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GSK Vaccines Institute for Global Health (GVGH)
GVGH is an integral part of the GSK Global Health strategy

Our mission
Develop effective and affordable vaccines for
high burden neglected infectious diseases

Our role
Translate laboratory candidates into human
proof of concept as basis for
sustainable commercial development

Operating principles
-

Scope: from laboratory development to management of early clinical studies
Project selection on the basis of public health needs and a sustainable business case
Affordable by design
Innovative
Extensive external partnering for funding and the science
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GVGH Operating model and projects
– GVGH is a model for sustainable vaccine development for high burden neglected
diseases within GSK and externally
– GVGH projects are currently:
–
–
–
–

Shigella
Salmonella Typhi/Paratyphi A
Nontyphoidal Salmonella (S. Typhimurium and S. Enteritidis)
Group A Streptococcus
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Case study: sample size strategy for dose-finding study
in a multi-valent vaccine
– Objective: to choose appropriate sample size to detect the preferred dosage
– Challenges:
– Many groups
– Many endpoints

Low Dose

Medium Dose

High Dose

– Limited Information on dosages and dose-response relationship
With
adjuvant

Single-dose
schedule / 2-dose
schedule

Single-dose
schedule / 2-dose
schedule

Single-dose
schedule / 2-dose
schedule

Without
adjuvant

Single-dose
schedule / 2-dose
schedule

Single-dose
schedule / 2-dose
schedule

Single-dose
schedule / 2-dose
schedule
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Study Design
Overview (1)
– Diseases X is responsible for 200 000 deaths per year, globally.
– GVGH developed a promising multi-component vaccine against the 4 most common
infectious bacteria responsible for disease X.
– GVGH wants to detect the dosage, among the 3 tested, with best immunegenic
response, against each of the 4 bacteria targeted by the vaccine.
– Note: Dosage will be selected conditional on an acceptable safety profile – not covered by
this presentation.
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Study Design
Overview (2)
– N subjects will be randomized with a 1:1:1 ratio to 3 vaccine treatment groups with
different vaccine dosage
Immunogenicity
Low
– For each subject
4 endpointsagainst
will be assessed:
– Immunogenicity against Bacterium A
Bacterium
A Bacterium B
– Immunogenicity
against

Dose

Medium
Dose

High
Dose
X

– Immunogenicity
against
Bacterium
B Bacterium C

X

– Immunogenicity
against
Bacterium
C Bacterium D

X

– Objective: Select the dosage, among the 3 tested, with highest immune response against
X
each of the 4Bacterium
bacteria.D
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Statistical Question
How many subjects are required to choose the preferred (i.e.
most immunogenic) dosage?

Dose-selection in Phase II trial
– “Selection of a dose to carry into confirmatory phase III trials is among the most difficult
decisions in drug development”
– “Historically, dose finding studies were designed and analyzed based on multiple pairwise
comparisons of the active doses against a placebo.”
– “Modeling approaches assume a functional relationship between response and dose […].
Such an approach will often lead to more precise estimates of the dose-response
relationship, due to the interpolation of information across doses.”
– However, in case of scarce information (e.g. amount of dosage per group not known at
the time of the sample size planning) the traditional techniques might be the only viable
solution.
SAS Institute Inc. 2015. Modern Approaches to Clinical Trials Using SAS®: Classical, Adaptive, and Bayesian Methods Cary, NC: SAS
Institute Inc.
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Sample size
Breaking down the problem

Dose-finding with 4 endpoints and 3 doses
Two sources of multiplicity: Endpoints (4) and Doses (3)
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Dose-finding with 4 endpoints and 3 doses
Two sources of multiplicity: Endpoints (4) and Doses (3)
Multiple endpoints (4)
– For each of the 4 bacteria (A, B, C, D), the selected dosage will be the one which shows
best immunogenicity against the other dosages
– This is the case of success criterion based on co-primary endpoints, therefore:
– Type I error is not a concern, as there is only one way to succeed.
– Type II error is a concern, as probability of success in all 4 endpoints depends on probability of
success in each of the 4 endpoints.

Assuming independency and equal probability of success (power) in all 4 endpoints:
If study is designed to have a power of 80% of detecting the preferred dose in bacterium A, it
will have a power of 80*80*80*80 = 41% (!) of detecting preferred dose against bacteria A, B,
C, and D, simultaneously.
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Dose-finding with 4 endpoints and 3 doses
Two sources of multiplicity: Endpoints (4) and Doses (3)
How to choose beta?
– Sample size for one single endpoint should be planned with power (1-beta) chosen
accordingly.
– Worst case scenario of independency among 4 endpoints is assumed
– Power (1 – β) for one single endpoint: 0.9457.
– Power (1 – β) for all 4 endpoint simultaneously, assuming independency: 0.94574 = 0.80.
– Note: this strategy is applicable to any type of analysis, from dose-finding to a simple ttest.
– Refer to Section III B of “Multiple Endpoints in Clinical Trials: Guidance for Industry”
from FDA.
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Dose-finding with 4 endpoints and 3 doses
Two sources of multiplicity: Endpoints (4) and Doses (3)
What about multiplicity due to 3 dosages?
– We are in presence of scarce information meaning that:
– The dosage of each of the 3 groups is unknown
– The dose-response shape in unknown

