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Phase II studies - Therapeutic exploratory trials

Small studies early in the development of a regimen.

Typically focus on toxicity and response data.

Require precise definition of response & toxicity criteria.

Phase III studies - Therapeutic confirmatory trials

Larger comparative studies.

Also assess survival and disease-free survival.

Require survival analysis.

Cancer clinical trials

Phase IV - Postmarketing surveillance / trials

May or may not be comparative studies.

May be done to assess benefit, harm, QOL, economics.
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ñé statisticians apply, to 
problems in which we are 
interested, a technique which 
we do not understand. It is 
exasperating, when we have 
studied a problem by methods 
that we have spent laborious 
years in mastering, to find our 
conclusions questioned, and 
perhaps refuted, by someone 
who could not have made the 
observations himself.ò

- Sir Austin Bradford Hill
Father of the Randomized Controlled Trial

Medical statistics



Statistics is the science of data analysis.

- Ernst Rutherford

Can data be analyzed without statistics?

Most biological researchers are not so lucky
Enormous biological variability
Inability to control all relevant variables
Interest in small effects

Medical statistics
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evolved out of a felt need
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Clinical trial designs

Â Crossover

Â Parallel groups

R*

R*

* R = Randomization Point

Â Single treatment

baseline endpoint



Â Factorial
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Â Survival
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Clinical trial designs

* R = Randomization Point



ÂNo treatment
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The goal of medical statistics



Categorical / (Ordinal) / Qualitative data
That which can be classified into mutually exclusive 

categories based on a predetermined set of criteria.

e.g. Tumor response - Complete response, Partial response,

Stable disease, Increasing

Data types

Numerical / Measurement / Quantitative data
That which comes from measurement.

e.g. CA-125 level in ovarian cancer.

Time -to -event data is a special case of 
quantitative data.
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Â Process by which we acquire information about 
populations from samples.

Â Three procedures for making inferences.

Statistical Inference

Sample                          Population          

Point estimates Interval estimates

Hypothesis testing

Inferential statistics
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Point estimator

Sample distribution

Parameter

?

Population distribution

A point estimator draws inference about a 
population by estimating the value of an 
unknown parameter using a single value.

Point estimation
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Interval estimator

Sample distribution

An interval estimator draws inferences about a 
population by estimating the value of an 
unknown parameter using an interval.

Population distribution Parameter

Interval estimation
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Â A confidence interval has the form:

point estimate margin of error

Â The point estimate is our guess for the value 
of the unknown parameter.

Â The margin of error shows how accurate we 
believe our guess is, based on the sampling 
distribution of the estimate.

Confidence interval 1
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Confidence interval 2

Â A confidence interval has the form:

point estimate margin of error

Â The confidence interval is therefore likely to 
include the true population parameter with 
the given confidence level.

Â The given confidence level (e.g. 95% or 
99%) shows how confident we are that the 
procedure will catch the true population 
parameter.

Â Sample size influences the confidence 
interval.

1
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Consider Hazard ratio:

Ratio of death rates in two study arms.

Estimated Hazard Ratio of  2.1 in favor of a 
new Rx seems appealing.

However if 95% CI is  0.4 to 3.8 , the Hazard 
Ratio is no longer so appealing.

Confidence interval 3
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n = 100

Chi-square p value 0.3149 Non -significant

Importance of a large sample 1
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n = 1000

Chi-square p value 0.0015 Significant

Importance of a large sample 2

250 250

300 200

+          ð

A

B

Response

Rx arm



An RCT is planned to compare surgery and 
radiotherapy in the Rx of operable lung cancer. 

However, during conduct of the trial it was found 
that some patients randomized for surgery were 

inoperable and had to be Rx by radiotherapy.

Continued ...

What is to be done for analysis in this situation?

Analysis strategy 1
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Inoperable 
patients 
apparent 
only in 

surgery arm

SurgeryRadiotherapy

There are likely to be 
inoperable patients in both 
groups but they cannot be 
identified in the 
radiotherapy group.

Patients with inoperable 
tumors are likely to have 
more advanced disease.

Analysis strategy 2

Intention -to -treat analysis is the best approach.

2

0



The outcome of interest is time to an event - this 
does not necessarily have to be death. 
Studying time to an event poses two problems:

Â Time interval can vary from one subject to 
another. Also at the end of the study the event 
may not have occurred for many subjects.

So time to event is not Normally distributed .

Â In a long period of follow -up many subjects drop 
out. The information we have about them is only 
till last follow -up. So data is Censored .

Survival analysis
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ÂModel time to death or time to event.

ÅUnlike linear regression, survival analysis has 
a d ichotomous (binary) outcome.

ÅUnlike logistic regression, survival analysis 
analyzes the time to an event.

Â Able to account for censoring.

Â Can compare survival between 2+ groups.

Â Can assess relationship between covariates 
and survival time.

Survival analysis
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Technique
Predictor

Variables

Outcome

Variable

Censoring

permitted?

Linear

Regression

Categorical or
continuous

Normally
distributed

No

Logistic

Regression

Categorical or
continuous

Binary (except in

polytomous logistic
regression)

No

Survival

Analyses

Time and
categorical or
continuous

Binary Yes

Regression vs. survival analysis
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Technique Mathematical model Yields

Linear

Regression

Y=B1X + Bo
(linear)

Linear changes

Logistic

Regression

Ln(P/1-P) = B1X+Bo
(sigmoidal prob.)

Odds ratios

Survival

Analyses

h(t) = ho(t)exp(B1X+Bo)Hazard rates

Regression vs. survival analysis
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Â Examples

Time to death or clinical endpoint

Time in remission after Rx of disease

Time to wean from ventilator support

Time to relapse in alcoholism Rx

ÂWhen one believes that 1+ explanatory 
variable(s) explains the differences in time to 
an event

Â Especially when follow -up is incomplete or 
variable

When to use survival analysis
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Â Survival prospects are assumed to stay the 
same throughout the study.

Â Subjects lost to follow -up have the same 
prognosis as those who continue with the 
study.

Â The probability that an individual is censored 
is unrelated to the probability that the 
individual suffers an event.

Â Anything which affects the hazard does so by 
the same proportion at all time.

Assumptions in survival analysis
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