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VISUAL INTERACTION, STATISTICAL ANALYSIS
AND MACHINE LEARNING TO ADVANCE LIFE
SCIENCE RESEARCH WITH JMP SOFTWARE

KELCI MICLAUS, PH.D, JMP LIFE SCIENCES
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AGENDA

1. Broad Overview
2. Chemoprevention Study Analysis with JMP Products
- Data Exploration and Cleaning with JMP, JMP Pro, and JMP Genomics
- Complex Analysis with JMP Genomics
3. Detailed Overview: what else is in these tools?
- JMP
+ JMP Pro
« JMP Genomics
« JMP Public
+ JMP Clinical
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POTENTIAL IN DRUG DISCOVERY AND LIFE SCIENCES

Data-rich environment for application of modern machine learning methods
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KEY OPPORTUNITY AREAS

« New Compound and Drug Repurposing

« Mining on chemical structures to propose new compounds

- Repurpose drugs on market based on affected biological pathways
- Biomarker Discovery

+ Prognostic and Predictive models using genomic signatures
+ Medical Imaging

- Image classification methods to provide less-subjective assessment
- Toxicity Signals in Clinical Trials

- Predict potential safety concerns, sub-group analysis
« Clinical Trial Operational Integrity and Quality by Design

- Modern risk-based assessment for site operational integrity and selection
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Packed Bar Chart
HIGHLIGHTING SUCCESSES Biomarker in Drug Label I Count

« Clinical Decision Support Systems
+ Chemical Compound Mining
- Biomarker Discovery
- Prognostic: Determine whether patient
should receive treatment
- Predictive: Patient outcome specific to
treatment (Drug label/Companion diagnosti

Biomarker in Drug Label
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JMP IN LIFE SCIENCES
Genomic Analysis “Pipeline”
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Alignment, Genomic Analysis, P lized
NGS Technology Summarization, Visual Discovery, Hee;Si?hng;Z
Variant Calling Clinical Prediction
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JMP Family of Products
Drug Discovery

Discovery Pre-Clinical Clinical Trials Post Clinical

Pharmaco-

Manufactoring

Biomarker Biological Safety
Lead compound Test Efficacy New Drug vigilance

JMP Genomics
—
Omics and genetics for biomarkers JMP Clinical

Drug safety and efficacy during trials and on the market

JMP/JMP PRO

Data cleaning, mining, target identification, formulation development, design of experiment

SAS

jmp Gsas

EXANMPLE INCREASINGLY COMPLEX BIOLOGICAL EXPERIMENTS

- Identify biomarkers in differential molecular expression signatures for normal vs.
polyp tissues attributable to chemoprevention therapy in FAP

- Molecular expression baseline measurements taken on normal tissue prior to

treatment, follow-up mRNA collection on polyp and normal tissue after 6 month
treatment (Drug VS Placebo) Published OnlineFirst November 6, 2017; DOI 10.1158/1940-6207. CAPR-17-0130

Research Article Cancer
Prevention
Research

Chemoprevention with Cyclooxygenase and
Epidermal Growth Factor Receptor Inhibitors in

Familial Adenomatous Polyposis Patients: mRNA ==
Signatures of Duodenal Neoplasia

Don A. Delker', Austin C. Wood?, Angela K. Snow?, N. Jewel Samadder'?,

Wade S. Samowitz??, Kajsa E. Affolter®3, Kenneth M. Boucher'?, Lisa M. Pappas?,
Inge J. Stijleman?, Priyanka Kanth', Kathryn R. Byrne', Randall W. Burt'?,

Philip S. Bernard®, and Deborah W. Neklason'?
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EXAM P LE CHEMOPREVENTION STUDY ANALYSIS WITH JMP PRODUCTS

Analysis Outline
« Explore Study Design and Clinical
measurements in JMP/JMP PRO

« Complete RNA-seq analysis in JMP
Genomics

« Analysis Reporting and Communication
with JMP Public

=
<3 NCBI

Gene Expression Omnibus

GEO Publications | FAQ | MIAME | Email GEO
NCBI = GEO > Accession Display 2 Not logged in | Login @
Scope: [Self v Format:[ATmr_v] Amount: [Quick v] GEO accession: =l

Series GSE94919 Query DataSets for GSE94919

Status Public on Feb 16, 2018

Title Chemoprevention with COX2 and EGFR inhibition in FAP patients: mRNA
signatures of duodenal neoplasia

Organism Homo sapiens

Experiment type  Expression profiling by high throughput sequencing

Summary RNA sequencing of duodenal polyps in FAP patients treated with plabebo or the

drug combination, erlotinib + sulindac
Overall design 69 duodenal RNA sequencing datasets (17 baseline uninvolved from 17 FAP
patients, 10 endpoint uninvolved and 16 polyp from 10 FAP patients on
placebo, 10 endpont uninvelved and 16 polyp from 10 FAP patients on drug)

Contributor(s)
Citation(s)

Delker D, Neklason D

Delker DA, Wood AC, Snow AK, Samadder NJ et al. Chemoprevention with
Cyclooxygenase and Epidermal Growth Factor Receptor Inhibitors in Familial
Adenomatous Polyposis Patients: mRNA Sig of Duodenal lasi
Cancer Prev Res (Phila) 2018 Jan;11(1):4-15. PMID: 29109117

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE94919

6Sas | Bs.

