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Introduction and Executive 
Summary
BY POLLY CLAYDEN AND MARK HARRINGTON

As this i-Base and TAG 2011 Pipeline Report makes clear, medically, the prospect for 
people with HIV, hepatitis C virus (HCV), and tuberculosis (TB) to live long and 
healthy lives—and in the cases of HCV and TB, to be cured rapidly with safe, e!ective, 
oral combination therapy—have never been better.

Politically and economically, the world’s activists and political leaders face a crisis in which 
the former must persuade the latter to redirect billions of dollars from unproductive wars 
into life-saving health research and access programs, at home and internationally.

Here we will summarize the exciting progress that appears later in this report in great 
detail, and will look in greater depth at the last and the next decades of HIV treatment 
research.

Globally, 34 million people are living with HIV infection, an estimated 2 billion with 
latent Mycobacterium tuberculosis (TB) infection, and up to 130 million with chronic 
HCV infection.

At least 1.8 million people died from AIDS in 2009, one quarter of them from TB, 
which on its own killed 1.7 million people. "ere is neither global nor national surveil-
lance for HCV-related illness and death, but more than 300,000 people die from HCV 
complications each year, and HCV mortality will continue to increase in the coming 
decade.

HIV infection can be controlled with lifelong triple-combination antiretroviral therapy 
(ART). Latent TB infection can be treated with six to nine months of isoniazid (INH) 
or 12 weeks of once-weekly rifapentine and INH. Active TB disease, if drug-susceptible, 
can be cured in 95% of cases with four drugs in six months, while drug-resistant forms 
of the disease can be cured up to 70% of the time if multidrug-resistant, or just 30% if 
extensively drug-resistant, with unpleasant combinations that can take up to two years 
to work, if they work at all. HCV is now curable in up to 75% of infected people with 
genotype 1 (predominant in major pharmaceutical markets) who have access to—and 
can tolerate—today’s standard of care: triple therapy with pegylated interferon, ribavirin, 
and an HCV protease inhibitor.
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As the writers of this report reveal, the prospects for dramatic—indeed in some cases 
revolutionary—changes in prevention and treatment for the three diseases in the next 
decade are amazingly good. Decades of high-quality research, increased investment, and 
growing and targeted community-based activism have set the scene for the possibility—
for the #rst time since HIV/AIDS emerged in 1981—to make dramatic reductions in 
new HIV infections worldwide, while saving the lives of as many of the 34 million cur-
rently infected who can access therapy. Treatment is continually improving, with modern 
combinations dramatically less toxic, more tolerable, and easier to take than the #rst-
generation ART combinations of the 1990s. 

Simon Collins covers developments in the innovator antiretroviral (ARV) treatment 
pipeline, while Polly Clayden addresses the persistent, and as-yet-unful#lled, needs of 
the substantial global population of infants, babies, children, and adolescents with HIV 
for appropriate and easy-to-use formulations of the best ARV drugs. 

Contrary to the predictions of obstinate pessimists who constantly bemoan the immi-
nent emptying of the ARV pipeline, Simon Collins demonstrates that the 2011 HIV 
treatment pipeline is robust indeed, with twelve agents and #xed-dose combinations 
(FDCs) in phases II or III, still more in phase I, and two new drugs or formulations 
already approved in the last year—the NNRTIs rilpivirine (Edurant) from Tibotec/J&J 
(although when this will be preferred in treatment-naive patients is unclear), and Boeh-
ringer Ingelheim’s extended-release formulation of nevirapine, Viramune XR (just in 
time for the patent expiry on the original). Two new integrase inhibitors—elvitegravir 
and dolutegravir—are in late stages of development, both formulated in novel FDCs. 
"is year’s pipeline is at least as full as that of any year documented by TAG in our an-
nual ARV pipelines since 2003.

Polly Clayden provides an intriguing and expanded summary of the emerging #eld of 
point-of-care diagnostics research to make HIV-RNA (viral load) and CD4 cell-count 
testing available in decentralized settings where most people will receive their HIV 
treatment and care over the coming decade.

Although, as Jonathan Berger explains, the empty pipeline pessimists may$be right for 
the global majority of people with HIV. For most people in$developing countries, ac-
cess to new drugs is hostage to a number of$non-medical factors, particularly those 
related to intellectual property. In$his chapter, Berger examines the global context that 
a!ects domestic patent$laws. He also provides valuable insight into the licensing policies 
of$companies with ARVs in the pipeline.

Also for the #rst time, researchers and activists are seriously pooling forces to mount a 
campaign to accelerate research to actually cure HIV infection. Richard Je!erys provides 
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a clear summation of the state of the art of HIV cure-related research. Je!erys also de-
scribes an encouraging duo of promising results from ART-related prevention strategies: 
the tenofovir gel–containing HIV microbicide used in the CAPRISA 004 study and the 
oral Truvada (emtricitabine/tenofovir) preexposure prophylaxis (PrEP) pill used in the 
iPrEx study in gay and transgender people. "ese results, taken together with the stun-
ning 96% reduction in HIV acquisition among seronegative partners whose HIV posi-
tive partner received immediate ART at CD4 counts between 350-550/mm3 in HPTN 
052, constitute a seismic shift in biomedical HIV-prevention. 

We eagerly await the results of the ongoing Strategic Timing of Antiretroviral "erapy 
(START) trial to further document the size and quality of the bene#ts of earlier ART 
initiation among treatment-naive persons entering with at least 500 CD4 cells/mm3, 
which will complement those of HPTN 052 and clarify whether ART should actually 
be indicated at the time of HIV diagnosis for most, if not all, infected persons.

Je!erys continues his long-standing and detailed assessment of the HIV preventive- and 
therapeutic vaccine pipelines along with those for immune-based, cell-based, and gene 
therapy approaches to HIV treatment and functional cure.

In the case of HCV—as Tracy Swan’s overview demonstrates—several generations of 
new direct-acting antivirals (DAAs) are in the pipeline, holding out the promise that it 
may be possible to cure people with oral drugs in the future. "e HCV pipeline is robust. 
Currently, 14 HCV protease inhibitors (not including the just-approved boceprevir and 
telaprevir), 6 NS5a inhibitors, 10 non-nucleoside polymerase inhibitors, 8 nucleoside or 
nucleotide polymerase inhibitors, 3 host-targeting agents, 4 novel interferons, 3 immu-
nomodulators, a microRNA inhibitor, and an extract of milk thistle are in development.

If the promise of all-oral DAA cures is realized, the potential to roll out HCV treatment 
globally would then become dramatically easier, and hundreds of millions of lives could be 
saved. But most people with hepatitis C will not be cured—or even treated. "e drugs are 
simply too expensive. New HCV treatments must be accessible to those who need them. 

Swan warns that neither the health care system nor the provider community is ready to 
administer new and complex HCV regimens to an onslaught of newly diagnosed pa-
tients. Major adjustments will be needed to ensure that people with HCV—who often 
may need mental health care, addiction treatment, and HIV care and treatment—can 
be treated with dignity. Swan recommends the immediate establishment of a standing, 
multidisciplinary federal HCV treatment-guidelines panel—modeled in part after the 
very successful DHHS Antiretroviral "erapy Guidelines panels for adults, adolescents, 
and children—to review new data as they emerge, and to promulgate a coherent and 
up-to-date standard of care for all individuals with HCV. 

Introduction and Executive Summary
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Swan is critical of the pharmaceutical industry's failure to provide early-access trials and 
programs for people at risk for progression to end-stage liver disease. Preapproval access to 
new HCV drugs will save lives, and inform clinical practice in patients with urgent need. 
Swan is also dismayed that HCV drugs can come to market without information on how to 
safely and e!ectively use them during HIV treatment, with methadone, or in combination 
with other commonly used medications—or that coadministration may not be possible.

With TB, one of humanity’s oldest and most stubborn pathogens, recent developments 
are encouraging but not yet revolutionary. A new, rapid, accurate, and sensitive TB test 
is now being rolled out worldwide which can diagnose the disease in two hours rather 
than two months. It works especially well in the forms of TB common among people 
with HIV infection, and it also detects drug-resistant TB. Proper deployment of this test 
could accelerate the identi#cation and proper treatment of millions of people with TB 
disease. Its drawbacks include its price and requirement for electricity, and the lack (to 
date) of data to guide its use in children.

No new treatment has been approved to treat TB since the 1960s. For the #rst time in 
four decades, two new drugs from two new classes (TMC207 and OPC-67683) are 
likely to be submitted to regulatory authorities for approval in the coming year to treat 
multidrug-resistant forms of TB. Again, the potential gains in lives saved amount to 
millions.

Claire Wing#eld and Richard Je!erys provide an encouraging assessment of recent de-
velopments in the slowly reviving TB vaccine research #eld, while Wing#eld herself 
documents the results of the past decade of increasing investment in TB treatment, 
which is #nally beginning to yield promising candidates. Javid Syed notes with dismay 
the sudden lull in development of new TB diagnostic tests after a brief spurt in the past 
four years—with the elusive TB point-of-care (POC) test still a distant aspiration—
while the rollout of Cepheid’s Xpert MTB/RIF TB and drug-resistance rapid molecular 
test has the promise of radically accelerating TB diagnosis and proper treatment initia-
tion among persons with HIV-associated or drug-resistant TB. "e next year will see 
extensive implementation science related to the rollout of Xpert MTB/RIF, while basic 
scientists and industry technicians continue their arduous, grossly underfunded search 
for a potential biomarker that could be used in a TB POC test.

Over the past decade, the public, private, and philanthropic sectors have invested tens 
of billions of dollars in HIV prevention and treatment research, hundreds of millions 
in HCV, and far less in TB, despite its prevalence, persistence, and toll on human lives. 
Clearly diseases that a!ect both rich and developing countries attract far more research 
investment than those predominantly con#ned to the latter. Political leaders and treat-
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ment activists alike have the obligation to redouble their e!orts in the coming decade to 
accelerate research that could end the pandemics of HIV, HCV, and TB. In the mean-
time, political leaders must redirect resources from wars and serial bank bailouts toward 
meeting the health needs of their own people and everyone else around the world.

A Golden Decade of Antiretroviral Drug Development

We believe it is worth exploring the past decade of ARV drug development for several 
reasons, including (1) to evaluate claims that the HIV drug pipeline is drying up; (2) to 
determine the success rate for ARV drug candidates entering phases II–III in order to 
assess the likelihood that current candidates will progress toward approval; (3) to exam-
ine the rapidity with which new drugs and combinations enter practice in one industrial-
ized country, the United States; and (4) to discuss the relative potential of investments 
in studying lower doses of existing drugs versus expanding investment in new drugs and 
combinations.

"e global ARV treatment market is estimated at $13 billion in market volume this year 
(Market Research News 2011), with most of the pro#ts made in industrialized coun-
tries, while most of the people in need of treatment live in developing ones. 

"e past decade has indeed been a golden age of ARV drug development. Of the 29 new 
chemical entities approved by the U.S. Food and Drug Administration (FDA) to treat 
HIV infection since 1986, almost half (14/29) were approved in the years since 2003 
(FDA 2011a). "irty-four drugs and FDCs are FDA-approved for sale in the United 
States; a further 131 drugs and FDCs (including adult and pediatric formulations) are 
tentatively approved under the FDA’s generic registration program to facilitate global 
access through programs such as the President’s Emergency Program for AIDS Relief 
(PEPFAR) (FDA 2011b). Please see the data series from the TAG ARV pipelines dat-
ing from 2003 to the present (Table 1, pp. 6-7).

"e success rate for new ARV drugs and FDCs that have entered phase II or further 
studies since 2003 is an astonishing 30.4% (14/46), with approval believed to be likely 
in the coming year for the integrase inhibitor elvitegravir, the pharmacokinetic booster 
cobicistat, and the two FDCs rilpivirine/FTC/TDF and elvitegravir/cobicistat/FTC/
TDF (“Quad”)—which would bring the success rate to 39.1% (18/46).

So much for those who say investing in HIV treatment is a bad bet.

Introduction and Executive Summary
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TABLE 1. HIV Treatment Pipeline 2003–2011

Sources: Camp 2003–2006; Hu! 2007; TAG 2008; Hu! 2009; Collins 2010–2011.
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Sources: Camp 2003–2006; Hu! 2007; TAG 2008; Hu! 2009; Collins 2010–2011.
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TABLE 2. US ADAP Antiretroviral Market Share by Drug in 2009  

Source: NASTAD 2011a
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TABLE 2. US ADAP Antiretroviral Market Share by Drug in 2009  
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Rapid Implementation and Uptake of New Therapies 
Provides Rapid Return on Investment

Another remarkable feature of the HIV treatment landscape is the rapidity with which 
new drugs and combinations are incorporated into the standards of HIV care in de-
veloped countries. In the United States, this process has been facilitated since the late 
1990s by the establishment of the standing Department of Health and Human Services 
(DHHS) Panel on Antiretroviral Guidelines for Adults and Adolescents and the Panel 
on Antiretroviral "erapy and Medical Management of HIV-Infected Children (http://
aidsinfo.nih.gov/Guidelines/Default.aspx). 

"e Adult and Adolescent Guidelines panel meets monthly by teleconference, once 
yearly in person (usually at the annual retrovirus conference CROI), and issues updated 
online treatment recommendations at least annually, with changes highlighted in yel-
low to make navigating the ever-changing treatment landscape easier. A review of data 
generously provided by the U.S. National Association of State and Territorial AIDS Di-
rectors (NASTAD) demonstrates the astonishing #delity of US AIDS Drug Assistance 
Program (ADAP) prescribing practices in 2009 to the most recent iteration of the US 
HIV treatment guidelines (Table 2, pp. 8-9).

Among the many striking features of the 2009 ADAP reported data on ARV usage are 
(1) 75% of sales were for drugs recommended as preferred #rst-line ART regimens in the 
federal guidelines (Department of Health and Human Services Panel on Antiretroviral 
Guidelines for Adults and Adolescents 2009); (2) of the nine drugs and FDCs included 
among the US #rst-line recommendations, eight of nine were approved by the FDA in 
the past decade; just one (efavirenz) was approved in the 1990s; (3) two drugs approved in 
2006 and 2007—darunavir and raltegravir, respectively—were approved by the FDA for 
a #rst-line indication less than two years after initial recommendation in salvage patients; 
(4) both of those drugs soon after were included by the US guidelines panel among the 
preferred recommended regimens for antiretroviral-naive patients; and (5) prescribing 
practice rapidly evolved to incorporate the newest data on the newest drugs.

"ese data demonstrate the e!ective interaction of research, regulation, normative 
guidelines, practice, and implementation in the United States, despite its highly frag-
mented health care system and the fact that those receiving treatment through ADAP 
are, by de#nition, not rich. However, the fact that over 8,000 people are currently on 
waiting lists to receive treatment through ADAP reveals that not all is rosy in the United 
States (NASTAD 2011b).

In any case, it is clear that HIV therapeutics has room for considerable improvement, 
and that improvements will be rapidly di!used and their investors will enjoy a substan-
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tial return on their investment.
We urge the World Health Organization (WHO) as well as national guidelines-de#n-
ing groups in countries a!ected by HIV to urgently implement such forward-looking 
practices to ensure that people living with HIV everywhere have access to the best pos-
sible treatment options.

Less of the Old—or More of the New?

"ere is a #ne balance between innovation and retro#tting. "ere is a lot of talk under-
way about “dose reduction” or “optimization” strategies to allow the cheaper and poten-
tially less toxic use of certain existing and possible new drugs, as summarized in Table 3.

TABLE 3. Proposed Potential ARV Dose Reduction Studies and Savings

Source: Adapted from Conference on ARV Dose Optimization, Clinton Health Access Initiative, John Hopkins University, School 
of Medicine. Meeting Summary; Prioritized Project Portfolio by ARV. Unpublished manuscript. Conference on Antiretroviral Dose 
Optimization, Alexandria, VA, 7-10 June 2011. 
[i-Base/TAG interpolations enclosed within brackets]
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A minimal requirement for a reduced-dose ARV drug to be considered for use in global 
guidelines directed particularly at resource-limited settings would include proof of ef-
#cacy and safety. ARV activity needs to be comparable to currently recommended drugs 
and combinations. "e acceptable margins of reduced activity have yet to be de#ned. 
Safety for long-term use in places where laboratory capacity is nonexistent and clinical 
monitoring is minimal at best, will also have to be proven. Particularly where patients 
and their families/support groups will be required to provide pharmacovigilance.

Some dose-reduction strategies might well succeed and are justi#ed by the potential 
to free up substantial sums to be spent on expanding the number of people able to re-
ceive treatment. However, we have serious concerns about the proposed dose-reduction 
study of stavudine (d4T), a drug that, though cheap to manufacture, is on its way out 
everywhere in the developed world and in many places in the developing one. While 
the proposed 20mg stavudine dose might be acceptable in a short-term 48- or even 96-
week virologic endpoint study, many of its most serious side e!ects (such as peripheral 
neuropathy and lipoatrophy) would not necessarily emerge until after such a study was 
completed. 

For these reasons, we do not believe the stavudine dose-reduction study should proceed. 
Activist pressure and research needs to focus on increasing access to safer cost-saving 
alternatives to stavudine.

Even greater savings could be achieved if the tenofovir prodrug GS 7340 could actually 
be given at 50 mg daily or less—studies are still underway to determine its dose moving 
forward. Since the current global best-price for TDF is about $87 (MSF 2011), bringing 
the volume of active pharmaceutical ingredient for tenofovir down by 5/6 might allow a 
lowest global price of $22 or less—lower than the putative 20 mg stavudine price of $25.

Other drugs in late-stage development such as the integrase inhibitor dolutegravir (50 
mg once daily) also o!er potential savings on manufacturing.

Developers are also considering novel manufacturing and delivery techniques such 
as nanoparticles—discussed further by Simon Collins below—and long-acting slow-
release injectables, which could potentially be given monthly or even quarterly. "ese 
compounds will never develop without #nancial support that recognizes the potential 
impact they could have on global health.

"erefore, we believe a proper balance needs to be struck between repurposing old or 
existing drugs with a search for the lowest safe and e!ective dose, and investing in in-
novative discovery and delivery systems which could potentially lead to much better 
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outcomes for all.
Conclusion and Recommendations

Just 40%, or 6 million, of the estimated 16 million HIV-positive people in need of im-
mediate treatment are currently receiving it. Implementers of HIV treatment programs 
in developing countries are facing awkward decisions about the speed at which they 
will continue to enroll new patients into HIV treatment programs while maintaining 
recently enrolled ones. In addition to$raising the enrollment bar to admit people with 
higher CD4 cell counts (up to 350 cells/mm3 and in some cases higher), switching from 
stavudine-based to tenofovir-based #rst-line regimens, strengthening the quality of pa-
tient and laboratory monitoring, and expanding prevention and testing programs. All in 
the context of a gaping abyss of global leadership, %agging political commitment, and 
uncertain prospects for economic revival.

Activists, scientists, implementers, and political leaders are obliged to exert their utmost 
e!orts to accelerate scienti#c progress and to save as many lives as possible in spite of the 
challenges we face. In this concluding section of the introduction to the 2011 Pipeline 
Report, we highlight some of the most pressing priorities for research, access, and activ-
ism for HIV, HCV, and TB, emphasizing, when possible, opportunities for cross-cutting 
integration of e!orts.

HIV

Despite the unprecedented progress in both research and access over the past decade, 
many unmet medical and public-health needs remain for future HIV treatments and 
programs.

Point-of-care diagnostics. "e promise of universal access cannot be met without 
cheap, accurate, point-of-care diagnostic tests to diagnose HIV, stage patients for risk of 
opportunistic complications, and monitor response to therapy. "us, intensi#ed research 
e!orts are required to accelerate the development, uptake, and rollout of point-of-care 
HIV diagnostics, and viral-load and CD4 tests.

Simple, safe, and durable daily FDCs. Unmet medical needs in the HIV therapy 
space are many. A cheap, daily (or less often) FDC that is super-potent, safe, tolerable, 
nontoxic, and with a high barrier to resistance—and that can be used in children, preg-
nant women, and those with TB—would make it possible to keep most people on #rst-
line therapy for life (or until a cure is discovered and made readily available worldwide).

New anchor drugs. For adults globally, a new NNRTI (or a super-low molecular 
weight protease or integrase inhibitor) that spares the CNS, kidneys, lipids, and liver 
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from currently common toxicities could be a great advance.
New backbone drugs. Something cheaper than tenofovir (TDF) would be good; 
a TDF prodrug such as GS 7340 could #t in nicely here. Novel nucleoside backbones 
which do not use tenofovir or AZT could be helpful, both for toxicity reduction and for 
greater strategic options in second-line therapy and beyond.

New pediatric drugs, formulations, and FDCs. Accelerated development of new 
drugs in appropriate pediatric formulations or FDCs for children of all age levels would 
help to close the gap between the quality and modernity of adult and pediatric HIV 
treatment.

Integration of ART-based prevention and treatment. With the recent break-
throughs on the microbicide, PrEP, and serodiscordant couples/early ART-initiation 
fronts, program implementers #nally have a chance to end the sterile debates and bu-
reaucratic fragmentation of HIV programs that fail to address testing, prevention, treat-
ment, and care in an integrated and community-driven manner.

Complete the START trial. Given the results of HPTN 052, it is essential to com-
plete the START trial to provide more quantitative and qualitative data on the risks and 
bene#ts of much earlier initiation of ART. And to answer, in sub-studies, questions on 
the impact of HIV on central nervous system (CNS) and bone health in early infection.

Invest in treatment for people currently resistant to existing drugs—for 
whom tolerability may be di!erent from that of treatment-naive people—including the 
strategic development of new FDA-supported initiatives to study two or more com-
pounds active against MDR-HIV together in joint fast-access protocols.
 
Invest in and accelerate research toward a functional and a sterilizing cure 
for HIV.

Continue to plug away at discovering and developing a truly effective pre-
ventive vaccine.

In the meantime, further validate ARV-based microbicides and PrEP, and 
figure out how to use them effectively in the real world.

The WHO should move much more rapidly to update its HIV treatment and 
prevention guidelines to respond to newly emerging data.
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HCV

Establish national-level HCV treatment guidelines panels to regularly up-
date the standard of care for HCV treatment based on the latest data.
Prepare health systems, providers, and people with HCV for the rapidly 
coming day when HCV will be curable with all-oral DAAs.

Plan for global uptake and access to all-oral DAA cures once they are avail-
able.

TB

Substantially intensify investment in new TB diagnostics, drugs, vaccines, 
and operational research to support scale-up of new technologies. Accel-
erate discovery and development of a true TB POC test.

Encourage the entry of new sponsors in TB drug and vaccine development.

Prioritize development of pediatric formulations and FDCs for current and 
new TB regimens. 

Study the safety of TB drugs in pregnant women.

Cross-link existing research infrastructure and develop new site and net-
work capacity to more rapidly evaluate new TB treatment regimens and 
preventive vaccines.
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The Antiretroviral Pipeline
BY SIMON COLLINS

Introduction

"is year the antiretroviral pipeline report is produced against the background of global 
economic problems that have steadily worsened, with few indications of imminent recov-
ery, the impact of which threatens the goal of universal treatment in both rich and poor 
countries.

In the United States, the waiting list for State AIDS Drug Assistance Programs (ADAPs) 
has increased by 900% in a year to over 8,000 by June 2011. In addition, ADAPs have 
implemented cost-containment strategies, including reducing formularies, increasing the 
threshold for #nancial eligibility, instituting a CD4 threshold of <350 cells/mm3, initiat-
ing waiting lists, and capping enrollment and access to the most expensive drugs. "is 
bleak situation for uninsured or underinsured individuals who are otherwise ineligible 
for government assistance with antiretroviral therapy has so far been managed by patient 
assistance programs from drug manufacturers as a response to pressure from US activists 
in the Fair Pricing Coalition.1, 2 

In the UK, the public health care purchasers of HIV services in London (responsible for 
approximately 50% of HIV-positive people nationally) are seeking to contain national re-
strictions on National Health Service budgets by cost-saving from the drug budget. From 
April 2011, two-year contracts have been issued based on each manufacturer tendering 
bids for bulk volume purchasing. "is aims to reduce use of antiretrovirals (ARVs) that 
have similar e&cacy but are signi#cantly more expensive, although treatment remains 
individualized and all licensed drugs can still be used based on clinical need. "is policy 
was driven by the withdrawal of in%ation linked funding and the need to #nd savings of 
£8–10 million.3 

And last year a challenge to global access, in what was an otherwise hopeful and en-
couraging pipeline report, came with the #rst news that donors were restricting access 
to treatment for new patients in several countries.4 Partly as a result of activist pressure 
enrollment caps were later removed from PEPFAR programs in Uganda.4b Constricted 
health budgets in richer countries now politicize the choice between funding altruistic 
policies on global heath over those of providing health care for citizens at home. 

The Antiretroviral Pipeline
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Of course, in real terms, people in poorer countries are threatened most; they make up 
a broadly more marginalized demographic that is rarely prioritized for medical services. 
Despite this, right-wing health economists chose to propose that HIV funding has had 
a negative impact by dominating sponsor funding.5, 6 In reality, the mobilization to fo-
cus on HIV, tuberculosis, and malaria has not only improved health investment in poor 
countries but has developed and strengthened the health infrastructure that was initially 
used as an excuse not to provide HIV treatment. Fortunately, each reactionary publica-
tion is vigorously rebutted with other articles and letters arguing the importance of the 
Global Fund to Fight AIDS, Tuberculosis and Malaria as a model for global health 
interventions.7

Consequently, $new strategies are being formulated to try to prevent the potential health 
disaster that threatens to reverse the achievements of decades of prevention programs. 
In May 2011, the results from the HPTN 052 study added to accumulating data that 
quantify the signi#cant impact of HIV treatment on reducing transmission—by 96% in 
people starting treatment with CD4 counts >250 cells/mm3.8,9 If the incentive of access 
to antiretroviral treatment is removed this will reduce the primary incentive for people to 
test and will drive HIV back underground.

Six million people now on treatment are returned to health, often starting from advanced 
HIV infection (CD4 counts <100 cells/mm3).10 However, less than 50% of people in 
need of treatment globally based on criteria of a CD4 count of <200 cells/mm3 and 
35% based on 350 cells/mm3 currently access treatment. Additionally, at least half of the 
people on treatment are using drugs whose greater toxicity increases the risk of serious 
health complications. "e World Health Organization no longer recommends stavudine 
(d4T) and the European Medicines Agency reassessed the use of stavudine in Europe to 
circumstances where its use was driven as a lifesaving emergency (speci#cally based on 
economic rather than health advantages),11 yet d4T remains one of the most widely used 
nucleosides in antiretroviral combinations in poor countries. When data on side e!ects 
are collected, rates as high as 30–50% for irreversible peripheral neuropathy or lipoatro-
phy are commonly reported. 

"e demand for newer and more e!ective, e&cient, safe, and a!ordable global treatment 
has never been greater. Western countries will remain a #nancially pro#table market, but 
this is increasingly dependent on competitive rather than premium pricing.

"is report summarizes results on pipeline compounds with promising future potential 
that have been presented in posters and presentations at key conferences. It is dependent 
on data that has passed some level of peer review, tempering the forward-looking state-
ments of company press releases. It is limited to compounds that have cleared preclinical 
development and that have in vivo data in HIV-positive people.
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Update from the 2010 Pipeline Report

Since last year’s report, the only new drug to be approved is the NNRTI rilpivirine 
(Edurant) with a US Food and Drug Administration (FDA) indication for treatment-
naive patients in May 2011.12 An extended release formulation of nevirapine was also 
approved in March 2011.13

Rilpivirine is also coformulated in a #xed-dose combination with tenofovir/FTC that 
was submitted for approval in November 2010. Although the FDA required additional 
data, approval is expected, perhaps while this publication is in press.14 Gilead has com-
pleted and released 48-week data from ongoing phase III studies of a four-drug #xed 
dose combination (elvitegravir, cobicistat, tenofovir, and FTC), as it has with stud-
ies of the integrase inhibitor elvitegravir and the pharmacokinetic booster cobicistat. 
Additional pharmacokinetic and drug interaction studies have been reported for both 
compounds.16, 18

Results from phase II studies of the integrase inhibitor dolutegravir (formerly S/GSK-
572) in treatment-experienced patients were presented at the 18th Conference on Ret-
roviruses and Opportunistic Infections (CROI) in February 2011, and planned phase 
III studies in treatment-experienced patients are now open.19 

Phase II studies continue or are expected for an attachment inhibitor (BMS-663068), 
an NNRTI (lersivirine), and a CCR5 inhibitor (cenicriviroc, formerly TBR-652).

However, #ve compounds listed in last year’s report as being in phase I studies have 
not visibly progressed, while three compounds had their development put on hold or 
discontinued: vicriviroc (a CCR5 inhibitor), GSK-761 (an NNRTI), and beviramat (a 
maturation inhibitor).

Table 1 summarizes developments for the most important compounds highlighted in 
the 2010 pipeline report.

The Antiretroviral Pipeline
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TABLE 1: Update on pipeline compounds in 2010 report
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New Compounds First Reported in the Last Year

Several compounds #rst reported in vivo results this year and are summarized in Table 2.

GS-7340: A Prodrug of Tenofovir

GS-7340 is a formulation of tenofovir in development by Gilead that achieves higher 
levels of the active metabolite in lymph tissue and target cells including peripheral blood 
mononuclear cells (PBMCs) and has higher potency compared to equivalent tenofovir 
doses while maintaining reduced plasma concentrations (approximately 100-fold lower). 
"e EC50 of GS 7340 against HIV-1 in MT-2 cells is 0.005 uM compared to 5 uM for 
tenofovir. "is has the potential to require less active pharmaceutical ingredient (API), 
increase antiviral activity compared to tenofovir, and reduce systemic-related toxicity.

