Southeast University School of Public health

Lecture 7 Experimental study---
Randomized trial

Lina Wang, MD, Ph.D

Department of Epidemiology and Biostatistics
School of Public Health

Southeast University

Phone: 025-83272569 (0)

E-mail: Inwang@seu.edu.cn




Southeast University School of Public health

B u.s. National Library of Medicine

ClinicalTrials.gov

Find Studies ¥ About Studies ¥ Submit Studies ¥ Resources v About Site ¥

ClinicalTrials.gov is a database of privately and publicly funded clinical studies

conducted around the world.

.. Find a study cn fields optional
Explore 319,231 research studies in ¢ Y (all fields optional)

all 50 states and in 209 countries. Status ©

ClinicalTrials.gov is a resource provided by the U.S. O Recruiting and not yet recruiting studies @ Al studies
National Library of Medicine.

Condition or disease € (For example: breast cancer)

IMPORTANT: Listing a study does not mean it has
been evaluated by the U.S. Federal Government. X }

Read our disclaimer for details.
Other terms @ (For example: NCT number, drug name, investigator name)

Before participating in a study, talk to your health
care provider and learn about the risks and potential
benefits.

m Advanced Search

Help | Studies by Topic | Studies on Map | Glossary




Southeast University School of Public health

ol . Hr TR A L 4%
Ch fc T Chinese Clinical Trial Registry

7 P RN ERRRRAEE P S— R AN

472 2019-10-16 SHi=

PiXET | ChiCTREMN | £FAO | EEXH | FHHER | EWieE Hfsh | English

H EEOBEGEOAR A

EFils BEZ. 8 1EAAESE REIRTHSE HHiREHE  REBIYE  RKIEBWEYM  RERASSR  RTIREES  ROEBEERS  RRiEES

() Gt it gt gt ®EGH  ERYH it it it it
BERE
BBE&xFEt

EMEE | Efnss | B E) |

EMRS [RR v Eme | RTINS ||

HSEFI2605 1) FFESRFERMFANIE

Jiik:d- %N EMS EMEE Hrxm EeE
SRR A A T IS TR R SR RER ST

i { el
AP ChiCTR1900026601 EE RN AR S Fifttaz 2019/10/15
Ay ChicTR1900026600 | BT ISR ABHENSEEAT 1 LAY REREA L
UEEH AT H—E
. RS LR A BEIEIRAL: — RIS
AP ChiCTR1900026599 )| e g 2019/10/15
- ChicTRiso0026s0s | THEEBTUMRIE RSN TUMIIREAN e e
HAUBT A
M IMBENT: i LARRSUBRIT . EARERET S ERENEY
AR ChiCTR1900026597 o] Finttafz 2019/10/15
BT MEE
- ChicTR1900026506 | BV AMBRIER B RARIMES AT AR S T —_—"

REEFIRE M EER

O B R RES SIS ENETE TES LA RES « RERRAIEEHETH
[AsERE ChiCTR1900026595 Fie Fiattifz 2019/10/15
FEARBHERERE—EFPLERH

ERUER: ZHREFRECEEASIE - FTICERBF RN SHE, #
e ChiCTR1900026594 SENMERLERAF- BEarizib@nhiin @S EmER AT R% 2019/10/15



Southeast University School of Public health

Introduction

Experimental studies are conducted to assess the effect of a
treatment using a drug, or intervention using a preventive
agent, etc.

* Treatment/Intervention

* Prevention

« Early detection/screening
* Diagnostic

e Quality of life/supportive care
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Experimental studies

e Randomized trial
e Field trial

e Community trial



School of Public health

Southeast University

Randomized Trial

 Randomized trial: The 1deal design for evaluating both the
effectiveness and the side effects of new forms of intervention.

e Purpose:
— evaluation of new drugs and other treatments of disease
— assess new programs for screening and early detection

— assess new ways of organizing and delivering health services

» Since the randomized trial design has major applicability to
studies outside the clinical setting, such as community-based
trials, we will refer to the term “randomized trial”, rather than
“randomized clinical trial” 1n this lecture.
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Deﬁmton of RCT:

School of Public health

* A study design in which the investigator
actively controls who 1s exposed and who 1s
not. Subjects are randomly assigned to various
treatment groups and followed to observe
outcomes.
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Basic design of a randomized trial

« Begin with a defined population
STUDY that 1s randomized to receive new
POPULATION treatment or current treatment.

/\ .
RANDOMLY ASSIGNED

treatment arm.
P N\

Follow the subjects in each

NEW CURRENT * Compare the outcome (how many
TREATMENT TREATMENT are improved) in the new and
/\ current treatment groups.
DO NOT DO NOT
IMPROVE | | mprove | |"MPROVE| [imprOVE ‘ * Other possibilities:

— may compare more than two groups

— may compare “new treatment” with
“no treatment”, but only if ethical
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Steps in conducting randomized clinical trials

1.Specify Hypothesis

2.Specify target and source of populations

3 Define endpoints/possible side effects of intervention
4.Selection of subject(inclusion and exclusion criteria)

5. Obtain informed consent from those willing to participate
6.Randomize to treatment

7.Data collection on subjects(blindness)

8.Follow-up study groups for outcomes

9. Analyze results: Use “Intention to treat” analyses

10. Establish procedures for terminating the trial and
informing subjects of results.
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1. Specify Hypothesis

e Purpose:
— evaluation of new drugs and other treatments of disease
— assess new programs for screening and early detection

— assess new ways of organizing and delivering health
Services
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* 2. Specify target and source of populations:

Source of
population

Random Selection
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3. Define endpoints/possible side effects of
intervention:

Table 7-1. Types and examples of end points
used in clinical trials.

