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I. EXTENDED ABSTRACT
The  main  objective  of  the  PhD  proposal  consists  of  the

creation of a platform for IVD Models & Simulations (M&S)
tools  and  their  integration  into  automated  workflows,  within
the HORIZON MSCA Disc4All project.

Based on the European Open Science Cloud (EOSC) vision,
the  expected  platform  will be  a  Cloud-based  one,  furnished
with a front-end, to guarantee reproducibility, accessibility and
easy use for experts and non-experts.

The development of an automated and specialized platform
can represent  the best  hybrid technology with perks  on both
healthcare data management and computational environments
exploitation,  given  the  use  of  Cloud  infrastructures  on
healthcare software and databases. Though rendering automatic
not only the database, but prediction and simulation models in
a  user-friendly  integrated  system,  may  facilitate  a  difficult
diagnosis  and  forward  therapy,  especially  considering  the
various forces at play in a multi-omics data analysis of its kind.

A. Introduction
LBP  (Low  Back  Pain)  is  the  largest  cause  of  morbidity

worldwide,  yet  there  remains  undetected  the  liable  specific
cause, leading to poor treatment options and prognosis. As for
other  highly  multi-factorial  musculoskeletal  (MS)  disorders,
such  as  lumbar  intervertebral  disc  (IVD)  and  Lumbar  Disc
Degeneration (LDD), the interplay of a wide range of factors is
poorly understood. Some genetic factors have been identified
as  possible  biomarkers  of  specific  LDD phenotype,  such  as
Interleukin (IL)-, ECM protein- and protease-related genes, as
well  as  human  genetic  variants  (GDF5,  SKT,  PARK2  and
CHST3)[1].  Beyond molecular  data,  also nutritional,  clinical,
social  conditions  are  at  stake  for  such  diagnosis:  molecular
profiling,  medical  imaging,  lifestyle  data,  sex  are  crucial
factors  to determine  the predisposition of  a  single patient  to
these multi-factorial disorders[2].

Unfortunately, the integration of such data into a holistic and
rational map of degenerative processes and risk factors has not
been  achieved,  requiring  the  creation  of  professional  cross
competencies training programs.

The  HORIZON  MSCA  Disc4All  project  is  proposing  to
provide for an interdisciplinary solution to make up for the lack
of  diagnosis  tools  and  instruments,  considering  all  the
biological,  medical  and  computational  contributions.  The
curation and integration of all the heterogeneous data sets, as
well  as  experimental  and  theoretical/computational  template
and  algorithms,  are  going  to  be  embedded  to  exploit  the
multidisciplinary and multiscale models and simulations tools,
based on image analysis, biophysics and biology[ 14 ].

B. Methods
The ultimate purpose  of this Disc4All  final  infrastructure,

deployed on the biological,  bioinformatics  algorithms, image
analysis  and  ML/AI  models  and  tools,  is  to  integrate  and
interpolate  primary  patient  data  and  achieve  a  coherent
attribution of a MS phenotype.

To get a homogeneous configuration between all the tools,
the  first  and  main  aim  of  the  project  is  to  contain  all  the
workflow  tools  into  a  similar  framework.  This  would  be
reached  through  the  use  of  the  BioExcel  Building  Blocks
(BioBBs)[3],  a  collection  of  Python  wrappers  on  top  of
biomolecular/  bioinformatics  simulation  tools.  With  their
mutual  unique  syntax,  they  offer  a  layer  of  interoperability
between the wrapped tools, to make their interconnection easier
in  the  building  process  of  a  biomolecular/bioinformatics
workflow. 

The  BioBBs also  allow singular  deployment  of  each  tool
within  a  Docker  bio-container,  but  will  also  be  assessed  a
private Cloud resource and its own Disc4All instantiation. 

Sharing this technology, the tools produced for the Disc4all
project would be effortlessly combined in the most convenient
and  comprehensive  way,  through  the  CWL  (Common
Workflow  Language)  or  any  other  convenient  workflow
manager language.

Fig. 1  BioBB’s Automated deployment strategy[3]

In the end, thanks to the BioBBs adaptation layer, there are
many  possibilities  for  exposing  the  BioBB based  workflow,
such as Galaxy, Jupyter Notebooks, etc. One of the strategies
for  the  front-end  display  is  the  web-server  VRE  (Virtual
Research Environment)[³]. It will be exploited to construct the
front-end of the infrastructure, so to provide for the non-expert
users an easy-to-use platform to perform their analysis with the
containerized pipeline.
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C. Discussion and Results
The  platform  will  provide  the  necessary  environment  to

develop workflows using the tools developed in the Disc4All
project. 

The current objective for the development of the platform is
the  adaptation  of  the  tools  and  software,  given  their
computation and data requirements, into BioBBs.  Since more
of the half of the tools are in development,  the best course of
action is to start for each of them a single BioBB instantiation,
so  as  to  first  define  the  basic  pre-processing  steps  and
environment. This introductory BioBBs are in production, one
for  Genomics  data  retrieval  and  the  other  one  for  a  pre-
Learning Active Cycle extracting features from imaging data.  

Different  modular  Cloud containers  are deployed for  each
BioBB,  to  have  independent  environments  that  could  be
possibly  concatenated,  following  official  FAIR  workflow
standards. 

On  one  of  them,  the  first  draft  for  the  final  front-end
platform is instantiated and exposed, in compliance with the
openVRE environment. It is furnished with a simple case-use
of  the  project  (which  is  the  aforementioned  pre-processing
BioBB data retrieval), that is up and working. This preliminary
interface  then  is  going to  be completed with the rest  of  the
tools, that could be called individually, and with the integral
pipeline. 

D. Future Enhancement
In the foreseeable future, the work on the adaptation to the

BioBB framework will continue with the advancement of the
tools,  as  well  as  the  exploration  of  federated  data  access
strategies with the furnished data model,  for smooth flow of
information through the platform, as  well  as  exploring other
data models adapters.

For the long term results, should be taken due account the
different  types  of  instantiations  on  Cloud-based  and  HPC
environments, to build the computational infrastructure through
Docker  &  EOSC  cloud-based  services,  such  as  BSC’s
MareNostrum  or  StarLife  (for  users  with  granted  HPC
credentials),  and  to  be  able  to  probe  the  perks  of  hybrid
workflows.

The front-end is  a  key point  for  the users  (end-users  and
developers), to render available the workflow in the appropriate
computational  environments,  so  its  finalization  would  be
carried out in conformity with the progression of the study. 
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