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Abstract

Introduction

Breast and prostate cancer survivors can experience impaired quality of life (QoL) in several

QoL domains. The current strategy to support cancer survivors with impaired QoL is subop-

timal, leading to unmet patient needs. ASCAPE aims to provide personalized- and artificial

intelligence (AI)-based predictions for QoL issues in breast- and prostate cancer patients as

well as to suggest potential interventions to their physicians to offer a more modern and

holistic approach on cancer rehabilitation.

Methods and analyses

An AI-based platform aiming to predict QoL issues and suggest appropriate interventions to

clinicians will be built based on patient data gathered through medical records, question-

naires, apps, and wearables. This platform will be prospectively evaluated through a longitu-

dinal study where breast and prostate cancer survivors from four different study sites across

the Europe will be enrolled. The evaluation of the AI-based follow-up strategy through the

ASCAPE platform will be based on patients’ experience, engagement, and potential

improvement in QoL during the study as well as on clinicians’ view on how ASCAPE plat-

form impacts their clinical practice and doctor-patient relationship, and their experience in

using the platform.

Ethics and dissemination

ASCAPE is the first research project that will prospectively investigate an AI-based

approach for an individualized follow-up strategy for patients with breast- or prostate cancer
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focusing on patients’ QoL issues. ASCAPE represents a paradigm shift both in terms of a

more individualized approach for follow-up based on QoL issues, which is an unmet need

for cancer survivors, and in terms of how to use Big Data in cancer care through democratiz-

ing the knowledge and the access to AI and Big Data related innovations.

Trial registration

Trial Registration on clinicaltrials.gov: NCT04879563.

Background

The number of cancer survivors is steadily increased over time due to the advances in cancer

diagnosis and treatment strategies (1). Considering the high incidence of breast- and prostate

cancer in women and men, respectively and the increased survival for these malignancies over

time, it is not surprising that these are the most prevalent types of neoplasms in both genders

[1].

Many cancer patients experience adverse effects of cancer or associated treatment, which

can considerably decrease health-related quality of life (QoL) [2,3]. The current strategy of

supporting cancer patients/survivors does not meet their needs due to the limited personal-

ized-based approach in rehabilitation plan and the lack of healthcare, financial and other

resources [4–7].

The recent advances in Artificial Intelligence (AI) and Big Data analytics, give the opportu-

nity to improve many aspects of healthcare [8]. In oncology, AI has an emerging role in several

clinical aspects including screening and diagnosis regarding both radiology and pathology,

prognostic prediction and risk stratification, as well as treatment selection and response pre-

diction [9]. However, the role of AI in follow-up of cancer survivors with focus on long-term

toxicity and health-related QoL has not been studied in a prospective manner adequately.

ASCAPE (Artificial intelligence Supporting CAncer Patients across Europe) is a collabora-

tive research project involving 15 partners from 7 countries, including academic medical cen-

ters, SMEs (small and medium-sized enterprises), research centers and universities, aiming to

leverage the recent advances in Big Data and AI (Artificial Intelligence) to support cancer

patients’ QoL and health status. Specifically, ASCAPE aims to provide personalized- and AI-

based predictions for QoL issues in breast- and prostate cancer patients as well as suggest

potential interventions to their physicians.

Methods/Design

Study design and setting

Four study sites comprise the ASCAPE project, with each one of them planned to run the pro-

tocol with several modifications according to their setting and current practice.

Barcelona study site (Hospital Clinic de Barcelona, iSYS Foundation) will include breast

cancer survivors currently being followed up after curative treatment. Patients will be ran-

domly assigned in two groups (control vs. intervention), for a total follow-up period of 12

months. Both groups will benefit from the ASCAPE platform for AI-based predictions, but the

intervention group will also use a locally designed smartphone application (Xemio), which will

be studied upon its effect on patients’ QoL. The Barcelona study site will also involve Primary
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Care Centres in Barcelona, considering that primary care setting is in part responsible for fol-

low-up of breast cancer survivors.

Örebro and Uppsala University Hospitals (ORB/Uppsala) will include, in their prospective

single-arm longitudinal study cohort, breast- (ORB/Uppsala) and prostate (ORB) cancer

patients after curative treatment and will incorporate the ASCAPE platform into the current

follow-up practice during a 12-month follow-up period.

Athens study site (National and Kapodistrian University of Athens Sismanogleio General

Hospital, Urology Department; NKUA) will recruit patients diagnosed with localized prostate

cancer and planned for treatment with radical prostatectomy, in a prospective single-arm lon-

gitudinal study. The patients will be followed using the ASCAPE platform for 12 months.

CareAcross, an online platform that focuses on supporting cancer patients through educa-

tion about their condition, will prospectively enroll breast- and prostate cancer patients, to

provide them with a version of its current personalized services including the AI-based predic-

tion models from ASCAPE.

Subject selection and recruitment

The patient selection process varies among the different study sites. Three Hospitals (NKUA,

ORB, Uppsala) will include patients with newly diagnosed breast- (ORB, Uppsala) or prostate

cancer (NKUA, ORB) who are eligible for curative treatment with surgery (breast cancer, pros-

tate cancer in NKUA) or radiotherapy (prostate cancer; ORB). One Hospital (Barcelona) will

include breast cancer survivors (at least 12 months after surgery or chemotherapy) with fol-

low-up through the Hospital. Finally, CareAcross will include patients with breast- or prostate

cancer through its online platform for patients seeking for the CareAcross services.

