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CUVINTE-CHEIE

Dapagliflozin, analiza farmacocinetica compartimentald, analiza farmacocineticd non-
compartimentala, diabet zaharat, analiza bioechivalentei, studiu clinic, subiecti sanatosi,
efectul alimentelor, biodisponibilitate, analiza statistica, siguranta clinica, impact
economic, medicamente generice - de revazut diacriticile in textul in 1b romana

INTRODUCERE

Diabetul este considerat de specialisti una dintre cele mai problematice boli
cronice, deoarece afecteaza toate categoriile de pacienti, de la copii, tineri sau adulti pana
la varstnici. In ciuda eforturilor depuse de autorititi si medici in implementarea unor
programe speciale pentru acesti pacienti, incidenta diabetului zaharat de tip 1 si 2 este in
continua crestere datorita urbanizarii, dietei si stilului de viatd, imbatranirii populatiei
sau altor patologii asociate. Prin urmare, aceasta afectiune cronica este asociata cu multe
alte complicatii care pot reduce calitatea vietii pacientilor sau pot creste rata mortalitatii.

Dezvoltarea de noi tratamente pentru imbunatdtirea sanatatii pacientilor prin
controlul bolii este una dintre cele mai importante parti ale industriei farmaceutice.
Totusi, costurile pentru diferite tratamente pot fi o problema pentru multi pacienti si
familiile lor si astfel accesul la un tratament cu aceleasi rezultate eficiente, dar la un pret
mai mic, este obiectivul industriei medicamentelor generice.

Inhibitorii SGLT2 reprezinta o clasa de medicamente care previn reabsorbtia
glucozei din tubul proximal renal, rezultdnd excretia de glucoza in urina, fapt ce conduce
la scaderea nivelului de glucoza din sange. Dapagliflozin este unul dintre reprezentantii
acestei clase terapeutice, fiind utilizat atat in tratamentul diabetului zaharat de tip 1 ca
adjuvant in tratamentul cu insuling, cat si in tratamentul diabetului zaharat de tip 2 la
pacientii la care administrarea de metformin nu este posibila datorita intolerantei.
Dapagliflozin imbunatateste nivelul glicemiei atat a jeun cat si post-prandial, iar actiunea
sa se observa inca de la prima doza administrata si se mentine pe durata a 24 de ore,
astfel Incat poate fi administrat o singura data pe zi.

Teza de doctorat cuprinde in prima parte intitulata Stadiul actual al cunoasterii, o
sinteza a informatiilor din literatura de specialitate cu privire la principalele subiecte
abordate in cadrul cercetarii. Primul capitol prezinta informatii referitoare la aspectele
generale ale diabetului zaharat, clasificarea acestuia, prevalenta, factorii de risc, metodele
de preventie, diagnostic si tratament, complicatiile diabetului, respectiv impactul
economic al acestei patologii. In continuare, teza urmareste o descriere a
dapagliflozinului cuprinzand informatii referitoare la farmacodinamia si mecanismul de
actiune al acestuia precum si informatii legate de contraindicatii, precautii la utilizare,
efecte adverse, proprietati si interactiuni farmacocinetice ale acestuia. Urmatoarele doua
capitole prezintda aspecte referitoare la studiile de biodisponibilitate si bioechivalenta
alaturi de cele mai importante cerinte de reglementare pentru efectuarea acestora si
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metodele de analiza farmacocinetica utilizate pentru determinarea principalilor
parametri.

CONTRIBUTII PERSONALE

S-a dezvoltat o noua formulare generica cu eliberare imediata ce contine 10 mg
dapagliflozin de catre Sun Pharmaceutical Industries Limited, India. Scopul cercetarii a
fost de a evalua biodisponibilitatea produsului atat in conditii de repaus alimentar, cat si
in conditii post-prandiale, de a descrie efectul alimentelor asupra biodisponibilitatii
moleculei si de a determina modelul farmacocinetic care descrie cel mai bine dispozitia
dapagliflozinului in organism.