JMP FAMILY OF PRODUCTS

SOFTWARE FOR LIFE SCIENTISTS

JMP*

JMp s vswwnrronsis

Jmp | sestea vy,

JMP* Genomics

JMP Pro
JMP Genomics*
JMP Clinical

JMP* Clinical

JMP Add-Ins

JMP Live*

SAS*

Jmp
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JMP DATA TABLES

Experimental Factors Expression levels,

8 95220154 wide - IMP or genetic variants = 5
File Edit Tables Rows Cols DOE Analyze Graph Genomics Tools Add-Ingl View Window Help l
HRSd| s | @EEE e,
~ gse20194_wide Pl < =

o h histology  treatment_code treatments_ comments pr_1007_s_at pr_1053_at pr_117_at pr_121_at pr_°
~ Columns (22304/0) 1/ IDC TFAC 98-240 Taxol (80mgy/... 12444 83774 67866  10.2851 /
W race 2| IMC/IDC  TFAC Taxol 80 mg/m2 week... 12.2005 78592 80963  10.4624
::Lft/a:”rz 3 IDC TFAC Taxol 80 mg/m2 week... 12.6709 86762 74812  10.1887
& pr.status 4 IDC TFAC Taxol 80 weekly x 12, ... 11.6619 82557  7.9923 107705
& thefore 5 IDC TFAC 98-240: Taxol q wk (8... 11.8397 87971  7.8321  10.2869
& nbefore 6 IDC/IBC  Tonly Taxol 80 mg/m2 week... 11.4081 83247 81169  10.8844
& bmngrd 7 IDC/DCIS | TFAC Taxol 225 mg/m2 x4, ... 12.5829 89015 66237 103222
er 8 IDC TFAC Taxol 225 x 4, FEC x 4 121237 87101  7.8795  10.6651
W her2_status 9 IDC TFAC 98-240 Taxol (150 mg ... 11.098 97493 67152 1047
2ot 10 IDC TFAC Taxol 80 weekly x 11, ... 12.4537 75118 82514  10.8806
= ROWS 11 IDC TFAC Taxol 100 weekly X 12... 11.1349 76111 87835  11.1829
';‘!I:;":Z 272 12| Ipc TFAC Taxol 80 mg/m2 week... 11.8757 80035 81103  10.6567
Er 0 13 IDC TFAC Taxol 80 mg/m2 week... 12.6326 83098 74773 104499
e a 14| IDC/DCIS | TFAC Taxol (100mg/m2 wee... 12.5807 80104  7.5885  10.1383

|l O~
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Rows | Cols DOE Analyze Graph Genomic

Tables | Rows Cols DOE Analyz Hide and Exclude Cols | DOE Analyze Graph Genor
JMP (AND JMP PRO) b o — e ewCommes
Hide/Unhide =
Ba  Subset Column Selection »
B IMP Starter - JMP - o X ERE Hide/Unhide Unselected
File Edit Tables Rows Cols DOE Analyze Graph Genomics Tools Add-Ins View Window Help BB sort Label/Unlabel (zerles @ellims >
ERE = | =
'_ f‘ktcj td [$a@, ';‘T—M‘ 1 & ||, #8  Stack o , Column Info...
Click Category: Sl . Markers 1o i i
) [T ] Creste a new Data Table, and display a5 3 grid in = Ba  Split St Al
Lile new window. B Transpose Next Selected F7 Preselect Role »
Basic 7 [_open_|Open a JMP file containing a data table, orimport Bt &) 6 EeinD
Fit Model & B le. .
i o‘e ! it from another file, B8 Join O A, R
Predictive Modeling | (.. B Label/Unlabel
Specialized Modeling | | g Clear Row States
i I ] 1
Screening ﬁ [“New |Write and edit text, including scripts. B Concatenate T Scroll Lock/Unlock
Multivariate s/ ["open_|Open a file containing text, a script for example. B3 JMP Query Builder Color or Mark by Column... Hide/Unhide
Clustering P § B3 Create Row Index Exclude/Unexclude
i i Missing Data Pattern
Reliability ) Y @  Row Color Theme
Graph [CNew | Create a new Journal window. [® | Compare Data Tables —— (Eepite-
=2 ow Editor
Surface 7 [_0pen_|Open a file containing journaled JMP output. Anonymize Parse
Measure — Delete Rows .
fo  Transform
Control M= cellancous) B8 Delete Duplicate Rows
Consumer Research [‘;gg [Query Builder Get data from a database. o £ Convert Character Date
DOE . ) . I i
Tabl ./ Orgamzed sample data with script examples. Move Rows. et e
ables - it
Utilities >
SAS ﬂ Examine and set system preferences. &3  Data Filter
JMP Pro
IMP Help ¢
Statistics Index 8 Delete Columns

Lots of point-and-click tools for data cleaning (and much more)
Jmp gsas
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H edf3 - Graph Builder - IMP - a x
File Edit Tables Rows Cols DOE Analyze Graph Genomics Tools Add-Ins View Window Help
HeSd sLa AnBh. k240N ra+ISO0O,

JMP (AND JMP PRO) 4~ Graph Bu

B ol o wiils pems =

Polyp Base diam vs. Treatment

Variables

# Recode - IMP - o x =25 Columns

| ~ tissue Done ~. th Treatment - ‘ Group X Wrap| Overlay: Sex
Count Old Values (3) New Values (2) Cancel

