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PLAN OF THE REPORT

Challenges in the clinical medicine:

1) In Populational research
2) In Personalized medicine
3) In Basic science research



GLOBAL CHALLENGES IN CLINICAL MEDICINE 2018
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.+ LEVEL ON THE TOP:
1. Populational Research

* Diseases and risk factors research. Global Burden of Disease
Study in the world, Russia and other countries. Pilot region
to conduct global study on “big data” in epidemiology

e Medical-informational center in Russia and Bashkortostan



e WHAT IS GLOBAL BURDEN OF DISEASES
T STUDY(GBD)?

The Global Burden of Disease (GBD) is a systematic, scientific effort
to quantify the comparative magnitude of health loss due to
diseases, injuries, and risk factors by age, sex, and geographies for
specific points in time.

About GBD | Institute for Health Metrics and Evaluation.
(2018). Healthdata.org. Retrieved 13 June 2018, from
http://www.healthdata.org/gbd/about



,(D) FOCUS ON ALL ASPECTS OF HEALTH
i}

-Mortality
-Incidence, prevalence
-Years of life lost (YLLS) to premature death

-Years lived with disabllity (YLDSs)
« Time spent sick or injured

-Disability adjusted life years (DALY'S)
 Years of healthy life lost




DATA COLLECTED GLOBALLY

Number of collaborators
based in country
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Institute for Health Metrics and Evaluation
(IHME). GBD Compare Data Visualization.
Seattle, WA: IHME, University of
Washington, 2017. Available from
http://vizhub.healthdata.org/gbd-
compare.




GLOBAL: RISK FACTORS

Malnutrition

Dietary risks

High blood pressure

Tobacco

Air pollution

High fasting plasma glucose -

High body-mass index

Alcohol & drug use

High total cholesterol +

Occupational risks -

Global, Both sexes, All ages, 2016
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COMPARE TO GERMANY

Germany
Both sexes, All ages, 2016, DALYs

DALY stands for
disablility-adjusted life
years.

Institute for Health Metrics and
Evaluation (IHME). GBD Compare Data
Visualization. Seattle, WA: IHME,
University of Washington, 2017. Available
from http://vizhub.healthdata.org/gbd-
compare.
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COMPARE TO USA

United States
Both sexes, All ages, 2016, DALYs

| Annual % change
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COMPARE TO RUSSIA

DALY stands for
disablility-adjusted life
years.

Institute for Health Metrics and Evaluation
(IHME). GBD Compare Data Visualization.
Seattle, WA: IHME, University of
Washington, 2017. Available from

http://vizhub.healthdata.org/gbd-
compare.

Russian Federation
Both sexes, All ages, 2016, DALYs
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RUSSIA: RISK FACTORS

2005 ranking

Dietary risks

High blood pressure
Alcohol & drug use
Tobacco

High total cholesterol

High body-mass index

High fasting plasma glucose
Air pollution

Impaired kidney function

Occupational risks

2016 ranking

Dietary risks

High blood pressure
Alcohol & drug use
Tobacco

High body-mass index

High total cholesterol

High fasting plasma glucose
Air pollution

Impaired kidney function

Occupational risks

% change 2005-2016
-25.0%
-22.1%
-23.2%
-27.0%
-13.9%
-23.2%
-13.1%
-28.9%
-19.9%
-16.9%




RUSSIA:PREMATURE DEATH

2005 ranking
Ischemic heart disease o

Cerebrovascular disease
Self-harm
Cardiomyopathy

Road injuries

Alcohol use disorders
Interpersonal violence
Lower respiratory infect
Lung cancer

Tuberculosis

HIV/AIDS

2016 ranking

Ischemic heart disease
Cerebrovascular disease
Self-harm
Cardiomyopathy

Road injuries

Lower respiratory infect
Lung cancer

Alcohol use disorders
Interpersonal violence

HIV/AIDS

Tuberculosis

% change 2005-2016
-21.2%
-32.0%
-30.7%
-16.1%
-37.8%
-29.4%
-16.1%
-38.3%
-43.0%
40.8%

-54.6%




COMPARE TO CHINA

DALY stands for
disablility-adjusted life
years.

Institute for Health Metrics and Evaluation
(IHME). GBD Compare Data Visualization.
Seattle, WA: IHME, University of
Washington, 2017. Available from
http://vizhub.healthdata.org/gbd-
compare.

