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1. Summary

1.1 Title of the clinical investigation

Effectiveness of Priovi, A Digital Self-help Tool, In Patients with Borderline Personality
Disorder — a single-blinded Randomized Controlled Trial (EPADIP-BPD)

1.2 Introduction

Borderline personality disorder (BPD) is a mental disorder characterized by pervasive
instability in interpersonal relationships, self-image, emotion regulation, and impulse control
[1], [2]. With an administrative 1-year prevalence of 0.34% in Germany, it is the most
common personality disorder in clinical settings [2], [3]. BPD is associated with marked
impairments in psychosocial and occupational functioning, increased risk for both psychiatric
and somatic comorbidities, and a high mortality rate due to suicide and poor physical health
[2], [4]-[6]. As a result, in Germany, life expectancy of patients with BPD is reduced by up to 9
years [2]. BPD not only poses an immense burden on those affected, but is also costly to
society: In Germany, the treatment costs for BPD amount to an average of 31,000€ per
patient and year [7] and exceed the costs of many other mental disorders, such as major
depressive disorder, by far [8]. Inpatient treatment accounts for a large portion of these costs
[7], but can be significantly reduced through effective psychotherapeutic treatment [9], [10],
i. e., disorder-specific approaches such as schema therapy [11], [12].

However, even in well-developed Western European health-care systems, less than 25% of
patients with BPD have access to such psychotherapy [13], [14], despite it being
recommended as the first-line treatment for BPD in the relevant clinical guidelines [15], [16]
and representing patients’ preferred treatment option in psychiatric settings [17]. Reasons
for this treatment gap include high costs of treatment and unavailability of trained
psychotherapists. In one study involving more than 150 psychotherapists in Munich,
Germany, for example, over 20% refused “on principle” to treat patients with BPD [18]. This
underscores the need to find ways to provide evidence-based, disorder-specific
psychotherapeutic interventions to more BPD patients [19], [20].

One innovative, promising means of addressing the existing treatment gap in BPD is through
digital health apps (DiGAs) [21], [22]. DiGAs offer flexible, cost-efficient access to mental
health care, and can foster a sense of empowerment in patients [20], [23]. However, there
have been concerns about the safety of DiGAs in patients with BPD given the prevalence of
self-harming behavior (e. g., suicidality, severe self-injury) in this population. Hence, a
previous randomized controlled trial (RCT) by Klein et al. (2021) investigated the safety and
effectiveness of a preliminary version of the self-guided, Internet-based intervention program
priovi (which is based on schema therapy) in a group of patients with BPD who received
either psychotherapy or psychiatric care [24]. Patients were included only after their
psychiatrist or psychotherapist certified their eligibility for the study. The study demonstrated
that priovi was safe to use in patients with BPD, as no adverse effects were reported.
Moreover, positive effects were found in favor of the intervention group that had access to
priovi, but these effects narrowly missed achieving statistical significance (p = 0.08). A
possible explanation could be that priovi did not reach its full potential because the
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participants included in the study by Klein et al. [24] received unusually high-quality routine
treatment. It could also be that the trial was underpowered. Alternatively, the lack of
significant empirical effectiveness could reflect shortcomings in the program. Thus, following
the results of Klein et al. [24], priovi underwent revisions to improve the program further.

As a first step, a preliminary single-arm study was conducted using the revised version of
priovi, involving 153 patients. The primary endpoint was the BSL-23, a measure of BPD
symptoms. Over the three-month follow-up period, significant reductions in BPD symptoms
were observed in the primary ITT analysis using the BSL-23 [d = 0.92, 95% confidence interval
(C): 0.74 - 1.11; p < 0.001]. Additionally, as secondary endpoints, changes in quality of life
were assessed using the Mental and Physical Health sum score of the SF-12, both of which
also exhibited significant effects.

Building upon the single-arm study, the current RCT aimed to investigate the effectiveness of
the revised priovi when compared to usual medical care in an RCT setting.

1.3 Purpose of the clinical investigation

The purpose of this clinical investigation was to assess the effectiveness and safety of the
DiGA priovi in adult patients with BPD.

1.4 Description of the clinical investigation population

The study population consisted of 580 adult patients of all sexes with a diagnosis of BPD and
at least moderate BPD symptom severity (Borderline Symptoms List-23 (BSL-23) mean score
= 1.07). Subjects were excluded given a diagnosis of substance use disorder or psychotic
disorder (with the exception of non-transitory paranoid ideas related to the BPD).

1.5 Clinical investigation method

Participants were motivated to participate in a pragmatic, parallel RCT via an online
campaign. Recruitment started in May 2022 and ended in October 2022. Participants who
met the inclusion criteria were randomized to the intervention or control group. The
intervention group received access immediately after randomization, while the control group
was provided with information regarding freely available self-help online material and was
offered access to priovi after 6 months. All participants received usual medical care (TAU) in
consultation with their respective treatment team during the study period. Following the
pragmatic study design, usual medical care should reflect the reality of care, and may
therefore include all forms of outpatient care, including treatment by a primary care
physician or specialist, psychotherapy (such as CBT, schema therapy, etc.), as well as no
treatment at all.
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1.6 Results of the clinical investigation

1.6.1 Primary endpoint

The ITT analysis showed that after 3 months, patients in the TAU + priovi intervention group
reported significantly lower BPD symptom severity, as assessed with the BSL-23 mean score,
than patients in the TAU-only control group (group x time interaction effect from the Linear
Mixed Model = -0.19, 95% CI = [-0.30, -0.09], p < 0.001; d = 0.24). This significant effect was
maintained through to the 6 months-follow-up (group x time interaction effect = -0.09, 95%
Cl = [-0.15, -0.02], p = 0.011; d = 0.15). The overall pattern of results was confirmed in a
conservative ‘jump-to-reference’ (J2R) sensitivity analysis where imputation of missing
values was performed under the assumption that participants in the intervention group, post
drop out, exhibit behavior akin to those in the control group (3 months: group x time
interaction effect = -0.17, 95% Cl =[-0.27, -0.07], p < 0.001; d = 0.21; 6 months: group x time
interaction effect =-0.08, 95% Cl = [-0.13, -0.02], p = 0.007; d = 0.12). Uncontrolled data from
the 12-month follow-up demonstrated a continual decrease in BPD severity in the
intervention group.

Analysis of treatment responders indicated that reliable improvements in BPD severity were
significantly more frequent in the priovi intervention group than in the control group after 3
months (24.0% vs. 15.6%; Odds Ratio (OR) = 1.71, 95% Cl = [1.10, 2.64]; X* = 5.86, p = 0.016),
suggesting that the effects of priovi on BPD severity can be considered clinically relevant.
There was no significant difference in the proportion of patients experiencing deterioration
of BPD symptoms between the intervention group (1.9%) and the control group (1.1%; OR =
1.65, 95% Cl = [0.39, 6.99]; X*=0.11, p = 0.738).

There was no significant difference in the proportion of patients achieving remission at 3
months between the priovi intervention group (0.007%) and the control group (0.004%; OR =
1.98, 95% Cl = [0.18, 21.94]; x*< 0.001, p = 1). However, as we have already detailed in our
previous communication, assessing remission after just 3 months of treatment may not
provide meaningful insights in the context of BPD, as research consensus consistently
suggests that substantial periods, typically several years, are typically required to achieve
complete remission.

1.6.2 Secondary endpoints

The ITT analysis revealed significantly reduced levels of depressive symptoms, as assessed by
the PHQ-9 total score, within the priovi intervention group when compared to the control
group after 3 months (group x time interaction effect = -1.0, 95% Cl = [-1.8, -0.3], p = 0.009; d
= 0.21) and 6 months (group x time interaction effect = -0.5, 95% Cl = [-0.9, -0.1], p = 0.025; d
= 0.16). These results were confirmed by the more conservative J2R sensitivity analysis (3
months: group x time interaction effect = -0.9, 95% Cl = [-1.6, -0.2], p = 0.007; d = 0.19; 6
months: group x time interaction effect = -0.5, 95% Cl = [-0.8, -0.1], p = 0.012; d = 0.15).
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Analysis of treatment responders based on a minimally clinically important difference (MCID)
of 5 points indicated that reliable improvements in depressive symptoms were significantly
more frequent in the priovi intervention group than in the control group after 3 months
(38.3% vs. 24.8%; x> = 11.18, p < 0.001), suggesting that the effects of priovi on depressive
symptoms can be considered clinically relevant.

The ITT-analysis also indicated that the priovi intervention group exhibited notably reduced
levels of anxiety, as measured by the GAD-7 total score, in comparison to the control group
after 3 months (group x time interaction effect = -0.7, 95% Cl = [-1.4, -0.1], p = 0.030; d =
0.23) and 6 months (group x time interaction effect = -0.5, 95% Cl = [-0.9, -0.1], p = 0.025; d =
0.24). These findings were supported by the more conservative J2R sensitivity analysis (3
months: group x time interaction effect = -0.6, 95% Cl = [-1.2, -0.01], p = 0.035; d = 0.21; 6
months: group x time interaction effect = -0.4, 95% Cl = [-0.7, -0.1], p = 0.019; d = 0.22).

