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A novel strategy is presented for reliable diagnosis and progression prediction of diseases
with special attention to COVID-19 pandemic. A plan is presented for how the model
can be implemented worldwide in healthcare and how novel treatments and targets can
be detected. The idea is based on poikilosis, pervasive heterogeneity, and variation at
all levels, systems, and mechanisms. Poikilosis in diseases can be taken into account
in pathogenicity model, which is based on distribution of three independent condition
measures —extent, modulation, and severity. Pathogenicity model is a population or
cohort-based description of disease components. Evidence-based thresholds can be
applied to the pathogenicity model and used for diagnosis as well as for early detection
of patients in risk of developing the most severe forms of the disease. Analysis of patients
with differential course of disease can help in detecting biomarkers of diagnostic and
prognostic significance. A practical and feasible plan is presented how the concepts can
be implemented in practice. Collaboration of many actors, including the World Health
Organization and national health authorities, will be essential for success.
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INTRODUCTION

All biological systems are dynamic and show ubiquitous heterogeneity. A new concept, poikilosis,
was recently introduced (Vihinen, submitted). It means inherent pervasive variation, heterogeneity,
and fluctuation in living organisms, populations, ecosystems, and in their components and in
processes within them. Each biological system, molecule, and process defines its own level within
which fluctuations (i.e., heterogeneity) occur. Levels interact and can affect each other (Figure 1).

Despite poikilosis is pervasive, all variations, and their extents are not compatible and acceptable
in biological processes and systems. Acceptable variation ranges are called for lagom and defined
as suitable, sufficient, allowed, and tolerated extent of variation at any level in an organism,
population, biological system, or process (Vihinen, submitted). Effects of non-lagom variations do
not stay within the levels they emerge, they affect also interconnected levels. When variations are
extensive, they cause diseases, and have multilevel effects first locally but can spread to become
systemic. Poikilosis-based new definition for disease means: “a systemic deviation, defect or failure
due to non-lagom variation leading to cumulative consequences in several levels.”
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consequences, including diseases.

FIGURE 1 | Visualization of interlinked levels and lagom and non-lagom variation. (A) In the normal situation heterogeneity within each level is of lagom (i.e., normal
and acceptable) extent, indicated by gray zones inside the larger circles. Overlap of the circles indicates interactions of levels. (B) Once there is non-lagom extent of
heterogeneity, black sphere, the extent, and location of the variation within the connected levels may be changed. The large circles depict all possible variations within
each level and the colored circles the lagom variation zones. Multilevel effects arise due to extensive changes in levels that are highly connected and have different

The extent of multilevel effects has wide personal range and
further differences between individuals. When there are small
variations, the system returns back to lagom level relatively
quickly, and without major consequences. In the case of
larger deviations, damage of some kind can occur, and impair
or reduce the functionality, and adaptability of the system
or organism. In the most severe conditions, a domino-like
effect spreads to new levels and eventually causes death. The
systemic extent in diseases displays wide heterogeneity between
diseases and between individuals suffering from the same
disease. According to the new definition, death is caused by
excessive multilevel variations that irreversibly collapse vital
processes and functions and spreads to become systemwide
(Vihinen, submitted).

The concept of poikilosis can be implemented in practice.
Here, a poikilosis-aware strategy is presented for COVID-19
due to SARS-CoV-2 pandemic. The principles are general and
applicable to any disease.

CONCEPT OF PATHOGENICITY MODEL

The new definitions for poikilosis, disease, and death can
be implemented into practice in a pathogenicity model (PM)
that describes the condition jointly by the combined effect of
three factors—extent, modulation, and severity (1). These three
independent constituent measures together describe the disease
and indicate heterogeneity between the individuals as well as the
continuum of phenotypes. The model can be used for several
purposes including disease diagnosis, patient stratification, and
prediction of disease progression.

