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Determining Cause

1. Principles of causation in clinical research

2. Improving causal inference
a. Study designs
b. Limiting bias



https://www.google.com/url?q=http://mindblowingfacts.org/2013/05/which-came-first-the-chicken-or-the-egg/&sa=U&ei=2k1eU8W-BqOOyAGVp4DABA&ved=0CDQQ9QEwAw&usg=AFQjCNG7FjktepEL4WW6i9IgiERfp4rL2Q




John Snow

1854 Broad Street
cholera outbreak
Not miasma, but cholera

likely a water-borne
illness

5\ &\ Exceptions to the Rule!
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Mixing of infected fecal
matter with drinking
water




Hill’s Criteria of Causation

1. Temporal relationship
2. Strength of effect size
. Dose-response relationship

w

Consistency of effect across studies
Plausibility

Alternative explanations
Experimental proof

Specificity

Coherence REF: AB Hill, 1965

O CORINCNCINES



Because decisions must be made NOW

 For clinical practice * For public health
— Treat with A or with B? — Implement a screening
— Treat now or later? program?

— Treat all individuals? — Atwhat age?
— Stop all treatment? — With what frequency?

— Until what age?

« Decision making needs to be informed by causal
knowledge about comparative effectiveness

— and safety

Slide borrowed from M. Hernan



How do we learn what works and what harms?
(How do we estimate causal effects?)

 The standard scientific answer:
— Conduct a randomized experiment

A relevant randomized trial would, In
principle, answer each causal question
about comparative effectiveness and
safety



But we rarely have
randomized trials

expensive unethical impractical untimely
= & 4 ¥

» And deferring decisions Is not an option
— no decision is a decision: “maintain status quo”

* What do we do?
— We analyze observational data

Slide borrowed from M. Hernan



Types of observational data

Observational analyses are not preferred. For each observational
analysis for causal inference, we can imagine a hypothetical
randomized trial that we would prefer to conduct. If only it were
possible.




“Target” trial —__

* The (hypothetical) randomized trial that we
would like to conduct to answer a causal
guestion

» A causal analysis of observational data can
be viewed as an attempt to emulate some
target trial

— |If we cannot translate our causal question into a
target trial, then the question is not well-defined



Practice of Epidemiology

Using Big Data to Emulate a Target Trial When a Randomized Trial Is Not Available

Miguel A. Hernan* and James M. Robins

* Correspondence to Dr. Miguel A. Hernan, Department of Epidemiology, 677 Huntington Avenue, Boston, MA 02115
(e-mail: miguel_hernan@ post.harvard.edu).

1. Ask a causal guestion
— Specify the protocol of the target trial

2. Answer the causal question

Option A: Option B:

Conduct the target trial Emulate the target trial
- Draft study protocol

- Construct a causal
framework

- Find the data



A. What is the clinical question?
B. What Is the target trial protocol?
C. How can we emulate It in observational data?

Eligibility criteria
Treatment strategies
Randomized assignment
Start and end follow-up

. Outcomes

. Causal contrast
—__

Analysis plan
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ORIGINAL RESEARCH Annals of Internal Medicine

Delayed Denosumab Injections and Fracture Risk Among Patients

With Osteoporosis

A Population-Based Cohort Study

Houchen Lyu, MD, PhD; Kazuki Yoshida, MD, ScD; Sizheng S. Zhao, MD; Jie Wei, MD, PhD; Chao Zeng, MD, PhD;
Sara K. Tedeschi, MD, MPH; Benjamin Z. Leder, MD; Guanghua Lei, MD, PhD; Peifu Tang, MD, PhD; and Daniel H. Solomon, MD, MPH

QUESTION

» Is there increased fracture risk among patients who delay their denosumab?
METHODS

UK primary care database (THIN), 2010 to 2019

Persons aged 45 years or older who initiated denosumab therapy for osteoporosis.

