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Population & Sample

"Just =0 you know far next ime, when we
do a biopsy wie only take a tiay picce.”
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mEk o Sample vs. Population

Unbiased sample Biased sample
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Fig. 3. Sampling bias. An unbiased sample is representative of and
has the same characteristics as the population from which it has been
drawn. A biased sample is not representative of the target population
because its characteristics have different distribution as compared
with the original population.
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Inclusion Criteria

Specifying the characteristics that define
populations that are relevant to the research
guestion and efficient for the study:

- Demographic characteristics
i - Clinical characteristics
- Geographic (administrative) characteristics
Exclusion Criteria - Temporal characteristics

Specifying subset of the population that will no¢ b
studied because of:

- high likelihood of being lost to follow-up
- unable to provide good/complete data

- ethical barriers

- subject’s refusal to participate

‘:'www‘biophics‘org
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e Probability Sampling -- methods that utilizes some formrafhdom selection

1. Simple Random Sampling
2. Stratified Random Sampling Chance

3. Systematic Random Sampling EPS: Equal Probability of
4. Cluster (Area) Sampling Selection

5. Multi-stage Sampling PPS: Proportionate to Size

« Non-probability Sampling - methods that based on either accidental or
purposive; usually approach the sampling probleth wispecific plan in mind.

1. Accidental Sampling -
2. Purposive Sampling Rel evancy
2.1 Expert Sampling
2.2 Quota Sampling
2.3 Heterogeneity Sampling Specific Characteristics
v ionniosors - 24 Snowball Sampling

Representativeness
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e | mportant questionsin BJGPHICS
sample size estimation

What isthe key outcome of interesthich isto be evaluated
statistically?

Cured/Not Cured, BP, Glucose conc., Survival time, No. of E. coli, ...

How will the key outcome be measured?

Rate, Percent, Prevalence, Incidence, Mean, Median, etc.
What kind of study does one have?
Descriptive (Parameter estimation), Analytic (Hypothesiditayp

Arethereexplicit or implicit dependenciesin the data which need
to be accounted for ?

Completeness, Non-responses, Folloyw rate,
Fixed /Limited sample size, Screening etc.

www.biophics.org
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A : : . .
ety Factorsin sample size estimation

« A priori information about parameter s of
inter est

e Effect size

o Confidencelevel (in parameter estimation) /
Tail of thetest (in hypothesis testing)

 Typel error (a, In parameter estimation) /
Typel (a) & Typell (H) erors(in hypothesis
testing)

www.biophics.org
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« A priori information about parameters of
Inter est

— Literature Review

From previous report, it was shown that cure rate
of Drug A = 70%

— Pilot Study
A pilot survey from 30 bottles of drinking water in the
market shows that there are E. coli in 5 bottles

— Expert Opinion
3 out of 5 experts say that about 10% of workers in the
XXX factory have health problem related to toxic

chemicals.
@hics.org
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« Exampleof a priori infor mation about

parameters of interest
Definition of Pimary Outcome: PID

* Tenderness. abdominal direct, motion of cervix and uterus, and
adnexal
« GC+ or fever > 38-C or leucocytosis>10,000 WBC/ul or purulent

material from peritoneal cavity on culdocentesisor pelvix abscess or
Inflammatory complex on bimanual exam

Estimating the Incidence of PID for Sample Size
Calculations

o Government officialsestimated 40%

e Ob/GYN from Med School estimated 12%
* Pilot study found 4%

 We conservatively set initially at 6%

www.biophics.org
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o Effect size
— Clinical/ Public Health Importance
— Not Statistical Significance

e Examples:
Current cure rate = 70%
New drug should be 10%etter => 80%

Previous survey found infected rate = 15%

New survey expected to find infected rate not different
from previous survey at 3% => 12-18%

www.biophics.org
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and Effect Size

o Sample size is function of the
— a type | error allowed
— B type Il error allowed
— actual predicted risk
— eXxpected reduction of risk
 The estimated sample size of each arm of a clinical trial, if
the tolerated a type | error is 0.05 and B type Il error is 0.17

Predicted Risk
1% 2% 3% 4% 10%

10% risk 197,750 | 97,924 | 64,649 | 48,011 18,064 }
reduction

50% risk 6,253 3,100 2,049 1,524 578
reduction

www.biophics.org
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e Typel & Typell errors

Ho: G1=G2

Accept Ho

Decision

Reect Ho

www.biophics.org

Factorsin sample size estimation

Reality/Truth
Ho True (G1=G2) Ho False (G1<>G2)
:
Correct Typell Error
Confidence: 1- Ol B

99, .95 10, .20
Typel Error Correct

oL Power : 1- ﬁ
.01, .05 .90, .80

I Center of Excellence for Biomedical
and Public Health Informatics
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e Typel & Typell errors

The Decison Matrix on Trial
The OJ Simpson Trial Analogy

E X }..l itli t L‘l:.'l

Ho : O] is innocent

Ho: OJ = Other

Ha : O] is guilty

Ha: OJ £ Other

www.biophics.org
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TENY - Factorsin sample size estimation

e Type

Ho: OJ = Other

Hccept
Ho

Hhat

| & Typell errors

Feal it Truth

Ho True
Ho: OJ = Other

CONFIDENCE
LEVEL

OJ is Innocent

Not Guilty Verdict

Ho Flse
Ha: OJ / Other
TYPE II Exror

OJ is Gulity
Not Guilty Verdict

Jury
cCOoONn—
c ludes

Reject
Ho
Ha: OJ%Other

TYPFPE I Exrror

OJ is Innocent

Guilty Verdict

POWER

OJ is Gulity
Guilty Verdict

BE@PHI'C_S
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Type of Research Study
Descriptive S
(Parameter Estimation) D D
Analytic On
(Hypothesis Testing) E e o é
_ @
Research Design E | c!| 4 01 O
Experimental -
True Experimental (e.g. RCT) @ @ O&
e Quasi Experimental X
Observational Case-Control Aééb

Cross-sectional
e Case-Control
e Cohort

www.biophics.org
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e Parameter Estimation * Hypothesis Testing

sonsiels
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Parameter Estimation

Parameter .
|
[®) ><|
sansnels

Categorical outcome:TT = P =L Zalz\/ p(l-p)/n

Continuous outcome: t = X+ Za2o/A/N

www.biophics.org



T Deter minants of sample size B|PHICS
N o o : :
(Parameter Estimation) .