PM is constructed based on the distributions of the
constituent measures in a cohort of healthy and diseased
individuals (1). Jointly, the three components define
pathogenicity in all situations. According to the definition,
severity of the disease indicates the stage, or degree to which
a disease is expressed. Extent measures the breadth of disease

appearance. Modulation summarizes the combined effect of
factors that modify the disease phenotype.

The model is based on the definition of three measures that are
specific for each disease, thus a dedicated PM is needed for every
condition. Although complete PM implementation has been
missing, there are already several approaches for determining
the components of PM. Disease severity schemes and scoring
systems have been developed [e.g., for type 1 Gaucher disease
(2), follicular lymphoma (3), acute pancreatitis (4), sepsis-related
organ failure assessment (5), and for staging, and grading of
cancers (6), and other diseases].

The extent of disease has disease-specific definitions. For
example, it can mean the spread of a tumor (7), affected surface
area in Crohn’s disease (8), or cutaneous T-cell lymphoma (9),
or plaque distribution in coronary heart disease (10). There
are some disease-specific extent indexes, such as in Wegener’s
granulomatosis (11) and coronary artery plaques (12-16).

Although important, the combined effects of modulators on
phenotype have seldom been studied. Which factors are relevant
depend on the condition. The modulators can include age, sex,
ethnicity, body mass index, disease, and nutritional history,
nutritional status, presence/absence of modifier molecules,
complex genome-environmental interactions, immune system
status, and history of infections, constitution of microbiota,
and others. Genetic factors are important in many diseases and
can include genetic variants, copy number variations (CNVs),
cis- and trans-modifiers, allele dosage, imprinting, lyonization,
overall expression regulation, and epigenetics, among many
possible effectors. With relevant weights, even multimorbidities
can be included to the modulation measure. Scores are already
available for estimating the combined effects of some coexisting
diseases, examples include the Charlson (17) and the Elixhauer
indexes (18) and the Cumulative Illness Rating Scale (CIRS) (19).

PM is best visualized as a cube where the disease components
are on the axes (Figure 2). The cube contains data for a cohort or
a population. The data points form a cloud through the cube that
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Modulation

FIGURE 2 | Example of a pathogenicity model, adapted from (1), shows the
upper (red), and lower (cyan) boundaries for the pathogenicity zone. The space
between these boundaries is filled by cases in the cohort. The shape,
steepness, and other characteristics of the PZ depend on the disease. Benign
cases are at the bottom of the graph, while the severely ill ones have high
scores on all the three measures and are on the top of the figure. It is possible
to apply various evidence-based thresholds to the PM for diagnosis and other
purposes. By using temporal data and several data points per individual, the
course of the disease can be followed. The model can be used also to stratify
patient groups and to predict the course of disease and the outcome for
individual patients.

ranges from the benign cases to the most severe condition within
the disease. The range is always the same for all diseases, only that
the severity can vary from relatively mild to life threatening. The
cloud formed by the cases in the PM is called the pathogenicity
zone (PZ). The shape, steepness, thickness and position of the PZ
is characteristic for each disease.

PATHOGENICITY MODEL FOR COVID-19

The number of diagnosed COVID-19 cases increases rapidly
and more information is becoming available (20-22). For the
PM a substantial number of cases is needed to cover the
entire spectrum from benign to lethally ill. The required patient
data is not publicly available and should thus be collected by
the World Health Organization (WHO) and/or national health
authorities. Once available, the model can be implemented and
then applied worldwide.

Definitions of measures have to be agreed for extent,
modulation and severity. One figure on the scale from minimum
to maximum is required for each parameter per patient. These
coordinates are then used to fill the PZ in the PM. Once an
agreement is achieved on the definitions of the parameters, the

data have to be harmonized as they are likely coming from
numerous places and may have been obtained with somewhat
different ways, different instruments etc.

What should be considered when defining the scores? In the
case of extent, the disease can be local and range up to systemic
state. Severity scale is from benign and symptomatic to the most
severely ill with e.g., acute respiratory distress syndrome (ARDS),
sepsis, or cardiovascular complications. Modulation is always a
combination of several factors, in COVID-19 these include age,
sex, tobacco smoking, hypertension, obesity, diabetes, and others
(20-23). An evidence-based measure has to be devised to reflect
the combined modulation effects. Once there is an agreement on
the measures, the PM can be populated with cases.

