Metropolia

Yajuvinder, Singh

ePROMs in Clinical Oncology: What
Is the Evidence?

Metropolia University of Applied Sciences

Degree: Health Business Management

Master's Degree Programme in Health Business Management
Master’s Thesis

April 2022



Abstract

Author Yajuvinder Singh

Title ePROMs in clinical oncology: What is the evidence?

Number of Pages XX pages + x appendices

Date April 2022

Degree Health Business Management

Degree Programme Master's Degree Programme in Health Business Man-
agement

Instructors Marianne Pitk&jarvi

Abstract

There is no denying fact that digital therapeutics (DTx) such as electronic patient moni-
toring outcome measures (ePROMSs) will play a decisive role in the future of clinics es-
pecially as efficient tools for addressing some unmet needs in the management of
chronic conditions such as cancers. While many conventional pharmacotherapies have
undergone multistage stringent verification and safety measurements well over a sub-
stantial period of time, barriers to the application and adoption of DTx such in clinics
have been dramatically low (Kim, H. S. 2020). One of the major barriers to adoptions of
DTx into clinical practice remains unavailability of adequate data quality and robustness
of clinical evidence.

The aim of the current thesis was to examine the robustness of scientific evidence for
effectiveness and utility of ePROMSs in oncological settings. As per the hierarchy of evi-
dence for the evaluation of health care outcomes randomized control trials (RCTs) are
considered as the gold standard since they not only deliver the highest level of evi-
dence but are also limited in all kinds of study bias and control confounding variables
Therefore to realized our aims we took an approach that focused on studying methodol-
ogy and design integrity of RCTs using several critical appraisal tools such as our modi-
fied Critical Appraisal Skill Programme (MCASP) checklist (primary analysis tool) com-
prising of 23 items that also incorporated items from additional RCT appraisal tools such
Joanna Briggs Institute Critical Appraisal tools for RCT, BMJ pest practice and John
Hopkins RCT appraisal checklist. To check the authenticity of mCASP checklist we also
employed a battery of some other other well-known critical appraisal tools such as modi-
fied Jadad scale (mJadad scale), van Tulden scale and Cochrane Tool Effective Prac-
tice and Organisation of Care (EPOC) Risk of Bias Tool that served as a secondary
analysis tools.

Using specific keywords, we screened about 4751 RCTs on MEDLINE and with our in-
clusion and exclusion criteria we were finally able to narrow down on 7 ePROM RCTs
from the last 10 years.
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Examination of selected RCTs using our primary appraisal tool mCASP checklist
showed that >50% of the studies lacked critical components of a RCT such as allocation
concealment, blinding, true intention to treat (ITT) analysis, similarity at baseline. Pre-
cisely about 70-85% of studies(n=6-7) scored negatively on the items related to blinding
with only a single study recording a score above zero. Similarly scores of true ITT Analy-
sis were negative to zero for about 85% of studies (n=6) and only single study was able
to score maximum points for ITT analysis. Internal validity total scores as per mCASP
checklist showed that more than 50% of studies had total score values below average
score value of 9. Based on grading criteria for mCASP checklist roughly about 60%
(N=4) of studies were graded as Low quality, about 25% (n=2) as medium quality and
only a single study could meet the criteria for a high-quality study.

Although tools for secondary analysis like mJadad Scale and van Tulder scale were not
as elaborative as the mCASP checklist, in scrutinizing the internal validity of the RCTs
we did find a good correlation between different the appraisal tools. Comparative analy-
sis of the four critical appraisal tools categorized n=3 studies as medium-high quality
(with mCASP, mJadad scale and van Tulder scale), n=2 studies were categorized as
low quality (nCASP and mJadad scale). Comparative analysis further revealed a trend
for a low risk of bias with higher quality score for a study

We conclude that majority of the RCTs that were examined had a number of serious
methodological flaws that could compromise the quality of ePROMs RCTs and as such
raise a question mark of the internal and external validity of these studies. Apparently,
the foundation of empirical evidence advocating clinical utility of ePROMs for the man-
agement of cancer patients could be somewhat shaky. Due to lack of high-quality evi-
dence, and because of limited generalizability for a major portion of RCTs we recom-
mend a more in-depth scrutiny for the clinical evidence generated by ePROM RCTs in
oncological settings and excising caution while prescribing these DTx to patients.

Keywords "Electronic patient reported outcome measures”, “ePROM" "Patient
Reported Outcome Measures”, "symptom monitor”, "web-mediated
follow up”
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1 BACKGROUND

The treatment scenario for several diseases including some of the most formidable ones
such as cancers have changed rapidly during the last decade. While targeted therapies,
immune checkpoint inhibitors have already revolutionized how we treat cancer patients,
the emergence of digital therapeutics has ushered in a new horizon that promises to
improve our current standards of cancer treatments and patient management-engage-
ment. One such approach electronic patient reported outcome measures (ePROMSs) has
been implemented to delivering cancer care in form of longitudinal monitoring of thera-
peutic adverse effects, functional status, understanding symptomatic complications and
psychological states, and even generation of real time alters and prediction of disease
prognosis throughout the cancer therapy. Furthermore, more and more ePROs are being
increasingly incorporated into clinical trials, where it is anticipated that they could provide
a better comprehensive outlook of the therapeutic adverse events than conventional

methods.

In current times when healthcare institutions face budget and resource constrains as
well as global challenges like coronavirus disease 2019 (COVID-19) pandemic, digital
health tools like ePROMs seem to offer invaluable tool for optimizing cancer care deliv-
ery by improving patient-healthcare team communication and engagement, increasing
muti-professional interactions and patient empowerment for e.g. by shared decision

making.

Despite these promises the effects of ePROMs on vital primary clinical outcomes in can-
cer care such as survival, quality of Life (QOL)and improvement of symptom distress
remains somewhat ambiguous which should be perceived as a substantial barrier to-
wards integration of these digital tools into routine cancer care practices. As such, as
multiple ePRO systems begun to be widely deployed and accepted at several cancer
care institutions there is need to ascertain that these platforms should be clinically val-
idated, reliable and meaningful especially for clinical parameters that are of vital im-

portance in oncology and cancer patient care.

In the race for optimizing cancer care delivery by digitalization tools especially under
constrains of healthcare resources optimism should not shadow logic, reasoning and

evidence. This warrants examining the evidence robustness for clinical utility of ePROMs
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that could exhort clinicians and cancer healthcare team to take a more balanced ap-

proach when scrutinizing ePROMSs as cancer care and delivery tools.

We first start by summarizing the literature from digital health tool and ePROMs as we
dive deeper into the direction of clinal evidence and robustness for ePROMs in clinical
oncology in the alter part of the thesis.

1.1 Digital health

In today’s world our every aspect of life is becoming digitalized and so are medicine

and patient management.

According to Digital Technology alliance (DTA), the term “digital health” refers to all
technologies that may engage with patients for various health-related purposes. Digital
health encompasses a wide spectrum of products that are used across the wellness
and healthcare industries (Digital Therapeutics Alliance 2018). These array of technolo-

gies (Figure 1) that assist patients through different phases of their healthcare include:

Mobile Health (e.g., Fitness Trackers, Nutrition Apps)

2. Health Information Technology (e.g., Electronic Medical Records Systems,
Electronic Prescribing and Order Entry)

3. Devices, Sensors, and Wearables (e.g., Wearable and Wireless Devices, Bio-
metric Sensors.)

4. Personalized Healthcare (e.g., Patient-Reported Outcomes, Predictive Analyt-
ics, Clinical Decision Support)

5. Telehealth (e.g., Telemedicine, Virtual Visits, Remote Patient Monitoring, Re-
mote Care Programs)

Digital therapeutics (discussed below in detail). Table 1 highlights some examples from

digital therapeutics on the market or that are currently under development.
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The expanding digital
health landscape
includes products
such as:

Personalized
Healthcare
Examples nclude:
Patient reported cutcomes
b . Predictive analytics

(mHealth) Devices, Sensors, Clinical decision
Ermuples ko and Wearables support
Wellness, fitness rackers, Examples include:
and nutrition apps Wearable and wireless devices
Consumer health Biometric sensors

Telehealth

information Information Diagnostic products
Medication Technology (HIT) Examples meclude:

adherence apps
i Examples include- Telemedicine virtual visits

Electronic medical record systems Remote patient monitoring

Electronic prescribing Remote care
and order entry programs

Consumer health
IT applications

Fig. 1 Highlights the wide spectrum of digital health landscape. Adapted from DTA website
(Digital Therapeutics Alliance 2018)

1.2 Digital therapeutics

Extrapolated from the digital health the concept of “digital therapeutics” may have
sounded a bit futuristic a couple of years ago. With the rising levels of digital literacy
and increasing popularity of internet and smartphone use these therapies have begun
to being witnessed as omnipresent. With the current emphasis on personalized medi-
cine and patient centricity it is beyond doubt that such digitalization tools will converge
with medical science and have a decisive impact on the way healthcare be defined and
consumed globally within the next 5 years.

1.3 Definition of Digital therapeutics

The term “digital therapeutics” was first mentioned by Sepah et al. in a peer-reviewed
publication and defined as “evidence-based behavioral treatments delivered online that

can increase accessibility and effectiveness of healthcare.” (Sepah, Jiang et al. 2015).

Furthermore, DTA elaborates “Digital therapeutics (DTx) deliver evidence-based thera-
peutic interventions to patients that are driven by high quality software programs to pre-
vent, manage, or treat a medical disorder or disease. They are used independently or
in concert with medications, devices, or other therapies to optimize patient care and

health outcomes” (Digital Therapeutics Alliance 2018).
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DTA further elaborates that DTX products involve use of advance technology with best
practices relating to design, clinical validation, usability, and data security. DTX prod-
ucts are reviewed cleared/approved by regulatory bodies to supplement product claims
of efficacy, risks and intended use. Furthermore, DTx empower patients, healthcare
providers and payers with smart tools. DTx products incorporate the best advanced
technologies that can address a wide variety of conditions safely and effectively (Digital
Therapeutics Alliance 2018). Digital therapeutics can be distinguished from other co-
existing digital health categories by the fact that they involve mediation of software
based tools to deliver direct therapeutic interventions to patients with a wide range of
functions such as prevention, management, or treatment of a certain medical disorder
or disease (Chung 2019). Fig. XX highlight examples of DTx currently in the market or
under development. DTx can be easily confused with digital medicine or “smart pills”
where a prescription medication is combined with an ingestible sensor to monitor or
communicate patient adherence compliance to mobile and/or web-based applications.
These could be critical in certain conditions where routine adherence may be decisive
factor in deciding the patient outcome for e.g., HIV and neuropsychiatric disorders. A
good example from digital medicine comes from ABILIFY MYCITE® which is a pre-
scription medicine of an aripiprazole tablet with an Ingestible Event Marker (IEM) sen-
sor inside it for treatment of certain neuropsychiatric disorders such as schizophrenia,
bipolar | and major depressive disorder (MDD) (Otsuka America Pharmaceutical 2021)
. Furthermore some DTx interventions can also combine software with hardware such

as external sensors or virtual reality (VR) goggles.

Table 1: Some examples of digital therapeutics in the market or under development. Table
adapted from (Digital Therapeutics Alliance 2018)

Al-based digital diagnostics and personalized therapeutics for pediatric behavioral healthcare

Digital therapeutic used as an adjunct to standard, outpatient treatment for substance use dis-
order (SUD)

Digital therapeutic engaging individuals with Type 2 diabetes, hypertension, and obesity, and
their providers, to improve self-management and outcomes

Combined software and hardware program to improve asthma and COPD control and

optimize healthcare utilization
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1.4 Categories of Digital therapeutics

The DTx products across the industry that aim to serve patients are as diverse as the
diseases itself. The advancement of DTx over the years will further widen the compre-
hensive network of therapy options that could be available for various ailments. As per
DTA, DTx have been classified into 4 categories and each digital therapeutic corre-
sponds to one of four categories based on its intended use and official product claims
(Kaiku Health White Paper 2017). Table 2 highlights the primary purpose of a DTx and
its intended use for a medical condition as to:

Address a medical condition.
Manage or prevent a medical disorder or disease.

Optimize medication.

> wnh e

Treat a medical disease or disorder.

The requirements for each of the 4 categories of DTx product vary according to it pri-
mary purpose which may include : supporting the product claim, clinical evidence gen-
eration, patient access to product, and relationship to concurrent therapies (Digital
Therapeutics Alliance 2018).

Table 2: DTx product categories and their regulatory requirement for each category.
Adapted from DTA website (Digital Therapeutics Alliance 2018).

PRIMARY MANAGE OR
PURPOSE SHUNERE PREVENT A
OF THE —HEL
CONDITION
PRODUCT: 'OR DISEASE
To suppart Third-| i
product claims e of efficacy and safety
of risk, efficacy, di 5 z claims by regulatory
z iscretion (without _

and intended explicit ight) ‘or equivalent
use: a oversigl national body
Product claims No efficacy claims Lu?mm_aﬁ.m
related toa i = risk claims.
medical disorder i {e.g.. redu of
or disease: disorder or disease di =
Clinical evidence i) el 2nd Clinical trats and
generation: ‘generation required ‘generation required
Patient accass Dilect-tu_-c?nsum Over-the-Counter
o : (Prescription not . OR )

product required) Prescription required
Relationship Works independentl Rl
to concurment s i o
therapies: Indirectly supports Directly supports a

pies: another therapy concurent treatment
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1.5 Benefits of DTx

DTx promise highly meaningful benefits across a wide spectrum of stakeholders. As

per DTA the beneficial outcomes of DTx can be broadly targeted across three main

categories of stakeholders: patient & caregivers, healthcare providers and health care

systems and public and private payers (Digital Therapeutics Alliance 2018):

1.5.1 Patient & caregivers

The pros related with the use of DTx for this category of stakeholders include:

Can be personalized based on individual patients’ needs and abilities.

