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Objective: To review research articles utilizing mobile applications with adolescent and young 

adult (AYA) cancer patients.

Materials and methods: We identified articles via online searches and reference lists 

(eg, PsycInfo, PubMed). Articles were reviewed by two study team members for target popula-

tion, stated purpose, technological utilization, sample size, demographic characteristics, and 

outcome data. Strengths and weaknesses of each study were described.

Results: Of 19 identified manuscripts, six met full inclusion criteria for this review (four 

smartphone applications and two tablet applications). One additional article that included an 

application not specific to oncology but included AYA patients with cancer within the target 

sample was also reviewed. Uses of these applications included symptom tracking, pain manage-

ment, monitoring of eating habits following bone marrow transplant, monitoring of mucositis, 

and improving medication management. Utility results from pilot studies are presented.

Conclusion: Mobile applications are growing in number and increasingly available to AYAs 

with and without chronic illness. These applications may prove useful in helping to support AYAs 

throughout their cancer treatment and beyond. However, few applications provide empirical data 

supporting their utility. Numerous strengths and benefits of these applications include increased 

accessibility to educational resources and self-management strategies, more frequent physical 

and emotional symptom tracking, and increased access to peer support. Despite these strengths, 

numerous limitations are identified, highlighting the need for future research in this area.
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Background
Each year, nearly 70,000 adolescents and young adults (AYAs) are diagnosed with 

cancer in the US.1 A cancer diagnosis during this time period disrupts the achievement 

of developmental milestones, such as increasing independence and career/educational 

goal attainment, and also interferes with social relationships.2,3 Cancer treatments may 

cause patients to experience a range of physical and psychological side effects, includ-

ing pain, fatigue, nausea, vomiting, appetite disruption, weight changes, body-image 

disruption (eg, scars, alopecia, amputation), seizures, mucositis, depression, anxiety, 

and increased negative affect.4,5 Socially, medical treatment may require isolation 

from peers4 and frequent school absences.6 While a number of these concerns can be 

addressed through psychosocial care, one study found that 41% of AYA patients felt 

as though their service needs were not met, with 75% reporting that they wanted to 

be involved in a support group but were not connected with an appropriate resource.2 

Additionally, over half of those participants reported wanting to have more information 
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about their disease and treatment, which was not provided to 

them. Potential reasons for this poor provision of resources 

include lack of insurance and financial barriers to care, and 

lack of available and qualified medical and psychosocial 

care providers. Electronic interventions may address some of 

these concerns, as they are generally more accessible, more 

easily updated, and can be cost-effective.7

Therefore, a potential method for providing access to 

resources for AYAs diagnosed with cancer may involve 

mobile technology. An increasing number of AYAs have 

access to mobile technology. Recently, it was estimated that 

75% of adolescents between the ages of 12 and 17 years own a 

mobile phone, with approximately 67% owning an iPhone.8,9 

Nearly 91% of teenagers report having access to the Internet 

through the use of smartphones, tablets, and other mobile 

devices.10 Given the high level of accessibility, it is natural 

that mobile applications geared toward AYAs with specific 

medical conditions have been developed and are beginning 

to be used in clinical research studies.

