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Example: SWEPIS study on stillbirth

 Comparing perinatal death in
labour induction at 41 or 42
weeks

e Stopped after +1380 births in
each group: 6 perinatal deaths
in 42 weeks group

* Sequential test with balanced
design: would often have
stopped earlier

Simulated stopping times with and without
using knowledge from previous studies in sequential

test*

0.00075
prior
£ 0.00050 [ ] full prior knowledge
w
qc) I:' uninformed
o |:| prior on difference
prior on log OR
0.00025
0.000

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Stopping time

* SWEPIS study: Wennerholm et al. published in bmj, 367, 2019. Figure: adapted from Turner et al., 2021
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* data come in a stream of data blocksj =1, 2, ...
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* each block hasn = n, + n, observations

pupNRn

* observations seen up to and including block j:
ve = Vrar w0 Vinga) and ¥y = Vs o Vjnpp)
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* data come in a stream of data blocksj =1, 2, ...
* each block hasn = n, + n, observations

* observations seen up to and including block j:
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O.K. as Iong as we "lock

. data come in a stream of data blocks j = 1, 2a e et e
before start of that

* each block hasn = n, + n, observations

* observations seen up to and including block j:
ycgj) (yl a - ’y] Ng a) and (]) (yl,b' ""yj nb,b)
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2x2 contingency table

S(A)

F(A)

S(B)

F(B)

Do success probabilities differ
between strategies?

* H, :observationsY € {0,1}
independent of strategy
X €{a,b}

* Equivalently, when
LLd- Bernoulli(,):

;‘\‘ 2

[T 1\ \

e
m
|

mM ™
[\ m
\ |\

o N

INRRREREEEES

\ "
| 1y




e 118 | O\

i M

11 ggog0dans

i L —

11 U

| g i

S | t:3:

g Ny s

1§ U

Q I :: t
7 f Rl C C A
: 09900000030007"
gg g1 A a ada a a a dd o m mﬂ
| - | [
7 x @%
g -
1 1 : ?ﬁ
( & |
1 o i
g =
0 |
b |

v J[E
‘0 pega00000000007
4 0 10000000000007 7
H01  ooo0o000000000007
1 | 10000000000007 ¢
1 1 @gggggggggggggf

{ 0000000000007
QQCCQQQQQQQQQQQQQ@Q

A1 a4 A a4 4a 4 I T T I (TR TR A




A=

L = [ i U T W

Ledaa gy

10000¢
i I gggggm

01 0174
{ I
0 004

I

—\
==e—

Testing: outside of the dashed
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* Nonnegative RV S, where for all
PO € :]'[0:
Ep,[S] < 1

e Straightforward implementation in
test: reject H, iff S > a1

* Type-l error guarantee at « (e.g.
a = 0.05, reject if S = 20)

Betting interpretation
H, true? Expect no profit

High profit? Reject H




Point Hy Pg_ g, (Turner, 2021):
Mg Np
i=1 pHO(Yi,a) i=1 peo (Yl,b)

E-variable when we choose 8, = (n,/n)8, + (n,/n)6,

S(Y(D) :=
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Key: multiplying E-values yields
another E-value

 Can make an e-process: multiply E-
values for all data blocks

sy .= | |S ()

* For arbitrary stopping rule (E-value >
20, no money for further experiment,
etc..):

Po(3m:SM(YM) > a71) < a
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Evidence against H; and Type-Il error

* GRO criterion: in sequential %
experiments: optimize “growth rate” of

E-variable, Ep [logS] (Grinwald, 2019)
 Minimize notion of regret: loss of capital
growth under alternative due to not

knowing true P;.

* Closely connected to optimizing power
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Update effect size estimate each time a new batch of
data has come in, with coverage guarantee (real value

is in my estimate with some minimum probability)

'B»Qoooooo

00 00 00 00 00 00 ', data collection —

Formally; confidence sequence CS with coverage at level (1 — a):
— Pga’gb(fOl" anym=1,2,..: §(0,,0;) € CS(m)) <a

— 6(0,, 03): measure of effect size
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Key: use E-process to test eftect size values

* Let Sé?()(g) be an E-process for testing:
Ho = {Pg,: 0o € 05(5)}

* Probability of falsely rejecting Hybounded by a (because it is an E-
process)!

e Construct anytime-valid confidence sequence CSam) = {5: S(E)T()S) < %}

e — gives us the desired coverage at level (1 — a).
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Extension of E-variable for streams to
general null hypothesis 0 () for 2x2 tables

(1) .: Nng P@‘a(yi,a)
Soo () = iz Pg, (Vi)
where (8,, 8;) achieve

. . Ng Nnp = Ng Nnp
(Ha,HrBIE%O(S)D(Pea'Qb(Ya ’Yb )|P9a,0b(ya 'Yb ))

and we estimate the point (8, 8,) as before (Turner,
2022)

n, Pa,"ip)
=1 P9°b(Yi,b)'

[l




* Need convexity of 0,(6) to
construct E-variable

e & > 0 — can estimate lower
bound (see figure)

e & < 0 — can estimate
upper bound

PEpuppuppRsReNsRANANmLs I I



* Need convexity of 0,(6) to
construct E-variable

e & > 0 — can estimate lower
bound

e 0 < 0 — can estimate
upper bound (see figure)