Adress a problem independent of patient’s schedule and environment (i.e., can be
administered from anywhere and anytime without any privacy concerns)

Secure updates on real time status of disease/treatment progression can be ob-
tained.

Since DTx take into consideration patients security and privacy concerns they could
reduce certain stigmas associated with the treatment and management of certain
conditions such as mental disorder, AIDS, venereal diseases, leprosy, and certain
skin diseases.

Eventually empower patients with self-management therapeutic options.

1.5.2 Healthcare providers and health care systems

The pros related of DTx for this category of stakeholders include:

1.

Patient with unmet medical needs or patients with difficult diseases have an in-
creased access to novel treatments.

Facilitate intelligent data-driven patient management (irrespective of time and space)
and more effective clinical decision making.

Patient data is delivered securely into healthcare providers portals and clinical data
warehouses which eventually can not only be utilized for patient’s personalized ther-
apy and management but also to predicts course of disease, relapse and generate
alerts for the healthcare teams using Al.

Improve patient adherence.
Improve patient engagement with healthcare team.

Expand access to therapies from local to global levels.
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1.5.3 Public and private payers

The main benefits under this category include:

1. Provide a great and an unlimited opportunity for treatment of difficult conditions es-
pecially those which have been untreated or undertreated by conventional medica-
tions for e.g., for a large range of physical, behavioural, and mental disorders

2. Increase access of patient population to therapies without the need for corresponding
increase for an equivalent workforce expansion

3. Generation of real-world evidence (RWE) for treatment efficacy may help payers/
insurance companies in making a better or value-based reimbursement decisions.

4. Bring down the overall cost of treatment of medical conditions.

1.6 PROs and PROMs

The fundamental goal of patient visits to the doctor’s clinic is to collect all the relevant
information of patients health, treatment and symptoms. Besides patient visit should
also reflect their psychosocial physical and social functioning status. Current demand-
ing times have strained the healthcare system as witnessed by ever increasing patient
volumes, lack of specialists furthermore a surge of documentation requirements,
stringent privacy requirements, lack of reimbursements and ease of information availa-
ble on the net have greatly burdened the clinicians which eventually threatens the
very nature of the patient-provider relationship (Schwartzberg 2016).

To address these challenges a record of PROs, which are quantitative, validated,
standardized, easily captured, and recorded in the electronic health record, offer a
huge potential. All of the above emphasised patient care parameters are achievable via
variety of electronic systems that have been developed to enhance the interaction be-

tween the patient and their clinical care teams (Schwartzberg 2016).

A patient-reported outcome is defined as a “measurement of the patient’s condition, re-
ported directly by the patient himself/herself without interpretation by a clinician or any
other individual” (World Health Organisation 2022). These measures include qualities
such as pain quality of life or functional status. Such data are usually collected in the
form of standardised questionnaires, so-called Patient-Reported Outcome Measures
(PROMSs), which have been validated in numerous studies (World Health Organisation
2022).
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PROs can be used for longitudinally monitoring of a response to therapies, toler-
ance/side effects to a particular therapy and symptoms resulting from the underlying
disease or treatment. Furthermore, psychological, and functional status of a patient can
also be assessed. Table 3 highlights the examples of current utility of PROs. This
real-time data can complement the clinical data and support the clinical care team in
identifying and tracking disease /symptom progression and incorporating patient-spe-
cific intervention opportunities into routine clinical care (Bennett, Jensen et al. 2012).

Table3. Highlights the examples of current utility of PROs (Locklear 2014, Bennett,
Jensen et al. 2012)

Symptoms (pain, fatigue, nausea etc.)

Physical functioning

Mental health (stress, anxiety, fear)

Adhere to medication/treatment

Health Related Quality of Life

As tools to measure PROs, PROMs are usually validated questionnaires that patients
complete by self-assessing their health status (Weldring, Smith 2013). Williams has
pointed out “PROMSs are tools used to capture a patient's perspective of their own treat-
ments and care.” (Williams 2016). Traditionally, PROMs have been used for clinical tri-
als where they are routinely used for measuring secondary outcomes, audits and for
registries, but with the advancing digital therapeutics they are now becoming part of

routine clinical practice.

A number of disease-specific validated questionnaires have been developed for a wide
variety of conditions including difficult diseases such as cancers. The task of standard-
izing these questionnaires and promoting the global use of health outcomes data is
currently held by International Consortium for Health Outcomes Measurement
(ICHOM)(International Consortium for Health Outcomes Measurement (ICHOM) 2022).

Based on utility PROMs can be categorised into different categories for e.g. generic
(targeting health status and common QOL measures), disease-specific (e.g., cancer) or
condition-specific ( for e.g. related to rehabilitation, mental health and geriatric care)
(Morelle Menezes 2020).
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As emphasized in the definition, PROs represent only patient experiences that is totally
independent of the interpretation by anyone (e.g., family member, caretaker or clinical
care team). It is therefore imperative that the methods used for collecting these data
points via questionnaires must provide an unbiased perspective of the patient’s condi-

tion.

Until couple of years ago PROMs were being collected from the patients via traditional
paper and pen method, however in today’s digital age these have been replaced with
electronically devices such as with tablets, smartphones, PC, laptops, wearable de-
vices, web-based portals etc. replacing the traditional PROMs with ePROMS. ePROMs
can be administered in clinics, with/without clinical supervision, or alternatively remotely
in patients home under unsupervised settings. A growing body of evidence suggests
that data collected with ePROMSs are valid and of comparable quality to paper adminis-
tered PROMs (Gwaltney, Shields et al. 2008, Bliven, Kaufman et al. 2001). Further-
more, ePROMSs are less time consuming, efficient and the data points are more relia-
ble, scalable, and adaptable (Velikova, Wright et al. 1999)

PROMs provide a patient-focused, clinically relevant, and reliable perspective on the
patient journey during a course of a disease or a therapy. From a clinical perspective
there are two ways of utilizing data provided by PROMs.

Firstly, as a part of clinical care following patient treatment and its symptoms. These
prompts following treatment specific symptoms, initiating or changing treatment options
in case of any adverse effects or low drug efficacies, timely intervention by clinical care
team when any red flags are raised that could further prompt additional investigational
appointments and even lowering of hospital visits whenever deemed necessary. Sec-
ondly, as a part of real-world data (RWD) at the population level PROs can be used for
analytical and strategic purposes. For e.g., PROMs can be used by relevant authorities
for health performance management, benchmark patients’ outcomes against other ser-
vices, formulation of policies, comparative effectiveness analysis, and improvement of
quality and safety of healthcare measures. Furthermore these may be used for moni-
toring and identifying gaps in the health care system (Canadian Institute for Health In-
formation 2022, Kaiku Health White Paper 2019).
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1.7 PROMS in Cancers

e-PRO system development and implementation have occurred in a wide range of
“early adopter” cancer clinical care settings, however there are very few scientific stud-

ies that have tried to identify these systems and their features.

A review by Jensen et al. identified systems implemented over the past 12 years and
also evaluated their administration, data collection, and reporting features (Jensen,
Snyder et al. 2014). Jensen et al. identified 33 e-PRO systems vast majority of which
(about 70%) were based in US. About one third of these systems were implemented in
a single academic institutions and majority were used in medical oncology clinics at the
point of care, mostly as web-based systems. The primary focus of these systems was
treatment and follow-up care, for cancer therapies. (Jensen, Snyder et al. 2014). Sev-
eral studies and meta-analyses have also concluded that scores derived from ePROMs
are equivalent to their original paper versions (Campbell, Ali et al. 2015, Gwaltney,
Shields et al. 2008)

1.8 Benefits of ePROMSs

1.8.1 Patient Empowering

It has been well documented that patients with cancer are often reluctant to discuss im-
portant toxicities with healthcare providers for a variety of reasons including beliefs that
such symptoms are simply a part of the cancer experience that must be tolerated (Pat-
rick, Ferketich et al. 2003). Participation by patients in electronic survey might help in
reducing that reluctance (Gwaltney, Shields et al. 2008).

Due to complex nature of cancer and their therapies clinicians may often miss sub-clinical
symptoms or symptoms that may emerge in the later course of treatment. Further-
more, symptoms may also go unreported because of inadequate patient communica-
tion between clinical visits and follow ups. Basch et al. (Basch, Jia et al. 2009) reported
that there were significant differences between the incidence of symptoms reported by
patients vs. clinicians, with symptoms underreported by clinicians compared with
ePROs based on touch screen tablet computer interface. As such ePROs could be a
great opportunity to catch symptoms early enough and improve the patient experience

and potentially avoid downstream complications. Patient monitoring becomes even
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more important with the advent of many new cancer drugs like immunotherapies, that
have a high potential for novel toxicities, possibility of missing unusual but important
adverse effects that not are not familiar to the clinician. In conclusion novel cancer ther-
apies may pose a big challenge for patient management in the absence of poor symp-

tom communication.

1.8.2 Adverse Event Monitoring (AEM) and alarms

One of the most impressive advantages of using ePROMs and their algorithms have
the provisions for PRO-based warning systems during systemic therapies and follow
ups. Here, real time alerts can be generated for the patient care teams when certain
pre-defined thresholds are overwhelmed (Basch, Deal et al. 2016a). These alters can
initiate timely intervention and further treatment steps wherever necessary. Some treat-
ment side effects also known as adverse events can be quite severe and even life
threatening in some circumstances, however careful monitoring and in time early inter-
ventions, can offset most of them. ePROMSs can not only facilitate early detection of
AEs and demonstrate improved safety of the treatment but also facilitate a better QOL.

1.8.3 Early detection and prediction of symptoms

As Al based analytics are gaining moment in the diagnosis and treatment of cancers
these tools can be utilized to capture vast real time data pools for generating value-
based healthcare assets via predictive and prognostic analytics. A recent data showed
that machine learning based algorithms could help identify cancer patients who were
at a high risk of short term mortality of 6 months , suggesting that such predictive mod-
els could have the potential to trigger more timely actions between patients and their
health care teams (Parikh, Manz et al. 2019)

A study by Ilvanainen et al. suggests that machine learning based prediction models
using ePRO and electronic health record as input points could predict the presence
and onset of immune related adverse events (irAEs) with a high accuracy in patients
with advanced cancers receiving immune checkpoint inhibitors (livanainen, Ekstrom et
al. 2021).
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1.8.4 Patient management and follow-up

During the last decade novel cancer therapies have evolved that have already trans-
formed some cancer types from an acute disease to a chronic condition. As the num-
ber of cancer patients continue to rise symptom management has evolved into a key
cornerstone of current healthcare system. Furthermore due to rapid development of
novel therapies and changes in the treatment scenarios the needs of cancer patients
and the evaluation criteria are also changing at such a pace such that now the focus of
current clinical care has been tilting towards the QOL and solutions that prompt a pro-
ductive and functional existence in the long term (Warrington, Absolom et al. 2015).To
serve this purpose, a long-term follow-up of cancer patients is warranted and integra-

tion of ePROMs into clinical practice seems to be the need of the hour.

A web-mediated algorithm-based follow-up on self-reported symptoms for lung cancer
patients improved overall survival due to early relapse detection and better perfor-
mance status at relapse. This study shows that critical parameters like overall survival
in cancer patients could be improved by using a web-mediated follow-up than tradi-
tional scheduled follow-up to the doctor’s clinic. (Denis, Lethrosne et al. 2017) Further-
more follow up studies on cancer patients have suggested that that real-world symptom
data collected through the ePRO application on patients receiving immune checkpoint
inhibitor therapy aligns with the data from clinical trials (livanainen, Alanko et al. 2019),
which supports the fact that ePROMSs could be suitable tools for monitoring side effects

and QOL during and after cancer therapies (Basch, Deal et al. 2016a)

1.9 Improving communication

Current oncology practices warrant that patient care teams monitor effects of cancer
therapies on patients' physical and psychosocial well-being, and also incorporate these
into clinical decision making. As many cancer symptoms may remain underreported in
routine clinical visits and in addition different physicians might differ in their ability to
recognize patient physical or psychosocial information, as such good communication
between health care teams and cancer patients, have been recognized to be central for
the management of cancer patients (Department of Health (UK) 2000). Patients may
have a number of concerns related to the disease and treatment, with electronic tools
like ePROMSs patients can freely ask questions with the healthcare team anytime and

this helps in reducing their anxiety that may promote better treatment outcomes.
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To this end utilization of patients’ health-related quality of life (HRQOL) which is a mul-
tidomain concept that represents the patient's general perception of the effect of iliness
and treatment on physical, psychological, and social aspects of life offers a vast poten-
tial to improve the process of care treatment course. Previous studies including studies
from oncology, have suggested that individual HRQOL reports provide useful infor-
mation to physicians as well as facilitate communication (Rubenstein, McCoy et al.
1995, Taenzer, Bultz et al. 2000, Detmar, Muller et al. 2002). Furthermore, a random-
ized trial on cancer patients involving HRQOL measurement using a touch screen-
based tool for European Organization for Research and Treatment of Cancer-Core
Quality of Life Questionnaire (EORTC QLQ C33) and Hospital Anxiety and Depression
Scale (HADS) reported an impact on patient-physician communication with better
HRQOL and a positive effect on emotional well-being than in the control group. (Ve-
likova, Booth et al. 2004)

1.9.1 Enhanced Patient experience

A good patient experience is associated with better clinical outcomes (Doyle, Lennox et
al. 2013).Patients tend to cope better when patients feel they can affect the outcomes
of treatment (Livneh 2000)

Patient experience starts already before the initiation of care and continues beyond
clinical visits, and throughout the whole recovery process. Patient experience is af-
fected by several factors such as culture, behaviour of people of the organization and
even by the patient's perceptions and expectations (Howell, Molloy et al. 2015). As part
of patient centricity ePROMS increases awareness of patients’ functioning and wellbe-
ing and facilitates shared medical decision-making by enhancing patient participation in

the treatment course (Wintner, Sztankay et al. 2016, Velikova, Booth et al. 2004).

