Study Design and Bias

Schulz. Empirical evidence of bias: Dimensions of methodological quality associated with estimates of treatment effects in controlled trials. JAMA 1995;273:408.

33 meta-analyses (250 trials) (pregnancy)

Design
Bias

Concealed allocation?

No 
(10%)
40%

Unclear
(60%)
30%

Yes
(30%)

If Yes:  Proper allocation?

No
(30%)
25%

Yes
(70%)
0%
(DB)

Double blind?

No
(50%)
17%

(Only 6% of trials had proper, concealed allocation and double-blind.)

Randomization Rules:

1. Use a procedure that really allocates randomly.

· 30–50% of 287 RCTs did not describe an appropriate randomization procedure.

2. Use a procedure that is tamperproof.

· 25% of 287 RCTs did not provide adequate concealment.

Block Randomization

· Assures equal distribution

· Blocks of 4: randomly arrange the order of these six possible groupings.


TTCC    TCTC    TCCT    CCTT    CTCT    CTTC

· Problem: easier to guess next assignment

· Solution: randomly vary the block size

Timing of Randomization

Rule:  

Randomize as close to intervention as possible.

Example:  

Alprenolol post-MI

· randomized on admission to CCU if suspicion of MI 

· treatment started 2 weeks later

393 patients randomized:

· 231 excluded (no MI, death, or contraindication)

· 162 included

· 69 alprenolol

· 93 placebo

Potential bias?

Stratified Randomization

· Separate randomization schedule for each stratum

· Always block (or no different from “simple”)

· Useful in small studies; not useful in large

Definitely, if < 20 subjects per group

Probably, if < 50 subjects per group

Not useful if > 100 per group

· Always stratify on Center 
Adaptive Randomization

Urn design

Goal: equal allocation to two treatments.

Design: assign one treatment (A) the white balls and the other treatment (B) the red balls:

Process: 

Draw a ball:  if white, assign to A.

Replace ball and add an extra red ball.

Draw another ball:  if red, assign to B.

Replace ball and add an extra white ball.

Continue ...

Example:  

Diabetes Control and Complications Trial

Response Adaptive Randomization

Play the winner design


Participants

Assignment
1
2
3
4
5
6
7
8


A
S
F



S
F


B


S
S
F


S

Example:

ECMO:  1st patient randomly assigned to control group (failed); next 10 patients given ECMO (all successes); trial stopped.

Problem:  

1st patient much sicker than all the rest. No concealment.

Randomization:  Zelen Procedures

Example:  Lumpectomy vs. total mastectomy

· Few women enrolled after 2 yrs

· Treating physicians and patients uneasy with randomization

· To improve recruitment, 2 options:

Option 1

· Randomize potential subjects without their knowledge;

· Get consent only from those randomized to the new intervention (no consent needed for control group since it’s “standard therapy”).

Option 2

· Randomize, and then inform all subjects;

· Ask for consent to treat in the group assigned (no consent to randomization).

Zelen Procedure (cont’d)

Results:  

· Option 2 selected

· Approved by IRB

· 6-fold increase in recruitment

Questions:

1. Since the enrolling physicians know which arm the prospective patient has been assigned, is there a potential that the information could be presented in a biased fashion to favor that particular arm (and increase recruitment)?

2. Is there a potential that this advance knowledge might produce unequal groups, negating the advantages of randomization?

3. As an IRB member, would you approve a trial that used double-consent randomization?

Run-in Design in Clinical Trials

How is it done?

Is it ethical?

Blinding vs. Masking

Blind:  

· without sight 

· unable to see 

· unable or unwilling to discern

· related to stupidity or ignorance 
(eg, blind stupidity or blind luck)

· unaware or uninformed

Mask:

· Hide or conceal identity

· Conceal from view

· Disguise

Meinert prefers mask/masking: 
· Blind carries the connotation of mindlessness

· Blinding can be confusing in eye studies

Levels of Masking/Blinding
Open:
no one

Single:
subject masked/blinded

Double:
subject and care-giver

Triple:
subject, care-giver, researcher

Quadruple:
subject, care-giver, researcher, 
& data analyst

Rule:
Always try to blind the measurement of the primary outcome.

