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Combining drug therapies for dual infection by Mycobacterium tuberculosis and HIV-1 is made complex
by high pill burdens, shared drug toxicities, drug-drug and drug-disease interactions, immune
reconstitution inflammatory syndrome, co-morbid diseases and drug resistance in both bacillus and
virus. Recently, novel anti-tubercular and anti-retroviral drugs have bolstered the tuberculosis-HIV drug
pipelines and may help ameliorate these difficulties. This review article discusses the reasons for current
problems of therapy for dual infection. It also identifies promising agents, which may significantly
improve co-therapy and thus diminish the great morbidity and mortality of these two pandemics.

The dual pandemics of tuberculosis (TB) and human immunode-
ficiency virus-1 (HIV) cause considerable morbidity and mortal-
ity. One-third of the world’s population is infected with
Mpycobacterium tuberculosis (TB), and almost nine million new
cases of TB and approximately two million TB deaths occur
annually [1,2]. Worldwide, almost 40 million people were
infected with HIV and 2.9 million people died with AIDS in
2006 [3]. In 2000, almost 11 million people were co-infected with
HIV and TB [1], the majority of who were in the developing world
[4]. These two pandemics fuel each other. TB hastens HIV pro-
gression to AIDS by accelerating viral replication [5], whilst HIV
increases the risk of TB disease (up to 30% annual risk of TB disease
in profoundly immune-suppressed patients in endemic areas) [6].
TB-HIV drug therapy is complicated by high pill burdens, shared
drug toxicities, drug-drug and drug-disease interactions and the
immune reconstitution inflammatory syndrome. Co-morbid dis-
eases, drug resistance and the treatment of latent TB infection
provide additional challenges. This review article describes cur-
rent therapy for TB and HIV, discusses the problems with current
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TB-HIV therapy, reviews new drugs on the horizon and proposes
areas for future research.

Current therapy for tuberculosis and HIV
TB therapy is a multi-drug regimen given over a long period of
time. Single agent TB therapy rapidly gives rise to drug-resistant
organisms [7]. Multi-drug treatment needs to be prolonged; pos-
sible explanations include: M. tuberculosis divides slowly, it is
metabolically capable of becoming drug insensitive and/or bacilli
may become sequestered [8]. The advent of rifampicin and pyr-
azinamide allowed highly effective ‘short course’ TB Regimes—
usually a two-month intensive phase with rifampicin (R), isoniazid
(H), pyrazinamide (Z) and ethambutol (E), followed by a four-
month continuation phase with RH (2RHZE/4RH) [9]. Multi-drug-
resistant (MDR)-TB, defined as TB resistant to RH, is treated with
less effective agents for up to 18 months after sputum conversion.
Treatment is often individualised and regimes may be as long as 24
months. Patient adherence is a major problem with such pro-
longed treatment regimens. There is an urgent need for shorter,
effective TB drug regimens.

Highly active anti-retroviral therapy (HAART or ART) for HIV is
a life-long multi-drug regimen. In patients infected with HIV,
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millions of virions are produced daily, and the reverse transcrip-
tase target mutates rapidly. Hence, initial therapies with single or
dual nucleoside reverse transcriptase inhibitors (NRTI) such as
zidovudine (AZT) and didanosine (ddI) were only partially effec-
tive and rapidly led to viral drug resistance [10]. Effective therapy
only became possible when non-nucleoside reverse transcriptase
(NNRTI) and viral protease inhibitor (PI) drugs were developed.
Combinations of these three drug classes lead to prolonged sup-
pression of HIV replication and ultimately to a degree of immune
recovery. Adherence to ART is crucial to successful viral suppres-
sion, which is very closely related to immune restoration and
survival [11].

Difficulties associated with combining current TB-HIV
therapies

Shared drug toxicities

Concomitant therapy for HIV and TB is associated with increased
risks of adverse drug effects such as nausea, gastrointestinal tract
disturbance, peripheral neuropathy, cutaneous reactions, renal
toxicity and potentially fatal liver toxicity [12]. Certain drug
combinations are contraindicated (Table 1). These toxicities
may necessitate therapy discontinuation, which exacerbates
immune suppression and predisposes to other opportunistic infec-
tions. Shared drug toxicities also compromise adherence to the
treatment regimen leading to suboptimal TB and HIV treatment
and increasing the possibility of drug resistance.