Digital Health tools like ePROMSs allows cancer patients to remain connected with their
health care team, get updates on the status of their health, receive educational materi-
als and tailored self-care instructions for disease management, and irrespective of
physical location have a day-night access to customized care information while remain-
ing connected with their near and dear ones and cancer communities. It is thus easy
to conceive why such tools may result in a better patient satisfaction and experience

that has a positive effect on disease/treatment outcome.
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1.9.2 Efficient utilization of healthcare resources and Cost Effectivity:

Since patients can be monitored remotely with ePROMs and hospital appointments
made as per need, the use of ePROMSs in the routine clinics could offer a more efficient
utilisation of limited healthcare resources especially for several chronic conditions. For
e.g., a generic ePROM system, from Nordics Ambuflex, is being used routinely to man-
age and facilitate clinical decision making for patients across nine chronic conditions
such as different cancer types, epilepsy, sleep apnoea, asthma etc. Interestingly it
demonstrated a decrease of 48% and 57% in hospital follow-up visits for epilepsy and
sleep apnoea groups respectively (Schougaard, Larsen et al. 2016). Further study by
Bash et al. that used STAR ePROM system has also reported benefits related to
healthcare resource utilisation where patients in the STAR arm had significantly fewer
emergency department (ED) visits compared with those who received routine care
(34% versus 41%).(Basch, Deal et al. 2016a). Further ePROMs may also help in bring-
ing down reimbursement cost related to patient transportation and need to destroy

chemotherapy drugs due to better patient adherence (Aiyegbusi, Nair et al. 2021).

Human resource costs which included time spent by an employee preparing, receiving,
and handling data, were compared between web-based and paper-based question-
naires. The mean human resource cost for the web version was 9.5 minutes versus 24
minutes for the paper version (Engan, Hilmarsen et al. 2016). In a cohort study of
500,00 subjects the total financial costs for paper-based questionnaire were
€4,965,833 (€9.94/subject) when compared to the development of a web-based tool
that estimated to cost just 3% of the amount of the paper version (only €150,000
(€0.3/subject) (Touvier, Méjean et al. 2010). Further in chemotherapy patients moni-
tored with a tablet based ePRO (intervention arm) were less frequently admitted to the
emergency room (34% v 41%) or hospitalized (45% v 49%) when compared to non-in-
tervention arm that received usual care consisting of symptom monitoring at the dis-

cretion of clinicians (Basch, Deal et al. 2016a).

These results suggest that not only are the developmental costs of digital tools like
ePROMs less expensive, but they could also offer long term cost effectivity for institu-

tional health budgets.
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1.9.3 Improved data quality

Several studies have indicated that electronic methods are associated with less miss-
ing data and data error mistakes in the form of missing, inconsistent, or abnormal val-
ues could even be minimized to even zero with electronic methods (Meirte, Hellemans
et al. 2020)

1.9.4 Adherence and Compliance

Studies have suggested that the use of ePROMSs in routine clinical practice is both ac-
ceptable and feasible and patients have reported better satisfaction with preferential
attitude towards ePROMSs (Dumais, Dias et al. 2019, Schick-Makaroff, Molzahn 2014).
On the other hand there is somewhat conflicting evidence as to if electronic data col-
lection tools like ePROs improved patient adherence and compliance (Meirte, Hel-
lemans et al. 2020). Studies have indicated that although adherence to ePROM de-
clines over time (Andikyan, Rezk et al. 2012) however the opportunity to send time
bound automated reminders for example with email or notification may improve patient
response rates and compliance.(Andikyan, Rezk et al. 2012, Kongsved, Basnov et al.
2007).

1.9.5 Reduced risk of disease transmission during disease outbreaks

It has been suggested that the incidence of severe acute respiratory syndrome corona-
virus-2 (SARS-CoV-2) transmission in patients with cancer could be greater than in the
general population (Yu, Ouyang et al. 2020). Reports from China suggest that cancer

patients have a higher than threefold risk for admission to intensive care unit, mechani-

cal ventilation, or death, compared to patients without cancer (Liang, Guan et al. 2020).

Cancer therapies such as chemotherapy and radiotherapy promote immune suppres-
sion that might increase the susceptibility of cancer patients to the virus. The present
corona virus disease 19 (COVID-19) pandemic has changed the treatment scenario for

cancer patients mainly due to two reasons:

1. Clinical care teams and resources have been diverted to fight the pandemic and pri-
oritising acute COVID-19 patients over other chronic conditions.

2. Since cancer patients are more susceptible to infections as such their hospital visits
for treatments must be delayed (until acutely necessary)
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These scenarios have necessitated that providing medical care and health monitoring
with digital tools like ePROMs outside hospital settings might go on a long way not
only in reducing the risk of exposure and transmission of, COVID-19 both for patients
and clinicians but also for remote symptom monitoring that might facilitate the identifi-
cation of early life-threatening complications in cancer patients.

1.10 Limitations of ePROMSs

1.10.1 Survey Fatigue

It has been shown that use of ePROMs may lead to a steady decline in survey comple-
tion over time. This may be precipitated by several factors such as older age, disease
severity, the presence of comorbidities, questionnaire length, item relevance, and per-
ceptions of response burden. Low compliance rates could result in missing data points
from patient reported data and compromise the clinical utility of ePROMs. (Buergy,
Siefert et al. 2020, Atkinson 2018)

While traditional method of clinical diagnosis may result in “underreporting of symp-
toms”, as symptoms reported from PROs are very individual this may increase the risk
of misunderstandings among the healthcare staff especially they may “threshold” pa-
tients for any future actions. This may even result in ignoring the daily PRO reports as
some kind of medical “spam.” Therefore, it is important to introduce some kind of vali-
dation tolls such as sensors, temperature probes and gyroscopes etc. in parallel to
ePRO instruments. (Giordano, Welzel et al. 2020).

1.10.2 Integration of ePROMSs into existing health systems

The successful integration of ePROM into existing health systems and workflows could
be complex, resource-intensive, requiring a co-ordinated multistakeholder involvement.
Furthermore, this may require training of HCPs and medical staff in order to facilitate
integration of these systems with existing clinical workflows (Aiyegbusi, Nair et al.
2021). This may prompt changes to healthcare team workflows and increase their work
burden by onslaught of data and its required interpretation. Technical difficulties may
adversely impacted compliance rate for example one study reported that patient tech-

nical difficulties resulted in fewer daily symptom entries (41.0%) than counterparts who
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did not (76.0%) with Sickle Cell Disease Mobile Application to Record Symptoms via
Technology (SMART) tool (Jonassaint, Shah et al. 2015). Another major limitation of
ePROM is the potential of a ‘digital divide’ especially people with lack of computer liter-
acy and old age. Study by Giordano et al. reported inability to complete the electronic
version for Cancer-Specific Geriatric Assessment (CSGA) tool without assistance for
about that more than half of >70-year-olds (Giordano, Welzel et al. 2020). A second
study also reported significant difficulties in completing electronic tools with older ages
(Richter, Becker et al. 2008).

1.11 Barriers to Adoption

All DTx including ePROMSs aim to provide solutions to ailments that have been left un-
addressed with the traditional medicinal system however until now DTx have not been
able to penetrate the core of health care system. There are certainly a number of fac-
tors that might support reluctance of physician prescribing them or more and more pa-
tients adopting them. As per a report by McKinsey & Company,(Joyce 2018) proposes
two main obstacles that impediment wider adoption of DTx. Firstly, difficulty in distin-
guishing DTx from the more general health and well-being offerings in the overall digital
health market. Secondly, misaligned incentives in the healthcare ecosystem compris-
ing of stakeholders such as health care services, insurers and pharma companies
(Rastegayeva 2019).

1.12 Security and data breach

Since ePROMs involve transfer personal information over the internet this could pose a
potential for high risks of data breach in form of unauthorized access and manipulation
of personal patient data that could dangerously compromise both trust in the software
products and patient care security. Regulatory bodies like the food and drug associa-
tion (FDA) have defined two tiers for software-as-a-medical-devices (SaMD): Tier 1
(higher cybersecurity risk) and Tier 2 (standard cybersecurity risk). FDA has also is-
sued guidance regarding cybersecurity measures for SaMD devices including design,
labelling, and documentation for example for premarket submissions, and device man-
ufacturers must comply with these regulations to address cybersecurity nonetheless
these regulations still seem to be somewhat slack. For example a study found that be-
tween 2002 to 2016, out of 13.79% identified regulatory devices only 2.13% of soft-

ware-enabled device had product summaries that included cybersecurity content over
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the period studied (Stern, Gordon et al. 2019). With the concepts of patient centricity
and data protection legislations, providing safe and fast data storage, handling and
analysis tools may be a challenge and consequently patients and clinicians may be
unable to make informed decisions about potential product risks (Patel, Butte 2020). A
study published in BMJ reported that out of 20,000 apps studied over one-third had
third part services embedded in them. A majority of these apps could access and po-
tentially share user date. Although this was more with health and fithess apps (36%)
compared with medical apps (17%) (Tangari, Ikram et al. 2021).

1.13 Lack of Standarisation

One of the key issues for implements DTx including ePROMSs remains lack of dedi-
cated pathways to assess the value proposition of these technologies. In today’s
COVID-19 situation more than 300,000 health apps are currently available for the cus-
tomers (Bini 2021). This shows that possibly anyone can post an app in the various
online app stores, even though their claims about the majority of app's effectiveness
are neither validated nor regulated in the absence of a single system for vetting these
health-related apps.

Additionally, this situation may vary from country to country with different payers having
different guidelines for digital health technology adoption. For e.g., Germany’s Digital
Healthcare Act, approved in December 2019, permits physicians to prescribe health
apps to patients (self-determined access). After the evidence from clinical trials is re-
viewed the apps are included in a public list and conditional reimbursement is available
for apps where trials still need to be carried out (German Fedral Ministry of Health
2020).

In the UK, meanwhile, National Institute for Health & Care Excellence (NICE) Medtech
Innovation Briefings aims to support National Health Service (NHS) and social care
staffs who plan to use new medical devices and novel diagnostic technologies such as
digital health for patient treatment, review of evidence and likely financial impacts
(Wiederhold 2021). Although these briefings facilitate local decision-making by provid-
ing a rational overview nonetheless currently, they do not recommend anything. In con-
trast to Germany this approach basically mimics medical device approach where soft-
ware is considered a secondary aspect (National Institute for Health & Care Excellence

2022) . In the US, regulations had lagged until now and but with the introduction of the
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FDA's digital software pre-certification program there seems to be a light at the end of
tunnel. Although this program has been heavily criticized for ambiguity in evaluation
criteria and setting less stringent standards for evaluation as compared to traditional
pharmaceuticals (Wiederhold 2021).

To add on for patient cantered mobile health apps there could be a number of discrep-
ancies for example with comparable data collection and analysis system leading to var-

iations in outcomes even if they aim to address a similar disease condition.

1.14 Pricing and reimbursement challanges

Besides regulatory challenges, the DTx also faces hurdles for pricing and reimburse-
ment as the traditional pricing and payer reimbursement models, are not well suited for
them. Currently, direct-to-consumer (DTC) approaches and business-to-business-to-
consumer (B2B2C) approach has been the main channel for reimbursement in the DTx
industry which inarguably is not the most sustainable long-term market strategy. The
first and most obvious driver of adoption is price. If the reimbursement model relies on
patients to pay too much for DTx, this will obviously hinder usage and adoption among
patients (Evidera 2020).

In practise, a value-based healthcare delivery model where service providers are paid
based on the values and merits delivered to patient health outcomes is a viable path for
reimbursement, however this is highly dependent on the level of clinical evidence and
robust RWE generated by DTx products to support claims and demonstrate values.
Unfortunately payers still need to see robust clinical evidence and economic benefits
that these technologies have promised and which also happens to be a key factor for
enforcing the trust especially among health care communities which in turn promises a

successful market access for them (Evidera 2020).

1.15 The evidence

All products claiming to be a digital therapeutic must adhere to 10 foundational princi-
ples: out of which one of the core issues remains demonstration of a robust evidence
generation as emphasized by Digital Technology Alliance “publish trial results inclu-

sive of clinically-meaningful outcomes in peer-reviewed journals”(Digital Therapeutics
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Alliance 2019). Although studies that aim to show the evidence-based effectiveness of
DTx such as ePROMSs have begun to rise, there seems to be a long way ahead before
the benefits of the digital revolution in health care could be realized in practice from a

clinical validation perspective.

A systemic review by Boyce and Browne investigated the impact of PROMs feedback
to healthcare professionals both at the individual patient and their group-level on the
patient-reported outcome concluded that the evidence regarding the impact of PROMs
feedback on patient outcomes was weak, with frequent methodological issues (Boyce,
Browne 2013). Furthermore, authors concluded that there was weak evidence support-
ing with the use of PROMs as a screening tool. The studies which had reported a posi-
tive effect had primarily used PROMs as a management tool in outpatient settings on a
specialised patient population with a lower quality score on average that according to
authors warranted additional qualitative research for providing a deeper understanding
of the PROMs (Boyce, Browne 2013). In conclusion PROMs were primarily a manage-
ment tool on a specialized patient population rather than an effective screening tool.
Despite pointing some weakness with PROMs one of the drawbacks of this review was
that majority of the studies examined were primarily cross-sectional, feasibility or pilot
in nature, which may not be necessarily capture the real impact of PROMs on patient
outcomes. In addition, many of these studies were conducted much before PRO spe-
cific clinical trial guidelines and standards were established that could form the guide-
lines for reporting PROM data (Aiyegbusi, Nair et al. 2021).

