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Abstract

Cancer patients are often not sufficiently oriented to manage side effects at home. Sending text messages with self-care guidelines
aimed managing side effects is the main objective of this randomized controlled trial. Patients who started outpatient chemo-
therapy treatment between March and December 2017 at a hospital in southern Brazil were invited to participate in this study and
were allocated to the intervention or control group (ratio 1: 1). Each patient in the intervention group received a daily SMS (short
message service) with some guidance on management or prevention of side effects. All text messages were sent to the interven-
tion group patients in an automated and tailored way by our app called cHEmotHErApp. Side effects experienced by patients
were verified using the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core-30
(EORTC QLQ-C30). Results showed intervention group patients experienced fewer side effects compared to the control group in
cycle 1 (p <0.05), in general. In addition, intervention group experienced less nausea in relation to the control group, in the cycle
1 and cycle 2 (p <0.05). This study indicate text messaging may be a tool for supporting side effect management in patients
receiving chemotherapy. This study was enrolled in ClinicalTrials.gov with the identification number NCT03087422. This
research was performed in accordance with the Declaration of Helsinki.
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Introduction administering of drugs, and can be applied in combination
with radiotherapy or surgery [1, 2]. Available antineoplastic
Chemotherapy is one of the main options in the treatment of  drugs do not specifically act on tumor cells, which often leads
cancer, and it is used to eradicate neoplastic cells through the ~ to the elimination of healthy cells [2]. Consequently, it can
cause toxicity to organs, inducing side effects such as fever,

nausea, vomiting, fatigue, diarrhea, mucositis, pain, among
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These adverse effects can compromise quality of life, in-
crease financial costs, diminish adherence to treatment and
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technology on the planet [8, 9]. The ubiquity and capabilities
of this type of mobile telecommunication technology has
spawned a rapidly growing line of research and practice in
the health care field, called mHealth (mobile health) [10].
mHealth can be broadly defined as the usage of informa-
tion technology and communication applied to the health field
through mobile technology, assisting patients, populations
and health professionals in improving health care. mHealth
has the potential to transform the face of health service deliv-
ery across the globe [11], leading to the adequacy of health
care and patients’ quality of life, and ultimately the improve-
ment of health care services. Thus, mHealth can play an im-
portant role in health care procedures in the treatment of can-
cer, tackling the management of side effects, and empowering
patients and care providers in regard to self-care [10]. In this
COVID-19 era, mHealth interventions are an even more at-
tractive strategy, to minimize patient’s exposure [12, 13].

One of the most used features in mHealth is text messaging
(short message service - SMS), since this technology is one of
the most utilized functions in mobile phones, representing one
of the most widely employed communication methods in the
world, and an inexpensive intervention modality [14]. Review
studies concluded that SMS text messaging can serve as a tool
to support patient self-management [15, 16]. Also, SMS text
message interventions are capable of producing positive
change in the form of preventive health behaviors [17].

The majority of patients desired to receive as much infor-
mation as possible about chemotherapy-related side effects
[1]. The degree of satisfaction that cancer patients express
about the information they receive has been associated with
positive health outcomes, specifically regarding quality of life,
performance status, side effects, and psychological well-being
[18]. However, cancer patients may not receive adequate sup-
port to manage side effects at home [19]. Some studies report
that patients received little information from their health team
about the management of treatment-related side effects [3, 20].

Several approaches based on text messaging (SMS) -
method for communication have been used in cancer
treatment, both in preventive measures [21-26] and in
clinical care situations [27-30]. Specifically in chemother-
apy, there are different intervention methods that employ
SMS to monitor side effects as nausea, vomiting, and
other symptoms, as well as in relation to patient adher-
ence to their treatment. Few published articles focus on
the usage of SMS messaging to manage the side effects of
chemotherapy in combating cancer. We can highlight the
following studies, conducted in Singapore from
November 2011 to January 2012, and in United States
from November 2014 and September 2015, respectively
[27, 29]. Both studies proved the feasibility of the usage
of this technology to monitor side effects provoked by
chemotherapy considering not randomized controlled tri-
als. In addition, these studies found that text messaging
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does not interfere in the daily activities of patients.
However, these studies did not focus on the prevention
of side effects.

