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SClence Big Pharma Reveals a Biomedical

Replication Crisis

The replication crisis extends well beyond the social sciences. Who will save

Home News Journals

Science Science Advances  Science Immunology

biomedical scientists?

SHARE '™

o M UK edition v
- The
ol Guardlan

Attempt to replicate major social

SC1en_t1ﬁc findings of past decade fails wi:.
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The economists took 67 empirical papers from 13 reputable academic journals. Wi

assistance from the original researchers they were only able to get the same result :

of cases.

With the original researchers’ assistance, that percentage increased to about half, s

reporting practices and requirements are seriously deficient.



Statistical community response
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The ASA's Statement on p-Values: Context, Process,
and Purpose

Ronald L. Wasserstein & Nicole A. Lazar

“The ASA statement is intended to steer research

into a ‘post p < 0.05 era’”
- Ron

Wasserstein, ASA Exec Director
March 2016
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The scale of the “epidemic’

* Prevalence of NHST (Hubbard, 2016 Ch 2)

Discipline 1960s 2000s A A /10y
Psychology 87% 5% +8% 2.0
Management 70% 86% +16% 4.0
Economics 52% 89% +37% 9.3
Finance 55% 95%  +40% 10.0
Sociology 51% 90%  +41%. 10.3
Marketing 43% 91% +48% 12.0
Accounting 43% 99%  +56% 14.0
Political Science  30% 94% +64% 16.0

Mean 54% 92% +38% 9.5



The scale of the “epidemic”

* Prevalence in medicine
Top 4 clinical journals (Stang et al 2017)*:
1975 2014 A A /10y
Mean 2600 73% 47% 11.8

*Abstracts; p-value/Cl based inference



Drivers of the “epidemic”

 Research community (“addicts”)
— Need for publishable (“p < 0.05”) results
— Insistence on NHST from journals/referees
— Training in statistics
— Misconceptions about what NHST does
— Incredulity that NHST can be misleading

— Inertia



Drivers of the “epidemic”

* Journals (“Cartels”)
— Need for high-impact results (= low bar)
— Apathy about replications ( =2 hides NHST issues)
— Training in statistics (“Blind reviewing the blind”)
— Same misconceptions about what NHST does
— Same incredulity that NHST can be so bad
— Complacency (p < 0.05 works for them...)



Drivers of the “epidemic”

Lack of pragmatic alternatives



Moving beyond p-values

Need to accept:

 “Addiction” to NHST is understandable

— Researchers need publishable results, journals
still demand them, and they’re familiar.




Moving beyond p-values

Need to accept:
e “Cold turkey” has not and will not work

— Training and motivation are not there (yet...)

Now what‘.i




Moving beyond p-values

A pragmatic approach to reducing harm
from NHST “addiction”

1. Allow use of p-values — but stop thinking
of non-significance as “failure”.



Non-significance: a non-trivial problem

Example: A classic series of “failed replications” (1972-81)

Ss treated to reduce risk, so testing H,: OR=1.0v. H; : OR< 1.0

Date Ntot R(Treat) R(Contr) Diff(T-C) OR Support?
1972 77 7.9% 7.7% 0.2% 1.03

i

Most probable value



Example: A classic series of “failed replications” (1972-81)

Ss treated to reduce risk, so testing H,: OR=1.0v. H; : OR< 1.0

Date Ntot R(Treat) R(Contr) Diff(T-C) OR Support?| p-value Support?

1972 77 7.9% 7.7% 0.2% 1.03 0.97

“Nothing to see here”



...If at first you don’t succeed...

First “replication” (1974)

Date Ntot R(Treat) R(Contr) Diff(T-C) OR Support?

1972 77 7.9% 7.7%  02%  1.03

1974 230 6.1% 12.1% -5.9% 0.48 Yes




Something ? Nothing ?

