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Identification of Potential Prognostic Biomarkers far Ewing Sarcoma Patients

combining dals from these batches dillicult. We remaved two
autliers and the Datch of 8 samples with the largest vansbon, We
then apphed ComBat algonithm o adjust the Datch eflects among
the rest of 46 arrays. For Germany dala set, no oavious autliers
were abserved. The sarme Datch eflect correction procedure was
performed.

Fig. 2, Mlustration ul'lllc-u..'.lims and basch efTects in the COG gene expros-

sion duta

Differential gene expression aralysis dentified 33 genes that ex-
pressed differently between two survival statuses in the COG data
set

We spphbed moderated t-test implemented m the Limma package
to the expression dats of 10824 areprocessed genes i the COG
dats sel. The tolal ol 33 genes were dentified as differentially
expressed between alive and desd sarmple group (FDR < 0.2 and
told change = 2.3) (Table S1). [11s noted that the threshold for DE
penes are less stringent comaared W commonly used cutoff (FDR
<= D05 and fold change = 1.5-2). The subsequent functional en-
richment analysis reveals that GO eemns such as imtegrin bindig
(GO:0005278), cell migrsbon  (GOODI64TT), cell  sdhesxon
(GO:0007255), regulation of cell arohleraton (GO:O042127),
bliod vessel development (GO00D1S68), response o woursling
(GO:000Y61 1), ele. were significantly enmched in the DE genes
[Table $2).

Carndidate gene expression sigratures from DEGy have better
prognostic performance in the COG data set than that of the ran-
dom gene sels

For random signstures ol 5, 10, and 20 DE genes, a signsture
lesting rocedure desenbed in sechon 2 was anphed. Fig. 3 shows
thal the random S-pene candidale signstures from DE genes have
average higher AUCs compared 1o the random gene sels in the
COG data sel Sirmlar results have also been observed m st 10
and 20 gene sets. This suggests thal the candidste prognostic gene
signstures could 2e denved from the DE genes setween the datYer-
ent chimeal oulcomes.

Fig. 3. Boxplot of AUCs bBetwaen S-pene candidie sagmatizes amd rasddoen
pene sots

We also selected S, 10 and 20 DE genes accordimg to ther VIM
runks and conducted the signature testing. The AUCS are compat:-
ble with the random signature sets. Candidsie signatures based on
VIM ranks can be used o reduce the nemaer of random sampling
ol the signatures.

Putative gene sigratures identified using random foresty classifica-
tron in the CONG data set

By applymg the procedure deserived in Section 2 and allustrated
m Fig.l, we trained and tested U0 candadate signatures from 33
DE genes for cach size 5, 10 amd 20 gene set. Table | shows the
selected signatures with higher AUC among 300 signatures.

Table 1 Sclocted candidste gene signatures for e pradctos of U sur-
vival status o= the COG dats st
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Validation on the Germany data set showed poor performance o
the putative gene sigratures from the COG data set

An aleal prognestic gene signature derived [rom the COG data
set s expected o aredsel the survival status of Germany dats sel
with high accurscy paven the expression dats from two dala sets
show sirmilar distobuton, However, we did nol observe high pre-
diction accuracy, sensitivily or specaticaly on the validsbon data sel
using the best RF classthication models from the COG data sel
(daty not shown).
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Fig, 4. Densaty plots of geme expressaom date in U COG and Germany
datasclts

The possable reasons coukd e (1) the expression data of the valada-
tiom sebas signifcantly different from the COG dats; or (2) the RE

Common

CRI Project Report

madels from the training data sel might be over-fitled. Our analysis
contormed that the exaression densabes in the COG amd Germany
dats et are sigmificantly datferent (Kolmogorov-Smirnoy test P-
value < 2.2E-16, Fig. 4).

fferential gene expresvion aralysis wdentificd 24 genes that ex-
pressed differently between tws survivel statuses in the COG data
set from the combined data et

