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Abstract

Introduction

There is growing recognition that
patient-reported outcome assessment
tools are important components in
the holistic clinical management of
patients with head and neck cancer.
Single administration of such tools
can provide insight into the inci-
dence and prevalence of the many
multifaceted and debilitating func-
tional deficits experienced by this
population, while routine screening
using patient-reported outcomes
can assist in the early detection of
“at-risk” patients and serve as a pro-
cess for monitoring functional status
over time. To assist the implementation
of routine patient-reported outcome
screening in clinical practice, an
emerging body of literature has begun
to explore the use of technology to
help collect and summarise data in
real-time for clinical use. The pur-
pose of this review is to appraise
the current evidence-base for the
use of technology-assisted screening
of functional patient-reported out-
comes in the head and neck cancer
population and to identify areas of
future research need.
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Materials and methods

Online databases were searched
for relevant papers published up to
October 2013. In total, 44 papers
were identified and appraised for
suitability for inclusion in this review.
Following critical review, seven
publications were included in the
final analysis.

Results

Findings from the reviewed publica-
tions demonstrated that technology-
assisted screening of patient-reported
functional status is feasible and has
the potential to accurately capture
the functional concerns of patients
along the cancer trajectory of care.
However, at present, the majority of
studies exhibit methodological limi-
tations that currently restrict the
application of the findings to the
broader clinical context.

Conclusion

Technology-assisted screening of
functional status in the head and
neck cancer population may be a
solution to assist routine collection
of patient-reported outcomes and
optimise supportive care intervention,
though further systematic research is
needed. These applications have the
potential to be used across cancer
diagnoses, with both patients and
carers, and throughout the continuum
of care.

Introduction

Patients with head and neck cancer
(HNC) undergoing definitive radio-
therapy with or without chemotherapy
[(C)RT] experience a multitude of
negative health outcomes—mani-
festing both as acute side-effects
during treatment and perpetuating
as chronic complications long-term
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post-treatment. Debilitating sequelae,
including impairments to swallowing
and salivary function, changes in
voice quality, unintentional weight
loss, nutritional deficiency requiring
alternative feeding, poor physical
functioning, as well as fatigue and
distress can have a debilitating impact
on quality of life (QoL), creating con-
siderable survivorship burden for
these patients!®. Thus, minimising
the impact of (C)RT and improving
functional outcomes for this popula-
tion is a priority issue in supportive
cancer care.

To this end, international cancer
agencies*® and researchers’ have
recommended the regular involve-
ment of allied health professionals,
including speech-language therapists
(SLTs), to provide supportive care
during and following non-surgical
treatment for HNC. This supportive
care may extend indefinitely for
those with chronic swallowing and/or
nutritional impairments. Unfor-
tunately, international surveys of
clinical practice have demonstrated
that there are insufficient specialist
services available to deliver this
recommended intervention, which
has the propensity to deprive HNC
patients of access to best-practice
care®®, Thus, it is necessary to find
an alternate service model whereby
HNC patients most at-risk of swal-
lowing impairment, malnutrition and
distress have adequate access to
supportive care intervention, within
current staff and service constraints.
A potential solution to assist in the
early identification of and timely
intervention for these patients is to
implement routine screening during
HNC treatment.
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In response to this recognised
need for service delivery change, the
past two decades have witnessed a
shift towards the increasing use of
patient-reported outcomes (PROs)
in HNC management. This has
facilitated the capture of subjective
patient perspectives regarding not
only the physical, but also the psy-
chosocial effects of treatment, and
has assisted in collating holistic and
synergistic data to monitor overall
patient function across the treat-
ment continuum!®. A number of PRO
measures have been developed and
validated as screening tools to moni-
tor a range of clinical and functional
outcomes, including symptom bur-
den before beginning (C)RT'; side-
effects, swallowing and nutritional
status, distress/anxiety and health-
related QoL during treatment'>'%;
and even global status change for
patients in remission®®. Such tools
have been shown to be feasible in
detecting clinically significant changes
in patient function!®, and are rec-
ognised as important secondary
outcomes by treating oncologists'’.
However, the clinical applicability of
PRO screening tools has been ques-
tioned, in relation to interpretability
and the ability to draw clinical
meaningfulness in a timely manner,
particularly for clinicians unfamiliar
with the tool’.

