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Medicina zalozena na dukazech
Potreba inovativniho pristupu

Populacni medicina x personalizovany pristup x comparative
effectiveness research

Specifika (détské) onkologie a personalizované mediciny

RCT jako “zlaty standard” pro regulacni authority

N-of-1 pfistup Systematic

Review/Meta
Analysis

Kombinovany pfistup analyz i dikazu Randomised

Control Trials

Z
Ly,
D/Ty

.. Cohort Studies
Priklady

Case Control Studies

Case Series/Reports



Medicina zalozena na diilkazech — sou¢asnost

Personalizovany pristup
(N-of-1 trials)
Kazdy ma "svuj” optimalni léek

Populacni studie
(RCT)
Jeden lék pro vSechny

,marginal models” ,conditional models”

Variabilita Variabilita
Nezadouci Cenna
sSum charakteristicka
informace

Observacni studie
Comaprative effectiveness research

Realna a Reélna data




Specifika détské onkologie
Personalizované mediciny

Vzacna onemocnéni -> malé soubory

Heterogenita

Limitovany Casoprostor pro IéCbu

Randomizace (eticky problém), translace dukazu ze studii dospélych

Nedostupnost tumormarkeru, statisticky méne silné parametry ucinnosti
(EFS, OS)

Casové promé&nné parametry na individualizované 1é&bé

Potreba akcelerace translace dukazu



Limitace populac¢nich studii/RCT
Heterogenita a prumérny lé¢ebny efekt

RCT populacni dukaz o u€innosti — regulaéni autority 1€Ci populaci

(Simpsonuv paradox)

Pohled lékare — je Iék u€inny u mého pacienta?

1. semestr 2. semestr  soucet
Student A | 2/8 25% | 2/2  100% | 4/10 | 40%
StudentB | 1/5 20% |4/5 80% |5/10 | 50%




Limitace populac¢nich studii/RCT

Variabilita a velikost souboru
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Limitace populac¢nich studii/RCT
Randomizace

Balancuje soubor s ohledem na neznamé kovarianty

> Control Clin Trials. 1988 Dec;9(4):312-26. doi: 10.1016/0197-2456(88)90046-3.

Properties of simple randomization in clinical trials

J M Lachin 1



Limitace populacénich studii/RCT
Horizont pacientu

Testovaci populace

X

LeéCena populace

Cilova populace, ktera mize v budoucnu profitovat ze zavéru studie

Nahodné podavani Iéku Znalost 100%
Zadna studie = = Cela populace
Znalost 0% Paradox benefitu randomizovana

Optimum = ,/horizont pac.

Determination of the optimal sample size for a clinical trial accounting for the
population size

Nigel Stallard g2 Frank Miller, Simon Day, Siew Wan Hee, Jason Madan, Sarah Zohar, Martin Posch

17 May 2016
https://doi.org/10.1002/bimj.201500228



Personalizovany pristup/N-of-1
Aspekty N-of-1

Table 2. Assumptions of N-of-1 trials (as research) and their limitations in pediatric oncology.

N-of-1 Trials” Assumptions Rationale for the Assumption Limitation in Pediatric Oncology

Possible Solution for Pediatric Oncology

The half-life of the medication being

tested is short [36] Half-life itself is not a limiting factor

Rapid washout as cycles alternate

Most drugs either in supportive care or cancer
treatment can be tested

Limiting factor. Mainly for targeted treatment
with drugs of which the effect is not well
known. Classical MTD-based chemotherapy
cycles are usually designed to begin after the
wearing off of the acute toxicity effect.
Although treatment effect may be
proportional to the toxicity, it is assumed to
last longer, thus carrying over *.

Either slow-onset, carryover effects, or both,

Carryover effect (the effect of the treatment
can compromise the validity of the trial [83]

stops soon after it is discontinued) [76]

Could be addressed via model design using
reversed switches. Hardly utilized for cancer
treatment efficacy. More suitable for the
supportive part of treatment.

Not limiting for classical MTD-based
chemotherapy with assumed relatively rapid
effect. Maybe a limiting factor for metronomic

Ar tarootod troatmaont whoro a clawror

Slow onset can compromise the validity
of the trial [83]

There is rapid onset/ offset of
the biological action of the medication [36]

Targeted treatment is given to patients based
on life expectancy to incorporate the assumed
latency of treatment effect. Used for more
indolent courses of disease, where a longer

norind far avaliiatinn maxr ha dacionad THic a

N-of-1 Trials” Assumptions Rationale for the Assumption Limitation in Pediatric Oncology

Possible Solution for Pediatric Oncology

N-of-1 trials are intensive for the participant
and resource-intensive
for the participating unit

The medication or condition is
important enough to warrant an
N-of-1 trial [36]

Assumption is fulfilled

To reduce the chance that differences between
parts of each trial

cycle are caused by the treatment vs.