37 Normal Normal Redo : Patient of Untitled 6 700 . .y coler
31 Pol 3 Polyp Mutation )
[ Show only Grouped th Sex
] Show only Ungrouped i Age g 500 Sex
Grow AgeGroup H + Female
T th AgeGroup2 o 400 2 - Male
th Arm 8 £ Female
A Polyp Base diam . |'g 300 % Male
= S Female
i 4Points 5 200
- Easily recode data, reme b
. . o 100 s
- Parse information, e.g., pull out components from S P I
Summary St [ None - 0 o
W AP A »
Title” or “Source” columns i — )
M Dru None Placebo
- Create new graphs by drag-and-drop QETCE . o ° T Freq|| Page
les O~
T 95620194 wide - IMP — o X
File Edit Tables Rows Cols DOE Analyze Graph Genomics Tools Add-Ins View Window Help
RS d ¥ | BEEEFLEp
~ gse20194_wide p|d =
- Columns (22304/1) ‘ - Array_name Title 0 Colu
e = 1 GSM505327 BRFNA_M157  Sample ID -- 157, fine-needle aspiration, breast cancer cells ~ GSN.*
‘Arra§ name 2 GSM505328 | BRFNA_M196  Sample ID —- 196, fine-needle aspiration, breast cancer cells ~ GSM
i Title - 3 GSM505329 BRFNA_M176  Sample ID -- 176, fine-needle aspiration, breast cancer cells ~ GSM
Msource 4 GSM505330 | BRFNA_M214  Sample ID -- 214, fine-needle aspiration, breast cancer cells ~ GSM
. ColumnName 5 GSM505331 BR.FNA_M113  Sample ID - 113, fine-needle aspiration, breast cancer cells ~ GSNM
i tissue 6 GSM505333 BR_FNA_M154  Sample ID -- 154, fine-needle aspiration, breast cancer cells ~ GSM
wage 7 GSM505334 BRFNA_M165  Sample ID - 165, fine-needle aspiration, breast cancer cells ~ GSM
wh race 8 GSM505335 | BRFNA_M212  Sample ID - 212, fine-needle aspiration, breast cancer cells ~ GSM
W er_status 9 GSM505336 BR FNA_M153  Sample ID -- 153, fine-needle aspiration, breast cancer cells ~ GSM
wh per.vs_rd 10 GSM505337 BR_FNA_M220  Sample ID -- 220, fine-needle aspiration, breast cancer cells ~ GSM c

la O

SAS

8 SAS - [ANOVA_fap_data_log_iqr_amr.sas]

(8! File Edit View Tools Run Solutions Window Help

D@ &Rl no DAl EX 08
%let Starter_Index=%nrbquote(2);

$let LS_Product=tnrbquote (Genomics)

$let CLIENT_HOST= Windows;
geno: §E $let KILLFILE=%nrbquote (ANOVA 2018 02 26_6_03_00_AM.bat):

& Downl
@ Docun] a
Abhei of 'SAS Environmert”

GFFs Libraries ~ File Shortcuts
JSM20’

=) g
aoneoi | [T =
Favorite  Computeris
= Comput Folders 1106522 filename customap "C:\Users\wenjba\AppData\Roaming\SAS\JMPGenomics\13\JMPG\ProcessLibrary

i Deskto] $if tsysfunc(fexist(customap)) $then tdo;
%include customap;
tend;
% Downl telse %do;
%include "C:\Program Files\SASHome\JMPGenomics\13\Genomics\ProcessLibrary/ANOVA.sas";

Inter [ Docu
b Music
(&) Picture

& Videos|

~ My Nef

& Netw
! Output - (Untitled) | ) Log - (Untitled) | [#) ANOVA_fap_data_log_...

S2\\epi\projects\Kelci\Presentations\Ch Ln 1, Col 1

7 items

Copyright © 2012, SAS Institute Inc. All rights reserved. 7



Ssas 7/19/19

WHEN TWO SOFTWARE PACKAGES LOVE EACH OTHER
VERY MUCH...

imp ¥ §sas

Statistical Discovery™ From SAS.

oTeh oTeh
c UJ c UJ
[

JMP GENOMICS

Analytical Processes

Click a Category: 2 Click a Subcategory: 2 Click a Button: 2
Studies Genetics Utilities tilfy [Phenotype Summary|
| N————
Import Relatedness Measures g | GxE Interaction ‘
Workflows Genetic Marker Statistics -
----------------------------- GWAS Testing D(LO | Cross Evaluation ‘
m Other Association Testing |ﬁ‘
Copy Number Haplotype Analysis M%’ (Erogeny Simaton)
Spectral Preprocessing Model-free Linkage
Expression Linkage Maps and QTL
----------------------------- Breeding Analysis .
Pattern Discovery Transactlons

Predictive Modeling Interactive Databases

Subgroup Analysis Visualization
P-Value Operations

Genome Views Workstation Enterprise
Annotation Analysis

- 4l 0
_____________________________ Analytics == Analytics

SAS Data Set Utilities

General Utilities J M P

. SAS
Documentation and Help PrOjeCtS Data AnaIySIS Systems

jmp Gsas
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JMP
OVERVIEW

G E N o M I c s File Edit Tables Rows Cols DOE Analyze Graph Genomics Tools View Window Help
EEEEIEET-Y Lk]22e e rsa+msSco,
Current Study: :} 2
- Over 200 customized genomic analysis [ a— "
Studies Genetics Utilities Hﬁ Case-Control Association
repo rts {;',‘:,Z?,ows g:‘:;fi"&:x::{;,u 4 [PCA for Population Statification
------------------------------ 12, (_Sp-Trat Assocaion |
i i Other Assocaton Tstin - it Asocoion
« Several pre-defined workflows to string o Namber Haplonpe ntgas —
Spectral Preprocessing Model-free Linkage
Expression Linkage Maps and QTL 12 [ Survey SNP-Trait Association
together analyses : (o NPT soition )
it iSCOVe
* Recent development focus: s o ap
- NGS data import/QC/analysis S GWasMeteAnabs
+ Genetic diversity and relatedness
+ Linkage Mapping and QTL Documentation and Help
+ Multi-trait predictive modeling
+ Cross evaluation for plant breeding
+ DNA Methylation
+ Virtual Twins
C\U: kemicl\AppData\R i 12UMPG\_CurrStudy_Local_js! 2 Ov

OSas | K.