In light of these shortfalls, recent
research has suggested that the imple-
mentation of PRO-based screening
tools into routine clinical practice may
be assisted by the use of technology.
Computer-assisted screening has the
capacity to synthesise and display
results in real-time, and allows clini-
cians to quickly focus on the aspects
of care requiring priority and/or fur-
ther investigation'®'°. Computerised
screening of QoL has already been
used in other cancer populations,
including breast, lung and cancer pain
clinics?#. This research has demon-
strated that technology-assisted QoL
screening is feasible and results in a
more productive use of waiting room

time, greater efficiency of patient
assessment processes and improved
recognition of holistic aspects of
patient care. Similarly, tele-monitoring
of patients’ symptoms throughout
treatment has been shown to be
feasible and well-accepted by patients
to provide support and education
to manage side-effects?*?3. However,
the application of technology-assisted
PRO screening to the HNC popu-
lation is still in a nascent stage of
development. Therefore, the pur-
pose of this review is to critically
analyse the current evidence for the
use of technology-assisted screening
of functional PROs in the HNC popu-
lation, as a method of facilitating
early detection and appropriate
intervention for at-risk patients.

Materials and methods
PubMed, Medline, ScienceDirect,
SpringerLink, CINAHL and Wiley data-
bases were searched for electronic
publications in English published in
peer-reviewed journals up to October
2013. The following medical subject
headings (MeSH) search terms were
used: head and neck neoplasms,
radiotherapy, chemoradiotherapy,
deglutition and deglutition disorders.
Additional search terms included
head and neck cancer, patient reported
outcomes, computerised screening,
computerised monitoring, screening +
technology/computer, swallowing,
speech, nutrition, distress, quality of
life and emotional well-being. Subse-
quently, the reference lists of identified
studies were manually searched for
additional relevant publications.
Studieswereincludedif: (1) patients
were adults diagnosed with HNC;
(2) at least one functional endpoint
relating to patient care was screened
using a validated PRO (swallowing,
nutrition, distress, anxiety, depres-
sion, health-related or general QoL);
and (3) screening was conducted
using a technology-assisted medium
(including computer/tablet-based inter-
face or web application). Of the 46
papers identified following initial
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searching, 37 were excluded following
perusal of their abstracts: 14 papers did
not use technology-assisted methods,
21 were not specific to the HNC popu-
lation, two were reviews/editorials
and two did not use validated PRO
measures. This left a total of seven
studies eligible for inclusion in the
final review (Table 1)+, Six of the
seven papers were investigated by
two research groups.

Results

All papers that met the study criteria
(Table 1) reported on participant
cohorts with heterogeneous disease
sites. All used variations of a touch-
screen-based system, with three
papers (authored by the same research
group) describing a customised
Microsoft Access program, and the
remaining reporting various com-
mercially developed self-designed
systems (Table 1). Reported function-
ality in the systems consisted mostly
of multiple-choice input and rating
scales. Researchers of one study?
reported their device to be “small and
portable” suggesting a tablet-based
application, while others described
a more static desktop computer
system?*, However, collectively, specific
detail pertaining to the design and
nature of the computerised screening
medium was limited across the
majority of studies.

The seven papers used a range of
validated tools to screen patients’
functional status electronically, includ-
ing questionnaires examining: overall
QoL, QoL aspects specific to HNC
management—particularly in regards
to speech and swallowing function;
anxiety and depression, pain, general
distress and distresses specifically
related to treatment. All but one paper
used two or three questionnaires in
their screening tools.

While the studied cohorts, tech-
nology and questionnaires trialled
were relatively consistent among the
included papers, study methodology
and purpose varied. The research
objectives of the current evidence

Licensee OA Publishing London 2013. Creative Commons Attribution License (CC-BY)

FOR CITATION PURPOSES: Wall LR, Ward EC, Cartmill B, Hill A]. Technology-assisted screening of patient-reported functional
outcomes in the head and neck cancer population: What'’s the evidence? OA Cancer 2013 Oct 01;1(2):13.

