
OR I G I N A L AR T I C L E

Development of a multiomics database for personalized
prognostic forecasting in head and neck cancer: The Big
Data to Decide EU Project

Stefano Cavalieri MD1 | Loris De Cecco PhD2 | Ruud H. Brakenhoff PhD3 |

Mara Serena Serafini MSc2 | Silvana Canevari PhD4 | Silvia Rossi PhD5 |

Davide Lanfranco MD5 | Frank J. P. Hoebers MD, PhD6 |

Frederik W. R. Wesseling MSc, MD6 | Simon Keek MSc7 |

Kathrin Scheckenbach MD8 | Davide Mattavelli MD9 |

Thomas Hoffmann MD10 | Laura López Pérez MSc11 | Giuseppe Fico PhD11 |

Marco Bologna MSc12 | Irene Nauta MD3 | C. René Leemans MD3 |

Annalisa Trama MD, PhD13 | Thomas Klausch MSc14 |

Johannes Hans Berkhof PhD14 | Vasilis Tountopoulos PhD15 | Ron Shefi PhD16 |

Luca Mainardi PhD12 | Franco Mercalli MSc17 | Tito Poli MD5 |

Lisa Licitra MD1,18 | the BD2Decide Consortium

1Head and Neck Medical Oncology Unit, Fondazione IRCCS Istituto Nazionale dei Tumori di Milano, Milan, Italy
2Integrated Biology Platform, Department of Applied Research and Technology Development, Fondazione IRCCS Istituto Nazionale dei Tumori di
Milano, Milan, Italy
3Vrije Universiteit Amsterdam, Otolaryngology/Head and Neck Surgery, Amsterdam UMC, Cancer Center Amsterdam, Amsterdam, The Netherlands
4Fondazione IRCCS Istituto Nazionale dei Tumori di Milano. Milan, Italy
5Unit of Maxillofacial Surgery, Department of Medicine and Surgery, University of Parma – University Hospital of Parma, Parma, Italy
6Department of Radiation Oncology (MAASTRO), Research Institute GROW, Maastricht University, Maastricht, The Netherlands
7The D-Lab, Department of Precision Medicine, GROW- School for Oncology, Maastricht University Medical Center, Maastricht, The Netherlands
8Department of Otolaryngology, Medical Faculty, Heinrich Heine University Düsseldorf, Düsseldorf, Germany
9Department of Otorhinolaryngology Head and Neck Surgery, Spedali Civili di Brescia and University of Brescia, Brescia, Italy
10Department of Otorhinolaryngology Head and Neck Surgery, Ulm University Medical Center, Ulm, Germany
11Life Supporting Technologies, Photonics Technology and Bioengineering Department, School of Telecommunication Engineering, Universidad
Politécnica de Madrid, Madrid, Spain

Tito Poli and Lisa Licitra co-last authors.

The BD2Decide Consortium includes Giuseppina Calaresoa, Pasquale Quattronea, Ester Orlandia, Federica Perronea, Silvia Franciscib, Danielle
Heidemanc, Elisabeth Bloemenac, Marije Vergeerc, Pim de Graafc, Mari van den Houtd, Bernd Kremerd, Elena Schultee, Rene Grässline, Liss
Hernandezf, Maria Teresa Arredondof, Thanasis Dalianisg, Avner Algomh, Sergio Copellii, Stefan Wesargj where (a) indicates Fondazione IRCCS
Istituto Nazionale dei Tumori di Milano, Milan, Italy; (b) Istituto Superiore di Sanità, Rome, Italy; (c) Amsterdam University Medical Centers,
Amsterdam, The Netherlands; (d) Maastricht University Medical Center, Maastricht, the Netherlands; (e) Medical Faculty, Heinrich Heine University
Düsseldorf, Düsseldorf, Germany; (f) Universidad Politécnica de Madrid, Madrid, Spain; (g) Technical Implementation, Innovation Lab, Athens
Technology Center, Athens, Greece; (h) All-In-Image Ltd, Israel; (i) MultiMed Engineers srl, Parma, Italy; (j) Fraunhofer. Munich, Germany.

Received: 8 May 2020 Revised: 30 September 2020 Accepted: 13 October 2020

DOI: 10.1002/hed.26515

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2020 The Authors. Head & Neck published by Wiley Periodicals LLC.

