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Acronyms and definitions
CD

Compact Disc. Support usually adopted to transfer diagnostic
radiologic images such as CT and MRI scans

CT Scan

Computed Tomography Scan (Diagnostic Imaging)

DB

Data Base

DoW

Description of Work, Technical Annex I to the Grant Agreement

EC

European Commission

EHR

Electronic Health Record

HIS

Hospital Information System

HW

Hardware

LIS

Laboratory Information System

MR(I)

Magnetic Resonance (Imaging). MRI sequences are described at URL
www.mr-tip.com

NCCN

National Comprehensive Cancer Network, an alliance of the world's
leading cancer centers

OSCC

Oral squamous cell carcinoma

PACS

Picture Archiving and Communication System

PCR

Polymerase Chain Reaction

qRT-PCR

Quantitative Real Time Reverse Transcriptase PCR

RNA

Ribonucleic Acid

SW

Software

Tumor Board

The centerpiece of the clinical cancer program where specialists
from Surgery, Medical Oncology, Radiation Oncology, Radiology and
Pathology evaluate and discuss patients for whom a
multidisciplinary approach is being considered.

VPH

Virtual Physiological Human
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Executive Summary
The OraMod platform should be designed to support the management of Oral cavity Cancer patients in the
hospital settings and especially support health professionals in their decisions regarding treatment and
follow-up after surgery, based on patients stratification by risk of disease reoccurrence and on a patientspecific disease reoccurrence bio-profile.
In this document we have collected the requirements of users (i.e. health professionals) for a day-by-day
usage of the OraMod platform and of the predictive model, as requested by the usual workflow of patients'
care. We also propose improvements in the workflow, as related to the optimization of data availability and
to the possibility to use internet-based technologies for clinicians' consultations (Virtual Tumor Board) and
for joint decision-making.
The most relevant functionalities requested by users and to be implemented in the OraMod platform
consist in the possibility to compare the disease progression forecast based on clinical guidelines and the
individual experience of the caring clinicians with an unbiased analysis of patients' health conditions and
biomolecular data related to the individual manifestation of Oral cavity Cancer. This "simulation" process linked to a smart presentation of patient's data - is intended to allow a better understanding of the
patient's conditions and to orient the primary treatment (either surgery or other radio-chemotherapies)
and to design personalized follow-up interventions and pathways.
The main requirements therefore concern:
-

Possibility to fast extract sub-groups of patients with similar disease characteristics, to be compared
and analyzed during the decisional process.

-

Possibility to compare reoccurrence risk prediction (and disease prognosis) based on current clinical
guidelines with the risk prediction results from OraMod model.

-

Possibility to perform simulations of reoccurrence risk, by manually modifying the panel pr predicting
markers to be considered, based on the experience of clinicians.

-

Possibility to view patient's data both as a summary (i.e. visualizing the most important data
necessary to focus on each case and to take decisions) and in details (i.e. viewing the specific
reoccurrence predictive factors and the disease and patient's specific characteristics) to have a better
understanding of the patient-specific disease manifestation.

-

Possibility to share patient's data with all the multidisciplinary team of health professionals (Tumor
Board members, external consultants) involved in the decisional process regarding patient's
treatment, and to allow fast and effective case discussions in physical or virtual meetings (Virtual
Tumor Board).

-

Allow comparison of similar cases, by means of data extraction capabilities.

-

Easy and fast data acquisition, whenever possible form existing repositories and through
interoperability with existing hospital information systems applications.

-

Allow automatic and semi-automatic calculation of radiologic parameters (such as tumor and lymphnodes volumes), which improve radiological staging and radiological diagnosis.

-

Support case studies and scientific publications through data extraction capabilities and reporting.

-

Support usage of wi-fi and mobile technologies, which are the new trend in hospital care.
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The document presents the user requirements as linked to paradigmatic use cases, describing the mode of
operations and the clinical workflow used in hospitals and optimized according to clinicians wishes. For
each use case (or groups of similar use cases) the specific user needs are presented.
Finally this document summarizes more generic requirements to be considered when designing and
developing the OraMod platform, concerning data security and preservation, data privacy and related legal
and ethical aspects, usability and user-friendliness, interface design, mobile platforms support.
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1 The clinical context of OraMod
OraMod platform is thought to be used in the daily clinical practice for the management of OSCC patients
from the first visit down to the last follow-up.
Therefore it is paramount that OraMod platform conforms both to the clinical workflows applied in any
hospital and to the needs of clinicians to manage large amounts of data with the minimum data entry effort
at the same time ensuring that all the relevant data for each patient are preserved and accessible.
To this aim OraMod platform must be designed in order to follow the usual clinical workflow (i.e. support
data acquisition, data presentation, search etc.) in each specific activity performed by the clinicians
involved in OSCC treatment and follow-up.
Additional tools, such as agenda of visits and data extraction capabilities are required to support the clinical
work organization.
Because OSCC treatment involves a multidisciplinary team of operators (clinicians, biologists, radiology
technicians, nursing personnel) and also the hospital administrative personnel, different levels of access
and authorization must be foreseen as well as different views on the patient's data.

1.1 Clinical workflow
We may identify three phases:
1. diagnosis: this phase starts when the patient is referred to the hospital for verification of possible Oral
cavity cancer and ends at the moment when the patient is enlisted for surgery.
2. treatment and hospital care: this phase starts when the patient enters the hospital for surgery (and
eventually for pre-surgery exams) and ends at the moment of discharge from hospital.
3. follow-up: this phase starts usually one month after discharge, when the results of the tumor histology
are available and when the first control visit after discharge and when the clinician assesses disease
remission (i.e. the tumor is no more there), and lasts up to 5 years with different frequency of follow-up
visits depending on the time from remission and on the patient's status.
1. Diagnosis
The patient is usually referred to the hospital either by a dentist or by a GP upon signs and symptoms
compatible with oral cavity cancer. On exception the patient arrives to the emergency department. The
surgeon in charge performs a physical examination of the patient and - if suspect of oral cavity cancer performs a biopsy. If the patient is referred by emergency unit because of acute symptoms, he/she may be
hospitalized. In case the patient already has a result of biopsy, the surgeon evaluates the results, eventually
prescribes additional exams (i.e. CT scan) and an additional visit is planned. After the results of the biopsy
are available and the diagnosis is histologically confirmed the patient is inserted in a waiting-list for surgery.
The patient at this stage is inserted in the hospital records, with the relevant data (EHR). A preliminary case
discussion may take place (before surgery) as preliminary Tumor Board. In alternative the surgeon consults
the pathologists and - more often- the radiologist by phone. In Dusseldorf the clinicians work usually
together and may discuss the case offline, during their usual hospital duties. Treatments are scheduled on a
weekly basis. When the date of treatment is fixed, the patient is informed by the nursing personnel (by
phone) and he refers to the hospital and he is accepted for surgery.
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With OraMod the surgeon may check the reoccurrence risk probability of the patient and compare with
similar cases (see use case below).
2. Treatment and hospitalization
Treatment options are decided based on NCCN guidelines. During surgery the clinician has access to the
patient's Electronic Health Records (EHR) and to the diagnostic images (hospital PACS or CD brought by the
patient). During surgery the biological tumor specimen is sent to the pathologists for a first staging and for
the analysis of margins, sentinel lymph-node may also be examined (depends on hospital best practice and
on national guidelines). At the end of surgery all the surgical procedures along with additional data
regarding potential infection risks, and overall safety and hygiene processed adopted during surgery are
recorded.
After treatment the EHR of the patient is updated on a daily basis inserting patient's information, blood
exams etc. and eventual procedures such as removal of tracheotomy etc. At discharge a discharge referral
is issued and a first control visit is planned usually within one month from discharge. During the first visit
after discharge the patient is examined and the histology of tumor checked. Eventual tumor persistence
may be detected and in this case the patient exits OraMod workflow (adjuvant therapy or new surgery may
be planned).
3. Follow-up
At month 3, if no persistence is detected, the patient is considered to be 'in remission' and the patient is
inserted in the follow-up workflow. At this stage the risk of reoccurrence may be re-assessed and the case
discussed in Tumor Board. During follow-up visits the surgeon verifies (physical examination plus CT and/or
MRI every 6 months). At present follow-up is conducted according to gold standard guidelines (i.e. visits
every 3 months for the first 2 years, imaging every 6 months if requested by national best practices
adopted in the hospital ; then visits every 6 months and after 5 years visits on annual basis). Data collected
at each follow-up, are reported in the patient's EHR. In case of reoccurrence (or other disease, such as new
primary tumor, reoccurrence on lymph-nodes or metastases), the relevant findings are recorded and the
patient enters a new procedure and workflow.
The following scheme illustrates the usual clinical workflow.
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Fig. 1. Clinical Workflow for OSCC patients management
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2 Scenarios of use for OraMod platform
2.1 Actors
Actors are the persons concerned with OraMod usage and with the results of OraMod prediction, i.e. all the
clinicians involved in the OSCC patients management and the patients themselves.
Additional actors are the Hospital Information System (HIS) modules which need to be interoperable with
OraMod platform and their main users and responsible Offices, in particular the IT Department of the
hospital and the hospital administration.
We describe in the following the roles and access rights of each actor.
2.1.1

Health professionals

Surgeon
The surgeon is the main user of the OraMod system as he is the clinician responsible for the diagnosis,
treatment and follow-up of the patient.
The surgeon uses the OraMod system for the following activities:
- Check patient's data and visits
- Organize and check daily agenda for visits, surgery
- Plan and record visits and related data
- Plan and record hospitalization
- Plan and record surgery
- Record hospital care procedures and patient's data
- Record Tumor Board decisions
- Plan and record follow-up visits and relevant data
- View all patients' data including imaging
- Run risk prediction model and perform simulations
- Prescribe visits
- Prescribe exams.
The surgeon is authorized to view all data and to visualize data from pathologists and radiologists and of
course all the data automatically transferred from the HIS.
Radiologist
- Perform CT/MRI and produce referrals or receive CT/MRI from external
- Anonymize imaging data and transfer to Image Analysis Tools
- Analysis and post-processing of image datasets and data recording of results related to imaging
- View all patients' data
- Participate to Tumor Board.
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The radiologist is authorized to enter, delete and modify the data related to radiology exams and has access
to view only the remaining data of the patient.

Pathologist
- Perform histo-pathological exams and record data (or transfer data from existing information systems)
- Perform immuno-histo-chemical exams and record data (or transfer data from existing information
systems)
- Participate to Tumor Board
- Monitor biological samples to be analyzed
- View all patient's data.
The pathologist is authorized to enter, delete and modify the data related to pathology exams (histology,
immunologic tests, etc.) and has access to view only the remaining data of the patient.

Oncologist
- Participate to Tumor Board (if requested, not usually in Düsseldorf)
- View all patient's data
- Manage follow-up data related to adjuvant therapy.
The oncologist is authorized to enter data related to chemotherapy as part of patient's follow-up. He has
the right to visualize all the remaining data. No right to delete any records, but just to modify the relevant
data for chemotherapy and follow-up.

