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Disclaimer:

This publication on the liver cancer pathway framework was
updated on 22.05.2023. It cannot be taken as a recommendation
for the readers, especially not as a guideline for treatment, and it
is not a medical document. There is no guarantee for
completeness or global correctness, the various pain points,
solutions, and statistical data are examples only. Sources are
multiple, such as public statistics, expert opinions, open
innovation workshops, research, own data and many more (see
references).

The products and features mentioned may not be available in all
countries and their future availability cannot be guaranteed.
Some products mentioned are planned and under development.
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Disease pathway analysis with pain points and solution examples

€ SYMPTOMS O DIAGNOSIS

Scenario: Patient is at the office Scenario: Patient is at the radiology

department
STAKEHOLDERS STAKEHOLDERS

€©) PREVENTION

Scenario: Patient drinking alcohol at a social

gathering
STAKEHOLDERS
Se

© TREATMENT

Scenario: Patient is at the hospital

STAKEHOLDERS

@ REHABILITATION

Scenario: Patient undergoing
rehabilitation

STAKEHOLDERS

€ PRENATAL

Scenario: Pregnant woman in the
garden

STAKEHOLDERS

€ FOLLOW-UP

Scenario: Patient in the doctor’s
office

STAKEHOLDERS
e

An extensive research-based
analysis from 40+ scientific articles
and journals in combination with
hospital  workflow experience
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Pregnant woman Family General practitioner Patient Family General practitioner Patient Family General practitioner Patient Family Hepatologist Patient Family Hepatologist Patient Family Oncologist Patient Family Oncologist
Wants to protect her Tries to support the Supports the patient with Follows an unhealthy Supports and encourages Provides care relating to Devuelops the first symptoms  Worries for the patient's Provides carerelating to Receives diagnostic services The patient’s family tries to Has expertise in Receives treatment Supports patient throughout Has expertisg in Receives rehabilitation Supports and encourages Ensures an effective recovery. Routinely visits the Supports and reminds Tracks cancer progression
health and the health of pregnant woman with her general health issues. lifestyle, consuming alcohol the patient to follow a general medical issues and of Liver cancer. health and encourages her ~ general medical issues and from various health be supportive and management of disorders of from health care the treatment. management of disorders services from providers. patient to follow the hospital for follow-ups patient of routine follow- and continues to devise
T h l t‘ d b d her unborn child. needs throughout the and struggling with obesity. healthy Lifestyle. advises the patient to lead a to see a doctor. refers the patient to a professionals. accompanies her to the liver, gallbladder, biliary providers. of liver, gallbladder, rehab plan. with care provider. ups. treatment plans.
es e S 0 u I 0 n S w e re p rO p OS e a S e pregnancy. healthy Lifestyle. specialistif necessary. hospital. tree, and pancreas. biliary tree, and pancreas.
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on Al, IoMT, AR/VR, biosensors, ° = " ° ° = | = B B 8 %
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nanorobotics and smart wearable ~ = - 1 . .
technologies. . - = | & - |
OB/GYN Nutritionist Ministry of Health Medical device companies Gastroenterologist Hepatologist Medical device companies Pathologist Radiologist Medical device companies Interventional radiologist Surgeon Oncologist Insurance company Rehabilitation therapist Nutritionist Radiologist Hepatologist
Tracks and observes mother’s Provides a healthy diet plan Ensures public access to Design wearable devices and Has expertise in management Has expertise in Develop effective options to Analyses needle biopsies Interprets medicalimages  Develop and create innovative Performs interventional Treats the patient by Trained to care for people with Covers expenses for the Helps the patient to recover by  Provides a healthy diet plan Eualuat.es images (CT, MRI, Does. the.fol!ow-up once the
and fetus’ health. for the patient. healthcare and enforces innouative technologies that of gastrointestinal disorders management of disorders  screen the public and increase and surgically removed like ultrasound, CT and PET  cost-effective screening tools procedures like trans-arterial surgical resection of the cancer and provides treatment patient’s rehabilitation providing personalized for the patient. etc.) in order to detect patient is discharged from
set healthcare help stick to a healthy Lifestyle. like Liver disease, peptic of Liver, gallbladder, early detection. Design Liver tissue to aid in the scan. to increase early detection. chemoembolization. cancerous tissue. guidance (surgical and/or medical therapy. therapy. possible recurrences. acute cancer care ar.nd goes
guidelines. ulcers, irritable bowel biliary tree, and pancreas. innovative technologies to help exact diagnosis. and/or radiation therapy etc.). back to be a liver disease
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The patient received treatment for liver cancer. She is being examined by the
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An expectant mother is regularly engaging in gardening/ farming and is