UNIQUENESS OF JMP GENOMICS

> Broad and Deep Library of Statistical Methods
> Interactive graphics and tables

> Point-and-Click GUI and programming/scripting

Jmp Gsas

Copyright © 2012, SAS Institute Inc. All rights reserved. 9
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JMP GENOMICS: BROAD SCOPE, DEEP FEATURES

> Genome-Wide Association Studies (GWAS)

> Linkage Mapping, QTL, and Plant Breeding Analysis

> Complex Analysis for Expression, Metabolomics, Proteomics
> Next-generation Sequencing

> Pattern Discovery, Predictive Modeling and Cross Validation
> Integrated Clinical and Genomic data

Core Capabilities of JMP® Genomics

JMP Genomics lets you visualize and explore large genomic data sets and share analyses with colleagues.

os-WsepseMe.  Genomic Selection for Pharmacogenomics ——mm Expression Statistical Genetics
A Crop Improvement !Q/ amlxa it
0.2 ~— wor

LT e

Next-Gen Sequencing ] 1 Linkage Mapping ™S Predictive Modeling

= /AN
= i\

LIBRARY OF STATISTICAL METHODS Gsas

JMP GENOMICS THE POWER

Copyright © 2012, SAS Institute Inc. All rights reserved. 1 O
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Import Engines

-Analytical Processes

Click a Category: ? Click a Subcategory: ? Click a Button: ?
Studies Experimental Design File [ Generate Counts from SAM ]
Affymetrix
Workflows Tllumina [ Generate Counts from BAM ]
Nanostring
Genetics Other Expression [ Generate Counts from Eland l
Copy Number Other Genetics 3 - =
Spectral Preprocessing Proteomics I‘hhl [ Bin Intensities orRead Counts ]
Expression Next-Gen Sequencing T T A G
Text iii'iti [ = _ ]
Pattern Discovery Summarize
Precictive Modetng [ Call Variants with SAMtools |
Subgroup Analysis
P-Value Operations [Import Variant Calls from CLC bio
Genome Views [ Complete Genomics l
Annotation Analysis [ : — ]
mport iles
SAS Data Set Utilities
General Utilities
Documentation and Help

POWER
TO KNOW.

Gsas

DNA Variant Analysis

-Analytical Processes

Click a Category: 2 Click a Subcategory: ? Click a Button: ?

Studies Genetics Utilities iﬁih—ll [ Case-Control Association ]
wgg(;iows gj::fiinl\eﬁrgfag::ies:ics ;b [PCA for Population Stratification]
tion'Testing I [ SNP-Trait Association |
(stscyti':il;:::ocessing ;1%:&?:3.?:2;:1 r& i Imputed SNP-Trait Association i
Spresion Lnkagelops nd QT (‘S S Trot Asocition |

Pattern Discovery

Predictive Modeling -
Subgroup Analysis l@,sj [ Quantitative TDT ]
P-Value Operations Dg’o [ 0T ]

Genome Views
Annotation Analysis

[ GwAsMeta-Analysis |

SAS Data Set Utilities
General Utilities

Documentation and Help

THE
POWER
TO KNOW.

Jmp gsas
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Analytical Processes

Click a Category: ?

Click a Subcategory: ?

Click a Button: ?

Gene Expression: Normalization

Click a Subcategory: ?

Studies
Import
Workflows

Quality Control

Normalization (Next-Gen Only)
Row-by-Row Medeling

m [ Data Standardize

Click a Button: ?

Quality Control

/[ ANOVA Normalization
—

] Normalization

Genetics

Expression Utilities E [

] Row-by-Row Medeling

Mixed Model Normalization Expression Utilities

Copy Number
Spectral Preprocessing

Expression

Pattern Discovery
Predictive Modeling
Subgroup Analysis
P-Value Operations

Genome Views
Annotation Analysis

SAS Data Set Utilities
General Utilities

Documentation and Help

Jmp

[ Control Set Normalization ]

& [ Batch Normalization ]
gj’é [ Batch Scoring ]
E [ Loess Normalization ]

\\L [ Factor Analysis Normalization ]

K [Partial Least Squares Normalization]

B [ Quantile Normalization ]

[ (KDMM Normalization

eyl €) [ RPMScaling

@ TMM Normalization
% TPM Normalization
QE Upper Quartile Scaling

Analytical Processes

Click a Category: ?

Studies
Import
Workflows

Genetics

Copy Number

Spectral Preprocessing
Expression

Pattern Discovery
Predictive Modeling
Subgroup Analysis
P-Value Operations

Genome Views
Annotation Analysis

SAS Data Set Utilities
General Utilities

Documentation and Help

Gene Expression: Quality Control

Click a Subcategory: ? Click a Button: ?

Quality Control

l

il Distribution Analysis

Normalization

Normalization (Next-Gen Only)

;& [Correlation and Principal Variance Component Analysis]

Row-by-Row Modeling

Expression Utilities % [ Correlation and Grouped Scatterplots

Filter Intensities

Feature Flagger

Missing Value Imputation

Array Pseudo Image

Ratio Analysis

Surface Summary

l
l
]
]
J
J
J

Jmp

Copyright © 2012, SAS Institute Inc. All rights reserved.
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Analytical Processes

Click a Category: ? Click a Subcategory: ?

Spectral Preprocessing

Pattern Discovery
Predictive Modeling
Subgroup Analysis
P-Value Operations

Genome Views
Annotation Analysis

SAS Data Set Utilities
General Utilities

Documentation and Help

Studies Quality Control

Import Neormalization

Workflows Normalization (Next-Gen Only)
R ow Modeling

Genetics Expression Utilities

Copy Number

IGene Expression: Modeling

Click a Button: ?
One-Way ANOVA

ANOVA

7 |
k8

)}/ [Allele Specific Expression Filter]

[
- Difference Chooser ]

7

]
J
Mixed Model Analysis ]
]

Survival Analysis

Estimate Builder ]

Two-Way Plotter ]

|Simp|e to Complex Modeling Options

fa¥ ANOVA - JMP [2]

*
File Edit Tables Rows Cols DOE Analyze Graph Genomics Tools View Window Help Type Of Data

