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PERSONALIZED MEDICINE

ANATOMIC STAGE
OF DISEASE

(DIAGNOSTICS -
IMAGING)

BIOLOGY
(BIOMARKERS & MOLECULAR

TARGETS)

THERAPIES
(SMALL MOLECULES, BIOLOGICS, ATMPs)

Major determinants of therapeutic outcome

https://www.imtm.cz/


Imprecision Medicine Era- Need for Personalization

Nature 2015, Vol. 520, 690-
691

https://www.imtm.cz/


Biomarker use in clinics

Prognostic 
provides information about 

patient outcome, 
regardless of therapy

Predictive 
estimates the response 
to a specific treatment 

before the advance
of therapy 

Pharmacological
estimates changes 

after treatment
associated 

with target hit
by therapy

Surrogate 
substitutes

a clinical endpoint

https://www.imtm.cz/


Data stewardship in medicine



IMTM data portal

https://portal.imtm.cz

https://portal.imtm.cz/


Administration module
ClinData

PreClinData
MedChemBio Portal
MOLDIMED Pipeline

CLAIRE
others



Administration module

• Authentication and Authorization for all IMTM applications



Authentication

• CAS – central authentication server

• Single sign on

• 2 phase authentications support
• Mobile

• E-mail



Authorization

• User -> Profiles

• Profile -> Roles

• Role -> Privileges
-> Permissions (other profiles, specific data, 

whatever)

ClinData example:

Access privileges determine which ClinData objects a 
user can browse or edit. It has fine granularity. Every 
single item (menu item, button, field) can be controlled. 

Roles are virtual entities which serve as a container for 
more privileges:

• ClinData system admin
• ClinData project admin
• ClinData principal investigator
• ClinData project data manager
• ClinData project data monitor
• ClinData project anonymized data browser



Admin new version 

• Advanced settings

• Relevant information

• Profile & Role

-> Roles
-> Privileges
-> Permissions



Administration module
ClinData

PreClinData
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ClinData – software

• https://clindata.imtm.cz/

• Software solution designed  for data management of clinical trials, 
registries, various healthcare or scientific databases

• Replacement of „Excel“ style of storing data

• The main programming language is Java 8. We use also String 
Framework, HTML, JavaScipt, SQL and many others



ClinData - requirements

• The ClinData software is server-client application, web based. The 
only requirement for using it is Internet browser which supports 
HTML5 standard. The list of supported browsers:
• Chrome: (Current - 1) and Current

• Edge: (Current - 1) and Current

• Firefox: (Current - 1) and Current

• Internet Explorer: 11+

• Safari: (Current - 1) and Current

• Opera: Current



ClinData - hardware

• The ClinData software runs on computer cluster owned by Institute of 
Molecular and Translational Medicine (IMTM)
• Servers
• Blade chassis - BM Flex System Enterprise Chassis 
• 14x Compute node IBM Flex System x240 with 10 GB virtual fabric
• 2x CPU Intel(R) Xeon(R) CPU E5-2650 0 @ 2.00GHz / 8C
• 6x DDRIII SDRAM – 48GB
• Data Storages
• HP 3PAR data storage 700TB.
• HP EML tape library
• Firewall
• HP F1000-S-EI VPN Firewall



ClinData - database

• The database used for storing data from the ClinData software 
is Oracle Database (commonly referred to as Oracle RDBMS) 

• Version of database is 12.1. Standard edition.

• It runs on separated server which is firewalled from outside 

• The operation system is RedHat.



ClinData – data backup

• Data are archived on database level and operation system level

• Database level backups 
• RMAN utility runs every week. The files are stored internally on database 

server and are copied to two independent backup sites.
• EXPDP/IMPDP is data pump exporting data into text base backups every day. 

The backup files are stored to two independent backup sites.
• Redo Logs are archived every day to filesystem.

• Operation system backups 
• IBM Tivoli Storage Manager (TSM Admin) is enterprise solution from IBM for 

backups and recovery of physical or virtual servers. It runs every day and the 
backup data is stored to disk array.



ClinData - secure connection

• Connection between server and client is secured by using HTTPS
communication protocol which is encrypted using Transport Layer 
Security (TLS).

• Security redirection
• All user requests coming via unsecured HTTP protocol are automatically 

redirected to secure HTTPS protocol.



ClinData - export and import

• Import Two was how to insert new data into the ClinData software is 
to enter it manually via web forms or import via MS Excel format 
(.xlsx). The validity of data is controlled by in-build procedures. 

• Export Exporting of data from the ClinData software is controlled by 
existing user's privileges/restrictions. Data is exported into MS Excel 
format (.xlsx).



ClinData - logging/auditing

• The ClinData software records everything happening in the system. 
There are two destinations for logging: files and database.

• Software logging is done on programming language level and is very 
detailed.

• Access logging is designed for controlling of user’s activities. Every 
action of any user is written into logs. 

• Auditing is focused to changes done in CRF forms. 

