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Îøèáêè I è II ðîäà

t Îøèáêà I ðîäà � ëîæíîïîëîæèòåëüíîå ðåøåíèå (íóëåâóþ
ãèïîòåçó îòâåðãàþò, êîãäà îíà èñòèííà);

You're pregnant!

t Îøèáêà II ðîäà � ëîæíîîòðèöàòåëüíîå ðåøåíèå (íóëåâóþ
ãèïîòåçó íå îòâåðãàþò, êîãäà îíà íå ÿâëÿåòñÿ èñòèííîé);

You're not pregnant!

Íóëåâàÿ ãèïîòåçà H0 âåðíàÿ ëîæíàÿ

îòêëîíÿåòñÿ îøèáêà I ðîäà âåðíî

íå îòêëîíÿåòñÿ âåðíî îøèáêà II ðîäà
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Îøèáêè I è II ðîäà

α � âåðîÿòíîñòü îøèáêè I ðîäà (óðîâåíü çíà÷èìîñòè);
β � âåðîÿòíîñòü îøèáêè II ðîäà (ìîùíîñòü êðèòåðèÿ � 1− β);
Â èññëåäîâàíèÿõ áèîýêâèâàëåíòíîñòè íóëåâàÿ ãèïîòåçà H0 � ãèïîòåçà
î íåáèîýêâèâàëåíòíîñòè.

Ðåøåíèå ïðåïàðàòû íåÁÝ ïðåïàðàòû ÁÝ

H0 îòêëîíåíà îøèáêà I ðîäà âåðíî

H0 îòêëîíèòü íå óäàëîñü âåðíî îøèáêà II ðîäà

Îøèáêà I ðîäà ñâÿçàíà ñ ðèñêîì ïîòðåáèòåëÿ, îøèáêà II ðîäà � ñ
ðèñêîì ïðîèçâîäèòåëÿ.
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Ñòàòèñòè÷åñêèå ãèïîòåçû: noninferiority&superiority

Äëÿ íåïðåðûâíûõ ïåðåìåííûõ1 (Blackwelder, 1982):
H0 : µT − µR ≤ δ
HA : µT − µR > δ
Äëÿ ÷àñòîòû äîñòèæåíèÿ ýôôåêòà:
H0 : pT − pR ≤ δ
HA : pT − pR > δ

Ïðåïàðàò Ò íå ìåíåå ýôôåêòèâåí, ÷åì ïðåïàðàò R, åñëè
íèæíÿÿ ãðàíèöà 95%-íîãî ÄÈ äëÿ ðàçíîñòè çíà÷åíèé
ïîêàçàòåëåé ýôôåêòèâíîñòè áîëüøå δ (δ < 0!).
Ïðåïàðàò Ò ïðåâîñõîäèò ïî ýôôåêòèâíîñòè ïðåïàðàò R,
åñëè íèæíÿÿ ãðàíèöà 95%-íîãî ÄÈ äëÿ ðàçíîñòè çíà÷åíèé
ïîêàçàòåëåé ýôôåêòèâíîñòè áîëüøå δ (δ > 0!).

Ïðè óñëîâèè äîêàçàííîé íå ìåíüøåé ýôôåêòèâíîñòè âîçìîæåí ïåðåõîä
ê äîêàçàòåëüñòâó ïðåâîñõîäñòâà áåç íåîáõîäèìîñòè ââåäåíèÿ ïîïðàâîê
(Marcus et al., 1976).

1"÷åì áîëüøå � òåì ëó÷øå"
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Îäíîñòîðîííÿÿ è äâóñòîðîííÿÿ ãèïîòåçû

ÄÈ: 95%, íèæíÿÿ

ãðàíèöà, îäíîñòîðîííèé
ÄÈ: 90%, äâóñòîðîííèé ÄÈ: 95%, âåðõíÿÿ

ãðàíèöà, îäíîñòîðîííèé

Îäíîñòîðîííèé íèæíèé 95%-íûé ÄÈ ñîâïàäàåò ñ íèæíåé ãðàíèöåé
äâóñòîðîííåãî 90% ÄÈ. Àíàëîãè÷íî îäíîñòîðîííèé 97,5% ÄÈ
ñîâïàäàåò ñ íèæíåé ãðàíèöåé äâóñòîðîííåãî 95% ÄÈ.
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Golden standard trial