Radiotherapist
- Participate to Tumor Board
- View all patient's data
- Manage follow-up data related to adjuvant therapy.
The radiotherapist is authorized to enter data related to radio-therapy as part of patient's follow-up. He has
the right to visualize all the remaining data. No right to delete any records, but just to modify the relevant
data for radio-therapy and follow-up.

Biomolecular analyst
- Perform RNA extraction, Genomic data analysis and upload
- Visualization of patients to be processed
The biomolecular analyst has the right to upload / delete / download the genomic data collected by the
qRT-PCR (either lab equipment or the ST-Italy portable device). He/she has the right to visualize all the
remaining data.
OraMod D2.2 Use cases and user needs
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Nursing personnel
- Perform pre-hospitalization take in charge of patient
- Perform hospitalization of patient (i.e. accept patient for surgery)
- Perform patient care during hospitalization and view prescriptions for the patient on EHR
- Create patient hospitalization record.
- Verify the Electronic Health Record (EHR) to check exams done to the patient.
Nursing personnel have limited access, only to visualize patient's data related to hospital care and
discharge. The nursing personnel may activate some functionality such as: printing the discharge letter or
specific referrals/reports to be signed by the surgeon, activate booking of follow-up visits and of other
exams such as radiology exams (CT/MRI). To manage authorization for nursing personnel, data sub-sets
must be defined and functionalities defined which may be used by nursing personnel.
Nursing personnel in Amsterdam also participate to Tumor Board meetings.
2.1.2

Hospital IT personnel

- Manage the OraMod platform.
- Ensure data integrity, security and recovery.
- Ensure interoperability (whenever possible).
The hospital IT personnel is in charge of the maintenance of the OraMod platform and of the supervision of
all actions intended to interoperability with existing HIS software. One system administrator will be
identified and appointed at the end of the project, to maintain the OraMod platform.

2.1.3

Hospital Administrative and Legal Offices

- Manage patient's demographic, administrative and financial data.
- Issue administrative and clinical documents (including patient's records and surgery data) to the patient.
- Manage costs.
- Guarantee patient's privacy.
- Guarantee data preservation.
The Administrative personnel of the hospital is not directly involved in the management of OraMod data
but should be involved anytime data from OraMod must be used for administrative purposes. These
persons do not have access to the OraMod platform, unless invited with visualization rights only.

2.1.4

Hospital Departments specifically interested in OraMod

- Maxillo-facial surgery
- Pathology
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- Radiology
- Biomolecular laboratory
- Administration and patient's acceptance
- Emergency unit.

2.1.5

External entities potentially interested in OraMod

- Cancer registry.
Whenever possible OraMod should automatically generate data for the cancer registry active in the
hospital regional/national network. This functionality will be eventually assessed during the technology
development.

2.2 Hospital Information Systems components related to OraMod
- Management of visits (outpatients visits)
- Pre-hospitalization software (take in charge of patients): manages the waiting-list for hospital
treatment.
- Emergency department software for patient acceptance
- List of visits (radiology)
- Surgery procedures recording (registry) and relevant safety (infections control, etc.)
- Patient's demographic data management (administration)
- Management of prescriptions
- PACS and any imaging software
- Visits reservation
- Request for histology exam
- Laboratory Information System for lab exams and for histology.

2.3 OraMod workflow
The scheme below presents the overall OraMod use scenario and workflow.
Phase 1. Diagnosis
Before treatment, during the visits data are collected from the Surgeon, the Pathologist and the radiologist.
In this phase the OraMod system must support manual data entry as well as automatic data collection from
the following external software platforms:
1. Demographic data (non-sensitive): from HIS patient's demographic data management
2. Date of visit and code of visit: from HIS software that manages visits bookings
OraMod D2.2 Use cases and user needs
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3. Data collected during the visual examination of the patient: manual input from surgeon
4. Tumor localization sketch: manual indication of tumor and lymph-nodes approx. localization and size on
pre-defined head and neck sketches provided by the system (see Fig. 2 below for example)
5. Data from pre-surgery biopsy (if available): manual input from pathologist or - if Laboratory Information
System (LIS) available - automatic collection from LIS.
6. Imaging data from Image Analysis Tools (partially automatic) and images from hospital PACS
(complimentary subset of most representative images selected by the radiologist).
Before treatment the surgeon may run the OraMod prediction model. A Virtual Tumor Board may be
conducted to discuss the case. To this aim all data available for the patient must be shown to all the
involved clinicians also via conference call.
The decisions of Tumor Board must be recorded into OraMod patient's record.
Phase 2. Treatment
During treatment the surgeon needs to consult patient's data (in particular imaging). The tumor sample is
collected and sent to the pathologist for first exam on tumor (staging) and margins. The data from the
pathologist must be collected via OraMod (either manually or automatically from LIS) and be immediately
available to the clinician. The clinician completes the surgery.
Data related to surgery must be collected (manual input from clinicians). Data related to each surgery
procedure (including codes of surgical procedures) and mandatory information regarding the activities
performed by the surgical team (anesthesiologists, surgeons, nurses etc.) must be collected and eventually
transferred to the HIS modules and HIS data base. Not all these data are mandatory for OraMod.
Post treatment data (i.e. during patient's hospitalization) must also be collected (only some of these data
are relevant to OraMod).
Phase 3 Discharge.
At discharge the surgeon needs to produce a discharge letter (from OraMod) and to plan the follow-up
visits. In both cases data must be shared with HIS (discharge letter must be sent to hospital administration;
follow-up visits reservation must be done using the HIS specific software). In any case the date of the next
visit must be confirmed and recorded also in OraMod patient's records and in the physician's agenda. The
first visit after discharge is used to assess tumor persistence and to verify the results from histology on
tumor. If persistence, the patient is again evaluated and specific treatment planned. If no persistence, the
patient is 'in remission status' and follow-up visits are planned. Data of this first visit are collected and
recorded.
Phase 4. Follow-up
During follow-up visits the physician visually inspects the patient to verify any sign of reoccurrence and to
check overall status. Data related to reoccurrence are collected (manual input). Reoccurrence risk may be
re-assessed at each follow-up visit. Depending on reoccurrence risk, follow-up may be tailored. Next visits
are planned. In case imaging is performed (e.g. every 6 months) the physician (surgeon) will have access to
the imaging data collected by Image Analysis Tools and to the images via Hospital PACS. In case of
reoccurrence or of any new tumor the patient starts a new workflow. Data related to reoccurrence
(reoccurrence on T or on N, metastases or second primary) are collected.
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Fig. 2. OraMod workflow

Beyond the patient's workflow the OraMod platform should support the clinicians in their workflow, which
includes:
- agenda of visits for the day (surgeons)
- list of biological specimens to be analyzed (i.e. patients with biological specimens for histology and
genomics) and work planning
- overview of patients under follow-up (i.e. possibility to list the patients currently under follow-up, by
clinician in charge, reminder function, if follow-up visits or post-therapeutic tumor board is missing),
with the relevant data (baseline/diagnosis, treatment and follow-up visits)
- possibility to call a tumor board for case discussion
- possibility to call for consultancy.

2.4 Use cases
2.4.1

Use case 1: diagnosis of a patient and treatment decision

Use case: Patient first visit
A patient of 65 year in general good health condition presents to the general practitioner with a swelling in
left side of the neck. The patient is referred to a general oral and maxillofacial surgeon or otolaryngologist,
or directly to a head and neck cancer center.
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The patient is always referred to one of the head and neck cancer centers, and an appointment is made at
the outpatient center of in this case the VU University Medical Center.
User needs. The clinician enters OraMod platform and opens a new EHR for the patient, using the patient ID
provided by the hospital and stamped on the visit prescription issued by the hospital at the time of visit
reservation/payment. OraMod visualizes demographic data of the patient. The new folder (EHR) is created.
All demographic and clinical data in the medical system should be integrated into the software
automatically.
When the patient is first diagnosed with oral cancer, there are only few information available. It would
facilitate the clinician´s work, if he could sketch the tumor localization and dimensions on a anatomical
drawing (see 2.3.1), showing all sites of the oral cavity. (See Fig. 3)
The marked anatomical sub-localizations should be automatically identified and translated into the data
evaluation of OraMod, e.g. if the clinician marks the whole left tongue on the sketch, the software would
transfer the information, that the tumor is in the tongue on the left side into the data set.
Furthermore it should be possible to integrate selected images from CT/MRI (selected by radiologists) or
pictures schemes of the tumor into the system and possibly synchronize them with the anatomical sketches
or/and also mark the tumor in the photography.

Fig. 3. Drawing the tumor localization during a patient's visit. Image to be saved in OraMod data base.

Oral cavity Tumors localization (T-localization) according to ICD10 international coding.
Cancer of the lip (ICD-10: C00), tongue (base of tongue: ICD-10: C01; other/unspecified part of tongue: ICD10: C02), and other parts of the oral cavity (gum: ICD-10: C03; floor of mouth: ICD-10: C04; palate: ICD-10:
C05; other/unspecified part of the mouth: ICD-10: C06).
Ref. http://apps.who.int/classifications/icd10/browse/2010/en#/C00-C14
For the identification of the loci in anatomic images please refer to Annex I
Use case: Patient examination and results
The patient is visually inspected and all relevant clinical and socio-demographic information collected.
Visible suspect areas may be biopsied for histological examination. Otherwise, when a swelling of the neck
is detected, cytological aspiration under ultrasound guidance will be performed by the radiologist.
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Therefore, imaging by CT or MRI will be acquired on indication. In this case, a suspect lesion on the left side
of the tongue is seen and, therefore, biopsied by the surgeon (biopsies may be directly performed by the
ENT-MD´s in Dusseldorf).
User needs. OraMod must collect and present clinical and socio-demographic data, biopsy results, CT
and/or MRI scans. Patient's demographic data (sensitive data) are just shown (retrieved from HIS) but not
recorded in OraMod database. Data related to physical exam done by the surgeon are manually inserted.
Data from histology are collected from Laboratory Information System (if possible) or by manual input
(alternative solution) by the pathologist.
If imaging is requested, the paper request for imaging exam must be issued through OraMod and if possible
(i.e. if a HIS is in place) the imaging exam will be booked for the patient. As soon as the imaging exam is
analyzed by the radiologist and processed by the OraMod Image Analysis tools, the data from imaging must
be recorded and be available to the surgeon (on OraMod system and on hospital PACS). In case imaging
data is performed outside the hospital, a CD with the imaging dataset must be provided by the patient at
the next visit, copied and sent to the radiologist for Image Analysis.

Use case: first case discussion
The patient is shortly discussed at the multidisciplinary Tumor Board to explain the diagnostic workup, and
the next steps (pre-surgical Tumor Board).
User needs. OraMod will offer the virtual tumor board. Data from the patient must be visible to all Tumor
Board members on a shared virtual space (conference call plus shared blackboard for data visualization
especially imaging). The results of the tumor board (treatment decisions) must be recorded and printed. The
Tumor Board members must digitally sign the tumor board decisions.