Results from the #rst dose-ranging study were presented at CROI 2011.33 "e double-
blind study randomized 30 treatment-naive patients (CD4 >200; viral load >15,000) to 
either 50 mg or 150 mg of GS-7340 or to tenofovir 300mg (ratio 1:1:1). After 14 days 
these three groups produced time weighted viral load reductions of –0.95 (+0.32), –1.07 
(+0.14) and –0.54 (+0.32) log10 copies/mL, respectively. Mean viral load levels dropped by 
–0.95, –1.57, and –1.74 log in the tenofovir, 50 mg, and 150 mg arms, respectively. Blood 
levels were lower (Cmax/AUC by 94%/88% with 50 mg and by 80%/58% with 150 mg) 
than the tenofovir group with PBMC levels approximately 30-fold higher.

"ere were no study discontinuations and no grade 3 or 4 events. Side e!ects reported were 
generally mild (nausea, headache).

"e potential of this compound looks promising. It is unfortunate that it was not priori-
tized for faster development. In vivo data were presented on GS-7340 nine years ago at 
CROI 2002.34

Festinavir: An NRTI (previously OBP-601)

Festinavir is an NRTI with a chemical structure similar to stavudine (d4T), but which 
initial studies indicate should not have the same side e!ect concerns as it is a weak inhibi-
tor of DNA synthesis in cell studies. BMS acquired development and marketing rights to 
Festinavir from Oncolys BioPharma in December 2010.35 

Results from a phase Ib–IIa dose escalation study were presented as a poster at the 50th 
ICAAC in September 2010.36

The Antiretroviral Pipeline



22

TAG 2011 Pipeline Report

Festinavir monotherapy was given for ten days to four groups of eight treatment-expe-
rienced patients currently not on treatment (each 6 active: 2 placebo) using once-daily 
doses of 100, 200, 300, and 600 mg.

Mean reductions in viral load at day 10 were 0.87, 0.98, 1.36 and 1.22 log10/copies/mL 
in the 100, 200, 300, and 400mg groups, respectively (vs -0.07 in the placebo group) 
from baseline levels that ranged from 4.2 – 4.6 log10 copies/mL.

No pattern of side e!ects appeared over 10 days with all grade 2–3 (n = 13) and grade 
4 (n = 2) side e!ects judged unrelated to the study drug. No new reverse transcriptase 
mutations emerged at day 10 and 17.

In vitro data on the drug susceptibility of festinavir, including to the Q151M NRTI 
multidrug resistant mutation were presented in a poster at CROI in 2008.37

Although antiviral activity was reduced in presence of in most viruses carrying nu-
cleoside-associated mutations (5- to 10-fold), including M41L (0.3 to 4.3-fold), and 
D67N (1.6- to 7.8-fold) resistance mutations, together with K103N +/- M184V. Vi-
ruses carrying the Q151M mutation were hypersusceptible to OBP-601 (0.1- to 0.2-
fold), even in the presence of K65R (0.3- to 1.3-fold).

TABLE 2: Compounds with first data presented during the previous year

Update on Recent Approvals and Other Compounds in 
Development

"is section includes a review of other compounds in further development.

Rilpivirine

Rilpivirine was approved in the United States in May 2011 for treatment-naive patients, 
based on 48-week results from the ECHO and THRIVE phase III studies and safety 
results from a phase II study out to 192 weeks.38
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"ese studies, while reporting rilpivirine to be statistically non-inferior when com-
pared to efavirenz, indicated less e!ective viral suppression when baseline viral load was 
>100,000 copies/mL with a higher risk of resistance in the context of treatment failure, 
and a greater loss of e&cacy at lower than 95% adherence. "ese disadvantages were bal-
anced by fewer side e!ects.39, 40

However, FDA approval is as a treatment for people who have not previously used treat-
ment, when study results suggest use for an early switching of people with intolerance to 
efavirenz. "e prescribing information highlights the poorer virological response at high 
viral load, and higher risk of resistance.

Rilpivirine is a 25mg tablet that needs to be taken once daily with food. Exposure is 
reduced by approximately 40% when taken fasted compared to with a normal meal or 
high-fat meal (de#ned as 533 kcal and 928 kcal, respectively). Exposures were reduced 
by 50% when taken with only a high-protein drink.

It was developed at a 25 mg dose due to phase II studies showing similar e&cacy at 25, 
50 and 75 mg and a caution over cardiovascular toxicity (QTc interval) at higher doses 
(75 and 150 mg). While the low dose o!ers exciting future potential for the develop-
ment of coformulations, it results in a low pharmacokinetic threshold for people with 
poorer drug absorption. 

"e phase III studies had a similar design apart from use of background nucleosides. 
ECHO used tenofovir/FTC for all patients, and THRIVE allowed investigator choice. 
Each study randomized close to 700 treatment-naive patients without NNRTI or NRTI 
resistance. "e primary endpoint was viral load suppression <50 copies/mL at week 48 
(ITT-TLOVR analysis) with a lower margin of –12% di!erence for non-inferiority. 
Follow-up continues to week 96.

In the pooled analysis, baseline characteristics of the 1,368 patients included approxi-
mate median CD4 count 250 cells/mm3 (range 1–1140), median viral load 5 log cop-
ies/mL (range 2–7), with just over 25% of patients having a previous AIDS diagnosis. 
Gender ratio was 75% male:25% female and mean age 36 years. Racial demographics 
were roughly 60% white, 24% black, and 12% Asian. Between 7% and 9% of patients 
were those coinfected with hepatitis B or C. Nucleoside choice in THRIVE was 60% 
tenofovir/FTC, 30% AZT/3TC, and 10% abacavir/3TC.

At week 48, suppression to <50 copies/mL was achieved in 84% versus 82% patients 
in the rilpivirine versus efavirenz groups (pooled results di!erence +1.6; 95%CI –1.7 to 
+8.8) with the lower bound for the con#dence interval signi#cantly above the prespeci-
#ed limit. CD4 increases were similar at +192 versus + 176 cells/mm3, respectively.

The Antiretroviral Pipeline
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Di!erences between the arms were more apparent when looking at reasons for treat-
ment failure. In rilpivirine versus efavirenz, respectively, 9% versus 5% reported virologi-
cal failure and approximately 2% versus 7% discontinued due to side e!ects. Around 5% 
patients discontinued from each arm for other reasons.

In the rilpivirine versus efavirenz groups, 5.5% versus 2.6% of people never suppressed to 
<50 copies/mL and 3.5% versus 2.2% patients who suppressed later rebounded.

No di!erences in virological response were reported by gender, race, geographical re-
gion, or nucleoside backbone. However, by baseline viral load the pooled response rates 
were 90% versus 84% (di!erence +6.6: 95%CI +1.6, +11.5) in favor of rilpivirine in the 
<100,000 group and 77% versus 81% (di!erence –3.6: 95%CI –9.8, +2.5) in favor of efa-
virenz in the >100,000 group. "e vulnerability of the low dose was also re%ected in the 
adherence analysis. Viral e&cacy was similar between arms when adherence rates were 
reported as >95% and when viral load was low. However, when adherence dropped to 
less than 90% e&cacy rates were lower with rilpivirine at both high and low viral loads.

People whose treatment failed on rilpivirine developed higher rates of both NNRTI-
associated (63% vs 54%) and NRTI-associated (68% vs 32%) mutations. Rilpivirine was 
associated with the E138K mutation, $with 90% of these patients showing phenotypic 
cross-resistance to etravirine, $essentially losing the NNRTI class. People experiencing 
virological failure on efavirenz commonly developed K103N, which should retain sen-
sitivity to etravirine.

Tolerability results favored rilpivirine with comparisons below for rilpivirine versus efa-
virenz. While >90% of patients in each arm reported at least one side e!ect, grade 2–4 
events related to study drug occurred in 16% versus 31% (p <0.0001) and discontinu-
ations due to toxicity occurred in 3% versus 8% (p = 0.0005). Neurological side e!ects 
occurred in 17% versus 38% (p <0.0001), psychiatric side e!ects in 15% versus 23% (p 
= 0.0002), abnormal dreams in 8% versus 13% (p = 0.0061) and rash in 3% versus 14% 
(p <0.0001).

Grade 3-4 laboratory abnormalities occurred in 11% versus 18% patients (p<0.001), 
with higher rates of elevated ALT (1.5% vs 3.4%, p <0.05) as well as increases in LDL 
cholesterol (0.7% vs 4.1%, p <0.0001), triglycerides 0.3% vs 2.2%, p <0.001), and total 
cholesterol (0.1 vs 2.5%, p <0.0001), all favoring rilpivirine.

"ere was minimal change in mean serum creatinine in both groups, with no grade 3/4 
creatinine increases and no discontinuations due to renal side e!ects or cases of acute 
renal failure. No di!erence was seen in changes in QTc interval between the TMC278 
and efavirenz groups.
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Several posters at CROI 2011 provided greater details on side e!ects and tolerability, 
again from pooled analysis of the same studies. While these generally show a broadly 
better pro#le compared to efavirenz, most side e!ects including central nervous sys-
tem–related events are reduced rather than eliminated: rilpivirine has a similar pro#le 
to efavirenz, though just a little lighter. Some of the di!erences that are highly statisti-
cally signi#cant may have limited clinical impact.

Lipid di!erences statistically favored rilpivirine over efavirenz, with greater increases in 
total cholesterol (TC), LDL cholesterol (LDLc), and triglycerides (TG) from baseline 
to week 48 reported with efavirenz compared to no signi#cant changes in the rilpivirine 
group. No patients, however, discontinued treatment due to lipid changes. Grades 3/4 
lipid-related abnormalities were lower with rilpivirine but also generally low in the 
study as a whole: TC (0.1% vs 3%, p '0.001), LDLc (1% vs 4%, p '0.001), and TG 
(0.3% vs 2%, p '0.001). "ese di!erences did not result in di!erences between the two 
groups in TC/HDL cholesterol ratio or cardiovascular risk as measured by the Fram-
ingham score.41

"ere were di!erences in the impact on vitamin D levels, measured as 25(OH)D 
(nmol/L). Mean (SD) baseline and week 48 reductions were statistically greater in 
patients using efavirenz: 61.8 (26.3) and 60.8 (22.8) [mean change -0.6 (17.9, p = 0.57] 
vs 64.1 (30.2) to 58.6 (26.9) [mean change -6.1 (18.0), p <0.0001]. "e percentage of 
patients de#ned as severely de#cient remained unchanged in the rilpivirine group at 
around 4.5% but increased from 5.2% to 9.0% (p = 0.03) in the efavirenz group.42

While neurological complications occurred signi#cantly more frequently in the efavi-
renz arm, they still occurred in a signi#cant proportion or patients using rilpivirine.43

Rilpivirine Fixed-dose Combination with Tenofovir/FTC

A #xed-dose combination of rilpivirine coformulated with tenofovir/FTC has also been 
submitted for approval. "is will be based on safety and e&cacy data from the rilpi-
varine development program (the ECHO and THRIVE studies detailed above) plus 
pharmacokinetic equivalence studies comparing the combined formulation to the sepa-
rate components.44

Alternative once-daily NNRTI-based single pill combinations clearly bene#t patient 
choice but the e&cacy results for this FDC suggest this would be most useful as a rapid 
switch option from$Atripla for people$with efavirenz-related side e!ects. Technically this 
might be$considered to be o!-label$use unless the treatment-naive for the indication given 
for rilpivirine is interpreted as non-resistant.

The Antiretroviral Pipeline
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Elvitegravir and Quad: Fixed-dose Integrase-based Combination

Clinical data on elvitegravir in treatment-naive patients includes 48-week results comparing 
two #xed-dose combinations—Quad (elvitegravir/cobicistat/tenofovir/FTC) versus Atri-
pla (efavirenz/tenofovir/FTC)—were presented at ICAAC in September 2010.16, 17, 18 "is 
updated the 24-week (primary endpoint) results presented earlier at CROI 2010, which 
showed signi#cantly faster viral responses in the integrase group.

Entry criteria included treatment-naïve patients with no documented resistance who 
were HBV/HCV negative. Baseline demographics included a mean age of 35, approxi-
mately 90% of participants were Caucasian, baseline CD4 was 389 versus 450 in the 
Quad versus Atripla groups and 4–6% had an AIDS diagnosis. However, mean baseline 
viral load was low at <40,000 copies/mL (4.6 log), and only 25% of people had levels 
>100,000 copies/mL. 

Viral response rates at week 48 were the same as at week 24: 90% versus 83% (p = NS) 
of patients in the Quad versus Atripla groups respectively had an undetectable viral load 
(<50 copies/mL) at 48 weeks by intent-to-treat, missing = failure analysis. Mean CD4 
increases were higher in the Quad arm at +240 versus +162 cells/mm3.

Tolerability results also matched 24-week data: Quad was better tolerated in terms of 
lack of efavirenz-related side e!ects (35% vs 57% with any grade 1–4 drug-related ad-
verse event). "is was driven by reduced central nervous system toxicity.

A potentially new once-daily single pill integrase FDC will clearly improve patient op-
tions, but if approved, access and use in both #rst and second-line therapy, is likely to be 
widely dependent on its price being comparable to$currently available options.

Cobicistat

"e pharmacokinetic booster cobicistat has so far reported similar boosting e&cacy and 
side e!ects compared to ritonavir, without residual direct antiretroviral activity. Latest 
clinical data comes from elvitegravir studies (discussed above) and direct-booster com-
parison to ritonavir, both presented at the 50th ICAAC in September 2010. As with 
the studies on Quad in the same population, this showed that 24-week results were 
maintained out to 48 weeks.16, 17, 18

"e comparator-booster study randomized treatment-naive patients to atazanavir boost-
ed by either cobicistat (n = 50) or ritonavir (n = 29). At week 48, the percentage of patients 
with viral load suppressed to <50 copies/mL by intent-to-treat analysis (missing = failure) 
was similar with 82% in the cobicistat versus 86 % in the ritonavir groups (p = NS).
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Changes in mean estimated glomerular #ltration rate (eGFR) at week 24 were similar 
and didn’t develop with longer follow-up. Other grade 1–4 side e!ects were seen in 
36% versus 48%, respectively. Changes in eGFR seen through 24 weeks were stable 
and similar to that seen in those receiving ritonavir. No additional discontinuations oc-
curred between weeks 24 and 48: #ve versus three people in cobicistat versus ritonavir, 
respectively (relating to side e!ects in two people vs one).

"e primary mechanism for boosting works through inhibition of the cytochrome 
P450 CYP 3A4. A study in HIV-negative volunteers using phenotype probes to inves-
tigate non–3A4-mediated interactions reported only weak inhibition of CYP2D6 and 
concluded that further interaction studies with metabolites of CYP2D6, CYP2B6, and 
the P-glyoprotein transporter (P-gp) would not be required.45

BMS-663068: An Oral Entry Inhibitor

BMS-663068 (BMS-068) is an entry inhibitor in development from Bristol-Myers Squibb 
active against the gp120 binding site on the CD4 cell. After oral administration this pro-
drug rapidly converts to BMS-626529, which reaches steady state after 2–3 days. 

Richard Nettles from BMS reported results from a randomized open-label proof-of-con-
cept study using BMS-068 in 50 people who were either antiretroviral treatment-naive 
(n = 34) or treatment-experienced but o! treatment for the previous eight weeks (n = 16). 
Pharmacodynamic data were presented for 39 patients with an eligible IC50 <0.1 uM.46

"e study included #ve dose combinations using BMS 068 1200mg once-daily and either 
600 mg or 1200 mg twice-daily, with and without ritonavir boosting. Baseline demograph-
ics included median (range): CD4 432 cells/mm3 (206–921); viral load 4.4 log copies/mL 
(3.3–6.1); age 42 years (20–70).

After eight days most doses had reduced viral load by 1.6 logs (ranging from –1.22 to –1.78 
in the intent-to-treat and –1.59 to –1.77 in the pharmacodynamic analysis). CD4 cell in-
creases ranged from +28 to +106 after eight days. All patients with an eligible IC50 achieved 
viral load reductions of at least 1 log.

"e pharmacokinetic data showed ritonavir to have a relatively modest impact on boosting 
BMS-068 and plasma levels of BMS-529 remaining 50-fold above median protein adjust-
ed IC90 for twice-daily dosing and 9-fold above with the once-daily arm (with ritonavir).

All adverse events were grade 1 or 2 and were similar in each arm (though there was not a 
control arm). "e most frequent side e!ects included headache (22/50, 44%) and rash (8/50, 
16%), mostly mild. "ere were no drug discontinuations.

The Antiretroviral Pipeline
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Detailed results were also available in a separate poster available online.47

A pharmacokinetic analysis of the dose response rate reported that the baseline EC90 
as a marker for drug susceptibility has a stronger correlation to virological response that 
pharmacokinetic exposure and that EC90 values were wide in the monotherapy study 
(median 9.6 ng/mL, range 0.33 to >1860).48

Drug levels suggested that ritonavir boosting may not be needed, and phase IIb trials in 
treatment-experienced patients are planned to start later this year.

Dolutegravir: A New Integrase Inhibitor

Dolutegravir (previously GSK1349572) is in development by ViiV/Shionogi as a once-
daily integrase inhibitor but overcomes resistance to raltegravir with twice-daily dosing. 
"is makes this a key pipeline compound for use in multidrug-resistant patients.

Results from a second open-label phase IIb study of dolutegravir in people with ralte-
gravir resistance were presented at CROI 2011.49

"e dose-response rates from the initial use of a 50 mg once-daily dose of dolutegravir 
supported increasing the dose to 50 mg twice daily for this second cohort of treatment-
experienced patients.

Baseline demographics included median (IQR): CD4 202 cells/mm3 (19–384); viral 
load 4.3 log copies/mL (3.9–4.8); age 47 (33–68); 75% male; duration on raltegravir 
29 months (10–63). At baseline the median (range) fold change in susceptibility was 
>128 (0.8 to >128) to raltegravir and 2.7 (0.9 to 9.5) to dolutegravir. Baseline patterns 
of integrase-associated mutations were: N155H (n = 6); Y143H (n = 6); Q148+1 (n = 
8); Q148+2 (n = 2); mixture (n = 1); other (n = 1).

"e 50 mg twice-daily results included 24 people who added dolutegravir to a failing 
combination for 11 days (and who dropped raltegravir if they were still taking it). To be 
included in the study people needed to have at least one additional drug that would be 
active, and this was added to dolutegravir on day 11 when the background combination 
was optimized, based on resistance test results.

Nearly all patients (23 out of 24) either reduced their viral load to less than 400 copies/
mL or by at least 0.7 logs. "e average (mean) drop in viral load at day 11 was –1.76 
logs (SD 0.54) for the study as a whole and –1.57 for people with integrase mutations 
(Q148 + others). "is compared to –1.45 logs seen in the initial 50 mg once-daily study.
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Safety data were available for a median 96 days (range 30–172) mainly included com-
mon grade 1 or 2 gastrointestinal events not related to dolutegravir. Grade 3 labora-
tory abnormalities were reported in 4 people (17%) with no discontinuations. One 
participant had two serious events judged unrelated to the study drug (demyelinating 
polyneuropathy and diabetes mellitus). No grade 4 events were reported.

"e 50mg twice-daily dose has now been selected for phase III studies in people who 
have integrase inhibitor resistance to raltegravir or elvitegravir. Phase III studies are also 
ongoing in integrase-naive patients.50

Dolutegravir is also being coformulated in a #xed dose combination with GSK/ViiV 
nucleosides abacavir and 3TC. A phase III study in treatment-naive patients began 
recruitment in April 2011.51

Lersivirine: An NNRTI

Lersivirine (formally UK-453061) is an NNRTI previously in development at P#zer 
and amalgamated into the ViiV antiretroviral portfolio, where development has not 
been prioritized over GSK’s pipeline compounds.

A review of lersivirine was presented at the 10th International HIV Congress held in 
Glasgow in November 2010 focusing on the resistance pro#le.52

Viral load reductions of 1.6–1.8 logs were previously reported at the three higher doses 
of a 7 day monotherapy study in treatment-naive patients.

Lersivirine retained in vitro susceptibility (de#ned as <10-fold change in the IC50 of 
lersivirine) to 11 out of 19 viruses with multiple NNRTI resistance mutations that had 
signi#cant loss of sensitivity to etravirine (>2.9-fold change; the lower clinical cuto! 
for etravirine) and to 5 out of 10 viruses (with >10-fold increase in IC50 for etravirine). 
Sensitivity to lersivirine was retained for many of the multiple mutations including 
Y181C. Additionally, the lack of correlation between resistance patterns for lersivirine 
and etravirine was reported to be consistent with their distinct mechanisms of action.

Cenicriviroc: CCR5 and CCR2 Inhibitor (formerly TBR-652 and TAK-652)

Cenicriviroc is a CCR5 inhibitor with CCR2 activity in development with Tobira. CCR2 
is associated with and studied in association with diseases related to immune activation.

Results from a 10 day dose-ranging monotherapy study in 54 treatment-experienced 
but CCR5-receptor blocker-naive patients were presented at the 18th International 
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AIDS Society Conference in July 2010. Participants were randomized to 25, 50, 75, 
100, or 150 mg cenicriviroc, all once daily, or to a placebo group. In%ammatory markers 
(MCP-1, hsCRP, and IL-6) were measured at days 1 and 10.53

Baseline median viral load was 4.5 log copies/mL (range 3.1–6.0), approximately 
30,000 copies/mL, but this presumably limited the ability to detect maximum changes 
for patents starting with low viremia.

At day 10, viral load reductions of 1.4–1.8 log copies/mLwere seen in the 50–150 mg 
groups. Side e!ects were generally mild but were dose-related, and were higher in the 
100 and 150 mg groups.

Although MCP-1 (a cytokine involved in immune in%ammation) increased in all groups 
except placebo (signi#cantly compared to placebo in the 50, 100, and 150 mg groups) 
this was only markedly higher for the 150 mg arm (by approximately 350 pg/mL).

Phase IIb studies of the compound are expected to start early in 2011.20

Other Research 

Limited data available for other pipeline compounds are worth noting.

Apricitabine (ATC), an NRTI with a potential role in multiple drug resistance included in 
previous TAG reports was reinstated as a compound in development by Avexa, though no 
new data have been published.54

VIR-576 is a potential fusion inhibitor that targets gp41 that demonstrated mean antiviral 
activity of –1.3 log(10) copies/mL in treatment-naive individuals dosed at 5 grams/day 
(the highest of three dose studies) in a small phase I study. "e current formulation, in 
development by Viro Pharmaceuticals, requires intravenous administration.55

Research continues into modi#cation of antiviral human proteins including APOBEC that 
are active against HIV, but are neutralized by the accessory HIV viral protein Vif.56, 57, 58

Preclinical studies reporting other potential new compounds that target HIV capsid, Tat 
inhibitors, RNase H inhibitors, gold-based compounds and numerous other targets are 
still in preclinical studies.59, 60. 61, 62

"e development of new formulations of existing antiretrovirals is an exciting #eld. 

Research-based companies have a long history of reformulating drugs and bene#ting from ex-
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tending patents. Generic formulations and #xed dose combinations have driven access to treat-
ment globally through lower pricing for bulk purchasing and a wider choice of combinations.

For over a decade, generally small groups of scientists have developed numerous nano-
formulations of current drugs.63, 64

"is wide-ranging technology has the potential to improve on current formulation in 
many ways, including:

• Better bioavailability; as an example, this could be achieved by designing formula-
tions that overcome hydrophobic or hydrophilic properties of individual molecules.

• Reducing drug wastage by overcoming protein binding during oral absorption, 
where >90% of the active compounds of antiretroviral drugs are cleared by blood 
#ltration through the liver or kidneys before they are able to act on HIV.

• More targeted delivery should reduce the quantity of raw materials needed. "is, 
in turn, has the potential to have the biggest impact on drugs used in resource-
limited settings. Even though the drugs are much cheaper in poorer countries, a 
much higher percentage of the costs is related to APIs.

• Reducing toxicities related to the metabolism of current oral formulations. For 
example, if a nanoformulation is designed to increase active drug levels inside 
cells while keeping blood levels low this has the potential to reduce toxicities 
related to systemic drug levels.

• Sanctuary site penetration by developing formulations that target cells that cross 
the blood-brain barrier. In a similar way molecules may be designed to use cells 
to evade drug transporters such as P-gp that limit penetration of other sites.

Nanobased medicines are already used for other disease areas (including HIV-related 
complications), but despite the promising results in animal and cell line studies, this has 
not led to in vivo studies for antiretrovirals. 

However, as we went to press, a pharmacokinetic safety study in HIV-negative adults 
of a pediatric nanosolution of efavirenz was due to start enrollment.65 "is encapsula-
tion of efavirenz, otherwise poorly water soluble, into polymeric micelles of di!erent 
poly(ethylene oxide)–poly(propylene oxide) block copolymers signi#cantly improves 
oral bioavailability and reduces the interindividual variability. "is solution has an im-
proved taste, using only excipients approved by the FDA, and requiring less API has 
the potential to lower production costs.

The Antiretroviral Pipeline



32

TAG 2011 Pipeline Report

Conclusion 

Over the last two years a tangible policy shift towards #nding a cure for HIV has reestab-
lished the goals of a functional or therapeutic cure high on the research agenda. Like much 
else, this is driven by the sobering #nancial challenge of maintaining lifelong treatment 
for millions of people globally. However, despite the optimism for developing compounds 
that will target latently infected cells or selectively activate this resting pool, or for immune-
based treatments that will maintain viral control without the need for antiretroviral drugs, 
an HIV cure seems unlikely to be fully realized within ten years.

New treatments will therefore remain in the management of HIV for the foreseeable fu-
ture, and compounds highlighted in this review will hopefully progress to become licensed 
medicines. "e HIV market in developed countries is continuing to increase annually and 
treatment in poor countries remains disturbingly less than universal. When approved, the 
cost of new drugs will drive most aspects of access in all countries.

New pathways still need to be constructed with regulatory support for developing drug op-
tions for people with multidrug resistance (MDR), including resistance to integrase inhibitors. 

"e potential to use an orphan drug designation is only one part of a solution. Rapid ac-
cess to multiple investigational compounds, likely to be from di!erent companies, is just as 
essential in order to protect against early failure in the population that is most vulnerable 
and most dependent on this research.

"e requirements for a drug with MDR indication are di!erent than one for use in treat-
ment-naive patients or after early treatment failure because of the di!erent risk-to-bene#t 
ratio on viral e&cacy compared to long-term tolerability.

Funding and resources need to be invested in technologies such as nanoformulations that 
have the potential to really treat HIV universally. "is is especially important given the 
increasing data supporting medical bene#ts from starting treatment earlier in infection and 
the additional dramatic impact this has on onward transmission—and the wide gaps yet to 
be bridged to universal treatment.
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The Pediatric 
Antiretroviral Pipeline
BY POLLY CLAYDEN

Fewer antiretroviral options exist for children than for adults. Last year’s Pipeline Report 
introduced a new chapter looking at pediatric formulations of antiretrovirals.1 "e 
chapter detailed some of the hurdles to be overcome to ensure access to antiretrovirals in 
appropriate forms for children with HIV. It also showed some recent advances. 

Since last year’s report, new pediatric development has been scant. Despite incentives 
and penalties from regulatory authorities to innovator manufacturers designed to ensure 
that children bene#t from these drugs, the disincentives to develop and produce them are 
considerable. Pediatric drug markets are generally smaller and less interesting to industry 
than those of adults. In rich countries pediatric HIV has been almost eliminated, meaning 
there is decreasing demand in these markets. 

"e best way to deal with pediatric HIV is to prevent it from happening in the #rst 
place. At present the elimination of mother-to-child transmission continues to elude 
most poor countries. Paradoxically, if maternal health and prevention of mother-to-child 
transmission (PMTCT) programs become more e!ective, the advantages in child health 
this brings will reduce demand further in the pediatric antiretroviral market. 

Children are also una!ected by the growing case to provide treatment as prevention. 

All this not withstanding, there has been signi#cant progress in recent years in terms 
of both research and treatment scale-up. United Nations agencies, nongovernmental 
organizations (NGOs) such as Médecins Sans Frontières (MSF) and the Clinton Health 
Access Initiative (CHAI); and UNITAID and other major donors have made a concerted 
e!ort to highlight children with HIV and ensure that they have access to the medicines 
they need.

However, an analysis of the global pediatric antiretroviral market performed in 2010 
revealed only a few generic #xed-dose combinations (FDCs) in solid and dispersible 
forms quality certi#ed by the World Health Organization (WHO) Prequali#cation 
Programme or the US Food and Drug Administration (FDA) since 2005.2 One quality-
certi#ed manufacturer produced most (67%) of these FDCs, and they combine only older 
antiretrovirals. UNITAID accounted for 97–100% of 2008–2009 FDC market volume. 

The Pediatric Antiretroviral Pipeline
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Price reductions for pediatric FDCs do not have the same potential as those for adults 
due to small volume. "e analysis reported low uptake of FDCs, but this is likely to be 
largely due to the time required to register products and phase out syrups rather than 
countries not wanting to use them. 

Meanwhile, in 2009 an estimated 2.3 million children were living with HIV. Although an 
impressive 355,000 children started antiretrovirals that year, 370,000 were newly infected. 
HIV kills 700 children every day.3

Data produced by CHAI, as part of an internal review, illustrate the pediatric antiretroviral 
development inertia.4 "ey show that pediatric determination (PD)—which occurs when 
manufacturers have completed all FDA requested studies and pediatric exclusivity is 
awarded—took an average of 6.5 years to achieve after approval for use in adults. "is 
ranged from a laudable less than a year for abacavir to a spectacularly sluggish 14.9 years 
for saquinavir, which was never approved for children (see Table 1).

TABLE 1. Time frames between adult approval and PD for antiretrovirals with 
pediatric exclusivity

Source: CHAI
* Still not approved

When drugs are approved for children, multiple label changes may take place because 
pediatric populations are studied in sequence. As pediatric investigation plans work in 
de-escalated age bands, the youngest age groups will have the most prolonged delay in 
labeling.
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Sometimes there is no indication or appropriate formulation for the very youngest children, 
complicating the implementation of universal treatment as early as possible in infancy.5

Perhaps the most notable change since the 2010 Pipeline Report is that Drugs for Neglected 
Diseases Initiative (DNDi) has recently entered the #eld. "at this organization considers 
pediatric HIV to be a neglected disease speaks volumes.6 

"is chapter gives an update on recent results from clinical trials that will help inform 
guidance, new approvals and contraindications, the generic and innovator pipelines, “ones 
to watch,” and how the new drugs might be used.

