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Abstract

Background: Older adults are at high risk for toxicity due to cancer treatment and increased risk for adverse events related to
chemotherapy-induced nausea and vomiting (CINV).  Unfortunately, older adults report multiple treatment-related symptoms,
but use few strategies to self-manage these symptoms due to erroneous beliefs related to the effectiveness of commonly taught
self-management strategies. We developed a novel serious game, MAH, to help older adults learn how to effectively self-manage
chemotherapy-induce nausea and vomiting at home.

Objective: This study has 2 aims.  Aim 1 is to Examine changes in CINV severity, self-management behaviors, functioning,
QOL, cognitive representation and healthcare use within the intervention group from baseline (T1) to completion of the study
(T6).  Aim 2 is to determine efficacy of the Managing at Home (MAH) intervention by comparing differences in primary
outcomes (CINV severity, healthcare use) and secondary outcomes (self-management behaviors, functioning, and QOL) between
the intervention and control groups at each follow-up visit (T2-T6) and completion of the study (T6).

Methods: This is a longitudinal randomized clinical trial. We will collect data from 500 older adults receiving cancer-related
chemotherapy at baseline (T1) and at each treatment cycle until cycle 6 (T6).  Participants will be enrolled if they are age 60 or
older, newly diagnosed with cancer, being treated with any chemotherapy agent with moderate or high emetic potential, on a 2-,
3-, or 4-week treatment cycle, are proficient in English and have a telephone.  Previous diagnosis and/or treatment for cancer,
end-stage disease with less than 6 months to live, and uncorrected visual or hearing impairment are exclusion criteria.

Results: As of July 2023, the enrollment of participants is ongoing.

Conclusions: This study addresses self-management of CINV in older adults using an innovative serious game. The MAH
intervention uses simulation and gaming technology to engage older adults in active learning in order to reframe erroneous
perceptions about symptom self-management.  If shown to be effective, it can easily be adapted to include other cancer-related
symptoms and/or other chronic illnesses. Clinical Trial: ClinicalTrials.gov NCT05838638;
https://clinicaltrials.gov/study/NCT05838638?term=NCT05838638&rank=1
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Serious  Gaming  for  Chemotherapy  Induced  Nausea  and  Vomiting  in
Older Adults with Cancer: Protocol for a Randomized Clinical Trial

Abstract

Background: Older adults are at high risk for toxicity due to cancer treatment and increased risk for
adverse events related to chemotherapy-induced nausea and vomiting (CINV).  Unfortunately, older
adults  report  multiple  treatment-related  symptoms,  but  use  few  strategies  to  self-manage  these
symptoms due to erroneous beliefs related to the effectiveness of commonly taught self-management
strategies. We developed a novel serious game, MAH, to help older adults learn how to effectively
self-manage chemotherapy-induce nausea and vomiting at home.
Objective:  This  study  has  2  aims.   Aim  1  is  to  Examine  changes  in  CINV  severity,  self-
management behaviors, functioning, QOL, cognitive representation and healthcare use within the
intervention group from baseline (T1) to completion of the study (T6).  Aim 2 is to determine efficacy
of the Managing at Home (MAH) intervention by comparing differences in primary outcomes (CINV
severity,  healthcare  use)  and  secondary  outcomes  (self-management  behaviors,  functioning,  and
QOL) between the intervention and control groups at each follow-up visit (T2-T6) and completion of
the study (T6).
Methods:   This is a longitudinal randomized clinical trial.  We will collect data from 500 older
adults receiving cancer-related chemotherapy at baseline (T1) and at each treatment cycle until cycle
6 (T6).  Participants will be enrolled if they are age 60 or older, newly diagnosed with cancer, being
treated with any chemotherapy agent with moderate or high emetic potential, on a 2-, 3-, or 4-week
treatment cycle, are proficient in English and have a telephone.  Previous diagnosis and/or treatment
for cancer,  end-stage disease with less than 6 months to live,  and uncorrected visual or hearing
impairment are exclusion criteria.  Participants in the intervention group receive the intervention at
their  first  chemotherapy.   Data  collection will  continue for  6  treatment  cycles.   All  participants
receive  a  weekly  follow-up  phone  call,  and  the  attention  control  group  will  be  offered  the
intervention at the end of the study.  Data analysis will include linear regression as appropriate and
generalized estimating equations (GEE) for aim 1. Generalized linear mixed models will be used for
aim 2 analyses.
Results: As of July 2024, we have enrolled 107 participants. 
Conclusions:  This study addresses self-management of CINV in older adults using an
innovative serious game. The MAH intervention uses simulation and gaming technology to
engage  older  adults  in  active  learning  in  order  to  reframe  erroneous  perceptions  about
symptom self-management.  If shown to be effective, it can easily be adapted to include other
cancer-related symptoms and/or other chronic illnesses.