» Observational data were used to emulate a hypothetical trial with 3 dosing intervals:
— next dmab injection within 4 weeks after recommended date (“on time”),
— delay by 4 to 16 weeks (“short delay”), and
— delay by more than 16 weeks (“long delay”)
* Primary outcome was a composite of all fracture types at 6 months after the
recommended date

« Secondary outcomes were major osteoporotic fracture, vertebral fracture, hip
fracture, and nonvertebral fracture



ldealized Trial Design

Dmab without delay

osteoporosis Dmab short delay

Dmab long delay




Eligibility Criteria: Data source and
study population

Inclusion criteria:

1.

£

Found in THIN database which
contains health information on
approximately 17 million
patients from 790 general
practices in the UK;

Over 45 years of age;

Dmab between 2010-2019; and
Received at least 2 Dmab
injections.

Exclusion criteria:

1.

2.

A history of Paget’s disease or
cancer;

Simultaneous use of
teriparatide and/or
bisphosphonates.



Major Design Challenges

* Three treatment assignments that are
Impossible to determine at baseline

— Correct assignment is only apparent over time

* Repeated cycles of treatment with
changing assignments

— Same patient can be in multiple treatment
(delay) groups



Treatment Strategies

« On time injection: within 7 months of prior injection
« Short delay: 7 — 10 months after prior injection
« Long delay: > 10 months after prior injection

Baseline Covariates Assessment Window
Days [-730, 0]

Eligibility Assessment Window
- Age 245y and others

Exclusion Assessment Windows On time: delay less than 4 weeks

Run-in period

- Patients received a prior denosumab :

Qualified patients

randomized into |4
one of 3 strategies Long delay: delay over 16 weeks
——

180 Time

|

Before baseline

Injection delay On denosumab




Step 3 weighting
IPW can be used to create a
pseudo-population which has

same baseline distribution
with the original population.

Step 2 censoring
their assigned treatment

Censor the subjects
when they deviate from
during the follow-up.
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Step 1 copying
Original population
Create 3 exact copy
and assign each to

one of the three
treatment arms




Outcomes

Primary. composite of any fracture

Major osteoporotic fracture (hip, vert, wrist,
humerus, pelvis and rib)

Vertebral fracture
Hip fracture
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3964 Patients who had prescription(/s) of denosumab (60 mg/ 6months) from 2010-2019

Exclusions:

47 Patients with less than 1 year continuous enrollment

1075 Patients only had 1 dose denosumab records

Patients with age < 45 at the start of run-in period
Patients died during “run-in” period

14
2
14

in the general practice

Patients transferred out of general practice during ’run-in”

period

Switched to other anti-osteoporosis agents during “run-in”

period

2594 eligible patients

Y

6144 eligible subsequent injections

}

}

}

6144 subsequent injections
On time regimen

4288 subsequent injections
Short delay regimen

4288 subsequent injections
Long delay regimen

l

l

1

5428 Consistent with treatment
716 Artificially censored
4130 Weighted person years

2059 Consistent with treatment
2229 Artificially censored
3377 Weighted person years

1861 Consistent with treatment
2427 Artificially censored
3151 Weighted person years




Characteristic

Mean age (SD), y
Women
Mean BMI (SD), kg/m2
Smoking status
Current
None
Past
Chronic pulmonary disease
Dementia
Diabetes
Renal disease
Any cancer

Rheumatoid arthritis
Charlson Comorbidity Index (SD)
History of major osteoporotic fracture

10-year risk of major OP fracture (SD), %
10-year risk of hip fracture (SD), %

Mean duration of bisphosphonates (SD), y

Intravenous bisphosphonates
Teriparatide

Systemic corticosteroids
Benzodiazepine

Opioids

PPI

SSRI

Hospitalization (SD)

Mean number of primary care visits (SD)
Mean number of refer to hospitals (SD)

On-Time*
(n =6144)
75.96 (9.42)
5833 (194.9)
24.45 (5.27)

577 ( 9.4)
3874 (63.2)
1677 ( 27.4)
350 ( 5.7)
164 ( 2.7)
187 ( 3.0)
264 ( 4.3)
131 ( 2.1)
79 ( 1.3)
0.36 (0.76)
3233 (52.6)

21.99 (15.27)

18.66 (19.39)

