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Overview

• Pharmacokinetic and pharmacodynamic considerations of long 
acting therapy

• Identification of relevant drug characteristics

• Modelling and simulation for the selection of lead candidates

• Preliminary results in pre-clinical models

• Future development and perspectives



Potential advantages for LA TB

• Less frequent dosing

• Oral dosing bypassed; bioavailability ~100%

• Less adverse events

• Drug-drug interactions 

• Improved adherence

• Easier DOT 

• May improve tissue penetration, eg lung, lymphatics



PHARMACOKINETICS PHARMACODYNAMICS

Sustained therapeutic concentrations of  APIs through controlled

release from formulations (i.e injectables, implants, etc).

- Long half  life

- Good penetration in tissues and 

organs

- Suitable volume of  distribution

- Low induction or inhibition 

potential

- Therapeutic protocol based on 

monotherapy or simple 

combination

- Favourable PK/PD relationship 

and high potency

Screening of potential LA candidates 



Posology, pharmacokinetic and pharmacodynamic 
characteristics of LAIs – choice of agent
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EXISTING LA AGENTS

ANTI TB DRUGS





Target Product Profile for a TB LA/ER formulation

Indication/ 

Mechanisms

Treatment of 

presumed drug 

susceptible latent TB

Route of 

administration

IV infusion; IM/SC 

injection; or 

implantation

Efficacy

Non-inferior to SOC 

(e.g. RPT/INH - 3mo)

DDIs no worse than 

current therapy;  mild 

injection site reaction

Shelf-life and storage

and cost of treatment

2 yr at 4°C; Total 

health system cost no 

greater than current

Minimal

Ideal

Treatment of latent TB 

infection, including 

for contacts of 

MDRTB

IM/SC; or 

implantation

Superior to SOC (less 

incident TB, shorter 

duration of 

treatment)

No significant side effects; no 

significant DDIs; safe for use in 

pregnant and lactating women; 

no injection site reaction

Side effects, 

and safety

3 yr at 40°C and 75% 

humidity; Total health 

system cost less than 

current





Bedaquiline Isoniazid
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PBPK model qualification against available oral PK data



Simulation of long acting PK 

IM Dose – 2000 mg/30 days IM release rate – 0.0025 h-1

Drug
AUC

(Mean ± SD)

(µg.h/ml)

Cmax

(Mean ± SD)

(µg/ml)

Ctrough

(Mean ± SD)

(µg/ml)

Cut-off limit
(µg/ml)

Bedaquiline 271 ± 65 0.72 ± 0.16 0.14 ± 0.04 1.6 (ECOFF)

Delamanid 89 ± 16 0.23 ± 0.04 0.05 ± 0.01 0.04 (ECOFF)

Rifapentine 1639 ± 160 4.12 ± 0.38 0.88 ± 0.09 0.06 (MIC)



Optimisation of dosing and formulation characteristics

A) bedaquiline B) delamanid C) isoniazid D) rifapentine









AIM: to describe the PK and activity of an LAI bedaquiline

formulation in the validated paucibacillary mouse model 

of LTBI and comparison with other oral regiments

Regimes Total bedaquiline dose (mg/kg)  

administered in 12 wk

Regimen description

Untreated NA Negative control, no drug administered

R10 (5/7) NA Positive control, rifampin (R) at 10 mg/kg administered dailya by gavage

H50P15 (1/7) NA Positive control, isoniazid (H) at 50 mg/kg and rifapentine (P) at 15 mg/kg administered once 

weekly by gavageb

B25 (5/7) 1,500 Positive control, bedaquiline at 25 mg/kg administered daily by gavage

B8 (5/7) 480 Bedaquiline at 8 mg/kg administered daily by gavage

B5.33 (5/7) 320 Bedaquiline at 5.33 mg/kg administered daily by gavage

B2.67 (5/7) 160 Bedaquiline at 2.67 mg/kg administered daily by gavage

BLAI-160 (1/28) × 3 480 Long-acting injectable bedaquiline formulation (BLAI) at 160 mg/kg administered every 28

BLAI-160 (1/28) × 2 320 BLAI at 160 mg/kg administered every 28 days by intramuscular injection for two total doses: 

day 0 and day 28 (wk 4)

BLAI-160 (1/28) × 1 160 BLAI at 160 mg/kg administered once on day 0





• One, two, and three doses of BLAI-160 resulted in decreases of 2.9, 3.2, 
and 3.5 log10 CFU/lung, respectively, by week 12. 