In our previous study, we showed the acceptance and per-
ception of cancer patients undergoing chemotherapy on an
outpatient basis receiving daily text messages about preven-
tion and managing side effects, as well as emotional support
[30]. Some patients reported, through text messages, they felt
more confident in treatment, felt supported and encouraged,
therefore facilitating self-care. Other patients reported they
received new information about self-care, and that the mes-
sages helped them to take better care of themselves. Thus, all
patients participating in that study reported receiving text mes-
sages helped them better cope with treatment because they
received useful self-care information about treatment through
text messages. In addition, the adherent patients reported they
would recommend these text messages to other patients initi-
ating chemotherapy for cancer [30].

From our previous results [30], we improved the present
study expanding it to a considerable number of cancer pa-
tients, in order to verify other outcomes. To our knowledge,
the present study is the first clinical trial employing text mes-
saging (SMS) with preventative advice and side effect man-
agement tips sent to cancer patients in outpatient chemother-
apy. The primary objective of this study was to determine if
the text messages received by the patients lead to a reduction
in side effects brought on by chemotherapy. In addition, we
verified clinical feasibility of sending SMS text messages with
self-care content to oncological patients.

Materials and methods
Study design and management

This research was a two-arm, Randomized Controlled Trial
(RCT), not blinded. The research is registered in Plataforma
Brasil and received the approval of the Research Ethics
Committee of the Faculty of Medicine of the Federal
University of Pelotas with the Certificate of Presentation for
Ethical Appreciation (CAAE) 47,707,315.9.0000.5317. Also,
this study was enrolled in ClinicalTrials.gov with the
identification number NCT03087422. This research was
performed in accordance with the Declaration of Helsinki.

Study setting

Pelotas is a municipality located in the southern region of the
state of Rio Grande do Sul, Brazil. With a population of ap-
proximately 343,000 inhabitants, it is considered the third
most populous city in the state. The present study was per-
formed at the Oncology Service (Chemotherapy) of the
School Hospital (HE) of the Federal University of Pelotas
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(UFPel). This HE/UFPel has full capability to execute projects
related to new actions and policies directed to SUS (Unified
Health System), since it is a reference in the area of oncology
and it is supported 100% by SUS, as well as characterized as a
sentinel hospital. In addition, HE/UFPel serves patients from
22 municipalities.

Participants

Adult patients (18 to 70 years of age) diagnosed with cancer,
who started the first outpatient chemotherapy treatment
scheme between March and December of 2017 in HE/
UFPel, were invited to participate in the study.

Participants needed to have their own cell phone, be literate
and be able to speak and read in Portuguese. All participants
also needed to sign the Free and Informed Consent Form.

Procedures

Participants were randomized to one of two trial arms (inter-
vention and control) in a 1:1 ratio, one by one, as they started
chemotherapy treatment. The participants assigned to the in-
tervention group received a SMS text message on their own
cell phones on a daily basis, free of charge. In addition, pa-
tients in the intervention group were not required to respond to
these text messages. All participants received standard care,
which included instructions and information provided by on-
cologists, nurses, nutritionist, psychologist, pharmacists,
among others.

These text messages have content about the prevention of
side effects as well as emotional support. The messages were
sent automatically on a daily basis to each patient in the inter-
vention group utilizing the application cHEmotHErApp, de-
veloped by our group according to the methodology presented
by Rico et al. [30].

The text messages containing advice were drafted in sim-
ple, clear, and objective language, in order to facilitate under-
standing with the patients. These messages were based on
guidelines from the National Cancer Institute [31], as well as
international cancer manuals [32] and were prepared by a
multidisciplinary team, with the support of the medical and
nursing team of the oncology service of the HE/UFPel. All of
the messages were drafted and sent in Brazilian Portuguese.
The messages are listed in the Supplementary file .

In order that each patient in the intervention group receive
advice on dealing with the most common side effects, the
messages were divided by themes. Thus, the configuration
of each message in cHEmotHErApp, beyond registering the
message itself, was also configured according to the theme
covered. The messages were drafted and divided in nine
themes: physical activity, hydration, emotional support, nau-
sea/vomiting, constipation/diarrhea, hygiene, eating, immuni-
ty, and changes in the skin and sense of taste. For each of these

themes, various pieces of advice were drafted and sent. In
many cases the messages dealt with more than one side effect.
The algorithm of cHEmotHErApp for the automatic send-
ing of text messages is timed with the treatment period of each
patient [30], and does not send messages with the same theme
for at least 5 consecutive days. In addition, the algorithm does
not repeat messages for a period of at least 45 days. Thus, the
process of receiving the text messages is dynamic because
each day every patient received a tailored message with a
different topic. The patients in the control group received only
standard care, and answered the questionnaires periodically.

