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Medicina zalozena na dukazech

> Ukolem zdravotniho systému je zajistit dostupnymi prostfedky nejlepéi mozny
zdravotni a psychicky stav naroda.

» K napliiovani tohoto ukolu by mél pomoci princip nazvany medicina zaloZzend na
dikazech (,,evidence based medicine®).

» Medicina zaloZena na dlikazech je proces zabyvaijici se systematickym hledanim,
hodnocenim a hlavné vyuzitim soucasnych vysledk( klinického vyzkumu pfi
poskytovani péce jednotlivym pacientlm.

=  Poskytovani diikazd pomoci klinického vyzkumu a védecké literatury.

= Vytvareni klinickych doporuceni (zalozenych na dikazech) a jejich
distribuce.

= |mplementace ucinnych a efektivnich postupl pomoci vyuky a fizeni
kvality.

* Hodnoceni dodrzovani doporucenych postupli pomoci klinickych auditg,
indikator( kvality a vysledk( |é¢ebné péce.




The Cochrane collaboration

« Cochrane Database of
Systematic Reviews (CDSR)
obsahuje systematické prehledy
(systematic reviews, Cochrane
reviews) o ucinnosti zdravotni péce.

« Jedna se o metaanalyzy, ve kterych
jsou shrnuty a statisticky
zpracovany (re-analyzovany)
vysledky z vice studii. Metaanalyzy
jsou pripravovany a pravidelne http://www.cochrane.org/
aktualizovany C¢leny mezinarodni
sité odborniku.

Mulrow CD. Rationale for systematic reviews. BMJ. 1994 Sep 3;
309(6954):597-9.




Cil klinickych studii

Primarni cil:
» Ovéreni a€innosti nebo bezpeénosti nového lécebného postupu nebo
intervence.

Otazka:
» Jsou dosazené vysledky realné nebo ndhodné?
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» Prospektivni studie

» U nékterych subjektl je rizikovy
faktor pritomen a u jinych ne -
sledujeme v Case, zda se vyskytne

udalost.

» Retrospektivni studie

» U nékterych subjektl se udalost
vyskytla a u jinych ne - zpétné
hodnotime, zda se liSi s ohledem na

néjaky rizikovy faktor.

Prospektivni a retrospektivni studie
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IDEAL BIOMARKER

Not
EXPENSIVE

Ideal
biomarker
criteria

Sensitive &
specific

Reliable

Patient-
friendly

Quantitative




Biomarker Discovery and Evaluation

Target Lead Pre-clinical Regulatc)ry j

: e .- N Clinical Trial |

Selection Identification Validation . . -
- Phase I,11L1II

Biomarker
Biomarker Confirmation Biomarker Clinical Validation
Discovery Assay Validation and Utility
Development
Proteomics
“Genomics . :Il_r;’;ehgnr;t:dies *Robust validated high-throughput
-Meta!aolomlcs -Multi-anaﬂyte assays Clinical Assay
“Imaging ] Development of a Clinical Assay
Technologies assays
R Number of Samples

Large cohorts, quality assured samples




BIOMARKER IDENTIFICATION TECHNOLOGIES

1.Genomics

= Genome sequencing
= Genome variation

= Genome annotation

2.Transcriptomics

Microarrays

Gene expression data

3.Proteomics

Y2H method

Mass spectrometry

Protein chips

4.Metabolomics
= NMR
= Mass spectrometry

5. Other technologies-

Fluorescent indicators

Lab-on-chip

Nuclear magnetic resonance

Mass spectrometry/liquid
chromatography

Nanobiotechnology

6. Imaging




Validni biomarker

,Biomarker, ktery se meéri v analytickém testovacim
systému s dobre zavedenym vykonem a pro ktery je
stanoven védecky ramec nebo soubor dukazu, které
objasnuiji fyziologicky, toxikologicky, farmakologicky nebo
klinicky vyznam vysledku testu”




CLASSIFICATION OF BIOMARKERS

e Natural history of adisease
e Eg.symptoms of disease.

e Intervention/Drug activity markers

e Eg.radioactive isotope(rubidium chloride ) to evaluate
perfusion of heart muscle.

* Eg.Blood glucose lowering after antidiabetic drugs

e Surrogate markers:- as a change in that marker
predicts clinical benefit.

e Ex:LDL-C
e Eg."Death from heart disease" is the endpointof
interest, but "cholesterol" is the surrogatemarker.




CLASSES OF BIOMARKERS IN CLINICALTRIALS

= Safety biomarkers

= Efficacy biomarkers

= Biomarkers include imaging (CT,MRI, PET,x-ray) or clinical
laboratory testing.




SAFETY BIOMARKERS

= Constantly monitored safety lab biomarkers can act as common vital organ function
tests applied across different therapeutic areas or as specialized testing applied to
detect unique toxicities.

= Thus, at phases 1 and 2, careful selection of the correct tests is essential, and the
selection of those tests should be based on the compound profile and pre-clinical
toxicology data.




Safety testing can be classified asfollows:

1) Liver safety tests: AST, ALT, ALP, GGT,Bilirubin

2) Renal safety tests: BUN, Sr Creatinine, GFR

3) Haematology safety biomarkers: Complete boo d o unt
4) Bone safety biomarkers: Calcium, Inorganic pho sphates

5) Basic metabolic safety biomarkers: Glucose , Cholesterol, Uric
acid




EFFICACY BIOMARKERS

= Efficacy biomarkers are used to demonstrate a change in all, or at leasta good
proportion of treated subjects.

