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1. Executive summary 

 

This deliverable has been conceived in the frame of T4.2 - Clinical protocols and requirements, 
which is devoted to the organization of the assessment methodology to be implemented in 
each use case after risk stratification of citizens and development of clinical scenarios. All the 
designs will be based on feedback and results of relevant WP3 and WP5 tasks. The following 
actions will be deployed:  

− Developing and agreeing on the sampling plan;  

− Choosing and testing measurement instruments;  

− Choosing the early diagnosis clinical pathways;  

− Choosing the diagnosis workflow; and  

− Planning the data collection and the validation protocols.  

After the protocol design (which has already been finalized), all the authorizations required 
by regulatory authorities will be obtained. 

This deliverable provides the essential regulatory and research documents for the beginning 
and development of Task 4.4 - Diagnosis and precision follow-up and stratification, under 
which high-risk selected volunteers and lung cancer diagnosed patients will be recruited from 
the general population prospective study. 

The content of this deliverable summarizes the clinical protocol for the cohort study in the 
Precision Screening and Diagnosis, and the regulatory authorizations that must be obtained 
before the enrollment of the first participant in the study.   

This deliverable includes the following information: 

− Final version of the study protocols of each clinical site, as sent to each one of their 
respective ethics committees. 

− Regulatory authorizations required for the enrolment of the first study participant.  

The consortium partners have finalized and agreed on the common prospective clinical 
protocol, which ensures we reach the highest standards of quality and clinical and scientific 
relevance. The protocols have already been submitted to each one of the Ethics Committees 
for its approval request in December 2023. 
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We foresee to obtain the approval of the Ethics Committees in the coming months and start 
the recruitment of the volunteers that will participate in the prospective clinical study as soon 
as we get those approvals. 

Since the approval has not been obtained yet, we provide in this document the documents of 
Request for Evaluation of research projects by the Ethics Committees of each clinical site until 
we obtain the approvals. Once we get them, we will provide also these regulatory 
authorizations. 
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2. Precision Screening and Diagnosis prospective protocol 

In this section, we provide the clinical protocols as each one of the clinical sites have sent 
them to their respective ethics committees for their approval. 

The 4 clinical sites that will take part in the General Population Screening prospective clinical 
study are: 

− Andalusia: Servicio Andaluz de Salud  

− Basque Country: Osakidetza – Servicio Vasco de Salud 

− Belgium: Centre Hospitalier Universitaire De Liège 

− Latvia: Latvijas Universitate (Centre for Tuberculosis and Lung Diseases of Riga East 
University Hospital). 

Even though, at the core, the protocols for the prospective clinical study are mainly the same, 
each clinical site has included slight modifications to the protocol to adapt it to the capabilities 
and clinical practice of their respective institutions and health care systems.  

These modifications do not entail any risk to the objectives, vision and ambition of LUCIA. 
Furthermore, they ensure that the study is manageable and adaptable to the healthcare 
systems of the 4 European regions (Liège, in Belgium; Riga, in Latvia; and the Basque Country 
and Andalusia, in Spain) that take part in the clinical study. 

Below, we provide the common text for the Precision Screening and Diagnosis prospective 
protocol in which we address the slight differences applied in each clinical site. To consult the 
full text of the versions of the “Clinical Management and Study Plan” sections included in each 
one of the protocols sent to the Ethics Committees, please, go to the Annexes section. 
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1. OBJECTIVES AND PURPOSE OF THE PROJECT 

1.1. Hypothesis 

Determining eligibility for screening by individualized risk (based on age, detailed smoking 
history, work exposure, and other risk factors such as ethnicity and family history of lung 
cancer) and the development and validation of lung cancer risk predictive models can 
improve screening efficiency and reduce LC morbi-mortality. 

These models allow implementing new clinical pathways and diagnosis workflows to ensure 
fast diagnosis and confirmation, including subtype of lung cancer classification. 

According to the principles set out by Wilson and Jungner in 1968, a screening program should 
be based on a pathology that can be improved through population screening. In addition, 
screening tests must meet a series of criteria, such as: the test must be well accepted; costs 
must be balanced with benefits; the risks, both physical and psychological, should be less than 
the benefits and there must be an adequate test to detect it in the initial stage, among others. 
Nowadays, another important limitation in the implementation of population screening 
programs for lung cancer are the risks of radiation and the high cost of low-dose CT as a 
screening test. This is why LUCIA aims to develop and validate new tests, based on novel 
technologies, which will allow for the implementation of more efficient, acceptable and 
equitable population screening programs in the early future. 

1.2. Main Objective 

LUCIA aims to develop prediction models for early diagnosis of lung cancer based on the 
identification of risk factors and a deeper cellular understanding, by the register of real-world 
data; with risk assessment tools, noninvasive screening devices and omics analysis.  

1.3. Secondary Objectives 

− Analyze and validate the impact of real-world data to identify risk factors models 
related with the development of lung cancer. 

− Identify cohorts based on levels of risk of developing lung cancer. 

− Evaluate the risk assessment model for predicting lung cancer in non-smokers. 

− Analyze and validate new risk factor assessment tools and AI models to be 
implemented in lung cancer screening programs. 

− Develop a deeper cellular understanding to evaluate potential changes in the 
diagnosis workflow, including the subtype of LC classification. 
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− Analyze all strategies in different epidemiological and sociodemographic context to 
carry out an effective screening. 

− Develop an advanced polygenetic scoring combined with biomarker inputs for lung 
cancer. 

− Analyze the diagnostic accuracy of new screening tools for early detection in lung 
cancer. 

− Describe the socio-economic structure of the trial participants and assess the 
representativeness of individuals with lower socioeconomic backgrounds and gender 
balance. 

− Further evaluate sex and gender differences in lung cancer risk and screening 
effectiveness. 

2. METHODOLOGY 

2.1. Study Design 

− This is an analytical observational, longitudinal, multicenter cohort study. 

2.2. Study Period 

− This study estimates a recruitment period of 18 months. 

− The total duration of the study is estimated for 36 months, including the time 
necessary after the recruitment of the last subject for closing and editing the 
database, data analysis and preparation of the final study report. 

2.3. Study Population 

− Adult subjects (40 years old or higher), smokers and non-smokers, both women and 
men who have the capacity to comply with the study follow-up and sign the informed 
consent, will be recruited from “Servicio Andaluz de Salud” (SAS), “Osakidetza Servicio 
Vasco de Salud” (OSA), “Centre Hospitalier Universitaire de Liège” (CHUL) and “Centre 
for Tuberculosis and Lung Diseases (CTLD) of Riga East University Hospital (REUH)”. 

2.4. Selection Criteria 

2.4.1. Inclusion Criteria (for the 3 phases) 

o Subjects aged between 40 and 80 years;     
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o Both genders, of which at least 37% must be women to ensure 
representativeness;1 

o Willingness and ability to comply with scheduled visits, laboratory tests, and other 
trial procedures; 

o Written informed consent obtained prior to performing any protocol-related 
procedures. 

− For Phase 2: Precision Screening: 
o High risk of developing Lung Cancer volunteers will be selected by Lung Cancer 

risk factors modelling. 

− For Phase 3: Diagnosis: 
o Patients diagnosed with indeterminate pulmonary nodules or Lung Cancer 

from the screening phases. 

2.4.2. Exclusion Criteria 

− Subjects under 40 years of age; 

− Unable to be followed-up for at least 2-years or complete the study; 

− Subjects that do not sign the informed consent; 

− Current or prior history of lung cancer;  

− History of neoplasia in the previous 5 years except non-melanoma skin cancer; 

− Moderate-severe comorbidities that prevent completion of a diagnostic study in the 
event of findings suggestive of lung neoplasia (by means of the investigator's clinical 
judgment) or surgical intervention (<6 months) if not previously confirmed by 
cytohistology.  

− Vulnerable subjects: severe psychiatric comorbidity, adults under guardianship or 
deprived of liberty. 

− Pregnant women. 

2.5. Randomization Process  

All participants who have signed the informed consent will be assigned a unique identifier 
and receive the baseline screening. 

There will not be any randomization process. The whole study population will be assessed 
and followed up. 

                                                      
1 Source: GLOBOCAN 2023 (https://gco.iarc.fr/)  

https://protect.checkpoint.com/v2/___https:/gco.iarc.fr/___.YzJlOnRlY2huaW9uOmM6bzoyZGEzYTNjZTMxZWIxMjQzNTlhZmUwYmYyM2ZlZWQ3Nzo2OjM3OGY6YjYzMDBmM2M0NjQ3MmUwYzczYmMzYjVmZjdkYTJkM2I0NDUxZDAyODkzZGJhZDQxZjg2MzJjZjQwZTE2ODU0NzpwOlQ
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3. SAMPLE DETERMINATION AND SAMPLING 

To achieve a precision of 1.00% in estimating a proportion using a two-sided Normal 
asymptotic confidence interval at 95.00%, assuming that the proportion is 8.60% (GLOBOCAN 
2020; http://gco.iarc.fr) and effect side of 0.2, it will be necessary to include 5,674 volunteers 
in the study. Considering that the expected percentage of dropouts is 10.00%, it would be 
necessary to recruit 6.160 volunteers in the study. 