The ITT-analysis showed no significant difference between the groups in psychological quality
of life, as assessed with the SF-12 Mental sum score, at 3 months (group x time interaction
effect = 0.4, 95% Cl = [0, 0.9], p = 0.065; d = 0.18) and 6 months (group x time interaction
effect = 0.2, 95% Cl = [-0.1, 0.4], p = 0.276; d = 0.10). Comparable patterns of results emerged
in the J2R analysis (3 months: group x time interaction effect = 0.4, 95% Cl = [0, 0.8], p =
0.056; d = 0.16; 6 months: group x time interaction effect = 0.2, 95% Cl = [-0.1, 0.4], p =
0.160; d = 0.11).

Likewise, the ITT analysis demonstrated no significant differences between the groups in
terms of social and work-related functioning, measured by the WSAS, throughout the
follow-up period (3 months: group x time interaction effect = -0.9, 95% ClI = [-2.0, 0.2], p =
0.109; d = 0.12; 6 months group x time interaction effect = -0.4, 95% Cl = [-1.1, 0.2], p =
0.220; d = 0.08).

Assessment of the clinical course of the study groups with a Poisson mixed model analysis
showed a significant decrease in suicide attempts in the priovi group compared to the
control group after 3 months (group x time interaction effect = -0.86, 95% Cl = [-1.55, -0.18],
p = 0.014) and 6 months (group x time interaction effect = -0.82, 95% Cl = [-1.26, -0.38], p <
0.001). Regarding hospitalizations, there were no significant differences in frequency
between the priovi group and the control group at 3 months (group x time interaction effect
=0.03, 95% Cl = [-0.32, 0.38], p = 0.864) or 6 months (group x time interaction effect = 0.18,
95% Cl = [-0.09, 0.44], p = 0.190). Similarly, there was no significant difference in the
frequency of other life-threatening events (3 months: group x time interaction effect = -0.02,
95% Cl = [-0.18, 0.14], p = 0.791; 6 months: group x time interaction effect = -0.04, 95% Cl =
[-0.16, 0.08], p = 0.539).

Users reported very high satisfaction with priovi throughout the follow-up period.

1.7 Conclusion

In conclusion, following 3 months of access to priovi, the intervention group demonstrated
significantly reduced BPD severity in comparison to the control group, substantiated by
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clinical significance in the responder analysis. priovi also yielded significant effects on
depression and anxiety. Intervention effects were sustained at the 6-month follow-up. The
results’ robustness was confirmed by the J2R sensitivity analysis. Uncontrolled data from the
12-month follow-up showed a continual reduction in BPD severity in the intervention group.

Notably, the priovi group reported significantly fewer suicide attempts throughout the
follow-up, indicating a more positive clinical trajectory. No significant differences between
the intervention and control group were observed regarding hospitalizations or
life-threatening events.

Patient satisfaction with priovi was very high.

1.8 Date of the clinical investigation initiation

e May 2022 (start of data collection)

1.9 Completion date of the clinical investigation

e November 2023 (completion of data collection for 12-month follow-up)
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2. Introduction

BPD is a mental disorder characterized by pervasive instability in interpersonal relationships,
self-image, emotion regulation, and impulse control [1], [2]. With an administrative 1-year
prevalence of 0.34% in Germany, it is the most common personality disorder in clinical
settings [2], [3]. BPD is associated with marked impairments in psychosocial and occupational
functioning, increased risk for both psychiatric and somatic comorbidities, and a high
mortality rate due to suicide and poor physical health [2], [4]-[6]. As a result, in Germany, life
expectancy of patients with BPD is reduced by up to 9 years [2]. BPD not only poses an
immense burden on those affected, but is also costly to society: In Germany, the treatment
costs for BPD amount to an average of 31,000€ per patient and year [7] and exceed the costs
of many other mental disorders, such as major depressive disorder, by far [8]. Inpatient
treatment accounts for a large portion of these costs [7], but can be significantly reduced
through effective psychotherapeutic treatment [9], [10], i. e., disorder-specific approaches
such as schema therapy [11], [12].

However, even in well-developed Western European health-care systems, less than 25% of
patients with BPD have access to such psychotherapy [13], [14], despite it being
recommended as the first-line treatment for BPD in the relevant clinical guidelines [15], [16]
and representing patients’ preferred treatment option in psychiatric settings [17]. Reasons
for this treatment gap include high costs of treatment and unavailability of trained
psychotherapists. In one study involving more than 150 psychotherapists in Munich,
Germany, for example, over 20% refused “on principle” to treat patients with BPD [18]. This
underscores the need to find ways to provide evidence-based, disorder-specific
psychotherapeutic interventions to more BPD patients [19], [20].

One innovative, promising means of addressing the existing treatment gap in BPD is through
DiGAs [21], [22]. DiGAs offer flexible, cost-efficient access to mental health care, and can
foster a sense of empowerment in patients [20], [23]. However, there have been concerns
about the safety of DiGAs in patients with BPD given the prevalence of self-harming behavior
(e. g., suicidality, severe self-injury) in this population. Hence, a previous randomized RCT by
Klein et al. (2021) investigated the safety and effectiveness of a preliminary version of the
self-guided, Internet-based intervention program priovi (which is based on schema therapy)
in a group of patients with BPD who received either psychotherapy or psychiatric care [24].
Patients were included only after their psychiatrist or psychotherapist certified their eligibility
for the study. The study demonstrated that priovi was safe to use in patients with BPD, as no
adverse effects were reported. Moreover, positive effects were found in favor of the
intervention group that had access to priovi, but these effects narrowly missed achieving
statistical significance (p = 0.08). A possible explanation could be that priovi did not reach its
full potential because the participants included in the study by Klein et al. [24] received
unusually high-quality routine treatment. It could also be that the trial was underpowered.
Alternatively, the lack of significant empirical effectiveness could reflect shortcomings in the
program. Thus, following the results of Klein et al. [24], priovi underwent revisions to
improve the program further.

As a first step, a preliminary single-arm study was conducted using the revised version of
priovi, involving 153 patients. The primary endpoint was the BSL-23, a measure of BPD
symptoms. Over the three-month follow-up period, significant reductions in BPD symptoms
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were observed in the primary ITT analysis using the BSL-23 [d = 0.92, 95% confidence interval
(C): 0.74 - 1.11; p < 0.001]. Additionally, as secondary endpoints, changes in quality of life
were assessed using the Mental and Physical Health sum score of the SF-12, both of which
also exhibited significant effects.

Building upon the single-arm study, the current RCT aimed to investigate the effectiveness of
the revised priovi when compared to usual medical care in an RCT setting.
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3. Investigational device and methods

3.1 Investigational device description

priovi is a self-guided, Internet-based intervention program based on schema therapy for
patients with BPD [11], [12], [25]. priovi consists of 10 modules that provide psychoeducation
about BPD and introduce psychotherapeutic exercises, methods and techniques. Content is
presented playfully and tailored to the user’s reported needs and interests.

priovi has one main function and several supporting secondary functions. The main function
consists of a “simulated dialogue”. This means that priovi presents the user brief text
passages, and users then select a response option that interests them most or best suits
their individual situation. priovi then responds emphatically to this response and conveys the
next piece of information, to which the user can then respond in turn, and so on. In this way,
a communication dynamic evolves. Patients are also motivated to complete simple
homework tasks. Users can pause priovi at any time and continue from the point where they
left off. Users are reminded regularly to take breaks.

In addition to the dialogues, which are at the core of the program, priovi offers a range of
features including media such as audio recordings to guide therapeutic exercises or explain
specific content in more detail and PDF-materials (worksheets and summary sheets), tailored
motivational short text messages delivered as SMS (optional) or via email, as well as
self-monitoring questionnaires to track target behaviors.

The content of the treatment modules is presented in table 1.

Table 1 | Structure and content of priovi.

Module Description

1 Onboarding |

The user is introduced to the program and receives important information
on the user instructions, functions of priovi, symptoms of BPD and potential
reasons for developing BPD, e.g., physical or sexual abuse. This is supported
by two audios in case the user is emotionally upset, anxious or sad. In
between, the participant can decide whether to take breaks. At the end of
the module, the user is prompted to reward themselves for completing the
module.

2 Onboarding Il

This module expands knowledge of BPD and therapeutic options. Theories
and findings on disorder-specific needs are presented (e.g., safety, healthy
human attachments). The user is introduced to schema therapy, an
integrative form of psychotherapy that incorporates concepts and
approaches from Cognitive Behavior Therapy (CBT). There are different
schema modes that describe different emotional stages of the patient. The
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most important are child modes (vulnerable & angry child), harmful parent
modes (punitive & demanding), coping modes (distant protector), healthy
modes (happy child & healthy adult). Cognitive, emotional and behavioral
methods can be used to apply schema therapy. In between, the user can
decide to take breaks.