= The more positive the biomarker, the higher the efficacy of adrug.

= Efficacy biomarkers can be classified into the following groups:
= Surrogate Biomarkers/Endpoints
= Predictive Biomarkers
= Pharmacodynamic Biomarkers
= Prognostic Biomarkers




SURROGATE BIOMARKER/ENDPOINTS.

= A surrogate endpoint is a laboratory or physical measurement used in clinical trials to indicate a

drug’s response and can be used in place of a clinical endpoint, which is usually acceptable as
evidence of efficacy for regulatory purposes.

= |tcan be used to assess the benefit of or harm from a therapeutic agent.

= Even if evidence for surrogacy is not enough, such types of biomarkers are useful in proving the
concept for which a candidate drug is to beused.




Examples of surrogate biomarkers are:

Surrogate endpoints Clinical endpoints

HYPERTENSION Blood pressure Stroke
DYSLIPIDEMIA Cholesterol, LDL Coronary artery disease
DIABETES HBA1C Retinopathy, Nephropathy;,
Neuropathy and Heart
diseases
GLAUCOMA Intraocular pressure Loss of vision
CANCER Biomarkers of tumour Progression-Free survival ,

shrinkage, Response rates Overall survival
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INDICATION BIOMARKER

Imatinib CML BCR-ABL(PCR),
c-Kit
Erlotinib NSCLC,pancreatic EGFRand KRAS
mutation
Gefitinib NSCL.C EGFRand KRAS
mutation

Trastuzumab Breast cancer HERE2




PHARMACODYNAMIC BIOMARKERS

These are the biomarkers which demonstrate that a drug hits its target and impacts its biochemical
pathway.

Such types of biomarkers are necessary to demonstrate proof of the drug’s mechanism of action.

This class of biomarkers:

= Constitute the majority of biomarkers in early phases of drug discovery (preclinical, phase I, and phase Il).
* Canhelp to determine effective dose and doseschedule.

The non-imaging biomarkers include proteins, cytokines, and enzyme activity in serum, CS5 or tissue lysates,
proteins by immunohistochemistry (IHC),and DNAand RNA gene expression. Ex:Ki67 in Ca Prostate




PHARMACOGENOMIC BIOMARKERS

Clinically significant polymorphisms are found in the genetic coding for proteins (exon), promoter
regions or the cofactors that drive transcription of that protein, or in post- translational
modifications of that protein.

These can be used not only to identify patients at risk of disease, but also those most likely to
benefit from a particular therapy, or most at risk of adverse effects.

Genotypes, Single nucleotide polymorphism and haplotypes can serve as biomarkers of
clinical phenotypes.

Phenotypic variation can result from the effect of single gene, Eg. Tangier’s disease or can be
multigenic and multifactorial as in diabetes.
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= 76 genetic and genomic biomarkers (CYP2D6,CYP2C19):- on FDAlabels of 70 approved
drugs — oncology, psychiatry, antiviral and cardiovasculardrugs

= Drug label information on genomic biomarkers -
= Describe drug exposure and clinical response variability

Risk for adverse events

Genotype specific dosing

Mechanisms of drug action

Polymorphic drug target and disposition genes

Precautions- interactions, contraindications, patient  counselling, nutritional
management.




PHASES OF EVALUATION OF BIOMARKER

Theidentification of biomarkers should proceed in a systematic manner.

In 2002, the National Cancer Institute’s ‘Early Detection Research Network’ developed a five-phase
approach to systematic discovery and evaluation of biomarkers.

In Phase 1, the identified markers  are  prioritized based on their
diagnostic/prognostic/therapeutic value that could suggest their evolution into routine clinical
use.

Phase 2 involves establishing an assay with a clear intended clinical use. The assays need to be
validated for reproducibility and shown to be portable among differentlaboratories.




= During Phase lll, an investigator evaluates the sensitivity and specificity of the test for the
detection of diseases that have yet to be detectedclinically.

= Phase IV evaluates the sensitivity and specificity of the test on a prospective cohort. An investigator
can estimate the false referral rate based on tested biomarkers and describe the extent and
characteristics of the disease detected.

= Phase V evaluates the overall benefits and risks of the new diagnostic test on the screened
population.




BIOMARKERS IN PHASE | TRIALS

= In phase | studies, pharmacodynamic biomarkers are often of interest based on assumptions
that modulation of these markers may provide proof of drug target inhibition and support the
selection of drug and dose for furtherevaluation.

= These are almost always exploratory biomarkers.

= The goal in these pharmacodynamic marker studies in phase | trials is to provide evidence that the
agent reaches or modulates the putativetarget.

= These studies can be conducted by analysis of samples and/or images obtained prior to and after
treatment, or by comparison to an untreated control.




BIOMARKERS IN PHASE Il TRIALS

= [n phase Il trials biomarkers can be usedto:

= Provide evidence that the agent modulates the putative target or pathway in a
pharmacodynamic assessment similar to the phase | setting.

= Evaluate the association between the biomarker and clinical outcome.
= Determine patient eligibility (for example, HER2 status for trastuzumab trials).

= Determine the dose-response relationship of a pharmacodynamic marker across a narrow set of
dose cohorts (generally one or two) and more homogenous patient population.




VALIDATION OF BIOMARKER

Once a biomarker candidate has been selected on the basis of biological plausibility and
technical feasibility, statistical validation is required to justify itsuse in a clinical trial.

