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Abstract

Objective: To investigate whether storage or voiding symptoms respond more
favourably to the use of Kranus Lutera, the first app-based digital therapeutic for
male lower urinary tract symptoms (LUTS), using detailed item-level analysis of the
IPSS questionnaire.

Materials and Methods: The present data represent a post-hoc analysis of the results
of the BEST trial, a randomized controlled study evaluating the efficiency of the digi-
tal therapy Kranus Lutera. The study period lasted 12 weeks, conducted between
04/2023 and 11/2023. We assessed the mean change from baseline to 12 weeks for
each of the seven IPSS items. Voiding symptoms (items 1, 3, 5 and 6) and storage
symptoms (items 2, 4 and 7) were analysed separately.

Results: Participants using the digital therapeutic demonstrated statistically signifi-
cant improvements across all IPSS items. Compared to the control group, the inter-
vention group showed a significant and clinically relevant improvement in the
primary endpoint (IPSS), with an overall reduction of —7.0 points (95% CI: —8.1 to
—5.9, p < 0.0001). Notably, improvements in storage symptoms were consistently
larger than those in voiding symptoms. The analysis of individual IPSS questions
showed the greatest changes in the overall cohort for questions 1, 2 and 7 (each
p < 0.0001). Patients with the single diagnosis BPH (N40) showed the greatest score
reduction in questions 2 and 5 (each p < 0.0001), patients with OAB (N32.8) in ques-
tions 2, 4 and 7 (each p < 0.0001) and patients with BPH and OAB (N40 + N32.8) in
questions 2, 3 and 7 (question 2 and 3 p < 0.0001, question 7 p = 0.0015). According
to the analysis of individual IPSS questions, the greatest improvements were
observed in frequency, nocturia and the feeling of incomplete bladder emptying.
Conclusion: These findings suggest that a structured app-based therapeutic may
exert a stronger effect on storage symptoms than voiding symptoms in men with
LUTS. This study confirms the value of the digital therapy as an integral part of the

standard care for patients with male LUTS.
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1 | INTRODUCTION

The International Prostate Symptom Score (IPSS) is a widely used
questionnaire for evaluating lower urinary tract symptoms (LUTS) and
prostate-related voiding dysfunction in men.? It includes questions on
bladder emptying as well as storage symptoms. Specifically, it assesses
the quality of bladder emptying (1), frequency (pollakiuria) (2), voiding
interruption (3), urgency (4), the strength of the urinary stream (5),
potential initiation difficulties (6) and nocturia (7). Storage symptoms,
particularly frequency, urgency and nocturia, are commonly identified
as the most bothersome by patients and significantly reduce their
quality of life. These symptoms are captured by questions 2, 4 and
7. The IPSS is applied in clinical practice as well as in research studies,
particularly in approval studies.

Kranus Lutera is the first Digital Health Application (dt. Digitale
Gesundheitsanwendung, DiGA) for the treatment of male LUTS. The
core of this app-based therapy is a behaviour modification program. It
includes educational content, various techniques to suppress urgency,
a bladder diary, relaxation techniques and pelvic floor exercises.? The
BEST-study, which served as the approval study for this health appli-
cation, demonstrated a significant benefit of the intervention group
compared to the control group.® The study included patients with

benign prostate hyperplasia (BPH) and/or overactive bladder (OAB).

However, it remains unclear which specific symptoms are most
responsive to digital therapy. This post-hoc analysis aims to evaluate

this question.

2 | MATERIAL AND METHODS

The BEST-study was a two-arm, randomized, controlled, bicentric,
single-blinded study assessing Kranus Lutera as treatment for male
LUTS. The study period lasted 12 weeks, and patient enrolment
occurred between April and November 2023. Inclusion and exclusion
criteria as well as the relevant patient demographics are presented in
Table 1. The patient demographics between the two groups were bal-
anced. The full analysis set has already been published.® Participants
in the intervention group (IG) received standard of care plus access to
the digital therapy Kranus Lutera, while participants in the control
group (CG) received standard of care and were granted access to the
digital therapy after the primary data collection period of 12 weeks. A
sham app was not used. The primary endpoint was assessed as the
improvement according to the validated IPSS questionnaire. Second-
ary endpoints included changes in the OAB-q SF part 1 (for LUTS
symptoms) and OAB-q SF part 2 (for health-related quality of life).
Treatment failure was defined as an increase in the IPSS score by >3

TABLE 1 |Inclusion and exclusion criteria as well as patient demographics of the BEST-study.