What to Start With?

WHO guidelines recommend that young children less than two years who have been 
exposed to maternal or infant nevirapine or other non-nucleoside reverse transcriptase 
inhibitors (NNRTIs) for maternal treatment or PMTCT, start antiretroviral therapy 
with a lopinavir/ritonavir–based regimen. Nevirapine- or NNRTI -unexposed children, 
or children older than two years, should start with an NNRTI-based regimen of 
nevirapine, or efavirenz if the child is older than three years.

Nucleoside reverse transcriptase inhibitor (NRTI) backbones should be one of the 
following pairs: lamivudine plus zidovudine, lamivudine plus abacavir, or lamivudine 
plus stavudine. Stavudine is no longer preferred due to its toxicity.

Results from two recent studies may have an impact on future guidance with regard to 
the use of NNRTIs versus protease inhibitors (PIs) for younger children. 

Findings from the IMPAACT P1060 study showed about 20% higher rates of 
failure at 24 weeks in children aged two months to three years receiving NNRTI-
based regimens compared with those receiving PI-based regimens with or without 
NNRTI exposure.7,8 "ese results are unsurprising for the NNRTI-exposed children. 
What is surprising and controversial is the superiority of the PI regimen for NNRTI-
unexposed children in this trial—particularly for providers with experience in using 
NNRTIs in this population in resource-limited settings.

In reality, many caregivers in resource-limited settings prefer nevirapine #rst-line, even 
for children exposed to it in utero, due to cost constraints, ease of use, and to preserve 
lopinavir/ritonavir  for second–line.

"e NEVEREST trial, also recently presented, showed that children started on 
lopinavir/ritonavir–based regimens who remained on them had about 10% higher 
rates of virological failure than children switched to nevirapine.9,10

The Pediatric Antiretroviral Pipeline



40

TAG 2011 Pipeline Report

Currently, WHO guidelines remain unchanged from last year, and opinion di!ers as 
to whether it is better to start with a PI or an NNRTI for all young infants. It is argued 
that many children will still not have been NNRTI- exposed through PMTCT, but 
this is usually poorly documented. NNRTI-based regimens remain attractive because 
of cost constraints, formulation, and palatability. PI-based regimens are more potent 
and can be used in exposed or unexposed children. NEVEREST data suggest it may 
be possible to switch to an NNRTI after initial suppression with a PI, but this would 
depend on access to virological monitoring.

"ere is agreement, however, that current drugs are far from perfect and a suitable 
#rst-line agent, to #t with current guidance, could be a cheaper, more user-friendly 
PI or a more robust NNRTI suitable for exposed or unexposed children (see Table 2).

As far as older children are concerned, data from the PENPACT-1/PACTG 390 study 
showed no signi#cant di!erence at four years with viral suppression with regimens 
containing either an NNRTI or a PI.11 "e PLATO II/Cohere study showed no 
di!erence in triple-class failure by initial regimen at four years of age in European 
children starting treatment with three or more antiretroviral drugs.12

TABLE 2. Use of NNRTIs compared to PIs in young children in resource limited 
settings
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*At temperatures higher than 25°C, the oral solution of lopinavir/ritonavir requires refrigeration. "ere are no stability data at tem-
peratures higher than 25°C for lopinavir/ritonavir. Some providers cannot safely prescribe this to infants in households without a fridge.
† Sometimes called “baby grappa”! "e lopinavir/ritonavir syrup contains 42% ethanol and 15% polyethylene glycol.

Induction/maintenance strategies (where people are started on very potent combinations 
of drugs which are then reduced in number once full viral suppression is achieved) are 
underexplored in children,—as are questions as to whether a child starting treatment in 
infancy can ever stop.

Data from several ongoing studies, which will give more information about these issues 
are still awaited:

• ARROW is investigating a strategy of induction/maintenance—starting with a 
potent combination of four drugs and maintaining treatment with three versus 
continual treatment with four drugs.13

• CHER, which demonstrated a big AIDS-free survival advantage from 
universally starting children on treatment at birth, will continue to follow 
these children’s progress and look at whether after starting early they can stop 
treatment after one or two years.14

• BANA and PENTA 11 will determine whether taking CD4-guided planned 
interruptions disadvantages children on stable therapy.15,16

Recent Changes

New FDA Tentative Approvals and WHO Prequalifications 

Since last year’s Pipeline Report there have been a number of new tentative approvals 
and prequali#cations (see Table 3).17,18

The Pediatric Antiretroviral Pipeline
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"e good news is that there are several formulations that include abacavir, both stand-
alone products and as part of FDCs. Not such good news is that the only PI included 
is nel#navir powder, which is barely used in rich countries and is not recommended 
in guidelines.

TABLE 3. FDA tentative approvals (TA) and WHO prequalifications (PQ) of 
pediatric antiretrovirals, 2010–2011

Formulations already prequali#ed by the WHO at the time of last year’s review. 

FDA Warning for Lopinavir/Ritonavir Oral Solution Use in Neonates 

In February 2011, the FDA made changes to the Kaletra (lopinavir/ritonavir) oral solu-
tion product label to include a warning of potential toxicity in neonates. "is was due 
to life-threatening side e!ects related to either lopinavir and/or the inactive ingredients 
propylene glycol and ethanol that had been seen in ten infants, eight of whom were pre-
term.19,20

"is formulation should not be given to neonates before they are of a postmenstrual age 
(calculated from the #rst day of the mother’s period until the baby’s birth plus the time 
from the birth) of 42 weeks and a postnatal age of at least 14 days.

Reduced metabolism by the liver and reduced kidney function in newborns can lead to an 
accumulation of lopinavir as well as of alcohol and propylene glycol. Preterm babies may 
be at increased risk because they cannot metabolize propylene glycol. 
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"is warning is important, as both maternal HIV and highly active antiretroviral therapy 
(HAART) are associated with preterm delivery (although infants exposed to maternal 
HAART are a small niche as very few infants will be infected if their mothers receive 
treatment). 

Missing Drugs and Formulations

An important formulation in the generic pipeline at present is an alternative to the oral 
solution of lopinavir/ritonavir.

Cipla is developing a heat-stable sprinkle formulation of lopinavir/ritonavir that may #ll 
this gap. "is has been in development for a while now and has undergone a few changes. 
"e sprinkles are tasteless and have a texture similar to granular sugar.

Bioequivalence studies are being undertaken in healthy adults. Pharmacokinetcs and 
tolerability studies comparing the sprinkles with liquid in 12-month- to three-year old 
children and with junior tablets in older children, up to four years old will be performed 
in CHAPAS 2.21

Acceptability of the formulation in young children is very important. "e company is still 
deciding on how to package the 40/10mg dose. Cipla expects to apply for approval with 
the FDA at the end of 2011.

Darunavir is needed for third-line regimens or for second-line where lopinavir/ritonavir 
was used #rst-line. Preclinical studies—showing dangerously high darunavir exposure 
and in turn adverse events in juvenile rats—meant that pediatric studies were not con-
ducted in children under three years old. Ritonavir boosting of darunavir does not lend 
itself to easily adjusted doses using WHO weight bands.

A 25mg tablet of ritonavir is included in WHO’s Essential Medicines List but is not 
yet on the market.22 A 25mg sprinkle formulation is needed for very young children. A 
50mg tablet would be useful for super-boosting (giving extra booster to achieve su&cient 
drug concentration in circumstances where this is reduced by drug-drug interaction) PIs. 
Super-boosting PIs, when they are given with rifampicin, is not straightforward and ur-
gently needs better guidance and better formulations. 

Other generics in development for treating children or considered to be a high priority by 
the Pediatric Antiretroviral Group of the WHO are shown in Table 4. FDCs that are not 
stavudine based are also a priority.

The Pediatric Antiretroviral Pipeline
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TABLE 4. Pediatric drugs and formulations needed 

Source: WHO Essential Medicines List
*It may not be possible to coformulate some combinations, as the individual drugs may have di!erent dosing schedules. Dual blister 
packaging is preferred in these cases. Emtricitabine is considered interchangeable with lamivudine.

"e working group also considered atazanavir, darunavir, etravirine, raltegravir, and 
tenofovir to be high priority. "ese drugs are currently approved for adolescents and 
adults but not for children. "e development status and formulations of these drugs 
are described in Table 5.

As new antiretrovirals become approved, there will be more options for coformula-
tions and copackaging. 

Ones to Watch: The Innovator Pipeline

Since last year’s report there have been a few changes:

• "e pediatric investigational plan has begun with dolutegravir. (Shionogi/
GSK/ViiV integrase inhibitor S/GSK-572).  

• "e cobicistat and Quad development plans were given a positive opinion by 
US and European Union (EU) regulatory agencies. 
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• "e rilpivirine development plan is going ahead with the granule formulation.

• "e dossier for the oral suspension of darunavir (boosted) for treatment-
experienced children aged three to six years has been submitted to US and 
EU regulatory agencies. 

• Raltegravir will be studied in neonates, #rst in a passive pharmacokinetic 
study and then dosed directly. 

Nonnucleoside Reverse Transcriptase Inhibitors

Etravirine: "e recommended dose per weight band for children and adolescents 
aged six to 17 will be based on 5.2mg/kg bid. "e company will present 24-week data 
from the PIANO study in experienced adolescents this year; 48 weeks of the trial will 
be completed in the last patient later this year.23 

An IMPAACT 1090 protocol is in development and the #rst patient is expected to 
enroll this year. 

"ere is an upcoming submission for an indication for treatment experienced children 
and adolescents aged six  to17 years and for the 25mg tablet.

Rilpivirine: "e PAINT trial is of treatment-naive adolescents, aged 12 to18 years, 
weighing more than 32kg and receiving 25mg qd plus a background regimen. 
 
TMC278-C220 is an open-label single-arm trial using the granule formulation, 
planned in children aged two to 12 years. "is trial is taking a staggered approach and 
will study the drug in de-escalated age groups, down to two years of age.24 

Nucleotide Reverse Transcriptase Inhibitor

Tenofovir DF: Although tenofovir was approved for adults in 2001 and is a preferred 
NRTI/nucleotide (Nt)RTI in international guidelines, pediatric development and ap-
proval has been slow. Bone toxicity and maturation concerns have been raised about 
using this drug in children. 

"e 300mg tablet is approved for adolescents 12 to18 years old weighing more than 35kg 
in the United States. However, recently the European Medicines Agency (EMA) did not 
approve an indication for this age group. "e decision was based on the GS-US-104-0321 
trial of treatment-experienced adolescents, in which tenofovir performed no better than 
placebo, but this study was underpowered, and on concerns about bone toxicity. 

The Pediatric Antiretroviral Pipeline
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An additional study is ongoing to determine safety and e&cacy in children below 12 years 
of age and under 35kg in weight, in which the 40mg/g oral powder is being evaluated.

A randomized open-label trial, 104-0352, is comparing switching stavudine or zidovu-
dine to tenofovir versus continuing stavudine or zidovudine in virologically suppressed 
children. Children under 37kg receive the oral powder and those above this weight the 
300mg tablet. "is trial is ongoing.25

Protease Inhibitors

Atazanavir: "e capsule formulation is approved for children in the United States aged 
six years and older who are treatment-naive and weigh 15kg or more and for treatment-
experienced children weighing 25kg or more. In the EU it is approved for both treat-
ment-naive and treatment-experienced children aged six years and older and weighing 
15kg or more. 

Younger children receiving atazanavir boosted with ritonavir are being studied in 
PACTG 1020A and PRINCE 1 and 2.26, 27

Darunavir: "e 75mg tablet is approved when boosted with ritonavir for children over 
six years of age. "e dossier for the oral suspension for treatment-experienced children 
has been submitted for approval at the following doses: darunavir/ritonavir 25/3mg/kg 
bid for children weighing 10 to <15kg and darunavir/ritonavir 375/50mg bid for those 
weighing 15 to <20kg. "ere is a waiver for children under three years of age.

Integrase Inhibitors

Dolutegravir (S/GSK-572): "e IMPAACT P1093 study will work with de-escalat-
ed age bands of children down to six-week-old infants. "e older children will receive 
tablets and the younger ones the pediatric formulation. A granule formulation is in de-
velopment.28 

Elvitegravir: "e 183-0152 study was a phase IB open label nonrandomized trial in 
treatment-experienced adolescents receiving 150mg qd plus a PI-optimized background 
regimen. Of the 21 subjects enrolled in the 10-day PK study, 9 of 11 eligible subjects 
continued elvitegravir plus ritonavir-boosted PI-containing optimized background regi-
men and completed 48 weeks of treatment. 
 
"e pediatric committee of the EMA granted positive opinion toward the cobicistat and 
Quad pediatric investigational plan in April 2011. 
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"e Quad study will start after a review of data for elvitegravir and cobicistat. Age-
appropriate formulations are planned.

Raltegravir: IMPAACT 1060 is investigating this drug in de-escalated age bands. 
Data for children six to11 years of age and interim data for those two to #ve years of age, 
receiving the chewable formulation, have been presented. A dose of 6mg/kg (maximum 
300mg) has been chosen. "e chewable formulation has lower oral clearance than that 
of the adult tablet.29 

Children under two years of age are now being enrolled in a study to determine the dose 
of the oral granule formulation. 

IMPAACT P1097 is a washout (passive) pharmacokinetc and safety study. "is is the 
#rst clinical trial of an investigational antiretroviral to look at neonatal pharmacokinet-
ics. Raltegravir crosses the placenta well. It is metabolized primarily by an enzyme in 
the liver (UGT-1A1), that is immature in neonates. UGT pathways increase in activity 
hugely in the #rst weeks of life. "is study is recruiting mothers already receiving ralte-
gravir in pregnancy (the infants are not dosed directly). "e infants will be sampled at 
intervals up to 30 to 36 hours after dosing. 

After a review of pharmacokinetc and safety data from both trials the company is plan-
ning a study of infants born to HIV-positive mothers from immediately after the time 
of birth until their HIV status has been con#rmed.

CCR5 receptor antagonists 

Maraviroc: "e A4001031 study is ongoing in children two to 12 years old who are in-
fected with the CCR5-tropic virus (virus variants that use the CCR5 receptor for entry).30

Use of this drug requires a tropism assay, as it will not work for people with the CX-
CR4-tropic virus or in mixed-virus (CCR5/CXCR4) populations.

Further along the Pipeline, and One That Got Stuck

Other promising pipeline drugs, such as the prodrug of tenofovir, GS 7340, and the 
stavudine derivative festinavir, need to be studied in children as soon as su&cient adult 
data are obtained. 

Over 12 years after efavirenz was approved in adults, there is #nally a smattering of 
data for its use in children under three years of age—including TB-coinfected in-

The Pediatric Antiretroviral Pipeline
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fants—from IMPAACT P1070 and a couple of other investigator-led trials. Dosing 
di&culties with large variability remain. "e bioavailability of the oral solution is less 
than 70% of that of the solid forms. High doses (i.e., large volumes of liquid) are 
needed to achieve adequate exposure in plasma.

"is drug is important, as dosing with TB medications—speci#cally rifampin (rifam-
picin)—is complicated by boosted PIs and nevirapine. Whether there will be a suitable 
formulation of efavirenz with an indication for very young children remains to be seen.

TABLE 5. The Innovator Pipeline 
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What to Expect in the Future 

Various ongoing discussions have anticipated how paediatric treatment guidelines 
might look in 2013 and 2016. "is will depend on the approval status of some of the 
pipeline drugs and the results of ongoing trials. 

When to Start?

2013: Universal treatment of all young children is anticipated to extend from up to 24 
months to up to 36 months (or possibly #ve years) old.

2016: Universal treatment of all children less than #ve years old. 

Children aged #ve or older share the criteria for treatment initiation with adults. "is 
is currently at a CD4 count of 350 cells/mm3 or lower, or at any CD4 count in the 
presence of active TB or hepatitis B. 

"e change will depend on the results of the INSIGHT START study 001. It is expect-
ed to mean starting at a CD4 count of 500 cells/mm3 or lower, or a higher threshold.31

What to Start With? 

2013: FDCs as much as possible and progressive phase-out of stavudine. Lopinavir/
ritonavir–based treatment for all infants and children under three years of age regard-
less of NNRTI exposure. 

2016: For all children under #ve years of age; either induction/maintenance of two 
NRTIs plus a boosted PI to achieve suppression and switch to rilpivirine to maintain 
suppression (this will depend on NEVEREST results) or two NNRTIs plus dolute-
gravir with or without switch.

What to Use Second-line?

2013: If lopinavir/ritonavir is used #rst, either NNRTI or darunavir (depending on 
approval—possibly etravirine or raltegravir). 

If NNRTI is used #rst-line, boosted PI as second-line.

NRTIs will depend on the status of tenofovir and what was used #rst-line. Didanosine 
will continue to be an option although its phase-out is anticipated. 

The Pediatric Antiretroviral Pipeline



50

TAG 2011 Pipeline Report

2016: Induction/maintenance #rst-line would allow for reuse of boosted PI or dou-
letegravir for second-line, even if these were part of the initial (induction) regimen.

If integrase inhibitors are available, then second-line will probably be a boosted PI 
plus one of these; if not, then a boosted PI. Hopefully atazanavir and darunavir will be 
available in appropriate formulations.

If cobicistat is available it may o!er an alternative to ritonavir as booster.

What to Use Third-line?

2013: Two or three regimens of integrase inhibitors (raltegravir), newer boosted PIs 
(darunavir) and newer NNRTIs (etravirine).

2016: Unclear, but etravirine may be less useful if ripivirine is given as maintenance.

The Drugs for Neglected Diseases Initiative 

As a postscript to the pediatric pipeline, it deserves a mention that the Drugs for Ne-
glected Diseases Initiative (DNDi) recently decided to add pediatric HIV to its portfolio.
DNDi is a needs-driven, nonpro#t, research and development organization founded 
in 2003 by partners including MSF and #ve public-sector research institutions. As the 
name suggests, the DNDi develops new treatments for the most neglected patients.
DNDi’s focus to date has been on visceral leishmaniases, Chagas disease, sleeping 
sickness (human African trypansomiasis, or HAT), and malaria. With its partners 
DNDi has introduced the #rst new treatment for HAT in 25 years and two inexpen-
sive, #eld-adapted treatments for malaria.

DNDi was called on by various organizations, including MSF and UNITAID, to 
apply its expertise to the needs of children with HIV who are under three years old, 
NNRTI-exposed or -unexposed, and in need of #rst-line therapy, regardless of prior 
antiretroviral exposure.

"ey have come up with a target product pro#le that includes appropriate dosage 
forms usable across WHO weight bands, high genetic barriers to resistance, no cold 
chain needed, well tolerated, no lab monitoring required, and a!ordable. Any treat-
ment would ideally be compatible with TB medicines.

We welcome DNDi’s involvement and hope that it will usher in a promising new 
antiretroviral regimen—and at faster pace than we have become used to.
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HIV Point of Care  
Diagnostics Pipeline
BY POLLY CLAYDEN

Access to appropriate care and treatment is dependent on #rst diagnosing HIV and then 
managing the infection both on and o! treatment.

For anyone over 18 months old, an initial HIV diagnosis is usually made using a rapid 
antibody test - of which there is quite an array of choices that are cheap, accurate, and easy 
to use within decentralized care.

CD4 tests are recommended for staging and monitoring the disease prior to initiating 
antiretroviral treatment – and for monitoring immune response to treatment, allowing 
opportunistic infection prophylaxis to be removed if higher CD4 counts are achieved – 
and viral load tests once treatment is started.   

Because of passive transplacental transfer of maternal antibodies that can persist for up 
to 18 months antibody tests cannot be used for the accurate diagnosis of infants. So vi-
rological testing needs to be performed to determine an infant’s HIV status and enable 
immediate initiation of antiretroviral therapy (ART).

Although there are currently many options available for CD4 and virological testing, they 
are expensive and require sophisticated, centralized laboratories and trained technicians. 
To improve access to diagnostics in resource-limited settings and to make them a!ord-
able, they must be delivered as close as possible to the patient.  A recent technical report 
from UNITAID describes a “diagnostic landscape” with high volume testing performed 
in centralized facilities (“super labs”) where feasible, and, most importantly, a drive to-
wards decentralized point of care (POC) testing in harder to reach populations.1 

"is chapter looks at the latter and describes promising POC technologies in the pipeline 
for CD4, viral load and early infant diagnosis (EID). "ese tests may be commercially 
available within the next couple of years. Many of the test sponsors appear to believe that 
their products will launch commercially next year. If their predictions come true then 
2012 will be a bumper year for HIV POC diagnostics. "e authors cannot guarantee that 
this bonanza will occur in 2012.

HIV Point of Care Diagnostics Pipeline
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DIAGNOSTIC TESTS

CD4

CD4 tests determine the number or percentage of CD4 T cells in a mm3 of blood.

Flow cytometry is the gold standard technique for CD4 testing. It is a technique for 
counting CD4 cells by suspending them in a stream of liquid and passing them by an 
electronic detector. 

"e machines used to perform these tests are big and expensive, use complex systems of 
lenses, lasers and electronics, and require an uninterrupted supply of electricity and highly 
trained technicians.

PCR

Polymerase Chain Reaction (PCR) tests detect the genetic material of HIV (rather than 
antibodies). Extracting and amplifying the genetic material of HIV and then detecting it 
with a PCR test is called nucleic-acid ampli#cation testing or NAT. NAT tests are either, 
RNA PCR (viral load) or DNA PCR (which detects HIV when integrated into the host 
cell’s DNA) tests.

DNA-PCR testing is most commonly used for EID. Although DNA-PCR has been 
used in resource-limited settings, its long turnaround time contributes to infant loss-
to-follow-up and loss of bene#t of immediate initiation of treatment. "ese tests do not 
provide measurements like RNA-PCR, but just detect the presence of the virus and give 
a “yes” or “no”. Currently, no POC DNA-PCR tests are available for infants.

p24

"e p24 protein is the antigen that most commonly provokes an antibody response to 
HIV. Early in HIV infection, p24 is produced in quantity and can be detected in the 
blood. It falls to low levels as the infection becomes established. 

p24 antigen tests are not usually used for general HIV diagnosis, as they have a very low 
sensitivity and they only work before antibodies are produced in the period immediately 
after HIV infection. But p24 tests could be useful for EID.
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In order for a diagnostic test to be useful within a decentralized setting it should meet the 
WHO ASSURED criteria for the ideal rapid test, which is as follows:
A = a!ordable                                                                                                
S = sensitive                                                                                          
S = speci#c                                                                                               
U = user friendly (simple to perform in a few steps with minimal training)
R = robust and rapid (results available in less than 30 minutes)                           
E = equipment free                                                                            
D = deliverable to those who need the test

CD4 Tests

"e CD4 Initiative, based at Imperial College in London, was set up in 2005 to develop 
simple, instrument-free CD4 point of care tests designed speci#cally for rural areas in 
resource-limited settings.2

"ey began with a target product pro#le with a set of speci#cations that elaborate on the 
ASSURED criteria. 

• Simple and robust
• Semi-quantitative, minimum cut o! of 250 cells/mm3

• Stable at 40ºC for 12 months
• Quality assurance material to check correct functioning of test
• Use of #nger-prick blood/other non-venous blood sample
• Simple to perform, few steps and <2 hours training required
• <30 minutes from patient to result
• Simple read out
• All-in-one kit
• 25 tests performed/person/day
• Target price around $2 per test
• Customer capital outlay (if any) <$1,000
• Safe solution for infectious waste materials

In partnership with Zyomyx they have developed a fully quantative CD4 counter, that 
can be read visually without an electronic reader, much like a thermometer. It consists of 
a disposable cartridge with a mechanical spinner that requires no power supply. "e test 
can measure an absolute CD4 count without complex instruments. Clinical trials are 
expected in 2011. If the results are positive, the test could begin to become available by 
2012, according to Zyomyx.3

HIV Point of Care Diagnostics Pipeline
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"e Burnet Institute—who also worked on their prototype within the CD4 Initiative—is 
continuing to develop a rapid CD4 test in collaboration with the Rush University Medi-
cal Center and Duke University.4

"is test is semi-quantative and will give a read out showing whether someone’s CD4 
count is above or below a predetermined threshold—e.g., 350 cells/mm3. "e user then 
can make a treat/don’t treat decision. Burnet is developing a reader for the device in col-
laboration with Axxin Ltd. 

Clinical trials are planned in 2011 in the United States and Malawi. "e further develop-
ment and the launch of this test will depend on trial results and project funding. 

Daktari Diagnostics is in late stage development of a portable CD4 cell counter.  "e 
device is a portable battery run instrument. Each CD4 test consists of a disposable plastic 
card, which is inserted into the instrument. "e test measures absolute CD4 count.5

Validation studies in four African countries are expected to be underway this year. Follow-
on studies in additional countries are also planned.  "e commercial launch is expected 
at the end of 2011.

MBio Diagnostics is developing a system that uses disposable cartridges and a simple 
reader instrument. It provides an absolute CD4 count.6

Field-testing in southern Africa is scheduled for later this year.

TABLE 1: CD4 point of care test pipeline

*Estimated cost
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Viral Load

"e SAMBA (simple ampli#cation based assay), is currently being developed by the Di-
agnostics Development Unit at the University of Cambridge.7

"ey are developing two tests, a semi quantative test for monitoring ART and a qualitative 
test for EID. "e tests use isothermal ampli#cation and visual detection by dipstick. 
SAMBA is being #eld tested by MSF in Malawi.8

"e Liat TM Analyser, manufactured by IQuum, POC HIV assay is a real time, battery 
operated, small, portable, PCR kit. Blood is collected in a tube and inserted into the ana-
lyzer. Results are quantitative.

Clinical trials are scheduled for 2011 with the potential for launch in 2012.9

Alere NAT system is a generic platform designed to detect various nucleic acids. "e #rst 
test—anticipated to be commercially launched next year—is a real time detection method 
for measuring quantative HIV RNA. "e sample—which can be from #nger-stick, whole 
blood, or plasma—is applied directly onto the disposable cartridge, which is processed by 
a compact, battery driven instrument.10

TABLE 2: Viral load point of care test pipeline

HIV Point of Care Diagnostics Pipeline

*Estimated cost
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Early Infant Diagnosis 

Virological testing or ultrasensitive p24 antigen testing should be used for EID. It is pos-
sible to use qualitative HIV RNA assays, as described above, as an alternative to HIV 
DNA. "e SAMBA system is developing a test especially for this purpose.

North Western Global Health Foundation (NWGHF) is developing an HIV DNA-PCR test 
which is on hold—is not yet ready for #eld-testing—while the group focuses on a POC p24 test.11 

Both Micronics and BioHelix have DNA tests which appear to be in the proof of concept 
stage and are not ready for #eld-testing yet either.

"e NWGHF p24 antigen rapid test consists of a plasma separator, reaction tube, reaction 
bu!er, and rapid test strip. It is small, battery operated, and expected to be inexpensive. It 
has demonstrated about 95% sensitivity and 99% speci#city.12

Clinical and #eld trials are expected to start this year and it should be available in 2012. 
TABLE 3: p24 test for EID pipeline
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Patents and the Pipeline: 
Is Access Under Threat?
BY JONATHAN BERGER

Introduction 

Access to the pipeline, particularly in developing countries that are home to a dispro-
portionate share of the global population of people with HIV, will by no means be 
guaranteed. Numerous barriers may stand in the way of timely access, including but not 
limited to slow drug registration processes, ine&cient domestic procurement policies, 
and problematic supply chain management practices. But, as was the case with access to 
treatment in the developing world in the late 1990s and early 2000s,1 the single biggest 
barrier to access may indeed be the high prices of new drugs.

Central to the a!ordability of medicines is the existence of adequate generic competi-
tion. "is, in turn, is dependent on a number of intellectual property–related factors, 
including the patent status of the drug in countries with signi#cant generic pharmaceu-
tical manufacturing capacity (in particular India), the patent status of the drug in the 
country in whose market generic competition is required, and/or the licensing policy 
of the relevant patent holder. Some detail on the licensing policies of companies with 
products in the pipeline is provided below. But before that, this section considers the 
global context that a!ects the nature of domestic patent laws.

Threats to countries’ ability to manufacture and supply 
affordable drugs

Since amending its laws in 2005 to ensure compliance with the World Trade Organi-
zation (WTO) Agreement on Trade-related Aspects of Intellectual Property Rights 
(TRIPS),2 India has been subjected to numerous threats to its ability to manufacture 
and supply a!ordable generic #nished products and active pharmaceutical ingredients 
(APIs). "e rapidly changing nature of the Indian generics industry has been accom-
panied by the rising grant of product patents, with new products for the #rst time in 
decades not being subjected to generic competition; this includes many new-generation 
antiretroviral (ARV) medicines.

Patents and the Pipeline: Is Access Under Threat?



60

TAG 2011 Pipeline Report

While India took great care in ensuring that its amended laws take advantage of a range 
of public health safeguards and %exibilities in TRIPS, something that many developing 
countries such as South Africa have thus far failed to do, the post-TRIPS era is one in 
which access has unquestionably been curtailed. Put di!erently, an international patent 
regime that does not require minimum levels of patent protection for all pharmaceutical 
products would mean more people having access. But instead of a move in this direction, 
“the policy space to produce or import generic versions of patented medicines [within the 
context of TRIPS] is shrinking in some developing countries.” As ‘t Hoen et al. explain:

Stringent intellectual property provisions exceeding TRIPS requirements 
("TRIPS-plus") have been negotiated into free trade agreements between in-
dustrialized and developing countries, and/or investment and WTO accession 
agreements.  Measures, such as patent term extensions, data exclusivity, patent-
registration linkage and border enforcement requirements, can all delay access 
to generics by lengthening, strengthening or broadening monopolies on medi-
cines. In addition, some agreements contain measures that confuse legitimate 
generics with counterfeit medicines; such policies can undermine public health 
by restricting access to a!ordable, quality-assured generic medicines.  Countries 
that enter into agreements that undermine access to medicines are arguably 
violating their international human rights obligations.3

In recent years and months, India has been under pressure from the European Union 
(EU) to conclude a free trade agreement (FTA) that, if adopted in the form proposed 
by the EU, would substantially undermine India's already-constrained ability to produce 
a!ordable medicines.4 At the June 2011 UN High-Level Meeting on HIV and AIDS, 
India formally announced that it will not accept data exclusivity—a provision that has the 
potential to limit access to medicines, and that is not required by TRIPS—as part of the 
FTA it is currently negotiating with the EU.