Data collection and analysis

The first interview with each study patient was performed at
the time of their first chemotherapy session. In this interview,
the patients answered the socio-demographic questionnaire
(age, sex, schooling, and marital status), as well as signed
the free and informed consent term of the research. In addi-
tion, the ECOG scale (Eastern Cooperative Oncology Group)
was applied aiming to qualify the patients’ well-being and
capacity for self-care. The type of cancer of each patient was
verified directly in the medical records of the HE/UFPel
Oncology Service.

The European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Core-30 (EORTC QLQ-
C30) [33] was employed as the base to verify the presence of
side effects. In this questionnaire, patients from both groups
responded if they experienced a side effect. The presence of
14 side effects were verified: changes in the skin, changes in
the sense of taste, fatigue, fever, diarrhea, pain, lack of appe-
tite, shortness of breath, indigestion, mouth lesions, weakness,
constipation, nausea, and vomiting.

On the first day of the cycle 2, cycle 3, and cycle 4 cycle,
patients from both groups were interviewed using the ques-
tionnaire to measure the side effects experienced in the previ-
ous cycle. Or rather, in the beginning of the cycle 2, the side
effects experienced in the cycle 1 were verified, in the begin-
ning of the cycle 3 the side effects experienced in the cycle 2,
and finally, in the beginning of the cycle 4 the side effects
experienced in the cycle 3. In addition, in the beginning of
the cycle 4 the patients of the intervention group were asked if
they read the received messages on a daily basis, and if the
received text messages were considered helpful in their treat-
ment. In addition, these patients were asked whether or not
they had followed the guidelines received through text mes-
sages (followed all guidelines, followed almost all guidelines,
followed half guidelines, followed a few guidelines). Besides,
these patients were asked about the level of satisfaction of the
text messages received (very satisfied, satisfied, neither satis-
fied nor dissatisfied, dissatisfied, very dissatisfied).

All interviews were conducted face-to-face with
consenting patients while they were receiving the
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chemotherapy infusion. All the questionnaires were read to
the patients, which has been shown to reveal more detailed
and accurate information than written surveys, in order to
reduce possible misclassification bias [34] related to the low
levels of education of some patients in Brazil. All interviews
were conducted by main researcher.

We used the exact Fisher test and the chi-square test to
compare groups (intervention and control) regarding side ef-
fects. To compare the number of symptoms for each group
along the cycles we used the Wilcoxon paired test. The sig-
nificance level was set as 0.05 for two-tailed tests. Intention-
to-treat analysis was applied to all cycles. Data analysis were
performed in March 2018 using Stata software, version 11.2.

Results

In total, 118 patients participated in this study, 59 in each
group (Fig. 1). The losses of participants (16 patients in the
intervention group, and 15 patients in the control group) were
due to death, abandonment of treatment, patient hospitaliza-
tion, or treatment interruption. In addition, some patients end-
ed their treatment in less than four cycles. Almost 4% (6 pa-
tients) of the patients were not included in the study for being
illiterate, and thus, they were excluded from randomization.
No patient refused to participate in the study.

In the cycle 1, 54 patients of the intervention group and 59
patients of the control group were included in intention-to-
treat analysis. In the cycle 2, 46 patients of the intervention
group and 52 patients of the control group were included in
intention-to-treat analysis. In the cycle 3, 43 patients of the
intervention group and 44 patients of the control group were
included in intention-to-treat analysis.

The most prevalent types of cancer in the participants were
breast cancer, colon cancer and lung cancer. The majority of
the participants were older than 50 and were married. Also, it
was observed in patients of both groups that a large majority
had never finished elementary school. Most patients were be-
tween the scale of 0—1 on the ECOG, which implies good
capacity for self-care and completion of daily tasks. Both
groups were similar in the studied characteristics (Table 1).