Use case: 2nd patient examination and diagnosis
The patient is planned for examination under general anesthesia and panendoscopy to inspect the upper
aerodigestive tract, and biopsies are taken from all suspect areas. In this case there was a second
somewhat suspect area on the right retromolar trigone and a biopsy is taken. Based on the biopsy of the
tongue and the cytological aspirate the diagnosis lymph node metastasis of a squamous cell carcinoma
became clear. The tumor is clinically staged as T2 with a single lymph node metastasis in the ispsilateral
neck T2N1. All initial findings are communicated to the patient.
User needs. The clinician enters OraMod and visualizes the data already collected for the patient during the
previous visit. Data from biopsy, laboratory and imaging will also be presented. During the visit the surgeon
will manually insert data related to the visual inspection of the patient into OraMod. If applicable, a next
visit is booked. If surgery is to be performed, the surgery is planned (link to HIS for inserting the patient into
a surgery waiting-list).

Use case: pre-surgery Tumor Board
The patient is discussed again in the board to decide on treatment planning, in this case with all histological
findings. Histological examination indicated that the second biopsy taken at panendoscopy was not
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squamous cell carcinoma. Also the imaging indicated a single squamous cell carcinoma on the left side of
the mobile tongue. Additional diagnostic tools may be required to e.g. study the involvement of tumor with
other structures and the presence of distant metastasis in the lungs. A treatment decision is made based on
several considerations: can the tumor be resected completely and is reconstructive surgery required. As
part of the virtual tumor board a pre-surgery reoccurrence risk prediction may be performed (using the
OraMod predictive model).
User needs. OraMod will offer the virtual tumor board. Data from the patient must be visible to all Tumor
Board members on a shared virtual space (conference call plus shared blackboard for data visualization
especially imaging). The results of the tumor board (treatment decisions) must be recorded and may be
printed for original signature by the clinicians, upon request. The Tumor Board members must digitally sign
the tumor board decisions.

Use case. Surgery and post-surgery
The choice is made for a composite resection with selective neck dissection. The defect is reconstructed by
a free flap of the forearm. The excised specimen is sent to pathology. The findings are a T2 squamous cell
carcinoma with a single lymph node metastases: pT2N1. There is no extranodal spread of the neck node.
The tumor is completely resected with a margin of 8 mm. However, both vaso-invasive and perineural
growth are reported, and there is focal non-cohesive growth pattern of the tumor. In this case the difficult
decision is on adjuvant post-operative radiotherapy. The patient is 65 years old, in general good health, but
had some swallowing aspiration problems in the past.
User needs: OraMod must record all the surgery procedures performed and print a surgery report. Data
from surgery which are mandatory (for legal reasons) must be collected with the same interface (link to
existing software) and sent to the HIS (for administrative purposes).

2.4.2

Use case 2: Tumor Board for case discussion

The clinician needs to discuss a specific case in a Tumor Board (i.e. with the colleagues of other medical
disciplines). This may be done during the weekly Tumor Board (physical or virtual meeting) or by means of
an exceptional Tumor Board virtual meeting requested by the surgeon. The tumor board consists of head
and neck surgeons, oral and maxillofacial surgeons, head and neck radiologist, radiation oncologists,
medical oncologists, pathologist, oncology nurses (if applicable), and residents in training. Together they
discuss the patient initially, and after panendoscopy and collection of all histological and radiological data,
to decide on the treatment plan. This would be also the moment to bring in the genomics or radiologic
data.
In this case the surgeon enters OraMod platform and opens a Tumor Board request. In the request the
clinician indicates the case(s) to be discussed and opens a session for each case to be discussed, where on a
blank form the case is presented. The Tumor Board meeting date and time is proposed or an asynchronous
discussion is agreed (i.e. no simultaneous videoconference, but each clinician inserts into the tumor Board
form his/her considerations regarding the case to be discussed). If a videoconference is planned, a message
is sent via sms and email to participants to invite them. At the tumor board time, the surgeon opens the
videoconference from OraMod platform and all Tumor Board members can access the patient's data and
discuss the case. The minutes of the discussion are recorded.
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The data and decisions are electronically reported in a so called MDO form. Letters with the relevant
findings are sent to the referring physician and the general practitioner. Additional histo-pathological and
genomic data will be reported by the pathologist and additional radiologic data by the radiologist. The
resident in training presenting the patient will evaluate these data and bring in the OraMod risk
assessment.
User needs. OraMod will offer the virtual tumor board. Data from the patient must be visible to all Tumor
Board members on a shared virtual space (conference call plus shared blackboard for data visualization
especially imaging). The results of the tumor board (treatment decisions) must be recorded (and eventually
printed, upon request). The Tumor Board members must digitally sign the tumor board decisions.
The system should also allow registration of the patient for the tumor board discussion (e.g. the clinician
asks for this inclusion through a button on the patient EHR) when all information for performance is
completed

2.4.3

Use case 3: Reoccurrence risk prediction upon treatment (Illuminating the black box)

Use case1. The surgeon needs to assess the risk of reoccurrence of the patient before treatment. After
visiting the patient and after having assessed the need for surgery, the surgeon opens OraMod platform
and visualizes the patient information on the main screen (control panel). Using the devoted button (or
menu item) the surgeon activates the risk prediction model.
The OraMod system shows on the screen the following information: main data regarding the patient
including tumor localization, clinical and radiological staging, risk factors and clinical assessment of lymphnodes. Upon request (button) the surgeon may visualize selected images. Then the model produces the
following information:
 overall risk score for disease reoccurrence (and if possible timing of possible reoccurrence, depends
if the model can produce this information)
 factors (bio-profile) which give evidence of the risk and specific value of each factor.
An estimate of a relatively high risk for recurrence of the tumor by additional parameters such as genomics
data and imaging data, together with the finding of the focal non-cohesive growth pattern of the tumor,
might have directed the decision to adjuvant post-operative radiotherapy. An estimate of a low risk for
recurrence by imaging and genomics parameters, the age of the patient and the aspiration problems in the
past may have led to the decision not to threat this patient by adjuvant postoperative radiotherapy.
When any information of the patient is collected to decide about the patient´s therapy, the pre-therapeutic
tumor board takes place. While treatment, e.g. after surgery and receiving histopathological data of the
resected tumor and lymph nodes, OraMod prediction could help to modify and optimize the further
treatment options. The clinician therefore must see how the new data influences the prior prediction and
which central element accounts most for a possible change.
Note: New data is any new data coming up while the patient receives diagnostics and treatment. Here it
might be the final histology after surgery that may contain information about extra-nodal spread, or close
margin resection that may influence the prediction. The MD should see what kind of additional information
compared to the data set existing before, has influenced the prediction (in this case the lymph node status
and the close margin resection).
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User needs. The surgeon will run the risk prediction model. OraMod will provide the reoccurrence
estimation based on the OraMod model. The surgeon must be allowed to see the different factors which
concurred to the risk estimation and have different views of the patient's data. If it is the case, the surgeon
may perform simulations (i.e. include or exclude any of the risk prediction factors and re-run the model).
If different kinds of information are taken into account for calculation, the relative % of their prediction
value must be visible (e.g. in a pie chart).
Use case2: reoccurrence risk assessment vs. clinician's expertise
The surgeon will compare the risk prediction from OraMod model to current guidelines based on risk
factors. To this aim a specific function is activated (button or link) and a popup opens with the results. The
factors to be included in the calculations are:
- extracapsular nodal spread
- positive margins (not available before surgery)
- skin invasion
- pT3 or pT4 primary
- N2 or N3 nodal disease
- nodal disease in level IV or V
- perineural invasion
- vascular embolism
The result of the simulation will be proposed to be confronted with the OraMod model results.
The surgeon may decide whether to rely of the model prediction or to perform some simulations. To this
aim the surgeon may remove or add factors to the model and re-run the model for a simulation.
The result of the simulation will be proposed to be confronted with the OraMod model results.
User needs. To accompany the clinician while taking his decisions about oral cancer patients, it is important,
that the clinician is able to see how the OraMod software modifies the prediction of reoccurrence risk while
it is collecting the patient´s information. At any time-point, the clinician must be able to suppress or add
information that is taken into account for the calculation of the reoccurrence risk and see how which kind of
information influences the reoccurrence prediction outcome. So the clinician can, for example, mask the
information about the ECOG of the patient and the system calculates the reoccurrence risk with and without
the ECOG status. Additionally, it would be very nice to be able to directly compare the difference of
prediction with/without special information on one screen at any time-point.
For illustration, graphics would be very helpful that visualize the change in prediction compared to the
whole patient´s group by adding or masking any information about the patient.
Furthermore, the information that accounts most for the prediction by OraMod must be highlighted.

2.4.4

Use case 4: Reoccurrence risk prediction simulations

Use Case 1: The clinician is not convinced of OraMod prediction results and decides to make some
simulations. Therefore the clinician removes a risk factor from the risk model (for example familiar history
of malignancy) and re-runs the model. Instead the clinician includes HPV which was not considered in the
prediction. It should be possible to virtually remove specific data sets from the prediction and compare the
modified outcome with the original data. Furthermore it should be possible to give more emphasis on
different kinds of data. If the clinician want for example to stress the TNM for the prediction, he should be
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able to simulate a higher influence of it to the outcome prediction e.g. by highlighting the percent input to
the prediction. These manipulations must be visualized as individual manipulations and the original
prediction cannot be destroyed by manipulation. Otherwise some clinicians would tend to manipulate the
prediction to an extend that it might be adapted to their individual view on the case and not be objective
anyhow anymore.
It should also be possible to do a prediction only regarding single or few combined data sets, like e.g.
comparing the reoccurrence risk regarding only genetic data compared to regarding only clinical or only
imaging data or a combination of the last two. Comparisons should appear on one screen.
User needs. The clinician must be able to modify information. Any manipulation of the clinician must be
visible for him and other users and be marked as a subjective manipulation With any change in prediction by
adding information, it must not only be possible to see the status after the input of information. It must also
be possible to see the status before the input of information and to compare both on one screen.
If the clinician thinks, that in a special patient, some data needs to be emphasized for reoccurrence
prediction, he must be able to emphasize and enlighten the grade of calculation of this information within
the system.
But at the same time it must be visible that the clinician manually change the objective calculation of
OraMod software and both results must be visible on the screen. Furthermore, whenever the OraMod
prediction occurs, the clinician must be able to compare it with “traditional” prediction according to
national and international guideline.
The clinician must be able to see if his decisions are taken according to OraMod or common guidelines
because he must be aware of what leads to his final clinical decisions concerning the patient and his life.
The gold standards may be included to be retrieved by the clinician upon request (pdf documents).
Note: These guidelines are also constructed like a kind of “decision scheme”. In certain clinical situations,
certain treatment decisions are mostly recommended. It should be possible to include fixed decision trees
based on guidelines. The necessary information for the decisions based on common guidelines and
therefore accounting for decision trees is anyway collected by OraMod.
The reoccurrence risk is calculated by the time of the first histo-pathological diagnosis based on a normally
small tumor specimen. Only limited histo-pathological characterization is possible at this point and limited
clinical and imaging data is available. Genomic data also follows later. Patient´s demographical and clinical
data (ECOG, gender, ACE27, hemoglobin) can be used for prediction and the clinician has the possibility to
see how the risk prediction changes with the input of information. The clinician follows the risk prediction
and can see how any additional information gives changes to it. So e.g. when imaging is performed, he can
see how the additional information changes the reoccurrence prediction.
All OraMod predictions should anytime be compared to prediction regarding common risk factor that must
be defined as one fixed data set that always appears in one corner of the screen if prediction is asked. Data
belonging to this “traditional data set” is e.g.: patient´s age, sex, risk factor (nicotine, alcohol), TNM, HPV,
extracapsular spread, vessel/bone/scull base infiltration.
Regarding one specific patient a timeline should be visualized that shows, how prediction changed within
the course of illness when more and more data was added. Therefore it is shown how information but also
treatment decisions might influence the prediction.
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Use Case 2. The clinician wants to simulate some therapeutic scenarios and verify how they would
influence the risk prediction. To this end a comparison with previous cases may be done, with same tumor
localization and staging and different therapeutic approaches.
Therefore, the tumor board participants could see how the potential outcome could be, if different
therapeutic scenarios would take place, e.g.:
- only surgery (possibly with different outcome scenarios e.g. clearly R0 vs. close margin)
- surgery and additional radio(chemo) therapy
- radio(chemo)therapy alone
- different kinds of radio(chemo)therapy with/without surgery
Note: If the OraMod system allows comparing the current case with similar cases already included in the
system and the related outcomes, then the OraMod system itself would provide the scenarios and the
outcomes.
User needs. OraMod should select cases matching by tumor localization and TNM stage (pathology
staging). Then the system should run the prediction on such cases and propose the risk prediction
calculation, depending on the applied therapy (in graphical format), compared to the reoccurrence risk of
the patient under study. The tumor board participants should be able to compare all scenarios on one
screen with a nice graphic, illustrating the reoccurrence risk compared to other patient´s cases (e.g. dot
cloud or field with graduated colors according to expected risk or both together in one image).
It would also be nice to have some suggestions of the system showing patients with comparable
parameters, who have been treated before, together with their actual outcome. Then known old cases could
be compared and discussed with the new case and the expertise generated by the knowledge of the “old
case” could be taken into account. The clinician therefore indicates that such a simulation is requested and
the system proposes a list of matching cases, with different therapeutic options, and the related
reoccurrence risk estimation.
Furthermore, such a tool would support a teaching effect from experiences in the “old” cases as well as from
the OraMod software. Possibly data predominantly affecting the reoccurrence risk and also data possibly
negatively influencing the accurate prediction could become conspicuous with this function, thus be
identified and emphasized or relativized within the system. In consequence not only the clinicians but also
the OraMod system would learn from the comparison with old cases.
OraMod should be an open system that allows the integration of all kinds of data (clinical, imaging,
genetic), but also their modification and weighting. Manipulations and their consequences must be visible.
At any timepoint, the consequences of data integration on the prediction of reoccurrence must be obvious.
The OraMod prediction must be set into context with common guidelines and both must be visible for
treatment and follow-up decisions for the clinician at first sight.

