
Παναγιώτης Μαχαίρας

Εργαζηήριο Βιοθαρμακεσηικής - Φαρμακοκινηηικής

Τμήμα Φαρμακεσηικής

Εθνικό και Καποδιζηριακό Πανεπιζηήμιο Αθηνών

Δηδηθές περηπηώζεης θαρκάθφλ 

ποσ τρήδοσλ προζοτής από ηελ 

άπουε ηες ζεραπεσηηθής 

ηζοδσλακίας κε ηα γελόζεκα

21-23 Σεπτεμβριου 2012

(Πόρτο Χέλι)



Παροσζίαζε

A. Δηζαγφγή

B. τεδηαζκός θαη ηαηηζηηθή αλάισζε 

Μειεηώλ Βηοίζοδσλακίας

Γ. Φάρκαθα κε ζηελό ζεραπεσηηθό εύρος

Γ. Κσθιοζπορίλε

Δ. Αληηεπηιεπηηθά Φάρκαθα

Σ. Πιεζσζκηαθή Φαρκαθοθηλεηηθή



Α. Δηζαγφγή



1960s- 1970s:

Pioneering work of:

Wagner J., Nelson E., Levy G., Riegelman S., Garret E., Gibaldi M. …

Generics superior to innovator

Melikian AP, Straughn AB, Slywka GW, Whyatt PL, Meyer MC. Bioavailability of

11 phenytoin products. J. Pharmacokin. Biopharm. 5(2):133-46 (1977).

Tannenbaum PJ, Rosen E, Flanagan T, Crosley AP. The influence of dosage

form on the activity of a diuretic agent. Clin Pharmacol Ther 9(5):598-604 (1968).

Generics inferior to innovator

Glazko AJ, Kinkel AW, Alegnani WC, Holmes EL. An evaluation of the absorption

characteristics of different chloramphenicol preparations in normal human

subjects. Clin Pharmacol Ther. 9(4):472-83 (1968).



Mean plasma levels of chloramphenicol in ten human subjects

following 0.5 g oral doses in various formulations.

Glazko AJ et al. Clin Pharmacol Ther. 9(4):472-83 (1968).



Mean plasma phenacetin concentrations in six human subjects after 1.5 g doses

In suspensions of different particle sizes.

Prescott LF, Steel RF, Ferrier WR. The effects of particle size on the absorption of 

phenacetin in man. A correlation between plasma concentration of phenacetin and effects 

on the central nervous system. Clin Pharmacol Ther. 11(4):496-504 (1970).  



Tyrer JH, Eadie MJ, Sutherland JM, Hooper WD. Br Med J 4, 271 (1970).

Influence of lactose and calcium sulphate as excipients on the

concentration of phenytoin in blood in a patient taking 400 mg/day.



Bioavailability

The rate and extent to which the active drug 

ingredient or therapeutic moiety is absorbed and 

becomes available at the site of drug action 



Bioequivalence 

Absence of a significant difference in rate and

extent of absorption at the same molar dose of 

the therapeutic moiety under similar experimental 

conditions.

Bioequivalence Assumption

When a generic drug is claimed bioequivalent to a brand-

name drug

it is assumed that they are therapeutically 

equivalent



Extent: AUC(0-tlast), AUC(0-)

Rate: Cmax

Other Measures: Tmax, Half-life (t1/2), % fluctuation

Pharmacokinetic Measures 

of Bioequivalence



Bioequivalence Parameters
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Β. τεδηαζκός θαη ηαηηζηηθή 

αλάισζε Μειεηώλ Βηοίζοδσλακίας



Bioequivalence studies

Τ

R

Period 2

Τ

R

Period 1

Washout period

2 x 2 cross-over design



Average Bioequivalence criterion:

where:

κT : population average response of the log-transformed measure 

for the Test formulation

κR : population average response of the log-transformed measure 

for the Reference formulation

ζA : ln(1.25)  predefined ΒΔ limits

ARTA   )(

Current approach for BE 

Two-period, two treatment crossover design

N: number of subjects

or equivalently:

T/ R : Test to Reference geometric mean ratio (GMR)

25.180.0  RT



In practice:

Average BE of the two formulations is concluded if the 90% 

confidence intervals (CI) around the test to reference 

geometric mean ratio (GMR) for both Cmax and AUC fall within 

the BE acceptance limits of 0.80 - 1.25.

where:

mT, mR : observed Test and Reference means of the log-transformed measures

N : number of subjects

s : intrasubject variability

 Nstmm NRT /2)(exp CI 90% the of limitsLower  Upper, 2,05.0 

log-transformed 

measures of 

Test and 

Reference

for N subjects

ANOVA

mT,  mR

Mean Square Error

exp(mT – mR)

s
residual 

(intrasubject) 

variability

GMR
geometric 

mean ratio

90% CI

(Two One-sided 

Tests Procedure)



T/R
80 % 125 %

pass

fail

HVD ?

90% CI  and  BE limits
possible results



T/R
80 % 125 %

High variability

T/R
80 % 125 %

Low variability

GMR: Large deviations from 

100% may be accepted

GMR: Must be closed to 

100% to fit in BE limits

Intrasubject variability  and  GMR



Probability that 90%CI falls within 80 – 125% in a 2-way cross-over 

BE study for CV=10% and 40% with 24 subjects
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FDA EMA



Γ. Φάρκαθα κε ζηελό ζεραπεσηηθό 

εύρος





Cyclosporine

Digoxin

Flecainide

Lithium

Phenytoin

Sirolimus

Tacrolimus

Theophylline

Warfarin







Γ. Κσθιοζπορίλε



Outline: From the discovery to the market

Cyclosporin Discovery

1970

R & D

1973-1983

Sandimmun

1983

Neoral

1995

Generics

1999



1973-1976

 Determination of the exact structure of cyclosporin.