Child modes

This module provides detailed information about the so-called child modes.
The user is informed about how to identify child modes. They are
introduced to “Lea”, a fictional person with BPD, to improve comprehension
of module content during the program. An audio gives examples of “child
mode situations” of Lea. In between, the user can decide whether to take
breaks.

Parent modes/Adult modes

This module provides detailed information about the so-called dysfunctional
parent modes and the healthy adult mode. The user is informed about how
parent modes develop and how to recognize parent modes. An audio gives
examples of “parent mode situations” of Lea. Quiz questions support
practice in identifying parent modes. In between, the user can decide to
take breaks.

Coping modes

This module provides detailed information about the so-called coping
modes. The user is informed about how and which coping modes result
from parent/child modes. Forms of coping modes are avoidance (distant
protector mode), overcompensation, submission/sacrifice. The user can
choose to look at specific modes more in detail. Information is provided on
the distant protector mode, i.e., reasons for its development and
consequences. Again, a comic strip and case histories (in the form of 3
audios) contribute to better comprehension. In between, the participant
can decide whether to take breaks.

Onboarding Phase Il

The user is introduced to the second phase of priovi, where adaptive coping
methods tailored to different schema modes are practiced. They can choose
the schema mode most important for themselves and which exercises to
complete. The exercises have different levels of difficulty. The aim of the
exercises is to develop a “mode-toolbox” out of which every user can
choose a method the next time they need to deal with any schema mode.
All of the following modules start with a small exercise to help recall
information about the different modes.

Coping modes exercises

The first training module is about coping modes. Tailored
cognitive/cognitive-behavioral trainings are provided for the modes of
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avoidance (distant protector mode), overcompensation,
submission/sacrifice based on the choice of the participant, e.g., an audio
about personal experiences with the distant protector mode and writing a
pro/contra list about (dis-)advantages of it. They can decide to take a break
before the next dialogue.

8 Child modes exercises

The second training module is about child modes. Tailored
cognitive/cognitive-behavioral trainings are provided for the “vulnerable”
and “angry” child mode using the example of Lea and different audios, e.g.,
an audio in which the participant can practice saying good things about
him/herself or using the “healthy adult” coping method to improve how
he/she deals with criticism. They can decide to take a break before the next
unit.

9 Parent modes exercises

The third training module is about child modes. Tailored
cognitive/cognitive-behavioral trainings are provided for the “punitive” and
“demanding” parent mode using the example of Lea again and, for example,
an audio that helps practice the "healthy adult" coping method to improve
mastery of tasks without being mentally overwhelmed. At the end of the
module, the user is prompted to take a break and reward themselves for
finishing the exercises.

10 Finish

The last module intends to motivate the user (e.g., using an audio) to
continue practicing the different coping methods in situations where he/she
experiences a specific schema mode again in the future. Further use of the
program is explained.

3.2 Intended purpose

priovi is intended to provide therapeutic methods and exercises based on evidence-based
psychological and psychotherapeutic therapies for patients with borderline personality
disorder, to help them managing their borderline personality disorder.

priovi is intended as a self-application supplemental to care-as-usual for patients 18 years of
age or older.

priovi is neither intended to replace treatment provided by a health care provider nor to
provide information which is used to take decisions with diagnosis or therapeutic purposes.
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4. Clinical investigation plan

4.1 Clinical investigation objectives

The primary objective of this trial was to evaluate the effectiveness of the self-guided,
Internet-based intervention priovi in lowering BPD symptoms in adult patients with BPD
when used in addition to TAU. Moreover, the effects of priovi were examined in terms of
improvements in psychological quality of life, depression, anxiety, social and work-related
functioning, as well as with regard to the clinical course (number of suicide attempts,
number of hospitalization, number of life-threatening events). The primary time point for the
evaluation of the effectiveness of priovi was after 3 months (T1). Additional follow-ups were
conducted after 6 (T2) and 12 months (T3) to assess the stability of effects. The control group
received access to priovi after T2.

4.2 Clinical investigation design

e Randomized (simple randomization performed automatically via an external
computerized tool)
Controlled (two arms)

e Single-blind (referring to the study investigators, not the study participants)
Online (no traditional physical investigation site)

4.3 Clinical investigation endpoints

4.3.1 Primary endpoint

e Severity of BPD symptoms (assessed with the BSL-23 mean score [26]) at T1

4.3.2 Secondary endpoints

® Responder rate of BPD symptoms
Given the lack of a published MCID for the primary endpoint, the BSL-23 mean score,
responder were defined by a change of borderline symptom severity on the BSL-23
total score following both conditions: (i) reaching the psychometric criterion of a
reliable change index (RCI; relevant z-score = 1.96 for a 95% Cl) [27] and (ii) a change
of BSL-23-total score towards a less severe grade from TO to T1 [28]. Deteriorators
were defined accordingly by both, (i) reaching RCI and (ii) a change of BSL-23-total
score towards a more severe grade from TO to T1. Non-responders were defined as
no change of the BPD severity grade, even if the RCI was reached.

® Remission rate of BPD symptoms
Remission of borderline symptoms was defined as reaching a BSL-23 mean score of <
0.28 (corresponding to “none or low” BPD severity following the classification
proposed in [28]) at T1. Patients with BSL-23 mean scores = 0.28 at T1 were defined
as not in remission. As already mentioned above, remission of BPD after 3 months of
treatment would be completely unexpected.
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Psychological quality of life (assessed with the SF-12 mental sum score [29])
Depression (assessed with the PHQ-9 sum score [30]—[32])

Anxiety (assessed with the GAD-7 sum score [33], [34])

Social and work-related functioning (assessed with the WSAS sum score [35])

Clinical Course (number of suicide attempts in the past 3 months, number of
hospitalizations in the past 3 months, number of life-threatening events in the past 3
months)

4.4 Control group

Participants in the control group received information regarding freely available self-help
online material in addition to usual medical care (TAU) in consultation with their respective
treatment team. Following the pragmatic study design, usual medical care should reflect the
reality of care, and may therefore include all forms of outpatient care, including treatment by
a primary care physician or specialist, psychotherapy (such as CBT, schema therapy, etc.), as
well as no treatment at all. After 6 months (T2), the control group received access to priovi.

4.5 Ethical considerations

This study was approved by the ethics committee of the Medical Faculty of the University
Libeck (reference number 22-012). The study was pre-registered in the German Clinical
Trials Register (DRKS) on April 27, 2022, with the registration number DRKS00028888.

4.6 Data quality assurance

Data were collected online using a secure, internationally recognized survey software
(www.easyfeedback.de). The survey software was programmed such that valid possible

responses and response ranges were predefined for every question. Quality of the data and
procedures were checked every two weeks (e. g., participants were contacted in time to
complete the questionnaires). Regular record-checking took place using a codebook with
appropriate metadata. In addition, a daily backup of the data was performed. These were
stored in anonymized, read-only form after the study was completed. The data will be
retained for 10 years.

4.7 Subject population for the clinical investigation
Inclusion criteria:

e Age =18 years
Diagnosis of BPD (ICD-10-GM-code: F60.31; assessed by a structured clinical
interview [SCID-5-PD] conducted by telephone)
At least moderate severity of BPD symptoms (BSL-23 mean score = 1.07 [26], [28])
Consent to participation

Exclusion criteria:
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e Diagnosis of a substance use disorder
e Diagnosis of a psychotic disorder (with the exception of non-transitory paranoid
ideas related to the BPD where the ability to test reality is mostly preserved)

4.8 Treatment allocation schedule

Simple randomization (no blocked randomization, no stratification) was performed
automatically via an external computerized tool and concealed from study staff.

4.9 Concomitant medications/treatment

All participants received usual medical care (TAU) in consultation with their respective
treatment team. Following the pragmatic study design, usual medical care should reflect the
reality of care, and may therefore include all forms of outpatient care, including treatment by
a primary care physician or specialist, psychotherapy (such as CBT, schema therapy, etc.), as
well as no treatment at all.

4.10 Duration of follow-up

The duration of follow-up for the data reported on in this clinical investigation was 12
months.

4.11 Statistical design

All statistical analyses were performed with R, version 4.3.0 [36].

The primary outcome was analyzed using a linear mixed model analysis, with assessment
time points modeled as In(t+1), where t represented time from randomization in months.
The model included a random intercept for each participant to account for interindividual
differences, and the following fixed effects: time and intervention group as main effects, as
well as group x time interaction for testing the slope difference between groups. The primary
hypothesis was tested using TO as pre-intervention and T1 as post-intervention time points.
The covariance structure was chosen based on Akaike’s Information Criterion (AIC) from a
fixed set of candidate structures. The primary study hypothesis was tested on the group x
time interaction. These analyses were repeated for secondary outcomes.