Each patient in the intervention group received, on av-
erage, 52 SMS text messages from the first day of treat-
ment to the beginning of the cycle 4. All text messages
were sent automatically via cHEmotHErApp in the morn-
ing. All patients in the intervention group attested to have
read daily the received text messages. Besides, these pa-
tients have considered text messages received were help-
ful to cope with treatment. Regarding the satisfaction in
receiving the text messages, 31 patients (72.1%) reported
being very satisfied, and 12 patients (27.9%) reported be-
ing satisfied. Regarding the followed guidelines from text
messages received, 28 patients (65.1%) reported to have
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followed all text messages, 14 patients (32.6%) reported
to have followed almost all text messages, and 1 (2.3%)
patient reported to have followed half of them.

It can be observed on Table 2 intervention group experi-
enced less multiple side effects in the cycle 1, compared to the
control group. However, this result was in the limit of statis-
tical significance (p =0.05). In the cycle 2 and cycle 3, both
groups were equivalent with regard to multiple experienced
side effects. More than 93% of the patients in the control
group experienced multiple side effects in the first three cycles
of treatment, on average. However, in the intervention group,
the rate of multiple side effects throughout the first three cy-
cles was closer to 85% on average (p =0.24). In the cycle 1,
cycle 2 and cycle 3 the patients from the intervention group
had, on average, 4.4, 4.8, and 5.1 side effects, respectively. On
the other hand, the patients from the control group in the cycle
1, cycle 2 and cycle 3 had, on average, 5.5, 5.4, and 5.4 side
effects, respectively.

The side effects most observed in the first three cycles
of treatment in the control group were nausea (73%), fa-
tigue (60%), and changes in the sense of taste (57%). In
the intervention group, the most common side effects
were fatigue (53%), weakness (49%) and nausea (49%)
(Fig. 2).

Table 3 shows how many patients experienced (or not)
each of the side effects analyzed, by group and cycle.
Two (nausea and indigestion) of the 14 side effects mea-
sured showed statistical significance between both groups
(Table 3). There was significantly higher reports of nau-
sea in the control group in the cycle 1 (p =0.034) and in
the cycle 2 (p =0.001), compared to the intervention
group. Whilst not reaching statistical significance, there
is a trend for intervention group experience less nausea
in the cycle 3 compared to the control group (p =0.06).
Besides, there was significantly higher reports of indiges-
tion in the control group in the cycle 1 (p =0.04), com-
pared to the intervention group.

The intervention group showed far less average of side
effects in the cycle 1, compared with the control group (p =
0.01). In the cycle 2, the intervention group also showed less
average of side effects when compared with the control group,
but in the limit of statistical significance (p =0.05). In the
cycle 3, there was no significant difference in side effects
between both groups (p =0.76).

There was a change in the mean of the total sum of
experienced side effects in intervention group. It was ob-
served intervention group had an increase total sum of
experienced side effects from cycle 1 to cycle 2, from
cycle 2 to cycle 3, and from cycle 1 to cycle 3. On the
other hand, the total sum of the experienced side effects
remained stable in the control group over the three cycles
analyzed, from cycle 1 to cycle 2, from cycle 2 to cycle 3,
and from cycle 1 to cycle 3 (Table 4).
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Fig. 1 Flowchart of enrollment,
and follow-up of study partici-

161 assessed for eligibility

pants from March 2017 to
December 2017 43 excluded (did not meet inclusion criteria)
6 illiterate
27 above estipulated age
’ 1 had no signal coverage where he lived
1 did not have a cellular phone
1 did not know how to open text messages
2 did not want to take treatment
2 presented cognitive impairment
3 were not feeling well in the first session
118 randomized
59 allocated to the intervention group 59 allocated to the control group
59 received the cycle 1 of chemotherapy 59 received the cycle 1 of chemotherapy
3 died
Itreatment ended
1 hospitalized ‘
54 received the cycle 2 of chemotherapy 59 received the cycle 2 of chemotherapy
1 died 2 abandoned or died
1 abandoned or died 2 treatment ended
4 treatment ended ‘ 2 hospitalized
2 hospitalized 1 discontinued
46 received the cycle 3 of chemotherapy 52 received the cycle 3 of chemotherapy
1 died 1 died
1 abandoned or died 1 abandoned or died
1 treatment ended ‘ 5 treatment ended
1 hospitalized
43 received the cycle 4 of chemotherapy 44 received the cycle 4 of chemotherapy
Discussion text messages, and to the algorithm of sending the SMS by

This intervention sent one text message a day from the 1st day
of chemotherapy to the beginning of the fourth cycle for each
patient of the intervention group, with general and accessible
guidelines on self-care for cancer patients. In addition, this
intervention did not focus on the prevention and management
of a specific side effect, but informed the patients regarding
the relief of the most experienced side effects. However, more
self-care behaviors text messages were used for nausea than
for the other side effects experienced by subjects. Thus, the
results of this clinical trial are directly related to the elaborate

cHEmotHErApp.