Type of End Point Example
Quality of life

Ability to perform usual
daily tasks

Survival Percentage of patients

alive 1 year after entering
trial

Complications Percentage of patients who

develop serious allergic
reactions
Intermediate measures Percentage of patients who

have recurrence of
symptoms
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4.Selection of subject(inclusion and exclusion
criteria)

* The inclusion and exclusion criteria must be written
in great precision before the study begins.

— Must be replicable by others.(randomization)

— No subjective decision-making on the part of the
investigator in deciding who 1s included or not
included in the study.
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participate:

1. Informed consent:

An agreement (signed) that the subject understands the
benefits and risks of the study.

2. Human Subjects Protection Committees:

act as watchdogs...review research applications the be
sure they comply with 1ssues pertaining to protection of
human subjects. To receive research money from NIH
(and other agencies), these committees must approve
grand proposals. Require that all subjects must read and
sign “Informed Consent” form.
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Experimental ; _ _ 15,108 [10.7%) -
178,009 potentially eligible
| 158 506 (89.3%) 135,928 (76.4%)
Complrted T-n pcTeening Incdypible
22,978 (12.9% 5,502 (3.1%
I~
17,476 (9.8%) 6,536 (3.7%)
Completed second screening Ioclipible
1n.53¢“:-nﬂn;r Iﬂi.tﬁpllh
partcipants
.-

Fig. 8-2. Population hierarchy for hypernension detection and follow-up

- (From Hypertension Detection and Follow-up Program Coeoperative
Group, Five-yezar lindings of the Hypenension Detection and Follow-up
Program: 1. Reduction in mortality of persons with high blood pressure,
including mild hypertension. [.A.M.A. 242:2552, 1979.)

School of Public health
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6. Randomize to treatment

1. Experimental treatment.

2. Alternative treatment (“controls™):
a. The current standard treatment:
b. Placebo:

1) Defined: An 1nert substance prepared to look as
similar as possible to the experimental treatment.

2) Placebo effect: Am improvement on health, symptoms,
due to fact of being treated...and not due to the
treatment!
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Randomization

ﬁiﬁii

Randomization

it — e

Investigational
Group
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Allocating subjects to treatment groups:

€ without randomization

 Studies without comparison: Case study, case series

* Problem of inferring a causal relationship without
comparison:

— If we administer a drug and the patient improves,
can we attribute the improvement to the
administration of the drug?
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€ Without randomization

e Studies with comparison: Historical controls
— To test a new therapy on a group of patients, compare with a group
from the past.

— Use the records of patients with the same disease who were treated
before the new therapy was available.

* Problem:
— The quality and completeness of the data obtained in the past should be
comparable to the current data.

— The observed difference may be a result of the new therapy, or of other
factors that may change over calendar time.
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€ Without randomization

« Studies with comparison: Simultaneous
nonrandomized controls

— Instead of historic controls, use simultaneous controls that are
not selected in a randomized manner.

— Example: Study of BCG vaccination against tuberculosis.

Physicians divided eligible children into a group to be
immunized, and a comparison group who were not immunized.
However, investigators selected children of the more intelligent
and cooperative parents to be vaccinated, and the others as
controls. Lower mortality rate observed in the vaccinated group
may be due to the vaccination itself, or because those families
were more health-conscious.
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TABLE 7-1. Results of a Trial of Bacillus
Calmette-Guerin (BCG)
Vaccination: |

TUBERCULOSIS DEATHS

Number of
Children Number %
Vaccinated 445 3 0.67
Controls 545 18 3.30

Data from Levine MI, Sackett MF: Results of BCG
immunization in New York City. Am Rev Tuberculosis
53:517-532, 194e.




Southeast University School of Public health

€ using randomization

« Randomization: Unpredictability of the next assignment 1s
critical.

e Methods:
— Selection from a table of random numbers.
— Today, mostly carried out using a computer.

