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Introduction

Rapid developments in digital mobile and sensor technology
have facilitated the active and passive collection of detailed,
personalized data in increasingly affordable ways [1].
Researchers may be familiar with the daily diary, portable
computers, or the pedometer for the collection of patient-
reported outcomes (PRO) [2] in cancer survivorship research
[3]. Such methods, termed ecological momentary assessment
(EMA), have evolved with technological advances, e.g.,
collecting data or providing interventions (ecological momen-
tary intervention, EMI) via apps or devices such as
smartphones [4]. These smart technology—adapted sEMA/
sEMI methods are more widely used in affective disorders
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or addictive behavior research [5, 6] but are currently still
under-utilized in cancer survivorship research. A recent scop-
ing review on the use of active EMA among cancer survivors
identified twelve articles published between 1993 and 2018
[7]. Most of the included studies in that review used portable
computers. This commentary will discuss the utility of SEMA/
sEMI in cancer survivorship research and call for action to
advance this area of science.

What is EMA?

EMA refers to an intensive method of collecting reports on
respondents’ current state [8]. It has also been termed as
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“experience sampling” or “diary assessment” [8, 9]. Although
these terms stress different aspects of EMA, collectively, they
encompass methods that involve the “repeated sampling of
people’s current thoughts, emotions, behavior, physiological
states, and context, in their natural environment, typically (but
not necessarily) via electronic wearable devices” [8].

EMA methods can be categorized as being either active or
passive. Active EMA requires conscious input from the par-
ticipants who are prompted to provide information multiple
times a day and, typically, over a period of consecutive days
[8]. Passive EMA collects observational data through wear-
able devices/sensors (e.g., pedometers, fitness trackers) with-
out participants’ active involvement [10]. Technological ad-
vances in smart devices have broadened the range of data
collected with passive EMA tracking. These “digital pheno-
types” can be accessed with in-built sensors (e.g., accelerom-
eter, gyroscope, heart rate measurements) or log files data
(location tracking, screen activity tracking) [11].

Why use EMA?

A key feature of EMA is that data is collected in participants’
natural, lived environments (“ecological validity”), as op-
posed to data collected within a research or laboratory setting
[8]. Health behaviors and experiences can be affected by con-
text, and such information is difficult to capture in traditional
retrospective assessments. EMA methods have notably fur-
thered the science of substance use, cessation, and relapse,
often with results in contrast to theory-driven studies that are
largely derived from global reports collected with retrospec-
tive questionnaires [12, 13].

In light of the recent movement to implement the use of
PRO in clinical routine care [14], including electronically cap-
tured PRO (ePRO) via mobile apps [15], it is important to
differentiate the nature of clinical use of PRO versus active
EMA. Traditional methods of collecting PRO for clinical use
tend to rely on global retrospective self-reports, e.g., using a
time frame of past 24 h or week. Such measures are often used
on a regular basis or immediately prior to clinic visits for
pragmatic reasons [16], due to technical/administrative con-
siderations or to minimize possible disruption to clinical
workflow [14]. The main drawback of such assessments is
recall bias [8]. Active EMA circumvents this problem by ask-
ing participants to rate their current state (“momentary”) rather
than reflect on aggregated, past experiences. Furthermore,
EMA involves repeated assessments at different times per
day for consecutive days. This allows the capture of the dy-
namic changes in symptomatology and behavior or mental
states through the interplay with environment, context, social
relationships, and time [8]. As an example, cancer-related fa-
tigue could vary depending on time and context [17]. Also,
cancer survivors often experience multiple symptoms which
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can persist indefinitely [18]. EMA could be a less cumber-
some and cost-effective alternative to traditional PRO
methods in the longitudinal collection of complex multidi-
mensional constructs [10].

sEMA applications in cancer survivorship
In clinical setting

sEMA offers significant potential for diagnostic, monitoring,
or intervention purposes in the clinical setting.

Active and passive SEMA data can be incorporated in a
study to assess effects of diagnosis [19], in active cancer treat-
ment [20], or in a palliative setting. Accelerometer data col-
lected from smartphones could track recovery trajectories
such as physical activity following cancer treatment beyond
traditional clinical indicators [21] or to support behavioral
change [22]. Semantic location data comprising information
from smartphone sensors (sound, light, WiFi signals) and
global positioning system tracking have explored associations
between physical activity and mental health [23].