But other problematic provisions that threaten access remain on the EU’s negotiating 
agenda.

According to Médecins Sans Frontières (MSF), “Europe is still pushing provisions on 
the enforcement of intellectual property that are of great concern for procurers and sup-
pliers of medicines . . . [that put them] at risk of litigation or court orders that prevent 
[them] from delivering medicines to patients”. In addition, the EU is also proposing an 
investment chapter that “includes measures to protect the commercial interests of foreign 
companies investing in India . . . [by giving them] the right to bypass Indian courts and 
sue the Indian government in secret international arbitration panels that do not balance 
public health against private pro#t.”5 
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Licensing policies

While the global context and resultant domestic patent laws are central to determin-
ing whether medicines are a!ordable, so too is the conduct of exclusive rights holders 
(whether patent holders or exclusive licensees) and their approach to licensing. One op-
tion available to companies is the Medicines Patent Pool,6 which was established in the 
late 2000s and is expected to work as follows:7

Patent holders will make licenses available through the Pool that will allow 
others to produce low-cost generic versions of patented ARVs for use in devel-
oping countries.  It will be important that the licenses cover as many develop-
ing countries as possible, both to maximize public health bene#t and to ensure 
economies of scale in generic drug production.  "e licenses are also intended 
to facilitate the development of FDCs and other formulations adapted for use 
in resource-poor settings, such as special formulations for treating children, by 
ensuring that patents do not block generic companies or product development 
initiatives from carrying out follow-on R&D.

Companies that receive licenses from the Pool will pay royalties on their sales to 
the patent holders. "e Pool will be a systematic and predictable way of making 
voluntary licences available, o!ering legal certainty to all parties involved.  No 
change in international or national law is required for the Pool to work; what 
is required is a change in mindset from the patent holders, without whose col-
laboration this initiative cannot succeed.  In other words, the Patent Pool will 
work only if patent holders are willing to collaborate to make their intellectual 
property available to the Pool.

A second option is adopting access-friendly patent enforcement and/or licensing policies. 
In the next section we consider whether companies with key products in the pipeline have 
addressed this issue, and if so, how. "ese companies are:

• Abbott Laboratories;
• Boehringer Ingelheim (BI);
• Bristol-Myers Squibb (BMS);
• Gilead Sciences;
• Merck & Co.;
• ViiV Healthcare;
• Tibotec; and
• Tobira "erapeutics.

Patents and the Pipeline: Is Access Under Threat?
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Abbott Laboratories

Abbott has consistently refused to license any company to produce generic versions of 
its #xed-dose combination lopinavir/ritonavir (LPV/r); it is, however, prepared not to 
enforce its patent on the soft-gel formulation of ritonavir (RTV) in South Africa. 8 "at 
said, there is currently no patent barrier to the production of generic LPV/r or RTV in In-
dia;9 importation from India depends solely on the patent status of the relevant product in 
the importing country and whether a compulsory licence for importation has been issued 
in that country (in the event that the relevant product is indeed under patent protection). 

BI

According to its policy paper on HIV/AIDS, BI does not enforce its patents on nevirapine 
and tipranavir in the following countries: low-income countries as de#ned by the World 
Bank;10 least-developed countries (LDCs) as de#ned by the United Nations Development 
Programme;11 and all African countries that are not classi#ed as low-income or LDCs.

"is policy, which applies to immediate-release and extended-release versions of nevirap-
ine, means that companies in eligible countries—without the need for any legislative or 
administrative action—may lawfully manufacture generic products. "ey may also export 
products to and/or import them from other eligible countries.

Of concern, however, is that the policy does not cover middle-income countries out-
side of sub-Saharan Africa, including those such as Brazil, China, India, and "ailand 
with signi#cant generic pharmaceutical manufacturing capacity. "is limits the ability of 
the eligible countries to import generic #nished products and APIs, with manufacturers 
based in countries such as Kenya and South Africa being almost completely reliant on 
the importation of APIs.

BMS

BMS does not enforce the exclusive marketing rights it holds on didanosine (ddI), stavu-
dine (d4T) and atazanavir (ATV) in sub-Saharan Africa. Since 2001, it has entered into 
11 “immunity-from-suit” agreements in respect of ddI and d4T; it has committed to 
entering into similar agreements with requesting companies in respect of ATV. In 2006, 
BMS granted royalty-free licenses to, and entered into technology transfer agreements 
with, two companies—one in South Africa and the other in India— regarding the pro-
duction of generic ATV and its sale in sub-Saharan Africa. 

On the one hand, this approach is an improvement on BI’s: it has resulted in the licens-
ing of an Indian generics company—a member of the Clinton Health Access Initia-
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tive (CHAI) consortium—with signi#cant manufacturing capacity in respect of quality 
#nished products and APIs. On the other, the limitation on the number of licensees 
has implications for competition and pricing; the best international prices for ATV still 
remain too high. 

BMS’s publicly stated position on intellectual property suggests that the company is open 
to following this approach in respect of pipeline products such as BMS-663068.
 
Gilead Sciences

Following the introduction in 2005 of patent protection on pharmaceutical products in 
India, Gilead began to enter into non-exclusive licensing agreements with a range of 
generics companies for the manufacture and sale of tenofovir disoproxil fumarate (TDF) 
and the #xed-dose combination (FDC) of TDF and emtricitabine (FTC).12 "ese agree-
ments, which were concluded prior to any #nal decisions of the authorities in India re-
garding the relevant patent applications, apply both to #nished products and APIs. As of 
April 2011, Gilead had licensed 14 companies: 13 in India and 1 in South Africa.13

"e agreements permit the licensees to manufacture generic TDF and TDF/FTC in 
India and to sell #nished products in India and an additional 95 countries,14 including a 
range of middle-income countries such as "ailand, Moldova, and various states in Cen-
tral America and the Caribbean. In addition, licensees are entitled to buy APIs from—
and sell them to—each other, as well as to obtain APIs from Gilead’s own supplier. All 
licensees are required to pay Gilead a #ve percent royalty on the sale of #nished products. 

Early discussions with Gilead suggest that the company is likely to follow a similar ap-
proach to its products in the pipeline: elvitegravir (EVG), cobicistat (COBI), and the 
FDC of TDF/FTC/EVG/COBI (“Quad”).  If this approach is indeed followed, it is 
unclear if it will apply to the FDC of TDF/FTC and Tibotec’s rilpivirine; discussions in 
this regard between Gilead and Tibotec are ongoing.

Merck & Co.

Merck does not appear to have any coherent approach to licensing. "at said, the com-
pany has—in response to legal action—licensed numerous companies for the production 
of generic efavirenz (EFV) products in, and/or the importation of EFV products into, 
South Africa. In addition, government-issued compulsory licenses in "ailand and Brazil 
have paved the way for the introduction of a!ordable generic EFV products. In India, 
there are no product patents on the drug and consequently at least six Indian companies 
are producing it currently.14, 15

Patents and the Pipeline: Is Access Under Threat?
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According to the MSF Access Campaign, Merck and the Institute for Research in Mo-
lecular Biology (IRBM)17 applied for patents on raltegravir (RAL) in a number of devel-
oping countries with generic drug manufacturing capacity, such as Brazil, China, India, 
and South Africa. IRBM was granted a patent on RAL in India in December 2007, 
which will expire only in 2022. Unless and until Merck is e!ectively compelled to license 
RAL to manufacturers in India and/or other developing countries with generic drug 
manufacturing capacity, access to RAL products will remain out of reach for the majority 
of those living with HIV in developing countries.

ViiV Healthcare

ViiV's voluntary licensing policy, in terms of which royalty-free  licences are o!ered to ge-
nerics companies to manufacture and sell all its current products and those in the pipeline, 
covers 69 countries: all LDCs, low-income countries, and sub-Saharan African countries. 
"is policy also extends to the integrase inhibitor dolutegravir, currently being developed 
jointly by ViiV and Shionogi. As is the case with the BI policy, ViiV’s does not cover 
middle-income countries outside of sub-Saharan Africa, including those with signi#cant 
generic pharmaceutical manufacturing capacity; this limits the ability of the listed coun-
tries to import generic #nished products and APIs.

Tibotec

Tibotec’s Global Access Programme (GAP)—which #rst addressed access to darunavir 
(DRV) and etravirine (ETV)—was initially focused on sub-Saharan Africa and LDCs. 
"is has been expanded in respect of rilpivirine: prior to the drug’s licensure in the United 
States, Tibotec granted multiple non-exclusive licences to generics companies (including 
two in India and one in South Africa) for the manufacture, marketing, and distribution of 
#nished products. "e Indian companies have the right to market in sub-Saharan Africa, 
LDCs, and India; South Africa’s Aspen is limited to sub-Saharan Africa.

"e agreements also extend to the development, manufacturing, and distribution of an 
FDC containing rilpivirine, TDF, and lamivudine (3TC). No agreement has yet been 
reached in respect of the relevant API: generic production of the single agent and/or the 
FDC will require the purchase of the rilpivirine API from Tibotec. In addition, as dis-
cussed above in the section on Gilead, no agreement between that company and Tibotec 
has been reached in respect of the FDC containing TDF/FTC and rilpivirine.

Tobira Therapeutics

Tobira is a private company that was founded only in 2006. On 22 June 2011, it an-
nounced that it had started a phase IIb clinical trial for the CCR5/CCR2 inhibitor ce-
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nicriviroc (TBR(652); the drug, therefore, still has two to three years of clinical develop-
ment left to assess safety and e&cacy in support of regulatory authority approval. Tobira 
has indicated that its access policies will be determined only after substantial completion 
of this clinical work.
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Preventive Technologies, 
Immune-Based and Gene 
Therapies, and Research 
Towards A Cure
BY RICHARD JEFFERYS

"e phrase “product pipeline” typically conjures up the notion of multiple experimental 
candidates incrementally advancing along a pre-plumbed path toward licensure and 
widespread availability. But for most of the approaches described in this section of 
the report, the route toward a pharmacy shelf is far more convoluted and uncertain. 
Few large pharmaceutical companies are involved in the development of the candidates 
listed here; the majority are collaborative e!orts between small biotech #rms, academic 
researchers, non-pro#ts, and government funders. And even those with the support of a 
major manufacturer can face unique obstacles related to their novelty, because there are 
as yet no approved precedents in any of these realms. 

"e current state of the biomedical prevention pipeline o!ers illustrative examples. Af-
ter decades of disappointment and frustration, the past few years have seen low but sta-
tistically signi#cant e&cacy reported for each of the main approaches: vaccines, micro-
bicides and, most recently, pre-exposure prophylaxis (PrEP). "e vaccine trial, named 
RV144, involved an ALVAC canarypox vector made by Sano#-Pasteur combined with 
an envelope protein booster shot, AIDSVAX. While Sano#-Pasteur remains commit-
ted to following up on the marginal degree of protection (31.1%) observed among 
recipients of the regimen (Rerks-Ngarm 2009), the company that made AIDSVAX, 
VaxGen, ceased to exist several years ago after the product failed to show e&cacy given 
alone. Attempts to duplicate and improve upon the results have thus been slowed by the 
need to secure a new manufacturer for the envelope protein boost. 

Greater success was reported last year with a microbicide consisting of a gel form of 
the antiretroviral drug tenofovir (Viread), which demonstrated 39% protective e&cacy 
in the CAPRISA 004 trial in South Africa (Abdool Karim 2010). However, the next 
steps toward licensure have proven surprisingly slippery. "e US Food and Drug Ad-
ministration (FDA) has indicated that at least one more con#rmatory trial (in addition 
to an ongoing study called VOICE) will be su&cient for them to consider the product 
for approval, but securing the relatively small amount of funding necessary for the new 
e&cacy evaluation proved di&cult and time-consuming. "e trial, FACTS 001, is now 
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expected to get underway in August 2011. "e maker of Viread, Gilead Sciences, has 
licensed the gel form to the non-pro#t organization CONRAD, so the development of 
the microbicide also represents a test case for the viability of non-pro#t manufacturing 
and marketing. 

Among the most signi#cant biomedical prevention news since the last TAG pipeline 
report in 2010 was the announcement of the long-awaited #rst e&cacy results of PrEP 
in HIV negative gay men and transsexual women at high risk of infection (Grant 2010). 
"e iPrEx study found that individuals assigned to receive Truvada (a pill combining 
two antiretroviral drugs, tenofovir and emtricitabine) experienced a 44% reduction in 
risk of HIV infection, with additional analyses indicating that protection was signi#-
cantly better among participants who closely adhered to the regimen. While Gilead do-
nated Truvada for this and other PrEP studies, it was not otherwise involved and it was 
unclear whether the company would pursue a prevention indication for the drug. After 
the iPrEx #ndings were announced, Gilead expressed its intent to submit the data to 
FDA for consideration, which provoked a vociferous and at times acrimonious debate 
regarding whether such a #ling would be appropriate or premature. Subsequently, the 
picture was further complicated when news emerged that a trial of Truvada as PrEP in 
women was being stopped after an interim analysis found it would be unable to show 
e&cacy. A broad lesson from all these biomedical prevention developments is that an 
approach can get tantalizing close to the end of the pipeline, yet still face signi#cant 
impediments to actually emerging from it. 

Immune-based therapies (IBTs) and gene therapies for HIV have long been entrenched 
in a distant corner of the research #eld. "is is partly due to uncertainties about mecha-
nisms of action and how best to de#ne and measure success, particularly in light of the 
dramatically bene#cial e!ects of HIV suppression with antiretroviral drugs. But resur-
gent interest in curing HIV infection is now helping to move these types of approaches 
toward the mainstream. In particular, the widely reported case of Timothy Brown, who 
has remained o! antiretroviral therapy and free of detectable HIV for four years and 
counting after a complex series of high-risk treatments for cancer—including stem cell 
transplants from a donor lacking the CCR5 receptor—is viewed as a compelling proof 
of concept that a cure for chronic HIV infection is possible (Allers 2011). "e goals for 
potentially curative therapies are relatively straightforward: either eradicate HIV com-
pletely (to the extent that this can be veri#ed with current testing technologies) or in-
duce long-term control of the virus in the absence of ongoing treatment (referred to as 
a functional cure). In addition to IBTs and gene therapies, cure research includes treat-
ments—most notably histone deacetylase (HDAC) inhibitors—that aim to awaken 
the latent HIV that otherwise can persist for life in dormant form, integrated into the 
host cell’s DNA, invisible to the immune system, yet subject to reactivation by immune 
stimuli or to renewed replication when the resting infected cell divides. 
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Another potential role for IBTs and gene therapies is addressing the immune system 
dysfunction that can persist in some individuals despite HIV suppression. Examples 
include inadequate CD4 T cell recovery, elevated levels of immune activation and in-
%ammation, and an accelerated aging of the immune system called immunosenescence. 
Studies have linked all of these phenomena to an increased risk of ill health (Marin 
2009; Tan 2008; Tien 2010; Deeks 2011), suggesting that an IBT and/or gene therapy 
capable of addressing them could conceivably o!er clinical bene#ts.

TABLE 1. HIV Vaccines Pipeline 2011
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Spurred by the borderline but statistically signi#cant protection observed in the RV144 trial 
of ALVAC/AIDSVAX, HIV vaccine research continues to move ahead on multiple fronts. 
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Identifying Correlates of Protection in RV144

Many scientists are engaged in the search for immunological markers that might have been 
linked to protection against HIV in the RV144 trial. Identi#cation of such “correlates of 
protection” is one of the Holy Grails of vaccine research and currently, according to Jerome 
Kim from the US HIV Military HIV Research Program, 35 investigators from 20 institu-
tions are working on 32 di!erent assays that could potentially be used to analyze RV144 
samples (Kim 2011). Data from this work should start to become available toward the end 
of 2011. In the meantime, Kim and colleagues have unveiled some of their results hinting 
that CD4 T cells targeting the V2 region of the HIV envelope could have played a role in 
the trial outcome (Currier 2011).      

Replicating and Extending the RV144 Results

While the vaccine #eld has been buoyed by RV144, there remains a de%ating possibility that 
the observed evidence of protection was not a consequence of immunization, but simply a 
result of chance. A recently published statistical reevaluation of the e&cacy result argues 
there is a 22% or greater probability it was spurious, which the authors note is “an inference 
that re%ects greater uncertainty than has much of the discussion about this trial” (Gilbert 
2011). "is uncertainty emphasizes the importance of e!orts to try and replicate and extend 
the RV144 #ndings. 

"e HIV Vaccine Trials Network (HVTN) has published plans for adaptive trial de-
signs (Corey 2011) which will be used to rapidly evaluate a variety of prime-boost vaccine 
regimens in the high prevalence setting of South Africa. "e US HIV Military Research 
Program is also planning a new e&cacy trial in men who have sex with men (MSM) in 
"ailand, using the same or a similar regimen to RV144 but with an additional booster 
immunization at the 12 month time point (the last shot in RV144 was at six months). "is 
trial is slated to begin in 2014 (Kim 2011). 

"ere is only one ongoing HIV vaccine e&cacy trial, HVTN 505. It involves a prime-boost 
regimen comprising a DNA vaccine followed by an adenovirus serotype 5 (Ad5) vector. "e 
target population is circumcised MSM and male-to-female (MTF) transgender persons 
who have sex with men. "e design of the trial has gone through myriad iterations, and until 
recently the primary goal was to look at whether the vaccines reduced viral load in recipients 
who subsequently acquired HIV. In light of the RV144 results, consideration is now being 
given to expanding HVTN 505 in size so that the e!ect of vaccination on risk of HIV 
acquisition can also be evaluated. 
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Developing New Vectors, Immunogens and Adjuvants

As the term implies, vectors are delivery vehicles—often weakened forms of viruses—that 
carry vaccine ingredients into the body. Immunogens are the ingredients derived from HIV 
that the vaccine aims to induce immune responses against, and adjuvants are substances de-
signed to enhance the magnitude and/or quality of those immune responses. "e HIV vac-
cine pipeline contains a variety of vector/immunogen/adjuvant combinations, most com-
monly administered in prime-boost regimens. New vectors in human trials in 2011 include 
measles virus, vesicular stomatitis virus (VSV), and a chimpanzee adenovirus (Lorin 2004; 
Cooper 2008; Rosario 2010). Also in the mix are vaccines that deliver proteins or protein 
fragments directly, similar to the AIDSVAX envelope protein vaccine used as a booster shot 
in the RV144 trial. 

A novel HIV vaccine vector that has received widespread media coverage due to promising 
results in macaques is cytomegalovirus (CMV). "e vector is under development by the 
Vaccine and Gene "erapy Institute (VGTI) in collaboration with the International AIDS 
Vaccine Initiative (IAVI), but has not yet entered human testing. In a study published in 
the journal Nature, the use of CMV as an SIV vaccine vector led to an unprecedented de-
gree of immunological control of a highly pathogenic challenge virus, SIVmac251 (Hansen 
2011). Although large swathes of the human population are already infected with CMV, 
pre-existing immunity to the vector is not considered an issue because the virus has evolved 
immune evasion mechanisms that allow it to re-infect (Hansen 2010). "ere is, however, an 
important caveat about the use of CMV that was conspicuously absent from press reports 
about this study; over the last couple of decades, evidence has accumulated that CMV in-
fection has an array of pernicious long-term e!ects on human health, contributing to car-
diovascular disease (Stassen 2006), earlier mortality (Simanek 2011), and a type of immune 
system damage called immunosenescence that is associated with morbidity and mortality as 
people reach old age (Pawelec 2011). Although researchers are attempting to render CMV 
vectors safe for human use, it is currently unclear if—and how—safety can be su&ciently 
demonstrated to allow clinical trials. 

New approaches to immunogen design attempt to improve the ability of vaccines to induce 
immune responses against a broad array of HIV targets. Oxford University and Tomas 
Hanke are testing HIVconsv, an immunogen incorporating fourteen parts of HIV that are 
highly conserved among multiple di!erent clades (Létourneau 2007). Mosaic HIV immu-
nogens represent another approach with the same goal; human testing is anticipated to start 
within the next year (Corey 2010). 

Adjuvants that have ambled into clinical trials since the last TAG pipeline report include 
heat shock protein 70 (Hsp70), a naturally occurring protein under study as an enhancer of 
mucosal immune responses (Lehner 2004), and the cumbersomely-named cytokine gran-
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ulocyte-macrophage colony-stimulating factor (GM-CSF for short), which the company 
GeoVax is investigating as an adjuvant for its DNA/MVA vaccine after obtaining promis-
ing results in macaques (Lai 2011). 

"e multitude of candidates in the HIV vaccine pipeline prompts the question of how 
products will be selected for advancement into e&cacy trials. At one time, the major criteria 
were the nature and magnitude of the anti-HIV immune responses invoked by the vaccines 
in early studies, along with evidence from pre-clinical research in the SIV/macaque model. 
However, one of the implications of the RV144 trial is that current immune response assays 
and animal models may not necessarily predict protective e&cacy in humans (the ALVAC/
AIDSVAX combination performed dismally by both criteria). It has also become clear that 
ostensibly similar regimens can induce immune responses that di!er substantially in qual-
ity, with unclear implications for their e!ectiveness (Pillai 2011). "e uncertainty regarding 
predictors of success is an additional motivation behind HVTN’s adaptive e&cacy trial 
design proposal, which allows for multiple parallel trials of di!erent vaccine approaches 
with pre-planned interim analyses for the purpose of both rapidly discarding ine!ective 
candidates and quickly identifying and advancing those showing promise (Corey 2011).
 
Inducing Neutralizing Antibodies

Scientists continue to wrestle with the spiky problem of inducing antibodies that can ef-
fectively inhibit HIV. As described in last year’s report, several new broadly neutralizing 
antibodies have been isolated from HIV positive individuals and their structures and targets 
are now being characterized in detail (Davenport 2011; Pancera 2010; Pejchal 2010; Zhou 
2010). "ere has also been potentially signi#cant progress in understanding how these rare 
antibodies are generated by the immune system. "e production of antibodies by B cells 
involves a complex process called somatic hypermutation. Essentially, a B cell that is stimu-
lated to make antibodies undergoes several rounds of division during which the genetic 
code for producing the antibody is shu)ed each time, leading to alterations in the antibody 
structure. If the B cell’s genetic mutations produce an antibody with an improved ability 
to glom onto its target, the cell is selected to undergo more rounds of division. Repeated 
cycles of this mutation and selection process (referred to as “a&nity maturation”) lead to the 
generation of antibodies with a high a&nity for their targets. Typically, a&nity maturation 
takes an average of around 10-15 mutations. Remarkably, the broadly neutralizing antibod-
ies against HIV that have been identi#ed show evidence of a more arduous a&nity matura-
tion process involving more than 60 mutations. "e next step for vaccine researchers is to 
#gure out whether this complex pathway can be recapitulated with a vaccine, leading to the 
generation of similarly e!ective antibodies. Signs so far are encouraging, but considerable 
work remains (Kwong 2011).
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TABLE 2. PrEP and Microbicides Pipeline 2011

Preexposure Prophylaxis

Preexposure prophylaxis (PrEP) is the prophylactic use of antiretroviral drugs to prevent 
HIV infection.  In late 2010, the long-awaited #rst human PrEP e&cacy results were an-
nounced and published in the New England Journal of Medicine (Grant 2010). "e trial, 
named iPrEx, recruited 2,470 MSM and 29 transgender women at high risk of HIV 
infection, assigning them to receive daily Truvada (a combination pill containing the an-
tiretrovirals tenofovir and emtrictabine) or placebo. Trial sites were located in Brazil, Ec-
uador, Peru, South Africa, "ailand, and the United States. Over an average of 1.2 years of 
follow up, the risk of acquiring HIV infection was reduced by 43.8% among participants 
in the Truvada arm compared to the placebo arm, a highly statistically signi#cant result. 
"ere were a total of 36 infections in Truvada recipients compared to 64 in those on pla-
cebo. Additional follow up from May through August 2010 was reported in February of 
this year: the number of HIV infection endpoints increased to 48 vs. 83 for a #nal e&cacy 
estimate of 42% (with a 95% con#dence interval of 18-60%) (Grant 2011). Importantly, 
there was a strong correlation between adherence to the PrEP regimen and protection; a 
subset analysis of the Truvada arm comparing individuals with detectable drug levels to 
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those without found that the presence of drug was associated with a greater than 90% re-
duction in HIV acquisition risk. However, this analysis also revealed that drug levels were 
undetectable in around half the participants assigned to Truvada, providing an indication 
that adhering to daily PrEP was problematic for a large proportion of the trial population.  

In terms of tolerability, relatively few side e!ects were reported. Only nausea and un-
intentional weight loss of 5% or more were reported more frequently in the Truvada 
arm compared to placebo (in both cases, these side e!ects were noted by around 2% of 
Truvada recipients vs. 1% placebo). "ere were a total of #ve con#rmed cases of elevated 
creatinine, a potential marker for kidney toxicity, all in the Truvada group. Four out of 
#ve of these individuals stopped and then restarted the drug without a recurrence of the 
problem. No other abnormal laboratory values were reported. No cases of drug resistance 
were observed in the participants who became HIV infected during the trial. However, 
there were three instances of resistance to emtrictabine documented among 10 people 
who were found to have had undetected, pre-seroconversion HIV infection at the time 
of study enrollment. 

"e iPrEx research team, led by Robert Grant at UCSF, now has funding from NIAID 
to conduct an open label evaluation (dubbed iPrEx OLÉ) of Truvada as PrEP; all par-
ticipants from the original randomized trial are being invited to participate. "e goals for 
the study are to assess whether knowledge regarding Truvada’s e&cacy has any e!ect on 
adherence and/or sex practices, and also to gather more safety data over a longer period 
of follow up. 

"e iPrEx data has generated considerable excitement in the PrEP #eld, but results are 
pending from trials being conducted in other populations. In a sobering development an-
nounced earlier this year, a trial of Truvada as PrEP at sites in Kenya, Malawi, South Af-
rica, and Tanzania (the FEM-PrEP trial, sponsored by Family Health International) was 
stopped midstream after a review by the Data and Safety Monitoring Board (DSMB) 
found that it would not be able to show e&cacy even if carried to completion. "e DSMB 
decision was based on the observation that 56 HIV infections had occurred, evenly divid-
ed between the placebo and Truvada arms. "e explanation for the FEM-PrEP outcome 
is as yet unclear.

"e US Centers for Disease Control and Prevention (CDC) is sponsoring two ongoing 
PrEP e&cacy trials: one is evaluating tenofovir (Viread) compared to placebo in 2,400 
injection drug users in "ailand, the other is looking at Truvada in a population of 2,000 
heterosexual men and women in Botswana. "e University of Washington is comparing 
tenofovir to Truvada as PrEP in a trial involving 3,900 serodiscordant couples in Kenya 
and Uganda. "e Microbicide Trial Network’s VOICE study has successfully completed 
enrolment of 5,000 African women and will compare three strategies: oral PrEP using 
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tenofovir or Truvada and a tenofovir-containing vaginal microbicide gel. A recent DSMB 
review of VOICE gave it the green light to continue; follow up is due to end in June 2012 
with results becoming available in early 2013. 

"e evidence from iPrEx regarding the di&culty of adhering to daily PrEP has renewed 
interest in intermittent dosing strategies. "e HIV Prevention Trials Network (HPTN) 
is launching the “ADAPT” study  (Alternate Dosing to Augment PrEP Tablet-taking, 
also known as HPTN 067) which plans to compare di!erent Truvada dosing schemes 
in 180 MSM and 180 heterosexual women at high-risk of acquiring HIV infection. "e 
trial is not of su&cient size to evaluate e&cacy but will compare tolerance, acceptability 
and drug levels. 

Since the 2010 TAG pipeline report two novel PrEP agents have entered phase I trials:
 

• TMC278LA is a long-acting, injectable formulation of the approved antiret-
roviral drug rilpivirine that is being studied at four sites in the UK under the 
sponsorship of the St Stephens Aids Trust. 

• Ibalizumab is a monoclonal antibody delivered via intermittent injection; it 
interferes with the interaction between HIV and the CD4 molecule, thereby 
inhibiting infection. Studies in people with HIV have documented signi#cant 
viral load reductions (Bruno 2010). "e phase I trial of ibalizumab as PrEP is 
unusual in that it is recruiting HIV negative volunteers at risk for HIV infec-
tion; normally, early-phase studies are restricted to participants with low or no 
risk of exposure to the virus.

Microbicides

Microbicides are substances that aim to prevent HIV infection via application to the vagina 
or rectum prior to (and in some cases also after) sex. Last year witnessed the #rst major 
microbicide breakthrough with the announcement of the results of CAPRISA 004, a phase 
IIb trial of tenofovir gel conducted in South Africa (Abdool Karim 2010). Women ran-
domized to receive the gel had a statistically signi#cant 39% reduction in risk of acquiring 
HIV infection. In raw numbers, there were 38 infections in the group of 445 tenofovir gel 
recipients and 60 among the 444 placebo recipients over an average of 18 months of follow 
up. "e product was well tolerated and there was a strong association between drug levels in 
cervicovaginal %uid and protection from HIV (Kashuba 2010), echoing the #ndings from 
iPrEx and adding to the plausibility of the result. 
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Unexpectedly, CAPRISA 004 also showed that tenofovir gel o!ers signi#cant protection 
against HSV-2 infection. Risk of acquiring HSV-2 was reduced by 51% (95% con#dence 
interval: 30-78%) among women assigned to the active gel arm. "is impressive #nding sug-
gests that tenofovir gel could have a dual impact on susceptibility to HIV, because HSV-2 
infection is associated with an approximately 3-fold increase in relative risk of HIV acquisi-
tion in women (Freeman 2006). Tenofovir only inhibits HSV-2 at very high concentrations 
that cannot be achieved with oral dosing, but pharmacologist Angela Kashuba has shown 
that the gel form can reach su&cient levels in the genital tract (Kashuba 2010). 

