© Annika Morchner | MHH

Observational vs. randomized analyses
of digoxin-mortality in the DIG trial

Lukas Aguirre Davila

§§.--=.:-"§,-——-='\..—-

= o= | SS=S===
S *g %%—-:--_.‘-

-y < ‘. \\
BASSSS

\ = : \\'\_-..\:

Observational vs. randomized analyses of digoxin-mortality in the DIG trial
Lukas Aguirre Davila
Slide 1




Federal Institute for Vaccines
and Biomedicines

www.pei.de

Lukas Aguirre Davila
Section Biostatistics

Disclaimer:

The following slides represent

my personal views and do not

necessarily reflect the views of
the Paul-Ehrlich-Institut or any
other European agency.

Paul-Ehrlich-Insti ‘e—"
aul- rlc-nstntut,ﬁ\\

Observational vs. randomized
analyses of digoxin-mortality
in the DIG trial

The Paul-Ehrlich-Institut is an Agency of the
> German Federal Ministry of Health.




Digoxin — background

* Long history as treatment for
congestive heart failure and e
) " Tandomized placebo
a rrhyth mia | numbers at the bottom refer to patients at risk

 >330000 patients treated daily
with digoxin or other digitalis

glycosides in Germany
(Schwabe & Paffrath 2014)
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* One large randomized trial of

0.0

3397 3019 2645 1840

digoxin: DIG (1997)

(The Digitalis Investigation Group 1997)

time (years) till last followup or death (any-cause)

The DIG trial Digoxin Placebo
Deaths 1181 /3397 1194 /3403
(any cause) (34.8%) (35.1%)

Hazard Ratio: 0.99, 95%-Cl (0.91 — 1.07), p=0.80
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Digoxin use in Heart Failure: rationale

* DIG suggested beneficial effects

on secondary endpoints
(The Digitalis Investigation Group 1997)

* Post-hoc analyses suggested
association of serum levels with

mortality
(Rathore 2003)
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Concerns in observational data

 E.g.Val-HeFT (2001): Valsartan vs. placebo in heart failure with
reduced ejection fraction

* 67% of patients received digoxin at baseline
(Cohn et al. 2001)

e Post-hoc analysis (2010) compared survival between patients on

digoxin and not on digoxin
(Butler et al. 2010)

Val-HeFT Digoxin  No digoxin
Deaths 733 /3374 246 /1636
(any cause) (21.7%) (15.0%)

« Hazard Ratio: 1.46, 95%-Cl (1.23 — 1.64), p<0.001
Adjusted HR: 1.28, 95%-Cl (1.05 — 1.57), p=0.02
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reference: author (study) year* "best’ estimate
[ ] Banerjee 1888 6.40 (0,00 ; 36.00)
[} Moss 1981° 435 (241, 7.86) —_—
S e rva I O n a a a Al-Zakwani 2015 no HF (Odés Ratio) 4.22(223; 7.99) —_—
L4 Ryan (CASS) 1983* 360322 4.03) P
Oster 2016 350 (1.10; 11.70)
Leor (SPRINT) 1885 260180, 4.20) e ——
[ ] Muller 1988 258(192, 3.46) —_—
Buyington 1885° 249(188 3.33) _
Mass 1987 230 (140, 3.70) - .
Pastori 2015 222(142; 3.48) B —
Madsen 1884* 221(174; 281) —_—
Lindsay 1568 212(121; 3.74)
Kober 1984 1.80(1.20 ; 2.50) e —
Al-khateeb 2018 174(1.20,; 2.38) _
° Results are hetero eneous Freeman 2013 1720125 236) —_—
g Erath 2016 165(1.14; 239) e ———
Freeman (ATRIA-CVRN) 2014 162(143; 184) —
- . - . Bigger 1885 1.58 (0.97 ; 2.60) B —
* Excess mortality with digoxin -
Giesdal (SPORTIF I1,V) 2008 153(122; 192) —_—
. Domanski (SOLVD) 2005: Women 1.48(1.08; 2.00) —_—
eve n a fte r a d u St m e nt Hallberg (RIKS-HIA) 2007: AF 142129, 1.56) ——
J Redriguez-Manera (AFBAR) 2014 142(0.77; 2.60)
Whitbeck (AFFIRM) 2012 141 (118 1.64) —
. . Molstad 1881 141(107; 1.86) B ——
) Underl In assum tlon- Ghali 2004* 157 (1.04; 181) _—
y g p L Al-Zakwani 2015° HF (Odds Ratio) 137 (0.74 ; 2.53)
Domanski (SOLVD) 2008: Men 137 (120, 1.56) —_—
d H I f Reicher-Reiss 1998° 153(0.97; 1.82) 4
adjustment correctly accounts tor Cangi 08 4 s, 310
Butler (Val-HeFT) 2010 128(105; 157) R —
. . Casiglia 1998: no HF no AF* 127 (1.07; 1.48)  —
population differences :
Flahaven 2014 124 (1,07 1.43) —_—
. Eisan (ENGAGE AF-TII 48) 2017 122 (112, 1.34) ——
no unmeasu red Confoundlng Gamst 2014: No AF 121 (115 127) -
Chao 2014 121101 1.44) ——
Patel (AFFIRM) 2016: LVEF>=30% 121(091; 160) .
Madelaire 2016 119115, 1.24) -
Shah 2014: AF 117 (114 1.19) -
Gamst 2014: AF 1.15(1.08; 1.23) —-—
Shah 2014 AF + HF 1.14(110; 1.17) -
Garcia-Rubira (ARIAM) 2014° 1.14(0.76; 1.70) -
Jenkins Vogel (SEER) 2016 1.14(0.75; 1.73) S
Karasnsh 2016 1.13(0.83; 137) ———
Hallberg (RIKS-HIA) 2007: HF 1.41(1.04; 1.19) .
Dhaliwal 2008 1.11(081; 153) e ii”r
Friberg (SCAF) 2009 1.10(0.94; 1.28) ——
Coiro 2017: AF 109 (0.98; 121) -
Gheorgiade (AFFIRM) 2013 104 (0.83; 1.30) —_—
Casiglia 1998 HF* 103(079; 134) B
Hallberg (RIKS-HIA) 2007: HF + AF 100(094; 1.06) -
Flory 2012 1.00 (0,95 ; 1.05) ——
_—
=l DIG randomised (1997) 099 (091 1.07) —a— ||
W, 2017 DOT(0TZ, 152)
Fauchier 2009 0.90(066 1 1.42) —]
Muider (RACE 1l) 2014 041(019; 0.89) -—
Patel (AFFIRM) 2016: LVEF<30% 0.29(010; 0.67) B ——
r T T T T T 1
* where no HR was provided or publication was not 0.50 10 15 20 25 30 3540
accessible, RR was used as provided by Ziff et al. (14) hazard ratio for digoxin vs. no digoxin
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(previous) digoxin use and mortality
in the DIG trial

