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Clinical evaluation
of digital therapeutics

1. Evaluation of clinical benefit

Since software delivering digital therapeutics (DTx) is classified as
a medical device, in Europe it must comply with Regulation (EU)
2017/745.

An important difference between the obsolescent Medical Device
Directive (MDD) and the Medical Device Regulation, which came ful-
ly into effect in May 2021, is the detailed requirement for evaluation of
performance and clinical benefit data. Evaluation of the software’s effi-
cacy must be based on clinical data and clinical evidence. This means
that it is no longer enough to demonstrate that the software works:
there must also be documentation of statistically significant efficacy in
providing the clinical benefit for which it was designed. In many cases,
it will not be possible to collect sufficient clinical evidence merely on
the basis of the literature, and adequate clinical investigation will there-
fore be necessary.

Developers can refer to ISO 14155 (“Clinical investigation of medi-
cal devices for human subjects - Good Clinical Practice”), which details
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methods for planning and monitoring of clinical investigation.

Manufacturers and regulatory authorities can also consult MDCG
2020-1 “Guidance on Clinical Evaluation (MDR)/Performance Evalu-
ation (IVDR) of Medical Device Software”, dated March 2020, a source
of detailed indications regarding how to plan the various aspects of
collecting clinical evidence and how to draft reports for regulatory pur-
poses.

The guidance is particularly appropriate when dealing with diagnosis
and monitoring software, whose expected benefit is the availability of ac-
curate information. Regarding clinical evaluation of DTx, we find that the
document provides some useful information but should go into greater
detail regarding specific modalities.

First and foremost, the definition of clinical benefit is confirmed (Arti-
cle 2.53 of MDR) as follows: “[mzeans] the positive impact of a device on the
health of an individual, expressed in terms of a meaningful, measurable, pa-
tient-relevant clinical outcome(s), including outcome(s) related to diagnosis,
or a positive impact on patient management or public health.”

The MDR (Article 2.51) also clarifies the definition of clinical evidence
(“clinical data and clinical evaluation results pertaining to a device of a suffi-
ctent amount and quality to allow a qualified assessment of whether the de-
vice is safe and achieves the intended clinical benefit(s), when used as intended
by the manufacturer”).

Another key concept reiterated in the MDCG 2020-1 guidance is
that of “valid clinical association”, meaning “the extent to which the
(software) output is associated with the targeted physiological state or clinical
condition”. This association must demonstrate a robust connection be-
tween the scientific principles underlying the software’s use and the ex-
pected benefit.

Also important in MDCG 2020-1 is the definition of generalizabil-
ity (“the ability of medical device software - MDSW to extend the intended
performance tested on a specified set of data to the broader intended
population”). The concept of generalizability should be taken into ac-
count whether the intention is to create a database for the software’s
technical and preclinical validation, or to define inclusion and exclu-
sion criteria for clinical investigation - and, more generally, when dis-
cussing implementation of a device outside its clinical investigation set-
ting. In terms of planning, in most cases the clinical development of
DTx includes an exploratory initial phase (pilot studies), followed by
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an investigation phase to produce evidence of efficacy and safety as re-
quired for approval in the specific therapeutic indication (pivotal stud-
ies for CE certification).

The characteristics of pilot studies and pivotal studies for DTx
tend to reflect the pattern typically adopted in investigation of tradi-
tional therapeutic interventions (e.g., pharmacological therapy or be-
havioural therapy); however, the very nature of a DTx intervention
may require revision or adaptation of the standard investigation models,
in particular with regard to choice of endpoints, indicators of efficacy
and control procedures, not ruling out the possibility of creating/vali-
dating outcome indicators (clinical, health technology assessment -
HTA, etc.) specifically suited to these types of product. One of the
main characteristics of DTx is the active participation of the patient/
caregiver in the treatment pathway. Based inter alia on indications
which have given evidence of benefit, the planning of studies to pro-
duce evidence in relation to DTx should therefore give close attention
to selection and motivation of patient/caregiver, with representatives
of both these groups ideally involved from the very outset in definition
of the study project?.,

2. Overview of existing clinical trials

The aim of this section is to provide an overview of studies designed
for development of some medical devices identified as DTx.

To provide a consistent analysis, various aspects have been extrapolat-
ed, such as the presence of gold standard comparators, the population
from which subjects are recruited, the type of intervention and control,
and the definition of primary outcomes.

2.1 Advanced phase products

This section analyses studies that have provided clinical evidence of ef-
ficacy for some products in an advanced phase of development and/or al-
ready on the market.

The following is a list of studies whose results have been used by manu-
facturers to demonstrate the efficacy of the solution under investigation, as
reported by scientific publications in peer-reviewed journals or registra-
tion dossiers on the site clinicaltrials.gov (Table 1).
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Table 1 - Overview of advanced phase trials to demonstrate efficacy of various DTx products
(Updated April 11, 2021)

Product

reSET?

reSET-O*

EndeavorRx
(previously
known as

AKL-TO1)

EndeavorRX
(previously
known as

AKL-T01)¢

EndeavorRx
(previously
known as

AKL-T01)

EndeavorRx
(previously
known as

AKL-T01)®

EndeavorRx
(previously
known as

AKL-T01)°

Experiment ot Confl ition Intervention  Control Liing
evaluated or disease outcomes
Reduced Regluctlon in
candard substance use
:h . (patient-reported
cerapy outcome and urine)
Substance Standard
RCT >07 abuse Therapeutic  therapy
Education Time up to
System (online cessation of
behavioural therapy
therapy)
o Digital CRA | Suboxone
RCT 206 Opicid Abstinence
dependence Suboxone CM
Change in
Attention
Performance
RCT 348 ADHD AKL-TOl  AKL-T09 Index
Change in Test
of Variables of
Attention score
Single arm Change in
SIngie ars 203 ADHD AKL-TO1 / Impairment
interventional :
Rating Scale
Improvement
Cohort study | 80 ADHD AKL-TO01 / of the Atrention
Performance
Index
Improvement of
Cohort study 44 SPD AKL-TO1 / /D EID) e
Improvement
of the Attention
Performance
RCT 19 QISDI?D and  ART.TOI  Digital Control  Index
Improvement
of ADHD
Symptoms
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Noom?™

Clickotine"

Bluestar'2

Diabeo®

Sleepio*

Kaia COPD"

Kaia back pain'®

Propeller
Health"”

ProAir
Digihaler'®
myCOPDY
Omada health®

Happify health?!