Threefactorsdeterminetherequired sample size:

1. Standard deviatiow, (continuous); or, the
proportion or prevalence rate of the outcome of
Interest, p (categorical).

2. The difference of the estimate that we wish to
detectp.

3. The confidence interval level (usually set at 95%

Cl).
7 —7 Priori Info.
Formula: al/2 = 0;0;/2 / Effect Size

Categorical outcome: n = 1. 96'2 7T ( 1-77) / 3‘2
Continuous outcome: g = ( 1.96 O / 5) 2

www.biophics.org
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Wisdom of the Land and Public Heallh Informatics.

Target organ damage and cardiovascular complications in patients

with hypertension and type 2 diabetes in Spain: a cross-sectional Categoncal Outcome
study

Luis Cea-Calvo*!, Pedro Conthe?, Pablo Gémez-Fernandez?, Fernando de (p/’eva/ence - ,D)

Alvaro#, Cristina Fernandez-Pérez®> and RICARHD investigators®

Background: Target organ damage (mainly cardiac and renal damage) is easy to evaluate in outpatient clinics and
offers valuable information about patient's cardiovascular risk. The purpose of this study was to evaluate, using
simple methods, the prevalence of cardiac and renal damage and its relationship to the presence of established
cardiovascular disease (CVD), in patients with hypertension (HT) and type 2 diabetes mellitus (DM).

Statistical analysis n = 1.96 2 77'(1-77)/52

The sample size was calculated according to the main
objective of the study and based on the expected preva-
lence of heartand kidney damage. For an expected preva-
lence oa sample size of 2401 hypertensive
diabetic patients was estimated for - onfidence
interval (CI) and an error o sample was
increased 4% to cover data losses,; vielding a definitive size
of 2500 patients.

www.biophics.org
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Cross-sectional survey on hantavirus

seroprevalence in Canton St. Gallen, Categorical outcome
Switzerland ( preva/ence - p)

Detlev Schultze*, Walter Fierzt, Hans C. Matter<, Sergej Bankoul®, Matthias Niedrig®, Andreas Schmiedlf

Background and objectives: In 2002 the hirst en-
demic hantavirus infection in Switzerland was de-
tected only by chance following a broad spectrum
ot diagnostics. This raised the question, whether
Hantavirus infection should be included in the dif-
terential diagnosis of febrile illness of patients in
Switzerland. In order to estimate the frequency of
hantavirus infections in Switzerland, this survey on
hantaviral seroprevalence was conducted in the
Canton St. Gallen.

www.biophics.org
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UNIYERSILY Example: Descriptive study P s
Cross-sectional survey on hantavirus -
seroprevalence in Canton St. Gallen, _ 2 / 2
Switzerland n = 1.96 ﬂ(-l 77) o
Detlev Schultze®, Walter Fiers®, Hans C. Matter’, Sergej Bankoul?, Marthias Niedrig®, Andreas Schmiedlf

The sample size calculation was based on a compar-
ison of exposure to hantaviruses measured by seropreva-
lence in different populations. Based on known seropreva-
lences in other Central Furopean countries [22-27] an
exposure of 5% in the populations with higher risk of ex-
posure to hantaviruses and of 0.5% in blood donors was
assumed. With a power of 0.8, an alpha value of 0.05, and
a ratio of seropositive samples for the higher risk group to
the blood donors of 10:1,@Holunteers from each popu-
lation and blood donors would have been needed [28].

Finally, a total of 1710 sera from 1029 blood donors,
382 farmers, 104 forestry workers, 104 soldiers, and 91
hunters were collected.

‘i 'www‘biophics‘org
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Effect size = Relative precision

Suppose we are trying to estimate the prevalence
of a certain disease, which we suspect to be
about 3%, and

We want the 95% confidence interval of the
estimate to be 0.3% (10% of 3%) on either side

Priori Info.

Z0(/2 = ZO?/Z / Effect Size

n = 1,962 r(1-m)/ 52
n=1.962x0.031-0.03)/0.003 =12421

l.e. 12421 subjects required!

www.biophics.org



P e Exam_pl e. Descriptive StL! dy B|€PHICS
Effect size = Absolute precision

A survey Is being planned to estimate the
prevalence of secondary infertility amongst
couples aged 20-45. The investigators expect
the prevalence to be 10%, and

They would like to estimate it to within 5% of the
true value (with 95% confidence).

How many couples are required?

Priori Info.
Za /2 =

= Zoylz / Effect Size
= 1.96 72 7T(1'7T)/3-2

n=1.96"x0.1x0.9/0.05° =139

www.biophics.org
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"R Multiple outcomes of inter est

Title: Prevalence of gonoccocal, chlamydial, hepatitisvBrus
and syphillis infections among pregnantwomen attkimg
Hung Vuong Hospital, Ho Chi Minh City, Vietnam

Sample size:

Using EPI-Info6 (epitable) calculation for sampleze &
power of single proportion

Given:

- Size of the populationpregnant women attending Hung Vuong
Hospital) = 60 /day, or approximately = 22000 /yr

- Confidence level!l = 90%

Thus,

- Prevalence of the_Chlamydia trachomatis carrieasmong
pregnant women expected to be = 2.5% (Citation ?)itlw

MAHIDOL Example: Descriptive study B|SPHICS

desired precision % =1 % ; sample size = 641
- Prevalence of Treponema pallidum carriers amongegnant
women expected to be = 0.5% (Citation ?) with deedr

precision % = 0.3 % ; sample size = 1401

- Prevalence of HBsAQg carriers among pregnant women
expected to be = 10.3% (Citation ?) with desiredexision %

= 1.5 % ; sample size = 1058

- Prevalence of Gonorrhoea carriers among pregnhanotémen

expected to be = 0.7% (Citation ?) with desired prnemn % =
0.4 % ; sample size = 1117