Trail  Registration:  ClinicalTrials.gov  NCT05838638;
https://clinicaltrials.gov/study/NCT05838638?term=NCT05838638&rank=1 

Key words

Chemotherapy-induced nausea and vomiting; older adults; serious game; symptom self-management

Introduction

Background

Older adults (≥ 65 years) represent about 15% (46 million) of the US population, and the rate
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is expected to double (90 million) by 2050 [1-3]. They also represent 55% of all cancer diagnoses [2,
4]. With an aging population, the number of older adults with cancer will also increase taxing limited
healthcare resources. Despite advances in antiemetic therapy, older adults  diagnosed with cancer
experience CINV [5]. Although older adults are less likely to have CINV symptoms, they are more
likely to experience serious consequences (e.g., dehydration; renal impairment) than younger adults
[6-8] due to presence of multiple comorbidities, compromised organ function, frailty, and decreased
overall functioning [9-11]. CINV occurs in up to 80% of adults receiving chemotherapy [12, 13] and
can  lead  to  metabolic  and  nutritional  issues  (e.g.  loss  of  appetite,  weight  loss,  malnutrition),
decreases in self-care and functioning, declines in physical and mental status, and poor quality of life
[12]. Up to 47% of adults receiving moderate to high emetogenic chemotherapy will experience a
hospital  admission  related  to  CINV  [14,  15]  and  ~20%  will  have  an  unplanned  emergency
department (ED) visit [16]. The Centers for Medicare and Medicaid Services urge improving care
and reducing unplanned ED visits in those receiving cancer treatment [17]. Therefore, interventions
are needed to decrease CINV symptoms, improve functioning and QOL among older adults, and
reduce healthcare use due to poor CINV symptoms self-management.

Despite clinical guidelines for managing CINV, ~49% of adults with cancer are undertreated
for CINV [13, 18] and prevention of CINV remains a challenge [5]. Risk factors for undertreatment
include the type of chemotherapy, being treated in the outpatient clinic, and out of pocket costs for
antiemetics [18]. Health care practitioners report that managing breakthrough nausea within the first
5  days after  chemotherapy is  a  common occurrence while  managing delayed CINV is  the most
challenging to manage [19].  About 32% of practitioners report the need to stop or delay cancer
treatment in patients due to CINV [19].

While the above risk factors for CINV are beyond the scope of this study and control of
patients  with  cancer,  there  are  many pharmacologic  and non-pharmacologic strategies  that  older
adults can use to prevent and/or self-manage CINV and minimize negative effects.  Older adults
diagnosed with cancer experience multiple side effects from chemotherapy treatment yet do very
little to manage those side effects [20, 21]. In general, older adults modify their lives to reduce the
severity of side effects, rather than engaging in active self-management of those side effects [22-25].
Older adults are slower to take action against symptoms compared with younger adults [26], tend to
minimize symptoms and their consequences [27-29], and normalize and interpret symptoms as part
of aging, leading them to delay seeking or starting treatment [26, 30]. They also delay treatment due
to  being  uncertain  about  the  symptom’s  severity  or  seriousness  and  believing  that  treatment  or
management is not possible [28]. Some older adults believe that side effects have to be endured as
part of their cancer treatment [31, 32]. However, those who believe they can manage their symptoms
engage in self-management strategies [33]. Interventions, such as the Managing at Home-CINV [34],
that specifically address older adult’s erroneous symptom beliefs and encourage them to engage in
preventative and self-management behaviors may be able to alter their responses to side effects due
to cancer treatment [35].  

Printed standard patient education material for CINV based on well-known treatment and
prevention guidelines (see Figure 1) are routinely provided to new patients and their family members
so they can self-manage CINV at home. However, there is very little research related to how older
adults self-manage side effects at home during chemotherapy treatment. Prior research by this team
shows that without additional educational intervention only ~ 25% of older adults who experience
nausea actively manage it with medication [21]. Instead, they prefer to modify their activities or use
dietary strategies to manage their nausea [21]. However, we found that with additional technology-
based education and intervention and a change to their erroneous symptom beliefs, preventative and
self-management  strategies  improve overall  with  twice  as  many older  adults  engaging in  CINV
prevention activities compared to a control group [34].  Results from our pilot study using the MAH
educational intervention indicate that over 55% of participants used hydration as a strategy to prevent
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CINV [34]. Dietary strategies, taking antiemetics, and relaxation techniques were the top appropriate
preventative and self-management  strategies  used by participants  [34].  Although our educational
intervention  increased  use  of  these  strategies,  our  sample  size  was  too  small  to  examine  the
effectiveness of the MAH intervention to improve the CINV symptoms.  Therefore, the goal of this
project is to examine the effectiveness of the MAH intervention in reducing CINV symptoms among
older adults.