Competing interests: none declared. Conflict of interests: none declared.

All authors contributed to the conception, design, and preparation of the manuscript, as well as read and approved the final manuscript.

All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.



Page 3 of 7

*24ns0)asip Jo sa|nJ [p31Yy13 (FJNV) SI1Y1F [P 10§ UOLIDIDOSSY aY1 Aq apIgp sioylno ||y
‘1diasnupw [puLf ay3 panoiddp pup ppai so jjam so ‘idiiosnupbw ay3 fo uonpipdaid pup ‘Ubisap ‘vondasuod ayy 03 paingliauod sioyino [y
‘PaJD[23p AUOU :5353433Ul JO 1211fu0) *PaID[IIP duUoU :S1sadajul bunadwo)

OA Cancer

= g
ey 2
o— o]
> =
QL . =]
R juiod-awl SUlUS3UIS UBIPIW SDI0UD(Q 4 4 \Vllj o
*$101d142S9p 92UIPIAT JO S|9AT DYINHN UO paseq, m w
Ia ‘aJieuuonsanb aj17 jo Ayjlenp nu_u M
Q uoj3ulysepn Jo Alisisalun, ‘AI0JUSAU| SUISIUOD) JUBBJ; Pa1I0dal 10N, ‘3|eIS Uoissaldaq pue A1aIxuy |eudsoH, ‘aileuuonsanb oy12ads 323N pue pesH a4 40 Alljenp Jsoue) JO Juswieal] pue yoieasay rn-lu\ w o5
..u 10} uonesiuediQ ueadoun3, ‘aireuuonsanb a40) 9417 Jo Aljenp Jsdue) JO JusWIEDI| pue ydleasay Jo) uonesiuediQ ueadouny, ‘Adesaylowsyd jueliwoduod yum Adessyjolpel, ‘Adessyroipey. o =
= 2 BQ
FJ x]-3sod wia3sAs m <
LTS
sSHUow 'y PRS0 SAVH  fy1jepowgnw 1y10 1s33-350d = A3
Rl
(sisougelp jo sawn) WL il SEN®H-D10 01403 ‘lyowayy ‘xuhseydodAy/xuhie| /3s93-2.d :sa149s 0cMN337 = ° M
X]-9.d Jsanpoaup,, 0£D-D10 D1¥03 ‘14 A123uns ‘xuAieydouo/jesg GG 9sed aAndiudsa@ 6007 dpP-JOUOPIIA .m S n
=
Anjepownnw 3 83
wia1sAs 14 Adewud  Jayio ‘pue|d Auealjes 5 S &
! Yio ‘pug| Il £ )
uone}NSU0d |edIpaw paseq-19indwod ooMn ‘A1a8uns ‘xuAeydouo Apnis < 2 =
0} Joud Aj@ieipawiw| ud342s YyadnoJ 1Dd dey-2944 ‘Ayned |leJO €CT  |BUOBDAS-SSOJ)  600C «zS1980y m k7] M
) w
(paytoadsun) M3IAIDIUI (paytoadsun) g _% m
uole}Nsuod pPa4Nn3oNJ3s-1Wwas + |e218uns-uou Apnis g W ISt
|EJIpPaW JO w1y  WS1SAS U9U3S Ydno| JoOMN pue |e213ung 4N Ty  |euOwld3S-SS0I)  900C gddos|IA nw IS ,m
=
- L = 5
woshs 9-HIASd = G
X1 10 uonew.Jojul paseg-Jeindwion  4SIBWOWIBY] Ssadisid T o=
ansoudoud Ud3.42S Ydno} 9|eas Apnis S AHn <
8uinl9294 910499 +HONOL-YIIND,  Suney uied |eadWnN UN (s2us G<) paXIN 9EY  |BUOLISS-SSOJD)  €TOT 49YeN o T Wa
— o)
0 ” ..
wa1sAs Jay1o N E s
sisou8elp-ysod paseq-sa1ndwod yioomn 1Y ‘A1a8uns ‘les8uAseydouo Apnis m m m
«xSYuow 8T u33.2s Yydnoj| 810d dejy-23.4 ‘Alned a0 $0C  |BuUOwlISS-SS0J)  CT0T T 1=r4=10]5) 1m M, 2
o
x[-1s0d syyuow aJleuuonsanb S M o
8T ‘TT ‘6 '9°€ suondadsad + waishs SavH 35233500 f W m
(sisougelp jo swn) paseq-1a3ndwod SENBH-D10 OL¥03 /3s931-2.d :salas = - s
2]
X]-94d us9943s Yyonoyp 0€£2-0T0 21403 4N FIN 96T 9sedanndudsag 8007 529949 °p M. = ﬂ
wiaishs SavH XuAJe] DH“ % ,w
X1-1sod yiuow paseq-421ndwod 2 Ayjepownjnw ‘xuAseydodAy 15911500 < 2 g
(sisougelp jo swn) U345 YonoL  pSENBH-DTO 21403 ‘LLyoway) ‘xuhseydo.o /3s21-3.d :sa18s w Z
m X]1-91d Jsanpoaup,, ,0€D-DTO 21403 ‘1Y ‘A1a8ing ‘Ayined je1o ased aAndiudsaq  Z10C »zUassou) @ & =
] =} o O
m sjuiod-awy (x1) S M m
m. Sujuaaudg ASojouydayl sainseaw O¥d juswieal] aseasIp Jo aMS «usisap Apnis | Jeap 3 m .w
<
8u1uaauds 21u04393]3 JO poyiaw/SulwLy SY3 pue pasn sainseaw m m
awodno pajiodas-jusned ‘oseasip jo juswieas) pue 3s ‘syuedppled jo saquinu dyl ‘usisap Apnis Sujjieldp MIIARL 104 papnjaul SAIpNIS T djqeL m M