Drug interactions
Clinically significant pharmacokinetic drug interactions are com-
mon in TB-HIV therapy. Many TB-HIV drugs are substrates of
metabolising enzymes and drug transporters that are induced or
inhibited by key components of anti-TB and ART regimens.
Rifamycins form the backbone of regimens for drug-susceptible
TB because they are highly effective, reduce the duration of therapy
and are less likely than other TB drugs to select out resistant strains in
multi-drug regimens [13]. However, through its activation of a
master transcriptional regulator, the pregnane X receptor (PXR),
rifampicin induces the expression of a broad array of enzymes and
drug-transporting molecules including cytochrome P450 (CYP) 3A
and CYP2C isoenzymes, CYP2D6, CYP2B6 and p-glycoprotein,
amongst others [14]. Thus, repeated doses of rifampicin result in
clinicallyimportantreductions in the levels of many drugs, amongst
them PIs, NNRTIs, trimethoprim and sulfamethoxazole (the last two
co-formulated in co-trimoxazole widely used for prophylaxis in
patients with advanced HIV-1 infection) [15,16]. The co-localiza-
tion of p-glycoprotein and CYP enzymes in enterocytes, hepatocytes
and renal tubular cells may enhance the effects of rifampicin on
common substrates, such as PIs, causing more extensive pre-sys-
temic metabolism and accelerated drug elimination. The clinical
consequences of rifampicin-related decreases in serum concentra-
tions of the anti-retroviral drugs have not been fully studied, but
they potentially lead to loss of anti-viral efficacy and stepwise
accumulation of resistance mutations [17-20]. Whilst NNRTIs,
besides delavirdine, can be given with rifampicin [21], dose increase
may be necessary. All PIs, except ritonavir-boosted PIs, are contra-
indicated with rifampicin [22]. Certain ritonavir-boosted PIs can be
used with rifampicin, but increased doses of ritonavir or a higher
dose of the companion PI are required.

The rifamycin rifapentine has a longer half-life suitable to
intermittent administration that might simplify therapy. Whilst
rifapentine is also a marginally less potent inducer of CYP than
rifampicin it has not been widely introduced as it is associated with
increased rates of TB drug resistance when used once weekly
during the continuation phase of TB therapy [23]. Intermittent
rifampicin therapy in the continuation phase is also associated
with rifampicin resistance in patients with advanced HIV infection
[24]. Rifabutin, the rifamycin causing least induction of CYP
enzymes, is safe to use with most NNRTIs and PIs, except dela-
virdine and saquinavir. However, it is also a substrate for CYP3A4
[25]. Thus, its serum concentration and toxicity are increased
when co-administered with PIs and decreased when co-adminis-
tered with efavirenz and RFB dose adjustments are required in
these settings [15]. Rifabutin and the anti-retroviral nevirapine can
be given together at standard doses, but delavirdine is contra-
indicated with rifabutin [15]. Also, the cost of rifabutin precludes
its use in the developing world.

Although they are of lesser importance, other pharmacokinetic
interactions may confound combined treatments. Isoniazid is an
inhibitor of CYP2C19 and CYP3A, PIs inhibit CYP3A, CYP2D6 and
p-glycoprotein, and efavirenz and nevirapine induce the expres-
sion of CYP3A4 and CYP2B6. Other commonly co-administered
drugs also cause important changes in anti-retroviral concentra-
tions through induction or inhibition of CYP isoforms (e.g. anti-
convulsants like carbamazepine and phenytoin may decrease, and
azole anti-fungals, macrolide antibiotics and H2 antagonists may
substantially increase PI or NNRTI concentrations).

Pharmacodynamic interactions further complicate combined
treatment of TB and HIV. Unanticipated hepatotoxicity has been
reported in healthy volunteers receiving adjusted dose PIs in
combination with rifampicin [26,27]. Interestingly, repeated doses
of RIF before the introduction of the PIs appear to be associated
with a higher risk of hepatotoxicity than the introduction of
rifampicin after establishing regular doses of the PIs. Although
not adequately studied, such high rates of hepatotoxicity have not
been reported in patients receiving increased doses of PIs with
rifampicin-based TB regimens, indicating that disease-related
modulation of hepatotoxicity can occur.

The effect of HIV infection on the concentrations of orally
administered first-line anti-tubercular drugs is also a concern.
Whilst currently available studies are not entirely consistent, it
appears that HIV-infected patients achieve not only somewhat
lower concentrations of rifampicin and ethambutol in particular
but also isoniazid and pyrazinamide [28-31]. Patients with more
advanced HIV disease and those with diarrhoea appear to be at
most risk. Although these concentration reductions do not appear
to have a marked effect on treatment outcomes their importance
has not been fully evaluated.