We will ensure that at least 37% of the subjects included in the study are women and that 
20% of the whole population in the study are non-smokers or reduced smokers (subjects that 
have smoked less than 100 cigarettes in their life). 

This will lead to a minimum of 2,279 women and 1,232 non-smokers or reduced smokers 
(NSRS). 

6 months after the beginning of the project, an interim analysis of the recruited patients will 
be carried out to verify the heterogeneity of the sample, to ensure that we comply with the 
representativeness of each group in the study, and to reach the statistical power necessary 
to achieve the objectives of LUCIA. If the sample size needs to be increased, new voluntaries 
will be recruited from pneumology consultations of the clinical partners. 

Also, if the minimum percentage of subject per group is not achieved, the recruitment will 
follow in the misrepresented group until the balance is restored. 

During this interim analysis, during phase 1 (wide population screening), if the minimum 
number of subjects is not achieved, we will include patients with findings of indeterminate 
pulmonary nodules in specialized consultation who meet the rest of the inclusion criteria. 

Based on the NLST and NELSON trials, the prevalence of the general population at high risk of 
developing lung cancer could be 6.6-8.9%.2 LUCIA intends to establish models that identify 
the population at high risk, a subsidiary of population screening for lung cancer, with greater 
precision. Based on the contrasted evidence in the literature, it was estimated that the follow-
up cohort in precision screening could be around 300-400 volunteers. Through the 
implementation and validation of new screening technologies in LUCIA, we aim to improve 
the early diagnosis of lung cancer. With an estimated increase from 25% (current figures for 

                                                      
2 González-Marrón, A., Martín-Sánchez, J. C., Matilla-Santander, N., Cartanyà-Hueso, À., Lidón-Moyano, C., 
Vidal, C., García, M., & Martínez-Sánchez, J. M. (2018). Estimation of the adult population at high risk of 
developing lung cancer in the European Union. Cancer epidemiology, 57, 140–147. 
https://doi.org/10.1016/j.canep.2018.10.007  

https://protect.checkpoint.com/v2/___https:/doi.org/10.1016/j.canep.2018.10.007___.YzJlOnRlY2huaW9uOmM6bzoyZGEzYTNjZTMxZWIxMjQzNTlhZmUwYmYyM2ZlZWQ3Nzo2OmFkZTY6ZWQ0YjIyNDQ0NjhjYTliODhkYjk1NzM3ZWUyZWQ5NWNmZDY3ZDc4ZmYxMDk0ZWU4ODhiYjdlZGExM2Y4OTlhODpwOlQ
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diagnosis in early stages according to the American Cancer Society)3 to 65% with the follow 
up population (to reach a power of 90% and a level of significance of 1.0%) decreased to a 
sample size of 210 volunteers. On the other hand, based on the risk of general population in 
developing a lung cancer, we can estimate that more than 300 patients will be followed with 
the diagnosis of pulmonary nodules or LC, considering the prevalence of these pathologies in 
Europe. A total of 1,000 will be targeted and reached by extending the recruitment to also 
include patients with new diagnosis of pulmonary nodules or LC, outside the screening 
phases, to ensure the stuffiest data for AI modelling of pathology and risk factors.  

In this phase, in order to reach the objective of recruited participants, i.e., the needed number 
of patients with the diagnosis of pulmonary nodules or LC, if necessary we will include 
patients from consultancies of Pneumology or Oncology settings. 

Finally, to ensure that we comply we the project’s goal, during phase 3 (diagnosis) we will 
include both CT screened patients that are referred for follow up scan because of the 
presence of Indeterminate Pulmonary Nodules (IPN), and subjects identified Lung Cancer 
following their baseline scan.   

4. SCIENTIFIC VARIABLES  

4.1. Main Variable 

The main variable is the presence of pulmonary nodules and/or Lung Cancer diagnosis 
identified by tomographic tests. 

4.2. Secondary Variables 

− Clinical Variables: 
o Sociodemographic data: age, gender, ethnicity, socioeconomic factors, 

deprivation index, education level. 
o Physical exploration: height, weight, Body Mass Index (BMI), blood pressure, 

heart rate, respiratory rate. 
o Spirometry result. 
o Medical record: Family history of lung cancer or other types of cancer, 

emphysema/ COPD (+GOLD classification)/ asthma, Interstitial Lung Disease 
(interstitial patterns), bronchiectasis, arterial hypertension, dyslipidemia, 
previous acute myocardial infarction, vasculopathies and chronic treatment. 

                                                      
3 https://www.lung.org/research/state-of-lung-cancer/key-findings  

https://protect.checkpoint.com/v2/___https:/www.lung.org/research/state-of-lung-cancer/key-findings___.YzJlOnRlY2huaW9uOmM6bzoyZGEzYTNjZTMxZWIxMjQzNTlhZmUwYmYyM2ZlZWQ3Nzo2Ojc4N2E6YmMxZjVhMWU5ZWM5Y2E0YmRlNDY4ZmMzMWY0NmI3ZWIwY2U1YjcwYTFmYzMyOGE3ZTkwM2Q3NzM4N2U4OTVlYTpwOlQ
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o Exposure to harmful agents: smoking and occupational exposure (physical 
activity and frequency, alcohol intake, cigarette packets/year, age of smoking 
onset, time elapsed since last cigarette, occupational exposure to 
carcinogens). 

− Analytical variables (General overview of potential markers) combining mandatory 
and nice to have biological markers collected either prospectively or through standard 
of care (SOC): 

o General Biochemistry: Glucose, HDL Cholesterol, Iron, C reactive protein, 
Proteins, Albumin, LDL Cholesterol, Ferritin, Chloride, Lactate dehydrogenase 
(LDH), Triglycerides, Transferrin Index, Cholesterol, transferrin, phosphate, 
calcium. 

o Hepatic profile: GOT, GPT, GGT, Bilirubin, Alkaline phosphatase. 
o Kidney profile: urea, Creatinine, Sodium, potassium, Urate. 
o Tumor markers: CEA, CA125, CYFRA 21.1, NSE. 
o General hematology: blood count, erythrocyte sedimentation rate. 
o Hemostasis: partial thromboplastin time, fibrinogen, international normalized 

ratio (INR), prothrombin time. 

− Exploratory Omics markers (subgroup: n=2350):  
o Dedicated blood samples will be specifically performed for a large Omics 

analysis. 

− Questionnaires: 
o Lifestyle and Quality of Life (QoL) questionnaires: HPLP-II, Fantastic lifestyle 

Checklist, Mediterranean diet adherence test and EuroQoL. 

− Geo-location and open data. 

− Device data: 
o Breath Analyzer (BAN): Biomarkers and signals from breath.  
o Wide-biomarker-spectrum Multi-Use Sensing Patch (WBSP): Biomarkers and 

signals from skin. 
o Spectrometry-on-Card (SPOC): Biomarkers and signals from blood samples. 

− Tumor pathology: 
o Tumor biopsy result. 
o Liquid biopsy result. 

− Lung CT scan description. 
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5. CLINICAL MANAGEMENT AND STUDY PLAN 

PHASE 2 study: Precision Screening: Identify citizens at elevated risk of developing LC 
according to the developed risk factor assessment, suitable for further screening using low-
cost devices in community-based settings or in centralized screening facilities. 

Subjects will be included in this phase and follow-up: 

− High risk of LC volunteers by risk factor model analysis in phase 1 (visit M3).  

Screening encouragement will be developed in Hard-to-reach community4 (see note below). 

VISIT 1 - Baseline 

New participants: 

Thoracic surgeons and/or pneumologists from the different clinical sites will identify possible 
participants at early-stage LC that underwent a surgery and hard-to-reach community. 

The researcher will proceed to inform the selected patients about the possibility of 
participating in the clinical trial by explaining them what their participation will consist of 
through the Patient Information Sheet and the Informed Consent. The participants will be 
able to ask all the questions they deem appropriate in order to clarify all their doubts and will 
take the time they consider necessary to decide. 

If the patient wishes to participate in the study, they will sign the Informed Consent and a 
code will be assigned to guaranty the pseudo-anonymization of the patient and included in 
the participant’s electronic health record (EHR). 