– It is not possible to perform sample size using modelling approaches.
– It is therefore necessary to perform all pairwise comparisons, i.e. Low Dose vs Medium
Dose, Medium Dose vs High Dose, Low Dose vs High Dose with loss of power due to
multiplicity adjustment.
– Unless a strategy for all possible scenarios is planned upfront…
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All pairwise comparisons among 3 groups (Tukey)
Comparing 3 groups (Low, Medium, and High) among 4 components
– Alpha for one-way ANOVA: 0.05.
– Power (1 – β) for one single component: 0.9457.
– Power (1 – β) for all 4 components simultaneously, assuming independency: 0.94574 =
0.80.
– Minimum detectable difference: 0.301 on a log10 scale, i.e. 2-fold difference in GMC.
– Within Group SD = 0.65 on a log10 scale, i.e. SD of 4.4. on original Immunogenicity.
– Alpha adjusted for all pairwise comparisons via Tukey method.
236 subjects needed for each of the 3 groups
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All pairwise comparisons among 3 groups (Tukey)
Reminder
– All the possible comparisons (i.e. Low vs. Med, Med vs. High, and Low vs. High) must be
tested because the dose response-relationship is unknown.
– The consequence of this is a loss of power due to adjustment needed to perform 3
pairwise comparisons.

Could some comparisons be avoided, if we know the shape of data?
A strategy for all the possible shapes of data can be planned upfront.
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Sample size
Planning all possible scenarios

Leading guide for Vaccine formulation selection
From published guidelines
“The lowest amount of antigen that elicits a protective immune response (if known) should be
explored”1
“The hypothesis tests that are used may need to be tailored to the natural ordering of doses
or to particular questions regarding the shape of the dose-response curve (e.g.,
monotonicity)”2

1

“Guideline on Clinical Evaluation of New Vaccines” [EMEA/CHMP/VWP/164653/2005]

2

“Statistical Principles for Clinical Trials” [ICH-E9]
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Which is the shape of the relationship between dose (low, medium, and high) and immunogenicity (EU/ml)?
Scenario 2

B
Dose

C

1. Monotonic
decreasing
response

A

B
Dose

C

2. V-shape
response with
Dose C less
immunogenic than
Dose A

Scenario 4

A

B
Dose

C

3. V-shape response with
Dose C more immunogenic
than Dose A  Perform
statistical test comparing
Dose C vs Dose A

Dose C > Dose A?1

EU/ml

A

B
Dose

Select Dose A
(low)

yes

Dose C > Dose A?1
no yes

Select Dose A
(low)

b. Perform statistical
test comparing Dose
B vs Dose A

Dose B > Dose A?1
yes

Select Dose C
(high)

for independent samples
EU = ELISA unit

C

5. Monotonic increasing
response  a. Perform
hierarchical test procedure
(fixed sequence)

Dose B > Dose A?1

no

B
Dose

A

C

4. ∧-shape response with
Dose B more immunogenic
than both Dose A and Dose C
 Perform statistical test
comparing Dose B vs Dose A

no

1 t-test

Scenario 5

EU/ml

EU/ml

EU/ml

A

Scenario 3
EU/ml

Scenario 1

Select Dose C
(high)

no

c. Perform statistical
test comparing Dose
yes
C vs
Dose B

yes
Select Dose B
(medium)

yes

no
Dose C > Dose B?1

Gain in terms of sample size
Exploring the sample size associated to each scenario
– Monotonic decreasing response (1) and V-shape with high dose less immunogenic than
low dose (2): Low Dose is chosen without statistical test.
– V-shape with high dose more immunogenic than low dose (3) or ∧-shape (4): only one
comparison is needed. i.e. 120 subjects per group from t-test.
– Monotonic increasing response (5): hierarchical test procedure, fixed-sequence approach
with the following ordered hypothesis, H1, H2, and H3:
– H1: High Dose = Low Dose, i.e. 120 subjects per group from t-test
– H2: Medium Dose = Low Dose, i.e. 120 subjects per group from t-test
– H3: High Dose = Medium Dose, i.e. 120 subjects per group from t-test

From 236 subjects per group to 120 subjects per group!
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Gain in terms of sample size
Exploring the sample size associated to each scenario
– Monotonic decreasing response (1) and V-shape with high dose less immunogenic than
low dose (2): no minimum sample size is needed to choose the preferred dose.
– V-shape with high dose more immunogenic than low dose (3) or ∧-shape (4): only one
comparison is needed. i.e. 120 subjects per group from t-test.
– Monotonic increasing response (5): hierarchical test procedure, fixed-sequence approach
with the following ordered hypothesis, H1, H2, and H3:
– H1: high dose = low dose, i.e. 120 subjects per group from t-test
– H2: medium dose = low dose, i.e. 120 subjects per group from t-test
– H3: high dose = medium dose, i.e. 120 subjects per group from t-test

From 236 subjects per group to 120 subjects per group!
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Pros and Cons
What works

What can be improved

– The general framework (Slide 20):
algorithm of pre-planned statistical tests
according to shape of data.

– More complex model can be used for the
test (e.g. piecewise regression with a
knot in the middle, MCP-mod).

– Common sense approach: e.g. if a
decreasing response is observed no test is
needed -> lowest dose is chosen.

– Alpha was set at 0.05, but in Phase I/II
studies it might be relaxed.

– More efficient approach: e.g. only the
needed comparisons according to shape of
data will be performed -> less subjects.
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Thanks for your attention