Head & Neck. 2020;1–12. wileyonlinelibrary.com/journal/hed 1

https://orcid.org/0000-0003-1294-6859
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/hed
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fhed.26515&domain=pdf&date_stamp=2020-10-27


12Department of Electronics, Information and Bioengineering (DEIB) Politecnico di Milano, Politecnico di Milano, Milan, Italy
13Department of Preventive and Predictive Medicine, Evaluative Epidemiology Unit, Fondazione IRCCS Istituto Nazionale dei Tumori di Milano,
Milan, Italy
14Department of Epidemiology and Data Science, Public Health Research Institute Amsterdam - Amsterdam University Medical Centers, Vrije
Universiteit Amsterdam, Amsterdam, The Netherlands
15Technical Implementation, Innovation Lab, Athens Technology Center, Athens, Greece
16All-In-Image Ltd, Israel
17MultiMed Engineers srl, Parma, Italy
18Department of Oncology and Hemato-Oncology, University of Milan, Milan, Italy

Correspondence
Stefano Cavalieri, Head and Neck Medical
Oncology Unit, Fondazione IRCCS
Istituto Nazionale dei Tumori di Milano,
Milan, Italy.
Email: stefano.cavalieri@istitutotumori.
mi.it

Funding information
European Union Horizon 2020
Framework Programme, Grant/Award
Number: 689715

Abstract

Background: Despite advances in treatments, 30% to 50% of stage III-IV head

and neck squamous cell carcinoma (HNSCC) patients relapse within 2 years

after treatment. The Big Data to Decide (BD2Decide) project aimed to build a

database for prognostic prediction modeling.

Methods: Stage III-IV HNSCC patients with locoregionally advanced HNSCC

treated with curative intent (1537) were included. Whole transcriptomics and

radiomics analyses were performed using pretreatment tumor samples and

computed tomography/magnetic resonance imaging scans, respectively.

Results: The entire cohort was composed of 71% male (1097)and 29% female

(440): oral cavity (429, 28%), oropharynx (624, 41%), larynx (314, 20%), and

hypopharynx (170, 11%); median follow-up 50.5 months. Transcriptomics and

imaging data were available for 1284 (83%) and 1239 (80%) cases, respectively;

1047 (68%) patients shared both.

Conclusions: This annotated database represents the HNSCC largest available

repository and will enable to develop/validate a decision support system inte-

grating multiscale data to explore through classical and machine learning

models their prognostic role.
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1 | INTRODUCTION

Head and neck cancers (HNCs) are a group of highly het-
erogeneous diseases. Worldwide HNCs are the sixth most
deadly tumors, accounting more than 700 000 newly
detected cases (150 000 in Europe), leading to approxi-
mately 350 000 deaths annually1 (70 000 in Europe). The
majority of cases are reported as head and neck squa-
mous cell carcinomas (HNSCCs), arising from the epithe-
lial cells of the mucosal lining of the upper aerodigestive
tract. In clinical practice, HNSCCs are classified
according to their anatomic site of origin in oral cavity
carcinoma (OCC), oropharyngeal carcinoma (OPC), fur-
ther subclassified according to its relation with human
papillomavirus (HPV),2 hypopharyngeal (HPC), and

laryngeal (LC) cancers. To date, the most relevant risk
factors for HNSCC are excessive alcohol consumption,
smoking, and for OPC, infection with a high-risk HPV.

Approximately only one-third of patients with
HNSCCs are detected at early stages of the disease3

(stages I and II according to the Seventh Edition of the
Tumor-lymph Node-Metastasis classification [TNM7] of
the American Joint Committee on Cancer [AJCC]/Union
for International Cancer Control [UICC] staging
system4). These patients are treated with surgery or
radiotherapy, depending on the tumor site and extension,
with a 70% to 90% cure rate. However, the majority of
patients present with locoregionally advanced stages (III
and IV) and require multimodal interventions.2 For
HNSCC patients, the treatment can be extremely
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impairing, having huge impacts on functionalities and
quality of life (QoL). Despite impressive advances in sur-
gery and radiotherapy techniques, 30% to 50% of stage
III-IV HNSCC patients relapse within 2 years after treat-
ment. Notably, salvage treatments (eg, surgery, re-irradia-
tion, systemic treatments) are ineffective in most cases.5,6