Considering the differences among the study sites, the patients’ inclusion and exclusion cri-

teria also differ to some extent.

For breast cancer patients, ORB and Uppsala includes breast cancer patients without clini-

cal evidence of metastatic disease, able for curative treatment with surgery with or without

oncological treatment. Barcelona includes patients with prior early breast cancer who are at

follow-up with at least 12 months after surgery or chemotherapy (whichever occurred last).

CareAcross includes all patients with breast cancer diagnosis (as per self-reported) irrespective

of stage and treatment.

For prostate cancer patients, NKUA and ORB includes prostate cancer patients without

clinical evidence of metastatic disease, able for curative treatment with surgery with or without

oncological treatment (NKUA) or radiotherapy (with or without prior surgery) irrespectively

the type of radiotherapy (external radiotherapy, brachytherapy, or combination). CareAcross

includes all patients with prostate cancer diagnosis (as per self-reported) irrespective of stage

and treatment.

Signed informed consent before study inclusion is mandatory for all included patients from

all participating sites.

Some common exclusion criteria for both breast- and prostate cancer and among all study

sites do exist including inability to give informed consent, inability / no access to smartphones,

applications or internet services, and patients with known medical history of allergy to the

wearable material.

Study procedures

The procedure followed by each study site differs according to the local follow-up algorithms

and practices, but all four study sites will eventually use the ASCAPE platform for AI-based

predictions of QoL issues as a part of their follow-up strategy for eligible patients.
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Barcelona study site will combine ASCAPE platform with the Xemio application (https://

www.xemio.org/es/). Eligible patients will be randomized to either intervention arm (patients

with access to the Xemio app) or control arm (patients without access to the Xemio app). The

study will last for 12 months, and every 3 months, all participants will receive the same QoL

questionnaires via e-mail (control arm) or application notifications (intervention arm). All

data from both arms will be transferred to a platform connected to ASCAPE and will simulta-

neously contribute to ASCAPE´s development and evaluation as a follow-up tool. Treating

physicians will advise the ASCAPE-based predictions for each patient and decide after discuss-

ing with the patient if the proposed intervention should be implemented for the clinical sce-

nario presented.

In ORB/Uppsala study site, the ASCAPE platform will be totally integrated into the current

follow-up strategy. Eligible patients will be followed using QoL questionnaires (every 3 months

for 12 months) and wearables to gather active monitoring data for 12 months. These data

along with baseline characteristics and medically relevant information for eligible patients, will

be used by the ASCAPE-platform for individualized AI-based predictions that will be commu-

nicated to the patients by treating physicians. Any proposed intervention based on ASCAPE

predictions will be decided by the treating physician and the patient based on the current stan-

dard of care and will be evaluated regarding its effectiveness during the follow-up.

In NKUA study site, the ASCAPE platform will be gradually integrated into the current fol-

low-up strategy. After agreement to participate, all patients will be provided with a wearable

device for a 14-day period of use prior to surgical treatment, to record baseline active monitor-

ing data preoperatively. At the time of admission to the Hospital, baseline data for each eligible

patient will be collected. The wearable device will be worn by the patients for a total of 12

months. The follow up will be performed at 3-monthly intervals with the use of QoL question-

naires. All patient data will be collected on paper at the time of admission and ASCAPE plat-

form will sync with a specifically designed website which will be used to collect relevant patient

data electronically. After accessing the website, patients will fill out the follow up question-

naires, online, using a unique personal code. The ASCAPE platform will offer predictions and

suggestions for interventions. As in ORB/Uppsala study site, any proposed intervention based

on ASCAPE predictions will be decided by the treating physician and the patient based on the

current standard of care and will be evaluated regarding its effectiveness during the follow-up.

In CareAcross study site, patients will, after the electronic agreement and consent, use the

CareAcross platform to report their QoL issues, while some will also use a wearable device.

Moreover, there will be a corresponding clinician to monitor the whole process and identify

any relevant interventions suggested by ASCAPE and consequently, communicate them with

the patients individually. Furthermore, this clinician will have access to the ASCAPE platform

through which individualized AI-based predictions for QoL issues will be available during a

three-month period.

A generic flowchart of study procedures for the three clinical study sites corresponding to

the ASCAPE follow-up strategy is presented in Fig 1.

Quality of life issues and measures

The identification of QoL issues to be predicted within ASCAPE for breast and prostate cancer

was a multistep procedure that was based on current evidence and clinical expertise. Specifi-

cally, a literature search, using the electronic database PubMed, was first performed with the

following keywords: QoL issues, QoL aspects, health issues, health problems, side effects, and

breast cancer or prostate cancer. No year or language restriction was applied but the searching
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strategy was limited only to systematic reviews or meta-analyses to capture the cumulative evi-

dence on the topic.

The searching strategy yielded nearly 1,300 potentially eligible articles for breast cancer and

650 for prostate cancer. The first study selection was conducted on the title and abstract and

the second on the full text. The eligible studies after the two-step selection process were used to

build a list of potential QoL issues for breast and prostate cancer, respectively.

To ensure that the process captured all the potential QoL issues, we compared the lists from

the searching strategy with the lists from CareAcross retrospective datasets based on patients’

answers on a web-based platform about their actual QoL issues.