» Important to spell out in writing, what approach 1s selected,
before the actual randomization 1s performed.
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TABLE 7-3. A Table of Random Numbers TABLE 7-4. Examples of Using a
Random Numbers Table for
00-04 05-09 10-14 15-19 Allocating Patients to Treatment
00 26348 01458 36236 07253 Groups in a Randomized Trial
01 09372 27651 30103 37004
If we plan to compare two groups:
02 44782 04023 61355 71692 * We decide that even digits designate treatment A,
03 04383 90952 57204 57810 .. :
04 93190 29997 98839 -6129 odd digits designate treatment B, or
* We decide that digits 0 to 4 designate treatment A,
digits 5 to 9 designate treatment B
05 16263 35632 88105 59090 )
If we plan to compare three groups:
vé 62032 20741 13468 02647 * We decide that digits 1 to 3 designate treatment A,
07 48457 78538 22759 12188 digits 4 to 6 designate treatment B, digits 7 to 9
08 36782 06157 73084 48094 designate treatment C, and digit 0 would be
09 63302 55103 19703 74741 ignored
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TABLE 7-2. Results of a Trial of Bacillus
Calmette-Guerin (BCG)
Vaccination: |l

TUBERCULOSIS DEATHS
Number of
Children Number %
Vaccinated 556 8 1.44
Controls 528 8 1.52

Data from Levine MI, Sackett MF: Results of BCG
immunization in New York City. Am Rev Tuberculosis
53:517-532, 1946.
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(Adapted from Hutchison [178].)

Public health
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Random allocation/ randomization

1. Detined:

A procedure for assigning patients to experimental
treatment and other treatment groups so that chance alone
is responsible for the group assignment...each subject
has an equal chance of being in any of the treatment
groups.

2.  Purpose of randomization:

To (attempt to) assure comparability of the study

groups with respect to factors which may be related to
outcome.
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Random allocation/ randomization

3. IMPORTANT: Randomization is done
after informed consent is obtained!!!
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Random allocation/ randomization

4. Do Not Confuse Random Allocation with Random Selection!!!

Random selection of subjects:

A procedure for selecting subjects so that each has the
same chance of being included in the study. When we
can’t afford to use all possible subjects in the source
population.

Purpose:
To assure representativeness of subjects (of source pop.)
When used?

In any type of study design where a sample of the
population 1s being selected.
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Figure 4-3. Schematic of a cohort study and a nested case-control study within the
cohort showing how the control group is sampled from the source population.
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Goals of randomization

* With proper randomization, we achieve...
— Nonpredictability of the next assignment.

— Prevent potential biases from the investigators in the
assignment of treatment type for each participant.

— Treatment groups are comparable to each other 1n regards to
characteristics which we may be concerned (e.g. sex, age,
race, severity of disease, etc.), if the study is large enough.

 Randomization does not guarantee comparability of groups

since chance may play a role in the process of random treatment
assignment.

 However, if the study 1s large enough, they will be similar in the
long run.
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Random allocation/ randomization

5. Randomization does not guarantee similarity of groups

Table 7-11. Baseline characteristics in a randomized
clinical trial of the prevention of osteoporosis.

Charactleristic Level Experimental | Control
Age (years) Mean value 67 65
Race % black 28 24
Body weight % over ideal 64 42
54 60

Calcium % users
supplements

Exercise % daily 46 38
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Without arrhythmia With arrhythmia
case-fatality = 10% case-fatality = 50%

|. NON-RANDOMIZED STUDY Il. RANDOMIZED STUDY
n=2,000 n=2,000
1,300 | 700 1,300 | 700
NON- RANDOM ASSIGNMENT RAND M ASSIGNMENT
INTERVENTION NO INTERVENTION: INTERVENTION NO INTERVENTION:
n=1,000 n=1,000 n=1,000 n=1,000
Deaths: Deaths
Total Total
Deaths: 1 80 300 Deaths: 240 240
Case- Case-
Fatality: & = 1R0 ﬂ. = 20)° Fatality: ﬂ 0 ﬂ. = 0
1,000 ~ 8% Toog = 30% W To00 =%4%  Tooo = 24%

Figure 7-3. Nonrandomized versus randomized studies. I, If the study is not randomized, the proportions of patients with
arrhythmia in the two intervention groups may differ. In this example, individuals with arrhythmia are less likely to receive the inter-
vention than individuals without arrhythmia. II, If the study is randomized, the proportions of patients with arrhythmia in the two
intervention groups are more likely to be similar.
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Q: Why not just match the groups on specific variables we are concerned
about, rather than randomizing?

A: We can only match on variables that we know about and can measure.

— Example: Cannot match on an individual’s genetic constitution,
immune status, or other unknown variables.

 Randomization will increase the likelihood of comparability of
variables (that we know and do not know) (that we can measure and
cannot measure).

 However, keep in mind that randomization does not guarantee
comparability of the groups being studied.
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e Recall: Randomization does not guarantee comparability.

 Stratified randomization can increase the likelthood of
comparability of different study groups, especially, for one or
more 1important characteristics that may influence the response
to therapy in the groups being studied.
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Example of stratified randomization

1,000 Patients

1. Stratify by Sex:

360 Younger 240 Older 300 Younger 100 Older
Males Males Females Females

X 277X .\ = ||

3. Randomize Each Sub-Group to NEW or CURRENT Treatment

/A Ao
180+ 120 + 150 + 50 =500 | |180 + 120 + 150 + 50 = 500
NEW Treatment CURRENT Treatment

School of Public health

1) Stratify our study
population by each variable
we consider important.

2) Randomize individuals to
different treatment groups
within each stratum.