Treatment choice depends on primary tumor site and
stage, and the heterogeneity in biological behaviors ham-
pers the development of general or site-specific prognos-
tic models to guide clinical management for all the
different tumors included in HNSCC. In this complex
and challenging scenario, there is a substantial need to
select the optimal treatment that maximizes the probabil-
ity of cure, while minimizing the side effects and impact
on the QoL of patients. A more personalized strategy
would overcome the current approach based on the TNM
staging classification.4,7

Starting from the hypothesis that the use of multi-
parametric variables applied on tumor site- and treatment-
specific populations may facilitate prognostic prediction
and guidance of the optimal treatment choice, we
established an international European consortium, which
allowed to build the Big Data to Decide (BD2Decide)
project. To achieve this ambitious aim, we developed a
new database, where clinical and omics information could
be acquired, stored, and analyzed through different
approaches. In this article, we present in details the char-
acteristics of the BD2Decide database, the methodology for
its creation and curation and the major information
retrievable from it. This new database could enable linking
together rigorously annotated patient-specific multi-
parameter clinical, pathologic, demographic, trans-
criptomics and radiomics data from the currently largest
cohort of patients with locoregionally advanced HNSCC.

2 | MATERIALS AND METHODS

The study population was composed of loco-regionally
advanced (stage III-IVA/B according to TNM7) HNSCC
patients receiving treatments with curative intent
between 2008 and 2017. A European Consortium was
formed in 2015 and in 2016 the project “Big Data and
Models for Personalized Head and Neck Cancer Decision
Support (BD2Decide)” (ClinicalTrial.gov Identifier
NCT02832102)8 started with the financial support of the
EU commission.9 The Ethical Committee of each partici-
pating center approved the protocol. Details about the
participating Institutions are reported in Supplementary
materials. The follow-up was closed at September 2019.
For data use and retrieval of tumor samples, when avail-
able, patients still alive provided informed consent; a
waiver for informed consent was obtained according to

national regulations. For deceased patients in the retro-
spective cohort, a waiver was provided by the Institu-
tional Review Board of each center.

Main inclusion criteria were histological confirmation
of squamous cell OCC, OPC, LC orHPC, aged ≥18 years,
and III and IVA or IV as clinical stage (TNM7). The
administration of treatment had to be with curative
intent, including any combination of surgery, radiother-
apy (three-dimensional or intensity-modulated radiother-
apy [IMRT]) and chemotherapy. Other requirements
were the availability of both adequate archival pre-
treatment tumor specimen and pretreatment contrast-
enhanced CT scan of the head and neck region, per-
formed with contiguous cuts of ≤2 to 3 mm in slice thick-
ness or MRI scans with T1 (non or pre-contrast) and
T2-weighted acquisitions (slice thickness < 3 mm). For
OPC cases, assessment of p16/HPV status was manda-
tory. HPV testing was performed with p16 immunohisto-
chemistry (IHC)-staining (positive/negative) and HPV
DNA presence by either in situ hybridization (ISH) or
polymerase chain reaction (PCR) (details in Supplemen-
tary text, subheading “HPV status analysis”).

Patients with clinical stage IVC, malignancies in the
previous 5 years prior to the treatment of HNSCC, or any
previous malignancy in the head and neck that was
treated with surgery and/or radiation were excluded.

Clinical, pathological, and demographical data
(Supplementary Tables S1-S4) were collected using a
web-based electronic case report form (eCRF) named
OpenClinica platform (OpenClinica, LLC; Waltham,
Massachusetts),. Since the BD2Decide was aimed at
defining data-driven prognostic factors for locoregionally
advanced HNSCC patients, all pretreatment clinical data
that could be collected through medical charts were
recorded. Moreover, details about treatments, their
toxicities, pathologic features, and follow-up were
deemed fundamental to build the largest data set of
clinicopathological data about HNSCC patients.

For patients enrolled prospectively, the following
quality of life questionnaires (QLQ) were collected:
EORTC QLQ-C30,10 EORTC HN35,11 and EQ-5D-5L.12

The selection of these questionnaires was related to
their specific independent role in assessing patient-
reported outcome measurements (PROMs): EORTC
QLQ-C30 is valid for all cancer patients; EORTC HN35 is
a PROM specifically designed for HNC patients, and it
was the most updated version available at the time of
study approval; and EQ-5D-5L is a questionnaire used in
health-technology analysis (HTA).