. .. . ) . The patient increasingly suffers from unspecific symptoms such as
being exposed to pesticides and other chemicals, without being aware of

The patient frequently drinks alcohol either alone or with others, not being After an assessment by the hepatologist, patient is taken to the Patient undergoes rehabilitation to regain strength, endurance and Patient visits the doctor for regular follow-ups where she is advised

A - aware of the severe risks heavy alcohol consumption poses. pain abdomen, loss of appetite, weight loss and a faint icterus. radiology department where she undergoes a CT scan to assess the oncologist before discharge. mobility. to follow a healthy Lifestyle, monitor her health and watch out for
the potential harm it can do to the fetus. i
tumor extent and stage. signs of relapse.
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a I n o I n ts Certain genetic disorders Llike Prenatal exposure to endocrine- Obesity, often the consequence of People with non-alcoholic fatty Specific symptoms of liver cancer Patients experiencing symptoms With cancer diagnosis getting For Lliver cancer patients who Rural P"’“.iders . fac'e several Many patients are not eligible for Patients often Lack motivation to Lack of individualized Patients might feel Llonely, Patients in rural and remote areas
familial adenomatous polyposis, disrupting chemicals like pesticides, an unhealthy diet and inactive liver disease (NAFLD) are at a are often missing. Unspecific of Liver cancer might have very increasingly extensive and require MRI scans, results may be challenges n dellu?rmg cancer a liver resection due to the size of engage in rehabilitation rehabilitation strategies is a depressed and anxious even after might miss a scheduled follow-up
tyrosinemia or the loss of FOCAD or toxic metals can increase the risk lifestyle, is an independent risk higher risk for non-alcoholic symptoms like nausea, loss of limited access to experts, personalized, data handling gets inaccurate if the patient has care to their patients; fewer the tumor and in consequence the activities. common problem for many recovering from the disease; this appointment with a liver cancer
can cause pediatric Lliver of childhood fatty Lliver and factor for developing a steatohepatitis  (NASH), liver appetite or itching could be especially in remote and rural more difficult. This raises the need limited breath-hold capability or oncologists, limited access to amount of tissue to be removed or patients and can affect the could be aggravated by the fear specialist due to the long travel
cirrhosis leading to a high risk of consequently Lliver cancer.* hepatocellular carcinoma (HCC), cirrhosis and liver cancer. mistaken for other health issues areas. for comprehensive data is unable to follow breathing comprehensive care and lack of the difficulty of ensuring safety patient progress. of having a relapse. distance to the nearest healthcare
liver cancer.12 the most common type of Liver or just be ignored. management systems. commands. standard treatment negatively margins around the tumor. facility, which is time-consuming
. J L J \cancer.? Yy, \_ ) \ ) \_ ) \_ y \ Yy \impact patient outcome.?*4° y \ y \ y \ y \ y \and carries a financial burden.
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Clinical innovation Digitalization & Sensing Digitalization & Digitalization Clinical innovation Clinical innovation Process innouation Process innouation Digitalization Automation Digitalization Clinical innouation Digitalization Digitalization Process innovation Process innouation
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9 Genomic cancer risk 9 Awareness Smart protective Wearables and * Diet management & Enhanced Liver Advanced * Regular check-up 9 Effective primary care * Oncology la Compressed sensing * Digital conference * Image-guided Laparoscopic * VR-based rehabilitation Personalized Al-based * Cancer support Remote health
assessment models campaigns gear fitness apps nutritional Fibrosis (ELF) Test ® ultrasound for risk groups measures information system GRASP-VIBE © Liver surgery (ILLS) rehabilitation plans community monitoring
counselling diagnostics