China
Both sexes, All ages, 2016, DALYs
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CHINA: RISK FACTORS

2005 ranking

Dietary risks

Tobacco

High blood pressure

Air pollution

High fasting plasma glucose
Alcohol & drug use
Occupational risks

High body-mass index
Malnutrition

High total cholesterol

Impaired kidney function

2016 ranking

Dietary risks

High blood pressure
Tobacco

Air pollution

Alcohol & drug use

High fasting plasma glucose
High body-mass index

High total cholesterol
Occupational risks

Impaired kidney function

Malnutrition

% change 2005-2016
4.1%
13.4%
-6.7%
-19.5%
10.5%
0.2%
36.1%
22.6%
1.6%
11.1%

-58.8%




CHINA: PREMATURE DEATH (YLL)

2005 ranking
Cerebrovascular disease o

Ischemic heart disease
Road injuries

COPD

Lung cancer

Liver cancer

Stomach cancer

Lower respiratory infect
Self-harm

Congenital defects

Esophageal cancer

Alzheimer disease

2016 ranking

Cerebrovascular disease
Ischemic heart disease
Road injuries

Lung cancer

COPD

Liver cancer

Stomach cancer
Alzheimer disease
Self-harm

Esophageal cancer

Lower respiratory infect

Congenital defects

% change 2005-2016
-6.8%
25.9%
-24.2%
17.2%
-28.0%
6.1%
-14.3%
49.8%
-35.1%
-15.5%

-48.9%
-49.4%
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. The capital — the city of UFA

i ' N

' The population of the region is
4,1 min people

: z The total area is
N I~ 143 000 sq. km.

i The Republic ranks 7th in population in Russia

. The density of population is — 28,3 people per 1 square kilometer against
i average 8,3 people in Russia

Gross regional product

20,8
bin $

Industrial output

In Republic:
? Iiankfgth 15000 physicians

product in Russia 45000 nurses

W




REPUBLICAN MEDICAL INFORMATIONAL-ANALYTICAL SYSTEM IN
REPUBLIC BASHKORTOSTAN

Joint state informational system
in Healthcare of Russian Federation

{ The integration bus

Law from 14.08.2013 N 376

“About Republican medical

informational-analytical system of
Republic Bashkortostan"

Regional segment in Republic
Bashkortostan

186 medical
Institutions

103 Pharmacy Store
Bash

users at the same time




CENTER FOR SITUATION AND PROJECT DECISION OF BASHKORTOSTAN REPUBLIC
MORTALITY IN REGION

Mortality Suicide mortality
less then 12,5 125139 gy 13,9165 more then [ lessthen114 11,4-34,6 [ | 346-578 | M  morethen 57,8
people /1000 people /1000 people /1000 16,5 people people /1000 people /1000 people /1000 people /1000

/1000




INTERREGIONAL CENTER OF INSULIN PUMPS OF
BSMU CLINIC

5 INedtrondic Daily Summary for Software Test

\/ EXperlence Wlth pumps 4 Jun 18 -Jun 24.2009 o

Calibration B0 98 Moter BG #% 4  Moal s Excrcize % Modication § Other % Target Rangs
Thu Jun 18 (Mmg/dL) Sensor

generations. -

v Installed and used more . IS SUUU
than 300 insulin pumps sy —— T
with a good result. -
= WWW """-:v
5.8 === E = "

2.10u
Basal
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(@
N

v" Round-the-clock remote
monitoring of glucose with data
output in electronic and printed
form.




WHY MEDICAL STANDARDS DO NOT FUNCTION IN
100 % OF CASES ?




PERSONALIZED TREATMENT (AT THE EXAMPLE OF

COLORECTAL CANCER)
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STEP DOWN:
CHALLENGE IN PERSONALIZED
MEDICINE DATA ANALYSIS

vBiomarker analysis
vDigital therapeutics
vGenetics




DRUG ADMINISTRATION DECISION-MAKING
SYSTEMS

Identify

Need ——  Specify Parameters

RESEBfCH l

Analyze  L_ | Generate & Evaluate
Options

-

Select ||  Decision Methods
Solution

'

Implement | _| |ntegrate Action Plan
Artificial Intelligence Decision

'