The code will be as explained in phase 1. 

During this first visit, the principal investigator and/or their collaborators will access the EHR 
of each patient and will record the clinical data: 

− Sociodemographic data: age, gender, ethnicity, socioeconomic factors, deprivation 
index, education level. 

                                                      
4   Hard-to-reach individuals are self-excluded individuals from screening recruitment. For this study, additional communication efforts will be made to recruit 
those who have not responded to the acceptable lung health check approach. These subjects would then join the normal lung-health check pathway but will be 
treated as subset-analysis. Subjects that are diagnosed as late-stage disease (e.g., admission via emergency care) and meeting the criteria for CT screening and 
recruited within the hospital setting will be classified as hard-to-reach. Subjects with early-stage disease that are recruited in a surgical setting but have not 
done CT will be classed as hard-to-reach. 
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− Physical exploration: height, weight, Body Mass Index (BMI), blood pressure, heart 
rate, respiratory rate. 

− Spirometry result (not performed in Latvia). 

− Medical record: Family history of lung cancer or other types of cancer, emphysema/ 
COPD (+GOLD classification)/ asthma, Interstitial Lung Disease (interstitial patterns), 
bronchiectasis, arterial hypertension, dyslipidemia, previous acute myocardial 
infarction, vasculopathies and chronic treatment. 

− Exposure to harmful agents: smoking and occupational exposure (physical activity and 
frequency, alcohol intake, cigarette packets/year, age of smoking onset, time elapsed 
since last cigarette, occupational exposure to carcinogens). 

The participant will have to complete the following questionnaires, which will be collected 
and filed as part of the participant’s information: 

− Lifestyle Quality of Life (QoL) questionnaires: HPLP-II, Fantastic lifestyle Checklist, 
Mediterranean diet adherence test and EuroQoL.  

− Geo-location. 

All clinical sites will perform a common blood test that will be enriched in each one of the 
sites as follows: 

− Andalusian Clinical Site: Investigators will collect a blood sample of the participants 
for its analysis, including:  

o General Biochemistry: Glucose, HDL Cholesterol, Iron, C reactive protein, 
Proteins, Albumin, LDL Cholesterol, Ferritin, Chloride, Lactate dehydrogenase 
(LDH), Triglycerides, Cholesterol, transferrin, phosphate, calcium 

o Hepatic profile: GOT, GPT, GGT, Bilirubin, Alkaline phosphatase 
o Kidney profile: urea, Creatinine, Sodium, potassium, Urate 
o General hematology: blood count, erythrocyte sedimentation rate 
o Hemostasis: partial thromboplastin time, fibrinogen, international normalized 

ratio (INR), prothrombin time 
o Omics analysis based on blood samples: patients will also be asked to 

participate in the specific OMICS sub-analysis evaluating genetic and 
epigenetics modifications. (Specifications of management of these blood 
samples are describe in section 8). 

− Basque Country Clinical Site: Investigators will collect a blood sample of the 
participants for its analysis, including:  

o General Biochemistry: Glucose, HDL Cholesterol, Iron, C reactive protein, 
Proteins, Albumin, LDL Cholesterol, Ferritin, Chloride, Lactate dehydrogenase 
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(LDH), Triglycerides, Transferrin Index, Cholesterol, transferrin, phosphate, 
calcium. 

o Hepatic profile: GOT, GPT, GGT, Bilirubin, Alkaline phosphatase. 
o Kidney profile: urea, Creatinine, Sodium, potassium, Urate. 
o Tumor markers: CEA, CA125, CYFRA 21.1, NSE. 
o General hematology: blood count, erythrocyte sedimentation rate. 
o Hemostasis: partial thromboplastin time, fibrinogen, international normalized 

ratio (INR), prothrombin time. 
o Omics analysis based on blood samples: patients will also be asked to 

participate in the specific OMICS sub-analysis evaluating genetic and 
epigenetics modifications. (Specifications of management of these blood 
samples are describe in section 8). 

− Belgian Clinical Site: Investigators will use data gathered through SOC, including but 
not limiting to variables (General overview of potential markers) combining 
mandatory and nice to have biological markers collected through SOC:  

o General Biochemistry: C reactive protein, Proteins, Chloride. 
o Hepatic profile: GOT, GPT, GGT, Bilirubin, Alkaline phosphatase. 
o Kidney profile: Creatinine, Sodium, potassium, Urate. 
o General hematology: blood count. 
o Omics analysis based on blood samples: patients will also be asked to 

participate in the specific OMICS sub-analysis evaluating genetic and 
epigenetics modifications. (Specifications of patients’ enrollment and 
management of these blood samples are describe in section 8). 

− Latvian Clinical Site: Investigators will use data gathered through SOC, including but 
not limiting to variables (General overview of potential markers) combining 
mandatory and nice to have biological markers collected through SOC: 

o Glucose, C reactive protein, Proteins, Albumin, Calcium 
o Hepatic profile: GPT, GGT, Bilirubin, Alkaline phosphatase 
o Kidney profile: urea, Creatinine, Sodium, potassium,  
o General hematology: blood count, erythrocyte sedimentation rate 
o Omics analysis based on blood samples: patients will also be asked to 

participate in the specific OMICS sub-analysis evaluating genetic and 
epigenetics modifications. (Specifications of patients’ enrollment and 
management of these blood samples are describe in section 8). 

If abnormal values are observed after performing the blood analysis, the researcher in charge 
of the subject involved in the study will handle the situation according to usual clinical 
practice. 
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Professionals will guide participants in the use of the non-invasive portable devices studied in 
this assay:  

− Breath Analyzer (BAN): Collection of a breath sample for biomarkers identification. 

− Spectrometry-on-Card (SPOC): Collection of a 3-5mL of blood sample or biomarkers 
identification. 

− Wide Spectrum Biomarker Sensing Patch (WBSP): Application of a patch to measure 
biomarkers in sweat, Interstitial Fluid (ISF) and skin. 

All these data will be entered in the Case Report Form (CRF) of the study developed by 
Bilbomática. 

All clinical sites: The clinician will make an appointment for a Low Dose Computerized 
Tomography (LDCT) in order to verify the lack of pulmonary nodules or lung cancer disease in 
the patient at the beginning of the project.  

Subjects from phase 1 (high risk of LC volunteer by risk factor model analysis). 

Those subjects that, after being evaluated in phase 1, have been classified as of high risk of 
developing a LC (this is, subjects who show positive or uncertain results after the use of both 
SPOC and BAN) will be referred to this second phase and will undergo CT scans in Phase 2. 

These subjects will only have to be guided in the use of the Wide Spectrum Biomarker Sensing 
Patch (WBSP) and use their blood sample for the Polygenetic Scoring analysis. 

Based on the assessment carried out by the results of the LDCT, the devices (individuals who 
show positive or uncertain results) and by risk factor model analysis, subjects (both new 
subjects and subjects from phase 1) will: 

− Continue in Phase 2: Precision Screening by LDCT 

− Be referred to Phase 3: Diagnosis if by results of initial LDCT lung cancer or 
Indeterminate Pulmonary Nodules (IPN) are found. 

Follow up visit 2 (6 months ± 30 days) 

6 months after the beginning of the project an interim analysis of the recruited patients will 
be carried out to verify the heterogeneity of the sample and to ensure that we comply with 
the representativeness of each group in the study. 
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If the minimum percentage of subject per group is not achieved, the recruitment will follow 
in the misrepresented group until the balance is restored. 

This visit will be performed remotely. 

During this visit, the following information will be recorded: 

− Medical record: New diagnoses, clinical episodes and/or treatments. 

− Exposure to harmful agents: smoking and occupational exposure (physical activity and 
frequency, alcohol intake, cigarette packets/year, age of smoking onset, time elapsed 
since last cigarette, occupational exposure to carcinogens). 

Guide symptoms of a possible Lung Cancer will also be recorded: 

− A cough that does not go away or gets worse; 

− Coughing up blood or rust-colored sputum (spit or phlegm); 

− Chest pain that is often worse with deep breathing, coughing, or laughing 

− Hoarseness; 

− Loss of appetite; 

− Unexplained weight loss; 

− Shortness of breath; 

− Feeling tired or weak; 

− Infections such as bronchitis and pneumonia that don’t go away or keep coming back; 

− New onset of wheezing.  

All these data will be entered in the Case Report Form (CRF) of the study and in the app 
developed by Bilbomática. 

Follow up visits 3 (12 months ± 2 months) 

During the follow up visits (every 12 months from visit 1), the principal investigator and/or 
their collaborators will access the electronic health record (EHR) of each patient and will 
review and update patient’s data: 

− Physical exploration: height, weight, Body Mass Index (BMI), blood pressure, heart 
rate, respiratory rate. 