Comprehensive knowledge Public health efforts can If a pregnant woman is Smart watches and other A healthy diet, consisting of This non-invasive blood test NAFLD and early stages of Besides raising awareness, experts Prospectively, the focus should be on This advanced management Patients with Llimited breath-hold Remote technologies such as ILLS maximizes the amount of healthy VR-based gamified physical With the assistance of Al, Patients can join the liver cancer Teleconsultation, at-home blood

about the genetic
determinants of liver cancer
could in future lead to the
implementation of
(prenatal) genomic
analytics in risk groups or in
a direct-to-consumer based

model. This could
potentially lead to earlier
and more efficient
treatments.?

be taken to inform
expectant mothers about
the risks of certain
chemicals and products.
For a more interactive
and effective experience,
AR/VR and other digital
platforms can be used for
these campaigns.

unable to stop working in
certain environments where
she is exposed to dangerous
chemicals, personal
protective gear like goggles,
masks or gloves could
provide protection against
them. These can be equipped
with smart sensors alarming
the wearer when higher than
normal amounts of chemicals
are measured.®

sensors can monitor the
daily physical activity of the
patient. Based on this data,
smartphone apps can give
feedback and motivate/
remind the patient to stay
active.®10

whole grains, fruits and
vegetables, as well healthy
fat and protein sources, helps
to fulfil nutritional needs and
controlling weight. This effort
can be supported by online
services connecting patients
with dietitians and providing
meal plan options.112

measures three markers of
liver fibrosis and can be used
diagnostically for fibrosis
staging (to reduce the need
for invasive biopsy) or
prognostically to assess the
likelihood of progression to
cirrhosis and liver-related
clinical events.??

cirrhosis can be detected
with ultrasound derived fat

fraction (UDFF)
measurements and
elastography, which are

non-invasive, cost-effective
and more accurate methods
for delivering liver stiffness
and liver fat quantification,
thus providing detailed Liver
assessment.'*

recommend regular screening with
ultrasonography every 6 months,
with or without alpha-fetoprotein
(AFP) levels. Although this works
well in very high-risk patients
(viral hepatitis, cirrhotic patients)
who are also thin, accurate tumor
biomarkers need to be developed.
Additionally, methods to achieve
similar results for other high-risk
and obese patients who are the
fastest growing group, are
required.2425

making knowledge readily available
for primary care physicians, with
actionable insights supported by
decision support tools, such that they
refer only those patients to the expert
who will benefit from their care and
avoid overloading the experts.26

system enables clinicians to
combine medical, surgical and
radiation oncology information
into a complete EMR. Starting from
diagnosis to treatment up to
follow-up, a personalized care
pathway is created that simplifies
health assessment with embedded
decision support.?®

capability or who are unable to
follow breathing commands, can
undergo high-resolution dgnamic
abdominal imaging under free-
breathing with one continuous,
push-button exam. With
intelligent reconstruction and a
processing  framework, this
software application recognizes
different phases of Lliver
dynamics, will automatically
label those and output only
clinically relevant information.3°

telehealth can help to address
challenges in rural cancer care.
Virtual multidisciplinary tumor
boards can enable physicians
everywhere to connect regardless
of their distance to discuss
evidence-based optimal treatment
strategy for each patient, improve
quality of care and also ensure
proper resource allocation during
crisis times.“°

tissue left behind and potentially
increases the number of patients
eligible for a resection while ensuring
adequate oncological margins.“!

activities and virtual counselling
sessions for mental health
improvisations can support and
motivate the patients.*”

patient’s real-time progress and
current status can be tracked
regularly, based on which
rehabilitation plan and exercise
regimen can be altered over
time.*®

support groups to share their
concern, fear and information
about recovering from the
disease.5®

collection, and mobile imaging
units that visit the rural and
remote places periodically can aid
in timely patient consultation
with reduced financial burden,
thus enabling a better patient
experience. Reports can be
digitalized for easier access by the
physician and the patient.