The main analysis was conducted as an ITT analysis following the principle ‘analyze as
randomized’ [37], [38]. Missing values for continuous outcomes were substituted using
multiple imputations. The imputation method was based on Fully Conditional Specification,
where each incomplete variable was imputed by a separate model [39]. To ensure
congeniality between the imputation and the analysis model, the group variable was
included in the imputation model [40]. Other predictor variables for the imputation model
included age, marital status, education, employment status, and psychotherapy at baseline.
An additional reference-based sensitivity analysis (i.e., imputing data with the J2R method
[41], [42]) was conducted following procedures for ITT-analysis.
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Count data (such as the count of suicide attempts, hospitalizations, and life-threatening
events) were subjected to the appropriate analysis method using a Poisson mixed model.
This model incorporated a random intercept term for each participant, enabling the
consideration of interindividual variations. The model included the following fixed effects:
time and group as primary factors, and an interaction term between time and group. The
hypothesis was tested on the group x time interaction.

All results were considered statistically significant at the two-sided 5% level.

4.12 Amendments to the CIP

The CIP was amended on March 3, 2023, to include the following additional specifications in
the statistical analyses, as requested by the BfArM during the discussion on the provisional
admission of priovi to the DiGA-registry:

e Details regarding the timing of data collection for secondary endpoints were added
(Sections 1.4 and 6.1.c).

® A criterion for remission was added (Sections 1.4, 6.1.c, and 6.1.d).
The classification of severity grades for borderline personality disorder was updated
(Section 6.1.d).

® Subgroup analyses were included (Section 7.1).
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5. Results

5.1 Accountability of subjects

Figure 1 summarizes the flow of participants through the study. As described in section 4.11,
missing data were imputed for ITT and J2R analyses.

540 individuals excluded for the
following reasons:

* Age (< 18): 60

* BPD severity (BSL-23 mean score <

1.07): 103
* Incomplete data: 377

1,766 individuals screened for eligibility

1,226 individuals to be assessed in structured
clinical interview

646 individuals excluded for the
following reasons:

* Did not meet diagnostic criteria for
BPD in structured clinical
interview: 44

Met diagnostic criteria for a
psychotic disorder in structured
clinical interview: 21

Met diagnostic criteria for a
substance use disorder in
structured clinical interview: 84
No longer interested in
participation: 12

Mot reachable [ structured clinical
interview not finished: 485

N = 580 participants met inclusion criteria and
were randomized to control group (Treatment as
Usual: TAU) or intervention (TAU + intervention)

(baseline)
s K -
I I
1 ]
' Intervention (TAU + priovi) Control (TAU) \
! n =302 n=278 )
I I
i 1

Post (3 months)
R T 3
1 1
' | n =267 {11.6% attrition) ‘ | n =263 (5.4% attrition) | :
1 ]
[} I
Post (6 months)
, ;
' ‘ n =249 (17.5% attrition) ‘ | n = 255 (8.3% attrition) | X
! I
! |
to priovi
access opnow Post (12 months)

Figure 1 | Flow of participants through the study.
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5.1.1 Subjects who did not pass the screening test

A total of 1,766 people were initially screened for eligibility. Of these, 540 had to be excluded
in the online questionnaire for the following reasons:

® Age (<18):60
e BPD severity (BSL-23 mean score < 1.07): 103
® Incomplete data: 377

Thus, 1,226 people were to be assessed for eligibility in a structured clinical interview
(SCID-5-PD) conducted via telephone. Of these, 646 were excluded for the following reasons:

Did not meet diagnostic criteria for BPD in structured clinical interview: 44

Met diagnostic criteria for psychotic disorder in structured clinical interview: 21
Met diagnostic criteria for substance use disorder in structured clinical interview: 84
No longer interested in participation: 12

Not reachable / structured clinical interview not finished: 485

5.1.2 Subjects lost to follow-up

e uptoTl1:45
e uptoT2:68
e uptoT3:115

5.1.3 Subjects withdrawn or discontinued from the clinical investigation

e uptoTl:5
e uptoT2:8
e uptoT3:12

As shown in table 13 below, participants who dropped out of the study up to T1 for any
reason were significantly more likely to be men and participants with more severe BPD
symptoms at baseline.

Table 2 | Comparison of baseline characteristics of subjects who dropped out of the study up
to T1 for any reason and those who did not.

Dropout Non-Dropout Statistical
(n=50) (n=530) comparison
Age 29.3 (10.0) 31.5(9.0) t=1.49,p=0.141
Sex (male; n, %) 9 (18.0) 41 (7.7) ¥x>=6.11, p=0.013
BSL-23 mean score 2.51(0.56) 2.31(0.65) t=-2.30,p=0.025
Ever had psychotherapy (n, 46 (92.0) 506 (95.5) x*=1.37, p = 0.242

%)
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Dropout Non-Dropout Statistical

(n=50) (n=530) comparison
i 2=0.15, p=0.702
Currently in psychotherapy 24 (48.0) 239 (45.1) X p
(n, %)
Currently taking any
psycholeptic / ,
psychoanaleptic 20 (40.0) 277 (52.3) X'=2.75,p =0.097

medication* (n, %)

* ATC classification codes NO5 / NO6

5.2 Clinical investigation initiation date

e May 2022 (start of data collection)

5.3 Clinical investigation completion/suspension date

e November 2023 (completion of data collection for 12-month follow-up)

5.4 Disposition of subjects

Study participants were recruited through an online campaign from May through October
2022. A total of 1,766 people were interested in participation, provided informed consent
and were screened for participation. A structured clinical interview was to be conducted with
1,226 of them to determine further specific diagnostic inclusion criteria. Of these, 580 met
inclusion criteria and were randomized to the intervention (n = 302) and control group (n =
278). The investigational device priovi was provided free of charge by its developer and
manufacturer, GAIA. The intervention group received access immediately after
randomization, while the control group was offered access to priovi after 6 months. priovi is
an Internet-based application that does not require any installation. However, Internet access
and an up-to-date Internet browser are required to use priovi.

5.5 Subject demographics and clinical characteristics

Table 3 | Subject demographics and clinical characteristics. Values represent mean (standard
deviation [SD]) unless stated otherwise.

priovi control Whole Sample
(n=302) (n=278) (N = 580)
Age 31.10(9.22) 31.55 (9.06) 31.32 (9.14)
Sex (male; n, %) 29 (9.6) 21(7.6) 50 (8.6)

Gender (n, %)
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priovi control Whole Sample
(n=302) (n=278) (N =580)
female 268 (88.7) 252 (90.6) 520 (89.7)
male 26 (8.6) 21(7.6) 47 (8.1)
diverse 8(2.6) 5(1.8) 13(2.2)
Family situation (n, %)
divorced / registered 21 (7.0) 11 (4.0) 32 (5.5)
partnership annulled
living in partnership, 66 (21.9) 72 (25.9) 138 (23.8)
longer than 2 years
living in partnership,
shorter than 2 years 68 (22.5) 64 (23.0) 132 (22.8)
married / registered 42 (13.9) 42 (15.1) 84 (14.5)
civil partnership
single 105 (34.8) 87 (31.3) 192 (33.1)
widowed / registered
partner deceased 0(0) 2(07) 2(03)
Education (n, %)
no school-leaving
qualification 3(10 >(18) 8(14)
Hauptschulabschluss 21(7.0) 12 (4.3) 33 (5.7)
Realschulabschluss 57 (18.9) 41 (14.7) 98 (16.9)
Fachhochschulreife 25 (8.3) 20(7.2) 45 (7.8)
Abitur (A-levels) 43 (14.2) 45 (16.2) 88 (15.2)
completed vocational 63 (20.9) 78(28.3) 141 (24.3)
training
completed university
) 74 (24.5) 73 (26.3) 147 (25.3)
studies
other education 16 (5.3) 4(1.4) 20(3.4)
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priovi control Whole Sample
(n=302) (n=278) (N =580)
Employment (n, %)
not employed 100 (33.1) 85 (30.6) 185 (31.9)
marginal employment
(mini job) 14 (4.6) 15 (5.4) 29 (5.0)
employed part-time 55(18.2) 53(19.1) 108 (18.6)
employed full-time 87 (28.8) 89 (32.3) 176 (30.3)
other form of 46 (15.2) 36 (12.9) 82 (14.1)
employment
Ever had
psychotherapy (n, %) 285 (94.4) 267 (96.0) 552 (95.2)
Currently in 138 (45.7) 125 (45.0) 263 (45.3)
psychotherapy (n, %) ’ ’ ’
Currently taking any
pSVCholePt'c/. 157 (52.0) 140 (50.4) 297 (51.2)
psychoanaleptic
medication* (n, %)
Regular medication
(multiple answers
possible; n, %)
Antidepressants 131 (43.4) 128 (46.0) 259 (44.7)
Antipsychotics 36 (11.9) 41 (14.7) 77 (13.3)
Sedatives 16 (5.3) 6(2.2) 22 (3.8)
Psychostimulants 9(3.0) 11 (4.0) 20 (3.4)
Antiepileptics 10 (3.3) 4(1.4) 14 (2.4)
Anxiolytics 6 (2.0) 6(2.2) 12 (2.1)
Medication as needed
(multiple answers
possible; n, %)
Antipsychotics 15 (5.0) 22 (7.9) 37 (6.4)
Sedatives 20 (6.6) 13 (4.7) 33(5.7)
Anxiolytics 17 (5.6) 10 (3.6) 27 (4.7)
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priovi control Whole Sample
(n=302) (n=278) (N =580)

Antidepressants 5(1.7) 7 (2.5) 12 (2.1)

* Anatomical Therapeutic Chemical (ATC) classification codes NO5 / NO6

Table 4 | Relevant treatment characteristics over the course of the clinical investigation.