The prevention and management of chemotherapy-induced
nausea and vomiting (CINV) is a priority in the oncology
setting [35]. Incidence of vomiting has been substantially re-
duced, but efforts to control nausea have been less successful,
with nausea continuing to effect upward of 60% of patients
[36]. Nausea was the symptom most frequently encountered
in the patients of the control group in our study. Seventy-three
per cent of the patients in the control group, on average, re-
ported some degree of nausea throughout the first three cycles,
whereas 49% of the patients of the intervention group
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Table 1 Characteristics of the

study participants enrolled from Characteristics Intervention group Control group p value
March 2017 and December 2017 n (%) n (%)
(n=118, 59 in each group)
Age
18-30 234 3.
31-40 5(8.5) 7(11.9) 0.912
41-50 10 (16.9) 11 (18.6)
51-60 22 (37.3) 22 (37.3)
61-70 20 (33.9) 16 (27.1)
Sex
Male 30 (50.9) 22 (37.3) 0.194
Female 29 (49.1) 37 (62.7)
Residence
Urban 41 (69.5) 50 (84.7) 0.078
Rural 18 (30.5) 9 (15.3)
Marital status
Married 38 (64.4) 39 (66.1)
Divorced 8 (13.6) 9(15.2) 0.865
Widowed 8 (13.6) 5(8.5)
Single 5(8.4) 6 (10.2)
Race
White 47 (79.6) 42 (71.2)
Black 6(10.2) 10 (16.9) 0.444
Indigenous 1(1.7) 0(0.0)
Brown 5(8.5) 7(11.9)
Schooling
Elementary incomplete 43 (72.9) 35(59.3)
Elementary complete 8 (13.5) 12 (20.3)
High School complete 5(8.5) 9 (15.3) 0.246
Undergraduate 3(5.1) 1(1.7)
Graduate 0(0.0) 234
Performance status - ECOG
0 12 (20.3) 14 (23.7)
1 39 (66.1) 33 (55.9)
2 4(6.8) 6(10.2) 0.723
3or4 4(6.8) 6 (10.2)
Cancer type
Breast 15(25.4) 23 (38.9)
Gastrointestinal 19 (32.2) 11 (18.6)
Lung 9(15.2) 8 (13.6)
Reproductive system (male/female) 7(11.9) 4(6.8) 0.429
Blood 5(8.5) 4(6.8)
Urinary 234 3.1
Other 234 6(10.2)

experienced some degree of nausea in the first three cycles on
average. This clinical trial significantly reduced the symptoms
of nausea in the patients that were subject to intervention, in
the first and second cycle. The messages sent to the patients of
this study focused on preventing nausea, taking into account
that this was the side effect most feared by the patients.

@ Springer

This intervention reduced side effects in cycle 1 compared
to the control group, on average. However, the mean of the
experienced side effects remained stable in the control group
over the three cycles analyzed, but in the intervention group it
increased. The increase of total sum of experienced side ef-
fects in intervention group from cycle 1 to cycle 3 could be
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Table2  Multiple side effects experienced by study participants enrolled from March 2017 and December

Side effects experienced Intervention group Control group P value
n patients (%) n patients (%)

Cycle 1 (n =154 intervention group; n =59 control group)

None to 3 26 (48.1) 17 (28.8)

410 14 28 (51.9) 42 (71.2) 0.05
Cycle 2 (n =46 intervention group; n = 52 control group)

None to 3 17 (37.0) 14 (26.9)

410 14 29 (63.0) 38 (73.1) 0.38
Cycle 3 (n =43 intervention group; n =44 control group)

None to 3 19 (44.2) 15 (34.1)

410 14 24 (55.8) 29 (65.9) 0.38

because the intervention group showed an immediate im-
provement, reducing the side effects in cycle 1 in comparison
to the control group. Although the total sum of experienced
side effects in intervention group from cycle 1 to cycle 3 has
increased, on average the side effects of intervention group
was lower in cycle 2 and cycle 3 compared to the control
group, however, this average was statistical significance only
in cycle 1. No strategy for managing the side effects used by
control patients was effective, because there was no preven-
tion of any side effects and no decrease in average of side
effects in the three cycles analyzed.