If the desired precision is acceptable, the minimumample
size for this study should be 1400

www.biophics.org
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UNIVERSITY . = I PHrC31
Estimate continuous outcome

Peak Expiratory Flow Rate (PEFR)

This is a simple method of measuring airway obsiwacand it will detect
moderate or severe disease. The simplicity of &thodl is its main
advantage. It is measured using a standard Wrigdgtk-Flow Meter or mini

Wright Meter. The needle must always be resetrlxfore PEFIs
measured. |

|
(Data from Gregg et al, BM], 1973) ‘

. : : X = ?+ 20 litres/mi
Standard deviation of PEFRS litres/min 2,0 remn

Desired95% confidence intervalidth: + 20 litres/min
n = (1.96 o/9)?
= (1.96x 48/ 20)° ~ 22

l.e. a sample of 22 would enable us to estimate the population
PEFR mean to within 20 litres/min (with 95% probability).

www.biophics.org



Hypothesis Testing o e s

(Differences between independent groups)
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Categorical outcome:
Ho: T =12

Continuous outcome
Ho: ul = 2



Cross-sectional study Cohort study starts
l l

Actual Sample Unexposed Snapshot Actual Sample Unexposed P of Disease
i g g IR 3 2R : 22 HEETEFLE T : 2 2
22 Tl 2R 2R I EERI AR R ™
I I Compare : 2 3 £ ) Compare
; r 2 o Exposed Snapshot Results : T 2 AN Exposed P of Disease Results
fve | SEEr oL [33)E L 123 221 XN
oo = B T $ % b = : 3 $ 3
Unknown Mechanism  Unknown Tempcral Unknown Mechanism Temporal Sequence

Of Assignment Relationship Of Assignment Established

Case-control study RCT starts
l !

Actual Sample P of Exposure Controls Actual Sample Treatment Follow-up
22 i |22 2 & £ s 3 T L= T 22
I SR I X - ;i\ T 3 : 3 : 3
: $ i Compare Compare |
: % P of Exposure Cases Results x % Control Follow-up Resﬂlts I
E % * E o ;’ X i
i 221 2212 1 x x| s 3 $ 3 2 r % [
: % : 3 $ % 2 3
Unknown Mechanism  Unknown Temporal Random Temporal Sequence

Of Assignment Relationship Allocation Established
Fig. 1. Examples of study designs. In cross-sectional studies inputs and output are measured simultaneously and their relationship is assessed

at a particular point in time. In case-control studies participants are identified based on presence or absence of the disease and the temporal
direction of the inquiry is reversed (retrospective). Temporal sequences are better assessed in longitudinal cohort studies where exposure levels
are measured first and participants are followed forward in time. The same occurs in randomized controlled trials (RCTs) where the
assignment of the exposure is under the control of the researcher. P: Probability (or risk).

Eww.biophics.org
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(Hypothesis Testing)

Four factors determinetherequired sample size

1. Standard deviation, o (continuous), or the expected
success rate for the control group, p, (categorical).

2. The difference between groupsthat we wish to detect, 5.

Note: Effect size: the size of the smallest effeéwt is clinically important.
— Difference between two groups = (p1-p2) @i(= 12)
— OR/RR of two groups

e.g., 1.5 for risk of CHD In patients with hypertension
(50% increased risk)
H,: RR=1.0; H;: RR>=1.5
3. Thefalse positiveerror rate, or significance level of the
test, o (usually 0.05).

4. Thefalse negativeerror rate, § (usually 0.1 or 0.2), more
commonly expressed as (1-p), the power (0.8 or 0.9). Thisis
for a specified 6 (alternative hypothesis).

www.biophics.org
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vameot - Difference between two groups  BjepHics.

Formula: Categorical outcome Where
Ho: T =12 p, = expected/known
Type I err Power Priori Info. proportion in the control

(1-Type II err) group

o { Zl_% T 21_*@}2[ p.d—p)+ p.(1-p,)] p, = expected proportion

B 2 In the intervention group
(P = Po)er (= py + 9)

Effect Size
Formula: Continuous outcome

Ho: ul = u2 Where

Type I err Power Priori Info. ;= expected/known
(I- Type 1 e“)/ standard deviation in the
control group
2 Z .+ o°
{ Zi‘ﬁ } = d diff
N — > expected different

standard deviation in the

2 :
O “+— Effect Size intervention group

www.biophics.org



yanmor - Difference between two proportions B|€PHICS.
- Ho: il = 12

Formula: Categorical outcome
Power

(1-Type II err)
(7., +25}P@A-"p)+ p,@-p,)] "o

Priori Info.

Type I err

n= ( )2 p, = expected proportion
— In the control grou
Lhus pl p2 ‘\Effect Size : P .
For 5% significance and 80% power; ~ P»= expected proportion
In the intervention group
n— 7.849x[p,(1-p,) + p, (A~ p,)] (=p, + 9)

(P, —P,)°

Note: This is a slight underestimate to the n.

More accurate formula:
{z, .2DP(1- D) + 25/ P,(A- P) + P,(1— P,)}°
n — 2
(P, — Py)°

www.biophics.org
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Example: Analytic study

Intermittent versus continuous renal replacement therapy for acute
Kidney injury patients admitted to the intensive care unit: results

of a randomized clinical trial Categ (@) rl Ca I ou tCO me

Robert L. Lins', Monique M. Elseviers®, Patricia Van der Niepen®, Eric Hoste*, Manu L. Malbrain®,
Pierre Damas® and Jacques Devriendt” for the SHARF investigators

In the SHARF 4 study, we compared prospectively the
outcome of different modes of therapy [daily intermittent
renal replacement therapy (IRRT) versus continuous renal
replacement therapy (CRRT)]. The SHARF score was used
to control for disease severity. This article will focus on the
comparison between both treatment options mn a random-
1zed clinical trial with the short-term outcome on hospital
mortality and renal recovery at hospital discharge used as
end-points.

www.biophics.org
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&P UNIVERSITY Example: Analyticstudy — "1

Intermittent versus continuous renal replacement therapy for acute
kidney injury patients admitted to the intensive care unit: results

of a randomized clinical trial Categorlcal Outcome

Robert L. Lins', Monique M. Elseviers®, Patricia Van der Niepen?, Eric Hoste*, Manu L. Malbrain®,
Pierre Damas® and Jacques Devriendt” for the SHARF investigators

Az 7 MR- p) £ po(L- )]
: (P, - )’

n

Sample size calculation

The sample size calculation was_basec
that the overall mortality \\"Oll]L" A
SHARF studies [19.20] and that aldifference o ‘
mortality between IRRT and CRRT had to be detected to
be clinically relevant. With a first-order error of 5% and a
power of 80% a sample size of 407 patients was needed in
cach treatment group.




