
Should Expectations about the Rate of New
Antiretroviral Drug Development Impact the Timing of
HIV Treatment Initiation and Expectations about
Treatment Benefits?
Amin Khademi1, R. Scott Braithwaite2,3, Denis Saure4, Andrew J. Schaefer5, Kimberly Nucifora3,

Mark S. Roberts5,6,7*

1 Department of Industrial Engineering, Clemson University, Clemson, South Carolina, United States of America, 2 Department of Medicine, New York University, New York

City, New York, United States of America, 3 Division of Comparative Effectiveness and Decision Sciences, Department of Population Health, NYU School of Medicine, New

York City, New York, United States of America, 4 Department of Industrial Engineering, University of Chile, Santiago, RM, Chile, 5 Department of Industrial Engineering,

University of Pittsburgh, Pittsburgh, Pennsylvania, United States of America, 6 Department of Health Policy and Management, University of Pittsburgh Graduate School of

Public Health, Pittsburgh, Pennsylvania, United States of America, 7 Department of Medicine, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania, United

States of America

Abstract

Background: Many analyses of HIV treatment decisions assume a fixed formulary of HIV drugs. However, new drugs are
approved nearly twice a year, and the rate of availability of new drugs may affect treatment decisions, particularly when to
initiate antiretroviral therapy (ART).

Objectives: To determine the impact of considering the availability of new drugs on the optimal initiation criteria for ART
and outcomes in patients with HIV/AIDS.

Methods: We enhanced a previously described simulation model of the optimal time to initiate ART to incorporate the rate
of availability of new antiviral drugs. We assumed that the future rate of availability of new drugs would be similar to the
past rate of availability of new drugs, and we estimated the past rate by fitting a statistical model to actual HIV drug
approval data from 1982–2010. We then tested whether or not the future availability of new drugs affected the model-
predicted optimal time to initiate ART based on clinical outcomes, considering treatment initiation thresholds of 200, 350,
and 500 cells/mm3. We also quantified the impact of the future availability of new drugs on life expectancy (LE) and quality-
adjusted life expectancy (QALE).

Results: In base case analysis, considering the availability of new drugs raised the optimal starting CD4 threshold for most
patients to 500 cells/mm3. The predicted gains in outcomes due to availability of pipeline drugs were generally small (less
than 1%), but for young patients with a high viral load could add as much as a 4.9% (1.73 years) increase in LE and a 8%
(2.43 QALY) increase in QALE, because these patients were particularly likely to exhaust currently available ART regimens
before they died. In sensitivity analysis, increasing the rate of availability of new drugs did not substantially alter the results.
Lowering the toxicity of future ART drugs had greater potential to increase benefit for many patient groups, increasing
QALE by as much as 10%.

Conclusions: The future availability of new ART drugs without lower toxicity raises optimal treatment initiation for most
patients, and improves clinical outcomes, especially for younger patients with higher viral loads. Reductions in toxicity of
future ART drugs could impact optimal treatment initiation and improve clinical outcomes for all HIV patients.
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Introduction

The timing of HIV therapy initiation has been controversial,

and remains so in resource-limited settings.[1,2,3,4] In June 2013,

the World Health Organization (WHO) updated its recommen-

dation regarding the time to initiate therapy, now recommending

an earlier initiation of ART when the CD4 count falls below

500 cells/ml. [5] Because timing decisions are not amenable to

randomized controlled trials, this problem has been widely

modeled and discussed in published reports.[6,7,8,9,10,11] These

models generally seek to identify the clinical conditions under

which a patient should initiate ART so as to maximize his/her

quality-adjusted life expectancy, and consider many factors, such

as the initial viral load and CD4 count, age, gender, CD4

threshold and viral load threshold for initiating drugs, adherence,

resistance, and HIV mutations at baseline. However, these models

have not considered the rate of development of new antiretroviral

drugs. In contrast, they have assumed fixed numbers of

antiretroviral drugs assigned to a fixed number of distinct

mechanistic categories, an unrealistic assumption because a

pipeline of new ARTs is likely to continue. More ART options

could make earlier initiation more favorable, because it could

reduce the risk of accruing resistance to all available regimens.

Additionally, newer ART regimens could be less toxic, also shifting

the balance in favor of earlier ART. While ART initiation on

detection has been advocated on the grounds of reducing the

epidemic impact, this suggestion may not be persuasive for

individuals who maximally value their health and well-being over

those of the population at large.

