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We explored the intervention effect of a smartphone medical app on complications and quality of life of pa-
tients with nasopharyngeal carcinoma who underwent radiotherapy and chemotherapy.

We divided 132 patients with nasopharyngeal carcinoma who received radiotherapy and chemotherapy for the
first time, in accordance with the random number table method, into a control group (67 patients) and an in-
tervention group (65 patients). Patients in control group were discharged with standard care and patients in
the intervention group used a smartphone medical app after discharge. Data on adverse effects of radiother-
apy and chemotherapy, complications, and quality of life were collected and analyzed.

There was no difference between the complications of radiotherapy and chemotherapy and quality of life be-
tween the 2 groups at discharge (P>0.05). The incidence of oral mucositis, xerostomia, mouth-opening diffi-
culties, and nasal congestion in the intervention group was significantly lower than in the control group at 6
months after discharge and quality of life was significantly higher than in the control group (P<0.05).
Reasonable use of this smartphone app can improve the exercise compliance of discharged patients with na-
sopharyngeal carcinoma who underwent radiotherapy and chemotherapy, reduce the adverse reactions and
complications of radiotherapy and chemotherapy, and improve quality of life and satisfaction of patients after
discharge.
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Background

Nasopharyngeal carcinoma (NPC) is a malignant tumor that
occurs in the nasopharyngeal mucosa epithelium [1,2] and is
generally treated with radiation therapy [3,4]. However, the
complications and adverse reactions after radiotherapy and
chemotherapy cannot be ignored [5], such as oral mucosal le-
sions, mouth-opening difficulties, xerostomia, hearing loss, and
nasal congestion [6,7], but most patients with NPC only re-
ceive conventional discharge health education after their radio-
therapy and chemotherapy treatment in the hospital. Because
of their poor self-management ability, it not only affects the
treatment effect, but also seriously affects their quality of life.

A smartphone medical application (app) can play a positive role
in the self-management of patients and improve the compli-
ance behavior of patients. In 2011, a survey in the United States
showed that 84% of respondents have a smartphone, and that
53% of people with smartphones already use apps in clinical
practice. The use of smartphones and apps is prevalent among
orthopedic care providers in academic centers [8]. Another sur-
vey revealed patient behavior patterns that would be useful in
future app development. Being able to record, analyze, seam-
lessly share, and obtain feedback on the SMBG data using an
iPhone/iTouch app might benefit patients [9]. GM Turnermcgrievy
reported the potential benefits of mobile monitoring methods
during behavioral weight loss trials. Future studies should ex-
amine ways to predict which self-monitoring method works best
for an individual to increase adherence [10]. However, the cur-
rent research on the use of mobile medical apps for discharged
NPC patients who underwent concurrent radiotherapy and che-
motherapy has not been further studied. Therefore, in the pres-
ent study we used a smartphone medical app as an intervention
method for discharged NPC patients who underwent radiother-
apy and chemotherapy to share information about NPC disease,
such as observation and treatment of complications of radio-
therapy and chemotherapy, as well as regular re-examination,
to improve the self-management ability of discharged patients
so that they can effectively deal with complications of radio-
therapy and chemotherapy and improve their quality of life.

Material and Methods

Patients

We randomly divided 132 patients admitted to the Rhinology
Department of our hospital from March 2015 to March 2017
into 2 groups: 65 patients were assigned to the intervention
group and 67 patients were assigned to the control group.
Inclusion criteria were: (1) patients with NPC confirmed by his-
topathology and received radiotherapy and chemotherapy for
the first time, (2) had the ability to take care of themselves,
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(3) had reading ability, (4) provided informed consent. Exclusion
criteria were: (1) severe cardiovascular and cerebrovascular
complications, (2) severe cognitive, mental, and language dis-
orders. All patients provided signed informed consent. This re-
search was approved by the Institutional Ethics Committee of
First Affiliated Hospital of Zhengzhou University.

Intervention method

Control group: Patients in the control group received a con-
ventional follow-up visit after hospital discharge, in which pa-
tients were informed after discharge about relevant issues by
their physician, including diet, exercise, and rehabilitation ex-
ercise, and were told that they should attend re-examinations
at 3 and 6 months after discharge.

