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Disclaimer

• This presentation represents the author’s personal opinion and does 
not necessarily represent the policy or recommendations of Zakłady
Farmaceutyczne Polpharma S.A.

Mandatory disclaimer:
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M13 and PKWP Q&A from the perspective of generic DPI development

• PKWP Q&A: inhaled products & charcoal study waiver 
• Eligibility for waiver case studies

• Decision tree for charcoal waiver

• Model substances for charcoal waiver justification

• Validation of charcoal blockade

• ICH M13 (A and following)
• Outliers and exclusion of data

• 1st point Cmax

• Low exposure

• Justified outliers? Flagged extreme values? Proven by route-couse analysis / Clinical 
documentation findings? Sensitivity analysis?

• Non-replicate vs. partial replicate vs. fully replicate studies
• Reliability of point estimate vs. calculated power

To be discussed
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Charcoal or not charcoal? #1

Substance #1 BE results:

Imaging having received such study results
Success or not yet?
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Charcoal or not charcoal?

• GL text

Partial AUC0-30min as a surrogate to clinical efficacy

Substance-specific?

Partial AUC 0-30mins is more variable than AUC72/t, highly influenced by the variable Cmax, if Cmax 
estimation is biased – AUC0-30min is also biased when we have 1st point Cmax
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Charcoal or not charcoal?

PKWP Q&A on use of active charcoal and truncated AUCs

Update of the GL on 
Clinical requirements

to OIP products is
pending, draft may be 

released any time
soon?

How am I 
understanding this?

Other potential 
metrics?

Another Pandora’s 
box opened: Tmax

comparison ☺
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Charcoal or not charcoal?

Current OIP Guideline:

Update of the GL on 
Clinical requirements

to OPI products is
pending, draft may be 

released any time
soon?

How am I 
understanding this?

Other potential 
metrics?

Another Pandora’s 
box opened: Tmax

comparison ☺
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Charcoal waiver

Open questions

Intestinal
absorption

PK/BE study without
charcoal is sufficient

Charcoal
needed?

negligible

Rate of 
lung

absorption

significant

Non-
charcoal BE 
+AUC0-30m

Charcoal
study

required

Before
significant
GI abs.?

Very quick

Not very quick

Yes

Not

Success AUC0-30min failed

Cromoglycate
nedocromil

Beclomethasone
Fluticasone

Mometasone
Ciclesonide

Pure absorption

Extensive 1st pass

Do we have
to explain?

Salbutamol
Albuterol

Lung absorption
occures before
significant GI 
absorption

• Is this understanding correct?
• How should we prove a ‚negligible 

intestinal absorption’ (5%)?
• Absolute bioavailability data?
• Originator’s charcoal study?

• 10% difference for HVD by 
chance

• Do we have to explain the mechanism?
• How to prove that ‚very quick lung 

absorption occurs before significant GI 
absorption’?
• Will similarity of PK parameters to 

salbutamol be sufficient?
• Why AUC0-30min? Study should be 

powered to demonstrate BE for this 
parameter.
• Variable parameter
• Biased due to 1st point Cmax 

observations
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• Absolute oral bioavailability ~3% 
(oral vs. I.V. administration) 
reported for oral tablets 
formulation

• Originator estimated 5% oral 
bioavailability

• Originator [SmPC!] reports ~10% 
difference in bioavailability 
between DPI inhalation without 
charcoal and DPI inhalation with 
charcoal blockade

• Intra-subject CV for AUCt/72h is 
moderate (20-25%)

• Based on data on oral 
bioavailability – substance has a 
negligible absorption.

• Do we need to report AUC0-30 in 
non-charcoal bioequivalence 
study?

• Do we need to perform charcoal 
study?

• OK!

Substance 1 Substance 2

• Absolute oral bioavailability is around 
10%. Median Tmax after oral 
administration is 45 minutes

• Originator reports [SmPC] median Tmax

at 5 minutes, but post-dose PK 
sampling started only at 5 minutes 
post-dose

• Intra-subject CV for AUCt/72h is 
moderate (20-25%)

• Substance has a very quick lung 
absorption with median Tmax about 2 
minutes and a lot of 1st point Cmax at 1 
minute sample.

• Charcoal waiver is still possible based 
on AUC0-30.

• But study should be powered to 
demonstrate BE on this parameter and 
due to 1st point Cmax it may be biased, 
expect differences around 15%!

• Does it make sense?