. Statistical
priovi control .
comparison
T1 n =267 n=263
Currently in 142 (53.2) 147 (55.9) 22039, p=0.531
psychotherapy (n, %) ) ) X =0.32,p=0.
Currently taking any
psycholeptic / 147 (55.1) 147 (55.9) X2=0.04, p = 0.846
psychoanaleptic
medication* (n, %)
Regular medication
(multiple answers
possible; n, %)
Antidepressants 119 (44.6) 125 (47.5) X2=0.47, p=0.494
Antipsychotics 38 (14.2) 41 (15.6) ¥*=0.19, p=0.661
Sedatives 17 (6.4) 8(3.0) X*=3.26,p=0.071
Psychostimulants 7(2.6) 10 (3.8) X*=0.59, p=0.441
Antiepileptics 9(3.4) 5(1.9) x*=1.11, p=0.291
Anxiolytics 7(2.6) 4 (1.5) x>=0.79, p=0.374
Medication as
needed (multiple
answers possible; n,
%)
Antipsychotics 9(3.4) 13 (4.9) ¥x?=0.82, p=0.364
Sedatives 13 (4.9) 14 (5.3) X2 =0.06, p = 0.812
Anxiolytics 7(2.6) 9(3.4) X>=0.29, p =0.590
Antidepressants 3(1.1) 7(2.7) X*=1.69, p=0.193
.. Statistical
priovi control .
comparison
T2 n =249 n =255
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Statistical

priovi control .
comparison
Currently in
151 (60.6) 142 (55.7) 2.9 -o.
psychotherapy (n, %) X' =127,p=0259
Currently taking any
psycholeptic / )
. . =0.14, p=0.706
psychoanaleptic 136 (54.6) 135 (52.9) X p
medication* (n, %)
Regular medication
(multiple answers

possible, % yes)

Antidepressants 112 (45.0) 116 (45.5) ¥?=0.01, p=0.908

Antipsychotics 32 (12.9) 34 (13.3) ¥x>=0.03,p=0.873
Sedatives 14 (5.6) 7(2.7) X*=2.61,p=0.106

Psychostimulants 8(3.2) 15 (5.9) X*=2.06, p=0.151

Antiepileptics 8(3.2) 8(3.1) ¥x><0.01, p=0.961
Anxiolytics 6(2.4) 2(0.8) X>=2.13,p=0.144

Medication as

needed (multiple
answers possible; n,
%)

Antipsychotics 7(2.8) 11 (4.3) ¥x>=0.83, p=0.363
Sedatives 17 (6.8) 13 (5.1) x>=0.67,p=0.412
Anxiolytics 8(3.2) 5(2.0) X>=0.79, p=0.375

Antidepressants 6 (2.4) 4(1.6) X>=0.46, p = 0.498

* ATC classification codes NO5 / NO6

5.6 CIP compliance

The CIP was complied with throughout the duration of the clinical investigation.

5.7 Analysis

5.7.1 Primary endpoint
e Severity of BPD symptoms (assessed with the BSL-23 mean score [26])

Table 5 | Results of the primary endpoint severity of BPD symptoms (BSL-23 mean score)

Time control priovi Linear Mixed Model
Treatment effect value Cohen's d
mean SD  mean  SD (95% CI)? p (95% Cl)°
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T0 232 064 234 0.64 - - -

o TL 194 078 174 083 (_0_'30, '?3_09) <.001 (0,0(;',23, 12)
T2 177 086 164 0.84 (_o.ig.,o-%.oz) 0.011 (_0_(?3',13_32)
TO 232 064 234 064 - - -

. TI 193 078 176 0.83 (_0.2'2;1_(7)_07) <.001 (0_0%,23,36)
T2 176 085 166 085 (-0.1-(3);9?).02) 0.007 (_0_(;)3',1(2)_27)

group x time interaction effect on original scale 3 (T1)/6 (T2) months after baseline.
® based on observed values; positive values show effects in favor of the intervention group.

5.7.2 Secondary endpoints

e Responder rate at T1

Significantly more participants in the priovi-group were classified as responders (24.0%) after
3 months based on the definition described in section 4.3.2 than in the control group (15.6%;
OR =1.71, 95% Cl = [1.10, 2.64]; X* = 5.86, p = 0.016).

There was no significant difference in the rate of patients experiencing deterioration of BPD
symptoms as defined in section 4.3.2 between the priovi-group (1.9%) and the control group
(1.1%; OR = 1.65, 95% Cl = [0.39, 6.99]; X*=0.11, p = 0.738). For details, see table 6.

® RemissionrateatT1

As anticipated, hardly any patient showed BSL values indicating remission of BPD after 3
months. Accordingly, there was no significant difference between the priovi intervention
group (0.007%) and the control group (0.004%; OR = 1.98, 95% CI = [0.18, 21.94]; x* < 0.001,
p = 1; see also table 6).

e Responder rate at T2

More participants in the priovi-group were classified as responders (30.1%) after 6 months
than in the control group (22.7%; OR = 1.46, 95% Cl = [0.98, 2.18]), but the difference did not
reach statistical significance (X* = 3.53, p = 0.060).

There was no significant difference in the rate of patients experiencing deterioration of BPD
symptoms between the priovi-group (1.6%) and the control group (0.4%; OR = 4.15, 95% Cl =
[0.46, 37.4]; X*= 0.86, p = 0.355). For details, see table 6.

® Remission rate at T2

As after 3 months, hardly any patient showed BSL values indicating remission of BPD after 6
months. Accordingly, there was no significant difference in the remission rate between the

page 25 of 47, version 5



priovi intervention group (2.4%) and the control group (2.7%; OR = 0.87, 95% Cl = [0.29,
2.64]; x> < 0.001, p = 1; see also table 6).

Table 6 | Results of responder and remission analyses of the primary endpoint at T1 and T2

1 control priovi Odds Ratio
(n = 263) (n=267) (95% CI)*
responder analysis
1.71
responder (n, %) 41(15.6) 64(24.0) (1.10, 2.64)
deterioratior (n, %) 3(1.1) 5(1.9) 0 3:;6: 99)
0.58
non-responder (n, %) 219 (83.3) 198 (74.2) (0.38, 0.88)
remission analysis
.. 1.98
remission (n, %) 1(0.004) 2 (0.007) (0.18, 21.94)
™ control priovi Odds Ratio
(n = 255) (n = 249) (95% CI)®
responder analysis
1.46
responder (n, %) 58 (22.7) 75(30.1) (0.98, 2.18)
deterioratior (n, %) 1(0.4) 4(1.6) © 4:1;7 4)
0.65
non-responder (n, %) 196 (76.9) 170 (68.3) (0.44, 0.96)
remission analysis
remission (n, %) 7(2.7) 6(2.4) 0 2%82764)

? calculated using unconditional maximum likelihood estimation (Wald). An Odds Ratio (OR) > 1 signifies a higher likelihood of
the event occurring in the intervention group, while an OR < 1 signifies a lower likelihood in the intervention group.

e Psychological quality of life (assessed with the SF-12 mental sum score [29])

Table 7 | Results of the secondary endpoint psychological quality of life (SF-12 mental sum

score)
Time control priovi Linear Mixed Model
Treatment effect Cohen's d
s p-value b
mean SD  mean SD (95% Cl) (95% Cl)
T0 11.9 2.5 12.0 2.7 - - -
T 13.0 3.4 13.6 3.4 0.4 0.065 0.18
ITT (0,0.9) (0.01,0.34)
T 13.5 3.6 13.8 3.6 0.2 0.276 0.10
(-0.1,0.4) (-0.07, 0.27)
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TO 11.9 2.5 12.0 2.7 - - -

130 34 135 35 0.4 0.056 0.16
2R (0, 0.8) (0.01,0.31)
p 134 36 138 36 0.2 0.16 0.11
(-0.1,0.4) (-0.03, 0.24)

group x time interaction effect on original scale 3 (T1)/6 (T2) months after baseline.
® based on observed values; positive values show effects in favor of the intervention group.

