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Summary 

Background: In Europe, the EMA ‘Guideline on the requirements for clinical documentation for orally inhaled products’ 
(CPMP/EWP/4151/00 Rev. 1) is the key document defining therapeutic equivalence (TE) between orally inhaled 
products. This guideline has to be seen as additional to the CPMP/EWP/QWP/1401/98 Rev.1 ‘Guidance on the 
Investigation of Bioequivalence (BE)’. The stepwise approach defined in the guidelines to show equivalence may raise 
concerns with respect to a balanced consideration of all (in vitro, pharmacokinetic and pharmacodynamic) aspects. 
The points to discuss are: i) the assumption that sufficiently similar in vitro data may guarantee similar effects in 
patients and ii) the procedure of possibly overriding inequivalence demonstrated in vitro and eventually in pK data with 
PD data. Methods: We quote examples where in vitro methods, e.g. Cascade impaction and data of clinical trials are 
available. Results: Two case studies are discussed where seemingly similar in vitro data of the respective inhalation 
products resulted in similar PD, but in different pK data. Conclusions: Even if pharmaceutical products for inhalation 
provide similar results in one or two aspects (be it in vitro, pK or PD data) obvious differences may still exist which 
motivate that at least in vitro, pK, and PD data of inhaled products including risk management should be considered in 
a holistic way. An example of this broad view is the ‘Weight of Evidence Approach’ used in the United States. The 
studies proposed by FDA enable more informed decisions. In addition, emerging more bio-relevant in vitro methods 
should be considered.  

Introduction 

Guaranteeing safety and efficacy of a medicinal product is the ultimate goal of the pharmaceutical community. For 
innovator products the pathway towards this goal is documented by the compilation of a dossier providing in vitro, pK 
and PD data, as well as a large amount of additional information e.g. details of the manufacturing process. For the 
evaluation of a generic product demonstrating equivalence is important, which is difficult to define. A first simplification 
is the concept of bioequivalence (BE) which, by definition, focusses on the action of the product in the patient. For oral 
medication a risk-based approach (see Biopharmaceutics Classification System (BCS)) was introduced. In the field of 
inhaled medication, there are well established tests in vitro

1,2 
and the clinical procedures for conducting pK and PD 

studies are also well known. The examples presented below demonstrate the need to perform all of these ‘classical’ 
investigations because the framework of generally accepted in vitro-in vivo correlations for orally inhaled products 
(OIPs) is still missing. 

Table 1: Products, drug substances and devices quoted in this contribution. ISM is the impactor sized mass 
@ 39 L/min being the sum from stage S1 to filter (~ <4.9 µm). FPD (<4.7µm) is the fine particle dose below 4.7 µm 
(@ 60 L/min). All data refer to the Andersen cascade impactor. The identical salmeterol+fluticasone formulation was 
filled into the Diskus blister and the reservoir powder inhalation device (RPID). HH=HandiHaler, n.d. not determined. 

Product Drug 
substance 

device Metered dose = 
contained dose [µg] 

Delivered 
dose [µg] 

ISM (S1-F) or Fine particle 
dose FPD (<5µm) [µg] 

P1 Tiotropium HH 18 10.2  
(@ 39 L/min) 

3.6 (ISM) 

P2 Salmeterol Diskus 50 47  
(@ 60 L/min) 

10.6 (ISM) 

P3 Tiotropium + 
Salmeterol 
combination 

2
nd

 gen. 
HH 

7.5 + 25 6.5 + 21  
(@ 39 L/min) 

3.5 + 11.4 (ISM) 

P4 Salmeterol + 
Fluticasone 
combination 

Diskus 50 + 250 n.d. 13.1 + 66.8 (FPD) 

P5 Salmeterol + 
Fluticasone 
combination 

RPID 50 + 250 n.d. 12.8 + 66.2 (FPD) 

 



Experimental methods (including materials) 

The test substances for the two examples are given in table 1. We restrict this contribution to TE/BE investigations on 
dry powder (DPI) formulations which are administered in the following devices: Diskus, HandiHaler (HH), 2

nd
 

generation HandiHaler (2
nd

 gen. HH), and reservoir powder inhalation device (RPID)-inhaler. 