A systematic review by Kotronoulas et al. examining the inclusion of PROMs in routine
cancer clinical practice found only marginal effects for symptom reduction and the ef-
fects on QOL, supportive care needs, and effects on psychological symptoms were
equivocal (Kotronoulas, Kearney et al. 2014). Similarly, a phase Ill RCT with eRAPID-
an online eHealth system for patients to self-report symptoms during cancer treatment
reported a non-significant effect on symptom control, patient self-efficacy, improving
symptom management and QOL for patients with metastatic disease (Absolom, War-
rington et al. 2021). This was in stark contrast to other contemporary studies reporting
improving symptom management, QOL, and survival in patients with advanced cancer
(Denis, Basch et al. 2019, Denis, Yossi et al. 2017, Basch, Deal et al. 2016b). Further-
more, the study reported no differences for hospital admissions, chemotherapy delivery

and utilization of healthcare resources between the intervention (eRAPID) and control
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(usual care) arms. A clinical trial with 102 chemotherapy patients from the Showa Uni-
versity Hospital (Tokyo, Japan) reported no significant improvement in common cancer
treatment symptoms such as anxiety, depression on symptom monitoring with hospi-
tal anxiety and depression scale (HADS) between intervention (breast cancer patient
support system app) and non-intervention arms. Kroenke et al. have critically com-
mented on the results from Symptom Tracking and Reporting (STAR) interface that has
been used by cancer patients in the clinical studies by Bash et al., which has been con-
sidered as one of the pioneering studies for generating positive clinical evidence in
support of ePROMs for the management of cancer patients. Kronke et al. (Kroenke,
Cheville 2016) have suggested that self-symptom monitoring/screening alone does not
result in clinical benefits but rather coupling of additional components such as patient
engagement and care management. Further the concept that symptom monitoring
alone can affect clinical patient outcomes is not clearly supported by scientific evidence
as shown by a meta-analysis from depression studies (Gilbody, Sheldon et al. 2008)
and a randomised clinical trial from lung cancer study (Cleeland, Wang et al. 2011). In
addition, Kroenke has also expressed their speculations on cost or utilization differen-
tials between the STAR and control arms in the absence of key methodologic elements
such as accurate and comprehensive collection of costs with a validation strategy.
(Kroenke, Cheville 2016).

While digital health solutions are scalable, convenient and efficient the success of
these products invariably rests on the quality of evidence generated to meet the needs
and expectations of the patients. Studies that aim to show the evidence-based effec-
tiveness of DTx have begun to rise and there is already a substantial data supporting
this. Nonetheless the journey has just begun and there seems to be a long journey
ahead before the benefits of the digital revolution in health care could be realized in

practice from a clinical validation perspective.

While digital health solutions are scalable, convenient and efficient the success of
these products invariably rests on the quality of evidence generated to meet the needs
and expectations of masses. In the absence standardisation, stringent regulatory envi-
ronment and dedicated value assessment methods for these therapeutics many clini-
cians could be reluctant to incorporate digital therapeutics in routine clinical care de-
spite the tremendous potential of these technologies to influence quality of care and
outcomes of their patients. While many conventional pharmacotherapies have under-

gone multistage stringent verification and safety measurements well over a substantial
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period of time, barriers to the application and adoption of DTx such in clinics have been
dramatically low (Kim, H. S. 2020). Furthermore, another consistent challenge for DTx
remains ensuring adequate data quality and robustness (Sharma, Harrington et al.
2018)

In light of these apprehensions it seems plausible that from a healthcare practitioner's
point of view, DTx need to be approached more conservatively, emphasizing this con-
cern Dr. Andrew Krystal from Weill Institute for Neurosciences has suggested the need
for digital therapeutics companies to demand the gold standard of research i.e. ran-
domized placebo-/sham-controlled trials that would promote more confidence among
researchers and health care practitioners towards these technologies supporting the
fact that improvements in the patient measured outcomes are truly due to the digital in-
terventions and not because of some other compounding factors (Big Health 2022).

In conclusion there is no denying fact that DTx such as ePROMs will play a decisive
role in the future of clinics especially as efficient tools for addressing some unmet
needs in the management of chronic conditions such as cancers. Despite these opti-
mistic indications it appear that these digital tools still have a long way to go and their
vast potential in healthcare industry can only be realized If they prove to be accurate,
reproducible and above all present a strong scientific evidence basis which would
eventually clear off the apprehensions that are usually associated with use and adop-

tion of these promising tools (Duffy, S. 2021).
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2 AIMS OF THE STUDY

In the past decade a lot of scientific literature had been published on the utility of digital
health tools for healthcare. As reviewed in the previous sections a growing body of evi-
dence suggests the utility of such digital therapeutic tools like ePROMSs in the manage-
ment and treatment of a number of complex chronic diseases such as cancer. On the
contrary a number of studies have also disputed the true effectiveness of these tools.
As per our own observation majority of the published material in form of pilot studies,
feasibility studies, proof of concept studies and reports advocating the positive out-
comes for ePROMS in oncology already exists, unfortunately this data is suboptimal
from a clinical applicability perspective and scientific strength. To add on, there are
some published clinical trials supporting the clinical utility ePROMs in oncology how-
ever to the best of our knowledge no studies have so far examined the robustness and
the strength of evidence presented in these studies that supports the outcomes these

digital therapeutic tools in clinicals settings.

As per the hierarchy of evidence for the evaluation of health care outcomes random-
ized control trials (RCTs) are considered as the gold standard since they not only de-
liver the highest level of evidence but are also limited in all kinds of study bias and
control confounding variables (Bondemark, Ruf 2015). Therefore, RCTs can be consid-
ered a reliable means to examine the clinical utility as well as robustness of scientific
evidence for studies with a clinical outcome including ePROMs. As ePROMSs constitute
a part of DTx therefore RCTs are also the best way to examine the true “effects” of a

“cause” (therapy).

Despite considered as one of the highest levels of evidence in clinical practice, RCTs
are not free of internal pitfalls and the quality of the evidence produced by these clinical
studies is dependent on the methodological rigor employed at every stage of their exe-
cution. In our quest for examining the robustness of scientific evidence for effective-
ness of ePROMSs in oncology we took an approach that focused on studying methodol-
ogy and design integrity of RCT that categorize it as “High quality” trial. High quality
RCTs not fulfil the conditions of methodological consistency and design but are also in-
strumental in the production of a reliable evidence favouring clinical decision making

that facilitates best health care for the patient. Therefore, the current thesis aimed to:

o Firstly identify “high quality” RCTs for clinical utility of ePROMs in oncology
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Secondly, Examine the methodological robustness and design integrity of these
RCTs

Thirdly based on methodological and design of RCTs evaluable if the strength
of data and scientific evidence was sufficient to support the outcome of these
ePROM RCTs in oncology?
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3 METHODS:

3.1 Reserch question

In light of our aims, we first started by framing a primary research question for our
study. We used PICOT model (Riva, Malik et al. 2012) to frame our research ques-

tion as under:

P - Patient or population/disease: We asked the question which relevant population
should be included in the study and what would be the characters of this population
type? ( disease type age, gender, ethnicity etc. )

In the present study we were keen to study all cancer patients on various cancer thera-
pies (chemotherapy, radiotherapy, immune checkpoint inhibitors and targeted thera-
pies) irrespective of age, gender and ethnicity but only restricted to developed coun-
tries. Our selection criteria were limited to developed countries since we assumed that
developed countries might have the best clinical experiences from digital health tools
like ePROMs

| - Intervention, prognostic factor, or exposure: What next asked what would be the in-
tervention/therapy or exposure?

In the present study our aim was to focus on ePROMSs as intervention tools

C - Comparison or control: We next asked who/what could be a good comparator or
control groups for the intervention?

In the present study we focused on control groups without ePROMSs on traditional fol-

low ups or usual care follow up for oncology patients on therapies.

O - Outcome: We next asked what should be patient-relevant consequences of the in-
tervention?

In the present study we wanted to focus on clinical outcomes that have a direct rele-

vance to a cancer patient for e.g., survival, QOL, relief from pain and symptom distress.

T- Time We finally asked what should be a valid time frame for the study?
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We wanted to look for studies where patients were exposed to interventions for at least

12 weeks.

We famed our research question as: In cancer patients on therapies (Population) how
effective are ePROMs (Intervention) when compared to subjects without ePROs or
usual care (control) in improving primary clinical parameters such survival, QOL, symp-
tom distress (for e.g. pain) or any other clinically relevant patient centric metrics (out-
comes) during an exposure period of at least 12 weeks (Time).

3.2 Screening Process

3.2.1 Electronic database searches, keywords, and search strategy

A number of databases such as CINAHL (EBSCO), MEDLINE (OVID), PubMed @

UM (MEDLINE), PsycINFO (EBSCO) etc. are available for evidence based medical lit-
erature search. In the current thesis we utilised PubMed @ UM (MEDLINE) and Pub-
MedCentral as the primary search engines for the articles of interest. We decided to set
the time limit of the search for past 10 years. The cut-off date of past 10 years was cho-
sen as it approximately coincides with onset of the digital revolution for clinical use with
smartphones/tablets capable of running third-party apps and opening of major app
stores. Our search included a number keywords such as “ electronic patient reported
outcome/measures” “ePRO”/“ePROM” "patient reported outcome measures, “symptom

”

monitor”,

web-mediated follow up” “automated symptom monitoring” , “web applica-

LT ”

tion”, “mobile app”, “mHealth”, “telemedicine” in combination with the keywords “can-

cer treatment” “cancer” “neoplasm”. Our search strategy utilised combination of differ-
ent keywords, MeSH, with Boolean operators, truncation and field tags to ensure that
all relevant and recent articles were captured. Finally, a combination resulting in a

search for the most optimal articles was adopted on 9" February 2020 as illustrated in

table 4.

3.2.2 Inclusion criteria:

Since we aimed to include only highly quality RCTs in our analysis we therefore set rel-
atively high thresholds for screening in form of stringent inclusion and exclusion criteria.

Our inclusion criteria for RCTs were:


http://www.lib.umich.edu/database/link/28883
http://www.lib.umich.edu/database/link/27831
http://www.lib.umich.edu/database/link/28789
http://www.lib.umich.edu/database/link/28789
http://www.lib.umich.edu/database/link/27347
http://www.lib.umich.edu/database/link/28789
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1. RCT with a PROMSs tools in digital format and could include assessment from
any web, tablet, computer, or mobile app sources

RCTs not older than last 10 years.

RCTs were included if they focused on clinical outcomes that had s direct impact
on a cancer patient’s health (for e.g. patient survival, QOL, symptom manage-
ment, treatment adherence, hospitalization)

4. All cancer types with no bar on age, gender, ethnicity, and cancer therapy

3.2.3 Exclusion criteria

1. Systematic reviews, non-randomized control trials, observational studies, case stud-
ies and case reports and expert opinions.

2. RCTs deviating from direct and meaningful clinical outcomes for the cancer patient
(excluded topics included patient-clinician communication, financial needs, weight
loss, decision aid, self-esteem, genetic counselling, acceptability of ePROs, fear of
recurrence, physical inactivity, engagement with app, vegetable consumption, psy-
choeducation, cognitive therapy, patient education, exercise as therapy, tobacco
cessation.

Studies relating to PROMs administered in paper form (PROs with “e” component).
Pilot studies., feasibility studies, proof of concept studies, design of RCT, cost effec-
tiveness studies.

5. Total study N <100 and duration of intervention follow up< 12 weeks.

6. RCT with secondary analysis.

7. RCTs populations outside the developed countries.

8. RCTs involving telephonic intervention/monitoring.
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Table 4. Highlight the search strategy on PubMed search engine

#1 "Electronic patient reported outcome measures" [tw] OR "ePROM" [tw] OR "Patient
Reported Outcome Measures"[Mesh] OR "symptom monitor*[tw] OR "web-
mediated follow up"[tiab] OR "mobile app” OR "Telemedicine"[Mesh]

#2

" cancer treatment” [tiab] OR "cancer" [tw] OR "Neoplasms"[Mesh]

#3 #1 AND #2

#4 4751 hits

3.3 Search Results

Our search resulted in total of 4751 hits. To narrow down the number of articles we ap-

plied filters such as Randomised Clinal Trial, language as English which a time frame

of 10 years that eventually resulted in 439 items. We next applied additional filters of

Associated Data that narrowed down our results to 312 searches. Out of 312 articles

218 article were opted out since they did not had electronic(digital) component in the

PROs The remaining 95 articles were screened with our inclusion and exclusion criteria

and we were finally able to narrow down to 7 RCTs. The entire screening process and

results are elaborated by PRISMA flow diagram in figure 2 below.
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Records identified in database (n=471)

Records screened by RCTs,

Records excluded (n=32})
language and time frame (n=4339)

Records identified after “Associated

Records excluded (n=128)
Data" filtering (n=312)

=1:]
=
=
a
Y
A

Records identified after excluding articles

) ) Records excluded (n=217)
with no digital component (n=95})

Studies examined for Details of studies excluded {N=88)
inclusion/exclusion criteria (n=95)

Eligible

Study outcomes not met n=41
Preliminary studies (n=16)
Insufficient subject size and
time period (n=10}

Telephonic follow
up/intervention (n=14])
Geographical restrictions (n=2)

Studies finally included in studies

Secondary analysis (n=3)
(n=7)

Doubled articles (n=2}

Figure 2. PRISMA flow diagram of screening process

3.3.1 Critical appraisal and mCASP checklist

Critical appraisal, as defined by Duffy (Duffy, J. R. 2005) comprises “an objective,
structured approach that results in a better understanding of a study’s strengths and
weaknesses”. It facilitates identification of evidence that comes from rigorous, reliable,
unbiased, and methodologically appropriate research which can be used to inform
synthesis and interpretation of the study results (Melnyk, B. M., & Fineout-Overholt, E.
2015) There are number of tools available for critique or appraisal of the research evi-
dence from RCTs. However, these tools do not offer one-size-fits-all resource and
compounding the problem is the lack of a “gold standard” critical appraisal tools with
sheer volume of available tools. In order to check the methodological integrity and va-
lidity of the selected RCTs we used a conglomerate of critical appraisal checklist tool
derived primarily from Critical Appraisal Skill Programme RCT checklist. as well as
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other checklists from the Joanna Briggs Institute Critical Appraisal tools for RCT (The
Joanna Briggs Institute 2019), BMJ pest practice (BMJ Best Practise 2022) and Johns
Hopkins (Dang, D., Dearholt, S., Bissett, K., Ascenzi, J., & Whalen, M 2022) that offer
one of the best tools or guideline for meeting evidence-based practice (EBP) compe-
tencies. We called this tool as modified CASP checklist (NCASP checklist). mCASP
checklist resulted in a set of 23 questions. As per CASP guidelines these questions
tried to judge a RCT based on its four aspects ((Critical Appraisal Skills Programme
(CASP) 2022):

1. Study Design (Section A): This section attempted to ask: Is the basic study design
valid for a randomised controlled trial?