Íóëåâûå ñòàòèñòè÷åñêèå ãèïîòåçû â ïëàöåáî-êîíòðîëèðóåìûõ
èññëåäîâàíèÿõ íå ìåíüøåé ýôôåêòèâíîñòè:

H01 : µT − µP ≤ 0, (1)

H02 : µT − µR ≤ δ. (2)

E�ect retention approach (Pigeot at al., 2003):

H01 : µR − µP ≤ 0, (3)

H02 :
µT − µP
µR − µP

≤ f , (4)

ãäå 0 ≤ f ≤ 1 � óñòàíîâëåííàÿ êîíñòàíòà.
Ïðè δ = −(1− f )(µR − µP) H02 : µT − µR ≤ δ.
Äëÿ èññëåäîâàíèé â íåñêîëüêèõ ãðóïïàõ íåîáõîäèìî ââåäåíèå
ïîïðàâîê íà ìíîæåñòâåííûå ñðàâíåíèÿ.

Øèòîâà À.Ì. Ñòàòèñòè÷åñêàÿ ìîùíîñòü 20.04.2018 7 / 23



Ñòàòèñòè÷åñêèå ãèïîòåçû: equivalence

Ãèïîòåçà ýêâèâàëåíòíîñòè:

H0 : |µT − µR | ≤ δ
HA : |µT − µR | > δ

Áèîýêâèâàëåíòíîñòü: ïðîöåäóðà TOST (Schuirmann, 1987), äâå
îäíîñòîðîííèå ãèïîòåçû:

H01 : µT − µR ≤ Q1

HA1 : µT − µR > Q1

H02 : µT − µR ≥ Q2

HA2 : µT − µR < Q2

Ìîäèôèêàöèè: scaled approach (äëÿ âûñîêîâàðèàáåëüíûõ ïðåïàðàòîâ è
âåùåñòâ, à òàêæå âåùåñòâ ñ óçêèì òåðàïåâòè÷åñêèì äèàïàçîíîì)
Ìîäèôèêàöèè äèçàéíà: àäàïòèâíûé, Group-sequential.
Â íåêîòîðûõ ñëó÷àÿõ âîçìîæíà èíôëÿöèÿ îøèáêè ïåðâîãî ðîäà (TIE
in�ation).
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Ñòàòèñòè÷åñêèå ãèïîòåçû

−δ +δ0

inferiority noninferiority

equivalence

superiority
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Ìèô 1: "îáîñíîâàòü ìîæíî ëþáîé ðàçìåð âûáîðêè".

Ïðîâåäåíî èññëåäîâàíèå íå ìåíüøåé ýôôåêòèâíîñòè. Ðàçìåð âûáîðêè
ðàññ÷èòàí íà îñíîâàíèè çàíèæåííîãî çíà÷åíèÿ SD.
Èòîã: ñðåäíåå çíà÷åíèå ïîêàçàòåëÿ ýôôåêòèâíîñòè òåñòèðóåìîãî ïðå-
ïàðàòà ïðåâûñèëî ñîîòâåòñòâóþùåå çíà÷åíèå ðåôåðåíòíîãî ïðåïàðà-
òà, îäíàêî íèæíÿÿ ãðàíèöà äîâåðèòåëüíîãî èíòåðâàëà îêàçàëàñü íèæå
ãðàíèöû íå ìåíüøåé ýôôåêòèâíîñòè.
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Ðàçìåð âûáîðêè

Èññëåäîâàëàñü ïðîôèëàêòè÷åñêàÿ ýôôåêòèâíîñòü ïðåïàðàòà X:
27 � ãðóïïà èññëåäóåìîãî ïðåïàðàòà; 22 � ãðóïïà ïðåïàðàòà êîíòðîëÿ
Çàáîëåëî 3 ÷åëîâåêà â îñíîâíîé ãðóïïå è 7 â ãðóïïå ñðàâíåíèÿ:

pT = 11, 11%

pR = 31, 82%

Ïðåïàðàò â òðè ðàçà ýôôåêòèâíåå?
95%-íûé ÄÈ: [−43, 50; 2, 08]% C ïîïðàâêîé íà íåïðåðûâíîñòü:
[−47, 62; 6, 21]% ÄÈ ñîäåðæèò íîëü!
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Ðàçìåð âûáîðêè