DIAGNOSIS

Pathogenicity is a continuum ranging from benign and very
mild cases to most severe, even lethal, forms. Based on known
cases it will be possible to decide on a threshold (a plane or
curve) that distinguishes in the PM the disease cases from
healthy ones. This threshold can then be used for diagnosis
of novel cases. The scores of the three measures differ for
cases at the threshold, their combination provides strength for
the diagnosis.

If necessary, the PM can be generated for different groups, in
this case especially for age groups. Persons over 70 years old are at
much higher risk than younger ones, thereby a dedicated PM, age
correction or lower threshold in generic PM may be relevant for
them. Once the PM is produced with sufficiently large population
its application is very reliable to unknown cases. The PM can then
be applied anywhere by determining the three scores. Computer
programs can be devised to do it automatically from electronic
health records.

STRATIFICATION AND RISK GROUPS

In addition to diagnosis, other evidence-based thresholds can be
determined from the PM to identify subgroups of patients and
individuals. This could be used for the stratification of patients
for different purposes especially for early detection of those in
increased risk. Many of the risk factors in COVID-19 are already
known, but dedicated PM for the disease could facilitate even
more reliable and early detection of patients, especially those in
high risk for severe complications.

Subgroups can be detected based on known instances and
analysis of their distribution within the PZ. Cases that cluster,
(i.e., are closely located in the model), can be used for
stratification. These clusters can then be used to define factors
that are specific for them. Identified biomarkers can then be
applied to diagnosis and risk assessment, and if necessary, also
to redefine the measures in PM.

PREDICTION OF DISEASE PROGRESSION

The PM can be used also for further predictive purposes,
especially by including temporal data for patients to follow the
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progression of their condition. In this case, pathogenicity scores
are defined for patients during the course of disease and then
connected into trajectories to indicate the progression of the
disease. These trajectories differ in different parts of the PM and
can be used to predict the course for novel cases once enough
follow-up cases are included. This application could have a great
impact for the early detection of patients who will need intensive
care. In the case of COVID-19, follow-up data for diagnosis is
needed just for a few days as the disease progression is so fast.
Detection of risk cases as early as possible along with adequate
treatment and follow-up will significantly contribute to the well-
being of patients and help in directing the healthcare efforts in
optimal way to follow the cases in the highest risk of severe
complications, before having difficult to treat, and expensively
treated systemic symptoms. Even extended longitudinal data will
be beneficial for detecting long-term follow up and prediction of
cases at the risk of harmful sequelae.

PM takes poikilosis, heterogeneity in the population, into
account. This is essential as the clinical picture of patients
varies greatly. PM distributes the cases into 3D space from
where thresholds and clusters can be identified for diagnosis,
stratification, and detection of patient groups for differential
prognosis. This kind of stratification is much more reliable than
simple classification based on biomarkers as the PM is based on
population-wide heterogeneity and covers a range of factors in
the constituent measures.

STRATEGY FOR DEVELOPING
TREATMENTS

Numerous laboratories and companies are working to develop
treatments for COVID-19. By considering poikilosis and PM
a mechanism-based approach can be implemented. Severe
COVID-19 leads to multimorbidity by affecting several bodily
systems simultaneously, this is depicted in Figure 1. It is not
possible to treat all the affected levels simultaneously in severe
cases; however, by returning the systemic variations to lagom
extent in some levels will affect also connected levels and reduce
the total extent of non-lagom variations even substantially.
Treatment of crucial actionable processes reduces the total
burden of the disease. Detection and treatment of a small number
of levels that are highly connected and thereby affecting many
other levels should help to reconstitute more normal levels of
heterogeneity. Apparently, more research is needed to detect all
these interdependencies and the disease mechanisms.