− Spirometry result (not performed in Latvia). 

− Medical record: new diagnoses, clinical episodes and/or treatments. 
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− Exposure to harmful agents: smoking and occupational exposure (physical activity and 
frequency, alcohol intake, cigarette packets/year, age of smoking onset, time elapsed 
since last cigarette, occupational exposure to carcinogens). 

The participant will have to complete the following questionnaires, which will be collected 
and filed as part of the participant’s information: 

− Lifestyle Quality of Life (QoL) questionnaires: HPLP-II, Fantastic lifestyle Checklist, 
Mediterranean diet adherence test and EuroQoL.  

All these data will be entered in the Case Report Form (CRF) of the study. 

Early-stage LC patients that underwent a surgery (stages I to IIA without indication of adjuvant 
treatment of any kind, N0) cannot be controlled by LDCT in follow-up visits. In these patients, 
staging CT must be used instead. 

Based on the assessment carried out by the results of the LDCT, the devices (individuals who 
show positive or uncertain results) and by risk factor model analysis risk factor model, 
subjects (both new subjects and subjects from phase 1) will: 

− Continue in Phase 2: Precision Screening by LDCT 

− Be referred to Phase 3: Diagnosis if by results of initial LDCT lung cancer or 
Indeterminate Pulmonary Nodules (IPN) are found. 

Final visit (24 months ± 2 months) 

During the last visit (24 months from visit 1), clinical data and questionnaires will be recorded: 

− Physical exploration: height, weight, Body Mass Index (BMI), blood pressure, heart 
rate, respiratory rate. 

− Spirometry result (not performed in Latvia). 

− Medical record: new diagnoses, clinical episodes and/or treatments. 

− Exposure to harmful agents: smoking and occupational exposure (physical activity and 
frequency, alcohol intake, cigarette packets/year, age of smoking onset, time elapsed 
since last cigarette, occupational exposure to carcinogens). 

The participant will have to complete the following questionnaires, which will be collected 
and filed as part of the participant’s information: 
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− Lifestyle Quality of Life (QoL) questionnaires: HPLP-II, Fantastic lifestyle Checklist, 
Mediterranean diet adherence test and EuroQoL.  

All these data will be entered in the Case Report Form (CRF) of the study. 

Participants will also be guided in the use of the non-invasive portable devices studied in this 
assay:  

− Breath Analyzer (BAN): Collection of a breath sample for biomarkers identification. 

− Spectrometry-on-Card (SPOC): Collection of a 3-5mL of blood sample or biomarkers 
identification. 

− Wide Spectrum Biomarker Sensing Patch (WBSP): Application of a patch to measure 
biomarkers in sweat, Interstitial Fluid (ISF) and skin. 

All clinical sites: The clinician will make an appointment for a Low Dose Computerized 
Tomography (LDCT) to verify the lack of pulmonary nodules or lung cancer disease in the 
patient at the end of the project. 

PHASE 3: Diagnosis: Harnessing the inputs from the risk factor assessment tool, in 
combination with biomarkers and omics data will be able to assist with differentiation in the 
diagnosis workflow, to accelerate the diagnosis procedure and initiate the most suitable 
treatment regime 

In this phase, we will include: 

− Patients diagnosed with indeterminate pulmonary nodules or Lung Cancer from the 
screening phases. 

If it is necessary to reach the number of patients, we will recruit: 

− Patients with new diagnosis of pulmonary nodules or Lung Cancer, prior initiation of 
treatment, outside the screening phases from pneumology consultations. 

− CT screened patients that are referred for follow-up scan because of the presence of 
Indeterminate Pulmonary Nodules (IPN). 

− Subjects identified Lung Cancer following their baseline scan. 
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VISIT 1 - Baseline 

New participants: 

Thoracic surgeons and/or pneumologists from the different clinical sites will identify possible 
participants if the number of recruited participants required has not been reached from 
previous phases. 

The researcher will proceed to inform the selected patients about the possibility of 
participating in the clinical trial by explaining them what their participation will consist of 
through the Patient Information Sheet and the Informed Consent. The participants will be 
able to ask all the questions they deem appropriate in order to clarify all their doubts and will 
take the time they consider necessary to decide. 

If the patient wishes to participate in the study, they will sign the Informed Consent and a 
code will be assigned to guaranty the pseudo-anonymization of the patient and included in 
the participant’s electronic health record (EHR). 

The code will be as explained in phase 1. 

During this first visit, the principal investigator and/or their collaborators will access the EHR 
of each patient and will record the clinical data: 

− Sociodemographic data: age, gender, ethnicity, socioeconomic factors. 

− Height, weight, Body Mass Index (BMI), blood pressure, heart rate, respiratory rate. 

− Spirometry result (not performed in Latvia). 

− Medical record: Family history of lung cancer or other types of cancer, emphysema/ 
COPD (+GOLD classification)/ asthma, Interstitial Lung Disease (interstitial patterns), 
bronchiectasis, arterial hypertension, dyslipidemia, previous acute myocardial 
infarction, vasculopathies and chronic treatment. 

− Exposure to harmful agents: smoking and occupational exposure (physical activity and 
frequency, alcohol intake, cigarette packets/year, age of smoking onset, time elapsed 
since last cigarette, occupational exposure to carcinogens). 

The participant will have to complete the following questionnaires, which will be collected 
and filed as part of the participant’s information: 

− Lifestyle Quality of Life (QoL) questionnaires: HPLP-II, Fantastic lifestyle Checklist, 
Mediterranean diet adherence test and EuroQoL.  
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− Geo-location 

All clinical sites will perform a common blood test that will be enriched in each one of the 
sites as follows: 

− Andalusian Clinical Site: Investigators will collect a blood sample of the participants 
for its analysis, including:  

o General Biochemistry: Glucose, HDL Cholesterol, Iron, C reactive protein, 
Proteins, Albumin, LDL Cholesterol, Ferritin, Chloride, Lactate dehydrogenase 
(LDH), Triglycerides, Cholesterol, transferrin, phosphate, calcium. 

o Hepatic profile: GOT, GPT, GGT, Bilirubin, Alkaline phosphatase. 
o Kidney profile: urea, Creatinine, Sodium, potassium, Urate. 
o General hematology: blood count, erythrocyte sedimentation rate. 
o Hemostasis: partial thromboplastin time, fibrinogen, international normalized 

ratio (INR), prothrombin time. 
o Liquid biopsy. 

− Basque Country Clinical Site: investigators will collect a blood sample of the 
participants for its analysis, including:  

o General Biochemistry: Glucose, HDL Cholesterol, Iron, C reactive protein, 
Proteins, Albumin, LDL Cholesterol, Ferritin, Chloride, Lactate dehydrogenase 
(LDH), Triglycerides, Transferrin Index, Cholesterol, transferrin, phosphate, 
calcium. 

o Hepatic profile: GOT, GPT, GGT, Bilirubin, Alkaline phosphatase. 
o Kidney profile: urea, Creatinine, Sodium, potassium, Urate. 
o Tumor markers: CEA, CA125, CYFRA 21.1, NSE. 
o General hematology: blood count, erythrocyte sedimentation rate. 
o Hemostasis: partial thromboplastin time, fibrinogen, international normalized 

ratio (INR), prothrombin time. 
o Liquid biopsy. 

− Belgian Clinical Site: Investigators will collect a blood sample of the participants or use 
data gathered through SOC, including variables (General overview of potential 
markers) combining mandatory and nice to have biological markers:  

o General Biochemistry: C reactive protein, Proteins, Chloride. 
o Hepatic profile: GOT, GPT, GGT, Bilirubin, Alkaline phosphatase. 
o Kidney profile: Creatinine, Sodium, potassium, Urate. 
o General hematology: blood count. 
o Liquid biopsy. 
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− Latvian Clinical Site: Investigators will use data gathered through SOC, including but 
not limiting to variables (General overview of potential markers) combining 
mandatory and nice to have biological markers collected through SOC: 

o Glucose, C reactive protein, Proteins, Albumin, Calcium; 
o Hepatic profile: GPT, GGT, Bilirubin, Alkaline phosphatase; 
o Kidney profile: urea, Creatinine, Sodium, potassium; 
o General hematology: blood count, erythrocyte sedimentation rate; 
o Liquid biopsy. 

If abnormal values are observed after performing the blood analysis, the researcher in charge 
of the subject involved in the study will handle the situation according to usual clinical 
practice. 

Professionals will guide participants in the use of the non-invasive portable devices studied in 
this assay:  

− Breath Analyzer (BAN): Collection of a breath sample for biomarkers identification. 

− Spectrometry-on-Card (SPOC): Collection of a 3-5ml blood sample for biomarkers 
identification. 