>

OA Cancer
(

Open Access

base were classifiable into two
categories: (1) to evaluate the viability
of administering computer-assisted
data collection?®? and/or (2) to
determine the prevalence of particular
functional deficits using an electronic
screening  method?*2627.2930,  The
majority of the studies used single-use,
cross-sectional sampling methods at
varying time-points post-treatment.
The remaining three studies used a
pre/post-(C)RT treatment testing
design to monitor change in patient
function over time. Only one study?®
reported multiple post-treatment
assessment points.

Due to the nature of these objectives,
a common limitation in the included
studies was that the data obtained
from the electronic screening sys-
tems was not translated to inform
supportive care intervention. Only
one study?® actively explored the use
of computerised screening to detect
and facilitate referrals for multi-
disciplinary care—in which 26% of
patients identified as having speech/
swallowing difficulties post-screening
were previously not known to the
treating SLT, and with a proportion
requiring referral for subsequent
intervention. The authors concluded
that the use of this electronic
screening paradigm could provide
a ‘safety net’ to detect patients who
would otherwise fail to receive nec-
essary follow-up for their functional
difficulties. Unfortunately, the other
six papers reported no data regarding
the frequency of follow-up or referrals
made to address the results obtained
from the screening process. Authors of
two studies?”* recognised this issue
as a methodological shortfall of their
research. One paper?® reported that
their electronic system had the capacity
to generate a graphical summary of
patients’ scores, which could be sent
to the treating physician for routine
clinical use. However, it did not discuss
how the results of the questionnaires
impactedthenatureofpatientcare.Thus,
the current scope for technology-
assisted PRO screening to influence