Since the initial presentation of the CAPRISA 004 results at the International AIDS Con-
ference in Vienna in July 2010, the US Food and Drug Administration (FDA) has indi-
cated that two additional con#rmatory trials would provide su&cient data for the agency to 
consider the product for licensure. One trial, VOICE (described in the previous section), is 
ongoing. A second, called FACTS 001, has taken longer to secure funding than was antici-
pated, but is now expected to begin in South Africa in August 2011. "e fate of a third te-
nofovir gel e&cacy trial planned by the UK’s Microbicide Development Programme, MPD 
302, is less certain. 

Gilead Sciences has licensed the rights to produce tenofovir gel to the non-pro#t organi-
zation CONRAD, which is exploring options for manufacturing and marketing globally. 
CONRAD has recently announced that the South African government’s Technology In-
novation Agency (TIA) will be granted the rights to manufacture and distribute tenofo-
vir gel in Africa. TIA has, in turn, set up a joint venture called ProPreven consisting of 
TIA, Cipla Medpro and i"emba Pharmaceuticals. ProPreven will handle the registration, 
manufacturing and marketing of the gel if and when the data accrue to support licensure. A 
recent modeling study based on the results of CAPRISA 004 concluded that, over a twenty 
year period, the use of tenofovir gel in South Africa could avert up to two million new HIV 
infections and a million AIDS deaths (Williams 2011).

"e next microbicide product that appears likely to undergo e&cacy testing is a gel form of 
the nonnucleoside reverse transcriptase inhibitor drug dapirivine, which is being developed 
by the International Partnership for Microbicides (IPM). Phase I/II trials have shown that 
dapirivine gel can be safely delivered via a matrix intravaginal ring (Nel 2009), and IPM has 
ambitious plans to conduct two phase III e&cacy trials of the approach involving a total of 
6,000 women. 
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TABLE 3. Research Toward a Cure

Not so long ago, prospects for an HIV cure were deemed so dim that even mentioning the 
word was generally frowned upon, lest it create false hopes. But it is important to appreci-
ate that this semantic reticence did not equate to an absence of research; most of the trials 
and approaches included in the table above were in development long before the break-
through case of Timothy Brown was reported. What Brown’s experience has done, however, 
is provide invaluable momentum for the research e!ort while at the same time bringing the 
possibility of a cure into the public consciousness. "e elevated pro#le of the #eld has also 
spurred a %urry of review articles and opinion pieces in the scienti#c literature, delineating 
the challenges that lie ahead (Deeks 2010; Lafeuillade 2011; Lewin 2011a; Lewin 2011b; 
Margolis 2011; Siliciano 2010). 

While the term “cure research” is now increasingly invoked, it is not well de#ned. In terms of 
human trials, current strategies can be divided into three broad categories: 

• Cell-protecting: approaches designed to protect potential target cells from HIV 
infection, e.g. via gene therapy. 

• Reservoir-depleting: approaches that aim to reduce the amount of residual HIV 
that persists after viral replication is suppressed by ART. 

• Immune-enhancing: approaches to bolster the immune response to HIV in 
hopes of enabling the body to control or even gradually eliminate residual viral 
reservoirs. 

Sangamo Biosciences is pursuing a cell-protecting strategy based on a proprietary technol-
ogy that allows targeting of speci#c genes. By pairing zinc #nger proteins with enzymes 
called nucleases that can break up DNA, Sangamo’s approach disrupts the CCR5 gene 
and thus prevents expression of the CCR5 co-receptor on modi#ed cells (Urnov 2010). In 
current trials, CD4 T cells are extracted from participants via apheresis, subjected to the zinc 
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#nger nuclease procedure in the laboratory, and then expanded in number and re-infused. 
Presentation of preliminary phase I results early in 2011 generated considerable excitement 
because the researchers were able to document signi#cant CD4 T cell count increases and 
persistence of CCR5-deleted CD4 T cells at low but detectable levels in peripheral blood 
(Lalezari 2011). In a small subset of participants who underwent sampling from the gas-
trointestinal tract there was evidence that the majority of CD4 T cells in their gut were 
CCR5-deleted, suggesting that the modi#ed cells had a particular survival advantage in 
this location, which is known to be a major site of HIV replication (Tebas 2011). Fur-
ther results from these trials are eagerly anticipated. Unlike many cash-strapped biotech 
companies, Sangamo is better positioned to move its candidate HIV therapy through the 
pipeline due to a robust revenue stream obtained from licensing their gene modi#cation 
technology for laboratory and agricultural use. Researchers are also collaborating with 
Sangamo to study the e!ects of CCR5-deleted stem cells in individuals with HIV who 
require stem cell transplants for AIDS-related lymphoma; the trial is not yet open for 
enrollment but is slated to take place at the City of Hope in Los Angeles (Cannon 2011). 

While Sangamo ultimately has marketing ambitions for its gene therapy, the other exam-
ples of cure-related trials are more exploratory in nature. Laboratory experiments indicate 
that a class of anticancer drugs called HDAC inhibitors can activate the otherwise silent 
latent HIV reservoir and one such drug—vorinostat (SAHA)—is now being studied for 
this purpose in both the US and Australia (the principal investigators are David Margolis 
at the University of North Carolina and Sharon Lewin at Monash University, respec-
tively). "e downside of HDAC inhibitors is a daunting toxicity pro#le that has led these 
trials to proceed with extreme caution. "e goal is not to develop vorinostat but rather to 
#nd out if HDAC inhibition can have measurable e!ects on the HIV reservoir in hu-
mans; a positive outcome would justify investment in the development of safer candidates 
with similar mechanisms of action. Two large pharmaceutical companies, Merck and 
Gilead, have publicly acknowledged having research programs looking at HIV latency 
reversal and Merck is involved in the vorinostat trials for this reason. 

Disul#ram (Antabuse) is an approved drug used to treat alcoholism, its HIV latency-re-
versing properties emerged from a large drug screening study conducted by the laboratory 
of Robert Siliciano at Johns Hopkins University (Xing 2011). "e discovery is a testa-
ment to the impact of the recently formed amfAR Research Consortium for HIV Eradi-
cation (ARCHE), which funded the work of Siliciano and collaborator Steve Deeks at 
the University of California San Francisco; Deeks’s group is now conducing a small trial 
to investigate whether disul#ram has an e!ect on latent HIV reservoirs in vivo. 

Objectif Recherche Vaccins SIDA (ORVACS) is a foundation based in France that was 
originally established to support therapeutic HIV vaccine research. ORVACS is spon-
soring two trials, Eramune 01 and 02, that are investigating combination approaches to 
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HIV reservoir reduction. Eramune 01 will look at intensifying standard antiretroviral 
therapy (ART) with the integrase inhibitor raltegravir and CCR5 inhibitor maraviroc, 
with or without the addition of the cytokine IL-7. Eramune 02 employs the same ART 
intensi#cation, with or without the addition of a DNA/Ad5 prime-boost therapeutic 
vaccine developed by the Vaccine Research Center at the National Institutes of Health. 

At the National Cancer Institute, an alternate means of ART intensi#cation is being 
explored. Frank Malderelli’s research group is conducting a pilot study of the cytokine 
alpha interferon as an adjunct. "e trial was motivated by an observation that individuals 
co-infected with HIV and hepatitis C may have declines in residual HIV viral load levels 
during alpha interferon treatment. 

Although only a limited number of clinical trials can reasonably be described as cure-
related at the current time, this is likely to rapidly expand. Plans are afoot at the AIDS 
Clinical Trials Group (ACTG) to investigate a PD-1 inhibitor made by Merck; this 
approach is intriguing as it may have the potential to both enhance the immune re-
sponse to HIV and activate latent viral reservoirs (Kaufmann 2009; DaFonseca 2010). 
"e company VIRxSYS has therapeutic vaccine candidate, VRX1273, that is on the 
verge of phase I; the construct is unusual in that it consists of a lentiviral vector based 
on HIV itself (Lemiale 2010). Many older gene therapies and therapeutic vaccines that 
remain in the pipeline (see Tables 4 and 5) could potentially #t under the new rubric of 
“cure-related” (and may eventually feature in trials for that purpose), because they aim to 
protect susceptible cells from HIV or improve immune responses to the virus. 

If appropriate circumstances arise, researchers also intend to try and duplicate the case of 
Timothy Brown. "is is a complex goal as it involves identifying people with HIV and 
cancer requiring stem cell transplantation, then #nding a matched donor who lacks the 
CCR5 receptor (in genetic terms, a donor homozygous for the CCR5*32 mutation). 
"e doctors involved in Brown’s case, led by clinician Gero Hütter, are spearheading this 
ongoing e!ort (Hütter 2011).

Immune-Based & Gene Therapies

"e developmental pathway for these types of candidate HIV therapies is particularly com-
plex. Because of the e!ectiveness of antiretroviral drugs in treating HIV, IBTs and gene 
therapies needs to be able to supplement their e!ects, or replace them (either intermittently 
or permanently); the latter goal obviously overlaps with the idea of a “functional cure” de-
scribed in the previous section. 
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"ere are potential opportunities for supplementing ART because a proportion of HIV-
positive individuals experience persistent immune dysfunction despite suppression of viral 
replication to undetectable levels. "e features of this dysfunction typically include poor 
recovery of CD4 T cell numbers in peripheral blood, persistent skewing of the CD4:CD8 
T cell ratio (usually around 2:1 in healthy individuals but often <1 in people with HIV), 
elevated immune activation and in%ammation, decreased numbers of naive CD4 and CD8 
T cells and increased numbers of dysfunctional, worn-out CD4 and CD8 T cells that are 
termed “senescent” (Deeks 2011; Erikstrup 2010; Fernandez 2006; Massanella 2010; Rob-
bins 2009). "e senescent cells resemble those that have been shown to accrue in very el-
derly individuals without HIV infection. "e most signi#cant risk factor for experiencing 
these persistent immunological perturbations on ART is initiating treatment at a low CD4 
T cell count. Importantly, research shows that there is a link between these phenomena and 
an increased risk of illness and mortality (Kesselring 2011; Schechter 2006; Zoufaly 2011); 
therefore, therapies capable of enhancing the restoration of the immune system might be 
able to improve the prognosis for this subset of people with HIV. Currently the cytokine 
IL-7 appears to be the only IBT with any prospect of being evaluated for clinical bene#t in 
this setting. "ere are however several other approaches that attempt to address di!erent as-
pects of immune dysfunction, including anti-in%ammatories and bone marrow stimulants.

Table 4. Immune-Based & Gene Therapy Pipeline 2011
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Anti-inflammatories

"e antimalarial drugs chloroquine phosphate and hydroxychloroquine are being assessed 
for their potential to reduce immune activation and improve CD4 T cell recovery in indi-
viduals on ART. A very small pilot trial of chloroquine phosphate that was published last 
year reported signi#cant reductions in markers of immune activation over two months of 
treatment (Murray 2010). 

Mesalamine is an oral anti-in%ammatory drug that acts particularly on the cells of the gut 
(Iacucci 2010), and the US Food and Drug Administration has approved it for the treat-
ment of ulcerative colitis, proctitis, and proctosigmoiditis. "e research group of Steve 
Deeks at the University of California–San Francisco (UCSF) is conducting a small study 
to ascertain if mesalamine can reduce in%ammation levels in HIV-positive people on 
ART. "e study is motivated by evidence that leakage of normally friendly gut bacteria 
into systemic circulation (microbial translocation) contributes to immune activation in 
HIV infection (Brenchley 2006) and is associated with poor immune reconstitution on 
ART (Marchetti 2008). "e same research group has also probed the contribution of 
CMV co-infection to immune activation in people on ART by conducting a trial of the 
anti-CMV drug valganciclovir. "e study, now published, found that markers of activa-



83

Preventive Technologies, Immune-Based and Gene Therapies, and Research Towards A Cure

tion on CD8 T cells were signi#cantly reduced by this intervention, suggesting suppres-
sion of CMV replication could have bene#ts in co-infected people with HIV (Hunt 
2011a). Unfortunately the toxicity pro#le of valganciclovir makes it a poor candidate for 
chronic use, so safer anti-CMV therapies will be needed in order for this potential lead 
to be followed.  

A number of investigators are evaluating whether the approved CCR5 inhibitor mara-
viroc can dampen immune activation and enhance immune reconstitution. Results from 
two trials presented at the Conference on Retroviruses and Opportunistic Infections in 
2011 were not particularly encouraging, however. In one uncontrolled, single-arm experi-
ment markers of immune activation were reported decrease (Wilkin 2011), but in the 
other randomized placebo-controlled study these markers increased in blood and gut 
samples (Hunt 2011b). In neither case did CD4 T cell counts increase signi#cantly. 

Two new clinical trials are looking at the anti-in%ammatory e!ects of the pain medication 
etoricoxib and the lipid lowering agent simvastatin in HIV, respectively. "e etoricoxib 
trial is enrolling people naive to ART due to a prior study #nding that the drug reduced 
immune activation and improved T cell function in individuals for whom ART was not 
indicated based on European guidelines (Pettersen 2011). Researchers at the University 
of Pennsylvania are recruiting individuals o! ART for their study of simvastatin, in order 
to assess if the drug can reduce the monocyte in%ammation and in%ammatory cytokine 
production that has been linked to brain disease in HIV.

Cell Infusion and Gene Therapies

In addition to being involved in the Sangamo Biosciences trials described in the section 
on research toward a cure, Carl June’s research group at the University of Pennsylvania 
is evaluating a di!erent gene therapy that modi#es CD8 T cells ex vivo, equipping them 
with a T cell receptor (TCR) that is particularly adept at recognizing HIV-infected cells 
(Varela-Rohena 2008). "e souped-up CD8 T cells are then expanded and re-infused 
back into the individual. "e ultimate goal is to combine both CD4 and CD8 T cell gene 
therapy approaches in order to enhance the ability of both subsets to deal with HIV. 

Last year, researcher John Rossi from City of Hope in Los Angeles published results 
from a phase I trial of a combined gene therapy approach in HIV-infected individuals 
undergoing hematopoietic stem cell (HSC) transplantation for AIDS-related lymphoma 
(DiGiusto 2010). Genes encoding three di!erent anti-HIV RNA molecules were intro-
duced into a subset of transplanted HSCs in four individuals, and long-term persistence 
in multiple cell lineages was demonstrated, albeit at very low levels. Although no thera-
peutic e!ect could be demonstrated, the study o!ers evidence that the concept is feasible. 
Rossi’s group is now collaborating with Paula Cannon at the University of California at 
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Los Angeles (UCLA) and Sangamo Biosciences to study the deletion of the CCR5 gene 
in HSCs, in the same setting of AIDS-related lymphoma.

IL-7

"e cytokine IL-7 plays a key role in supporting T-cell development and the prolifera-
tion and survival of naive and memory T-cells. Results from two phase I trials of IL-7 in 
people with HIV reported substantial increases in CD4 and CD8 T-cell counts even at 
the lowest dose (Levy 2009; Sereti 2009). "e cytokine was well tolerated. A new glyco-
sylated form of IL-7 that allows less frequent administration is currently in phase II trials. 
"e manufacturer is a French company named Cytheris. "e ACTG is considering the 
possibility of studying the clinical e!ects of IL-7 in individuals with poor CD4 recovery 
despite HIV suppression. 

"e ability of IL-7 to reduce HIV reservoirs is also under investigation, but there is debate 
regarding its potential in this setting; while viral load blips were observed in one phase I 
study (Sereti 2009), it has been argued that the source of this virus was not long-lived res-
ervoirs (Imamichi 2011). Furthermore, it has been shown that under some circumstances 
IL-7 may expand the number of latently HIV-infected CD4 T cells by stimulating their 
division (Chomont 2009).

TABLE 5. Therapeutic Vaccines Pipeline 2011
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Therapeutic Vaccines

"e proposal that therapeutic vaccination might enhance the immune response to HIV 
was %oated soon after the virus was #rst discovered. But clinical trials of a variety of 
candidates proved consistently disappointing, with no clear evidence of bene#t. "e most 
publicized was a large clinical endpoint study of Jonas Salk’s candidate, Remune, which 
showed no signi#cant di!erences in health outcomes between vaccine and placebo (Khan 
2000). "e arrival of combination ART lessened the need for a therapeutic vaccine, but 
also opened up a window of opportunity because it became possible to try and induce new 
immune responses to HIV without interference from the potentially immune-suppres-
sive e!ects of ongoing viral replication. An array of therapeutic vaccines are undergoing 
testing in this context. 

Scientists at the University of Barcelona published the #rst data on their dendritic cell-
based approach earlier this year (Garcia 2011). A small but statistically signi#cant viral 
load reduction was observed in the vaccine recipients, along with some evidence for an 
inverse association between HIV-speci#c T cell responses and viral load. "e company 
Argos "erapeutics is also developing a dendritic cell-based therapeutic vaccine, with the 
twist that it is “personalized” by loading the cells with viral RNA from the person who is 
going to receive the vaccine; the goal is to induce immune responses that are exquisitely 
speci#c to each individual’s HIV infection (Routy 2010).  

Italian researcher Barbara Ensoli at the National AIDS Center at the Istituto Superiore 
di Sanità in Rome continues to plug away with studies of a therapeutic Tat protein vac-
cine that has been in development for over a decade now. Ensoli and colleagues took 
the dubious step of publishing interim results from an ongoing trial in people on ART, 
claiming a variety of bene#cial e!ects associated with vaccination, including reductions in 
markers of immune activation (Ensoli 2010). 

A novel approach to therapeutic immunization that recently entered human testing is 
Opal Immunotherapy. Developed by Stephen Kent’s research group at the University of 
Melbourne, it involves repurposing sets of overlapping peptides derived from HIV that 
are normally only used in laboratories to measure T cell responses against the virus. Kent 
had the idea to try and use the peptides as a vaccine by mixing them with either peripheral 
blood mononuclear cells (PBMC) or whole blood, then infusing this mixture. Studies in 
SIV-infected macaques have shown some promise (De Rose 2008) and a phase I trial is 
now underway.

An alternate strategy being pursued by some therapeutic vaccine manufacturers is im-
munization of HIV-positive people prior to any signi#cant CD4 T-cell decline, with the 
aim of delaying the need for ART. At the 2010 International AIDS Conference, results 
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from a 60-person randomized controlled study of this type were reported, showing that a 
DNA vaccine manufactured by FIT Biotech lowered viral load by around half a log after 
two years of follow up. A small but statistically signi#cant increase in CD4 T cell counts 
was also observed (Vardas 2010). 

"e largest pharmaceutical company involved in this research area is GlaxoSmithKline. 
"eir vaccine candidate, obscurely designated 732462, consists of a fusion protein includ-
ing several HIV antigens (p24, p17, reverse transcriptase and Nef ) in a proprietary adju-
vant, AS01B. GSK is conducting a phase II trial exploring the potential for immunization 
to delay the need for ART. 

Conclusion

As incremental as it may be, there is no doubt that signi#cant progress has occurred over 
the past few years. Until quite recently, there was no evidence of e&cacy from any vaccine, 
microbicide, or PrEP trial. But the investment in research is starting to pay o!, and while 
it may be frustrating that no product is yet available, there is de#nitely light at the end of 
these pipelines. 

For cure research, the shift from the laboratory to clinical trials is only just beginning. But 
there is already hope in the form of Timothy Brown, and an increasing demand for sci-
ence to push beyond the ART-for-life paradigm that currently prevails. "e rising pro#le 
of cure research is also providing a welcome opportunity for immune-based and gene 
therapies to emerge from relative obscurity and enter the mainstream. 
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Treatment Pipeline
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The Thrill Is Already Gone 

In May of 2011, a long-awaited improvement in the standard of care for hepatitis C 
virus (HCV) became reality: the US Food and Drug Administration (FDA) approved 
the #rst direct-acting antivirals (DAAs), Merck’s boceprevir (Victrelis) and Vertex’s tela-
previr (Incivek). But excitement about these new drugs has already been overshadowed 
by a triple-whammy: the #rst proof-of-concept that hepatitis C can be cured without 
peginterferon (PEG-IFN) and ribavirin (RBV); reports of better drugs on the horizon; 
and challenges in clinical care, including the complexity and cost of new HCV regimens, 
a critical shortage of specialists to administer HCV treatment, and lack of infrastructure 
for treatment delivery. 

Evolution to Revolutionary?  

In April 2011, groundbreaking results from a 21-person pilot study were announced: 
after only 24 weeks of treatment with two oral DAAs, a protease inhibitor and an NS5a 
inhibitor from Bristol-Myers Squibb, four of ten people were cured. Quad therapy (with 
peginterferon and ribavirin added) was even more e!ective, curing nine of ten people.1 

For now, the success of HCV treatment rests largely upon response to peginterferon. 
Hopefully, peginterferon will become a therapeutic relic as the standard of care for HCV 
continues to evolve. "e next batch of DAAs may cure more people in less time than 
triple therapy with peginterferon, ribavirin, and boceprevir or telaprevir. Trials are explor-
ing DAA combinations without peginterferon; some are using it only when DAAs do 
not fully suppress HCV. Although ribavirin plays an essential role at present, there may 
be equally e!ective and more tolerable replacements in the future. 
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Clinical Issues in the United States  

“"e availability of DAA therapy will forever change the landscape of HCV, 
in that we will be able to cure patients of disease who we were unable to cure 
in the past. Unfortunately, this medical breakthrough will be coupled with re-
source scarcity… "e in%ux of patients requesting HCV therapy will present a 
signi#cant problem…On average, a health care provider can reasonably initiate 
therapy on only three patients each week before exceeding their work capac-
ity… we anticipate at least 500 requests for evaluation for HCV therapy within 
the #rst few weeks of DAA availability, [so] current sta&ng will be unable to 
meet the demands of all patients with HCV.”
 
+Andrew Aronsohn and Donald Jensen,“Distributive Justice and the Arrival of 
Direct-Acting Antivirals: Who Should Be First in Line?”

"e current challenge—to fully realize the bene#ts of boceprevir and telaprevir by avoiding 
drug resistance and treatment failure—is immediately ahead of us. In the United States, 
there are not enough specialists to meet current demand for HCV treatment. Many have 
“warehoused” patients in anticipation of better treatment, and are not seeing any new 
patients.  At the same time, patient management is becoming more complex, involving 
response-guided therapy and drug-speci#c treatment algorithms. We are not prepared for 
the anticipated surge in HCV treatment uptake triggered by more e!ective treatment.

Access Issues   

“…And, please, let me talk about money. In Spain, we received the news about 
the price of boceprevir and telaprevir in the US with incredulity. We are in-
dignant, and we do not understand how pharmaceutical companies can justify 
these outrageous prices. Western society has given the private sector the oppor-
tunity to research and develop treatment, but this doesn’t entitle you to charge 
disproportionate prices. At a time when cuts are causing the closure of entire 
hospital units, emergency rooms and a variety of medical services in this coun-
try, how do you expect us to be able to advocate for your new drugs?”
  
Xavi Franquet, European Community Advisory Board and Grupo de Trabajo 
sobre Tratamientos del VIH, Sitges IV Meeting, June 2011

Most of the 130 to 170 million people who are living with chronic hepatitis C will not be 
cured, because HCV treatment is too expensive. Many high-burden countries cannot af-
ford to o!er hepatitis C testing, let alone treatment.  Although e!orts to produce generic 
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peginterferon are underway, access to HCV treatment remains limited or nonexistent. 
In the United States, 48 weeks of peginterferon and ribavirin costs more than $30,000. 
Boceprevir-and telaprevir-based regimens halved treatment duration for 44% (bocepre-
vir) to 58% (telaprevir) of study participants 2,3,4. But any possible savings on peginterferon 
and ribavirin are o!set by the cost of HCV protease inhibitors (see Table 1. Cost of HCV 
Treatment with a Protease Inhibitor in the United States). 

Diagnostics 

Unfortunately, the boom in drug development has not been accompanied by innovative 
and a!ordable diagnostics for HCV, and point-of-care viral load testing for monitor-
ing response to treatment. "ere is no single test for acute-stage HCV, and diagnosis of 
chronic hepatitis C remains an expensive two-step process. In many parts of the world, 
people do not have access to HCV testing. Even when HCV RNA testing is accessible, 
the process can be overly cumbersome, since people have to return for a second testing 
visit without being given a diagnosis. Research to streamline HCV diagnostics with a 
single inexpensive test should proceed in tandem with drug development.  

TABLE 1. Cost of HCV treatment with a protease inhibitor in the United States

(Does not include: HCV RNA testing and other labs, medical visits, and additional 
medications for side e!ects)  

*Boceprevir labeling suggests that people with <0.5 log 10 drop in HCV RNA at week 4 are likely to be null responders; they were not 
included in the phase III trial for treatment-experienced people.
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Public and private payers are sure to balk at the cost of DAAs, and are likely to impose 
restrictive treatment eligibility criteria and other barriers, such as prior authorization and 
top-tier pricing, making access di&cult. It is unfortunate that payers are the strongest 
recourse for price controls.

Research Issues 

HCV clinical trials are going to become even more complex, with the advent of triple 
therapy (peginterferon and ribavirin plus boceprevir or telaprevir). Di!erent dosing 
schedules will make it di&cult to assess e&cacy of a single drug and to compare 
regimens. Boceprevir and telaprevir need to be taken every eight hours, while most 
second-generation DAAs are once-a-day drugs. Blinded trials will require twice-daily 
placebo with once-daily drugs. People who are taking a once-daily drug plus placebo 
may skip their only dose of active drug, placing them at higher risk for treatment failure 
and drug resistance, since adherence is known to worsen with more frequent dosing 
requirements.  "e advantages of a once-daily drug may be obscured by placebo.  

HCV clinical trials must incorporate drug- and patient-speci#c considerations.  
Treatment algorithms and stopping rules di!er for each drug and according to the 
population it is studied in. Host and viral factors, such as IL28B genotype, stage of liver 
disease, race/ethnicity, age, HCV subtype (1a versus 1b), and prior response to HCV 
treatment must also be taken into account. Designing clinical trials and interpreting 
their results will become more and more of a challenge.

Cure rates with telaprevir- and boceprevir-based regimens are high, making it more 
di&cult for other DAAs to demonstrate superiority. Non-inferiority trials will be needed 
for the next generation of drugs. "ese agents are likely to o!er other advantages, such 
as shortened treatment duration, simpler regimens, and more convenient and tolerable 
drugs. Hopefully regulators and sponsors will consider non-traditional endpoints, such 
as treatment duration and discontinuations for adverse events, and type, incidence 
and severity of side e!ects, along with e&cacy. Tolerability and convenience are also 
extremely important to people who will be taking these drugs.

Plea For Simplicity 

Interpreting data from complex clinical trials and translating them directly into 
clinical practice is di&cult, particularly in the absence of a standing, multidisciplinary 
treatment guidelines panel, an approach that has optimized HIV treatment outcomes 
and facilitated reimbursement by public and private payers. Simplicity should become a 
major focus of HCV drug development.
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Most Need, Least Data  

Merck and Vertex chose not to conduct early access trials in people with urgent need, 
who were ineligible for their clinical trials.  Early access trials could have saved lives, and 
allowed physicians to gather information about if and how HCV protease inhibitors 
could be used in patients who need them most.  It is likely that boceprevir and telaprevir 
will be used in desperate patients, regardless of the lack of information about their 
safety and e&cacy.  It is time for the pharmaceutical industry to work with regulators, 
physicians, and activists to launch early access trials. 

Unfortunately, boceprevir and telaprevir are not going to be able to get the job done 
for people with poor prognostic factors, urgent need, and peginterferon intolerance. 
Prior null responders with cirrhosis did not reap much bene#t; adding telaprevir to 
peginterferon and ribavirin increased the cure rate from 10% to only 14%, and there are 
limited data on boceprevir in this population.5

Safety and e&cacy of boceprevir and telaprevir are not yet known in HIV/HCV coinfected 
people (although pilot studies are ongoing, and larger ones planned). No studies have 
been initiated in children, the elderly, people with renal insu&ciency, or liver transplant 
candidates and recipients (although there have been no pharmacokinetic studies of 
boceprevir and telaprevir is not recommended for people with hepatic impairment). 

Despite low enrollment of African Americans in registration trials for boceprevir 
and telaprevir, it is clear that adding one of these drugs signi#cantly increased rates 
of sustained virological response (SVR; meaning no hepatitis C can be detected six 
months after treatment completion; regarded as a cure) over PEG-IFN/RBV (see 
Table 2. Translating Trial Results into Clinical Practice: Boceprevir and Telaprevir in 
Treatment-Naive Persons).  But there are lingering questions about the optimal duration 
of boceprevir-based therapy in African Americans, since the SVR among African 
Americans was 11% lower for response-guided therapy versus 48 weeks of treatment.3 

Unfortunately, data on SVR among Latinos/Latinas are scarce. Latinos and Latinas 
comprised less than 10% of treatment-naïve study participants in telaprevir phase III 
trials Nonetheless, telaprevir did boost SVR among treatment naïve Latinos/Latinas; 
SVR rates ranged from to 70% to 94%, a signi#cant improvement over peginterferon 
and ribavirin.2,4 Merck did not provide any data on boceprevir in Latinos and Latinas.
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Drug-Drug Interactions

HCV protease inhibitors share metabolic pathways with medications that are commonly 
used by people with hepatitis C. Drug-drug interactions can lead to drug resistance and 
HCV treatment failure when levels of an HCV protease inhibitor are too low, or worsen 
side e!ects when they are too high. In turn, HCV protease inhibitors may decrease levels 
of other drugs to sub-therapeutic levels, or increase them to toxic levels. 