Inclusion criteria Exclusion criteria

Men with LUTS,
OAB-g-SF Part 1 > 18 or IPSS
24

Recurrent urinary retention

Age = 18 years Recurrent urinary tract infections

Proficiency in the German Bladder stones

language
Internet access

Tablet or smartphone access
disorder

Informed consent

Conservatively uncontrollable, recurrent macroscopic haematuria

Dilation of the upper urinary tract, impaired kidney function or kidney failure due to obstructive bladder emptying

Newly initiated medication therapy for voiding symptoms (a-blockers, 5-a reductase inhibitors, anticholinergics,

beta-3 receptor agonists, phytopharmaceuticals) in the last 4 weeks

Inability to physically participate in the program

Patients who are unable to understand and independently sign the informed consent

Relevant patient demographics of the overall cohort*

Characteristic

Age <65 years - no. (%) 80 (71.4)
Age >65 years - no. (%) 32 (28.6)
Current medication for male LUTS - no. (%) 31(27.7)
Previous therapies for male LUTS - no. (%) 23 (20.5)

Intervention group (n = 112)

Control group (n = 125) Total (n = 237)

86 (68.8) 166 (70.0)
39 (31.2) 71 (30.0)
38(30.4) 69 (29.1)
27 (21.6) 50(21.1)

*Relevant demographics for the post hoc analysis; the full analysis set has already been published.®
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TABLE 2 Changes of the IPSS score, the OAB-q SF part 1 and part 2 score for the overall cohort, IG: n = 112 pts., CG: n = 125 pts.

Absolute Change of the IPSS score from baseline to week 12 (point)

Absolute Change of the OAB-q SF score part 1 from baseline to week 12
(points)

Absolute Change of the OAB-q SF score part 2 from baseline to week 12
(points)

points and/or an increase in OAB-q SF part 1 by >3.3 points (11%
OAB), acute urinary retention or the initiation of a new LUTS-specific
medication or surgery.

The IPSS is the most widely used international questionnaire for
quantifying the severity of male LUTS and prostate-related voiding
dysfunction. The IPSS consists of seven questions related to urination,
each rated from O (“never”) to 5 (“almost always”). It includes ques-
tions on voiding (question 1, 3, 5 and 6) as well as storage symptoms
(question 2, 4 and 7), typically referring to the past month. The maxi-
mum possible score is 35 points, with higher values indicating more
severe symptoms.! The OAB-q questionnaire and its short form
(OAB-q SF) specifically focus on OAB symptoms.*® The OAB-q SF
consists of six questions assessing symptom bother, which includes
voiding symptoms, incontinence and nocturia, with higher scores indi-
cating more severe symptoms. Additionally, the questionnaire includes
13 questions evaluating health-related quality of life, with higher
transformed scores indicating better quality of life.

The study was reviewed and positively evaluated by the Ethics
Committee of the Medical Faculty of Martin Luther University Halle-
Wittenberg (Ethics Committee Approval No.: 2022-139) and the par-
ticipating Ethics Committee of Albert Ludwig University Freiburg
(Application No. EK-Freiburg: 23-1219-S1-AV) and was registered in
the German Clinical Trials Register (DRKS: DRKS00030935).

The present investigation is a post-hoc analysis of the BEST-
study. The objective was to evaluate which symptoms, according to
the individual IPSS questions, primarily respond to the digital therapy.
All underlying statistical analyses were conducted using SAS® soft-
ware (Version 9.4). Statistical significance was set at 0.05 (two-sided).
For the three confirmatory tested endpoints, the change from base-

line to study end (CfB) was determined as “post-baseline” and

Intervention group

Control group

(n=112) (n = 125)
Baseline Week 12 Baseline  Week 12
Mean 17.44 10.52 17.70 17.67
+SD 6.16 4.96 6.02 6.43
LS Mean Difference  —7.0
95% ClI -8.1;,-5.9
p value (ANCOVA) <0.0001
Mean 49.94 30.15 51.60 4991
+SD 19.72 19.35 18.85 19.24
LS Mean Difference  —18.6
95% ClI —22.2; -15.0
p value (ANCOVA) <0.0001
Mean 61.26 79.26 59.00 60.46
+SD 18.55 15.49 17.12 17.47
LS Mean Difference +17.2
95% ClI 14.18; 20.16
p value (ANCOVA) <0.0001

analysed using covariance analysis (ANCOVA). Additionally, the corre-

sponding 95% confidence intervals were calculated.