3.11 (3.61)
12 ( 0.2)
6( 0.1)

1231 ( 20.0)

968 ( 15.8)

1874 ( 30.5)

3414 ( 55.6)

868 ( 14.1)

1.66 (2.56)

18.29 (15.28)

2.06 (2.34)

Short Delay*
(n = 4288)
75.81 (9.52)
4071 (94.9)
24.55 (5.35)

424 ( 9.9)
2702 (63.1)
1153 ( 26.9)
233 ( 5.4)
115 ( 2.7)
127 ( 3.0)
181 ( 4.2)
90 ( 2.1)
57 ( 1.3)
0.35 (0.77)
2250 ( 52.5)

21.79 (15.32)

18.49 (19.51)

3.06 (3.56)
9( 0.2)
3(0.1)

852 (19.9)

655 ( 15.3)

1317 (30.7)

2400 ( 56.0)

627 ( 14.6)

1.69 (2.65)

18.02 (15.29)

2.02 (2.32)

Long Delay*
(n = 4288)
75.81 (9.52)
4071 (94.9)
24.55 (5.35)

424 ( 9.9)
2702 (63.1)
1153 ( 26.9)
233 ( 5.4)
115 ( 2.7)
127 ( 3.0)
181 ( 4.2)
90 ( 2.1)
57 ( 1.3)
0.35 (0.77)
2250 ( 52.5)

21.79 (15.32)

18.49 (19.51)

3.06 (3.56)
9( 0.2)
3(0.1)

852 (19.9)

655 ( 15.3)

1317 (30.7)

2400 ( 56.0)

627 ( 14.6)

1.69 (2.65)

18.02 (15.29)

2.02 (2.32)




Composite Fractures”
Weighted persons years, nt
Events, 1

Rate (95% CI), Per 1000 person-years

Unadjusted HR (95 %)

Full adjusted model HR (95% CI)*
Weighted model HR (95% CI)Il
Sensitivity analysis HR (95% CI)8

On time

4130
243

58.9 (44.9, 76.4)

Reference
Reference
Reference
Reference

Short delay

3377
208

61.7 (41.9, 90.0)

1.05 (0.62, 1.76)
1.03 (0.63, 1.69)
1.04 (0.64, 1.71)
1.07 (0.63, 1.82)

Long delay P for trend

3151
269

85.4 (60.8, 117.3)

1.45 (0.95, 2.21)
1.44 (0.96, 2.17)
1.46 (0.96, 2.20)
1.58 (1.04, 2.41)




