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Closed test procedures

• In the category "closed testing“ lie: 

1. O’Brien-type  

2. fixed-sequence methods  

3. gatekeeping methods,

4. dose-response methods  

5. co-primary multiple endpoints  

6. simultaneous multiple doses 

7. graphical methods.



Closed test procedures

• In the simple case of three hypotheses Hl, H2, and H3, e.g. comparing three 
groups or considering three co-primary endpoints.

• There are eight of states of nature that are possible. All three hypotheses 
could be true, any of the three pairs could be true, any of the three individual 
hypotheses may be true, or none could be true. 

• Closure-based testing begins by forming the set of all intersections null 
hypotheses of the individual (or elementary) hypotheses Hi. 

• Rejection of an elementary hypothesis requires rejection of all intersection 
hypotheses HI that "include" Hi in the intersection. 

• Any α-level test may be used to test the intersections HI.



Example: three hypotheses





Hotelling T3



Bonferroni-Holm



The closure hierarchy for m = 4 hypotheses illustrating the shortcut. All circled hypotheses must 

be rejected if H2 is to be rejected



Why Gatekeeping?

e 

2017.



Introductary Example



Introductary Example

• Obviously, we want the global end result to be significant at some predefined 

alpha leven e.g. 5%

• How do we achieve that? The answer is Gate keeping!



Gatekeeping Procedures

• Gatekeeping procedures  are used in the situation when there are multiple analyses 
(e.g. endpoints) and these are grouped into different families.

• With a gatekeeping procedure, the families are tested in a sequential manner and the 
tests for subsequent families will be performed only if the tests for the previous family 
are significant. In other words, the families of hypotheses examined earlier serve as 
GATEKEEPERS. 

• Gatekeeping procedures preserve the overall false positive rate

• While the term ‘gatekeeping procedure’ may not have been used, this approach has 
been implemented in many clinical trials, especially in the regulatory setting. It is e.g. 
very typical that the secondary endpoints will only be tested only if the primary 
endpoint is tested significantly. 

• In this way, the alpha-level for primary efficacy endpoints will be tested at alpha=0.05 
level and not be compromised due to the consideration of the secondary endpoints. 



Primary versus secondary findings

Dilemma

• regulatory agencies and pharmaceutical companies have 
long debated what secondary findings should be included 
in the product label

• regulatory agencies are concerned that pharmaceutical 
companies tend to present favorable data and ignore 
unfavorable data

Gatekeeper strategies offer one potential solution 
to the dilemma



Example primary/Secondary

• A clinical trial will typically have one or more primary endpoints 
(family for primary endpoints) and have multiple secondary
endpoints (family for secondary endpoints). 

• If there are many secondary endpoints, the secondary
endpoints can be further divided into multiple secondary
different families. 

• In this way, the alpha-level for primary efficacy endpoints will
be tested at alpha=0.05 level and not be compromised due to 
the consideration of the secondary endpoints.



Gatekeeping Procedures

• An example with 2 primary and one secondary endpoints

Endpoint 1

Endpoint 2

Endpoint 3

Endpoint 4

Endpoint 5

Family 1 
(Gatekeeper)

Family 2



Notation



Types of Gatekeeping



Serial Gatekeeping



Parallel Gatekeeping



Examples

At least one primary should be significant to proceed to 
secondary…



General Gatekeeping

• More complex clinical decision rules involving objectives that do not 
fit in simple serial/parallel framework

• Based  on the closed testing principle (Marcus et al, 1976)

• Focus  on strategies derived using Bonferroni’s test

• Easily  extended to more powerful tests that account for the 
correlation among the endpoints (Dunnett’s test, resampling tests)



Example



Example: One primary endpoint

Depression trial

• Experimental drug is compared to placebo

• Single primary endpoint
– 17-item Hamilton depression rating scale (HAMD 17 score)

• Trial is declared successful if the drug is superior to 
placebo 

• Two important secondary endpoints
– response rate based on the HAMD 17 score

– remission rate based on the HAMD 17 score

• Can the secondary findings be included in the product 
label?



Sequential gatekeeping strategy

Step 1: Perform the primary analysis

Step 2: Perform the secondary analyses with an adjustment 
for multiplicity if the primary analysis yielded a significant 
result 

A1: HAMD17
A2: Response rate

A3: Remission rate

Family 2Family 1 
(gatekeeper)



Sequential gatekeeping strategy

Primary analysis: No adjustment for multiplicity
Secondary analyses: Stepwise Holm’s test

All primary and secondary findings are significant at 5% 
level



Example: Multiple primary endpoints

Clinical trial in patients with acute lung injury

• Experimental drug is compared to placebo

• Two primary endpoints
– number of days patients are off mechanical ventilation (vent-free days)

– 28-day all-cause mortality rate

• Trial is declared successful if the drug is superior to 
placebo with respect to either endpoint

• Two important secondary endpoints
– number of days patients are out of Intensive Care Unit (ICU-free days)

– overall quality of life at the end of the study

• Can the secondary findings be included in the product 
label?



Parallel gatekeeping strategy

Step 1: Perform the primary analyses with an adjustment for multiplicity

Step 2: Perform the secondary analyses with an adjustment for 
multiplicity if at least one primary analysis yielded a significant result

A1: Vent-free days

A2: Mortality

A3: ICU-free days

A4: Quality of life

Family 1 
(gatekeeper)

Family 2



Parallel gatekeeping strategy
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Parallel gatekeeping strategy

Step 1: Perform the primary analyses with an adjustment for multiplicity

Step 2: Perform the secondary analyses with an adjustment for 
multiplicity if at least one primary analysis yielded a significant result

A1: Vent-free days

A2: Mortality

A3: ICU-free days

A4: Quality of life

Family 1 
(gatekeeper)

Family 2



Example



Example



Example 3: Dose-finding study

Clinical trial in patients with hypertension

• Four doses of an experimental drug are compared to 
placebo

– doses are labeled as D1, D2, D3 and D4

• Primary endpoint
– reduction in diastolic blood pressure

• Objectives of the study
– find the doses with a significant reduction in diastolic blood pressure 

compared to placebo

– study the shape of the dose-response curve



Example 3: Dose-finding study

Step 1: Compare doses D3 and D4 to placebo

Step 2: Compare doses D1 and D3 to placebo if at least one 
comparison at Step 1 is significant

Step 3: Perform various pairwise dose comparisons if at least one 
comparison at Step 2 is significant

A1: D4 vs. P

A2: D3 vs. P

A3: D2 vs. P

A4: D1 vs. P

Pairwise comparisons

Family 1 
(gatekeeper)

Family 2 
(gatekeeper)

Family 3
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Example 3: Dose-finding study
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Parallel gatekeeping strategy

Doses D2, D3 and D4 are significantly different from 
placebo at 5% level



Summary

Gatekeeping strategies can be successfully used in

• pivotal trials with multiple primary and secondary 
endpoints 

• dose-finding studies

Registration trials

• a priori designation of gatekeeping strategy allows 
additional data useful to physician and patient to be 
presented in the product label

Dose-finding studies

• efficient tests of dose-response relationship



Extensions

More powerful gatekeeping tests

• based on more powerful tests, e.g., Simes test

• based on tests accounting for the correlation among the 
endpoints (exact parametric tests such as Dunnett’s test 
and approximate resampling-based Westfall-Young tests)

Software implementation

• SAS programs for gatekeeping tests can be found in 
Dmitrienko, Molenberghs, Chuang-Stein, Offen. (2004). 
Analysis of Clinical Trials: A Practical Guide. SAS 
Publishing, Cary, NC.
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