Interactions between antiretroviral agents and DAAs complicate HIV treatment; a 
single drug or entire regimen may need to be switched before initiating hepatitis C 
treatment. "is is tricky, because HIV/HCV coinfected people have limited options 
for treating their HIV while on HCV treatment; in the ongoing telaprevir coinfection 
trial, participants could either use an efavirenz-based regimen (with a higher dose of 
telaprevir) or a boosted atazanavir-based regimen (other HIV protease inhibitors cannot 
be used with telaprevir, due to signi#cant drug-drug interactions).6 Unfortunately, data 
on boceprevir drug-drug interactions are limited to efavirenz (which lowers boceprevir 
levels) and tenofovir.7

Since hepatitis C is highly prevalent among current and former injection drug users, 
drug-drug interaction studies with DAAs and opioid substitution therapy (OST) 
must be a priority. If DAAs are used in people on OST without this information, a 
range of consequences may occur, including HCV drug resistance and treatment 
failure, drug overdose, or withdrawal symptoms. So far, it has been established that 
telaprevir reduces methadone levels; although dose adjustment may not be needed, 
clinical monitoring is recommended. A drug-drug interaction study of telaprevir and 
buprenorphine is underway. Unfortunately, there are no drug-drug interaction data 
on methadone and buprenorphine for boceprevir, save the warning in the label, which 
reads “Plasma concentrations of methadone or buprenorphine may increase or decrease 
when coadministered with VICTRELIS [boceprevir’s brand name]. However, the 
combination has not been studied. Clinical monitoring is recommended as the dose of 
methadone or burenorphine may need to be altered during concomitant treatment with 
VICTRELIS.” 
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Current Research Landscape

Are You Experienced?

"e FDA has categorized treatment-experienced people into three groups: 

Responder-Relapser: HCV RNA undetectable at end of treatment with peginterferon 
and ribavirin, but HCV RNA detectable within 24 weeks of treatment follow-up.

Partial Responder: greater than or equal to 2 log10 (99%) reduction in HCV RNA at 
week 12, but not achieving HCV RNA undetectable at end of treatment with peg-
interferon and ribavirin. 

Null Responder: less than 2 log10 (99%) reduction in HCV RNA at week 12 of 
treatment with peginterferon and ribavirin.  

People who could not tolerate treatment or do not know their prior response are not 
included; nor are people who experienced viral breakthrough during treatment. 

"ere are dozens of HCV clinical trials underway, but most are for treatment-naïve 
participants. Of the nine phase II/III HCV protease inhibitor trials, six are open to 
treatment-experienced participants (some may be limited to responder-relapsers and 
partial responders). Current phase II polymerase and NS5a inhibitor trials o!er few 
options: treatment-experienced participants are eligible for only one of three NS5a 
inhibitor trials, one of two nucleoside/nucleotide polymerase inhibitor trials, and one of 
seven non-nucleoside polymerase inhibitor trials. 

At present, an estimated 750,000 people in the United States (and thousands more 
in Western Europe) have been unsuccessfully treated for hepatitis C. Treatment-
experienced patients are likely to be #rst in line for treatment with new HCV drugs; 
#nancial experts project that by 2013 they will comprise at least two-thirds of the 
market share for DAAs. "e population of treatment-experienced people is large, and 
will continue to grow once the #rst generation of hepatitis C protease inhibitors have 
been widely used.  More trials exploring DAA combinations and treatment strategies are 
needed for treatment-experienced people.

Multi-DAA/quad therapy trials will help to clarify the best approach based on HCV 
subtype, treatment history and other factors. Abbott, Boehringer Ingelheim, Bristol 
Myers Squibb (BMS), Genentech, Gilead, Merck, Pharmasset, and Vertex have opened 
in-house combination trials. 



99

The Hepatitis C Treatment Pipeline

A single company may not have all of the most exciting drugs, so cross-company clinical 
collaborations are needed to optimize HCV treatment. BMS and Pharmasset, who have 
very exciting DAA candidates, launched the #rst cross company clinical collaboration; 
in May of 2011, they announced a peginterferon-sparing trial combining BMS’s NS5a 
inhibitors with one of Pharmasset’s nucleotide polymerase inhibitors (PSI-7977), 
with or without ribavirin. "ese joint ventures are crucial for identifying best-in-class 
regimens and optimizing HCV treatment.

Boceprevir and Telaprevir

Improvements in HCV treatment (such as response-guided therapy and drug- and patient 
speci#c treatment algorithms) bring a new level of complexity to clinical care, making it 
unappealing to inexperienced providers. During FDA approval hearings for boceprevir 
and telaprevir, an antiviral advisory committee member remarked that the amount of 
knowledge required to treat HCV approaches the complexity–if not the wisdom–of a 
Talmudic scholar. Complexity brings consequences, such as greater potential for errors in 
prescribing and administering treatment, higher dropout rates from poorly managed side 
e!ects, and increased risk for drug resistance and treatment failure.

Clinicians and their patients will have a choice between boceprevir and telaprevir-
based treatment. Although they are in the same class, these drugs are used di!erently. 
Boceprevir requires a four-week “lead-in” with peginterferon and ribavirin to lower on-
treatment failure and relapse rates; telaprevir is initiated along with peginterferon and 
ribavirin. With each drug, there may be a peginterferon and ribavirin “tail” after triple 
therapy, lasting 12 to 36 weeks.

Telaprevir o!ers treatment-naïve patients a less complex treatment algorithm, higher 
cure rates, and a better chance to shorten treatment than boceprevir, but tolerability may 
be an issue. More than half of the participants in all phase III trials were a)icted with 
rash (versus 32% for PEG/RBV alone). Although most cases were mild-to-moderate, 
1% su!ered severe rash, and a subset of these cases (<1%) experienced Stevens Johnson 
Syndrome (SJS, a rare, life-threatening reaction to a medication or infection) or Drug-
Related Eruption with Systemic Symptoms (DRESS, another severe drug reaction).

Boceprevir worsens the hemotologic side e!ects of peginterferon and ribavirin, especially 
anemia. During phase III trials, more than 40% of participants in the boceprevir 
arms were treated with epoetin alfa, a red blood growth cell factor.3,8 Red blood cell 
growth factors carry a warning about increased mortality, serious cardiovascular and 
thromboembolic events, stroke and risk of tumor progression or recurrence in cancer 
patients. "ey are also expensive, adding at least $500 per week to the cost of HCV 
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treatment. Anemia can also be managed by reducing the dose of ribavirin, but this 
strategy may reduce treatment e&cacy; an ongoing trial of boceprevir-based treatment 
is comparing ribavirin dose reduction to epoetin alfa use.

TABLE 2. Translating trial results into clinical practice: Boceprevir and telaprevir in 

treatment-naive persons
    

Sources: FDA brie#ng documents for boceprevir and telaprevir: available at ttp://www.fda.gov/downloads/AdvisoryCommittees/
CommitteesMeetingMaterials/Drugs/AntiviralDrugsAdvisoryCommittee/UCM252341.pdf and http://www.fda.gov/downloads/Advisory 
Committees/CommitteesMeetingMaterials/Drugs/AntiviralDrugsAdvisoryCommittee/UCM252561.pdf (accessed May 26, 2011)

Jacobson IM, McHutchison JG, Dusheiko G, et al; ADVANCE Study Team. Telaprevir in combination with   peginterferon alfa-2a and 
ribavirin in genotype 1 HCV treatment naïve patients: #nal results of phase III ADVANCE study. [abstract LB-2] 61st Annual Meeting 
of the American Association for the Study of Liver Diseases. Boston, Massachusetts. October 29–November 2, 2010.
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Poordad F, McCone J Jr, Bacon BR,  et al; SPRINT-2 Investigators. Boceprevir for untreated chronic HCV genotype 1 infection. N Engl 
J Med. 2011 Mar 31;364(13):1195-206. 

Sherman KE, Flamm SL, Afdhal NH, et al; ILLUMINATE Study Team. Telaprevir in combination with peginterferon alfa-2a and 
ribavirin for 24 or 48 weeks in treatment-naive genotype 1 HCV patients who achieved an extended rapid viral response; #nal results of 
phase III ILLUMINATE study. (Abstract LB-1) 61st Annual Meeting of the American Association for the Study of Liver Diseases. 
Boston, Massachusetts. October  29 – November 2, 2010. 
 

Fig 1. Boceprevir: Treatment Naïve Algorithm  

Begin with a 4-week PEG-IFN/RBV 
lead-in, then add boceprevir

Week 8

HCV RNA detectable 
(>100 IL/mL)

HCV RNA undetectable 
(<100 IU/mL)

HCV becomes 
undetectable at 
week 12, and remains 
undetectable through 
week 24

Week 12: STOP 
TREATMENT IF HCV 
RNA IS DETECTABLE 
(>100 IU/ML)

HCV RNA remains
undetectable from 
week 8 through 
week 24

WEEK 24: STOP 
TREATMENT IF HCV 
RNA IS DETECTABLE 
(>100 IU/mL)

Continue boceprevir 
and PEG-IFN/RBV 
until week 36

For non-cirrhotic 
people, continue 
treatment for 4 weeks 
(total duration: 28 
weeks)

Stop boceprevir, continue 
PEG-IFN/RBV for 12 weeks 
(total duration of 48 weeks)
48 weeks of treatment is 
recommended for people 
with compensated cirrhosis

If HCV RNA ds not 
decrease by at least 
0.05 log10 by week 
4, consider stopping 
treatment for futility 

Source: Prescribing information for boceprevir. Available at: http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/202258lbl.pdf
(accessed May 25, 2011).
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Begin triple therapy with 
telaprevir and PEG-IFN/RBV

Week 4

HCV RNA detectable, 
but <1000 IU/mL

HCV RNA 
undetectable 

Week 24

Continue with 
PEG-IFN /RBV
for 12 weeks (total 
duration: 24 weeks)

Continue with PEG-IN/RBV for 
36 weeks (total duration of 48 
weeks); 48 weeks of treatment 
recommended for people with 
compensated cirrhosis

If HCV RNA is 
>1000 IU/mL, 
stop treatment 
for futility 

Fig 2. Telaprevir: Treatment-Naive Algorithm 

If HCV RNA is 
>1000 IU/mL, 
stop treatment 
for futility

If HCV RNA 
is detectable, 
stop treatment 
for futility

Week 12
STOP telaprevir

HCV RNA detectable, 
but <1000 IU/mL

HCV RNA undetectable 
at week 4 AND week 12

Source: Prescribing information for telaprevir. Available at: http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/201917lbl.pdf 
(accessed May 25, 2011)
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TABLE 3. Translating trial results into clinical practice: Boceprevir and telaprevir in 
treatment-experienced persons

 

Sources: Prescribing information for boceprevir and telaprevir. Available at:

http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/202258lbl.pdf and http://www.accessdata.fda.gov/drugsatfda_docs/label/
2011/201917lbl.pdf (accessed May 25, 2011). 

Bacon BR, Gordon SC, Lawitz E, et al; HCV RESPOND-2 Investigators. Boceprevir for previously treated chronic HCV genotype 1 
infection. N Engl J Med. 2011 Mar 31;364(13):1207-17.

Zeuzem S, Andreone P, Pol S, et al. REALIZE trial #nal results: telaprevir-based regimen for genotype 1 hepatitis C virus infection in 
patients with prior null response, partial response, or relapse to peginterferon/ribavirin (Opening and General Session 1) 46th Meeting of 
the European Association for the Study of the Liver. Berlin, Germany. March 30-April 3, 2011.
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Begin with a 4 week PEG-IFN/RBV 
lead-in, then add boceprevir

Week 8

HCV RNA detectable 
(>100 IU/mL)

HCV RNA is
undetectable 
(<100 IU/mL)

If HCV RNA does
not decrease by at 
least 0.05 log10 at 
week 4, consider 
stopping treatment 
for futility

Fig 3. Boceprevir: Treatment-Experienced Algorithm

Data from prior responder-relapsers and partial responders; null responders excluded 

Week 12: Stop
treatment if
HCV RNA is 
detectable
(>100 IU/mL)

Week 24: Stop
treatment if
HCV RNA is 
detectable
(>100 IU/mL)

HCV RNA becomes
undetectable by week
12 and remains
undetectable through
week 24

Continue treatment 
until week 36; stop
boceprevir

Finish with 12 weeks 
of PEG-IFN/RBV
(total duration 48 
weeks) 48 weeks 
of treatment 
recommended for
all treatment-
experienced people 
with cirrhosis

HCV RNA remains
undetectable
through week 24

Continue boceprevir
and PEG-IFN/RBV until
week 36; stop treatment

Source: Prescribing information for boceprevir. Available at: http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/202258lbl.pdf
(accessed May 25, 2011).
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HCV RNA is
undetectable 
(<100 IU/mL)

HCV RNA remains
undetectable
through week 24

Continue boceprevir
and PEG-IFN/RBV until
week 36; stop treatment

Begin triple therapy with telaprevir and 
PEGIFN/RBV

Week 4

If HCV RNA
is >1000
IU/mL, stop
treatment for
futility

Fig 4. Telaprevir: Treatment Experienced Algorithm*

All partial and null responders (and relapse-responders with 
HCV RNA that was <1000 IU/mL at week 4 and/or week 12) 
Continue with PEG-IFN/RBV for 36 weeks (total duration of 48 weeks)
48 weeks of treatment recommended for all people with 
compensated cirrhosis

If HCV RNA
is >1000
IU/mL, stop
treatment for
futility

If HCV RNA is
detectable,
stop treatment
for futility

HCV RNA detectable, 
but <1000 IU/mL

HCV RNA 
undetectable 

Week 12
STOP telaprevir

HCV RNA detectable, 
but <1000 IU/mL HCV RNA undetectable 

Week 24 Relapser-responders only 
If HCV RNA was undetectable 
at week 4 and week 12, 
continue with 12 weeks 
of PEG-IFN /RBV
(total duration: 24 weeks)

*Telaprevir labeling notes that a high proportion of null responders, especially those with cirrhosis, did not achieve SVR and developed 
drug resistance.

Source: Prescribing information for telaprevir. Available at: http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/201917lbl.pdf 
(accessed May 25, 2011)
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HCV Protease Inhibitors

Boceprevir and telaprevir have the market to themselves for the next couple of years, but 
the next generation of HCV protease inhibitors is already nipping at their heels. "ese 
drugs o!er advantages such as more convenient dosing, activity against other genotypes, 
and/or against protease resistant virus. Many are being studied in combination with 
other DAAs, with and without peginterferon, and with or without ribavirin.

Side e!ects include anemia, neutropenia, thrombocytopenia, photosensitivity, itching, 
rash, hemorrhoids, dysgeusia, headache, elevated alanine amino transferase (ALT) and 
bilirubin, jaundice, elevated uric acid and gout, dizziness, nausea, vomiting, and diarrhea.

TABLE 4. HCV protease inhibitors in development
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NS5a Inhibitors

Although NS5a inhibitors are very potent, these drugs have a low resistance barrier, 
especially in HCV genotype 1a. Nonetheless, HCV has already been cured with an 
NS5a inhibitor combined with a protease inhibitor. "is drug class is expected to become 
an important part of DAA regimens, since NS5a inhibitors may have pan-genotypic 
activity. So far, little is known about the side e!ect pro#le of NS5a inhibitors, since they 
have mainly been studied with peginterferon, ribavirin, and other DAAs; headache was 
reported in early studies.

TABLE 5. NS5a inhibitors in development 



109

The Hepatitis C Treatment Pipeline

Non-Nucleoside Polymerase Inhibitors 

"e hepatitis C virus o!ers more than one binding site for non-nucleoside polymerase 
inhibitors, so it may be possible to combine drugs from this class with one another, and 
with DAAs from other classes. Unfortunately, non-nucleoside polymerase inhibitors 
are active only against HCV genotype 1, and have a low resistance barrier. Side e!ects 
include headache, abdominal pain, nausea, fatigue, rash, and elevated bilirubin.

TABLE 6. Non-nucleoside polymerase inhibitors in development  
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Nucleoside and Nucleotide Polymerase Inhibitors

Although several candidates never made it out of phase II due to toxicity, the current 
nucleoside and nucleotide polymerase inhibitor candidates hold great promise. Early 
results from trials of Pharmasset’s PSI-7797 have generated hope that nucleotides may 
become the next backbone of HCV treatment—or the treatment itself.  

Simplicity is king; nucleoside and nucleotide polymerase inhibitors may bypass current 
complexities of HCV treatment, such as IL28-B genotype, baseline viral load, race, 
HIV status, and HCV genotype. "ese drugs are not magic bullets, but nucleosides and 
nucleotides o!er the potential to dramatically simplify and shorten HCV treatment, 
along with other desirable elements: a high resistance barrier, once-daily dosing, good 
tolerability, and pan-genotypic activity. Side e!ects include dizziness, fatigue, headache, 
and fever.

TABLE 7. Nucleoside and nucleotide polymerase inhibitors in development   
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Host-Targeting Agents 

Resistance to host-targeting agents (HTAs) is less likely to occur than DAA resistance, 
making these drugs an attractive addition to HCV treatment. "ere are di!erent types 
of HTAs. Entry inhibitors work by blocking viral entry into host cells. Cyclophilin 
inhibitors work by binding to cellular proteins that regulate the immune system; some 
drugs in this class are immunosuppressants. Both Debio 025 and SCY-635 bind to host 
cell proteins that may facilitate HCV replication without immunosuppressive activity. 
Cyclophilin inhibitors may have pan-genotypic activity. Unfortunately, resistance to 
these drugs has been characterized.  Side e!ects include muscle weakness, low platelets, 
headache, nausea and elevated bilirubin, which was reversible upon discontinuation. 

TABLE 8. Host targeting agents in development  
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Novel Interferons 

If DAA combination therapy doesn’t pan out for everyone, new types and formulations 
of interferon will come in handy. "ese may be more convenient, or more tolerable. For 
example, peg lambda interferon was more e!ective at 12 weeks than peginterferon alfa 2a, 
as well as more tolerable. Flulike symptoms, anemia, neutropenia and thrombocytopenia 
were signi#cantly lower among people who got peg lambda than peginterferon alfa, 
although the incidence of depression was similar. Transient  elevations in direct bilirubin, 
alanine aminotransferase (ALT), and aspartate aminotransferase (AST) were reported 
in the highest-dose peg lambda arm, but resolved when the dose was lowered or 
discontinued.9

Generic peginterferon could make HCV treatment accessible to millions of people who 
need it. "ere is at least one generic peginterferon (y-shaped peginterferon alfa 2a) in 
development, which hopefully will make HCV treatment accessible to the millions who 
need it and are unable to a!ord Merck’s Peg Intron or Roche’s Pegasys. In any case, 
patents in the United States and Europe will be expiring in 2016 (PegIntron) and 2017 
(Pegasys).   

TABLE 9. Novel interferons in development 
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Immunomodulators

Exploration of additional ways to stimulate the immune response against HCV 
continues, with a variety of di!erent approaches, including monoclonal antibodies, 
therapeutic vaccines, and TLR-7 agonists. 

TABLE 10. Immunomodulators in development   

And More….

Other approaches to HCV treatment are being studied: Santaris Pharma’s injectable  
microRNA inhibitor, SPC3649 is entering phase II; it is being studied in treatment-
naive people with HCV genotype 1. 

Silymarin, the active ingredient in milk thistle, is being studied in acute viral hepatitis, 
as monotherapy and with peginterferon and ribavirin in treatment-experienced people.
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Conclusion: Getting Ducks in a Row

Investments in research and drug development have paid o! for hepatitis C. We need 
a parallel investment in health care, to fully realize the bene#ts of therapeutic advances. 
HCV drug development is moving forward rapidly, but the capacity and resources to 
treat people with HCV have stalled.  Millions of people are without access to HCV 
treatment; high drug prices and the global #scal crisis make attainment of universal 
access a challenge. Access to drugs is not all that is required. HCV care and treatment 
must be o!ered with linkage to mental health care, case management services, peer 
support, addiction treatment, and harm reduction services. 

Unfortunately, boceprevir and telaprevir were approved in the absence of treatment 
guidelines (aside from their prescribing information). Clinicians need information about 
how best to use these new drugs. Otherwise, therapeutic chaos may ensue, leading to 
treatment failure and drug resistance.

Our biggest challenge is not curing hepatitis C, it is getting health care systems 
ready for the people who will be using them, as we prepare people to deal with these 
fragmented systems. Hepatitis C is prevalent among poor, marginalized people. Many 
of them struggle with addiction, psychiatric disorders and medical comorbidities as 
well as socioeconomic challenges such as homelessness, unemployment, poverty and 
incarceration. Multidisciplinary HCV care and treatment, including peer support 
and education programs, is e!ective, and these delivery systems need to be expanded. 
Developing and marketing new drugs will not cure people; good health care will. 
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The Tuberculosis 
Diagnostic Pipeline
BY JAVID SYED

Introduction

After a spurt of activity in new tuberculosis (TB) diagnostics and algorithms approved 
for widespread use by the World Health Organization (WHO), this year the TB 
diagnostics cupboard is bare, with no new test or strategy expected to be reviewed for 
WHO approval until next year.

"is lull is due to the dearth of investment in new TB diagnostics, despite the still 
pressing need for a true TB point-of-care (POC) test. 

However the TB and TB/HIV program implementers of the world should be busy 
this year with the important rollout and scale-up of the Xpert MTB/RIF TB test in 
high-burden countries where the new test—which can diagnose TB and multidrug-
resistant tuberculosis (MDR-TB) within two hours rather than the two months of 
traditional culture—must rapidly be implemented if its lifesaving promise is to be 
realized.

"is 2011 TB diagnostics pipeline focuses on products or strategies likely to be 
submitted for review by the WHO for use worldwide in the next three years. 

From 2007 to 2010, the WHO’s Strategic and Technical Advisory Group for 
Tuberculosis (STAG-TB) reviewed and recommended the widespread implementation 
of eight new diagnostic tests and strategies (see Table 1).
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TABLE 1. Diagnostic tests approved by the WHO, 2007–2010*
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Sources: World Health Organization 2007b, 2008b, 2009, and 2010b.

"ese new tools have the potential to vastly speed up diagnosis and permit prompt initiation 
of proper treatment for TB. "ey could bring previously inaccessible technologies closer to 
patients, improve the accuracy of testing available at peripheral district health centers, and 
increase the speed with which TB and drug-resistant disease can be con#rmed at both 
peripheral and reference laboratories. 

However, none of the newer TB tests is ideal because of the cost, complexity, require-
ments for electricity, laboratory infrastructure, biosafety equipment, and the need for 
highly trained sta!. "e rollout of these newly recommended technologies will be slow 
and riddled with challenges. No TB test yet recommended by WHO is a true POC test 
appropriate for health posts—where 60% of people with TB seek services—or household 
testing (O’Brien 2009). 
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"e lack of scienti#c investment is the key barrier in TB diagnostics discovery and de-
velopment. To restore the TB diagnostics pipeline to health, robust, sensitive, and speci#c 
biomarkers for MTB infection, disease, and cure need to be discovered and technology 
platforms developed that can detect them. 

Factors Essential in a New TB Diagnostic 

"e utility of a test is de#ned by the following factors linked to test accuracy and the 
place within the health system that the test is likely to be used. 

Sensitivity: "e ability of the test to accurately identify people with the disease. Low 
sensitivity of a test will cause people who have the disease to not be identi#ed, not get 
appropriate treatment, su!er due to disease progression, and transmit the disease to 
others.

Speci#city: "e ability of the test to accurately identify people who do not have the 
disease. Low speci#city means that more people who do not have a disease will wrongly 
be identi#ed as having it, leading to inappropriate treatment. 

Impact of test results on clinical decisions and patient outcomes: Sensitivity and speci-
#city are surrogates for a test’s ability to improve treatment outcomes. Even a highly 
sensitive and speci#c test may not result in improved treatment decisions or reduce 
morbidity and mortality if it takes too long to provide results, thus failing to allow 
prompt initiation of proper treatment (Stall 2011).

Diagnostic algorithm: An algorithm is a recommended sequence in which tests and 
procedures—such as symptom screens—can be used for diagnosis and treatment. Even 
a less-than-perfect test can improve access to treatment depending on how it can be 
paired with other diagnostic tools in an algorithm.

Where within the health system the test can be used: A test’s usefulness depends in part 
on how decentralized its use can be. In this report the health system is divided into the 
health posts, peripheral laboratories, and reference laboratories.

1. Health posts: "ese are the most decentralized locations of the health system, 
serving 60% of TB patients. "ey do not have access to electricity, water, or trained 
laboratory sta!, and do not support diagnostic or biosafety equipment.

2. Peripheral laboratories or health centers: "ese settings include district hos-
pitals and laboratories and serve 25% of people in need of TB services. "ey have 
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trained sta! and the capacity to conduct sputum smear microscopy but only in-
consistent electricity and minimal biosafety capacity. 

3. Reference laboratories: "ese sophisticated laboratories serve 15% of those 
in need of TB services. "ey have highly skilled sta!, reliable electricity and water 
supply, can ensure biosafety, and can conduct culture and nucleic acid amplication 
tests (NAATs) (O'Brien 2009).

TABLE 2. TB diagnostic tests and processes in the pipeline, 2011



121

The Tuberculosis Diagnostic Pipeline

What Is in the TB Diagnostic Pipeline? 

At the Heath Post Level

An instrument- and electricity-free POC or lateral %ow dipstick test with simple 
training and no biosafety requirements would be ideal for the health post level. A 
quick, accurate, noninvasive POC test that allows for same-day results could have a 
massive impact on early case detection and appropriate treatment initiation. Immedi-
ate initiation of treatment would reduce onward transmission of TB (Abu-Raddad 
2009; Médecins Sans Frontières/Treatment Action Group/Partners in Health 2009).
Several research avenues are being pursued to reach this elusive POC dipstick test. 
Volatile organic compounds from the breaths of people with active TB disease are 
being analyzed using modern technology like gas chromatograph/mass spectroscopy 
or through less high-tech methods such as using the giant African pouch rat to es-
sentially smell breath and detect TB (Phillips 2010; Poling 2010; Weetjens 2009). 

"e Foundation for Innovative New Diagnostics (FIND) has identi#ed TB proteins 
making up 0.5% of the total TB genome that are reactive to serum from persons with 
active disease. Lead candidate proteins that could be useful for a POC test are being 
puri#ed (Kunnath-Velayudhan 2010). 

Alere is developing Determine™ TB LAM Ag, a lateral %ow test for use in health 
post settings. Similar to Alere’s Clearview© TB LAM ELISA test, the Determine test 
detects lipoarabinomannan (LAM) in urine. LAM is a TB cell wall protein released by 
metabolically active TB bacteria. "e noninvasive test detects TB in unprocessed urine 
samples, making sample collection easier than sputum collection. Like the Clearview, 
the Determine assay may be more sensitive in people with HIV with advanced immu-
node#ciency, a population in which TB is currently hard to diagnose. Alere states that 
the test can provide results in 25 minutes. Studies are evaluating the usefulness of this 
test for diagnosing extrapulmonary TB and TB in HIV-positive children (Baker 2011). 

No POC test is likely to be ready for STAG-TB consideration in the next three years. 

In Peripheral Laboratories

1. The LAMP TB Assay

A loop-mediated isothermal ampli#cation process (LAMP)-based NAAT by Eiken 
Chemical and FIND is being studied for use in peripheral laboratories. If validated, 
this manual NAAT could replace microscopy. "is closed-system LAMP test does not 
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require heating and cooling, highly trained laboratory workers, or advanced biosafety 
equipment, as the sputum processing and instrumentation required have been greatly 
simpli#ed. "e prototype is being studied in Japan and elsewhere. "e previous ver-
sion of the test had high sensitivity (97.7%) in smear-positive sputum specimens, but 
only 48.8% in smear-negative sputum, while the speci#city was high at 99% in both 
(Boehme 2007). No data are available on the sensitivity and speci#city of the new 
prototype. "e LAMP test may go before STAG-TB in 2012.

2. The LAM TB ELISA Test

Alere’s Clearview TB ELISA test detects LAM protein in urine within three hours, 
using antibodies that bind with LAM in the urine sample. "e bound antigens cause 
a color change to indicate presence of TB. 

"e LAM ELISA test was 59% sensitive and 96% speci#c in one study. "e test sen-
sitivity increased as CD4 cell counts declined in HIV-positive people and was 85% 
in those with CD4 cell counts below 50 (Shah 2009). "is inverse relation between 
LAM ELISA’s sensitivity and CD4 cell count was seen in another study where test 
sensitivity reached 67% in those with fewer than 50 CD4 cells, but the sensitivity in 
people with CD4 cell counts higher than 100 was very low at 4% (Lawn 2009). "e 
quantitative analysis of LAM using the Clearview test showed that a higher measure 
of LAM correlated with greater bacterial burden in sputum, with disseminated TB in 
the blood of HIV-positive people, and with lower CD4 counts (Shah 2010). A study 
in South Africa is comparing the utility of both Alere’s LAM Clearview ELISA and 
its Determine LAM lateral %ow tests to diagnose TB among people with HIV ini-
tiating antiretroviral therapy. Clearview TB ELISA is available commercially in the 
United States and may be brought to STAG-TB in 2013 (Baker 2011).

A meta-analysis of results obtained with the LAM ELISA test con#rmed that though 
this noninvasive LAM assay may identify TB in HIV-positive people with severe im-
mune suppression, its suboptimal sensitivity requires that the populations in which it 
can be used be de#ned carefully (Minion 2011). 

3. Rapid Colorimetric Drug Susceptibility Testing 

FIND and the London School of Hygiene and Tropical Medicine are studying the 
feasibility of a rapid colorimetric drug susceptibility testing (DST) method using thin 
layer agar (TLA) at microscopy centers. Colorimetric DST is conducted by culturing 
TB from sputum sample on a TLA plate that has four di!erent colored quadrants, 
three of which contain isoniazid, rifampicin, and a quinolone. "e plate is sealed after 
the sputum is transferred onto the plate, which obviates the need for rigorous biosafety 
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precautions. "e plate is then incubated; any growth causing a color change is examined 
under a microscope to con#rm MTB. Results take two to three weeks (Sandarac 2011). 

A systematic review and meta-analysis of three colorimetric DST studies using non-
TLA methods showed that the method was 100% accurate for detecting rifampicin 
and isoniazid resistance, and the mean time to result was 11 days (Minion 2010). "e 
TLA DST’s sensitivity and speci#city needs to be con#rmed.

In Reference Laboratories

1. The GenoType® MTBDRsl 

"e WHO approved line probe assays (LPAs) for rapid diagnoses of MDR-TB in 
2008. MDR-TB is resistant to two of the most powerful #rst-line TB drugs, rifampi-
cin and isoniazid. "e MTBDRsl test by Hain Lifescience is an LPA being developed 
to detect certain second-line TB drug resistance-associated genetic mutations. "e test 
uses probes to detect gene mutations associated with resistance to %uoroquinolones 
(FQs); aminoglycosides/cyclic peptides including the injectable TB drugs amikacin, 
kanamycin, and capreomycin; and the #rst-line drug ethambutol. When used with 
the LPA for rifampicin and INH resistance, this test can identify extensively drug-
resistant TB (XDR-TB) strains—MDR-TB strains also resistant to any FQ and at 
least one second-line injectable.