At the time that our team developed the MAH intervention, few studies used technology-
based platforms to educate older adults. Those that used these platforms focused on Wii Fit games to
promote exercise [36], mobile devices to increase physical activity,[37] and avatars and touchscreen
technology  to  manage  diabetes  [38].  However,  since  then,  serious  gaming  interventions  are
becoming more popular. Serious gaming is a well-established method designed to support learning
and change health-related behavior by engaging individuals in an entertaining experience [39-41].
Serious gaming capitalizes on fun while promoting behavior change [40]. It is also consistent with
our goal of changing behavior by changing their beliefs about self-care related to CINV.
   Recent research has used serious gaming among older adults to increase self-management
knowledge about heart failure [42], detect cognitive impairment [43], provide cognitive task training
[44],  promote active lifestyle [45],  provide education about pain management after  surgery [46],
detect frailty through grip strength [47], and provide training on how to avoid falls [48]. All of these
studies have shown that serious gaming is usable, feasible and acceptable for use in older adults. Our
pilot study showed that it is feasible to recruit older adults diagnosed with cancer to participate in our
intervention using serious gaming, and the MAH has high acceptability among users [34]. Coupled
with the positive impact the MAH had on increasing preventative and self-management behaviors,
this  novel  intervention  shows  promise  in  influencing  how  older  adults  think  about  CINV
management and engage in self-management behaviors. 

Older adults are using more technology on a day-to-day basis and becoming more proficient.
A 2020  AARP report  states  that  older  adults  are  embracing  new  technology  with  over  50%
purchasing some sort of tech product in the past year. Over half of the population over age 50 own a
smart tablet and about 77 % of older adults own a smart phone [49]. Another 2021 AARP report
states that older adults increased their use of technology during the recent COVID-19 pandemic and
have bridged the “digital gap” between them and younger generations.  Due to the pandemic and
resulting social isolation, older adults, including people aged 70 and older purchased, and used, more
devices such as smartphones, tablets, and wearables [50]. This shows that older adults are embracing
technology and are becoming more literate with the technology supporting the use of our technology-
based intervention and data collected strategies. 

Aims and hypotheses

   The goal of this project is to examine the effectiveness of the MAH intervention in reducing CINV
severity and healthcare use and increasing functioning and QOL. We aim to:

 Aim 1:  Examine changes in CINV severity, self-management behaviors, functioning, QOL,
cognitive representation and healthcare use within the intervention group from baseline (T1)
to completion of the study (T6). 

o We hypothesize that the intervention group will report lower levels of CINV severity
and  healthcare  use,  and  higher  levels  of  self-management,  functioning,  cognitive
change, and QOL from baseline to the completion of the study. 

 Aim 2:  Determine efficacy of the MAH intervention by comparing differences in primary
outcomes  (CINV  severity,  healthcare  use)  and  secondary  outcomes  (self-management
behaviors,  functioning,  and  QOL)  between  the  intervention  and  control  groups  at  each
follow-up visit (T2-T6) and completion of the study (T6). 
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o We hypothesize that the intervention group will report lower levels of CINV severity
and healthcare use at T2-T6 than the control group. 

o We  hypothesize  that  the  intervention  group  will  report  higher  levels  of  self-
management behaviors, functioning and QOL at T2-T6 than the control group.

Methods

Study design

Using a randomized clinical trial, we will enroll older adults from 2 clinical sites in Florida.
Participants will be randomized to either the intervention (IG) or attention control group (ACG). The
IG will receive the MAH at baseline and the ACG will receive it at the end of the study. Data will be
collected over 6 months or 6 chemo cycles (T2-T6). Data related to CINV severity, self-management,
functioning, QOL and healthcare use at baseline and at the 6 timepoints will be collected from both
groups.

Settings

The intervention will be offered at outpatient treatment centers at a community cancer center
in Orlando Florida and a Comprehensive Cancer Center in Miami Florida that provide care to over
6000 adults aged 60 and over each year. These numbers indicate an ample sampling pool of older
adults diagnosed with cancer

Study participants

A sample of 500 participants will be enrolled if they meet the following inclusion criteria:
≥60  years  of  age,  newly  diagnosed  with  cancer,  treatment  with  any  chemotherapeutic  agent  of
moderate or high emetic potential [51], on a 2-, 3- or 4-week treatment cycle, proficient in English,
and have a telephone. Exclusion criteria: previous diagnosis and/or treatment for cancer, end-stage
disease with less than 6 months to live,  visually or hearing impaired- without corrective device.
Dementia or cognitive impairment is not a concern with this population since they have already been
cognitively screened to consent to treatment at each site.  These criteria were also successfully used
in our pilot study.