High pill burden

Combined therapies for TB and HIV together with the recom-
mended co-trimoxazole prophylaxis lead to a very high pill bur-
den—average of 15 pills daily in South Africa for 6-22 months
(fixed dose combinations (FDC) for TB medication but not ART).
Furthermore, in high burden countries standard treatment
approaches are adopted and FDCs are often used to reduce the
pill burden and to simplify drug supply, prescribing and admin-
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Shared drug toxicities in HIV/TB patients

Side-effect

Anti-retrovirals

First-line TB drugs

MDR-TB drugs

Other drugs commonly
used in HIV

Other HIV disease

Peripheral neuropathy  d4T, ddl H, E (rare) Cy, Te, FQ, Et, Ka, Am, Lin HIV itself

Hearing loss Ka, Am, Cpr, Clr

Vertigo S Ka, Am, Clr

Optic neuritis E, H (rare) Et (rare), PAS (rare), Lin

Seizures Cy, Te, Of, Ci [and other FQ - rare]

Psychosis EFV Cy, Te, Of, Ci, [other FQ] Et TMP-SMX, steroids HIV itself

Depression EFV Cy, Te, Of, Ci, Et TMP-SMX HIV itself

Nausea & AZT, dd|, PI: IDV,amprena-vir ~ Z, Rfm, H, E Et, Of, Ci, [other FQ], PAS, CIf, Lin TMP-SMX, Amphotericin B 0|, IRIS
vomiting (other Pls)

Gastritis E Z Et

Transaminitis NVP, PI, EFZ Z,RH Of, Ci [other FQ], Et, Cy, Te, PAS, CIr TMP-SMX, Azoles ol

Hepatic steatosis d4T Ol, IRIS

Cholestasis R Clr TMP-SMX AIDS cholangiopathy

Nephrotoxicity TDF (including Fanconi S, R (interstitial nephritis & GN), Ka, Am, Cpr, FQ - rarely cause IN, Amphotericin B, TMP-SMX  HIVAN

syndrome) Z+H also rarely cause interstitial nephritis ~ PAS causes crystalluria (interstitial nephritis)

Hypokalaemia TDF Ka, Am, Cpr Amphotericin B

Renal calculi IDV TMP-SMX

Arthralgias and gout E, Z, H R Of, Ci, [other FQ, PAS] Thiazide (gout) HIV itself

SJS/TEN NNRTIs R, H (both rarely) Thiacetazone, Clr, PAS, FQ TMP-SMX

Skin rash NNRTIs, ABC, PI Z,RHSE FQ, CIf, PAS, Clr, Cpr, Et, Cy, Te TMP-SMX Folliculitis & asteatosis

Hypersensitivity ABC R, S TMP-SMX

Leucopenia, anaemia AZT, 3TC R, H, Z (sideroblastic anaemia), FQ, strep, Cy (megaloblastic), PAS, Ganciclovir, TMP-SMX, HIV itself
RHZE rarely cause thrombocytopenia Lin, Cpr, CIr (last 4 also thrombocytopenia)  Amphotericin B

Lactic acidosis d4T, ddI, AZT Lin

Pancreatitis ddl, d4T H Lin, CIr TMP-SMX

Insulin resistance Pl esp IDV steroids

Hyperlipidaemia Pl (except ATV), d4T steroids

Lipoatrophy d4T

Lipodystrophy Pls

Hep B flare if drug TDF, FTC, 3TC

discontinued
Teratogenic EFV S Et steroids
Osteoporosis TDF steroids

Antiretrovirals DAT = stavudine, dd| = didanosine, Efv = efavirenz, AZT = zidovudine, IDV = indinavir, Pl = Protease inhibitor, NVP = nevirapine, TDF = tenofovir, NNRTI = Efv + NVP, ABC = abacavir APV. First-line TB drugs Rfm = rifamycins,
R = rifampicin, H = isoniazid, E = ethambutol, Z = pyrazinamide, S = streptomycin. MDR-TB drugs Cy = cycloserine, Te = Terizidone, Of = Ofloxacin, Ci = Ciprofloxacin, Et = Ethionamide[+prothionamide], Ka = Kanamycin, Am = Amikacin,
FQ = fluoroquinolones, Lin = linezolid, Cpr = capreomycin, Clr = clarithromycin, CIf = clofazimine, PAS = p-amino-salicylate. TMP-SMX = trimethoprim sulfamethoxazole, IRIS = immune reconstitution inflammatory syndrome,

Ol = opportunistic infections. Drugs in boldface should not be used simultaneously because they potentiate the drug side-effect or are associated with significantly increased morbidity or mortality.
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istration. Pharmacokinetic interactions necessitating dose adjust-
ment of individual drug components complicate treatment deliv-
ery in the setting of programmes reliant on standardised
approaches using FDCs. Thus, optimisation of therapy inevitably
leads to a greater pill burden.

