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W Centrum Wiskunde & Informatica

What'’s to come

Accumulation Bias
* The assumption of random sampling in a typical meta-analysis
« The assumption of fixed-series-size in a typical meta-analysis

Handling it ALL-IN
« Taking a random approach to series size

* Martingales

Empirical evidence for Accumulation Bias
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What'’s to come

Accumulation Bias
* The assumption of random sampling in a typical meta-analysis
« The assumption of fixed-series-size in a typical meta-analysis

Handling it ALL-IN
« Taking a random approach to series size
* Martingales

Empirical evidence for Accumulation Bias

(maybe) Handling it subjective Bayesian
» Mixing a fixed-series-size approach with a prior
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Random sampling in science
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Random sampling of participants
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Random sampling of participants
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Random sampling of study series
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Random sampling of study series
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Accumulation Bias
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Accumulation Bias framework
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Gold Rush example
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Gold Rush example

p-value

P
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Gold Rush example
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Gold Rush example

1, ift=1 or foralli<t: 2z ==z

0, otherwise.

A(t|21,...,Zt_1){
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Gold Rush example

2
4 -
L1y %9

k%
44,49

* * -
Ly Lo,y 273

-

3 - 3
Z1,%2,23
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Gold Rush example

2y = z(D

z, — 2

Z)y29 22
75 75— 22
Z),%9,%5 —> 2()
Aiarh - 2O
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Gold Rush example

2
4 -
L1y %9

k%
44,49

- * . * -_— 3

Z),Zo, 25 — - (3) T3
4 % EE 3 —

ZyyZoy2y 2 23)
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Random sampling of study series of fixed size
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Random sampling of study series of fixed size
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ALL-IN meta-analysis

A0 i e o e s i S et e S S s e M
128
B4
32
16
g B AL
4 mus
O FR
2 muyy
1 0oBo
1/2 g %ﬂf{
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18 0 afF
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4132 B META
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Gold Rush example

2
4 -
L1y %9

k%
44,49

- * . * -_— 3

Z),Zo, 25 — - (3) T3
4 % EE 3 —

ZyyZoy2y 2 23)
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Gold Rush example

2y = z(D

z, — 2

Z)y29 22
75 75— 22
Z),%9,%5 —> 2()
Aiarh - 2O
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Gold Rush example

2y = z(D

7 - »(1)
Z)y29 22
2405 — 2(2)
Z),%9,%5 —> 2()
Z1,%5,Z3 — 2(3)
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Gold Rush example ALL-IN solution

t *
1 21 0
2 71, 29 1
3 77,725,235 2
3 2z],%Z5,Z3 3
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Gold Rush example ALL-IN solution

t * Py
1 21 0
2 71, 29 1
3 21,7507 2
3 2,25,25 3

Judith ter Schure — UC Davis Quant Brown Bag Series Oct 22th 2020



W Centrum Wiskunde & Informatica

Gold Rush example ALL-IN solution

t * Py
1 21 0 l—«
2 71, 29 1

3 77,725,235 2

3 2z],%Z5,Z3 3
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Gold Rush example ALL-IN solution
t * Py
1 21 0 1 —«
2 Z1, 2o 1 a(l — )
3 77,725,235 2
3 2z],%Z5,Z3 3
2
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Gold Rush example ALL-IN solution
t * Py
1 21 0 l—«
2 7,z 1 a(l — a)
3 z},7%,23 2 o?(1 — a)
3 2z],%Z5,Z3 3
2.
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Gold Rush example ALL-IN solution
t * Py
1 21 0 1l —«
2 7,z 1 a(l — a)
3 z},7%,23 2 o?(1 - a)
3 7,757 3 o’
> 1
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Gold Rush example ALL-IN solution
t * Py * - P
1 21 0 1 —« 0
2 73,2 1 a(l — a) a(l — a)
3 z},7%,23 2 o?(1—a)  2a%(1 - a)
3 zj,75,25 3 o 3o
> 1 a+ o + o
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Gold Rush example ALL-IN solution
t * Py * - Py t-Pq
1 2 0 1 -« 0 1 -«
2 zi,zy 1 a(l — a) a(l — ) 2a(1 — a)
3 j,75,25 2 o’(l—a) 20%(1—a) 3a?(1—a)
3 z},z5,2z5 3 o® 3a3 3a3
2. 1 a+a’+a’ 1+a+a?
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Gold Rush example

