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ORAL CANCER

FACTS AND FIGURES

SYMPTOMS INCLUDE"
NON-HEALING MOUTH ULCER

LOOSE TEETH

DIFFICULT OR PAINFUL SWALLOWING
LUMP IN THE NECK

WHITE OR RED PATCHES ON THE MOUTH
CHANGES IN SPEECH

BLEEDING OR NUMBNESS IN THE MOUTH
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common cancer
in the world?

Global incidence of
lip & oral cavity cancer
4 per 100,000 people®

~\

Men are more rHighlu frequentin
than twice as South Central Asia and
likely as women Melanesia, reflecting
to be affected the popularity of betel
with oral cancer? _.nut chewing® )
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* HIV infection

* Betel nut chewing?
* Tobacco use

* Alcohol use

* Poor oral hygiene

| Cumdisease ~54,000 new cases &
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11,230 deaths ./il " Inthe UK, 90% with
\  estimated from an early diagnosis
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Gral cancer rates
increase

Most diagnosed
at age
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oropharyngeal cancerin  (&° survive, with a Late
the US in 2022¢ '

diagnosis just 50%°

Lip & oral cauii:g

cancer®
Estimated age-standardized

mortality rate
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was updated on 08.09.2022. 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).
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An extensive research-based analysis
from 40+ scientific articles and
journals in combination with hospital
workflow experience allowed the
identification of pain points and
solutions.

These solutions were proposed based
on Al, IoMT, AR/VR, biosensors,
nanorobotics and smart wearable
technologies.

THROUGH THIS CAREPLAN WE
HIGHLIGHT DATA FROM
A COLLECTION OF

42

painpoints

connected to
different stakeholders

Solution categories

Existing in healthcare
sector

Ongoing research in
healthcare

Futuristic solution
(may or may not be
implemented)

Disclaimer:

This  publication on the oral
pathway framework was updated
on 08.09.2022. 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 Ffuture
availability cannot be guaranteed. Some products
mentioned are planned and under development.

cancer

9Digital twin (SHS): The functionality described herein is
solely futuristic and not current product/functionality. Its
future availability cannot be guaranteed.
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Scenario: Pregnant woman in a doctor’s office

€©) PREVENTION

Scenario: At the tram station
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Pregnant woman Family OB/GYN Patient Family
Receives care services from Takes care of the pregnant Tracks and observes mother’s Patient follows unhealthy Supports and encourages the
providers. woman and needs special and fetus’ health. lifestyle by consuming patient to follow a healthy
education to ensure the safety alcohol and routine smoking. lifestyle by avoiding risk
of mother and fetus. factors like alcohol and
smoking.

A
il

General practitioner
Performs regular check-
ups and advises the patient
to lead a healthy lifestyle.

\/
Genetic counselor
Assesses individual or family

risk for different inherited
conditions.

s
O
Dentist

Checks patient’s oral and
dental health at each visit.

Ministry of Health
Formulates and legislates
health policies as well as
strategies for health
facilities.

Nutrition expert
Provides guidance on diet
and daily health routine
according to the needs of
the patient.
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Pregnant woman has a familiy member who is affected by oral
cancer and is sharing her concerns with her OB/GYN.

Patient is following an unhealthy Llifestyle and smokes 30
cigarettes per day.
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Consumption of tobacco in the
form of smoking or using oral
tobacoo products is one of the

The use of alcohol has been linked
to four types of oral cancer. Even
as little as one drink per day can

Having a family history of oral
cancer is a risk factor, as some
gene mutations (linked to cancers

ORAL CANCER

Experiences minor or no

of the mouth and throat) can be

strongest risk factors for oral

increase the relative risk of oral

passed down from parent to cancer.’ cancer development.’
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* Health card ENanopore genetic testing EWearable body motion *Alcohol consumption
detector monitoring and sobriety apps