Assessment of blinding:

· Ask at end of trial

· If P is proportion of correct responses, then 2P-1 is the proportion knowing the assignment.

Withdrawals from Randomized Trials

Four policy options:

1. No enrollment until eligibility double-checked and final diagnosis established. No withdrawals allowed.
2. Enrollment prior to final diagnosis, but no withdrawals allowed.
3. Withdraw ineligble subjects, but only if:

· Based on data collected prior to enrollment.

· Blinded to group assignment and outcome (ie, as soon after randomization as possible).

4. No withdrawals. 

· Principal analysis:  everyone randomized.

· Subgroup analysis:  based on eligibility. 

Policy on withdrawals should be stated in protocol before starting.

Example of Non-random Cross-over

Coronary Artery Surgery Study (CASS)

CABG vs. medical management

After 5 years:

· 24% switched from medicine to surgery

· 8% switched from surgery to medicine


Annual


Cross-over

Medicine Group

Single vessel
2%

Double vessel
4%

Triple vessel
8%


P < 0.001

Surgery Group

Single vessel
15%

Triple vessel
3%


P < 0.001

Lost to Follow-up




Tx
C


Randomized
100
 100

Lost

10
10

Outcomes

1/90
10/90

Analysis Options:

1. Exclude Lost from analysis (random)


ARR
9/90 = 
10%



RRR
9/10 =
90%

2. Include Lost but Outcome = No



ARR
9/100 = 
9%



RRR
9/10 =
90%

3. Include Lost but Outcome = Yes



ARR
9/100 = 
9%



RRR
9/20 =
45%

4. Include Lost but worst case



ARR
-1/100 = 
-1%



RRI
1/10 =
10%

5. Include Lost but best case



ARR
19/100 = 
19%



RRR
19/20 =
95%

Intention to Treat Analysis

Hollis. What is meant by intention to treat analysis? BMJ 1999;319:670.

Survey of JAMA, NEJM, Lancet, BMJ (1997)

RCTs reporting intention to treat analyses:


119/249 = 48%

Intention to treat analyses (n = 119)

Did not analyze as randomized:
13%

Outcome data missing


0%
25%


<10%
50%


>10%
24%

Intention to Treat

HIP Screening Mammography Trial

Stratified by age, family size, employment

Withdrawals: women with previous diagnosis of breast cancer

Screened group:
853

Control group:
336

Difference:
(517)

Results after withdrawals: 13-yr follow-up

Breast Cancer Mortality

Screened group:
218

Control group:
262

RR:
0.83 
(0.70 – 1.0)

Intention to Treat Analysis:  

Right Answer to the Wrong Question?

Rabeneck, Viscoli, Horwitz.  Arch Intern Med 1992;152:507.
Problem:

Study:
Randomized controlled trial

Groups:
Medicine vs. surgery

Analysis:
Intention to treat

Results:
Medicine superior to surgery

· clinically important

· statistically significant

However:
80% allocated to medicine had surgery; and 
60% allocated to surgery refused operation.

Questions:

1.
Is the intention-to-treat analysis still the most valid?

2.
If so, what clinical question does it answer?

3.
For the next patient who is eligible for treatment, what do you recommend?

4.
The same patient returns one week later and asks:  “Should I stay on this treatment or should I switch to the other one?”  
How do you respond?

Adherence to Therapy:

Study:
Randomized controlled trial

Disease:
Lung cancer

Groups:
Adjuvant chemotherapy vs. nothing

Results:




Chemotherapy
Nothing



Compliant:
Yes
No
Yes
No

Survive 1yr
40
10
50
0

Die
20
30
50
0

TOTAL
60
40
100
0

Question:

Conclusion:  Chemotherapy is beneficial if patients are fully compliant: 
67% vs. 50% 1-yr survival (P = 0.048). 

Correct interpretation?  

Adherence to Placebo

Pizzo. Oral antibiotic prophylaxis in patients with cancer: double-blind, randomized, placebo-controlled trial. J Peds 1983;102:125.

Study
Children receiving chemotherapy

Groups
Prophylactic antibx vs. placebo

Outcome
Incidence of infection or unexplained fever

Results
Antibiotics:
22%
(49/222)


Placebo:
27%
(72/264)

However …


“Significant reduction among patients who complied fully: 
18% vs. 32%.”

