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Background. Our purpose was to elucidate possible correlations between histogram parameters derived from dynamic contrast-
enhanced MRI (DCE-MRI) with several histopathological features in head and neck squamous cell carcinomas (HNSCC).
Methods. +irty patients with primary HNSCC were prospectively acquired. Histogram analysis was derived from the DCE-
MRI parameters: Ktrans, Kep, and Ve. Additionally, in all cases, expression of human papilloma virus (p16) hypoxia-inducible
factor-1-alpha (Hif1-alpha), vascular endothelial growth factor (VEGF), epidermal growth factor receptor (EGFR), and tumor
suppressor protein p53 were estimated. Results. Kep kurtosis was significantly higher in p16 tumors, and Ve min was sig-
nificantly lower in p16 tumors compared to the p16 negative tumors. In the overall sample, Kep entropy correlated well with
EGFR expression (p � 0.38, P � 0.04). In p16 positive carcinomas, Ktrans max correlated with VEGF expression (p � 0.46,
P � 0.04), Ktrans kurtosis correlated with Hif1-alpha expression (p � 0.46, P � 0.04), and Ktrans entropy correlated with EGFR
expression (p � 0.50, P � 0.03). Regarding Kep parameters, mode correlated with VEGF expression (p � 0.51, P � 0.02), and
entropy correlated with Hif1-alpha expression (p � 0.47, P � 0.04). In p16 negative carcinomas, Kep mode correlated with Her2
expression (p � −0.72, P � 0.03), Ve max correlated with p53 expression (p � −0.80, P � 0.009), and Ve p10 correlated with
EGFR expression (p � 0.68, P � 0.04). Conclusion. DCE-MRI can reflect several histopathological features in HNSCC. As-
sociations between DCE-MRI and histopathology in HNSCC depend on p16 status. Kep kurtosis and Ve min can differentiate
p16 positive and p16 negative carcinomas.

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) is a
frequently occurring malignancy [1]. Previously, the role of
imaging modalities was to locate the primary tumor and
detect infiltration of bordering body structures and distant
metastasis [2]. However, modern imaging modalities can
also provide valuable information regarding tumor micro-
structure and might be able to predict several histopatho-
logical features in tumors [3, 4].

Dynamic contrast-enhanced MRI (DCE-MRI) is a
functional imaging technique, which is able to assess tumor

vascularization by measurement of sequential changes of
signal intensity over time after contrast media application
[5, 6]. In DCE-MRI, quantitative parameters like Ktrans
(volume transfer constant in min−1), Ve (volume fraction of
the extravascular extracellular space which is dimension-
less), and Kep (rate constant in min−1) can be obtained [6].

Previous reports suggested that DCE-MRI can reflect tu-
mor vessel density [6]. However, besides perfusion, DCE-MRI
is also linked to cellularity, as well as to proliferation index
[7, 8]. Furthermore, it has been shown that DCE-MRI can
predict survival and treatment response to radiochemotherapy
in HNSCC [5, 9–11]. Additionally, it can predict tumor
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recurrence [12] and metastatic spread [13]. Besides the prog-
nostic information, DCE-MRI can also aid in discrimination
between benign and malignant head and neck tumors [14].

Histogram analysis is used to analyze radiological images.
By using this technique, every voxel of a region of interest
(ROI) is issued into a histogram.+ereby, a broad spectrum of
new parameters can be estimated: minimum, mean, maxi-
mum, median, mode, percentiles, kurtosis, skewness, and
entropy. According to the literature, heterogeneity of the
histogram might also display heterogeneity of the tumor [15].

Several histopathological parameters play an important
role in HNSCC. For example, p16 expression, associated with
human papilloma virus, is one of the most important
prognostic factors in HNSCC [16]. Other parameters, such as
vascular endothelial growth factor (VEGF), hypoxia-
inducible factor-1-alpha (Hif1-alpha), epidermal growth
factor receptor (EGFR), and tumor suppressor protein p53
expression, are also of prognostic relevance and might aid in
treatment response prediction in HNSCC [17, 18]. Pre-
sumably, imaging might also be able to reflect these ex-
pression profiles, especially by using the more advanced
histogram-based analysis. Recently, a first promising study
identified statistical differences between p16 positive and p16
negative carcinomas using histogram-based parameters de-
rived from diffusion-weighted imaging [19]. Previously, only
two studies analyzed relationships between DCE-MRI and
histopathological parameters like the proliferation index Ki 67
and/or tumor cellularity in HNSCC using conventional ROI-
based analysis [7, 20]. Presumably, histogram-based DCE
parameters may show more associations with histopathology.

+erefore, the aim of this study was to estimate whole
lesion histogram parameters derived from DCE-MRI and to
elucidate possible correlations with several clinically relevant
histopathological features in HNSCC.

2. Materials and Methods

+is prospective study was approved by the institutional
review board (Ethics committee of the University of Leipzig,
study codes 180-2007, 201-10-12072010, and 341-15-
05102015). All methods were performed in accordance with
the relevant guidelines and regulations. All patients gave
their written informed consent.