2.4.5 Use case 4. Imaging data processing and visualization
Use case. The patient arrives with a CD where CT/MRI scans are recorded. The clinician looks at the images,
copies them (if not already stored in the hospital PACS). In case the images are done outside the hospital,
copies are sent to the hospital radiologist for image analysis. As soon as the radiologist has processed the
images by means of OraMod Image Analysis tool, the images are available on OraMod system.
User needs. Diagnostic images must be anonymized (manually) and made available for Image Analysis.
After image analysis the results are recorded into OraMod
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The imaging tool could be supported by OraMod and help the clinician to interpret and compare the
CT/MRT. The tumor and lymph nodes in the image could be marked in a colorful way. Thus, the sentinel
lymph node and or/ the biggest lymph node can be illustrated in a special way. To help to group the lymph
nodes, a schema of the different lymph node levels can be overlaid on the imaging. Lymph nodes in different
levels can be marked differently. When the imaging tool is able to identify vessel or bone infiltration, these
areas can also be flagged after request and therefore warn the surgeon before treatment. A further tool to
help surgeons doing flap reconstruction would be to identify the arteries and veins in the images and to
automatically measure their caliber. The surgeon herewith gets valuable information what kind of vessel
will serve him most for reconstruction plans.

2.4.6 Use case 5. Radiological staging for surgical planning
Use case. The patient with diagnosis of oral cancer is referred to the radiology department for pre-surgical
staging. The referred patient will undergo CT and/or MRI for the assessment of radiological TNM stage. In
particular, T parameter will be assessed on the basis of tumor size (e.g. cut off will be 2 and 4 cm in
maximum diameter, as stated by current radiological staging system), diffusion to contiguous structures
(e.g. cortical bone, inferior alveolar nerve, floor of the mouth, intrinsic or extrinsic muscles of the tongue,
maxillary sinus, and skin), and more advanced diffusion toward masticator space, pterygoid plates, skull
base, internal carotid artery. Otherwise, radiological signs of lymph node involvement will be used to
provide N parameter magnitude. Notably, the short axis of lymph nodes will be used as parameter of
lymphatic involvement, namely, lymph nodes larger than 10 mm will be deemed involved. Besides, the
location of involved lymphnodes will be described according to the side and the anatomic level. In
particular, ipsilateral or contralateral lymphatic involvement will be defined on the basis of primary tumor
side. Therefore, the anatomical level of involved lymph nodes will be reported according to the 7 level
radiological system, including superior mediastinum.
Radiological signs of contiguous or lymphatic invasion will be used for the preoperative radiological staging.
However, the accuracy of radiological signs is significantly lower than the reference standard, namely,
pathological staging (pTNM). Thus, comparison between radiological findings and pTNM is ideal to refine
radiologist experience and, hence, confidence in preoperative staging of oral cancer.
User needs. Radiological staging will be compared to pathological findings of patients undergoing surgery.
The comparison of radiological findings to pTNM provides several advantages related to the work up of
subjects affected by oral cancer. Indeed, multidisciplinary assessment is ideal for the management of oral
cancer, and in patients management in general. In particular, multispecialty synchronization requires highlevel organization. As multispecialty project, OraMod fosters closer collaboration between different
specialty by means of thoroughly organized coordination of the patient management. Indeed, the essence
of OraMod itself is to gather information from different point of views on oral cancer in order to optimize
diagnosis, treatment, prognostic evaluation, and, therefore, prognosis. Within OraMod algorithm, close
interaction is granted between presurgical evaluation (i.e. radiology staging) and specimen assessment (i.e.
pTNM). As aforementioned, the information exchange between radiology and pathology provides the
benefit of refining the expertise of radiologist. As for any prognostic evaluation, feedback from the reference
standard is the cornerstone for improvement of markers and parameters used in the diagnostic path.
Accordingly, the quality of preoperative assessment will take great advantage from the information stream
allowed within participants in OraMod project.
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Use case 6. Follow-up

Use case 1. The patient arrives for follow-up visit. The clinician inspects the patient and eventually looks at
CT/MRI scans available on OraMod platform (see above). Data from follow-up visit are collected and next
visit is planned. Eventually the reoccurrence risk is re-assessed using OraMod risk prediction model.
User needs. After therapy, the system should propose a schedule for follow up care and generate a plan
that can be printed out for the clinician as well as the patient. This plan should integrate clinical
investigations as well as laboratory and imaging investigations. The plan must be changeable if any
additional data modifies the reoccurrence risk. It could, e.g. be possible that a lymph node metastasis
appears 8 weeks despite a low reoccurrence prediction by the system. Then the software must “react” and
intensify the follow up and e.g. suggest a new imaging.
Note: The rules are normally the fixed schemes for patient´s aftercare ( follow up visits every 3 month,
regular imaging etc.). Some clinics also have little booklets with fixed aftercare programs to be handed out
to the patients.
OraMod could facilitate the follow-up by supporting tools. Regarding one patient, it would also be nice to
illustrate imaging and follow-up imaging in a way that both are compared and differences are marked in
the picture itself. This would help to track possible residual or reoccurring tumours/lymph nodes. Marked
images could come up automatically if follow up investigations are documented and attract the
investigators attention. This is done by the Image analysis tool and the resulting images may be saved to
OraMod DataBase and presented to the clinician. It would also be nice, if critical areas were marked in the
follow up illustrations. If there was e.g. a “close margin” resection towards the body of the tongue, this area
would be automatically marked in the suitable graph and while follow-up the clinician would be reminded to
pay more attention to this area.
Use Case 2. The clinician performs reoccurrence risk reassessment during follow-up
During the course of illness it would be nice if the individual change in the prediction risk is changed in a
timeline, also visualizing the data input. This would help the clinicians to learn from the system and to get
to know the calculation mode of the system in a better way. The clinician runs again the risk prediction and
verifies if the prediction is modified.
User needs. The system shall allow re-assessment or reoccurrence risk anytime during follow-up. Time
dependant variables may be included (such as time after remission), to check if they affect reoccurrence risk.

2.4.8

Use case7: Risk stratification simulations and reoccurrence risk re-assessment

Use case. Before surgery or even after surgery, to prepare the Virtual Tumor Board, the clinician will access
OraMod and run simulation of reoccurrence risk. The clinician first runs the model and compares the risk
prediction with the standard (NCCN) guidelines. Then the clinician inspects the variables (bioprofile) which
generated the prediction and deletes a factor (for example sex) and adds another factor (for example
family history). Then the clinician runs again the model. The results are compared with (visualized in front
of) the automatic risk prediction results.
User needs. The OraMod software is designed to support the clinicians decisions in an transparent and
flexible manner. The clinician should not be directed by the OraMod system, he should work and interact
with it. The OraMod software must not only give the clinician insight into one patient´s reoccurrence risk
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and data set, but also allow him to compare different patients and different settings in relation to the
reoccurrence risk , other parameters and the outcome.
The system should be able to illustrate if there are some correlations in a subset of patient, for example we
should be able to know if there is correlation between age and T reoccurrence, or between smoke and N
involvement, thus being able to provide prediction in the subset of patients analyzed.

2.4.9

Use case 8: Patient's case study by means of full data visualization and simulations and
different perspectives

Use case. After surgery, the clinicians evaluate the case correlating together the data of the patient. Tumor
board members need to assess simultaneously different parameters to give indication for further
treatments. For example we need to know if that lymph node visible on the MRI has been resected and if
there is extra-capsular spreading on the pathologic report, or we want to visualize on MRI or CT if there is
any margin positive at the pathologic examination and where are these. To prepare Tumor Board the
clinician accesses the OraMod system and asks for the cases to be discussed in Tumor Board. The system
produces a list of cases with some data (i.e. T-Localization, staging, type of surgery) and the clinician selects
the first case. The system produces an overview of patient's data (age, sex), of tumor and lymph-nodes
information (Staging, localization, status of margins) and of the applied surgical procedures and visualizes
the images selected by radiologists from CT/MRI scans. By clicking on the images, the clinician can view the
relevant data of tumor, lymph-nodes and other anatomical parts. The clinician can also visualize the details
of treatment, by zooming into the treatment or he can simulate the reoccurrence risk prediction (see
previous use cases). Finally the clinician can open a Virtual Tumor Board session and insert his comments
regarding the specific case to be presented to the colleagues in the next tumor board.
User needs. It should be possible to reevaluate the information details of any kind of data quality. So e.g. if
the clinician clicks on the data block “imaging”, the software should be able to show 1. the images
themselves, and 2. the data generated from the imaging (tumor or lymph node size, localization, etc….). So
the clinician can easily see the details and at the same time or with one click in between the proportion of
value of this kind of data for the reoccurrence prediction.