After this process, 51 QoL issues for breast cancer and 47 for prostate cancer were identified

and included in the lists. The lists of QoL issues on breast and prostate cancer, respectively

were sent to the clinical experts within each clinical partner with instructions to prioritize the

QoL issues considering the following aspects: how frequent each QoL issue is, the magnitude

of impact on patients’ daily life, and the potential positive impact if the QoL issue can be pre-

dicted before it occurs.

Fig 1. Generic flowchart of study procedures corresponding to ASCAPE-based follow-up strategy.

https://doi.org/10.1371/journal.pone.0265127.g001
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This multistep process has led to the identification of 15 QoL issues for breast cancer and

12 for prostate cancer that will be predicted through AI-based models within the context of

ASCAPE.

The 15 QoL issues for breast cancer are: anxiety, body changes, body image, cognitive

impairment, depression, dry vagina, emotional symptoms (loneliness), fatigue, hot flushes,

insomnia, joint pain, local symptoms after surgery, lymphedema, neurotoxicity, and sexual

dysfunction.

The 12 QoL issues for prostate cancer are: anxiety, bowel dysfunction, cognitive

impairment, depression, erectile dysfunction, fatigue, hot flushes, incontinence, low urinary

tract symptoms, loss of libido, musculoskeletal pain, and weight changes.

The following questionnaires will be used to capture different aspects on breast cancer

patients’ QoL:

• BREAST-Q (mastectomy or breast conserving therapy) [10] at baseline followed by

BREAST-Q postoperative (available only in ORB and Uppsala study sites)

• EORTC QLQ C30 [11]: at baseline and every three months

• EORTC QLQ-BR23 [12]: at baseline and every three months

• Hospital Anxiety and Depression Scale (HADS) [13]: at baseline and every three months

• Disability of Arm, Shoulder and Hand questionnaire (DASH) [14]: every three months

(available only in ORB and Uppsala study sites)

The following questionnaires will be used to capture different aspects on prostate cancer

patients’ QoL:

• EORTC QLQ C30 [11]: at baseline and every 3 months

• EORTC QLQ-PR25 [15]: at baseline and every 3 months

• Hospital Anxiety and Depression Scale (HADS) [13]: at baseline and every three months

• International Index of Erectile Function (IIEF-5) [16]: at baseline and every three months

Considering the nature of CareAcross study site, the different QoL issues for breast- and

prostate cancer will be captured through a single Boolean or Likert-scale input whereas the

anxiety and depression aspects will be captured using the GAD7 [17] and PHQ9 [18] question-

naires, respectively.

All questionnaires are extensively validated and are recommended by the Breast Cancer

Evaluation Database to Guide Effectiveness (EDGE) Task Force and the Prostate Cancer

EDGE Task Force, respectively for the clinical measures of health related QoL [19–22].

Indicators for QoL issues

Considering the lack of evidence on AI-based approaches in monitoring QoL in cancer

patients, the choice of potential indicators for QoL issues within ASCAPE is intentionally wide

including all medically relevant information to make sure that all potentially predictors will be

available for AI-based modelling.

The medically relevant information to be captured as potential indicators for QoL issues

can be categorized as follows: patients’ socioeconomic status, baseline characteristics on

patients’ lifestyle factors, baseline characteristics on patients’ health condition, baseline charac-

teristics on patients’ reproductive factors (for breast cancer), family history of cancer, tumour
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characteristics (clinical and pathological features), treatment strategies (including type of treat-

ment, duration, dates), baseline status on QoL issues.

In addition, active monitoring data (through wearables for ORB/Uppsala, NKUA and Car-

eAcross study sites or mobile app for Barcelona study site) and actual nutritional data (through

healthy eating assessment questionnaire and anthropometric measurements such as BMI dur-

ing follow-up) will also be captured and included as potential indicators for QoL issues.

No laboratory results will be considered as QoL indicators because the current guidelines

recommend against routine laboratory testing during the follow-up period in breast and pros-

tate cancer except for PSA for prostate cancer recurrence [23–25].

Apart from medically relevant information and active monitoring data, open data including

weather data, environmental data, and financial data from the different areas where included

patients are living will be included to the AI-based models.

Quality of life issues and proposed interventions

All the QoL issues for breast- and prostate cancer that derived from the above-mentioned pro-

cess, went through further assessment by all clinical partners, to be prioritized as potential

QoL issues where ASCAPE platform will propose specific interventions. The aspects consid-

ered were the following: frequency of each QoL issue in the population; ability for self-report-

ing; potential need of clinical examination for proper evaluation; number of potential

interventions per QoL issue; timeframe for intervention needed for each QoL issue (urgency

or not); risk of using AI for each QoL issue.

That assessment yielded 7 QoL issues for breast cancer and 7 for prostate cancer that were

considered suitable for proposing individualized interventions through the ASCAPE platform.

The 7 QoL issues for breast cancer are: anxiety, fatigue, depression, joint pain, neurotoxic-

ity, hot flushes, and weight gain whereas the 7 QoL for prostate cancer are: anxiety, depression,

fatigue, incontinence, weight change, sexual dysfunction, and hot flushes.

The interventions that are suitable to tackle the QoL issues from each cancer type and will

be proposed by the ASCAPE platform depending on current level of evidence are listed in the

S1 and S2 Tables.

The outcome of any intervention(s) that will be implemented to the patients, with intention

to resolve specific QoL issues will be evaluated during the follow-up as: resolved; improved;

unchanged; deteriorated.

The initial prioritization will be enriched by continuous machine learning on prospective

data on the efficacy of interventions applied to the patients for each specific QoL to improve

the ability of ASCAPE-platform to propose to healthcare professionals a prioritized list of

interventions with higher confidence level.