• Daily oral dosing with B2.67, B5.33, and B8 decreased lung CFU counts by 
1.6, 2.8, and 4.1 log10, respectively.

• One dose of BLAI-160 exhibited activity for at least 12 weeks. 

• The sustained activity of BLAI-160 indicates that it shows promise as a 
short-course LTBI to ensure treatment completion.

• The present results further support bedaquiline-based regimens for LTBI 
treatment in contacts of patients with MDR-TB, and LAI formulations in 
particular could significantly simplify what could be an otherwise long and 
complicated treatment.

Conclusions



Synthesis

Cost

Scalability

Sterility

Compatibility with drug candidate

Drug(s)

Pharmacokinetics

Combination

Adverse drug reaction

Drug-drug interactions

Formulation/Device

Loading

Injection volume

Adverse drug reaction

Duration of release

Tuneability

Consistency

Other factors

Compatibility with healthcare 

system

Patient acceptability

Development and optimisation of LA formulation is 
a multifactorial process



Technological platforms currently explored 

across multiple disease areas 

Microneedle patches

Implants

Interval = months to 
years
Max dose = 200mg
Administration = 
Under supervision

Interval = week to month
Max dose = 500mg
Administration = No supervision required – pain free

Interval = weeks to years
Max dose = 1500mg (multiple injections)
Administration = SC - No supervision required.
IM - Under supervision



Opportunities and limitations

Potential advantages Potential disadvantage

Inter-individual variability Large injection volume

Total dose reduction Challenges in combining agents

Avoidance of GI adverse reaction Requirement for oral lead-in

Decrease magnitude of DDIs Management of adverse effects and DDIs

Improved adherence Resistance consequences of missed doses

Compatibility with DOT Tail PK

Decrease cost Limited compatibility with the 
formulations



TB and HIV co-infection

• TB is the leading cause of death in HIV-infected persons 

worldwide, and this has persisted despite the fact that 

provision of antiretroviral therapy (ART) is increasing

• Majority of co-infected patients with HIV and TB received 

ART.

• HIV-infected persons account for 12% of people who 

develop TB annually, and 25% of deaths from TB.







PASSIVE ACTIVE

NANOEMULSION
NANOSUSPENSION

SUISTAINED RELEASE

BIOAVAILABILITY

SOLUBILITY

BIO-POLYMERS

EPR EFFECT

LIPOSOME

NANO 
MATERIAL

TUMOR TARGETING

PATHOGEN TARGETING

TISSUE TARGETING

SMALL LIGANDS

ANTIBODIES NUCLEIC ACIDS

PEPTIDES

PROTEINS

Use of nanobiomaterials to enhance drug delivery



Use of nanobiomaterials to enhance drug delivery

Sustained 
release

Protection from 
metabolism and 

elimination

Increased penetration 
and retention in key 

sites
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Posology, pharmacokinetic and pharmacodynamic 
characteristics of LAIs – choice of agent
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Pro-drugs?

Nanoformulations?

New agents?

Pro-drugs?

Nanoformulations?

New agents?

Liverpool 2017-2020 
Apps = 92 goal = 64

Torino 2003-2005 
Apps = 21 goal = 1



Future perspectives

• The potential for a “one shot cure” is an irresistible ambition for 

future TB treatment, considering compatibility with directly 

observed therapy (DOT)

• The development of LA products is complex and challenging and thus far, all 

successful LA agents are administered separately.

• Management of adverse effects may be more challenging with LA injectable 

formulations as they cannot be immediately discontinued.

• New LA/ER formulations are likely to have their most immediate impact on the 

treatment of LTBI

• Coupled with a field-friendly diagnostic test an LA/ER TB formulation could 

enable a test-and-treat strategy that would greatly increase the possibility of TB 

eradication.
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