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ABSTRACT

Background: Patients with pancreatic and periampullary cancer have poor prognoses, experience mul-
tiple symptoms following surgery and sometimes lack knowledge of self-care activities. Consequently,
it is vital to develop systems that support self-management, improvement of health-related quality of
life and reduction of symptoms. Therefore, the aim was to evaluate the impact on health-related qual-
ity of life and self-care activity when using the Interaktor app following pancreaticoduodenectomy due
to cancer.

Material and Methods: Patients in the intervention group used Interaktor up to six months after sur-
gery. They reported symptoms daily at home and received support for self-management by continu-
ous access to written self-care advice and to their healthcare professionals. Descriptive data from the
app were collected. Health-related quality of life and self-care activity were collected before surgery,
and six weeks and six months after surgery. Comparisons between the intervention group (n=26)
and a historical control group (n=33) were made. Decline/dropout rate was 37% in the intervention
group and 10% in the control group.

Results: Six weeks after surgery the intervention group rated significantly higher emotional function-
ing and less nausea/vomiting, pain, appetite loss, constipation, pancreatic pain, flatulence and worry
about low weight. Twenty-five subscales/items showed non-statistical differences. Six months after sur-
gery the intervention group rated significantly fewer hepatic symptoms, less worry about low weight,
and higher self-care activity level. Thirty subscales/items showed non-statistical differences. The first
four weeks, patients reported symptoms in a median 95% of the intended days, and for the rest of
the period in median 83%.

Conclusion: The use of an app for management of patient-reported outcomes reduces symptom bur-
dens six weeks after pancreaticoduodenectomy due to cancer. Interaktor is well accepted for patients
choosing to participate and appears to facilitate supportive care needs and timely symptom manage-
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ment for this patient group. Future studies should also include cost-benefits and objective measures.

Introduction

Pancreatic and periampullary cancers are relatively rare tumors
but show a high mortality rate. In Sweden, 1,200 individuals
are diagnosed each year, equally distributed between men and
women [1]. The only hope for cure is surgical resection which
can only be offered to fewer than 20% of patients [2]. Even
after intentionally curative surgery and adjuvant chemotherapy
the prognosis is poor, with a median survival period of 2-4
years depending on whether it is pancreatic or periampullary
cancer [3,4]. Pancreaticoduodenectomy is the most common
surgical procedure for these tumors. It is recognized that
patients experience impaired health-related quality of life with
distressing symptoms following pancreaticoduodenectomy [5,6].

Patients describe how the symptoms can lead to social isola-
tion but also how symptoms can be managed by using
medication, self-care activities, and support from friends and
family [7-9]. However, it has been concluded that patients
after pancreaticoduodenectomy may lack sufficient know-
ledge of self-care activities which requires a healthcare sys-
tem with more intensive follow-up, enabling professionals to
be more vigilant for symptoms [8]. Unmet supportive care
needs, especially of a physical and psychological nature but
also regarding information and support from the healthcare
system, are prominent in patients affected by pancreatic or
periampullary cancer and it is proposed that efforts should
focus on changing healthcare systems so that these needs

CONTACT Tina Gustavell @ tina.gustavell@ki.se @ Department of Neurobiology, Care Sciences and Society, Division of Nursing, Karolinska Institutet, Alfred

Nobels allé 23, 141 83 Huddinge, Sweden
9 Supplemental data for this article can be accessed here.

© 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.
0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in

any way.


http://crossmark.crossref.org/dialog/?doi=10.1080/0284186X.2019.1633473&domain=pdf&date_stamp=2019-08-26
https://doi.org/10.1080/0284186X.2019.1633473
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org./10.1080/0284186X.2019.1633473
http://www.tandfonline.com

1308 (&) T.GUSTAVELL ET AL.

are met [10]. It is emphasized that care and support for
patients with cancer should focus on recovery, self-manage-
ment, early recognition of signs and symptoms and routine
use of patient-reported outcomes [11]. In clinical care, rou-
tine use of patient-reported outcomes can identify current
concerns and impact of treatment, enhance the patient-clin-
ician communication, promote shared decision-making, and
improve patient satisfaction [12,13]. Collecting patient-
reported outcomes for clinical purposes assisted by inter-
active web-based systems has showed several benefits for
patients with cancer i.e, improved health-related quality of
life, symptom management and communications with
healthcare [14,15]. Patients with cancer have also reported a
positive attitude to using internet interventions to enhance
self-management [16]. However, to our knowledge, inter-
active web-based systems for collecting patient-reported out-
comes and enhancing self-management have not been
evaluated by patients with pancreatic or periampul-
lary cancer.