® Depression (assessed with the PHQ-9 sum score [30]—[32])

Table 8 | Results of the secondary endpoint depression (PHQ-9 sum score)

Time control priovi Linear Mixed Model
Treatment effect Cohen's d
) p-value b
mean SD mean SD (95% Cl) (95% Cl)
TO 17.4 4.6 17.3 4.7 - - -
m 15.5 5.4 14.4 5.5 -1.0 0.009 0.21
ITT (-1.8,-0.3) (0.04, 0.38)
T 14.6 5.5 13.7 5.5 -0.5 0.025 0.16
(-0.9,-0.1) (-0.01, 0.33)
TO 17.3 4.6 17.3 4.7 - - -
m 155 5.4 14.5 5.5 -0.9 0.007 0.19
J2R (-1.6,-0.2) (0.03, 0.35)
T2 14.7 5.5 13.8 5.5 -0.5 0.012 0.15
(-0.8,-0.1) (0, 0.30)
2 group x time interaction effect on original scale 3 (T1)/6 (T2) months after baseline.
® hased on observed values; positive values show effects in favor of the intervention group.
® Anxiety (assessed with the GAD-7 sum score [33], [34])
Table 9 | Results of the secondary endpoint anxiety (GAD-7 sum score)
Time control priovi Linear Mixed Model
Treatment effect value Cohen's d
mean SD mean SD (95% CI)* p (95% Cl)°
TO 15.0 3.8 14.7 3.7 - - -
m 13.2 4.7 12.1 4.6 -0.7 0.030 0.23
ITT (-1.4,-0.1) (0.06, 0.41)
T 12.8 4.8 11.7 4.8 -0.5 0.025 0.24
(-0.9,-0.1) (0.06, 0.42)
TO 15.0 3.8 14.7 3.7 - - -
m 13.2 4.7 12.2 4.6 -0.6 0.035 0.21
J2R (-1.2,-0.01) (0.05, 0.36)
T 12.8 4.8 11.8 4.8 -0.4 0.019 0.22
(-0.7,-0.1) (0.07, 0.36)

group x time interaction effect on original scale 3 (T1)/6 (T2) months after baseline.
® based on observed values; positive values show effects in favor of the intervention group.
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e Social and work-related functioning (assessed with the WSAS sum score [35])

Table 10 | Results of the secondary endpoint social and work-related functioning (WSAS

sum score)
Time control priovi Linear Mixed Model
Treatment effect value Cohen's d
mean SD mean SD (95% ClI)* p (95% CI)°
TO 23.5 7.7 23.4 8.0 - - -
m 21.8 8.9 20.7 9.2 -0.9 0.109 0.12
ITT (-2,0.2) (-0.05, 0.30)
T 21.1 9.4 20.3 9.5 -04 0.220 0.08
(-1.1,0.2) (-0.09, 0.25)
T0 23.5 7.7 234 8.0 - - -
m 21.8 9.0 20.8 9.2 -0.8 0.125 0.11
2R (-1.8,0.2) (-0.05, 0.27)
T 21.2 9.3 20.3 9.5 -04 0.125 0.09
(-1.0,0.1) (-0.06, 0.24)

group x time interaction effect on original scale 3 (T1)/6 (T2) months after baseline.
® hased on observed values; positive values show effects in favor of the intervention group.

o Clinical Course

Table 11 | Number of reported suicide attempts, hospitalizations and life-threatening events

Poisson Mixed Model

Time control priovi
events events
T ff
N  (eventsper100 N (events per 100 reatment ea ect p-value
(95% Cl)
persons) persons)
23 38
Tl 27 2 - -
0 278 (8.3) 30 (12.6)
suicide 21 9 -0.86 0.014
attempts 1+ 28 (8.0) 264 (3.4) (-1.55,-0.18)
29 11 -0.82
T2 .
254 (11.4) 249 (4.4) (-1.26, -0.38) <001
60 82
ToO 278 (21.6) 302 (27.2) - -
hospitali- 54 74 0.03 0.864
Tl 262 264
zations (20.6) (28.0) (-0.32,0.38)
26 a7 0.18 0.190
T2
254 (10.0) 249 (18.9) (-0.09, 0.44)
425 378
TO 278 (153) 302 (125) - -
life-threa
tening 310 260 -0.02 0.791
events T 262 (118) 264 (98.5) (-0.18, 0.14)
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135 113 0.04 0.539
T2
254 (53.1) 249 (45.4) (-0.16, 0.08)

group x time interaction effect 3 (T1)/6 (T2) months after baseline.

o Number of suicide attempts

The analysis utilizing the Poisson mixed model revealed a significant decrease in the
number of suicide attempts over time within the priovi group compared to the
control group, both up to T1 (group x time interaction effect = -0.86, 95% Cl = [-1.55,
-0.18], p = 0.014) and through T2 (group x time interaction effect = -0.82, 95% Cl =
[-1.26, -0.38], p < .001). Descriptively, we observed 57.5% fewer suicide attempts in
the priovi group as compared to the control group after 3 months, and 61.3% fewer
suicide attempts after 6 months.

o Number of hospitalizations

The Poisson mixed model indicated that the number of hospitalizations did not differ
between the priovi group and the control group, neither up to T1 group x time
interaction effect = 0.03, 95% Cl = [-0.32, 0.38], p = 0.864) nor through T2 (group x
time interaction effect = 0.18, 95% Cl = [-0.09, 0.44], p = 0.190).

o Number of life-threatening events

The Poisson mixed model indicated that the number of life-threatening events did
not differ between the priovi group and the control group, neither up to T1 (group x
time interaction effect = -0.02, 95% CI [-0.18, 0.14], p = 0.791) nor through T2 (group
x time interaction effect = -0.04, 95% CI [-0.16, 0.08], p = 0.539).

e Long-term follow-up of BPD symptoms at T3

Table 12 | Longitudinal development of BPD symptoms in the priovi group.

mean Cohen’s d
Time mean SD difference to TO p-value (95% CI)?
(95% Cl) 5
T0 234 064 ; ; ;
-0.60 0.82
T1 . . .
1.74 0.83 (-0.69, -0.51) <001 (0.68, 0.96)
T
-0.70 0.90
2 . . .
1.64 0.84 (-0.80, -0.60) <001 (0.74, 1.05)
-0.76 0.89
T3 1.58 0.89 .001
(-0.86, -0.65) <00 (0.73, 1.04)

? pre-post effect size relative to TO; positive values indicate a reduction of symptoms.
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Table 13 | BPD symptoms in the control group after receiving access to priovi following T2.

mean

Time mean SD difference to T2 p-value ?g:;ncsl)tj
(95% Cl) :
T 1.77 0.86 - - )
ITT
-0.21 030
T3 . . :
155 085 435 012) <001 (0.16, 0.43)

? pre-post effect size relative to T2; positive values indicate a reduction of symptoms.

e User Satisfaction

User satisfaction with priovi was assessed using the Net Promoter Score (NPS [43]).
Participants in the intervention group were asked how likely they were to recommend priovi
to a friend or colleague. Responses were recorded on an 11-point numeric rating scale,
ranging from 0 = “l would definitely not recommend the program” to 10 = “l would definitely
recommend the program.” Following the traditional approach to calculating the NPS yielded
a score of 25.0 at T1, which reflects very high user satisfaction with priovi. At T2, the NPS was
even slightly higher at 31.0, underscoring participants’ consistent and sustained satisfaction
with priovi.

5.7.4 Adverse events and adverse device effects

No adverse events or adverse device effects were observed.

5.8 Device deficiencies and serious adverse events

Device deficiencies were not observed. Regarding serious adverse events, there was a
statistically significant decrease in the number of suicide attempts in the intervention group
compared to the control group. No significant differences were observed with respect to
hospitalizations or life-threatening events.

5.9 Subgroup analyses for special populations

Subgroup analyses were conducted following the ITT principle for the primary endpoints at
T1 (3 months, primary time point for the analysis of effectiveness). An overview of the
results of the subgroup analyses in the form of a forest plot is given in figure 2.

e Baseline BPD severity

We examined subgroups based on the baseline severity of BPD symptoms, following the
classification proposed in [28] for the BSL-23. The results are presented in table 14 below.
Descriptively, treatment effects tended to increase with BPD severity, but the difference did
not reach statistical significance (p = 0.933).
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Of note, only a total of 19 individuals (6 in the control group and 13 in the intervention
group) fell into the highest severity category (‘extremely high’ BPD severity [28]). Due to this
small sample size, the computations and results from the linear mixed model were unstable.
Therefore, we opted to provide descriptive statistics only for this particular subgroup:

Time Control priovi
mean SD mean SD
TO 3.51 0.05 3.69 0.18
ITT
T1 2.91 0.74 2.97 0.85

Table 14 | Subgroup analysis based on baseline BPD severity (following the classification
proposed in [28]) for the primary endpoint BPD severity (BSL-23 mean score) at T1.

ITT
moderate high very high
n =165 n=233 n=163
Linear Mixed Model Linear Mixed Model Linear Mixed Model
TrZi;?cint p-value Cohen’s d Tr?f;;(tent p-value Cohen’s d Trzaf:renc(:nt p-value Cohen’s d
- 9% Cl)° - 9% Cl)° - 9% Cl)°
(95% CIf? (95% c1) (95% CIf? (95% cl) (95% CIf* (95% c1)
-0.17 0.20 -0.20 0.31 -0.25 0.36
(-0.35, 0.0) 0.053 (-0.13, 0.52) (-0.35, -0.05) 0.011 (0.04, 0.57) (-0.45, -0.05) 0.016 (0.05, 0.67)

group x time interaction effect on original scale 3 months after baseline.
® hased on observed values; positive values show effects in favor of the intervention group.

e Age

There was only one person aged 65 years and older in the sample at baseline; therefore,
dedicated subgroup analyses based on age as specified in the CIP (18-65 years vs. > 65 years)
were not possible. Exclusion of this individual yielded almost identical results to the main
analysis on the primary endpoint, the BSL-23 mean score (estimated group difference =
-0.19, 95% ClI = [-0.30, -0.19], p <. 001; d = 0.24).