Disease-free survival (DFS) was defined as the time
between primary diagnosis and the occurrence of any
event (first disease recurrence; relapse; death of any
cause) or the last follow-up in case of patients without
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evidence of disease. Overall survival (OS) was defined as
the time between primary diagnosis and death or last
follow-up. Survival curves were estimated with the
Kaplan-Meier method.

Further details about the following sections are
reported in Supplementary materials: participating centers
and roles; ethics and privacy; sample size calculation; HPV
status analysis; data quality assessment; quality control of
clinical and pathological data; ontology, knowledge man-
agement system; whole transcriptome analysis; trans-
criptomics and prognostic clinical models survey;
radiomics analysis; population-related data from external
sources; development of the big data environment and the
interfaces for Clinical Decision Support System (CDSS)
and Visual Analytics Tool (VAT); CDSS; and VAT.

3 | RESULTS

A total of 1537 stage III-IV HNSCC patients were
included in the BD2Decide database, 1086 cases (70%)
were collected retrospectively (2008-2014) and the
remaining 451 prospectively (2015-2017). Details on the
country of origin (47%—716 from Italian, 43%—670 from
Dutch and 10%—151 from German Cancer Centers) are
reported in Supplementary Table S5.

The majority of patients (71%, 1097) were male, and
the study population comprised 28% OCC (429), 41%
OPC (624), 11% HPC (170), and 20% LC (314) cases
(Table 1). The clinical TNM7 stage at diagnosis was III
and IV in 26% (393) and 74% (1144) of cases, respectively.

The median age was 62 years (range 20-93) and median
follow-up, estimated using the reverse Kaplan-Meier
method, was 50.5 months (95% confidence interval [CI]:
47.9-54.2). IHC p16 testing was assessed in all 624 OPC
cases: 377 (60%) resulted as p16-positive and as 247 (40%)
as p16-negative; of the 377 p16-positive cases, 374 were
tested for HPV DNA as well and a 4% (16 cases) were
HPV-DNA negative.

The major risk factors (smoke, alcohol, oral hygiene
and familiar history of malignancies) are reported in
Table 2:76% of the patients (1170) were current or former
smokers and 58% (900) alcohol consumers. Further
details on other clinical characteristics and risk factors
are reported in Supplementary Table S6.

After the update of the staging system to the TNM
eighth edition, there were no changes observed in the
1160 HPV-negative HNSCCs (all tumor sites) patients
with stage III and IVB disease. An upstaging to IVB was
observed in 120 (17%) of patients with IVA disease
(Table 3). This was mostly attributed to the introduction
of N3b in patients having regional lymph node metasta-
ses with extranodal extension.

Details about each treatment modality (Supplemen-
tary Table S7), the related adverse events (Supplementary
Tables S8-S9), and the quota of QLQ collected for the
patients prospectively enrolled (Supplementary
Table S10) are reported in supplementary material.

TABLE 1 Patient characteristics

No. of
patients

No. of
patients (%)

Tumor site

Oral cavity 429 28%

Oropharynxa 624 41%

Hypopharynx 170 11%

Larynx 314 20%

Clinical stage (TNM7)

III 393 26%

IVA 1001 65%

IVB 143 9%

Gender

Male 1097 71%

Female 440 29%

Age at diagnosis Median 62 years (range 20-93)

Median follow-up 50.5 months (95% CI 47.9-54.2)

a377 were p16 positive (60%) and 247 (40%) were p16 negative.

TABLE 2 Major risk factors

No. of
patients

No. of
patients (%)

Smoking

Current or former 1170 76%

Never 300 20%

Unknown 67 4%

Alcohol

Current or former 900 58%

Never 551 36%

Unknown 86 6%

Oral hygiene

Good 420 28%

Intermediate 445 29%

Poor 176 11%

Unknown/not available 496 32%

Familiar history
of malignancies

Yes 381 25%

No 547 36%

Unknown 609 39%
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During follow-up, 257 patients (17%) experienced
locoregional recurrence only, 151 distant relapse only
(10%), and 49 both (3%). A second primary malignancy
was observed in 59 cases (4%), with concomitant primary
disease failure in 7 cases (<1%). Among cases with recur-
rence/relapse/second primary cancer, 178 and 213 were
treated with curative and palliative intent, respectively,
while the remaining did not receive any specific therapy.
In the overall cohort, 599 patients (39%) expired (Table 4),
938 patients (61%) were alive at last follow-up, and 782 of
them (83%) were disease-free as well.