The Intensity of side effects vary among patients receiving
the same antineoplastic drugs [37]. Thus, the side effects may
be more diverse and the reactions of patients more variable
and individualistic [38]. Besides, many side effects increase

Fig. 2 Side effects experienced
by study participants enrolled
from March 2017 and December
2017

changesinthesense oftaste

weakness

and became more severe over time, including changes in taste,
nausea, and vomiting [39, 40]. Spichiger et al. showed a sig-
nificant increase in number of symptoms experienced from
9.8 at the start of chemotherapy to 14.4 by cycle 3 [41].
Another study also found a gradual increase in experienced
side effects from the first until fifth cycle [38]. In addition,
some side effects are difficult to prevent and to control
through self-care behaviors, including taste changes, nausea,
vomiting, weakness, and fatigue [39, 42]. Hence, manage-
ment and prevention of side effects using self-care behaviors
may not always be effective in all cycles of chemotherapy.
We have decided to use the SMS focusing one-way com-
munication, which might restrict the potential of this tech-
nique. A review study identified two-way (sending text mes-
sages and receiving replies) text messaging is better than one-
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Table 3

Side effects experienced by study participants enrolled from March 2017 and December 2017

cycle 1 (n= 54 intervention group;
n =59 control group)

cycle 2 (n=46 intervention group;
n =52 control group)

cycle 3 (n=43 intervention group;
n =44 control group)

Symptom Group Not Experienced p Not Experienced p Not Experienced p
experienced value experienced value experienced value
n (%) n (%) n (%) n (%) n (%) n (%)
Changes in skin Intervention 43 (79.6) 11 (20.4) 0.509 30 (65.2) 16 (34.8) 1000 28 (65.1) 15 (34.9) 0.384
Control 43 (72.9) 16 (27.1) 33 (63.5) 19 (36.5) 24 (54.5) 20 (45.5)
Changes in sense of  Intervention 35 (66.0) 18 (34.0) 0.060 25 (55.6) 20 (44.4) 0.153 17(39.5) 26 (60.5) 1000
taste Control 27 (48.2) 29 (51.8) 20 (40.0) 30 (60.0) 17 (39.5) 26 (60.5)
Fatigue Intervention 28 (51.9) 26 (48.1) 0.349 21 (45.7) 25(54.3) 0.540 18 (41.9) 25 (58.1) 0.829
Control 25 (42.4) 34 (57.6) 20 (38.5) 32 (61.5) 17 (38.6) 27 (61.4)
Diarrhea Intervention 43 (79.6) 11 (20.4) 1000 37 (80.4) 9(19.6) 0.605 33 (76.7) 10 (23.3) 0.806
Control 46 (78.0) 13 (22.0) 44 (84.6) 8 (15.4) 32(72.7) 12 (27.3)
Pain Intervention 33 (61.1) 21(38.9) 0.186 25 (54.3) 21 (45.7) 0.544 23 (53.5) 20 (46.5) 1000
Control 28 (47.5) 31(52.5) 24 (46.2) 28 (53.8) 24 (54.5) 20 (45.5)
Lack of appetite Intervention 32 (60.4) 21 (39.6) 0.699 24 (53.3) 21 (46.7) 1000 27 (62.8) 16 (37.2) 0.821
Control 31(55.4) 25 (44.6) 27 (54.0) 23 (46.0) 29 (67.4) 14 (32.6)
Shortness of breath  Intervention 45 (83.3) 9 (16.7) 0.484 38(82.6) 8(17.4) 0.617 38(88.4) 5(11.6) 1000
Control 45 (76.3) 14 (23.7) 40 (76.9) 12 (23.1) 38 (86.4) 6 (13.6)
Fever Intervention 52 (96.3) 2(3.7) 0.166 42 (91.3) 4 (8.7) 1000 42 (97.7) 123) 0.202
Control 52 (88.1) 7(11.9) 48 (92.3) 4(7.7) 39 (88.6) 5(11.4)
Mouth lesions Intervention 38 (70.4) 16 (29.6) 0.527 34(73.9) 12 (26.1) 0.637 35 (81.4) 8 (18.6) 0.605
Control 45 (76.3) 14 (23.7) 41 (78.8) 11(21.2) 33(75.0) 11 (25.0)
Weakness Intervention 32 (59.3) 22 (40.7) 0.450 22 (47.8) 24 (52.2) 0.544 18 (41.9) 25 (58.1) 0.668
Control 30 (50.8) 29 (49.2) 29 (55.8) 23 (44.2) 21 (47.7) 23 (52.3)
Indigestion Intervention 43 (79.6) 11 (20.4) 0.048 35(77.8) 10 (22.2) 0.183 29 (67.4) 14 (32.6) 0.504
Control 37 (62.7) 22 (37.3) 33 (64.7) 18 (35.3) 25(58.1) 18 (41.9)
Constipation Intervention 28 (51.9) 26 (48.1) 0.708 31 (67.4) 15 (32.6) 1000 29 (67.4) 14 (32.6) 1000
Control 33 (55.9) 26 (44.1) 34 (65.4) 18 (34.6) 29 (65.9) 15 (34.1)
Nausea Intervention 27 (50.0) 27 (50.0) 0.034 26 (56.5) 20 (43.5) 0.001 19 (44.2) 24 (55.8) 0.060
Control 18 (30.5) 41 (69.5) 12 (23.1) 40 (76.9) 11 (25.0) 33 (75.0)
Vomiting Intervention 42 (77.8) 12 (22.2) 0.519 38(82.6) 8(17.4) 0.235 36 (83.7) 7 (16.3) 0.590
Control 42 (71.2) 17 (28.8) 37 (71.2) 15 (28.8) 34 (77.3) 10 (22.7)