IT infrastructure

The ASCAPE will be carried out at different study sites with different pre-existing software

and hardware infrastructures.

The Barcelona study site involves not only the Barcelona Hospital Clinic (BHC), but also

Primary Care Centers (PCCs) in the region. In addition to other software, such as SAP and a

traditional hospital medical records system for BHC, both BHC and the PCCs, all have access

to an ontology-based health information system designed and running under the auspices of

the BHC [26]. Patients in the Barcelona study site will be able to answer questionnaires via a

website. Those using the Xemio app will, additionally, be able to report on any QoL issues as

they arise.
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The NKUA study will be supported by a new web-based application providing both support

to doctors at the involved hospital(s) and an interface for patients to submit their answers to

questionnaires.

In addition to the hospital information systems used at the ORB/Uppsala study site, in com-

mon with established practice at both sites, the Orebro/Uppsala study site will be supported by

a commercially available electronic data capture platform (SmartTrial1) for the purposes of

collecting data about and from the patients.

Finally, CareAcross will use its own web platform, providing an ASCAPE version of the

questionnaires to its registered users that have been invited based on the relevant inclusion cri-

teria and have opted to participate.

Apart from the Barcelona study site, all other ASCAPE studies will involve the use of wear-

able devices; specifically certain models of FitBit smart bracelets, which were found to satisfy

both the technical and the budgetary requirements set out for the studies.

In all study sites, doctors will have access to the same ASCAPE AI-provided functionality.

In the case of the NKUA and Barcelona sites, this functionality will be integrated into the soft-

ware that doctors normally use at each site, whereas in the ORB/Uppsala and CareAcross sites,

the web-based ASCAPE Dashboard for Doctors will be used. On the other hand, the patients

will not come in direct contact with ASCAPE and the modalities of data collection from

patients are optimized for each site.

The ASCAPE AI functionality is provided by a local ASCAPE Edge Node installed at each

site. The local ASCAPE Edge Node can perform AI model training and model inference

locally, without the patient data leaving each site’s own IT infrastructure. Model training and

model inference are the two primary tasks of Machine Learning (ML)-based AI. Model train-

ing can be thought of as akin to creating statistical indicators based on the medically relevant

data held for patients. Model inference can be thought of as applying the knowledge captured

in the AI models to make a prediction about how a patient’s health status may unfold or about

what the best interventions for that particular patient may be. The patient in question may or

may not be one of the patients whose data were used to train the models; at any rate, the ability

of AI to make predictions about each specific case will depend on the availability of a suffi-

ciently large body of data from patients with similar characteristics and with similar disease

trajectories as the patient in question at the time the model inference is to be made. If this

requirement is not met, no ML-powered prediction will be offered to the patient’s doctor.

If only the local ASCAPE Edge Nodes were used, ASCAPE AI on each site would have been

limited to being able to apply knowledge gained from the site’s patients’ data. The advantage of

this approach is that patient data are not shared with third parties. The alternative of different

sites sharing data on a traditional Cloud-based AI platform would allow knowledge to be built

from the patients of all the participating sites, but at the cost of exposing patient data to a

third-party’s infrastructure. This is a compromise that hospitals and health-care providers may

be unwilling to make. The ASCAPE Edge-Cloud Platform allows the different sites to collec-

tively build ML models capturing knowledge from medically relevant data of patients from all

sites collectively, without directly exposing any site’s patients’ data to the ASCAPE Cloud.

This is made possible by the ASCAPE Edge-Cloud architecture and two recent privacy-

focused advances in ML techniques as designed and implemented by the ASCAPE Consor-

tium in the context of that architecture:

• Federated ML, whereby each ASCAPE Edge Node enriches a common, global AI model

with knowledge from local data (rather than sending these to the ASCAPE Cloud for the

model to be trained there) and the ASCAPE Cloud coordinates the process. Model inference

also happens locally without the patient’s data being sent to the ASCAPE Cloud.
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• Homomorphically encrypted ML, whereby data are sent encrypted to the ASCAPE Cloud

where they are stored and processed without ever being decrypted (as the encryption is

based on a secret key not shared with the ASCAPE Cloud). The mathematical properties of

the encryption method ensure that the model trained on the encrypted data can be used for

model inference (either locally or on the ASCAPE Cloud) on encrypted patient data and the

result of the inference will be decryptable with the secret key on the ASCAPE Edge node.

Care is also taken when training data models to minimize the risk of inadvertently leaking

information about a specific patient via the process of comparing a version of a model before

and after the addition of that patient’s data in the set of data on which the model is trained. As

the most successful ML-based AI techniques provide little-to-no easily discernible information

about how the came to their predictions, additional techniques that help explain AI results to

doctors are also used.

Data transformation

One of ASCAPE challenges is to combine clinical data from different HIS (Hospital Informa-

tion System) and provide users with a unified structure and common understanding. To

achieve that, a harmonization among pilot sources of information is performed via clinical

standards: HL7 FHIR specification and SNOMED CT codification.

HL7 FHIR (Fast Healthcare Interoperability Resources) clinical standard is suitable for

being used with real time data medical devices as well with smart phones, and medical apps;

and it facilitates communication among systems, and electronic health record-based data shar-

ing, data integration and data management. Data stored following FHIR structure is also codi-

fied using SNOMED CT, a medical terminology for expression, comprehension, sharing and

interconnection of medical concepts.