Result:

Treatment groups are
comparable 1n terms of sex

and age.
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1,000 Patients ‘
1. Stratify by Sex: / \_
600 400
Males Females
2. Stratify
by Age: Z 5 Z 5
360 Younger 240 Older 300 Younger 100 Older
Males Males Females Females
3. Randomize Each Sub-Group to NEW or CURRENT Treatment
180+ 120 + 150 + 50 =500 | | 180 + 120 + 150 + 50 = 500
NEW Treatment CURRENT Treatment
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Three advantages of the randomized design:

 Randomization removes the potential of bias in the allocation
of subjects to the intervention group or to the control group;

 Randomization tends to produce comparable groups; that is,
the measured or unknown prognostic factors and other
characteristics of the subjects at the time of randomization will
be, on the average, evenly balanced between the intervention
and control groups;

« The internal validity of statistical tests of significance 1s
guaranteed.
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7. Data collection on subjects

« Treatment (assigned and received):
— Which treatment group was the patient assigned to?
— What treatment did the patient actually receive?

* A patient may refuse to comply to their assignment, or may
fail to comply without realizing it.
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7. Data collection on subjects

e Measurements of outcome:
— The desired effect of the treatment
— Any side effects that may appear

e In order to ensure comparability 1n all treatment groups, we
need to explicitly state the criteria for all outcomes to be
measured 1n a study.

— Blinding (masking) may prevent this problem, but may not
be always possible.



Southeast University ,| School of Public health

7. Data collection on subjects

» Prognostic profile at entry

— We want to verify that randomization has provided
comparability of known risk factors for the outcome
between treatment groups.

— Example: We want to verify if randomization has resulted
in groups that are comparable for age.

» Data for prognostic factors should be obtained at the time of
entry in the study.
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Bllndlng(Maskmg)

* Blinding (masking)
— Masking of the subjects: they do not know their treatment
group.
— Masking of the observers or data collectors: 1n regards to
which group a study participant 1s in.

« The masking of both participants and study personnel 1s called
“double blinding”
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 Fundamental Point: To avoid potential problems of bias
during data collection and assessment a clinical trial.

* Unblinded: In an unblinded or open trial, both the subject and
the investigator know to which intervention the subject has
been assigned. The studies involving most surgical procedures,
changes in life style (eating habits, exercise, smoking) or
learning techniques can be conducted only 1n this manner.

The advantage 1s that 1t 1s usually simpler to carry out and the
disadvantage is the possibility of bias.
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Bhndness

« Single-Blind: Patient does not know which treatment group
he/she 1s in. Only the investigator 1s aware of which
intervention each subject is receiving. The advantage and
disadvantage are similar to those of unblinded trials.

e Double-Blind: Neither the subjects nor the investigators
responsible for following the subjects know which
intervention the subject has been assigned. Such designs are
usually restricted to trials of drug efficacy.

The advantage 1s that the risk of bias 1s reduced.

The disadvantage is that certain responsibilities, which in

open or single-blind studies could be accomplished by the
investigators, must be taken over by others in order to
maintain the blindness.
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Blindness

e Triple-Blind: Neither the subjects, nor the investigators, nor
the committee monitoring response variables 1s told the
1dentity of the groups. The theoretical advantage 1s to allow
the monitoring committee to evaluate the response variable
results more objectively. The disadvantage 1s that 1n a trial
where the monitoring committee has an ethical responsibility
to ensure subject safety, such a design may be
counterproductive.
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Bhndness

Table 7-4. Summary of vanous types of blinding to -
assignmenti of treatment in clinical trials.

Knowiedge of Treatment

Assignment -

Blinding investi
None _Yes

Yes
Single | No Yes
Double | No No



Southeast University School of Public health

Blinding (cont.)

b. Purpose of blinding:

To prevent biases 1n assessing outcome, which may be
influenced by knowledge of treatment group.

c. Blinding 1s most important when
d. Blinding is less important when
e. Not always possible to blind subjects and/or investigators



Southeast University School of Public health

TABLE 7-5. A Randomized Trial of Vitamin
C and Placebo for the Common
Cold: Results of a Questionnaire
Study to Determine Whether
Subjects Suspected Which
Agent They Had Been Given

Suspected Drug

Actual Drug Vitamin C Placebo Total

Vitamin C 40 12 52
Placebo 11 39 50
Total 51 51 102
P < 0.001.

From Karlowski TR, Chalmers TC, Frenkel LD, et al:
Ascorbic acid for the common cold. JAMA 231:1038,
1975. Copyright 1975, American Medical Association.
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Blinding of a dy participant

» Use of a placebo.

« Important for studying the rates of side effects and reactions (in addition to
the main effects of an agent).

— Example: The Physicians’ Health Study: Side effects of aspirin.

TABLE 7-6. Physicians’ Health Study: Side Effects According to Treatment Group

Side Effect Aspirin Group (%) Placebo Group (%) P
Gastrointestinal symptoms (except ulcer) 34.8 34.2 0.48
Upper gastrointestinal tract ulcers 1.5 1.3 0.08
Bleeding problems 27.0 20.4 <0.00001

Data from Steering Committee of the Physicians’ Health Study Research Group: Final report on the aspirin component of the

Ongoing Physicians’ Health Study. N Engl ] Med 321:129-135, 1989. Copyright 1989, Massachusetts Medical Society. All rights
reserved.