way text messaging (sending text messages only) to improve
medication adherence [43]. Another study suggested

Table 4  Analysis of total sum of experienced side effects by study
participants enrolled from March 2017 and December 2017 (Paired t-
test or Wilcoxon paired test)

Cycle Intervention Control
Mean (Std) p value Mean (Std) p value

1 20.088 (0.758) 0.030 24.897 (1.041) 0.333
2 21.466 (0.846) 23.897 (0.939)

2 21.348 (0.881) 0.017 23.627 (1.042) 0.889
3 23.279 (1.212) 23.744 (0.937)

1 20.116 (0.791) 0.001 25.093 (1.112) 0.255
3 23.279 (1.212) 23.744 (0.937)

@ Springer

interventions that provided and combined information, moni-
toring, feedback, and self-management could be more prom-
ising than interventions that only provided information to the
patients [40]. It is possible that the intervention patients did
not feel as engaged with text messages in cycle 2 and cycle 3
as in cycle 1, since 35% of the intervention patients did not
followed all guidelines received through the text messages,
but, they followed almost all these guidelines. Thus, the in-
crease of total sum of experienced side effects in the interven-
tion group, and the general improvement only in cycle 1, may
be partly attributed to the one-way communication that may
have affected patient engagement.

Side effects can frequently be prevented and/or managed
with supportive medications when they are recognized early
[44] . However, in this research we have decided to elaborate
the text messages only with non-pharmacological orienta-
tions. It is possible that because we did not use
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pharmacological orientation in this intervention, made it dif-
ficult to reduce the side effects in all cycles, which it were only
reduced in the first cycle. Still, study participants received
pharmacological and non-pharmacological guidance from
the treatment team.

Related works using mHealth applied to the manage-
ment of side effects guided patients only after they indi-
cated which symptom they were experiencing [27, 44]. In
addition, these studies instructed patients with pharmaco-
logical and non-pharmacological orientations. Rather than
wait for side effects to develop, intervention might be
used to prepare patients for treatment and the expected
challenges to quality of life [45]. Besides, the goal of
symptoms management may not always be to prevent
symptoms from occurring, but rather reduce impact on
daily life [40]. In our study, we instructed patients regard-
ing prevention and management of side effects in
antecipatory mode, sending daily guidelines on self-care
even if patients were not experiencing a particular symp-
tom. Sending daily pieces of advice via text messaging
helped patients to learn more about self-care, leading
them to take better care of themselves. According to
D’Haese et al., providing information in a stepwise fash-
ion may be more beneficial than provide information all at
once [46].