Given the poor prognosis, impaired health-related quality
of life, distressing symptoms and sometimes insufficient
knowledge of self-care activities, challenges arise in support-
ing patients with cancer following pancreaticoduodenectomy.
To address these challenges, an interactive app (Interaktor)
for smart devices has been developed in which patients regu-
larly report symptoms and receive support by continuous
access to written self-care advice and their healthcare profes-
sionals. The content in the app has been developed by
reviewing literature and interviewing patients and healthcare
professionals [9] and has been tested for feasibility [17]. The
aim of the current study was to evaluate the impact on
health-related quality of life and self-care activity when using
the Interaktor app following pancreaticoduodenectomy due
to cancer.

Material and methods
Study design and participants

The Medical Research Council framework for developing and
evaluating complex interventions formed the foundation for
this project [18]. The current phase of the project had a his-
torically-controlled, single center design. Inclusion criteria
were; patients scheduled to undergo pancreaticoduodenec-
tomy due to a suspected malignancy. Exclusion criteria were;
follow-up care planned in another county, and/or unable to
read Swedish. The patients were invited consecutively before
surgery to participate in the study. Inclusion and data collec-
tion of the control group were made before the intervention
group (Figure 1). The control group (n=33) received stand-
ard care and the intervention group (n=26) received stand-
ard care and the intervention. Written informed consent was
obtained from all participants. Due to changes in standard
care procedure during the planned study period, inclusion
in the intervention group was cease earlier than planned.
Ethical approval was given by the Regional Ethical Review
Board in Stockholm, Sweden (Reg.no. 2011/1780-13/2).

Control group, August 2012
eligible (n=060)
Declined (n=6)
Did not undergo PD (n=11)
Non-malignant PAD (n=7)
Deceased or too ill
at first follow up (n=3)
Included in
analysis (n=33)
Data before surgery (n=33)
Outcomes at 6 weeks (n=32)
Outcomes at 6 months (n=30)
Intervention group, May 2015
eligible (n=115)
Declined (n=35)
Did not undergo PD (n=33)
Non-malignant PAD (n=5)
Deceased or too ill
at first follow up (n=8)
Drop-out (n=8)
Included in
analysis (n=26)
Data before surgery (n=25)
Outcomes at 6 weeks (n=25)
Outcomes at 6 months (n=25) March 2017

Figure 1. Flowchart of the inclusion process.

Standard care

Before surgery the patients met a surgeon, a contact nurse, a
physiotherapist, an anesthesiologist and a dietician in order to
gain information on the surgery and aftercare. The patients
were given written folders regarding pain treatment, physio-
therapy and dietary advice including information about pan-
creas enzyme supplements. The hospital stay was normally
2-3 weeks. If the patients had questions after discharge, they
were encouraged to call their contact nurse at the surgical
clinic during working hours (8 a.m. to 4 p.m. on weekdays). If
in need of emergency care they were asked to contact the
nearest emergency department. Patients eligible for adjuvant
chemotherapy began their treatment within 10 weeks of sur-
gery and the therapy was given at the hospital once a week
for 3 of every 4 weeks for 6 months. During chemotherapy,
the patients met an oncology nurse and, on some occasions,
an oncologist. Between treatments the patients could call their
contact nurse at the oncology clinic during working hours.

Intervention

The primary components of the Interaktor app is 1) regular
assessment of self-reported symptoms, 2) connection to a
monitoring web-interface, 3) risk assessment models for alerts,
4) continuous access to evidence-based self-care advice and



links to websites for more information, and 5) graphs for the
patients to view the history of their symptom reporting.
The pancreatic version of the app consists of 12 symptom
questions and 22 areas of self-care advice, described in the
feasibility study [17]. For patients receiving chemotherapy,
three additional questions were added and some self-care
advice was adjusted.