The advantages of SEMA can also be leveraged in symp-
tom management where continuous monitoring of side effects
is of relevance [24]. A novel pilot study uses a package of
wireless sensing technologies to collect passive (physiologic
and environmental/home ambient factors) and active (subjec-
tive experience of pain episode) data that could influence
cancer-related pain [25]. Passive sleep monitoring using
smartphone sensors offers a potential simpler and cheaper
solution to traditional methods to assess sleep problems [26],
which is significant in cancer survivors.

An outgrowth of sSEMA, sEMI aims to provide interven-
tions remotely in respondents’ everyday lives (i.e., real time)
and natural environments. SEMI can be tailored to provide
feedback to enhance treatment personalization and adherence,
e.g., providing an sEMI following an sEMA on affect or
health behavior [27]. Despite a significant increase of
e-health/m-health interventions in cancer care [28], assessment
of their usage and adherence is not optimal [29]. Integration of
SEMA methods such as Just-In-Time Adaptive Interventions
can potentially benefit e-health/m-health interventions, [29] as
evidenced in studies with psychiatric populations [30] or in
weight management [31].

In research setting

The smartphone is now almost ubiquitous, reducing the need
for additional equipment. sSEMA could potentially reach pop-
ulations previously under-researched using traditional data
capture methods, e.g., living in remote/rural areas. EMA can
collect large amounts of quantitative ideographic (individual)
data [10]. Traditional quantitative methods tend to be
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nomothetic, identifying patterns of behavior across a popula-
tion of individuals [10]. However, group-level findings may
not generalize to the individual [10]. Quantitative ideographic
data is especially clinically relevant in the current strive to
provide personalized cancer care.

Cancer survivors often experience co-occurring multiple
symptoms, e.g., the cluster of sleep problem, fatigue, and de-
pression, of which a challenge exists to identify the “driver” or
trigger symptom of these clusters [32]. According to the
Network Theory of Psychopathology, recurrent causal loops
maintain the “disordered” state (e.g. sleep problem — fatigue
— rumination — sleep problem) [10]. These self-sustaining
loops could be broken by targeting personalized interventions
to the identified patient-specific symptom networks [33].
Identification of such networks require ecologically valid re-
peated assessments of symptoms, for which EMA is well-
suited [10].

Conclusion

Rapid advances in technology and a marked interest in per-
sonalized health care could increase the feasibility and attrac-
tiveness of SEMA in cancer survivorship research.
Nevertheless, challenges of EMA studies such as reproduc-
ibility, comparability of assessment items, and interpretation
of results exist [7]. Other concerns such as data provenance
and regulatory issues also need to be addressed in light of the
growing interest of SEMA in cancer survivorship research
[34]. To further advance this field of science and practice,
some recommendations include (1) the use of a checklist
(e.g., an adapted STROBE checklist) [35] to report ongoing
sEMA studies, (2) initiate a Delphi survey to identify areas of
focus for the development of best practice guidelines, and (3)
the clinical and research community could establish an inter-
national interdisciplinary working group similar to the work-
ing groups that sought consensus for use of patient-reported
outcomes in research and clinical practice [36]. A working
group for sSEMA could involve expertise representing oncol-
ogy in clinical practice, research, m-health, implementation
science, and consumers to (1) inventory the use of sSEMA in
cancer survivorship research and to systematically identify
potential barriers and solutions of its usage; (2) identify qual-
ity hallmarks of apps and platform providers of SEMA in view
of the current proliferation; (3) develop guidelines on the de-
sign, methodology, and statistical analyses of SEMA studies;
and (4) provide guidance on addressing relevant ethical con-
cerns associated with the use of SEMA. Such guidance should
include, but not limited to, ethical considerations of using
smart sensors/devices; the collection, storage, and sharing of
sEMA data [10]; and the benefits versus patient burden in the
use of sSEMA [37].

Funding information Open Access funding provided by Projekt DEAL.
Dr. Kristen Fessele is supported in part by NCI P30 CA008748 funding.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Aung MH, Matthews M, Choudhury T (2017) Sensing behavioral
symptoms of mental health and delivering personalized interven-
tions using mobile technologies. Depress Anxiety 34:603—609

2. Schneider S, Stone AA (2016) Ambulatory and diary methods can
facilitate the measurement of patient-reported outcomes. Qual Life
Res 25:497-506

3. Paterson C (2019) An ecological momentary assessment of self-
management in prostate cancer survivors. J Cancer Surviv 13:
364-373

4. Frank E, Pong J, Asher Y, Soares CN (2018) Smart phone technol-
ogies and ecological momentary data: is this the way forward on
depression management and research? Curr Opin Psychiatry 31:3—
6

