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Abstract

The prevalence of prostate cancer (PCa) is increasing. As the prognosis of PCa
continues to improve, the increasing follow-up requirements after radical prosta-
tectomy or radiotherapy puts significant pressure on health care systems. Follow-
up is typically conducted by treating urologists, specialized nurses, or general
practitioners. Despite the increase in patient numbers, resources are not likely to
increase in proportion. Furthermore, the ongoing COVID-19 pandemic has led to a
paradigm shift in our thinking towards telehealth solutions, primarily to avoid or
limit physical contact and to spare resources. Here we report our novel telehealth
solution for PCa follow-up, called Mobile PSA. Currently, more than 4500 PCa
patients have been using Mobile PSA follow-up in our center. Mobile PSA can
increase follow-up accuracy, as all biochemical relapses will be detected in a timely
manner, can significantly reduce delays in reporting prostate-specific antigen
results to patients, and can significantly reduce costs.
Patient summary: We assessed a new telehealth information system for prostate
cancer follow-up that does not use an app. More than 4500 prostate cancer patients
in our center have used this system, called Mobile PSA, for follow-up. The system
significantly reduces delays in reporting prostate-specific antigen (PSA) test results
to patients, increases the accuracy of detecting recurrence of elevated PSA, and
reduces costs.
© 2021 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creati-

vecommons.org/licenses/by-nc-nd/4.0/).
Prostate cancer (PCa) is the most common cancer among
males in the Western world. PCa prevalence has increased
dramatically in recent years owing to improvements in
survival [1]. The number of men requiring PCa follow-up is
thus constantly growing, while a corresponding increase in
resources is unlikely. Therefore, alternative ways of
delivering follow-up have been sought [2].

The ongoing COVID-19 pandemic has led to increasing
interest in and acceptance of telemedicine in disciplines
http://dx.doi.org/10.1016/j.euros.2021.04.004
2666-1683/© 2021 The Authors. Published by Elsevier B.V. on behalf of Europ
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0
including urology and cancer care [3]. However, the
literature on telemedicine use for PCa follow-up is scarce
[4].

The European Association of Urology guidelines empha-
size the role of prostate-specific antigen (PSA) for monitor-
ing PCa recurrence and question the role of digital rectal
examination [5,6]. PCa is one of the few cancers for which
strict follow-up is justified, as effective secondary
treatments given in time can improve survival [7]. The
ean Association of Urology. This is an open access article under
/).
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Fig. 1 – Details of the Mobile PSA system. RP = radical prostatectomy; RT = radiotherapy.
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recommended schedule for visits after radical prostatec-
tomy (RP) is at 3, 6, and 12 mo, then biannually up to 3 yr
and annually thereafter. There is no consensus or recom-
mendation on the total length of follow-up.

Here we report a novel and simple way of delivering
follow-up efficiently to PCa patients after RP or radiation
therapy (RT) using a telemedicine approach, which we call
Mobile PSA. Specifically, our aims are to increase effective-
ness, ensure timely detection of disease recurrence, and
improve patient satisfaction.

In developing our tool, we set the following criteria. If
there is no need for further treatment, patient recovery is
uneventful, and pathology evaluation shows no rare non–
PSA-producing variant at a follow-up visit conducted by a
urologist after RP or RT, then the patient is asked if they
would like to undergo follow-up “remotely” using the
Mobile PSA system. If the patient agrees, we decide the
interval for PSA measurements and the PSA alarm level,
which can be set as a PSA concentration (absolute or as a
given elevation above the nadir [for RT]) or a PSA level
doubling time (or both). After entering these parameters in
the system, everything is done automatically. The system
sends a reminder to the patient to attend for a routine PSA
monitoring test, interprets the result, and then sends it to
the patient in an easily understandable format. Communi-
cation is via the short message service (SMS) system, and
thus is simple, readily available on all mobile phones, and
requires no login or software, such as an app, to operate.
After a blood sample is drawn in the hospital laboratory (our
hospital district has �90 laboratory satellite units for
sampling), the sample is routinely analyzed. A standardized
laboratory computer system automatically analyzes and
interprets the PSA result according to the alarm level set
previously on a per-patient basis. The numerical result is
sent back to the patient via SMS with an accompanying text
clearly stating if the result is normal or if the alarm has been
triggered. If the PSA result (either concentration or doubling
time) has exceeded the preset trigger level set, then the
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system also sends an alarm message to our PCa nurse, who
then contacts the patient, discusses the matter, arranges a
confirmatory PSA check, and schedules a face-to-face
consultation with the urologist. Details of the Mobile PSA
system are shown in Figure 1.