The harmonization process is divided into several cyclical steps: (i) design of a common

data model identifying and including information of interest from all pilot sites; (ii) structur-

ing the common data model by mapping from original variables of interest into HL7 FHIR

clinical standard resources; and (iii) identification of equivalent data values into SNOMED CT

terminology; and (iv) iteration from (i) to (ii) for addition of new variables of interest, enrich-

ing the ASCAPE data model in each iteration.

A layer is designed to fully isolate users from transformation process. This layer (i) is trans-

parent for clinical sites and data analysts and (ii) allows users unfamiliar with clinical standards

to be able to manage the transformation framework and subsequent data analysis. The layer is

supported by an API for users to interact with it, ensuring data entry into the database in a uni-

fied way and retrieving data in a common and standardized way.

This process guarantees outcomes of standardized databases, interoperability and resource

optimization. Acquisition of new data will adhere to the structure and semantic model

described, leading to less errors and a smoother integration within the ASCAPE system. Using

a unified and homogenized dataset as data source for AI algorithms, alleviates integration

burdens.

Data analysis

Based on available datasets through ASCAPE, we will utilize standard procedures of AI and

ML in processing and analyzing patients’ data collected from different sources to propose per-

sonalized predictions and interventions for specific QoL issues. A general workflow regarding

the standard ML approach includes three steps:
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a. Collected data are usually raw and it is necessary to pre-process and curate them by applica-

tion of adequate algorithms. The aim is to prepare datasets that are as reliable as possible for

building ML models.

b. Appropriate / adequate algorithms and methods for processing and building models are

selected. As different models give results with different reliability and accuracy, it is neces-

sary to identify the predictive models with the best performances. Such models are promis-

ing and should further be tested using validation datasets (usually different than these used

in building models but with the same structure and closely related to them).

c. Trained and validated models are used in clinical practice to support decision-making

process.

The first two steps are necessary to build predictive models that are as reliable and robust as

possible whereas the third step refers to the implementation and evaluation of previously

trained models in clinical practice.

The workflow that is adopted in ASCAPE framework regarding use of datasets and building

predictive models has four aspects:

1. Data pre-processing: Available datasets can have missing values for different variables.

There are several imputation methods that are appropriate to deal with missing values

before training and evaluating ML models. The objectives of this process are to investigate

the variables that are more sensitive to missing values, how missing values can influence

prediction for individuals, and whether there is an acceptable percentage of missing values

to avoid significant influence of prediction quality.

Missing values are added only within top-ranked features as top-ranked features are more

probable to negatively influence prediction performance, when having missing values.

2. Variable selection: This activity is devoted to selecting a subset of relevant features from

dataset containing all collected data for patients. In these analyses, most frequently used

variable ranking algorithms are applied. After prioritizing variables according to relevant

measure, it is necessary to discuss the importance and influential potential of top ranked

variables together with clinical experts. Based on consensus, the most appropriate variables

should be selected and considered in further activities. In fact, the crucial effect of this

phase is identification of the most informative variables for predicting the QoL issues (vari-

ables with the highest predictive power for each QoL issue).

3. Predictive models training: The main idea of this stage is to model, design, and optimize

ML algorithms that will handle health-related patient data to achieve prediction for each

QoL issue / outcome variable. In this stage, intensive experiments using standard algo-

rithms for training classification and regression models are performed. The choice of the

trained predictive models is based on several design criteria and metrics: accuracy, privacy-

accuracy trade-offs, scalability, etc. Finally, these models are going to be used to process

newly collected patients’ data.

The training models will consider datasets in different periods of patients’ follow up. The

idea is to train models to predict QoL issues in the near future for three-months period

from baseline to 12 months based on available data.

4. Analytics and real-life evaluation of predictive models. This phase is oriented towards

intensive evaluation of the best built models within ASCAPE framework. The essential goal

is the adoption and use in clinical practice of the final ML models selected based on all pre-

viously conducted steps and experiments. These models are planned to be used further on
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clinical sites using currently available patients’ data to help doctors in predicting QoL issues

for each patient and proposing adequate personalized interventions.

Once the best models are achieved, selected, and put in daily clinical practice, the process is

not finished. In fact, ASCAPE framework is a dynamic ecosystem that foresees continuous

models’ updates, adjustments and improvements based on newly collected data for existing

patients, and new patients in different settings. Local models adopted at local level (data col-

lected from a specific study site) should be constantly re-evaluated based on new local datasets

but they will also be adjusted through global models from the ASCAPE cloud. Global models

are assembled from all study sites as well as other local Hospitals that will be connected to the

ASCAPE system at a later stage. Such predictive models are fine-tuned and condense experi-

ences from the most reliable predictive models. As global models are also continuously updat-

ing and adjusting from multiple sources (local and global), they possess high predicting power

and may be better choice than locally used models. Healthcare providers will be, therefore,

able to implement both local and global models for their patients and select potential interven-

tions for specific QoL issues based on their clinical judgment on which model suggested more

logical results and action plans.

Evaluation process

The evaluation of the AI-based follow-up strategy through the ASCAPE platform will be based

on two axes:

A. Patient-centric evaluation

To capture patients’ experience with AI-based follow-up, we will use a mixed methods anal-

ysis (initial quantitative approach followed by qualitative methods to interpret the initial quan-

titative results).