D Example: Analytic study BloTITCSY

Wisdom of the Lar

Single-Dose Rufloxacin versus 3-Day Norfloxacin Treatment of
Uncomplicated Cystitis: Clinical Evaluation and

Pharmacodynamic Considerations Categ (@) rl Ca I (@) utCO me

G. DEL RIO,"* F. DALET,' L. AGUILAR.? J. CAFFARATTL' anp R. DAL-RE?

Nephr In{\D_;mn!’\Iwb.’ogDprr)r nd Urology Department, Fundac Ps.n
Barceloy nd Medical Department, SmithKline B.’ n Pharmacel ff\llf’ip

The purpose of this study was to evaluate the efficacy and
safety of a single dose of rufloxacin (400 mg), compared with
those of a norﬂoxacm standard treatment (400 mg twice a day
[BID] for 3 days).

Sample size and statistical analysis. The sample size was calculated on the
basis of the expected norfloxacin cure rate of 96% (28) and a delta value of 10%
to show no differences between treatments (22). With type I and II errors of 0.05
and 0.2, respeatlvelv, 61 evaluable patients per treatment should be recruited
(22). Sample size was, however, extended to 150 evaluable patients, following the
IDSA/FDA guidelines for the clinical evaluation of anti-infective drug products
(29).

Treatment group comparisons were done with chi-square tests and Fisher’s
exact test for qualitative parameters and Mann-Whitney and Spearman correla-
tion for quantitative parameters. Two-tailed P values of <0.05 were considered

. statistically significant.




_ : B]|€PHICS
UNIVEIRITY Examp le: Anal ytic stu dy o

Eur J Dermatol 2009; 19 (5): 461-8

Clinical efficacy of basic fibroblast growth factor CategOI‘ICEﬂ outcome
(bFGF) for diabetic ulcer

In the present tnal, we compared the efficacy of two doses
of bFGF (0.001% and 0.01%) with a placebo 1n patients
with diabetic ulcers.

The sample size was determaned based on the Grade 1
achievement rate. In a 12-week prehhminary trial con-
ducted using 0.01% bFGF m patients with diabetic ulcers
(data unpublished), 1t was observed that 5 of 8 patients
achieved Grade 1 after 8 weeks™ administration. Assum-
mg that the Grade 1| achievement rate 1in the placebo group
and 0.01% bFGF group were 30% and 60%., respectively,
the planned sample size of 50 patients on cach group
would provide a power of 80% to detect a percent differ-
ence of 30%% at a significant level of 0.05. If, however, the
percent difference i the Grade 1 achievement rate was
25%., the power would decrecase to 64%%. We set the mini-
mum number of patients which could have been shown
the statistical significant difference because this study
was positioned as an exploratory study.

www.biophics.org
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RCT- Placebo vs. Treatment

In a randomised clinical trial, the placebo response is
anticipated to be 25%, and the active treatment
response 65%.

How many patients are needed if a two-sided test at the
5% level Is planned, and a power of 80% is required?

_ 7849 p,(1-p)+ P, (1-p,)]

4 2
(pl o pz) F
Active Trtmt
. 7.849x (0.251-0.25) + 0.651- 0.65))
(0.25-0.65)°
_ 7.849x 0.415: 0.4

0.16 .
SO0 n=21 per group e

aae’

65%  35%

www.biophics.org
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) UNIVERSITY -
| Case-Control Design

Does oral contraceptive use cause myocardial inbsre

P, = proportion ofexposure among controls = 10% = 0.10
P, = proportion of exposure among casePFHPR)  oucome  Nooutcome
= (0.10)(1.8)=0.18 ifassume Prev Ratio=1.8 ©*  ©

Jg,=1-p,=1-0.18 =0.82 Exposure | 18% | 10%

g,=1-p,=1-0.10 = 0.90 131§ | 1%

Z, 4 = vValue of the standard normal distributidtf
corresponding to alpha:g., 1.96 No
for 2-sided test at 0.05 o

z,; = value of the standard normal distributiof? oc
corresponding to desired power level: elgg4d  SHIA
for a power of 80%

and Pu

n (each groupy [(0.1)(0.9) + (0.18)(0.82)] [1.96 + 0.84]= (0.2376) (7.84) =291.06
(0.18-0.10) 0.0064

www.biophics.org
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Example: Analytic study
Case-Control Design

Table for N for OC and MI Study

Ty W
BI €PHICS
Center of Excellence for Biomedical
and Public Heallh Informatics

Postulated Prevalence
Ratio

Required n/group

1.2 3834
1.3 1769

1.5 682

1.8 291 h
2.0 196 (
2.5 97

3.0 59

Assumes 10% use of OC in population, power=80%, alpha=0.05

www.biophics.or
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MAHIDOL Differ ence between means BI's:-PHICS
Ho: ul = u2

Formula: Continuous outcome

Type I err Power Priori Info.

N (1- Type II err) /
Az, +4ﬂ}

5 24\ Effect Size

The most commonly used value for significanggié 0.05, giving
Z1.,0=1.96

N =

The most commonly used value for powe3jlis 80%, giving
z,5,=0.84

2 __2
A2, 25107 41964084707 2x7.84%° 1570

n= 52 _ 52 o 52 ~ 52

www.biophics.org



Continuous outcome

Proof-Of-Concept Irial In Patients With Dominant Polycystic Kidney Disease:

Study Aim

The primary objective of the SUISSE ADPKD study is to assess
the effectiveness of sirolimus to retard kidney volume growth
and to prevent the loss of renal function in young patients with
ADPKD and preserved renal function. Patients with ADPKD and
kidney volume growth that can be documented within 6 months
are randomized to treatment with sirolimus 2 mg/day for 18
months (Figure 1) or standard treatment. The secondary
objectives are to follow renal function and blood pressure and to
monitor for the occurrence of proteinuria. Safety and tolerability
of sirolimus treatment in ADPKD patients will also be assessed.