The patients were instructed to use Interaktor to report
symptoms daily for six months, starting on the first day at
home following discharge. A reminder to report was sent
through the app every day. The patients were thoroughly
informed both verbally and in writing that in case of an alert
they would be contacted during working hours only (8 a.m.
to 4 p.m. on weekdays). The nurses allocated were employed
at the surgical or oncological clinic and functioned as the
patients’ contact nurse. The nurses were instructed to call the
patients if they received a text message alert.

Data collection

Descriptive data

Data concerning age, sex, length of hospital stay, histopath-
ology of tumor and, chemotherapy were collected from the
patients’ medical records. Body Mass index (BMI) were calcu-
lated the day before surgery and six weeks after surgery
from the patients’ medical records but could not be calcu-
lated six months after surgery due to a large amount of
missing data. Data concerning living situation and educa-
tional level were self-rated by the patients. The Sense of
Coherence scale (SOC-13) was used to measure individuals’
ability to cope with stressful life events which is based on
how comprehensive, manageable and meaningful life
appears [19]. The scale is well validated and widely used and
consists of 13 questions with a total score range from 13 to
91 points where a higher score indicates a higher degree
of sense of coherence. Data on sense of coherence were
collected since a high sense of coherence level has shown
predictive validity for a good health-related quality of life
[20-22] and higher self-care activity level [23].

Health-related quality of life and self-care activity
Data were collected before surgery, six weeks after surgery,
and six months after surgery.

The Swedish version of the EORTC QLQ-C30 version 3.0
and the pancreas module QLQ-PAN26 were used to measure
health-related quality of life. The core questionnaire is well
validated and widely used and consists of 30 questions scaled
in one global health status domain, five functional domains
and nine symptom subscales/single items. The pancreas mod-
ule is undergoing Phase IV testing and consists of 26 ques-
tions scaled in 17 symptoms and satisfaction subscales/single
items. Scores for all the subscales and single-item measures
range from 0 to 100 where a high score for the global and
functional scales reflects a high level of quality of life/func-
tioning, a high score for symptoms/satisfaction scales/single
items reflects more symptoms/satisfaction and a high score
for sexuality reflect lower sexual function [24,25].
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The Appraisal of Self-Care Agency scale (ASA-A) was used
to measure the engagement in self-care activities. The scale
consists of 24 questions and the total score ranges from 24
to 120 points, where higher scores reflects a higher degree
of self-care activity. The scale has been validated for patients
performing self-care at home [23,26].

Logged data from the app

Data from the app was logged on a secure server. Logged
data concerning number of reports, reported symptoms,
alerts and viewed self-care advice were extracted as an
Excel file.

Data analysis

One patient in the intervention group had incomplete data
before surgery but completed all the other measurements
and was therefore included in the analysis. The measure-
ments aimed to be collected at six weeks after surgery was
responded to in mean 49 days after surgery by the interven-
tion group and 47 days after surgery by the control group
(p = 617).

Statistical analysis

The items in EORTC QLQ-C30 were processed according to
the EORTC scoring manual [27] and the items in EORTC QLQ-
PAN26 according to CD Johnson, responsible for the pan-
creas module (personal communication). The items in the
ASA-A-scale were processed equally to Fex and colleges [23]
and the items in the SOC-13 were processed according to
the manual [19].

Analyses were performed using Microsoft Excel 2010 and
IBM SPSS Statistics 24. Cohen'’s d [28] was used to evaluated
effect size and calculated by subtracting the group means
and dividing the result with the pooled standard deviation
giving the interpreted small effect size if d=0.2, medium if
d=0.5 and high if d=0.8. A 2-tailed statistical significance
level of p<.05 was applied. Between-group analyses were
performed using chi-square or Fisher's exact test for categor-
ical variables and t-test for continuous variables. Variables in
EORTC showing significant mean differences at six weeks
and six months were run in multiple linear regression mod-
els as dependent variables with group (coded as control
group = 0, intervention group = 1), chemotherapy (coded
as No = 0, Yes = 1) and SOC-13 scores as independent vari-
ables using the standard method. Chemotherapy was used
as an independent variable since decisions on chemotherapy
may be based on patients’ general condition at that time.
To evaluate changes over time an ANOVA for repeated
measures was analyzed separately for the intervention group
and the control group.