Peer-reviewed studies examined the test’s ability to detect resistance to mutations in 
clinical isolates, but not on direct sputum samples. One such study showed the test to 
be sensitive in detecting FQ (75.6%) and kanamycin (100%) resistance and less so for 
ethambutol (64.2%). "e speci#city was 100% for all three drug classes (Kite 2010). 
Similar results from another study showed MTBDRsl sensitivity and speci#city to be 
87% and 96% for FQ, 100% and 100% for amikacin, 77% and 100% for kanamycin, 
80% and 98% for capreomycin, and 57% and 92% for ethambutol respectively (Brosier 
2010).

"e rapid LPA to detect XDR-TB provides results in less than #ve hours, and can 
prevent inappropriate treatment with ine!ective drugs to which the patient will not 
respond. In 2010 a WHO-convened expert group considered the MTBDRsl test but 
a decision on the test was postponed until further data are available on its performance 
using direct sputum samples. FIND and Hain Lifescience are gathering these data. 
STAG-TB may review the results in 2012. 
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2. The MTB MIC Plate

"e US National Institutes of Health–funded TB Clinical Diagnostics Research Con-
sortium (CDRC) and TREK Diagnostic Systems are collaborating to study the Sen-
sititre® MTB MIC Plate. "is test contains 12 #rst- and second-line anti-TB drugs 
in a single plate for the assessment of minimal inhibitory concentrations (MICs). "e 
plate has a minimum of seven dilutions for each of 12 drugs. To detect drug-resistant 
TB the plates are inoculated with the TB isolates, sealed, and then incubated at 34–36 
degrees Celsius for up to 21 days. Resistant strains are usually detected in ten days. "e 
plate eliminates the need for each laboratory to create its own antibiotic dilutions as 
it contains standardized quality assured antibiotics at correct concentrations. "is can 
avoid a major source of errors in conducting DST. "e CDRC is studying the Sensiti-
tre MTB MIC Plate to assess the incremental improvement it can o!er in identifying 
multidrug–resistant and extensively drug-resistant TB. WHO may review the results 
by 2013 (Dorman 2011; Sullivan 2010; TREK Diagnostic Systems 2011).

Recommendations

Resources for a Point-of-Care Test

"e biggest unmet need in TB diagnostics is for a POC test. "ere is an urgent ob-
ligation to fully resource e!orts to identify biomarkers that can detect those at risk 
for progression from TB infection to active disease, and biomarkers correlated with 
disease, cure, and drug resistance. 

To accelerate this progress, in February 2011 the Bill and Melinda Gates Foundation 
announced a new grant program, Biomarkers for the Diagnosis of Tuberculosis, which 
will provide up to US$12 million to identify host and/or pathogen biomarkers that 
can quickly identify TB disease in low-resource settings. 

Biomarker discovery requires well-characterized samples from people with and with-
out TB and at various stages of disease and cure so that candidates can be validated in 
specimens from a wide variety of patients. In 2010 the US Food and Drug Adminis-
tration provided funds to the TB Alliance to create a sample bank with the TB Trials 
Consortium and the AIDS Clinical Trials Group; the Consortium for TB Biomarkers 
(CBT2) will bank samples collected from study participants, many of whom will be 
followed through the duration of the study and monitored for relapse. It will have 
well-characterized samples from di!erent phases of TB disease and cure. Although 
this e!ort is focused on identifying surrogate biomarkers for treatment outcomes, the 
CBT2 may provide opportunities for biomarker discovery work. 
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As the CBT2 is being established, another sample bank at the WHO’s Special Pro-
gramme for Research and Training in Tropical Diseases (TDR) is in danger of being 
closed due to budget cuts. Instead of closing, sample banks need to expand and store a 
wider variety of samples in order to support the research required for the development 
of new diagnostics. 

Ensuring That the Global TB Diagnostics Pipeline Includes All Developers

"e current diagnostics pipeline of the New Diagnostics Working Group (NDWG) of 
the Stop TB Partnership does not include all TB diagnostics in development. "ere is 
an urgent need for the NDWG to conduct an independent and transparent assessment 
of TB diagnostics in the all stages of development using agreed-upon speci#cations. 
"e WHO and the Stop TB Partnership need to facilitate new developers and funders 
entering the TB diagnostics #eld. "e WHO should clarify data standards it requires a 
product to meet to pass an expert review and be recommended by STAG-TB. 

Addressing Regulatory Gaps in TB Diagnostics

TB diagnostics are not well regulated, especially in high-TB-burden settings. "is is 
demonstrated by the fact that commercial serological tests for TB antibody detection 
are available in 17 of 22 high-TB-burden countries, despite evidence of their poor per-
formance and though no international guideline recommends their use. In India alone 
it is estimated that 1.5 million serological tests were done annually at a conservative 
cost estimate of US$15 million—most of which was borne by patients (Gernier 2011). 
"e TDR conducted an evaluation of the performance of 19 commercially available 
rapid antibody detection tests for the diagnosis of TB and found that the sensitivity 
of all the tests was very low, the highest being 59.7% (World Health Organization 
2008a). Based on these data the STAG-TB passed a negative recommendation against 
the use of commercial serological tests for TB in 2010 (Morris 2011; Steingart 2011; 
World Health Organization 2010b). 

In 2010 the WHO recommended against the use of interferon gamma release assays  
to diagnose active or latent TB in low- and middle-income countries (World Health 
Organization 2010b). 

Information about the WHO-recommended TB diagnostic tests and algorithms 
should be widely disseminated to educate all TB providers and civil society organiza-
tions to promote proper use of good tests and procedures and to prevent inappropriate 
use of inaccurate diagnostics (Specter 2010). Regulation of diagnostics in high-burden 
countries needs to be improved and incentives are needed to encourage the private 
sector to replace serological tests with WHO-endorsed tools (Pai 2011).
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Scaling Up WHO-Recommended Diagnostics in the Absence of Better 
Tests

"ough an ideal TB diagnostic does not yet exist, the scale-up of recently recom-
mended diagnostics could reduce disease burden among populations in greatest need 
for improved TB diagnostics.

1. Algorithms for the Identification of Smear-Negative and Extrapulmo-
nary TB and to Rule Out Active TB in HIV-Positive Adults at the Peripheral 
Laboratory Level

"e WHO has recommended several algorithms to diagnose and treat TB in people 
with HIV, a population in which TB is di&cult to identify using the sputum smear 
test. "ere is growing evidence to support the scale-up of these algorithms for the 
identi#cation of smear-negative and extrapulmonary TB in adults with HIV (World 
Health Organization 2007a, 2010a). 

A South African study examined the use of the WHO algorithm to diagnose and pro-
vide rapid access to treatment for smear-negative TB in seriously ill people with HIV. 
"e study showed that 83% of those whose access to treatment was managed with the 
WHO-recommended algorithm were alive eight weeks after admission compared to 
68% of patients diagnosed and treated using standard practices (Holtz 2011). A study 
in Cambodia using the algorithm to diagnose TB in ambulatory HIV-positive people 
showed that the median time to treatment initiation was #ve days. "e time to initia-
tion was longest at nine days for smear-negative TB and shortest at two days for ex-
trapulmonary TB. "e sensitivity and speci#city of the algorithm to diagnose smear-
negative TB in people with HIV were 58.8% and 79.4%, respectively (Koole 2011). 

A study that looked at the use of cough of any duration, fever, and night sweats to 
identify people with TB had concluded that the algorithm to screen out active TB 
should include a combination of all three symptoms rather than focus only on cough 
(Cain 2010). In 2010 the WHO developed a simple symptom-based screen to rule 
out risk of TB disease in people with HIV using current cough of any duration, night 
sweats, fever, or weight loss. A meta-analysis of observational studies had showed that 
using the absence of all of these four symptoms, the screen was able to accurately pre-
dict those without TB by 97.7% if the prevalence of TB in people with HIV was at 2%. 
"e test’s ability to predict absence of disease declined to 90% when TB prevalence 
was 20%. Because of its ability to rule out the presence of TB disease this symptom 
screen is recommended to identify people with HIV who don’t have TB disease and 
can be given isoniazid preventative therapy (IPT) (Getahun 2011). Recent studies 
comparing 36 months of IPT to six months of IPT showed a 43% reduction of TB in 
people with HIV living in Botswana (Samandari 2011). 
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2. Xpert® MTB/RIF: A Recently Recommended TB and MDR-TB Diagnos-
tic Test for the Peripheral Laboratory Level

In 2010, STAG-TB recommended the use of the Xpert MTB-RIF test—a rapid, 
automated NAAT that can diagnose TB and rifampicin resistance in two hours and 
does not require biosafety equipment or highly skilled laboratory workers. Because of 
its many advantageous speci#cations, the test can potentially be done at district health 
centers; however, it does need a consistent supply of electricity. "ough it is shown to 
be cost-e!ective, its current price is US$17,000 for the machine and nearly US$17 per 
test (Roscigno 2010). "ese requirements will impede Xpert’s rollout in many settings.
"e Xpert MTB-RIF test’s overall sensitivity was 90.3% in all culture-con#rmed TB 
and 76.9% in smear-negative cases. "e speci#city for the Xpert MTB-RIF test was 
99%. For rifampicin resistance the Xpert test was 94.4% sensitive and 98.3% speci#c. 
"e sensitivity of smear microscopy was lower than the Xpert MTB-RIF test at 67.1% 
and varied from 44.6% in people with HIV to 72.3% in people whose HIV status was 
negative or unknown. 

Xpert MTB-RIF reduced time to TB detection to an average of zero days, compared 
with one day for microscopy, 30 days for solid culture, and 16 days for liquid culture. 
"e time to initiate treatment for smear-negative TB was reduced from 56 days for 
smear-negative, culture-positive TB to #ve days for Xpert MTB-RIF. Although the 
Xpert MTB-RIF results did not inform initiation of MDR-TB treatment, the use of 
the test reduced time to detection of rifampicin resistance to one day, compared with 
20 days for a line probe assay and 106 days for a culture DST. "is study clari#ed the 
test could be run successfully on batteries; other factors like temperature and humidity 
still posed challenges. "e manufacturer does not recommend the use of the test over 
30 degrees Celsius, and the test cartridge stability requires the temperature to remain 
between 2 and 28 degrees Celsius. Dust and humidity caused a few breakdowns, but 
information was not available about the speci#cs of these failures and the subsequent 
cost or time to repair the machine. "e company is devising methods to perform the 
annual calibration of the machine in the least disruptive manner (Boehme 2011). 

Since the #rst evaluation of Xpert MTB-RIF in 2010, at least 15 studies and articles 
have been published. "e accumulating evidence clearly shows that the test outper-
forms sputum smears in everyone and especially in HIV-infected persons, and it re-
duces time to results and allows more rapid initiation of treatment. Studies are needed 
to examine its usefulness outside a district laboratory setting and examine its e!ect on 
improving treatment outcomes.



128

TAG 2011 Pipeline Report

Disseminating Results of Diagnostics Scale-up to Strengthen TB Diag-
nostics Advocacy

"e WHO and the Stop TB Partnership should work with the lead sponsor of a 
recommended diagnostic to track the rollout of recommended tools, facilitate coordi-
nation of its implementation, and gather operational and outcome data important to 
patients and programs. Documenting the lessons and successes of scale-up can inform 
advocacy for increased funding and highlight e!ective practices to expedite scale up 
e!ective diagnostics. 

"e WHO’s Global Laboratory Initiative is creating a website to provide information 
on the uptake of the Xpert MTB-RIF test. "is website will have data from partners 
implementing the test and track where it is being rolled out, who is providing funding, 
and how many tests are being performed. "e website will collect information from 
the manufacturer to track challenges in scale-up and how these are being addressed. 

Documenting the impact of e!ective diagnostics is essential to support advocacy to 
increase global funding for TB diagnostics, which in 2009 was at a paltry US$41 mil-
lion—far short of the US$740 million need estimated by the Global Plan to Stop TB: 
2011–2015 ( Jiménez Salazar 2011).

Conclusion

After a burst of activity in the past four years, the pace of new diagnostics being 
brought to STAG-TB is slowing down, while there are major gaps in the availability 
of tools appropriate for use in all levels of the health system and especially at the health 
post level. Restoring a more robust pipeline requires a well-funded research agenda 
to develop biomarkers, technological platforms, and resources such as sample banks 
critical for the development of new diagnostics. Furthermore, a comprehensive and 
proactive strategy is needed to ensure that all diagnostic developers are contributing to 
the global TB diagnostics pipeline tracked by the NDWG. 
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It has been over 50 years since rifampin (also referred to as rifampicin) was synthesized. 
It was the #rst compound from a new class of anti-tuberculosis drugs called rifamycins, 
and remains one of the most powerful in its class. Two more anti-TB rifamycins were 
subsequently developed—rifabutin and rifapentine—but no new classes of anti-TB 
drugs have been approved since then. "e discovery and introduction of rifampin 
marked the end of a busy two decades in TB drug development. After the breakthroughs 
made between the 1940s and 1960s TB drug development languished until outbreaks 
of TB resistant to the most powerful TB drugs—isoniazid and rifampin—coincided 
with the rise of the HIV epidemic in the early 1990s. "ese events cast a harsh light 
on the %aws in current TB treatment strategies—long duration of treatment, high 
pill burden, side e!ects, and treatment adherence issues—and led to a resurgence of 
interest in developing better, simpler, and shorter treatment regimens. 

Over the past decade the TB treatment pipeline has returned from near death. Six new 
compounds from existing and novel drug classes are being evaluated in clinical trials 
with more in preclinical studies. Existing drugs that have been used o!-label to treat 
TB and other bacterial infections are being repurposed to shorten treatment duration, 
reduce adverse events, and improve treatment outcomes. Two compounds from novel 
drug classes may be considered for regulatory approval in the coming year. Despite this 
progress we must remain only cautiously optimistic because while the pipeline is the 
most promising it has been in decades, it is still insu&cient to eliminate TB as public 
health threat. 

Concerns about small pro#t margins have deterred many large pharmaceutical 
companies from investing in TB drug development. As a result the TB treatment 
research community is small and consistently underfunded, with only a handful of 
companies engaged. Public sector research institutions and academia conduct much 
of the basic science research to #ll the pipeline and work with product developers to 
conduct clinical studies. But TB researchers are resilient and resourceful and, as this 
year’s treatment chapter will show, they have done a lot with a little.
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Latent TB Infection

Every one of the two billion persons who are latently infected with TB is a potential fu-
ture case of TB disease. "erefore, treatment of latent TB infection (LTBI) is critical to 
reducing the pool of new cases. "e World Health Organization (WHO) recommends 
six to 12 months of daily isoniazid—one of the backbone drugs of TB treatment—
particularly for people with HIV and children who are #ve years of age and younger 
(World Health Organization 2010b). Isoniazid preventive therapy (IPT) has long been 
a controversial issue in TB control. "ere is a mountain of clinical evidence proving the 
e!ectiveness of IPT in preventing the progression of latent infection (when a person’s 
immune system is able to control TB) to active disease (when a person is sick and able 
to transmit TB to others). But IPT is for healthy people, and therefore it is di&cult to 
ensure treatment adherence. Ruling out active disease may be di&cult if the patient is 
immunocompromised or has HIV and low CD4 counts. In many countries clear guide-
lines for programmatic implementation of  IPT do not exist. Several large-scale studies 
are underway that attempt to gather evidence on how best to scale-up IPT in HIV-
prevalent settings. Alternative preventive treatments which may be easier to adhere to or 
shorter in duration are being evaluated as potential replacements for IPT. See Table 1.

TABLE 1: LTBI studies as of July 2011 

Rifapentine has a long half-life, allowing for intermittent dosing, and has been shown to 
have superior bactericidal activity to rifampin and rifabutin (Heifets  1990). "e TB Tri-
als Consortium (TBTC), an international research network funded by the US Centers 
for Disease Control and Prevention (CDC), has been working with Sano#-Aventis—
the pharmaceutical company that makes rifapentine—to evaluate it in treatment-short-
ening regimens for LTBI and active disease. 

"e TBTC has been conducting TB treatment trials since the 1990s and recently com-
pleted the PREVENT TB trial—also referred to as TBTC study 26—which evaluated 
whether giving rifapentine with isoniazid can shorten LTBI treatment. "e study com-
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pared 12 weeks of once-weekly isoniazid and rifapentine to nine months of daily isonia-
zid. It showed that the rifapentine and isoniazid regimen was as e!ective as the standard 
self-administered nine-month daily regimen of isoniazid, and had better completion 
rates (Centers for Disease Control and Prevention 2011). Final safety data are pending 
for people with HIV and children between the ages of 2 and 12 years, and should be 
available by the end of 2011.
 
Because this study was conducted in low- and middle-TB-burden settings, further stud-
ies evaluating its e!ectiveness and tolerability in high-burden countries are needed—
particularly those with high HIV prevalence. Each rifapentine and isoniazid dose was 
directly observed, so the recommendations for this regimen will include directly ob-
served therapy (DOT) as the preferred method of administration. Recognizing that this 
is not ideal for all programs and patients, the TBTC is planning a study to compare ad-
herence rates using DOT or self-administration with and without electronic reminders.

TB programs in low-burden countries like the United States—where much of TB con-
trol is geared toward treating LTBI—are already considering this 12-week regimen. "e 
CDC is expected to issue interim recommendations for the use of this new regimen in 
the United States later this year. "e potential for a once-weekly regimen with shortened 
duration may not only improve adherence but also be cost e!ective by reducing patient 
visits, sta! time, and number of pills being taken. Whether this can be reproduced in high-
burden countries is unknown until studies are conducted. Until there is more data IPT 
remains the best option for treating LTBI in high-TB-burden settings. Two major studies 
evaluating population level scale-up of IPT in high-HIV and -TB settings are nearing 
completion and have already strengthened roll-out  of IPT in Brazil and South Africa. 

"e Consortium to Respond E!ectively to the AIDS/TB Epidemic (CREATE)—a 
group of research institutions based in Brazil, South Africa, the United States and Zam-
bia—is wrapping up two studies evaluating the impact of programmatic implementation 
of mass IPT on TB incidence. Final analysis from the THRio study, which evaluated 
the provision of IPT among HIV positive persons attending HIV clinics in Brazil, is 
completed and will be released in July 2011. "e #nal data from the "ibela study, which 
evaluated mass, mineshaft-wide IPT in South African gold mines, will be released in 
2012. Already both studies have led to changes in national guidelines and clinical practice. 

In Brazil, CREATE study data were cited as the rationale for expanding integration 
of IPT with ART and placing responsibility for IPT on the national AIDS program 
(NAP). In late 2009, the NAP promulgated a policy requiring HIV clinics to take re-
sponsibility for screening patients for active TB and providing IPT to patients testing 
positive with a tuberculin skin test (TST)."e NAP has included IPT and TB drugs in 
the SICLON, the system that controls drugs used to treat HIV and HIV-related op-
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portunistic infections. "is is an important step because it means that TB prevention and 
treatment will have the same status, availability, and control in HIV clinics nationwide 
as all the other medications (Eldred 2011). Likewise, in South Africa, the "ibela team 
gave substantial input into national department of health guidelines, making South Af-
rica the #rst country to adopt the WHO’s recommended four-symptom TB screening 
tool (Eldred 2011). 

Isoniazid preventive therapy is widely recognized as the standard of care for treating 
LTBI, but it is not an option for people who are latently infected with drug-resistant TB 
(DR-TB). Treatment of close contacts of DR-TB cases is usually based on anecdotal evi-
dence and drug availability. "e AIDS Clinical Trials Group (ACTG)—a research net-
work that is funded by the US National Institutes for Health (NIH)—and the TBTC 
are considering a study that would evaluate the e&cacy and tolerability of TMC207 
(bedaquiline) compared with INH. ACTG study 5300 will compare TMC207 to INH 
for preventing TB disease in those 13 years and older who have household contact with 
persons with con#rmed DR-TB. A number of factors must be addressed before this 
study can start, including approval from the company to begin to study the compound 
for this purpose before it is approved for treatment of active TB. It is promising that DR-
TB is #nally being considered as critical to LTBI clinical research.

Active Disease

Current standard treatment for drug-susceptible TB (DS-TB)—TB bacteria susceptible 
to all #rst-line drugs—has shown a 95% cure rate. Unfortunately, many TB programs 
are understa!ed and poorly funded, therefore the majority of TB patients access care in 
settings that are vastly di!erent from the tightly controlled environment of a research 
study. Actual cure rates can be as low as 57% in some high-burden countries (World 
Health Organization 2010a). "e standard of care for DS-TB is two months of a four-
drug combination—isoniazid, rifampin, ethambutol, and pyrazinamide—followed by 
four months of a isonizid and rifampin (or 2HRZE/4HR). "is six-month regimen 
requires daily dosing and is often given as DOT, which is labor-intensive for both 
patient and provider. A number of studies underway are using existing compounds to 
reduce the length of #rst-line treatment to improve adherence rates.
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TABLE 2: Existing TB drugs in clinical studies for DS-TB as of July 2011

Repurposing Existing Compounds

Drug-susceptible TB

"e TBTC has been evaluating the antimicrobial activity and safety of daily rifapen-
tine for potential future use in treatment-shortening regimens. "e TBTC’s study 29 
evaluated the use of rifapentine 600mg given #ve days a week in place of rifampin in 
the context of standard therapy with isoniazid, pyrazinamide, and ethambutol during 
the eight-week intensive phase of #rst-line TB treatment. "e study found no signi#-
cant di!erence in the e&cacy between the two regimens, whether de#ned as culture 
conversion rates at eight weeks (the primary endpoint) or time to culture conversion. 
Rifapentine administered according to the study protocol was safe and well tolerated. 
A notable #nding in the study was that African site volunteers had lower concentra-
tions of rifapentine compared to non–African site volunteers despite receiving the 
same dosages of the study drug. "is is not fully understood, but may be partly due to 
the enhancing e!ect of food consumption on rifapentine concentrations. African pa-
tients in study 29 had fasted before taking rifapentine. "e low rifapentine concentra-
tions may also be due to pharmocogenomic di!erences—in%uence of genetic variation 
on drug response—between African and non-African participants, but further studies 
are needed to con#rm this. "e TBTC will be conducting a double-blind dose-rang-
ing study in patients with drug-susceptible pulmonary tuberculosis to determine the 
safety and tolerability of rifapentine taken at 10 mg/kg, 15 mg/kg, or 20 mg/kg with 
food for seven days a week during the intensive phase of therapy.
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Several studies underway are using %ouroquinolones to shorten the duration of treat-
ment from six to four months. Flouroquinolones are a class of broad-based antibiotics 
used to treat many bacterial infections. "ey have been used as part of second-line 
treatment for multidrug-resistant TB (MDR-TB) but are not licensed for TB. "e 
drugs in this class—levo%oxacin, o%oxacin, moxi%oxacin, and gat%oxacin—are com-
pletely cross resistant to one another. 

"e Rifaquin study—being conducted by the British Medical Research Council 
(MRC) with funding from the European and Developing Countries Clinical Tri-
als Partnership (EDCTP)—is assessing whether rifapentine and moxi%oxacin, 
when given together, can shorten #rst-line treatment and allow for intermittent 
dosing. It is a three arm study comparing the six-month standard-of-care regimen 
(2HRZE/4HR), versus two months of daily ethambutol, rifampin, and pyrazinamide 
plus moxi%oxacin followed by two months of twice-weekly moxi%oxacin and rifapen-
tine (2EMRZ/2P2M2), versus two months of daily ethambutol, moxi%oxacin, rifam-
picin, and pyrazinamide followed by four months of once-weekly moxi%oxacin and 
rifapentine (2EMRZ/4P1M1). Recruitment is ongoing. 

"e Global Alliance for TB Drug Development (TB Alliance) is conducting the 
REMox TB trial in collaboration with University College London and the British 
MRC as part of its moxi%oxacin for TB development program with Bayer Healthcare. 
"e trial is receiving major funding from the Bill and Melinda Gates Foundation, 
the EDCTP, and USAID and through the NIH which will be enrolling volunteers 
through the ACTG. "is phase III trial is evaluating the use of moxi%oxacin in place 
of ethambutol or isoniazid to shorten #rst-line treatment to four months. "e study 
is currently enrolling in Africa, Asia, and Latin America, and is in the process of ad-
ditional sites. Enrollment will be complete by the end of 2011, with #nal study results 
by 2014 (Ginsberg 2011).

Patient follow-up has been completed in the OFLOTUB consortium’s trial evaluat-
ing gati%oxacin as a replacement for ethambutol in a shortened #rst-line treatment 
regimen. Problems in data management have resulted in unexpected delays in data 
analysis. Safety and e&cacy results are expected by the end of 2011 (Lienhardt 2011). 

While it is encouraging to see so much research underway to improve treatment for 
DS-TB, children are absent from all of these studies. While e&ctiveness in children may 
be extrapolated from adults, safety and proper dosing cannot. But children are more sus-
ceptible than adults to rapid progression from exposure to infection and to severe disease. 
"erefore safety, tolerability and pharmacokinetic (PK) data—how a drug is absorbed, 
distributed, metabolized, and eliminated by the body—must be collected to establish 
safety pro#le and accurate dosing in children of all ages and development stages.
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Pediatrics

Children have been excluded from TB treatment research for the most part and are 
not a priority for national TB programs. Because of the di&culty in con#rming a 
TB diagnosis in children using bacteriological methods such as sputum smear mi-
croscopy or culture, researchers and product developers are hesitant to conduct stud-
ies in children. Likewise, the focus on smear-positive TB, which is more contagious, 
means public health programs often neglect young and HIV-infected children. "ere 
are considerable di!erences in national recommendations in pediatric drug dosing 
(Ramachandran  2011), and many children have been receiving sub-therapeutic levels 
of TB drugs. In 2010 the WHO issued Rapid Advice: Treatment of Tuberculosis in Chil-
dren to provide a framework for accurate dosing of #rst-line treatments for children 
(World Health Organization 2010c). Literature reviews of PK and toxicity data in 
children have shown that, while the principles of treatment in children and adults are 
the same, the dosages are not (Graham 2010). Children metabolize drugs di!erently, 
and therefore the amount of drug given to them cannot just be scaled down from adult 
data (Ramachandran  2011). 

"e 2010 WHO guidelines recommend new dosages of isoniazid, rifampin, pyrazin-
amide, and ethambutol to account for these di!erences. Unfortunately, implementing 
these new recommendations is quite challenging for national programs because the 
child-friendly formulations (e.g. crushable, dispersable, or scored tablets or capsules) 
of current single-dose drugs and #xed-dose combinations (FDCs) that are meant to 
ease dosing of multidrug regimens do not exist. Inclusion of children earlier in treat-
ment research with prioritization of collecting PK and safety data is essential to the 
development of child-friendly treatment regimens for #rst- and second-line drugs. 
As a matter of urgency simple weight-band tables that can guide the dosages and 
schedules for single and combinations of current drugs like those used in pediatric 
ARV treatment are needed. 



138

TAG 2011 Pipeline Report

TABLE 3: Existing TB drugs in clinical studies for DS-TB as of July 2011

MDR-TB Treatment

"e International Union against Tuberculosis and Lung Disease (IUATLD) is 
sponsoring the Evaluation of a Standardised Treatment Regimen of Anti-Tuberculosis 
Drugs for Patients with MDR-TB (STREAM) tria. It will assess a nine-month 
standardized treatment regimen for MDR-TB that achieved excellent outcomes with 
a cure rate of 87% in a non-randomized observational study in Bangladesh (Van Deun 
2010). Modeled on the Bangladesh regimen, the STREAM regimen uses moxi%oxacin, 
clofazimine, ethambutol, and pyrazinamide for nine months, supplemented by 
prothionamide, kanamycin, and isoniazid during an intensive phase of four months. "e 
aim of this study is to show that this shorter treatment regimen is at least as e!ective 
as the current lengthier treatments used throughout the world to treat MDR-TB. "e 
British MRC is conducting this trial and is expected to begin enrollment in several sites 
in late 2011 and early 2012 (Ornstein 2011). 

Last year’s report included a description of the TBTC’s LiMiT study (also known as 
study 30), a double-blind, placebo-controlled trial evaluating the safety and tolerability 
of low-dose, limited-duration linezolid—an oxazolidinone used o!-label in treatment 
of DR-TB. "e study closed enrollment in April 2010 and completed follow-up in 
September. Unfortunately, conclusions regarding the safety and tolerability of lower-
dose linezolid will be limited because the investigators found evidence of sporadic, 
nonrandom irregularities in the distribution of the study drug to patients not in keeping 
with their treatment assignment. Failure to implement the protocol correctly jeopardizes 
the validity of study data. "e research team and TBTC are committed to additional 
analysis furthering the understanding of what happened and in sharing such knowledge 
with the broader research community.
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Maternal TB 

TB control is crucial to maternal and child health in TB-endemic areas. TB is the lead-
ing infectious cause of death in women (Gupta 2011).Women bear the greatest burden 
of HIV during their childbearing years, and the same applies to TB. Maternal TB/HIV 
coinfection is associated with high incidence of postpartum maternal and infant death 
(Gupta  2007) and increased risk of maternal transmission of HIV and TB (Gupta  2011; 
Mofenson & Laughton 2007). Yet there is a dearth of data guiding how to treat pregnant 
women with TB drugs. A recent observational study conducted in Iran followed six preg-
nant women diagnosed with MDR-TB and found that treatment with a standardized 
second-line regimen was safe and e!ective in curing maternal TB and preventing child-
hood TB (Tabarsi 2010). "ese results are encouraging, but only six volunteers partici-
pated in this study, so the #ndings are not generalizable. Many second-line drugs have not 
been evaluated during pregnancy and the evidence is weak for those—such as linezolid 
and streptomycin—contraindicated for use in this population. While conducting clinical 
trials in pregnant women may be challenging, it is imperative that research institutions 
and product developers conduct PK and safety studies in them to ensure that these drugs 
are used safely and e!ectively to prevent and cure maternal and childhood TB.