Regarding patients’ experience, the focus of the evaluation will be the experience to be fol-

lowed with the help of an AI-based system per se, patients’ satisfaction with this type of follow-

up, potential barriers and facilitators of using wearables during follow-up, and motivation for

following interventions based on AI-based follow-up.

Additional patient-centric evaluation aspects will be:

Patients’ engagement (number of questionnaires submitted per patients; total time that the

patients used the wearables)

Measures of effectiveness of AI-based follow-up (patients’ adherence to AI-based proposed

intervention; assessment of QoL over time)

B. Doctor-centric evaluation

The doctor-centric evaluation of AI-based follow-up will be focused on three aspects:

1. Impact of AI-based follow-up on relevant metrics in clinical practice. Within this aspect,

the following evaluation metrics (gathered as physicians’ views and experience by using AI-

based models) will be considered: improvement in patient-doctor relationship; AI-based

follow-up’s efficiency to capture relevant QoL issues on time; changes in management or

referrals made due to AI-based predictions; usefulness of the information provided by AI-

based models; acceptability of integrating AI-based follow-up into clinical practice; assess-

ment of the time needed to use AI-based follow-up in clinical practice.

2. Interaction between AI-based follow-up system and physicians.

This aspect includes issues related to the interaction between the AI-based follow-up plat-

form and physicians as usability, accessibility, and qualitative assessment of the interface.
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3. Experience using the AI-based follow-up platform.

This aspect includes the more general issues on physicians’ experiences in using the AI-

based follow-up platform as trustworthiness, how confident physicians are regarding the reli-

ability of AI-based follow-up, and psychological aspects in using an AI-based platform in clini-

cal practice as perceived substitution crisis and behavioural intention.

Considering the complexity of the doctor-centric evaluation process, both quantitative and

qualitative approaches will be used to ensure a wide coverage of evaluation metrics.

Sample size considerations

As the study includes no control group and the study can be considered as a proof-of-concept

study on the ability to use AI as a part of follow-up regarding QoL in cancer patients, no formal

sample size calculation has been performed. Approximately 500 patients (350 with breast can-

cer and 150 with prostate cancer) are planned to be included during the enrolment period.

Ethics and dissemination

The ASCAPE trial ethical considerations are headed towards two main axes: the first lies to the

innovative scope of the study, since it is the first to assess AI regarding the two most common

types of cancer and the second is related to the protection of personal of cancer patients, as dic-

tated under the applicable EU legal framework, the General Data Protection Regulation

(GDPR).

Since this is a non-invasive study without potential direct physical harm from the proposed

interventions (the proposed interventions will be based on current clinical practice and will be

implemented only after shared decision-making), namely the utilization of AI-based methods

for follow-up of health-related QoL in patients with breast- or prostate cancer, the first axis

does not pose a vital threat to the study.

Concerning GDPR, ASCAPE is committed to high standards of information security, pri-

vacy and transparency and place a high priority on protecting and managing data in accor-

dance with ethical standards and data protection legislation, both at European and national

level. In essence, ASCAPE architecture has designed in accordance with the requirements set

under the GDPR.

Within the context of the ASCAPE project, the processing of personal data envisioned will

be performed in accordance with the key principles and that should underly such processing

(Article 5 of the GDPR), as well as other applicable provisions of the GDPR, including the

following:

• Personal data will be solely processed for clearly pre-defined purposes.

• Personal data will be adequate, relevant, and limited to what is necessary in relation to the

purposes for which they are processed (data minimization).

• Personal data shall be kept accurate and up to date.

• Personal data will be retained as long as it is necessary for the accomplishment of the prede-

fined purpose(s).

• Personal data will be kept secure through the implementation of appropriate technical and

organizational measures (integrity and confidentiality).

• Personal data will not be transferred to countries outside the EU that do not afford the neces-

sary guarantees for an adequate level of protection.
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Note that all processing of personal data to be conducted in the context of ASCAPE project

will be performed based on a consent provided by participants, prior to the launch of any pro-

cessing activities relating to their data. Participants will be, thus, properly informed in a clear

language on the purpose of ASCAPE research, on the types of their personal data that will be

collected and further processed, as well as on the respective rights they are entitled to. Partici-

pants maintain their right to withdraw their originally given consent at any time, following a

well-formed and easily accessible withdrawal procedure provided by ASCAPE.

Patient and public involvement

No patient involved in the design of the study. Patients will be involved in the evaluation of the

ASCAPE-based strategy as it is described on “Patient-centric evaluation”.

Discussion

ASCAPE is the first research project that will prospectively investigate an AI-based approach,

towards an individualized follow-up strategy for patients with breast- or prostate cancer focus-

ing on patients’ QoL issues. The main aim of the project is to offer substantial benefits for

after-treatment health-related QoL improvements.

The ASCAPE platform will be tested into different settings including large tertiary hospi-

tals, primary care setting, and a setting supporting patients remotely, in parallel with their

existing healthcare professionals. In addition, the study sites will utilize different data collec-

tion and patient interaction modalities using technological means, including a specialized

mobile application, a wearable device, websites, and e-mails. They will also demonstrate differ-

ent levels of integration with ASCAPE platform: two sites will only modify their IT-systems to

provide ASCAPE with patient data, thus having to rely on the ASCAPE Dashboard to offer

AI-based prediction models to healthcare professionals, whereas the remaining two will

attempt to provide full integration of ASCAPE into current IT-system.