Logged data were analyzed using descriptive statistics.
Data for the first four weeks were separated from data for
the rest of the reporting period. This time point approxi-
mately corresponds to the measurements at 6 weeks after
surgery and also to when patients normally begin chemo-
therapy. Adherence to report was calculated as the number
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of days a patient submitted a report divided by the number
of days a patient was intended to report, and presented as
a percentage.

Results

There were no significant differences between the intervention
group and the control group in descriptive data (Table 1).

EORTC QLQ-C30, EORTC QLQ-PAN26 and ASA-A

Before surgery, the intervention group rated significantly less
worry about low weight (d=0.6, 95% Cl 0.79-29.26, p =
.039) (Table 2). At six weeks after surgery the intervention
group rated significantly higher level of emotional function-
ing (d=0.9, 95% Cl-29.33 - -8.00, p = .001) and less nau-
sea/vomiting (d=0.8, 95% Cl 6.19-30.22, p = .004), pain
(d=0.5, 95% Cl 0.22-30.32, p = .047), appetite loss (d=0.8,
95% Cl 8.11-43.39, p = .005), constipation (d=0.9, 95% Cl
6.55-30.11, p = .003), pancreatic pain (d=0.8, 95% Cl
4.22-25.14, p = .007), flatulence (d=0.6, 95% Cl 1.13-30.95,
p = .035) and worry about low weight (d=1.0, 95% CI
13.49-48.67, p = .001) (Table 2). At six months after surgery
the intervention group rated significantly fewer hepatic
symptoms (d=0.6, 95% Cl 0.50-13.50, p = .035), less worry
about low weight (d=0.6, 95% Cl 1.05 - 31.39, p=.037) and
a higher self-care activity rate (d=0.6, 95% Cl 0.47 — 10.74,
p = .033) (Table 2). Over time, the intervention group

Table 1. Descriptive data of study participants (n =59).

reported non-significant changes in 21 of the EORTC scales
as compared to 8 for the control group (Table 2). Examples
of within-group changes over time are presented in Figure 2.
There were no statistically significant changes in ASA-A in
any of the groups over time (Table 2).

In the multiple regression models using group, chemo-
therapy and sense of coherence as independent variables,
the intervention group still rated significantly higher level of
emotional functioning and less nausea/vomiting, pain, appe-
tite loss, constipation, pancreatic pain, flatulence and worry
about low weight at six weeks and fewer hepatic symptoms
and higher self-care activity level at six months (Table 3).

Logged data in the app

In the first four weeks after discharge the intervention
groups’ adherence to reporting symptoms as intended was
95% in median (range 32-100%). During this period the
patients reported a total 70.5 symptoms in median (range
8-157). The most commonly reported symptom was fatigue
which was also reported by most patients, followed by pain
and eating difficulties (Supplementary Figure S1). Alerts were
triggered 3 times in median per patient (range 0-16). Self-
care advice was viewed 13.5 times in median per patient
(range 1-93) mostly regarding pancreatic enzyme supple-
ments, dietary advice and pain.

The following period, after four weeks and up to six
months after discharge, the intervention groups’ adherence
to reporting symptoms as intended was 83% in median

Descriptive data IG (n=26) CG (n=33) p
Age, years
Mean (SD) 67 (8,7) 66 (8,8) 78"
Median (range) 67 (51-82) 66 (47-82)
Sex, No. (%)
Female 9 (35) 13 (39) 79¢
Male 17 (65) 20 (61)
Living situation, No. (%)
Married/living with partner 21 (81) 25 (76) 76°
Living alone 5(19) 8 (24)
Highest education level, No. (%)
Junior compulsory 1(4) 5 (15) 18¢
Senior high school 9 (35) 15 (45)
Postgraduate or university 15 (58) 12 (36)
Missing data 1(4) 1)
Length of hospital stay
Days, Mean (SD) 12.5 (5.3) 13.4 (3.7) A7°
Histopathology, No. (%)
Pancreatic ductal adenocarcinoma 12 (46) 18 (55) 559
Periampullary cancer 12 (46) 12 (36)
Invasive intraductal papillary mucinous neoplasm 2 (8) 1(3)
Invasive neuroendocrine tumor 0 (0) 2 (6)
Chemotherapy, No. (%)
Yes 22 (85) 22 (67) 14¢
No 4 (15) 11 (33)
Body Mass Index, mean (SD)
Before surgery 25.8 (5.6) 237 (3.4) .085°
6 weeks after surgery 23.7 (4.9) 214 (3.2) 035°
SOC, mean (SD)
Before surgery 74.7 (8.5) 723 (12.5) 45°
6 weeks after surgery 73.3 (12.5) 73.3 (11.8) >.99°
6 months after surgery 75.3 (12.4) 73.2 (12.3) 540