clinical decision making in the multi-
disciplinary care of HNC patients is
limited in the existing evidence base.
The included papers also varied in
the extent to which the online delivery
system was validated. As previously
discussed, many were simply feasibility
studies or focused on the prevalence
of functional deficits in their respective
patient cohorts. No studies explicitly
focused on establishing the sensi-
tivity and/or specificity of this novel
service delivery model to examine
true diagnostic equivalence as com-
pared to the standard administration
of the questionnaires (i.e. face-to-face
paper-based)®.. Two studies®*** attem-
pted to compare the prevalence of
functional deficits detected by elec-
tronic screening to those obtained
through director paper-based methods,
as a gauge of the reliability of the
computerised tools. However, both of
these studies used historical controls
from other research with varying
inclusionary criteria and assessment
methods which restricts the conclu-
sions that can be drawn. Further-
more, the majority of studies stated
that the computerised screening tools
were quick and easy to complete,
with four papers specifying the time
on average for patients to complete
the questionnaires (mean 8.175 min;
range 7-9 min). However,; as all studies
lacked a direct comparison to the
standard paper-based versions, they
failed to quantify the time equiva-
lence for using the online method.
Finally, with regard to the evalua-
tion of consumer perceptions, only
three of the seven papers included
data relating to patients’ appraisal of
the computerised assessment process.
Collectively, patients’ perceptions of
the computerised tools were largely
very positive, and the systems were
deemed simple to use. Semi-structured
interviews conducted by Millsopp and
colleagues?* indicated that despite
over 75% of the cohort having never
used a computer, the majority of
patients thought that they would
prefer the computerised screening
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method compared to a standard
paper-based version. Another study
revealed that the patients were also
willing to complete as many ques-
tionnaires as was deemed necessary
when using the system?®. Research
by Rogers et al.?® also showed that
most patients thought completing the
screening tool made a difference to
the nature of the face-to-face consul-
tation, including that it made it “a bit
more personal”, “remind[ed] them
of the points they want discussed” and
“allow[ed] the consultation to get
straight to the point”. This suggested
that the use of technology-assisted
screening of patient-reported concerns
could potentially allow targeted face-
to-face discussion on the most relevant
issues and provide more efficient
use of outpatient clinic time. This
was a sentiment shared by a number
of the papers; however, no study
rigorously explored the impact of
screening on service change—no
data was presented relating to the
timeliness of referrals for follow-up
multidisciplinary care, numbers of
unnecessary consultations that were
avoided, or health economic analysis
of this model of care as compared to
standard face-to-face consultation.
Furthermore, no included study to
date examined clinician percep-
tions of the use of computerised PRO
screening.

Discussion

The purpose of this review was to
coalesce the current evidence for the
use of technology-assisted screening
of PROs in the HNC population. Critical
analysis of seven publications revealed
that touch-screen-based systems are
a feasible and insightful way of scree-
ning for patient-reported functional
status and have the potential to
optimise the efficiency and holistic
care approach of HNC outpatient
clinics. However,many oftheincluded
studies have similar methodological
shortfalls,andthesecurrentlylimitthe
assurance that ‘at-risk’ patients are
being effectively triaged and referred
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on for appropriate face-to-face inter-
vention—which is a desired purpose
of this innovative service delivery
model®.

While the current body ofliterature
is limited, the heterogeneous nature
of the HNC patient cohorts studied
is a relative strength. This supports
that technology-assisted screening
could be viable for use in the routine
clinical setting, which reflects a similar
diversity in population. The variety
in PRO measurements used to address
multiple areas of potential functional
deficit is also strength of the current
research. This has positive indica-
tions that other PRO tools, which use
similar simple multiple choice ratings/
scales, could be successfully translated
into an online environment—thus
further broadening the scope of
what can be addressed by comput-
erised screening. Equally, this has
implications for multidisciplinary
care, whereby avenues for future
research could include a suite of
online screening tools addressing
a wide range of functional PROs,
depending on the needs of the
patient, to make further advances in
synergistic care for this population
along the treatment continuum.

The consistent use of touch-
screen-based computerised systems
to facilitate the electronic monitoring
of PROs among the included studies
is aligned with broader literature,
which deems touch-screen technology
tobeaneffectivetooltogatherpatient-
related functional status informa-
tion®*33, While a number of studies
reported using systems built by
commercial software companies, all
equipment appeared to be indi-
vidualised and self-designed for the
purpose of the study. An overall lack
of specificity in the papers’ method-
ologies about the functions of the
systems hence limits the studies’
repeatability to validate findings as
well as the current capacity to facilitate
roll-out and uptake into routine
clinical practice elsewhere. This limi-
tation is not surprising given that

research into application of technology-
assisted PRO screening in the HNC
population is still emerging, and is
likely to be addressed as the body of
evidence continues to grow.