Southeast University School of Public health

« Overt noncompliance

— Participants articulate their refusal to comply or stop participating in the
study (“dropouts™).

« Covert noncompliance

— Participants just stop taking the assigned treatment without telling the
investigator or study staff.

— Checks for compliance should be built in the study.

— Example: urine tests for a metabolite of the agent
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Noncompliance: drop-ins

 Participants in one treatment arm inadvertently take the agent assigned to
the other group (“drop-ins”).

— Example: In a randomized trial testing the effect of aspirin for the
prevention of MI, many of the control patients took aspirin without
knowing it due to the vast number of over-the-counter preparations that
contain aspirin.

— How to address the problem:

» Controls were provided with a list of aspirin-containing over-the-
counter preparations that they should avoid.

 Urine tests for salicylates for carried out for both treatment groups.
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Noncompliance

* People who do not comply or who do not participate in studies differ from
those who do.

— In terms of many demographic, social, psychological, and cultural
variables (that may affect the outcome).

 These are forms of selection bias.

« Randomization, or some other approach that reduces selection bias, 1s
essential in a valid clinical trial.
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8. Follow-up study groups for
outcomes
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Use “Intention to treat” analyses

1. Detined:

Data are analyzed so that subjects remain 1n groups as
originally assigned...even 1f subjects do not comply or
change treatments on their own.

This means that, even 1f the day after a subject was
assigned to the control group, he starts the experimental
treatment on his own...the outcome for that patient 1s
analyzed as 1f he were still in the control group! ..... In
short: “Once randomized, always analyzed.”
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9. Analyze results:
Use “Intention to treat” analyses

2. Why we must use intention to treat analyses:

a.  The results reflect what happens in the real world when the treatment
is offered.

b.  The trial concerns whether the offering of a new treatment 1s more
effective.

c. Non-compliers are often different with respect to outcome, so likely
to be less bias in keeping them in original groups than analyzing data
in other ways.

d.  Though final results must reflect intention-to-treat analysis,
investigators should look at compliers and non-compliers and their
possible effect on the results.
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10. Establish procedures for terminating the trial
and informing subjects of results.

To Protect the welfare of subjects, data must be monitored
regularly and analyzed for any obvious benefits or clear risks
to subjects. If either occurs, the trial must be stopped and
appropriate action taken (1f there 1s a benefit, then controls
must be offered new treatment. If a risk, experimentals must
be taken of exper. treatment.
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10. Establish procedures for terminating the trial
and informing subjects of results.

Caveat: Small, transient differences between the
groups may be observed early in the trial. So there
must be a balance between a long-enough follow-up
to see whether true benefits occur vs. depriving the
controls of a better treatment.
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A. Randomized clinical trial (RCT):

1. Defined (phase lll):

An experimental study where the effectiveness of the
intervention is being tested on individuals.

Phase | trials
. How does the agent affect the human body?
. What dosage is safe?
Phase Il trials
. Does the agent or intervention have an effect on the disease?

Phase lll trials

. Is the new agent or intervention (or new use of a treatment) better
than the standard?

. Participants have an equal chance to be assigned to one of two or
more groups
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Four Phases in Testing New Drugs in the United States

*  Phase I trials: These trials are clinical pharmacologic studies—small studies of 20 to 80 patients that look
at safety issues with the new drug or other treatment. Toxic and pharmacologic effects are examined,
including safety, safe ranges of human dosage, and the side effects observed with the new treatment. If the
drug passes these studies, it then undergoes phase II studies.

*  Phase II trials: Phase II studies consist of clinical investigations of 100 to 300 patients in order to evaluate
the efficacy of the new drug or treatment and to further assess its relative safety. If the drug passes phase II
studies, it is then tested in phase I1I trials.

*  Phase III trials: These studies are large-scale randomized controlled trials for efficacy and relative safety.
These studies often include 1,000 to 3,000 or more participants. When recruitment difficulties are
anticipated from the beginning, the study may be designed in its planning stage as a multicenter trial. If the
drug passes phase III testing, it can be approved and licensed for marketing.

*  Phase IV studies: Phase IV studies, which are also called postmarketing surveillance, are important for
monitoring new agents as they come into general use by the public. Phase IV studies are not randomized
studies and are not really trials at all, unlike phase I, II, and III trials. Since phase IV studies ascertain
side effects of a new treatment after the drug has been marketed, participants are not randomized. For the
findings from such postmarketing surveillance to be valid, a very high-quality system for reporting of
adverse effects is essential.
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Fig. 11.10 Design of the Hypertension Detection and Follow-up

Program. DBP, Diastolic blood pressure.