in primul studiu al sectiunii Contributii personale sunt prezentate rezultatele unui
studiu clinic de bioechivalentad in conditii de repaus alimentar. Studiul a fost Incrucisat,
randomizat, cu doud perioade si doud tratamente si s-a comparat biodisponibilitatea
noului produs dezvoltat (test) cu produsul disponibil pe piata (referinta). Dupa obtinerea
concentratiilor plasmatice de dapagliflozin din plasm3, s-au evaluat principalii parametri
farmacocinetici utilizand analiza noncompartimentald, iar valorile medii obtinute au fost
similare pentru cele doud produse comparate. Pentru analiza statistica efectuata s-a
utilizat testul ANOVA pentru Cmax, AUCo.t $i AUCo-». Raportul mediilor produsului test si
referinta si intervalele de incredere de 90% s-au incadrat in intervalul stabilit de
bioechivalenta de 80.00-125.00%.

Cel de-al doilea studiu realizat a fost de bioechivalenta in conditii post-
prandiale. Pentru desfasurarea studiului s-a utilizat acelasi design, respectiv aceeasi
metodologie. Rezultatele obtinute pentru parametrii farmacocinetici calculati pentru
ambele produse au avut valori medii similare. Astfel, criteriile de bioechivalenta au fost
indeplinite pentru cele doua produse comparate in conditii post-prandiale.

Evenimentele adverse au fost monitorizate pe tot parcursul studiilor, desi
evaluarea sigurantei nu a fost un obiectiv al acestora. S-a concluzionat ca produsele au
fost In general bine tolerate de catre subiecti.

In conformitate cu cerintele de reglementare in vigoare si avand in vedere
rezultatele celor doua studii clinice desfasurate in conditii de repaus alimentar si post-
prandiale se poate concluziona ca produsul testat este bioechivalent si interschimbabil in
terapie cu produsul de referinta.

Al treilea studiu al sectiunii Contributii personale compara administrarea celor
doua produse in conditii de repaus alimentar si post-prandial la subiecti sanatosi.
Parametrii farmacocinetici au fost evaluati comparand rezultatele obtinute in cele doua
conditii si a fost evaluat profilul plasmatic mediu in functie de timp. Rezultatele au aratat
ca nu exista diferente semnificative in administrarea fara sau cu alimente a formularii cu
eliberare imediata cu dapagliflozin 10 mg, iar profilurile plasmatice obtinute sustin
concluzia bioechivalentei celor doua produse farmaceutice.
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Obiectivul celui de-al patrulea studiu descris in sectiunea de Contributii personale
a fost de a determina modelul farmacocinetic care descrie cel mai bine dispozitia
dapagliflozinului cedat dintr-o formulare cu eliberare imediatd, dupa administrarea unei
singure doze. Prin utilizarea unei metode de analiza farmacocinetica compartimentala, a
fost determinat si descris modelul cel mai reprezentativ dintre cele 10 modele evaluate
(M1-M10). S-a dovedit ca modelul M8 fiteaza cel mai bine datele experimentale si s-a
concluzionat ca farmacocinetica dapagliflozinului se caracterizeaza printr-un proces de
absorbtie de ordinul O si este eliminat din organism printr-un proces cinetic de ordinul I.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE TEZEI

Cea mai inovatoare contributie a tezei este caracterizarea farmacocinetica a noii
formulari generice cu eliberare imediata continand 10 mg dapagliflozin, dezvoltata de
Sun Pharmaceutical Industries Limited, India.

Profilurile farmacocinetice ale testului si ale produsului de referinta au fost
evaluate conform cerintelor de reglementare in timpul desfasurarii celor doua studii
clinice pe subiecti umani sanatosi.

Cele doua produse testate s-au dovedit a fi bioechivalente dupa administrarea
unei doze orale unice in conditii de repaus alimentar si post-prandial. In fiecare studiu au
fost inclusi subiecti umani sanatosi adulti, conform procedurilor de screening definite in
protocoalele aprobate de catre Agentia Natioanald a Medicamentelor si Dispozitivelor
Medicale din Romania, respectiv de Comisia Natioanala de Bioetica. Medicamentele de
investigatie clinica au fost sigure, iar evenimentele adverse raportate in timpul ambelor
studii au fost bine tolerate si nu au pus in pericol sanatatea subiectilor.

