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Study Designs for Clinical Research

Weakest « Single case report (anecdote)
evi(

Challenge of Clinical Research:

To match each clinical question to

the study design that will allow it to

be answered In a practical, timely,
and efficient manner

-V - blﬂgle AlNaoimnizZed clirmcal trial
Strongest | _ N .
evidence ° Multiple large, randomized clinical trials




Randomized Clinical Trial

* Broadly defined as any controlled experiment
Involving human subjects, where treatment
allocation Is randomly assigned

e Originally designed for agricultural studies
(Fisher)

o First medical RCT was a study of
streptomycin treatment for pulmonary
tuberculosis (BMJ 1948)




Why do we need RCTs?

« RCTs are the best available technigue for eliminating
bias In the assessment of a treatment effect

— Eliminates both measured and unmeasured confounding

« With continued improvement in medical care, most
treatment effects of interest in cardiovascular dz have
only modest effects (RR reductions ~15-20%)

— Only RCTs can provide sufficient precision and confidence to
reliably detect small benefits

— Increasing emphasis on “large, simple trials” (>20K pts)




Limitations of Clinical Trials

Only a finite # of clinical trials can be
performed. Frequently, trial results

may not apply to the particular patient
or clinical situation in guestion




PCIl: Anatomic/Patient Subsets

Anatomical factors
- 1,2,0r 3-vessel disease
— Previous CABG
— Assoclated valve repair/replacement
— Aortic atherosclerosis/calcification

Patient factors
— Acute MlI/Cardiogenic shock

— Comorbid conditions- renal faillure, COPD,
advanced age

— Diabetic
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LINICAL FRACTICE GUIDE-

lines are systematically de-

veloped statements Lo assist

practitioners with decisions
about appropriate health care for spe-
cific patients” circumstances. Guide-
lines are often assumed to be the
cpitome of evidence-based medicine.
Yet, gui.d.cﬁnv: recommendations im-
ply not only an evalnation of the evi-
dence but alsoa value judgment based
on personal or organizational prefer-
ences regarding the various risks and
benefits of a medical intervention for
a population.?

For more than 20 years, the Ameri-
can College of Cardiology (ACC) and
the American Heart Association (AHA)
have released clinical practice guide-
lines to provide recommendations on
care of patients with cardicvascolar dis-
case, The ACC/AHA guidelines cur-
rently use a grading schema based on
level of evidence and class of recom-
mendation (available at hitpoiiwaw . acc
organd herpetfeasw. aha.orgh. The level
ofevidence classification combines an
objective description of the existence
and the types of studies supporting the
recommendation and expert consen-
sus, according to 1 of the following 3
categories:

* Level of evidence A: recommenda-
tion based on evidence from multiple
randomized trials or meta-analyses
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Context The joint cardiovascular practice guidalines of the American College of
Cardiclogy (ACCh and the American Heart Assodation (AHA) have becoma impor-
tant documents for guiding cardislogy practice and establishing benchmarks for
quality of care.

Objective To describe the evolution of recommendations in ACCSFAHA cardiovas-
cular guidelines and the distribution of recormm endations across casses of recommen-
dations and kvek of evidenca.

Data Sources and Study Selection Data from all ACC/AHA practice guidelines
issued from 1984 to September 2008 were abstractad by persannel in the ACC Sci-
ence and Quality Divisien. Fifty-thres guidelines on 22 topics, including a total of 7196
recommendations, were abstracted.

Diata Extraction The number of recommendations and the distribution of classes
of recommendation {1, 1l, and U and kvek of evidence (4 B, and C) were deter-
minad. The subset of guidelines that were curant as of Septembar 2008 was evalu-
ated to describe changes in racommendations between the first and cument versions
asweall as patterrs in levals of evidence used in the current versions.

Results Among guidelines with at lkast 1 revision or update by Septernber 2008,
the numbsr of recommendations increased from 1330 to 1973 (+48%) from the first
to the cumrent varsion, with the largest increase obsenved in use of class |l recommen-
dations. Considering the 16 current guidelines reporting levals of evidence, only 314
recommendations of 2711 total are dassified as level of evidence A (median, 11%)

wharsas 1248 (median, 48%) are leval of evidence €. Level of avidence significantly

varies across categories of guidalines (disease, intervention, or diagnostic) and across
individual guidelines. Recommendations with level of evidencs A are mostly concen-
trated in class |, but only 245 of 1306 class | recornmendations have level of evidence
A imedian, 19%)

Conclusions Recommendations issued in current ACC/AHA clinical practice
guidelines are largely developed from lower lavels of avidence or expert opinion.
The proportion of recommendations for which there is no conclusive evidence &
alsz growing. Thesa findings highlight the need to improve the process of writing
guidelines and to expand the evidence base from which clinical practice guidelines
are derived.
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* Level of evidence B: recommen- Aulhor Affillations: Division of Cardlobg} .|r|d

See also p 870 and Patient Page.