5. Colombo D, Fernandez-Alvarez J, Patané A, Semonella M,
Kwiatkowska M, Garcia-Palacios A, Cipresso P, Riva G, Botella
C (2019) Current state and future directions of technology-based
ecological momentary assessment and intervention for major de-
pressive disorder: a systematic review. J Clin Med 8:465

6. Smith KE, Juarascio A (2019) From ecological momentary assess-
ment (EMA) to ecological momentary intervention (EMI): past and
future directions for ambulatory assessment and interventions in
eating disorders. Curr Psychiatry Rep 21:53

7. Kampshoff CS, Verdonck-de Leeuw IM, van Oijen MG et al
(2019) Ecological momentary assessments among patients with
cancer: a scoping review. Eur J Cancer Care (Engl) 28:¢13095

8. Shiffman S, Stone AA, Hufford MR (2008) Ecological momentary
assessment. Annu Rev Clin Psychol 4:1-32

9. Larson R, Csikszentmihalyi M (1983) The experience sampling
method in Reis HT (ed): naturalistic approaches to studying social
interaction. Jossey-Bass, San Francisco, pp 41-56

10. Ruwaard J, Kooistra L, Thong MSY (2018) Ecological momentary
assessment in mental health research: a practical introduction, with
examples in R (Ist edition - build 2018-11-26). APH Mental
Health, Amsterdam

11.  Torous J, Staples P, Barnett I, Sandoval LR, Keshavan M, Onnela
JP (2018) Characterizing the clinical relevance of digital phenotyp-
ing data quality with applications to a cohort with schizophrenia.
NPJ Digit Med 1:15

@ Springer


https://doi.org/

Support Care Cancer (2021) 29:7-10

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Shiffman S (2009) Ecological momentary assessment (EMA) in
studies of substance use. Psychol Assess 21:486-497

Swendsen J (2016) Contributions of mobile technologies to addic-
tion research. Dialogues Clin Neurosci 18:213-221

Basch E, Barbera L, Kerrigan CL et al (2018) Implementation of
patient-reported outcomes in routine medical care. Am Soc Clin
Oncol Educ Book 38:122-134

Egbring M, Far E, Roos M, Dietrich M, Brauchbar M, Kullak-
Ublick GA, Trojan A (2016) A mobile app to stabilize daily func-
tional activity of breast cancer patients in collaboration with the
physician: a randomized controlled clinical trial. J] Med Internet
Res 18:€238—€238

Licqurish SM, Cook OY, Pattuwage LP, Saunders C, Jefford M,
Koczwara B, Johnson CE, Emery JD (2019) Tools to facilitate
communication during physician-patient consultations in cancer
care: an overview of systematic reviews. CA Cancer J Clin 69:
497-520

Abid H, Kober KM, Smoot B et al (2017) Common and distinct
characteristics associated With trajectories of morning and evening
energy in oncology patients receiving chemotherapy. J Pain
Symptom Manag 53:887-900 e2

Burkett VS, Cleeland CS (2007) Symptom burden in cancer survi-
vorship. J Cancer Surviv 1:167-175

Mattos MK, Sereika SM, Beach SR, Kim H, Klunk WE, Knox M,
Nadkarni NK, Parker LS, Roberts JS, Schulz R, Tamres L, Lingler
JH (2019) Research use of ecological momentary assessment for
adverse event monitoring following amyloid-beta results disclo-
sure. J Alzheimers Dis 71:1071-1079

Solk P, Gavin K, Fanning J, Welch W, Lloyd G, Cottrell A, Nielsen
A, Santa Maria CA, Gradishar W, Khan SA, Kulkarni S, Siddique
J, Phillips SM (2019) Feasibility and acceptability of intensive lon-
gitudinal data collection of activity and patient-reported outcomes
during chemotherapy for breast cancer. Qual Life Res 28:3333—
3346

Panda N, Solsky I, Huang EJ, Lipsitz S, Pradarelli JC, Delisle M,
Cusack JC, Gadd MA, Lubitz CC, Mullen JT, Qadan M, Smith BL,
Specht M, Stephen AE, Tanabe KK, Gawande AA, Onnela JP,
Haynes AB (2020) Using smartphones to capture novel recovery
metrics after cancer surgery. JAMA Surg 155:123-129

Gell NM, Grover KW, Humble M, Sexton M, Dittus K (2017)
Efficacy, feasibility, and acceptability of a novel technology-
based intervention to support physical activity in cancer survivors.
Support Care Cancer 25:1291-1300