b)-tailed t-test.
“Chi-square.
dFisher’s exact test.
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Table 2. Between and within-group differences in mean scores of EORTC QLQ-C30, EORTC QLQ-PAN26 and ASA-A in the intervention group (n=26) and the
control group (n=33).

Before surgery 6 weeks after surgery 6 months after surgery Over time
Mean (SD)  Mean (SD) p Mean (SD)  Mean (SD) p Mean (SD)  Mean (SD) p p
IG (n=25) CG (n=33) IG (n=25) CG (n=32) IG (n=25) CG (n=30) IG (n=23) CG (n=29)
EORTC QLQ-C30
Global health status 62.7 (21.5) 573 (244) 39 569 (23.5) 49.7 (20.2) .22 67.7 (24.0) 66.7 (188) .86 .045 .002
Physical functioning 89.1 (13.9) 87.1 (143) .60 73.2 (16.9) 63.3(20.5) .057 829 (18.0) 809 (15.0) .65 <.001 <.001
Role functioning 573 (36.0) 61.1(37.2) .70 500 (357) 37.0(273) .12 60.0(41.1) 713(263) .23 .047 <.001
Emotional functioning 75.7 (22.6) 66.3 (22.8) .13 83.3(19.2) 647 (20.5) .001 86.7 (19.2) 769 (18.5) .062 <.001 .011
Cognitive functioning 82.7 (21.8) 83.8(21.8) .84 847 (19.2) 80.2(234) .44 827(189) 87.2(150) .32 72 19
Social functioning 733 (31.5) 724 (26.6) .90 65.3 (28.4) 552 (326) .22 70.7 (30.9) 789 (223) .26 A7 .004
Fatigue 33.8 (21.4) 34.0(258) .97 458(273) 583 (248 .075 36.4(29.5) 356 (18.1) .89 .088 <.001
Nausea/vomiting 9.3 (18.7) 7.1 (13.2) .59 12.0 (14.0) 30.2 (27.3) .004 7.3 (12.8) 10.0 (12.1) .43 .55 <.001
Pain 22.0 (23.9) 197 (24.1) .72 20.7 (26.5) 359 (29.4) .047 16.0(22.3) 16.7 (20.5) .91 43 .006
Dyspnea 20.0 (28.9) 253 (28.9) .50 18.7 (23.7) 29.2 (26.4) .13 30.7 (30.3) 26.7 (26.8) .61 .018 .67
Insomnia 30.7 (31.8) 414 (334) .22 293 (309) 375(5.7) 37 200 (255) 300 (29.5) .19 23 .16
Appetite Loss 253 (26.0) 22.2 (30.8) .69 347 (29.6) 60.4 (35.4) .005 18.7 (25.6) 15.6(22.7) .64 .069 <.001
Constipation 12.0 (21.3) 7.1 (13.8) .29 6.7 (13.6) 25.0(26.8) .003 53 (12.5) 44 (115 .79 18 <.001
Diarrhea 9.3 (226) 121 (21.8) .64 17.3 (27.4) 247 (32.2) .37 173 (25.7) 16.7 (25.9) .92 35 .077
Financial difficulties 6.7 (16.7) 83(239 .77 12.0 (25.2) 11.5(234) .93 14.7 (21.7) 6.7 (16.1) .12 12 43
EORTC QLQ-PAN26
Pancreatic pain 21.2 (16.1)  23.0 (20.8) .73 21.0 (15.6) 35.7 (22.1) .007 12.0(11.3) 186 (17.5) .11 011 .001
Digestive symptoms 16.7 (25.1) 227 (28.8) .41 38.7 (29.2) 53.6(28.0) .054 240 (26.8) 20.6(20.4) .59 .003 <.001
Altered bowel habits 11.1 (20.7) 207 (23.2) .1 16.7 (20.4) 224 (242) 35 247 (236) 25.0(276) .96 12 49