− Wide Spectrum Biomarker Sensing Patch (WBSP): Application of a patch to measure 
biomarkers in sweat, Interstitial Fluid (ISF) and skin. 

All these data will be entered in the Case Report Form (CRF) of the study developed by 
Bilbomática. 

Subjects from previous phases (diagnosed by findings in LDCT). 

Those subjects that, after being evaluated in previous phases, have been diagnosed with Lung 
Cancer and/or have been found Indeterminate Pulmonary Nodules will be referred to this 
third phase. 

These subjects will only have to be guided in the use of the non-invasive portable devices 
studied in this assay:  

− Breath Analyzer (BAN): Collection of a breath sample for biomarkers identification. 

− Spectrometry-on-Card (SPOC): Collection of a 3-5ml blood sample for biomarkers 
identification. 

− Wide Spectrum Biomarker Sensing Patch (WBSP): Application of a patch to measure 
biomarkers in sweat, Interstitial Fluid (ISF) and skin. 
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A liquid biopsy will also be performed. 

Patients included in this phase will undergo the usual treatment for their diagnosis as per 
usual clinical practice until the end of the study. 
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Flow Chart of the study: 

  PATIENT PHASE 2*## PHASE 3* 

   Baseline Follow-up Baseline 

  VISIT 1 2# 3 4 1 

  MONTH 0 6 12 24 0 

  TIME WINDOW (days) - 30 60 60 - 

Informed Consent Form Signature X**       X** 

CLINICAL &  

SOCIODEMOGRAPHIC  

DATA 

Sociodemographic data (A) X       X 

Physical exploration (B) X  X X X 

Medical record (C)  X X X X X 

Exposure to harmful agents (D) X X X X X 

QoL Questionnaires (E)  X   X X X 

Geo-location X**       X** 

IMAGING CT Scan  X    X X 

BIOLOGICAL**** 

General biochemistry (F) X     X 

Hepatic profile (G) X     X 

Kidney profile (H) X     X 

Tumor markers (I) X     X 

General hematology (J) X     X 

Hemostasis (K) X     X 

GENETIC TESTING Omics analysis based on blood samples X         

OTHER Liquid biopsy         X 

 NEW DEVICES 

Breath Analyzer (BAN) (L) X     X X 

Spectrometry on Card (SPOC) (M) X     X X 

Wide Spectrum Biomarker Sensing Patch (WBSP) (N) X     X X 

GUIDE SYMPTOMS 

Cough   X X      

Coughing up blood or rust-colored sputum   X  X     

Chest pain   X  X     

Hoarseness   X  X     

Loss of appetite   X  X     

Unexplained weight loss   X  X     

Shortness of breath   X  X     

Feeling tired or weak   X  X     

Infections (bronchitis, pneumonia, …)   X  X     

New onset of wheezing   X  X     
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**Patients that are included in phases 2 and/or 3 that haven’t participated in the previous 
phases 

****Biological data: In order to optimize the resources, biological data will be gathered 
through SOC procedures. 

#Remote visit 

##Phase 2: Subjects included in phase 2 will follow the same scheme of visits as in phase 1 
but adding the WSBSP depending on the moment they are included in phase 2. 
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6. SAMPLE HANDLING 

6.1 SAMPLE REQUIREMENTS 

− The sample requirements to perform WGS with Oxford Nanopore Technologies 
(ONT) are: 6-10μg of high molecular weight (HMW) DNA for each flow cell to be 
processed. 

− High-quality, high-molecular-weight genomic DNA is imperative for obtaining 
long read lengths and optimal sequencing performance. 

General guidelines for handling high-molecular-weight DNA 

In general, the following precautions need to be taken when handling DNA: 

− Avoid over drying of genomic DNA. Allow the DNA to air dry. Do not heat when 
drying in a speed vac. 

− DNA should be eluted in a neutral, buffered solution (e.g., 10 mM Tris Acetate or 
Tris-HCl, pH 8) and stored in TE (10 mM Tris, pH 8, 1 mM EDTA) *. Avoid eluting 
in RNAse-free H₂O or unbuffered solutions. 

− Please provide a 10ul aliquot of the buffer employed for DNA elution. 

− PCR products should be clean amplicons. 

− If gel purification is required, avoid using ethidium/UV-based visualization 
methods. One alternative is to use SYBR® Safe (Invitrogen) and visualize with blue 
light. 

− To resuspend the DNA, carefully invert the tube several times after adding buffer 
and/or tap the tube gently. Alternatively, allow the DNA to stand in a buffer 
overnight at 25°C. 

− Overheating can introduce DNA damage. Inactivate DNAase as recommended by 
the vendor kit. It is best to avoid heat inactivation when possible. An alternative 
is AMPure® purification. 

− Avoid small opening tips and vortexing. Genomic DNA is physically fragile and 
shears by pipetting and vortexing. 

− DNA storage conditions: 4°C (short-term); –20°C / –80°C (long-term). 

− Repeated freezing and thawing of genomic DNA should be avoided. 

*Note: EDTA must be removed before library preparation. This can be achieved during 
the initial AMPure purification. 
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Important measures impacting DNA quality 

To maximize read length and quality, it is essential that the DNA sample: 

− Is double-stranded. 

− Has not been exposed to high temperatures (e.g.,>65ºC for 1h) or extreme pH 
(<6 or >9). 

− Has an OD260/OD280 ratio of 1.8 to 1.9. 

− Has an OD260/OD230 ratio of 2.0-2.2. 

− Does not contain insoluble material or RNA contamination. 

− Does not contain denaturants (e.g., guanidinium salts or phenol) or detergents 
(e.g., SDS or Triton-X100). 

− Does not contain carryover contamination from the original organism/tissue 
(e.g., heme, humic acid, polyphenols, etc.). 

DNA sample quality assessment: 

A thorough DNA quality check is required before submitting DNA. The following 
recommendations to ascertain DNA integrity, purity, and concentration are 
recommended: 

1) Gel images of DNA sample: Genomic DNA integrity can be assessed by agarose gel 
electrophoresis; however, optimal fragment size assessment should be done by 
pulsed-field gel analysis. Expected average fragment size is >80 kb. 

2) Purity of DNA sample: DNA purity should be determined by using the NanoDrop® 
instrument. Readings of both A260:A280 and A260:A230 need to be obtained: 

a. 260/280: The ratio of absorbance at 260 nm and 280 nm is used to assess 
the purity of DNA. A ratio of ~1.8 is generally accepted as “pure” for DNA 
but is dependent on the nucleotide composition of the submitted sample. 
A low A260/A280 ratio may indicate the presence of protein, phenol or 
other contaminants that absorb strongly at or near 280nm. Sometimes it 
may be caused by a very low concentration of nucleic acid. High 260/280 
ratios are not indicative of an issue, a value >1.9 usually indicates repetition 
of an RNase digestion. 

b. 260/230: The 260/230 ratio provides a secondary measurement of DNA 
purity to make inferences about the quality of sample extraction. Expected 
260/230 values are commonly in the range of 2.0-2.2. Abnormal 260/230 
values may indicate a problem with the sample extraction procedure. The 
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Protein LoBind tubes will improve UV 260/230 ratios by up to 0.1 – 0.4 by 
preventing carryover of contaminants stuck to the tube surfaces. 

In addition to the Nanodrop ratios it was found critical that the ratio of DNA 
concentrations measured on the Qubit and Nanodrop instruments respectively 
should be 1:1.5. This ratio indicates that most DNA molecules are double-stranded 
and that no other molecules (e.g., RNA) are present that absorb at 260 nm 
(Schalamun et al., 2018). 

3) Concentration of DNA sample: 

It is critical to determine the concentration of the double-stranded DNA, since only 
double-stranded DNA will be converted into sequencing templates. RNA, dNTPs, 
and single-stranded DNA included in the concentration measurement will skew 
the concentration reading. Therefore, it is highly recommended to use the 
PicoGreen® assay or a Qubit® fluorimeter for quantitation purposes. The 
requested minimal input mass for one GridION or PromethION flowcell run, as 
measured by Qubit, is 6 μg depending on the expected MW. 

Accepted Buffers 

− DNA can be dissolved in Tris buffer (e.g., 10 mM Tris, pH 7.0 – pH 8.0). Do 
not use nuclease-free water as this is insufficient for long-term DNA 
stabilization. Only for long-term storage of high molecular weight (HMW) 
gDNA we recommend the use of TE buffer, however, as this is not 
compatible with some enzymatic reactions (Mg++ dependent) it should not 
be used as the first-choice buffer. 