ATENTIVmynd?

RCT 202

Single arm 416

interventional

RCT 163
RCT 667
RCT 120

Observational 56

Retrospective 180
RCT 495
RCT 330
RCT 60
RCT 600
RCT 4485
RCT 46

Prediabetes

Smoking
addiction

Type 2 diabetes

Diabetes

Chronic
insomnia

COPD

Chronic back
pain
Asthma

Asthma

COPD

Prediabetes

Depression
and anxiety

ADHD

Noom Coach  Standard

DPP therapy
Mobile
Smoking /
C .

essation
Solution
Coach
Coach-PCP
Portal Standard
Coach-PCP therapy
portal with
decision
support
Diabeo

: Standard
Diabeo + therapy
Telemonitoring
Cognitive Placebo
behavioural Standard
therapy therapy
Digital
pulmonary /
rehabilitation

Application  /

Monitoring o
and feedback Monitoring
Albuterol
<MDPI DS Albuterol
L Standard
Application therapy
Online
diabetes Standard
prevention therapy
programme
Happify Psychoeducation
Feed Forward Standard non-
. pharmacological
Modeling
therapy

Weight change

Number of
participants who
remain active
users

Reduction
of glycated
haemoglobin

Reduction
of glycated
haemoglobin

Sleep efficiency

COPD evaluation
test

Level of pain

Reduction of
beta-agonist use

Improvement in
Asthma Control
Test

CAT

questionnaire

Reduction
of glycated
haemoglobin

Questionnaire

(PHQ-9, GAD-7)

ADHD-RS, CGI
scale, Quotient
ADHD, PERMP,
W-III
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SmartQuit?

Natural Cycles?*

Somryst?

CureApp?

DigCog?

iCanQuit?®

Balance ¥

One Drop App
With an Activity
Tracker *°

Dynamicare’®

Constant
Therapy?

MindScience?

RCT

Prospective

RCT

RCT

RCT

RCT

RCT

RCT

Cohort study

RCT

RCT

2503

16331

303

584

60

2415

244

95

108

36

65

Smoking

Birth control

Chronic
insomnia

Nicotine
dependence

Multiple
sclerosis

Smoking
addiction

Hazardous
or harmful
drinking

Type 1 diabetes

Substance use
disorder

Post-stroke
aphasia

Anxiety
disorders

Smartquit

Natural Cycles

Sleep Healthy
Using the
Internet

CureApp

Tablet Game

iCanQuit
(Mobile

Smoking
Cessation
Solution,

based on
CBT)

Online single
session
screening
procedure +
online multi-
session follow-
up programme
(Balance)

One Drop
App + Activity
Tracker

Smartphone
app

Constant
Therapy

Unwinding
Anxiety
phone app
& standard
therapy

Application
part of standard
therapy

Online patient
education

Control device

Tablet Game 2

QuitGuide
(Mobile
Smoking
Cessations,
based on
National Cancer
Institute)

Online single
session
screening
procedure +
online booklet
about the effects
of alcohol

One Drop

Standard
therapy

Workbooks

Standard
therapy

Abstinence
prevalence of 30
days

Number of
undesired
pregnancies

Insomnia Severity
Index

Continuous
abstinence rate

Change in speed
of execution

Smoking
abstinence

Reduction
in alcohol
consumption

Reduction
of glycated
haemoglobin

Presence at
appointments -
Substance use
- Duration of
treatment

Western Aphasia
Battery Revised

Uunwinding
Anxiety
programme
management -
Penny State Worry
Questionnaire
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NightWare
Therapeutic
System’*

Parallel >

Quit Genius *¢

Perx Health >

Sidekick >

Wellthy

RCT

RCT

RCT

Retrospective
Observational

RCT

One arm
interventional

270

558

556

\»

73

146

102

Post-traumatic
stress syndrome

Irritable Bowel
Syndrome (IBS)

Smoking
Addiction

Pharmacological
treatment

Obesity

Type 2 Diabetes

NightWare
Therapeutic
System

Therapist
telephone
delivered CBT

Web-based
CBT

Smarthpone
delivered
Cognitive
Behavioural
Therapy

Multi-
component
digital
therapeutic

TAU + digital
therapeutics

Lifestyle
coaching app-
delivered

NightWare
Therapeutic
System in Sham
Mode

TAU

Very Brief
Advice along
Ask, Advicse,
Act model

~

Standard
weekly coaching
sessions

/

The table presents the state of the art as at 11 April 2021. RCT = Randomized controlled trial;
TAU = Therapy as usual (Standard therapy); CRA = Community reinforcement approach; CM = Contingency management;

ADHD = Attention deficit hyperactivity disorder; PRO = Patient reported outcome;

Change in
Pittsburgh Sleep
Quality Index

IBS symptom
severity score

Work and Social
Adjustment Scale

Quality-adjusted
life years

7-day point
prevalence,
abstinence at 4
weeks post-quit
date

Adherence
implementation
rate

Change in body
mass index

Change in
glycated
hemoglobin

COPD = Chronic obstructive pulmonary disease; IBS = Irritable bowel syndrome; SPD = Sensory processing dysfunction.