connected to
different stakeholders
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Hepatitis B virus infection, which In low-income settings or rural Liver cirrhosis is one of the Smoking independently and in Infections with hepatitis B virus Commonly observed in patients Restrictions caused by the Most patients must undergo a CT If the Liver Lesion is even slightly In tumors with a size of 3cm or | | There could be a risk of damage to HCC in putner.lts waiting for a Liver F_““'Cti‘f“‘“ decline, 'U_Cti“.itu Even after successful treatment,
is a significant risk factor for Liver areas, the needed antenatal leading causes for liver cancer. combination with a present HBV (HBV) or hepatitis C virus (HCV) with liver cancer are pruritus, pandemic and the constant fear scan for HCC diagnosis and missed during needle biopsy, it larger, conuentional methods | | healthy Lliver tissue or errors in transplantation may grow and limitations and participation there is a chance of the cancer to
cancer, can be transmitted from a testing for detecting the HBV In turn, the abusive intake of infection increases the risk for can lead to liver cancer. Most caused by cholestasis, and pain. of getting infected with COVID- staging. This bears a radiation could lead to an incorrect of  ablation are less | | exact identification of the feeding spread “"th°“t_ ) tr.eutment. restrictions due to effects of relapse. This makes long term
Hepatitis B  positive mother DNA viral load in Hepatitis B alcohol is the reason for up to liver cancer. people with hepatitis remain These distressing and debilitating 19 hinders the chances of burden. diagnosis. efficacious.*? vessels during transarterial | | EXternal beam radiation is not an medication and the disease make longitudinal care a necessity but
(especially with a high HBV DNA positive mothers may not be 50% of all Liver cirrhosis cases.s unaware of their infection. symptoms  cause  significant patients visiting doctors even if chemoembolization in Liver cancer | | °Ption in most cases due to the the rehabilitation phase even the resources for that might be

viral load) to the child at birth. available; and it is expensive. impairment in quality of Life. they show symptoms. patients. poor radiation tolerance of liver harder. scarce.
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Existing in healthcare \L \L \L \L ‘l’ ‘L
sector SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION
Process innovation Process innovation Process innovation Digitalization Process innovation  Process innovation Clinical innovation Digitalization Clinical innovation Clinical innovation Clinical innovation Clinical innovation Automation Clinical innouation Digitalization Digitalization Digitalization &
Clinical innovation
Ongoing research in
healthcare o0 o0 o1 0% o1
O (¢] = - 1; 1