2.4.10 Use case 9: Comparing similar cases
Use case. The clinician has a very particular case to be studied. He accesses OraMod and selects the patient
to be studied and indicates the specific characteristics (i.e. T-Localization, TNM staging, age range, sex) and
asks the system to perform a verification on similar cases. The system retrieves cases with similar
parameters and shows the data regarding outcome at date (last follow-up), the applied treatment and the
tumor characteristics, and the reoccurrence risk for each case. A graph with the different reoccurrence risk
estimation for the study patient compared to the other similar cases is proposed. By clicking on the graph,
the details of each case are shown.
The clinician wants to simulate the patient's outcome based on previous cases. He selects the data to be
analyzed (age, risk factors, site and size of the tumor, imaging, histology, surgery, chemoradiation, etc.) and
the system re-calculates the outcome prediction (probability of reoccurrence, no reoccurrence) in form of
graph or map, for the case to be studied and for the similar cases extracted from the OraMod data base.

OraMod D2.2 Use cases and user needs

27

Version 6

FP7-ICT-2013-10-VPH-611425- OraMod

Dissemination Level:PU

The clinician should also be able to select which parameters to evaluate, in order to assess how a single
parameter influences the patient’s outcome (example: 40 years old patient, with T3N2aM0 staging. I would
like to know outcome of other patients in the same condition and understand which are the most critical
factors influencing the prognosis for example adding smoke in the parameters evaluated). Finally in case
patient’s outcome differs from other similar cases, the system should be able to analyze which parameters
lead to this difference.
User needs. Regarding a group of analyzed patients it should be possible to correlate single data sets with
the reoccurrence risk on the one hand but also with other data sets on the other hand. By the possibility to
correlate the data, subgroups of patients with special risks might be identified. Furthermore, data sets with
a high or low correlation (e.g. clinical data and genetic data) within the system can be depicted. These
functions should also be illustrated by graphs, e.g. correlation maps.

2.4.11 Use case 10: Extracting patients data for scientific papers
Use case 1. The clinician needs to study the reoccurrence risk of tumors of the tongue depending on
smoking habits, sex and age, and compare them with the overall OSCC tumors, to verify whether tumors of
the tongue have specific reoccurrence risks. This is because the clinician has a difficult case of tumor of the
tongue to be discussed in Tumor Board and he wants to produce a paper on this case.
The clinician opens OraMod and selects the option 'data extraction'. The system proposes a set of
parameters from the data available in the system, grouped by data subset (clinical, treatment, imaging
etc.). The clinician selects Tumor localization, then age range and sex and reoccurrence risk prediction
score.
The system produces an exportable file (such as .csv, .xls, etc.) extracting the cases matching each tumorlocalization sorted by age and sex and indicating the risk score and the risk predictive factors. The system
produces on the screen a graph for each T-localization and sex, and a curve indicating the cumulative
reoccurrence risk probability. So the clinician can see if a specific T-localization has as an average more or
less reoccurrence risk probability as compared to the overall OSCC reoccurrence risk probability.
By clicking on the graph the clinician can see the data of the specific patient (i.e. age, sex, reoccurrence risk
probability). The data extracted can be elaborated separately for statistical analysis and editing of scientific
papers. Similar queries may be performed on different selection criteria.
Use case 2. The clinician wants to identify all patients who underwent a particular surgical procedure (i.e.
demolition and/or reconstruction) and verify the outcome of such interventions. The clinician opens
OraMod and selects the option "data extraction" (or - as an alternative - the option "reporting"). The
system proposes a set of parameters grouped by data subset (clinical, treatment, imaging etc.). The
clinician selects the extraction criteria (i.e. surgical procedure) and also indicates the data to be extracted
(e.g. patient sex, age, tumor staging, number of affected lymph-nodes, etc. and outcome at date from the
last follow-up visit). The clinician then selects the data format for extraction. The system extracts the data
in the selected format.
User needs. Input of data will be in logical fields, ideally through drop-down menus and not encoded. The
actual data storage may be encoded. An automatic calculator should be added to the system that
automatically calculates follow-up time from the entered dates. e.g. time after first histopathologic
diagnosis. That would help for follow up. When publications are prepared the patient characteristics need to
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be grouped. Hence there should be an option to perform queries on the data combining all relevant entered
parameters. The query should lead to a new database output file. A calculator option should be added to
calculate the number of patients in specific queried groups. Local databases are usually in Access, simple
calculations are made in Excel and statistical analyses are performed in SPSS. Hence there should be import
and export options for Access, Excel and SPSS.
For documentation, dissemination purposes within the project and scientific needs, it should easily be
possible to export all graphs, images and illustrations in an anonymized form in a good quality and data
format.

2.4.12 Use case 11: Reporting
The physician involved in patient’s management will access the OraMod system to get some useful reports.
Use case 1. The clinician asks for a printout of the electronic patient's data. This function is activated by
clicking on the "Print EHR" option present at the level of each patient. The clinician may select the sets of
data to be printed (i.e. only patient's visits without referrals, all the EHR including referrals,...). The system
prints the patient's EHR and includes in the printout all data available, grouped by time slice (i.e., visits,
hospitalization, surgery, follow-up, etc.) and, if requested, in separate sheets the referrals from radiology,
histology, the minutes of the tumor board etc.
Use case 2. The clinician is discharging a patient. He enters the system and authorizes discharge through a
specific functionality. The system shows a form where the clinician enters the letter of discharge and signs
it. The letter is then saved to be printed when the patient is dismissed from hospital later that day.
Use case 3. Consultancy report. A consultancy is performed on a specific critical case and the consultant
clinician needs to produce an opinion report. The clinician enters OraMod for the patient, opens the
"Consultancy" functionality and a form is presented where the opinion on the studied case is written. The
opinion is saved in the system along with the name of the clinician and the date and time of editing. The
opinion paper is printed and signed.
Use case 4. Additional reports. In particular the user interface will provide the following list of reports:
- Patients list by TNM staging: since today the TNM staging system is the most reliable parameter for
prognostic estimates in patients affected by OSCC, this report will provide a list of patients with/without
recurrence classified by TNM staging. The clinician will have the possibility to select the hospital and the
level of detail of the document. If a “specific hospital” will be selected, only patients from the specific
hospital will be extracted. Otherwise, if the choice “all patients” will be indicated, all patients in OraMod DB
will be analyzed. Finally if only “totals” will be selected, the report will not present the detailed list of
patients. The report will sort patients by TNM staging in this order: pT , pN and pM. Totals will be provided
at each break of pT and pN. Totals will be provided either for each single hospital or for all hospitals.
- Patients list by risk factors: this report will present to the physician the list of all the patients with a
specific risk factor and will identify which (and how many) had a reoccurrence, a persistence of disease or a
complete remission at the date of the report. Also in this case the user interface will allow the clinician to
select the hospital and the level of detail of the report. The clinician may draw on the screen the drop-down
list so as to choose the specific risk factor to investigate. The totals will be calculated for disease-free
patients and relapsers.
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- Patients list by age group/age range: the software will provide the possibility to stratify the patients by
age range and will calculate in each sub-group the total of relapsers and non-relapsers. The report will be
done for each single hospital or for all the patients present in the OraMod DB.
- Patients list by T-localization: this report is similar to the TNM staging one, but in this case the patients
will be ordered by T-Localization: apparently redundant, this stratification is justified by the recently
proposed theory that genomic aspects are strongly related to the localization of the tumour (reinforcing
the idea that OSCC is not a unique entity but brings together under a single name lesions that behave
differently depending on the tumour site). The report will be provided either for a single hospital or for all
hospitals.
- Patients list by surgical procedure: the surgeon will check the treatment options adopted for patients
affected by OSCC classified either by TNM staging and only by tumour site. The user will decide if the
report should include only patients from a specific hospital or all the patients in the OraMod DB.
User needs. The system must foresee the printout of all official documents (such as discharge letter, report
on applied surgical procedures, patient's EHR etc.). Additionally the system should allow editing and printing
of external consultancy opinions and of lists of cases to be analyzed by the clinicians. The system should be
flexible enough to allow the clinician select the patient's extraction/grouping criteria and to indicate the
data to be presented in the reports.
Reports should be available on screen (reduced format with the most important data to be visualized on the
screen) and on paper.

2.4.13 Use case 12. Patient's data visualization during follow-up visit.
Use case 1. The clinician must visit a patient during follow-up. It is the annual follow-up visit after the first
year from remission (the surgeon sees this in the list of patients to be visited, from the OraMod control
panel) and the surgeon needs to review the data of the patient before seeing him. Therefore the clinician
opens the patient's EHR from the list of patients to be visited (or from the control panel).
The visualization screen shows the basic information of the patient:


socio-demographic



risk factors



Tumor and lymph-nodes data



treatment data



a subset of diagnostic images if available from radiology



Follow-up visits and status (and information regarding radio- or chemotherapy if applicable)



reoccurrence risk estimation (calculated at the current time).

The clinician can then visualize details of the patient record by zooming in into specific datasets (for
example to verify the histology data, in order to assess additional risk factors or potential aspects to be
checked during the visit).
Use case 2. At any moment the clinicians must be able to visualize the data of the patient. For example at
each visit the surgeon must have the possibility to select the patient from the list of the patients to be
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visited this day and to view the patient's data based on the relevance of the data, with the possibility to
zoom-in (i.e. go in more details) if necessary to better understand the patient's status. The clinician has a
patient to be visited and so he opens OraMod and sees the patient in the list of the visits for the day. He
opens the patient's folder and sees the basic data: name (from HIS), and a control panel indicating the
workflow events performed by the patient (i.e. baseline, 2nd visit, treatment, follow-ups ...). The clinician
then can scroll through the different events/visits and visualize the patient's data. In particular the most
important data are those related to diagnosis and treatment. The clinician wants to verify the date related
to lymph-nodes. The clinician may also use the visual tool, where the head and neck of the patient is shown
(i.e. one image from Image analysis tools, selected by the radiologist). The clinician clicks on one of the
lymph-nodes and the system shows the data related to this lymph-node and of the other lymph-nodes (if
relevant). By clicking on the tumor on the image, the system shows all data related to the tumor (Staging,
localization, genomic, etc., including imaging parameters, histology). Using a 'zoom' option the clinician can
look at the details of each subset of data (such as imaging, histology, etc.).
User needs. Since clinicians are neither statisticians nor IT specialists, the software must edit and illustrate
the data in a simple, clearly arranged setting with a user-friendly interface and functions, limited to few
necessary buttons. For this purpose, visualization of data using comprehensible images and graphics is
mandatory. The first dimension that should appear when opening the software tool, is an overview about
the patients main data set concerning him and his tumor (ID, age, gender, TNM, HPV, ECOG, alcohol,
nicotine (pack years), Grading, extranodal spread (Y/N), perineural infiltration(Y/N), vessel infiltration (Y/N),
bone infiltration (Y/N)).
There should be a risk assessment visualized in form of a graph where the patient´s risk is pictures in
relation to the other patient´s risk (i.e. patients with same T-localization and/or TNM staging). For
comparison the system should visualize all patients integrated in the system where the reoccurrence has
already been predicted and positively verified by the outcome. Furthermore it should be possible to see only
patients in a graph who are identical in a subgroup of data sets and compare them in respect of other data
e.g. reoccurrence risk. So the clinician can e.g. select all T2-staged patients and see their reoccurrence risk or
visualize which proportion of them is e.g. HPV positive or has special genetic expression profiles.
At the same time the kind of data that leads to the prediction (demographic, main tumor characteristics,
imaging, genetic) and its individual proportion and value for the prediction is illustrated e.g. in a pie chart.
(see
example
from
PredictAD
project
(http://www.predictad.eu/)
illustrated
here:
http://files.kotisivukone.com/predictad.auttaa.fi/tiedostot/newsletter/predictad_newsletter2_2011.pdf).
Both graphs can be interactive and by clicking on patients with a similar prediction (e.g. other dots in a dot
cloud) value like the investigated patient, the data of different individuals can be compared. Be clicking on
the specific data subsets in the pie chart, that illustrates the percent proportion of this specific data set, the
data leading to the prediction becomes visible.