Ïðîâåäåíî èññëåäîâàíèå ïåðâîé ôàçû, íåñêîëüêî ãðóïï, ðàçìåð ãðóïïû
4 ÷åëîâåêà. Â ïðîòîêîëå: îöåíêà íîðìàëüíîñòè ðàñïðåäåëåíèÿ. Ñïîíñîð
òðåáóåò îöåíèòü íîðìàëüíîñòü è ïðîâåñòè ñðàâíåíèÿ â êàæäîé ãðóïïå.
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Underpowered study

Êîýôôèöèåíò âíóòðèèíäèâèäóàëüíîé âàðèàáåëüíîñòè Cmax ñîðàôåíè-
áà ñîñòàâëÿåò îêîëî 60%. Åñëè â èññëåäîâàíèè 2x2x2 áóäåò ïðèíèìàòü
ó÷àñòèå 24 ÷åëîâåêà, T/R=0,95, ìîùíîñòü ñîñòàâèò 1%!
Äëÿ âûáîðêè â 50 ÷åëîâåê � 24%.
Îäíàêî âûáîðêà â 24 äîáðîâîëüöà áóäåò äîñòàòî÷íà äëÿ îáåñïå÷åíèÿ
80%-íîé ìîùíîñòè â èññëåäîâàíèè 2x2x4 ïî ìåòîäó SABE (T/R=0,95,
ïðè óñëîâèè ãîìîñêåäàñòè÷íîñòè).
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Overpowered study

Êîýôôèöèåíò âíóòðèèíäèâèäóàëüíîé âàðèàáåëüíîñòè Cmax äèåíîãåñòà
îêîëî 10%. Åñëè â èññëåäîâàíèè 2x2x2 áóäóò ïðèíèìàòü ó÷àñòèå 24
÷åëîâåêà, à T/R=0,95, ìîùíîñòü ñîñòàâèò 99,99%!
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Overpowered study: ôîðñèðîâàííàÿ áèîýêâèâàëåíòíîñòü

Ïðîâåäåíî ïîâòîðíîå èññëåäîâàíèå ÁÝ, ïåðâîå íåóäà÷íîå. Òî÷å÷íàÿ îöåí-
êà 85%, Ñïîíñîð ââîäèò â èññëåäîâàíèå áîëåå 100 äîáðîâîëüöåâ è äî-
êàçûâàåò ÁÝ.
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Ìèô 2: "ñòàòèñòè÷åñêè=êëèíè÷åñêè"

Ïðîâåäåíî èññëåäîâàíèå I ôàçû, ñðàâíåíèå ïðåïàðàòà ñ ïëàöåáî. Äîâå-
ðèòåëüíûé èíòåðâàë íå âêëþ÷àåò íîëü, îäíàêî âåëè÷èíà ýôôåêòà ìå-
íåå 1 áàëëà èç 15 ïî íåïðåðûâíîé ñëîæíî èíòåðïðåòèðóåìîé øêàëå.
Ñïîíñîð ïðåäëàãàåò âçÿòü áîëüøóþ âûáîðêó è ïîêàçàòü ýôôåêòèâíîñòü
ïðåïàðàòà äëÿ δ = 0, 5.
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Ìèô 3:"ðåòðîñïåêòèâíàÿ ìîùíîñòü"

ÅÀÝÑ: "ñòàòèñòè÷åñêèé îò÷¼ò ... àíàëèç ìîùíîñòè èññëåäîâàíèÿ..."

Àïîñòåðèîðíàÿ ìîùíîñòü íå äà¼ò íîâîé èíôîðìàöèè îá óæå ïðîâåä¼í-
íîì èññëåäîâàíèè. Ìîùíîñòü ñëåäóåò èñïîëüçîâàòü òîëüêî ïðè ïëàíè-
ðîâàíèè ñëåäóþùèõ èññëåäîâàíèé.

"Whereas the utility of prospective power analysis in experimental design is
universally accepted, post hoc power analysis is fundamentally �awed".

Power Approach Paradox: higher observed power does not imply stronger
evidence for a null hypothesis that is not rejected.