Accordingly, we developed a model to address how ART

initiation recommendations would change with varying assump-

tions regarding the rates of new drug development, the proportion

of new drugs in existing classes versus new mechanistic classes, the

patterns of cross-resistance between new and existing mechanistic

classes, the efficacy of pipeline drugs compared to existing drugs,

and the toxicity of new drugs compared to existing drugs.

Methods

We adapted the well-validated HIV simulation model of

Braithwaite et al.[6] to consider different assumptions regarding

the availability and characteristics of new antiretroviral drugs. The

Braithwaite model has been described in detail else-

where,[6,12,13] but will be briefly described here. A graphical

representation with further explanation is provided in Appendix

S1. The model is an individual microsimulation that tracks the

individual progression of disease (CD4 counts, viral loads,

presence of mutations, treatment status, etc.) and estimates HIV-

related mortality as a function of those individual patient

characteristics.[12] It estimates baseline non-HIV mortality as a

function of age and gender, HIV-related mortality is a function of

CD4 count, and mortality is also affected by the toxicity of ARVs.

The rate of decline in CD4 count is a function of the current VL,

the presence of treatment and demographic factors. A notable

aspect of the model is the mechanistic manner by which the model

represents the development of HIV antiviral resistance.[12,13,14]

Each individual in the model has a simplistic representation of the

viral genome which mutates as a function of replication rate, and a

mutation becomes established in the population only of a mutation

occurs to a drug that the patient is on, providing selection pressure.

Effective ART therapy decreases the replication rate, which

decreases the mutation rate. Once a mutation becomes estab-

lished, the replication rate and VL increase, and the CD4 count

declines. The model has been demonstrated to predict the time to

treatment failure, survival, and the development of HIV antiviral

resistance.[6,13,15]

We modified this model by incorporating the arrival of new

drugs, both within existing classes of drugs and the development of

new classes of antiretroviral agents. This modification allows the

simulation to treat patients with more cycles of therapy, and

provides increased flexibility for changing to a different drug

combination after the development of resistance.

In our base case, we simulated a cohort of patients treated under

the assumption of the availability of three classes of antiretroviral

drugs, without the future development of new drugs, which is a

common assumption used by most HIV treatment models.[1,6]

We then compared the life expectancy and quality-adjusted life

expectancy of an identical cohort treated under alternative

scenarios that assumed new ART drugs would become available,

seeking to estimate how this ART pipeline would influence the

optimal criteria for ART initiation. Because of considerable

uncertainty regarding the effectiveness and toxicity of new drugs,

we explored a wide variety of assumptions. However, we centered

these assumptions on historical data describing the arrival rate of

ART drugs for both existing and new classes of drugs, and the

likelihood of cross-resistance between new and existing mechanis-

tic classes.

Estimating the arrival rate of new ART drugs
We fit the probability distribution for the arrival of new ART

drugs, defined as when the drug was approved by the Food and

Drug Administration (FDA), to an exponential distribution using

data from the FDA of the approval date of each drug and each

new drug class (see Table A1 and A2 in Appendix S1).[16] The

parameters of distributions were estimated by the Maximum

Likelihood Estimator technique. Goodness of fit was tested by

Quantile-Quantile plot and Kolmogorov-Smirnov tests.[17] The

statistical programming language ‘‘R’’ was used for all estimates

and statistical tests.

An exponential inter-arrival time implies that the number of

new events in a given time will follow a Poisson process. We

assumed that the new drug arrival was a combination of two

processes: 1) the arrival process of new classes of drugs, and 2) the

arrival process of new drugs belonging to existing classes. We fit

the arrival process of drugs to a split Poisson process, meaning that

the arrival of new classes is independent from the arrival processes

of drugs within an existing class.[18] Moreover, if a new drug

arrived belonging to an existing class, we assumed that it will be

uniformly distributed among current classes. A schematic view is

shown in Figure 1. See Table A1 in Appendix S1.