It can be seen that for products in an advanced phase of development,

many have been tested in randomized controlled trials (RCT), with at least
200 patients evaluated. For primary outcomes, items considered include
physiological parameters, patient behaviour, or results of validated ques-
tionnaires. For the control group, there is a preference for therapy as usu-
al or for administration of a digital placebo, to all intents and purposes
“analogous” to the concept of placebo as usually understood in the RCT
setting. By digital placebo is meant a digital solution comparable with the
DTx being tested, in terms of content (the placebo carries all the informa-
tion provided by the DTx, but using static rather than interactive interfac-
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es) or in terms of graphic presentation (it presents the same interfaces and
introduces the same user routine, but without the elements responsible for

clinical benefit).

2.2 Development phase products
There are many examples of DTx currently in the development phase.
The following is a list of these, in both completed and ongoing studies, and
as registered on the site clinicaltrials.gov (Table 2).

Table 2 - Overview of development phase studies to demonstrate efficacy of DTx products

(Updated April 11, 2021)

Product

MyDiPP*

One Drop*

MyMee*

Ibis®

Therapeutic
Education
System-
Native
Version (TES-
NAV)#

Experiment  Participants Confix tion Intervention Control LTy State
or disease outcomes
RCT 200 Prediabetes | MyDiPP fﬁi?f;;d Weight loss  Recruiting
Prediabetes
e Standard Changei
el tandar ange in .
RCT 500 One drop therapy Alc Ongoing
Type 2
diabetes
Brief Pain
Inventory-
Short Form
Lupus ) ) Functional )
RCT 50 erythematosus MyMee No intervention | assessment of = Ongoing
chronic illness
therapy-
fatigue
LupusQOL
RCT 240 COPD This Nt | oS n
intensive care
TES-NAV Standard Number of
RCT 53 Substance use anca weeks of Recruiting
therapy .
abstinence
Standard
therapy
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No name
declared®

Fareweel*

PEAR-004*

NightWare
Therapeutic
System*

NightWare
Therapeutic
System*

NightWare
Therapeutic
System

Luminopia’!

AKL-T03*

EVO
Monitor”

Limbix
Spark*

Continuing
Care”
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Smoking (Trattamento Smoking
RCT 195 addiction A) (Irattamento B) abstinence
Single arm Type 2 Level of
interventional 118 diabetes FareWell / engagement
Change in
Positive and
Negative
RCT 13 Schizophrenia | PEAR-004 | Sham ggﬁmme
Percentage of
dropouts
Post- . NightWare Change in
traumatic N1ght\5(/arf; Therapeutic Pittsburgh
RCT 400 Therapeutic : .
stress Svstem System in Sham | Sleep Quality
syndrome Y Mode Index
Post- . Change in
Single arm traumatic nghtWar§ Pittsburgh
; . 400 Therapeutic |/ .
interventional stress S Sleep Quality
ystem
syndrome Index
Post- . Change in
Single arm traumatic N1ght\5(/are_ Pittsburgh
; . 15 Therapeutic |/ .
interventional stress S Sleep Quality
ystem
syndrome Index
S Visual acuity
interventional 4 Amblyopia | Luminopia |/ E;lgblyoplc
Brief
International
Single arm 21 Multiple Project: / Cognitive
interventional sclerosis EVO Assessment
for Multiple
Sclerosis
Brief
International
Single arm 100 Multiple EVO / Cognitive
interventional Sclerosis Monitor Assessment
for Multiple
Sclerosis
Limbix Change in
RCT 410 Depression Spark Psychoeducation = depression
p symptoms
Substance use | Continuing  Standard Weeks of
RCT 100 .
disorder Care app therapy treatment
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iSage®®

ApricityRx"”

Leva Pelvic
Digital
Health

System’®

Vitadio®

Cognoa®

PEAR-008*

DTx for pain
software®

Gotcha!

iTALKbetter®
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Type 2 iSage
RCT 40 diabetes - App with Standard Change in
Diabetic glucometer | therapy A1C
complications | connected
Use of app
ApricityRx to view
Cohort study | 100 Cancer mobile / Sg;ecoitf;;l
epplicidon data reported
by patients
. Urogenital
Stress-related ]lseiviatﬁelvlc Distress
RCT 350 urinary H & lth Kegel exercises  Inventory
incontinence S et En (UDI-6) -
yste Bladder diary
Insulin
resistance -
Prediabetes  Vitadio Standard Weight
LI = - Type 2 Health therapy change
diabetes -
Obesity
Single arm Autism
: : 30 spectrum Cognoa / Usability
interventional .
disorders
RCT 130 Opioid Digital CRA  reSET-O Patient
dependence engagement
Self-report
of disability,
Oswestry
. Sham - Do
RCT (3 arms) | 100 Chpmc back DTx Standard Disability
pain therap Index -

Y Objective
report of
disability
Change

Dementia or gg:):};asfd byplasd in Gotcha
RCT 34 . rapy therapy without = Outcome
Alzheimer maintenance :
maintenance Measure
o (GOM) time
ITALKbetter Changein
advanced acilflracy ©
(reactive) {TALKbetter ~ Prormance
Stroke/ ina
RCT 34 . app-based | base .
Aphasia L specifically
therapy for  (deterministic) desiencd
ost-stroke esigne
P nomi Word
anotia Retrieval Test
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No Name
Declared®

BioBase®

HERB¢

So-Lo-Mo%

Mindful

Garden®

No Name
Declared™

MIRAT"

Zemedy™

DART?”