The Mobile PSA system has been used by 4757 patients
up to December 25, 2020. Of these, 526 have discontinued.
The first PSA result was sent by the system on November 28,
2011. The median time from when a sample is drawn for PSA
measurement and the result is sent to the patient via SMS is
4.9 h. Some 92.9% of the patients have received their PSA
result within 8 h after blood was drawn for PSA measure-
ment. The time distribution for result receipt is shown in
Supplementary Figure 1.

We set out to evaluate the accuracy of the Mobile PSA
system for detecting PSA recurrence. Previously our
standard practice was that the treating urologist had the
first face-to-face consultation visit after RP with the patient.
Once it was confirmed that the patient had recovered
uneventfully, that there was no need for further adjuvant or
salvage treatment, and that PSA remained undetectable,
then the follow-up was transferred to the patient’s general
practitioner (GP). If PSA became measurable again, the GP
was instructed to refer the patient back to our urology
department for assessment for possible salvage RT. For
comparison, we selected a historical cohort of men treated
with RP between 2006 and 2014 who had their follow-up
transferred to GPs. Only those patients who had undetect-
able PSA for the first year after RP and at least one additional
PSA measurement were chosen, as these patients repre-
sented men who had not received adjuvant or early salvage
therapy. Of 2355 patients, 436 fulfilled these criteria, of
whom 78 (18%) were eventually referred back for elevated
PSA. Moreover, 16 patients had PSA >0.4 mg/l and 11 had
PSA >1.0 mg/l, that is, clearly above the recommended
threshold for salvage RT (0.2–0.4 mg/l). In the Mobile PSA
cohort, as per the system settings, all PSA recurrences were
detected in time and early salvage RT could be considered.
Table 1 – Costs and savings per control and during 10-yr follow-up
a

Variable Cost (s) Saving, s (%)

Traditional
FU

Mobile
PSA

Per testing point
PSA measurement 7 7 0
Patient contact 115–260 15 100–245 (87–94%)

Per patient (10-yr FU)
PSA measurement 84 84 0
Patient contact 1380–3120 180 1199–2939 (87–94%)

FU = follow-up; PSA = prostate-specific antigen.
a The 10-yr FU (after initial outpatient clinic visits) consists of PSA
measurement every 6 mo until 3 yr, and then annually (as recommended in
the European Association of Urology guidelines). This gives a total of 12 PSA
testing points. Patient contact is via doctor/nurse or letter in traditional FU.
For Mobile PSA the SMS message cost of s0.10 is considered negligible and is
not considered here.
Finally, we evaluated and compared costs between
traditional follow-up and Mobile PSA. The costs and the
savings obtained are shown in Table 1 per testing point and
per patient during typical 10-yr follow up. Depending on
the patient volume, significant cost reductions can be
achieved.

Our results demonstrate that Mobile PSA, a simple
telemedicine approach, can be effectively utilized in clinical
practice. This is especially important because of the current
global COVID-19 pandemic and the increasing unfavorable
imbalance between demand and resources for PCa follow-
up. Automated patient communication via SMS technology
has not previously been used for cancer follow-up, but has
been successfully used for reminding patients about their
medication [8] and appointments, among other messages. A
meta-analysis found that SMS reminders significantly
increased the likelihood of patient attendance at scheduled
clinical appointments [9]. SMS has also been used for self-
testing of the international normalized ratio for patients on
warfarin and was associated with greater patient satisfac-
tion [10]. As the time spent waiting for a PSA result can
induce anxiety, the faster response provided by Mobile PSA
may decrease psychological stress and increase patient
satisfaction, a topic of our ongoing evaluation.

In conclusion, our data support the use of Mobile PSA as a
simple telemedicine approach for PSA follow-up after RP/
RT. This has an impact on safety in the current COVID-19
pandemic and on costs compared to traditional follow-up.
Furthermore, the accuracy for determining biochemical
recurrence is probably superior to follow-up conducted by
GPs, and the window of curative salvage treatment will not
be missed. In addition, follow-up at a tertiary referral center
provides a cost-effective means of collecting comprehen-
sive follow-up data, the obvious backbone of any quality-of-
care program.
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