Estimating Cross-resistance of new antiretroviral agents
The development of HIV antiviral resistance is complex, and

mutations in the HIV genome that confer resistance to a particular

drug may also confer partial resistance to other drugs. Since cross

resistance may affect new drugs as it does existing ones, we

modeled the probability that new drugs would confer cross

resistance. Empirically, cross resistance is substantially more likely

in drugs within the same class than between drugs of a different

class.[19] For example, mutations in the NRTI and NNRTI class

are both in the Reverse Transcriptase gene, but there is no mutual

mutation between these classes, so there is no cross-resistance

pattern between the NRTI and NNRTI classes. Since mutations

in the PI class occur in the Protease gene and in the NRTI and

NNRTI class occur in Reverse Transcriptase gene,[19] there is no

cross-resistance between these classes either.

The cross resistance of new drugs within a class is assumed to be

equal to the distribution of cross-resistance patterns of existing
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drugs, i.e., if a new drug belongs to the NRTI class, it will follow

the resistance pattern of the NRTI class. The probability that a

specific mutation will confer resistance to a new drug is estimated

by the proportion of drugs in that class for which the mutation is

known to confer resistance. For example, in the NRTI class, the

M41 mutation confers resistance only to Stavudine and Zidovu-

dine, so the total number of drugs for which M41 confers

resistance is 2 out of 7 drugs.[19] This procedure was repeated for

all mutations in each class. Then, the best-fitting probability

distribution was determined based on the number of drugs to

which each mutation confers resistance.

The efficacy and toxicity of new antiretroviral agents
The efficacy of a particular drug is represented by its ability to

decrease viral load under perfect adherence. Our baseline

assumption is that efficacy of new drugs (the viral load decrement

at perfect adherence) is equal to the average of viral load

decrements observed by drugs in the same class as the new drug,

under scenarios of near-perfect adherence. In our base case

analysis, we assume that the toxicity of new drugs was similar to

the toxicity level of existing drugs within that category. However,

in sensitivity analysis we explore scenarios in which the efficacy

and toxicity of pipeline drugs are different from existing drugs.

Scenarios regarding when to initiate ART
Successive populations of individuals with newly diagnosed

chronic HIV infection were considered, each of them starting with

CD4 count of 500 cells/mm3. We considered alternative CD4

thresholds for ART initiation varying from 50 cells/mm3 to

500 cells/mm3, in increments of 50 cells/mm3. In addition,

different starting age categories (30, 40, and 50) and baseline

viral loads of 104, 104.5, 105 and 105.5 copies/mL were modeled.

In each scenario, the optimal CD4 count at which to initiate

treatment was identified by finding the CD4 count (up to 500 cell/

mm3) that produced the maximum life expectancy. Additionally,

in each scenario, we compared increases in life expectancy (LE)

and quality-adjusted life expectancy (QALE) that could arise from

the expected rate of development of new ARTs.

Sensitivity analyses
We varied several assumptions to assess robustness of model

predictions, particularly regarding the pipeline of new ART drugs.

Specifically, we varied the inter-arrival time of new drugs, the rate

at which new drugs induce resistance mutations, the propensity to

adhere with ART overall, the effectiveness of new pipeline drugs

compared to existing drugs, and the toxicity level of new pipeline

drugs compared to existing drugs. In scenarios in which the

efficacy of the new drug is equivalent to the average of the existing

Figure 1. Arrival process of pipeline drugs. The arrival process of HIV pipeline drugs follows a split Poisson process. See text for details.
doi:10.1371/journal.pone.0098354.g001

Table 1. Inter-arrival time distributions.

Probability distribution P-value 95% CI

Inter-arrival time of new drugs Exponential (l~0:13) 0.085 [0.09,0.181]

Inter-arrival time of new classes Exponential (l~0:02) 0.725 [0.006,0.041]

Inter-arrival time of new drugs belonging to existing classes Exponential (l~0:104) 0.112 [0.068,0.147]

A Poisson process produces exponential inter-arrival distribution.
doi:10.1371/journal.pone.0098354.t001
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drugs, the new drug is added as an extra regimen when the patient

has exhausted all existing regimens. However, in sensitivity

analysis where the new drug is more effective than existing drugs,

we assume the new drug is used after the first regimen has failed.

Results

The arrival rate of new ART drugs
The distribution of inter-arrival times of drugs was satisfied by

assuming an exponential distribution with a mean inter-arrival

time of 7. 69 months (e.g. mean 1
l ~7:69 months, which implies

that the arrival of new drugs follows a Poisson process with rate

l~0:13; quantitle-quantile plot shown in Figure S3 of Appendix

S1). When a new drug arrives, its arrival time was fit by a split

Poisson process, meaning that it would be from a new class with

probability p (which we estimated at 0.194) and from current

classes with probability 1{pð Þ (which we estimated at 0.806). The

Kolmogorov-Smirnov (KS) goodness of fit test associated with

these distributions is shown in Table 1.