JOGO™
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RCT

RCT

RCT

RCT

RCT

Cohort Study

RCT

RCT

RCT

RCT

80

262

146

240

70

100

540

44

50

80

Smoking
addiction

Anxiety

Hypertension

Smoking
addiction

Delirium

Diet
modification

Major
Depressive
Disorder

Irritable
Bowel
Syndrome

Parkinson

Disease

Chronic Low-
back pain

App/ Standard
Training smokl‘ng
cessation app
Mobile
App and Delayed
Wearable intervention
device
Mobile app
+ standard Standard
. lifestyle
lifestyle dificati
modification  TOCHeation
So-Lo-Mo+ | Psychological
Psychological ' advice +
advice + Bupropion pill +
Bupropion pill | Varenicline Pill
Mindful
gj;ji? d+ Standard care
care
Igital
therapeutic
carbohydrate | /
restriction
programme
MIRAI ver A MIRAI ver B
Zemedy +
TAU TAU
?elallgizented Traditional
multimodal mqlqmodal
. training
training
JOGO
Digital
Therapeutics  TAU
EMG
Biofeedback

Change

in Blood

Oxygen Level Completed
Dependent

Signal

State-Trait
Anxiety
Inventory

Completed

Mean change
in 24-hour
systolic blood
pressure

Completed

Smoking
abstinence
rate

Completed

Use of
unscheduled
(PRN)

medication

The
percentage of
eligible patients
who receive
prescriptions
to access the
online TCR

programme

Not yet
recruiting

Recruiting

Montgomery-
Asberg
Depression

Rating Scale

Change in IBS
symptoms
based on the
IBS symptom
severity score

Recruiting

Not yet
recruiting

Gait velocity | Recruiting

Change in

L . Recruitin,
pain intensity g
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3. Characteristics of pilot studies

A pilot study or feasibility study is generally a small-scale study, useful
in testing whether a project is adequate, assessing its feasibility or obtain-
ing information on the basis of which to determine sample size for more
extensive (pivotal) investigation”™.

In the case of medical software, a pilot study can be relevant for:

* demonstration of usability, for the interface or for associated hard-
ware devices (e.g., wearable sensors);

e creation of a training database for artificial intelligence;

e definition, for subsequent studies, of the population to be evaluated
(including sample determination), of key study design features such as re-
cruitment, randomization and blinding modalities, as well as primary aim
and secondary and/or exploratory endpoints;

* demonstration and quantification of the valid clinical association be-
tween outputs delivered by the software and clinical benefit.

Almost all pilot studies are non-randomized and have no control
group. In addition, they do not always include efficacy endpoints, while
they often focus on safety endpoints.

The following is a brief presentation of two illustrative cases, differing
in size and study characteristics.

3.1. Treatment for smoking cessation (Clickotine)

This is an illustrative case of an initial study, conducted on a broad pop-
ulation of more than 400 subjects, to evaluate usability, efficacy and safety
outcomes”.

Clickotine is an app that can be used on a smartphone, designed and
developed to deliver the essential elements of the United States pro-
gramme for smoking cessation (US Clinical Practice Guidelines) - e.g., ad-
vice and encouragement regarding smoking cessation, assessment of the
will to stop smoking, motivational stimuli, support for planning, links with
other interventions (counselling, pharmacological treatment, social sup-
port, dedicated phone line), follow-up.

Results of a single-arm 8-week initial study were published in 2017. The
outcomes measured were the subjects’ engagement (number of times the
app was opened, number of interactions with the programme, active weeks
in the programme), smoking cessation efficacy (7 and 30 non-smoking days
reported by the patient) and safety (adverse events spontaneously reported
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and actively investigated by ques- Figure 1 - Patient disposition for study

tionnaire, after completion of the NCT02656745, on the product Clickotine
8-week programme). Data were

statistically analysed; in addition,
post hoc analyses were carried out,
given the non-normal distribution
of the most predictive variables or
dichotomous outcome variables.
Overall, the study produced en-
couraging engagement data: on av-
erage, each participant opened the
app more than 100 times during
the 8 weeks of the study (mean =
110.6, median = 69); participants
had numerous interactions with
the programme (mean = 214.4,
median = 178) and remained en-
gaged for a mean of 5.3 weeks (me-
dian = 5 weeks). In addition, at the
end of 8 weeks, 45.2% of the in-
tention-to-treat sample reported 7
non-smoking days and 26.2% re-

ported 30 smoke-free days. The
few adverse events reported were consistent with nicotine suspension symp-
toms, while no safety events occurred that were specifically attributable to
the product.

Figure 1shows the study flowchart (see clinzcaltrials.gov: NCT02656745).

3.2. Intervention for anxiety management (Unwinding Anxiety)

This is an illustrative case of a RCT in comparison with habitual therapy,
carried out on a sample of about 60 subjects (a common number in pilot studies),
with evaluation of outcomes both for engagement/acceptability and for efficacy.

Unwinding Anxiety is a behavioural intervention programme, usable
on a smartphone or tablet, to help the patient manage anxiety, including
generalized anxiety disorder, panic attacks and social anxiety. The pro-
gramme includes video lessons, exercises, weekly contact with experts, di-
ary entries (journaling), participation in a community moderated by ex-
perts, and various daily assessments.

Tendenze nuove - Special Issue 4/2021 83



Alice Ravizza, Oriana Ciani, Antonio Ferrari, Sabrina Grigolo, Francesco Perrone, Elisabetta Ravot,
Eugenio Santoro, Federico Sternini

Pilot testing of Unwinding Anxiety comprised a RCT against habitual
therapy alone, in subjects with generalized anxiety disorder, to evaluate
their engagement and the programme’s acceptability, measure its effects in
association with habitual treatment versus habitual treatment alone, and
carry out preliminary evaluation of the mechanism of action. The study in-
volved 65 adult patients (of whom 57 proved eligible for evaluation). In-
clusion criteria included possession of a smartphone and a GAD-7
(General Anxiety Disorder-7) score of 10 or higher.