Mothers who are not aware
of their family history can

A common data source that
stores all clinical history of

Body motion data is used
to detect smoking motions

Phone applications that use
tools to avoid cravings,

the patient along with the test their genetic make up to by Llooking for highly offer 24/7 support groups,
history of diseases that identify if the child is at risk specific movement give information about the
preuail in the family can be for oral cancer.* patterns; the wuser is days and hours without

created. Technologies like
artificial intelligence and
processes like deep learning

notified and asked to stop
smoking. Also, cognitive
behavior therapy is

alcohol consumption and
calculate the money saved
on alcohol, thus motivating

can use this data to assess applied to create the patient to stop alcohol
the risk of disease personalized consumption.?
occurrence. 23 interventions.®
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Human Papilloma Virus (HPV) is a
major cause of oropharyngeal
cancer. There is a Llack of
awareness regarding the dangers
of HPV infection and the
importance of wvaccination for

In many countries where chewing
betel quid is common, people are
not aware of its implications and
associated risk for oral cancer.®

\ y \women and men.! )
SOLUTION SOLUTION
Process innovation Digitalization
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* Educational

awareness program

* Digital technologies for
vaccination campaign awareness

To reduce the incidence of oral
cancer in countries where
chewing of betel quid is very
common, it is important to raise
awareness of the risks very
early and to educate school
children and the community
through special teaching and
interactive programs.*°

Use of educational videos via social
media to promote immunisation
campaigns. E-mail and text-based
reminder systems and smartphone
applications can be applied to keep
track of the past and upcoming
vaccinations.'?
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© SYMPTOMS

Scenario: Patient resting at home
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Patient

symptoms. ensure proper care of the general medical problems,
patient. guides in symptom
identification and refers to
specialistif necessary.
@ @
w, w,
Dentist Oncologist
Examines the patient Identifies whether the

Family
Patient's caregivers who

presenting with symptoms.

General practitioner
Provides care related to

symptoms experienced by
the patient are related to

oral cancer or not.

Patient is resting at home and he doesn‘t realise that the Lesion he
noticed in his mouth could be a malignant one.
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Patients frequently struggle to
visualize the changes (e.g., ulcers)
occurring inside their mouths.

\

SOLUTION
Clinical innouation

*Smart toothbrush

Toothbrush with exchangeable
attachments, integrated with
image capturing technology
that continuously monitors
oral health and sends alerts if
some abnormality is noticed.’s
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E Smartphone-based images

With  basic  symptoms  Llike
toothaches, patients tend to avoid
check-ups due to lack of awareness
or the effort needed to visit a
dentist. This can be detrimental to

using deep learning

Taking photos of the lesion
by smart phone camera and
using diagnostic software
(deep learning) to categorize
the type of Lesion and detect
if it is cancerous (nodular
lesion protruding from the
mucosal surface or a deep
ulcer with a rough surface,
both with unclear
boundaries).1¢
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Receives diagnostic
services from providers.

Pathologist

Interprets the
histopathology results.

O DIAGNOSIS

Scenario: Patient at the doctor’s office
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Patient

e
3 <

Family

Patient’s caregivers who
bring patient in for

diagnosis.

Radiologist
Interprets medical images
like X-ray, CT and PET scan.

Performs

cancer.

Patient visits an ENT specialist, who takes a biopsy and refers
the patient to an oncologist if oral cancer is diagnosed.

1
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cancer.

It is not easy to get a good view of
the mouth and
required to determine if a lesion
looks suspicious for malignancy or
not during the early stages of oral

experience is
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*Digital X-ray camera

Using a small radiographic
camera that is only slightly
larger than a pen, to
efficiently capture images of
each tooth, enabling the
doctor to instantly detect
abnormalities in teeth, gums,
enamel as well as tumorous
masses, cavities and hidden
dental  structures. This
method provides more
reliable imaging results.?2
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Certain symptoms of oral cancer
are often unspecific and occur in
late stages, like changes in
speech, feeling of a lump in the
neck, loss of teeth and difficulty

PAINPOINT

oral health and symptoms for oral swallowing.