2. Methodology (Section B): This section attempted to ask: Was the study method-
ologically sound?

Results (Section C): This section attempted to ask: What are the results?

4. Applicability of results (Section D): This section attempts to ask: If the results help
locally and be of any application for the population in question?

3.4 Quality rating with mCASP checklist

MCASP checklist had a total of 23 questions. Each questions had 4 options with pre-

designated score points as below:

Yes (score points= 1)
No (score points= -1)
Somewhat (score point = 0.5)

Ao PR

Cant’s say (score point =0).

Each question carried a maximum score of 1 and minimum score of -1. The maximum
score attainable was 23 points. Studies with score points 217.25 (75% of maximum
score) were classified as high quality (H) while those between 11.5-17 as of medium
quality (M) and studies with a score of <11.5 (scores less than 50% of maximum score)
were qualified as low-quality studies (L). Further the checklist was demarcated into in-
ternal validity (total 17 questions) and external validity questions (a total of 3 ques-

tions). Refer to item template in appendix
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3.5 Additional tools for critical appraisal

Since critical appraisal checklists are designed to be used as educational pedagogic
tools and scoring could be highly subjective (Kim, K. S., Jo et al. 2017) we further de-
cided to cross check the methodological quality and validity of RCT separately using
the modified Jadad scale, the van Tulder scale and the Cochrane Effective Practice
and Organization of Care (EPOC) Risk of Bias Tool.

3.5.1 Modified Jadad scale

The Jadad scale is also known as the Oxford quality scoring system. It is one of the
standard methods for evaluating the methodological quality of RCTs and it focuses on
three items: randomization, blinding and patient withdrawals/dropouts. It is scored on a
scale of 0-5. The main advantages of this scale are that it is quite handy to use, it con-
tains many essential elements that have scientifically correlated with study bias. Be-
sides it has been known to be reliable and externally valid (Stephen H. Halpern, M. Jo-
anne Douglas 2005). However, in the current study we used modified Jadad scale
(mJadad scale) which is an 8-item based tool which besides traditional randomization
and blinding also incorporates withdraw/dropout rates, inclusion/exclusion criteria, ad-
verse effects and statistical methods. The total score for each article ranged from 0 to 8
and was calculated by adding the individual scores of each item. Low quality studies
yielded scores of 0 to 3, and high-quality studies achieved scores of 4 to 8 (Oremus,
Wolfson et al. 2001). We exclude item 7 (Was the method used to assess adverse ef-
fects described?) since it had less relevance to current selected studies. Refer to item

template in the appendix

3.6 van Tulder scale

The van Tulder scale consists of 11 components: adequacy of the randomization
method, treatment allocation concealment, similarity of groups at baseline , proper
blinding, presence of co-interventions, compliance, drop-out rate, timing of outcome as-
sessment and intention to treat analysis (ITT). Each item is scored using the options
'Yes,' 'No' and 'Don't know' (answer to question insufficient). A rating of ‘1’ is allocated
for any affirmative response, or ‘0’ for ‘no’, or ‘don’t know. When 25 items are satisfied
(=5 points), the quality of the report is deemed high ‘.(van Tulder, Furlan et al. 2003)

Refer to item template in appendix



32 (74)
3.6.1 Cochrane EPOC Risk of Bias Tool

Cochrane EPOC modified tool was used for assessing risk of bias for methodological
quality of randomised trials with a separate control group. It addresses 8 domains and
judges them as “Low risk” “high risk” and “unclear risk” when something is unspecified

in the paper. Refer to item template in appendix
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4 RESULTS

4.1 General Characteristics of the selected studies

Out of 95 studies that were screened for inclusion and exclusion criteria 7 RCTs were
finally included for this thesis. These all studies involved an ePROM intervention (IV)
that was used to study cancer patients on a certain anti-cancer therapy or medication.
Table 5 list the characters of these studies chosen. None of the included studies were
older than 2014 and 2 studies were from 2021. The study subjects included ranges be-
tween 33 (lowest) to 83 highest) with a variable spectrum for every individual study.
Out of 7 included studies majority of them were multicentred except 2. The study sub-
jects were cancer patients based in US (2 studies) and Europe (5 studies). Nealy all of
the studies had cancer patients on CTx however some of the studies also had patients
on targeted therapies (n=1), radiation therapy (n=1), surgery (n=2) hormonal therapy
(n=1) or their combinations of therapies (n=3). The cancer under treatment included
breast cancers (n=5), lymphoma (n=1), genitourinary cancers (n=1), lung Ca (n=2), gy-
naecological cancer (n=2), any type of Ca (n=1), colorectal cancer (n=1).The primary
outcomes of the studies focused on QOL (n=1), ER visits+hospitalization (n=1), symp-
tom control/distress (n=4), Overall survival (n=1) and treatment adjustment (n=1). Dis-
ease severity ranged from early cancers (n=2) advanced/metastatic cancer (n=2) to
any stage cancers (n=2). The secondary outcomes mainly addressed overall survival
(n=1), QOL (n=1), hospitalization (n=1), febrile neutropenia (n=1) and self-efficacy
(n=1). The Interventions were mainly web based that could be accessed by PC, tablet,
mobile app and touchscreens at clinics. Out of 7 studies selected five were able to pro-
vide real time monitoring of patients with alters generated for health care teams that of-
ten generated an action by clinical care team. Table 5 highlights the features of se-
lected RCTs and table 6 showcases the characters of IV used in the studies.
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Table 6. Characters of ePROMSs in the selected studies

Recommenda-
tions provided
for HCT for ac-
tion plan

Real time pa-
tient monitor-
ing with
alerts for

Deliveryl/interface Description

Intervention

STAR

eRAPID

e-FAP

(ASyMS)

PRO-CTCAE
reporting

ESRA-C

WebChoice

A web-based interface with
self-reporting either via wire-
less touchscreen, tablet com-
puters or freestanding com-
puter kiosks

An online interface based on
use of own PC or mobile de-
vice,

Web based app

Tablet or secure weblink
based

Tablet computer based

Internet or a tablet at the
clinic

Web based tool

Questions adapted
from NCI-CTCAE per-
taining to 12 common
symptoms experienced
during chemotherapy
with levels of grading.

Online monitoring for
treatment-related
symptoms with severity
levels, and a clinical al-
gorithm for patient ad-
vice and e-mail alerts.
Also included weekly
reminders via text or e-
mail.

12 items (symptoms)
reported weekly by pa-
tients in an electronic
form and sent immedi-
ately to the medical
team after completion

Completion of validated
self-reported gquestion-
naire (DCTAQ) that as-
sesses 10 symptoms
related with CTx side
effects. Patients also
collected body
temperature

42 PRO-CTCAE ques-
tions on 25 symptoms
of chemotherapy

Self-report symptom
and quality of life ques-
tions and also patient
educational material

Contains components
for treatment symptom
monitoring, tailored in-
formation and self-
management support,
a diary, and communi-
cation with other pa-
tients.

care team

yes

yes

Not real time
monitoring but
alerts generated

yes

yes

no

No

no

yes

Not mentioned

no

yes

ASyMS: Advanced Symptom Management System; ESRA-C: Electronic Self Report Assessment-Cancer; e-FAP: e-
follow-up application; PRO-CTCAE:Patient Reported Outcome Common Terminology Criteria for Adverse Events;
STAR :Symptom Tracking and Reporting;
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4.2 mCASP Checklist Scores

Based on our scoring the average score for the mCASP checklist questions from the 7
selected studies was 12.21. The lowest score was 6 and highest 19 out of maximum

score of 23.

4.2.1 Section A (Study Design)

All studies scored well for Study design (Section A) ad were able to gain maximum
score points (3 points).

4.2.2 Section B (Methodology)

Majority of the studies were able to obtain a satisfactory score for randomization with
roughly 70% (n=5) of the studies hitting a score of 1 (Q4-Q4a). On the contrary, major-
ity of the studies scored poorly for blinding (Q5-Q5b). About 70-85% of studies (n=6-7)
scored negatively on the items related to blinding with only a single study recording a
score above zero (Q5a, Q5b). Furthermore, the study scores seemed to be variable on
items related to baseline similarity and sample size with score ranges from -1 to 1 or O-
1. Majority of the studies were able to score maximum points for description of data col-
lection methods, validity of instruments for outcome measures and adherence (Q8-
Q10). The adhere rate in the studies ranged between 57-87% which was well over than
the required = 25%.

4.2.3 Section C (Results)

All studies fared well for first 4 items related to result presentation, comprehensive re-
porting, precision and accounting of study participants (Q11-Q14) with a maximum
score of 1. However scores of ITT Analysis were 0 to negative for about 85% of studies
(n=6) and only single study was able to score maximum points for ITT analysis. In addi-
tion majority of studies (n=5) were able to score satisfactorily for items related to attri-
tion and identification of study limitations (Q15-Q17).
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4.2.4 Internal validity Scores

The average scores for the internal validity comprising methodology (section B) and re-
sults (section C) ranged between 3-14.5 (max. score 20) with average score of 9. Re-
sults showed that more than 50% of studies had total score values below average

score value of 9.

4.2.5 Part D (External validity)

Par D (External validity) attempted to address 3 items related to practical applicability
of the study results and its value in real world scenarios (Q18-Q20). The score range
for the studies was between 0-1.5 with an average value of 0.21. Majority of the studies
(n=6) scored 0 in each of these items except single study by Maguire et al. which
scored 50% of the maximum points. Results from external validity are in contrast to in-
ternal validity scores where most of the studies were able to score maximum points al-

located for majority of the items.

4.2.6 Total Scores:

The total score range for the entire 7 studies was between 6-19 with an average value
of 12.21. About 60% studies (=4) scored below the average total score. Total scoring
further revealed that based on grading criteria for mMCASP checklist about roughly 60%
(n=4) of studies were graded as Low quality, about 25% (N=2) as medium quality and
only a single study could meet the criteria for a high-quality study. Table 7 highlights
the results as individual scores from the 23 items in the mCASP checklist and overall

scores for internal validity, external validity and quality scores.
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Table 7. Highlights the results from mCASP checklist as individual scores for all 23

items

Selected Study

Checklist question

Basch et
al. 2016

Abslom et
al. 2021

Denis et
al. 2017

Maguire
et al.
2021

Pappot et
al. 2016

Berry at
al. 2015

Borosu
nd et al.
2016

Part A :Study Design

Q1

Did the study address a

clearly focused re-

search question?

1

1

Q2

the

identify what is known

Does researcher

and not known about the

problem?

Q3

Does the researcher
identify how the study will
address any gaps in

knowledge?

Part B:

Methodology (Internal Validity)

Q4

Was the assignment of
participants to inter-

ventions randomised?

Q4a

Was Randomisation

process appropriate?

Q5

Was
performed?

blinding

0.5

Q5a

Were the investigators
‘blind’ to the interven-
tion they were giving to

participants?

0.5

Q5b

Were the people as-
sessing/analysing out-

come/s ‘blinded’?

-1

Q6

Were the study groups
similar(baseline) at the
start of the randomised

controlled trial?

0.5

Q7

Was sample size suffi-
cient based on study

design and rationale?

0.5

Q8

Are

methods

data collection
described

clearly ?
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Q9

Were instruments used
to measure the out-
comes valid and relia-

ble?

Q10

If surveys or question-
naires were used, was
the response rate >

25%7

Part C: Results (Internal Validi

ty)

Q11

Were the results pre-

sented clearly?

1

1

1

Q12

Were the effects of in-
tervention reported

comprehensively?

Q13

Was the precision of
the estimate of the in-
tervention or treatment
effect reported (P val-
ues, Cl, SD)?

Q14

Were all participants
who entered the study
accounted for at its

conclusion?

Q15

Did the RCT analyse in
groups to which people
were randomised to
(intention-to-treat anal-

ysis)?

0.5

0.5

0.5

-1

Q16

Was there any loss of
follow up (attrition
bias)? If yes was it <

20% ?

Q17

Were study limitations
identified and ad-

dressed

0.5

ternal validity score

8

10

8

14.5

6.5

13

Part D: Appli

cability of Results (External Validity)

Q18

Do the benefits of the
experimental interven-
tion  outweigh the

harms and costs?

0

0

0

0.5

Q19

Can the results be ap-
plied to your local pop-
ulation/in

text?

your con-

0.5

Q20

Would the

mental

experi-

intervention

provide greater value

0.5
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to the people in your

care than any of the ex-

isting interventions?

External Validity score 0 0 0 15 0 0 0
Internal+ External Validity 8 10 8 16 3 6.5 13

Score
Total Score 11 13 11 19 6 9.5 16
Quality L M L H L L M

L Low Quality, M Medium Quality H High Quality

4.2.7 Strength vs. Drawbacks for the studies investigated

The major strength of the selected studies included good study design, more than 70%
(N=5) of the studies had sufficiently large hnumber of participants which was in the
range of 133-829 with an average value of 587.28 Furthermore most of the studies ad-
dress clinically meaningful and important outcomes for the cancer patients such as
QOL, survival, symptom distress, symptom control etc. The adherence rate was quite
impressive with an average 72.75 with a range of 62-87.

