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Abstract
Tinnitus is the perception of a phantom sound and the patient’s reaction to it. Although much

progress has been made, tinnitus remains a scientific and clinical enigma of high prevalence and

high economic burden, with an estimated prevalence of 10%–20% among the adult population.

The EU is funding a new collaborative project entitled “Unification of Treatments and Inter-

ventions for Tinnitus Patients” (UNITI, grant no. 848261) under its Horizon 2020 framework. The

main goal of the UNITI project is to set the ground for a predictive computational model based on

existing and longitudinal data attempting to address the question of which treatment or combi-

nation of treatments is optimal for a specific patient group based on certain parameters. Clinical,

epidemiological, genetic and audiological data, including signals reflecting ear-brain communi-

cation, as well as patients’ medical history, will be analyzed making use of existing databases.

Predictive factors for different patient groups will be extracted and their prognostic relevance val-

idated through a Randomized Clinical Trial (RCT) in which different patient groups will undergo

a combination of tinnitus therapies targeting both auditory and central nervous systems.

From a scientific point of view, the UNITI project can be summarized into the following

research goals: (1) Analysis of existing data: Results of existing clinical studies will be ana-

lyzed to identify subgroups of patients with specific treatment responses and to identify sys-

tematic differences between the patient groups at the participating clinical centers. (2) Genetic

and blood biomarker analysis: High throughput Whole Exome Sequencing (WES) will be

performed in well-characterized chronic tinnitus cases, together with Proximity Extension

Assays (PEA) for the identification of blood biomarkers for tinnitus. (3) RCT: A total of 500

patients will be recruited at five clinical centers across Europe comparing single treatments

against combinational treatments. The four main treatments are Cognitive Behavioral Therapy

(CBT), hearing aids, sound stimulation, and structured counseling. The consortium will also

make use of e/m-health applications for the treatment and assessment of tinnitus. (4) Decision

Support System: An innovative Decision Support System will be implemented, integrating

all available parameters (epidemiological, clinical, audiometry, genetics, socioeconomic and

medical history) to suggest specific examinations and the optimal intervention strategy based

on the collected data. (5) Financial estimation analysis: A cost-effectiveness analysis for the

respective interventions will be calculated to investigate the economic effects of the interven-

tions based on quality-adjusted life years.

In this paper, we will present the UNITI project, the scientific questions that it aims to ad-

dress, the research consortium, and the organizational structure.

Keywords
Tinnitus, Randomized clinical trial, Cognitive behavioral therapy, Hearing aids, Sound stim-

ulation, Structured counseling, Genetics, Decision support system

1 Background
According to recent European Tinnitus Guidelines (Cima et al., 2019), tinnitus con-

sists of the perception of a phantom sound including the patients’ reaction to it. In

recent years, tinnitus research made good progress to better understand better the
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neuropathological mechanism underlying. However, due to the complexity of the

diseases (Cederroth et al., 2019) and the large heterogeneity of affected patients, tin-

nitus remains a scientific and clinical enigma of high prevalence and socio-economic

burden (Elgoyhen et al., 2015). Tinnitus can occur in all ages, in various qualities,

frequencies, intensity, and duration scales, whereas annoyance caused to the patients

varies from totally absent to tinnitus-related suicidal tendencies. It affects more than

10% of the general population, based on large independent epidemiological studies,

whereas 1% of the population considers tinnitus as their major issue affecting their

health. Assuming this increase as linear and of similar magnitude, prevalence esti-

mates in Europe would double by 2050 (Gallus et al., 2015; Hasson et al., 2010;

Nondahl et al., 2012). Severe tinnitus contributes to substantive costs to health care

systems and society at large. In the Netherlands, for instance, the mean annual health

care costs per patient were estimated at 1544€ (Maes et al., 2013).