Numerous purposes of mobile applications have been 

identified in the literature. One goal of smartphone applica-

tions for oncology patients is to improve accuracy of symp-

tom tracking, as these applications are readily accessible 

so that patients can report their symptoms in the moment, 

rather than having to attempt to remember these symptoms 

at a later time.11 A second purpose is to monitor quality of 

life.12 Another goal of smartphone applications is to provide 

support and feedback to patients in the moment without the 

patient being physically present in a medical setting, such 

as offering an intervention or an alert being sent to a patient 

to seek medical care after reporting a specific symptom.13 

Additionally, mobile technology has been designed to 

facilitate social networking with patients experiencing similar 

medical conditions and treatments to increase social support 

and shared resources.14 Another advantage is that AYAs may 

feel more comfortable sharing sensitive information through 

electronic means, thereby increasing the amount of symptoms 

or other relevant information they share with their medical 

providers and interdisciplinary team.15

Smartphone and tablet applications have been used with 

a variety of other medical conditions to help facilitate health-

behavior change. For example, mobile applications can also 

be used to monitor and improve medication adherence by 

providing daily logs and reminders.16 Additional applications 

are available to assist with smoking cessation.17 Smartphone 

and tablet applications are also available to aid in weight 

management through various means, including monitoring 

physical activity18 and recording dietary intake.19

A large number of smartphone applications are currently 

available to be downloaded. For example, Pandey et al identi-

fied 77 oncology-related applications geared toward either 

medical providers or lay populations through the Apple 

iTunes store during a search conducted in mid-2011.20 The 

authors noted their concern about the lack of specificity and 

validity of the applications, which could endanger the safety 

of patients and others using the applications. Another review 

identified 295 smartphone applications related to cancer, 

including applications designed to promote cancer awareness, 

support disease management, and increase social support.21 

The authors noted that none of these applications provided 

empirical support or evaluative data in the descriptions of the 

applications, which was a significant limitation of the applica-

tions included in this review. More recently, another review 

located nearly 300 patient-focused pain-management appli-

cations available to consumers, though these applications 

had not been thoroughly tested or empirically supported.22 

These authors noted the importance of carefully reviewing 

these applications and involving medical providers in the 

development of these tools.

Previous research has identified hundreds of applications 

that may prove to be useful to AYA cancer patients. However, 

a small proportion of these applications have been examined 

empirically, with an even smaller percentage tested with AYAs 

diagnosed with cancer. The purpose of this review was to 

identify mobile applications for AYAs diagnosed with cancer 

that have evidence on their effectiveness and/or usability. The 

identified research question was: “What mobile applications 

have been identified as potentially helpful to adolescents and 

young adults diagnosed with cancer and have been published in 

peer-reviewed journals?” A discussion of the strengths of these 

applications, limitations, and future directions is provided.

Materials and methods
The methodology for this review was based on Arksey and 

O’Malley’s framework for scoping reviews.23 The steps 

outlined in this framework include to 1) identify the broader 

research question, 2) conduct a comprehensive identification 

of relevant research studies, 3) select studies following the 

establishment of inclusion/exclusion criteria, 4) chart the data, 

and 5) summarize and report the results. A final step includes 

consultation with key stakeholders, which is outside the scope 

of this review; therefore, this step was not completed.

Procedure
Multiple academic databases (PsycInfo, PubMed, Ovid, 

Scopus, ProQuest Health and Medicine) and general online 
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criteria after each search. This resulted in 12 manuscripts 

being excluded from this review, as they either did not utilize 

an oncology population (two manuscripts), included only 

older adults in the study (five manuscripts), or did not include 

a smartphone or tablet application (five manuscripts). Of the 

published manuscripts included in this review, four included 

a specific smartphone application for use with AYAs with 

cancer, two included an application for use with this popula-

tion on a tablet (eg, iPad), and one application included AYA 

cancer patients in the pilot sample, though the application 

was not developed specifically for this demographic.

Results
Smartphone applications
Four manuscripts identified during this review included a 

smartphone application pilot tested specifically with AYA 

cancer patients (Table 1).

Cherry
Cherry is a mobile application developed for the Android 

operating system.24 Cherry was designed to provide children 

and adolescents with cancer with a diary tool to monitor their 

search engines (Google Scholar) were searched four times 

by both authors between October 2014 and March 2015 to 

identify smartphone and tablet applications designed for AYA 

cancer patients. Combinations of the following search terms 

were used in searches: “adolescent”, “young adult”, “AYA”, 

“oncology”, “cancer”, “smartphone”, “mobile phone”, 

“cellular phone”, “iPad”, “iPhone”, “Android”, “iOS”, “app 

store”, “market place”, “application”, and “app”.