2.1. Patients. For this study, 30 patients (22 men and 8
women; mean age 57.0 ± 10.6 years; range 33–77 years) with
histopathological proven primary HNSCCwere included into
the present study. Different tumor localizations were iden-
tified: the oropharynx in 46.7% of cases, tongue in 23.3%,
hypopharynx in 10%, larynx in 16.7%, and nasopharynx in
3.3% of cases. +ere were T3 staged cancers in 33.3% and T4
in 40% cases and only 26.7% with T1 and T2 cancers. 90% of
cases were nodal positive and 10% of patients without any
nodal metastases. Well and moderately differentiated tumors
were identified in 36.7% of patients and poorly differentiated
in 63.3%. All patients did not receive any form of cancer
treatment before the investigation.

2.2. DCE-MRI. In all patients, dynamic contrast-enhanced
(DCE) imaging was performed using T1w DCE sequences
according to a imaging protocol, as reported previously (TR/
TE 2.47/0.97ms, flip angle 8°, voxel size 1.2 × 1.0 × 5.0mm,
and slice thickness 5mm) [7, 21]. +e sequence included
forty scans at 6 seconds. +e contrast application of
0.1mmol gadobutrol per kg of bodyweight (Gadovist®,Bayer Healthcare, Leverkusen, Germany) started after the
fifth scan with a rate of 3ml per second (Spectris Solaris,
Medrad, Bayer Healthcare, Leverkusen, Germany). +e
acquired images were further analyzed with Tissue 4D
(Siemens Medical Systems, Erlangen, Germany), which uses
a population-based technique for the arterial input function
(AIF). +e AIF was modelled to the gadolinium dose and
according to the biexponential model of Tofts and Kermode.
Finally, Ktrans, Ve, and Kep were calculated (for exemplary
parameter images, see Figures 1 and 2).

2.3. Histogram Analysis. +e acquired DCE-MRI data were
processed with a Matlab-based application (Mathworks,
Natick, MA, USA). On theKtrans,Kep, andVe maps, a volume
of interest was drawn inside the tumor boundary using all
slices with visible tumor areas and thus providing a whole
lesion measurement. All measures were performed by one
experienced author (AS, 15 years of general radiological
experience). +e following parameters were estimated for
Ktrans, Kep, and Ve: mean, maximum, minimum, median,
mode, 10th, 25th, 75th, and 90th percentiles, as well as kur-
tosis, skewness, and entropy.

2.4. Histopathological Findings. In every patient, the di-
agnosis was confirmed by tumor biopsy. +e histological
specimens were deparaffinized, rehydrated, and cut into
5 μm slices. Moreover, the histological slices were stained by
the epidermal growth factor receptor (EGFR, EMERGO
Europe, clone 111.6, dilution 1 : 30), vascular endothelial
growth factor (VEGF, EMERGO Europe, clone VG1, di-
lution 1 : 20), tumor suppressor protein p53 (DakoCyto-
mation, Glostrup, Denmark; clone DO-7, dilution 1 :100),
hypoxia-inducible factor-1 (Hif1-alpha) (Biocare Medical,
60 Berry Dr Pacheco, CA 94553; clone EP1215Y, dilution 1 :
100), and p16 (p16 expression, CINtec Histology, Roche,
Germany), as performed in our previous study [22].

Pannoramic microscope scanner (Pannoramic SCAN,
3DHISTECH Ltd., Budapest, Hungary) with Carl Zeiss
objectives up to 41x bright field magnification by default was
used to digitalize all specimens. In the used bottom-up
technique, the whole sample was acquired at a high reso-
lution. All slides were analyzed with Pannoramic Viewer
1.15.4 (open source software, 3D HISTECH Ltd., Budapest,
Hungary), and three representative images with a magni-
fication of ×200 were extracted from each patient.

+e histopathological images were further investigated
by using the ImageJ software 1.48v (National Institutes of
Health Image program). +e tumors were divided according
to the p16 status.

Finally, expression of EGFR, VEGF, HIF1-alpha, and
p53 (Figures 1 and 2) was semiautomatically estimated as a
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Figure 1: Continued.
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sum of stained areas (in µm2) by using a brightness
threshold. Figure 1 displays a p16 negative, and Figure 2
shows a p16 positive carcinoma.

2.5. Statistical Analysis. Statistical analysis was performed
using GraphPad Prism (GraphPad Software, La Jolla, CA,
USA). Collected data were evaluated by means of descriptive
statistics.

Spearman’s correlation coefficient (ρ) was used to an-
alyze associations between investigated imaging and histo-
pathology parameters. Mann–Whitney U test was used for
discrimination between p16 groups. P values below 0.05
were considered statistically significant.

3. Results

+ere were 10 (33.3%) p16 negative and 20 (66.7%) p16
positive tumors. Kep kurtosis was significantly higher in p16
tumors, and Ve min was significantly lower in p16 positive
tumors compared to the p16 negative tumors, P � 0.049 and
P � 0.044, respectively (Figure 3).