?
Process Description Count v| £

General | Model | Test | Residuals | Options | Annotation

* Type of Data

Continuous | 2

4 Data Distribution and Link Function
Distribution of Data

Distribution of Data

2

Link Function

2 Beta
Lambda Number . Binary
1 Data Filtering Binomial

* Experimental Design SAS Data Set

[CAProgram ies\SASHome MP Genomics\L3\LieSciences\Sample 2 > Exponential

[ _expsasTbdat

Available Variables Class Variables ~g Gamma
Chamel : Gaussian/Normal
Line . X
Sex [ Generalized Poisson
Age

Av| Geometric
Al Inverse Gaussian

Design-Level By Variables

4 Data Distribution ar

TR

; C
: | Lognormal
Filterto Include Observations y Multinomial
& o : ¢
Separate Results based on Design-Level By Variables 2 A{ Negative Binomial
F\‘xediﬂxts ] Fil poisson
Line Sex Age Channel Line"Sex Line"Age Sex*Age Line"Ser Age [ Clear ] 2
Rendom Effects In t
[Amray JCaear | 2 G
LSMeans Effects T
[Line™SexAge I Clear] 2

b Baseline Covariate

* Required Parameter

Jmp

Multiple Testing Method

Bonferroni v
. General Model Test Residuals Options Annotation
AdaptiveHolm LSMeans Standardization Method
AdaptiveHochberg STD -2
: [¥] Cluster significant LSMean profiles 2
Bonferroni N
4 [] Unbounded Variance Component Estimates 7
Hochberg [7] Kenward-Roger Degrees of Freedom Method 2
Holrm [“]Include Fold Changes in Addition to log Fold Changes 2
[] Include t-Statistics 2
Hommel [] Include p-values in addition to -log10(p-values) 2
Sidak [ Include adjusted p-values in addition to -logl0(p-values) ?
J [7] Uniformly scale y-axes in Volcano plots 2
StepBon [7] Separate and journal results by chromosome 2
. Gradient Convergence Criterion [1,100000]
StepSid 10 >
Pseudo-Likelihood Convergence Criterion [1,100000]
?
AdaptiveFDR By Groups to Process st  Time [1.1000000)
DependentFDR Output Data Set Prefix
FDR Mixed Model Index Output Data Set Name
pFDR

9sas |
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Exploratory Pattern Discovery

Analytical Processes

Click a Category: ?

Click a Button: ?

Studies
Import
Workflows

%:] [ Hierarchical Clustering ]

& [ K-Means Clustering ]

Genetics

Copy Number

Spectral Preprocessing
Expression

& [Pnncnpal Components Analysns]

g [ Plot Intensities ]

Predictive Modeling
Subgroup Analysis
P-Value Operations

E [ Cross Correlation ]

[Distance Matrix and Clustering ]

|L,.[ Multidimensional Scaling ]

Genome Views
Annotation Analysis

SAS Data Set Utilities
General Utilities

Documentation and Help

[ Partial Correlation Diagram ]

Predictive Modeling Methods

Analytical Processes
Click a Category: ?

Studies

Import

Workflows

Genetics

Copy Number
Spectral Preprocessing
Expression

Pattern Discovery
Predictive Modeling
Subgroup Analysis
P-Value Operations
Genome Views
Annotation Analysis

SAS Data Set Utilities
General Utilities

Documentation and Help

Click a Subcategory: ?

Model Comparisons
Predictive Modeling Utilities

lick a Button: ?

g_g} Predictive Modeling Review

-
%—
M
N

\i Discriminant Analysis
Bl [ KNearestNeighbors
“_- Logistic Regression

m Life Regression
m Proportional Hazards Regression

B Genomic BLUP

Copyright © 2012, SAS Institute Inc. All rights reserved.
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Model Assessment and Comparison

Analytical Processes

Click a Category: ?

Click a Subcategory: ?

Click a Button: ?

Studies
Import
Workflows

Genetics

Copy Number

Spectral Preprocessing
Expression

Pattern Discovery

Predictive Modeling
Subgroup Analysis
P-Value Operations

Genome Views
Annotation Analysis

SAS Data Set Utilities
General Utilities

Documentation and Help

Main Methods
Model Comparisons

| Predictive Modeling Utilities

éé [Cross Validation Model Comparison]

%wg [ Test Set Model Comparison J

& [ Learning Curve Model Comparison]

Cross-Validation Model Comparison: Accuracy By Model

Jmp

3%

Merge CVMC Results ]

i

Merge LCMC Results ]

s

Distance Scoring
Predicting Death

K Nearest

Neighbors

Predicting Deatf

Partiion Trees | ,
Predicting Deatt
Ridge Regressior
Predicting Death

(2]
B

With Best
Hsu's MC

005

|Subgroup Analysis

Jmp

Analytical Processes

Click a Category: ?

Studies

Import

Workflows

Genetics

Copy Number
Spectral Preprocessing
Expression

Pattern Discovery
Predictive Modeling
Subgroup Analysis
P-Value Operations
Genome Views
Annotation Analysis
SAS Data Set Utilities
General Utilities

Documentation and Help

Click a Button: ?

l

Interaction Trees

=

Local Control

@ [Optimal Treatment Regime

@ |

Virtual Twins

J
|
J
]

Copyright © 2012, SAS Institute Inc. All rights reserved.
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HIGHLIGHTING EXAMPLES

SEQC CONSORTIUM

TECHNICAL PERFORMANCE OF NGS TECHNOLOGIES
MAQC SOCIETY

- Assess predictive performance =) \eastiai
and reproducibility of microarray
Science & Research
a n d N G S teCh n O I Og y fo r Home > Science & Research > Bioinformatics Tools > MicroArray Quality Control (MAQC)
pharmacogenomics and gz MicroArray Quality Control o