On the entire cohort of 1537 cases, the median OS
and DFS were 73.9 months (95% CI: 69.4-89.2) and
61.4 months (95% CI: 53.9-68.4), respectively (Figure 1A).
According to the TNM8, in the 1160 HPV-negative
HNSCC patients, the median OS was 86.9 months (95%
CI: 68.7-115.9) for patients with stage III disease and
51.3 months (95% CI: 39.8-60.9) for those with stage IV
disease (P < .0001) (Figure 1B).

Since HNSCC is a heterogeneous group of diseases
with different biology, treatments, and outcomes, the sur-
vival of the five main HNSCC clinical entities are here
reported in detail. We considered the four major primary
tumor sites (OCC, OPC, HPC, and LC), but dividing OPC
in two different entities according to p16 positivity.

3.1 | Oral cavity squamous cell
carcinoma

The demographical/clinical and treatment information
and the survival data of the 429 OCC patients included in
the BD2D database are reported in Supplementary
Tables S11 and S12, respectively.

Median age was 63 years (range 20-93). Almost half of
patients (171) were women (40%, the highest percentage
between the five HNSCC entities) and 258 were men. Sur-
gery was part of the curative treatment in 374 cases (89%).

Median DFS was 37.83 months (95% CI 27.83-51.84)
and median OS 59.08 months (95% CI 43.49-84.64). In
patients with stage III (TNM8) disease, median DFS and
OS were 54.67 months (95% CI 38.36-91.45) and
89.24 months (95% CI 47.11-NR), respectively. In those
with stage IVA-B (TNM8) disease, median DFS and OS
were 28.98 months (95% CI 21.35-47.99) and 52.23 months
(95% CI 33.06-69.47), respectively.

3.2 | p16-positive oropharyngeal
squamous cell carcinoma

Following oral cavity, the p16-positive oropharyngeal car-
cinoma patient cohort was the second most represented
of the BD2Decide project. The demographical/clinical
and treatment information and the survival data of the
377 p16-positive OPC patients included in the BD2D

TABLE 3 Staging changes from TNM7 to TNM8 for p16-negative HNSCC patientsa

TNM7 TNM8 Staging variation
Stage No. of patients Stage No. of patients Staging variation

III 337 III 337 No change

IVa 722 III 8 1% downstaging

IVb 594 82% no change

IVb
• 54 oral cavity
• 27 p16-neg oropharynx
• 26 hypopharynx
• 13 larynx

120 17% upstaging

IVb 101 IVb 1 <1% downstaging

IVb 100 >99% no change

aAll tumor sites.

TABLE 4 Causes of deatha

Cause of death No. of patients
No. of
patients (%)

Malignant disease under
study, or complication
due to malignant
disease under study

332 55%

Adverse event 47 8%

Second primary
malignant disease, or
complication due to
second primary
malignant disease

76 13%

Other / unknown cause
(not assessable or
insufficient data)

144 24%

aIn the cohort of 599 expired patients.
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database are reported in Supplementary Tables S13 and
S14, respectively.

Median age of these patients (60 years, range 29-86) was
the lowest among the five groups. Patients with clinical T4
and/or N3 classification (overall stage III, TNM8) were
105 (29%).

Data about smoking history were available for 98% of
cases (370 patients: 252 current or former smokers,
118 never smokers): details about pack-years were avail-
able in 249 out of 252 current/former smokers. According
to Ang prognostic classification,15 64% of patients were at
low risk (235 cases: 118 never smokers, 61 with ≤10 pack-
years, 56 with >10 pack-years, and cN0-N2a according to
TNM7) and 36% at intermediate risk (132 patients with
>10 pack-years and cN2b-N3 according to TNM7). Radio-
therapy was part of multimodal approaches in 86% of
subjects (322) and 297 patients (79%) received
chemoradiation. Surgery (with or without postoperative
radiation) was performed in 107 cases (28%).