Primary outcome measures were the number of modules completed
(to evaluate engagement) and changes in Penn State Worry Questionnaire
score (PSWQ). Other outcome measures included use of validated ques-
tionnaires for evaluation of mindfulness, interoception, anxiety level
(GAD-7) and acceptability of the programme for users (Net Promoter
Score - NPS). The investigators intend to use the results of this phase to
design a broader phase 2 study. (See clinicaltrials.gov: NCT03683472).

It is interesting to note that, in an independent study by Australian in-
vestigators, Unwinding Anxiety proved to be one of the only two apps (out
of 348 health and wellness apps assessed) to obtain a score of 4/5 (the
highest score obtained). The study looked at multiple parameters in terms
of the programme’s operation and its potential to modify behaviour”.

In addition, a recent pilot study investigated the effects of Unwinding
Anxiety in a sample of United States doctors with anxiety (n = 34), demon-
strating 48% reduction of anxiety (GAD-7) after 28 modules (1 month),
and 57 % reduction after 3 months (p <0.001 in both cases)".

4. Characteristics of pivotal studies

A pivotal study is study specifically designed to enhance data collected
during development, and thus provide adequate clinical evidence of effi-
cacy and safety for evaluation by a regulatory agency. In all cases in which
evidence in the literature is insufficient for purposes of CE certification,
the manufacturer must carry out a pivotal study.

Generally, proof of efficacy for DTx should come from high-quality
clinical trials, robust and compliant with state-of-the-art methodological
standards for evidence based medicine. A useful reference is the exten-
sion of Consolidated Standards of Reporting Trials (CONSORT) to in-
clude web-based and m-health interventions”®. In addition, it should be
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demonstrated that the study tested the software for all foreseen uses and
user groups, respecting the target population, conditions of use and us-
age environment.

Study design must enable collection of statistically significant evi-
dence, involving sufficiently large samples, whose size must be defined be-
forehand on the basis of a statistical hypothesis. Study design must also en-
able documentation of the device’s possible place in therapy, defining the
appropriate control group accordingly. Since the characteristics of medi-
cal software often make blinded study design very complicated, choice of
endpoints and metrics is essential to a study’s reliability and methodologi-
cal consistency.

Multicentre studies are recommended, particularly for pivotal stud-
ies. In addition to enabling collection of data from a number of hospi-
tals/geographical areas, and thus offering evidence that is more repre-
sentative of the potential target for DT, this approach should also offer
the advantage of reducing the lead time for recruitment - a particularly
important consideration with an eye to the risk of the proposed technology
becoming outdated.

In Europe, valuable information for investigators can be found in the
NICE “Evidence standards for digital health technologies””, issued in
March 2019 by the National Institute for Health and Care Excellence, UK.

Clinical evidence requirements set out by NICE vary according to the
type of intervention the device carries out, according to whether its aim is
preventive or therapeutic. In the latter case, requirements are understand-
ably more stringent.

Software is classified along the lines presented in the NICE guidance,
which places DTx evidence requirements within tier 3, subdivided in turn
into tiers 3a and 3b on the following basis:

e If the software is intended to modify the subject’s behaviour, being
used for preventive behaviour change or to allow self-management of a
diagnosed condition, tier 3a evidence standards apply;

e If the software is used for treatment, being designed to provide or
guide treatment, active monitoring and clinical calculations, or to provide
or guide a diagnosis, tier 3b evidence standards apply.

The standards are cumulative. This means that, while each tier com-
prises specific evidence of effectiveness requirements (see Tables 3 and 4),
it also requires full compliance with the evidence standards of lower tiers.
Thus, tier 3 DTx must also meet the tier 1 and 2 standards.
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Table 3 - NICE evidence for effectiveness standards for tier 3a devices

Category

Demonstrating
effectiveness

Use of
appropriate

behaviour change

techniques
(if relevant)

Minimum evidence standard

High quality observational or quasi-experimental

studies demonstrating relevant outcomes.
These studies should present comparative data.
Comparisons could include:

* relevant outcomes in a control group

e use of historical controls

* routinely collected data.

Relevant outcomes may include:

* behavioural or condition-related user
outcomes such as reduction in smoking or
improvement in condition management

* evidence of positive behaviour change

® user satisfaction.

Be able to show that the techniques used in the
DHT are:

consistent with recognized

* behaviour change theory and recommended
practice (aligned to guidance from NICE

or relevant professional organisations)

* appropriate for the target population.

Best practice standard

High quality intervention study (quasi-
experimental or experimental design)
which incorporates a comparison group,
showing improvements in relevant
outcomes, such as:

e patient-reported outcomes (preferably
using validated tools), including symptom
severity or quality of life

e other clinical measures of disease severity
or disability

¢ healthy behaviours

e physiological measures

® user satisfaction and engagement

e health and social care resource use,

such as admissions or appointments.

The comparator should be a care option
that is reflective of standard care in the
current care pathway, such as a commonly
used active intervention.

Published qualitative or quantitative
evidence showing that the techniques used
in the DHT are:

* based on published and recognized
effective behaviour change techniques

¢ aligned with recommended practice

e appropriate for the target population.

Table 4 - NICE evidence for effectiveness standards for tier 3b devices

Category

Demonstrating
effectiveness

Minimum evidence standard

High quality intervention study (experimental or quasi-
experimental design) showing improvements in relevant

outcomes, such as:
e diagnostic accuracy

e patient-reported outcomes (preferably using validated

tools) including symptom severity or quality of life

® other clinical measures of disease severity or disability

* healthy behaviours
* physiological measures
® user satisfaction and engagement.