School of Public health
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Fig. 11.11 Cumulative all-cause mortality by blood pressure status
and type of care received in the Hypertension Detection and Follow-up
Program. (Modified from Hypertension Detection and Follow-up Program
Cooperative Group: Five-year findings of the Hypertension Detection and
Follow-up Program: . Reduction in mortality of persons with high blood pressure,
including mild hypertension. JAMA. 1979;242:2562—-2571.)
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Example: hypertension detection and follow-up program

TABLE 11.4 Mortality From All Causes During the Hypertension Detection and Follow-Up

Program

5-YEAR
Diastolic Blood Pressure Stepped Referred DEATH RATE Mortality Reduction
at Entry (mm Hg) Care Care SC RC in SC Group (%)
90-104 3,903 3,922 5.9 7.4 20.3
105-114 1,048 1,004 6.7 7.7 13.0
>115 534 529 9.0 9.7 7.2
Total 5,485 5,455 6.4 7.7 16.9

RC, Referred care; SC, stepped care.
From Hypertension Detection and Follow-up Program Cooperative Group. Five-year findings of the Hypertension Detection
and Follow-up Program: |I. Reduction in mortality of persons with high blood pressure, including mild hypertension. JAMA.

1979:242-2562-2571
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Community trial

1. Detined:

An experimental study where the effectiveness of an
intervention 1s tested on a community.

2. Example of a community trial: fluoridation of water.
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Fluoridation of Water

M Kingston
ENewburgh

Permanent Teeth

Figure 1-8. DMF indices alter 10
years of fluoridation, 1954-1955.
(Adapted from Ast DB, Schle-
singer ER: The conclusion of a
10-year study ol waler luorida-
ion. Am J Pub Health 46:265-

271, 1956. Copyrigh! 1956 by the
10-12 13-14 American Public Igearlh Ass}trnc'ra-

Age (years)

DMF Teeth per 100 Children with

tion. Adapted with permission.)
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Figure 9-3. Net percentage changes in the intervention communities in knowledge
and risk factors for persons 25 to 74 years old in the Stanford Five-City Project. Source:
Farquhar et al. (1990).
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Commuu.nlty trial

Southeast University

3. Problems of conducting community trials:
a. Obtaining an appropriate control group:
1) Same community before and after intervention

2) A control community: similar to experimental
community with respect to possible confounders.

b. Other problems:
1) It 1s hard to get individual’s informed concent
2) Intervention not at individuals level

3) Collaboration of communities
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Experimental stugdies compared to
cohort studies

1. Similarities between cohort and experimental studies. Both:
Subjects must be free of the outcome at the start of the study.
People are grouped into “exposed”/ “not exposed” categories.
Groups are followed for a period of time to determine outcome.

Yield incidence data so allow the calculation of risk and related
measures.

€. Susceptible to lost-to-follow-up bias.

e 0 o e
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Experimental sttjies compared to
cohort studies

2. Differences between cohort and experimental studies:

a. Experimental studies involve active manipulation of
exposure (treatment/alternative treatment), whereas in
cohort studies, the investigator must merely observe the
effect of exposure.

b. Random allocation (or randomization) 1s an essential part
of a good experimental study. Not possible 1n a cohort.

c. Ethical issues often a major issue in experimental
epidemiological studies.

d. Compliance with study protocol is an important concern
in experimental studies.
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Some Further Issues in
Randomized Trials
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Four possible conclusions when testing
whether or not treatments differ

* When 1n reality, the treatments do NOT differ:
1. We correctly conclude that they do not differ.
2. We conclude that they do differ by error.

* When 1n reality, the treatments DO differ:
3. We conclude that they do not differ by error.
4. We correctly conclude that they do differ.
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The four possibilities in a 2x2 table

We conclude
treatments

are NOT different
from each other

POSSIBLE
CONCLUSIONS

We conclude
treatments

ARE different
from each other

REALITY

Treatgnents are

Treatments

NOTdifferent ARE different
(!r:r ect Type Il error
decision
(cell a) (cell b)
Type | error Correct
decision
(cell ) (cell d)

[Cell a]

» Reality: treatments are not
different.

* Conclusion from study:
treatments are not different.

— Correct decision!
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The four possibilities in a 2X2 table (continued)

We conclude
treatments

are NOT different
from each other

POSSIBLE
CONCLUSIONS

We conclude
treatments

ARE different
from each other

REALITY
Treatments are Treatnjents
NOT different ARE diferent
Correct Type lljerror
decision
(cell a) (cellb)
"
Type | error Cor'éct
decision
(cell ) (cell d)

[Cell d]

Reality: treatments are different.

Conclusion from study: treatments
are different.

— Correct decision!



Southeast University

School of Public health

The four possibilities in a 2X2 table (continued)

We conclude
treatments

are NOT different
from each other

POSSIBLE
CONCLUSIONS

We conclude
treatments

ARE different
from each other

REALITY

Treatments are

NOT different

Treatments
ARE different

Cofrect
dedision

Type Il error

(cell b)
Typel error Correct
decision

(cell ) (cell d)

*[Cell c]

» Reality: treatments are not different.

» Conclusion from study: treatments
are different.

