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= MMSE. Mini-mental state examination, a commonly used questionnaire to assess
cognitive function.

= ANOVA. Analysis of variance, a statistical method in which the variation in a set of
observations is divided into distinct components. One-way ANOVA is used to test for
differences among two or more independent groups (means). An ANOVA hypothesis
tests the difference in population means (continuous dependent variable) based on
one characteristic or factor (categorical independent variable). Two-way analysis of
variance (ANOVA) is an extension of the one-way ANOVA that examines the
influence of two different categorical independent variables on one continuous
dependent variable. Multivariate analysis of variance (MANOVA or MNOVA) is used
when there are several continuous dependent variables. MNOVA tests for the
difference in two or more vectors of means.
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EXECUTIVE SUMMARY

Deliverable 13.2 “Data analysis tools for vertical projects version 1” details the functionality in
the tranSMART application that is relevant to the analysis and visualization of clinical cohort
data in EMIF.

An interactive data analysis and visualization environment such as tranSMART needs to
balance usability and general functionality against specialized methods. General exploratory
functions, including descriptive univariate statistics, are provided in the tranSMART dataset
explorer. Commonly used statistical methods are available in the Advanced Statistics tab.

Specialized methods required to solve a specific research question can be plugged into
tranSMART if warranted by usage or demand. Generally though, and in line with
expectations from the EMIF verticals, this type of analysis is performed outside of
tranSMART in custom tools, such as R. Data export functionality should therefore be
available, but should also enforce security restrictions on the data as specified by the data
owners.

The requirement from EMIF AD to be able to query variables across trials, as specified in
Use Case 1 (Deliverable 9.1 “Initial requirements and benchmarks set”) expects special
attention to data loading procedures. Methods to ensure data is harmonized appropriately
are outside the scope of this deliverable (see deliverables 11.3 “Extended Specification of
the Framework of Reference” and 14.5 “A data management solution for vertical projects,
version 2” for more details). Here we concentrate on the required extra steps in the data
upload process.

The current deliverable describes the tranSMART Dataset Explorer, Advanced Statistics, R
Plugin Framework, Data Export and Cross Trial Query functionality.

© Copyright 2015 EMIF Consortium
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1. INTRODUCTION

The first version of the EMIF data analysis and visualization environment concentrates on the
analysis of clinical variables.

A typical data analysis project follows a path through the data landscape from a high level
overview of available variables over univariate statistics to a gradually deeper investigation of
measurements relevant to the research question. The process of selecting relevant variables
and cohorts for a particular research question is supported by the EMIF Catalogue and is
covered in deliverable 14.3 “EMIF-Platform, version 1”. This deliverable concentrates on the
analysis functionality available in tranSMART that covers the next steps in the process.

Section 2 (DATASET EXPLORER) explains the functionality of the tranSMART dataset
explorer to view available studies and variables, and to generate summary statistics. The
dataset explorer is typically used as an entry point in tranSMART to start an analysis project.

Specialized analyses that support specific use cases are listed in section 2.1 (Advanced
Analyses and Visualizations). Depending on the scientific question, specific statistical
methods can be applied to investigate the data in more detail.

A general data analysis and visualization environment cannot provide for every possible
statistical calculation. TranSMART advanced analysis methods focus on the standard
statistical algorithms. Custom methods can be applied in a two-step process:

o Data export: subject to approval by the data owner(s), data can be exported from
tranSMART for upload and analysis in custom statistical applications such as R. The
users are responsible for the statistical methods and visualizations used in the
analysis scripts. Data export from tranSMART is covered in section 2.2 (Exporting
Data).

e Plugins: when an analysis method gets accepted as a standard and is routinely used
it can be made available in tranSMART as a plugin. TranSMART currently supports
plugins developed in R, but requires some additional development in groovy/grails for
the data input page and the page displaying the results of the R calculations and
graphs. Section 3 (Framework for R plugins) explains the steps required to develop
an R plugin.