First replication (1974)

Date Ntot R(Treat) R(Contr) Diff(T-C) OR Support?| p-value Support?
1972 77 7.9% 7.7% 0.2% 1.03 '
1974 230 6.1% 12.1% -5.9% 0.48 Yes 0.12

Successful replication of Study #1 (“Success” = N.S.)
Failure to replicate Study #1 (“Success” = N.S. and OR > 1)
But has found support for an effect...

Worth continuing ??7?



Let’s settle this...

Replication of replication (1974)

Date Ntot R(Treat) R(Contr) Diff(T-C) OR Support?

1972 77 7.9% 7.7% 0.2% 1.03

1974 230 6.1% 12.1% -5.9% 0.48 Yes

1974 162 7.2% 11.8% -4.6% 0.58 Yes




Let’s settle this...

Replication of replication (1974)

Date Ntot R(Treat) R(Contr) Diff(T-C) OR Support?| p-value Support?
1972 77 7.9% 7.7% 0.2% 1.03 | |
1974 230 6.1% 12.1% -5.9% 0.48
1974 162 7.2% 11.8% -4.6% 0.58

Successful replication of Study #2 (“Success” = N.S. and sign)
Failure to replicate Study #1 (“Success” = N.S. and sign)
Worth continuing ??? Yes ! 2 studies, ORs < 1

No ! inconsistent, all studies still N.S. ...



...0k, now let’s REALLY settle this

First mega-study (1977)

Date Ntot R(Treat) R(Contr) Diff(T-C) OR Support?
1972 77 7.9% 7.7% 0.2% 1.03

1974 230 6.1% 12.1% -5.9% 0.48 Yes
1974 162 7.2% 11.8% -4.6% 0.58 Yes

1977 3053 6.7% 8.4% -1.7% 0.78 Yes



...0k, now let’s REALLY settle this

First mega-study (1977)

Date Ntot R(Treat) R(Contr) Diff(T-C) OR Support?| p-value Support?
1972 77 7.9% 7.7% 0.2% 1.03 |
1974 230 6.1% 12.1% -5.9% 0.48
1974 162 7.2% 11.8% -4.6% 0.58

1977 3053 6.7% 8.4% -1.7% 0.78

Now 3 of 4 studies covering 3,500+ Ss with ORs < 1.0
But all N.S.



It gets no better

Status after 9 years, 4,353 Ss

Date Ntot R(Treat) R(Contr) Diff(T-C) OR

1972 77 7.9% 77% _ 02% 1.3

1974 | 230 6.1% 121%  -5.9% 048 | VYes
1974 | 162 7.2% 11.8%  -4.6% 058 | Yes
1977 | 3053 6.7% 84%  -1.7% 078 | Yes
1980 | 720 7.9% 74%  05%  1.07 |NONN
1980 | 111 6.8% 11.5%  -48% 056 | Yes




6 studies, 5 follow-ups

Status after 9 years, 4,353 Ss and six studies

Date Ntot R(Treat) R(Contr) Diff(T-C) OR Support?| p-value Support?
1972 77 7.9% 7.7% 0.2% 1.03
1974 230 6.1% 12.1% -5.9% 0.48
1974 162 7.2% 11.8% -4.6% 0.58
1977 3053 6.7% 8.4% -1.7% 0.78
1980 720 7.9% 7.4% 0.5% 1.07

1980 111 6.8% 11.5% -4.8% 0.56




6 studies, 5 follow-ups

Status after 9 years, 4,353 Ss and six studies

Studies with <OR> supporting H, : 4 out of 6
But studies rejecting H, : 0 out of 6

Successful replications of Study #1 (“Success” = N.S. +
sign): 0 out of 5

No. of these studies published (“Publishable” = p <
0.05): 1 out 6



“Non-significance” masks the obvious
/\

Date | /Ntot \  R(Treat)  R(Contr) Diff(T-C) / OR \ /Support?| p-value Support?