Tinnitus is a heterogeneous condition that is complex in many ways (Cederroth

et al., 2019) and a treatment strategy that can reliably cure tinnitus is still missing

(Elgoyhen et al., 2015). The large variety of underlying patient characteristics—

including genotyping, etiology, and phenotyping—are poorly understood, varies

depending on the recruited sample (Probst et al., 2017) and integrated systems ap-

proaches are still missing to correlate patients’ characteristics to predicting responses

of clinical interventions. To make sense of these data, strong cooperation between

different medical and scientific disciplines is a prerequisite to identifying important

factors, to evaluate their impact on the treatment outcome, and to depict the complex-

ity of pathways potentially related to tinnitus. In every individual, an abnormality

occurring in each one of the points, or any combination thereof, could trigger tinni-

tus. This likely explains why a great variety of interventions targeting tinnitus (drugs

and pharmaceutical agents, noise makers, structured counseling, Tinnitus Retraining

Therapy, Cognitive Behavioral Therapy, Transcranial Magnetic Stimulation, alter-

native therapies or direct vagus nerve stimulation) have failed to prove effective,

at least in the generic tinnitus population, urging the need for individualized and ben-

eficial treatment approaches. A typical finding inmany tinnitus studies is that smaller

or larger subgroups of patients correspond excellently to various clinical interven-

tions despite a lack of statistical significance in the overall sample (Hesse, 2016).

2 Toward a personalized treatment approach
Therefore, the ambition of the UNITI study is the identification of tinnitus treatment

predictive factors to enable a personalized treatment approach of tinnitus. We will

use existing biobanks, databases, and data collected from e/m-health applications

to identify possible parameters correlated to treatment responses and verify them

in a multicentre Randomized Clinical Trial (RCT). The scientific results will be

implemented in a Decision Support System (DSS) to support the daily practice of

tinnitus experts. To reach this goal, the following main scientific questions of the

UNITI need to be addressed: (1) Analysis of existing data: Results of existing clinical

studies will be analyzed to identify subgroups of patients with specific treatment
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responses and to identify systematic differences between the patient groups at the par-

ticipating clinical centers. (2) Genetic and blood biomarker analysis: High throughput

Whole Exome Sequencing (WES) will be performed in well-characterized chronic tin-

nitus cases, together with Proximity Extension Assays (PEA) for the identification of

blood biomarkers for tinnitus. (3) RCT: A total of 500 patients will be recruited at 5

clinical centers across Europe comparing single treatments against combinational

treatments. The four main treatments are Cognitive Behavioral Therapy (CBT), hear-

ing aids, sound stimulation, and structured counseling. The consortium will also make

use of e/m-health applications for the treatment and assessment of tinnitus. (4) Deci-

sion Support System: An innovative Decision Support System will be implemented,

integrating all available parameters (epidemiological, clinical, audiometry, genetics,

socioeconomic and medical history) to suggest specific examinations and the optimal

intervention strategy based on the collected data. (5) Financial estimation analysis:

A cost-effectiveness analysis for the respective interventions will be calculated to in-

vestigate the economic effects of the interventions based on quality-adjusted life years.

3 UNITI management and project details
Generally speaking, UNITI is a Research and Innovation Action (RIA), funded by

the European Union’s Research Executive Agency’s (REA) Horizon 2020 frame-

work under the Grant Agreement number 848261. The project was officially started

on 1st January 2020 and comprises 13 clinical research centers and Small and

Medium Enterprise (SME) partners in 9 European countries, Belgium, Cyprus,

Germany, Greece, Hungary, Italy, Spain, Sweden, and Switzerland, with the

5 clinical centres carrying out the RCT located in Belgium, Germany, Greece,

and Spain. The centre of UNITI’s administration will be located in Regensburg,

where it is managed by Project Coordinator Winfried Schlee at the Department

for Psychiatry and Psychotherapy at the University Hospital Regensburg. More

information about the UNITI and the project’s process can be followed on its website

https://uniti.tinnitusresearch.net as well as on the CORDIS database (www.cordis.eu

ropa.eu/project/id/848261). Public deliverables will be published on Zenodo (www.

zenodo.org/communities/uniti/?page¼1&size¼20).

At the proposal stage, eight major objectives (Table 1) following the overall aim

of developing an innovative and reliable tinnitus treatment Decision Support System

have been set out for UNITI, grouped into seven Work Packages (Table 2) with

varying contributors and roles among the consortium.