To mmamize the effect caused by the distnbution dafference, we
pre-pracessed the CEL files of 46 COG psbents and 3% German
patienls together and separate the two date sets sller batch ellect
correction. By applyving moderated t-lest from Limma package o
the expression dats of 10,824 preprocessed genes in the COG data
set from the combmed data, we identibed 24 differentally ex-
pressed genes between alive and dead patient groups (FDR < 0.2
and lold change = 1.3, Table 83). The subsequent funcbhonal en-
richment analysis reveals that GO lerms such as mmtegnn birkling
(GOO005278),  cell migrsbon  (GO0DI6477), cell slhesxwon
(GOOD0TISE), response o wounding (GOO0O%S1T), e, were
signifacantly enniched m the DE genes (Table $4).

Candidate gene sigratures dervived from the combined prepro-
cessed COG data set sGil performed posely on the validation date

Following stmilar procedure dascussed previously, we randomly
selected 10 DE genes tor esch of the sizes §, 10 and 20 a5 the
candidsle signstures. For esch candidste signsture, we duilt up
RF classifier using their express:on data to aredict the survival
status of the patients in the Germany daty sel In general, the RF
classatiers performed worse on the validsbon date than on the test-
ing scls durmng model cross-valalation. Specifieslly, the sensitivity
ol the predscbon for the majonity of the candidate signatures is Jess
than 0.2, which means most of the dead psbents were predacied as
slve oy the corresponding candidsle signatures,
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Fig.5, Boxpion of sensstivity and speailfeity in the predichion of the survival
status oo the Germany date 3ot usng S-peme candidase signastares and ran-
dom gene seis Left two are semsitivaty and specificnty of the candscate
signatures snd £t two are sensstivity and spoec:ficity of the random scis,

To compare the perlormance ol the signatures [rom DE genes with
the ramdlom gene sets of the same swze, 100 randomly selected gene
sets for cach of sizes 5, 10 and 20 were tramed on the COG dats
set and vahdated on the Germany dats sel. As can be seen in Fig 5,
even though the sensitivities ol the signstures from DE genes are
low, they are sttll sigmifcantly higher than these of the random sels

(for S-gene sels, tlest povalue < 2E-16; for 10-gene sets, 1-test p-
value < ZE-16).

Convenvuy clustering failed (o reveal association Between the gene
expression of the COG and Germany data set and hewr corre
sponding survival statuy

Fig. & shows the clusters obtsined from consensus clustering
analysis for the COG and Germany date set aller the combined
prearocessing. As can be seen mn Fig. 7 and Table 85, the survival
status and cluster membershaps are nol concordant with cach other.
It tmalies that the gene expression patterns m oth data sels are not
able to classtly the samples by the susvival status,

Fig.6 Consemwes clusler=g using gene cxpeession dals Foe the COG data
set {1eN) a=ad the Gemrmany dits sl (right)

Fig.7. Stacced trplots foe the distebetion of surviva’ status betwes ooe-
sersus Slusters. Lol COG data sel; right Germany dats st

No common genes among ke most differentiafly expressed pemes
between the COG and Germany data sety

We spphed modersted t-lest in Limma packsge 1o the expression
daty of the Germany data set and ranked genes based on their FDR
values. We then compared the most dillerentially expressed genes
corresponding to the survival status m the COG and Germany data

set and found no common genes for the given DE gene cutoll

(FDR=0.2 snd fold change| = 1.3; DE snalysis based on the sepa-
rutely areprocessed expression data for cach daty e, Table 2 amd
S6).

