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Notes on the design of bioequivalence studies with products invited for submission to the WHO Prequalification 
Unit – Medicines Assessment Team (PQT/MED) are issued to aid manufacturers with the development of their 
product dossier. Deviations from the approach suggested below may be considered acceptable if justified by sound 
scientific evidence. 

The current notes should be read and followed in line with the general guidelines for submission of documentation 
for WHO prequalification. For guidance on issues related to bioequivalence (BE) studies for immediate-release, 
solid oral dosage forms, see the ICH Harmonised Guideline M13A Bioequivalence for Immediate-Release Solid 
Oral Dosage Forms (2024). For BE issues outside the scope of the ICH M13A guideline, e.g. for additional strength 
biowaivers, please consult the "Multisource (generic) pharmaceutical products: guidelines on registration 
requirements to establish interchangeability" in: Fifty-seventh report of the WHO Expert Committee on 
Specifications for Pharmaceutical Preparations, Geneva, World Health Organization, 2024. WHO Technical Report 
Series, No. 1052, Annex 8. 

Below, additional specific guidance is provided on the invited immediate-release products containing clofazimine. 

Pharmacokinetics of clofazimine 

Clofazimine is a drug with solubility-limited absorption with poor and erratic bioavailability (Kandagatla HP, 
Kathawala MH, Syed A, Verbić TŽ, Avdeef A, Kuentz M, Serajuddin ATM. Highly increasing solubility of clofazimine, 
an extremely water-insoluble basic drug, in lipid-based SEDDS using digestion products of long-chain lipids. J 
Pharm Sci. 2025;114(6):103782. doi: 10.1016/j.xphs.2025.103782).  

Following oral administration, clofazimine has a variable absorption ranging from 45% to 62% with 9% to 74% of 
an administered dose appearing in faeces. About 20% of a dose is absorbed from the gastrointestinal tract when 
clofazimine is administered as coarse crystals, but 45 to 70% of a dose may be absorbed when the drug is 
administered as a micronized suspension in an oil-wax base. Simultaneous ingestion of food increases the 
bioavailability in terms of area under the curve by 60% and tends to increase the rate of absorption. The food effect 
or the bioavailability when administered with different meal compositions may depend on the manufacturing 
technology, pharmaceutical dosage form or formulation. The comparator soft gelatine capsules contain a 
suspension of the micronized drug in an oily base (rapeseed oil (refined), lecithin, beeswax, soybean oil 
(hydrogenated); soya-bean oils (partially hydrogenated), butylated hydroxytoluene, citric acid and propylene glycol). 

After single oral intake in the form of capsule clofazimine, unchanged plasma peak is reached in 6 to 12 hours. 
Clofazimine is excreted principally in faeces, both as unabsorbed drug and via biliary elimination. Faecal elimination 
of clofazimine exhibits considerable interindividual variation, and 35% to 74% of a single oral dose may be excreted 
unchanged in faeces over the first 72 hours after the dose. Clofazimine is retained in the human body for a long 
time. The elimination of clofazimine is slow. In healthy subjects after single administration of 200 mg, clofazimine 
mean plasma elimination half-life has been reported to be 10.6 (± 4.0) days, but it has also been reported to be as 
little as 70 hours. The half-life following repeated oral doses is estimated to be at least 25 days. 

Guidance for the design of bioequivalence studies 

Taking into account the pharmacokinetic properties of clofazimine, the following guidance with regard to the study 
design should be taken into account: 

Design: In spite of the long half-life of clofazimine, a cross-over design is recommended. However, a parallel design 
is also acceptable. 

https://database.ich.org/sites/default/files/ICH_M13A_Step4_Final_Guideline_2024_0723.pdf
https://database.ich.org/sites/default/files/ICH_M13A_Step4_Final_Guideline_2024_0723.pdf
https://www.who.int/publications/m/item/trs-1052---annex-8--multisource-(generic)-pharmaceutical-products--guidelines-on-registration-requirements-to-establish-interchangeability
https://www.who.int/publications/m/item/trs-1052---annex-8--multisource-(generic)-pharmaceutical-products--guidelines-on-registration-requirements-to-establish-interchangeability
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Dose: As the EoI includes clofazimine 50 mg and 100 mg tablets, a 100 mg dose using the highest tablet strength 
under development should be used in the bioequivalence study since the pharmacokinetics are not reported to be 
non-linear. 