Charcoal waiver #1

Examples

Same substance – different set of 
literature data

If we convince assessor that true 
absolute bioavailability is 3% (less 

than 5%) – no problem!

If not – suddenly problematic BE 
outcome for AUC0-30min 

becomes a problem
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Charcoal or not charcoal #2

BE results:

Successful in non-charcoal study!
Do we need to perform charcoal one?
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• Absolute oral bioavailability is 
about 25%. Oral absorption is 
definitely non-negligible.

• Tmax after oral intake 1.8-3 h

• Tmax after inhalation 13 min (0.22h)

• Can we assume that pulmonary
absorption occurs before the 
contribution of GI absorption takes
place?

Substance 3 Substance 4

• Absolute oral bioavailability is about 
25%. Oral absorption is definitely non-
negligible.

• Tmax after oral intake 1.75-2.5 h

• Tmax after inhalation 12 min (0.2h)

• Can we assume that pulmonary
absorption occurs before the 
contribution of GI absorption takes
place?

Charcoal waiver #2

Examples

Salbutamol Mystery drug #2

Good news? 
Low ISCV

Maybe a less unpredictable study?
Still may fail by chance
Waiting for the results!
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Bonus questions for charcoal study

• Impossible question in deficiency letter?

• In order to validate the procedure you must present study data 
with and without charcoal to demonstrate that charcoal 
blockade works for substance in question – perform at least 2 
studies??

• Literature validation? Astra’s publications since 1990s

• Choice of charcoal product?

• Charcoal administration timepoints vs. PK timepoints?

• Mouth rinse/swish after charcoal administration?

• Dose, Number and Timepoints for charcoal administration? = 
no single approach

Validation of charcoal blockage procedure / study
Charcoal studies history

Methodology largely developed by Astra
Most commonly used charcoal granules 

brand: Carbomix (availability?)
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Issues of very rapid absorption

Influence of 1st point Cmax

• 6 observations with Cmax occurring at first
post-dose sampling point out of 118 total
observations (~5%) have been detected

• One of 1st point Cmax observations is also a
red flag based on outlier detection analysis –
lower than expected Reference absorption

• Exclusion of 1st point Cmax observations
significantly reduced within-Reference ISCV

• Cmax – BE conclusions not changed

• AUC0-30min passes BE criteria

Comparison Cmax (90% CI), ISCV AUC0-30min (90% CI), ISCV ISCVwR Cmax

Original dataset 90.04 (81.04 - 100.05), 35% 86.72 (79.88-94.15), 27% 37.49%

1st point Cmax data removed 90.77 (82.05 - 100.42), 32% 87.18 (80.60 - 94.31), 25% 28.01%

1st point Cmax

Statistically detected outlier
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ICH M13A Draft: First Point Cmax

Opening Pandora’s box of ‘data exclusion’ wider

Add a specific wording to the Protocol to 
reserve the possibility of ‚sensitivity analysis’ 
excluding 1st point Cmax? Don’t wait for the 

defficiency letter?
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Opening Pandora’s box of ‘data exclusion’ wider

Who should perform an exploratory exclusion 
of the data from affected subjects (1st point 

Cmax)?

Should Sponsors/CROs use framework of 
‘sensitivity/supplementary statistical analysis’ 

and test dataset excluding 1st point Cmax?

What if the PK sampling was adequate, but 
avoidance of 1st point Cmax cannot be 

practically warranted?

What is the threshold for ‘early enough’ 
sampling? 0.5, 1, 2, 3, 4 or 5 minutes?

For IR oral formulation? For inhaled product?

ICH M13A Draft: First Point Cmax
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M13A and data exclusions

Per protocol population = BE analysis population?
What is critical and what is not?

Data exclusions

Thoroughly defined subject exclusion criteria:
dosing failure (remaining powder)? Cough? 
Sign of weak airflow (no whirling sound)?

There is no way back! Decision should be made 
before the bioanalytical phase!

Under what circumstances are we open to data exclusions?
Clinically justified?
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Outlier detection tests

• M13A section 2.2.1.1

Data exclusions

What if a plausible explanation is possible for 
an outlier? First ever powder inhalation with 

reduced flow rate?

Outlier detection is mentioned, not accepted as a sole reason of data exclusion. Set a lot of exclusion 
criteria and then re-include for sensitivity analysis or avoid excessive criteria and exclude in justified cases 

as sensitivity analysis?