Iwww.biophics.org
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Example: Analytic study TR

Continuous outcome

Proof-Of-Concept Irial In Patients With Dominant Polycystic Kidney Disease:
Az ., +z ,} o

n= 52

Sample Size Considerations

In a large cohort of ADPKD patients, the mean annual kidney volume growth
rate was 5.27% = 3.92% (SD).[7] Because patients with lack of progression
during the pre-randomisation period will be excluded from our study, we
expect to select for a higher progression rate in our study population. Due to
a shorter observation interval compared to the mentioned observational
study, the standard deviation might be higher. Presuming an annual kidney
growth rate of 6%‘ the control group, a sample size of 40
patients per group will have 80% statistical power to detect a 50% relative
reduction of kidney volume growth using a two-sided a-level of 0.05. To
account for a drop out rate of up to 20%, we plan to randomise a total of

100 patients.
@hics.org
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| RCT - Continuous outcomes

In a trial to compare the effects of two oral contraceptives on
blood pressure (over one year), it is anticipated that one
drug will increase diastolic blood pressure by 3 mmHg,
and the other will not change it. The SD (of the changes
In blood pressure) in both groups is expected to be 10
mmHg.

How many patients are required for this difference to be

significant at the 5% level (with 80% power)? ml
2 __2

A2, 42 41°0"  19610.84%0°  2x7.84%° Xpostpre =0 miHg

nN=

52 — 52 52 SD =10 mmHg
| 2x7.849x100 . J\Ocj
So n =175 women per group Xpost-pre = 3 mmHg

www.biophics.org SD - 10 mmHg
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b Variations of CT g bk
miw@aamﬁauam Null Hypothesis Alternative Hypothesis
AL Ho Mr-He= 0 |Hal Hp- K # 0
(Equality)

ANLARANIN Hy Mp- LSO Ho: M- K> 0
(Superiority)

AN LuAdasNIN Ho: U= >0 Hy Mr- M. <O
(Non — inferiority)

anuaemani - Hol| Pe- Ml 20 [Holl Hp- Hl< 0
(Equivalence)

www.biophics.org



IRy Basic Trial Design B[S

Population N Intervention ——| Outcome
Randomization + Blinding
Placeb e
aceno or Outcome

Standard treatment

Source: Deborah Grady, Introduction to Randomized Clinical Trials
www.biophics.org
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Population

N

Cross-over Design

BI PHICS

Placebo

v

Intervention

Intervention > Washout
Randomization
Placebo -| Washout
v
Outcome

Source: Deborah Grady, Introduction to Randomized Clinical Trials

www.biophics.org
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MR Factorial Design s

Int Aand Int B —| Qutcome
Population /
o

___—|Int Aand Pbo B —| Outcome

T |Pbo AandIntB — | Qutcome

\* Pbo A and Pbo B — | Qutcome

IntA Plb A INtA IntB

INnt B | AB B Dose 1
PbB| A Pbo Dose 2

Source Deborah Grady, Introduction to Randomized Clinical Trials

www.biophics.or
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W Equivalence / Non-inferior Trials®l™ ™

Table 1. Hypotheses Associated with the Different Types of Studies
when Comparing a New Therapy Against a Current Therapy with
Respect to Efficacy

Type of study Null hypotheses Research hypothesis
Traditional There is no difference There is a difference
comparative between the therapies between the therapies
Equivalence The therapies are The new therapy is
t Walent foalent t Guidance for Industry
not equivalen equivalent to Non-Eferiozity Clinical
current therapy Trials
Noninferiority = The new therapy is inferior = The new therapy is
to the current therapy not inferior to
the current therapy

Source: E Walker & A S. Nowacki, Understanding Equivalence and Noninferiority Testing

www.biophics.org
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WNERRY Equivalence / Non-inferior Trials™1™ -
Efficacy is measured by success rates, where higher is better. Efficacy is measured by failure rates, where lower is better.
Traditional comparative study Traditional comparative study
f———+—— Superiority established Superiority established A
—t1— Superiority not established Superiority not established [ —
New therapy inferior 0 New therapy superior New therapy superior 0 New therapy inferior
Treatment Difference Treatment Difference
Equivalence study ! I
| —H— | Equivalence established
| I
—t— I Equivalence not established
: I——I—:—| Equivalence not established
| I
| i
New therapy inferior 5 0 48 New therapy superior
Treatment Difference
Noninferiority study Noninferiority study
I I
L Noninferiority established Noninferiority established ~ —H— |
| [
|—:—l——| Noninferiority not established Noninferiority not established I——l—:—l
} =
New therapy inferior . § 0 New therapy superior New therapy superior 0 ) New therapy inferior
Treatment Difference Treatment Difference

Figure 1. Two one-sided test procedure (TOST) and the equivalence margin in equivalence/noninferiority tesfing.