Cele doua studii clinice au fost realizate respectind toate reglementdrile
aplicabile si care au facut posibilda aprobarea medicamentului testat pe piata SUA, de catre
SUA-FDA.

Studiul efectului alimentelor a aratat ca ingestia de alimente nu influenteaza
farmacocinetica dapagliflozinului, astfel incat marimea absorbtiei nu este afectatd. Prin
urmare, produsul testat poate fi administrat pacientilor indiferent de masa, ceea ce
reprezintd un beneficiu important pentru pacientii diabetici, deoarece acestia trebuie sa
fie foarte atenti la dieta si la programul meselor pe parcursul zilei pentru un control mai
bun al glicemiei.

Ultimul studiu, In care au fost evaluate modelele farmacocinetice, a demonstrat
cd dupa administrarea comprimatului cu eliberare imediata dapagliflozin urmeaza un
proces de absorbtie de ordinul 0. Eliminarea substantei din organism urmeaza un proces
cinetic de ordinul 1. De asemenea, s-a observat ca dapagliflozinul prezinta distributie bi-
compartimentala.

Studiile de bioechivalenta realizate si prezentate in teza de fatd contribuie la
imbunatatirea sanatatii oamenilor prin introducerea constanta pe piatd a produselor
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generice, disponibile la preturi mai mici, ceea ce sporeste accesibilitatea la tratamentul
corect pentru un numar mult mai mare de pacienti.

Aprobarea pe piata a produsului nou dezvoltat cu dapagliflozin ajuta pacientii
diagnosticati cu diabet zaharat, de tip 1 sau de tip 2, sa aiba acces la un tratament adecvat
si astfel sa creasca calitatea vietii acestora printr-un regim de administrare facil.
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INTRODUCTION

Diabetes is considered by specialists to be one of the most problematic chronic
diseases, because it affects all categories of patients, from children, young people, or
adults to the elderly. Despite the efforts of authorities and doctors in implementing
special programs for these patients, the incidence of type 1 and type 2 diabetes is
constantly increasing due to urbanization, diet and lifestyle, population aging or other
associated pathologies. Therefore, this chronic condition is associated with many other
complications that can reduce the life quality of patients or increase the mortality rate.

The development of new treatments to improve patients' health through disease
control is one of the most important parts of the pharmaceutical industry. However, the
costs for different treatments can be a problem for many patients and their families and
thus access to treatment with the same effective results, but at a lower price, is the goal of
the generic drug industry.

SGLT?2 inhibitors are a class of drugs that prevent the reabsorption of glucose from
the proximal renal tube, resulting in the excretion of glucose in the urine, leading to lower
blood glucose levels. Dapagliflozin is one of the representatives of this therapeutic class,
being used in the treatment of type 1 diabetes, as an adjunct in insulin treatment, and in
the treatment of type 2 diabetes, in patients for whom metformin is not recommended
due to intolerance. Dapagliflozin improves both fasting and fed blood glucose levels; its
action is observed from the first dose and is maintained for 24 hours, therefore it can be
administered only once a day.

The thesis includes in the first part entitled The actual state of knowledge, a
synthesis of the information from scientific literature on the main topics addressed
during the research. The first chapter presents information on the general aspects of
diabetes, its classification, prevalence, risk factors, methods of prevention, diagnosis and
treatment, complications of diabetes, and the economic impact of this disease. The
following chapter is a description of dapagliflozin, summarizing information on its
pharmacodynamics and mechanism of action, as well as information on its
contraindications, precautions for use, adverse effects, properties, and pharmacokinetic
interactions. The next two chapters present data on bioavailability and bioequivalence
studies, along with the most important regulatory requirements for their performance
and the methods of pharmacokinetic analysis used to determine the main parameters.
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PERSONAL CONTRIBUTION

A new generic immediate release formulation containing 10 mg of dapagliflozin
was developed by Sun Pharmaceutical Industries Limited, India. The aim of the research
was to evaluate the bioavailability of the product, in both fasting and fed conditions, to
describe the effect of food on the bioavailability of the molecule, and to determine the
pharmacokinetic profile that best describes the availability of dapagliflozin in the body.