Monitor
s - Impact

l
%;%:%

»| Evaluate Outcomes




BIOMARKERS SCREENING AS ONE OF THE BASES OF
PERSONALIZED MEDICINE

o Therapy
N __--7 Progression
N Threshold of primary _____ _ _ _ _ __ ‘L_‘U_, =222 > Stabilizat
= diagnostics T~a tabilization Threshold of relapse
= TS~ ~ 7 " Tdiagnostics ~ ~ "~~~ T, ©
RN OTget Relapse :
Will I have the cander? Will the cancer
\l/ Do | have a cancer ? Cancer activity ? Efficasy of treatment relaise ?
Which cancerk? What treatment to chose?
Risk Relapse
biomark€  screening ‘ Response [lomarkers
1 C - .
biomarkers  piagnostics Therapy  Omarkers
biomarkers v biomarkers
i EGFR, K-
Erogn05|s APV
pML-RARA| DIOmMarkers |pirsca, S100, CA CA 15.3,
HPV 16/18, BCR-ABL1 CDK4, 15.3, CA27- CA27-29,
Family history, ~ AFP CBEB- FGFR, PR, 29, CAE, CAE,
LIRSS ER thyreoglobulin thyreoglobulin

BRCAL, BRCA2 PSA, CA125 MHLY11, p53




MULTIMARKER ANALYSE
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WHAT IS DIGITAL THERAPEUTICS?

Panacea Cloud is a first in Russia Digital Therapeutic solution.

Digital therapeutics, is a health discipline and treatment option
that utilizes a digital and often online health technologies to
treat a medical condition.

Could be scalable and cost effective yet
not enough evidence.




PANACEA CLOUD

First Digital Therapeutic Poccua (4§

Solution in Russia and

- MuH3apaB 3aMHTEpPeCcoBaH B O/TOKYENH-NPOEKTE
developed In YHEHbIX N3 BGLUKMDVII/I
BaSh ko rtOStan OcHoeatenu «Panacea.Cloud» oBcyaunu ¢ akcrnepramu v3 MuHucTepctBa 3apaBooxpaHeHus, Pocsgpasa u

OPYrUX rocydypexXaeHuid BO3MOXHOCTA BHeAPEHUA MeaULMHCKUX HH¢ODMGUHOHHHX CUCTEM Ha OCHOBe

«KnuHuka B obnake» SPEK
RBTDDAY _ aBTOpoOB U3 bawkupun
nob6egunna B xakatoHe B
bynat Uapucos: Mbl He XOTUM d I eTepGypre
3apabaTrbiBaTb Ha 60n1e3HAX NoAeN, Lenb

«CucreMa noxoska Ha 60JIb1IyI0 O6UOIMOTEKY, TIe Ha
KasKyIo 60/1e3Hb HAIlMCaH CBOM aJITOPUTM»

— AOCTUYD 6J'Ial'Ol'lpMﬂTHOI'O pe3yJibTaTa

Poman fxmmuyk - 29/07/2018




METABOLIC SYNDROME TREATMENT

o Effectiveness of the

Placebo . .

i curriculum was established
g ad [__Metformin In RCTS
S | —_— - Later the digital analog of
O 20 P . .
S L = the curriculum in the USA
< —
g 10- | was s_hown to be as
2 — effective as the original
O 00 05 10 15 20 25 30 35 40 * Panacea Cloud Is a pioneer

Years of digital therapeutics Iin

Diabetes Prevention Program Research Group. (2002). Reduction RUSSIan Speaklng World and

in the incidence of type 2 diabetes with lifestyle intervention or

metformin. New England journal of medicine, 346(6), 393-403. Currently undergoing pllOt
tastings




HOW PANACEA.CLOUD WORKS?

Online guide that helps to form healthy habits on nutrition, physical activity
and mental health via

*Smartphone

«Case management

*Disease Control Prevention Program
«Just in time adaptive intervention

*Tokens to stimulate health behaviors




PANACE.CLOUD: ADVANTAGE

Evidence-Based Curriculum of CDC Diabetes Prevention
‘ standards.