Power analysis and sample size

          For Aim 1, when the outcome of interest is continuous (e.g., CINV severity, number of self-
management behaviors), a sample of 100 subjects, measured continuously throughout the study 
period between T1 and T6, achieves a power of 0.904 when using a chi-squared test from a GEE 
analysis to test whether the average slope of the subjects differ significantly at a significance level of 
0.050. The residual standard deviation is anticipated to be 1.00. Missing values are assumed to occur 
completely at random (MCAR). These missing value proportions will be combined to form the 
pairwise observant probabilities using the Independent method. The anticipated proportions missing 
at each measurement time are 0.00, 0.08, 0.16, 0.24, 0.32, 0.40}. The first row of the autocorrelation 
matrix of the responses within a subject is assumed to be 1.0000, 0.4000, 0.1600, 0.0640, 0.0256, 
0.0102. Other rows follow the same pattern. For Aim 1, a total of 254 subjects, each scheduled to be 
measured 6 times, achieve a power of 0.90 when using a two-sided Wald test from a GEE analysis 
with a count outcome (e.g., quality of life) to test whether a μ1(1) of 0.500 differs from a μ2(1) of 
1.000 at a significance level of 0.050. μ1(0) and μ2(0) are assumed to be 1.000. Missing values are 
assumed to occur completely at random (MCAR). These missing value proportions will be combined
to form the pairwise observant probabilities using the Independent method. The anticipated 
proportions missing at each measurement time are {0.00, 0.08, 0.16, 0.24, 0.32, 0.40}. The first row 
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of the autocorrelation matrix of the responses within a subject is assumed to be {1.000, 0.500, 0.250, 
0.125, 0.063, 0.031}. Other rows follow the same pattern. 
           For Aim 1, when the outcome of interest in binomial (e.g., resource use), a sample of 357 
subjects, each scheduled to be measured 6 times, achieve a power of 0.90 when using a two-sided 
Wald test from a GEE analysis with binary outcome to test whether a P1(1) of 0.500 differs from a 
P2(1) of 0.250 at a significance level of 0.050. P1(0) and P2(0) are assumed to be 0.500. Missing 
values are assumed to occur completely at random (MCAR). These missing value proportions will be
combined to form the pairwise observant probabilities using the  Independent method. The 
anticipated proportions missing at each measurement time are {0.00, 0.08, 0.16, 0.24, 0.32, 0.40}. 
The first row of the autocorrelation matrix of the responses within a subject is assumed to be {1.000, 
0.500, 0.250, 0.125, 0.063, 0.031}. Other rows follow the same pattern.
   For Aim 2, based on the assumption of a nausea severity mean score of 6.20, range from 2 to
9, a standard deviation of 2.44, and a clinically meaningful difference in mean nausea severity score
of one between the intervention and control group, a sample size of 500 subjects (250 per group),
measured between 6 and up to 30 times (depending on the outcome variable of interest), achieves
87% power to detect a difference between the (fixed) group means. The ratio of the subject-specific
slope variance to σ² is 0.100. The correlation between measurements within a subject is 0.100. The
test was based on a mixed-model regression analysis using a significance level of 0.05. This Power
Analysis  was  calculated  using  PASS  20  (NCSS  LLC,  Kaysville,  Utah,  2020).  Anticipating  an
attrition rate of ~22%, we will seek to enroll 610 older adults for this study. Attrition to mortality is
not expected to be high due to the exclusion criteria for those with less than 6 months to live.

Recruitment, Randomization and Procedures

Successful recruitment and retention strategies previously established by our team will guide
this study [34, 52-55]. A stratified sampling strategy followed by randomization will be used. This
sample will mirror Florida demographics and aim to recruit participants in the following percentages:
female (51%); male (49%); White (77%), Black (16%), and other races (7%); Hispanic (26.4%) [64].
At both  clinical  sites,  a  research  assistant  will  screen all  new patients  for  eligibility  using their
respective electronic medical record systems. Eligible patients will be approached by the research
assistant at their first chemotherapy appointment and asked to participate. In our pilot study, this
timing acted as a distraction for patients while they waited for chemotherapy to start and did not
interfere with treatment, nursing care or education. In addition, prior to treatment, all patients have
received standard written education regarding treatment effects and will expect CINV as a possible
effect of treatment; therefore, being approached about the study is not expected to elicit anxiety.
Informed consent will be obtained in a private area of the clinic open to the research assistant and a
copy of the consent form will be given to the participant.

Once informed consent is obtained, baseline measures will be completed, and participants
will be randomized (Intervention Group [IG] and Attention Control Group [ACG]) to either group
by choosing an envelope with a group assignment. If they are randomized to the IG, the intervention
will begin immediately. Regardless, participants in each group will receive  standard care: 1)  on
admission to the cancer center (receipt of standard written educational materials that patients are
instructed to bring to each appointment), 2)  at a treatment planning visit in the clinic (receipt of
specific handouts regarding treatment and potential side effects, and 3) at time of treatment (verbal
review  of  chemotherapy  and  symptom  handouts  by  treatment  center/chemotherapy  nurses).
Retention of all participants will be enhanced with 1) weekly follow-up telephone calls; 2) attention
control group offered MAH at end of study.
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Intervention

The intervention consists of three parts: 1) the MAH game, 2) self-care discussion with research
assistant, and 3) follow-up

Part 1: Serious game

The game will be administered and supervised by the research assistant. Participants will play
the game on an iPad at the outpatient treatment center prior to their first chemotherapy treatment.
Headphones can be used to ensure privacy and limit distraction. During the game, players make
decisions for the avatar based on common CINV management  practices (e.g.  taking medication,
dietary strategies and staying hydrated (see Figure 1) which cause the avatar to become nauseated or
be nausea free. 