In the intervention group, when patients were discharged, they
were asked to download the smartphone medical app and
complete rehabilitation after discharge according to the app
guidelines. The smartphone medical app intervention manag-
er asked patients about their use of the app by telephone fol-
low-up every month. According to characteristics of NPC, the
app includes 3 special modules: a re-examination reminder,
a knowledge base, and an online expert. With the re-examina-
tion reminder, 3 days before the re-examination, the app ad-
ministrator notifies the patients to review. The knowledge base
informs patients consists of text, pictures, and videos, includ-
ing a rehabilitation exercise video, assessment and treatment
of adverse reactions and complications, medication, diet, activ-
ities and rest, and psychological guidances. With the online ex-
pert, every Wednesday and Saturday, a doctor is scheduled to
answer patients’ questions online to help doctors know about
recovery after discharge. Patients can also interact with oth-
er patients, share information about rehabilitation after dis-
charge, and upload rehabilitation pictures.

Data collection and processing

We collected and evaluated data on complications after radio-
therapy and chemotherapy, rehabilitation exercise compliance,
and quality of life at discharge and at 3 months and 6 months
after discharge. Patients were asked to complete a questionnaire
and report on their condition according to uniform instructions,
and this process was completed by the patients themselves.
Patients were contacted by telephone to remind them about fol-
low-up at 3 and 6 months, and at the same time complete the
patient condition form. Patients who could not go to the hos-
pital for re-examination were followed-up by mail or telephone.

Statistical analysis

SPSS17.0 software was used for statistical analysis.
Enumeration data were checked by chi-square test, and the
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Table 1. Demographic and health characteristics of the participants.

Intervention group

MEDICAL TECHNOLOGY

Control group

Classification (N1=65) (N2=67)
x*n (%) x*n (%)
Male 39 (60.0) 44 (65.7)

G I R e 0.009 0.924
Female 26 (40.0) 23 (34.3)

Age (Yr) 44.32+11.03 42.28+10.37 0.883 0.463
IV stage 11 (16.9) 13 (19.4)

Course of disease Il stage 28 (43.1) 29 (43.3) 1.067 0.587
Il stage and below 26 (40.0) 25 (37.3)
Single chemotherapy 45 (69.2) 49 (73.1)

Chemotherapy regimen - oo oo 0.135 0.714
Combination chemotherapy 20 (30.8) 18 (26.9)
Conventional radiotheraphy 18 (27.7) 16 (23.9)

Radiotherapy regimen | . o 0.025 0.875
Intensity modulated 47 (723) 51 (76.1)

radiation therapy

independent-samples t test was used to assess the data. Rank
data were tested by rank sum test method, and the level of
test was 0.05 (0:=0.05).

Results

Basic information

We divided the 132 patients with NPC who received radio-
therapy and chemotherapy for the first time, in accordance
with the random number table method, into a control group
(67 patients) and an intervention group (65 patients) (Table 1).
There was no significant difference between the 2 groups in
gender, age, course of disease, or chemotherapy and radio-
therapy regimens (P>0.05).

Comparison of radiotherapy and chemotherapy
complications

Table 2 compares complications in the 2 groups, including xero-
stomia, oral mucositis, hearing loss, mouth-opening difficulties,
and nasal congestion. Patients had varying degrees of xerosto-
mia, oral mucositis, hearing loss, mouth-opening difficulties, and
nasal congestion at discharge. There was no significant difference
in the incidence of these complications between the 2 groups
(P>0.05). Xerostomia was the most common complication, and the
incidence rates in the 2 groups were 89% and 92%, respectively.

At 6 months after discharge, the incidence and severity of
oral mucositis, mouth-opening difficulties, xerostomia, and
nasal obstruction in the intervention group was significantly

lower than that in the control group, and there was a signif-
icant difference between the 2 groups (P<0.05). This indicat-
ed that the intervention had positive effects on improving xe-
rostomia and oral mucositis for discharged patients. The app
knowledge base includes measures to improve the incidence
of these complications, such as encouraging patients to rinse
with dilute saline and use sodium bicarbonate mouthwash,
keep the mouth clean, increase intake of liquids, jointly pres-
ent nasal irrigation content in the form of pictures and videos,
and help patients improve cognitive level and compliance, so
as to improve the symptoms of nasal congestion.

Comparison of compliance of rehabilitation exercise
between 3 and 6 months after discharge

Taking mouth-opening exercises and nasal irrigation compli-
ance as examples, the results of rehabilitation training com-
pliance are shown in Table 3. Results showed that the com-
pliance of mouth-opening exercises and nasal irrigation in the
intervention group was higher than that in the control group
at 3 and 6 months after discharge (P<0.05). The incidence of
mouth-opening difficulties and nasal congestion was signifi-
cantly lower than in control group at 6 months after discharge,
indicating that the smartphone app can effectively improve the
symptoms of mouth-opening difficulties and nasal congestion.