Chronicity and stability of the disease comparator

and not changes in the underlying condition

(not the effect of the
medication) [36]

Suitable for indolent cancers on metronomic
or long-term targeted treatment

Crucial limiting factor. High-grade cancers in
children limit treatment opportunities

In typical N-of-1 trials the minimum number
of cycles is three cycles, more cycles, better

Fixed number of cycles needed [36]

Using aggregated approaches. Suitable for
diseases with indolent corre~~ - >tronomic
penst han

Crucial limiting factor for high-grade cancers.
Reluctance to switch treatment, which is

statistical power [36] obviously effective.
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Personalizovany pristup/N-of-1
Moznosti vyuziti v détské personalizované onkologii

« Agregace skupin a opakovana méreni (série N-of-1, ,meta-analyzy
pacientu)

« zejména MTD-based chemoterapii
» Kilasicky N-of-1 design

» Chonické ,pomalé“ choroby, low-dose metronomicka chemoterapie,
potfeba vhodného parametru nebo tumormarkeru

« Nastaveni operacnich charakteristik statistickych nastroju (a, power)



Principy urcujici velikost souboru

Table 1. General principles affecting sample size.

Principle to Be Addressed

Examples

Affecting overall trial efficacy

factorial, multi-arm, sequential designs, adaptive,
enrichment designs

Changing operational characteristics

inflating type I/Il errors, targeting larger effects

Handling interindividual variability

Cross-over, paired designs, time series, PFS ratios

Utilizing efficacy of endpoint measure

Surrogate continuous measures, EFS

Trial power and sample size enrichment

Integrative analysis, aggregation/combining,
Bayesian approaches, meta-analyses, dynamic
borrowing and power priors, historical controls
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Principy urcujici velikost vzorku

Agregace,
Kontrolni skupina, opakovana méreni,
endpoint vyuziti existujicich vysledk

Operaéni charakteristiky \ /
\ Velikost ucinku * pocet pacientl

Sila testu/
didkazu

Variabilita

\

Cross-over, time series,
Parové analyzy, pomeérove,
Analyza podskupin



Specifické nastroje pro malé vzorky
?

GUIDELINE ON CLINICAL TRIALS IN SMALL POPULATIONS




EBM

Case Control Studies

Malé soubory

Other sources N-of-1
of evidence trials

Historical
control st

EVIDENCE

i

Observational
studies

Expert
opinions

Figure 2. The complementary puzzle of evidence in rare diseases.



Priklady aplikaci




Priklady aplikaci

mixed-models, opakovana méreni

Modeling effect of the septic condition and trauma on C-reactive

protein levels in children with sepsis: a retrospective study
Michal Kyr!.2, Michal Fedora3, Lubomir Elbl4, Nishan Kugan® and Jaroslav Michalek!
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Longitudinal Study
(multiple sclerosis / APOE / brain atrophy / gray matter / MRI / mixed-¢

D. HOR}:\KOVA",M. KYR2¢, E. HAVRDOVA!, O. DOLEZ
L. POSPISILOVA’, N. BERGSLAND?, M. G. DWYERS?, J.
Z. SEIDL*, M. VANECKOVA®, J. KRASENSKY*, R. ZIVA]
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Priklady aplikaci
Viyuziti heterogenity, mixed-models, semilongitudinalni model

Apolipoprotein E g4-Positive Multiple Sclerosis Patients
Develop More Gray-Matter and Whole-Brain Atrophy:
a 15-Year Disease History Model Based on a 4-Year
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solid line — APOE €4 negative). Gray lines — case profiles. Black lines — mean profiles.
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Fig. 3. Peripheral gray matter volume (PGMV) evolution in the 4-year (left) and 15-year (right) models (dashed line —
APOE €4 positive, solid line — APOE €4 negative). Gray lines — case profiles. Black lines — mean profiles.



Priklady aplikaci
mixed-models, opakovana méreni

Improved osteosarcoma survival with addition of mifamurtide to R
conventional chemotherapy - Observational prospective single ke
institution analysis

. B
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Priklady aplikaci

Série N-of-1, agregace, frailty modely
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Survival
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Priklady aplikaci
agregace, heterogenita, EFS ratio, podskupiny
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p
0.003
0.621
<0.001
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0.003
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