4 Concept and methodology
UNITI can be perceived as a three-layered project (Fig. 1). In the first layer, existing

clinical, epidemiological, and genetic/blood biomarker data will be re-analyzed with

sophisticated analytic tools to identify factors correlated to specific treatment out-

comes in the individual patient. Moreover, UNITI will perform additional analysis
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of their biobanks aiming toward the identification of candidate genes (rare and com-

mon variants), using Whole Exome Sequencing (WES) techniques. Additionally, an

attempt to identify blood biomarkers specific to clinical subtypes will be performed

using a panel of the Proximity Extension Assay (PEA) method (Assarsson et al.,

2014). In the second layer, a large scale multicentre RCT will be conducted, with

the use of additional dimensions of analysis. The aim of this RCT will not only

be the comparison of tinnitus interventions’ efficacy but also the validation of the

DSS. The third layer will be the construction of an easy to use clinical decision sup-

port system (DSS), which, based on the findings of the first two layers, will be able to

identify the suitability and expected adherence of the particular patient for a list of

the available clinical interventions. More specifically, it will provide a suggestion

for specific examinations considered valuable for the prediction of optimal treatment

or combination of treatments, based on how good a patient’s profile fits the identified

patterns.

Table 1 Objectives of the UNITI project.

Objective 1 Investigation of genetic and blood biomarkers related to tinnitus

Objective 2 The development of a unified database schema containing demographical,

epidemiological, audiological, electrophysiological, and medical history data,

validated questionnaires, real-time data collected from e/m-health

applications and treatment progression features

Objective 3 Developing an interventional mobile application, able to map tinnitus

characteristics (e.g., frequency, intensity), produce individualized masking

andmusic therapy (using filters in audio files uploaded by patients) and record

data in real-time from each patient

Objective 4 Implementation of a multicentre Randomized Clinical Trial (RCT) with a

combination of interventions, including Cognitive Behavioral Treatment

(CBT), Sound therapy, Structured Counseling, and Hearing Aid fitting

Objective 5 Formulation of a multilevel concept for the UNITI platform, by integrating all

available parameters (i.e., epidemiological, clinical, laboratory, genetics, and

socioeconomic), into a user-friendly Decision Support System (DSS) as a

front-end, able to suggest specific examinations according to individual

patient profiles and optimal treatment strategy based on the sum of collected

data

Objective 6 Analysis of the RCT results using sophisticated tools, taking into account

detailed profiling of participants in correlation with results of Objectives 1 and

5

Objective 7 Development of the first in-silico models of tinnitus, bridging cochlea and

central auditory pathway with the use of electrophysiological methods, which

will provide auditory stimulus and collect responses up to the level of

brainstem and cortex. The models will be utilized to improve personalized

interventions, such as music/sound therapy

Objective 8 Conduction of a financial estimation analysis
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Table 2 Work package structure of the UNITI project.

WP 1: Ethics The ethics work package is to develop an ethical

framework for the conduction of the UNITI project and

oversee its implementation throughout the project

lifetime

WP 2: Project Coordination This work package will focus on managing and

monitoring the R&D activities of the project and

reporting on technical and scientific progress and

administrative aspects of it. WP2 will also (a) oversee

the quality of project outcomes and manage the risks

that may arise during the project, and (b) collect and

analyze feedback from external stakeholders including

the advisory board of the project

WP 3: Analysis of existing data One of the key features of the UNITI project is the

existence of various databases, each in every clinical

site, that will require harmonization hence a relevant

protocol of tinnitus-related data repositories schemas

will be established. Clinical data analysis will follow

which include analysis of predictive factors at centre-

level as well as health socio-economic impact model

for tinnitus

WP 4: Harmonization of technical

solutions

This work package deals mostly with the harmonization

and update of the mobile health applications already

existing for tinnitus monitoring and treatment

(interventions) with the requirements set by the RCT.

Novel features will be included enhancing the

personalization aspect of the interventions to increase

the efficiency of treatment

WP 5: Intelligent Data Analysis A major component of the UNITI platform will be

developed in WP5, the DSS and its core, the organ-

level in-silico model bridging cochlea with the central

auditory pathway

WP 6: Genetics The identification of new protein and genetic

biomarkers associated with tinnitus is the main

objective here. The two involved partners will

implement high throughput techniques (whole-exome

sequencing, WES, and proximity extension assays,

PEA) towards the analysis of existing data deriving from

existing biobanks and additionally to genomic RCT

data from five clinical sites

WP 7: Randomized Clinical Trial The RCT will be carried out, with 500 patients to be

recruited, 100 for each of the five trial sites (Athens,

Berlin, Granada, Leuven, Regensburg) located in four

European countries (Germany, Greece, Netherlands,

Spain)