Fasted/fed: The comparator product employs a complex excipient composition in a soft gelatine capsule and 
controls the particle size in order to enhance the dissolution and absorption of clofazimine. Due to the low solubility 
of the APIs and the complex composition of the formulation, there is an increased risk that the in vivo performance 
of this type of product will be impacted differently by varying gastrointestinal (GI) conditions between fasted and fed 
conditions or different meal compositions. Therefore, for such drug products, bioavailability differences (i.e., 
test/comparator ratios) due to differences in formulation, pharmaceutical dosage form and/or manufacturing process 
may not be detected with a single BE study, i.e., results from a fed study may not be extrapolated to predict the 
fasted BE outcome or vice versa, thus both fasting and fed studies should be conducted, even if the comparator 
product is to be administered under fed conditions only, unless otherwise justified (e.g., by demonstrating the use 
of a formulation with the same or similar excipient composition, same pharmaceutical dosage form and the same 
manufacturing process as in the comparator product). On this scientific basis, for clofazimine products, two 
bioequivalence studies are required in principle, i.e., single-dose, crossover or parallel bioequivalence studies 
should be conducted under both fasting conditions, representing the extreme case of low-fat meal, and high-fat, 
high-calorie fed conditions. 

Subjects: Healthy adult subjects should be recruited. It is not necessary to include patients in the bioequivalence 
study. 

Parent or metabolite data for assessment of bioequivalence: The parent drug is considered to best reflect the 
biopharmaceutical quality of the product. The data for the parent compound should be used to assess 
bioequivalence of clofazimine. 

Sample size: Clofazimine AUC0-t and Cmax in the fed state have a moderate intra-subject variability (27% – 28%). 
These data may facilitate the calculation of a sufficient sample size for a cross-over bioequivalence study. However, 
in case of a parallel design, inter-subject variability must be taken into account and these data are not presently 
available. 

Washout: In the case of a cross-over design the long-half-life of clofazimine must be taken into account, but it is 
not possible to define since its half-life may vary from 70 hours up to at least 10 days. Therefore, a washout period 
of at least 2 months is considered sufficient to prevent carry over. However, a shorter washout may also be suitable 
(e.g., 2. weeks, Nix DE, Adam RD, Auclair B, Krueger TS, Godo PG, Peloquin CA. Pharmacokinetics and relative 
bioavailability of clofazimine in relation to food, orange juice and antacid. Tuberculosis (Edinb). 2004;84(6):365-73. 
doi: 10.1016/j.tube.2004.04.001). 

Blood sampling: The blood sampling should take into account that clofazimine absorption is slow and that Tmax 
occurs after 6 – 12 hours. Entero-hepatic recycling seems to occur as well. Therefore, the blood sampling does not 
need to be very intense during the first hours, but sufficiently frequent (e.g. every 30 minutes) during the first 12 
hours after administration, to properly characterize the Cmax of clofazimine. Considering the elimination half-life, it 
is sufficient to take blood samples up to 72 hours after administration for the characterization of clofazimine 
pharmacokinetics. For example, samples can be taken pre-dose and at 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 
5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5, 10, 10.5, 11.0, 11.5, 12.0, 18.0, 24.0, 30.0, 36.0, 48.0 and 72.0 hours. 

Analytical considerations: Information currently available to PQT/MED indicates that it is possible to measure 
clofazimine in human plasma using LC-MS/MS analytical methodology (LLOQ = 2 ng/ml). The bioanalytical method 
should be sufficiently sensitive to detect concentrations that are 5% of the Cmax in most profiles of each formulation 
(test or comparator). See Guideline on bioanalytical method validation and study sample analysis. In: WHO 
Technical Report Series, No. 1060, Annex 6, or the ICH Harmonised Guideline M10 for more information on 
bioanalytical recommendations. 

Statistical considerations: The data for clofazimine should meet the following bioequivalence standards in a 
single-dose crossover or parallel design study(ies):  

https://cdn.who.int/media/docs/default-source/medicines/norms-and-standards/guidelines/regulatory-standards/annex-6_guideline-on-bioanalytical-method-validation-and-study-sample-analysis.pdf?sfvrsn=4fc96250_3&download=true
https://database.ich.org/sites/default/files/M10_Guideline_Step4_2022_0524.pdf
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• The 90% confidence interval of the relative mean AUC0-72 h of the test to reference product should be 
within 80.00 – 125.00%  

• The 90% confidence interval of the relative mean Cmax of the test to reference product should be within 
80.00 – 125.00%. 

 