Validation of a biomarker begins with an initial demonstration that a correlation exists between

the marker and the clinical endpoint of interest, followed by independent statistical validation of
thisrelationship.

Type O markers can be characterized in phase O clinical studies, in which a reliable assay
is used in a well defined patient population for a specified period of time.

Ideally, a linear (+ve or -ve) relationship is established with the gold standard clinical assessor.




VALIDATION OF BIOMARKER

= A prior validation of type | biomarkers is impossible for truly novel targets without an effective
positive control treatment. So, for novel targets the biomarker will be validated in parallel with
the drug candidate.

= Ex- A battery of cognition markers validated with the scopolamine were used to confirm the
pharmacological effect of a novel agonist directed against the alfa 7 nicotinic acetylcholine receptor.

= Type 2 biomarkers (or surrogate endpoints) must be relevant both to the MOA of the drug & to
the pathophysiology of thedisease.

= Changes in these biomarkers should reflect treatment benefit & so effective therapy is necessary
for their validation.

= Hence, a phase-3 study supporting claims of effectiveness for the innovator drug is sufficient to
validate type 2 biomarkers.




FIT-FOR-PURPOSE METHOD VALIDATION

= Practical approach of validating biomarkers.

= Fit-for-purpose method validation provides for efficient drug development by conserving
resources in the exploratory stages of biomarker characterization.

= |t is used to describe distinct stages of the validation process including pre-validation,
exploratory and advanced method validation, and in-study method validation.




FIT-FOR-PURPOSE METHOD VALIDATION

*Practical approach of validatingbiomarkers. Fit

» Biomarker data must be reliable and accurate.

Purpose
» Decision making during drug development.

Fit-for-Purpose
» Analytical validation requirements are specific to the stage of drugdevelopment.
= Consideration is givento
= the intended use of the biomarker data.
= the regulatory requirements associated with thatuse.




DESIGN CONSIDERATIONS FORBIOMARKER STUDIES

= The choice of an appropriate design for a trial will largely dependon:
» The strength of existing evidence for a biomarker.
» The nature of conclusions to be drawn.
» The strength of evidence desired at the trial’s conclusion.
» The available resources.

= For prognostic biomarkers, which offer information about the likely course of a
disease if there is no change in treatment of an individual, retrospective studies
using data from well- conducted clinical trials will be sufficient.




In the case of predictive biomarkers, more rigorous standards must be met to justify their
use in a clinical setting.

Since predictive biomarkers seek to prospectively identify patients likely to have a favorable
clinical outcome in response to targeted therapies, validation often may require comparing
outcomes between biomarker-positive and biomarker-negative patients.

Thus, prospective, randomized controlled trials (RCTs) remain the best approach for
establishing the clinical utility of predictivebiomarkers.

Yet traditional RCIs only allow for the estimation of the average treatment effect in the
overall study population rather than in marker-defined subpopulations.




Thus, alternative trial designs like adaptive clinical trials need to be considered for the evaluation
and application of biomarker-based therapies.

If evidence suggests that the benefits of a treatment are limited to the biomarker-positive
subpopulation, an enrichment design strategy, in which only biomarker-positive patients are
enrolled, may be the appropriate choice.

Because they require relatively small sample sizes to demonstrate safety and efficacy,
enrichment strategies may improve trial efficiency.

However, such designs only allow for partial evaluation of the clinical validity of biomarkers
since they do not provide information on the effects of treatment in biomarker-negative
patients.
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= |f there is sufficient reason to suggest that a biomarker can predict that a therapy will be more
effective in biomarker- positive patients, but the evidence is not compelling enough to rule out
clinical efficacy in biomarker-negative patients, a biomarker-stratified trial design or an adaptive
enrichment trial design may be more appropriate.

= |In the biomarker-stratified trial design, biomarkers are used to guide analysis but not treatment
assignment.

= In the adaptive enrichment trial design, biomarkers are used to guide the enrollment and not
treatment assignment.
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= By assigning biomarker-positive and - negative
patients to both experimental and control
groups, the biomarker- stratified trial design
provides more information on the effects of
treatment in both subpopulations, as well as more
definitive evidence for the clinical utilityof the
biomarker.




BIOMARKERS AS SURROGATEENDPOPINTS

Evaluation of biomarkers as surrogate endpoints is a challenging task.

It has been proposed that for a biomarker to be considered a surrogate, it must be
» Correlate of the true clinical outcome andthat.

» Thetreatment effect on the surrogate should capture the full effect of treatment on the clinical
endpoint.

While the first criterion is relatively simple to demonstrate, the second isnot.

For example, although the risk that human immunodeficiency virus (HIV)-infected pregnant
women will transmit the infection to their infants is strongly correlated with maternal CD4
counts, the provision of therapy to increase maternal CD4 counts has not been found to impact
transmission risk because the CD4 count is not in the causal pathway of the disease processes that
are responsible fortransmission.




SOME CONCERNS WITH BMS/SEPS

= Use of SEPassume that the treatment effect is mediated by thepathway
represented by the SERHowever, multiple pathways mayexist.

= SEPmay be influenced by physiological or pathological properties of the outcome,
e.g. patients with inherited QTabnormalities.

= SEPmay reflect on one aspect (i.e., clinical benefit) while ignoring othereffects (i.e.,
adverse reactions).




CASE EXAMPLE

= Cardiac Arrhythmia Suppression Trial (CAST) evaluated effect of encainide, flecainide and moricizine
on survival of patients who had Ml and had >10 premature ventricular beats per hour.