44% of the patients in the DIG trial received
digoxin before randomisation

Patients Randomized Randomized Total
digoxin placebo

Previous digoxin use 1498 1519 3017

No previous digoxin use 1899 1884 3783

Total 3397 3403 6800
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Pre-treated patients have worse prognosis

characteristic
signs and symptoms of CHF

age at randomization (years) [ o rales ® ]
female gender LN ] elevated jugular venous pressure o u
nonwhite race * m peripheral edema L] u
heart rate (beats/minute) oy dyspnea at rest or orthopnea L4 ]
systolic blood pressure (mm Hg) u® dyspnea at exertion °
diastolic blood pressure (mm Hg) u ® limitation of activity *m
BMI (kg/m”2) ] L4 S3 i ]
serum creatinine (mg/dl) ] pulmonary congestion L ]
potassium (mmol/l) n * number of symptoms L, ]
clinical features of CHF medical history
ischemic primary cause of CHF . P previous myocardial infarction | | l
duration of CHF (months) (Median and IQR) b4 | | diabetes
left ventricular ejection fraction (%) u * hypertension m®
chest X-ray (CT-ratio) >0.55 P m medication
NYHA Il or IV ® m ACE inhibitors LA |
current angina m® nitrates (oral or paste) [}

-o.‘4 -o‘_s -0.‘2 -6_1 0 6.1 6.2 6.3 6.4 hydrazaline onm

standardized difference of digoxin vs comparator diuretics ° -

previous digoxin use

study medication

randomized digoxin |
recommended digoxin dose (mg/day) u
prescribed dose of study medication (mg/day) n

T T T
04 -03 -02 -01 0 0.1 02 03 0.4
standardized difference of digoxin vs comparator

@ randomized digoxin vs placebo

standardized differences W previous digoxin use vs no previous digoxin use
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Bias remains after adjustment

® randomised treatment effect estimate M unadjusted observational association adjusted observational association

previous no previous unadjusted adjusted

. . . . i -value . -value
digoxin use digoxin use hazard ratio (95%-Cl) P hazard ratio (95%-Cl) P
mortality (any-cause)
1207 / 3017 1168/ 3783 -‘—
Il patient 1.36 (1.25; 1.47 <.001 1.22(1.12;1.34 <.001 -
all pafents (40.0%) (30.9%) (1.25; 1.47) (1.12:1.34)
digoxi tient | 596 /1498 585/ 1899 1.34 (1.20; 1.50 <.001 1.20 (1.06; 1.37 0.004 —i—
igoxin patients only (39.8%) (30.8%) .34 (1.20; 1.50) . .20 (1.06; 1.37) .
61171519 583/ 1884
laceb: tient I 1.38 (1.23; 1.54 <.001 1.24 (1.10; 1.40 <.001 —i—
placebo patients only (40.2%) (30.9%) ( ; ) ( : )
[ | | |
0.50 1.0 1.5 20 25

« favours digoxin  favours control —»

The DIG trial was designed to estimate the effect of digoxin:
 Modern trial
* Well characterized patients

- It is not plausible to assume that other observational data allow
better estimation of the effect of digoxin after adjustment
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Digoxin: summary

* Observational data will not clarify the effect of digoxin

* Evenin the DIG trial, a modern trial with high quality data, the assumption
of no unmeasured confounding is not valid in an observational approach

* Digoxin in observational data should be interpreted as indicator for
disease severity

e Another randomized trial is needed
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Circumstances in the example

* (Big) observational data from different sources
* Randomized trial allows validation of mortality hypothesis

Observational “
data @
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Differences in rare diseases

Rare disease trials vs. non-rare disease trials:
- fewer participants (median 29 vs. 62)

- More often open label (78.7% vs. 52.2%)

- More often single arm (63.0% vs. 29.6%)

- More often non-randomised (64.5% vs. 36.1%)
(Bell, Tudur Smith, 2014)

Observational

data
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Final remark

If it wasnt for the DIG trial (RCT) we might have
discarded digoxin already based on
observational findings.

In rare diseases: Are we accepting the risk to be
mislead by observational data?
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Thank you

for your attention!

This work was partly funded by ASTERIX - Advances in Small Trials dEsign for
Regulatory Innovation and eXcellence, Grant Agreement No. 603160.
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