Clinical effectiveness demonstrated in clinical trials

>

Placebo

+4-—A—A\‘

Metformin

Lifestyle

Change in Weight
(kg)
o

NEJM, DPP 2002 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1370926/ 32




PANACEA CLOUD PROTOTYPE

Chat bot prototype video link hitps://youtu.be/p!lCeZLmagigQ

Case managers interface prototype https://youtu.be/vetfU6GtLLik

?3 panaceq
cloud



https://youtu.be/plCeZLmqigQ

HEALTHCARE
DISRUPTED

Next Generation Business Models
and Strategies

i

JEFF ELTON and ANNE O'RIORDAN

WILEY

Real-world data e.g. Electronic Medical Records,
health wearables, Internet of Things, digital media,
social media, is combining with scalable technologies
and advanced analytics to fundamentally change how
and where healthcare is delivered, bridging to the health
of populations, and broadening the responsibility for
both. It reveals how this shift in healthcare delivery will
significantly improve patient outcomes and the health
system.

-Digital innovations

-Lean innovations

-Around the patient innovation
-Value innovation




HEALTHCARE DISPARITIES

- Will poor have better quality of care with emerging technologies

- Will emerging technologies improve care for those living in poverty expanding
guality and lowering costs?

Multidimensional Poverty

Benefits for all
people groups

Cost increase

Map created by Benjamin Hennig for Geographical
wwwyviewsoftheworld net




PERSONALIZED MEDICINE.
THE OUTLINE OF THE FUTURE

Constant monitoring of Remote personal System-biological
the patient monitoring models

Proteomic profile Metabolomic profile Extrapolation of study

results




BASHKIR STATE MEDICAL UNIVERSITY
AND UFA STATE AIRCRAFT TECHNICAL UNIVERSITY

HIGH-PERFORMANCE COMPUTING
CLUSTER (SUPERCOMPUTER)

@ G P U RESEARCH
NVIDIA. CENTER

Peak performance ~ 40 TFlops 3D-Room

CAVE-type




OPTIMIZATION OF A SCAR AND FLAP GEOMETRY AT STAGE OF PLANNING OF A SURGERY

6,6462e5 Max
3,7e5

3,3e5

e5 Dupuytren's
£,6e3 contracture
2,3ed

Zeh

1,8e5
1,65e5
25439 Min

Urothelial carcinoma of the bladder. Reconstructive-plastic restoration of
the defect of the anterior abdominal wall by a free thoraco-dorsal flap.




BLOOD FLOW AT THE AORTA

Arterial pressure in the central section of
the aorta and the vector field of blood flow

velocity
N Velocity

Vector 1
1.102

Distribution of aortic wall deformation due
to arterial pressure

o,?z(my
0,005 0,015 Pressure [Pa]




MSU AND BSMU ROBOT-ASSISTING SURGERY COLLABORATION

Collaboration in the field of robotic
surgery, the development of new
surgical tools based on
mechanoreceptors (Medical Tactile
Endosurgical complex. The «digital
finger» of a surgeon for intraoperative
diagnosis of tumors)

Center for Robotic Surgery Clinic BSMU Prototype of the Surgeon-Robot




Step down:
Challengers in Basic Research data
analysis:

vCell migration and rolling
vRaman spectroscopy



OPENING OF CENTER OF ROBOTIC SURGERY AND CENTER OF CELL CULTURE IN
UNICLINIC OF BSMU (NOVEMBER 2018) WITH PROF. WOLF WIELAND

Bashkir state medical university



MICROFLUIDICS

Microfluidics is both the science which studies the behavior of
fluids through micro-channels, and the technology of
manufacturing microminiaturized devices containing chambers
and tunnels through which fluids flow or are confined.

Microfluidics deal with very small volumes of fluids,
down to femtoliters (fL) which is a quadrillionth of a
liter. Fluids behave very differently on the
micrometric scale than they do in everyday life: these
unique features are the key for new scientific
experiments and innovations.

[https://www.elveflow.com/]



Tulane

Department of

uEs®  Biomedical Acoustics ltaboratory EERIERIEIE
Cellular Biomechanics and

In wvitro (microfluidic flow systems)

maoanocyte endothelium or receptor-
coated substrate

Snapshot of cells migrating in a rectangular micro-channel,
according to our numerical simulation. A bigger and less
deformable red-colored cell is located closer to the wall than
smaller and more deformable green-colored cells.