Review and description of technology
In order to be included in this review, the manuscripts 

were required to 1) include a specific mobile application, 

2) include adolescent and/or young adult cancer patients (age 

13–39 years) in the pilot study or description of the applica-

tion, and 3) come from a manuscript that was published in 

English. Exclusion criteria were 1) lack of a mobile appli-

cation, 2) oncology patients not included in the pilot study, 

3) sample including patients outside of the designated age 

range, and 4) manuscripts that were not published in English. 

Overall, 19 manuscripts were identified (see Figure 1 for 

flowchart). Abstracts were reviewed by both authors, who 

reached consensus on those abstracts that met the inclusion 

Search: 19 articles retrieved from
PubMed, PsycInfo, Ovid, Google  

7 articles included in review

12 articles excluded
Reasons for exclusion:
2 – population not oncology
5 – age range included older adults
5 – did not utilize a smartphone or
    tablet application      

4 AYA cancer
smartphone
applications

2 AYA cancer
tablet

applications

1 generic
application

Figure 1 Flowchart.
Abbreviation: AYA, adolescent and young adult.
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experiences and to share the diary entries with their parents, 

peers, or providers. Additional functions include access to 

disease-related information and the ability to receive feed-

back from physicians. Pilot data were not available at the time 

of this review, though the authors stated that a preliminary 

evaluation demonstrated enthusiasm and easiness of use.

eating after Transplant
Eating after Transplant (EAT!) is an application developed 

for use on smartphones.25 EAT! was designed to provide 

information to adolescents during the recovery period after 

hematopoietic stem cell transplantation. This application 

provides information about symptoms and self-management 

strategies. EAT! focuses on seven aspects of eating during 

the acute recovery period: appetite, food choice, control 

of eating, nausea and vomiting, taste changes, dry mouth, 

and normalcy. Sixteen adolescents (age 11–18 years, mean 

age not available) participated in the pilot study. Accept-

ability was rated at three time points (20 days, 40 days, and 

60 days after hospital discharge) using six questions related 

to readability, quickness of use, enjoyment, helpfulness, ease 

of use, and program recommendation on a 5-point Likert 

scale. Usability was rated using three questions related to 

time needed to locate information, estimated time of use, 

and number of topics reviewed in the program over 20 days. 

Usability was measured using the amount of time recorded 

using the application via a tracking device in the application. 

High acceptability (28.5/30, 28.9/30, and 28.8/30 at each 

respective time point) and usability (11.2/15, 10.1/15, and 

10.3/15, respectively) were reported by the participants. 

Participants used the application for the first 100 days post-

transplant; use of the application decreased throughout the 

course of the study, from 8.6 minutes per day within the first 

20 days to 0.6 minutes per day during the final 20 days of 

the study.

Mobile Oncology Symptom Tracker
Baggott et al presented Mobile Oncology Symptom Tracker 

(mOST), an application available for iPhone.15 The appli-

cation was used daily to assess the severity of disease or 

treatment-related symptoms (ie, pain, nausea, fatigue, vom-

iting, and sleep quality), as well as the occurrence of other 

symptoms (eg, diarrhea, fever, mouth sores, and dizziness). 

Finally, patients were asked to describe their current mood. 

The authors utilized validated measures, including the Color 

Analog Scale, Pediatric Nausea Assessment Tool, and Faces 

Pain Scale – Revised to assess symptoms. A postuse interview 

was conducted at the end of the study. mOST was pilot tested 

with ten AYAs with various cancer diagnoses (mean age 

18.2 years, standard deviation [SD] 2.9 years) over 3 weeks. 

Participants were instructed to report their symptoms each 

day, and could program two customizable reminder messages 

to facilitate compliance. Overall compliance was 91%, and 

adherence rates did not differ among the 3 weeks of the pilot 

study (F=1.016, P=0.38). Following completion of the study, 

100% of the users reported that the application was easy to 

use, and selected positive descriptors (eg, rewarding, educa-

tional, interesting) to describe the application.