The comparator should be a care option that is reflective

of the current care pathway.

Best practice standard

High quality RCT in a setting relevant
to the target country’s health and
social care system, comparing the
DTx with a relevant comparator and
demonstrating consistent benefit,
including in clinical outcomes in the
target population, using validated
condition-specific outcome measures.
Alternatively, a well-conducted meta-
analysis of RCT if there are enough
available studies on the device under
investigation.
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Hence the importance of analysing requirements for prevention de-
vices. The NICE evidence standards include minimum and recom-
mended levels of scientific evidence, the latter being defined as “best
practices”.

It can be seen that studies on products in advanced phase develop-
ment (Table 1) all fall within the tier 3b evidence for effectiveness
standards, while pilot studies can have greater flexibility in design.
Three illustrative cases of pivotal studies on DTx in advanced phase
development are presented below. All three studies showed statistical-
ly significant benefit for DTx (versus the control treatment) in terms of
primary endpoints, in many cases related to clinical efficacy or to pre-
vention of the disease concerned. It should be borne in mind that both
therapeutic and preventive aims are consistent with common defini-
tions of DTx - e.g., that of the Digital Medicine Society/Digital Thera-
peutic Alliance.

4.1. DTx for paediatric attention deficit hyperactivity disorder (ADHD)
(Akili, AKL-TO01)

This is an illustrative case of a pivotal study for DTx used in monothera-
Py, controlled versus active digital intervention.

AKL-TO1 is a digital treatment based on a video game interface, de-
veloped for treatment of paediatric ADHD. The software sends motor
and sensory stimuli, able to reach and activate the prefrontal cortex (the
brain area involved in cognitive functions). Clinical development com-
prised a number of studies, up to completion of a multicentre pivotal
study (20 centres) that was randomized, double-blind and controlled
versus active intervention. The study involved 348 children of 8-12 years
with confirmed diagnosis of ADHD. DTx was used in monotherapy (the
children were not taking pharmacological treatment, or were able to sus-
pend any prior pharmacological treatment), the control intervention be-
ing a different videogame (AKL-T09); the primary endpoint was im-
provement of the Test of Variable Attention Performance Index, measured
basally and then at the end of 4 weeks (therapy about 25 minutes per day,
5 days per week)".

This study is important, as one of the first and most rigorous investi-
gations of DTx in a large prospective RCT, with an approach similar to
that usually used for pharmacological treatment. Figure 2 shows the
study design flowchart (see the site clinicaltrials. gov: NCT02674633).
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Figure 2 - Flowchart of study NCT02674633, to evalutate the effects of the
product AKL-TO1 for treatment of ADHD in children

4.2. DTx for treatment of substance abuse (reSET)

This is an illustrative case of a pivotal study for DTx used in association
with a modified habitual therapy, the control being the habitual therapy alone.

reSet is a digital intervention for treatment of substance abuse. It is a
90-day cognitive behavioural therapy CBT, to be administered as a partial
replacement of habitual therapy (part of which is substituted with reSet),
and is complementary to normal contingency management. This solution
enables integration of a dashboard for doctors and other healthcare oper-
ators, with information on the patients’ use of reSet, substance use (both
as reported by the patient and based on laboratory data), and other infor-
mation provided by patients.

The pivotal, randomized, controlled multicentre study (10 centres) in-
itially involved 1,781 adult subjects, 507 of whom were randomized to re-
ceive only habitual therapy or reSet in combination with a programme of
modified (reduced) habitual therapy. The reSet component could be run
by the participants on computers at the study centre, or managed autono-
mously by them outside the centre. Preset primary outcomes were absti-
nence from heavy drugs or alcohol in the last 4 weeks (self-reported or
based on urine analysis)®.
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The study showed that likelihood of abstinence increased in a statisti-
cally significant manner for subjects using stimulants. In particular, pa-
tients treated with reSet showed a lower dropout rate from treatment than

Figure 3 - Patient disposition in study NCT01104805, on the product reSet
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in the case of habitual treatment (Hazard Ratio = 0.72 [IC 95% CI, 0.57-
0.92], p = 0.010), as well as an increase in the period of abstinence (Odds
Ratio = 1.62 [IC 95%: 1.12-2.35], p = 0.010); the effect was more marked
in patients who, at the time of pre-recruitment screening, tested positive
for substances in a urine sample and/or for alcohol in a breathalyser (n =
228) (Odds Ratio = 2.18 [IC 95%: 1.30-3.68], p = 0.003).

Figure 3 shows the flow chart for study enrolment and design (see clin-
icaltrials.gov: NCT01104805).

4.3. Digital intervention for diabetes prevention (Noom Coach app)

This is an illustrative case of a RCT for a digital coaching programme
with a preventive aim.

Noom Coach app is a virtual coaching intervention delivering a dia-
betes prevention programme through an interactive interface. The app
includes messenger functions between coach and participants, group
messages, support to behavioural changes by setting of daily challenges,
educational articles on DPP, input on food intake and automatic feed-
back on dietary choices. After an extensive pilot phase, a RCT was re-
cently completed with 202 adult participants, the primary aim of which
was to evaluate the efficacy of the mobile platform Noom Coach DPP
by comparison with a habitual medical intervention (participants were
free to seek assistance or medical support during the study, and were al-
so given a hard copy version of the DPP)®. The primary endpoint was
modification of body weight as measured basally, at 6 months and at the
end of the study (total duration, 52 weeks); further objectives included
variations in glycosylated haemoglobin levels, in productivity at work
(by validated questionnaire), and in quality of life (by questionnaire

CDC HRQOL-4).

