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Abstract
Objectives Head and neck squamous cell carcinoma (HNSCC) shows a remarkable heterogeneity between tumors, which may be
captured by a variety of quantitative features extracted from diagnostic images, termed radiomics. The aim of this study was to
develop and validate MRI-based radiomic prognostic models in oral and oropharyngeal cancer.
Materials and Methods Native T1-weighted images of four independent, retrospective (2005–2013), patient cohorts (n = 102, n = 76,
n = 89, and n = 56) were used to delineate primary tumors, and to extract 545 quantitative features from. Subsequently, redundancy
filtering and factor analysis were performed to handle collinearity in the data. Next, radiomic prognostic models were trained and
validated to predict overall survival (OS) and relapse-free survival (RFS). Radiomic features were compared to and combined with
prognostic models based on standard clinical parameters. Performance was assessed by integrated area under the curve (iAUC).
Results In oral cancer, the radiomic model showed an iAUC of 0.69 (OS) and 0.70 (RFS) in the validation cohort, whereas the
iAUC in the oropharyngeal cancer validation cohort was 0.71 (OS) and 0.74 (RFS). By integration of radiomic and clinical
variables, the most accurate models were defined (iAUC oral cavity, 0.72 (OS) and 0.74 (RFS); iAUC oropharynx, 0.81 (OS) and
0.78 (RFS)), and these combined models outperformed prognostic models based on standard clinical variables only (p < 0.001).
Conclusions MRI radiomics is feasible in HNSCC despite the known variability in MRI vendors and acquisition protocols, and
radiomic features added information to prognostic models based on clinical parameters.
Key Points
• MRI radiomics can predict overall survival and relapse-free survival in oral and HPV-negative oropharyngeal cancer.
• MRI radiomics provides additional prognostic information to known clinical variables, with the best performance of the

combined models.
• Variation in MRI vendors and acquisition protocols did not influence performance of radiomic prognostic models.
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Abbreviations
ACE-27 Adult Comorbidity Evaluation 27
HNSCC Head and neck squamous cell carcinoma
iAUC Integrated area under the curve
MANOVA Multivariate analysis of variance
OPSCC Oropharyngeal squamous cell carcinoma
OS Overall survival
OSCC Oral squamous cell carcinoma
RFS Relapse-free survival
STIR Short TI inversion recovery

Introduction

Head and neck squamous cell carcinoma (HNSCC) is a ma-
lignancy arising in the mucosal lining of the oral cavity, oro-
pharynx, larynx, and hypopharynx [1]. Unfortunately, mortal-
ity rates are high [2], and long-term functional deficits often
remain after therapy [3]. Ideally, treatment is personalized to
maximize treatment efficacy and minimize side effects.
However, treatment personalization is currently only based
on stage, site, and histological parameters after surgery, with
suboptimal performance [4].

Despite that HNSCC arise in one tissue type, they are re-
markably heterogeneous hampering accurate prediction of
clinical behavior [5]. This heterogeneous tumor biology may
be captured by imaging [6, 7]. In the past, images were mostly
described by qualitative features such as dimension and inva-
sion in neighboring structures, but currently images are also
being analyzed by extraction of a variety of quantitative fea-
tures, also termed radiomics [8].

Radiomic analyses have previously been applied in HNSCC
patients, but most studies focused on computed tomography
(CT), most particularly for radiotherapy planning. Aerts et al
described a prognostic radiomic signature based on CT scans
of lung cancer and applied this signature successfully in oropha-
ryngeal cancer [9]. Others followed with comparable approaches
[10–14]. The preference for CT is explained by (i) intuitive in-
terpretation of signal intensities that correspond to tissue
radiodensity [8], (ii) standardization of imaging performance
across vendors and scanners [8], and (iii) availability of delineat-
ed tumor volumes from radiation treatment plans.

Nonetheless, in clinical practice, magnetic resonance imaging
(MRI) is often the modality of choice for imaging of head and
neck tumors, because of the superior soft tissue contrast.
However, the acquired MRI signal intensities are influenced by
scanner parameters and many image acquisition-related factors
[15]. Still, MRI can identify physical properties of the tumor by
application of separate sequence acquisition protocols (e.g.,
diffusion-weighted MRI (DWI), dynamic contrast-enhanced

(DCE) MRI [16]), and therefore, MRI might better capture over-
all tumor biology than CT. As such, MRI radiomics was able to
categorize breast cancer, glioblastoma, and prostate cancer in
different molecular subtypes [17–19]. In HNSCC, prognostic
models based on MRI radiomics were only described for small
series of less than 20 cases of oropharyngeal cancer [20, 21] or
heterogeneous cohorts [22, 23].