Options for DNA Extraction from blood cells: 

a) aQiagen MagAttract® HMW kit (100-200 kb) – (special equipment needed) 
b) Qiagen Genomic-tip kit (50-100 kb) – Highly recommended for HMW DNA 

and mtDNA extraction or for extraction of bacterial DNA. 
c) Qiamp DNA kit (50 kb) was particularly tested for whole blood DNA 

extraction where mtDNA was well retained. 
d) Qiagen Gentra Puregene kit (100-200 kb) – Not recommended for the 

mtDNA extraction and bacterial extractions. 
e) Phenol-chloroform extraction - Ensure phenol is fresh and not oxidized; use 

within three months of opening of reagent bottle. 
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http://cshprotocols.cshlp.org/content/2006/1/pdb.prot4455.long. DNA 
extraction protocol adapted from Molecular Cloning by Sambrook and Russell 
(third edition). Chapter 6 protocol 1- Josh Quick, Ultra-long read sequencing 
protocol for RAD004 Version 3. 

6.2 LABELLING AND PACKAGING INSTRUCTIONS 

− You’ll receive 500ul tubes with lateral 1D barcode and 2D barcode in the bottom 
in a 96-rack. 

− Tubes can be handled manually or with compatible automated platforms 0. 

− Do not overfill tubes with more than 500ul. 

− Blue capped tubes are to be used for DNA samples. 

− Tubes are numerically ordered but not always consecutive, by columns. CNAG 
will provide the clinical sites with an Excel file with all barcode IDs and initial rack 
positions. 

− Do not alter the labels in any way: tube labels show a unique CNAG sample 
barcode (format: 3 letters, 5 numbers). Rack label shows the project name and 
date of barcode submission, and plate order in case the submission contains 
more than one rack (1/n, 2/n, … n/n). 

− Never apply Parafilm around the tube cap, they have an anti-leakage system in 
the cap or paste any additional label on tubes. 

− For the shipment, ensure racks are well closed to avoid tubes being scattered in 
a box or directly in dry ice. 

− DNA samples should be shipped refrigerated at 4ºC (with blue ice/cooling 
blocks). 

6.3 SAMPLE DELIVERY INSTRUCTIONS 

− Check that all the samples conform to the requirements and that they are 
prepared and packed according to the guidelines given above. 

− Contact project management (projectmanager@cnag.crg.eu) to open a new 
subproject in the CNAG’s LIMS (Laboratory Information Management System).  

− CNAG biorepository will contact the clinical sites to provide the barcoded tubes 
and a URL link for data submission. Use only the material provided by CNAG for 
sample shipment. 

− Submit sample data BEFORE sample shipment. Notify by email CNAG 
Biorepository (lidia.agueda@cnag.crg.eu or ana.gonzalez@cnag.crg.eu) the date 
of delivery and provide the shipment tracking information whenever possible.  

https://protect.checkpoint.com/v2/___http:/cshprotocols.cshlp.org/content/2006/1/pdb.prot4455.long___.YzJlOnRlY2huaW9uOmM6bzoyZGEzYTNjZTMxZWIxMjQzNTlhZmUwYmYyM2ZlZWQ3Nzo2OjBiOGQ6NjJhYTQxNWVjZTM2YWQ5M2Q5NWQ2ZjkyOWVkOGZkOWYzZTIwNThjM2JmNTBlOGFiMTgzMGI3OTA1MzNiYTRlYTpwOlQ
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− CNAG barcodes that appear on the submission site can be used in different 
shipment batches. Select and submit the barcodes used for each shipment. Next 
time the URL is used it will only display the unused barcodes. 

− Parcel reception times: send parcels preferably at the beginning of the week 

Monday to Friday 8-12h. 

No reception on Saturday, Sunday and local bank holidays 

Shipment address: 

ATT. Lídia Agueda, PhD / Ana González, PhD 
Centre Nacional de Anàlisi Genòmica (CNAG) 

Parc Científic de Barcelona – Torre I 
C/Baldiri i Reixac, 4 

Barcelona 08028 – Spain 

− For non-EU shipments: additional documentation will be requested by the 
customs authorities. CNAG has to gather several documents and handle them to 
Spanish Customs, once the import is authorized, CNAG contacts the collaborator 
to define the shipment date.  

6.4 BLOOD SAMPLE preparation for SPOC analysis.  
1. Approximately 1200 (1000 samples and additional blank tube for each sampling 

day) EDTA vacutainers from the same batch production should be prepared for 
the experiments. 

2. Exactly 3 ml blood sample will be collected in EDTA vacutainers.  
3. After collection, the blood samples will be stored in a refrigerator (2-6 °C) until 

analysis. 
4. Every sampling day, 1 empty tube should be added to the analysis as a controlling 

blank sample. 
5. Blood samples should be introduced and analyzed in SPOC system up to 3 days 

from sampling. 
6. Before sampling the headspace of blood sample vacutainers, the blood tubes 

should be heated to 40 °C (in a lab water bath or hot plate) for 30 minutes and 
directly then introduced to SPOC device for analysis. 

7. After analysis is completed, samples can be discarded according to hospital 
regulations.  
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7. INVESTIGATIONAL PRODUCT 

The following devices will be used and tested in the study: 

7.1 Breath Analyzer: the NaNose Sensor consists of an innovative smart sensor array, that 
measure Volatile Organic Compounds (VOCs) emitted in the exhaled breath. NaNose Sensors 
are embedded in DiaNose system. DiaNose system consists of innovative smart sensors that 
measure VOCs emitted in the exhaled breath. 

− DiaNose System Description: the DiaNose units consist of the following elements 
(Figure 1): 

 

Figure 1: elements of the DiaNose unit 

a) Breath collection unit: the tested subject exhales through the tube and 
withdraws after a complete, single exhalation. The exhalation is through of-
the-shelf mouthpiece with saliva trap and a one-way check valve that 
eliminates the possibility of a subject inhaling air back from the mouthpiece. 
The last 40 ml of the exhaled breath gas, the end-tidal fraction, remains 
trapped in the tube. The exhalation into the tube is performed while it is 
disconnected from the main device. This unit is for single use. 

b) Sensors Chamber: this unit contains the Nanose sensors. The trapped 
breathed air in the breath collection unit is transferred through the sensors 
chamber by a pump upon the 2 units connection, as described below. The 
sensor chamber is a replaceable unit. Instruction regarding replacement 
frequency will be supplied with the units. 
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c) DiaNose Base Unit: a multi-use unit containing the sensors’ signals 
measurement electronic card and a pump that transfers the exhalation 
sample from the breath collection unit to the sensors chamber. The Sensor 
Reading Unit is connected to a Laptop by a USB cable. 

d) Laptop: Laptop is used to activate and save the test measurements. 

− NaNose Sensors: Main Device Components 

The DiaNose system consists of innovative smart sensors that measure VOCs 
emitted in the exhaled breath. The sensors, developed by Prof Haick's group at 
the Technion, and further by NaNose Medical, are based on a chemiresistor 
platform. They are composed of thin films of chemically capped Gold Nano 
Particles (GNPs) between adjacent printed microelectrodes (Figure 2). The GNP 
film serves as the sensing moiety. There are ~13 different capping 
ligands/functional groups attached to the GNPs. Upon exposure to breath 
samples, VOCs reach the sensing surface or diffuse into the sensing film and react 
with the capping ligands/functional groups, causing a volume 
shrinkage/expansion in the nanomaterial film [1]. As a consequence, the 
measured film resistance changes – increases or decreases (Figure 2: DiaNose 
Sensors C). Sensing responses are analyzed by signal processing and artificially 
intelligent/pattern recognition algorithms for disease detection. (See Figure 2). 
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Figure 2: DiaNose Sensors - schematic representation of sensors (not drawn to scale). 

a) A. Tunnelling electron micrograph image of the GNP sensing film; 
b) B. General mode of operation of a typical chemiresistor based on 

monolayer-capped gold nanoparticles before and after exposure to VOCs; 
c) C. A typical response of GNP coated sensors to the breath samples. In this 

example, the red curve represents the measurement of a disease-free 
sample, and the blue curve is from a positive sample. 

d) D. Schematics illustrating nanomaterial-based sensors for detecting disease 
via a volatile organic compound-artificially intelligent sensing approach. 
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7.2 Spectrometry-on-card (SPOC): using molecule separation according to varying masses 
and charges, SPOC is set to identifying the volatilomic makeup from the various body fluids 
collected for the LC patient (e.g., blood, urine), constitution and concentrations of VOCs, while 
avoiding the use of elaborate instruments or sending samples to distant labs. A sample result 
is ready in approximately 30 minutes. Measures VOCs of body fluid headspace (i.e., air 
trapped above the samples) that are linked to distinct changes in cancer biochemistry via 
oxidative stress, cytochrome p450, liver enzymes, carbohydrate metabolism, and/or lipid 
metabolism. The system pumps for 3-5 sec the headspace into the device, and as headspace 
passes through an array of different nanomaterial-based sensors (10 sensors), it operates 
according to a time-space-resolved architecture that modulates the mass-transfer rate for 
separation, elution and detection of each compound within a mixture, VOC patterns get 
adsorbed on the sensors, each of which emits a signal. AI and related software analyses and 
classify signal patterns to get a signature of LC.5   

This device is offline – a sample vial is introduced to the device with no direct contact between 
the volunteer and the system.  