Part 2: Self-care discussion

At the end of the game, the research assistant will answer any questions the participant has
and make clarification when needed. In the event a participant’s avatar has a negative outcome (i.e.
severe nausea), self-management behaviors will be corrected by the research assistant. In our pilot
study, these discussions varied between none and one or two questions from participants. Based on
our pilot data, we estimate that 10% of players needed a more in-depth discussion to correct self-
management  behaviors.    In this  study,  we will  document the types  of questions  asked and the
content of these discussions to improve internal validity of the intervention.  We will also document
the involvement of caregivers in the intervention- should it occur.

Part 3: Follow-up

Participants will  be allowed to play the game as many times as  they choose during that
chemotherapy visit  or at  subsequent visits  in order to  practice making decisions and visualizing
consequences  and  outcomes. Once  the  participant  is  discharged  home,  the  Graduate  Research
Assistant (GRA), blinded to the treatment group, will call participants weekly to see how they are
doing and remind them to respond to data collection texts or use the paper/pencil forms. To reduce
bias, a scripted interview form will be used and no “teaching” will occur. Calls will only be to check-
in  with  the  participants  and  remind  them  to  collect  data.   If  participants  ask  questions  about
managing CINV and other symptoms, the GRA will instruct them to contact their oncology team for
additional management. In addition, participants will be asked to follow cancer center procedures
and call their oncologist if they are having problems or have questions.

Treatment fidelity and monitoring

The MAH will be presented and delivered by research assistants that have been trained in the
game and CINV symptom management  strategies.  The  research  assistant  will  answer  questions
during  the  decision  discussion  based  on  common  self-management  options  (see  Figure  1).  A
checklist for each interaction with the participant will guide each encounter. Minor interruptions (<
10 minutes) to game play will be recorded and participants will resume game play where they left
off.  Technology malfunctions (e.g., frozen screen) will be recorded and participants will be asked to
start MAH over again using a new iPad.

End points

The study will continue until one of the following endpoints is met: 1) completion of the study; 2) no
longer receiving chemotherapy treatment, or 3) unreasonable delays in treatment.
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Control group

Participants in the control group will receive: 1) standard care; 2) follow-up phone calls from the
GRA to remind them to reply to data collection texts; and 3) the opportunity to play MAH at the end
of the study. To reduce bias, a scripted interview form will be used and no “teaching” will occur.
Calls will only be to check-in with the participants and remind them to collect data.  If participants
ask questions about managing CINV and other symptoms, the GRA will instruct them to contact
their clinic nurse for additional management. In addition, participants will be asked to follow cancer
center  procedures  and  call  their  oncologist  if  they  are  having  problems  or  have  questions.
Contamination  between  groups  is  not  expected  since  participants  are  likely  scheduled  for
chemotherapy at different times and receiving treatment in different areas of the treatment center.

Outcome measures

Primary Outcome Measures

Healthcare Resource Use 
Healthcare resource use is defined as any unplanned emergency department or hospital admission
will be recorded via participant report using a dichotomous (Y/N) variable at each follow-up phone
contact, text, and treatment visit. Follow-up questions about the reason for the admission, length of
time for admission and treatment will also be asked. The report will be verified by medical record
review whenever possible.

CINV severity

CINV severity will be collected online using texted links to surveys and will include the presence
and severity of CINV (0-10 Likert scale), Participants without a smartphone will be provided the
paper and pencil Symptom Management Checklist (see below) to record this data.

Secondary Outcome Measures

Self-management behaviors
CINV prevention and self-management  actions,  effectiveness  of  actions  (0-10 Likert  scale),  and
amount of hydration will be recorded using the Symptom Management Checklist [SMC]  that was
used in the pilot study to measure CINV severity and prevention and self-management behaviors.
Participants will be asked to record their highest level of nausea each day, and preventative self-
management actions for CINV and hydration. When experiencing CINV, the participant will use the
SMC to record: 1)  CINV severity (0-10 Likert scale) prior to self-management, 2) the type of self-
management strategies used and, 3) the strategies  perceived helpfulness in reducing nausea (0-10
Likert scale). All self-management strategies are coded (e.g.,  “MED”= taking antiemetic, “DIS”=
using distraction),  and the participants will  fill  in the strategy code they are using on the form.
Participants with a smartphone will complete this form electronically, those without a smartphone
will use the paper/pen version which will be collected by the research assistant at each chemotherapy
cycle visit.

Symptom severity: The Symptom Representation Questionnaire (SRQ)[56], part I of this instrument
has a 24-item self-report measure that will be used to identify presence and severity of common
treatment-related symptoms (0-10 Likert scale), including nausea and vomiting. This measure asks
respondents to think about their symptoms over the past week.