Hepatic 19.4 (26.3) 303 (34.5) .20 1.3 (4.6) 57 (11.7)  .082 1.3 (4.6) 83 (15.6) .035 .006 .002
Body Image 20.1 (26.9) 192 (264) 90 273 (30.0) 43.2(314) .058 280 (33.2) 339(317) .51 .097 .002
Satisfaction with health care 76.7 (25.5) 68.2 (33.7) .30 68.0 (28.4) 609 (26.6) .34 63.2 (33.7) 706 (27.2) .38 .046 27
Sexuality 514 (37.7) 51.2(406) .99 63.2(337) 750(299 .19 64.0(329) 564 (36.8) .44 1 .014
Bloating 18.1 (32.6) 22.2 (21.5) .56 22.7 (26.7) 333 (339 .20 213 (27.00 21.1 (30.9) .98 .87 27
Taste/smell alterations 29.2 (33.1) 232 (34.8) .52 440 (31.5) 552(394) .25 227 (329 233(29.2) .94 .075 <.001
Indigestion 14.5 (22.1)  14.6 (20.6) .99 26.7 (27.2) 356 (31.5) .27 240 (31.2) 17.8(22.7) 40 .38 .014
Flatulence 22.2 (30.6) 303 (30.5) .33 26.7 (25.5) 42.7 (29.6) .035 36.0 (31.8) 51.1(33.6) .095 40 .034
Worry about low weight 15.3 (21.9) 30.3(29.3) .039 293 (30.9) 60.4 (34.3) .001 16.0(23.8) 32.2(30.9) .037 16 <.001
Weak limbs 194 (21.8) 19.2 (25.0) .97 347 (29.6) 50.0 (28.1) .051 293 (30.9) 32.2(22.3) .69 .057 <.001
Dry mouth 222 (289) 273 (328) .55 347 (35.3) 427 (34.1) .39 20.8 (35.2) 233(329) .79 37 .009
Side effects 145 (243) 178 (243) .63 333(27.2) 417 (339) 32 36.0(28.7) 36.7(23.7) .93 .005 <.001
Future health concern 547 (27.0) 60.4 (31.0) .47 413 (24.1) 51.0(254) .15 36.0 (30.3) 433 (26.5) .34 .001 .017
Ability to plan future 30.7 (384) 37.5(33.6) .48 373 (36.4) 552 (34.5) .063 333(333) 26.7(254) .40 .82 .002
ASA-A IG (n=22) CG (n=26) IG (n=25) CG (n=31) IG (n=25) CG (n=29) IG (n=22) CG (n=20)
95.8 (10.3) 929 (11.4) 36  96.6 (13.3) 924 (9.9) 18 984 (9.2) 92.8 (9.5) .033 .64 .56
IG = Intervention group, CG = Control group.
Bold value represent statistically significantat p <.05.
Nausea/vomiting Appetite loss
100 100
80 80
60 60
40 —+IG 40 ——IG
20 £ : : -a—CG 20 -&—-CG
0 0
Before 6 weeks 6 months Before 6 weeks 6 months
surgery surgery
Pain Constipation
100 100
80 80
60 60
40 ——1G 40 —t—1G
e R e
0 0
Before 6 weeks 6 months Before 6 weeks 6 months
surgery surgery

Figure 2. Within-group changes over time for symptoms in EORTC QLQ-C30 showing significant differences between groups at 6 weeks. Higher value reflects
more symptoms and range 0-100. IG: Intervention group; CG: Control group.
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Table 3. Multiple linear regression.