Immune reconstitution inflammatory syndrome

Immune reconstitution inflammatory syndrome (IRIS), which is
due to dysregulated immune recovery [32], occurs in severely
immune-suppressed HIV patients typically one to four weeks after
ART initiation [33,34]. In tuberculosis-related IRIS an exuberant
inflammatory reaction is directed towards mycobacterial antigens
[35], resulting in worsening pulmonary infiltrates, pleural effu-
sions, lymphadenitis and potentially fatal neurological tubercu-
lomata [33,34]. Risk factors for TB-IRIS include low baseline CD4
count, high baseline viral load, short duration between TB and
ART initiation and disseminated tuberculosis [33,36]. Determin-
ing the optimal time to initiate ART in severely immune-sup-
pressed TB patients is difficult [12,25]. Whilst early initiation of
ART may increase the risk of TB-IRIS, non-adherence, drug toxi-
cities and drug interactions, the risk of death, other opportunistic
infections (Ols) and malignancies may be greater if ART initiation
is delayed [37]. Corticosteroid treatment of TB-IRIS is sometimes
recommended, but such immunosuppressive therapy may be
associated with reactivation of occult OIs and malignancies, such
as CMV and Kaposi’s sarcoma. A randomised trial of corticoster-
oids against placebo for TB-IRIS would help resolve this issue.

Co-morbid diseases

HIV-induced immunosuppression, predisposing to OIs and malig-
nancies, coupled with TB-HIV drug side effects and TB-IRIS can
give rise to multiple pathologies in certain organs, especially the
liver (Table 2). When faced with significant biochemical or clinical
evidence of hepatitis it is a dilemma whether to withdraw all drugs
or the most likely offending candidates. Evidence certainly sug-
gests withdrawal of rifampicin, isoniazid, pyrazinamide and
NNRTI medications, the latter under the cover of a two NRTI ‘tail’

TABLE 2

to reduce the risk of NNRTI resistance. Substituting ‘liver friendly’
alternatives such as streptomycin and quinolones to continue the
treatment of TB is of uncertain efficacy. Investigating these differ-
ential diagnoses without the use of invasive techniques such as
endoscopic retrograde cholangio-pancreatography or biopsy poses
major challenges to clinicians in resource-limited settings. A
further problem on resolution of the hepatitis is when and how
drugs should be re-introduced. No attempt to re-introduce nevir-
apine therapy should be made after significant drug-induced
toxicity, but it is common experience that anti-TB drugs may
all be re-introduced. This is usually done sequentially with mon-
itoring of clinical signs and hepatic enzymes but is a prolonged
empirical exercise that maintains the patient in expensive hospital
care and at risk of nosocomial infection. Well-conducted clinico-
pathological studies of adequate numbers of patients are required
to address these issues and inform practice.

Drug-resistant HIV

The prevalence of multi-drug-resistant HIV is increasing [38]. This
may be accounted for, partly, by the transmission of HIV-1 from
drug-experienced to uninfected individuals [39]. Whilst drug
resistance (DR) is not associated with increased virulence [40],
DR is the leading cause of treatment failure amongst patients
infected with HIV [41]. High adherence (>95%) to ART reduces
viral replication, which limits the emergence of drug-resistance
mutations [42]. Intermediate ART adherence (70-90%) and ART
monotherapy or dual therapy increase the incidence of DR [11].
Recent data suggest that moderate adherence to NNRTIs leads to
sustained viral suppression [11]. Certain reverse transcriptase
mutations conferring resistance to NRTI (K65R, M184YV) are asso-
ciated with reduced viral fitness [43], whilst mutations conferring
NNRTI resistance are usually neutral. Interestingly, NNRTI hyper-
susceptibility is more common amongst viruses from NRTI experi-
enced/NNRTI-naive patients compared with viruses from NRTI/
NNRTI-naive patients, suggesting that mutations in NRTI-resistant
viruses confer structural conformational advantages for NNRTIs at
the NNRTI-binding site [44]. Reduced viral fitness of DR HIV-1