® Sex

Subgroup analyses based on sex are reported in table 15 below. Regarding the primary
endpoint of BPD severity at T1, the treatment effect was descriptively larger in men than in
women, but the difference did not reach statistical significance (p = 0.440).

Table 15 | Subgroup analysis based on sex for the primary endpoint BPD severity (BSL-23
mean score) at T1.

women men
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n =530 n=50

Linear Mixed Model Linear Mixed Model
Treeif‘?cint p-value Cohen’s d Treeaf::c(:nt p-value Cohen’s d
- 0, b - 0, b
(95% Cl)? (95% Cl) (95% CI)* (95% Cl)
-0.18 0.20 -0.31 0.80
(-0.29, -0.07) 0.001 (0.02,0.38) (-0.63,0.01) 0.054 (0.22,1.37)

group x time interaction effect on original scale 3 months after baseline.
® hased on observed values; positive values show effects in favor of the intervention group.

® Psychotherapy status

Table 16 below displays subgroup analyses based on psychotherapy status. For the primary
endpoint of BPD severity at T1, participants in psychotherapy at baseline exhibited a larger
treatment effect in comparison to those not in psychotherapy. However, this difference did
not achieve statistical significance (p = 0.685).

Table 16 | Subgroup analysis based on psychotherapy status for the primary endpoint BPD
severity (BSL-23 mean score) at T1.

ITT
In psychotherapy Not in psychotherapy
n=263 n=317

Linear Mixed Model Linear Mixed Model

Treeaf;;nc:nt p-value Cohen’s d Triaf;;(tent p-value Cohen’s d
- % Cl)° - % Cl)®

(95% CI)* (95% c1) (95% CIf? (95% cl)

-0.22 0.30 -0.17 0.20

(-0.37, -0.07) 0.005 (0.06, 0.55) (-0.32, -0.03) 0.018 (-0.03, 0.43)

group x time interaction effecton original scale 3 months after baseline.
® hased on observed values; positive values show effects in favor of the intervention group.

® Medication

As displayed in table 17 below, for the primary endpoint of BPD severity at T1, the treatment
effect on the original scale was descriptively smaller in those taking any substance from ATC
classes NO5 (psycholeptics) or NO6 (psychoanaleptics) at baseline compared to those who did
not, but the difference did not reach statistical significance (p = 0.644).

Table 17 | Subgroup analysis based on medication status for the primary endpoint BPD
severity (BSL-23 mean score) at T1.

On medication Not on medication
n =297 n =283
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Linear Mixed Model

Treatment

Linear Mixed Model

effect p-value Cohen’s d
. o
(95% ClI)? (95% Cl)
-0.17 0.25
(-0.32,-0.03) 0.021 (0.02, 0.48)

Treatment

effect p-value Cohen’s d
. P
(95% CIf (95% Cl)
-0.22 0.25
(-0.37,-0.07) 0.004 (0.01, 0.50)

group x time interaction effect on original scale 3 months after baseline.

® based on observed values; positive values show effects in favor of the intervention group.
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BSL-23 mean score: Subgroup Analyses

I

Subgroup : Cohen's d (95% CI)  p-value
1

BPD severity favors control | favors priovi
1

moderate (n = 165) : L 0.20 (-0.13, 0.52) 0.053
1

high (n = 233) : L 0.31 (0.04, 0.57) 0.011
1
1

very high (n = 163) ! = 0.36 (0.05, 0.67) 0.016
1

Sex :
1

women (n = 530) — 0.20 (0.02, 0.38) 0.001
1

men (n = 50) ; = 0.80 (0.22, 1.37) 0.054
I

Psychotherapy status :
1

In psychotherapy (n = 263) , —.— 0.30 (0.06, 0.55) 0.005
1

Not in psychotherapy (n = 317) —:—l— 0.20 (-0.03, 0.43) 0.018
1
1

Medication :
1

On medication (n = 297) — 0.25(0.02, 0.48) 0.021
1

Not on medication (n = 283) :—I— 0.25 (0.01, 0.50) 0.004

025 000 025 050 075 100 1.25 150
Cohen's d

Figure 2 | Forest plot of effect sizes (Cohen’s d) for the primary endpoint, the BSL-23 mean score. p-values are derived from the Linear Mixed Model.
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5.10 Listings of deaths and reasons for deaths

Deaths and reasons thereof were not recorded during this clinical investigation.
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6. Discussion and overall conclusions

6.1 Clinical performance, effectiveness and safety results

After 3 months, the intervention group displayed significantly lower BPD severity levels than
the control group. Responder analysis verified the clinical significance of these reductions. In
addition, there were significant effects of priovi on depression and anxiety. Intervention
effects remained evident at the 6-month follow-up. The robustness of the results was
confirmed by the conservative J2R sensitivity analysis. Uncontrolled data from the 12-month
follow-up demonstrated an ongoing decrease in BPD severity levels in the priovi group.

Additionally, the priovi group displayed a more positive clinical trajectory, reporting
significantly fewer suicide attempts than the control group throughout the follow-up. No
significant differences were observed regarding the number of hospitalizations and other life
threatening-events.

Patient satisfaction with priovi was remarkably high after both 3 and 6 months.

6.2 Assessment of benefits and risks

This clinical investigation shows that the use of priovi in addition to TAU is effective and safe
in reducing BPD severity as well as depression and anxiety for up to 6 months. Therefore, the
benefit-risk ratio can be rated as positive.

6.3 Discussion of the clinical relevance of the results

The majority of patients with BPD, about 75%, do not have access to appropriate
psychotherapeutic treatment in Western European health care systems [13], [19], even
though the relevant clinical guidelines recommend psychotherapy as the first-line treatment
for BPD [15], [16]. Flexible and convenient to use, DiGAs represent valuable tools in closing
this treatment gap and thus have potential to reduce the vast individual and socioeconomic
burden associated with BPD [7], [9], [22], [23]. Specifically, a previous RCT showed positive
effects of a preliminary version of priovi in patients with BPD who received either
psychotherapy or psychiatric care [24].

The results of the present RCT complement and extend these findings: Following a 3-month
utilization of priovi, the intervention group exhibited significantly reduced BPD severity levels
in comparison to the control group. Responder analysis verified the clinical significance of
these reductions. Moreover, significant effects of priovi on depression and anxiety were
observed. In addition, the number of suicide attempts were reduced by 57.5% in the priovi
group as compared to the control group by 3 months. Intervention effects were maintained
at the 6-month follow-up. Uncontrolled data from the 12-month follow-up showed
continued effectiveness of priovi.
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These findings, although highly promising, should be considered within the broader context
of available treatment options, specifically face-to-face psychotherapy and off-label use of
pharmacotherapy. We will discuss them separately for each confirmatory outcome.

In the realm of BPD-specific psychotherapy, meta-analytic evidence suggests that the most
frequently studied approach, DBT, yields improvements of d = 0.36—-0.60 in reducing BPD
symptoms when compared to TAU [44]-[46]. DBT, much like other BPD-specific
psychotherapeutic approaches, typically requires a significant allocation of resources,
involving an average of approximately 40 to 100 face-to-face sessions administered by a
highly trained professional over a span of 1 to 3 years [47]. In contrast, for more generic,
non-BPD-specific psychotherapies like CBT, which are more common, the average effect size
in reducing BPD symptoms compared to TAU is smaller (d = 0.24 [46], [48]). The literature on
pharmacotherapy presents a mixed picture. The existing evidence is of very low certainty and
does not indicate significant benefits in reducing BPD symptoms, and in some cases,
potential adverse effects have been observed. For instance, medications such as olanzapine
have been associated with increased incidents of self-injurious behavior and weight gain
[49], [50].

Given the absence of evidence supporting the effectiveness of pharmacotherapy in treating
BPD and the challenges in accessing psychotherapy, the results of our trial mark a notable
development in BPD research: The observed effect size for priovi (d = 0.24) in reducing BPD
severity is clinically relevant and comparable to the effects typically observed in
non-BPD-specific psychotherapy. Of practical significance for strained healthcare systems is
that these positive outcomes were achieved through a fully automated intervention, without
drawing from already scarce psychotherapeutic resources, thus providing fast and safe
access to an additional treatment element. Moreover, these findings gain further context as
positive effects were also noted when priovi was used in conjunction with ongoing
psychotherapy. Thus, the trial results affirm that priovi offers a safe and accessible adjunct to
BPD treatment, providing valuable benefits to a patient population in significant need.