\cancer can get overlooked. y \_ y
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*AI based image

recognition systems

Al equipped image
recognition device to
analyze the condition of
teeth and recognize
abnormalities in the oral
cavity at home, giving a
user alert, along with an
option to send the images
to the dentist for further
interpretation.17.18.19

ML based disease
prediction

Patient data including genetic
information, symptoms, lab
tests, and various other
diagnostic data can be given
as an input to a machine
learning model which would
then predict the disease status
by comparing the dataset of
previously affected patients,
thus  aiding in  early
diagnosis.2°
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Standard methods to detect oral
cancer are either not reliable or
too invasive. An early diagnosis of
oral cancer is crucial for the
patient’s survival and  better
outcome.

SOLUTION
Clinical innovation

EBiomarkers

The identification of biomarkers
in biological fluids especially
saliva, with particular
attention to circulating tumor
DNA, extracellular vesicles, and
microRNAs can increase the
potential of early diagnoses.
The sampling is noninvasive
and is easy to collect.?526
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Fluorescence-based
detection system

The use of a visually
enhanced lesion scope
system that provides an
easy-to-use  adjunctive
mucosal examination
system to the oral health
care professionals for
early detection of
abnormal tissue.23:24
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In rural areas, often there is a Lack
of trained pathologist. Detection
of oral cancer using brush
cytology needs an experienced
specialist.
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Smart point of care
tele-cytology device

Automated digitalized analysis
of cytology slides through a
portable tele-cytology platform
using machine learning. This
device can provide accurate,
remote diagnosis for areas with
no access to pathology
services.?”

ENT specialist

examination and diagnoses
the stage of cancer.

Medical device companies

Manufacture and develop
diagnostic devices for oral

Disease pathway analysis with painpoints and solution examples

© TREATMENT

Scenario: Patient at the hospital

STAKEHOLDERS

Patient Family Oncologist
Receives treatment from Ensures and supports patient  Specialist of the disease. The
providers. to follow correct treatment oncologist takes

Medical device companies Pharmacy Insurance company
Manufacture and develop Provides medicine for the Helps patient to pay for
devices for treating oral treatment. treatment.

cancer.

&

instructions.

responsibility for treatment
(surgical and/or medical

and/or radiation therapy).
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Patient has been diagnosed with oral cancer and is admitted to
the hospital for surgical treatment.
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During surgery for oral cancer,
healthy tissue and important
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Transoral Laser Microsurgery is aj
minimal invasive procedure in early-
functional structures are removed stage oral cancer treatment.

( REHABILITATION

Scenario: Patient in the living room
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Patient
Receives rehabilitation
services from providers.

A
Ml

Ministry of Health

Formulates and legislates
health policies as well as
strategies for health
facilities.

Supports and encourages the
patient to follow

Oncologist

Monitors the effectiveness of
treatment or progress of the
rehabilitation plan. disease.

Rehabilitation therapist
Helps the patient to recover
by engaging himina
personalized rehab plan.

Patient has severe problems with mastication, swallowing and
speaking after surgery. He is doing exercises under the guidance

of a rehabilitation therapist.
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due to the obligate safety distance However, incisions or ablations
to the identified border of the can‘t be performed on Llocations
tumor resulting in big wounds in beyond the visible field as the laser|

When oral cancer invades the jaw-
bone, parts of it must be removed,
along with the teeth. After
reconstruction, patients have a long
waiting time to get dental implants
because the surgery changes the

meals and has a built-in visit regularly to the health classification of histological heterogeneity and margins
feature that one can use to centers.2! features of biopsies for fast and using optical coherence
scan  products in the consistent oral cancer tomography can be used as an
supermarket and get diagnosis.2® alternative method.?*3°
nutritional information. *
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Dietary habits including a pro-
inflammatory diet
intake of red meat and iron have
been linked to the development of
oral cancer.?
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* Food diary app

Smartphone application that
allow the patients to monitor
the food they eat daily, plan

cs (Basel, Switzerland), 9(1), 23. https://doi.org/10.3390/diagnostics9010023
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Restrictions caused due to
pandemics and the constant fear
of getting affected with COVID-19
hinders the chances of patients
visiting doctors/dentists even if
they show some symptoms of oral