= Reduction in ventricular ectopic contraction used as a SEPfor decreasedmortality

= Primary endpoint was death or cardiac arrest with resuscitation, either of which due to
arrhythmia.




CASTTRIALRESULTS

= Unexpected results: encainide and flecainide arms stopped early : 63 patients died in
encainide or flecainide arm compared to 26 in the placebo arm (p=0.0001).

= After continuing the trial with moricizine as the only active arm (CASTIl), there was excess
mortality in moricizine arm alone (17 deaths in 665 patients) as compared to no therapy or
placebo group (3 deaths in 660 patients). This study had to be terminatedearly also.

= Surrogate markers may not always be a good predictor and have to be validated
extensively before being used in a regulatory setting.




= Reasons why surrogates may fail to capture the effect of an intervention on clinical outcomes
include cases:

» Where a disease has multiple pathways and the intervention affects only one pathway
mediated through the surrogate.

» When a surrogate is not affected by the intervention’s effects.

» When the intervention has mechanisms of action independent of the diseaseprocess.

= Hence, a particular biomarker’s status as a surrogate is context-specific and cannot be
assumed to be a general surrogate endpoint separate from its designateduse.




POTENTIAL USES OF BIOMARKERS IN DRUG
DEVELOPMENT PROCESS

TARGET DISCOVERY & VALIDATION

LEAD DISCOVERY & OPTIMIZATION

PRECLINICAL STUDIES

CLINICAL TRIALS

/

+» Toidentify and Justify targets for therapy.
Eg. Use of Her-2 protooncogene as a marker of poor
prognosis of breast cancer.

+»» Toidentify leads and evaluate the effects of molecular
targeted drugs in preclinical development.

*» Development and walidation of new animal disease
models.
¢ Toassess the toxicity and safety ofdrug.

R/

%+ Forearly evaluation of success and failure of drugs.

+»» Rational selection of drug combinations

¢ Optimization of dose and schedule

¢ Toidentify responders insubpopulations

+* Development of new surrogate endpoints of clinical
benefit

¢ Topredict clinicaloutcomes.




USE OF BIOMARKERS IN POSTMARKETING

* Information obtained from post marketing studies has resulted inrecent
labeling changes.

Ex: 1)Finding of strong association of HLA-B*5701 to abacavir- induced hypersensitivity reaction in HIV-
infected patients.

2) Carbamazepine-induced SIS& the presence of HLA-B*1502 allele.

3)Genetic
therapy.

variants of CYP2@ & VKORC1 leading to PK/PD variations

in patients on warfarin




ROLE OF FDA IN PROMOTING USE OF BIOMARKERS IN DRUG
DEVELOPMENT

= Tofacilitate the use of biomarkers in drug development & clinical practice, the
FDA has

1) Established a voluntary submission process

2) Developed online educational tools

3)Strived to ensure the integration of genetic/genomic biomarkers information into drug labels.




BIOMARKERS FORPERSONALIZED PREVENTION
STRATEGIES

Medicines that target the genetic signatures of diseases are making inroads into modern
medicine. Health experts see this therapeutic approach as the beginning of a new era in medicine.

In the treatment of diseases especially cancer, there is a shift from the traditional clinical
practices to novel approaches.

Traditionally, cancer patients were treated with drugs of low toxicity or of hightolerance.

Novel approaches are intended to identify individualized patient benefits of therapies, minimize the risk of
toxicity and reduce the cost oftreatment.

The chemotherapY drug irinotecan is one example of personalized medicine,(used to treat
advanced colorectal cancer).




Personalized medicine: taillored treatments

Medicine of the present: one treatment fits all Medicine of the future: more personalized diagnostics

Cancer patients with
e.g. colon cancer

Blood, DMA, urine and tissue analysis
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Pharmacogenomic Biomarkers in Drug Labeling

Abacavir

Abemaciclil (1)

Abemaciclil (2)

Ado-Trastuzumab
Emtansine

Afatinib

Alectinik

Amitriptyline

Anastrozole

Arformotercl (1)

Arformoterol (2)

Infectious Diseases

Oncology

Oncology

Oncology

Oncology

Oncology

Psychiatry

Oncology

FPulmonary

Fulmonary

HLA-B
ESR
(Hormone Receptor)

ERBB2
(HER2)

ERBB2
(HER2)

EGFR

ALK

CY'P2D6E

ESR, PGR
(Hormone Receptor)

UET1A1

CYP2D6

Boxed Warning, Dosage and Administration,
Contraindications, Warnings and Precautions

Indications and Usage, Adverse Reactions,
Clinical Studies

Indications and Usage, Adverse Reactions,
Clinical Studies

Indications and Usage, Warnings and
FPrecautions, Adverse Reactions, Clinical
Pharmacology, Clinical Studies

Indications and Usage, Dosage and
Administration, Adverse Reactions, Clinical
Studies

Indications and Usage, Dosage and
Administration, Adverse Reactions, Clinical
FPharmacology, Clinical Studies

FPrecautions

Indications and Usage, Adverse Reactions,
Drug Interactions, Clinical Studies

Clinical Pharmacology

Clinical Pharmacology




LIMITATIONS

Expensive (cost for analyses) .

Storage (longevity of samples).

Laboratory errors.

Normal range is difficult to establish.

The following are the major pitfalls in the translation from biomarker discovery to clinical utility:
» Lack of making different selections before initiating the discovery phase.

= Lack in biomarker characterization/validation strategies.