Use case3. Patient's overview. A useful functionality is to show to each clinician the patients control panel,
where all patients that are under his/her management are shown.
The control panel may be proposed in different situations:
1. view all OSCC patients managed in the hospital
2. view only current patients (i.e. still in treatment/follow-up)
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3. view only patients managed by the clinician who logged in
4. view all patients to be visited that day
The image below proposes an example of control panel.

Fig. 4. Patient's list (example from NeoMark platform)

For each patient the visits are listed (sub-control panel), as follows:

Fig. 5. Patient's visits detail with the indication of data collected and available (example from NeoMark platform)

For each visit the available data are listed, so that the clinician can have an overview of the patient status.
We suggest that in this overview the reoccurrence should be visualized.
It is important that data are organized in the same way as they are collected (in case of data entry) and in a
different way (i.e. aggregated by interest/specialty or by point of view) when proposed in visualization.
The overview might also contain a reminder function (highlighting) for patients for whom the follow-up visit
is delayed/has not been implemented within the correct timeline (e.g. 3 month). Viewing this reminding
function, the clinician is able to react and to e.g. contact the patient to initiate the follow-up visit. An
additional function would be to create a list of all patients with delayed follow-up visits/ delayed imaging,
etc.

2.5 Usability
The OraMod software must be very user-friendly and supportive for the clinician as well as time-saving if
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possible. The best is, if most interactions are self-explaining and appear analogous to frequently used tools
of every-day life (e.g. smartphone/tablet etc.).
Therefore the system should:
 integrate a tool for “help” to serve the software. Explanations must be understandable for
“Computer dummies”
 have only few buttons that are more or less self explaining like “Apps” on an iphone
 visualize as much as possible with illustrative but clear and abstract images and use as less
numerical classifications as possible
 have a simple and clearly structure surface with necessary but not irrelevant information for the
first view. By continuing in different sub-datasets, it must be possible to get more detailed
information in a graduated manner to understand the OraMod prediction
To work with the OraMod system should not only facilitate the assessment of a tumor patient and his
possible future course of illness but also facilitate the clinicians' work. It should not be realized as a timeconsuming system, but as a time-saving and quality-improving software. Therefore the OraMod software
should be attractive in every-day work by its prediction tools, its automated helping-tools and its easily
manageable, mostly self-explaining, fast and smart appearance.

2.6 Additional user needs
Supplementary to the prediction and its value for the patient´s treatment and after care decisions, the
system could support the clinician and make itself therefore more attractive for use. Some tools would be
very helpful in every-day- life of a clinician.
The system could:
 generate patient´s letters automatically (discharge letter, prescriptions etc.)
 generate an automated “follow-up booklet” for the patient and the clinician´s documentation
(electronic patients records to be produced on request)
 send the patient an email/SMS/letter to remind him for his next visit. By doing this the system
could tell the patient what he should bring to the visit and what kind of investigation he can expect
(clinical, imaging, etc.). This may be done by linking the patient's data to the hospital information
system where the demographic data are stored.
 automatically register the patient for standard investigations in some settings and possibly
generate a standard request (e.g. dental investigation before radiotherapy) as part of the
interoperability with the hospital information system (i.e. foresee specific activation functionality to
link to other HIS modules)
 warn the clinicians if special data makes investigations and/or treatment possibly difficult e.g. low
hemoglobin or carotid infiltration before surgery. To this aim specific rules will be provided to the
system (i.e. check values in data caption to highlight critical values).
Beyond the functionalities necessary to address the above use cases, OraMod platform must meet
additional user needs, relevant to the data management and to the privacy and security aspects linked to
health data.
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Data certification

Data origin must be certified (i.e. signed). In this sense the user-ID and password are not sufficient and
specific signature processes must be implemented anytime data are modified. The technical team will
propose solutions for this.
2.6.2

Data integrity and maintenance

Data integrity must be ensured both for OraMod documentation system and for all the transactions of data
in-out to HIS. To ensure data integrity the software must implement logging and malfunctioning detection
procedures and allow for automatic data recovery. In case of recovery the system administrator must be
informed and the hospital data manager involved.
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2.7 Overview of user requirements
OraMod platform should provide the following functionalities


Automatically collect personal data of patient (demographic) and show it only to the caring
clinician



Record patient’s clinical data at any visits (anonymized but linked to personal sensitive data
managed by HIS software)



Record data from diagnostic exams of different nature (radiology, laboratory, tissue genes
extraction, histology, direct visual examination by the clinicians)



Automatically extract features from imaging and include them into the patient's health record



Automatically collect genomic data (qRT-PCR from the lab and/or qRT PCR lab-on-chip systems)



Model the reoccurrence prediction for a specific patient using predictive model and also model
simulations in order to include clinicians know-how and experience



Show the rationale of prediction (involved biomarkers, values of biomarkers and accuracy levels)



Allow clinicians to aggregate, extract and compare data for one patient or for all patients to find
similarities and compare therapies and outcomes



Enable synchronization of different data



Transfer the relevant genomic characteristics to a PCR-RNA chip



Enable analysis of genomic RNA by the PCR-RNA portable chip



Enable data transfer from the PCR-RNA chip to the patient’s data repository



Identify differences between the “healthy” profile and the “disease” profile and highlight patients
at high risk to the clinicians



Enable flexible data extraction for off-line processing



Manage tumor board through virtual meeting, collaborative data visualization and study and
synchronous and asynchronous case discussion



Allow visual interface for data retrieval at different levels (by specialty, by affected anatomic
region, by type of data, by predictive relevance) allowing zooming in (i.e. going into more details)
or zooming out (i.e. scaling up a physiology level to have a high level vision of patient's conditions)



Be usable on tablets



Ensure privacy and security of patient’s data



Manage different levels of authorization for the access to patient’s data



Ensure the signature and certification of data (originator of data, date, etc.)



Allow easy handling of data by user-friendly functions and interfaces



Allow usage under different platforms and operating systems (PC, Mac, Android, etc.)



Minimize the manual input.

OraMod D2.2 Use cases and user needs

35

Version 6

FP7-ICT-2013-10-VPH-611425- OraMod

Dissemination Level:PU

3 User needs regarding OraMod platform functioning
This section describes the functionalities requested by OraMod actors as related to the clinical workflow
and to the use cases presented in section 2.

3.1 Manage access authorizations
Access permissions shall be guaranteed on a personal basis. UserID and Password may not be sufficient
therefore more sophisticated access control must be implemented. The access authorization is also linked
to data certification and signature. Only users authorized by the hospital system administrator (written
authorization needed) will be granted access to OraMod.
No external persons - unless authorized for consultancy purposes - will have access to OraMod.
On a general basis, anonymized data may be viewed by authorized personnel of all OraMod centres, for
research purposes. The data shall not allow identifying the single patient. Patient's identification data will
be visualized only to the hospital personnel who manage the patient.
OraMod users will have different levels of permissions.
The following categories of users are foreseen in OraMod.
Surgeon, i.e. the clinician(s) who manages the patient. He has full access to all data related to visits,
surgery, follow-ups. He can view, insert, modify, print and delete data. Organize and participate to Tumor
Board with full rights (inviting colleagues, schedule Tumor Board, editing and signature of Tumor Board
report).
Pathologist, i.e. the person(s) who is(are) in charge of biopsies, immuno-histochemistry exams and
pathologic examinations (TNM staging and grading). The pathologist has full access to all the above
mentioned data. Participate to Tumor Board (upon invitation) with full rights (view and signature of Tumor
Board report).
Radiologist. Full access to all radiology data including modify, add, delete. View permissions for all data.
Participate to Tumor Board (upon invitation) with full rights (view and signature of Tumor Board report).
Biologist. Full access for genomic data upload, and delete. No manual modifications allowed. View
permissions on all patient's data.
Other surgeons/specialists including oncologists, radio-therapists, etc. Modify permission on follow-up data
related to adjuvant treatment. View permission for all patient's data. Participate to Tumor Board (upon
invitation) with full rights (view and signature of Tumor Board report).
Nursing personnel. Creation of patient's EHR for surgery (patient's hospital admission or pre-admission,
creation of waiting list for follow-up visits). View patient's data related to patient's treatment when in
hospital. Participate to Virtual Tumor Board as auditors.

3.1.1

Access to OraMod

The access to OraMod must be granted to authorized clinicians, biologists and nursing personnel. This shall
be managed through an administration tool managed by the hospital department in charge. The users
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should be given access credentials (no cumulative credentials allowed). Means to identify the operator who
uses the system to modify (and also read) the data must be implemented, in respect of privacy regulations.
The OraMod system must manage encrypted data and must be kept under strict firewall or protected
access through web or intranet.
Login must be recorded and login and logout date and time must be recorded as well.

3.1.2

Automatic suspension (black screen)

It may happen that a clinician has to leave the system for urgent visits while inserting data. In this case the
system must prevent un-authorized access. Therefore a clock must be set that automatically suspends the
open session after 1 minute or a time to be indicated by the hospital regulations. The screen will become
black and the session locked. After 30 minutes the session will be automatically closed and data not saved
will be lost. As an alternative (to be verified), if possible, data shall be kept in a draft format to be clearly
indicated when the system is opened again.

3.1.3

Resuming a suspended OraMod session

In case of suspension of OraMod session, within 30 minutes the clinician can resume the session without
data losses. To do so the user activates the session and inserts his/her credentials again. If the credentials
match the credentials inserted at login, then the session is resumed and data on the screen are presented.
In case the credentials are different from previous login, a warning message must be issued:
"User: <userID> name of user already logged in." and the following options proposed:
'close current session', 'continue' or 'suspend'.
If the user decides to 'close current session', the message "data may be lost" must appear on the screen.
Then a login screen is presented and the new user logs in.
If the user selects 'Continue' the login screen is presented again and the verification of credentials is done
again.
If the user selects 'suspend' the session is suspended and the clock starts from the point the new user
attempted the access.

3.1.4

Exiting OraMod

OraMod will be closed manually by the user who makes logout or automatically after 30 minutes of
suspension.
Data not saved by the user will be lost and a message issued.