Dependent variables Independent variables Beta 95 % Cl p Adj. R

Emotional functioning 6 weeks Group 0.427 8.69 — 28.63 <.001 0.307
Chemotherapy 0.001 -11.41 - 11.52 99
SOC 0.401 032 -1.15 .001

Nausea/vomiting 6weeks Group -0.36 -29.53 to -4.71 .008 0.113
Chemotherapy -0.110 -20.22 - 833 A1
SoC -0.57 -0.63 - 0.40 .66

Pain 6 weeks Group -0.31 -33.01 to -2.37 .024 0.060
Chemotherapy 0.205 -4.33 - 31.00 14
SocC -0.090 -0.86 - 0.42 .50

Appetite loss 6 weeks Group -0.329 -40.26 to -5.95 .009 0.205
Chemotherapy -0.182 -34.15 - 533 15
SoC -0.251 -1.45 to -0.020 .044

Constipation 6 weeks Group -0.452 -33.02 to -9.78 .001 0.197
Chemotherapy 0.313 3.30 - 30.04 .015
SOC -0.068 -0.62 - 035 .58

Pancreatic pain 6 weeks Group -0.354 -25.55 to -3.74 .009 0.077
Chemotherapy -0.003 -12.70 - 12.39 .98
SoC 0.030 -0.40 - 0.51 .82

Flatulence 6 weeks Group -0.284 -31.87 to -0.80 .040 0.028
Chemotherapy 0.024 -6.29 - 19.46 .86
SocC -0.048 -0.76 - 0.53 72

Worry about low weight 6 weeks Group -0.38 -44.85 to -9.82 .003 0.216
Chemotherapy -0.251 -40.55 to -0.25 .047
SocC 0.171 -0.22 - 1.25 .16

Hepatic symptoms 6 months Group -0.301 -14.25 to -0.79 .029 0.096
Chemotherapy 0.049 -6.49 - 9.34 72
SoC -0.258 -0.55 - 0.01 .060

Worry about low weight 6 months Group -0.236 -28.83 - 1.60 078 0.130
Chemotherapy -0.317 -39.07 to -3.24 .022
SoC 0.015 -0.60 - 0.67 91

ASA 6 m Group 0.262 0.236 — 10.03 .040 0.230
Chemotherapy 0.218 -0.87 - 10.10 .093
SoC 0334 0.066 - 0.476 011

Group (Control group = 0, Intervention group = 1), Chemotherapy (No = 0, Yes = 1).

Bold value represent statistically significantat p < .05.

(range 21-100%). During this period the patients reported a
total 96 symptoms in median (range 1-897). Most patients
reported fatigue (n=22), loose stool (n=21), and pain
(hn=17). Alerts were triggered 7 times in median per patient
(range 0-82). Self-care advice was viewed 11 times in median
per patient (range 0-119) mostly regarding fever, pancreatic
enzyme supplements and pain.

Discussion

The study shows that use of an interactive app for real-time
collection and management of patient-reported outcomes
improved patients’ symptom burdens after pancreaticoduo-
denectomy due to cancer. This was most prominent six
weeks after surgery, specifically regarding emotional func-
tioning and nausea/vomiting, pain, appetite loss, constipa-
tion, pancreatic pain, flatulence and worry about low weight.
Using the app had moderate to high effect on those symp-
toms showing substantial clinical importance. At six months
after surgery, most symptoms were comparable between the
groups but patients using the app reported higher self-care
activity level. Furthermore, within-group findings showed
that patients using the app were stable over time in more
functions and symptoms as compared with patients not
using the app. Collecting and comparing objective data was
not the focus of this study. However, collected patient char-
acteristics show that there were no statistical differences in

BMI between the groups before surgery but at six week the
intervention group had higher values, corresponding to the
lower levels of self-reported worry about low weight, nau-
sea/vomiting and appetite loss. Patient-reported outcomes is
essential when evaluating clinical importance and previous
conclusions have been drawn that 10-points EORTC-QLQ-C30
score changes represent changes in supportive care needs
for patients with cancer [29]. For most values six weeks after
surgery, patients using the app reported >10-points higher
scores in mean on the function scales and <10-points lower
scores in mean on the symptom scales compared to the con-
trol group. Further, thresholds for clinical importance of the
EORTC QLQ-C30 scale have been determined to be; >83 for
physical functioning, >70 for emotional functioning, <39 for
fatigue and <25 for pain [30]. Patients not using the app did
not reach any of the thresholds six weeks after surgery while
patients using the app did so for emotional functioning and
pain. Interestingly, the patients using the app also reported
values on emotional functioning, cognitive functioning, pain,
dyspnea and constipation that are comparable to reports
from age and sex matched persons from the Swedish popu-
lation [31]. This shows the app’s high clinical relevance and
that the app can respond to supportive care needs for
patients with pancreatic cancer.