MAQC G

toxico e nom i CS soPs foane | ¥ in Leom | @ e | @ enaL | B priT
MAQC:I
MAQC Publications MAQC-Il Contact FDA
MAQC-ll (also known as SEQC)
Contact Information 870-543-7538

NCTR Bioinformatics Support
Joumal Issues Featuring MAQC

- Over 100 researchers across
more than 12 dozen Instltutlons e Nammmotecnnology—AuuuszzMo|ssu°\§‘

ics Journal — August 2010 Issue®

Nature Biotechnology — September 2006 Issues

Copyright © 2012, SAS Institute Inc. All rights reserved. 1 6
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SEQC CONSORTIUM NEUROBLASTOMA DATA PREDICTION

« NB_Microarray (Gene level intensities: 43291 predictors)

* NB_NGS_MAVG (Gene level counts : RNA-seq, 60778
predictors)

« Neuroblastoma survival endpoints (0S_HR 86
samples)

- Eight classification methods for prediction

R . Accuracy Comparison
- Discriminant analysis

Percentage

- Distance Scoring 091 09
« K-Nearest Neighbor 1 ) . "
+ GLM Selection . ”B_?%F% T o %1 & <% —é—@% T —]
S o5 S 05 = I
« Logistic Regression & <.
« Partial Least Squares 03 0]
- Partition Tree - "
+ Radial Basis Machine R S B 5
« 5-fold Cross-Validation AN T A s 438 3 805 8
- AUC - )
NB_Microarray NB_NGS_MAVG
« Accuracy - -
- RMSE
!f
Jmp §sas
SEQC CONSORTIUM PREDICTIVE PERFORMANCE OF TECHNOLOGIES
« Factors contributing to variability in predictive performance of gene-level data on
neuroblastoma survival endpoints
« Analysis, predictive methodology, and model size key contributors
Cov Parm vs. Percentage
encpoint [
0 20 40 60 80 100
Platform
RNA Seq Pipeline |
Feature Level
Analysis Team ll P=0. 0588
Classification Method
Log10 (Model Size) ll P=0.0044
Platform*Endpoint
RNA Seq Pipeline*Endpoint
Feature Level*Endpoint
Analysis Team*Endpoint NN P<0.0001
Classification Methods*Endpoint | P=0.0033
Log10 (Model Size)*Endpoint Il P=0.0003
o Average Resicus! NI
!mp 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 Ssas
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0.6

PrOfiCiency in Prediction (Guess what software was the red star...)

*

0.5 H -

04 1 |-

03 H -

021~

Average Prediction Performance (MCC)

24 13

DAT DAT DAT DAT DAT DAT DAT DAT DAT DAT DAT DAT DAT DAT DAT DAT DAT
25 11 12 32 10 20 4 18 36 29 35 7 19 33 3

Data Analysis Teams

Shi L (& & #A) et al. Nat Biotechnol. 2010. NPG Focus on MAQC-II : www.nature.com/focus/magc2/

POWER
TO KNOW.

Gsas

DISCOVERY AND
PREDICTION

HOSPITAL BIOMARKER UTILITY TO PREDICT SEPSIS SURVIVAL

Science Translational Medicine integrating Medicine and science

RESEARCH ARTICLE

SEPSIS

An Integrated Clinico-Metabolomic Model Improves
Prediction of Death in Sepsis

Raymond J. Langley,”"* Ephraim L. Tsalik,>#* Jennifer C.van Velkinburgh,'* Seth W. Glickman,*®
Brandon J. Rice,’ Chunplng Wang, Bo Chen, Lawmnce Carin,” Arturo Suarez,®

Robert P. Mohney, Debra H. Freeman, Mu Wang, Jmsam You,'® Jacob Wulff,?

J.will Thompson, M. Arthur .1 Brian T. Edmonds,'?

Brian Grinnell,'? David R. Nelson,'? Darrell L Dinwiddie,’ 134 Neil A. Muller1 13

Carol J. Saunders,'* Sarah S. Soden,’ Angela J. Rogers,'>"¢ Lee Gazounan

Laura E. Fredenburgh,'® Anthony F. '® Rebecca M. Baron," AugusnneM K. Choi,"®
G.Ralph Corey,® Geoffreys Gmsbuvg, Charles B. Cairns,® Ronny M. Otero, Vance G. Fowler Jr.,°
Emanuel P. Rivers,® Christopher W. Woods,>*° Stephen F. ngsmore

Sepsis is a common cause of death, but outcomes in individual patients are difficult to predict. Elucidating the
molecular processes that differ between sepsis patients who survive and those who die may permit more ap-

to be deployed. We ined the clinical features and the plasma metabolome and
proteome of patients with and without community-acquired sepsis, upon their arrival at hospital emergency de-
partments and 24 hours later. The metabolomes and proteomes of patients at hospital admittance who would
ultimately die differed markedly from those of patients who would survive. The dﬁerent profiles of proteins and
metabolites dustered into the following groups: fatty acid and p-oxid. is, and the
citric acid cycle. They differed consistently among several sets of patients, and diverged more as death approached.
In contrast, the metabolomes and proteomes of surviving patients with mild sepsis did not differ from survivors
with severe sepsis or septic shock. An algorithm derived from clinical features together with measurements of five
metabolites predicted patient survival. This algorithm may help to guide the treatment of individual patients with
sepsis.