Comparison of quality of life between the 2 groups at 6
months after discharge

Quality of life in the 2 groups after discharge was investigated
using the Quality of Life Questionnaire (QLQ-C30) [11], which
was designed by the European Cancer Treatment Research

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]

This work is licensed under Creative Common Attribution- [Index Medicus/MEDLINE] - [EMBASE/Excerpta Medica]

NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




DiR. etal.:
Mobile medical app and nasopharyngeal carcinoma
© Med Sci Monit, 2018; 24: 6151-6156

MEDICAL TECHNOLOGY

Table 2. Comparison of side effects and complications of radiotherapy and chemotherapy in two groups [N (%)].

At discharge 6 months after discharge

Oral

e I~Il 40 (61) 40 (59) -0.757 0.449 29 (45) 12 (19) -2.138 0.033
mucositis T
i~V 17 (27) 14 (22) 2 (3) 3 (3)
0 16 (24) 15 (22) 23 (36) 45 (68)
Mouth opening
difficulties o 38068 42 (63 0000 1000 31 (48) 14 (22 -2397 0017
i~V 11 (18) 10 (15) 11 (16) 8 (10)
0~I 39 (60) 43 (64) 42 (65) 51 (76)
Xerostomia =~ e -0.503 0.615 -2.335 0.020
1~ 26 (40) 24 (36) 23 (35) 16 (24)
Without 20 (31) 19 (29) 22 (34) 24 (36)
Hearing loss oo 0.010 0919 0.545 0.460
Exist 45 (69) 46 (71) 43 (66) 43 (64)
0 12 (18) 17 (25) 25 (39) 37 (56)
Nasal e DD
asal I~Il 29 (45) 35 (53) 1220 0223 25 (39) 25 (38) -2.084  0.037
congestion T
1~ 24 (37) 15 (22) 15 (22) 5 (6)

Group C is control group, and Group | is intervention group.
Table 3. Comparison of rehabilitation exercise compliance between two groups of patients after discharge [N (%)].

6 months after discharge

3 months after discharge

Group C Group |
N1=65 N2=67
LU 8 (12) 20 (19) 5 (12) 8 (19)
compliance
Compliance of Partlal """""""""""""""""""""""""""""""""""""""""""""""""""""
mouth opening . 40 (61) 36 (59) 6.610 0.037 23 (6) 33 (59) 7.369 0.013
. compliance
exercise DTN
Non-
compliance 17 (27) 11 (22) 37 (2 26 (22)
Al 12 (12) 24 (19) 8 (12) 16 (19)
compliance
li f Partial
Compliance of —— Partial 20 (61) 16 (59) 3685 0048 34 (61) 19 (59) 8356 0015
nasal irrigation ~ compliance
Non-
compliance 33 (27) 27 (22) 23 (27) 32 (22)

Group C is control group, and Group | is intervention group.

Organization (EORTC; Table 4). At 6 months after discharge,
quality of life scores of control and intervention groups were
better than at discharge, indicating that most patients had im-
proved quality of life. In the functional and overall quality of
life field, scores of the intervention group were higher than in
the control group at 6 months after discharge (P<0.05). In the
area of symptoms, scores of fatigue and pain in the intervention

group were lower than those in the control group (P<0.05). In
the single area, such as sleep loss, appetite loss, and consti-
pation, the scores of the intervention group was lower than
that of the control group (P<0.05). The results indicated that
the app can further improve fatigue, pain, sleep loss, appetite
loss, constipation, and other symptoms, which is helpful to fur-
ther improve the overall quality of life of patients.
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Table 4. QLQ-C30 questionnaire of two groups at discharge and 6 months after discharge.

At discharge

6 months after discharge

Functional o 5359,1236  54.18+1268  0.287

field - TTU T T T
CF 732241325 74371476  0.331
SF 57.89+17.46  56.37+1635  0.362
FA  5200+1649  53.82+1832  0.400
NV 209841269 21.56+11.02  0.196
PA  5546+2041 57.21+2135  0.338
DY 102141456 12.84+13.24  0.761

Z‘é'lzptom SL  61.02422.12 59.74+21.36  0.237
AP 7382423.12 712142158  0.481
CO 153441657 16401580  0.264
DI 53941050  6.10+9.44 0.286
FI 4385:34.17 412843511  1.867