GDPR compliance



ClinData
PROJECT: STANOVENI MULTIOMICKYCH PROFILU VE ZDRAVI A NEMOCI 

A KORELACE S FENOTYPEM ONEMOCNENI: FAZE I ZDRAVI 
DOBROVOLNICI



ClinData – login page

User’s login name

User’s password

New registration button



ClinData – home page

ClinData menu – access to all functions

Search for patient

Logout with timer



ClinData – list of patients

Anonymized list of patients

Tabs for filtering patients

Action buttonsSorting patients



ClinData – patient’s tab

Enrollment data

Export patient’s data

List of CRFs (forms)

Form’s status Form’s completion



ClinData – patient’s CRF (form)

Form’s data

Header with location Form’s status



ClinData - exports

Export wizard

Export button

Data exported into xlsx



ClinData - statistics of usage



Mapping of the Czech Genome
• Target minimum 10.000 genomes, currently 2 funded projects

(2x1.000):

ENIGMA (1000 genomes) A-C-G-T (1000 genomes)

IAB, IMTM CEITEC, UK, IMTM, CGB,Genomac



⚫ Reference genome: GRCh38/hg38 - primary assembly; without chromosomal anotation

(ensembl)

⚫ Qualitative processing of FASTQ data using Trimmomatic software

⚫ alignment using BWA-MEM

⚫ Alignment optimization: labeling of PCR duplicates, recalibration of base quality (GATK)

⚫ QC of alignment using qualimap

⚫ Variants calling (VCF/gVCF) - GATK HaplotypeCaller

Bioinformatics – variant analysis



⚫ 108 genomes sequenced

⚫ Configuration of sequencing run: paired-end with length of 150 bases; NovaSeq

⚫ Average size of files / sample: 

⚫ FASTQ 60 GB

⚫ BAM 65 GB (to be archived)

⚫ Object storage

Parameter Experiment 1 (1x24) Experiment 2 (1x12)

Yield [Gbp] 3010,58 3174,34

Cluster PF [%] 62,97 66,08

Average Q30 [%] 92 92,63

Number of Reads 
[Average]

2411762944 2530797696

Q30 [phred] 

Number of Reads per 
sample

401960491 421799616

Adapter Contamination <1 <1

Coverage [Average] min. 30x min. 30x

Uniformity

ENIGMA – current status



Multiomics study

• 1.000 healthy individuals as a reference

• WGA, epigenomics (PBMCs), transcriptomics (PBMCs), proteomics
(plasma), metabolomics (plasma),  lipidomics (plasma), miRNA profile 
(plasma)

• HORA – Human Omics Reference Atlas

• Disease cohorts to follow. 
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Upload data 
and QC

Alignment

Annotation 
and 

prioritization

Variant 
calling

● Integrated access for NGS data analysis

● Integration of 3rd party SWs and in house annotation SW
(samtools, bcftools, FASTQC, BWA, GATK, VarScan2,….)

● GUI - web based access (“user-friendly”)

● Processing and analysis of WGS, WES, gene panels, CNVs in 
progress

● Gene variants annotation, integration of database resources, 
variants prioritization

● No need for internal computing capacity (HPC in 
Ostrava/Olomouc) 

MOLDIMED Pipeline



Implementation schema on HPC infrastructure



GUI

Adjustable 
parameters

● Entry format: FASTQ

● Key parameters are adjustable
(can be used for detection of somatic 
mutations just adjusting LOD)

● Parallel data processing (up to 3 cliks
only)



GUI

Annotation and prioritization of variants is enabled via variant filtration using gene ontology, population frequency and effect on 
protein translation. 



Database resources
Frequency:

● dbSNP
● ExAC

Clinical effects:

● ClinVar

Functional predictors:

● Polyphen
● SIFT

Ontology:

● Human phenotype ontology (HPO)
● Gene ontology (GO)

Plus functional genes characterization, phenotypes, “drug-targeted” genes, etc. 



MOLDIMED pipeline – current status

• Accredited according to ČSN EN ISO 15189:2013 for WES based diagnostics 

• 13 users at the moment

• Implemented at IT4 and IMTM servers in Ostrava/Olomouc

• >120 WES analysed for routine diagnostic procedures

• Intended use for WGS in Czech Genomes project(s)
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PreClinData – home page

List of studies

Logout with timer

Available actions

Filtering and sorting



PreClinData – Study details

Study parameters

Study components



PreClinData – study components 

Definition of drugs used in study

Definition of groups in study

Available actions



PreClinData – study records

Selection of groups Selection of days

Study records

Drug, dose and vehicle



PreClinData - statistics

Various graphs



PreClinData - statistics of usage
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Portal MedChemBio

• Chemical portal
• Compounds

• Assays

• Bottles & Barcodes

• Feature
• Import, export

• Edit

• Search



Compound registration

• Draw

• Single MDL MOL 

• Multiple MDL SDF



Compounds

• Drawing

• LEM and Code name

• InChI, InChiKey, SMILES, MDL MOL

• ~20 000 compounds in IMTM 
proprietary collection
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Assays

• Assays
• Cytotoxicity (MTT + tMTT)
• Antimicrobial Activity
• Cell Cycle Analysis – Flow cytometry
• Pharmacology in vitro
• Kinase Activity
• RAGE

• Source:
• Dotmatics connection – HTS platform
• Excel import + edit



Cytotoxicity

• Dotmatics

• ~600 000 experiments
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marian.hajduch@upol.cz; www.imtm.cz ; www.eatris.cz

Thank you for attention!

WHAT WE HAVE LEARNED?

“Success is going from failure to failure without loss of enthusiasm.”

Winston Churchill

mailto:marian.hajduch@upol.cz
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