Health-related quality of life and symptom burdens have
previously been reported to be at their worst level in the six-
week period after pancreaticoduodenectomy [32]. The use of
the Interaktor app can provide support to decrease symptom



burdens during this stressful period. According to standard
care, patients are sent home after surgery without any con-
tinuous contact with healthcare during the first few weeks at
home except for being encouraged to contact healthcare
when necessary. Previous studies have reported that, follow-
ing surgery, patients with pancreatic cancer lack information
on how to manage their illness and side-effects at home and
also lack someone to discuss these issues with [7,9,10].
The patients using the Interaktor app were called by a nurse
to discuss alert-generating symptoms as soon as they
occurred. This happened about once a week during the first
four weeks after discharge. In the later period alerts were
only triggered about once a month which may be explained
by the normal decrease in symptoms. Also, during that
period several patients were in weekly contact with nurses at
the out-clinic during chemotherapy and thereby had the
opportunity to discuss symptoms and management. The
Interaktor app not only enabled early contact with healthcare
professionals but also offered the patients continuous access
to written self-care advice. This function was used to varying
degrees and advice was mostly viewed during the first few
weeks at home. The patients mostly viewed advice about
pancreatic enzyme supplements, diet and nutrition and pain
which may explain why most improvements in symptoms
at 6 weeks were gastrointestinal and pain related. Previous
studies of nurse-led self-management interventions have
found favorable outcomes such as early identification of
symptoms and improved quality of life related to functional
status [33]. The different components in Interaktor seemed
to provide support to the patients to manage their symp-
toms and concerns. This was also shown in a sample of
patients with prostate cancer reporting decreased symptom
burden after radiotherapy [22] and that there was a variation
of using the components of Interaktor [34]. The app facili-
tates early identification and management of symptoms and
it is likely that the patients were encouraged to take
an active role in self-care. Early identification of distressing
symptoms has been evaluated as improving survival for
patients undergoing treatment for cancer [35,36].

The decline and dropout rate was 37% for patients invited
to use the app. Reasons was not always stated but was most
commonly described as having no need, being insecure
about the technology or feeling to unwell. While this affects
the generalization of the findings, it also gives insight on the
amount of patients who are interested in this sort of support
system following pancreaticoduodenectomy. Also, patients
who continued to use the app showed a very high rate of
adherence throughout the study period, proving that this
intervention had a concrete value for those patients that
participated.

Using a design for complex interventions is a strength
when developing innovations. The Medical Research Council
framework proposes systematic development, careful testing
and exploratory evaluation [18]. One of the strengths in the
study is that when controlling for sense of coherence, previ-
ously reported to be related to health-related quality of life
[20-22], the statistically significant differences remained in
favor for the intervention group indicating a strong
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relationship between using the app and improved function
and symptoms. The limitations of a historically-controlled
design may be changes in patient characteristics and care
regime over time. However, descriptive data were comparable
between the groups and standard care routines were not
changed throughout the study period. Even if the sample size
in this study is small, the descriptive data shows representa-
tiveness for the patient group compared to characteristics of
patients undergoing pancreaticoduodenectomy at the same
clinic [37]. The limitation with the design and sample size is
important to consider and affects the possibility to draw gen-
eral conclusions of the app’s favorable outcomes for patients
undergoing pancreaticoduodenectomy. Still, for several results
in this study, other studies report similar findings which
strengthen our findings. Further, a moderate to high effect
size was seen for most outcome variables, demonstrating
effectiveness even with this small sample. The findings in the
repeated measures analysis are uncertain due to a number of
missing forms and must be confirmed in a larger sample.
Future studies should also include cost-benefits and object-
ive measures.

In conclusion, routine collection and management of
patient-reported outcomes in clinical practice, assisted by an
interactive app (Interaktor), dramatically reduced symptom
burdens in the first six weeks after pancreaticoduodenec-
tomy due to cancer. Interaktor was well accepted for those
who chose to participate and facilitated supportive care
needs and timely symptom management. The study contrib-
utes with important knowledge on how to support patients
with poor prognoses experiencing severe symptoms.
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