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Introduction

Pictures: manufacturingchemist.com

Asthma Inhalers. Image Credit: Bochimsang12 / Shutterstock, www.news-medical.net

IR Solid Oral Dosage forms Orally Inhaled Products

90% CI for T/R: 80.00 – 125.00 %

Are the same BE criteria appropriate to both oral and inhalation products?
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Study standardisation

T/R

Can we apply the same level of 
standardisation to OIPs?
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Inhalation technique

Ref: Amidil AmiHaler. SmPC

Join the study!

2. Breathe in 
quickly and deeply 
as you can

1. Breathe out fully 3. Hold your breath 
for 5 seconds.
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Inhalation technique

Ref: Baloira et al (2021),

Factor associated with lung deposition:

Inhalation technique
• inspiration flow rate,
• inspiratory effort,
• length
• depth
• volume
• breath– hold time
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Inhalation technique

Case study 1

• Training using In-Check Dial Device
• Subjects carefully screened based on proper inhalation 

technique
• Training conducted prior to each period

Although intensive training is provided, variability still exists
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Inhalation technique

Case study 1

• Example observation: Subject 9 needed 12 attempts in Period 3 (sic!) to achieve the training 
goal, the flow rate ranges 60-100 L/min

• Imagine subject’s pressure during „real” drug administration 
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Inhalation technique

Case study 2

• Period-effect visible for AUC72
• Hypothesis: subjects became 

more familiar with the real 
product inhalation

• Feeling of the drug (e.g. bitter 
taste in the mouth) cannot be 
fully replicated using training 
devices 
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Inhalation technique

Case study 3

Consequences of poor inhalation 
technique
• 2-arm, replicate design
• Outstanding results in Cmax and

AUC72 in Period 2
• Potential influence of paused 

inhalation (1st administration of 
Ref)

Subject 18 
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Lesson 1: 
No matter how rigorous 
the training, inhalation 
technique remains a 
significant source of 
variability
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Timing

Case study 4

• Disappointing results for Cmax
• About 24% difference between arms
• Does it mean the product is flawed?
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Timing

Case study 4

The same batch (Reference!) in replicate 
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Timing

Case study 4

Unsatisfied product sampling
• Sampling: 2, 4, 6, 8, 10 (min), etc…
• 85% of Cmax observed at the first sampling point of 2 min…
• Study was repeated with improved sampling scheme: 

5% of Cmax observed at the first sampling point of 1 min…

You may still miss the true peak concentrations



Lesson 2

Even the best rocket 
may be insufficient to 
accurately capture Cmax
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Case study 5

• Very unfavourable results in AUCt and AUCinf
• Very high difference between arms 
• Enormous ISCV
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Case study 5
Why was the issue observed only for AUCt and AUCinf?
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Elimination

Case study 5
• Insufficient LLOQ (1 pg/ml – sic!) 
• Last quantifiable concentration time: 2.00 – 72.00 h (!) 

Start time for linear regression (TLIN): 0.75-24.00 h 
• Substantial differences in parameters which are dependent on the elimination



Lesson 3

LLOQ might determine 
'to be or not to be’ 
for your BE 



20

When oral contribution is negligible (<5%) 

 1 study
• non-charcoal (total absorption - safety 

and efficacy)

When oral contribution is not negligible (> 5%)

 2 studies: 
• non-charcoal (total absorption - safety) and
• charcoal (absorption only from lung - efficacy)

Oral contribution concept

CPMP/EWP/4151/00 Rev. 2  guideline

Efficacy
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Case study 6

• Comparison charcoal (B) vs non-charcoal (A) 
conditions for the same batch of the Reference

• ~ 12% differences between arms 
– the oral contribution is not negligible (>5%)

• Both studies: non-charcoal and charcoal should be 
conducted with Test product
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Case study 6

However…
This was a model drug for charcoal biowaiver 
(has a proved negligible oral contribution due to a high 
first pass metabolism)

Intrinsic study variability
(study procedures, inhalation technique, minor time 
shifts, etc…) can easily exceed the 5% limit. 
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Case study 6

Intrinsic study variability
• Study procedures (including… charcoal 

administration!) can impact BE study result
• Subjects complained that charcoal is unpleasant, 

some of them dropped out of the study just 
before period with charcoal….



Lesson 4

The 5% limit in oral 
contribution is highly 
challenging, as such 
differences can arise 
from study variability 
or chance
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Case study 7
• Unsatisfied study results especially in terms of Cmax 
• 3rd study with the same drug – sampling scheme 

adjusted, subjects well trained, LLOQ sufficient
• What else could have gone wrong?
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Case study 7
Surprisingly… 
• Two different batches of the same Reference product
• Batch-to-batch variability is a very known phenomenon
• OIP guidelines: There may even be situations where it 

may be difficult to demonstrate BE between batches of 
the same reference product

• Therefore, the Ref biobatch should be representative
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But… 
what if those two batches had almost the same 
in vitro characteristics?

Reference Relative 
FPD 

Relative
Delivered 

dose

Exp. Date

Ref Batch 1/
Ref Batch 2

0.99 1.02 03.2021
04.2021

APSD profile FPD Expiry date



Lesson 5…
 or maybe a rhetorical
question:
Are BE criteria derived from 
solid oral dosage forms truly 
suitable by default for every 
OIP?



Important message

BE studies for OIPs are influenced by a wide range 
of factors, some of which cannot be fully 
standardised, such as:

• Inhalation technique and its period-to-period 
variability

• Bioanalysis method limitations (LLOQ)

• Ultra-rapid (<1 min) or variable absorption from lung

• Study procedures that can introduce variability 

• Mock selection of Reference biobatch

• And many, many others….



30

30

Final thought

BE studies for OIPs are far more 
complex, risky, expensive and unpredictable 

than those for oral dosage forms

The same BE criteria, vastly different challenges. 

It’s more than just meeting numbers - it demands 
precision, expertise, knowledge, and…
a bit of luck.



31

The greater the obstacle, the more glory in overcoming it.
Molière
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