Source: E Walker & A S. Nowacki, Understanding Equivalence and Noninferiority Testing

www.biophics.org
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oyeesity Equivalence / Non-inferior Trials

Center of Excellence for Biomedical

B|©PHICS

and Public Health Informatics

2 Comparison of superiority, equivalence and non-

inferiority™ hypotheses based on a 29 margin of
difference in event rates

=

T T ’

New
treatment
superior

Standard
treatment
superior

=k - e
— 195 0<% + 1926
Difference (A) in event rates

(new treatment — standard treatment)
Hgy = null hypothesis. H_ = alternative hypothesis.
A = difference in event rates between new and standard treatments.
S =A in superiority trials. E=A in equivalence trials.
NI — A in non-inferiority trials.
*Testing for non-inferiority is imn one direction only — even if superiority exists
(dashed arrow), it is not the hypothesis being tested. -

Source: lan A Scott, MJA e Volume 190 Number 6 ¢ 16 March 2009

www.biophics.org
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Center of Excellence for Biomedical
and Public Health Informatics

2 Comparison of superiority, equivalence and non-
inferiority™ hypotheses based on a 29 margin of

difference in event rates
s ¥

Superiority
Hgo: A = 0O; H_: A =0

< ‘ -

New
treatment
superior

Standard
treatment
superior

e
—19% + 196
Difference (A) in event rates

(new treatment — standard treatment)
Hgy = null hypothesis. H_ = alternative hypothesis.
A = difference in event rates between new and standard treatments.
S =A in superiority trials. E=A in equivalence trials.
NI — A in non-inferiority trials.
*Testing for non-inferiority is imn one direction only — even if superiority exists
(dashed arrow), it is not the hypothesis being tested. -

Source: lan A Scott, MJA e Volume 190 Number 6 ¢ 16 March 2009

www.biophics.org
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2 Comparison of superiority, equivalence and non-
inferiority™ hypotheses based on a 29 margin of
difference in event rates

4 L
1

Superiority
Hgo: A = 0O; H_: A =0

= ‘ -

Equivalence
Hgo: A =19 or <=—1%96

Standard

N ew

treatment Ho: — 196 <Ag <196 treatment
superior ' superior
i : - o - ! il
ol = | - e
— 124 0°<s + 124

Difference (A) in event rates
(new treatment — standard treatment)

Hgy = null hypothesis. H_ = alternative hypothesis.

A = difference in event rates between new and standard treatments.

S =A in superiority trials. E=A in equivalence trials.

NI — A in non-inferiority trials.

*Testing for non-inferiority is imn one direction only — even if superiority exists
(dashed arrow), it is not the hypothesis being tested. -

Source: lan A Scott, MJA ¢ Volume 190 Number 6 ¢ 16 March 2009

www.biophics.org
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Equivalence / Non-inferior Trials

Center of Excellence for Biomedica

BI@PHI'CS

and Public Health Informatics

2 Comparison of superiority, equivalence and non-
inferiority™ hypotheses based on a 29 margin of
difference in event rates

< T

Superiority
Ho: A = 0; H_: A =0

- % o

New
treatment
superior

Equivalence
Hgo: A =19 or <=—1%96
H_: —19 <Ag <196

a-

Standard
treatment

: - - =

superior

Non-inferiority
Ho: Apngy =196 Ho - Ay <196

S L B e

s e
— 195 0<% + 196
Difference (A) in event rates

(new treatment — standard treatment)
Hgy = null hypothesis. H_ = alternative hypothesis.
A = difference in event rates between new and standard treatments.
S =A in superiority trials. E=A in equivalence trials.
NI — A in non-inferiority trials.
*Testing for non-inferiority is imn one direction only — even if superiority exists
(dashed arrow), it is not the hypothesis being tested. -

Source: lan A Scott, MJA ¢ Volume 190 Number 6 ¢ 16 March 2009

www.biophics.org
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Bayesian / Adaptive Designs

Wisdom of the Land

Figure 11. Paradigm Shift

Old New
Inferential Process Hypothesis Testing Continuous Learning
(Attempt to reject null hypothesis) (Update probabilities of alternative hypotheses)
e How likely are the trial results, given there really | How likely is there a true difference among
Question Being Addressed is no difference among treatments? treatments, given the trial data?
Pivotal Trial Weight of Evidence
Drug Approval Distinct Phase 0-IV Trials Continuous Trials
Trial Designs Single Stage Adaptive
Statistics Traditional Bayesian

o e

- Understanding
-1 ¥ ¥ Clinical Trial Design:
= A Tutorial for

Research Advocates
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Websitesfor Sample Size Calculation
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o OpenEpi Menu - Windows Internet Explorer = |E| | il
@ v |g http://www.openepi.com/v37/Menu/OE_Menu.htm

File Edit View Favorites Tools Help
@;Convert v [Select

and Public Health Informatics

9 4 25| +| @ openepimenu | | D v B ~ @0 v ;2 Page ¥ (O} Tooks ~
-~
Expand All | Collapse W
2 Home
@3 Info and Help
@ Language/Options/Settings gt _— _— i . i .
) Calculator OpenEpi:Sample Size for X-Sectional,Cohort,and Ciinical T indows Internet Explorer —|o] x|
=3 Counts 3 v i [g htp://www.openepl.com/v37/SampleSize/SSCohort.htm zl *311:2C I5'~‘5' ch polis
4 Std.Mort.Ratio ALY IR Fie edr view Favortes Toos Hep
1) Proportion @iconvert v [select _
'—j Two by Two Table i;f =[$\? SEIvl & OpenEpi:Sample Size fur)(-sacmna\,caho...l | f':h = v - _:}' Page ¥ -0 Tooks b
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{ Expand All | Collapse Enter Results Examples Help
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0 Matched Case Control Open Source Statistics for Public Health Documentation Testing About Help
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INNHRES Sample Size Adjustment  BITTTES

1. Adjusting for loss of follow up

* |If pis the proportion of subjects lost to follewp,
the number of subjects must be increased by a
factor of1/(1-p).

*N,i=Nx1/(1-p)
2. Adjusting for Noradherence
RO =drop out rate
e Ri=drop in rate
Nadj =N /1-R,-R )
e |f Ro=0.20, Ri=0.05
Nadj =1.78N
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Sample Size Adjustment
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Center of Excellence for Biomedic:
and Public Health Informatics

2 Statistics Guide for Research Grant Applicants: D. Sample size calculations - Microsoft Internet Explorer
File Edit View Favorites Tools Help

< < \ﬂ @ vh f’) Search ‘j;n:(Favorites e\Media ﬁ‘} k"v sﬁ-‘ 3] P— Links

Scenario: The prevalence of dysfunctional breathing amongst asthma patients being treated in general practice is to
be assessed using a postal questionnaire survey (Thomas ef al. 2001).