Pain Squad
Pain Squad is an application available on iPhone.11 Pain 

Squad serves as a pain diary that prompts patients to track 

their daily pain intensity, duration, location, and the impact 

of pain on daily functioning. This application also allows the 

user to log medications and other pain-management strate-

gies that have been used. Pain Squad has been pilot tested 

with a sample of 14 adolescents (mean age 13.2 years, SD 

2.3 years) diagnosed with various forms of cancer, who were 

asked to complete pain assessments twice daily for 14 days. 

Participants completed an evaluation questionnaire (using 

a 4-point Likert scale) after this 2-week period. The mean 

Table 1 Smartphone applications

Study Sample Application Platform Purpose

Baggott et al15 Ten oncology patients  
(mean age 18.2 years)

Mobile Oncology Symptom 
Tracker (mOST)

Apple iOS Record medical symptoms

Berntsen and Babic24 – Cherry Android Diary to share with doctor, friends, and 
parents; provides disease information 
and feedback from physicians

Rodgers et al25 16 adolescents  
(age 11–18 years)

eating after Transplant (eAT!) Not specified increase self-management of eating-
related issues during hematopoietic 
stem cell transplantation recovery

Stinson et a11 14 patients with cancer  
(mean age 13.2 years)

Pain Squad Apple iOS Track pain (eg, intensity, location) 
and intervention (eg, medication, 
nonpharmacologic strategies)
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Table 2 Tablet applications

Study Sample Application Platform Purpose

Macpherson  
et al27

40 adolescents (median age  
15 years) and 32 young adults  
(median age 21.5 years)  
receiving chemotherapy

Computerized Symptom  
Capture Tool (C-SCAT)

Apple iOS Measure of various treatment-
related symptoms, potential 
causes, and attempted self-
management strategies

Tomlinson  
et al26

40 children and adolescents  
receiving active treatment for  
cancer (median age 12.4 years)

Children’s international  
Mucositis evaluation Scale –  
electronic version (eChiMeS)

Apple iOS Measure of oral mucositis

compliance rate for using the application twice daily was 

81% (SD 22%), and 86% of the adolescents reported liking 

the application, with 79% reporting that the application was 

easy to use. Pain Squad uses game-based features and virtual 

rewards to increase appeal to adolescents.

Tablet applications
Two manuscripts identified during this review included a 

tablet application pilot tested specifically with AYA cancer 

patients (Table 2).

Children’s international Mucositis evaluation  
Scale – electronic version
Children’s International Mucositis Evaluation Scale – 

electronic version (eChIMES) is an application available 

on the iPad.26 This application is an electronic version of a 

previously validated paper measure – ChIMES. eChIMES 

measures various symptoms associated with mucositis 

(eg, pain, difficulty swallowing, appearance of mouth sores) 

and tracks the use of medication for pain management. 

eChIMES was pilot tested with a sample of 40 children and 

adolescents (median age 12.4 years, range 8.0–17.8 years) 

currently receiving treatment for cancer. At the end of the 

study, the authors utilized a semistructured interview and 

questionnaire with a 5-point Likert scale to measure usability 

and acceptability. All participants rated this application as 

easy to use, and most (95%) said it was easy to understand, 

with 92% reporting that this application was a suitable way 

to measure mucositis.

Computerized Symptom Capture Tool
Computerized Symptom Capture Tool (C-SCAT) is an appli-

cation developed for the iPad.27 This application features 

30 symptoms that are commonly experienced by AYAs with 

cancer, and also gathers information regarding possible 

causes of the symptoms, alleviating/exacerbating factors, 

self-management strategies that were used in attempt to 

manage the symptom, and the effect of the symptoms on 

daily activities. Additionally, the respondent can cluster 

related symptoms together. C-SCAT was pilot tested with 

a sample of 40 adolescents (median age 15 years, range 

13–18 years) and 32 young adults (median age 21.5 years, 

range 19–29 years) receiving chemotherapy. Participants 

completed C-SCAT 24–96 hours after receiving an initial 

dose of a chemotherapy cycle. Overall, participants rated 

this application as clear (89%), with easy-to-follow instruc-

tions (100%), easy to complete (94%), and useful (87%). All 

participants completed C-SCAT, with 74% (95% confidence 

interval 62%–83%) reporting that the output was an accurate 

representation of their symptoms.

