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writing a Statistical Analysis Plan (SAP)
1 what?
(it’s in the name: a plan for the statistical analysis)

2 when?

(since it is a plan: before the statistical analysis)

3 why?

(the main conceptual question: it is often required, but why?)

4 how?

(the main practical question: what should it include and how detailed?)
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what?

ICH Eg Guideline — Statistical Principles for Clinical Trials:

A statistical analysis plan is a document that contains a more technical
and detailed elaboration of the principal features of the analysis described
in the protocol, and includes detailed procedures for executing the statis-
tical analysis of the primary and secondary variables and other data.
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A statistical analysis plan is a document that contains a more technical
and detailed elaboration of the principal features of the analysis described
in the protocol, and includes detailed procedures for executing the statis-
tical analysis of the primary and secondary variables and other data.

Guidelines for the Content of Statistical Analysis Plans in Clinical Trials [JAMA, 2017]:

@ The SAP is not a standalone document and should be read in
conjunction with the clinical trial protocol;

@® The clinical trial protocol should be consistent with the principles of
the SPIRIT 2013 Statement; and

® The SAP is to be applied to a clean or validated data set for analysis.
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what?

ICH Eg Guideline — Statistical Principles for Clinical Trials:

A statistical analysis plan is a document that contains a more technical
and detailed elaboration of the principal features of the analysis described
in the protocol, and includes detailed procedures for executing the statis-
tical analysis of the primary and secondary variables and other data.

Guidelines for the Content of Statistical Analysis Plans in Clinical Trials [JAMA, 2017]:

@ The SAP is not a standalone document and should be read in
conjunction with the clinical trial protocol;
(SAP is complementary to study protocol)

@® The clinical trial protocol should be consistent with the principles of
the SPIRIT 2013 Statement; and

(protocol should already include objectives, design, outcomes, sample size estimation, ...)

® The SAP is to be applied to a clean or validated data set for analysis.
(after Initial Data Analysis, which ideally has its own plan)

SAP examples: SICS-I and CanCovDia
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when?

ICH Eg Guideline — Statistical Principles for Clinical Trials:

The plan should be reviewed and possibly updated as a result of the blind
review of the data [...] and should be finalised before breaking the blind.

If the blind review suggests changes to the principal features stated in the
protocol, these should be documented in a protocol amendment. Other-
wise, it will suffice to update the statistical analysis plan [...].

Only results from analyses envisaged in the protocol (including amend-
ments) can be regarded as confirmatory.
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when?

ICH Eg Guideline — Statistical Principles for Clinical Trials:

The plan should be reviewed and possibly updated as a result of the blind
review of the data [...] and should be finalised before breaking the blind.

If the blind review suggests changes to the principal features stated in the
protocol, these should be documented in a protocol amendment. Other-
wise, it will suffice to update the statistical analysis plan [...].

(one reason for separating SAP from protocol)

Only results from analyses envisaged in the protocol (including amend-
ments) can be regarded as confirmatory.
(additional analyses can only be exploratory)

personal experience: on average preparing the dataset (IDA), writing the SAP, and
performing the analysis each take roughly the same time
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testing the difference in average outcome between two groups (100 patients each):

® Welch'’s t-test for difference in mean outcome: p<0.001
® Welch'’s t-test for difference in mean log-outcome: p=0.051
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testing the difference in average outcome between two groups (100 patients each):

® Welch'’s t-test for difference in mean outcome: p<0.001
® Welch'’s t-test for difference in mean log-outcome: p=0.051
® Wilcoxon rank-sum test for difference in (log-)outcome distribution: p=0.046
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testing the difference in average outcome between two groups (100 patients each):

® Welch'’s t-test for difference in mean outcome: p<0.001
® Welch'’s t-test for difference in mean log-outcome: p=0.051

Wilcoxon rank-sum test for difference in (log-)outcome distribution: p=0.046

Mood’s test for difference in median (log-)outcome: p=0.158
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why?

Silberzahn and Uhlmann: Many hands make tight work [Nature, 2015]:

ONE DATA SET, MANY ANALYSTS -
Twenty-nine research teams reached a wide variety of conclusions ... A1

using different methods on the same data set to answer the same
question (about football players’ skin colour and red cards).

Dark-skinned
LAY FOUF i1V o
more likely than

light-skinned » Statistically significant effect

players to be Non-significant effect
given a red card.