The in vitro tests were performed using the delivered dose (DD) and Andersen cascade impactor (ACI) test set-ups 
described in current Pharmacopeia

1,2
. The flow rates for the DD and ACI work are given in table 2. 

The clinical settings are briefly summarized in the following: 

a) Study on tiotropium, salmeterol and a combination thereof 

The study was a randomised, open-label, 4-way crossover study with 4-week treatment periods including 47 COPD 
patients. The four legs of the study were tiotropium (mono in HH), salmeterol (mono in Diskus), the mono combination 
in the respective devices and a fixed dose combination (FDC) in the 2

nd
 gen. HH. pK was determined from an 8 hr 

profile at steady state. PD was obtained from 8 hour FEV1 and FVC at steady state (covering trough and peak). The 
different actives were sampled either in plasma or in urine: Tiotropium (plasma & urine); salmeterol (plasma). The 
study applied no charcoal block. Safety data were obtained from: 12-lead ECG, BP, AE, lab chemistry battery, 
physical exam. 

b) Two studies on the salmeterol-fluticasone-fixed dose combination in two different inhalers
3
 

The first study was a randomized, double-blind, double-dummy, crossover pk/PD study with two 14-day treatment 
periods including 22 patients with moderate, persistent asthma. pK was determined from a 12 hr profile. The study 
applied no charcoal block. The safety assessment comprised amongst other tests: plasma potassium and glucose, 
vital signs and 12-lead electrocardiography. PD in the first study was derived from cortisol levels (data not shown, see 
ref.

3
). In a second study, clinical efficacy in addition was compared in a multicenter, randomized, double-blind, double-

dummy, parallel-group study with 270 randomized (250 completed) patients. Peak expiratory flow (PEF) measured by 
the patient in the morning and in the evening was measured in triplicate, the largest value for morning and evening 
being recorded. 

All clinical studies were conducted in accordance with the provisions of the Declaration of Helsinki (1996) and the 
Good Clinical Practice guidelines (1996). All study participants provided written informed consent. Study protocols 
were reviewed and approved by ethics committees. 

Results 

The results are summarized in table 2. As the first example different formulations administered in different devices at 
different doses [free combination of Tiotropium 18 µg in HandiHaler (product P1, QD) + Salmeterol 50 µg in Diskus 
(product P2, BID)] compared with a fixed dose combination in 2

nd
 gen. HandiHaler (product P3, QD) can obtain 

equivalent PD, i.e. seem to be clinically equivalent. As a second example, the same salmeterol-fluticasone fixed dose 
combination formulation in substantially different devices (product P4, product P5) can also obtain equivalent PD. The 
pK data will now be presented in detail because of the diversity of results. These diverse results indicate, that using 
the current methods, a universal in vitro-in vivo correlation in OIPs cannot be claimed. 

a) Results of study on tiotropium, salmeterol and a combination thereof 

For tiotropium, P3 shows roughly the same impactor sized mass (ISM) as P1. The corresponding pK data show the 
ratio of AUC of 1.12. This finding is contrasted by the comparison of the salmeterol data for P3 (ISM = 11.4 µg) and 
for P2 (ISM = 10.6 µg) with the pK data providing a ratio of AUC of 0.6. 

In detail there is a very rapid appearance of tiotropium in the systemic circulation and the co-administration of 
salmeterol does not influence tiotropium absorption or elimination. Salmeterol appears rapidly in the systemic 
circulation and the co-administration of tiotropium does not influence salmeterol absorption or elimination in the free 
combination. The profiles of salmeterol in P3 (Boehringer) vs P2 (Glaxo) are different; a secondary absorption 
component of salmeterol is much smaller when dosing P3.  