On the contrary major drawback backs of the studies included failure of allocation con-
cealment (n=6), proper binding (n=5), lack of blinding for outcome assessors (n=6),
randomization process not specified (n=2), not true ITT (n=6), High attrition (n=2) lack
of similarity at baseline among participants (n=2), missing data (n=2), gender imbal-
ance in studies (n=2), small participant group size (n=2), short follow up periods (n=2),
not multicentred (n=2), low precision in result reporting (n=2). Other drawbacks of the
studies include lack of identification of study limitations by the authors (n=1), lack of
aged populations (n=1), no metastatic population included (n=1) and only single type of

cancer addressed (n=1).

Despite good study design many of the shortcoming highlighted above may contributed
to several biases such as selection bias, performance bias, detection bias attrition bias
and reporting bias that tend to limit the internal and external validity of the study. Table

8 highlights the strength and weaknesses of the seven studies included in the analysis.

Table 8. Summary of strength and limitations of the selected studies.
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Article Strength Weakness

Bash et al. 2016 | -Good number of sub- | -No allocation concealment could lead to selection bias

(Basch, Deal et al. | jected investigated | -No mention of blinding, could arise suspicion of performance bias

2016a) with  different age | -Outcome assessors were not blinded which could lead to detection
groups and cancer | bias

types (n=766)
-QOL as primary out-
comes

-Sufficient follow up
time (6 months)
-Good

adherence

patient

-Hight attrition rate (> 20%) could lead to attrition bias

-- Missing primary outcome data (HRQOL) upto 15% at 6 months
could lead to reporting bias

-Not multicentered

-Variability in baseline characters for some groups

-About 60% females in trials as such not gender balanced

- Less number of participants in computer inexperienced group

-No ITT for HRQOL

Absolom et al. 2021
(Absolom, Warring-
ton et al. 2021)

-Good number of sub-

jected investigated
with  different age
groups and cancer

types (n=782)

-Wide variety of instru-
ments used

-Good patient adher-

ence

-No allocation concealment could lead to selection bias

-No mention of blinding, could arise suspicion of performance bias
-Outcome assessors were not blinded which could lead to detection
bias

-Not multicentered

-No mention how blinding was carried

-No ITT

-Results show a weak impact of IV probably that might fade up with
longer follow up period

- 95% ClI values highly variable

-Short follow up periods

- No benefit for metastatic patients reported

-Authors claim IV decreases hospitalization but most patients were
treated with curative intent and as such they did not need to go to
emergency room visits

-Cancer types mainly relate to females as such cannot be general-

ized to other cancer types

2017
(Denis, Lethrosne et
al. 2017)

Denis et al.

-Survival as primary
outcome

-M & F ratio fairly bal-
anced with variable
age group
-Multicentered trial
-Good follow up period

(upto 24 months)

- No allocation concealment could lead to selection bias

-No mention of blinding, could arise suspicion of performance bias
-Outcome assessors were not blinded which could lead to detection
bias

-Not true ITT but modified ITT

-Overall patient number are somewhat small

-Early trial stoppage due to the large survival benefit

-Baseline QOL data showed a statistically significant difference in
QOL favoring the intervention arm.

-Only single cancer type studied as such result may not be general-

ized to other cancer types.

Maguire et al.2021
(Maguire, McCann et
al. 2021)

- Good number of sub-
jected
with

investigated

different  age

-No allocation concealment could lead to selection bias
-Outcome assessors were not blinded which could lead to detection

bias
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groups and wide can-
cer types (n=829)
-Multicentered trial
-Blinding attempted for
patients  (hypothesis)

and the outcome eval-

uators  were  also
blinded
-Well planned study

where high attrition
rate was already taken
into account
-Good patient

adherence

-Some data points missing from control group which could lead to
reporting bias.

-With 80% females in the trial the results may be more restricted in
gender applicability.

- Lack of strong evidence for what is clinically meaningful difference
in MSAS score

-Not true ITT but modified ITT

Pappot et al. 2016
(Pappot, Baeksted et
al. 2021)

- Good number of sub-
jected
with

investigated
different age
groups (n=682)
-Multicentred trial
--Good

adherence

patient

- No proper clarification of randomization process and allocation con-
cealment could lead to selection bias

-Outcome assessors were not blinded which could lead to detection
bias

-Weak clinical primary outcomes targeted

-Few validated tools used

-Data collection methods and other sections not described clearly in
the article

- Relatively few contact points of patients with IV

-No ITT performed

-Some limitations of study not identified

- Single cancer targeted as such results may not be generalized to

other cancer types

Berry et al. 2015
(Berry, Blonquist et
al. 2015)

- Good number of sub-
jected
with

investigated
different  age
groups (n=752)
-Multicentered trial
--Good patient adher-
ence
-Good number of vali-

dated tools used

- No proper clarification of randomization process and allocation con-
cealment could lead to selection bias

- Outcome assessors were not blinded which could lead to detection
bias

- Several patients in IV arm could not be exposed to study materials
due to software glitch which could lead to reporting bias
-Participant sample was less diverse with regards to race and eth-
nicity

-No ITT performed

- Results calculated from 3-4 time points after a short follow up pe-
riod (12 weeks)

-Low precision in results (high SD).

-A third of the intervention group participants never received pushed

teaching tips in the assessment

Bgrgsund et al. 2014
(Bgrgsund, Cvanca-
rova et al. 2014)

-Multicentered trail
-Good study design, in-
struments and statisti-
cal tools used

-Results reported pru-
dently

- high attrition rate (>20%) could lead to attrition bias
-True ITT performed

-No old, aged patients included

-No metastatic patients included

-Low precision in results (highly variable Cl)
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-Sufficient  follow up
time (6 months)
-Investigators possibly
blinded

- Blinding and hurdles
in blinding addressed

prudently

4.3 Modified Jadad scale

Based on the 8 items of the modified Jadad scale the score range for all of the seven
studies was 2-5.5 with an average value of 3.6. Results from modifies Jadad scale
Jadad scale suggest that most of the studies addressed randomization items. Addition-
ally, 70%-100% studies (n=5-7) able to obtain maximum score of 1. However, majority
of the studies failed to address blinding with almost 85% of studies (n=6) reporting min-
imal scores of -1 to 0. Further all studies were able to obtain a maximum score (1) for
items related to withdraw/dropouts, inclusion/exclusion criteria and description of statis-
tical methods.

Out of total 7 studies about 70 % of studies (n=4) were able to obtain a total score of 2
4 which categorised them into high quality studies as per modified Jadad scale quality
criteria. Based on the quality scoring criteria about 85% of studies (n=5) could be cate-
gorized as High Quality. Only n=2 studies were categorized as Low-quality studies. Ta-

ble 9 (below) highlights the findings from the mJadad scale for the selected studies.

Table 9. Highlights the scoring results from mJadal scale

Item Article
Basch et Absolom Denis et Maguire et | Pappot et Berry et al. | Bgrgsund
al. 2017 etal. 2021 | al. 2017 al.2021 al. 2016 2015 etal.
2014
1.Was the study Yes (1) Yes (1) Yes (1) Yes (1) Yes (1) Yes (1) Yes (1)
described as ran-
domized?
2. Was the Yes (1) Yes (1) Yes (1) Yes (1) Not de- Not de- Yes (1)
method of ran- scribed(-1) | scribed(-1)
domization ap-
propriate?
3. Was the study | No (0) No (0) No (0) No (0) No (0) No (0) Yes pos-
described as sibly sin-
blinded (Were gle
both the patient blinded
and the assessor (0.5




45 (74)

appropriately
blinded)?
4.Was the Not de- Not de- Not de- Not de- Not de- Not de- No(0)
method of blind- scribed(-1) | scribed(-1) | scribed(-1) | scribed(-1) | scribed(-1) | scribed(-1)
ing appropriate?
5.Was there a Yes (1) Yes (1) Yes (1) Yes (1) Yes (1) Yes (1) Yes (1)
description of
withdrawals and
dropouts?
6.Was there a Yes (1) Yes (1) Yes (1) Yes (1) Yes (1) Yes (1) Yes (1)
clear description
of the inclu-
sion/exclusion
criteria?

7.Was the NA NA NA NA NA NA NA
method used to
assess adverse
effects de-
scribed?
8.Was the meth- | Yes (1) Yes (1) Yes (1) Yes (1) Yes (1) Yes (1) Yes (1)
ods of statistical
analysis de-
scribed?

Total Score 4 4 4 4 2 2 5.5
Quality High High High High Low Low High

4.4 van Tulder scale

For randomization about 70% of studies (n=5) were allocated a maximum score of 1.
Further allocation concealment resulted in a non-affirmative response for 85% of stud-
ies (n=6). Scores from baseline similarity were somewhat variable however for majority
of the studies (n=6) scores for the blinding items were largely non -affirmative ( “NO” as
the most common response ). All studies had an affirmative response (“Yes”) for items
pertaining to acceptability of compliance and timing of the outcome assessment. De-
spite having an affirmative response for ITT majority of the studies (n=7) could not be
awarded maximum points since it was a modified ITT which carried a maximum of 0.5
points. Based on the 10 items considered in the analysis the score range for all of the
seven studies was 2-7 with an average value of 4.5. Based on the quality scoring crite-
ria only 45% of studies (n=3) could be categorized as High Quality. Table 10 highlights

the findings from the van Tulder tool for the selected studies.
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Table 10. Highlights the scoring results from van Tulden Scale

Item Study

Basch et Absolom Denis et Maguire Pappot Berry et Bgrgsund et
al. 2017 etal. al. 2017 etal.2021 | etal al. 2015 al. 2014
2021 2016
A | Was Method of | Yes (1) Yes (1) Yes (1) Yes (1) Don’t Don't Yes (1)
Randomisation know (0) | know (0)
Adequate?
B Was treatment No (0) No (0) No (0) No (0) No (0) No (0) Yes(partially)
allocation con- (0.5)
cealed?
C | Were the Some- Yes (1) No (0) Yes (1) No (0) Yes (1) Yes (1)
groups similar what No
at baseline re- (0.5)
garding the
most

important prog-
nostic indica-
tors?

D | Was the patient | No (0) No (0) No (0) Yes (1) No (0) No (0) No (0)
blinded to the
intervention?

E Was the care No (0) No (0) No (0) No (0) No (0) No (0) Somewhat
provider YES (0.5)
blinded to the
intervention?
F Was the out- No (0) No (0) No (0) Yes (1) No (0) No (0) No (0)
come assessor
blinded to the
intervention?
G | Were co-inter- Don’t Don’t Don’t Don’t Don’t Don’t Don’t know
ventions know (0) know (0) know (0) | know (0) know (0) | know (0) | (0)

avoided or simi-
lar

H | Was the com- Yes (1) Yes (1) Yes (1) Yes (1) Yes (1) Yes (1) Yes (1)
pliance ac-
ceptable in all
group?

| Was the drop- No (0) Yes (1) Yes (1) Yes (1) No (0) Yes (1) Yes (1)
out described
and accepta-
ble?

J Was the timing | Yes (1) Yes (1) Yes (1) Yes (1) Yes (1) Yes (1) Yes (1)
of the outcome
assessment in

all groups
similar?
K Did the analysis | Modified No (0) Modified Modified No (0) No (0) Yes (1)
include an in- ITT (0.5) ITT (0.5) | ITT (0.5)
tention-to-treat
analysis?
Total score 4 5 4.5 7.5 2 4 7
Quality High High High

4.5 Cochrane EPOC Risk of Bias

Based on the scores from Cochrane EPOC Risk of Bias Tool it was apparent that most
of the studies carried a “low risk” for a number of domains such as random sequence

generation (n=5), protection against contamination (n=7), selective outcome reporting
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(n=7), Baseline outcome measurements similarity (n=7). However the domains with
highest frequency for “High Risk” were allocation concealment (n=6), similarity of base-
line characteristics (n=3) and incomplete outcome data (n=2). Table 11 highlights the

findings from the for Cochrane EPOC Risk of Bias Tool the selected studies.

Table 11. Highlights the scoring results from Cochrane EPOC Risk of Bias Tool

Cochrane Effective Practice and Organisation of Care (EPOC) Risk of Bias Tool — EPOC modified tool for

assessing risk of bias for randomised trials. EPOC Quality Assessment Form /Risk of Bias Tool -

Domain Risk of Bias
Basch et | Absolom Denis et | Maguire Pappot et | Berry et | Borgsund et
al. 2017 etal. 2021 | al. 2017 etal.2021 | al. 2016 al. 2015 al. 2014
1. Random Low risk Low risk Low risk Low risk Unclear Unclear Low risk
sequence risk risk
generation
2. Allocation High risk | High risk High risk | High risk High risk | Highrisk | Unclear risk

concealment

3. Baseline High risk | Low risk High risk | Low risk High risk | Low risk Low risk
characteristics

similar

4. Knowledge of High risk | . Highrisk | Highrisk | Low risk High risk | High risk High risk
the allocated in-
terventions ade-
quately prevented
during the study

1.2

5. Other risks of Unclear Unclear Unclear Unclear Unclear Unclear Unclear risk
bias due to prob- risk risk risk risk risk risk
lems not covered
elsewhere in the
table.

6. Protection Low risk Low risk Low risk Low risk Low risk Low risk Low risk
against

contamination

7. Selective Low risk Low risk Low risk Low risk Low risk Low risk Low risk
outcome

reporting

8. Baseline Low risk Low risk Low risk Low risk Low risk Low risk Low risk
outcome
measurements

similar®®
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9. Incomplete High risk | Low risk Low risk Low risk High risk Low risk Low risk

outcome data*

!If some primary outcomes were imbalanced at baseline, assessed blindly or affected by missing data and others
were not, each primary outcome can be scored separately.

2This refers to blinding of participants and personnel and blinding of outcome assessment.

8If “Unclear risk” or “High risk”, but there is sufficient data in the paper to do an adjusted analysis (e.g. Baseline

adjustment analysis or Intention to treat analysis) the criteria should be re scored as “Low risk”.

1If some primary outcomes were imbalanced at baseline, assessed blindly or affected by missing data and others

were not, each primary outcome can be scored separately

4.6 Comparison of critical appraisal tools

We first analysed the selected studies with mCASP checklist tool and to corroborate
our findings the selected RCTs were later cross checked by other well-known tools for
accessing methodological quality of RCTs such as modified Jadad scale, van Tulder

scale and Cochrane EPOC Risk of Bias tool.