Twice as likely =

Equally likely =

Point estimates and 95% confidence intervals. *Truncated upper bounds.
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why?

* the dependence of the results on the performed analysis shows the importance
of a careful choice of analysis methods and of performing sensitivity analyses
to assess the robustness and credibility of the results
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* the dependence of the results on the performed analysis shows the importance
of a careful choice of analysis methods and of performing sensitivity analyses
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¢ it can be highly problematic when the choice of the reported analyses depends
on the results (or more generally of the data: changes to the SAP after a blind
review of the data should be well motivated and documented)
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why?

* the dependence of the results on the performed analysis shows the importance
of a careful choice of analysis methods and of performing sensitivity analyses
to assess the robustness and credibility of the results

¢ it can be highly problematic when the choice of the reported analyses depends
on the results (or more generally of the data: changes to the SAP after a blind
review of the data should be well motivated and documented)

® in particular, p-hacking (analyzing a question in different ways until a
statistically significant result is obtained) and data dredging (analyzing many
questions and selecting the statistically significant results) lead to too many
false positive results (multiple testing problem)
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why?

baseline characteristics of a randomized controlled trial [PLOS One, 2015]:
1 false positive in 23 tests (expected: 1in 20)

Variable MIT (N = 13) HIT (N = 15) p-Value
Age (yrs) 20.0(1.5) 200 (1.5) 0.7321
African-American 6 (46%) 2(13%) 00957
Weight (kg) 89.7 (15.8) 94.3 (12.1) 0.4049
BMI (kg/m?) 290 (34) 3003.1) 04215
Percent fat (%) 29.49 (5.08) 34.08 (6.45) 0.0454
VO, Peak (mikg/min) 34.95 (6.46) 3572 (6.22) 0.7505
Peak Power (watts) 1022.4 (179.8) 891.0(296.6) 0.1638
Resting Metabolic Rate (kcallday) 1806.3 (215.3) 1835.4 (232.5) 07339
Total cholesterol (mg/dL) 163.0 (26.6) 169.3 (25.4) 05268
Triglycerides (mg/dL) 1283 (103.7) 1225 (55.9) 08228
HDL-cholesterol (mg/dL) 50.1(9.2) 469 (10.6) 03985
LDL-cholesterol (mg/dL) 906 (16.8) 100.1 (19.4) 01762
Large VLDL Particles 5.18 (8.6) 33(29) 05157
Medium VLDL Particles 2581 (25.5) 2455 (18.3) 0.8068
Small VLDL Particles 2353 (115) 2573 (16.3) 02355
Large HDL Particles 514(27) 41122 0.1665
Medium HDL Particles 1163 (5.3) 13.75 (3.6) 06737
Small HDL Particles 1553 (4.9) 12.91(3.4) 0355
SBP (mm Hg) 1265 (12.7) 1295 (9.7) 0.4890
DBP (mm Hg) 712(6.9) 688 (7.0) 03727
Insulin Sensitivity (S)) 457 (3.20) 360 (1.89) 0.3504
HOMA-IR 273 (1.55) 2.73(1.33) 09990
QUICKI 0.3397 (0.0349) 0.3363 (0.0271) 07814

Table 2: Baseline characteristics of the two treatment groups. Values are Mean (SD) or N (%). Continuous
variables were compared with a two-sample ttest with a Satterthwaite adjustment. Categorical variables
were compared using Fisher's exact test. Boldface values indicate significance differences (P < 0.05).

0i:10.137 1/journal pone 0138853.1002
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why?

Divorce rate in Maine
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Per capita consumption of margarine
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why?

¢ besides p-hacking and data dredging, writing a SAP helps also against
HARK:ing (hypothesizing after the results are known) and cherry-picking
(reporting only the favourable results)
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HARK:ing (hypothesizing after the results are known) and cherry-picking
(reporting only the favourable results)

® by contrasting such questionable research practices, SAPs improve the
reproducibility of research results
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why?

¢ besides p-hacking and data dredging, writing a SAP helps also against
HARK:ing (hypothesizing after the results are known) and cherry-picking
(reporting only the favourable results)

® by contrasting such questionable research practices, SAPs improve the
reproducibility of research results

Baker: Is there a reproducibility crisis? [Nature, 2016]:
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how?

Guidelines for the Content of Statistical Analysis Plans in Clinical Trials [JAMA, 2017]:

includes a list of 32 items that should be addressed in a SAP (“Analysis methods”
is only 1 of them), with 19 pages of explanations and examples in a supplementary
appendix
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how?