* Robustness of analysis techniques used in clinical trials.
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CONCLUSION

Patients expect approved drugs that work, are safe and are “right” forthem.

Biomarkers can help drug development focus more on defined subgroups of patients, thereby
potentially increasing treatment efficacy and safety.

Helps to make a decision to move to the nextphase.

Offer strong supporting evidence and in the future will be the key data in certain programs.

Offer an objective, biological indicator, rather than just seeing whether the patients feel better.




Biomarker enabled R&D is maturing into a new discipline that is addressing these goals with
more precision.

However, the science is outpacing widespread acceptance.

The path toward acceptance by regulators and the medical community is through discovery and
consistent validation of genomic, proteomic, in vitro and imaging biomarkers.

Further collaborative efforts and powerful technology approaches can increase public
confidence.




Zkresleni v klinickych studiich

» V hodnoceni klinickych studii se snazime vyhnout zkresleni vysledkd, tzv. ,bias”.
» V pripadé klinickych studii se jedna o zkresleni vysledk( jinymi faktory nez témi,
které jsou cili studie.
1. Statistické srovnani neni nikdy 100% spolehlivé, existuje nahoda a tedy i
pravdépodobnost chybného dsudku — to nelze ovlivnit.

2. My vsak chceme pouzit adekvatni metody pro odstranéni vlivad, které by zkreslily
vysledky a nebyly pfitom nahodné (napf. zastoupeni pohlavi).
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Chyby a zkresleni v metodice
klinickych studii

1) Podvod

Padélani dat

2 % respondentu
pripustilo — Upravu,
pozmeneéni, zfalSovani
dat

14 % - u kolegU

1/3 pripustila pochybné
vyzkumné praktiky

70 % u kolegt




Chyby a zkresleni v metodice klinickych studii

2) Testovani na ,idealnich” pacientech
- nadsazuji se prinosy a snizuiji rizika NU

elelele

(ﬂﬁ%
179 reprezentativnich pacientu s astmatem — pouze 6 % pacientu by bylo
vhodnych do konkrétni studie s Iékem na astma

Travers, J. et al., 2007. External validity of randomised controlled trials in asthma: to whom do the results of the trials apply? Th orax, 62(3), str. 219 -223
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Chyby a zkresleni v metodice klinickych studii

3) Porovnavat svuj lék s brakem

- placebo
- konkurencni lek — obsoletni — méné ucinny, v nevhodnych davkach

Paroxetin vs amytriptilin — srovnani NU ospalosti




Chyby a zkresleni v metodice klinickych studii

4) Prilis kratké vyzkumy

- co nejrychleji ziskat data a uvést Iék na trh

- pouziti nahradnich vysledku (zmény v krevnich testech) oproti vysledkl z
realného sveta (vyskyt infarktu)

- ,operace mitralnich chlopni — Operacni riziko umrti pfi chlopennich
srdecCnich operacich v mimotélnim obehu se pohybuje mezi 2 — 4 %“

... 1.den ...

- Lék na snizeni hmotnosti — vysledky publikované za obdobi 3 mésicd...




Chyby a zkresleni v metodice klinickych studii

5) PredCasné ukoncené vyzkumy

- pri nahlizeni do vysledku vyzkumu pfrilis brzy ¢i pozdé, zvysite tim
pravdépodobnost, ze ziskate priznivé vysledky

- zneuziti nahodné variace

Celecoxib — srovnani se 2 starsimi léky — vyhodnoceni po pul roku - méné
GIT komplikaci — publikovano, po roce zadny rozdil — nepublikovano

Silverstein FE'Gastrointestinal toxicity with celecoxib vs nonsteroidal anti-inflammatory drugs for osteoarthritis and rheumatoid arthritis: the
CLASS study: A randomized controlled trial. Celecoxib Long-term Arthritis Safety Study. JAMA. 2000 Sep 13;284(10):1247-55.




Chyby a zkresleni v metodice klinickych studii

6) Prilis pozdé ukonéené vyzkumy
- potfeba presné nadefinovani pravidel, za kterych je mozné vyzkum
predcasné ukoncit jeSté pred samotnym zahajenim

Salmeterol — zpravy o pardoxnim bronchospasmus
GSK provedlo novy randomizovany vyzkum s cilem ,,respirani umrti a
zivot ohrozujici stavy”, sekundarni cile — Umrti spojena s astmatem

RR(S5%CI Sameterol Placebo
n n

1.39 (0.90,2.13)
1.04 {0.62,1.76)
409 (1.54,10.9)

1.21 0.66,222)
1.59 (0.87,2.82)
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Lurie P, Wolfe SM. Misleading data ...
analyses in salmeterol (SMART)
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Chyby a zkresleni v metodice klinickych studii

7) P¥ilis malé vyzkumy

- maly vyzkum u |éku, ktery zachranuje zZivot u stavu, ktery je
konzistentné smrtelny — OK — ale

-Velky vyzkum pro odhaleni malého rozdilu mezi dvéma léky
-Obrovsky vyzkum ke zhodnoceni, ze 2 |éky jsou stejné ucinné
-Power analyza — odhalit rozdil mezi 2 skupinami pacientl a 2 rlznymi
|éky — informace, kolik budete potrebovat pacientl, mate-li mit 80 %
Sanci na odhaleni 20 % rozdilu v dmrtnosti mezi témito 2 léky
-Pokud je vysledek negativni, neznamena to, ze jeden lék je lepSi nez
druhy.