— Incorrect decision!
— Called Type I error

—> Probability of making a Type I error
1s aL.
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The four possibilities in a 2X2 table (continued)

We conclude
treatments

are NOT different
from each other

POSSIBLE
CONCLUSIONS

We conclude
treatments

ARE different
from each other

REALITY
Treatments are Treatnjents
NOT different ARE diferent
Correct Type I*arror
decision
(cell a) (cell b)
"
Type | error Correct
decision
(cell ) (cell d)

[Cell b]
* Reality: treatments are different.

* Conclusion from study: treatments
are not different.

— Incorrect decision!
— Called Type II error

= Probability of making a Type II
error is 3.
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o. and the P-value

« Recall: Probability(Making a Type I error)=a,

« “P <0.05”: used in many published papers, is in reference to .

« It means the probability that an observed difference could have
arisen by chance alone, and that this difference between our
groups does not reflect any true difference, 1s only 0.05, or 5%.
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(1- B) and the power of the study

* Recall: Probability(Making a Type II
error)= 3

IF REALITY IS THAT:

Treatments
ARE different

We conclude
treatments

are NOT different
from each other

POSSIBLE
CONCLUSIONS

We conclude
treatments

ARE different
from each other

» In other words, the probability that we
correctly say there is a difference, when
there is indeed a difference is 1-f3.

Type Il error
(probability = g)

Correct » This probability, (1-), 1s called the

(prgbigiiﬁstioﬂ . power of the study.

« It tells us how likely is our study not to
B+ (1-B) = 1.0 miss a difference 1f one exists.
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TABLE 11.1 Summary of Terms

Term Definitions

o = Probability of making a type | error
= Probability of concluding the treatments
differ when in reality they do not differ
B = Probability of making a type |l error
= Probability of concluding that the treatments
do not differ when in reality they do differ
Power =1 — Probability of making a type |l error
=1-B
= Probability of correctly concluding that the
treatments differ
= Probability of detecting a difference between
the treatments if the treatments do in fact
differ
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* “How many people do we have to study 1n a clinical trial?”

 What needs to be specified:

— The difference 1n response rates (rate of cure, rate of
improvement) to be detected.

— An estimate of the response rate in one of the groups.
— Level of statistical significance (o)

— The desired power of the study (1- [3)

— Whether the test should be one-sided or two-sided.
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Recruitment and retention of study participants

* Major challenge is to recruit a sufficient number or eligible and willing
volunteers.

* (Within the limits of a randomized trial) participants must be fully informed
of the risks and what arrangements have been made for their compensation.

« Paying large incentives may lead to biases.

« Investigators should avoid being overly zealous in promising the study
subjects benefits that have not yet been conclusively demonstrated.

« Should develop measures to prevent losses to follow-up.
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Ways to express the results of RT

« Efficacy: How well a treatment works under “ideal”
conditions.

— Is different from effectiveness, or how well a treatment
works 1n “real-life”.

Efficacy =

Rate in those who ) - Rate in those who
received the placebo/ \received the vaccine

Rate in those who received the placebo
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Ways to expres 2"the results of RT
(continued)

Southeast University

« Ratio of the risks (RR)
« Comparison of survival curves for each treatment.

« Number of patients who need to be treated (NNT) to prevent one adverse
outcome.

1
NNT—( Rate in \ [ Ratein

— |
untreated group/ \treated group,
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External validity: Generalizability

EXTERNAL VALIDITY

RANDOMIZED

4 N

NEW CURRENT
Treatment Treatment

Ultimate objective is to generalize the results
beyond the study population.

Example: Test a drug for disease “X”

Total population: all patients with “X”’

Defined population: all patients with
“X” 1n our community

Study population: patients with “X” that
receive medical care from one of several
clinics in our community

If new treatment 1s better than current
treatment in our study, we want to say
that the new treatment is better for the
disease regardless of where they are
treated at.

— Generalizability, or external validity.



Southeast University

Population

DEFINED
Population

STUDY
Population

RANDOMIZED

NEW CURRENT
Treatment Treatment

INTERNAL VALIDITY

B

School of Public health

RT is internally valid if the
randomization has been done properly
and the study 1s free of other biases,
without major methodologic problems.

RT i1s the gold standard of study designs
because of randomization.

If study 1s large enough, randomization
leads to comparability between treatment
groups.
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Example of a major randomized trial in the US:
Study of breast cancer prevention using Tamoxifen

 (bservation: Women treated with Tamoxifen for breast cancer had lower
incidence of cancer in the other breast.

* Hypothesis: Tamoxifen might help prevent breast cancer.

« RT: Initiated in 1992. 13,388 women, 35 years or older, enroll in the trial
by 1997. Randomized to receive a placebo or 20 mg/day of tamoxifen for
5 years.
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Example of a major randomized trial in the US:
Study of breast cancer prevention using Tamoxifen

Invasive Noninvasive

40 40
§ D?lacebo
5 304 ® Tamoxlifen 'T 28
£ | P<.00001
£ 20. | | P<.002 |20
3
E 104 - 10
o

0 T Y T ey Y T T 0
Year0 1 2 3 4 S 6@ 1 2 3 4 5 6

#Events Rate/1,000 #¥Events Rate/1,000
0o 175 434 0O 69 15.9

e 89 220 e 35 7.7

Figure 8-14. Cumnulative rates of invasive and noninvasive
breast cancer occurring in participants recciving pheebo or
tamukilen, (Froam Fisher 13, Costantino )1 Wickerham DI, et alk:
Tamoxifen lor prevention of breast cancer: Report of the
National Surgical Adjuvant Breast and Bowel Projeat P4 Study.
§ Natl Cancer Inst 90:13 711 38R, 1998.)