PEpuppuppRsReNsRANANmLs I I



CWI Centrum Wiskunde & Informatica
T\ [N

==\ —\ ==\

A
NODADDDD

IR
i

0 100 200 300 400 500 0 100 200 300 400 500 O 100 200 300 400 500
m

= —\ — \ =\ el " SR i\ T N e I |
= O e e D st et W e
— e — e — [ m—c i\

== abras e e Dppy . c e W e\ et e N i\

DIIIIII
B
k

il




A =61 o

QQQQ i gﬂggggggggggggggggggm

q (0 qaaqaade
1 1 I Al
{ A
1 { iy
{ e
1 1 { A
Q I
i | Tt
(
- Iy 2 i
i ;g;zzggggf
14 JU00000090077
g gzzgziz@:
7 1 1090000000000007
q g......____:%-m
o = N
] Q ]
i i
® g | {
Mol | N
A i I
20 ] N
1 i I
1 1 i - | (]
{ 10000000000001¢

iziiiiiigz

A1 a4 A a4 4a 4 I T T I (TR TR A




= e 118 | O\

M B Rt

19 010000090007
| 10 0qqqaie
1 | w )
Q m L]
0 | AL
{ | B
11 w %
g w ; 1P
7 1 m I
i M L
0 ¥ moo__ punoq hm%o._ m
i 100000000000071¢
0 1 1000000000000¢0¢
i 0000000000900070¢
7 1 1090000000000007
I m%m
0 | il
i 9 {
i ,_,Z\
E | &
K i [
1 .\g,,r
Qg L@\
| |
71 i
{ (0000000000007~

Tgueugodgqgagqgaggqqgqgy

A1 a4 A a4 4a 4 I T T (I (TR TR S



e 118 | O\

M B Rt

0 1000000001

i 000900qge

01 | |

I

01 I

{

1 1 {

I

0 1 {

| R
0 f { dOl punog jamoq -
i 100000000000071 7
19 1000000000 0070¢

i 000000000709 0¢07 ¢
1 1000000000009707

q e .........AM\QM
7 | o N\ il
i _V/, ) {
= E{
B ‘ 2R
i . 8|
1 4 8|8
Ho] o
4 ‘ n 2
71 g_____o_______cﬂ
{ 0090000000009 °

Tgueugodgqgagqgaggqqgqgy

A1 a4 A a4 4a 4 I T T (I (TR TR S



W Centrum Wikande & S

Conclusion and novelty

* To our knowledge, really new:

— flexibility (block size, user-specified notions of effect size)

— growth rate optimality: expect evidence for H1 to grow as fast as possible during
data collection

* Wald’s sequential probability ratio test:
— Probability ratios can be interpreted as “alternative” E-variables
— Not growth-rate optimal
— Only allow for testing odds ratio effect size



Beyond Bernoulli: GRO property?
(work by Y. Hao and others)

Stratified data and conditional
independence
e Use case at UMC Utrecht:
real-time psychiatry research
and recommendations
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R Safe Tests and Confidence Intervals for Tests of Two Proportions: Practical Scenarios

difference

40 60

data block number

The above plot shows that after finishing our experiment, 0 is not included in the confidence interval (grey
dashed line). The true value, 0.3, remains included. The precision indicates how many difference values
between -1 and 1 are checked while building the confidence sequence. It is recommended to set this value to
100 (default).

The code below can be used to check that our confidence sequence indeed offers the 1 — & guarantee and
includes the difference between the two success probabilities of 0.3 in at least 95% of simulated scenarios:

coverageSimResult <- simulateCoverageDifferenceTwoProportions(successProbabilityA = 0.2,
trueDelta = 0.3,
safeDesign = balancedSafeDesign,
numberForSeed = 1082021)

print(coverageSimResult)
#> [1] 0.974
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On the theory of E-values:
— P.D. Grinwald, R. de Heide and W. Koolen (2019) on ArXiv:
— V.Vovk and R. Wang (2021). E-values: Calibration, combination, and applications. Annals of Statistics.

DD DD DD N

P e PR P P P PP e

— G. Shafer (2021). Testing by betting: A strategy for statistical and scientific communication. Journal of the Royal
Statistical Society, Series A.
On implementations of E-values:
— R.J.Turner, A. Ly and P.D. Griinwald (2021) on ArXiv:2106.02693
— R.J. Turner and P.D. Griinwald (2022) on ArXiv:2203.09785
— R software: https://CRAN.R-project.org/package=safestats
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Three major challenges limit optimal use of healthcare data®: . C
1. data is not accessible and remains in silos; e
2. data is not analyzed correctly to yield proper clinical insights; i@i
C

3. insights are not available to clinicians and patients to allow (self-)management of
healthcare



http://www.enablingpersonalizedinterventions.nl/

Implementation in psychiatry research/
recommender systems

“Given the underlying
syndrome, age and gender of a
patient, do we estimate ECT
treatment to be more effective
than pharmaceutical
treatment?”

“Given age, gender, diagnosis
and antidepressant treatment
type of a patient, what will be
the effect of adding sleep
medication to treatment?”




Triggered each time a treatment has been finished

Centrum Wiskunde & Informatica
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Clinical notes processing and data cleaning

’___~

{ Research hub \

Hospital |

patient
characteristics

Recommendation
text