Futuristic solution

( tb Maternal peripartum * HBeAg test Self-help Al assisted * Educative Routine screening VR for pain and * Tele-consultation Advanced CT with myNeedle Advuanced lesion Stereotactic *Embolization guidance Selectiveinternal Smart rehabilitation * Patient outcomes E’ Patient digital twin ©
.ma“ or may not be prophylaxis with Tenofovir deaddiction tool quitting plan efforts for risk groups itch management quantum technology Companion localization Radiofrequency radiation therapy (SIRT) assistance management tool ¢
implemented) techniques Ablation
Since 2020, WHO recommends Testing for the Hepatitis E A .self-help program that uses An artificial intelligence. bot Risk groups like injection R.egularscre.ening of high- VR can be helpful to ease pain Telemedic.:ine and online video USiI}g direct signal conversion To simplify both routine and Technologies that would allow Imag.ing systems that offer A software that fatfilita.tes With SIRT, patients not eligible A multidisciplinary team can be This software offers real time By simulating the structure and
pregnant women positive for HBV to envelope antigen is less euuden.ce-based. treatments can be qsed to p.romde digital drug users, people w.ho risk groups is an effectnfe and pruritus: frequent relaxing FOI‘lSUlthIOl‘I could be a first step of |ts. detector, the photon- complex procedu.res ) and to characte.rlze les!ons and so|.)h|st|cated 3D planning and catheter. navigation,  for resectlon. and waiting for a employed to offer a combination of symptom reporting and functions of organs of the patient
receive tenofouir prophylaxis from accurate but still and .l_nteruentlo.ns such as cou.nsellmg.sermces to those !I(Id direct contact with measure to detec.t.chromc audiovisual stimuli, adapted to in c.:onnec.tmg a I!ealth care c9untmg C'!' scanner offers successfullu. acquire tissue hau_e a higher yield are guidance ) can support autom.atlcally. detects tumor trans?lantatlon can be tre_ated nutritional therapy and Kinect- monitoring, improved  clinical through a digital twin model,
the 28th week of pregnancy until at recommended in certain cognitive behavioral .therapg trying to qu.|t tobaccozo .and offer infected b!ood or peop!e !nfectlons. Addltlona!ly, the patient's needs, calm and provider with the patient. hl.gI!-resolutlon images at .samples, this system offers d?slrable. Exumple,.an OPtICGl surgeons in ablating tumors and its feedmg. ue.ssels for effe.ctufelg bg. .selectluely based physical therapy with workflows to support evidence- pathological processes can be
least birth. under certain conditions. situations as an alternative (CBT) can support with self- a personallzet.i qullitmg pl.an who indulge in in low resource countries, distract the patient while fmmmal. .dose, spectral mtggrated s?ftware- biopsy system combines diffuse larger than 5cm. targeted emboll.zatlon and d.elluermg radiation  dose iterated exercises based on the based care. and access to rich data observed. This helps to then
. . NN o . . management and recovery based on a series of interactive unprotected sex should the development of reducing symptoms effectively. information in every scan, and assisted path planning, and reflectance spectroscopy and Intraprocedural  assessment enables efficient and directlly to the tumor. . . .. ' X .
Disclaimer: This Is in addition to the 3-dose to HBV DNA viral load since training in alcohol addicts by questions. The plan is backed up receive adequate assays  that  allow Additionally, it can also improved contrast at lower a laser guidance system that fluorescence measurements to can make sure that margins  standardized procedure  Additionally, in cases with patient comfort Levels. This could insights for better management predict an event, or outcome zl'ke
Thi blicati th li hepatitis B vaccine in all infants and the test |s's|mpl$, cheap and motivating them to cope with by the best available science, education to assess their integrated testing of improve the emotional well- noise. This allows a greater visualizes the needle entry evaluate markers related to are complete.*! planning for increased quality intensive Lliver involuement, increase the patient participation and  continuing  assessment the recurrence of Liver cancer.®
IS pubtication on e lver cancer the infant hepatitis B easily available. urges, managing thoughts, offering support and guidance risk of a Hepatitis B or overlapping epidemics being of the patient.27.28 consistency for confident point and angle, increasing cell metabolism, which differ of care.* tumor size may be reduced, as well improve fatigue, pain, throughout the course of care,
pal:hwa framework was updal:ed immunoglobulin prophylaxis shortly behaviors and feelings, and throughout the process.!” Hepatitis C infection. (HIV, HBV, HBC) using a clinical decision-making e.g., efficiency and reducing between healthy and cancerous thereby even opening up the physical function, and quality of improving  overall  patient
“ after birth.¢ living a balanced life. Routine Information  campaigns, single sample would to detect fine liver lesions, and variations.32 cells. This could support possibility of secondary life in cancer patients.*® experience.!

outcome monitoring can be
done for better results.1®

online and via traditional improuve the efficiency of the
media, can be considered.  screening programs.%*°

possibility to scan
previously excluded
patients.3!

surgeons to identify the
Llocation of cancer in real time
and ascertain the best place to
acquire a tissue sample.333*

resection of hepatic tumors.**

on 22.05.2023. It cannot be taken as a recommendation
for the readers, especially not as a guideline for
treatment, and it is not a medical document. There is no
guarantee for completeness or global correctness,
the various pain points, solutions, and statistical 6 7 5 6 6 (7
data are examples only. Sources are multiple, such
as public statistics, expert opinions, open innouation
workshops, research, own data and many more (see
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The most used biomarker to There is a need for reliant
support HCC diagnosis, alpha- biomarkers to diagnose and