A. Time to First Composite Fracture B. Time to First Vertebral Fracture

10.0% 9 ===-Ontime
~~~-Short delay
Long delay

Cumulative incidence (%)
Cumulative incidence (%)

0.0% 0.0%
0 12 16 20 24 0 12 16 20

Time, week Time, week
Atrisk, n Atrisk, n

On time 6144 4397 4262 4100 3962 3824 3680 On time 6144 4403 4279 4135 4020 3895 3756
Shortdelay 4288 1634 1606 1571 947 917 882 Shortdelay 4288 1643 1626 1596 967 940 907
Long delay 4288 1631 993 740 573 565 556 Longdelay 4288 1643 1005 755 586 583 577

C. Time to First Major Osteoporotic Fracture D. Time to First Hip Fracture

2.0% -

Cumulative incidence (%)
Cumulative incidence (%)

12 16 0 12 16

. Time, week . Time, week
Atrisk, n Atrisk, n

On time 6144 4400 4271 4120 3995 On time 6144 4405 4281 4137 4019
Shortdelay 4288 1636 1613 1579 952 Shortdelay 4288 1639 1620 1590 960
Longdelay 4288 1634 998 744 579 Longdelay 4288 1639 1002 751 585




Composite fractures
Stratified by age
Age>75y
Age <75y

Stratified by prior oral BP duration
prior oral BP duration<3y
prior oral BP duration >3y

Stratified by Q-fracture score”

Fracture risk > 20 %
A ri k < 0 |

Reference
Reference

Reference
Reference

Reference

Short delay

1.14 (0.58, 2.25)
0.96 (0.52, 1.80)

1.18 (0.58, 2.38)
0.96 (0.54, 1.70)

1.29 (0.66, 2.52)

Long delay

1.58 (0.94, 2.64)
1.20 (0.59, 2.43)

1.75 (1.01, 3.03)
1.16 (0.61, 2.21)

1.64 (0.92, 2.90

VA

p for trend




Limitations

1. Delays are not randomized

2. Complicated methods

3. Relatively few patients followed for very long
4. UK primary care dataset
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Objectives

Design
Setting

Participants

Main outcomes

Denosumab and incidence of type 2 diabetes among adults with
osteoporosis: population based cohort study
Houchen Lyu, "2+~ Sizheng Steven Zhao, * Licheng Zhang, '+ Jie Wei, >+ ¢ Xiaoxiao Li, * Hui Li, * Yi Liu, ”

Pengbin Yin, - Vibeke Norvang, © Kazuki Yoshida, © Sara K. Tedeschi, ” Chao Zeng, *-"°-"' Guanghua Lei, *
107 Peify Tang, - * Daniel H Solomon®- ™2

To assess whether the use of denosumab is
associated with a reduced risk of type 2 diabetes,
compared to oral bisphosphonates, in individuals with
osteoporosis.

Population-based cohort study.

The IQVIA Medical Research Data United Kingdom
primary care database (1995-2021).

Individuals aged 45 years or older who use
denosumab or oral bisphosphonates therapy for
osteoporosis.

The primary outcome was incident type 2 diabetes,
defined by diagnostic codes. Cox proportional
hazards models were used to estimate the adjusted
hazard ratio and 95% confidence intervals, comparing
denosumab with oral bisphosphonates in an as-
treated approach.




Effects of antiresorptive therapies on risk of diabetes: results from the
FIT, HORIZON-PFT, and FREEDOM trials

Treatment

FIT ALN

PLB

HORIZON-  ZOL

PFT PLB
FREEDOM  DMAB

PLB

Pooled T™T

PLB

No. of
cases

68
70
68
75
66
78

RR (95% CI)

0.96 (0.69, 1.34)

0.91 (0.65, 1.27)

0.85(0.61, 1.17)

0.90 (0.74, 1.10)

& -

Favors TRT Favors PLB

J of Bone & Mineral Res, Volume: 28, Issue: 6, Pages: 1348-1354, First published: 15 January 2013, DOI: (10.1002/jbmr.1865)




Meta-analysis of RCTs

A. All osteoporosis RCTs

Denosumab Controls
Study Events Total Events Total Risk Ratio 95%-Cl Weight

Anastasilakis 2015 0 32 0 26 0.0%
Bone 2008 0 166 0 166 0.0%
Brown 2009 0 594 0 595 0.0%
Cummings 2009 66 3447 78 34686 . [0.62; 1.18] 97.0%
Kendler 2010 253 0 251 0.0%
Kendler 2011 125 0 117 3 0.0%
Koh 2016 64 0 64 j 0.0%
McClung 2006 314 1 92 : . [0.00; 2.39] 1.0%
Miller 2008 231 0 46 0.0%
Miller 2016 321 0 322 0.0%
MNakamura 2012 157 0 55 0.0%
MNakamura 2014 472 0 480 0.0%
Niimi 2018 100 0 100 0.0%
Recknor 2013 411 0 410 g — . [0.12; 73.25] 1.0%
Roux 2014 429 0 429 0.0%