-Pro zjisténi, zda jsou léky stejné, potfeba mnohem vétsiho poctu
pacientl




Chyby a zkresleni v metodice klinickych studii

8) Vyzkumy, které méri nic nerikajici vysledky
- krevni testy vs bolest/umrti ....




Proc?

0. Spravna formulace klinické hypotézy
Je nutné definovat, co vlastné hodnotime, nebot od hypotézy se odviji nejen usporadani celé
studie, ale i forma jejiho vyhodnoceni.

1. Pouziti soubézné kontrolni skupiny
Uéinnost i bezpeénost 1é¢by musi byt hodnoceny v kontextu kontrolni skupiny pacient(, kteff
nebyli exponovani experimentalni [éCbé, ale jsou srovnatelni v ostatnich klinickych faktorech.

2. Randomizace
PFifazovani subjektd do skupin musi byt nahodné, protoze pouze pfifazovani, které neni
zatiZzeno subjektivitou, mlzZe umoznit relevantni srovnani primarnich cil(i studie.

3. Zaslepeni
Cilem zaslepeni studie je vyhnout se subjektivnimu hodnoceni vysledk( [é¢by nebo
experimentu pfi védomi pacienta a/nebo |ékare, do které |éCebné skupiny pacient patfi.

4. Optimalizace velikosti vzorku
Pocet subjektd zapojenych do klinické studie musi byt optimalizovan, aby nedoslo k ovlivnéni
statistického testu, pfipadné aby tento test mél viibec smysl.




Validita klinické studie

“ Medicina zaloZend na dlikazech — zajimaji nds pouze , kvalitni dukazy.

“ Hlavnim aspektem kvality je validita ziskanych vysledka.

“ Interni validita studie: odrazi, jak moc lze rozdily v ucinnosti a bezpecnosti
pozorované u srovnavanych skupin prisuzovat sledované intervenci. Chceme

minimalizovat nendhodnou chybu (zkresleni).

“ Externi validita studie: odrazi zobecnitelnost (z hlediska korektnosti) vysledk

na jiné populace a experimentalni podminky.




Interni validita studie

“ Interni validita studie jednoznacné souvisi se zkreslenim vysledkui (bias):

,Bias is any process at any stage of inference tending to produce results

that differ systematically from the true values.”

<V klinickych studiich rozliSujeme Ctyfi typy zkresleni:
“ Vlybérové zkresleni (selection bias)
“ Provadéci zkresleni (performance bias)
< Detekcni zkresleni (detection bias)

< Ubytkové zkresleni (attrition bias)




Interni validita studie

< Vybérové zkresleni (selection bias): vznika ve chvili, kdy srovnavané skupiny nejsou
srovnatelné stran néjakého faktoru, ktery ovliviuje vysledek. Vznik vybérového

zkresleni se snazime minimalizovat pouzitim randomizace.

= Provadéci zkresleni (performance bias): vznika ve chvili, kdy srovnavané skupiny maji
rdzné experimentalni podminky (samozirejmé kromé sledované intervence) — napr.
dostdvaiji jinou |éCbu/péci.

< Detekcni zkresleni (detection bias): vznika ve chvili, kdy je u srovnavanych skupin
rdzné hodnocena cilova proménna. Vznik provadéciho a detekéniho zkresleni se

snazime minimalizovat pouzitim zaslepeni.

= Ubytkové zkresleni (attrition bias): vznikd ve chvili, kdy srovnavané skupiny nejsou
srovnatelné stran subjektl, které predc¢asné opustily studii a nelze u nich hodnotit
cilovou proménnou. Vznik ubytkového zkresleni se snazime minimalizovat pouzitim

intention-to treat analyzy.




Externi validita studie

“ Externi validita studie souvisi s moznosti zobecnéni jejich vysledki na jinou populaci

subjektu v jiném prostredi a za jinych podminek.

+ Jind populace subjektt: vliv véku, pohlavi, tize onemocnéni, rizikovych faktora,
komorbidit

< Jiné prostredi: systém zdravotnictvi (USAxEU), organizace |é¢ebné péce, specializace
a zkusSenosti lékaru

+ Jiné podminky — lécba: davkovani, podani, pravidelné sledovani, dalsi lécebné
modality, soubézna lécba

+ Jiné podminky — méreni vysledkl Iécby: definice cilové proménné a jeji méfitelnost

v daném prostredi




Interni a externi validita studie

“|Interni validita studie je
nutnym predpokladem

externi validity.

Klinicka studie

Interni validita?

Ne

Ano

Externi validita?

Ne

A 4

Vysledky nelze zobecnit na
Zadnou populaci

Ano

A 4

Vysledky lze zobecnit i na
Sirsi populaci subjektt

A 4

Vysledky lze zobecnit
pouze na populaci danou
vstupnimi kritérii studie




Cilové parametry testovani hypotéz v klinickych studiich

1.

Klinicky parametr: Vétsinou je hodnocena zména v daném
parametru nebo dosazeni urcité hladiny.

Lécebna odpovéed’ a odvozené parametry: Hodnoceni Ustupu
nadoru jako odpovédi na |é¢bu a délky casu trvani této redukce. Tento
endpoint je nejcastéji pouzivany ve studiich faze Il ale i v ostatnich typech
studii.

Time-to-event: Hodnoti délku ¢asu, po kterou je subjekt bez sledované
udalosti, napt. bez zhorseni primarniho onemocnéni. Casto pouzivany
endpoint pro studie faze Ill. OS, PFS, DFS.