SciTrans! Med 24 July 2013:
Vol. 5, Issue 195, p. 195ra95
Sci. Transl. Med. DOI: 10.1126/scitransimed. 3005893

Copyright © 2012, SAS Institute Inc. All rights reserved.
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SEPSIS SURVIVAL Analysis outline

- Background and Goal
- Sepsis outcome combination of demographics, clinical signs, and biomarkers.
- Develop clinical + biomarker panel to predict sepsis survival
- Study
- 1,152 suspected sepsis cases enrolled in ER hospitals.
- Clinical measures and blood (plasma metabolites and proteins) collected at admittance and 24
hours
+ 31 Sepsis Non-survivors, 89 Sepsis Survivors, 29 SIRS criteria non-sepsis
- Analyses
+ Kernel Density distributions
- PCVA to explain metabolite variability across clinical measures
« ANOVA
« Sepsis Non-survivors Vs. Survivors
« SIRS Vs. Sepsis Survivors
« Predictive Modeling and Cross-validation
- External validation data sets

jmp Gsas

DISCOVERY AND

SEPSIS METABOLITE PROFILES
PREDICTION

- Data exploration necessary to understand quality and drive further analysis
- Kernel densities, PCA of metabolite concentrations grouped by clinical dysfunctions. PVCA
of factors contributing to metabolomic variability

Kernel Density Estimates of Metabolity Profiles
20

Weighted Average Proportion across Principal Components

61.4%

o
By

o
e

o
@

Metabollts Principal Component Analysis.

Weighted Average

dysfunctions
© Death

@ Kidney Disease 14.0%
@ Liver Disease
.| ® Shack
Survivor

o
N

11% 1.1% 0.9% 0.7%

CKD_HD
Hepatitis
Residual

c
.
po—
ke
_H
B
o
b
%
o
g
2
o
8
G
%

Liver_Disease
Outcomes l N

immunosuppressants . Q

neoplastic_disease

2,
0
w
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\
PATTERN

INTEGRATIVE EXPLORATION OF SEPSIS BIOMARKERS

DISCOVERY

- Cross-correlation analysis
- Metabolites for sepsis survivors/nonsurvivors across time
- Metabolites correlating with proteins

- Transcriptome vs metabolome for “hypothetical association mapping” of genes to

biochemical profiles

Cc
Hes CIR
o SERPING1
" RPINF1
e 2 Haat Metabolites =
2 K]
4 MB
4 2 c1aA
H g APOB ciaB
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2 REGIA
2 a VSIGH
3 4 o3 510043
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@ Y cFB CcrRP
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caB 2 LRG1
Rl 5 SERPI
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< SERPINAT Q612
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3 0361
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E 0016
01775
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LEDY I
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CLINICAL
PREDICTION

- Robust predictive modeling, advanced predictor filtering, cross-validation, model
comparison, and test set evaluation
- Predictive utility for sepsis survival with clinical and biomarker signatures

DERIVATION AND TESTING PREDICTIVE SEPSIS BIOMARKER PANELS

Test Set Model Accuracy and AUC (higher is better)
Cross-Validation Model Comparison: Accuracy By Model 3Gy (higher i )

— —— Accuracy

—— Area Under ROC Curve
% 075
0.8 @ 070 :
065 3
> 58
3 ps ? E 3
8
<
0.7

wan~dwi 1o wd™

o5
A

icting Death

Distance Scoring Predicting Death
Partition Trees Predicting Death

s
25 3 £ oS SE WithBest
s 4 = 83 .
83 Q g % o 89 g8 Hsusmc
°2 Ege § 2 TP o 005
85§83 dgf 55 &5

g 3§58 3 53 o8

g8 288 gs 58 8%

% 8 £38 &¢& Se

Qa x=a sZE Ta

K Nearest Neighbors Predicting Death
Logistic Regression Predicting Death
Partial Least Squares Predicting Death
Ridge Regression Predicting Death

Model

Model

JMP Genomics Online Resources

https://www.imp.com/en_us/software/genomics-data-analysis-software.html

jfnp Statistical Discovery From SAS. v Q
Software  UMPinAction  Events  LeamJMP  Commun ty JMPPublic  Support  AboutUs Buy MP Other resources:

: : *  www.jmp.com/impg
JMP* Genomics - ;
Advanced genomic data analysis ° B|Og series Genet’c

ft hat hel isuali ~ T .
software that helps you visualize ASSOCIat’O" Wlth JMP

your data and discover more
Genomics

(https://community.jmp.com/t5/JMPer-
Cable/Genetic-Association-with-JMP-
Genomics/ba-p/205372)

* Blog series Expression
Analysis with JUP

Genomics
https://www.youtube.com/watch?v=DmaKz4NOURKk (https://community.jmp.com/t5/JMPer-

Cable)

jmp Gsas

Whether you're working in agriculture,
pharmacogenomics, biotechnology, or other areas’
of genomic research, JMP Genomics provides
tools to analyze rare and common variants, detect
differential expression patterns, find signals in next-
generation sequencing data, discover reliable
biomarker profiles, and visualize patterns through

dg data analysis
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PUBLISH RESULTS AT PUBLIC.JMP.COM

Publish interactive results as web

reports on JMP Public:
https://public.imp.com/packages/JM
P-Genomics-QK-Mixed-Model-
Workflow-Rep/js-
p/5cf6aba92f411c0f2055177d

ene [in]

plished: a month ago.

& public.jmp.com

JMP Genomics QK Mixed Model Workflow | JMP Public

thago  Updated: amonthago  Views: 39
Reports fro QK Mixed “This analysis perf

m
relatedness and population structure.

PCA Scatterplot

Scree Plot

..............

Summary Chart

Manhattan Plot for Grain Yield

il

Volcano Plot for Grain Yield

wwwwwww

JMP
OVERVIEW
CLINICAL

» (SDTM/ADaM/SEND) data structure

- Targeted Solution for safety and early efficacy in Clinical Trials
- Data monitoring for operational site quality, medical safety monitoring and early efficacy, oncology

« Customized to automate report analyses using CDISC standard

« Build role-based clinical trial analysis (shareable) reviews

« User Configurations to enable collaborative clinical trial analysis

Core Capabilities of JMP® Clinical

JMP Clinical gives you the tools to simplify the analysis and reporting of clinical trials data.