So, we can perform an outlier detection 
analysis
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Exceptional cases allowing data exclusion

• M13A section 2.2.1.1

Data exclusions

In some inhaled products we cannot practically check if the dosing was complete. We can use 
repetitive inhalation from the same capsule if SmPC suggests this!
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Mandatory justification for data exclusion?

• M13A sections 2.2.3.3 & 2.2.3.5

Data exclusions

In some inhaled products we cannot practically check if the dosing was complete. We can use 
repetitive inhalation from the same capsule if SmPC suggests this!

EMA BE GL,  
Section 4.1.10 

(HVD)
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Outlier detection / exclusion of observations

Influence of extreme outlier
• An example of low exposure (above 5%

rule!) statistically detected as an outlier
observation

• Even in a fully replicate design such
observation can have a critical influence
on BE assessment of secondary
(underpowered) endpoint;

• No documented evidence of subject non-
compliance detected, but occurrence of
low exposure and 1st period of the study
may indicate insufficient inhalation
maneuver due to first experience of
powder inhalation;

Comparison Cmax (90% CI), ISCV(%) AUC0-30min (90% CI), ISCV(%) ISCVwR Cmax (%)

Original dataset 90.04 (81.04 - 100.05), 35 86.72 (79.88-94.15), 27 37.49

S18p1 data removed 92.23 (83.52 - 101.86), 32.7 88.88 (82.64-95.6), 23.7 37.49
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• Good CRO (execution of Clinical part of 
the study)

• Good bioanalytical facility (validation and 
analysis of samples)

• Dosing procedure

• Dosing compliance verification (powder 
remains in the capsule)

• Training of study subjects

• Use of placebo capsules for training?

Critical Important

Exclude or not to exclude?

Extensive protocol violation criteria may lead to removal of good data! What is critical? 

• Cough immediately post-dose

• Whirling sound

• FPD similarity

• Identical in-vitro deposition profiles

Not so important?
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Justification of outlier using extended dataset?

Intent-to-treat population reanalysis

• What if we reinclude the data excluded
based on protocol-defined criteria before
the bioanalysis?

• Dosing violations: cough, remaining powder

• That’s a Safety/Intent-to-Treat population

• What data exclusion criteria were justified?

Detected by statistical methods

Comparison Cmax (90% CI), ISCV (%) AUC0-30min (90% CI), ISCV (%) ISCVwR Cmax

Original dataset 90.04 (81.04 - 100.05), 35 86.72 (79.88-94.15), 27 37.49%

Full ITT/safety dataset 86.94 (76.98 - 98.18), 41.4 85.37 (78.32 93.04), 28.7 37.49%

ITT – 1 obvious dosing failure 90.43 (81.47 - 100.36) 34.9 86.99 (80.20 - 94.36) 26.9 37.49%

Remove an obvious 
dosing failure

Period effect due to the 
learning curve?
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ICH M13B considerations: Higher order cross-over designs

Fully vs. Partial vs. Non-replicate cross-over studies: 

0,00%

5,00%

10,00%

15,00%

20,00%

25,00%

30,00%

30% 40% 50% 60% 70% 80% 90% 100%

2x2x3

2x2x4

2x2

Mocninná (2x2x3)

Mocninná (2x2x4)

For further investigation:
Is there a true added value of a fully replicate 
cross-over studies allowing for a better 
characterization of the Point Estimate for a highly 
variable PK parameters? Regardless of the source 
of variability.

Ideally: 
• Use your big fully-replicate study, ideally –

slightly overpowered, because drop-out 
assumptions were conservative. 

• Take BE outcome as a benchmark
• Create smaller datasets using original data and 

un BE tests and measure maximum deviation 
from the benchmark results

• What sample size and design of pilot study 
gives a more precise estimation of T/R ratios?

• Does it make sense to perform multiple small 
12-subject 2x2 pilots (T1vs.R, T2vs.R) for 
DPI/HVD??
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ICH M13B considerations: Higher order cross-over designs

• Would a fully-replicate study be accepted for a non-HVD product?

• Waiting for M13B which should provide some specific recommendations 
for use of replicate designs for highly-variable drugs (HVD)

• Only replicate can give use within-Test or within-Reference variability data

• Pilot studies? 6-period fully replicate if practical?

• Reduction of study sample size (COVID, limitations of the Clinical facility)

• Period drop-out ≠ study drop-out

• Potentially better point estimates, less sensitivity to outlying individual 
observations

Fully vs. Partial vs. Non-replicate cross-over studies



• Thank you !
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