Cognitive representation:  The  Symptom Representation Questionnaire (SRQ)[56],  part II of this
instrument has an additional 15 questions to assess cognitive representation (identity, cause, timeline,
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consequences,  and cure/control)  or  beliefs  about  specific  symptoms (0-4  agreement  scale).  This
measure includes subscales for symptom cause (2 questions), timeline (3 questions), cure/control (3
questions),  and  consequence  (6  questions).  Only  the  cognitive  representation  of  nausea  will  be
evaluated. Original reliability statistics for this instrument were fair (Cronbach’s α= 0.63 to 0.88 for
the  subscales)  [56]  and  our  pilot  showed a  Cronbach’s  α  of  0.64.  The  cognitive  representation
questions  will  be  modified  at  baseline  to  assess  participants’  beliefs  about  potential  CINV
consequences and their ability to be controlled/cured. These data will be collected again at the end of
the study.

Health-related Quality of Life: The European Organization for Research and Treatment of Cancer-
30 (EORTC-30) [57] will measure QOL at each treatment cycle. This frequency is consistent with
other studies that have measured QOL in older adults over time [58, 59]. This well-known scale
includes 5 functional scales, 3 symptom scales, and 6 single items using a 4-point Likert scale (“not
at all” to “very much”), and 2 global health/QOL items using a 7-point Likert scale (“very poor” to
“excellent”). Higher scores on the functional and health/QOL scale indicate better functioning, while
higher  scores  on the symptom-related scales  and items indicate  higher  symptoms.  The tool  was
previously shown to be reliable in studies with older adults (Cronbach’s α=0.89) [57] and had a
Cronbach’s α of 0.80 in our pilot study.

Additional measures

Socio-demographic  characteristics include age,  gender,  race/ethnicity,  comorbidity  information,
education level, and income level will be measured at T1 (baseline).
Experiential  characteristics include  cancer  diagnosis  and  stage,  chemotherapy  regimen  with
antiemetics, additional treatments (e.g. radiation therapy), discharge antiemetic prescriptions, fluids
during  treatment,  and  changes  to  treatment  plan  (i.e.  delays  in  treatment;  chemotherapy  dose
reductions; changes in chemotherapy) and number of times game is played. All cancer information
will be collected from the patient’s electronic medical record by the research assistant.

Data Collection

Once enrolled on the study (T1-baseline), research assistants will electronically record information
about the participants diagnosis and treatment plan collected from medical records. Participants in
both groups will complete baseline questionnaires electronically on an iPad given to them by the
research  assistant.  The  research  assistant  will  demonstrate  how  to  complete  the  electronic
questionnaire  and  assist  with  any  questions/issues  that  may  occur  during  data  collection.   The
research assistant will also meet with participants at subsequent treatment cycles (T2-T6) to have
them fill out the electronic questionnaires on the iPad. Assistance will be given as needed.

Between treatment cycles, we will collect information about CINV severity, self-management
behaviors, and any ED visit or HA from all participants.   Participants with smart phones will be
asked to respond to text messages that will provide a link to the Symptom Management Checklist
(SMC)  where  they  will  electronically  record  information  about  their  CINV  severity,  self-
management behaviors, and any ED visit or HA. Participants will receive text messages daily for the
first week after treatment and then every three days until their next cycle of chemotherapy. This
pattern will repeat at each treatment cycle. Current research supports use of text messaging since it is
estimated that ~77% of older adults use smart phones. 81% of adults ages 60 t0 69 report use [49]
and 79% of those age 70-74 report  use of smartphones  [60].  Research assistants  will  provide a
tutorial on how to use the electronic links and enter data prior to the end of the first appointment.
Participants without smartphones will be given a paper and pencil version of the SMC. They will be
asked to record data on their daily CINV severity, self-management behaviors and any ED visit or
HA. The paper and pencil method of data collection was successfully used in the pilot study with
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~75% of participants at least tracking fluids and ~ 64% tracking self-management behaviors over
time [34].  All participants will be contacted weekly by a GRA, blinded to their treatment group, to
assess how they are doing and answer any study related questions and encourage participants to reply
to the texts or complete the paper and pencil data collection. The GRA will not manage care of
participants while they are on the study, instead they will refer participants to their oncology team if
they have questions or concern about treatment-related side effects they are experiencing.

Data Management and Integrity

All  data  will  be  stored  using  Research  Electronic  Data  Capture  (REDCap)  [63],  a  secure  web
application database, which will be accessed by a secure web connection with authentication and
data logging. Due to the multi-site feature of this study, two separate REDCap systems will be set up
on the UM and UCF servers separately, but they will share the same structure so that the data could
be communicated and analyzed in a consistent way. For surveys that will be filled out by participants
electronically,  a secured and unique link will  be sent  via  e-mail  or text  so that the data  can be
captured accurately. A unique identifier associated with each participant will also be incorporated in
the surveys so that the survey responses could be easily identified and rechecked by research staff.
Research assistants will also use this identifier when they enter data from the electronic medical
record and from their checklists. For any paper and pen surveys, the project director or research
assistants will review all data for completeness and appropriate entries before it is entered into the
study database.