Copyright © 2012, SAS Institute Inc. All rights reserved.
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CLINICAL DATA SCIENCE

What count/percent of subjects on What medications were those
drug had a serious adverse subjects taking? -
event? - I
En [= I
: i
- ;

i i
§’r||||I|||i||||||||I||....... g

For selected subjects, what
is the complete patient

11} B
fil tive? '
proftile or narrative S ey T )
. : 5
O
_ cous
. : - ; Subject 101004
& death.
= e
= \
= .
AL : T
: ild)
:
e :
iz TRy e TR | JAN19SS (Day 4) with a final I

lm"
G e g
% E

ONCOLOGY

CLINICAL TRIALS ANALYSIS CHALLENGES

- Creating deterministic/consistent endpoints for
tumor response

- Data capture and evaluation of solid tumor lesions

- Appropriate Analysis and Visualization of early

efficacy
- Complex trial designs and small sample sizes

Jmp gsas

Copyright © 2012, SAS Institute Inc. All rights reserve d. 23



s.sas_ ‘ f 7/19/19

EFFICACY SIGNALS FDAINDUSTRY GUIDANCE FOR CLINICAL TRIAL ENDPOINTS

K Survival Curve and Patients at A =

PFS Survival Hazard Ratios Treatment A vs. B

- Survival Analysis (OS) L
M Tlme tO Death n: SEX=F

RACE=WHITE/CAUCASIAN

\CE=BLACK/AFRICAN-AME...

Demographic

- Progression Free Survival eNONHSPANC OR L
C u rves ( P FS) Ethnic=HISPANIC OR LATINO

- Time to “disease progression” OR I
Death FE S

I I I
001 01° 17%10 *100
Hazard Ratic

+_;::;:%:;;}_

° O bj eCtive Res po n Se Rate Best Response Summary: Overall Response Test Results
(ORR) ——

Treatment A Treatment B Total Subjects
. . p » (N=17) (N=33) (N=50)
- Trend and summaries in “Best e I —
Response :a:::::pu"se 4| 23.5° 6| 18.2Y% Id 20.0%

CR 3 9.1 3 6.0%
PR 4| 23.5% 3 9.1 7| 14.0%
SD 6| 35.3% 8| 24.2 14 28.0%

j%p PD 5| 29.4%4 14 42.49 19 38.0% S.Sasl ‘

DETECTING EARLY EFFECTIVE TUMOR RESPONSE VISUALIZATION
EFFICACY SIGNALS

Best Response in Target Lesions

Waterfall Plots

Ordered Quantitative
Best Response

Percent Change from Baseline (%)

Subject

Tumor Response Across Time

Ti me Tre n d P I ots Sum of Target Lesions for Longest Diameter Test Results :I:::z:::;

0 - - oean
Tumor Burden response ol / ¢ NowLosion
; o s
across time ]
NN
-100 -
B ) ) )

Nicknames: Line, Spider,
Study Duration(Weeks,

Percent Change from Baseline (%)
°

Spaghetti Plots

Swimmer Plot: Overall Response Test Results

Swimmer Plots
Qualitative response and

esponse Assessment

duration
jmp |= §sas.

2 By
Stucy Time (Months)
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JMP
INTEGRATION

« JMP integrates with SAS, R, Matlab, Python

» Load DLL functionality allows integration with other
tools as well

ANALYTIC HUB https://community.jmp.com/

JMP User Community

A resource for JMP software users. Start or join a conversation to solve a problem or
share tips and tricks with other JMP users. Read blog posts, and download and share
JMP add-ins, scripts and sample data

- Add-in architecture (analogous to R packages) extends
JMP functionality

Search all content Alcommunity v | Q

he o ns

Discussions AN

Solve problems and share tips & tricks.
with other JMP users. \

File Exchange
. Download and share JMP add-ins,
scripts, and sample data

Blogs
Read about a broad range of data

Mastering JMP
Extend your JMP skills with on-

" ! i Top Kudoed Posts analysis topics and posts that inform demand webcasts, videos, and JMP
P P
i T S . your JMP use. flles
Sensor Anslyss s | [Ea|
E - TripAdvisor . =
. JMP Wish List Y N\ JSL Cookbook
------- We want to near your ideas for [ ) Buicing biocks of JSL code fo reduce
= improving JMP. Share them here. K@Y your coting workioad
Sensory o1 —
Anaiyss: Simple
Discrimination _ . ;
Tosts JMP Users Groups // Discovery Summit
5 Meet up and dscuss with oner JE ) info on upcoming Summits ana
§ CustomAdgin 01 users near you materials from past events.
Buitder \7/
. gl = @) community Help
2 d Torthemon ( ) Heip with getting started, finding
Metrod 52 e N V' thinas. and how the Community works
Th add-n haps >
you compare 4 L sapetiestor o1
measurement v thePeriodic
Savo a Daa Fiter Tableof Elements
e Venn Diggram
supported he >viowa

Sign In With Your SAS'
Profile

Create a SAS Profile and Join the
Gommunity

12,587 54,635 935
fraes Dechesors FieE

s Fie Exchange flams

DISCOVERY SUMMIT
2018

The
conference
event of the
year
Cultivating analytic
minds

SAS Headquarters,
Cary, NC | 23-26
r

Community members get
discount! Sign in now for

JMP Life Sciences

> Analytical
> Deep statistical and analytical capability
> Statistical transformation and modeling through visualization
> Dynamic model selection according to data
» Graphical
> Drag and drop to create graphics
> Interactive graphic for every statistical results
> Statistical model application on the fly

support@jmp.com

Leading Professional Statistics Software for Data Sciences

Questions? Let us help!

OV

ractical

>

ruth.hummel@jmp.com

> Communication hub

> Easy to learn and use without coding

> Seamless connection between graphic and data table

> Beginning to End: design, prepare, analyze, mining and report
> Instant discovery for meaningful conclusion

> Statistical approach for every industry and every job function associated with data

Jmp
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