As far as the PD endpoint FEV1 is concerned, the once-daily combination P3 provided significantly more 
bronchodilation in terms of FEV1, AUC0-8h, and FEV1 trough & peak compared to single-agent therapy, i.e. once-daily 
tiotropium or twice daily salmeterol. No statistically significant differences were found between the fixed dose 
combination (P3, QD) and the mono product (free) combination of tiotropium (P1, QD) plus salmeterol (P2, BID). The 
FVC results parallel those for FEV1. Considering trough FVC, P3 vs salmeterol alone (P2) was significant; P3 vs 
tiotropium alone (P2) was not significant. 



b) Results of Studies on the salmeterol-fluticasone-fixed dose combination in two different inhalers
3
 

Salmeterol and fluticasone are delivered in a fixed dose combination. The systemic exposure is measured by the area 
under the curve of the plasma levels. AUC of fluticasone administered by the RPID (P5) was 2 times larger than with 
the Diskus (P4) inhaler. In line with this, the maximum plasma concentration Cmax of salmeterol was almost 2-fold 
greater with the RPID (P5) than with the Diskus (P4) inhaler. 

The pharmacodynamic differences (RPID - Diskus) were evaluated in a larger study. The mean evening PEF showed 
a difference of 3.9 L/min (95% CI, -3.2 to 10.7, not significant). The mean morning PEF showed a difference of 3.9 
L/min (95% CI, -3.1 to 11.0, not significant). Percent predicted FEV1 increased after 12 weeks of treatment (4.9% for 
RPID, 2.2% for Diskus). The treatment difference between the 2 inhalers (RPID vs. Diskus) was 2.7 L/min (95% CI, 
0.4 to 5.0). The RPID and the Diskus inhaler were assumed to be clinically equivalent because their differences lay 
within the prespecified equivalence limits

1
. 

Table 2: Drug substances and devices quoted in this contribution. ISM is the impactor sized mass @ 39 L/min as sum 
from stage S1 to filter (~ <4.9 µm). FPD (<4.7µm) is the fine particle dose below 4.7 µm (@ 60 L/min). 
HH=HandiHaler. FDC=fixed dose combination. AUC=area under the curve with 90% confidence interval (CI). 
Cmax=maximum plasma concentration (at steady state) with 90% confidence interval (CI). FEV1=forced expiratory 
volume in 1 second, FVC=forced vital capacity, PEF=peak expiratory flow. RPID=reservoir powder inhalation device. 

Drug 
substance 

device Manufact-
urer of 
formulat-
ion 

ISM (S1-F) 
or FPD 
(<4.7µm) 
[µg] 

pK result 
ratio (90% CI) 

PD result 

Tiotropium HandiHaler BI 3.6 (ISM)  
AUC Ratio 2

nd
 gen. HH+FDC vs. 

origin. Device: 
Tiotropium:1.12(1.02-1.23) 
Salmeterol:0.60(0.53-0.67) 

FEV1 and FVC go parallel 
Neither relevant nor significant 
difference between 2

nd
 gen. 

HH + FDC and free 
combination of HH and Diskus 
with mono formulations. 

Salmeterol Diskus Glaxo 10.6 (ISM) 

Tiotropium + 
Salmeterol 
combination 

2
nd

 gen. 
HandiHaler 

BI 3.5 + 11.4 
(ISM) 

Salmeterol + 
Fluticasone 
combination 

Diskus Glaxo
1
 13.1 + 66.8 

(FPD) 
 
Ratio RPID vs.Diskus

1
: 

Salmeterol, Cmax :1.92(1.64-2.25) 
Fluticasone, AUC: 2.00(1.56-
2.55) 

 
No difference detected in 
mean morning peak expiratory 
flow (PEF) and equivalent in 
other parameters (see text). 

Salmeterol + 
Fluticasone 
combination 

RPID Glaxo
1
 12.8 + 66.2 

(FPD) 

 

Discussion  

The data presented show that there is no general simple recipe for the correlation of conventional in vitro results like 
DD, ISM, FPD (which so far have been determined guided by pharmacopeial procedures) with clinical data. Even 
clinical data show differences between pK data relying on plasma levels (AUC, Cmax) and pharmacodynamics results 
like e.g. FEV1 or PEF. 