Guidelines for the Content of Statistical Analysis Plans in Clinical Trials [JAMA, 2017]:
includes a list of 32 items that should be addressed in a SAP (“Analysis methods”
is only 1 of them), with 19 pages of explanations and examples in a supplementary
appendix

Hiemstra et al.: DEBATE-statistical analysis plans for observational studies [BMC
Med Res Methodol, 2019]:
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how?

Guidelines for the Content of Statistical Analysis Plans in Clinical Trials [JAMA, 2017]:
includes a list of 32 items that should be addressed in a SAP (“Analysis methods”
is only 1 of them), with 19 pages of explanations and examples in a supplementary
appendix

Hiemstra et al.: DEBATE-statistical analysis plans for observational studies [BMC
Med Res Methodol, 2019]:

e the list of items for SAPs of clinical trials can be used also for observational
studies, with the exception of the items about randomization, and the
inclusion of an item about adjustments for possible confounders
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how?

Guidelines for the Content of Statistical Analysis Plans in Clinical Trials [JAMA, 2017]:
includes a list of 32 items that should be addressed in a SAP (“Analysis methods”

is only 1 of them), with 19 pages of explanations and examples in a supplementary
appendix

Hiemstra et al.: DEBATE-statistical analysis plans for observational studies [BMC
Med Res Methodol, 2019]:

e the list of items for SAPs of clinical trials can be used also for observational
studies, with the exception of the items about randomization, and the
inclusion of an item about adjustments for possible confounders

® SAPs for observational studies have been discussed since at least a decade, but

the debate seem to have been fuelled also by some confusion between
“observational” and “exploratory”
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Guidelines for the Content of Statistical Analysis Plans in Clinical Trials [JAMA, 2017]:
includes a list of 32 items that should be addressed in a SAP (“Analysis methods”

is only 1 of them), with 19 pages of explanations and examples in a supplementary
appendix

Hiemstra et al.: DEBATE-statistical analysis plans for observational studies [BMC
Med Res Methodol, 2019]:

¢ the list of items for SAPs of clinical trials can be used also for observational
studies, with the exception of the items about randomization, and the
inclusion of an item about adjustments for possible confounders

® SAPs for observational studies have been discussed since at least a decade, but
the debate seem to have been fuelled also by some confusion between
“observational” and “exploratory”

® SAPs help against questionable research practices (such as p-hacking, data
dredging, HARKing, and cherry-picking) also in observational studies
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how?

Guidelines for the Content of Statistical Analysis Plans in Clinical Trials [JAMA, 2017]:
includes a list of 32 items that should be addressed in a SAP (“Analysis methods”

is only 1 of them), with 19 pages of explanations and examples in a supplementary
appendix

Hiemstra et al.: DEBATE-statistical analysis plans for observational studies [BMC
Med Res Methodol, 2019]:

¢ the list of items for SAPs of clinical trials can be used also for observational
studies, with the exception of the items about randomization, and the
inclusion of an item about adjustments for possible confounders

® SAPs for observational studies have been discussed since at least a decade, but
the debate seem to have been fuelled also by some confusion between
“observational” and “exploratory”

® SAPs help against questionable research practices (such as p-hacking, data
dredging, HARKing, and cherry-picking) also in observational studies

¢ the only real drawback of SAPs for observational studies is costing time and
resources for results that may anyway be of limited credibility
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how?

what should a SAP include? a brief overview:
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how?

what should a SAP include? a brief overview:

¢ date and SAP version (the inclusion of further bureaucratic details, such as
signatures, depends on the iportance of the study and on the available time
and resources)
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how?

what should a SAP include? a brief overview:

¢ date and SAP version (the inclusion of further bureaucratic details, such as
signatures, depends on the iportance of the study and on the available time
and resources)

* some aspects of background, objectives, and design may be copied from the
protocol to the SAP for simplicity
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how?

what should a SAP include? a brief overview:

¢ date and SAP version (the inclusion of further bureaucratic details, such as
signatures, depends on the iportance of the study and on the available time
and resources)

* some aspects of background, objectives, and design may be copied from the
protocol to the SAP for simplicity

e exact definitions of analysis sets and their subdivision in study groups:
intention-to-treat, per-protocol, ...
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how?

what should a SAP include? a brief overview:

¢ date and SAP version (the inclusion of further bureaucratic details, such as
signatures, depends on the iportance of the study and on the available time
and resources)

* some aspects of background, objectives, and design may be copied from the
protocol to the SAP for simplicity

e exact definitions of analysis sets and their subdivision in study groups:
intention-to-treat, per-protocol, ...