In p16-positive OPC patients, median DFS and OS
were not reached (Figure 2). Five-year DFS and OS of the
whole p16-positive cancer cohort were 76% and 82%,
respectively. Five-year DFS, according to TNM8, was 84%
in stage I, 69% in stage II, and 68% in stage III (P = .0008,
Figure 2A). Five-year OS was 89%, 74%, and 77%
(P = .004) in stage I, stage II, and stage III disease
(TNM8), respectively (Figure 2B). The prognostic accuracy

for 5-year OS was higher for TNM8 (AUC = 0.61,
P = .005) than Ang classification (AUC = 0.57, P = .061)
and TNM7 (AUC = 0.55, P = .053).

3.3 | p16-negative oropharyngeal
squamous cell carcinoma

Sixteen percent of patients included in the BD2D database
(247 cases) were affected by p16-negative OPC. The demo-
graphical/clinical and treatment information and the sur-
vival data of the p16-negative OPC patients are reported in
Supplementary Tables S15 and S16, respectively.

This was the subgroup with the highest frequency (30%,
73) of stage IVB (TNM8) disease. Most patients (217, 96%
among those with data availability about smoking history)
had a significant tobacco exposure (>10 pack-years).
According to Ang prognostic classification,15 98% of patients
(224) were at high risk, while only 5 were at intermediate
risk. Radiotherapy was delivered in 96% of cases (234), and
one fourth of patients (60) received surgery.

Median DFS was 33.32 months (95% CI 22.57-52.27),
median OS was 53.22 months (95% CI 38.78-68.09). In
patients with stage III (TNM8) disease, median DFS and
OS were 56.71 months (95% CI 22.57-107.37) and
68.72 months (95% CI 38.78-111.65), respectively. In
those with stage IVA-B (TNM8) disease, median DFS and

FIGURE 1 DSFS (A) and OS (B) in p16-negative HNSCC patients. Left panels: DSFS and OS; central panels: survival according to

TNM7; right panels: survival according to TNM8 [Color figure can be viewed at wileyonlinelibrary.com]
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OS were 28.45 months (95% CI 21.05-46.32) and
46.05 months (95% CI 34.84-66.68), respectively. In this
cohort, TNM8 provided a more accurate prognostic pre-
diction than TNM7 (AUC for 5-year OS: TNM8 0.63,
P < .0001 vs TNM7 0.59, P = .0001).

3.4 | Hypopharyngeal squamous cell
carcinoma

This patient cohort was the less represented in the
BD2Decide project. The demographical/clinical and treat-
ment information and the survival data of the 170 HPC
patients included in the BD2D database are reported in
Supplementary Tables S17 and S18, respectively.

Eighty percent of patients were men and median age
was 63 years (range 44-84). The 95% of patients (161)
were treated with radiotherapy and 42% (71) with sur-
gery. Out of these 71 subjects, 38 patients underwent total
laryngectomy for primary tumor. Median follow-up was
62.43 months (95% CI 53.52-70.72).

Median DFS was 27.79 months (95% CI 17.79-37.86):
median DFS not reached (95% CI 20.09 months-NR) in
stage III and 24.05 months (95% CI 16.68-34.21) in stage
IVA-B (P = .0072). Median OS was 45.26 months (95% CI
32.99-62.1): median OS not reached (95% CI

58.62 months-NR) in stage III and 35.92 months (95% CI
26.12-54.64) in stage IVA-B (P = .0043).

3.5 | Laryngeal squamous cell carcinoma

One fifth of the patients included in the BD2D database
were affected by LC. The demographical/clinical and
treatment information and the survival data of the
314 LC patients are reported in Supplementary
Tables S19 and S20, respectively.

More than half of them (51%, 161 patients) had a stage
III disease. Almost 90% of subjects (270) received radiother-
apy within multimodal treatments. Out of the 138 laryngeal
cancer patients treated with surgery, 80 received total laryn-
gectomy for primary cancer. Chemoradiation (considering
together the following combinations: induction chemother-
apy followed by curative radiotherapy; induction chemo-
therapy followed by surgery and postoperative radiation or
chemo-radiation; definitive concurrent chemoradiation; sur-
gery and postoperative concomitant chemoradiation) was
delivered in 97 cases (32%).

Among the five subgroups, the LC patient cohort was
the one with the longest survival: median DFS
61.74 months (95% CI 46.74-70.56), median OS
70.63 months (95% CI 63.09-87.43). In stage III median

FIGURE 2 DSFS (A) and OS (B) in p16-positive OPC patients. Left panels: DSFS and OS; central panels: survival according to TNM7;

right panels: survival according to TNM8 [Color figure can be viewed at wileyonlinelibrary.com]
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DFS and OS were 63.09 (95% CI 51.05-NR) and
73.72 months (95% CI 62.63-NR), respectively (Supple-
mentary Table S21). In stage IVA-B, median DFS was
46.48 months (95% CI 29.18-67.47) and median OS was
69.44 months (95% CI 51.21-87.43).