2009 American Medical Association. All rights reserved.

dation based on evidence from a single
randomized trial or nonrandomized
studics

# Level of evidence C: recommen-
dation based on expert opinion, case
studies, or standards of care.

The class of recommend ation desig-
nation indicates the strength of a rec-
ommendation and requires guideling
writers not only 1o make a judgment
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iReprinted) LAMA, Pebruary 25, 2000—vol 301 Ho. 8 34

* Reviewed all ACC/AHA
practice guidelines from 1984-
2008 (n=53 guidelines, 7196
recommendations)

* Levels of evidence in current
guidelines

» A (multiple RCTs)- 11%

» B (single RCT or
non- randomized studies
only)— 41%

» C (expert opinion or std of
care)— 48%

Trioci P, et al. JAMA 2009;301:831-41




Limitations of Clinical Trials

Obsolescence

e RCT’s are best suited to evaluation of
“mature” treatments

» Clinical trials are a poor way to evaluate rapidly
changing technologies and standards of care—>
particularly problematic for medical devices

o Trials are particularly vulnerable when enrollment
IS slow or the follow-up duration is long




BARI: Repeat Revascularization

ARTS Il DES
- ARTS | CABG
- ARTS I BMS

<=
S
o
)
(]
>
()]
e
)
@®
(D]
o
(]
e

Time (yrs)




Limitations of Clinical Trials

Protocol-Driven Care

— For a variety of reasons (regulatory, safety,
mechanistic research, etc.), clinical trials often
Impose additional diagnostic tests that do not
occur in routine clinical practice

— Under certain circumstances, these tests may
substantially bias the evaluation of clinical
outcomes of interest




_AXUS IV Randomized Patients
rial n=1314

l

Planned Angio. F/U Clinical F/U alone
(n=732) (n=592)

1 i ' 1

12 month clinical outcomes: TLR, TVR




TAXUS IV

Impact of Angiographic F/U on Clinical Benefit of DES

Clinical F/U Alone Angiographic F/U

RRR =62%
ARR = 88/1000

RRR =57%
ARR =111/1000

Angiographic follow-up artificially inflates repeat
revascularization rates by ~40% and tends to overestimate the
absolute clinical benefit of DES implantation to a similar degree

— Since the extent of angiographic bias was similar for DES and
BMS, however, the relative risk reduction is unaffected




TAXUS IV

Impact of Angiographic F/U on Clinical Benefit of DES

Clinical F/U Alone Angiographic F/U

ARR =
89/1000

Control

Assessment of clinical outcomes immediately prior to planned
angiographic follow-up results in reverse angiographic bias, with

substantial underestimation of both the relative and absolute
benefits of DES




Additional Limitations of RCTs

Often underpowered for modest treatment effects

— Still relevant from public health standpoint if affected
population is large

Surrogate endpoints—> ? Clinical relevance

Generalizability?
— Tend to study generally healthy patients
— Treated with standardized protocols
— By experienced providers

Certain questions not easily subject to RCT

— Unethical, impractical, no business case, or
— Studies of harmful effects




Can we use observational
studies (registries) for clinical

evidence development?




Comparative Effectiveness

EFFECTIVENESS

Developing A Center For
Comparative Etfectiveness

Information

High-level consideration of a new U.5. g
evidence for decision making based or

kv Gail R. Wilensky

ABSTRACT: Interest in objective, credible compg
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House Members Introduce Bill To Fund Comparative Effectiveness Studies On
Medications, Medical Devices

Main Category: Public Health Mews
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has been growing in the United States, both by thy
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"There is a wealth of data available from large databases

Legislation {(HR 2184} introduced on Tuesday by Reps. Research Health Condition
Tom Allen (D-Maine) and Jo Ann Emerson (R-Mo.) would Learn About Condtions & Treatments Start & Revolution

zarch Online Here

that enable us to research important clinical questions,*

"Robust methodology

art Surgeons Mever

exists for comparing different

therapies through observational database analysis.” —

same condition to identify the best options. Allen said, "As Healthcare Professinnal: Mot yet rated
the demand for gquality health care services grows, we must General Public: Mot yet rated
get the hestvalue for aur health care dollar” Bill Waughan,

Wilensky G Health Affairs Nov 2006:w572-w588




Prospective Multicenter Registry

o Study population- broad group of pts with
same problem or undergoing same
treatment

e Treatment according to local practice or
physician preference

» All patients followed prospectively to
assess for endpoints of interest




Registry Studies: Key Advantages

» Allows for rapid enrollment of large numbers of
patients - accomodates changes in practice over
time

* Broad inclusion criteria ensure that study’s
findings may be applicable to most patients

» |deal for determining optimal procedural
technigue as well as for identifying appropriate
patient subsets for treatment




Registry Studies: Key Disadvantages

Data quality and completeness
— Analysis results only as solid as the data (“Bad data in...”)

