in peak CD4¶
	12.57
	10,990
	2,150

	
HIV RNA (Switch immediately)
	13.73
	14,430
	2,980

	Abbreviations: ART = antiretroviral therapy; ICER = incremental cost-effectiveness ratio; and WHO = World Health Organization.  

	* All ART strategies included cotrimoxazole prophylaxis.  In accordance with WHO guidelines, patients received 960 mg of cotrimoxazole daily (800 mg sulfamethoxazole plus 160 mg trimethoprim).14  

	† Costs are reported in 2006 US$.  

	‡ Dominated strategies were either more expensive and less effective or less cost-effective, compared to the next least expensive strategy. 

	§ In clinical switching strategies, clinical events categorized as WHO stage III–IV did not include invasive bacterial diseases or tuberculosis.  

	¶ Strategy recommended in current WHO guidelines.4

	║ In strategies labeled “HIV RNA”, failure was defined as a 1-log10 increase in HIV RNA or a return to pre-treatment HIV RNA level. 


Table A4-c.  Sensitivity Analysis on Monitoring Frequency

	Strategy* 
	Discounted Life Expectancy (years)
	Discounted Lifetime Costs ($)†
	ICER

($/years of life gained)‡

	Monitor CD4 count every 12 months (Base Case = every 6 months) 

	Cotrimoxazole only
	2.11
	1,060
	--

	1st-line ART plus cotrimoxazole
	9.39
	5,290
	580

	1st- & 2nd-line ART plus cotrimoxazole
	
	
	

	
1 WHO stage III-IV event§ 
	11.01
	7,990
	1,670

	
50% decrease in peak CD4¶
	11.79
	9,670
	2,150

	
HIV RNA (Switch immediately)
	13.52
	14,190
	2,610

	
	
	
	

	Monitor HIV RNA every 12 months (Base Case = every 6 months) 

	Cotrimoxazole only
	2.11
	1,060
	--

	1st-line ART plus cotrimoxazole
	9.39
	5,290
	580

	1st- & 2nd-line ART plus cotrimoxazole
	
	
	

	
1 WHO stage III-IV event§ 
	11.01
	7,990
	1,670

	
50% decrease in peak CD4¶
	12.42
	10,980
	dominated

	
HIV RNA (Switch immediately)
	13.36
	12,860
	2,010

	Abbreviations: ICER = incremental cost-effectiveness ratio; ART = antiretroviral therapy; and WHO = World Health Organization.  

	* All ART strategies included cotrimoxazole prophylaxis.  In accordance with WHO guidelines, patients received 960 mg of cotrimoxazole daily (800 mg sulfamethoxazole plus 160 mg trimethoprim).14  

	† Costs are reported in 2006 US$.  

	‡ Dominated strategies were either more expensive and less effective or less cost-effective, compared to the next least expensive strategy. 

	§ In clinical switching strategies, clinical events categorized as WHO stage III–IV did not include bacterial infections or tuberculosis.  

	¶ Strategy recommended in current WHO guidelines.4 

	║ In strategies labeled “HIV RNA”, failure was defined as a 1-log10 increase in HIV RNA or a return to pre-treatment HIV RNA level. 


APPENDIX FIGURE LEGENDS

Figure A1.  Percent time on antiretroviral therapy, by virologic suppression status and type of monitoring strategy
This figure depicts the percent of undiscounted life expectancy on 1st- and 2nd-line ART, by virologic suppression status and type of monitoring.  Each bar reflects a representative clinical (failure criterion: 1 WHO stage III-IV event, excluding tuberculosis and invasive bacterial diseases), immunologic (failure criterion: 50% decrease in peak on-treatment CD4), or virologic (failure criterion: 1 log10 increase in or return to pre-treatment HIV RNA level, immediate switch) monitoring strategy.  Time on suppressed and virologically failed 1st-line ART is shown dark red (■) and dark purple (■), respectively.  Time on suppressed and virologically failed 2nd-line ART is shown in lighter red (■) and lighter purple (■), respectively.   Detecting ART failure earlier — as occurs when using HIV RNA monitoring — resulted in a shorter duration on virologically failed 1st-line ART and longer total duration on 2nd-line ART.  ART:  antiretroviral therapy.  

Figure A2.  20-year survival, by type of monitoring strategy
This figure depicts time (x-axis) and survivorship (y-axis) for a treatment-eligible cohort entering care with mean CD4 140 cells/μL (standard deviation 116 cells/μL) for patients relying on clinical- (small dashed line), CD4- (solid line), or HIV RNA- (large dashed line) based switching strategies.  Median survivals, indicated by the dotted line, were 12.79, 16.13, and 18.96 years, respectively.  At approximately 2 years, the proportion of the initial cohort surviving and receiving HIV RNA monitoring began to diverge from the proportion of the cohort surviving and receiving clinical and CD4 count monitoring.  By 5 years, the proportion of the initial cohort surviving and receiving CD4 count monitoring diverged from the proportion of the initial cohort surviving and receiving clinical monitoring. 
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