3.6 | Omics data

Transcriptomics and radiomics profiles were available for
1284 and 1239 cases, respectively (Figure 3). The distribu-
tion of profiles in the different tumor sites and the drop-
out of tumor specimens or images are reported in
Supplementary Table S21.

Two transcriptomics surveys were conducted during
the project to create structured comprehensive trans-
criptomic databases from public resources for signature
identification and testing on the BD2decide data set.13,14

Selected statistical prognostic models4,7,15-21 and trans-
criptomics signatures13,19,22-28 currently being tested are
reported in Supplementary Tables S22 and S23.

4 | DISCUSSION

Although HNSCC arise in the same tissue, the mucosal
squamous lining of the upper aerodigestive tract, the disease
is remarkably heterogeneous,29 hampering prognostic
modeling.30 In part this also relates to treatment, for
instance OCC are typically surgically treated, whereas OPC
can be cured with chemoradiation.31 Also the role of HPV
in OPSCC added a whole new level on this heterogeneity.31

At present, the majority of studies on HNSCC prognosis
encompass heterogeneous and small patient populations,
and this hinders the validation of prognostic factors.

Being aware that he heterogeneity of HNSCC
demands large efforts, data organization and sample col-
lections at different institutions, we established an inter-
national European consortium, which allowed to build
the BD2Decide European multicenter project aimed at
exploring the potentialities of big data in HNSCC for clin-
ical outcome estimation and research. This work essen-
tially describes the characteristics of a unique large
multi-omics international database useful to analyze both
the communalities and the tumor sites and treatment dif-
ferences in a selected series of locally advanced stage of
patients treated with curative intent.

In performing our study and establishing the
BD2Decide HNSCC stage III-IVA/B database, we placed
great emphasis on the standardization of the procedures
and collection of clinical data, tumor samples, and images
from seven different clinical centers. This contributed not
only to realize a complete ontological mapping of the
HNC domain, in line with existing standard ontologies,
but also to produce a formal representation of data depen-
dencies. The “harmonization” efforts empowered us to
conduct our systematic analysis. In particular, compared
to the literature available data sets, the BD2Decide data-
base contains innovative aspects such as (a) the adequate
patient selection; (b) the retrieval and recording of high-
quality data test for up to 170 clinical, pathological, and
demographic parameters; (c) the availability of the infor-
mation in ≥90% of cases for parameters already associated
with prognosis; (d) the availability of both transcriptomics
and radiomics data for more than 1000 of patients.

To evaluate the representativeness of the study popu-
lation, patient characteristics and outcomes were com-
pared to literature data. Site distribution in our cohort
was in line with the HNC EU incidence reported in
Globocan 2018.1 Men have a 2- to 5-fold higher risk of
developing HNSCC than women, and smoking character-
istics were in line with those reported in the scientific lit-
erature.32 The proportion of patients currently or
formerly exposed to alcohol consumption was consistent
with that reported in previous reports (70% in the study
population vs 72% in the literature33).

Regarding the attributable fraction of HPV in OPSCC,
in the literature the evaluation of p16 positivity without
HPV assessment was associated with a risk of false posi-
tivity in 12% of cases, indicating the importance of per-
forming additional HPV DNA testing for the prediction
of prognosis and when considering treatment de-intensi-
fication.35 Thus in our OPC cases, 374 of the
377 p16-positive cases were tested for HPV DNA as well
and a mere 4% (16 cases) were HPV-DNA negative. This
result suggests an increment in the accuracy of the tests
in the recent years. We observed that in the whole OPC
cohort, 60% of patients are p16/HPV DNA positive and

FIGURE 3 Available data in the BD2Decide final database

[Color figure can be viewed at wileyonlinelibrary.com]
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data regarding the prospective cohort in this database
indicate a proportion of p16-positive cases higher than
the one of the retrospective cohort (70% and 57%, respec-
tively); overall, these percentages are consistent with the
incidence data previously reported in the literature.36