Causes of liver disease in TB-HIV patients

Drugs

Infections

Malignancies

Transaminitis (ALT >3 times normal)
TB drugs: Rif, INH, Z

ART: NNRTI, PI [@\%
Azoles EBV
TMP-SMX

Viral Hepatitis A, B, C

Canalicular pattern (ALP >3 times normal)
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Infiltration NRTI (steatosis) Granulomatous hepatitis Kaposi's sarcoma
TB/Mycobacterium avium-intracellulare/TB-IRIS Lymphoma
Fungal
[@\\%
Cholangiopathy (USS liver/ERCP) Rif [@\\%
TMP-SMX Salmonella, Campylobacter, Isospora belli, Microsporidium,
Cryptosporidium
Enzyme induction Macrolides

e Certain protease inhibitors (atazanavir and indinavir) can cause unconjugated hyperbilirubinaemia
e Sepsis causes transaminitis with conjugated hyperbilirubinaemia
e If non-specific hepatitis (ALT <3 times normal) then consider malnutrition, NRTIs, ethanol, herbal medication and viral hepatitis serology
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strains allows their growth to be exceeded by wild-type HIV strains
[45]. The detection of DR HIV-1 in ART-naive patients may con-
sequently be difficult, as standard population-based genotyping
methods only detect viral populations that are greater than 20% of
the total HIV-1 population [45]; drug pressure allows the subse-
quent detection of DR strains [38]. In addition, DR is increased
when a failing ART regimen is maintained (even though stable
levels of CD4 and VL are preserved over time) and may limit future
treatment options [46,47]. New HIV drugs are thus required to
overcome cross-resistance and offer alternative therapy in treat-
ment failure.

Drug-resistant tuberculosis

The continued emergence of drug-resistant TB [48] may be due to
several factors: poor directly observed treatment short course
(DOTS) implementation, the possible greater biological propensity
of some strains of TB to become drug resistant (e.g. W-Beijing [49])
and HIV co-infection that is likely to be associated with greater
bacterial burdens. W-Beijing strains of TB have been associated
with HIV and a greater propensity to become drug resistant.
Biologically these strains are postulated to interact in an immune
subverting manner because they produce an immunosuppressive
phenolic glycolipid [50]. National DOTS programmes require sub-
stantial infrastructure and political commitment, which are often
suboptimal in the developing world. TB-HIV co-infection is also
associated with significantly reduced RIF drug levels, which may
allow the selection of drug-resistant TB bacilli [28,30]. Patients
receiving MDR-TB treatment may also be at risk of extensively
drug-resistant (XDR) TB (defined as MDR plus resistant to at least a
quinolone and a second line injectable drug [51,52]) as current
MDR-TB therapy is prolonged, poorly tolerated and less effective
than first-line TB therapy. Worryingly, the nosocomial acquisition
of XDR-TB has recently been documented [53]. Rapid diagnostic
methods to ascertain drug resistance and correct infrastructure
augmented by a substantial financial commitment by both first
and third world countries will be required to combat the expand-
ing TB pandemic and prevent the spread of drug-resistant TB [13].

Treatment of HIV-1-associated latent tuberculosis infection

ART reduces the incidence of TB, though it remains to be seen
whether this benefit may be offset by increased survival and an
overall increase in lifetime risk. Treatment of latent TB infection
(LTBI) also reduces the risk of subsequent TB disease even in HIV-
infected people, though the duration of protection is relatively
short [54]. It therefore appears logical to potentially combine
therapies to prevent TB. However, the risk benefit of preventive
TB therapy in these circumstances is unknown: There are signifi-
cant overlapping hepatic and neurological toxicities as outlined
above. In addition, the most effective preventive therapy is iso-
niazid monotherapy, but this may be associated with an increased
risk of isoniazid resistance if inadvertently given to patients with
active disease [55]. Therefore, whilst the prescribing of either
isoniazid or ART has significant benefits in HIV-infected persons,
a randomised controlled trial is still needed to determine the
efficacy and risks of combination isoniazid/ART therapy. The
combination regimen of rifampicin and pyrazinamide for two
months was associated with liver toxicity especially in HIV-unin-
fected persons and is no longer recommended [56]. There is very

little evidence to guide prescription of preventive therapies in
persons exposed to MDR-TB [57].