Saag 2019 394 1 385 — . [0.01; 7.97] 1.0%
Takeuchi 2019 221 0 224 0.0%

0
0
0
0
0
0
0
0
0
1
0
0
0

Random effects model 7731 7228 .84 [0.61; 1.15] 100.0%
Heterogeneity: I° = 0%, * < 0.0001, p = 0.44 '

B. FREEDOM Study

Denosumab Controls
Study Events Total Events Total Risk Ratio 95%-Cl Weight

Cummings 2009 66 3447 78 3466 85 [0.62: 1.18] 97.0%




Protocol
component

Eligibility
criteria

Treatment
strategies

Treatment
assignment

Outcomes

Follow-up

Target pragmatic trial specification
(a hypothetical RCT that is ideal for answering
this question)

Age>45, between 2011 and 2021,

Patients using oral bisphosphonates or not yet receiving any
anti-osteoporosis treatment;

At least 1 year of up-to-standard data in a THIN primary care
practice;

(1) Denosumab treatment: initiating or switching to
denosumab;

(2) Oral bisphosphonate treatment: initiating or continuing
with an oral bisphosphonate;

Patients are not allowed to switch to any other anti-
osteoporosis drug; patients are also not allowed to
discontinue the initially assigned medication;

Eligible individuals are randomly assigned to one of the two
“treatment strategies” stratified by duration of oral
bisphosphonate (months) and are aware of the strategy to
which they have been assigned,;

Incident type 2 diabetes;

Starts at the time of assignment to a strategy and ends at
the earliest of diagnosis of type 2 diabetes, death, 5 years
after time zero or administrative end of follow-up;

Casual Per-protocol effect;
contrasts

Statistical
analysis

Intention-to-treat analysis;
Per-protocol analysis;

Target trial emulation
(using observational data to
best approximate the RCT

comparison
Same as the target trial;

Same as for the target trial;

We classify patients according to the
strategy received at time zero and
emulate randomization by propensity
score matching; time zero is defined as
the switch date or date of incident use
for denosumab users and their matched
oral bisphosphonate controls.

Same as for the target trial but several
different ways of defining

Starts at the switch date or date of
incident use for denosumab users and
their matched oral bisphosphonate;

Observational analog of the per-
protocol effect;

Observational analog of the per-
protocol analysis;




Study design

Cohort Entry Date
(Initiation of denosumab or prescription of oral bisphosphonate)
Day 0 (index date)

Covariate Assessment Window
(Comorbidities)

Days [-o0, -1]

Covariate Assessment Window
(comedications, proxies of overall health®)
Days [-730, -1]

Covariate Assessment Window
(Age, sex, socioeconomic status,
duration of oral bisphosphonates)

Days [0, 0]

D\ A

>
Time

Patients were required to have at least 365 days enrollment.

Prior use of any other anti-osteoporosis medications included zoledronate, teriparatide, and raloxifene.

Proxies of overall health included number of hospitalization and physician visits.

Earliest of: outcome of interest (type 2 diabetes), discontinuation of drug of interests, death, transfer out of

primary care clinic, 5-years follow-up, end of the study period




Individuals included in the source population, IMRD 1995-2021 (N= 265771)

I
J \

Users of oral bisphosphonates New users of denosumab
(N=264623)* (N=4892)*

Excluded (N=57142) Excluded (N=542)
Incomplete demographic data (N=9397) Incomplete demographic data (N=72)
Aged less than 45 years (N=2935) Aged less than 45 years (N=5)
Paget disease of bone (N= 995) Paget disease of bone (N= 8)
Type 1 or type 2 diabetes (N=27258) Type 1 or type 2 diabetes (N=450)
Not included in exposure sets (N=16557) Received treatment before 2011 (N=7)

Y

Eligible users of oral bisphosphonates (N= 207481) Eligible new users of denosumab (N= 4350)

Excluded (N=189537) Excluded (N=49)