A user requirement from EMIF AD that we have paid particular attention to is the pooling
(merging) of data for cross trial query. The current approach to data harmonization is detailed
in deliverable 14.5 (“A data management solution for vertical projects, version 2”) and a
description of methods and semantic web technologies for a more sustainable approach are
provided in deliverable 11.3 “Extended Specification of the Framework of Reference”.
TranSMART version 1.2 has some support for cross trial functionality but requires additional
information to be provided during the data loading process. Section 4 (Cross Trial Query)
explains the required steps.

© Copyright 2015 EMIF Consortium
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2. DATASET EXPLORER

The Dataset Explorer part (called ‘Analyze’ in the newly released TranSMART version 1.2
interface) allows to compare data and test hypotheses for subjects in two different study
groups, based on specified criteria and points of comparison.

A user can select the study of interest using drag and drop functionality from a navigation
tree and select the points of comparison between two study groups. TranSMART provides

summary data about the subjects being compared, and several different views of the
comparison data, see Figure 1 - Figure 3.

« Al Browse Sample Explorer Gene Signature/Lists GWAS Upload Data Admin Utilities

Comparison  Summary Statistics  Grid View  Advanced Workflow  Data Export  Export Jobs  Analysis Jobs ~ Workspace  Sample Detalls  Genome Brow
Active Filters ad B BT Clear =

Save Subset  Clear
Subset1 Subset 2
Exclude | X Exclude ' X
) Across Trials
4 () Clinical Trials
4] Private Studies
# ] Public Studies AND Exclude | X AND Exclude | X

Figure 1. TranSMART dataset explorer.

© Copyright 2015 EMIF Consortium
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Y

Query Summary for Subset 1 Query Summary for Subset 2
Subject Totals
Subset 1| Both | Subset 2
s6 |0 212
Comparison of Age ()
Histogram of Age g
Subset 1 " Subset 2
i Mean: 70.95 Mean: 67.83
H Median: 71 g™ Median: 67
S 1QR: 11 S0 1QR: 12
$D: 7.54 & $D: 7.58
0 [Data Points: 5906 | Data Points: 212

Category | Subset 1 (n) | Subset 1 (%n) Category | Subset 2 (n) | Subset 2 (%n)
FEMALE |358 [s0.1% FEMALE | 113 |533%
WAE 28 [3e9% MALE |99 [a67%
Total | 596 100% Total | 212 100%

Figure 2. TranSMART Summary Statistics, comparing subjects with MCI (mild cognitive impaired) and SCI
(subjective cognitive impaired).

Analysis of ...\CSF\Baseline\Amyloid Beta 1-42 (pg/mL) for subsets:

Comparison of ...\CSF\Baseline\Amyloid @
Beta 1-42 (pg/mb)

1250 oo Subset 1 Subset 2
Histogram of ... DESCRIPA DESCRIPA
\CSF\Baseline\Amyloid Beta 1-42
®g/mL 1,000 Mean: 518.67 Mean: 657.32
apil v Median: 461 Median: 591
& 291 2 750 : -
S 201 g IQR: 332 IQR: 411
S 101 500 SD: 266.96 SD: 274.91
o [ e S e | Data Points: 112 Data Points: 55
500 1,000 250
t statistic: | -3.0921
DESCRIPA p-value: | 0.0025474
Trial The results are significant at a 95% confidence level.
Figure 3. TranSMART Summary Statistics, comparison of CSF Amyloid Beta 1-42 (pg/mL) for MCI and SCI
subjects.

2.1.Advanced Analyses and Visualizations

Advanced analyses and visualizations offered with tranSMART allow a user to run the
following analyses within the Dataset Explorer:

o Box Plot with ANOVA

o Principal Component Analysis

o Scatter Plot with Linear Regression
o Survival Analysis (See below)

o Table with Fisher Test Analysis

o Standard Heatmap

© Copyright 2015 EMIF Consortium
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o Hierarchical Clustering

o K-Means Clustering

o Marker Selection (top differentially expressed markers between 2
subpopulations).

o ...and others

Dataset Explorer uses the R software environment for statistical computing to generate
analyses and visualizations.