An important factor in the treatment is to prevent body from
entering to multilevel systemic state that can lead to collapse and
eventual death. One central part of the treatment should be the
utilization and activation of normal cellular and bodily systems
that reduce, repair, or attenuate effects of harmful heterogeneity.
Recently, TARAR countermeasures were introduced in relation
to protein functional variations (Vihinen, submitted). TARAR
means tolerance, avoidance, repair, attenuation, and resistance.
Cells and organisms have numerous active and passive processes
that restrict and limit the effects of all kinds of variations.
Reconstitution and activation of these processes can be used

to control and reduce the effects of diseases. Thus, systems
biological understanding is needed for the entire progression of
COVID-19 to detect normal mechanisms and processes that can
be activated to fight against the disease. This can be achieved
by pooling existing information about the disease, its symptoms
and progression to information of affected levels and mechanism
that can be used to enforce or trigger bodily countermeasures in
addition to e.g., usage of medicines.

IMPLEMENTATION OF THE NOVEL
STRATEGY

The presented plans are feasible and can be implemented in
multiple steps, many of them simultaneously. It would need
collaboration between numerous actors to combine sufficient
amount of information and cases, to develop the predictors, test
them and to apply the system into practice in healthcare. For the
latter, automatic systems can be developed to collect information
from existing patient data.
The suggested steps are as follows:

Development of Pathogenicity Model

i) WHO or national authorities collect/provide health records
and disease details for a substantial number of cases ranging
from asymptomatic and mild disease cases all the way to the
most severely ill patients. Relational database would be an
optimal solution for storing and using these data.

At the moment it is impossible to estimate how many
cases are needed to populate the PM as it depends on so
many factors. Preliminary calculations start from around 1,000
cases distributed throughout the PZ, with increased resolution
achievable with additional cases.

ii) Agreement for how to define the measures—extent,
modulation, and severity. Experts in the field have to agree on
how these measures are obtained.

iii) It will be necessary to systematize and harmonize the
parameters, laboratory measurements, and other clinical data.
The clinical and other features may be defined and measured
in different ways in different hospitals and in different
countries. The included cases have to be defined in a single
systematic way. Methods and computational tools can be
developed to harmonize data from different sources.

iv) Once sufficient amount of data is available, the pathogenicity
model can be constructed. It is possible to start with a
smaller number of harmonized cases and update the model
subsequently with additional cases. Once experience is gained
from the use of PM it will be possible to find whether local or
other adjustments are required.

v) Definition of evidence-based thresholds for diagnosis,
stratification, etc. Based on known cases these thresholds can
be identified from the PM.

vi) It will be necessary to optimize the PM for deciding on the
thresholds for diagnosis and other purposes.

vii) Systematic method testing with cases not included in the
optimization steps. This stage provides information about the
predictive performance of the PM.
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viii) Now the method is ready to be distributed to hospitals
and other healthcare units for diagnostic and stratifications
purposes. To facilitate worldwide use, a web service with user-
friendly interface or downloadable program that can be ported
to existing electronic healthcare management systems has to
be made.

Steps for Implementing Disease

Progression Prediction

ix) Collection and compilation of temporal data to generate a
progression predictor. These data can be achieved for patients
at hospitals; however, it would be important to have follow-
up data also for patients with mild form of disease and even
for asymptomatic individuals to cover the entire spectrum of
disease progression courses.

x) Analysis of the collected data to detect trajectories for
different disease phenotypes and outcomes. Development of a
tool to predict the course of disease. By analyzing the obtained
strata biomarkers can be identified for more specific diagnosis.

Identification of Actionable Processes
and Countermeasures and Their Use for

Treatment

xi) Identification of key systems and mechanisms affected by the
disease. This will require holistic, systems biological approach
to identify cellular and physiological processes affected by the
disease. It is necessary to be able to understand how the virus
infection impairs bodily functions.

xii) By knowing how the disease evolves and what mechanisms
are involved it will be possible to identify actionable
processes, particularly those which can be treated with
existing regimes and therapies, preferably several affected
levels simultaneously.

xiii) Identification of the disease mechanism processes
that can be treated by activating and enforcing known
TARAR mechanisms.

xiv) Investigating how the treatments of actionable processes
and TARAR mechanisms reduce the burden of the disease.
xv) Development of guidelines for treatment modalities.