3 | RESULTS
For the overall population, the intervention group showed a significant
improvement in the IPSS score from 17.44 to 10.52 points during the
treatment period compared to the control group, corresponding to a
reduction of 6.92 score points. Since the CG remained almost
unchanged at —0.02 points (Baseline: 17.70 points; 12 weeks after ther-
apy: 17.67 points), the LS Mean Difference was —7.0 points, demon-
strating a clear superiority of the intervention. This result was
statistically significant (Table 2). Regarding symptom burden according to
OAB-q SF symptom bother, the IG improved from 49.94 to 30.15
points, representing a symptom reduction of —18.6 points. Again, the
CG remained nearly unchanged, showing only minimal variation (51.60
to 49.91 points). The LS Mean Difference for OAB-q SF part 1 was
—18.6 points, which was statistically significant (Table 2). For health-
related quality of life according to OAB-q SF part 2, a similar result was
observed. The IG showed a substantial improvement from 61.26 to
79.26 points (+17.2 points), whereas the CG remained relatively stable
(59.00 to 60.46 points). Consequently, the LS Mean Difference of +-17.2
points favoured the IG, indicating a significant improvement in quality of
life for the IG compared to the CG (Table 2). The digital therapy led to a
significant improvement in LUTS according to IPSS over 12 weeks, a
substantial reduction in symptom burden according to OAB-q SF part
1, and an improved quality of life according to OAB-q SF part 2.

The IG demonstrated a greater improvement in IPSS questions
than the CG across the total cohort and all subgroups (BPH + OAB,
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TABLE 3 [PSS single question evaluation for the overall cohort, the BPH + OAB group, the BPH group and the OAB group.

IPSS-question
Overall cohort - IG: n = 112 pts., CG: n = 125 pts.

Meaning

Incomplete bladder emptying
Frequency (Pollakiuria)

Intermittency

1

2

3

4 Urgency

5 Weak Stream

6 Straining

7 Nocturia

Group BPH4+OAB=N40 + N32.8 - IG: n = 26 pts., CG: n = 27 pts.
Incomplete bladder emptying
Frequency (Pollakiuria)

Intermittency

1

2

3]

4 Urgency

5 Weak Stream

6 Straining

7 Nocturia

Group BPH=N40 - IG: n = 54 pts., CG: n = 56 pts.
Incomplete bladder emptying
Frequency (Pollakiuria)

Intermittency

1

2

3

4 Urgency
5 Weak Stream

6 Straining

7 Nocturia

Group OAB=N32.8 - IG: n = 32 pts., CG: n = 42 pts.
Incomplete bladder emptying
Frequency (Pollakiuria)
Intermittency

Urgency

Weak Stream

Straining

N O o A WOON

Nocturia

OAB, BPH), as evidenced by the negative LS Mean Differences, which
were statistically significant. A closer examination of the individual
IPSS questions revealed improvements in specific symptoms. As
shown in Table 3, significant improvements were observed for fre-
quency (LS Mean Difference [95% CI]: —1.2 [-1.5; —1.0]), nocturia
(LS Mean Difference [95% Cl]: —1.1 [—1.4; —0.8]) and the sensation
of incomplete bladder emptying (LS Mean Difference [95% Cl]: —1.0
[-1.2; -0.7]).

The greatest improvement was found for frequency (IPSS Ques-
tion 2), with LS Mean Differences of —1.3 in the BPH + OAB and
OAB subgroup (Table 3). Nocturia (IPSS Question 7) also showed con-
sistently high improvements, with LS Mean Difference values of —1.2
and —1.3 in the BPH + OAB and OAB subgroup. A consistent

improvement was also observed for the sensation of incomplete

LS Mean Difference (95% KiI) p value

-1,0(-1,2; -0,7) p < 0,0001
-1,2(-1,5; —1,0) p < 0,0001
-0,9(-1,2; —0,7) p < 0,0001
-0,9 (-1,1; -0,6) p < 0,0001
-0,9 (-1,2; —0,7) p < 0,0001
-0,8(-1,1; —0,6) p < 0,0001
-11(-1,4;-08) p < 0,0001
-1,0(-1,7; -0,3) p = 0,0036
-1,3(-1,8; -0,8) p < 0,0001
-1,3(-1,9; —0,7) p < 0,0001
-1,0(-1,6; —0,4) p = 0,0022
-0,8(-1,3; —0,3) p = 0,0029
-0,9 (-1,2; —0,6) p < 0,0001
-1,2(-1,9; -0,5) p = 0,0015
-0,9 (—-1,3; —0,6) p < 0,0001
-1,1(-1,4; -0,8) p < 0,0001
-0,9 (-1,2; —0,5) p < 0,0001
-0,6 (—1,0; —0,3) p =0,0011
-1,0(-1,4; —0,6) p < 0,0001
-0,9 (-1,2; —0,6) p < 0,0001
-0,9 (-1,4; —0,5) p = 0,0001
-1,1(-1,5; —0,6) p < 0,0001
-1,3(-1,8; -0,9) p < 0,0001
-0,8(-1,3; —0,3) p =0,0011
-1,3(-1,7; -0,8) p < 0,0001
-0,8(-1,3; —0,4) p = 0,0003
-0,8(-1,2; -0,3) p =0,0010
-1,3(-1,8; —0,8) p < 0,0001