5. Evaluation of the safety profile

Alongside evaluation of benefit, pivotal studies (or RCT) generally
provide information about possible side effects associated with the (new)
treatment under evaluation. This measure, together with evaluation of
benefits, serves to determine tolerability and thus to evaluate the risk-ben-
efit ratio of the new treatment.

DTx interventions can have undesired effects. While these are generally
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less serious than those caused by traditional drugs, and often more
readily managed, they may be more frequent than in the control arms
of the studies concerned and must, in any case, not be underestimated.

For example, a study that demonstrated the efficacy of DTx for smok-
ing cessation showed side effects in two patients (mood swings, night-
mares), probably associated with the treatment, and, in a few other cases,
fatigue (not associated with the treatment)”.

Recently, in illustrating the benefits of Endeavor (previously known by
the experimental code AKL-T01), a video game-based DTx treatment of
paediatric ADHD that received FDA market approval in June 2020, the
treatment was not associated with any severe adverse events. However, in
9.3% of cases, patients treated showed non-severe adverse events associated
with the treatment, including a sense of frustration, headache, vertigo,
emotional reactions, nausea or aggressiveness®,

Adverse events that can be associated with DTx must in any case
be measured and evaluated. Not in every case, however, are events at-
tributable to the DTx intervention. For example, in a RCT to measure
the efficacy of a DTx intervention in management of diabetes, there
was a low percentage of hypoglycaemic events, hospital admissions and
visits to A&E, the rates being wholly comparable to those in the con-
trol group), and these adverse events were not related to the study
treatment®,

As in the case of traditional therapies, careful evaluation of undesired
effects that can be associated with DTx is possible thanks to post-market-
ing studies (phase IV studies). This makes it possible to obtain informa-
tion on broader and more heterogeneous populations, as well as on long-
term safety.

An equally interesting, and perhaps more important, topic is that of
dropouts - in other words, those who discontinue the DTx before the end
of the trial. In a study to evaluate the efficacy of DTx for treatment of
chronic back pain, there was progressive dropout: after 8 weeks of DTx,
only 32% of the initial study sample were still following the treatment,
while at the end of the study (12 weeks) only 18 % were left.

Close attention to DTx design, greater involvement of patients in the
development phase and closer attention to user feedback, together with
greater user engagement thanks to memoranda, emails, SMS and messag-
es, are aspects that should be focused on with a view to reducing the drop-
out rate as far as possible.
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6. The role of Institutional Review Boards

To favour a system enabling a significant european contribution to the
development of DTx, the IRB must have adequate know-how and specif-
ic guidelines, bearing in mind that investigation of DTx can differ signifi-
cantly from that of a drug or of a traditional medical device (e.g., a joint
prosthesis), which boards will be more familar with.

DTx study design must guarantee protection of sensitive data and al-
low management of the rapid technological evolution to which these sys-
tems are subject.

In this respect, the main critical issues are controlling changes to the
product during the study, and data backups for the study. Given the rapid
evolution of stand-alone medical device software, there is every likelihood
of frequent version updates for the device during the study.

The manufacturer must therefore factor into the study protocol and the
product itself a change control procedure not requiring the approval of an
IRB or other authority. This will cover updates such as bugfixes, modifica-
tions related to usability criteria rather than to clinical aspects, or other chang-
es of a technical nature that the DTx manufacturer is bound to accept as a
matter of course (e.g., updates of an Android iOS platform or health app).

7. Post-marketing surveillance

From the very first issue of a CE certificate, the DTx manufacturer
must plan collection of post-marketing clinical data. By definition, the
studies concerned must be carried out in compliance with indications for
use, in a patient population for which the device is already certified: this
means that the studies cannot be used to test new clinical applications of
the software, the aim being to confirm the risk-benefit ratio and collect in-
formation on large-scale use. In this perspective, post-marketing surveil-
lance studies provide an excellent opportunity to collect important infor-
mation in terms of treatment compliance and user experience.

The MDR encourages use of follow-up study results to provide new infor-
mation with a view to enhancing and updating software. Hence the relevance
of, for example, adequately controlled post-marketing studies to increase the
training database for an artificial intelligence system used in healthcare.

The very nature of DTx enables massive post-marketing data collec-
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tion. Manufacturers should therefore set up systems for real-world clinical
data collection, while obviously respecting patients’ data protection.

An excellent example of this practice is Natural Cycles, a DTx appli-
cation for birth control. Use of this device has enabled data collection in a
number of observational and retrospective clinical studies to evaluate its
efficacy, both in experimental use and in real-world settings®* 8%, In ad-
dition, the data thus obtained have enabled the manufacturer to identify
further indications not strictly linked to demonstration of the device’s effi-
cacy, but related to its use, thus making it possible to share important sci-
entific information®* %,

The manufacturer’s data collection system should also take into ac-
count effects on the patient’s health once the treatment has stopped.

8. Maximum acceptable modifications to DTx not
requiring a completely new start to clinical validation

As already pointed out, by comparison with other forms of drug or
medical devices, a peculiar feature of products like DTx is the possibility
of rapid technological evolution taking place during the clinical validation
phase. This is a particularly sensitive topic, for which clear and well-de-
fined guidelines would be appropriate.

In this respect, attention should be drawn to the interesting proposals
drawn up by Torous et al. in their paper “Towards a consensus around
standards for smartphone apps and digital mental health”®®, Stating that
they “represent leaders in mHealth research, industry and health care sys-
tems from around the globe”, the authors state:

“Changes in technology may mean that app updates need to be re-evalu-
ated for thetr efficacy. Small cosmetic changes, platform changes and aspect
changes do not likely require a retest of an intervention, as long as the ther-
apeutic principle that has been evaluated remains intact. [...] However, sig-
nificant changes, such as adding a new therapeutic principle or substantial
changes to that principle, must demonstrate efficacy through the same evalua-
tion pathways as novel therapeutics.