 Cyclosporin was found to be made up of 11 amino acids, 10 of which were known but the 

amino acid at position ‘1’ was unknown.

The structure 

of cyclosporin



Neoral®







Γενόζημα



Κοινοηική αποκενηρωμένη διαδικαζία

Ηνωμένο Βαζίλειο, Γερμανία, Ελλάδα, Τζεχία, Σλοβακία 

Cyclosporin Α – μαλακά καψάκια - 25mg, 50mg, 100 mg







Δ. Αληηεπηιεπηηθά Φάρκαθα





Generic products of AEDs

Meir Bialer. Epilepsia, 48(10):1825–1832, 2007

Reason for switching to generics:

Pharmacoeconomic (generics are cheaper)

Raised concerns:

 Do generic AEDs work as well as brand AEDs in terms of their 

efficacy, safety and quality?

 Can generic AEDs be used as substitutions for brand AEDs?

 Can generic products of AEDs be used interchangeably?



Characteristics of epilepsy

 chronic disorder

 often requires lifelong treatment

 primary goal: avoidance of seizures + keep ADRs to a minimum

 if long-term remission has been achieved:

- avoid even a single breakthrough seizure

- just one seizure after a period of control can have major implications at 

the social level



Characteristics of AEDs

AEDs are usually considered to be treatments with a narrow 

therapeutic index (NTI*) (e.g., phenytoin)

However: 
 some AEDs exhibit wide therapeutic range 

[e.g., carbamazepine, lamotrigine (2.5-15 mg/L)]

 breakthrough seizures or ADRs due to generic substitutions were 

reported for AEDs with a linear PK and a wide therapeutic range

 slight variations in drug absorption may result in significant 

negative health outcomes

 careful titration and patient monitoring

*NTI: less than a 2-fold difference between: 

the minimum toxic concentration and the minimum effective concentration











Meta-analysis of randomized controlled trials comparing generic and brand-name antiepileptic drugs
Error bars represent 95% confidence intervals (CI). The Odds Ratio (OR) is odds of uncontrolled seizures after an AED switch.

OR >1 suggests poor control for generic medications compared to brand name medications; OR <1 suggests lower odds of 

poor control for generic medications compared to brand-name medications. See Appendix for a breakdown of the number of 

patients who had uncontrolled seizures in the generic and brand-name groups.



Conclusion

Though physicians may want to consider more intensive monitoring of

high-risk patients taking AEDs when any medication change occurs, in

the absence of better data, there is little evidenced-based rationale to

challenge the implementation of generic substitution for AEDs in most

cases.



CBZ = carbamazepine; VPA = divalproex; GBP = gabapentin; LTG = lamotrigine; 

LEV = levetiracetam; OXC = oxcarbazepine; TOP = topiramate; ZON = zonisamide.



CBZ = carbamazepine; VPA = divalproex; GBP = gabapentin; LTG = lamotrigine; 

LEV = levetiracetam; OXC = oxcarbazepine; TOP = topiramate; ZON = zonisamide.





Σ. Ρύζκηζε δοζοιογηθώλ ζτεκάηφλ 

γηα θάρκαθα ποσ τρήδοσλ 

προζοτής κε βάζε ηης αρτές ηες 

Πιεζσζκηαθής Φαρκαθοθηλεηηθής
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Hierarchical model (3 levels)

Cij=f(θi,tij)+εij

εij ~ N(0,σ2)

θi ~ N(μ,Ω)

σ2 ~ Inv-Gam(a,b)μ ~ N(m,P-1) Ω ~ Ιnv-Wish(Σ,ν)

structural model

residual variability

inter-individual variability

uncertainty
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Bayes’ theorem
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The product of the prior

gives the posterior distribution

and the data likelihood normalised

P(θ|X)=
p(θ) l(X|θ)

∫p(θ)l(X|θ)dθ

Sequential use of Bayes theorem
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Bayesian individualization

prior population
PK parameters

individual 
measurements

(sparse)

individual 
PK parameters

Therapeutic Drug Monitoring

Individual PK parameters          Dose individualization



The Challenge of Achieving Target Drug Concentrations

in Clinical Trials: Experience From the Symphony Study

(Transplantation 2009;87: 1360–1366)

Henrik Ekberg,Richard D. Mamelok, Thomas C. Pearson,Flavio Vincenti,He´lio

Tedesco-Silva,and Pierre Daloze

Background. The Symphony study compared four immunosuppressant regimens, defined 

by protocol-specified target drug concentrations. This subanalysis examines actual drug 

levels and the implications on the interpretation of results.

Methods. De novo renal transplant patients (n=1645) were randomized to receive 

mycophenolate mofetil (2 g/day) and corticosteroids in combination with standard-dose 

cyclosporine A or daclizumab induction and low-dose CsA ,low-dose tacrolimus,or low-dose 

sirolimus.

Results. Low-dose Tac was significantly superior for renal function, acute rejection, and 

graft survival at 12 months.

Median trough levels of CsA, Tac, or SRL were toward the high end of target ranges in all 

groups, and 50% to 60% were within target. 

Conclusions. To replicate the Symphony study results in clinical practice, the protocol-

defined drug concentration targets should be aimed for, but the concentrations actually 

achieved may be regarded as acceptable



Percent of patients above, within and below target range at weeks 1, 2, 4, and 8, and 

months 6 and 12. (a) Standard-dose cyclosporine; (b) Low-dose cyclosporine







Εσταριστώ

για την προσοτή σας!