Guncer. )
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*Tele-consultation

Telemedicine and online
video consultation for
patients who are unable to

( PAINPOINT )

It is difficult for pathologists to
distinguish between malignant
lesions and precancerous ones. So,
making the correct diagnosis
depends a lot on their expertise
and there can be differences in

\interpretations of a biopsy. Yy
SOLUTION SOLUTION
Digitalization Digitalization
o o
Computer-aided EAI based imaging
diagnostic tool algorithm

Using deep learning

for automated computer-aided
quantitative  analysis and

algorithm Combined

imaging and Al
approaches such as algorithm-
guided detection of oral lesion

al-cancer-

\the mouth or in the neck. y Eeuice can‘t move around the corner )
SOLUTION SOLUTION
Sensing Process innovation & Automation

*Optical fibers with

biosensors

The surgeon detects affected cells of TORS
the patient by a fiber-optic spherical
tip biosensor to enable picomolar-
level detection of CD44 proteins of
the cancerous tissue during the
surgery to remove all tumor cells

with minimum possible
error.313233

area and
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provides
advantages compared to
traditional method. It offers a
3D perspective
that helps navigating otherwise
inaccessible regions.3*

high-resolution

(TORS)

After the tumor has been removed,
a reconstructive surgery is often
required. This procedure is very
complex and relies on the
expertise of the surgeon.

\ y,
SOLUTION SOLUTION
Clinical innovation Digitalization
[e]

*Preoperatiue 3D planning

Creation of 3D computer models
for optimized reconstruction
based on CT or MRI scans.

Surgeons can precisely

the surgery. These models can
also be 3D printed and used

applied for
maxillofacial
preplan during surgery or as a training
tool for surgeons. It has the
potential to improve the quality

*Virtual and augmented

reality

This imaging innovation can be
preplanning of
procedures,

during surgery as a road map of patient care.?®
which increases the accuracy
and leads to a better outcome
for the patient.**
g PAINPOINT |

Due to the Lack of early symptoms,
oral cancer is often diagnosed in
advanced stages, where standard
therapy methods like
chemotherapy and radiation
therapg are not efficient enough.

b

SOLUTION

Clinical innovation

*Targeted drug therapy

Targeted drug therapy can be
used to treat oropharyngeal
cancers by destroying cancer
cells or slowing their growth, in
combination with chemotherapy
or radiation therapy, or if the works
cancer has stopped responding
to these two methods.3"38

7. Lancet report ties alcohol use to oral cancer - even moderate consumption is not without risk. FDI World Dental Federation. (2018, November 10). Retrieved September 5, 2022, from https://www.fdiworlddental.org/lancet-report-ties-alcohol-us
11. Sathish, N., Wang, X., & Yuan, Y. (2014). Human papillomavirus (HPV)-associated oral cancers and treatment strategies. Journal of dental research, 93(7_suppl), 295-36S. https://doi.org/10.1177%2F0022034514527969
15. Zhang, M. (2016, June 4). The $400 Prophix toothbrush is also a 10mp camera for your mouth. PetaPixel. Retrieved September 5, 2022, from https://petapixel.com/2016/06/04/400-prophix-toothbrush-also-10mp-camera-mouth/
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41. Petrovic, 1., Rosen, E. B., Matros, E., Huryn, J. M., & Shah, J. P. (2018). Oral rehabilitation of the cancer patient: A formidable challenge. Journal of surgical oncology, 117(8), 1729-1735. https://doi.org/10.1002/js0.25075
44. Halpern, B. M., Feng, S., van Son, R, van den Brekel, M., & Scharenborg, 0. (2022). Low-resource automatic speech recognition and error analyses of oral cancer speech. Speech Communication. https://doi.org/10.1016/j.specom.2022.04.006
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Clinical innovation

Ecene therapy

To improve

*Transoral Robotic Surgery

significant
the

Oral cancer is associated with genetic
the
therapeutic response and survival
rates, gene therapy can be applied to
replace the defective gene by one that
therapeutically
introducing tumor suppressor genes
that inactivate carcinogenic cells.3%40

through

Surgical treatment of advanced
tumors can affect the ability to
produce clear speech and

therefore impair the quality of
Life.