The different approaches on several clinical and technical aspects among the four study

sites of the ASCAPE project pose significant challenges in the preparation and execution of the

study. However, this heterogeneity among study sites reflects the heterogeneity among differ-

ent clinical settings where ASCAPE platform will be able to be implemented in the future. As a

result, the results of the current study can ensure the generalizability of the ASCAPE platform

is different settings.

To further serve the scope of the generalizability of the current study results, we have

designed a comprehensive evaluation framework, covering doctor- and patient-centric evalua-

tion (described in the current protocol) but also AI-centric evaluation of the algorithms and

health economics-centric evaluation as additional parts of the evaluation process.

It is important to highlight that the ASCAPE platform is designed to be a practical tool for

healthcare professionals, who will be responsible for determining how to use the provided

information to their patients’ follow-up strategy. AI is not mature enough to suggest interven-

tions directly to the patient without doctor’s medical opinion. For this reason, ASCAPE’s main

users are healthcare professionals, and its focus is to provide concise and user-friendly presen-

tation of results in accordance to their requirements. Patients will interact with ASCAPE indi-

rectly through providing information that will help ASCAPE provide doctors more accurate

AI-based predictions and more appropriate intervention recommendations.

The ASCAPE project will build and evaluate an AI-based platform that represents a para-

digm shift regarding the follow-up approach for cancer patients focusing on improving their

QoL after cancer treatment, which is an unmet need for cancer survivors (4–7). The ASCAPE

project also represents a paradigm shift on how to use Big Data in cancer care through
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democratizing the knowledge and the access to AI and Big Data related innovations. In fact,

ASCAPE aims to minimize the gap between large- and small-sized healthcare providers by

making the ASCAPE AI-based tools available to any health care provider that could utilize

them for the benefit of cancer patients around Europe and the world.

Supporting information

S1 Table. Proposed interventions for breast cancer patients.

(DOCX)

S2 Table. Proposed interventions for prostate cancer patients.

(DOCX)

S1 File.

(PDF)

S2 File.

(DOCX)

S3 File.

(DOCX)

S4 File.

(PDF)

S5 File.

(DOCX)

S6 File.

(DOCX)

S7 File.

(DOC)

Acknowledgments

Declarations

Ethics approval and consent to participate:

The study has been approved by the Ethical Review Boards of including study sites.

For Sweden: Swedish Ethical Review Authority; Dnr 2021–01358

For Hospital Clinic de Barcelona: Ethics Committee for Drug Research of the Hospital

Clı́nic de Barcelona; Reg. HCB / 2020 / 0971

For Sismanogleio General Hospital, Athens: Institutional Review Board of General Hospital

of Attica “Sismanoglio-Amalia Fleming”; Protocol no: 17002.

All study participants will give their written informed consent before including to the

study.

Author Contributions

Conceptualization: Mirjana Ivanovic, Miltiadis Kokkonidis, Thanos Kosmidis, Manos Atha-

natos, Konstantinos Lampropoulos, Christina Stratigaki, Serge Autexier, Paris Kosmidis.

Data curation: Lazaros Tzelves, Ioannis Manolitsis, Ioannis Varkarakis, Cristina Sabater

Useros, Thanos Kosmidis, Montserrat Muñoz, Imma Grau, Antonis Valachis.

PLOS ONE Artificial intelligance supporting cancer patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0265127 April 21, 2022 14 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265127.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265127.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265127.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265127.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265127.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265127.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265127.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265127.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0265127.s009
https://doi.org/10.1371/journal.pone.0265127


Formal analysis: Mirjana Ivanovic, Serge Autexier.

Funding acquisition: Thanos Kosmidis, Manos Athanatos, Konstantinos Lampropoulos,

Konstantinos Perrakis, Christina Stratigaki, Serge Autexier, Paris Kosmidis.

Investigation: Lazaros Tzelves, Ioannis Manolitsis, Ioannis Varkarakis, Thanos Kosmidis,

Montserrat Muñoz, Imma Grau, Antonis Valachis.

Methodology: Ioannis Varkarakis, Mirjana Ivanovic, Miltiadis Kokkonidis, Cristina Sabater

Useros, Thanos Kosmidis, Imma Grau, Anamaria Vizitiu, Konstantinos Lampropoulos,

Tzortzia Koutsouri, Serge Autexier, Antonis Valachis.

Project administration: Dimitra Stefanatou, Konstantinos Perrakis, Christina Stratigaki.

Resources: Mirjana Ivanovic, Montserrat Muñoz, Konstantinos Lampropoulos, Tzortzia

Koutsouri, Dimitra Stefanatou, Christina Stratigaki, Serge Autexier, Antonis Valachis.

Software: Mirjana Ivanovic, Miltiadis Kokkonidis, Cristina Sabater Useros, Manos Athanatos,

Anamaria Vizitiu, Tzortzia Koutsouri, Serge Autexier.

Supervision: Ioannis Varkarakis, Mirjana Ivanovic, Miltiadis Kokkonidis, Thanos Kosmidis,

Montserrat Muñoz, Konstantinos Lampropoulos, Dimitra Stefanatou, Konstantinos Perra-

kis, Serge Autexier, Paris Kosmidis, Antonis Valachis.

Validation: Cristina Sabater Useros, Manos Athanatos, Anamaria Vizitiu, Serge Autexier.

Visualization: Miltiadis Kokkonidis, Serge Autexier.