Drugs on the horizon

In order to meet the challenges of TB-HIV co-infection, new TB
and HIV drugs are urgently needed. These new TB drugs should
shorten the duration of TB therapy or significantly reduce the
number of doses under DOTS, have efficacy against both drug-
susceptible and MDR-TB, be effective in treating LTBI, have a new
site of drug action thus limiting cross-resistance and not be meta-
bolised by CYP or induce or inhibit CYP, thus limiting shared
toxicities between HIV and TB therapy. Since 2000, several novel
TB and HIV drug candidates have been identified (Tables 3 and 4
[58,59]).

TB drugs in development

PA-824

PA-824 is a nitroimidazo-oxazine. It requires activation by
M. tuberculosis F420 factor and inhibits synthesis of cell wall lipids
as well as protein synthesis. The TB alliance is currently conduct-
ing phase 1 clinical trials of PA-824 [60]. Preliminary studies
suggest that PA-824 will be active against MDR-TB and has no
cross-resistance with other anti-tubercular drugs. Importantly, it is
not metabolised by CYP and does not induce or inhibit CYP. It had
similar bacteriostatic efficacy to rifampicin and was more efficient
than isoniazid or moxifloxacin but less efficient than rifampicin

TABLE 3
TB-HIV drugs in development
TB HIV

Attachment inhibitors
Dextran sulfate

Novel chemical entities
ATP synthase inhibitor:

R 207910/diarylquinolineTMC 207 Heparin
FAS20013 Cyanovirin-N
Cell wall inhibitors: Cyclotriazadisulfonamide analogues
Nitroimidazo-oxazine PA-824 PRO 2000
Nitroimidazo-oxazole OPC-67683 TNX 355
Dipiperidine SQ-609 PRO 542
Translocase | inhibitor BMS 806
InhA inhibitors Co-receptor binding inhibitors
Isocitrate lyase inhibitors CCR5: SCH-D
Protein synthesis inhibitor Maraviroc
Pyrrole LL-3858 Aplaviroc
Other: Pleuoromutilins TAK 779
Ancriviroc
CXCR4: AMD 070
Based on existing chemical entities Plerixafor
Fluoroquinolones Fusion inhibitors
Moxifloxacin Tifuvirtide
Gatifloxacin

New quinolones
Non-fluorinated quinolones Non-nucleoside reverse

transcriptase inhibitors

Ethambutol derivative: Etravirine
SQ-109 Integrase inhibitors
Macrolides L 731988
Thiolactomycin analogues L 870810
Nitrofuranylamines L 870812

Rifamycin derivatives: Maturation inhibitors
Rifalazil PA 457

Oxazolidinones: Protease inhibitors
Linezolid Darunavir
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and isoniazid in continuation phase therapy in the mouse model
[58,61,62].

OPC-67683

OPC-67683 is a nitroimidazo-oxazole that is similar in structure to
PA-824. It inhibits cell wall biosynthesis. Otsuka Pharmaceuticals
(Japan) are currently conducting phase 2 clinical trials [60]. Pre-
clinical studies in rodents and dogs suggest that OPC-67683 could
be used in HIV/AIDS as it has no effect on CYP. It may have
treatment-shortening potential as it synergises in vitro with rifam-
picin and pyrazinamide. OPC-67683 is effective against MDR-TB in
vitro and displayed no cross-resistance to first line TB therapy. It
also has potential to treat LTBI [58,63].

R207910

R207910is a diarylquinoline and is also known as Compound ] and
TMC207. It inhibits ATP synthase (AtpE) leading to ATP depletion
and pH imbalance [64,65]. It was initially identified by Johnson &
Johnson and subsequently developed by the subsidiary Tibotec
Pharmaceuticals Limited, where it is undergoing phase 2a clinical
trials in both drug sensitive and resistant disease [60]. Murine studies
suggest that R207910 has a good safety and tolerability profile and
potent early bactericidal activity, matching isoniazid. It had a
synergistic effect with pyrazinamide for MDR-TB; R207910/H/Z
or R207910/R/Z combinations were more effective than amika-
cin/Z/moxifloxacin/ethionamide regimens. R207910 displayed no
cross-resistance to other TB drugs as it has a novel site of action. It
also has the potential to shorten duration of TB therapy. Its draw-
back is its metabolism by CYP, which will necessitate dose-adjust-
ment if administered simultaneously with rifampicin [58,64,65].