2.1.1. Example 1: Survival Analysis

A survival analysis displays time-to-event data. After defining a cohort of subjects the

Variable Selection section appears. To perform a survival analysis three more variables have
to be defined (Figure 4):

e Time: a variable that indicates time to conversion

e Category: variable that defines groups into which the data will be split in order to
compare their survival times. Continuous variables need to be binned.

e Censoring: variable that selects subjects that are censored out of the plot).

E‘ Analysis v
Analysis: Survival Analysis
Cohorts:

Subset 1: (\Private Studies\ADNI\Clinical Information\Diagnostic Summary\Baseline\Baseline Diagnosis\MCI\ )

Variable Selection @

Time

Select time variable from the Data Set Explorer Tree and
drag it into the box. For example, "Survival Time", This
variable is required.

Category Censoring Variable

Select a variable on which you would like to sort the cohort and drag it Select a variable and drag it into the box. Subjects
into the box. For example, "Cancer Stage”. If this variable is continuous within these categories {or numerical constraints) will
{ex. Age), then it should be "binned" using the option below. This be censored out of the plot.

wariable is not required.

AConversion Time (days)\ .MAmyloid Beta 1-42 (pg/mL)\ .\Stable MCI
Clear High Dimensional Data Clear Clear
Variable Type Continuous
Number of Bins: 2
Bin Assignments Evenly Distribute Populaticn
@ Manual Binning
Bin Name Range
Bin 1 0 - 152
Bin 2 153 - 300

@] Enable binning

Figure 4. TranSMART Survival Analysis input form.
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The analysis results are presented in the form of a graph and statistical summary output in

the table format (Figure 5).

Survival Curve

# Kaplan-Meier estimator

1.0

7 — 0 ... CATEGORY ... 152
—— 153 ... CATEGORY ... 300

0.8

Fraction of Patients

0.2
|

0.0
L

T T T T
0 500 1000 1500

Diagnostic Summan/\Conversion Time (days)\

Cox Regression Result

Number of Subjects | 51

Number of Events 29

Likelihood ratio test | 3.86 on 1 df, p=0.04949

Wald test 3.44 on 1 df, p=0.06349

Score (logrank) test | 3.63on 1 df, p=0.05677

Subset Cox Coefficient | Hazards Ratio | Lower Range of Hazards Ratio, 95% Confidence Interval | Upper Range of Hazards Ratio, 95% Confidence Interval

153 \342\211\244 CATEGORY 1342\211\244 300 | -0.8167 0.4419 0.1865 1.047

Survival Curve Fitting Summary

Subset Number of Subjects | Max Subjects | SubjectsatStart | Number of Events | Median Time Value | Lower Range of Time Variable, 95% Confidence Interval | Upper Range of Time Variable
01342\2111244 CATEGORY 134212111244 152 32 2 32 22 772 705 NA
153 342\211\244 CATEGORY \342\211\244 300 | 19 19 19 7 NA 554 NA

Figure 5. tranSMART Survival Analysis output.
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2.1.2. Example2: Correlation analysis

A correlation analysis calculates measure of statistical dependence between two variables
and displays graphical output. When the cohorts for analysis are defined in order to perform
a correlation analysis, the user has to define variables to analyse and the correlation type.
The following correlation types are supported: Spearman correlation is the default type and
assess how well the relationship between two variables can be described by using a

monotonic function; other correlation types supported are Pearson and Kendall.

The input screen and Spearman correlation analysis results are shown in Figure 6.

Variable Selection @

Drag two or more numerical concepts from the tree into the box below
that you wish to generate correlation statistics on.

...\Volume Hippocampus Bilateral (LEAP method) (corrected for ICV) (mm3)\
..\MMSE Total Score\

Clear

Run Correlation By variable
Correlation Type Spearman

ar |4

Correlation Table (p-values on top right half, correlation coefficient on bottom left)

Volume Hippocampus Bilateral LEAP method corrected for ICV mm3

MMSE Total Score

Volume Hippocampus Bilateral LEAP method corrected for ICV mm3 | 1.0000e+00

1.6698e-13

MMSE Total Score 2.4590e-01

1.0000e+00

Volume Hippocampus Bilateral. LEAP method...corrected for.CV..mm3.