Our recommendations are:

a. newly adapted therapeutic principles, which should be identified and
defined, must undergo controlled clinical trials to determine their efficacy
and effectiveness;
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b. small changes to an app with an evidence base need not undergo another
clinical trial, but any major change requires a re-evaluation of app effectiveness.”

On the basis of these general principles, it is fundamental to understand
how to distinguish the “significant” or “small” modifications on the basis of
which the product’s effects may or may not have to be re-evaluated.

The manufacturer must first define policies to include a definition of
how any modifications can impact the device, on the basis of a risk analy-
sis. The following is an example readily applicable to DTx:

a. Major modification

® any variation that can potentially have an impact in terms of safety,
efficacy and risk characteristics of the software system - e.g., creation of a
new training database with different clinical indicators;

® any variation in intended use, for example:

use of the system for a different patient population

integration of the system with a module to enable flagging of a clini-
cal emergency

integration of the system with a module to manage interaction with
wearable devices

change to the method of interaction with the patient, introducing vo-
cal interaction

integration of the system with a new, additional parameter that can
be measured to provide input for the algorithm

any change in the main architectural structure, meaning a change to
the organization of modules and software elements that will in turn bring
changes to the data flow for the intended clinical use, or to segmentation
(e.g., transition from a system based on a locally used downloadable app
to a mainly cloud-based system)

any change that could cause incompatibility between the modules or
with the interface systems (database or operating system);

b. Minor modification

e any modification not included in the definition of “major”, such as:

improvement of performance, without modification to intended use
or new input types

update of training or validation database, with data that are compa-
rable in terms of quality and information content to those used in the pre-
vious version;

* modifications of access, logistic or management input, without changing
intended use, such as:
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new means of user identification (e.g., biometrics rather than password)
data input by professional uset’s voice command;

* update of user interface, new icons

e translations

e update of user manual

* modifications or integrations to non-critical software of unknown
provenance (SOUP)

* bots for technical assistance to patients/professional users - e.g., for
password change assistance.

Each modification classified in this way has to be interpreted and ana-
lysed when proposed within a clinical study:

* in the case of a major modification, it should be evaluated in detail,
to identify whether the modification is completely unacceptable or the in-
formation collected with the product in the previous version is still partly
significant;

* minor modifications, which we have seen should be acceptable and
not involve the need for introducing a completely new validation process,
can be communicated to investigators and formalized by updates to the
Investigator’s Brochure; where appropriate, they can also be communicated
to users (e.g., in the event of minor modifications to the interface, in which
case training activities could possibly be indicated with a view to guaran-
teeing that the user is able to continue using the product);

* bugfixes are to be considered acceptable, and should be communi-
cated to investigators and users with automatic notifications (e.g., in-app
notifications).

What is known

* Software delivering digital therapeutics (DTx) consists of medical de-
vices and, in Europe, must therefore comply with Regulation (EU)
2017 745

* The Regulation states that it is necessary to demonstrate clinical ben-
efit, by means of clinical investigation, but it does not provide details
regarding the characteristics of such investigation

* Today, there are examples of approved DTx, while many others are in
the development phase. The level of evidence available, or that is be-
ing generated, varies

¢ Evaluation of clinical benefit for DTx must be based on demonstrable
and statistically significant clinical evidence regarding improvement
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of a specific, measurable health parameter. The novelty and innova-
tiveness of these technologies must not be considered ends in them-
selves, because not everything that is technologically advanced is au-
tomatically useful, efficacious and cost-effective, to the same extent as
(if not more than) traditional methods

* Traditional evidence-based research methods are not always bound to
be perfect or automatically applicable to DTx, but there must be a
clear aim to achieve exhaustive description of the risk-benefit ratio
and to develop a good knowledge of what can be reasonably foreseen
in terms of clinical use.

What is uncertain

* In the absence of precise recommendations in the Regulation, it is not
clear what must be the characteristics of clinical trials to support DTx
certification in Europe

* DTx present peculiar characteristics that raise specific needs to be
addressed during study design, with a view to obtaining exhaustive
characterization of the risk-benefit profile: choice of control, as well as
metrics for outcome measurent in relation to efficacy and safety, must
often be customized on a case-by-case basis.

What we recommend
* More detailed regulations are needed in Europe regarding clinical
investigation of DTx, in order to ensure adequate and uniform
standards of efficacy and safety for DTx medical devices
* To enable developers to collect clear evidence of benefit, and to ena-
ble its correct evaluation by regulatory authorities, the following
recommendations are made:
possibility of expressing clinical benefits through metrics appropri-
ate not only to the intended use, but also to the technology involved
in a controlled study, not only a clinical but also a technical rationale
for choice of control (e.g., in the case of DTx for cognitive behaviour-
al therapy, the control could be a drug or CBT administered in per-
son, in a telemedicine setting or by means of a normal videogame)
in the clinical protocol, possibility of defining the pipeline of possi-
ble foreseen changes to technical, interface and software architec-
ture, defining for each of them an impact policy in relation to the
conduct of the study
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adequate patient enrolment numbers, with a view to demonstrating
the possible advantages of DTx by comparison with the control arm
activation of patient engagement strategies to optimize planning and
conduct of the study (e.g., limiting the possible dropout rate), interal-
ia with a view to enhancing alignment of study aims with fulfilment
of patients’ needs
clinical validation plans, taking into account long-term side-effects
* It is also recommended that clinical trials of DTx can be evaluated
with the involvement of different regulatory authorities - e.g., the Eu-
ropean Medicines Agency for studies comparing DTx with a drug, or
in cases where its intended use is similar or identical to that of a drug.
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