Writing – original draft: Lazaros Tzelves, Ioannis Manolitsis, Ioannis Varkarakis, Miltiadis

Kokkonidis, Cristina Sabater Useros, Thanos Kosmidis, Dimitra Stefanatou, Antonis

Valachis.

Writing – review & editing: Lazaros Tzelves, Ioannis Manolitsis, Ioannis Varkarakis, Mirjana

Ivanovic, Miltiadis Kokkonidis, Cristina Sabater Useros, Thanos Kosmidis, Montserrat

Muñoz, Imma Grau, Manos Athanatos, Anamaria Vizitiu, Konstantinos Lampropoulos,

Tzortzia Koutsouri, Dimitra Stefanatou, Konstantinos Perrakis, Christina Stratigaki, Serge

Autexier, Paris Kosmidis, Antonis Valachis.

References

1. Miller KD, Nogueira L, Mariotto AB, et al. Cancer treatment and survivorship statistics, 2019. CA Cancer

J Clin. 2019; 69:363–385. https://doi.org/10.3322/caac.21565 PMID: 31184787

2. Nardin S, Mora E, Varughese FM, et al. Breast Cancer Survivorship, Quality of Life, and Late Toxicities.

Front Oncol. 2020; 10:864. https://doi.org/10.3389/fonc.2020.00864 PMID: 32612947

3. Sanda MG, Dunn RL, Michalski J, et al. Quality of life and satisfaction with outcome among prostate-

cancer survivors. N Engl J Med. 2008; 358:1250–61. https://doi.org/10.1056/NEJMoa074311 PMID:

18354103

4. Shakeel S, Tung J, Rahal R, Finley C. Evaluation of Factors Associated With Unmet Needs in Adult

Cancer Survivors in Canada. JAMA Netw Open. 2020; 3:e200506. https://doi.org/10.1001/

jamanetworkopen.2020.0506 PMID: 32142127

5. Brédart A, Kop JL, Griesser AC, et al. Assessment of needs, health-related quality of life, and satisfac-

tion with care in breast cancer patients to better target supportive care. Ann Oncol. 2013; 24:2151–8.

https://doi.org/10.1093/annonc/mdt128 PMID: 23567145

6. Paterson C, Robertson A, Smith A, Nabi G. Identifying the unmet supportive care needs of men living

with and beyond prostate cancer: A systematic review. Eur J Oncol Nurs. 2015; 19:405–18. https://doi.

org/10.1016/j.ejon.2014.12.007 PMID: 25613370

PLOS ONE Artificial intelligance supporting cancer patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0265127 April 21, 2022 15 / 16

https://doi.org/10.3322/caac.21565
http://www.ncbi.nlm.nih.gov/pubmed/31184787
https://doi.org/10.3389/fonc.2020.00864
http://www.ncbi.nlm.nih.gov/pubmed/32612947
https://doi.org/10.1056/NEJMoa074311
http://www.ncbi.nlm.nih.gov/pubmed/18354103
https://doi.org/10.1001/jamanetworkopen.2020.0506
https://doi.org/10.1001/jamanetworkopen.2020.0506
http://www.ncbi.nlm.nih.gov/pubmed/32142127
https://doi.org/10.1093/annonc/mdt128
http://www.ncbi.nlm.nih.gov/pubmed/23567145
https://doi.org/10.1016/j.ejon.2014.12.007
https://doi.org/10.1016/j.ejon.2014.12.007
http://www.ncbi.nlm.nih.gov/pubmed/25613370
https://doi.org/10.1371/journal.pone.0265127


7. Watson E, Shinkins B, Frith E, et al. Symptoms, unmet needs, psychological well-being and health sta-

tus in survivors of prostate cancer: implications for redesigning follow-up. BJU Int. 2016; 117:E10–9.

https://doi.org/10.1111/bju.13122 PMID: 25818406

8. Hazarika I. Artificial intelligence: opportunities and implications for the health workforce. Int Health.

2020; 12:241–245. https://doi.org/10.1093/inthealth/ihaa007 PMID: 32300794

9. Nagy M, Radakovich N, Nazha A. Machine Learning in Oncology: What Should Clinicians Know? JCO

Clin Cancer Inform. 2020 Sep; 4:799–810. https://doi.org/10.1200/CCI.20.00049 PMID: 32926637

10. BREAST-Q, “Qportfolio,” 2006. [Online]. Available at: http://qportfolio.org/breast-q/. (Accessed: Febru-

ary 1, 2021).

11. EORTC Quality of Life [Online]. Available at: https://qol.eortc.org/questionnaire/eortc-qlq-c30/

(Accessed: February 1, 2021).

12. EORTC Quality of Life [Online]. Available: https://qol.eortc.org/questionnaire/update-qlq-br23/

(Accessed: February 1, 2021).

13. ePROVIDE [Online]. Available at: https://eprovide.mapi-trust.org/instruments/hospital-anxiety-and-

depression-scale (Accessed: Februari 1, 2021).

14. The DASH Outcome Measure [Online]. Available at: https://dash.iwh.on.ca/about-dash (Accessed:

February 1, 2021).

15. EORTC Quality of Life [Online]. Available at: https://qol.eortc.org/questionnaire/qlq-pr25/ (Accessed:

February 1, 2021).

16. Rosen R, Riley A, Wagner G, et al. The International Index of Erectile Function (IIEF): A multidimen-

sional scale for assessment of erectile dysfunction. Urology 1997; 49:822–830. https://doi.org/10.1016/

s0090-4295(97)00238-0 PMID: 9187685
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