ALL-IN solution

t * Py * - Py t-Pq
1 2 0 1 -« 0 1 -«
2 zi,zy 1 a(l — a) a(l — ) 2a(1 — a)
3 23,725,253 2 o’(l—a) 20%(1—a) 3a?(1—a)
3 2,725,725 3 o 3a? 303

2. 1 a+a’+a’ 1+a+a’
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Gold Rush example

ALL-IN solution

t * Py * - Py t-Pq
1 2 0 1 -« 0 1 -«
2 zi,zy 1 a(l — a) a(l — ) 2a(1 — a)
3 23,725,253 2 o’(l—a) 20%(1—a) 3a?(1—a)
3 2,725,725 3 o 3a? 303

2. 1 a+a’+a’ 1+a+a’
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Gold Rush example

ALL-IN solution

t * Py * - Py t-Pq
1 2 0 1 -« 0 1 -«
2 zi,zy 1 a(l — a) a(l — ) 2a(1 — a)
3 23,725,253 2 o’(l—a) 20%(1—a) 3a?(1—a)
3 2,725,725 3 o 3a? 303

2. 1 a+a’+a’ 1+a+a’
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Random sampling of study series of fixed size
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ALL-IN meta-analysis

A0 i e o e s i S et e S S s e M
128
B4
32
16
g B AL
4 mus
O FR
2 muyy
1 0oBo
1/2 g %ﬂf{
114 gpe
18 0 afF
1/16 O ML
4132 B META

20/03/23 20/04/06 20/04/20 20/05/04 20/05M18 20/06/01 20/06/15 20/06/29 20/07M3 2000727 20/0810

Calendar days

Judith ter Schure — UC Davis Quant Brown Bag Series Oct 22th 2020



ALL-IN meta-analysis



904990000907
100000¢9¢7¢
0 0000¢009¢
1000090¢9709¢
¢ 0000 dUUd
70000009749 (
10000009049 ¢
0000009909097 97(
0 ONG T 00000049 ¢ U
¢ 0 ™Moo 090009949 (
0 q 00009999 U
0 0 q 0000000949
0 q 1000000009749 ¢
00 0™ 00000001799 ¢
7 q 00000000909 ¢

1

U

1

A

A

{
\
{

ER I =

|
1
1

L
!
{
I

0080w 00000000979¢
q q 0 00000¢0049¢
J 0 ¢ 00000099 ¢9(¢
0 q 00000004079 (

\

00 00 0097009797401

{

0 00 900099 ¢dU99qC¢

Qg_uﬂgggggggmmm
il

Qggggggggggmm

00 (™0 0 0d9090¢9¢9(
000000009 a99dq
100040999990 a9qH(
ngg@ﬂgggggggggmm
T O 1 1 O O R

1 A A A a a a a o o

Centrum Wiskunde & Informatica

L
i
{
{
{

1
i
{
{




W Centrum Wiskunde & Informatica

A test martingale

Zl, ZQ-; Z3:|

Judith ter Schure — UC Davis Quant Brown Bag Series Oct 22th 2020
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The likelihood ratio as a test martingale

Z1 23, 23, Ce Zt—1, Zt

LRlo(l),

fﬁ(zl)
fo(z1)

Judith ter Schure — UC Davis Quant Brown Bag Series Oct 22th 2020



W Centrum Wiskunde & Informatica

The likelihood ratio as a test martingale

A 7 23,

LRlo(l), LR10(2),

fi(z1)  fi(z, 22)
fo(z1)  fo(z1, 22)
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The likelihood ratio as a test martingale

A 29 Z3 e Zi—1, Zt

LR1oV , LR10? , LR10(3),

f1(z1) fi(z1,22)  fi(z1, 22, 23)
fo(z1)  folz1,22) fo(z1, 22, 23)
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The likelihood ratio as a test martingale

LR, LRw®, LRi®, ..., LR,
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The likelihood ratio as a test martingale

LRV, LR10'?, LRio®, ..., LR LRy
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Test martingales: control type-I error

reject 76, if LR1o'") > 20 for a = 0.05 error control

Universal bound over time  (Ville’s inequality):

1 © > 1
Po| LR’ > — forsomet|< «
04
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ALL-IN meta-analysis
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I Viewpoint

(W Avoidable waste in the production and reporting of
research evidence

lain Chalmers, Powl (asziou

Lancet 2009; I74- B6-89
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Accumulation Bias: introduced by the study series
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Accumulation Bias: introduced by the meta-analysis
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Accumulation Bias