According to Schofield and Chambers [47], a new inter-
vention must also be acceptable to both patients and clinicians.
This present intervention found great acceptance with the par-
ticipating patients, as well as all the health professionals in-
volved (doctors, nurses, nutritionists, psychologists, social
workers and other professionals). All of the participants in
the intervention group were very grateful for all the text mes-
sages received, and they reported that the text messages
helped to better confront their treatment. In addition, even
though they were not requested to respond to the text mes-
sages, many patients expressed gratitude for the advice they
received. All intervention patients who started cycle 4 were
satisfied or very satisfied about the received text messages.
Thus, this intervention showed clinical feasibility. The results
of this study indicate the use of text messaging may be a tool
for supporting side effect management in patients receiving
chemotherapy.

Patients require preparation before beginning chemothera-
py, which is commonly a very stressful time [48].
Incorporating text messages into prechemotherapy education
may be useful. For example, changes in the taste could be
more easily prevented if, since prechemotherapy, patients al-
ready received guidelines for prevention of this symptom
based on behavior changes [49], since changes in the taste
was the most increased experienced side effect from cycle 1
to cycle 3 in the intervention group.

The side effect evaluation questionnaire was not carried out
in the residence of each patient when they experienced side

effects. Side effects tend to be under-reported both qualitative-
ly and quantitatively if they are reported after the fact [50].
Nevertheless, if this occurred, it occurred with both groups.

Possible additional factors could have influenced in the
effect of the intervention. The type or quantity of additional
information that the patients from both groups could have
received from family members, friends, and the media (news-
papers, television, and internet) could have interfered in this
study. Likewise, even in outpatient treatment, the information
that patients could have received from the treatment team
could have interfered in the intervention. We did not control
or evaluate this kind of information. However, the demo-
graphic characteristics and patient illness of both groups were
similar and, thus, the results should not contain significant
estimation errors.

Text messaging technology in cell phones can lead to the
so-called Hawthorne effect [51], which provokes a change in
behavior, in the case of the receipt of the messages, for the
simple fact of the patient feeling cared for and appreciated. It
is also believed that this effect is established by the patient’s
perception of their health care, which most certainly helps
their self-care. Another limitation is possible contamination
between both groups.

Some side effects experienced by the patients showed
themselves to be almost statistically significant in comparing
both groups. Nevertheless, other associations could not be
found due to lack of statistical power.

Despite text message-based communication presenting nu-
merous advantages, it is not also without its limitations. A
potential limitation to the use of SMS text-message-based in-
terventions is the possible marginalization of certain popula-
tions, such as those that are illiterate. Reduced visual acuity
could be a potential limiting factor, making reading text mes-
sages difficult. In addition, unfamiliarity with SMS text mes-
saging technology is another limitation, particularly among
senior citizens. In this study, patients with cognitive impair-
ments and above 70 years old were excluded.

Conclusion

This mHealth intervention proved to be an acceptable and
feasible means to educate and support cancer patients under-
going chemotherapy treatment. The results of this study dem-
onstrate that text messaging based intervention has the poten-
tial to manage side effects. Results of this clinical trial sug-
gests that this intervention is associated with better
chemotherapy-induced nausea related. Further studies with
larger sample sizes are required to confirm these results and
to further explore other benefits from text messaging in oncol-
ogy setting.

This randomized controlled trial covered a broad spec-
trum of cancer patient characteristics. Thus, this

@ Springer
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intervention can be easily adapted and applied in other
hospitals and clinics that carry out chemotherapy in
treating cancer, benefiting the general oncological popu-
lation. In conclusion, the results of this clinical trial could
be used to guide the development and testing of new
interventions. In addition, the present intervention can be
expanded and applied in other health areas, whether it be
via text messages with advice on the management of cer-
tain diseases, or even text messages about prevention of
health-risk factors. Future studies may adapt this interven-
tion to prevent a specific side effect, or even a symptom
cluster. In addition, a possible adaptation of this interven-
tion would be related to the algorithm of sending the text
messages. Increasing frequency of sending text message
could show other results. Besides, future studies could
adapt this intervention exploring two-way
communication.
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