1972 77 7.9% 7.7% 0.2% 1.03

1974 230 6.1% 12.1% -5.9% 0.48

1974 162 7.2% 11.8% -4.6% 0.58

1977 3053 6.7% 8.4% -1.7% 0.78

1980 720 7.9% 7.4% 0.5% 1.07

1980 | \111 / 6.8% 11.5%  -4.8% \ 0.56 / |
N _/




Moving beyond p-values

A pragmatic approach to reducing harm due
to NHST “addiction”

* Allow p-values to stay — but stop thinking
of non-significance as failure

* Encourage the use of Cumulative Meta-
analysis (CMA)



“Ilumination via accumulation”

Cumulative meta-analysis

Date Ntot OR  Support? p-value Support? | Central Lower Upper p-value | Support
1972 77 1.03 n/a n/a n/a n/a n/a
1974 230 0.48 Yes 0.12 0.57 0.26 1.26 0.166

1974 162 0.58 Yes 0.324 0.57 0.3 1.09 0.089

1977 3053 0.78 Yes 0.08 0.74 0.58 0.94 0.014 Yes
1980 720 1.07 0.79 0.63 0.99 0.041 Yes
1980 111 0.56 0.78 0.63 0.97 0.025 Yes

| 08 |
Yes 0.39

Cumulative meta-analysis confirms intuition

via accumulating evidence
(Braver et al 2014)

1




Forest plot for 1972 — 1980

Individual studies

m'd01 02 A ‘05 AA‘ g A l?lll’o
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1972 77 +

1974 230 >

1974 162 *

1977 3053 -

1980 720 ——L—
1980 111 -

Favours treatment Favours control

* Individual studies: noisy
and unconvincing (n.s.)



Forest plot for 1972 — 1980

Individual studies
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Cumulative meta-analysis
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Individual studies: noisy
and unconvincing (n.s.)

CMA: Signal soon
emerges from noise




Forest plot 1972 — 1988 (Antman et al)
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17 trials: final OR : 0.80 (0.73, 0.87) p < 10 (1988)
CMA : p <0.05 from 1977 onwards — 11 years earlier



Why those 11 years matter

Beta blockers for post-Ml
patients

“Thousands of lives saved
per year” =» 11-year delay:
tens of thousands affected




Learning points

. Single studies or replications misleading

2. “Non-significance” =/= No effect

Small, non-significant trials still contain
evidence

Need to encourage accumulation as well as
replication



Moving beyond p-values

A pragmatic approach to NHST “addiction”

e Allow p-values to stay — but stop seeing
non-significance as “failure”.

* Encourage the use of Cumulative Meta-
analysis (CMA)

* Supplement p-values with Cls

* Replace “significance/non-significance”
with Analysis of Credibility (AnCred)



Analysis of Credibility (AnCred)
(Matthews Roy Soc Open Sci 2018)

Standard Bayesian approach
Prior & f(Evidence) =» Posterior

Good 1950
“What prior needed to give a credible posterior ?”

Posterior ® f-1(Evidence) = Prior

Assessment: Put new findings in context of prior
knowledge



“Fair-minded challenge” of claims

* Input: 95% Cl summary statistic of finding

* Analysis: subject evidence to fair-minded
challenge:

Significant result: challenge by fair-minded
sceptic

Non-significant result: challenge by fair-
minded advocate



Statistically significant results

The Fair-minded Sceptic

Scepticism Limit:
prior evidence

must lie beyond this
for credibility

No effect SL

« Centred on no effect (“Sceptic”)
 Tails set by strength of evidence (“Fair-minded”)



Statistically significant results

Sceptic’s response to evidence

Weak evidence

A | -
No effect SL

Weak evidence =» Large SL =» sceptic can demand
large effects must be already be plausible



Statistically significant results

Sceptic’s response to strong evidence

Impressive
evidence

No Effect SL

Strong evidence =» tight SL =» sceptic can only
reject if prior evidence only for small effects



Statistically non-significant results

The Fair-minded Advocate

Advocacy Limit:
Maximum effect
size still justifiable
by advocates

No effect AL

- Tails exclude no effect ("Advocate of an effect”)
« Tails aren’t limitless (“Fair-minded”)



Statistically non-significant results
Advocate’s response to weakly N.S. evidence

Weak evidence

/ .