7000 8OO0

4000 5000 6000

MMSE.Total.Score

T T T
4000 5000 s000 7000 8000

Figure 6. Correlation analysis in TranSMART: input form & results page.
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2.1.3. Example3: Box Plot with Anova

Analysis of variance (ANOVA) can be performed on the defined variables from the selected
cohort. One-way ANOVA, two-way ANOVA or MNOVA is performed depending on the
selection of dependent and independent variables. For example: Independent variable is
Hippocampal volume, dependent variable is ApoE4 Genotype (see Figure 7).

Variable Selection @

Independent Variable Dependent Variable
Select a variable from the Data Set Explorer Tree and drag it into the box. Select a variable from the Data Set Explorer Tree and drag it into the box.
At |east one of the variables selected should be a continuous variable (ex. At least one of the variables selected should be a continuous variable (ex.

Age) and one should be a categorical variable (ex. Tumor Stage). A Age) and one should be a categorical variable (ex. Tumor Stage). A
continuous variable can be categorized using the binning option below. continuous variable can be categorized using the binning option below.
...\Volume Hippocampus Bilateral (LEAP method) (corrected for ICV) (mm3)\ ...\Heterozygote\
..\Homozygote\

..\Non-carrier\

High Dimensional Data  Clear High Dimensional Data = Clear

Enable binning

Run

Figure 7. TranSMART Box plot with ANOVA input form.

The two-way ANOVA results in the form of a boxplot and tables are shown in Figure 8.
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Box Plot ANOVA Result

p-value | 0.00982

Fvalue | 473

Group Mean | n

Non-carrier S e B
Heterozygote | 5707 69

Homozygote 5509 20

Non-carrier 5981 113

Pairwise t-Test p-Values

Heterozygote | Homozygote

Homozygote .

Homozygote | 0.3151 NA

Non-carrier 0.0213 0.0127

Heterozygote e I T .

Figure 8. TranSMART Box plot with ANOVA sample output.

2.2.Exporting Data

The Data Export functionality of tranSMART allows exporting data locally for further analysis
in several different formats. After the cohorts of interest selection, user can choose the
format of data export (see Figure 9 for Data Export menu and Figure 10 for format selection
menu examples).
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Comparison Summary Statistics Crid View Advanced Workflow Data Export Export Jobs Analysis Jobs Waorkspace Sample Details Genome Browser
Y

Instructions:
1. Select the check boxes to indicate the data types and file formats that are desired for export.
2. Optionally you can filter the data by dragging and dropping some criteria onto each data type row.

3. Click on the "Export Data" button at the bottom of the screen to initiate an h data d job.
4.To d your data igate to the "Export Jobs" tab.

Subset 1
Selected Cohort (\Private Studies'Descripal )
Clinical & Low Dimensional Biomarker Data Data is available for 881 patients
(Drag and drop low dimensional nodes here to fitter the exported data.) Export (.TXT)

Metadata will be downloaded in a separate file.

Export Data

Figure 9. TranSMART Data Export form.

Subset 1
(WFrivate Studies'\Descripa’ )

Data is available for 881 patients
Export (. TXT)

Metadata will be downloaded in a separate file.

Figure 10. TranSMART Data export selections.

It is possible also to run the export job in the background in order to continue with other
analyses and cohort selection while the job completes. The job could take several minutes

depending on the amount of data selected.

Analyses run through the Advanced Workflow tool within Dataset Explorer use R for
computation. It is possible to download raw R data for use in an external tool. After the

analysis is completed, links with downloadable raw R data appear on the screen.
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Data export can for example be useful for a structured, procedural analysis that consists of
several, consecutive steps. The analyses in tranSMART are oriented towards exploratory
interactions with the data.

3. Framework for R plugins

Framework for R plugins gives an opportunity to extend the existing analysis types in
tranSMART and to develop new analysis if needed.

Any of the advanced analyses built-in in tranSMART invoke an R-script in the back-end. In
general, new analyses can be built in by integrating the R code into the existing code, and
make sure input (data format) and output (data format + e.g. graphs/tables) are defined. Also
a basic graphic interface needs to be designed, which can capture the input parameters that
need to be set by the end-user. A technical description of the steps involved is available
upon request by the tranSMART team, who supports tranSMART within EMIF, as part of the
technical documentation of tranSMART.