WP 8: Dissemination,

Communication, and

Exploitation

This work package will focus on assessing the impact

of UNITI outcomes and undertaking activities focusing

on the dissemination and exploitation of these

outcomes. To achieve these aims, it will:

(a) disseminate scientific, technical, and clinical results

to appropriate academic, industrial, and community

events, (b) organize project events to enhance

dissemination, (c) prepare and execute a plan for the

exploitation and commercialization, if possible, of UNITI

outcomes. Furthermore, it will establish a plan for

handling any IPR that will be created in the course of

the project



5 Randomized clinical trial (RCT)
Each of the clinical centre (Athens, Berlin, Granada, Leuven, Regensburg) will have

a target of recruiting 100 patients. The RCT is planned to start in early 2021. Four

different treatments will be tested with UNITI as single treatments or as combina-

tions of two treatments. The four interventions comprise Cognitive Behavioral Ther-

apy, structured counseling, sound therapy, and hearing aids (Fig. 2). Patients will be

randomized to one of the respective treatment arms. The primary objective for the

data analysis will be the comparison between the single and combinational treatment

arms. Additional analyses will be calculated to compare the different single treat-

ment groups, to compare patients who received one treatment (single arm) vs patients

in the combinational arm who received this particular treatment together with any

FIG. 1

Overall concept and methodology of UNITI.

448 CHAPTER 21 Towards the UNITI



other possible combination, and to compare all groups of patients who received

a particular treatment both in the single and the combinational arm. Importantly,

a large set of variables will be collected that feed into the development of the

DSS to allow data-driven personalized treatment suggestions in the future. These

variables include clinical characteristics, medical history, genetic and blood bio-

markers, electrophysiological and audiometry data, as well as daily measurements

with the UNITI mobile app.

6 Genetic and biomarker analysis
Recent estimations about the genetic contribution to tinnitus findings of genetic

analysis in specific subgroups (gender and phenotype) have highlighted that bilateral

tinnitus in men reached a heritability of 0.68 (Maas et al., 2017), close to autism,

schizophrenia, and Attention Deficit Hyperactive Disorder (ADHD), opening up

new horizons to the field. When considering tinnitus as a whole, lower heritability

values of 0.43 were detected, for women with bilateral tinnitus, the heritability was

0.41 and for unilateral tinnitus, the heritability was estimated with 0.27. These results

highlight a genetic component for specific tinnitus types and gender differences

(Lopez-Escamez and Amanat, 2020). Progressing in this line of research, the next

steps are to identify genetic biomarkers that can predict the best-suited treatment

strategy for distinct subtypes of tinnitus. To reach this goal, we will collect blood

and genetic biomarkers together with the treatment outcomes of four different inter-

ventions applied in UNITI. Whole Exome Sequencing (WES) and Proximity Exten-

sion Assays (PEA) will be applied to identify blood and genetic biomarkers that can

be predictive for the treatment outcome of the chronic tinnitus patients.

FIG. 2

Overview of the four interventions applied in UNITI.
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7 Decision support system
The outcome of the project will be a user-friendly platform that could be used at the

clinical level and inform the clinician which intervention or combination of interven-

tions is the most suitable for a particular patient. Additionally, a personalized set of

examinations will be proposed for the patient, in case the existing data are inconclu-

sive. The system will enable the specification of high-level data analysis processes,

which will be associated with a dynamic decision-making process and the criteria for

making alternative decisions based on the outcomes of these processes. They will be

automatically updated and realized by the Decision Support System. The execution

of the decision-making model incorporating them, along with different datasets is

enabled by the processes’ specifications. This capability will allow for the realization

of continually and automatically updateable intervention-related decision-making

models.

8 Financial estimation analysis
A specific task will be dedicated to determining to what extent the use of UNITI

interventions is sustainable for the various typologies of health care systems existing

in Europe. The variation of benefits will be assessed by comparing the current

performances and the benefits identified. Finally, a cross-analysis of the results will

be done to understand to which specific extent different types of barriers and drivers

characterizing the health care systems currently existing in Europe can positively or

negatively influence the scale-up of the UNITI treatment and intervention solution.
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