[http.//www.tulane.edu/~damir/research.html]

Biotransport Laboratory

* PI: Damir B. Khismatullin, Ph.D.
Associate Professor

* Project: Quantitative Biomechanical Models of Circulating Cell
Interactions

Blood-borne leukocytes (white blood cells) are recruited from peripheral
blood into infected tissues during inflammation through a complex series
of events involving leukocyte capture by activated (dysfunctional)
endothelial cells, leukocyte rolling on and firm adhesion to endothelium,
and leukocyte transendothelial migration (diapedesis). Currently, it is not
well understood how endothelial dysfunction and associated leukocyte
adhesion develop in the body and how these pathophysiological processes
can be prevented or blocked without causing dangerous side effects. In
our laboratory, we study the adhesion of leukocytes and other cirulating
cells to dysfunctional vascular or Ilymphatic endothelium. Our
computational algorithm can simulate the dynamics of multiple circulating
cells with different deformability and size (left picture).



CANCER METASTASIS

Primary tumor formation Local invasion Intravasation

Arrest at a
Extravasation distant organ site

: : Clinically detectable
Micrometastasis macroscopic metastases
=

formation Metastatic colonization

' 0 ofesc

AR

[1] Khismatullin and Truskey, Biophys. J. 102, 1757 - 1766 (2012)
[2] Chen and Khismatullin, Inflammation 36, 309-319 (2013)

[3] Wang and Bennett, Circ. Res. 111, 245 - 259 (2012)

[4] Jackson, Nat. Med. 17, 1423 - 1436 (2011)



COMPUTATIONAL MODELLING DATA: EFFECT OF
CYTOPLASMIC VISCOSITY ON CELL ROLLING

Figure :

(A) Cell deformation with a cytoplasmic
viscosity of 10 Pa - s during rolling on
the receptor-coated lower surface of
the microchannel, according to the
VECAM computational algorithm.
The shear stress of the wall is 0.05
Pa.

(B) Leukocyte shape when rolled on the

inner surface of a collagen tube
coated with endothelium (provided
by E. Damiano, Boston U.).

l | IIIII |




MATHEMATICAL MODEL OF CELL MIGRATION

[~ -] SE-o%

-
L (]

Deformation of cells of different diameters during
passage through a narrowing of 8.1 um in the
microchannel, according to the computational
model. The ratio of the diameter of the cell to the
width of the narrowed section is 1 (at the top), 2
(center) and 3 (bottom).




MATHEMATICAL MODEL OF CELL MIGRATION

40

20

120
100
a0
G0

40
211

Snapshot of cells migrating in a rectangular micro-
channel, according to our numerical simulation. A bigger
and less deformable red-colored cell is located closer to
the wall than smaller and more deformable green-colored
cells. This explains that leukocyte margination and red
blood cell aggregation in small vessels are caused by the
differences in deformability and size between these types
of blood cells.




SPECTROSCOPY OF COMBINATIONAL DISPERSION
(RAMAN-SPECTROMETRY)

Spectroscopy of combinational dispersion is the method of spectroscopy, which
bases on ability of investigated system (molecules) for inelastic (Raman or
combinational) dispersion of monochromatic colour.

Horiba XploRA plus (Horiba, Ltd., SImonus) A
Sty wi I h;ﬂ——————"i Virtual
———r-—-+t+-—9---- - conditions
ti>~0 hvok hvo A
Q.
C
Ll
hv h(ve-v -
Y it h(vorv) : Vibration
y hve : y i sublevels
B Dispersion

532 nm




FAST INTERPRETATION OF RAMAN SPECTROSCOPY RESULTS
(MACHINE LEARNING AND DATA MINING)

Incedent States N A

"orNvwas

" T— Rapid interpretation of spectrograms for
aman Instrument , . . . . .
! __ intraoperative pathology diagnostics is not
Srtios Fiver developed. We propose a new algorithm based

‘ on a multi-stage mathematical signal
processing with the subsequent use of deep
learning (neural network).
The quality of the solution in many cases is
now comparable, and in some cases exceeds
the efficiency of "protein" experts.




OPTIMAL ALGORITHM OF CELL DIAGNOSTICS BY RAMAN SPECTROSCOPY

__________ oo
Asymmetric Least Local
Square Median

.

Hierarchic cluster
analysis




CHALLENGES: FROM POPULATION SCIENCES TO BASIC RESEARCH

Conventional Personalized
medicine medicine
: 3~ Y .

Cost effective generation
of high quality high
throughput data

Hybnd education and
multidisciplinary teams

Global nvestment Data storage Global investment
in basi : research and processing in public health

Data integration
interpretation

individual and global
economic relevance

Adapte from Alyass et al. BMC Medical Genomics (2015)



THANK YOU FOR ATTENTION!
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Welcome to Bashkortostan !
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