Not selected (N=189537) Not matched by propensity score (N=49)

Matched users of oral bisphosphonates Matched new users of denosumab
(N=21038) [17944 unique patients] T (N=4301)

l |

Patients included in the matched cohorts
Denosumab users (N= 4301, 98.9% of the eligible cohort)
Oral bisphosphonates users (N= 21038, 8.6% of eligible cohort)




Characteristics

New user status, N (%)
Incident new users
Oral bisphosphonate switched to denosumab
Year of cohort entry, N (%)
2011-2013
2014-2016
2017-2019
2020-2021
Age at cohort entry, mean (SD)
Female sex, N (%)
Socioeconomic deprivation index, mean (SD)
BMI category, N (%)
Normal
Obese
Overweight
Underweight
Unknown
Major osteoporaotic fracture history, N (%)
Comorbidity prior to cohort entry, N (%)
Hypertension
Hypercholesterolemia
Cerebrovascular disease
Congestive heart disease
Myocardial infarction
Venous thromboembolism
Renal disease
Cancer

Nonsteroidal anti-inflammatory drugs

Antihypertensive

Statin

Glucocorticoids

Benzodiazepines

Proton pump inhibitors

SSRI
Healthcare utilization in 2 years priors to entry
Hospitalizations, mean (SD)

Medications in 2 years priors to cohort entry, N (%)

Oral

bisphosphonate

(n=21038)

4802 (22.8)
16236 (77.2)

3976 (18.9)
8962 (42.6)
6101 (29.0)
1999 (9.5)
75.7 (11.0)
19766 (94.0)
2.19 (1.47)

8612 (40.9)
2224 (10.6)
5466 (26.0)
3470 (16.5)
1266 (6.0)
10457 (49.7)

10532 (50.1)
3346 (15.9)
1831 (8.7)
1007 (4.8)
863 (4.1)
1494 (7.1)
4494 (21.4)
3388 (16.1)

11460 (54.5)
12159 (57.8)
6958 (33.1)
5700 (27.1)
3416 (16.2)
11451 (54.4)
440 (2.1)

2.1(3.9)

Denosumab
(n=4301)

961 (22.3)
3340 (77.7)

804 (18.7)
1819 (42.3)
1256 (29.2)
422 (9.8)
75.7 (9.9)
4055 (94.3)
2.19 (1.47)

1766 (41.1)
450 (10.5)
1109 (25.8)
729 (16.9)
247 (5.7)
2169 (50.4)

2147 (49.9)
670 (15.6)
369 (8.6)
217 (5.0)
182 (4.2)
297 (6.9)
936 (21.8)
694 (16.1)

2361 (54.9)
2497 (58.1)
1417 (32.9)
1188 (27.6)
704 (16.4)
2322 (54.0)
100 (2.3)

2.1(3.5)

Standardized

difference

0.01

0.007
0.01
0.001
0.02

0.01

0.003
0.009
0.004
0.01

0.006
0.008
0.01

0.001

0.008
0.005
0.003
0.01

0.004
0.009
0.02



Main Results

Table: Risk of incident type 2 diabetes among
patients initiating denosumab compared with
propensity score-matched controls

Number of Number of Incident ratet HR

SAEe patients, n* events, n PEISOn-years | (oo, Cl (95% CI)

Primary outcome: defined by the type 2 diabetes diagnostic codes

Oral bisphosphonate 8.3(7.4t09.2) Reference

Denosumab 4301 60 10617 5.7 (4.3to 7.3) 0.68 (0.52 to 0.89)

Secondary outcome: defined by diagnostic codes, antidiabetic medication, and lab results

41827 Reference

Oral bisphosphonate 11.6 (10.6to 12.7)

10598 8.5 (6.8t0 10.4) 0.73 (0.58 to 0.91)

Denosumab




Cumulative Incidence

Type 2 diabetes defined by diagnostic codes Type 2 diabetes defined by an alternative definition

(vy)

0.08
== Bisphosphonates

== Denosumab

Cumulative Incidence of Type 2 Diabetes
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Time, years Time, years
Number at risk Number at risk
Bisphosphonates 21038 13799 8586 5258 3076 1767 Bisphosphonates 21038 13782 8569 5243 3066 1755

Denosumab 4301 3061 2221 1425 896 508 Denosumab 4301 3058 2216 1421 894 507




Table: Subgroup analysis stratified by risk factors for
type 2 diabetes

Exposure

Number of
patients, n

Number of
events, n

Person-
years

Incident rate*
(95% CI)

HR
(95% Cl)

Subgroup analysis 1: stratified by prediabetes

Prediabetes

Oral bisphosphonate

Denosumab

No prediabetes

Oral bisphosphonate

Denosumab

Subgroup analysis 2: stratified by obesity

22.1 (19.1 to 25.4)
11.8 (7.6 to 17.6)

4.5 (3.8 10 5.3)
4.2 (2.9 10 5.8)

Reference
0.54 (0.351t0 0.82)

Reference
0.92 (0.65t0 1.32)

Obesity

Oral bisphosphonate