Applications not specific to cancer
One application identified during this review includes 

patients diagnosed with a variety of chronic illnesses, includ-

ing patients with cancer within the designated age range 

(13–39 years) (Table 3).

Medication Plan (Medikamentenplan)
Medication Plan was created as a smartphone application on 

the Apple iOS platform.28 The application consists of features 

allowing users to customize their medication plans to their 

own personal needs and prescriptions. For example, users are 

allowed to input their medication dosage, duration of treat-

ment, how often to take the medication, what times to take 

their medication, and other special instructions (eg, take with 

food or take on an empty stomach). Data were collected from 

11,688 smartphone users 6–87 years old (mean age 44 years), 

and 9% reported suffering from cancer. Other diagnoses 

included but were not limited to cardiovascular diseases, 

diabetes, and lung disease. Feedback indicated some dif-

ficulties with software bugs, but otherwise this application 

was generally well received. Regular use of the application 

decreased after 2 months.

Discussion
With increased prevalence of smartphones and tablets, 

there has been an increase in the number of applications 

specific to chronic medical conditions. This review identified 
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several smartphone and tablet applications geared toward 

AYAs diagnosed with cancer. These applications include a 

variety of topics, including monitoring general symptoms 

(eg, mOST),15 as well as more specific side effects, such 

as mucositis, eating-related issues following hematopoietic 

stem cell transplantation, and pain.11 Additional applica-

tions include diaries to keep track of physical and emotional 

responses, and some provide feedback from the application 

or from medical staff to help identify coping strategies for the 

symptoms that were reported at a given time (eg, Cherry).24 

One application also provides tools to assist with issues 

to improve medication adherence, including tools to help 

schedule dosages and keep track of special instructions.28 

This particular application is highly customizable to the 

specific needs of each individual. The services offered by 

these applications can be used to address concerns raised by 

the AYAs surveyed by the AYA Hope Collaborative Study 

Group, who reported a lack of support and education during 

their cancer treatment.2 Specifically, mobile applications are 

available to provide disease-related information, facilitate 

communication with medical providers, and provide rec-

ommendations for pain-management strategies. If medical 

providers and psychosocial team members increase aware-

ness of these pilot-tested applications, they can recommend 

use to clinically relevant patients. However, none of the 

studies identified in this review was specific to increasing 

access to social support or addressing other behavioral health 

concerns (eg, sleep, weight management, smoking). Further, 

several applications were identified that have been used 

with multiple chronic health populations, but did not have 

specific data supporting efficacy for oncology populations 

(eg, iCanCope with Pain).29 Therefore, other applications are 

likely available to help AYA patients diagnosed with cancer, 

though the evidence supporting the use of these applications 

is not yet available.

Many potential limitations of the aforementioned pilot 

studies and use of mobile technology were apparent through-

out this review. The electronic devices used in these studies 

can be very expensive, and damage to these devices can 

be costly.26 Though an increasing number of AYAs have 

access to smartphones and tablets, approximately 25% do not 

have regular access to the Internet or mobile applications.10 

Therefore, while some research studies provided smartphones 

with Internet access to participants (eg, mOST),15 this is not 

possible for all oncology patients. Of note, individuals of 

lower socioeconomic status with fewer financial resources 

may thus have less access to smartphones and tablets, 

thereby limiting their access to potentially helpful mobile 

applications. These individuals may especially benefit from 

mobile resources, as numerous barriers prevent patients 

from lower sociodemographic backgrounds from accessing 

information and support through other means (eg, lack of 

insurance, lack of transportation). However, the advent of 

“pay-as-you-go” smartphones may allow a wider population 

to utilize this technology.30

Limitations within the individual participants are notable. 