7.3 Wide-biomarker-spectrum Multi-Use Sensing Patch (WBSP): the WBSP is based on the 
prototype developed under the A-patch EU project (Horizon 2020 Grant Agreement Number: 
824270). The latter project received ethical approval at the Technion, Israel, and at the 
University of Latvia hospital in Riga, Latvia (see attached copies of approvals). In addition, 
component production in TNO initially and TracXon as part of continuous development of the 
patch. The initial design was done at Holst Centre, as part of the a-patch work. With the 
fabrication of the patch in such a concept, we make use of the best of both worlds: fine line 
patterns for the molybdenum-chromium (MoCr) sensing unit made with TFE processes and 
large area printing combined with component placement with HPE processes. This 
combination is rather new. This initial design was revised during current work at TECH 
together with Traxton (Holst) is shown in the figure below. Patches will be put on the skin of 
the participants on the arm. The patch will be read (between 1 to 5 min) by a dedicated app 
(developed in LUCIA) at time zero and then after at several time points up to 1 hour (based 
on initial results measurement time might be extended for up to 24 hours). Practically the 
patch itself will come in contact with the skin via only 2 components, which are medical 
approved off the shelf products: 

− MED 5777A, Avery Dension - An Acrylic PSA adhesive within a Thermoplastic 
polyethylene non-woven material. (see attached technical data sheet from the 
manufacturer). 

                                                      
5 See also published paper from our group on the technology concept 
https://doi.org/10.1002/advs.202203693    

https://protect.checkpoint.com/v2/___https:/doi.org/10.1002/advs.202203693___.YzJlOnRlY2huaW9uOmM6bzoyZGEzYTNjZTMxZWIxMjQzNTlhZmUwYmYyM2ZlZWQ3Nzo2OmZkOWM6MWI1NWQwNjhhNTRkY2Y4OTYxNDBlYmExMjg4ZDQyM2E4MmI3ZmY3MTJiMTRlNDZhNjdmZWFlOThmOGFjODJhODpwOlQ
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− MED 5676A, Avery Dension - A single-coated, white, soft, conformable 
polyethylene foam with an acrylic adhesive (see attached technical data sheet 
from manufacture). 

 

 

Patch concept has been previously assed and used. The Figures below includes the 
previous ethical approval as part of A-patch project (Horizon 2020 Grant Agreement 
Number: 824270) given in Latvia and TNO (Holst center) Netherlands.  
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8. SECURITY 

Throughout the study, an attempt will be made to minimize the risk to which the volunteers 
participating in it are subjected as much as possible. 

The possible events that may occur during the study include the following: 

The stochastic or probabilistic effects of radiation when subjected to a LDCT are difficult to 
determine, the literature admits an increase in the probability of having a life-threatening 
cancer attributable to excess radiation for a population of 60 years of age of: 

− 0.09% in women and 0.05% in men for a conventional chest CT of 8mSv; 

− 0.011% in women and 0.006% in men for a low-dose chest CT scan of 1mSv. 

Regarding the security of the devices that will be used during the study: 

DiaNose System: DiaNose system being developed by Nanose Medical is at investigational 
stage and is used to collect data of NaNose sensors response to breath samples from patients 
and control subjects. 

During this clinical study, the system is used for data collection only. No diagnosis is 
performed, and no medical decisions will be based on DiaNose measurements. 

The method for analyzing the acceptability of an identified risk is according to the EN ISO 
14971:2012 by calculating a risk index and giving acceptance indications for acceptable/ 
unacceptable risk. 

Special considerations have been taken in designing the DiaNose system for the purpose of 
achieving its safe and reliable performance during the various phases of the design and 
development process. All preventive and/or control actions were implemented into the 
device to eliminate or reduce as much as possible any potential failure modes. 

According to ISO 10993-1 DiaNose is an Externally Communicating Device, which contacts 
intact tissue for a Limited Contact Duration. The device is in contact with tissue (lips) for a 
very limited time of less than 10 seconds. The only component that comes in contact with the 
lips is the tube into which the tested subject exhales. We use off the shelf Polyethylene 
mouthpiece with a wide inlet, spit trap and non-reverse valve, which is a part of the measuring 
system of Alcotest 9510 Accessories (Draeger) for breath alcohol analysis. Many tests for 
approval have been performed with these mouthpieces and the device has NMI R 126:2000 
approval. 
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Additionally, the breath collection unit into which the patient exhales that comes in contact 
with the lips is a disposable single use unit. The units are assembled and packed in a controlled 
and clean environment under laminar unit with H.E.P.A filtered air in sealed bags. Operators 
are trained not to use exhalation units from open bags, not to use single used unit more than 
once, and to discard the used unit to the biohazard trash immediately after use. The clinical 
app shows an alert message to throw the exhalation unit to the biohazard trash after test 
completion. 

The DiaNose 2.5 version which is currently tested, is a passive unit connected to a laptop USB 
(5V). DiaNose’s electronic board is located inside a plastic box – there is no direct contact 
between users with the electronic board. 

Based on all the above and as detailed below, the device does not present any significant risk 
to the tested patient and the operator. 

Wide-biomarker-spectrum Multi-Use Sensing Patch (WBSP): the WBSP is based on the 
prototype developed under the A-patch EU project (Horizon 2020 Grant Agreement Number: 
824270). The latter project received ethical approval at the Technion, Israel, and at the 
University of Latvia hospital in Riga, Latvia (see attached copies of approvals). In addition, 
component production in TNO initially and TracXon as part of continuous development of the 
patch (see attached). Practically the patch itself will come in contact with the skin via only 2 
components, which are medical approved off the shelf products: 

− MED 5777A, Avery Dension - An Acrylic PSA adhesive within a Thermoplastic 
polyethylene non-woven material. (see attached technical data sheet from the 
manufacturer). 

− MED 5676A, Avery Dension - A single-coated, white, soft, conformable 
polyethylene foam with an acrylic adhesive (see attached technical data sheet 
from manufacture).  

9. MANAGEMENT AND DATA COLLECTION 

a) Data Source Identification 

The source document refers to all those observations or notes recorded in the 
clinical interventions, as well as all the reports and notes necessary for the 
reconstruction and evaluation of the study Data Collection Notebook. 
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Basically, but not exclusively, the source documents are constituted by the 
documents and notes that are part of the patient's Clinical History and the 
different surveys that will be collected in the center.  

Whenever possible, the original document should be kept as source document; 
however, it is acceptable to submit a photocopy as long as it is clear, legible and 
accurate duplicate of the original document. 

The promoter shall ensure that the investigators or associated institutions allow 
direct access to the source data or documents for audits, for the review by the 
Clinical Research Ethics Committee, as well as for the inspection of the study by 
the health authorities (if applicable). 

b) Data Quality Assurance 

The Promoter will review and approve the study protocol and its possible 
modifications in the future, will request the authorization of the study to the 
Clinical Research Ethics Committee of the Basque Country, will request the 
agreement of the Director of the Institution, and will also be responsible for 
reviewing and approving the final study report. 

The Principal Investigator (PI) is responsible for reviewing and approving the 
protocol and signing the principal investigator's commitment. The PI will ensure 
that the persons involved in the institution respect the confidentiality of patient 
information and protect personal data. The PI is also responsible for reviewing and 
approving the final study report together with the promoter. All members of the 
research team will assess the eligibility of study patients, inform and request 
written informed consent, collect the study source data in the medical record and 
transfer it to the Data Collection Notebook. 

c) Data Management 

The management of the collection and treatment of the study data will be carried 
out through the design of a Data Collection Notebook in paper format, in which 
the researchers assigned to this task will enter the data of each patient 
participating in the study. 

The current legislation will be complied with in terms of data confidentiality 
protection (the EU General Data Protection Regulation Nr. 2016/679 (GDPR) and 
applicable national laws). To this end, each patient will receive an alphanumeric 
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identification code in the study that will not include any data allowing personal 
identification (coded in the Data Collection Notebook). The principal investigator 
will have a separate list that will allow linking the identification codes of the 
patients participating in the study with their clinical and personal data. This 
document will be filled in a secure area with restricted access, under the custody 
of the principal investigator and will never leave the institution. 