Kvalita zivota: Parametr zaloZeny na subjektivnim zhodnoceni
celkového zdravotniho stavu pacienta a ovlivnéni jednotlivych aspektt jeho
Zivota. Jednd se o soucasné zhodnoceni prinosu |é€by a negativniho vlivu
nezadoucich ucink.




Pf.: Hodnoceni lécebné odpovédi na zakladé RECIST kritérii

Complete Re- Disappearance of all target lesions for a
sponse (CR) period of at least one month
Complete Re- Complete response with persistent im-

sponse Unknown
(CRU)

aging abnormalities of unknown sig-
nificance

Partial Response
(PR)

At least a 30% decrease in the sum of
the longest diameter of measures le-
sions (target lesions), taking as refer-
ence the baseline sum of the longest
diameter.

Stable Disease
(NR/SD)

Neither sufficient shrinkage to qualify
for PR nor sufficient increase to qualify
for PD, taking as reference the smallest
sum of the longest diameter since the
treatment started

Progressive Dis-
ease (PD)

A 20% or greater increase in the sum
of the longest diameter of measured
lesions (target lesions), taking as ref-
erence the smallest sum LD recorded
since the treatment started or the ap-
pearance of one or more new lesions




ti,

cenzorovani

Studujeme cas predchazejici udalosti, ktera nas zajima

Na rozdil od mortality nechceme pouze pocty udalosti
(udalost = smrt, progrese nemoci, relaps ...)

Musi byt jasné ¢asové definovan pocatek (je vétsSinou individualni) i konec

sledovani.

Cenzorovani je typické pro analyzu preziti (kompletni ¢as preziti nemusi byt
pozorovan u vsech subjektd)

| Progression-free survival

4

| Time to first subseguent tharapy

| Time to second progression

4

| Time to second subsequent therapy

Intermediate
clinical endpaints

| Overall sunaval

| Maintenance therapy

Second-line therapy Third-line therapy

h

Response to second
subsequent treatrment

3

Response tothird
subsequent treatment

Patients Status
1 Start of HAT — Recovery of ranal funclian Censored
2 Siart of RRT Ceansored
3 Stari of ART Death Eveant
4 Star of RAT —— Dieath Event
5 | Start of ART Daath Event
£ Start of AAT Death Event
7 Start of RAT Lesas te folloiw-wgp Censored
B Start ol RAT Diath Evant

01-01-1996 31-12-2000 31-12-2005




Case-control (pripad-kontrola) studie

Retrospektivni sledovani souboru osob, u nichZ doslo ke sledovanému jevu (napt. vzniku
onkologického onemocnéni). Tuto skutecnost vztahujeme k vyskytu urcitého faktoru (rizikového nebo

ochranného) v minulosti.

Exponovani jedinci .

Jedinci bez expozice O

Exponovani jedinci ‘

Jedinci bez expozice O

. Pripady (s udalosti)

=

Pripady (s udalosti)

‘ Kontroly (bez udalosti)

4

Historie

»
!

Q Kontroly (bez udalosti)
|
|

v

Zacatek studie Cas




Kohortni studie

Prospektivni sledovani souboru osob, z nichZ ¢ast byla vystavena plsobeni urcitého
faktoru. Po adekvatni dobé sledovani je zhodnocen vyskyt sledovaného jevu ve skupiné

ovlivnéné definovanym faktorem a ve skupinu bez néj.

Exponovani jedinci

Kohorta

subjekt 7

(ndhodné gfffilfﬁﬁ

vybrandze \ 7

studované
populace)

. S uddlosti

‘ Bez udalosti

S udalosti

O

Jedinci bez expozice

Q Bez udalosti

»

|
I

Zacatek studie

Prubéh studie

»

as




Paralelni design randomizované studie

Tento typ usporadani je charakteristicky pro studie faze Il kde je srovnavana ucinnost
a bezpecénost dvou nebo vice terapeutickych postupt. Zakladnim prvkem designu je
randomizace subjektl do jednotlivych lIécebnych skupin. V pribéhu celé studie je
zachovano jedinecné prirazeni subjektl do lIé¢ebnych skupin.

R
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D
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Randomizace

Metodika a proces nahodného (pseudonahodného) rozdélovani subjektd
hodnoceni (pacientt) do dvou nebo vice Ié¢ebnych skupin.

Randomized Controlled Trial:

Randomization
1 Exposure

line / :
sosane ‘Outcome

No Exposure

Case-Control Study:

Patients with Condition
Exposure——<
\Patients without Condition




Cile a smysl randomizacni procedury

»Zamezit subjektivnimu a selektivnimu rozdélovani pacientl (subjektd) do |é¢ebnych
skupin.

»Zamezit systematické chybé, zkresleni

»Splnit zakladni predpoklad validniho pouziti statistickych testd - nahodny vybér z
populace

»Zabezpecdit pozadovany pomér poctu pacientl v jednotlivych Iécebnych skupinach

»Moznost kontroly rovhomérné distribuce prognostickych faktort v Ié¢ebnych
skupinach

»Randomizace vsak neni zarukou rovhomérné distribuce prognostickych faktor —i pfi
minimalnim rozdilu v klicovém parametru mezi jednotlivymi skupinami je nutné tento
rozdil brat pfi statistickém hodnoceni v potaz




Blinding - zaslepeni

»Zaslepeni studie je proces, kdy pacient a/nebo investigator nevédi, jakou Iécbu
pacient dostava (pfi paralelnim usporadani studie neni zndm podany lék, pfi

change-over uspofadani studie neni zndmo poradi podanych Iék{).