Overall

qualityof QL  34.15:1031  32.1449.65 0.811

life field

0.775 62.53+11.34  73.62+10.21 4.139 <0.001
0742 7763:1231 831441064 1928 0049
0719 7054:15.04 769141219 1572 0421
0690 3864£1332 221441254 5139 <0001
0845 2548561 2134496 0311 0756
0737 824#1175 3124836 2018 0048
0449 2341963 2111854 0102 0919
0813 131482011 61341658 1531 0431
0632 96261054 3284856 2657 0009
0792 81161233 3824922 1585 018
0776 510:851 5864847 0361 0719
0067 39.66:30.12 382243101 0190 0850

0.420 62.15+£11.17  72.03+9.07 3.908 <0.001

Group C is control group, and Group | is intervention group. PF — physical functionong; RF — role functioning; EF — emotional
functioning; CF — cognitive functioning; SF — social functioning; FA — fatigue; NV — nausea and vomiting; PA — pain; DY — dyspnoea;
SL - sleep loss; AP — appetite loss; CO — constipation; DI — diarrhoea; FI — financial difficulties; QL —: quality of life.

Discussion

With the progress of society and the change of medical mode,
evaluation of the effect of cancer treatment focuses more on
improvement of quality of life after treatment [12]. After re-
ceiving radiotherapy and chemotherapy, patients with NPC
have varying degrees of complications and adverse reactions,
physical damage, and reduction of social function, which puts
patients under great pressure, and quality of life can be se-
riously affected.

Patients and their families lack understanding of the disease
system and pay great attention to treatment in the hospital,
but they despise the rehabilitation exercise treatment and
follow-up visit after the operation and discharge [13]. Studies
have shown that the quality of life of cancer patients is re-
lated to their optimistic attitudes towards life [14]. Use of an
app can enhance the communication between doctors and pa-
tients, and it can be fast and convenient for doctors to provide
health information to patients and develop some appropriate
measures and methods to relieve nervousness and anxiety of

patients as well as help them actively carry out functional ex-
ercises [15,16]. Moreover, the app allows physicians to keep
abreast of the patient’s condition and quickly provide com-
prehensive and systematic treatment, care, and rehabilitation
and carry out a timely follow-up [17].

Patients may suffer from mouth-opening difficulties, nasal
congestion, and other symptoms after their discharge, among
which mouth-opening difficulties are the more severe compli-
cation [18], the incidence of which first decreased and then
increased. At 1-2 months after discharge, the incidence of
mouth-opening difficulties was the highest, and then gradually
decreased as oral mucosa injuries healed. At about 6 months
after discharge, mouth-opening difficulties occurred again.
It is an effective method to prevent and reduce the incidence
and severity of mouth-opening difficulties by early opening
mouth exercises and keeping on doing the exercise [19-21].
In the app, there are mouth-opening exercises videos, and
it is necessary to encourage patients to follow the video ev-
ery day and do it; patients should adhere to exercise even if
early oral mucositis and xerostomia occur after radiotherapy.
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Due to the sustained rehabilitation exercise of the interven-
tion group, the incidence and severity of mouth-opening dif-
ficulties were lower than in control group (P<0.05).

In addition, nasal lavage can alleviate nasal mucosa swell-
ing, dryness, nasal congestion, and other adverse reactions.
There are pictures and videos co-presented about nasal irri-
gation and other operations in the app, so that patients can
easily understand and master the correct methods. The pic-
tures and videos can be watched repeatedly, which can im-
prove cognitive level and compliance.

Nasal irrigation can reduce the nasal swelling, dryness, nasal
obstruction, and other adverse reactions of NPC patients af-
ter radiotherapy. It can also promote normal mucosal repair
and reduce the incidence of complications [22]. After the pa-
tient is discharged, it is necessary to improve the complianc-
es using nasal lavage. All these activities can be performed
with the help of the relevant videos to improve patient com-
pliance. Consistent and correct performance of exercises can
effectively improve patient symptoms.
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In addition, patient quality of was life improved significantly
in the intervention group. The reason may be that discharged
patients in the intervention group gained the help of health
education, psychological intervention and medical staff guid-
ance from the app, which fully mobilized the patient’s own
potential to play its initiative to enhance its confidence and
ability to solve health problems, so as to effectively carry out
self-management and regulation and promote physical and
mental healths and improve the quality of life.

Conclusions

This study shows that rational use of a smartphone app can
improve exercise compliance of patients with NPC after radio-
therapy and chemotherapy, reduce adverse reactions and com-
plications due to radiotherapy and chemotherapy, and improve
quality of life and satisfaction after discharge.
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