¢ plan of how baseline characteristics will be summarized and possibly of which
information will be included in a CONSORT flow diagram
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how?

e for each primary and secondary analysis:
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how?

e for each primary and secondary analysis:

® exact definition of endpoint
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how?

e for each primary and secondary analysis:
® exact definition of endpoint

® choice of significance and confidence levels of hypothesis tests and confidence
intervals, with possible corrections for multiple testing, including interim and
sequential analyses
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how?

e for each primary and secondary analysis:
® exact definition of endpoint

® choice of significance and confidence levels of hypothesis tests and confidence
intervals, with possible corrections for multiple testing, including interim and
sequential analyses

® detailed description of the analysis method
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how?

e for each primary and secondary analysis:
® exact definition of endpoint

® choice of significance and confidence levels of hypothesis tests and confidence
intervals, with possible corrections for multiple testing, including interim and
sequential analyses
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e for each primary and secondary analysis:
® exact definition of endpoint

® choice of significance and confidence levels of hypothesis tests and confidence
intervals, with possible corrections for multiple testing, including interim and
sequential analyses

® detailed description of the analysis method

¢ handling of missing values, or more specifically of intercurrent events (estimand
framework)
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¢ adjustments for potential confounders and baseline values
® non-inferiority or equivalence margins
® checks of model assumptions and alternative analysis methods
® sensitivity and supplementary analyses

Data Analysis Plan: 10 things to remember, Marco Cattaneo, 25 October 2022 University of Basel, Department of Clinical Research 14



how?

e for each primary and secondary analysis:
® exact definition of endpoint

® choice of significance and confidence levels of hypothesis tests and confidence
intervals, with possible corrections for multiple testing, including interim and
sequential analyses

® detailed description of the analysis method

¢ handling of missing values, or more specifically of intercurrent events (estimand
framework)
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¢ adjustments for potential confounders and baseline values
non-inferiority or equivalence margins
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how?

e for each primary and secondary analysis:
® exact definition of endpoint

® choice of significance and confidence levels of hypothesis tests and confidence
intervals, with possible corrections for multiple testing, including interim and
sequential analyses

® detailed description of the analysis method

¢ handling of missing values, or more specifically of intercurrent events (estimand
framework)

® possible further information about:
¢ adjustments for potential confounders and baseline values
® non-inferiority or equivalence margins
checks of model assumptions and alternative analysis methods
sensitivity and supplementary analyses
subgroup analyses

¢ description of planned exploratory analyses, which can be quite vague (but
pre-specified exploratory analyses are usually considered a bit more credible
than exploratory analyses tout court)
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® limitations in time and resources

¢ the fact that deviations from the SAP should be clearly indicated as such within all
reports and publications
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* however, there are practical reasons opposing too much details:
® limitations in time and resources

¢ the fact that deviations from the SAP should be clearly indicated as such within all
reports and publications
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how?

how detailed should a SAP be?

¢ the more the better: some arbitrariness usually remains (e.g. when
assumptions are checked graphically), but it is much reduced

* however, there are practical reasons opposing too much details:
® limitations in time and resources

¢ the fact that deviations from the SAP should be clearly indicated as such within all
reports and publications

® SAP readability

® the possibility of using part of the SAP in the methods section of publications

SAP examples again: SICS-I and CanCovDia
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10 things to remember

@ SAP is complementary to study protocol

® SAP is to be applied after after IDA, which ideally has its own plan

@® SAP should be finalized before breaking the blind

@ choose the analysis methods carefully and perform sensitivity analyses

® we expect 1 false positive in 20 true negatives: correct for multiple testing
® SAPs improve the reproducibility of research results

® better write SAPs also for observational studies

® SAP should include handling of missing values / intercurrent events

® SAP should pre-specify subgroup and exploratory analyses when possible

® if you torture the data enough, nature will always confess [Coase, 1982]
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	what?
	<2->(it's in the name: a plan for the statistical analysis)

	when?
	<3->(since it is a plan: before the statistical analysis)

	why?
	<4->(the main conceptual question: it is often required, but why?)

	how?
	<5->(the main practical question: what should it include and how detailed?)