At the beginning of the data entry process a minimum of 1 in every 10 participant records
will be checked against the original record for data errors. Records for review will be randomly
chosen by the data manager. As the study progresses, the frequency of monitoring will be based on
the results of the previous data review. If the error rate is unacceptable then the monitoring will
increase until the error rate is acceptable (less than 5% of all data). In consultation with the principal
investigator,  the  data  manager  will  develop  reports  that  will  help  in  the  coordination  and
management of the project and also allow project staff to monitor the quality of the data and the
progress of the study. The data files will be backed up daily during the data entry process and once a
month when data collection is complete by the data manager.  All data files will be housed on the
university  servers  which  are  backed  up  every  24  hours  and  copies  will  be  stored  off-site  for
additional  security.  Access  to  the  database  will  be  password  protected  and  limited  to  the
investigators, research personnel, project director, and data manager. Furthermore, the user rights
will be assigned appropriately by the project manager of data manager to ensure data security and
privacy.

Data Analysis

Prior to the testing of hypotheses and modeling of outcome data, a detailed descriptive analysis of all
data collected will be performed, involving the summarization of data and the use of exploratory data
analytic  techniques. This  preliminary  exploration  of  the  data  will  be  used  to:  (1)  verify
randomization by assessing comparability  of  groups on key descriptors  at  baseline;  (2)  describe
univariate and bivariate sample distributions of the data; (3) ascertain the interrelationships between
variables;  and  (4)  check  for  the  violation  of  assumptions  necessary  for  parametric  statistical
techniques. Specifically,  appropriate statistics describing the location (e.g.  means and percentiles)
and dispersion (e.g.  standard deviations and ranges) of the distributions of each continuous type
variable will be computed for the total sample and over time (when applicable). Frequency counts
and percentages will be calculated for categorical variables. Normality will be assessed graphically
(e.g. histograms and normal probability plots) and inferentially (e.g. skewness and kurtosis divided
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by their standard error, and Shapiro & Wilk's W statistic). Levene's test for equality of variances will
be used to test the assumptions for all analyses using parametric statistics to compare means. If the
necessary statistical  assumptions are severely violated whereby compromising the validity of the
proposed statistical procedure, data transformations or alternate statistically robust approaches, such
as analogous nonparametric approaches, will be employed.  

Aim 1: Examine changes in CINV severity, self-management behaviors, functioning, QOL, cognitive
representation and healthcare use within the intervention group from baseline (T1) to completion of
the study (T6). 

 We hypothesize that the intervention group will report lower levels of CINV severity and
healthcare use,  and higher  levels  of  self-management,  functioning,  cognitive  change,  and
QOL from baseline to the completion of the study. 

Changes in primary and secondary outcomes from T1 to T6 will be assessed using linear (CINV
severity,  self-management  behaviors,  cognitive representation,  functioning),  binary (resource use)
and ordinal (quality of life) regressions, as appropriate, within a generalized estimating equations
(GEE)  framework.  All  models  will  control  for  the  effects  of  seven  demographic  (age,  gender,
race/ethnicity,  comorbidity,  education  level,  income level,  insurance  status)  and five  experiential
(cancer type, emetic potential, treatment frequency, intake of IV fluids between treatment cycles, and
number  of  home  antiemetics)  variables.  GEE models  are  well  suited  for  this  type  of  repeated
measures design as they account for within-subject correlations between repeated measurements over
time in a  longitudinal  design.  Furthermore,  GEE models  are  not  restricted by any distributional
assumptions  including  the  assumptions  of  normality  required  by  most  other  approaches  to
longitudinal analysis such as repeated measures analysis of variance. Lastly, GEE models provide
robust parameter and standard error estimates even if the working correlation structure for the data is
misspaced [61].  Analysis will be two-tailed and conducted with SAS version 9.4 (SAS Institute Inc.,
Carry, NC).

Aim 2: Determine efficacy of the MAH intervention by comparing differences in primary outcomes
(CINV severity, healthcare use) and secondary outcomes (self-management behaviors, functioning,
and  QOL)  between  the  intervention  and  control  groups  at  each  follow-up  visit  (T2-T6)  and
completion of the study (T6). 

 We hypothesize that the intervention group will report lower levels of CINV severity and
healthcare use at T2-T6 than the control group. 

 We hypothesize  that  the  intervention  group will  report  higher  levels  of  self-management
behaviors, functioning and QOL at T2-T6 than the control group   

The effect of the intervention on primary and secondary outcomes at each follow-up visit and at
completion of the study will be assessed using generalized linear mixed models (GLMMs). GLMMs
are  an  extension  of  general  linear  models  allowing  the  study  of  within-  and  between-subjects
repeated measures variations over time. GLMMs can also be used to fit  normal and non-normal
response  variables  as  it  is  the  case  in  this  study.  The interaction  of  time and treatment  will  be
assessed by using an interaction term in the longitudinal models. All models will control for the
effects of demographic and experiential variables listed in Aim 1.  Analysis will be two-tailed and
conducted with SAS version 9.4 (SAS Institute Inc., Carry, NC).