Â íåêîòîðûõ ñòàòèñòè÷åñêèõ ïàêåòàõ ïðèâîäèòñÿ çíà÷åíèå íàáëþäàåìîé
ìîùíîñòè, õîòÿ îíî áåñïîëåçíî.

Øèòîâà À.Ì. Ñòàòèñòè÷åñêàÿ ìîùíîñòü 20.04.2018 17 / 23



"Ðåòðîñïåêòèâíàÿ ìîùíîñòü"

"Rule of thumb": âåðîÿòíîñòü ïîëó÷èòü ðåòðîñïåêòèâíóþ ìîùíîñòü
áîëüøóþ èëè ìåíüøóþ, ÷åì öåëåâîå çíà÷åíèå � 50%.
Ïðèìåð: ñèìóëÿöèè, n = 105 èññëåäîâàíèé (CV = 20%, T/R=0.95),
ñðåäíåå çíà÷åíèå 83%.

≥ target : 57.60%

≥ achieved : 49.41%

≥ 0.90 : 31.95%

[0.95, 0.99]: 12.94%

≥ 0.95 : 16.97%

â 42% èññëåäîâàíèé ðåòðîñïåêòèâíàÿ ìîùíîñòü îêàçàëàñü ìåíüøå
80%.
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"Ðåòðîñïåêòèâíàÿ ìîùíîñòü"

Àíàëèç 50 ðåàëüíûõ èññëåäîâàíèé: ñðåäíåå çíà÷åíèå 86%; â 26%
ðåòðîñïåêòèâíàÿ ìîùíîñòü îêàçàëàñü ìåíåå 80%.

≥ target : 73.58%

≥ achieved : 67.92%

≥ 0.90 : 62.26%

[0.95, 0.99]: 16.98%

≥ 0.95 : 56.60%
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A posteriori Power vs Interim Analysis

Ïðîìåæóòî÷íàÿ îöåíêà ìîùíîñòè, èñïîëüçóåìàÿ â àäàïòèâíûõ
äèçàéíàõ è äèçàéíàõ ñ ïîñëåäîâàòåëüíûì âêëþ÷åíèåì ãðóïï
(group-sequential), íå ÿâëÿåòñÿ àïîñòåðèîðíîé.

Ïðèìåð: ìåòîä Ñ, Potvin

Ïî ðåçóëüòàòàì 1ãî ýòàïà èññëåäîâàíèÿ, â êîòîðîì ïðèíÿëè ó÷àñòèå n1
äîáðîâîëüöåâ, ïðîìåæóòî÷íàÿ îöåíêà ìîùíîñòè ñîñòàâèëà ìåíåå 80%.
Áûë ïðîèçâåä¼í ïåðåðàñ÷¼ò âûáîðêè íà îñíîâàíèè çíà÷åíèé
α = 0, 0294, 1− β = 0, 8 è òî÷å÷íîé îöåíêè 0,95. Èç ïîëó÷åííîãî
çíà÷åíèÿ N âû÷èòàëîñü ÷èñëî äîáðîâîëüöåâ ñ 1ãî ýòàïà, èòîãîâûé
îáú¼ì âûáîðêè äëÿ âòîðîãî ýòàïà èññëåäîâàíèÿ ñîñòàâèë: n2 = N − n1.
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Çàêëþ÷åíèå

Îöåíêà ðàçìåðà âûáîðêè èñõîäÿ èç çàäàííîé ìîùíîñòè � íå ôîðìàëü-
íîå äåéñòâèå, à êðàåóãîëüíûé êàìåíü ïëàíèðîâàíèÿ óñïåøíîãî èññëåäî-
âàíèÿ.
Ðåòðîñïåêòèâíàÿ îöåíêà ìîùíîñòè ÿâëÿåòñÿ ñòàòèñòè÷åñêèì íîíñåíñîì.
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Áëàãîäàðþ çà âíèìàíèå!
a.shitova@qayar.ru
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Äîïîëíåíèå I

Ïðåäñòàâëåííàÿ íà ñëàéäàõ èíôîðìàöèÿ îòðàæàåò ëè÷íîå ìíåíèå
àâòîðà. Àâòîð äîêëàäà âûðàæàåò áëàãîäàðíîñòü ó÷àñòíèêàì ôîðóìà
BEBAC (http://forum.bebac.at/)
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