The distribution of new drugs between existing classes
and new classes

Between 21 June 1996 and 13 March 2003 there was 3 classes

of ART drugs, and 11 new drugs became available, of which 4

belonged to the PI class, 5 belonged to the NRTI class and 2

belonged to the NNRTI class. Fitting a uniform distribution to this

data has the p-value = 0.08253, supporting the assumption that

new drugs are distributed equally among existing classes.

The cross resistance rates of new drugs
The best fitting distributions for the probability of cross

resistance within NRTIs and NNRTs were also uniform, whereas

the probability of cross resistance within PIs was best fit by a

Poisson distribution (Table 2). The cross-resistance probability was

estimated at 0.2 between TAM and Non-TAM variants of NRTIs.

Note that for Fusion Inhibitors, Entry Inhibitors, and Integrase

Inhibitors no distribution could be fit since there was only one

drug in each class at the time of analysis. Although the KS tests for

these distributions have a p-value that indicates the empiric

distribution is statistically different from the estimated distribution,

these are the distributions with the ‘‘best’’ fit – no other

distribution had a larger p-value.

The effect of new ART drug arrival on time to initiate
therapy and clinical outcomes

Table 3 shows the optimal CD4 count threshold for initiating

ART, comparing scenarios with versus without the rate of accrual

of new ART drugs that we estimated above. Simulations with and

without pipeline drugs suggested that treatment at a CD4 count of

500 cells/mm3 was preferred for all patients except for those with

advanced age and/or low viral load which is consistent with the

new WHO guidelines. For these patient subgroups, earlier

initiation was only preferred when considering the likely ART

pipeline, whereas later initiation was preferred when considering

only the formulary of currently available drugs. In general, the

effects of the availability of pipeline drugs are small (Figure 2). New

ART drugs are most likely to add health benefits for younger

individuals with higher viral loads, which is intuitive because these

individuals are more likely to ‘‘burn through’’ existing regimens

before they die of non-HIV-related causes. Indeed, the availability

of pipeline drugs added as much as 4.9% to life expectancy (8.0%

to QALE) for 30 year-olds with the highest viral loads (.5.5 log)

for therapy initiated late (starting at 200 cells/mm3). However, the

life expectancy gains to pipeline drugs for most patients remain less

than 1%.

Sensitivity analyses
Our sensitivity analyses (Table 4) indicate that varying the

estimates of the inter-arrival times of new drugs, the rate of

accumulation of resistance, the patient’s adherence to treatment

regimens, and the relative efficacy of pipeline drugs have little

effect on overall outcomes, but that the toxicity of pipeline drugs

has a potentially large effect on life expectancy. If the toxicity of

pipeline drugs is reduced compared to existing drugs (the pipeline

Table 2. Resistance distributions for existing drug classes.

Drug class

NRTI NNRTI PI

Number of drugs 7 3 8

Probability distribution of number
of drugs resistant to a mutation

Uniform[1,4]
(p-value* = 0.059)

Uniform[1,3]
(p-value = 0.042)

Poisson(l~3)
(p-value = 0.024)

* p-value is for the for Kolmogorov-Smirnov goodness of fit test.
doi:10.1371/journal.pone.0098354.t002

Table 3. The optimal CD4 count threshold for initiating therapy.

Age 30 years Age 40 years Age 50 years

Log VL No Pipeline Pipeline No Pipeline Pipeline No Pipeline Pipeline

4.0 450 500 350 500 350 450

4.5 450 500 500 500 450 500

5.0 450 500 500 500 450 500

5.5 450 500 500 500 500 500

doi:10.1371/journal.pone.0098354.t003

New Drugs and the Timing of HIV Treatment

PLOS ONE | www.plosone.org 4 June 2014 | Volume 9 | Issue 6 | e98354



drugs have a mortality relative risk of 1), the presence of new

pipeline drugs can increase the quality-adjusted life expectancy by

as much as 11% in young patients with high viral load. Figure 3

shows the change in LE and QALE (in percent) due to the

presence of pipeline drugs for a variety of toxicity, age, and viral

load category. Aligned with the new WHO recommendation we

consider the CD4 threshold of 500 cells/mL for treatment

initiation.