\bone anatomy extensively.“ y
SOLUTION
Process innouvation

Digital reconstructive
technique

Preoperative  digital planning
around immediate dental implant
installation using 3D models
maximizes dental implant survival
and reduces time to dental
allowing
osseointegration to occur during

rehabilitation by

routine healing phase.*243
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Quality of Llife of oral cancer
patients is significantly reduced
after surgery. Many patients
experience psychological
problems and their need for
nursing care and health

\information increase. -/
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EMobile health app

An application that can
provide medical information,
improve patient self-
management skills and reduce
psychological care needs for
postoperative oral cancer
patients.*s
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EAutomatic speech
recognition system

Training of a deep neural
network acoustic model for the
automatic recognition of speech
using hybrid approaches, which
consider the limited amount of
oral cancer speech data.**
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Scenario: Patient at the doctor’s office
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Patient Family Oncologist
Continues routine Supports and reminds patient Follows up with patient
follow-up visits with for routine follow-up. to ensure effective
care provider. recovery and monitors for
cancer recurrence.

Radiologist
Evaluates images in order
to detect possible
recurrences.

After successful treatment and rehabilitation, the patient is
included in a follow-up program, where the oncologist routinely
monitors treatment side-effects and checks for disease
recurrence.

1) 2/
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There is a need for patient
education on the Llong-term

Patients have to go to the clinic
for regular check-ups which could

treatment, especially regardin

consequences of the disease and be tiring.

9

Preventive exercises are important
to reduce the risk for Llockjaw
development and help with
swallowing problems after oral
cancer treatment. However, some
patients are not motivated enough

\to visit rehabilitation facilities.*¢ )

SOLUTION
Digitalization

(R

Ofor o
(SRR N

*Online rehabilitation
assistant

Exercises can be performed at
home via video call with a
rehabilitation therapist, who
can motivate the patient and
give instructions.

Digitalization & Clinical innovation

treatment-related side effects and
psychosocial concerns.
J \ J
SOLUTION SOLUTION
Digitalization Digitalization
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le1 101
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EWeb-based self-management 9AI algorithms

tool

This tool can help oral cancer
survivors to monitor their post-
treatment symptoms, get
individual feedback and options
for supportive care. In patients
with specific characteristics like
low self-efficacy, higher
personal control and health
literacy, this tool can be
effective in reducing symptoms
and improving quality of life.“®

A digital platform in the form of
a questionnaire sent to the
patient each week. According to
the responses, Al system warns
the care teams if it detects a
relapse or complications.
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PAINPOINT A

A PET/CT is the modality of choice
for evaluating cancer residue or
monitoring recurrence. Howeuver,
altered anatomy post-surgery
and presence of dental implants
causing artifacts, can make it
\hard to detect disease. Yy

Chances of recurrence are high in
oral cancer.
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EOrgan digital twin ° FlowMotion technology with

iterative metal artifact
reduction (iMAR)
organ specific digital twin FlowMotion technology
models can be created with provides enhanced imaging

data obtained during diagnosis through customizable imaging
and treatment to understand of specific body parts. iMAR

the spread patterns of the corrects beam hardening
cancer and patient prognosis. artifacts caused by dental
This can be further used to hardware, allowing the

predict recurrence even before
the patient shows symptoms.*®

detection of disease that
otherwise might have been
overlooked.°

( PAINPOINT )

In many countries, restorative
treatment after oral cancer
surgery and dental check-ups
aren‘t free, cost a lot of money
and put a huge financial burden
on the patient.
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9 Change of health policies

The Ministry of Health can include a
new policy that allows oral cancer
patients to get free check-ups and
restorative surgeries at a subsidized
rate.*”
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