Data monitoring committee
decide that the evidence of
reduction in breast cancer was
sufficiently strong to stop the trial.

— Cumulative rates of both
invasive and noninvasive
breast cancer were markedly
reduced in treatment group.
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Example of a major randomized trial in the US:
Study of breast cancer prevention using Tamoxifen (continued)

40  However, rates of invasive
g | O Piacebo . .. .
= 0] ® Tamoxiten endometrial cancer is increased in
2 ] P<.003 the tamoxifen treated group.
L. :
o 20
=
2 0. ) * Conclusion: The potential benefits
£ of tamoxifen must be weighed
3] : : :
WL oo i B T against the increased risk of
#Events Rate/1,000 endometrial cancer.
o 15 5.4
e 36 13.0

Figure 8-15. Cumwlutive rates of invasive endometrinl
Lincer occurring in participaints recciving placeho or tamoxifen,
{1 rom Fisher B, Costantino 1>, Widkerham DL, et al. Tamox¥fen
lor prevention of breast canca: Report of the Nahonal Surgical
Adjuvant Breast and Bowel Project P-1 Study . | Natl Ca ncer Inst
N:1371-1388, 1198.)
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Example: Effect of group psychosocial support on survival of patients
with metastatic breast cancer.

expressive group therapy or control.

* Supportive-expressive therapy is a standardized treatment for life-threatening
illness, to express their feeling and concerns.

WOMEN WITH METASTATIC
BREAST CANCER (BC)
N =235

7 \

RANDOMLY ASSIGNED 2:1

SUPPORTIVE-
EXPRESSIVE
THERAPY
N =158

LONGER |[SHORTER | [ LONGER ][ SHORTER
SURVIVAL |] SURVIVAL SURVIVAL |] SURVIVAL
FROM BC FROM BC FROM BC || FROM BC

NO SUCH
INTERVENTION

N=77

Women with metastatic breast cancer were randomly assigned to supportive-
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Example: Effect of group psychosocial support on survival of
patients with metastatic breast cancer.

« Results: Survival is not prolonged
in patients who receive
supportive-expressive therapy.

« However, mood and pain
perception were improved,
especially in more distressed
women.

Proportion Surviving

Intervention

0.0 e The results suggest there are no

L I

¢ 2 4
Years after Randomization

o -

survival benefit from this
Intervention.
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Registration of clinical trials

* Not all results of clinical trials are published.

— If clinical trials showing beneficial results are published, but trials with
negative results are not, it may seem (erroneously) that all studies of the
new drug show clear benefit. = publication bias

— Researchers, journals, and drug companies are less eager to publish
results that show no or less benefit of a new drug.

— Therefore, the International Committee of Medical Journal Editors
adapted a policy, where ALL clinical trials of medical interventions must
be registered in public trials registry before recruiting participants.
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Ethical Considerations

e [s randomization ethical?

— Randomization is ethical only when we do not know for certain if
drug A is better than drug B.

e [s it ethical not to randomize?

— Questions of harm: unnecessary toxic effects and raising false hopes,
often at huge expense.

* s true informed consent obtained?

— At a time of distress (right after diagnosis, which is often the protocol
for inclusion of the study), they may not be capable of giving truly
informed consent.

*  When should a trial be stopped earlier than originally planned?

— When sufficient evidence of benefit or harm is observed.
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Some measures of effect in
experimental studies

A. Risk ratio:I/ I
B. Risk difference: I-—I;
C. Efficacy: Ic—1It
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Major potential biases in experimental studies:

Figure 2. Cumulative Dropout and Drop-in
Rates by Randomization Assignment and
Follow-up Duration

* Lost-to-follow-up

e Compliance/adherence to
study’s protocol, e.g.,
WHI:

Dropout refers to women who discontinued study
medication; drop-in, women who discontinued study
medication and received postmenopausal hormones
through their own clinician.
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Reasons for non-compliance:

Disappointment with results.

1. Misunderstanding of instructions.
2. Inconvenience of participation.

3. Side effects of treatment.

4.  Cost of participation.

5. Forgetfulness.

6.

7.

Preference for another treatment.
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Ways to improve compliance:

Select motivated persons.
Pretest ability and willingness of participants to comply.
Provide simple and lucid instructions to subjects.

Offer incentives to comply (e.g., no charge for therapeutic
intervention and associated examlnatlons)

5. Provide positive reinforcements to subjects for adherence to
treatment regimen.

6. Maintain frequent contract with participants and remind
them about importance of adherence to the regimen.

7. Measure adherence through pill counts or sampling of
biologic specimens.

8. Limit duration of intervention.

b=