International collaboration will be a key for success.
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model implementation.

COVID-19 in the most severe, lethal, form is a systemic
disease where processes, mechanisms, and molecules in multiple
levels are simultaneously at non-acceptable, non-normal
levels. This kind of complex multimorbidities are extremely
difficult to treat. There is currently no curative treatment
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combining medical treatments, activation of countermeasures,
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other diseases.

AUTHOR CONTRIBUTIONS

MYV wrote the entire article and conducted the research.

ACKNOWLEDGMENTS

Laurent Roybon is thanked for valuable comments.

organ dysfunction/failure. On behalf of the Working Group on Sepsis-Related
Problems of the European Society of Intensive Care Medicine. Intensive Care
Med. (1996) 22:707-10. doi: 10.1007/BF01709751

6. AJCC. AJCC Cancer Staging Manual. Springer (2010).

7. Matthay KK, Shulkin B, Ladenstein R, Michon J, Giammarile E
Lewington V, et al. Criteria for evaluation of disease extent by (123)I-
metaiodobenzylguanidine scans in neuroblastoma: a report for the
International Neuroblastoma Risk Group (INRG) Task Force. Br J Cancer.
(2010) 102:1319-26. doi: 10.1038/sj.bjc.6605621

8. Daperno M, D’'Haens G, Van Assche G, Baert F, Bulois P, Maunoury V,
et al. Development and validation of a new, simplified endoscopic activity
score for Crohn’s disease: the SES-CD. Gastrointest Endosc. (2004) 60:505—
12. doi: 10.1016/S0016-5107(04)01878-4

9. Dippel E, Schrag H, Goerdt S, Orfanos CE. Extracorporeal photopheresis
and interferon-alpha in advanced cutaneous T-cell lymphoma. Lancet. (1997)
350:32-3. doi: 10.1016/S0140-6736(05)66242-3

Frontiers in Medicine | www.frontiersin.org

June 2020 | Volume 7 | Article 294


https://doi.org/10.1002/humu.23144
https://doi.org/10.1097/GIM.0b013e3181c39194
https://doi.org/10.1182/blood-2003-12-4434
https://doi.org/10.1007/s00535-013-0765-6
https://doi.org/10.1007/BF01709751
https://doi.org/10.1038/sj.bjc.6605621
https://doi.org/10.1016/S0016-5107(04)01878-4
https://doi.org/10.1016/S0140-6736(05)66242-3
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Vihinen

Strategy for Diagnosis of COVID-19

10.

11.

12.

13.

14.

15.

16.

17.

Lin E Shaw LJ, Berman DS, Callister TQ, Weinsaft JW, Wong FJ, et
al. Multidetector computed tomography coronary artery plaque predictors
of stress-induced myocardial ischemia by SPECT. Atherosclerosis. (2008)
197:700-9. doi: 10.1016/j.atherosclerosis.2007.07.002

Reinhold-Keller E, Kekow J, Schnabel A, Schmitt WH, Heller M, Beigel
A, et al. Influence of disease manifestation and antineutrophil cytoplasmic
antibody titer on the response to pulse cyclophosphamide therapy in
patients with Wegener’s granulomatosis. Arthritis Rheum. (1994) 37:919-
24. doi: 10.1002/art.1780370622

Bogaty P, Brecker SJ, White SE, Stevenson RN, el-Tamimi H, Balcon R,
et al. Comparison of coronary angiographic findings in acute and chronic
first presentation of ischemic heart disease. Circulation. (1993) 87:1938-
46. doi: 10.1161/01.CIR.87.6.1938