Required information: -

« Primary outcome variable = presence/absence of dysfunctional breathing
« 'Best guess' of expected percentage (proportion) = 30% (0.30)
« Desired width of 95% confidence interval = 10% (i.e. +/- 5%, or 25% to 35%)

The formula for the sample size for estimation of a single proportion is as follows: -
n=15.4*p* (1-p)/W2

where n = the required sample size p = the expected proportion - here 0.30 W = width of confidence interval - here
0.10

Inserting the required information into the formula gives: -

) 324 x 1/(1-.3) = 463
n=154*0.30 *(0.70)/ 0.10° = 324

Suggested description of this sample size calculation: -

"A sample of 324 patients with asthma will be required to obtain a 95% confidence interval of +/- 5% around a
prevalence estimate of 30%. To allow for an expected 70% response rate to the questionnaire, a total of 480
questionnaires will be delivered.”

Back to top v
#&] Done ® Internet
www.biophics.org
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UNIVERSITY Center of Excellence for Biomedical

2l Statistics Guide for Research Grant Applicants: D. Sample size calculations - Microsoft Internet Explorer

FEile Edit View Favorites Tools Help

&) oo > 2] [Z] @& SO search ¢ ravorites @ Meda €5

- S - [J

Scenario: A randomised controlled trial has been planned to evaluate a brief psychological intervention in comparison to usual treatment in the
reduction of suicidal ideation amongst patients presenting at hospital with deliberate self-poisoning. Suicidal ideation will be measured on the
Beck scale; the standard deviation of this scale in a previous study was 7.7, and a difference of 5 points is considered to be of clinical
importance. i is anticipated that around one third of patients may drop out of treatment (Guthrie ef g/ 2001)

Required information: -

Primary outcome variable = The Beck scale for suicidal ideation. A continuous variable summarised by means.
Standard deviation = 7.7 points

Size of difference of clinical importance = 5 points

Significance level = 5%

Power = 80%

Type of test = two-sided

LU I I ]

The formula for the sample size for comparison of 2 means (2-sided) is as follows: -
n=[A+BFR*2*S0D2/DIFFZ

where rn = the sample size required in each group (double this for total sample).

SO = standard deviation, of the primary outcome variable - here 7.7_

DIFF = size of difference of clinical importance - here 5.0.

A depends on desired significance level (see table) - here 1.96.

Significance level n
5% 1 .96
1% 2.58
Power B
80% o.8s4a
SO 1.28

S5% 1.c4 38 * (1 / (1—33) — 57

Inserting the required information into the formula gives: -

N=[196 +084)2~2=7 727502

This gives the number required in &3 the trial's two groups. Therefore the total sample sizelis double this, i.e. 76

To allow for the predicted dropout rate of around one third, the sample size was increased to 60 in each group, a total sample of 120.
Suggested description of this sample size calculation: -

“A sample size of 38 in each group will be sufficient to detect a difference of 5 points on the Beck scale of suicidal ideation, assuming a
standard deviation of 7.7 points, a power of 802, and a significance level of 5%2.. This number has been increased to 60 per group (total of
120), to allow for a predicted drop-out from treatment of around one third"™

Back to top

q’\@ 4 Internet



UNIVERSITY E).(am pl .e: BI‘@’PHII(:'S :
-Sample Size Adjustment S

Randomised, double-blind, placebo-controlled study to deter mine whether steroids reduce the
incidence and severity of nephropathy in Henoch Schonlein Purpura (HSP)

@ MAHIDOL

Main research questions
Do steroids reduce the incidence and severity phrapathy in childhood HSP?
Are ACE genotype polymorphisms predictive of prege nephropathy in HSP?

Henoch-Schonlein Purpura (HSP) is the commonedli sessel vasculitis of childhood. Long term
prognosis is related to progressive renal insficy. There is no conclusive evidence that stemwillls
alter the course of the disease. We will addrass ltlhconjunction, we will evaluate the associatio
between insertion and deletion polymorphisms ofAG& gene and progressive nephropathy in treated
and untreated groups.

Data analysis/fSample size

Formal statistical input into the study has beavigled by the Research and Development Support Unit
at Southmead hospital, Bristol. To test the hypsiththat treatment with prednisolone 2mg/Kg for a
period of 14 days reduces the incidence of protarat a set point (12 months) after initial preaéion.

We will require a study of 320 patients (160 inlegooup). This calculation is based on the prenhaé
15% of children in the untreated group are likelylevelop proteinuria during the 12 month period,
compared with 5% in the treated group. This sarsiaie will provide 80% power for testing the
hypothesis at the 5% level of statistical significa, and assumes the difference will be analysed as
continuity corrected chi-squared test. Allowingrapbut rate of 15%, 184 patients will need to be
randomised to each treatment arm (prednisoloné&cepo).
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Randomization
Random Allocation
Random Assignment
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Random allocation o S o

— Assures subj ects have same probability of being
assigned to either experimental or control groups

— Has effect of increasing comparabllity of groups -
Groups similar with regard to distribution of
anticipated, and unanticipated, confounders inserm
of -

e all factors other than the intervention being aapl
» essentially eliminates selection bias

www.biophics.org



i = = [y
D) MAIRaL Randomization Process il

Randomization Rules:
e Use a procedure that really allocates randomly

— 30-50% of 287 RCTs did not describe an appropriate
randomization procedure.

e Use a procedure that is tamperproof

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

Block Randomization
o 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

www.biophics.org
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Randomization Process/Coding
Example: 3 Blocks for Part A1 (12 volunteers)
Random | Permuted Randomization Study ID
Number Block List
Sequence 3 L 9 11001 Statistician
1 PLLL L 911002 | o GPO
2 LPLL P 9 11103 :
; T L 011004 | Pharmacist
2 L 0 11005 knOW the
4 LLLP p 911006 | coding
L 9 11107 ]
L 9 11008
4 L 9 11009
L 9 11010
L 911011
P 911012

www.biophics.org
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Randomization Process/Coding
Example: 3 Blocks for Part A1 (12 volunteers)

Study ID

911001 §4§\

911002 42\ Coding is
911103 44\ \ blinded at
911004 = 3 study site
911005 §4\ . .