Gatifloxacin

Gatifloxacin is a fluoroquinolone that inhibits DNA gyrase, thus
inhibiting TB DNA replication and transcription. Its sponsors and
co-ordinators include the OFLOTUB Consortium, the European
Commission, WHO TDR and Lupin Ltd. Gatifloxacin is currently
undergoing phase 3 clinical trials [60]. Gatifloxacin holds the
potential to be the first TB agent to reduce pulmonary TB therapy
to four-month duration. There are weak data to support its efficacy
against MDR-TB [58,66]. However, there have been concerns about
dysglycaemia with gatifloxacin [67].

Moxifloxacin

Moxifloxacin isalso a fluoroquinolone and has a similar mechanism
of action to gatifloxacin. It isundergoing phase 2 and 3 clinical trials
by CDC TBTC, Johns Hopkins University and UK MRC. The TB
alliance and Bayer are jointly pursuing clinical development for
tuberculosis. Moxifloxacin kills rifampicin-tolerant persisters in
vitro, and it may help treat MDRTB if co-administerd with ethiona-
mide. Data from the mouse model support the possibility that
moxifloxacin when substituted for isoniazid or ethambutol in
standard, first-line TB treatment will increase the two-month spu-
tum conversion rate and potentially shorten overall time to stable
cure. It may thus shorten duration of TB therapy [58,62,66,68].

$Q-109
SQ-109 is an ethylenediamine and is derived from ethambutol. It is
postulated to inhibit cell wall biosynthesis and has intracellular

targets, which have not yet been elucidated. Sequella Inc. (in
collaboration with the National Institutes for Health) is currently
conducting phase 1 clinical trials [60]. Current data suggest that
SQ-109 is effective against drug-resistant strains (including etham-
butol-resistant strains). SQ-109 appears to be synergistic with
isoniazid and rifampicin [58,69].

Pyrrole LL3858

Limited data are available regarding pyrrole LL3858. It is currently
undergoing phase 1 clinical trials by Lupin Limited (India) [58].
Available data suggest that LL3858 has potency against standard
and drug-sensitive TB strains in vitro [58,70].

HIV drugs in development

Second generation agents

Etravirine (TMC125)

Etravirine, also known as TMC-125, is a next-generation NNRTIL. It
is a highly flexible, di-aryl-pyrimidine (DAPY) compound that
enables favourable binding interactions with mutant HIV strains
as well as wild-type virus [71]. It is being developed by Tibotec
(Johnson & Johnson) and is currently in phase 3 clinical trials and
may become the first NNRTI suitable for use in NNRTI-experienced
patients [71,72].

Darunavir (TMC 114)

Darunavir is a second generation PI that is administered with low
dose ritonavir. It is relatively resistant to mutations that confer PI
resistance and is in phase 3 trials in naive-experienced patients and
ART-experienced patients [73].

New class agents

CCR5 inhibitors

Maraviroc

Maraviroc, also known as UK-427 and 857, is a CCRS antagonist. It
blocks the CCRS co-receptor on CD4 cells preventing HIV that
uses this receptor from entering CD4 cells. It is manufactured by
Pfizer and was approved for use by FDA on 24 April 2007. Further-
more, it was granted accelerated approval on 6 August 2007 for
combination anti-retroviral treatment of adults infected only
with detectable CCRS5-tropic HIV-1, who have evidence of viral
replication and who have HIV-1 strains resistant to multiple anti-
retroviral agents [74]. Maraviroc is a substrate for CYP3A4 so has
potential interactions with rifampicin, NNRTIs and PIs; levels of
maraviroc are increased in patients also taking atazanavir, rito-
navir-boosted lopinavir (Kaletra) and ritonavir-boosted saquina-
vir (Invirase) [59].

Vicriviroc (SCH-D) and aplaviroc (GSK-873140)
Vicriviroc is also a CCRS antagonist and has a similar mechanism
of action to maraviroc. It is being developed by Schering-Plough
and is currently undergoing phase 2 clinical trials in treatment-
experienced patients. Vicriviroc was discontinued in treatment-
naive patients because of poor virological outcomes. In one study,
five patients in the vicriviroc arm developed malignancies, but the
Drug and Safety Monitoring Board could not determine a causal
link so the study was continued [59]. Phase 3 trials of GlaxoS-
mithKline’s CCRS antagonist, aplaviroc, were stopped in October
2005 following reports of severe liver toxicity [75].
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TABLE 4
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Potential benefits, toxicities and metabolism of new TB-HIV drugs in development