Sullivan DR, Marwick TH, Freedman SB. A new method of scoring
coronary angiograms to reflect extent of coronary atherosclerosis and
improve correlation with major risk factors. Am Heart J. (1990) 119:1262-
7. doi: 10.1016/50002-8703(05)80173-5

Dash H, Johnson RA, Dinsmore RE, Harthorne JW. Cardiomyopathic
syndrome due to coronary artery disease. I: relation to angiographic extent
of coronary disease and to remote myocardial infarction. Br Heart J. (1977)
39:733-9. doi: 10.1136/hrt.39.7.733

Califf RM, Phillips HR 3rd, Hindman MC, Mark DB, Lee KL, Behar VS, et al.
Prognostic value of a coronary artery jeopardy score. J Am Coll Cardiol. (1985)
5:1055-63. doi: 10.1016/S0735-1097(85)80005-X

Mark DB, Nelson CL, Califf RM, Harrell FE Jr, Lee KL, Jones RH, et
al. Continuing evolution of therapy for coronary artery disease. Initial
results from the era of coronary angioplasty. Circulation. (1994) 89:2015-
25. doi: 10.1161/01.CIR.89.5.2015

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: development and

20.

21.

22.

23.

validation. J Chronic Dis. (1987) 40:373-83. doi: 10.1016/0021-9681(87)
90171-8

. van Walraven C, Austin PC, Jennings A, Quan H, Forster AJ. A

modification of the Elixhauser comorbidity measures into a point system
for hospital death using administrative data. Med Care. (2009) 47:626-
33. doi: 10.1097/MLR.0b013e31819432e5

. Linn BS, Linn MW, Gurel L. Cumulative illness rating scale. ] Am Geriatr Soc.

(1968) 16:622-6. doi: 10.1111/j.1532-5415.1968.tb02103.x

Team TNCPERE. The epidemiological characteristics of an outbreak of 2019
novel coronavirus diseases (COVID-19)—China, 2020. China CDC Weekly.
(2020) 2:113-122. doi: 10.46234/ccdcw2020.032

WHO-China Joint Mission. Report of the WHO-China Joint Mission on
Coronavirus Disease 2019 (COVID-19). WHO-China Joint Mission (2020).
Instituto Superiore di Sanita. Report sulle caratteristiche dei pazienti deceduti
positivi a COVID-19 in Italia 1l presente report é basato sui dati aggiornati al
13 Marzo 2020. Instituto Superiore di Sanita (2020).

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical and
immunological features of severe and moderate coronavirus disease 2019. J
Clin Invest. (2020) 130:2620-2629. doi: 10.1101/2020.02.16.20023903

Conflict of Interest: The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Vihinen. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org

June 2020 | Volume 7 | Article 294


https://doi.org/10.1016/j.atherosclerosis.2007.07.002
https://doi.org/10.1002/art.1780370622
https://doi.org/10.1161/01.CIR.87.6.1938
https://doi.org/10.1016/S0002-8703(05)80173-5
https://doi.org/10.1136/hrt.39.7.733
https://doi.org/10.1016/S0735-1097(85)80005-X
https://doi.org/10.1161/01.CIR.89.5.2015
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1097/MLR.0b013e31819432e5
https://doi.org/10.1111/j.1532-5415.1968.tb02103.x
https://doi.org/10.46234/ccdcw2020.032
https://doi.org/10.1101/2020.02.16.20023903
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Strategy for Disease Diagnosis, Progression Prediction, Risk Group Stratification and Treatment—Case of COVID-19
	Introduction
	Concept of Pathogenicity Model
	Pathogenicity Model for COVID-19
	Diagnosis
	Stratification and Risk Groups
	Prediction of Disease Progression
	Strategy for Developing Treatments
	Implementation of the Novel Strategy
	Development of Pathogenicity Model
	Steps for Implementing Disease Progression Prediction
	Identification of Actionable Processes and Countermeasures and Their Use for Treatment

	Summary
	Author Contributions
	Acknowledgments
	References