Once the Data Collection Notebooks in paper format have been completed and 
closed by the principal investigator, the data will be transferred to a database. 

As in the Data Collection Notebooks, the Database will comply with current 
legislation on data confidentiality protection (the GDPR and applicable national 
laws), which will not include data that allows direct identification of patients. 

The transfer of data from the paper Data Collection Notebook to the electronic 
database will be carried out using the double data entry technique. This will be 
done by the researchers collaborating on the project. 

Data will be managed and tabulated with consistency rules and logical ranges to 
control inconsistencies during data tabulation. A validation process of the clinical 
data will be performed by running computer filters based on validation rules, 
which automatically identify missing values or inconsistencies in the clinical data 
according to the Protocol. In addition, manual editing and validation will be 
performed using descriptive and exploratory statistical techniques to complement 
the detection of logical errors and inconsistent values. 

The database shall be considered closed after the completion of all data 
management processes and the satisfactory resolution of discrepancies and errors 
in the data. Any changes to the databases after closure can only be made after a 
written agreement between the promoter and the technical coordinators of the 
project.  

10. ANALYSIS 

The epidemiological analysis will integrate data, results and risk assessment analysis from 
comprehensive cross-sectional and longitudinal retrospective datasets, exposure information 
and multi-omics-based risk analysis into risk prediction tools and evaluate their performance 
for both short- and long-term risk prediction in both the retrospective and prospective 
epidemiological and clinical cohorts included or established in LUCIA. Specific attention will 
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be devoted to sex- and age-specific differences and potential interactions between risk 
factors. 

LUCIA will carry out an AI Impact Assessment (AIIA) against AI-driven risk scores and 
population stratification, to assess the use of AI technologies and to provide policy and ethical 
recommendations (incl. AI Taxonomy) moving forward. With the use of AI comes questions 
and concerns on the impact AI may have on individuals, society, and environment. Carried 
out in four steps, the AI impact assessment will address the directly affected, internal, and 
expert stakeholders concerned with the technologies impact on their lives, including patients, 
projects peers, policymakers and local stakeholders. The four steps include (i) a materiality 
analysis; (ii) impact assessment; (iii) AI project (e.g., AI-based risk scores) oversight; and (iv) 
public/health policy recommendations. Materiality analysis will identify the most important 
aspects of AI projects (i.e., AI-based risk scores and AI-driven digital diagnostics) that need to 
be tackled to create a trustworthy AI strategy, to identify trends that could impact the 
project’s long-term strategy, and to help in making informed decisions. Through open 
discussions with both the project's internal and external stakeholders, the project will be able 
to make use of stakeholders’ insights to rank and prioritize the (critical) issues (privacy, 
wellbeing, safety, etc.,) most relevant to the project’s strategy.  

11. ETHICAL AND LEGAL CONSIDERATIONS 

The development of the study will adjust to international standards of Good Clinical Practice, 
to the Declaration of Helsinki in its latest active amendment, and to international and national 
rules and regulations, and will not start until the approval of the Clinical Research Ethics 
Committee of the Basque Country and the agreement of the Director of the corresponding 
Institution. Any modification of this protocol will be reviewed and approved by the promoter 
and must be evaluated by the Clinical Research Ethics Committee for approval before 
including subjects in a modified protocol. 

The study will be carried out in accordance the GDPR and applicable national laws, which will 
not include any data that allows the personal identification of the subjects, and the 
information will be managed in encrypted form. 

Patients will be informed orally and in writing about all the information related to the study 
and adapted to their level of understanding. A copy of the consent form and information 
sheet will be provided to the patient. The investigator should allow time for the patient to ask 
questions about the details of the trial. 

The preparation of the informed consent form is the responsibility of the investigator. This 
form must include all the elements required by the International Conference of 
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Harmonization, current regulatory guidelines, and comply with the GCP Standards and ethical 
principles that originate from the Declaration of Helsinki. 

The investigator or the Principal Investigator's designee will keep the original signed informed 
consent form in a secure restricted access area in the custody of the principal investigator 
and will never leave the site and will provide a copy of the original signed consent form to the 
patient.  

12. PUBLICATION POLICY 

All results derived from the study will be property of both the promoter and the rest of 
institutions involved in the study. 

Promoter and researchers will commit themselves to try to have the results of this research 
study published in the journal with the highest possible impact, appropriate to the nature of 
the study and the area of knowledge to which it refers. 

Any communication of the results will maintain the anonymity of the participants. 

Study results or conclusions should preferably be reported in scientific publications before 
being released to the non-health public. Results of as yet undetermined efficacy will not be 
reported prematurely or sensationally, nor will they be exaggerated. 

The results obtained from the clinical investigation with the marker object under study will 
be reviewed and discussed between the research team and the promoter for further 
publication. 

When one of the parties wishes to use the partial or final results, in part or in whole, for 
publication in the form of an article, conference, etc., it must request the agreement of the 
other party or parties. The latter must respond within a maximum period of fifteen days, 
communicating their authorization, their reservations or their disagreement with regard to 
the information contained in the article or conference. If no reply is received within this 
period, silence shall be understood as tacit authorization for dissemination. 

No information will be disseminated or presented to the public that could undermine the 
industrial property rights arising from the joint work. Therefore, results that, not being in 
themselves the subject of a patent, could disqualify, by their publication or dissemination, the 
recognition of the ownership of the marker or possible future product, must be considered 
as reserved and non-disseminated material. 
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13. STUDY LIMITATIONS 

− Since this study involves several clinical sites across Europe with different types 
of populations and healthcare systems and requires a large number of patients, 
we may find difficulties during the recruitment to achieve the proposed sample 
size. This is why we will perform an interim analysis of the recruitment rate, so 
that we ensure a heterogeneous and complete recruitment. 

− As we will recruit both healthy subjects that may develop a lung cancer and lung 
cancer patients for a period of 2 years, the follow up of the participants may be 
hindered. This could lead to a loss of patient follow up and early ending of their 
participation in the study. 
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3. Regulatory authorization reports 

In this section, the Regulatory authorization reports are provided. 

The 4 clinical sites (Liège, in Belgium; Riga, in Latvia; and Andalusia and the Basque Country, 
in Spain) submitted the clinical protocols to their respective Ethics Committees in December 
2023 for its evaluation and subsequent approval. More specifically, the submission dates to 
the ethics committees were: 

− Andalusia: 19/12/2023 

− Basque Country: 22/12/2023 

− Belgium: 06/12/2023 

− Latvia: 15/12/2023 

The regulatory authorizations of the respective regional Ethics Committees have not been 
obtained yet due to the thorough evaluation process that takes time. During this process, 
each one of the ethics committees must gather and evaluate all the documentation, before 
approving the study. Occasionally, these committees might require more information before 
approving the studies. 

Therefore, until obtaining the approval of the ethics committees, we temporarily provide the 
request for the evaluation of research projects given by the Ethics Committees. 

As soon as we obtain the approvals from the Ethics Committees, we will provide these 
documents for their archive and safeguard as proof of the obtaining of the regulatory 
authorization before the enrollment of the first participant. 

In the following pages of this deliverable are shown the requests for the evaluation of 
research projects for the clinical sites mentioned above. 
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1. Andalusia Clinical Site 

 
Figure 3: Request for the evaluation of research projects of the "Junta de Anadlucía" Ethics Committee 
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2. Basque Country Clinical Site 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Figure 4: Request for the evaluation of research projects of the "Drug Research Ethics Committee" of the Basque Country 
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3. Belgium Clinical Site 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Request for the evaluation of research projects of the "Comité d'Éthique Hospitalo-Facultaire Universitaire de 
Liège” 
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4. Latvia Clinical Site 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Request for the evaluation of research projects of the "Centrālā medicīnas ētikas komiteja" 
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4. Annexes  

1. Precision Screening and Diagnosis Clinical Protocols 

In this section, we include the screenshots of the “Clinical Management and Study 
Plans” sections of each one of the Clinical Sites (Andalusia, Basque Country, Belgium 
and Latvia) for the Precision Screening and Diagnosis: 

a. Andalusia clinical site 

 
Figure 7: Precision and Diagnosis clinical protocol for the Andalusian Clinical Site 
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b. Basque Country Clinical Site  

 

Figure 8: Precision and Diagnosis clinical protocol for the Basque Clinical Site 
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c. Belgium Clinical Site 

 
Figure 9: Precision and Diagnosis clinical protocol for the Belgian Clinical Site 
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d. Latvia Clinical Site 

 
Figure 10: Precision and Diagnosis clinical protocol for the Latvian Clinical Site 
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