3.1.5

Automatic data saving

Automatic data saving should be prevented as a matter of data integrity and clinical value. In exceptional
cases however automatic saving could be performed. One case may be when electric power stops abruptly.
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In this case an emergency saving should be performed in a separate area of the system. The so saved data
might be used for recovery purposes.
In all cases, when emergency automatic saving is performed, a message shall be issued both before/during
saving and at the time of recovery/system re-start.

3.1.6

Data analysis and reoccurrence risk reporting

Data analysis and predictive model will be used for patient phenotypization and for reoccurrence risk
prediction.
Patient phenotypization


Supervised phenotypization: identification of gene expression, clinical and histology data, risk
factors and imaging profiles associated with the main phenotypical characteristics of the disease
assessed in clinical practice (i.e. stage, grade, etc.).
Outcome measurement: patients' stratification factors as defined by NCCN guidelines. Examples of
relevant clinical characteristics of patients:



o

Extension of the primary tumor mass (i.e. T1-2 vs T3-4)

o

Presence of nodal extension of the disease (N0 vs N1)

o

Histological type

o

Tumor grading

o

Etc..

Unsupervised phenotypization: identification driven by the relationship among collected data of
clusters of patient with similar biological characteristics to compared with clinical characteristics
Outcome measurement: OraMod disease bio-profile eventually upgraded with results from
literature.

Reoccurrence risk prediction


Presence of recurrence at a specific time point (6, 12, 18 months): supervised identification of
clinical, immuno-histochemical, genomic and imaging profiles associated with the occurrence of
loco-regional or metastatic relapses of the disease during follow-up
Outcome measurement: Clinical evidence of loco-regional or remote recurrence based on current
protocols. The outcome data will be a binary variable (Yes/No). Medical team making the diagnosis
should be unaware of data analysis results.



Time to recurrence within a follow-up period: supervised identification of a correlation between
clinical, immuno-histochemical, genomic and imaging data and the length of disease-free time
before recurrence.
Outcome measurement: The outcome measure will be the time in months between the first
remission visit (at month 3) and the diagnosis of loco-regional or remote recurrence.
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The OraMod reoccurrence risk and patients stratification reporting should comply to the following user
needs.

Multi-Level biomarker
reports
(patient stratification)

Prediction report
(Reoccurrence
prediction)

risk

1. Results reporting should be presented in a user-friendly,
intuitive and accessible Graphical User Interface (GUI) for
desktop computers and tablets.
1.1. Reports should contain the following information:

Demographic data

Clinical data

Laboratory data

Genomic data

MRI and CT data
1.2. User interfaces should support both textual and visual
reports e.g. tables, colored charts, heat maps, etc.
1.3. Reports should be presented using multiple industrystandard formats e.g. Web based (XHTML/CSS), PDF, XMLbased medical format, etc.
1.4. patient
phenotypization
and
reoccurrence
risk
stratification data need to be scored (accuracy, sensitivity,
etc.)
2. The GUI application presenting the result reports should
provide a layer of security
2.1. Patient’s private data should be protected.
2.2. Users should be authenticated/authorized
1. Presentation of disease specific bio-profile
2. Presentation of patient specific profile
3. Ability to compare and evaluate both profiles
4. Visual representation of semantic extracted information
from MRI and CT scan images.
5. Visual representation of Regions of Interest (ROIs)
6. Ability to perform simulations

3.1.7

Managing administrative data

OraMod needs to provide data regarding the hospital service to the administration system. This involves
the automatic transfer of data related e.g. to surgery or to specific treatments or diagnostic tests. Usually
this data transfers consists of a few data, including the patient ID which is matched with the hospital ID
code for the patient and the European code for the administered service. In some cases additional data will
be transferred. Details depend on the involved HIS software applications and will be detailed during the
system design phase.
On the other side OraMod needs to be fed by the HIS administrative data anytime the entry point for this
data is before/outside OraMod. In particular the data to be fed by HIS software applications to OraMod
include:


demographic (sensitive) data of the patient: name, address, contact details, date of birth, etc.
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visit schedule (whenever the visit appointments are managed outside OraMod)

These administrative data are necessary to correctly account for costs incurred by the hospital and to be
charged to the patient and to the NHS.

3.1.8

General functionalities required for each data set of OraMod documentation system

OraMod patient’s data (Electronic Health Records recorded into the OraMod Documentation System) are
very composite and include different information sets, to be collected by different actors at different times.
Also not any actor is authorized to view, insert, update, delete or list all the patient’s data. In addition,
particular datasets (such as genomic data or imaging data) must undergo automatic processes before being
available to the physicians.
Electronic Health Records management procedure will therefore be managed in separate screens, each one
for each category of data (or dataset) and instance of data. For example follow-up clinical evaluation data
will be managed with different screen pages depending on the type of information (clinical examination,
imaging, genomic), for each individual follow-up visit.
The functionalities foreseen by OraMod for each of these subsets of patient’s data are similar and include
the following:

Insert new record: insert a new set of data for the patient;

Modify record: update data of the specific dataset;

Confirm record: set the data of the specific data set as “confirmed” and as such no more
modifiable;

Delete record: delete a specific dataset;

List records: list and views (in different pop-ups if applicable) all or a selection (by applying filters)
the records matching the selection filters;

Search record: allows the retrieval of a specific dataset based on a search criteria on data included
into the dataset (i.e. by date, by patient’s ID_Key, etc.);

Print records: extracts data from subsets according to queries received from either the search or
data mining and reporting functionalities and composes printed reports (Pdf format, xls export
files, etc.).
While access to browse data is granted to all the clinicians, the update and modify functionalities are only
allowed to data owners and only to data which are manually inserted. data automatically collected (either
from specific OraMod modules such as the qRT-PCR lab-on-chip or the Image Analysis Tools) may not be
manually modified through the OraMod interactive data management, but they may only be modified
through the originating system (or interface).
Regarding patients demographic data, they are only visible to the authorized clinicians.

3.2 Data preservation
This involves:


Storage of data



Backup of data
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Recovery procedures

Data should be encrypted in order to prevent undue disclosure. this applies also to imaging data.
Backups shall be performed according to hospital needs: for the web-based system backups must be done
on a daily basis (incremental backup) and a complete backup must be done at least twice a month.
Backups must be kept on a safe environment. The person in charge must be authorized and must be
appointed by OraMod Consortium.
Recovery procedures should be automatic as much as possible. In all cases users and the system
administrator must be alerted in case of malfunctioning, data corruption or loss and any problems which
may need recovery.

3.3 Software portability
Since PC-based and MAC-based IT-systems are both common in different hospital systems, the OraMod
software should be usable for both.

3.4 Managing patient withdrawal from OraMod study
The OraMod system must allow patient's data cancellation when requested by the patient to the Principal
Investigator and/or to the hospital legal office and data manager. The patient will communicate his/her
decision in writing and an official communication will be issued to the system administrator in charge. In
case of patient withdrawal, specific procedures should be implemented to prevent patient's data recovery
in case of emergency recovery procedures.
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3.5 Overview of OraMod system requirements
OraMod system should be able to:
 Authorise users to OraMod with different data access levels and rights.


Automatically prevent access by non authorised users, automatic logout if system not in use.



Record patient’s data at different steps as foreseen by the OraMod workflow, protocol, and
patient’s disease status/stage.



Manage patient’s sensitive data in protected and closed environment.



Synchronize patient’s sensitive data with anonymous data.



Allow collection of data for tumor (diagnosis), treatment, follow-ups and relapses.



Allow upload of images, referrals etc. as annex files.



Implement a graphic tool for patient's data visualization at different levels.



Automatically collect data from HIS when applicable.



Automatically transfer data to HIS when applicable.



Check data for validity against pre-defined value tables.



Record data originator and update date.



Provide on-line help for specific clinical data entry pages.



Provide data input, browse and update tools for all patient’s data (risk factors, non-sensitive
personal data, clinical, genomic, histological, diagnostic imaging, laboratory, visual inspection) on
tumor, lymph-nodes, metastasis



Provide data management tools for treatment and follow-up data.



Provide a control-panel for the main investigators (physicians in charge of patient) to check the
data collected for completeness and accuracy.



Provide automatic data feed from Image Processing Tool and from RT-PCR lab-on-chip.



Provide data search and reporting tools in textual and graphical format.



Provide simulation tools for reoccurrence risk prediction and patients stratification by risk of
reoccurrence.



Allow verification of prediction vs. outcomes.



Allow automatic model refinement (feedback loop).



Allow cancellation of patients withdrawing from OraMod study.



Manage Virtual Tumor Board and record Tumor Board decisions.



Ensure data security, preservation, backup and recovery and certification.
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4 Usability requirements
4.1 General guidelines for data visualization
“One picture is worth a thousand words” is an old adage meaning that some complex issues can be better
presented with just a single image than with words. People are also able to absorb large amounts of data
quickly through visualization. However there are multiple ways to visualize data and it is important that the
visualization is usable and useful for user.
Since the main goal of the data visualization is to communicate quantitative information clearly and
effectively to the user, it is important to keep it simple enough. This means that the visualization should
contain only the data that is needed in particular situation.
It is also important to understand how people tend to interpret visual images. The German psychologists
created principles for data visualization, called Gestalt theory. It describes several principles how the
human brain sees the visualization. The principles are:


Proximity: When items are placed in close proximity, people tend to assume that they are in the
same group. Items that are further apart are seen as unrelated or less related.



Similarity: When items look the same, people perceive them to be of same type. People naturally
assume that objects with similar characteristics (similar colour, similar shapes, similar sizes, similar
orientation etc.), are related.



Closure: People’s eyes tend to add any missing pieces to a familiar shape.



Continuation: If people perceive objects as moving to a certain direction, they see them as
continuing to move that way.



Figure/ground: People perceive objects of a graphic as figures (distinct elements of focus) or as
ground (the background on which the figure rest). Foreground objects are important and
background objects less important. Thus it is important to have enough contrast between the
foreground and background.