Discussion

Consistent with current treatment recommendations, the base

case model (that does not include the availability of pipeline drugs)

supports early treatment in most scenarios. The addition of

pipeline drugs raises the CD4 threshold for treatment in several

classes of patients, resulting in the optimal CD4 to initiate

treatment across virtually all ages and viral loads to be 500 cells/

mm3, which supports the current WHO recommendations.

Figure 2. Percent change in outcomes from the presence of pipeline drugs by age, viral load, and CD4 count at initiation of
therapy. The graphs on the left depict the percent change in life expectancy from the presence of pipeline drugs, the graphs on the right the
percent change in quality-adjusted life expectancy.
doi:10.1371/journal.pone.0098354.g002
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However, the overall impact of a pipeline of new drugs is not large

for most patient groups, with average changes in life expectancy

less that 1%, except for patients who are young and have high viral

loads, primarily because there are already a large number of

regimens available. Our results are supported by intuition, which

would suggest that the availability of more drugs would reduce the

likelihood of ‘‘burning through’’ existing regimens for patients at

highest risk for doing so, in particular patients with higher baseline

viral loads.

Our analysis does indicate that patients will be better served if

new HIV drugs are found with lower side effects and toxicities: this

remains one of the most important reasons that drug regimens are

discontinued, and decreased toxicities and side effects will extend

the duration of the regimen.

Figure 3. Sensitivity analysis of effect percent change in LE and QALE from the presence of pipeline drugs by age, viral load, and
toxicity. The graphs on the left depict the percent change in life expectancy assuming new drugs have a lower toxicity than existing drugs (top),
identical toxicity to existing drugs (middle) or a higher toxicity that existing drugs (bottom). The graphs on the right depict the percent change in
quality-adjusted life expectancy for the same toxicity levels.
doi:10.1371/journal.pone.0098354.g003
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This study has several limitations. Our data are from a cohort

that is overwhelmingly male, and thus our results may not apply

for women. Cost or cost-effectiveness has not been considered in

our analyses, which may have impact on policy recommendations.

Our model does not include spreading of resistance patterns in the

native viral population. As resistance spreads, some newly infected

individuals may be infected with already resistant (non- ‘‘wild

type’’) strains. In addition, our analysis does not consider the

impact of pipeline drugs on the epidemic – the model does not

represent transmission between individuals. To the extent that new

pipeline drugs will lower the VL of some individuals, it would be

expected to decrease transmission. However, because the addition

of pipeline drugs extends the ability to have effective treatment

towards the end of a patient’s disease, the effect is expected to be

small. Finally, we did not perform subgroup analyses for patient

groups likely to have poor adherence (e.g. persons with substance

abuse, unhealthy alcohol use, or mental illness), who might be

more likely to exhaust existing regimens because of resistance or

intolerance, and who therefore would yield disproportional

advantages from the development of new drugs. In summary,

our results suggest that the rate of development of new ART drugs

may not impact the starting threshold for most patient groups,

although they may substantially increase benefit for younger

patients with higher viral loads. Finally, our sensitivity analyses

raise the intriguing prospect that reducing the toxicity profile of

new ART drugs may have a greater beneficial impact on health

than increasing the supply of new drugs with novel mechanisms or

resistance patterns.

Supporting Information

Appendix S1 Contains Figure S1, Basic structure of HIV

simulation model. See text for details. Figure S2, Typical patient

histories with and without pipeline drugs. See text for details.

Figure S3, The Quantile-Quantile plot for pipeline arrival process.

Quantile-Quantile plots are used to compare a dataset to a

theoretical distribution. It provides an assessment of graphical

goodness of fit. If the points lie on the line, the probability

distribution is acceptable.

(DOCX)

Author Contributions

Conceived and designed the experiments: AK RSB AJS MSR. Performed

the experiments: AK KN. Analyzed the data: AK RSB AJS MSR. Wrote

the paper: AK RSB DS AJS KN MSR.

References

1. Phillips AN, Gazzard BG, Clumeck N, Losso MH, Lundgren JD (2007) When

should antiretroviral therapy for HIV be started? BMJ 334: 76–78.
2. Maida A, Schouten E, Njala J (2009) Appraisal report: feasibility of introducing

revised global antiretroviral therapy guidelines for adults and adolescents in
Malawi. Review commissioned by the Ministry of Health with the support of

WHO. Lilongwe: World Health Orginization. Available from: http://www.
irinnews.org/pdf/who_feasibility_report_complete_amended_29thOct091.pdf.