&K

dependency on series size dependency on meta-analysis timing
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Accumulation Bias framework
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BIVIC NMedical Research 0)
Methodology BioMed Centra
Research article Open Access

The|fading |of reported effectiveness. A meta-analysis of randomised
controlled trials
Bernhard T Gehr!, Christel Weiss? and Franz Porzsolt*3
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fading

Correspondence

How systematic reviews
cause research waste

Systematic reviews of small trials
increase waste by a =
scientific communi
significant treatment effects that
become smaller or absent when large,
high-quality trials are done. Effect
estimates from systematic reviews
often inform sample size calculations.*
However_focaucs _monch souigiys
provide
treatment effects due to Inclusion

Judith ter Schure — UC Davis Quant Brown Bag Series Oct 22th 2020

We dedare no competing interests.

*lan Roberts, Katharine Ker
lan.roberts@lshtm.ac.uk

Clinical Trials Unit, London School of Hygiene &
Tropical Medidne, London WC1E 7HT, UK
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exaggerated estimates
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Journal of Cardiac Failure Vol. 9 No. 5 2003

Perspective

Why do Phase III Trials of Promising Heart Failure Drugs
Often Fail? The Contribution of Regression to the Truth ’

HENRY KRUM. MBES, Pul). FRACP, ANDREW TONEKIN, MD, FRACP

Victoria, Awstralia

fading

exaggerated estimates
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Regression to the Truth

fading

exaggerated estimates
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3 I

Journal of
Clinical
Epidemiology

Journal of Clinical Epidemiology 58 (2005) 543-549

REVIEW ARTICLES

|Eﬂrly extreme contradictory estimates|may a
research:

Regression to the Tru th
I_rf T N L F A I_r" Tt L LA A e

The Proteus phenomenon|in molecular genetics research

and randomized trials

John P.A. Toannidis®™**, Thomas A. Trikalinos®®
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Correspondence

How systematic reviews
cause research waste
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Systematic reviews
and research waste
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ALL-IN meta-analysis
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« ter Schure J and Grinwald P. (2019) Accumulation Bias in meta-
analysis: the need to consider time in error control
F1000Research, 8:962.

Thank you!

Contact me on: schure@-cwi.nl
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Accumulation Bias

&K

dependency on series size dependency on meta-analysis timing

T >t A
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ALL-IN meta-analysis
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Gold Rush example

ALL-IN solution

t sk Py * - Py t-Pq
1 21 0 1 —« 0 1 —
2 zl,zm 1 a(l — a) a(l — ) 2a(1 — )
3 7,725,723 2 o’(l—a) 20%(1—a) 3a?(1—a)
3 z%,z5,z% 3 a? 3a® 30’

> 1 a+a’+a’ 1+a+a’
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Gold Rush example

ALL-IN solution

mp = 1
t : Py * - Py t-Py
1 21 0 1 —« 0 1 —
2 zl,zm 1 a(l — a) a(l — ) 2a(1 — )
3 7,725,723 2 o’(l—a) 20%(1—a) 3a?(1—a)
3 7,745,753 o’ 303 205
> 1 a+a’+a’ 1+a+a’
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Gold Rush example Bayesian solution

* *
71,29
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Z1322323

- b b
2152243
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Gold Rush example Bayesian solution

* * — -
Z1 4 Zo A1(2) = 0.8 _ 0.8

% E - J—

- b b
2152243
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Gold Rush example Bayesian solution

* * A = =
Z1 , Zo Ao(2) 0.05 0.05

* * - o
ZyZoy 23 Ap(3) = 0.05 - 0.05 0.0025

* * %
214,742,573
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Gold Rush example Bayesian solution

0.05

Z1 , Z A(2) = 08 Ap(2)

* - 4 -
71, %5, 23 4L(3) = 065 Ao(3) = 0.0025

- b b
2152243

Judith ter Schure — UC Davis Quant Brown Bag Series Oct 22th 2020



Subjective Bayesian analysis



W Centrum Wiskunde & Informatica

Publication Bias

Bayesian solution

71, Zey A1(2)

* - 4 -
21,72, 23 A1 (3)

- b b
2152243

0.8

0.65

- 0.05

0.0025
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Publication Bias

Bayesian solution

Z1

* =

71y 29
* *
Z1 , Z A1(2)
* - 4 -
21,79, 23 A

- b b
2152243

0.8

0.65

Ap(2) = 0.05

Ao(3) 0.0025
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