— Particularly challenging with administrative datasets
— Incomplete data - rarely missing at random

— Not necessarily related to registry design, but more related to
degree of rigor employed in data collection

Treatment selection bias
— Pt Level: risk factors, disease severity, comorbidity

— MD level: those selecting a specific treatment may differ in
care process and quality

— Site-level: structural and quality of care differences




Techniques for Overcoming Selection Bias

* Regression modeling

— Adjust results directly for ‘confounding factors’ associated
with treatment and outcome

* Propensity adjustment
— |dentify factors associated with treatment selection

— Then adjust for the probability of treatment (propensity
score) or match patients for this factor

« Newer approaches
— Instrumental variables analysis




Comparabllity of RCT and Observational Studies

Comparison of Predictions Based on Observational Data With the
Results of Randomized Controlled Clinical Trials of Coronary Artery
Bypass Surgery

FRANK E. HARRELL. Ir., PHD T
DAVID B, PRYOR, MD, FACC!

MARK A. HLATKY, MD., FACX
KERRY L. LEE, PuD,t DANIEL B. MARK. MD. MPH

ROBERT M. CALIFF. MD

Clinical decisions are most secure when based on hindings the models 1o predict § year survival rate

from several large randomized clinical trials, but rele

vant

randombred trial duta are often unavailable. Analvses using
clindcal data bases might provide useful information i
statistical methods can adequately correct for the Lack of
randomization. To test this approach, the findings of the
three major randomized trials of coranary bypass surgen)
were compared with predictions of multivariable statistical
models derived from observations in the Duke Cardiovas-
cular Disease Databank, Clinical characteristics of patients
at Duke University Medical Center who mel elightility
requirements for each major randomized trial were used in

medical and surgical therapy in cach randor

Model predictions agreed well with rar
restlts and were within the 98% confidend
ohserved survival rates in M4 (92%) of 2
groips. The overall correlation hetween
observed survival rates wis good (Spearn
0,73, p < 0.0001). These results suggesl
performed analyses of obser vational daty ca
the results of randomized trials

| Am Coll Cardiol I
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JACC 1988:11:237-45




Drug-Eluting and Bare Metal Stenting In
Massachusetts, Primary Results
Propensity Matched 2-Year Outcomes

Mortality Ml Revascularization
P < 0.0001 P=0.11 P < 0.0001

DES DES BJ=S
(n=514/5441) (n=590/5441) (n=1095/5441)

A=-2.4% [-3.6,-1.3] A=-1.0% [-2.2,+0.2] A=-3.8% [-5.4,-2.3]

Mauri L, et al. Circulation 2008;118:1817-27




Do Drug-Eluting Stents Save Lives?
Pooled RCT Results

Bare-metal stent

Why do the pooled RCT results differ
from the registry data?

. Differential performance of DES in “on label”
vs. “off-label” subsets
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. Unmeasured confounding despite risk-
adjustment

Sirolimus Stent Bare-Metal
Better Stent Better

Kastrati et al. NEJM 2007; 356:1020-9




Alternate Approach: Time Series Comparison

Stent Type 2-Year Death or Mi

Pre-DES Cohort Post-DES Cohort

—

=

(=)
|

Qutcomes

| Temporal Comparison:
DES vs. BMS Era

Bare-metal stentera ..~

T 1 T T 1 [
Drug-eluting stent era pril03  July 03 Oct 03

Cumulative Hazard

Log-rank P=.03

180 3é5
Days After Index Procedure™

Malenka DJ, et al JAMA. 2008;299:2868-2876




Alternative Approach #2
Instrumental Variable Analysis

o Segregate patients by presence or absence of an
“Instrumental variable”

» A factor which is correlated with the variable of
Interest, but Is otherwise not associated with any
other patient characteristic or treatment variable

» “Natural experiment” or “Quasi-randomized”
design

« Main challenge: Can we identify an appropriate
Instrumental variable?




Impact of Residual Confounding:
Instrumental Variable Analysis vs. Risk-Adjustment

Does
aduce

- r after AMI?
A ()2 dljusted 0.36 0.36-0.37

Using Prope_'r AMI pts
Risk-adjusted 0.51 0.50-0.52

Relzitive Risk 95% CI

et with >65

Propensity-adjusted 0.52 0.51-0.53

e analysis

IV analysis 0.84 0.79-0.90 |ath rate,
3% to 65%

(quasi-natural experiment)

Implications: Even high-quality
_ observational analyses often suffer
Lo——— e e from substantial residual confounding




Technology Assessment

Characteristics of an Ideal Registry

Clinical (not just administrative) data
— Critical for risk adjustment

Prospective data collection
— Generally higher quality data; less subject to recall bias

All-inclusive population (rather than convenience
sample) with clearly defined intake mechanism
— Critical to validity and generalizability

Problem-based or disease-based (as opposed to
treatment/technology based)
— Cannot establish value of a technology by examining it in a vacuum




Summary: RCTs vs. Registries

 If randomization an option, it is still by far the best and most
definitive approach to developing unbiased, reliable evidence

* Nonetheless, gaps will continue to exist in our evidence base

— No trials
— Non-representativeness (lack of generalizability)
— Avrtificial nature of trial protocol

« With careful planning and analysis, observational treatment
comparisons can supplement our evidence development
— Hypothesis generating, confirmatory, extension of trials to understudied
Subsets

— Must be careful consumers - some treatment comparisons may not be
possible in observational data (at least with traditional methods to adjust

for confounding)