The primary limitation observed
across the majority of studies con-
ducted to date wasalack of comparison
and validation of findings with more
conventional assessment methods.
While it is acknowledged that the
analysed studies have used validated
measures or portions of multiple
validated measures in their screening
tools, researchers in the broader
telemedicine paradigm have argued
that diagnostic equivalence needs to
be investigated and confirmed when
the medium in which the measures
are delivered has changed?®. Ideally,
a novel technology-assisted screening
method should be compared against
the current gold standard3’. In this
case, the gold standard is the conven-
tional paper-based version or a face-
to-face assessment with a relevant
health professional by which the
questionnaire was originally validated.
Future methodologies need to use
direct comparisons of data collected
on both modalities (traditional
gold standard and new technology-
assisted methods), ideally in a blinded
manner;, to confirm the validity and
sensitivity of electronic screening
tools.

Another limitation of the existing
research is the lack of systematic
validation of how the information
obtained from online screening was
used to assist patient management.
Aspreviously stated, screening systems
should be designed for the purpose of
triaging patients and identifying
aspects of a patient’s care that requires
further investigation3*. Therefore,
ensuring that relevant members of
the multidisciplinary HNC team are
alerted based on the data obtained
from screening is an essential area
of future development. Some of the
analysed papers specified parameters
or cut-off points for their electronic
systems to deem whether a condition
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(e.g. distress) was ‘present’ or ‘absent.
Perhaps a more clinically intuitive
method would be defining param-
eters to determine the need for refer-
rals for further clinical assessment
and management. Exploration as to
what is deemed a “clinically relevant
change” in function, based on data
obtained from screening tools, is a
contentious issue and as such requires
extensive further research'. In the
meantime, however, once again, an
equivalence methodology needs to
be used, comparing the traditional
method of practice and referral to
that resulting from online screening,
thus evaluating if the nature of clinical
action taken following online screening
is similar to traditional clinical practice.
Moreover, levels of agreement between
clinical judgement and detection by
electronic screening could be investi-
gated, as well as information regarding
clinicians’ judgements of suitable
screening parameters as grounds for
making referrals. Such research will
help to refine the clinical meaning-
fulness and applicability of future
screening systems and ensure that
the data collected can be accurately
used to direct multidisciplinary care.

Finally, for screening to be effective,
it must use methods that are accept-
able to patients and clinicians®>%.
Unfortunately, the current investi-
gations are limited in their analysis
of consumer perceptions and future
research, therefore, requires a more
comprehensive focus on the views of
all stakeholders (i.e. patients, carers
and staff), to negate any potential
barriers to clinical implementation.
Consideration of the economic feasi-
bility of this new service delivery
model as compared to current stan-
dard practice is also an essential area
of future analysis, to facilitate the
uptake of electronic screening into
routine clinical care.

Conclusion

This review has critically appraised
the current evidence for the use of
technology-assisted screening of
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functional PROs in HNC patients,
and their potential for facilitating
accurate and prompt detection of, and
intervention with, at-risk patients.
Collective analysis has demonstrated
that this novel service-delivery model
is a viable triage tool and has the
potential to inform and optimise
supportive care intervention. This
has positive implications for HNC
patients who face often substantial
functional difficulties both during
treatment and long into the survivor-
ship phase. It also has great potential
for supporting carers, who may also be
experiencing considerable distress or
QoL disturbance as a result of their
family member undergoing HNC
management. The recognised limi-
tations of the existing literature
can be used to develop future feasi-
bility studies with discriminating
methodological rigour and focus on
the clinical applicability of screening
systems. Addressing such limitations
is an avenue for further research and
is necessary if technology-assisted
screening is to be effectively and effi-
ciently implemented in routine clinical
practice.

Abbreviations list

CINAHL, Cumulative Index to Nursing
and Allied Health Literature; (C)RT,
chemoradiotherapy; HNC, head and
neck cancer; MeSH, medical subject
heading; PRO, patient-reported out-
come; QoL, quality of life.
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