Drug name Potential benefits

Potential for treating Potential for shortening

Metabolism and effect

Potential toxicities

Other

LTBI TB therapy on CYP
B drugs in development
PA-824 Bacterio-cidal and bacterio-static, novel Yes Unknown No CYP metabolism Requires activation
target reducing potential cross-resistance by mTB F420 factor
with existing drugs, treats MDR-TB (Rv3547 enzyme)
OPC-67683 Novel target reducing potential cross-resistance Yes Yes No CYP metabolism Intracellular activity.
with existing drugs, high MTB specificity, Requires activation
Treats MDR-TB by Rv3547 enzyme
TMC 207/R207910 Novel target reducing potential cross-resistance Yes Yes Yes, CYP3A4 Synergistic with other
with existing drugs, Bacterio-cidal and TB meds esp. PZA
bacterio-static, Treats MDR-TB
Moxifloxacin Treats MDR-TB Yes Yes Ciprofloxacin inhibits GIT, hypersensitivity, Cross-resistance
hepatic microsomal CNS, hepatic necrosis, amongst quinolones
enzymes interstitial nephritis
Gatifloxacin Treats MDR-TB (weak data) Yes Ciprofloxacin inhibits hepatic As above, dysglycaemia Cross-resistance
microsomal enzymes amongst quinolones
SQ-109 May treat ethambutol-resistant strains CYP2D6
CYP2C19
Drug name Potential benefits CYP metabolism/effect Potential toxicities Other

HIV drugs in development

Etravirine Inhibits replication of wild-type and No safety concerns in
drug-resistant HIV phase 2 trials
Darunavir Retains efficacy against multi-Pl-resistant Metabolised by CYP
viruses, higher genetic barrier to resistance
Maraviroc Active against diverse HIV-1 isolates from Yes, substrate for CYP3A4 Mild/moderate Headache, dizziness, Immune modulation,
different clades, Does not compete asthenia, flatulence, rhinitis escape mutants,
with chemokine binding altered viral tropism
Aplaviroc Trials discontinued Yes, substrate for CYP3A4 Liver toxicity
Vicriviroc May be beneficial in salvage Poor virological outcomes
therapy—awaiting study conclusion in naive patients
Raltegravir Virological benefit in salvage therapy No (metabolised by Similar to placebo Potential interaction with
glucuronidation) antibiotics
Elvitegravir Efficacy against MDR-HIV Metabolised by CYP and Similar to placebo Potential interaction with

glucuronidation, induces CYP3A

antibiotics
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Integrase inhibitors: raltegravir and elvitegravir
Raltegravir, also known as MK-0518, is an integrase inhibitor and
inhibits HIV-DNA integration into host DNA. It is being developed
by Merck and is undergoing phase 3 clinical trials. Raltegravir’s
safety profile is comparable to placebo, and it has demonstrated
virological benefit in salvage ART [76]. It is metabolised by glucur-
onidation (UGT1A1) and has no significant effect on CYP3A4
[59,76,77]. Elvitegravir, known as Gilead-9137, is also an integrase
inhibitor and has a similar mechanism of action to raltegravir.
Elvitegravir demonstrates efficacy against multi-drug-resistant
HIV and has a side effect profile similar to placebo. It is metabo-
lised by glucuronidation and CYP, so it has important drug inter-
actions. It is also an inducer of CYP3A4. In clinical studies it is
being used with ritonavir boosting to increase its half-life from
three to nine hours, increase its AUC and prevent auto-induction
of its metabolism [59,77,78].

Maturation inhibitor: PA-457

PA-457, also known as DSB, is a maturation inhibitor and blocks
HIV maturation by disrupting cleavage of the capsid precursor.
Panacos Pharmaceuticals is currently conducting phase 2 clinical
trials. Data on the metabolism and potential toxicity of PA-457 are
limited [59,79].

Future areas of research

Insight into how M. tuberculosis persists may illuminate novel ways
to reduce the prolonged duration of TB therapy and emergence of
drug resistance. In particular, there has been a recent advance in
determining the bacillary determinants involved in adaptation to
hypoxia: A state thought to be important in latent lesions [80]. It is
also increasingly clear that metabolic adaptation to persistence
involves a switch in metabolism to the use of fatty acids as a source
of carbon. Deletion of both genes encoding isocitrate lyases 1 and
2 impairs the persistence of TB [81]. The absence of these gene
products in humans may facilitate the development of glyoxylate
cycle inhibitors as new drugs for the treatment of tuberculosis [81].
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