Ethical Considerations

This  study was  approved  by the  Institutional  Review Board  (IRB)  at  the  University  of  Central
Florida on October 7, 2022 (STUDY00003948).  This IRB also serves as the Single IRB.   The
informed consent process begins prior to data collection at time 1 and is ongoing throughout the
study.  Participants will receive a $75.00 gift card at the conclusion of the study.
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Results

As of July 2024, we have enrolled 107 participants.

Discussion

Preliminary findings

Our MAH intervention is focused on changing older adults’ perceptions about managing CINV and
helping them to learn to use more self-management strategies at home to avoid unplanned hospital
and  emergency  department  admissions.  Our  goal  is  to  examine  the  effectiveness  of  the  MAH
intervention  in  reducing  CINV  severity  and  healthcare  use  while  increasing  symptom  self-
management and quality of life.  We hypothesize that the Intervention group will report lower levels
of  CINV and  healthcare  resource  uses  (primary  outcomes)  and  higher  levels  of  symptom self-
management and quality of life (secondary outcomes) compared to the Control group.

To our knowledge, this study is one of the first to use serious gaming as an educational tool to
help older adults learn how to self-manage side effects from cancer treatment.  We have shown that it
is feasible to recruit older adults to a serious gaming study and serious gaming as an educational
intervention is highly acceptable in older adults [34]. Our pilot study (N=80) showed small effect
sizes and no significant difference between the intervention and control groups for the main outcome
variables of nausea, vomiting, quality of life, or healthcare use. However, the intervention group
reported being more engaged in self-care behaviors to prevent nausea compared to the control group.
The intervention group reported using twice the number of self-management strategies to  prevent
nausea compared to the control group (1486 versus 768) while the control group reported using twice
the number of self-management strategies to manage CINV (1311 versus 681) once they had it [34]
The pilot study also demonstrated the interventions feasibility and also showed the game was easy to
play and useful in helping them manage CINV at home [34].  These results support that the MAH
intervention may have shifted prior beliefs related to the timing of symptom self-management at
home and increased the belief that engaging in self-management was beneficial.

Future implications

This study addresses a common and serious side effect of chemotherapy that often leads to severe
toxicity and unplanned hospital and emergency department admissions in older adults with cancer.  It
also supports using new technologies, such as serious games, as an educational tool for older adults.
If  effective,  this  program can be  expanded to  include  scenarios  for  multiple  symptoms that  are
typically  experienced  simultaneously  by  people  under  treatment  for  cancer.   In  addition,  the
intervention can be culturally adapted for multiple populations. 

Limitations, Potential Challenges and Alternatives

Recruitment and retention 
Although recruitment and retention of older adults in a clinical trial may be challenging, this study
will use successful procedures developed in the pilot study. Diverse recruitment will be enhanced by
the addition of the Sylvester Comprehensive Cancer Center which is located in Miami Florida where
over 60% of the population is Hispanic.  Retention will be enhanced through the availability of the
MAH intervention at the end of the study for the ACG, and follow-up phone calls for both groups. 
Respondent burden 
Data will be collected electronically at each timepoint while the participants are at the cancer centers
receiving treatment and is expected to take 15-20 minutes at T1 and no longer than 5 minutes at
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subsequent visits (T2-T6). In addition, text messages or daily pen/pencil forms will be used to collect
data between treatment visits and will consist of only seven questions. Texts will be reduced from
every day in the first week after treatment to every third day to reduce burden on participants. 
Lack of technology
Older adults who do not own a smartphone will be able to provide symptom management data in a
paper/pen format that was successful in the pilot study. 

Conclusions

Older adults are at risk for severe cancer treatment related side effects and often neglect to engage in
symptom  prevention  or  self-management  behaviors  which  can  lead  to  unplanned  emergency
department and hospital admissions for treatment. Finding new and innovative ways, like the MAH
intervention, to educate older adults about symptom management is critical. The significance of the
proposed intervention lies in its ability to allow older adults a safe space to practice making decisions
about  CINV self-care,  visualize  consequences  of  self-management  decisions,  and  reframe  their
beliefs  (cognitive  representation)  about  symptom  self-management.  MAH  is  poised  to  reduce
healthcare costs by decreasing use of resources (unplanned ED or hospital admissions) for CINV due
to  poor  symptom self-management.   This  research aligns  with the  National  Institute  of  Nursing
Research priority of symptom reduction through self-management [62] and the Centers for Medicare
and  Medicaid  Services  priority  of  improving  care  and  reducing  unplanned  ED  visits  in  those
receiving cancer treatment [17].
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