No effect AL

Weak evidence =» Large AL =» N.S. evidence
puts very little constraint on advocates of effect



Statistically non-significant results
Advocate’s response to strongly N.S. evidence

Impressive evidence

No Effect AL

* AL shows even “non-significant” findings still contain evidential weight
* No support for H; only if N.S. and central estimate contradicts H,



Outcome of “Fair-minded challenge”

Significant results: prior evidence for effects outside
(-SL, +SL)? Finding is credible.

Non-significant results: advocates can claim effects
inside (1, AL) are credible.

AnCred extracts more from Cls than
“significance/non-significance”



Applying AnCred to beta blockers

Norwegian Multi-centre Study Group (1981): N = 1,884
95% Cl 0.60 (0.46, 0.79): significant (first !)

Sceptical interval for ratios: (1/SL, SL)

/’/ \\ where 1n2 (U /L)
/ \“\_ Scepticism Limit (SL) SL = €exXp "{l 1
/ \ 4,/In (U)In (L)
g Pl -
t U=0.79,L=0.46 = SL=0.84

"No effect"

Prior evidence for ORs < 0.84 ? YES. Verdict: CREDIBLE



Applying AnCred to beta blockers

First study (1972): N =77

95% C1 1.03 (0.19. 5.45): weak evidence, OR > 1 and non-significant.
In (UL)In? (U/L)

2 In(U)In(L)

AL = exp [

AnCred verdict for this study: No support for ORs < 1 (both n.s. and OR > 1)

Second study (1974): N = 230
95% Cl 0.48 (0.19, 1.76): weak evidence, OR < 1 and non-significant.

AnCred verdict for this study: support for benefit: AL=0.001 <ORs< 1

Cumulative Meta-analysis from 2 studies: support for 0.01 < ORs < 1



Applying AnCred to beta blockers

Study #6 (1980): N = 111

95% Cl 0.56 (0.15, 2.1): weak evidence, OR < 1 and (STILL !) non
significant.

AnCred verdict for this study: support for benefit: AL=0.1 <ORs< 1

Cumulative Meta-analysis — 6 studies: OR =0.78 (0.63,0.97) p =
0.025

UPSHOT:
* AnCred extracts insight even from small, N.S. studies
* AnCred + CMA quickly lead to coherent picture
* All studies have something to add



Where does all this leave “p = 0.005?”

e Gives “novelty seekers” a tougher time
N=>1.7xN(=2.1xN for 90% power)

Benefits

* |Increases Pr(replication)

e Equivalent to intrinsic credibility (Held 2018)

* Equivalent to “Double-the-variance” rule
— Helps with bias issues (Bias-Variance Theorem)

— Helps with model mis-specification (Chebyshev,
Copas & Eguchi 2005)
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Doug Altman (1948 — 2018)

“We need less research, better research, and
research done for the right reasons”. (1994)

P =0.005 in line with this
(Clinical trials should be exempt)



Suggested prescription for treating
NHST addiction

For general cases

1. Supplement p-values with Cls

More informative, less prone to misinterpretation, allows further
analysis.

2.  Stop viewing non-significance as “failure”

Every study contains some insight. AnCred will extract it.
3.  Encourage accumulation and replication

Cumulative meta-analysis =2 insights emerge faster

For novel findings
As above, but more rigorous regime
(Low/unknown prior, non-replication risk, bias, model probs)
Suggested “dosage” for novel effects
a.=0.005,1-8=90%
Want headlines? Double your sample size, double your variance.
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