bladder emptying (IPSS Question 1), with LS Mean Differences of
—1.0 and —1.1 in the BPH + OAB and OAB subgroup, respectively.
Other symptoms, such as interrupted stream (Question 3), urgency
(Question 4), weak stream (Question 5) and hesitancy (Question 6),
also responded well to the digital therapy, as demonstrated by their
respective negative LS Mean Differences, which were all statistically
significant, although the improvements were not as pronounced as for
the aforementioned symptoms.

When comparing the subgroups of overactive bladder (OAB,
N32.8, Table 3) and benign prostatic hyperplasia (BPH, N40, Table 3),
a stronger effect was observed in patients with OAB, particularly in
urgency (LS Mean Difference [95% Cl]: —1.3 [-1.7; —0.8]) and noc-
turia (LS Mean Difference [95% Cl]: —1.3 [—1.8; —0.8]). Patients with
single BPH without storage symptoms experienced a slightly lower
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Comparison of Mean Differences for Different Groups

0.0

Mean Difference

Overall Cohort
Em N40+N32.8 Group
H N40 Group
mmm N32.8 Group

i
<O R

IPSS-Question

FIGURE 1 Comparing of the LS Mean Differences for the IPSS single questions for the different groups (overall cohort, BPH + OAB=N40

+ N32.8, BPH=N40, OAB=N32.8).

improvement in urgency (LS Mean Difference [95% Cl]: —0.6 [-1.0;
—0.3]), while other values were comparable. All reported improve-
ments were statistically significant (p < 0.0001). Only a few p-values
were slightly higher but still statistically significant, such as urgency in
the BPH group with p = 0.0011.

The intervention resulted in a significant improvement in all void-
ing symptoms according to the IPSS score. The most significant
improvements were observed in frequency, nocturia and the feeling
of incomplete bladder emptying. Patients with OAB appeared to ben-
efit the most from digital therapy (Figure 1).

4 | DISCUSSION

Digital health applications, such as Kranus Lutera, have increasingly
emerged as valuable adjuncts to therapeutic strategies across various
medical disciplines.? These app-based applications, classified as low-
risk medical devices, serve diagnostic as well as therapeutic purposes
by aiding in the identification and alleviation of disease symptoms.” In
the context of male LUTS, the app-based therapy Kranus Lutera has
demonstrated efficacy in the randomized controlled BEST-trial.® This
raises the question of which specific voiding symptom domain
respond most favourably to the digital interventions. The IPSS ques-
tionnaire encompasses both, storage symptoms (questions 2, 4 and 7)
and voiding symptoms (questions 1, 3, 5 and 6),! thereby allowing for
a nuanced evaluation. Previous studies have also utilized the IPSS

for differentiated symptom analysis.81°

The general reduction in the IPSS scores observed within the IG
suggests that the digital intervention effectively alleviates voiding-
related symptoms. Notably, improvements were most pronounced
with regard to urinary frequency, nocturia and the sensation of incom-
plete bladder emptying, symptoms commonly identified as particularly
burdensome by patients.}1"* These storage symptoms are often the
primary contributors to the reduced quality of life in individuals with
LUTS, highlighting the relevance of the digital therapy's focus on
these areas. The LS mean difference values indicate a clinically mean-
ingful benefit, consistent with prior evidence suggesting that digital
and behavioural interventions can complement pharmacologic thera-
pies in the management of LUTS. Furthermore, the significant
decrease in symptom burden as measured by OAB-q SF (part 1),
alongside concomitant improvements in health-related quality of life
(OAB-q SF, part 2), underscores the clinical relevance of this digital
therapy. Patients reporting fewer urinary symptoms often experience
enhancements in overall well-being, sleep quality and functional
capacity in daily life.2* These findings support the potential of digital
interventions as effective, non-invasive strategies for improving both
symptomatology and quality of life in affected individuals.