Although the different tools that were utilised in this study to assess the quality of RCTs
have their own strength and weaknesses, the comparative analysis suggests that ma-
jority of the studies had several common strengths such as use of appropriate randomi-
zation methods, high rate of adherence, good follow up and fairly low attrition. How-
ever, these tools also pointed out some serious common drawbacks for e.g., majority of
studies (upto n=6) scored poorly for items related to blinding (patients, health care
team not being blinded), allocation concealment, outcome assessors not being blinded.
Another common drawback pointed out by all tools was baseline variation in few stud-

ies (n=3) and above all lack of true ITT analysis except for 1 study.

On comparison the trends showed that higher is the quality of a study lower is the risk
of bias. N=3 studies were categorized as Medium-High quality with mCASP mJadad
scale and van Tulder scale and majority of the items (6-7) falling in low risk of bias for
these studies. Further n=2 studies were categorized as low quality by mCASP and
mJadad scale with fairly high number of items (2-4) falling in the risk of bias category.
Although tools like mJadad Scale and van Tulder scale were not as elaborative as the
MCASP checkilist for assessing methodological robustness of a RCT, in conclusion
there was a good correlation between the appraisal tools. Table 12 summaries the find-

ings for overall score and quality ratings for the seven selected studies based on
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MCASP checklist, mJadal scale, van Tulder scale and Cochrane EPOC Risk of Bias

tool.
Table 12. Comparison of the scores of RCT quality assessment tools used in the study
CASP Modified Jadad Van Tulder Cochrane EPOC Risk of
composite scale scale Bias Tool
cheklist
Article Score | Quality | Score | Quality | Score High* | Low* | Uncertain*
Quality
Basch et | 14.25 | Low 4 High 4 4 4 1
al. 2016
Absolom 16 Medium 4 High 5 High 2 6 1
etal.
Denis et | 14.25 | Low 4 High 4.5 3 5 1
al. 2017
Maguire 18.5 High 4 High 7.5 High 1 7 1
et al.
2021
Pappot et 11 Low 2 Low 2 4 3 2
al. 2016
Berry et | 13.25 | Low 2 Low 4 2 5 2
al. 2016
Borosund | 16.5 | Medium 5.5 High 7 High 1 6 2
et al.
2014
Average 12.21 3.64 4.85
Score
*no. of items (frequency) with high risk
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5 DISCUSSION

During the past decade several scientific materials had been published that advocates
the use of digital health technologies such as ePROMSs in routine cancer care. This sci-
entific evidence includes pilot studies, feasibility studies, proof of concept studies, re-
ports and RCTs. Although majority of this form of scientific data presents a freak pic-
ture of the quality and standard of evidence available for the utility of ePROMSs in clin-
ics, RCTs remain the fountain head of level of clinical evidence. The aim of the cur-
rent thesis was to examine the quality of evidence generated by RCTs employing use
of ePROMs as IV tools for patients with oncology therapy settings by examining the
study design methodical robustness as well as external validity using critical appraisal
tools as MCASP checklist, mJadad scale, van Tulden scale and Cochrane EPOC Risk
of Bias tool. Our primary assessment tool was the mCASP checklist however other ad-
dition tools (mJadad scale, van Tulden scale and Cochrane EPOC Risk of Bias Tool
were employed to double check the validity and co-relation of the primary assessment

tool.

Out of the 95 articles that were screened for inclusion/extrusion criteria about 38%
(n=36) of the articles addressed a topic that did not focus on meaningful clinical out-
come for a cancer patient, or the outcomes of the study were not of any direct rele-
vance for the cancer patients. These outcomes included cancer treatment-related fi-
nancial assistance, cognitive style and mobile e-learning in medical students, motivate
use of genetic counselling among cancer patients, obesity/overweigh/weight loss
among cancer patients, reducing fear of recurrence, promoting physical activity , study-
ing effects on moderate physical activity and vegetable consumption among cancer
survivors, psychoeducation (anxiety and self-esteem)lifestyle-related effects, promoting

tobacco cessation etc.

Further about 15% (n=14) of the studies were feasibility studies, protocols, plan for fu-
ture studies or reports. With over 50% of studies either addressing a low threshold or a
“soft” outcome for a cancer patient itself demonstrates that the current quality of studies

related to ePROMs in oncological settings remains highly deplorable.

Our results also showed that about 9.5% (n=9) of clinical trials had a small number of

study participants (n<100 even up to n=40) and very short follow up durations (upto 3
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weeks). This data further points out to lack of reliability of data for the applicability of

many ePROMSs in clinical practice.

Out of the 4751 hits generated in our search we were finally able to screen 7 RCTs
from the last 10 years that matched our study and analysis criteria. Our result from
MCASP checklist showed that strengths of the selected RCTs included good study de-
sign (section A of checklist) where scores were 100% for all studies. Besides majority
of the studies had common strengths such as use of appropriate randomization meth-
ods, high rate of adherence, good follow up and fairly low attrition that also formed
components of methodology (part B) and result (part C) sections of the checklist.

On the contrary a number of shortcomings were also observed in the examined stud-
ies. However the major drawback of majority of the studies included ignoring any form

of blinding and studies performing modified ITT analysis rather than true ITT analysis.

In clinical trials, blinding refers to keeping study subjects, health care team, and those
assessing outcomes unaware of the assigned intervention. The aim of blinding is to re-
duce any potential bias and confounding factors that would minimize the likelihood of
prognostic differences between the study groups. 85% of the selected RCTs (n=6)
were either non blinded or unable to mention if the study subjects, health care teams,
outcome assessors and data collectors/analysers were blinded or not.

Quantitative evidence demonstrates that blinding in clinical trials influence the out-
comes reported. For e.g., data from meta-epidemiological studies from 250 RCTs
showed that studies that did not report double blinding* showed on an average odds
ratio that were 17% higher than the double blinded studies (Schulz, Chalmers et al.
1995). Another study reported about 13% exaggeration of odds ratios in non-blinded
trials and even higher bias (22%) when outcomes measured were subjective in nature

(Hrdébjartsson, Emanuelsson et al. 2014).

Hrobjartsson et al. observed an exaggerated effect size and higher rate of attrition in
controls groups when compared to treated groups in non-blinded studies. (Hrébjarts-
son, Emanuelsson et al. 2014). Studies show that non-blinded assessors may also
significantly favour control, rather than experimental arms, thereby underestimating the

effects of an intervention(Hrébjartsson, Thomsen et al. 2013).
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Furthermore, the average bias of non-binding appears to be greatest in trials with sub-
jective outcomes. Subjective outcome such as pain scores present a great opportunity
for bias (Schulz, Chalmers et al. 1995). A meta-analysis from 24 epidemiological stud-
ies reported that the average bias was observed to be greater in trials with inade-
quate/unclear (versus adequate) sequence generation and allocation concealment. For
these characteristics, lack of/unclear double blinding (versus double blinding where
both participants and personnel/assessors were blinded) showed a 23% exaggeration
of intervention effects in studies with subjective outcomes. On the contrary, there was
somewhat weaker evidence of such a bias in trials with objective outcomes such as
mortality (Schulz, Chalmers et al. 1995). However, this finding may be inconsistent as
few other meta-epidemiological studies have reported no significant differences for an-
ticipated treatment effects based on outcomes subjectivity (Moustgaard, Clayton et al.
2020, Hrébjartsson, Thomsen et al. 2012). As for PROMs whether paper or electronic
based most of the reported outcomes are subjective measures therefore it cannot be
ruled out that some of the studies may have had the potential to present exaggerated
results in absence of proper blinding. Our study found a number of methodological
shortcomings in evaluation of the selected ePROM RCTs. These included high risk of
bias in the outcomes reported due to lack of blinding. Similar anomalies have also
been reported in a review by Byambasuren et al.(Kolachalama, Garg 2018). In the ab-
sence of proper blinding, we could not rule out performance bias (lack of blinding), as-
certainment bias (lack of blinding), detection bias (outcome assessors not blinded) and

selection bias (lack of allocation concealment) form majority of the selected studies.

Although blinding can be challenging for studies with DTx component, it is important to
tacked this in a good clinical trial because of the digital placebo effect-which may arise
in many mobile health interventions because patients may have a high level of affinity
for their digital devices, and as such tag them with certain expectations. (Torous, Firth
2016). A good option for creating a control group could be creating a sham app that
could help in counteracting digital placebo effect and facilitate gauging true efficacy of
the interventions. Similarly allocation concealment in the trials could have been ad-
dressed along the similar lines as for RCTs with pharmaceutical interventions where
members of the intervention team would not have any contact with the patients for app

installation purposes and unfortunately no studies tried to ensure this.

Another issue with these trials especially with a small number of participants could be

that treatment or control groups may been susceptible to sort of “contamination” with
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other similar apps since the internet is flooding with hundreds of such freely available
apps outside of the controlled conditions of the trial (Kolachalama, Garg 2018). Addi-
tionally, many trials compared outcomes to baseline values rather than the control
group which again doesn’t establish the true value of interventions. Many studies
showed positive outcomes however these outcome measures were marginal which
guestions the clinical applicability of these results. Such marginal benefits or changes
detected can only be re-established by rigorous testing. Another major drawback of se-
lected ePROM studies included possibility of differential treatment of patients which
again has its origins due to lack of/improper blinding among the members of the inves-
tigator team. Trial investigators includes a broad team such as trial designers, partici-
pant enrollers, randomization implementors, health-care providers, intervention coun-
sellors, and routine data collectors and outcome assessors(Schulz, Chalmers et al.
2002). If members of investigator teams such as attending physicians, nurses or inter-
ventional counsellors are not blinded, there is a high probability that their prejudices
and inclinations for or against an intervention could be directly transferred to partici-
pants (WOLF 1950). These prejudices or inclination could manifest as preferential pre-
scription of supplementary care/treatment, participant withdrawal decisions from a trial,
cross over or biased dose adjustments. Most importantly lack of blinding among the
outcome assessors could precipitate as information or ascertainment bias due to differ-
ential assessment of outcomes. In a randomized, placebo-controlled multiple sclerosis
trail where all patients were examined by both a blinded and an unblinded neurologist
unblinded neurologists' scores demonstrated an apparent treatment benefit for certain
patients however this bias was not reflected in a blinded neurologists scores. Which
supports that physician blinding prevented an erroneous conclusion about treatment ef-

ficacy (Noseworthy, Ebers et al. 1994).

In light of above discussions clinical trials should endeavour to incorporate blinding into
their trial designs as an essential component. Wherever possible, clinical trials should
endeavour to blind 5 groups of individuals which include: participants, clinicians, data

collectors, outcome adjudicators and data analysts.

When critically appraising a RCT one needs to check both its internal and external va-
lidity. Our mCASP checklist average scores for the internal validity ranged between 3-
14.5 with average score of 9. In practice more than 50% of studies had total score val-

ues below average score value of 9. This showed that for >50% of the studies the inter-



54 (74)
nal validity represented by methodological robustness and reliability of results was be-
low average. Weak internal validity affected the sores for external validity with a score
range 0-1.5 (max. score 3) and an average value of 0.21. This implies that for >50%
chosen RCTs the result represents somewhat inconclusive evidence that spell suspi-
cion on clinical applicability of ePROMs applicability in oncology treatment and patient
management settings. Supporting this interpretation roughly 60% (n=4) of studies were
graded as Low quality, about 25% (n=2) as medium quality and only a single study
could meet the criteria for a high-quality study with mCASP checklist scores.

Our findings from mCASP checklist tool are also supported by similar interpretations
from mJalad scale, van Tulden scale and Cochrane EPOC Risk of Bias Tool that were
also employed to assess the quality of RCTs. These tools also point out to already ob-
served drawbacks with our selected RCTs such as non-blinding, lack of true ITT and
variation in baselines among groups. Although mJalad scale, van Tulden scale and
Cochrane EPOC Risk of Bias Tool may not be as elaborative as mCASP checklist (due
to lack of many internally validity and external validity items) they do show a relatively
high degree of similarly and correlation for the RCT quality parameters with about 45%
of studies (N=3) being categorized as Medium-High quality and 30% (n=2 ) studies

categorized as low quality studies.

5.1 Drawbacks of the current study

Most of the studies ePROM studies included did not report blinding the reason for this
could be that sparse reporting on blinding, is common for trials. Literature shows that
many investigators neglect to report whether or not their trial was blinded. For e.g. 51%
trials for cystic fibrosis (total 506),33% of trials in rheumatoid arthritis (total 196), and
38% of trials in dermatology (total 68) did not report blinding status (Schulz, Chalmers
et al. 2002). Thus, there is probability that blinding may have been overlooked in these

trials as well.

Another drawback of the current study includes that statistics that are not only a critical
part of RCTs but also influences its full spectrum right from its design, protocol devel-
opment, data monitoring conduct, data management, analyses, and reporting. Statisti-
cal concepts can be difficult for non-statisticians to understand, and studies have sug-
gested a marked increase in the complexity of statistical methods in the medical litera-

ture (Horton, Switzer 2005). We acknowledge that despite our familiarity with basic
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statistical methods, our current level training in complex medical biostatistics may have
been inadequate and this might have created certain biases when examining the ro-

bustness of statistical methods for the RCTs.

Although due to qualitative nature of the study it may have a limited impact on the gen-
eralizability of the findings with mere 7 RCTs being considered. However our study had
already a very stringent inclusion and exclusion criteria quality that resulted in 7 RCTs
do represent one of the most widely cited and popular scientific materials available till
date in the field and despite its qualitative nature it does.