People with hereditary
hemochromatosis have a faulty

The mycotoxin aflatoxin is the
most potent hepatocarcinogen. It

Inefficient workflows in radiation

Patients requiring a liver
therapy (RT) department and lack

transplant have to wait for a long

rererences) iron metabolism (iron overload) often contaminates crops fetoprotein (AFP), has insufficient surveille Lliver cancer - of support tool's for radiation duration due to shortage of donor
* and are at a higher risk for liver harvested and eaten in sensitivity and specificity. Nearly especially in  resource-poor :n::olqu p:f)fetssmnu!s.canR;aus: Livers.
H cancer. developing countries of the 40% of all HCC are AFP- countries with limited diagnostic elay in patients receiving RT an
The. prodlfcts and feql:ures men.l:loned may nol:. .be btronies o tropiea negative options. might also  offect patient
available in all countries and their future availability \ J \ < \ / \ / e J \ J
cannot be guaranteed. Some products mentioned are
planned and under development. \L J/ l l
9ELF test (SHS): In the U.S., the ELF Test is indicated as a prognostic marker SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION SOLUTION
in conjunction with other laboratory findings and clinical assessments in Automation Process innouation Process innovation Clinical innovation Clinical innouation Clinical innovation Digitalization Process innovation

patients with advanced fibrosis (F3 or F4) due to non-alcoholic

steatohepatitis (NASH) to assess the likelihood of progression to cirrhosis

and liver-related clinical events. It is not intended for the diagnosis of

NASH or for the staging of fibrosis, for serial monitoring of disease

progression or the effect of any therapeutic product, for assessing

progression to hepatocellular carcinoma, or for assessing disease

progression in individuals with viral hepatitis. Product availability varies

by country and future availability cannot be guaranteed.

bLiverLab (SHS): The product may not be commercially available in all

countries. Due to regulatory reasons its future availability cannot be

guaranteed.

‘Compressed Sensing GRASP-VIBE for MAGNETOM Lumina (SHS) is still

under development and not commercially available yet. Its future

availability cannot be ensured.

dNoona (Varian): Specifications and prerequisites are subject to change

without notice. Noona is not available in all markets.

Digital twin (SHS): The functionality described herein is solely futuristic

and not current product/functionality. Its future availability cannot be Sources: - . ' o - ' _

guaranteed. Ghidren 5 Dag, M. (2018, iy 20y Smart PPE and Wearabie 7echnolgy. asardex. Reticued Gckober 10, 2022, fom sl o huzardexanten et/ artice 159565 mart PPE-d-wearople echnologuasp 6 World Hiealth Organisaton. (.. Hepatiis B socsination and prevention of o
Wanigatunga, A. A., Corbett, D. B., ... & Ranka, S. (2019). A smartwatch-based framework for real-time and online assessment and mobility monitoring. Journal of biomedical informatics, 89, 29-40. https://doi.org/10.1016/j.jbi.2018.11.003

disease/elf-test 14. Siemens Healthcare GmbH. (n.d.). ACUSON Sequoia Ultr d System. Si Healthineers. Retrieved October 10, 2022, from https://www.siemens-healthineers.com/ultrasound/new-era-ultrasound/acuson-sequoia
Marco, V., Dino, 0., Sanfilippo, A., Tutone, M., Milesi, M., Di Marco, L., Picchio, C. A,, Craxi, A., Lazarus, J. V., & Immigrant Take Care Advocacy (ITaCA) team (2022). Effectiveness of a screening program for HBV, HCV, and HIV infections in African migrants to Sicily. Digestive and liver disease : official journal of the Italian Society of Gastroenterology and the Italian Association for the Study of the Liver, 54(6), 800-804. https://doi.org/10.1016/j.dld.2021.08.024
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To monitor early stages of liver
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is an upgrade to conventional
MRI imaging that uses voxel-
and image-based algorithm to
non-invasively identify fatty
liver and iron overload.?’

E’ AFP L-3% test * Organ donation initiatives

Extracellular vesicles
(nanoparticles released by
normal and tumor cells,
enclosed by Llipid bilayer
membranes), are promising
circulating biomarkers for
early liver cancer detection.
A recent study using an EV
assay identified HCC with a
90% sensitivity.3¢
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