In detail, for tiotropium, ISM correctly anticipated AUC equivalence for the two HandiHaler configurations. APSD 
qualitatively anticipated differences in plasma Cmax but missed on the magnitude of difference. Simultaneous urine 
sampling added power to BE estimates from plasma AUC. For salmeterol dispensed from the Diskus, there was a 
greater mass deposition in the throat and preseparator which corresponds to a greater secondary absorption seen in 
patients inhaling from Diskus. Because no charcoal block was included in the study, it was not possible to determine if 
the secondary absorption occurred orally, and if it was due to prolonged dissolution-limited lung absorption, or a 
combination of both effects. For both examples holds true that major differences observed in Cmax were not expected 
based on ACI stage deposition patterns. Therefore, in vitro results were not predictive for pK. This may be critical, 
because it is generally thought that pK is highly discriminating for safety inferences. Lung function PD when dosing in 
the “plateau” region is shown to be a poorly discriminating BE metric, because in spite of all the variabilities seen in 
either in vitro data or in pK data, the PD values, e.g. FEV1 or PEF remained within their respective ranges of clinical 
equivalence. 

Advances toward IVIVC have been made using more bio-relevant in vitro platforms and test conditions, i.e. breath 
simulators and anatomic models (Copley Ltd, Nottingham, UK). Such systems are now commercially available and 
representative inhalation profiles for COPD and asthma patients are also accessible. 

In summary, the presented data illustrate the following statements, characterizing the state of the art: 



 Matching in vitro aerodynamic particle size distributions (aPSDs) as the sole test of DPI bioequivalence is 
beyond the capability of current pharmacopeial test platforms. 

 pK studies should include administration with and without an oral absorption inhibitor for any low solubility 
active pharmaceutical ingredient (API) with meaningful secondary oral absorption potential. 

 Acceptance of systemic pK as a reliable surrogate for LAMA or LABA airway pharmacologic effect is still 
lacking scientific validation. 

 Parallel pK and PD at steady state in patients is a manageable protocol that avoids separate studies and 
eliminates questions about the relevance of using healthy volunteers instead of patients (the patient interface 
dilemma). 

In view of this situation, the present US FDA approach for establishing BE of DPIs is based on an aggregate weight of 
evidence

4
. It utilizes appropriate in vitro studies to demonstrate equivalent in vitro product performance, pK studies to 

establish equivalent systemic drug exposure, and PD studies to support equivalent local drug delivery. In addition, 
development of generic OIPs should consider the similarity of the proposed test device and formulation to those of the 
reference product. Table 3 gives the studies recently recommended by FDA in their draft guideline on fluticasone and 
salmeterol. In contrast to table 3, instead of healthy volunteers, patients should participate in the pK studies in order to 
avoid the patient interface dilemma. Based on these data, decisions on bioequivalence of all OIPs will be made on a 
much firmer ground than the step-wise process now described in EMA Guideline (CPMP/EWP/4151/00 Rev. 1) can 
ever guarantee. 

Table 3: Studies recommended by the FDA draft guideline to establish BE between a test and reference DPI 
containing fluticasone and salmeterol
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Study no. Type of study What is determined duration condition 

1 In vitro Single actuation content - - 

2 In vitro Aerodyn. particle size distribution - - 

3 pK Fasting, AUC See sensitivity 
analysis 

Healthy volunteers 

4 Clinical endpoint PD Clinical endpoint study 4 weeks patients 

Conclusion 

We need more systematically acquired data to better understand & validate IVIVCs. Especially results with new, more 
biorelevant models are needed. Any publication or regulatory submission building on a TE/BE approach that does not 
include data from a biorelevant in vitro system should no longer be considered as “state of the art”. The evaluation of 
a set of studies (table 3) which should always include patients and be complemented by recent bio-relevant in vitro 
studies allows for an informed decision on the equivalence of a generic product. 
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