5.2 Ethical Considerations

The study was based exclusively on published literature in form of reviews, systemic
reviews, editorials and original clinical trials articles available from PubMed and various
open-source materials freely available from the internet. All data sources used in the
study have been listed precisely in the reference section and to the best of the authors
knowledge the intext references have been correct and precise. Furthermore, the entire
thesis was run through Turnitin software to check for plagiarism. The study protocol
and structure of thesis was reviewed and approved with thesis supervisor Dr. Marianne
Pitk&jarvi (PhD) in accordance with Master thesis guidelines from Helsinki Metropolia
University of Applied Sciences. The author declares no conflicts of interests. The au-
thor did not receive any funding from any academic institution or business establish-

ment for completing the manuscript. In the current study YS had a role in in study de-

sign, data collection and analysis, and preparation of the manuscript.
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6 CONCLUSION

It can be assumed unequivocally that DTx like ePROMs will play an important role in
the management of cancer patients eventually. However, at present several barriers
may significantly impede its broad clinical implementation such as lack of robust and
quality data. Most of the current scientific evidence regarding the utility of ePROMSs in
oncology exists in form of pilot studies, feasibility studies, proof of concept studies, re-
ports rather than RCTs which form the golden standard of a clinical evidence. Further-
more, a large on the well-being of a cancer patient.

Among the seven RCTs that were examined with the 4 critical appraisal tools about >
50% were found to have a number of serious methodological flaws such as lack of allo-
cation concealment, difference at baseline similarity, lack of true ITT and above all
overlooking of any form of blinding. These flaws may compromise the methodical qual-
ity of ePROMs RCTs and put a question mark of the internal and external validity of
these RCTs.

We therefore conclude that at present the foundation of empirical evidence advocating
clinical utility of ePROMSs in the management of cancer patients could be somewhat
shaky. Given the fact that a large portion of oncology ePROM trials conducted may not
be of high quality, and of limited generalizability we recommend a more in-depth scru-
tiny of the clinical evidence generated by RCTs and excising caution while prescribing
ePROM based DTx to patients (Duffy, J. R. 2005).

DTx products such as ePROMs having different characteristics than the traditional
pharmacological components may need a diffident clinical trial design and regulatory
yardsticks. The need of the hour is that regulatory agencies like European Medical
Agency (EMA), FDA and profession organizations like the DTA should work together to
remove the distrust and hurdles around the clinical implementation of these products

S0 as to realize their full potential.
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8 APPENDIX

8.1 Template mCASP Checklist
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Check List Questions

Part A (Study Design)

Q1 Did the study ad- | Yes 1 No |-1 | Somewhat |05 |Can't |0
dress a clearly fo- say
cused research
question?

Q2 Does the researcher | Yes 1 No |-1 | Somewhat | 0.5 |Cant |0
identify what is known say
and not known about
the problem?

Q3 Does the researcher | Yes 1 No |-1 | Somewhat | 0.5 |Can't |0
identify how the study say
will address any gaps
in knowledge?

Part B (Methodology) Internal Validity

Q4 Was the assignment| Yes |1 No |-1 | Somewhat | 0.5 | Can’t |0
of participants to inter- say
ventions random-
ised?

Q4a Was Randomisation| Yes |1 No |-1 | Somewhat | 0.5 |Can't |O
process appropriate? say

Q5 Was blinding| Yes |1 No |-1 | Somewhat | 0.5 |Can't |O
performed? say

Qb5a Were the investiga- | Yes 1 No |-1 | Somewhat |05 |Cant |0
tors ‘blind’ to the in- say
tervention they were
giving to partici-
pants?

Q5b Were the people as- | Yes 1 No |-1 | Somewhat | 0.5 |Can't |0
sessing/analysing say
outcome/s ‘blinded’?

Q6 Were the study | Yes |1 No |-1 | Somewhat |05 |Cant |0
groups similar(base- say
line) at the start of the
randomised con-
trolled trial?

Q7 Was sample size suf- | Yes 1 No |-1 | Somewhat | 0.5 |Can't |0
ficient based on say
study design and ra-
tionale?

Q8 Are data collection Yes 1 No |[-1 | Somewhat | 0.5 |Cant |0
methods described say
clearly ?

Q9 Were instruments | Yes 1 No |-1 | Somewhat |05 |Can't |0
used to measure the say
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outcomes valid and
reliable?

Q10 If surveys or ques- Yes 1 No |-1 | Somewhat | 0.5 |Can't |0
tionnaires were used, say
was the response
rate > 25%?

Section C (Results) Internal Validity

Q11 Were the results pre- | Yes 1 No |-1 | Somewhat | 0.5 | Cant | 0.25
sented clearly? say

Q12 Were the effects of | Yes |1 No |-1 | Somewhat | 0.5 | Can't | 0.25
intervention reported say
comprehensively?

Q13 Was the precision of | Yes 1 No |-1 | Somewhat | 0.5 | Can't | 0.25
the estimate of the in- say
tervention or treat-
ment effect reported
(P values, ClI, SD)?

Q14 Were all participants | Yes |1 No |-1 | Somewhat | 0.5 | Can't | 0.25
who entered the say
study accounted for
at its conclusion?

Q15 Did the RCT analyse | Yes 1 No |-1 | Somewhat | 0.5 | Can't | 0.25
in groups to which say
people were random-
ised to (intention-to-
treat analysis)?

Q16 Was there any loss | Yes |1 No |-1 | Somewhat | 0.5 | Can't | 0.25
of follow up(attrition say
bias)? If yes was it <
20% ?

Q17 Were study limita- | Yes 1 No |-1 | Somewhat | 0.5 | Can't | 0.25
tions identified and say
addressed

Part D (Applicability of results) External Validity

Q18 Do the benefits of the | Yes 1 No |-1 | Somewhat | 0.5 | Can't | 0.25
experimental inter- say
vention outweigh the
harms and costs?

Q19 Can the results be | Yes 1 No |-1 | Somewhat | 0.5 | Can't | 0.25
applied to your local say
population/in your
context?
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Q20 Would the experi- | Yes 1 No |-1 | Somewhat | 0.5 | Can't | 0.25
mental intervention say
provide greater value
to the people in your
care than any of the
existing interven-
tions?

Scoring Each questions has 4 options with a certain score points : 1.Yes ( score points= 1)
2. No (score points=0) 3. Somewhat (score point = 0.5) 4. cant’s say (score point
=0.25). Each question carried a maximum score of 1 (except for questions from
section A which carried maximum of 0.5 marks) and minimum score of zero.

Quality There were a total of 23 questions with a maximum score of 23 points. Studies with

score points 217.25 were classified as high quality (H) while those between 11.5-
17 as of medium quality (M) and studies with a score of <11.5 as low quality (L)

Two questions were avoided from the checklist:

“Were the participants blind to the intervention they were given?” Since it was very
difficult to blind the patients given the nature of intervention

“Apart from the experimental intervention, did each study group receive the same
level of care (that is, were they treated equally)?” Apparently IV groups receive bet-
ter attention from the healthcare team as compared to usual care groups which
results in better outcomes.

8.2 Template Modified Jadad Scale

Item

Response

Score

Response

Score

Response

Score

1.Was the study
described as ran-
domized?

Yes

No

Not described

2. Was the
method of ran-
domization appro-
priate?

Yes

No

3. Was the study
described as
blinded (Were
both the patient
and the assessor
appropriately
blinded)?

Yes

No

4.Was the method
of blinding appro-
priate??

Yes

No

Not described
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outs

5.Was there a de-
scription of with-
drawls and drop-

Yes No 0

NA

6.Was there a
clear description
of the inclusion/ex-
clusion criteria?

Yes No 0

NA

7.Was the method
used to assess
adverse effects
described?*

Yes No 0

scribed?

8.Was the meth-
ods of statistical
analysis de-

Yes No 0

NA

Total 8
Score

No

0to-2

Grading

High quality studies 4-7; Low quality studies: 0-3

bility

adouble blind score point 1 single blind score point 0.5,*item excluded due to non-applica-

2 where both participants and personnel/assessors are blinded

8.3 Template van Tulder Scale

Template
A Was Method of Randomisation Adequate? Yes/No/Don’t know
B Was treatment allocation concealed? Yes/No/Don’t know
C Were the groups similar at baseline regarding the | Yes/No/Don’t know
most
important prognostic indicators?
D Was the patient blinded to the intervention? Yes/No/Don’t know
E Was the care provider blinded to the intervention? | Yes/No/Don’t know
F Was the outcome assessor blinded to the inter- Yes/No/Don’t know
vention?
G Were co-interventions avoided or similar Yes/No/Don’t know
Was the compliance acceptable in all group? Yes/No/Don’t know
| Was the drop-out described and acceptable? Yes/No/Don’t know
J Was the timing of the outcome assessment in all Yes/No/Don’t know

groups
similar?
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K Did the analysis include an intention-to-treat analy-

Sis?

Yes/No/Don’t know

8.4 Template EPOC Quality Assessment Form /Risk of Bias Tool

Cochrane Effective Practice and Organisation of Care (EPOC) Risk of Bias Tool — EPOC
modified tool for assessing risk of bias for randomised trials. EPOC Quality Assessment Form
/Risk of Bias Tool - Part A

Part A assesses the risk of bias that may be encountered during recruiting participants; allo-
cating to intervention and control groups; inadequate implementation of the intervention; and
confounding. Using the guidance provided at the end of this form, select either “high”, “low” or
“unclear” for each judgment

concealment

ter studies should be
scored “High risk”.

unit of allocation was by
institution, team or pro-
fessional and allocation
was performed on all
units at the start of the
study; or if the unit of al-
location was by patient
or episode of care and
there was some form of
centralised randomisa-
tion scheme, an on-site
computer system or
sealed opaque enve-
lopes were used.

Domain Risk of Bias
High Low Uncertain

1. Random Scored as “High risk” | Score “Low risk” if a ran- | Score “Unclear risk”
sequence when a non-random dom component in the if not specified in the
generation method is used (e.qg. sequence generation paper.

performed by date of | process is described

admission). Non-ran- | (e.g. Referring to a ran-

domised trials and dom number table).

controlled before-after

studies should be

scored “High risk”.
2. Allocation Controlled before-af- Score “Low risk” if the Score “Unclear risk”

if not specified in the
paper.

3. Baseline
characteristics
similar

Score “High risk” if
there is no report of
characteristics in text
or tables or if there
are differences be-
tween control and in-
tervention providers.
Note that in some
cases imbalance in
patient characteristics

Score “Low risk” if base-
line characteristics of the
study and control provid-
ers are reported and
similar.

“Unclear risk” if it is
not clear in the pa-

per (e.g. character-
istics are mentioned
in text

but no data were
presented).
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may be due to recruit-
ment bias whereby
the provider was re-
sponsible for recruit-
ing patients into the
trial.

4. Knowledge of
the allocated in-
terventions ade-
guately prevented
during the study
1,2

Score “High risk” if
the outcomes were
not assessed blindly.

Score “Low risk” if the
authors state explicitly
that the primary out-
come variables were as-
sessed blindly, or the
outcomes are objective,
e.g. length of hospital
stay. Primary outcomes
are those variables that
correspond to the pri-
mary hypothesis or
question as defined by
the authors.

Score “Unclear risk”
if not specified in the

paper

5. Other risks of
bias

Bias due to prob-
lems not covered
elsewhere in the
table.

Score “High risk” if
any important con-
cerns about bias not
addressed above. If
guestions/entries
were pre-specified in
the study’s protocaol,
responses should be
provided for each
question/entry.

Score “Low risk” if there
is no evidence of other
risk of biases

Score “Unclear risk”
if there may be a
risk of bias, but
there is either insuf-
ficient information to
assess whether an
important risk of
bias exists; or insuf-
ficient rationale or
evidence that an
identified problem
will introduce bias.

Part B of this form will assess the Risk of bias for the domains for each group of outcomes.
Please indicate the specific outcome and complete the assessment for each.

6. Protection
against
contamination

Score “High risk” if it
is likely that the con-
trol group received
the intervention (e.qg.
if patients rather than
professionals were
randomised or there
was evidence of inter-
action between the
two groups)

Score “Low risk” if allo-
cation was by commu-
nity, institution, or prac-
tice, and it is unlikely
that the control group re-
ceived the intervention.

“Unclear risk” if pro-
fessionals were allo-
cated within a clinic
or practice and it is
possible that com-
munication between
intervention and
control professionals
could have occurred
(e.g. physicians
within practices
were allocated to in-
tervention or control)

7. Selective
outcome
reporting

Score “High risk” if
some important out-
comes are subse-
guently omitted from
the results.

Score “Low risk” if there
is no evidence that out-
comes were selectively
reported (e.g. all rele-
vant outcomes in the
methods section are re-
ported in the results sec-
tion).

Score “Unclear risk”
if not specified in the
paper. For further in-
formation see Chap-
ter 13 of the
Cochrane hand-
book: Assessing risk
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of bias due to miss-
ing results in a syn-
thesis

8. Baseline
outcome
measurements
similart3

Score “High risk” if
important differences
were present and not
adjusted for in analy-
Sis.

Score “Low risk” if per-
formance or patient out-
comes were measured
prior to the intervention,
and no important differ-
ences were present
across study groups. In
randomised trials, score
“Low risk” if

imbalanced but appro-
priate adjusted analysis
was performed (e.g.
Analysis of covariance).

9. Incomplete
outcome datal

Score “High risk” if
missing
outcome data was

likely to bias the re-
sults.

Score “Low risk” if miss-
ing outcome measures
were unlikely to bias the
results (e.g. the propor-
tion of missing data was
similar in the interven-
tion and control groups
or the proportion of
missing data was less
than the effect

Score “Unclear risk”
if not specified in the
paper (Do not as-
sume 100% follow
up unless stated ex-

plicitly).

1If some primary outcomes were imbalanced at baseline, assessed blindly or affected by
missing data and others were not, each primary outcome can be scored separately.

2This refers to blinding of participants and personnel and blinding of outcome assessment.

3If “Unclear risk” or “High risk”, but there is sufficient data in the paper to do an adjusted anal-
ysis (e.g. Baseline adjustment analysis or Intention to treat analysis) the criteria should be re
scored as “Low risk”.
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