9 11006 N 44\

911107 § 4§ \ \

9 11008 XA

911009 & 4\ |

911010 . . 2 2\

911011 & 4\

9 11012 A

www.biophics.org
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Random number generator program

http:/www.saccenti.comrrandomnumberrandomnumber.htm

. S
ESTI Example: il

and Public Health Informatics

/= Free Random Number Generator - Windows Internet Explorer = |_&

m' |& htip : /fwnww. saccent.com,randomnumber frandomnumber.htm Ll RV I‘G‘i-*'iﬂf% Ol
File Edit View Favorites Tools Help
~ ooy »
¢ 4A¢ @ Free Random Number Generator | | I~ - ==~ :%\,page v 0 Tools ¥
-~

Free Random Number Generator

Simplest thing in the world, a little 20KB program

Should run on any Windows, 95 to present

Created using Microsoft Visual Basic 6.0

Will download as "randomnumber.exe" (click here to download)

Random Number Generator copyright 2003-2011 by Scott Donato Saccenti (http://www.saccenti.com/index.htm).

No charge, but if you find the program useful and would like to thank me with a small donation, a couple bucks would be appreciated. I can accept
donations through a credit card via Paypal. My address for receiving payments is paypal"at"saccenti.com (replace the "at" with the usual
symbol...I'm trving to avoid spam by keeping the real address off this web page). Thanks.

Here is what the program looks like:

w. Random == B3
Enter number I488
Get result |223

To use it, simply input a number in the top box and click "GO!" A random number between 1 and the number yvou entered on top will appear in the bottom
box. You must enter a whole number, between 1 and 32.767.

The Visual Basic source code is:

Option Explicit d|
bone [T [ [ [ [ & mntemnet [%100% ~
#istart| 2] [ @ > [3]mcrosoft PowerPoi... [ € Free Random Nu... « il BA 5 FH S0 @ 12:24pm

www.biophics.org
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. Example: B|€PHICS
Random number generator program

Wisdm bf Ve Bl
http://www.randomizer.org/

/= Research Randomizer: Free Random Sampling and Random Assignment - Windows Internet Explorer o ]l:l |}_(_| J

@)v I‘-’:B http: /fwwwe.randomizer .orgyf LI 5l X ]Gc-cn:;ﬂe- Pl
File Edit View Favorites Tools Help

¥ <R (B Research Randomizer: Free Random Sam... o v ;_gg - ;_;}page v .0 Tooks ¥

¥ Randomize ! ¥ Tutorial | ¥ Links ¥ About Us
i i

= R ANDOMIZER

Site Overview

Random sampling and random assignment have never been T G »

easier! . "
Use the Randomizer form to instantly
generate random numbers.

This site is designed for researchers and students who want a - .

. . L Quick Tutorial »
quick way to generate random numbers or assign participants to
experimental conditions. Research Randomizer can be used in a See some examples of how Research

wide variety of situations, including psychology experiments, Randovmjzer canhelised 'c_:r random
: e sampling and random assignment.
medical trials, and survey research. The program uses a
JavaScript random number generator to produce customized sets Related Links ¥
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26,676 Patients were assessed for
e e NEW ENGLAND =
JOURNAL of MEDICINE

DECEMBER 3, 2009 VOL. 361 NO. 23

- -— 128 Were excluded

ESTABLISHED IN 1812

v

Vaccination with ALVAC and AIDSVAX

26,548 Were tested for HIWV
to Prevent HIV-1 Infection in Thailand

8780 withdrew
418 Had HIV infection

v

17.350 Underwent clinical
screening

948 Were excluded
422 Had tuberculosis or
other disease

L ITT Population

119 Had other reason /

66 Were unavailable -
3.5 yr

——

16,402 Underwent randomization

7 Were H‘N-dposith’re on PCR MOdIerd ITT
R — — | Population

——

16,395 Did mnot have HIWV infection

—— - —— —_

— — -
< 8197 Received vaccine > < 2198 Received placebo
\ 1 / \ I ‘-—74
v v
2021 Were excluded 1832 Were excluded
1268 Received fewer than 4 doses 1154 Received fewer thamn 4 doses
of vaccine of vaccine
742 Received vaccine outside 670 Received vaccine outside
tirme period tirme period
6 Had dose error 1 Had dose error
2 Had HIV infection but were 7 Had HIV infection but were
vaccinated per protocol vaccinated per protocol
2 Were ineligible because of age O Were ineligible because of age
(12 Had HIV infection but were (17 Had HIV infection but were
excluded for one of the reasons above) excluded for one of the reasons above)

6176 Were included in per-protocol 6366 Were included in per-protocol
analysis

analysis
IW\A - =
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C Modified Intention-to-Treat Analysis

Vaccine

1.0+
X 0.9
5 o3
T
0.7
£
- 0.6
st
= 0.5
=
“ 0.4+
Z 0.3
| 0.2
2
& 0.1+
0.0
0.0
No. at Risk
Placebo 8198
Vaccine 8197

Cumulative No. of Infections

Placebo
Vaccine

0.5 1.0 1.5 2.0 2.5 3.0 3.5
Years
7775 7643 7441 7325
7797 7665 7471 734

30 50 65
12 32 45 S

Center of Excellence for Biomedica
and Public Health Informatics

ESTABLISHE

The NEW ENGLAND
URNAL o MEDICINE

DECEMBER 3, 2009

Vaccination with ALVAC and AIDSVAX
to Prevent HIV-1 Infection in Thailand

0.2/9 -0.192

Uszanswa

0.279

Table 2. Rate of HIV Infection and Vaccine Efficacy, According to Selected Baseline Variables (Modified IntentionxTreat Population).

Variable
No.
Evaluated
All subjects 7960

. www.biophics.org

Vaccine (N=8197) Placebo (N=28198) Vaccine Efficacy
No. of No. of
No.with  Person- No. No. with  Person-
Infection Years Rate Evaluated Infection Years Rate

no./person-yr

51 26.507 7088

74

26,478

no. /person-yr 6 (95% Cl)

31.2§1.7 0 51.8)