There are different types of charts for data visualizations. To compare values it is better to visualized by
using bar charts. Bar charts should always extend to zero base line. Line charts suits better for visualize time
series data since it shows the best how a variable changes over the time. When using charts it is important
to use data labels such that users can easily link the label and variable together. Thus it is recommended to
place the label close to the visual elements and not to collect them in a separate legend. It is also important
to label axes if they are used in data visualization.
When planning the data visualization it is important to rely on those components that users are already
familiar with. Thus it is important to know the context of use and users workflow, what kind of data
visualizations they are used to use. It is also important to use familiar symbols, icons and colours and to be
consistent with these.
Colours should be used in visualizations very carefully. They might make a boring graphic look pretty, but
they really need to be handled with care. Use colours sparingly and do not use distracting colours. If
possible, use only one or two colours in your visualization. Double-check your colours for the colour blind.
There exist some tools which can be used to simulate the effect of different types of colour blindness (e.g.
Coblis and Vischeck). Especially be careful using red-green colour scales. A significant fraction of the male
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population is colour blind and have problems differentiating between red and green tones. Use red-blue or
purple-green are common alternatives.
User needs for data visualization in OraMod
In OraMod at least some part of the patient data is visualized. Since clinicians are neither statisticians nor IT
specialists, the software must illustrate the data in a simple and understandable way. For this purpose,
visualization of data using comprehensible images and graphics is mandatory.
If the OraMod user interface consist of several different parts of data, changing between representations
and views should be easy. It is also important to ensure that the user does not get lost when switching
between these views and representations. Thus it should be clearly indicated in which representation or part
of interface the user’s focus is.
Regarding single patient information, it would be valuable to be able to zoom in and out of the data (to
have less/more details). Also clinicians may need to have tools to mark details to the graphical
visualizations, i.e. by comparing illustrate imaging and follow-up imaging by marking differences to the
images by themselves. This would help to track possible residual or recurrent tumors/lymph nodes. If the
clinician manipulates images these manipulations must be visualized as individual manipulations and the
original prediction cannot be destroyed by manipulation. Otherwise some clinicians would tend to
manipulate the prediction to extend that it might be adapted to their individual view on the case and not be
objective anymore.
While predictive data is shown for single patient, there should be a visualized timeline that shows how
prediction changed within the course of illness when more and more data of the patient is added. Timeline
also shows how different information and also treatment decisions might influence the prediction.
OraMod will offer single patient data comparison with other patients’ data. In comparison the offered
graphs could be interactive so that by clicking on patients with a similar prediction value like the
investigated patient, the data of different individuals can be compared.

4.2 User interfaces design
In early 90’s Jacob Nielsen published the 10 most general principles for interaction design. They are called
"heuristics" because they are more in the nature of rules of thumb than specific usability guidelines. These
heuristics are still valuable rules when designing user interfaces. The heuristics are:


Visibility of system status - The system should always keep users informed about what is going on,
through appropriate feedback within reasonable time.



Match between system and the real world - The system should speak the users' language, with
words, phrases and concepts familiar to the user, rather than system-oriented terms. Follow realworld conventions, making information appear in a natural and logical order.



User control and freedom - Users often choose system functions by mistake and will need a clearly
marked "emergency exit" to leave the unwanted state without having to go through an extended
dialogue. Support undo and redo.



Consistency and standards - Users should not have to wonder whether different words, situations,
or actions mean the same thing. Follow platform conventions.
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Error prevention - Even better than good error messages is a careful design which prevents a
problem from occurring in the first place. Either eliminate error-prone conditions or check for them
and present users with a confirmation option before they commit to the action.



Recognition rather than recall - Minimize the user's memory load by making objects, actions, and
options visible. The user should not have to remember information from one part of the dialogue
to another. Instructions for use of the system should be visible or easily retrievable whenever
appropriate.



Flexibility and efficiency of use - Accelerators -- unseen by the novice user -- may often speed up
the interaction for the expert user such that the system can cater to both inexperienced and
experienced users. Allow users to tailor frequent actions.



Aesthetic and minimalist design - Dialogues should not contain information which is irrelevant or
rarely needed. Every extra unit of information in a dialogue competes with the relevant units of
information and diminishes their relative visibility.



Help users recognize, diagnose, and recover from errors - Error messages should be expressed in
plain language (no codes), precisely indicate the problem, and constructively suggest a solution.



Help and documentation - Even though it is better if the system can be used without
documentation, it may be necessary to provide help and documentation. Any such information
should be easy to search, focused on the user's task, list concrete steps to be carried out, and not
be too large.

User needs.
In OraMod system the patients’ sensitive data is handled so clinician has to sign in to be able to use the
system. Individual login (UserID and password) has to be used.
OraMod should automatically collect patient data from different sources (e.g. HIS, LIS) to avoid clinician to
insert the data manually. If clinicians find interaction with OraMod system too effortful, the probability to
use the tool decreases.
Manual input for patient data should be offered in case the data is not transferred automatically or there is
need to manually add or update patient data.
The system should keep record of data insertion/deletion/updating so that it is possible to track who has
manipulated the patient data in the system.
OraMod should use existing standards or norms of medical information system user interfaces as much as
possible. Familiar look of the user interface and ways of user interaction help clinicians for accepting and
learning to use the tool.
OraMod should contain all the data from patient that is necessary to clinician to use the OraMod system for
intended way (patient demographic data, clinical data, laboratory data, genomic data, imaging data (MRI
and CT) etc.). The data has to be prioritized so that the most important data is visible right away when
patient data is opened.
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OraMod screen layout should be presented in a logical order for effective use. Data should be arrange so
that clinicians can easily and quickly get overview of the patient’s data. Also entering data should support
the work flow clinicians are used to.
Information presented in OraMod should be consistent for common screens and features across all system
components.
OraMod user interface should prevent two users from updating the same information at the same time. It
should allow multiple accesses for viewing data but only a single for update.
OraMod should show on which data and test results the analysis and estimation are based on. OraMod is
supposed to be supportive tool for clinician to make decisions and thus it is important that the clinician
knows to which data the analyses are based on.

4.3 Navigation
By making navigation through the user interface more intuitive and easy to use it is possible to gain several
improvements. Users learn navigation mechanisms more quickly and they remember navigation options
and mechanisms better. Users are also able to execute tasks faster, commit fewer errors, and thus they are
subjectively more satisﬁed to use the user interface.
User needs.
In OraMod it is important that clinicians are able to view, update and also navigate through the patient
data efficiently and also with no errors. Thus the interface should have a “flat design”; all major
functionality should not be further than three clicks away from anywhere in the application.
Since it is planned that clinicians would be able to use OraMod system with several different devices, it is
important that interaction and navigation is possible with the use of both mouse, keyboard and by touch,
depending on the device to be used.
To ensure clinicians effective workflow with OraMod system it is important to have integrated views of all
patient’s key information: clinicians can see the information needed to perform a task in one view without
having to open multiple windows or navigate between multiple pages.
It is also reasonable to avoid proliferating windows. It is better that the application manages multiple views
within a single window rather than requiring clinicians to open and then manage multiple windows in
OraMod.
If there is for some reason need that clinician has to navigate between different programs, interfaces,
windows, or tabs the user should be informed where they are in the system and how they can go back to the
main view.
If the interface has multiple parts, each view has to have a title indicating what it is, so that there is no
confusion about that. And if it is possible to navigate deeper to the system, it would be helpful to offer
“home” option for user to get back to the home/main view.
The interface that user has to scroll are often challenging. If possible, avoid interfaces that need scrolling . If
scrolling is needed the data should be arranged so that scrolling does not harm clinician to interpret the
data.
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5 Legal and Ethical aspects
5.1 Legal Framework
OraMod can be placed under the umbrella of the article 35 of the Charter of Fundamental Rights of the
European Union, that states ‘Everyone has the right of access to preventive health care and the right to
benefit from medical treatment under the conditions established by national laws and practices. A high
level of human health protection shall be ensured in the definition and implementation of all Union policies
and activities’.
Other key documents to consider in this point are the European Commission’s Communication 356 as of
2004 that set the official guidelines for e-health applications and the EHTEL (European Health Telematics
Association) Patient Charter for e-health information systems.
In terms of an ethical approach to e-health, OraMod will be in accordance with the e-Health Code of Ethics
(Published in 2000 by the internet Healthcare Coalition for international use) that establishes the general
rules for a correct behaviour when dealing with patients and patients’ data through ICT tools.
5.1.1

Data protection and communication

The confidentiality and protection of patient data is governed by the general European Union rules of data
protection, as well as by the requirements of e-Privacy legislation regarding communications infrastructure
(Data Protection Directive 95/46/EC, Electronic Signatures Directive 99/93/EC, Telecommunications Privacy
Directive, 02/58/EC). Although the article 8 of the 95/46/EC directive includes health and sex life data, no
specific binding legislation on personal health data and ICT exists. Furthermore the diverse nature of
healthcare management in the European states has given rise to a particularly disparate array of legislation
relevant to ICT and healthcare across Europe.
In general terms data protection and confidentiality will be managed according to EU regulations or whenever more binding - specific Country regulations.
5.1.2

Liability

Another important legal issue is liability in the event of problems - such as technical malfunctions of the
system, network, or provision of the service itself - that result in serious harm to a patient.
To this extent OraMod will comply to the National regulations and - more in general - to the best practice of
medical profession, whenever decision regarding patients treatment are taken.
With regard to data integrity, authorship and maintenance, the regulations referred to qualification as
medical product applicable to ICT systems and product need to be followed as much as possible. OraMod
platform needs to be developed in view of certification and medical system.
OraMod needs also to comply with the electronic commerce Directive (2000/31/EC), which creates a legal
framework for the provision of information society services, also applicable to the provision of online
health services.
5.1.3

Legal aspects related to the “lab-on-chip"

The activities done within the project execution will exploit software components and hardwaredevices
that are to be considered tools and instruments for use in the laboratory. Under this hypothesis we need to
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underline that the components and their application used and applied to the pilot studies do not have any
certification as diagnostic tools and/or equipments.
In particular the tests run on the RT-PCR lab-on-chip platform are classified in the category of “In Vitro
Diagnostic” tool. Since this category of device do not enter in contact with the patient, as for example the
“In Vivo or Implantable “ devices, the qualifications for validation and research purposes is not required.
Any consideration for the qualification of this platform will be postponed to the end of pilot study, and will
be taken in accordance with the testing results and business perspectives. In view of future clinical
adoption, a Roadmap for system certification as in-vitro diagnostic device will be produced (D8.3 Products
certification guideline, month 30).
Besides this consideration, the process qualification and distribution of complex diagnostic device are
responsibility of the “legal manufacturer” of the platform, who is also responsible towards the end user.
STMicroelectronics, qualifies as component and HW provider, identification of a possible legal
manufacturer for the target product will be part of the exploitation planning of the OraMod Project.
Regarding the functionalized lab-on-chip, which needs to be qualified as 'in-vitro diagnostic' for the specific
application, we will verify as part of the exploitation the strategy to sell the license for use to qualified
manufacturers already operating in the market for genomic assays production. During the poriduct
development we will take care to consider all technical aspects relevant for the qualification and
certification of the lab-on-chip.
Usage in Italy
The usage of medical devices for clinical trials in Italy is strictly regulated to preserve the physical and
psychological integrity of both patients and researchers. Medical devices must conform to ISO EN 14155
Part 1 and Part 2 and be approved, before they are qualified as diagnostic or therapeutic devices.
From a legal point of view however we must consider the results of the PCR-RNA lab-on-chip only an
indicator for the physician. The physician is in any case responsible for the interpretation of the data
received from the chip and for the consequent medical decisions.
A liability statement is recommended, to be agreed by physicians when using the PCR-RNA chip.
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Annex I - Localization of Tumors of the oral cavity.
The following tumor localizations are
defined in OraMod (for reference see the
figure here left).


Anterior Tongue



Oral Tongue



Tongue Base



Buccal Mucosa



Floor of the Mouth



Upper Gingiva



Lower Gingiva



Retromolar Trigone



Hard Palate



Soft Palate



Tonsillar Fossa



Superior Alveolar Ridge



Inferior Alveolar Ridge

Fig. 6. Oral cavity cancer detection and tumor localization
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Fig. 7. Anatomy of the oral cavity

Fig. 8. Lymph-nodes in neck - different levels
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