In the first study of the Personal Contributions section, are presented the results of
a clinical study of bioequivalence under fasting conditions. The study design was cross-
over, randomized, with two periods and two treatments, and compared the
bioavailability of the newly developed product (test) with the product available on the
market (reference). After obtaining plasma concentrations of dapagliflozin from plasma
samples, the main pharmacokinetic parameters were evaluated using noncompartmental
analysis, and the mean values obtained were similar for the two products compared. The
ANOVA test was used for the statistical analysis performed for the pharmacokinetic
parameters Cmax, AUCo.x and AUCo.. The ratio of the averages of the test and reference
product and the confidence intervals of 90% were within the established range of
bioequivalence of 80.00-125.00%.

The second study was a bioequivalence study performed under fed conditions. The
same study design and methodology were used as for the first clinical trial. The results
obtained for the pharmacokinetic parameters Cmax, AUCox and AUCo-» calculated for both
products had similar mean values. Thus, the bioequivalence criteria were met for the two
products compared under fed conditions.

Adverse events were monitored throughout the studies, although safety
assessment was not an objective. It was concluded that the products were generally well
tolerated by the subjects.

In accordance with the regulatory requirements in force and considering the
results of the two studies under fasting and fed conditions, it can be concluded that the
test product is bioequivalent and interchangeable with the reference product.

The third study from the Personal Contributions section compared the
administration of the two products under fasting and fed conditions to healthy subjects.
Pharmacokinetic parameters were evaluated by comparing the results obtained under
both conditions and the mean plasma concentration was evaluated over time. The results
showed that there were no significant differences in the administration of the immediate-
release formulation with dapagliflozin 10 mg, with or without food, and the profiles
obtained support the conclusion of bioequivalence for the two pharmaceutical forms.

The objective of the fourth study described in the Personal Contributions section
was to determine the pharmacokinetic model for dapagliflozin released from an
immediate-release formulation, after a single oral dose. By using a pharmacokinetic
compartmental analysis method, the most representative model was determined and
described. The M8 model was found to best fit the experimental data and it was
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concluded that the pharmacokinetics of dapagliflozin is characterized by a 0-order
absorption process and is eliminated from the body following a 15t-order kinetic process.

ORIGINALITY AND INOVATIVE CONTRIBUTIONS OF THE THESIS

The most innovative contribution of the thesis is the pharmacokinetic
characterization of the new generic immediate release formulation containing 10 mg
dapagliflozin, developed by Sun Pharmaceutical Industries Limited, India.

The pharmacokinetic profiles of test and reference products were evaluated
according to regulatory requirements during two clinical trials in healthy human
subjects.

The two products tested were found to be bioequivalent after administration of a
single oral dose, under fasting and postprandial conditions. In each study, healthy adult
human subjects were included, according to screening procedures defined in the
protocols approved by the National Agency for Medicines and Medical Devices in
Romania, respectively by the National Bioethics Commission. Clinical investigation drugs
were safe and adverse events reported during both studies were well tolerated and not
severe.

The two clinical trials were conducted in compliance with all applicable
regulations that made it possible for the US-FDA to approve the tested drug on the US
market.

The food effect study showed that food intake does not influence the
pharmacokinetics of dapagliflozin, so the extent of absorption is not affected. Therefore,
the new generic product can be administered to patients, regardless of food intake, which
is an important benefit for diabetic patients as they have to be very careful about their
diet and meal schedule during the day, for better control of glycemia.

The last study, in which pharmacokinetic models were evaluated, showed that
after administration of the immediate-release tablet dapagliflozin follows an absorption
process of zero-order. Elimination of the substance from the body follows a kinetic
process of 15t order. Moreover, distribution of dapagliflozin was bi-compartmental.

Bioequivalence studies help to improve people's health by constantly bringing
generic products to market at lower prices, which increases accessibility to the correct
treatment for a much larger number of patients.

The market approval of the newly developed product with dapagliflozin helps
patients diagnosed with either type 1 or type 2 diabetes to have access to appropriate
treatment and timely health care, increasing their life quality through an easy
administration regimen.