The participants identified several barriers to using the applica-

tions consistently, including forgetting the smartphone and thus 

being unable to make an entry,11 forgetting to make entries, 

and feeling too sick to make entries.15 Emergency medical 

treatment sometimes prevented participants from making 

entries.11 These intraindividual characteristics highlight sev-

eral important barriers to effective use of these applications, 

thereby limiting the utility of this technology. The small pilot 

studies may have included highly motivated individuals who 

were willing to utilize the applications and may have been 

more willing to say they were useful and user-friendly, thereby 

inflating both the compliance and usability ratings. Therefore, 

it is unclear how well these applications will generalize to 

other populations. While most of the studies presented a very 

high response rate, many of these trials took place over small 

periods of time (eg, 2 weeks), which may have also inflated 

the reported compliance rates. The EAT! trial lasted for the 

first 100 days posttransplant, and saw a decrease in use of the 

application over time.25 Therefore, it is unclear how useful 

these applications will be for long-term use. Another concern 

is in regard to publication bias, which may have prevented 

additional applications from surfacing in the existing literature 

base. Additionally, the search terms listed earlier may have 

failed to identify published manuscripts, thereby resulting in 

an incomplete retrieval of the extant research.

Finally, limitations in regard to the applications themselves 

warrant discussion. First, AYAs are a very heterogeneous 

group, and large variability exists in regard to the develop-

mental level of patients in this group (ie, variability between 

a 13-year-old patient compared to a 25-year-old patient). 

Table 3 Applications not specific to cancer

Study Sample Application Platform Purpose

Becker  
et al28

11,688 smartphone users (age 6–87 [mean 44]  
years; 205 [9%] diagnosed with cancer)

Medication Plan  
(Medikamentenplan)

Apple iOS Designed to maintain medication 
list and improve compliance
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Therefore, it is very difficult to create specific applications 

that cater to the various developmental levels of younger 

AYAs.27 Another potential limitation is the specific nature of 

some applications. For example, the eChIMES application 

presented by Tomlinson et al focused solely on mucositis.26 

While this is an important means of assessing symptoms expe-

rienced by patients suffering from mucositis, this application 

is not useful for individuals without mucositis. Therefore, 

such applications as this may be expanded to include other 

symptoms in order to be useful for a larger population.

Future directions in research may include a closer evalu-

ation of many of these applications with AYA oncology 

patients, as well as examining a wider scope of services and 

interventions offered through these applications (eg, includ-

ing applications that involve greater social interaction and 

peer support for patients). Additionally, to address several 

of the key limitations of the existing research, these studies 

should include larger sample sizes with intervention periods 

of longer duration. Further, given the limits of patient self-

report of physical symptoms, attention should be paid to 

integrating new technologies that connect to these applica-

tions to report vital statistics (eg, the TempTraq wearable 

Bluetooth thermometer to keep clinicians abreast of fevers 

that could indicate medical complications). As noted earlier, 

additional factors, such as sociodemographic status, may 

affect accessibility to mobile applications. The impact of 

these factors can be a subject of future research.

In conclusion, smartphone and tablet applications are 

growing in number, and may provide access to resources 

to help improve quality of life and address unmet needs of 

AYAs diagnosed with cancer. While few applications have 

been empirically evaluated with this population, the applica-

tions presented in this review have received favorable ratings 

in regard to usability and utility. This review highlights the 

need for respected authorities to create and research applica-

tions that may benefit cancer patients, to ensure accuracy of 

information, utility of the applications, and developmental 

appropriateness for the targeted population. This is a prom-

ising direction for collaborative research with the goal of 

improving the quality of life and overall functioning of AYA 

cancer patients.
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