Compliance by Treatment Group

Compliance
Antibiotics
Placebo
Excellent

134
(54%)
194
(66%)

Good

37
(15%)
26
(9%)

Poor

55
(22%)
38
(13%)

Unknown
23
(9%)
34
(12%)

Risk of Infection by Compliance and Group

Compliance
Antibiotics
Placebo
P
Excellent

18%
32%
.009
Good

36%
44%

Poor*

69%
100%
.001
Adherence to Therapy

Example:  Coronary Drug Project

RCT of clofibrate (and other drugs) in secondary prevention of heart disease.

Results:




N

5-year mortality

Clofibrate
1103
20.0%

Placebo

2789
20.9%
P=0.55




N

5-year mortality

Compliant

Clofibrate
708
15.0%

Placebo

2789
20.9%
P<0.01




N
5-year mortality

Compliant

Clofibrate
708
15.0%

Compliant

Placebo

1813
15.1%
P>0.5




N
5-year mortality

Compliant

Placebo

1813
15.1%

Noncompliant

Placebo

882
28.2%






P = 4.7 x 10-16
Hypothesis:  

Difference in mortality rates between compliant and noncompliant patients on placebo must be because of differences in baseline patient characteristics (since it cannot be from an active drug effect).

Analysis:

Multivariable linear regression analysis adjusting for 40 baseline patient characteristics:

Results:





N
5-year mortality





(adjusted)

Compliant

Placebo

1813
16.4%

Noncompliant

Placebo

882
25.8%






P = 7.3 x 10-9
Conclusion:

Differences in 40 measured baseline patient characteristics do not explain the difference in compliant and noncompliant patients.

New Hypothesis:

Perhaps the difference in outcome could be from unmeasured patient characteristics—eg, psychosocial characteristics—that were different among compliant and noncompliant patients.

Adherence to Therapy

Risk of Death after MI

Beta Blocker Heart Attack Trial (BHAT)



1-year Mortality




Propranolol
Placebo

Compliant
1.4%
3.0%

Noncompliant
4.2%
7.0%

Hypothesis:

Improved survival for patients compliant with placebo is due to differences in clinical and psychosocial variables.

Analysis:

Effect of noncompliance on 1-year mortality after adjusting for baseline differences in:

CHF severity, MI severity, age, marital status, education, life stress, social isolation, depression, type A behavior 



Propranolol
Placebo

OR
unadjusted
3.1
2.5

OR
adjusted
2.8
2.7

(OR: odds of death if noncompliant compared to odds of death if compliant)

Conclusion from BHAT Analysis:

Baseline patient characteristics are not causing differences in compliance or mortality rates. (Similar conclusion to the Coronary Drug Project.)

Alternative explanation:

Adherence may be causing a benefit:  increasing self-efficacy and thereby increasing other beneficial behaviors.

Horwitz and Horwitz. Arch Intern Med 1993;153:1863-8.

Adherence to Placebo:  Counter Example

Study
LRC–CPPT

Subjects
Healthy, compliant, middle-aged men with high cholesterol

Groups
Cholestyramine vs. placebo

Outcome
Coronary heart disease

Results
19% RRR

Questions:

1. Effect of adherence on cholesterol?

2. Effect of adherence on health outcomes?

CHOLESTYRAMINE GROUP

Mean

Change in

Daily Packets
N
Cholesterol

0–1
294
–4%

1–2
145
–5%

2–3
135
–8%

3–4
156
–11%

4–5
205
–14%

>5
965
–19%

PLACEBO GROUP

Mean

Change in

Daily Packets
N
Cholesterol

0–1
133
–3%

1–2
79
–2%

2–3
88
–4%

3–4
105
–4%

4–5
214
–4%

>5
1274
–5%

LRC–CPPT:  Results

Cholestyramine Group

· Greater adherence associated with 
lower CHD.

· Change in cholesterol more strongly associated with reduction in CHD.

· After adjusting for change in cholesterol, association between adherence and CHD disappears.

Placebo Group

· No association between adherence and CHD.

Question:

Why no benefits from adherence in this trial, unlike the results of others?