Denosumab

No obesity

Oral bisphosphonate

Denosumab

24.7 (20.4 t0 29.7)
16.2 (9.8 to 25.3)

6.2 (5.4107.1)
4.6 (3.310 6.2)

Reference
0.65 (0.40 to 1.06)

Reference
0.73 (0.53t0 1.01)

Notes: * per 1000 person-years. Prediabetes was defined by baseline impaired fasting
glucose (fast blood glucose of 5.6 to 6.9 mmol/L) and/or impaired glucose tolerance (glucose
tolerance test of 7.8-11.0 mmol/L) and/or HbAlc of 5.7% to 6.4%.



Table: Sensitivity analyses for risk of incident
type 2 diabetes

Number of Number of Person- Incident rate* HR

Exposure patients, n events, n years (95% CI) (95% CI)

Sensitivity analysis 1. a subgroup of incident new users of denosumab and their oral bisphosphonate pairs

Oral bisphosphonate 4802 89 10345 8.6 (6.91t0 10.6) Reference

Denosumab 961 6 2036 3.0(1.1to6.4) 0.35 (0.151t0 0.79)

Sensitivity analysis 2: asymmetric trimming of the propensity score

Oral bisphosphonate 20015 326 39961 8.2 (7.3t09.1) Reference

Denosumab 4056 56 10049 5.6 (4.2t07.2) 0.68 (0.52 to 0.90)

Sensitivity analysis 3: competing risk of death

Oral bisphosphonate 21038 347 8.3 (7.4109.2) Reference

Denosumab 4301 60 5.7 (4.3t07.3) 0.68 (0.52 to 0.89)

Sensitivity analysis 4: lag six-month exposure time

Oral bisphosphonate 21038 274 41900 6.5 (5.8t0 7.4) Reference

Denosumab 4301 47 10617 4.4 (3.3105.9) 0.65 (0.48 to 0.88)

* per 1000 person-years. HR, hazard ratio; Cl, confidence interval.




Limitations

1. Mixing prevalent and incident users but
sensitivity analyses suggest minimal bias

2. Residual confounding, e.g., diet and exercise

3. Misclassification of outcomes, but sensitivity
analyses suggest minimal bias



0) Incident and prevalent drug users vs. non-users (matched by exact date)

Restrict to
incident
drug users

Match
non-users
on system
use

1a) Incident drug users vs. non-users (matched by exact date)

1b) Incident drug users vs. non-users (matched by date and system use)

Restrict to
incident
comparison
drug users

2) Incident drug users vs. incident comparison drug users

Restrict to
pts w/o
contra-
indications

3) Incident drug users vs. incident comparison
drug users without contraindications

Restrict to
adherent
patients

4) Adherent incident drug users v. adherent incident
comparison drug users without contraindications

Restrict to
RCT
inclusion
criteria

RCT population

(@)
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Methodologic conclusions

The “Target Trial” is an important concept in
comparative effectiveness research.

Carefully designed observational analyses can
complement RCTs or may be the best substitute
when RCTs are considered unethical.

Having a large sample size can be very helpful,
but it does not allow one to make stronger
Inferences about causation.

Causal inference (“causal effect”) analyses can
be useful but do not PROVE causation and
cannot substitute for RCTs.
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Robustness evaluations (step 4)

( ! )

4a. Deterministic 4b. Probabilistic 4c. Net bias assessment
sensitivity analyses sensitivity analyses
Varying design assumptions, J

variable measurement
methods, or analytical choices

{ !

For exposure/ For unmeasured Trial calibration or Control analysis
outcome confounders benchmarking when Negative or
misclassification Bias modelling corresponding positive control
Probabilistic sensitivity approaches trial exists exposure/outcome

analysis Duplicating inclusion/
exclusion criteria and
all design aspects of

trial to evaluate

whether primary
outcome is replicable

in data source

Robustness evaluations (step 4 of the process guide for inferential studies using healthcare data from routine clinical practice)
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