Novel and Second-generation Compounds

"e Global Plan to Stop TB 2011–2015 estimates that US$700 million annually is 
needed to adequately fund TB treatment research over the next #ve years (Stop TB 
Partnership 2010). To reach this target, 2011 funding levels must more than triple. 
With the current global #scal crisis, and with budget cuts looming for public-sector 
funders, it seems unlikely that this will happen. But as new compounds move through 
the pipeline private-sector investment is increasing. Just by continuing a phase II 
study of its new compound, Otsuka Pharmaceuticals became the leading funder of 
TB treatment research in 2009 ( Jiménez Salazar 2011). For the #rst time in decades 
there are promising drugs with novel mechanisms of action that may be considered for 
regulatory approval in the next year. "ese new drugs may revolutionize TB treatment 
in the not-so-distant future. See Table 4. 
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TABLE 4: Novel and second-generation compounds as of July 2011 

Notes: *Indicates new drug class.

AZD5847

AstraZeneca Pharmaceuticals has completed two phase I safety, tolerability, and PK 
dose-escalation studies in healthy volunteers for its second-generation oxazolididnone, 
AZD5847. Proof of principle was demonstrated, since plasma concentrations exceeded 
the therapeutic exposures predicted by preclinical models at doses that are generally 
well tolerated. "e detailed results will be presented in fall 2011. "e compound will be 
moving into a phase IIa 14-day extended and early bactericidal activity (EBA) study in 
volunteers with DS-TB (Lawrence 2011).

PNU-100480

A multidose study of P#zer’s second-generation oxazolidinone PNU-100480 in healthy 
volunteers found all doses of PNU-100480 (up to 600mg twice per day) to be safe 
and well-tolerated and that they exhibited superior bactericidal activity to linezolid—an 
earlier-generation oxazolidinone used as last resort drug for DR-TB. "e #rst study in 
TB patients is anticipated to begin enrollment in June 2011. P#zer intends to develop 
the compound for DR-TB (Wallis 2011). 

SQ109

SQ109, a second-generation ethane diamine antibiotic, is the lead compound from 
Sequella. With collaborators from the Pan African Consortium for Evaluating Anti-
tuberculosis Agents (PanACEA), Sequella is evaluating SQ109 in a phase IIa early bac-
tericidal study to determine optimal dosing in DS-TB. Phase II/III studies are expected
to begin enrollment in 2012. In parallel, Sequella and the Maxwell Biotech Venture
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Fund announced an agreement to develop SQ109 for DR- TB in Russia, Armenia, 
Azerbaijan, Belarus, Kazakhstan, Kyrgyzstan, Moldova, Tajikstan, Uzbekistan, and pos-
sibly Turkmenistan and Ukraine. (Horwith 2011).

Regulatory Challenges 

Regulatory rules and requirements vary from country to country or region. Approval 
from stringent regulatory authorities like the US Food and Drug Administration 
(FDA) or the European Medicines Agency (EMA) has traditionally been su&cient 
for countries with limited regulatory capacity to grant approval for new treatments, 
particularly for life-threatening conditions. However, there is limited regulatory expe-
rience in the TB #eld because no new drug class has been approved since the 1960s 
and regulatory science is much more demanding now than it was then. Requirements 
for regulatory approval for TB treatments are not harmonized across agencies; for 
instance, the EMA requires that drug developers submit a pediatric investigational 
plan and timeline for evaluating a new TB compound in children while the FDA does 
not. "e lack of regulatory harmonization means sequential and/or parallel regulatory 
#lings in high- and low-burden countries along with long review timelines and indi-
vidual application requirements (Haaxaire-"eeuwes 2011). Even applying to conduct 
a study in a country may take up to one year to get a clinical trial approved. "ese 
administrative delays hinder implementation and raise the cost of studies, and may 
deter companies from investing in developing treatments for TB.

PA-824

PA-824 comes from a new class of drugs knows as nitroimidazoles, and is licensed by the 
TB Alliance from the former biotech company Chiron. PA-824 has been tested in two 
extended, dose-ranging EBA trials assessing the ability of doses from 50mg to 1200mg 
given daily for 14 days to kill TB in the lungs of newly diagnosed patients. Based on the 
results of these studies, a 200mg dose of PA-824 was selected for late-stage development 
as one component of a novel regimen to be tested for treatment of both DS- and DR-
TB. Results from the #rst study were published in 2010. "e results of the second EBA 
study will be published later in 2011 (Ginsberg 2011).

OPC67683 (delamanid) 

Delamanid, formerly known as OPC67683, comes from the same class of drugs as PA-
824; the two drugs are completely cross resistant to one another. Otsuka Pharmaceu-
ticals is in the process of completing its analyses of data from a phase IIb study of 



142

TAG 2011 Pipeline Report

delamanid plus optimized background therapy in volunteers with con#rmed MDR-TB as 
well as drug-drug interaction (DDI) studies with ARVs. Plans for future clinical trials will 
follow the completion of the analysis of these trials. Delamanid neither induces nor sup-
presses the cytochrome P450 (CYP P450) enzymatic pathways; therefore, additional DDI 
studies are not planned in the near future. "ere are no plans for early or expanded access 
to delamanid until after the analyses of existing studies are complete (Carlevaro 2011).

Recently the company established Otsuka S.A., in Geneva, Switzerland, a new entity 
and subsidiary of Otuska Pharmaceuticals, which will serve as the company’s central 
operations for developing and implementing public health policies regarding access and 
capacity building, and corporate social responsibility programs, in connection with its 
global TB program. "is commendable development suggests Otsuka is sensitive to the 
global issues posed by the likely advent of a new TB drug.
 
TMC207 (bedaquiline)

Tibotec (a subsidiary of Johnson & Johnson) has developed TMC207—recently given 
the generic name of bedaquiline—the #rst compound from a new class of drugs called 
diarylquinolones. Final 24-week data from stage 2 of a phase II trial showed volunteers 
who added TMC207 to a standard background MDR-TB regimen had faster time to 
culture conversion and a higher number of culture conversions than in volunteers on 
standard MDR-TB treatment (McNeeley 2010). Stage 2 patients are being followed 
while they complete their background regimens. 

"e company is conducting DDI studies with ARVs known to inhibit CYP450. Coad-
ministration with the boosted protease inhibitor lopinavir/ritonavir (LPV/r) increased 
exposure to TMC207 by approximately 20%. (van Heeswijk  2010). Results of the ne-
virapine interaction trial will be released in July 2011. ADDI study of TMC207 and 
efavirenz has been completed; #nal analysis is expected in mid-2011 (Dooley 2011).

Tibotec has #nished recruitment at sites in Europe, Asia, and Africa for an open-label 
trial of TMC207.  Adults with smear-positive, con#rmed MDR-TB or extensively drug 
resistant TB (XDR-TB) are eligible, including people with HIV. Data will be available 
later in 2011. "e company is currently in discussions with health authorities on the de-
sign of a phase III trial, planned to start in 2012. "e pediatric investigational plan that 
will guide future clinical studies of TMC207 in children to establish safe and e!ective 
dosing based on age and development has been approved by the EMA and has been 
shared with the FDA (Haaxaire-"eeuwes 2011). 

"e TBTC and the NIH-funded IMPAACT network are hoping to collaborate with 
Tibotec to conduct a PK study of TMC207 in children of all ages. "e trial would start 
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with adolescents and work down to infants from birth to six months of age. Once data 
from HIV-positive adults become available, children with HIV would be included (Hes-
sling 2011). "is is contingent upon approval from Tibotec to use TMC207 preapproval. 

Preapproval Access to Compounds 

Expanded access and compassionate use programs provide preregulatory-approval ac-
cess to lifesaving treatments—like ARVs—that have demonstrated e&cacy to patients 
who cannot participate in a controlled clinical trial. "ese programs have been used 
to accelerate access to promising treatments for HIV and cancer but have never been 
implemented in the context of TB treatment. As promising new treatments for DR-
TB advance through the pipeline it is important to provide access to them for people 
with limited to no treatment options—particularly people with XDR- or pre-XDR-
TB. Between the submission of an application for regulatory approval and receiving it, 
the experimental drug is not accessible—regardless of the e!ectiveness of the drug—
unless it is made available through an expanded access or compassionate use program. 
One of the concerns about providing preapproval access to drugs is how to ensure that 
they are used properly so that resistance doesn’t develop to the drugs before they are 
made available to the general public. Some countries do not have a legal framework 
for compassionate use and therefore do not allow access to unlicensed drugs. Tibotec 
is the #rst company to provide access to its compound preapproval, and has initiated a 
compassionate use program to provide access to TMC207 to XDR- or pre-XDR-TB 
patients who are ineligible to participate in any other TMC207 study. "is program is 
currently reviewing the #rst requests from health care providers. An expanded access 
trial is expected to begin in summer 2011.

Tibotec and TB Alliance are codeveloping TMC207 with Tibotec taking the lead for 
DR-TB, the TB Alliance taking the lead for DS-TB and the two organizations collabo-
rating to discover “next generation” diarylquinolines—the same drug class as TMC207. 
"e TB Alliance conducted a DDI study with TMC207 and rifapentine and rifampin 
this year. Results are expected to be published in 2011. "e TB Alliance in collabora-
tion with the ACTG are planning a DDI study with rifabutin to determine the optimal 
approach for moving forward with a rifamyacin-based TMC207 regimen for DS-TB. 
Preliminary results from a 14-day EBA study indicate that all TMC207 dosing regi-
mens evaluated were well tolerated and produced measurable bactericidal activity. Final 
results of this study will be available in late 2011. Both PA-824 and TMC207 are being 
developed by the TB Alliance as part of combination regimens rather than single drugs 
(Ginsberg 2011).
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Regimen Change 

Although a combination of drugs is required to cure TB, drug development has tra-
ditionally evaluated one new compound at a time by adding an experimental drug 
to a standardized regimen. "e FDA has expressed concern that this model of drug 
development is unethical given the risk for the emergence of resistance and render-
ing the new compound ine!ective (Woodcock  2011), and has drafted Guidance for 
Industry Codevelopment of Two or More Unmarketed Investigational Drugs for Use in 
Combination (Food and Drug Adminitsration 2010) to facilitate the development of 
novel combination therapies rather than sequential drug development. "e Critical 
Path to TB Regimen (CPTR) was established in 2009 to provide a forum for di!erent 
stakeholders in TB research to work together to speed up the development of novel 
TB regimens. "ere are several challenges to this approach, not limited to di!erent 
timelines of drug development, the hesitation of sponsors to work together and share 
data, and the lack of appropriate drug-drug interaction data to guide dosing regimens 
in such studies. But these challenges are not insurmountable and if successful these 
types of studies could reduce the time to regimen change from over 20 years to less 
than 10 years.

TABLE 5: Regimen change as of July 2011 

NC-001

"e TB Alliance has initiated the #rst novel TB treatment combination trial, NC-001. 
"e primary objective of this trial is to evaluate the extended EBA, safety, tolerability, 
and PK of TMC207 alone, TMC207 plus pyrazinamide, PA-824 plus pyrazinamide, 
and PA-824 plus pyrazinamide and moxi%oxacin, dosed daily over 14 days. PA-824 plus 
pyrazinamide and TMC207 plus pyrazinamide are promising building blocks for novel 
treatment-shortening regimens as they have been shown to be synergistic in a mouse 
model of TB. TMC207 plus PA-824, a combination that shows some antagonism in 
the same mouse model, is also being studied in NC-001 to evaluate whether it has po-
tential in humans as a building block for a novel TB regimen for both DS- and DR-TB 
(Ginsberg 2011).
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NC-001, initiated in early 2011, represents the #rst study in TB patients of a com-
bination containing more than one new drug for TB; the novel three-drug regimen 
is PA-824 plus moxi%oxacin and pyrazinamide. Enrollment into NC-001 has recently 
been completed. Results from this study are expected to be available by the end of 2011. 
Depending on the results of NC-001, a two-month treatment study of this three-drug 
regimen is being planned for initiation in early 2012 (Ginsberg 2011). 

Recommendations

Current treatment strategies cannot eliminate TB as a public health threat by 2050. 
Treatment for active TB disease takes from six months to two years, requires patients 
to take multiple pills (in some cases at di!erent times of day), and causes mild to severe 
(and potentially irreversible) side e!ects. Better drugs are needed, as are more data on 
how best to use current treatments in people with HIV and children who are at greater 
risk for disease progression and more severe disease. 

Childhood TB

More than half of the ARVs approved to treat HIV have established simple weight band 
tables with pediatric dosing ranges and child-friendly formulations (Food and Drug 
Administration 2011). Meanwhile, there is a dearth of evidence guiding TB treatment 
for children (Burman 2008). Infants and young children bear a higher risk for TB dis-
ease progression. Pharmocokinetic and tolerability studies in children of all ages are 
desperately needed for current second-line drugs and new compounds in development. 
Once adult e&cacy data has been established, pediatric PK and safety studies should be 
initiated to establish the optimal dose in children of all ages, starting with adolescents 
and then scaled down to infants. Likewise, manufacturers need to prioritize the devel-
opment of FDCs and child-friendly formulations of current #rst-line and second-line 
drugs and new compounds for children. Without these formulations, the revised pedi-
atric dosages will not be implemented and children will be denied the potential bene#ts 
of promising new drugs and regimens. 

Maternal TB

TB remains a leading cause of death of women of childbearing age, yet few research 
institutions, product developers, and funders have prioritized this population. Maternal 
TB has a signi#cant impact on the TB status and overall health of an infant. A pregnant 
woman who is coinfected with TB/HIV is 2.5 times more likely to transmit HIV to her 
newborn (Gupta  2011). If her TB remains untreated she is at risk for transmitting TB 
to her child in utero, during birth, or postpartum. It is imperative that mothers and their 
children be prioritized and included in TB treatment research. 
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Antiretroviral Therapy as TB Prevention

"ere are limited data on interactions between TB drugs and ARVs. Evidence continues 
to show the signi#cant impact that ART has on reducing incidence and severity of TB 
among people with HIV, but there is very little information on how best to use current 
TB treatments and newer compounds with ARVs. Provision of ART is a critical inter-
vention in preventing TB among people with HIV. Unfortunately, many people start 
ART at low CD4 counts, lessening the potential bene#ts from ART as TB prevention 
(Lawn  2011). Antiretroviral therapy must be scaled up in high-TB burden settings, and 
DDI studies with ARVs and new TB compounds are required to ensure that ART is 
included as an essential component of TB care. 

Regulatory Requirements

Regulatory authorities need to provide clear guidance to drug developers on require-
ments for conducting clinical trials, providing preapproval access to promising com-
pounds, and applying for licensure. "ese requirements should be harmonized or at least 
synergized as much as possible with other national regulatory agencies to avoid unneces-
sary delays, added costs, and missed opportunities for accessing lifesaving treatments. 

TB Control

Cure rates for drug-susceptible TB may reach 95% in the best-functioning health sys-
tems, but the majority of TB patients are accessing their care in resource-limited settings 
where drug stockouts are not uncommon, not all drugs are quality assured, and sta! are 
overwhelmed by the patient load and unable to provide adequate adherence support. As 
a result, many patients may #nd themselves relapsing or failing treatment because they 
did not complete their regimen or were not given the appropriate treatment. Countries 
need to commit to providing a consistent supply of quality-assured #rst- and second-
line drugs and invest in developing and sustaining human resources required to run a 
functioning TB program. 

Conclusion

Over the past decade, TB treatment research has seen greater investment from the public 
and private sector and has produced a number of promising advances. But more invest-
ment is needed to ensure that we are able to build on this foundation and revolutionize 
treatment of TB. Major funders like the NIH, the Bill and Melinda Gates Foundation, 
and pharmaceutical companies must not scale back on their contributions, and high-
burden countries like Brazil, India, Russia, China and South Africa must increase their 
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investments. "e potential to shorten treatment and dramatically improve outcomes for 
latent TB infection and active disease is close and demands commitments be kept and 
innovation encouraged if TB is going to be curable for all people.
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The Tuberculosis 
Vaccine Pipeline 
BY CLAIRE WINGFIELD AND RICHARD JEFFERYS 

"e Bacille Calmette-Guérin (BCG) vaccine provides protection from the most 
severe forms of pediatric tuberculosis (TB) disease, saving the lives of an estimated 
40,000 children each year. BCG is a valuable tool in combating child morbidity and 
mortality and is included in the World Health Organization (WHO) Expanded 
Programme on Immunization (EPI), but it is not su&cient to eliminate TB as a 
public health threat because it o!ers incomplete protection. Most important, BCG 
cannot prevent pulmonary TB—the most common form of the disease—and it is not 
recommended for use in HIV-positive infants because it can cause a potentially deadly 
immune reaction. A vaccine to provide lifetime protection against all forms of TB in 
all populations will be essential in eliminating TB. A novel vaccine that is only 60% 
e!ective could reduce TB incidence approximately 80% by 2050 (Abu-Raddad 2009).

TB vaccine development is resource- and time-intensive. Because vaccine studies 
must show that they are able to reduce TB incidence on a population level they take 
longer and require many more participants than do treatment and diagnostic trials. 
"e search for a new TB vaccine has been excruciatingly slow despite the desperate 
global need, but recent developments o!er encouraging signs of progress. Ten novel 
vaccine candidates are in clinical trials and there is a robust pipeline of constructs in 
preclinical studies thanks to the e!orts of a relatively small but committed community 
of researchers, funders, and advocates. 

Who Is Involved in Developing New TB Vaccines?

A handful of nongovernmental organizations, universities, and research institutions 
from the public and private sector are driving TB vaccine development. "e South 
African TB Vaccine Initiative (SATVI), the European and Developing Countries 
Clinical Trials Partnership (EDCTP), the Tuberculosis Vaccine Initiative (TBVI), and 
Aeras are playing key roles in almost every TB vaccine trial. "is reveals the limited 
infrastructure available for clinical TB vaccine research. SATVI is the only institution 
that currently has the expertise and capacity to conduct large-scale phase III e&cacy 
studies and recently completed enrollment of the #rst e&cacy trial in infants in more 
than 80 years. "e EDCTP is playing a key role in facilitating TB vaccine research by 
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establishing “networks of excellence.” "e TBVI and Aeras are advocating for increased 
resources and working with regulators to clarify the pathway for a new vaccine. Each 
of these organizations is working to build TB vaccine research infrastructure but all 
remain underresourced in comparison to the needs they are attempting to address. 
A combination of large pharmaceutical and smaller biotechnology companies, 
universities and government institutions are conducting the basic science and clinical 
research that keeps the pipeline #lled and moves existing candidates forward. 

The Vaccine Clinical Pipeline

Ten vaccine candidates are currently being evaluated in phase I and II clinical trials. 
Although as of June 2011 twelve constructs are listed in the Working Group on New 
TB Vaccines’ pipeline, one is inactive (M. smegmatis), and a phase III study of M. 
vaccae has been completed but studies results must be con#rmed and yet no further 
studies of the vaccine are planned at this time. 

TABLE 1. TB vaccine constructs in phase II clinical trials (as of July 2011)

MVA85A/Aeras 485

MVA85A/AERAS-485—a recombinant attenuated version of the vaccinia virus (cowpox) 
combined with TB antigen 85A—is the most clinically advanced TB vaccine to date. 
"e vaccine was developed at Oxford University and is being evaluated as a booster of 
preexisting immune responses to antigen 85A—which are present in most people either as 
a result of BCG vaccination or natural exposure to TB. 

A total of twelve clinical trials of MVA85A/AERAS-485 have been completed and four 
are ongoing. Phase I and II safety studies indicate that the vaccine is well tolerated, with 
no serious adverse events. A trial in infants given the vaccines recommended in the WHO 
EPI showed no negative impact, but the EPI vaccines did slightly reduce the magnitude of 
the immune responses induced by MVA85A. Researchers think that this may be because 
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the adjuvants—substances that stimulate an immune response to antigens in the vaccine—
used in the EPI vaccines preferentially enhance the antibody "2 immune response and 
thereby diminish the cellular "1 response favored by MVA85A (McShane 2010). Aeras 
has partnered with the Oxford-Emergent Tuberculosis Consortium Ltd. (OETC) on 
a phase IIb e&cacy trial of this candidate in infants that completed enrollment in April 
2011. A second phase IIb e&cacy trial in HIV-positive adults is due to begin later this year 
(Woolley 2011).

"e OETC, a joint venture between the University of Oxford and Emergent BioSolutions 
Inc., has the rights to fully commercialize the vaccine, and Aeras will have the rights to 
distribute the vaccine to resource-limited populations for humanitarian purposes. 

AERAS-402/Crucell Ad35

AERAS-402/Crucell Ad35 is one of two adenoviral-vectored vaccines in the TB vaccine 
pipeline. "e vaccine is a replication-de#cient adenovirus 35 (Ad35) that serves as a viral 
vector—a virus modi#ed to deliver TB genetic material—for DNA-expressing TB antigens 
85A, 85B, and 10.4. Adenoviruses are potent inducers of CD8 T-cell responses, which 
are considered important for developing an e!ective vaccine-induced immune response. 
"is construct is being developed by Aeras and Crucell NV—a Dutch biopharmaceutical 
company with a particular focus on developing adenovirus-based vaccine vectors for 
infectious diseases. 

When given after priming with BCG in adults, AERAS-402/Crucell Ad35 has been 
shown to induce polyfunctional CD4 T-cells and strong CD8 T-cell responses, suggesting 
it may have potential as an immunotherapy (Sado! 2010). A phase II proof-of-concept 
clinical trial in HIV-negative infants ages 16–26 weeks is ongoing. "e study includes 
an initial dose-#nding period, followed by a safety and e&cacy phase that will recruit 
over 4,000 infants (ClinicalTrials.gov 2011d).  A phase II trial evaluating the safety and 
immunogenecity of AERAS-402/Crucell Ad35 in HIV-infected, BCG-vaccinated adults 
with greater than 350 CD4 cells was initiated in 2009.  It is currently paused to further 
enrollment pending funding considerations (Leadman 2011).

GSK M72

GlaxoSmithKline (GSK) is working with Aeras to conduct phase II studies of GSK M72, 
a recombinant protein vaccine with an adjuvant. Early results show that the vaccine is well 
tolerated clinically and produces a measurable immune response. "e vaccine has been 
studied with several of GSK’s proprietary adjuvants, with a compound named AS01E 
eventually selected for further development. GSK M72 is a vaccine that is made up of an 
adjuvant and two recombinant TB proteins meant to strengthen the immune response to 
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two fragments of the TB bacterium that are commonly recognized by the immune system. 
"e vaccine has induced robust polyfunctional CD4 cell responses against the M72 antigen, 
but no CD8 cell responses. No serious adverse events have occurred; the main side e!ects are 
transient local injection site reactions (Ofori-Anyinam 2010). A phase II study assessing the 
safety and immunogenicity in HIV-positive adults with or without ART in TB endemic 
areas is underway (ClinicalTrials.gov 2011c).

RUTI

RUTI is a killed TB vaccine that was originally discovered at Institut Germans Trias i Pujol 
and is now being developed by the biotech company Archivel Farma. "e vaccine is being 
evaluated for its potential to accelerate the treatment of latent TB infection in combination 
with isoniazid (Ruiz 2010). "e WHO recommends six months of daily isoniazid as a 
standard of care to treat latent TB infection and prevent progression to active TB disease. 
"e preclinical data suggest that the RUTI vaccine plus isoniazid for one month may be 
as e!ective as six months of isoniazid (Churchyard 2010). A phase II study that compared 
three di!erent doses of RUTI plus one month of isoniazid to six months of isoniazid plus 
placebo in HIV-positive and HIV-negative adults has been completed (ClinicalTrials.gov 
2011a). Final results are pending. If this regimen proves to be as e!ective as the standard of 
care for latent TB infection it might be preferable for TB programs because of the reduction 
in duration of therapy and potential for reduced risk of isoniazid resistance. 

TABLE 2. TB vaccine constructs in phase I clinical trials (as of July 2011)
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HyVac4/AERAS 404, Hybrid-I+IC-31, Hybrid-I+CAF01, and SSI H56-
IC31®  

"e Statens Serum Institute (SSI), a Danish research institution, has discovered 
key antigens and developed a number of technologies that are important for the 
development and production of a new TB vaccine. "e SSI currently has three 
subunit protein vaccines combined with adjuvants in human testing: HyVac4/Aeras 
404, Hybrid(I+IC(31, and Hybrid(I+CAF01. "e SSI is partnering with Aeras, 
TBVI, Intercell (a biotech company), and Sano# Pasteur (the vaccine division of the 
pharmaceutical company Sano#-Aventis) to develop these constructs.

HyVac4/Aeras 404 also referred to as SSI/SP H4-IC31®, uses SSI's H4 antigen 
(a fusion protein of 85B and 10.4) combined with Intercell's IC31® adjuvant to 
stimulate T-cell mediated immunity. Aeras and the SSI entered into a development 
partnership for H4-IC31 in 2005. In 2008, the SSI partnered with Sano# Pasteur to 
further develop this candidate.  It has undergone three phase I clinical trials in adults 
and Aeras is currently conducting a phase I trial to test this candidate in healthy adults 
(Leadman 2011). 

Hybrid1, containing the TB antigens 85B and ESAT6, is combined with either IC31 
or CAF01 adjuvants (Ho! 2010). All are being developed as booster vaccines and have 
completed safety studies in humans.

SSI has published promising preclinical data on an additional candidate that include 
a novel latency-associated TB antigen, Rv2660c, along with Ag85B, ESAT-6 and the 
IC31 adjuvant (Aagaard 2011). Dubbed SSI H56-IC31®, this vaccine is now poised 
to undergo phase I testing in humans in a collaboration with Aeras supported by the 
Bill and Melinda Gates Foundation Grand Challenge #12 (GC#12) consortium.
 

VPM1002

VPM1002 is a live vaccine made from a genetically modi#ed BCG strain. "e vaccine 
was originally created by the Max Planck Institute for Infection Biology and is now 
being developed by the company Vakzine Projekt Management. "e vaccine has 
induced TB-speci#c immune responses, and is being developed as a priming vaccine 
(Grode 2010). A phase Ib trial is currently underway that evaluates safety, tolerability, 
and immunogenicity of three doses of VPM1002 in healthy adults using standard 
BCG immunization as a comparator (ClinicalTrials.gov 2011b).
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Ad5Ag85A

Ad5Ag85A is the other adenoviral-vectored vaccine in the pipeline, and uses 
adenovirus 5 (Ad5). It is being evaluated as a BCG prime/boost vaccine. "e developers 
at McMaster University are interested in pursuing intranasal delivery (Xing 2010).  
Phase I safety and immunogenicity study in BCG-vaccinated and nonvaccinated 
healthy adults is underway (ClinicalTrials.gov 2011e).

AERAS 422 (rBCG)

Aeras has developed a recombinant BCG priming vaccine currently undergoing 
evaluation in a phase I clinical trial in BCG-naive adults. AERAS-422 has been 
modi#ed with an endosome escape mechanism and over-expresses three key TB 
proteins 85A, 85B and Rv3407 to elicit a greater protective immune response in the 
body.  A second phase I trial of AERAS-422 will start later in 2011 (Leadman 2011).

Recommendations

"ere is overwhelming agreement that a safe, tolerable, easy-to-administer vaccine 
that provides lifetime protection against all forms of TB infection and disease, in all 
populations and age groups, will be key to reaching the goal of eliminating TB by 
2050. However, few seem willing to pay for the research and development required. 
!e Global Plan to Stop TB 2011–2016 estimates what will be needed to develop new 
tools to prevent, diagnose, and treat TB. 

"e direct costs to develop one TB vaccine candidate for one target population could 
be as much as US$315 million. !e Global Plan estimates that US$1.9 billion will be 
needed between 2011 and 2015 in order to have three vaccine candidates in phase 
III e&cacy trials (Stop TB Partnership 2010). "e costs of developing a new vaccine 
include investment in preclinical and basic science research to better understand how 
the immune system responds to TB and to replenish the pipeline.

Resources need to be dedicated to manufacturing the vaccine and building the capacity 
of clinical trial sites to conduct later-stage trials that are larger and more complex. 
As a vaccine trial nears regulatory approval, advocacy is needed to clarify regulatory 
pathways and create informed community and provider demand. Annual TB vaccine 
funding must reach US$250 million in 2011 and nearly US$440 million in 2015 to 
develop and introduce a vaccine e!ective against all forms of TB and for all age groups 
including people with and without HIV (Stop TB Partnership 2010). 
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Yet TB vaccine research funding—representing 18% of overall TB R&D investments—
only reached US$108.8 million in 2009. "e Bill and Melinda Gates Foundation is 
the leading funder in this research area, though its contribution declined by 40% from 
US$66.9 million in 2008 to US$47.6 million in 2009, and the US National Institutes 
of Allergies and Infectious Diseases (NIAID), the second largest funder of TB vaccine 
research, %atlined its contribution ( Jiménez Salazar 2011). If this trend continues, it 
will derail progress and stall new developments. Current funders must increase their 
investments, and middle-income countries with high TB burdens—like Brazil, China, 
India, Russia, and South Africa—must commit resources to the search for a new TB 
vaccine.

Civil society needs to demand a better and safer TB vaccine.  HIV-positive infants 
who are at increased risk for developing more severe forms of TB disease are unable 
to bene#t from BCG’s limited protection. Communities must participate as more 
than study volunteers through creating demand and advocating for their governments 
to invest in research and TB programs to rapidly scale up more e!ective vaccines. 
HIV treatment literacy campaigns have shown that an engaged and informed civil 
society is critical to accelerating research, mobilizing resources, and strengthening the 
national response. Advocates need to educate themselves about the gaps in TB control, 
understand how research can help to address them, and demand action.

Conclusion

After languishing for many years, the search for an e!ective TB vaccine is #nally 
gaining momentum. With ten vaccines in clinical trials, the pipeline is the fullest it 
has ever been. But this progress is threatened by lack of resources and infrastructure. 
If these needs are not addressed, the goal of eliminating TB as a public health threat 
by 2050 will not be reached.
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