In our study population, 1-year and 5-year OS were
88% and 58%, respectively. These outcomes were signifi-
cantly better than those described in a large epidemiolog-
ical study (1-year OS: 68.8%; 5-year OS: 39.9%), involving
European patients with HNSCC.34 This is not surprising
based on the specifics of epidemiological studies that
include population-based results. On the contrary, the
BD2Decide population included a selected population
(stage III-IVA/B disease according to TNM7 classifica-
tion) treated with curative intent in expert centers. In
order to clearly identify prognostic factors at diagnosis of
locoregionally advanced nonmetastatic HNSCC and to
avoid potential negative biases, the study population was
highly positively selected. Indeed, patients with either
recurrent/metastatic disease or locoregionally advanced
stage treated with palliative intent were intentionally
excluded. In this setting, as expected, a positive selection
bias explains the higher survival rates registered. The
observed differences could be attributed to a mixture of
the following reasons: (a) the BD2D patients were
accrued from three countries of the 20 considered in the
Eurocare analysis; (b) the predominance of the OPC and
larynx sites could be partially attributed to the referral
pattern of the selected cancer centers.

Although the samples and images in our collection
derive from different institutions, the application of dedi-
cated standard operating procedures for their collection
and management resulted in an acceptable dropout of
informative samples/images (12%-21% for trans-
criptomics, 7%-26% for radiomics, depending on the ana-
tomical site of primary tumor). This systematic collection
(covering a 10-year period) demonstrated that in more
recent years, the availability of sufficient material for
whole transcriptomics analyses, particularly in the case
of OPC, tended to be reduced. This could be attributed to
the fact that for most OPC cases, where chemoradiation
is usually preferred over surgery, the analyzed specimen
was an initial small biopsy, and often the quota of tumor
cells was scanty. Additionally, we noted that major loss,
regarding the quality check of the extracted material, was
related to hypopharynx tumors, compared with the other
sites. One may speculate that a higher fraction of necrosis
could be observed in resection specimens and low-
quantity biopsy material.

The availability of this uniform and large multiomics
international database and the high number of cases
entering in each of the five clinical entities characterizing
HNSCC enabled us to start a series of site and or

treatment specific studies. New site-specific signatures
and data-driven models developed through statistical
modeling are yet to be produced and integration of differ-
ent molecular omics is in progress. In fact, in all cases
with available transcriptomics, data regarding the expres-
sion of noncoding RNAs have already been acquired and
the analysis is ongoing. Moreover, in approximately
450 cases, in the framework of an independently funded
project, mutational data are also being analyzed.
According to the general frame of the BD2Decide project,
all these new omics data will be associated with other
clinical and -omics data and will become publicly avail-
able constituting the core of future studies that will
address the potential of big data in HNSCC.

The future use of BD2Decide database will be the
incorporation of adaptive learning, allowing updating,
improving, and refining the models using routinely col-
lected data. The stepwise classification approach may
allow clinicians to reach predictions based on easily
obtainable clinical data. The system could be used to
inform clinicians regarding the need to include additional
sources of information. Furthermore, in case a recursive
partitioning procedure is followed, clinicians will be
informed regarding the cost-effectiveness of collecting
additional data at the different nodes of the decision tree.

5 | CONCLUSIONS

Overall, we were able to construct a rigorously annotated
HNSCC database, which includes clinical data recorded
and collected for 1537 patients with stage III-IVA/B
HNSCC treated with curative intent associated trans-
criptomics and radiomics data for approximately 80% of
cases. This represents the largest available database for
head and neck cancer in terms of the number of cases,
the huge number of available clinical information, and
the expected integrated omics. As an example, the BD2D
database contains up to 170 well-annotated clinical vari-
ables and almost 3-fold number of samples than The
Cancer Genome Atlas,37 which includes 528 HNSCC
cases.38 The establishment of our database provides
numerous opportunities for conducting different analyses
of clinical/radiomics/transcriptomics data to explore their
single or combined prognostic role. In agreement with
the need of transparency in science, data will be progres-
sively deposited in public repositories and made available
to the scientific community. In our view, large studies as
BD2Decide will have to be the future for prognostic
modeling studies. BD2Decide is a valuable resource, and
this type of studies should be extended to even larger
cohorts to further decipher the heterogeneity of HNSCC.
Large cooperative scientific and clinical efforts and
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financial resources are needed within the EU or even
between continents.
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