3. WHO (2013) Consolidated guidelines on the use of antiretroviral drugs for

treating and preventing HIV infection: summary of key features and
recommendations. World Health Organization.

4. Sloan CE, Champenois K, Choisy P, Losina E, Walensky RP, et al. (2012)
Newer drugs and earlier treatment: impact on lifetime cost of care for HIV-

infected adults. AIDS 26: 45–56.

5. WHO (2013) WHO issues new HIV recommendations calling for earlier
treatment.

6. Braithwaite RS, Roberts MS, Chang CC, Goetz MB, Gibert CL, et al. (2008)
Influence of alternative thresholds for initiating HIV treatment on quality-

adjusted life expectancy: a decision model. Ann Intern Med 148: 178–185.
7. Harrington M, Carpenter CC (2000) Hit HIV-1 hard, but only when necessary.

Lancet 355: 2147–2152.

8. Holmberg SD, Palella FJ Jr, Lichtenstein KA, Havlir DV (2004) The case for
earlier treatment of HIV infection. Clin Infect Dis 39: 1699–1704.

9. Lane HC, Neaton JD (2003) When to start therapy for HIV infection: a swinging
pendulum in search of data. Ann Intern Med 138: 680–681.

10. Shechter SM, Bailey MD, Schaefer AJ, Roberts MS (2008) The Optimal Time

to Initiate HIV Therapy under Ordered Health States. Operations Research 56:
20–33.

11. Negoescu DM, Owens DK, Brandeau ML, Bendavid E (2012) Balancing

immunological benefits and cardiovascular risks of antiretroviral therapy: when

is immediate treatment optimal? Clin Infect Dis 55: 1392–1399.

12. Braithwaite RS, Justice AC, Chang CC, Fusco JS, Raffanti SR, et al. (2005)

Estimating the proportion of patients infected with HIV who will die of

comorbid diseases. Am J Med 118: 890–898.

13. Braithwaite RS, Shechter S, Roberts MS, Schaefer A, Bangsberg DR, et al.

(2006) Explaining variability in the relationship between antiretroviral adherence

and HIV mutation accumulation. J Antimicrob Chemother 58: 1036–1043.

14. Phillips AN, Pillay D, Miners AH, Bennett DE, Gilks CF, et al. (2008) Outcomes

from monitoring of patients on antiretroviral therapy in resource-limited settings

with viral load, CD4 cell count, or clinical observation alone: a computer

simulation model. Lancet 371: 1443–1451.

15. Braithwaite RS, Shechter S, Chang CC, Schaefer A, Roberts MS (2007)

Estimating the rate of accumulating drug resistance mutations in the HIV

genome. Value Health 10: 204–213.

16. FDA (2013) Antiretroviral drugs used in the treatment of HIV infection. U.S.

Food and Drug Administration. http://www.fda.gov/ForConsumers/

byAudience/ForPatientAdvocates/HIVandAIDSActivities/ucm118915.htm.

17. Montgomery DC, Runger GC, Hubele NF (2003) Engineering Statistics: Wiley.

18. Nelson R (1995) Probability, Stochastic Processes, and Queuing Theory: The

Mathematics of Computer Performance Modeling. New York, NY: Springer-

Verlag.

19. Johnson VA, Brun-Vezinet F, Clotet B, Gunthard HF, Kuritzkes DR, et al.

(2010) Update of the drug resistance mutations in HIV-1: December 2010. Top

HIV Med 18: 156–163.

New Drugs and the Timing of HIV Treatment

PLOS ONE | www.plosone.org 8 June 2014 | Volume 9 | Issue 6 | e98354

http://www.irinnews.org/pdf/who_feasibility_report_complete_amended_29thOct091.pdf
http://www.irinnews.org/pdf/who_feasibility_report_complete_amended_29thOct091.pdf
http://www.fda.gov/ForConsumers/byAudience/ForPatientAdvocates/HIVandAIDSActivities/ucm118915.htm
http://www.fda.gov/ForConsumers/byAudience/ForPatientAdvocates/HIVandAIDSActivities/ucm118915.htm