A subgroup comparison of patients with overactive bladder (OAB,
N32.8) and those with benign prostatic hyperplasia (BPH, N40)
revealed that individuals with OAB derived particularly notable bene-
fits from the intervention, especially with respect to urgency and noc-
turia. This finding suggests heightened efficacy of the digital
intervention in addressing storage symptoms. In contrast, patients

with isolated BPH, without accompanying storage symptoms,
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primarily experienced improvements in voiding symptoms, albeit to a
lesser extent than those in the OAB group. These differential out-
comes emphasize the importance of personalized digital interventions
and therapies tailored to the distinct pathophysiological mechanisms
underlying various LUTS subtypes.

Previous research has also investigated the utility of mobile
health applications in urological contexts, demonstrating their feasibil-
ity and clinical potential despite varying therapeutic foci. For example,
Goode et al. showed the benefits of a mobile app for pelvic floor train-
ing after prostatectomy,’® while Wadensten et al. assessed a mobile
health tool for behavioural therapy in women with urinary inconti-
nence.*® Morselli et al. evaluated the use of a smartphone application
for monitoring male LUTS treatment during the COVID-19 pan-
demic.}” Although these apps targeted different patient populations
or clinical scenarios, they collectively support the broader applicability
and value of digital tools in urological care.

Therefore, the current study builds upon this growing body of
evidence by demonstrating the effectiveness of a certified and struc-
tured digital therapy specifically for male LUTS. These findings con-
tribute to the evolving landscape of digital health and support its
integration into individualized, symptom-targeted treatment strategies

in urology.

5 | STRENGTHS AND LIMITATIONS

A key strength of this study lies in its rigorous methodological design,
including the use of validated questionnaires (IPSS and OAB-q SF) and
a controlled comparison between an intervention and control group.
The multidimensional assessment of symptom domains further
enables a comprehensive evaluation of treatment efficacy. Addition-
ally, the inclusion of real-world data enhances the external validity
and applicability of the findings within routine clinical practice,
although it also introduces interpretative complexity.

Notably, the study did not incorporate objective urodynamic
measures such as uroflowmetry, post-void residual volume or urody-
namic studies. A potential source of selection bias must also be
acknowledged, as access to the application required ownership of a
smartphone or tablet. Individuals unfamiliar with such technology
were thus inherently excluded from participation. Moreover, partici-
pants experiencing greater symptom burden may have been more
intrinsically motivated to engage in behavioural change, thereby skew-
ing the sample toward more health-conscious or tech-savvy individ-
uals. Consequently, generalizability to less motivated, less physically
active or less technologically inclined populations may be limited.

In this context, it is important to emphasize that the use of a certi-
fied digital therapy app represents a novel, non-pharmacological treat-
ment approach for LUTS, which inherently requires a certain level of
digital literacy and access to compatible devices. This digital prerequisite
may contribute to a so-called digital divide, particularly affecting older
populations or individuals with limited technical experience. However,
our study data did not reveal any relevant outcome differences with

respect to patient age, suggesting that the limiting factor is not the

patients’ biological age, but rather the availability of a smartphone and
the associated cognitive ability to use it. Future implementations and
studies should therefore consider barriers to technology adoption and
strive for inclusive solutions that address these disparities.

Furthermore, the control group did not employ a sham applica-
tion, which presents a potential bias, as the use of a generic health
app could itself yield beneficial effects. In addition, the study duration
of 12 weeks, while adequate to capture meaningful short-term out-
comes, does not permit conclusions regarding the sustainability of
observed effects. Future studies incorporating extended follow-up
periods are required to determine the durability of these benefits. In
the BEST-study, 84% of the participants used the app-based therapy
several times a week.

Going forward, research should prioritize evaluating the long-
term effectiveness of digital health applications in managing male
LUTS. Comparative studies exploring the combined impact of digital
interventions with pharmacotherapy versus pharmacotherapy alone
could offer valuable insights into their role in evolving treatment para-
digms. Additionally, investigating patient-specific predictors of favour-
able responses to digital therapies may facilitate a more individualized

and effective approach to care.

6 | CONCLUSION

This study provides compelling evidence that digital health interven-
tions can significantly reduce LUTS severity, improve symptom bur-
den and enhance quality of life in affected patients. The detailed
analysis of IPSS questions highlights that frequency, nocturia and
incomplete bladder emptying were the most responsive to the inter-
vention. These symptoms, particularly storage symptoms, are the
most bothersome and impactful on quality of life for many patients,
underscoring the significance of the intervention’s effectiveness in
these areas. Additional improvements were observed in interrupted
stream, urgency, weak stream and hesitancy. These findings support
the integration of digital therapeutic approaches into routine urologi-
cal care, particularly for patients with OAB symptoms. As digital
health continues to evolve, further research is warranted to optimize

these interventions and explore their full potential in clinical practice.
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