In this study, we present an MRI radiomics workflow
based on T1-weighted images that is applied in two indepen-
dent patient cohorts of oral cancer (n = 102 and n = 76) and
two cohorts of HPV-negative oropharyngeal cancer (n = 89
and n = 56) for prediction of overall survival (OS) and relapse-
free survival (RFS).

Material and methods

Patients

Four independent, retrospective cohorts of HNSCC patients
included (i) a cohort of oral squamous cell carcinoma (OSCC)
patients from Amsterdam UMC, location VUmc (VUMC),
treated from 2005 to 2013; (ii) a cohort of OSCC patients from
University Medical Center Utrecht (UMCU) treated from
2010 to 2013; (iii) a cohort of HPV-negative oropharyngeal
squamous cell carcinoma (OPSCC) patients from VUMC,
treated from 2008 to 2012; and (iv) a cohort of HPV-
negative OPSCC patients from UMCU treated from 2010 to
2013. All patients were treated with curative intent. HPV sta-
tus was assessed with p16 immunohistochemistry and subse-
quent PCR-based HPV DNA detec t ion on p16-
immunopositive cases. HPV-positive tumors were excluded
because this group is considered to be a separate disease entity
within HNSCC [24], which would interfere with radiomic
findings [25] and clinical outcome [26]. The Dutch Medical
Research Involving Human Subjects Act (WMO) does not
apply to this study and therefore informed consent was waived
by the Medical Ethics Review Committee at Amsterdam
UMC. Medical records were reviewed to obtain clinical char-
acteristics, including age at diagnosis, gender, comorbidity,
and clinical TNM-stage (7th edition) [27]. Comorbidity was
classified using the Adult Comorbidity Evaluation 27 (ACE-
27) [28]. Two outcome measures were used: (a) OS, which
was defined as time from date of incidence to death from any
cause; and (b) RFS, which was defined as time from date of
incidence to development of locoregional recurrence, distant
metastasis, or second primary HNSCC. For RFS, patients who
died of other causes or developed other tumors outside the
head and neck region were censored at the date of death or
incidence date of the other tumor.
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MRI

The schematic workflow of this study is depicted in Fig. 1.
Axial 2D T1W images without gadolinium enhancement and
short TI inversion recovery (STIR) (OSCC VUMC, OSCC
UMCU, OPSCC VUMC) or T2-weighted (OPSCC UMCU)
images were available for all patients. These scans were ob-
tained using scanners of different vendors and protocols
(Supplemental Table 1). Native T1W images were used for
feature extraction because this sequence was available for all
tumors. The STIR sequence was used to facilitate tumor seg-
mentation, and for feature extraction in the OSCC cohorts to
assess a possible additional prognostic value. Our protocols of
contrast-enhanced T1W imaging changed in time (e.g., slice
thickness, 2D versus 3D, with or without fat saturation), and
therefore this sequence was not considered in this study.

Segmentation

MR images of VUMC patients were transferred to VelocityAI
3.1 (Varian Medical Systems), whereas UMCU MRI scans
were transferred to an in-house developed target volume de-
lineation tool [29]. Subsequently, STIR images were automat-
ically co-registered to the T1W images and registration was
visually checked. Supervised manual delineation of all prima-
ry tumors was performed by S.M. and B.P. (both 3 years of
experience) with visual inspection of delineation by senior
head and neck radiologists (P.G. or F.P. with 11 and 25 years
of experience). In Fig. 2, an example of a delineated tumor is
shown on T1W MRI and STIR.

Feature extraction and processing

The feature extraction and processing can be found in detail in
the Supplemental Methods. The extracted features are de-
scribed in Table 1.

Interobserver feature stability

MRI scans of 30 OPSCCs were re-segmented by an indepen-
dent senior head and neck radiologist (J.C., with 35 years of
experience) according to the pipeline described before.

Fig. 1 Illustration of radiomics pipeline. Abbreviations: MRI, magnetic resonance imaging; OPSCC, oropharyngeal squamous cell carcinoma; OSCC,
oral cavity squamous cell carcinoma; T1W, T1-weighted

Fig. 2 Illustration of tumor segmentation on T1 MRI and STIR.
Exemplary segmentation of a T2N2b tongue tumor on the left side on
T1W MRI (a) and STIR (b)
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