»To ovsem neznamena, Ze by pacienti nevédéli, jaké Iéky jsou ve studii pouZity!

» Cilem zaslepeni je vyhnout se umysinému i neimysinému zkresleni vysledku

studie.

» Pacient jinak hodnoti sv(j zdravotni stav, kdyz vi, je-li mu podavéna nova
|é¢ba nebo placebo.
» Lékar mUze byt timto védomim také ovlivnén, napt. pfi pouziti

kategorialniho hodnoceni.




Blind (zaslepené) studie

Double-Blind

Clinical Trials ﬂ/

Single blind (jednoduse slepa) studie

- pacient nevi jaky |ék dostava, zatimco lékar jej zna

- témér se nepouZivaji, pouze v ptripadech, kdy nelze jinak
- napt. v chirurgii (Iékaf musi védét, jak pacienta operovat)

3 Doctor

Double blind (dvojité slepa) studie Patient
- pacient ani lékar neznaji |éCbu pridélenou pacientovi

- drtiva vétsina studii je dvojité zaslepena

- napf. v onkologii pfi testovani novych modalit |éCby rakoviny

Triple blind (trojité slepd) studie

- pacient, |ékar ani statistik studie neznaji Ié¢bu pridélenou pacientovi
- modifikace dvojité zaslepené studie

- z hlediska objektivity studie je to dalsi zlepseni




Power analyza a optimalizace velikosti vzorku

Power analyza (analyza sily testu) a optimalizace velikosti vzorku (sample size estimation)
jsou dveé strany téZze mince.

Obé vychazeji z testovani hypotéz, tedy hypotézy a prislusné testové statistiky, jednou
vSak mame jako predpoklad pozadovanou silu testu a chceme optimalizovat N,
podruhé jsme limitovani N a ptame se, jaké jsme v nasich podminkach schopni
dosahnout sily testu.

RANDOM SAMPLING
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M Optimalizace velikosti vzorku muze v ’ Y
také souviset s dosazenim urcité POPULATION

presnosti v odhadu cilového
parametru.




Odhad velikosti vzorku — srovnani dvou vybéru |

M Cilem je ovéfrit klinickou hypotézu o nenulovém rozdilu ve sledovaném parametru
mezi dvéma skupinami pacient(:

Klinicky vyznamny rozdil

Ho: Xy = X, + k —

Spojité proménné Binomické proménné
nabyvajici hodnot v urcitém intervalu nabyvajici jedné z moznosti Uspéch/nelspéch
e tlak, e snizeni hladiny cholesterolu
e hladina cholesterolu e incidence zlomeniny

e pocet leukocytl




Odhad velikosti vzorku — shrnuti

M Optimalizace velikosti vzorku je nutna z hlediska korektniho statistického zpracovani
vysledkl a dostatecné sile studie prokazat klinicky zajimavy rozdil.

M Optimalizace velikosti vzorku je zaloZzena na principu testovani klinickych hypotéz.

M Kazdou hypotézu je nutné vyjadrit ve smyslu testové statistiky, ktera zahrnuje
parametry nutné pro ovéreni hypotézy.

M Parametry nezbytné pro vypocet optimalni velikosti vzorku zavisi na typu
studovaného problému, pokud o nich nemame apriorni informaci, Ize je odhadnout
na zakladé predchozich studii nebo expertni znalosti.




GCP v Ceské republice

Legislativa:

®»73kon ¢. 378/2007 Sb., o lécivech a o zménach nékterych
souvisejicich zakonu (zakon o |éCivech), ve znéni pozdéjsich
predpisti (posledni aktualizace duben 2013)

»\/yhldska ¢. 226/2008 Sb., o spravné klinické praxi a blizsich
podminkach klinického hodnoceni |éCivych prlpravku
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v Pokyny a formu
Dopliugici informace

Piehledy a hodnoceni

pokyn
Hlaseni v oblasti klinickych
hodnoceni a KLH-21
neregistrovanych l&éivych verze 4
pripravku KLH-20
Informace o etickych verze 5
komisich
KLH-19
Kontakty verze 1
Hranicni pripravky KLH-17
verze 1
Registrace |&civ
KLH-16
Dozor nad vyrobou l&tiv verze 1
Distribuce I&giv KLH-12
verze 3
Ceny a Uhrady |&&iv
e L - . KLH-11
Lééiva vyde), prodej a pfiprava verze 1
Farmakovigilance KLH-10
verze 1
Zavady v jakosti a enforcement
KLH-2
KLH-8
Databaze l€kd -
SKP-1

Databaze I€karen

Pokyny a formulafre

Klinicka hodnoceni - pokyny

nazev
Hldgeni nezadoucich dginkd humannich 1&givych
pfipravka v klinickém hodnoceni

7adost o povoleni / ohldseni klinického hodnoceni

Podklady potfebné pro povoleni klinickéha
hodnoceni 1€Civa - poZadavky na farmaceutickou
tast dokumentace

Zkougejici

Zadavatel

PoZadavky na doklady spravné vyrobni praxe pfi
piredklddani #3dosti o povoleni/ohlaeni klinického
hodnoceni

Etické komise

Vymezeni zakladnich poimd a zasady spravné
klinicke praxe

Soubor informaci pro zkousejiciho

Protokol klinického hodnoceni a dodatek(ky) k

protokolu

Vydavani certifikdtd spravné klinické praxe
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