Saeb S, Lattie EG, Kording KP, Mohr DC (2017) Mobile phone
detection of semantic location and its relationship to depression and
anxiety. JMIR Mhealth Uhealth 5:e112

Trojan A, Huber U, Brauchbar M, Petrausch U (2020) Consilium
smartphone app for real-world electronically captured patient-
reported outcome monitoring in cancer patients undergoing anti-
PD-L1-directed treatment. Case Rep Oncol 13:491-496

LeBaron V, Hayes J, Gordon K, Alam R, Homdee N, Martinez Y,
Ogunjirin E, Thomas T, Jones R, Blackhall L, Lach J (2019)
Leveraging smart health technology to empower patients and fam-
ily caregivers in managing cancer pain: protocol for a feasibility
study. JMIR Res Protoc 8:¢16178

@ Springer

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Saeb S, Cybulski TR, Schueller SM, Kording KP, Mohr DC (2017)
Scalable passive sleep monitoring using mobile phones: opportuni-
ties and obstacles. J Med Internet Res 19:¢118

McDevitt-Murphy ME, Luciano MT, Zakarian RJ (2018) Use of
ecological momentary assessment and intervention in treatment
with adults. Focus (Am Psychiatr Publ) 16:370-375

Chan R, Howell D, Lustberg M et al (2020) Advances and future
directions in the use of mobile health in supportive cancer care:
proceedings of the 2019 MASCC Annual Meeting Symposium.
Support Care Cancer 28:4059—4067

Kim J, Marcusson-Clavertz D, Yoshiuchi K, Smyth JM (2019)
Potential benefits of integrating ecological momentary assessment
data into mHealth care systems. Biopsychosoc Med 13:19
Barrigon ML, Berrouiguet S, Carballo JJ, Bonal-Giménez C,
Fernandez-Navarro P, Pfang B, Delgado-Gomez D, Courtet P,
Aroca F, Lopez-Castroman J, Artés-Rodriguez A, Baca-Garcia E,
MEmind study group (2017) User profiles of an electronic mental
health tool for ecological momentary assessment: MEmind. Int J
Methods Psychiatr Res 26:e1554

Spruijt-Metz D, Wen CK, O'Reilly G et al (2015) Innovations in the
use of interactive technology to support weight management. Curr
Obes Rep 4:510-519

Miaskowski C, Barsevick A, Berger A, Casagrande R, Grady PA,
Jacobsen P, Kutner J, Patrick D, Zimmerman L, Xiao C, Matocha
M, Marden S (2017) Advancing symptom science through symp-
tom cluster research: expert panel proceedings and recommenda-
tions. J Natl Cancer Inst 109:djw253

Blanken TF, Borsboom D, Penninx BW et al (2020) Network out-
come analysis identifies difficulty initiating sleep as a primary target
for prevention of depression: a 6-year prospective study. Sleep 43:
757288

Cox SM, Lane A, Volchenboum SL (2018) Use of wearable, mo-
bile, and sensor technology in cancer clinical trials. JCO Clin
Cancer Inform 2:1-11

Liao Y, Skelton K, Dunton G, Bruening M (2016) A systematic
review of methods and procedures used in ecological momentary
assessments of diet and physical activity research in youth: an
adapted STROBE checklist for reporting EMA studies
(CREMAYS). J] Med Internet Res 18:¢151

Calvert M, Kyte D, Mercieca-Bebber R, Slade A, Chan AW, King
MT, and the SPIRIT-PRO Group, Hunn A, Bottomley A, Regnault
A, Chan AW, Ells C, O’Connor D, Revicki D, Patrick D, Altman
D, Basch E, Velikova G, Price G, Draper H, Blazeby J, Scott J,
Coast J, Norquist J, Brown J, Haywood K, Johnson LL, Campbell
L, Frank L, von Hildebrand M, Brundage M, Palmer M, Kluetz P,
Stephens R, Golub RM, Mitchell S, Groves T (2018) Guidelines for
inclusion of patient-reported outcomes in clinical trial protocols: the
SPIRIT-PRO extension. JAMA 319:483-494

Burke LE, Shiffman S, Music E, Styn MA, Kriska A, Smailagic A,
Siewiorek D, Ewing LJ, Chasens E, French B, Mancino J, Mendez
D, Strollo P, Rathbun SL (2017) Ecological momentary assessment
in behavioral research: addressing technological and human partic-
ipant challenges. J Med Internet Res 19:¢77

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.



	Going...
	Introduction
	What is EMA?
	Why use EMA?
	sEMA applications in cancer survivorship
	In clinical setting
	In research setting

	Conclusion
	References