4. Cross Trial Query

TranSMART allows performing cross trial comparisons, where several studies are merged
into a single, harmonized virtual dataset. One of the prerequisites for cross trial queries is to
load study data in a particular manner. We are currently reviewing the application to assess
which parts of the application support cross trial data, and which parts are limited to single
cohorts only.

4.1.Cross Trial Queries in TranSMART

Screenshots included below are taken from a pooled dataset consisting of three different
study datasets (AddNeuroMed, Descripa, SantPau). Data were pooled outside of
tranSMART before upload. The idea of cross trial queries functionality in tranSMART is to
have a virtual pooled dataset, instead of uploading data twice.

Figure 11 represents a pooled dataset, including a variable showing the cohort where data
originated. This variable can be used in the analysis to distinguish datasets, and do cohort
comparisons.
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4 __] Cognitive Screening Tests (1770)
4+ |__) Demographics (1772)
4+ ) Pharmacogenetics Findings (1415)
=I—JRating Scales (1774)
+|_)Dementia Rating Scales (1774)
=) Subject Characteristics (1774)
+ || Baseline (1740)
=) Cohort (1774)
abc AddNeuroMed (774)
abe Descripa (881)
abc SantPau (119)

Figure 11. Three cohorts represented as a single pooled dataset.

4.1.1. Example 1: Compare two cohorts using Summary statistics

TranSMART allows users to quickly view comparisons between cohorts, via the Summary
statistics. Figure 12 compares age distributions between AddNeuroMed and Descripa.

Summary Statistics

Query Summary for Subset 1 Query Summary for Subset 2

(Wrivate Stuclos\Prvate s“‘di”‘ﬁﬁ?fsm'“‘s""j‘”‘ (\Private Studies\Private Studies\CROSSTRIAL\Subject Characteristics\Cohort\Descripal )

Subject Totals

Subset 1 | Both | Subset 2

774 0 881

Comparison of Age ©

95 {| &
Histogram of Age 90 {
6] Subset 1 85 { Subset 2
Mean: 75.37 Mean: 70.33
w | ! 801
5 2004 Median: 76 o Median: 70
] | 2 751
Y 100 1QR: 9 3 1QR: 11
=0
» } sD: 7.62 ’ SD: 7.81
0 25 50 75 100|DataPoints:774 631 Data Points: 881
§ Subset 1 B Subset 2 601 il
55 {|8 o o

Subset1 Subset 2

Figure 12. Summary statistics for two cohorts.

4.1.2. Example 2: Compare clinical rating scale results between two cohorts

Additional variables can be dragged from the taxonomy to compare these variables for the
selected cohorts.
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Figure 13. Cross cohort score comparison.

4.1.3. Example 3: Linegraph showing time course data per cohort

Subset 1 Subset 2
CROSSTRIAL CROSSTRIAL
Mean: 2.73 Mean: 1.16
Median: 1 Median: 1
IQR: 4.5 IQR: 1
SD: 3.4 SD: 0.92
Data Points: 770 Data Points: 757

1 statistic:

12.307

p-value:

3.0864e-32

The results are significant at a 95% confidence level.

Figure 14 shows average MMSE scores over time (4 visits) for AddNeuroMed and Descripa.

Line Graph
B .
+ — _—
g27 — >

(me:

N
o

\BaselineAMMSE Total Score\
@

214

= AddNeuroMed
# Descripa

\BaselineMMSE Total SCOTE o aMSE Total SeOTet — | AMMSE Total SEOTEY | sWMSE Total Score!

TIMEPOINT

Figure 14. Cross cohort linegraph.

4.2.Data load for cross trial queries

The scripts for uploading clinical data do support loading associations between the clinical
data variables and the Across Trials variables. For the across trials data to be loaded, an
extra file is needed (henceforth "the across trials file"), in which an exact mapping between
study variables and cross trial variables is provided. Prerequisite for loading this type of data
is to run the data-loading job using a newly implemented ETL framework, which is called

tranSMART-batch.
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