Table 2. Number of the commoe differental’y expeessal genes belwoen
the COG and Gerany dits seis
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Bioinformatics - Manuscript preparation and submission

Syst ens



CRDW - Special considerations

Preliminary data

Cohort definition

Data element identification
Aggregation / normalization

Analysis and interpretation
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CRDW - Preliminary data / Cohort identification

e |t can be hard to identity cohorts
» CRI has specialists to help

e Reviewers like to see preliminary identitication
of cohorts - “Can they really get the data”

e Sometimes new data has to be sourced
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CRDW - Data element identitication

e |dentitying elements to pull from the
CRDW is an iterative process

» Requires input from the
CRDW and the investigator

e Delineation of data
elements in the grant is essential
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CRDW - Data aggregation and normalization

-

Taking the complex, multidimensional data from the CRDW and creating
a usable data set for subsequent analysis requires special skills ana
should be included in the budget for data acquisition
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CRDW - Data analysis and interpretation

-

Data analysis can be costly and time-consuming.
Consider adding an analyst to your budget vs. chargeback
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Applications - Special considerations

« Multi-site data collection, transter, and
storage

 REDCap usage

 Application development and
programming
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Applications - Multi-site data collection, transfer, and storage

o It multiple sites enrolling, then there are
special considerations for IRB, contracts,
data use agreements, and application
development

e These must be tackled long before your
proposal is submitted
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REDCap

HIPAA-compliant data collection and storage
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Applications - REDCap

e It's easy to get a REDCap account - and it’s free

e Non-BSD collaborators will need BSD accounts - and this
can take time (start early)

e Most form generation can be performed by the
Investigators

e CRI helps with complex forms and other needs

e We can help with boilerplate grant language for REDCap
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Custom application development / programming

* Do you need a website?

« How about a customized platform for data collection?

e Online tools?

e The CRI can build anything you need, but there must be
budget for programmer costs

e We can help estimate the budget and write up the
relevant parts of the proposal
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March ot Dimes Prematurity Research Center

March of Dimes
Participating Site

M

Site Coordinator

External Sites

Web-based subject
enrollment, tissue
collection, and sample
tracking system

March of Dimes

C

TR

Coordinating Center

Res. Coord. Lab Scientists Bioinformaticians

University of Chicago

GGenomics Core

Secure Storage - CRI
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Thirty Million Words

» Took over development from vendor
 Providing HIPAA compliant storage and analytics space

« Hosting the production of the analytic data sets
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1200 Patients GPS

» Web application developed for UChicago
pharmacogenomics study

e Intertfaces with PubMed and CRI survey
engines

» Produces a patient-specific eligibility list on
a per clinic level

e Patient enroliment directly in application
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Comprehensive Care Program

* CRI developed applications to
support enrollment and management
of patients to this multi-arm CMMS-
sponsored UChicago study

 Web application-enabled aggregation
of data from multiple sources
(REDCap, Epic Clarity, Centricity

Billing, ADT)

o Alerting infrastruct

ure built to notity

oroviders of patier

I events
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International Neuroblastoma Risk Group Database

* \Welb portal for cohort discovery
* |nternational data governance

o Strict auditing of data revisions
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Pediatric GAIN Project

* Multi-center (20+) pediatric cancer trial
DANA-FARBER

CANCER INSTITUTE

e Collect data and samples from patients
P P GAIN Coordinating Site

e CRI built and runs the infrastructure

O
Clinical Data
Ble(] OlLUOUSK)

Clinical Data

Participating GAIN Site

sociod THE UNIVERSITY OF

& CHICAGO

GAIN Coordinating Site
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Systems and infrastructure - special considerations

Off-site access

Flexible / growing storage needs

HPC access

HPC consulting

Virtual machines / servers
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Systems - Oftsite access

e Do researchers outside of UChicago neeo
access to your data?

e Collaborator accounts take time to obtain -
and the CRI can help
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Systems - Growing / tlexible storage needs

e Some projects do not require much storage
in the beginning, but needs grow

» Consider the entire project, not just the first
year when crafting the budget for systems
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Systems - HPC

» There are many options for
HPC. CRI has one of the biggest
and fastest clusters on campus

« CRI also has dedicated support
for helping your prepare your
grant and complete your
research
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Systems - Virtual machines / servers
 Setting up and maintaining
VMs Is expensive

o CRI will help you develop
your budget

e This is commonly left out of
grant applications/budgets
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Ways to get help

http://cri.uchicago.edu




Questions?