In addition to the positive results observed in reducing BPD severity, the use of priovi
resulted in significant reductions in suicide attempts. This confirms that the beneficial effects
on suicidal outcomes associated with face-to-face psychotherapy [44], [46], [48], [49] can
translate to a fully automated, digital delivery format. In contrast, similar to BPD symptoms,
the available evidence concerning the impact of pharmacotherapy on suicide-related
outcomes is very uncertain, showing little to no discernible effects [49], [50]. Collectively,
these findings underscore the role of priovi as a much-needed, low-threshold addition to the
treatment spectrum for BPD.

In the context of treating depressive symptoms in individuals with BPD, the existing
meta-analytic evidence from BPD-specific psychotherapy, more specifically DBT, indicates
that the observed effects in comparison to TAU do not achieve statistical significance [44],
[51]. Similarly, for non-BPD-specific psychotherapy (CBT), the meta-analytic evidence
suggests no significant effect on depressive symptoms in BPD [44]. Evidence on treating
depression in BPD with pharmacotherapy is inconclusive and of low certainty [49], [50].
Thus, the effect of d = 0.21 observed for priovi in improving depressive symptoms in
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individuals with BPD appears to be a very favorable result within the context of the available
evidence for the other treatment options.

Only a limited number of studies incorporate anxious symptoms as an outcome measure in
BPD treatment research. Therefore, one meta-analysis resorted to examining a broader
outcome category (general psychopathology, anxiety, and depression). This analysis
suggested that psychotherapy, encompassing both BPD-specific and non-BPD-specific
approaches, exhibits an effect size of d = 0.32 when compared to control conditions, with the
majority involving TAU [48]. Available studies on pharmacotherapy suggest limited
effectiveness in alleviating anxiety in BPD [49], [52]. Therefore, considering the available
evidence, the effect size of d = 0.23 observed for priovi in reducing anxious symptoms among
individuals with BPD can be considered a favorable result.

When considering quality of life outcomes, the data in the literature is quite limited [16]. In
one meta-analysis, psychotherapy (mostly resource-intensive, BPD-specific approaches)
demonstrated an average effect size of d = 0.32 in enhancing generic measures of quality of
life compared to diverse control conditions [53]. Concerning medication, one RCT found that
lamotrigine did not significantly impact the health-related quality of life in individuals with
BPD [54]. Adding to the overall mixed picture, we found a small and statistically not
significant effect of priovi on quality of life. A possible explanation for this pattern of results
is that improvements in quality of life may follow improvements in symptoms and therefore
take longer to become evident, aligning with the classic phase-model of psychotherapy
outcomes [55].

The same applies to the outcome of psychosocial functioning. There is a general paucity of
studies addressing functioning as an outcome within BPD treatment; specifically, we found
no prior RCT investigating outcomes directly comparable to our endpoint of social and
work-related functioning. BPD-specific psychotherapy, specifically DBT, when compared to
TAU, shows a meta-analytic effect size of d = 0.36 for psychosocial functioning [44].
Conversely, in the case of non-BPD-specific psychotherapy (CBT) versus TAU, the reported
effect size on psychosocial functioning, derived from a single study, is 0 [44], [51]. Similarly,
pharmacotherapy has little to no effect on psychosocial functioning in BPD [49]. Again, our
result adds to the overall mixed picture, as we found a small and statistically not significant
effect of priovi on work and social functioning. Similar to quality of life outcomes, effects on
social and work-related functioning may take longer to become evident [55].

In summary, priovi stands out favorably when compared to existing treatment options for
various outcomes in BPD. Specifically, for the primary endpoint of BPD severity, priovi
achieved a significant and clinically relevant effect. Additionally, significant reductions in
suicide attempts and clinically relevant improvements in depression and anxiety were
observed. Resource-intensive BPD-specific face-to-face psychotherapy, while potentially
slightly more effective for some of the considered outcomes, is virtually inaccessible in the
reality of care [13], [19]. Off-label pharmacotherapy comes with no conclusive benefits on
core BPD symptoms, depression, anxiety, quality of life as well as social and work-related
functioning. Thus, the highly prevalent use of pharmacotherapy in the treatment of patients
with BPD [56] is not supported by the available evidence.
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Taken together with previous findings, the present clinical investigation provides compelling
evidence that priovi reduces BPD severity as well as depression and anxiety in adult patients
with BPD significantly and to a clinically relevant extent.

6.4 Specific benefits or special precautions required for individual subjects or
groups considered to be at risk

Using priovi as in addition to TAU was found to be effective in reducing BPD severity,
depression and anxiety as well as the frequency of suicide attempts in adult patients with
BPD, compared to using TAU only. priovi should only be used as an adjunct to usual care, not
as a substitute for it.

6.5 Implications for the conduct of future clinical investigations

The current clinical investigation demonstrates the feasibility and safety of conducting online
studies with patients diagnosed with BPD. The high satisfaction among participants with
priovi underscores a general inclination within the target population to adopt digital
solutions, highlighting promising avenues for digitizing other evidence-based treatments for
BPD. Further studies could also investigate whether specific patients or patients in specific
care settings benefit more from priovi.

6.6 Limitations of the clinical investigation

A potential limitation of the current RCT involves the differing attrition rates between the
intervention and control groups. Despite being relatively low, especially for a severe and
chronic disorder like BPD, the distinct attrition rates pose a challenge in interpreting our
results. It is plausible that participants in the intervention group used the provided
intervention until they felt they had gained sufficient benefits. As a result, some of them may
have chosen not to continue investing their time in the study, given their perception that the
intervention was no longer necessary. This aligns with the well-documented “good enough”
documented extensively in classic psychotherapy research [57], [58], and more recently, also
for digital interventions [59].

Another conceivable limitation is the predominance of female participants in the patient
sample. This skew might be due to an overall higher prevalence of diagnosed BPD in women
than in men [60], as well as sex differences in help-seeking behaviors among patients with
BPD [61]. From this perspective, the observed proportion of women in the sample (91.4%)
aligns closely with the sex distribution in clinical settings: Data from the European Drug
Safety Project (Arzneimittelsicherheit in der Psychiatrie), which regularly surveys psychiatric
hospitals in Germany, Switzerland, and Austria, reported that 87.2% of all BPD patients in the
monitored clinics were women [56]. Similarly, studies investigating the effectiveness of
psychotherapeutic interventions in BPD often feature exclusively female or predominantly
female participant samples [45], [51] (e.g., the mean proportion of women is 92.3% in the
meta-analysis described in [45]). Taken together, these data suggest that the
overrepresentation of female participants in our study mirrors real-world clinical patterns
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and other research findings. Despite the relatively low percentage of male participants, our
large sample size enabled us to recruit a total of 50 men, allowing us to draw meaningful
conclusions about priovi’s effectiveness for men as well: The subgroup analysis highlighted
an interesting trend where priovi displays - at least descriptively - greater effectiveness in
men than in women. This could be due to the fact that men with BPD are often even more
under-served in the health-care system than women with BPD [60]. As a result, digital
solutions like priovi might hold particular appeal for them.
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7. Abbreviated terms and definitions

ANCOVA analysis of covariance

ATC Anatomical Therapeutic Chemical

BPD borderline personality disorder

BSL-23 Borderline Symptom List - 23

CBT Cognitive Behavioral Therapy

Cl confidence interval

DRKS German Clinical Trials Register

DiGA digital health application (“Digitale Gesundheitsanwedung”)
GAD-7 Gesundheitsbogen fiir Patienten - 7 Iltems
ITT intent to treat

J2R jump-to-reference

MCID minimal clinically important difference
NPS Net Promoter Score

OR Odds Ratio

PDF Portable Document Format

PHQ-9 Gesundheitsbogen fir Patienten - 9 Items
RCI Reliable Change Index

RCT randomized controlled trial

SCID-5-PD Structured clinical interview for DSM-5 - personality disorders
SD standard deviation

SF-12 Short Form (12) Gesundheitsfragebogen
SMS Short Message Service

TAU treatment-as-usual

WSAS Work and Social Adjustment Scale
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8. Ethics

This study was approved by the ethics committee of the Medical Faculty of the University
Lubeck (reference number 22-012).
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9. Investigators and administrative structure of clinical
investigation

This clinical investigation was conducted as an online trial without a traditional physical
investigation site.

Principal investigator:
Prof. Dr. Jan Philipp Klein

Universitat zu Libeck, Zentrum fir Integrative Psychiatrie ZiP gGmbH, Ratzeburger Allee 160,
23562 Libeck, philipp.klein@uksh.de

e role: scientific lead and coordinator, data analysis, monitoring
Sponsor:
GAIA AG, Hans-Henny-Jahnn-Weg 53, 22085 Hamburg

Sponsor’s representative: PD Dr. Gitta Jacob, gitta.jacob@gaia-group.com

Dr. Tristan Zindler, tristan.zindler@gaia-group.com

e role: patient recruitment, trial management, online-data acquisition, telephone
interviews, provision of the software, examination and evaluation of reports with
regard to adverse effects
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