In the overall sample, the correlation analysis revealed
only one statistically significant correlation between Kep
entropy and EGFR expression (ρ � 0.38, P � 0.04) (Figure 4).

In the p16 positive carcinomas, Ktrans max correlated
with VEGF expression (ρ � 0.46, P � 0.04), Ktrans kurtosis
correlated with Hif1-alpha expression (ρ � 0.46, P � 0.04)
and Ktrans entropy correlated with EGFR expression (ρ �

(g) (h)

(i) (j)

(k)

Figure 1: DCE-MRI and histopathological findings in a patient with histologically proven squamous cell carcinoma of the oropharynx.+e
p16 status is negative for this patient. (a) Ktrans map of the tumor. (b) Histogram of Ktrans values. +e histogram analysis parameters (min−1)
are as follows: mean � 0.25, min � 0.05, max � 0.80, p10 � 0.10, p25 � 0.16, p75 � 0.32, p90 � 0.40, median � 0.24, mode � 0.27, kurtosis � 4.5,
skewness � 0.93, and entropy � 3.17. (c) Kep map of the tumor. (d) Histogram of Kep values. Estimated histogram analysis parameters
(min−1) are as follows: mean � 0.63, min � 0.23, max � 1.0, p10 � 0.38, p25 � 0.46, p75 � 0.80, p90 � 0.92, median � 0.62, mode � 0.57,
kurtosis � 1.89, skewness � 0.11, and entropy � 3.86. (e) Ve map of the tumor. (f ) Histogram of Ve values. Estimated histogram analysis
parameters are as follows: mean � 0.40, min � 0.08, max � 0.91, p10 � 0.18, p25 � 0.27, p75 � 0.53, p90 � 0.64, median � 0.39, mode � 0.25,
kurtosis � 2.37, skewness � 0.29, and entropy � 3.72. (g) EGFR staining, 106866 µm2 stained area. (h) Her2 staining, 57694 µm2 stained area.
(i) VEGF staining, 1177 µm2 stained area. (j) Hif1-alpha staining, 27708 µm2 stained area. (k) P53 staining, no staining is detectable in the
carcinoma.
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Figure 2: Continued.
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Figure 2: A p16 positive oropharyngeal HNSCC. (a) Ktrans map of the tumor. (b) Histogram of Ktrans values. +e histogram analysis
parameters (min−1) are as follows: mean � 0.42, min � 0.09, max � 0.70, p10 � 0.24, p25 � 0.35, p75 � 0.50, P90 � 0.57, median � 0.42, mode �

0.47, kurtosis � 2.78, skewness � −0.18, and entropy � 3.29. (c) Kep map of the tumor. (d) Histogram of Kep values. Estimated histogram
analysis parameters (min−1) are as follows: mean � 0.60, min � 0.18, max � 1.04, p10 � 0.38, p25 � 0.45, p75 � 0.75, p90 � 0.88, median � 0.58,
mode � 0.45, kurtosis � 2.20, skewness � 0.24, and entropy � 2.93. (e) Ve map of the tumor. (f ) Histogram ofVe values. Estimated histogram
analysis parameters are as follows: mean � 0.71, min � 0.22, max � 0.99, p10 � 0.49, p25 � 0.58, p75 � 0.86, p90 � 0.92, median � 0.73, mode �

0.63, kurtosis � 2.33, skewness � −0.38, and entropy � 2.68. (g) EGFR staining, 49020 µm2 stained area. (h) Her2 staining, 56207 µm2 stained
area. (i) VEGF staining, 42720 µm2 stained area. (j) Hif1-alpha staining, 11134 µm2 stained area. (k) P53 staining, 45011 µm2 stained area.
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Figure 3: (a) Comparison between p16 and p16 negative tumors. Kep kurtosis was significantly higher in p16 positive tumors
(Mann–Whitney U test, p � 0.049). (b) Ve min was significantly lower in p16 positive tumors (Mann–Whitney U test, p � 0.044).
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0.50, P � 0.03). Regarding Kep parameters, mode correlated
with VEGF expression (ρ � 0.51, P � 0.02), and entropy
correlated with Hif1-alpha expression (ρ � 0.47, P � 0.04).
None of the Ve values were associated with the analyzed
histochemical parameters.

In the p16 negative group, the following associations
could be identified: Kep mode correlated with Her2 ex-
pression (ρ � −0.72, P � 0.03), Ve max correlated with p53
expression (ρ � −0.80, P � 0.009), and Ve p10 correlated
with EGFR expression (ρ � 0.68, P � 0.04).

4. Discussion

+is present study identified statistically significant associ-
ations between histogram parameters derived from DCE-
MRI and different histopathological features in HNSCC.
Furthermore, it showed that these relationships depended
on the p16 status.

+ere is increasing evidence that MRI, especially using
functional imaging modalities, is able to reflect tumor mi-
crostructure and to predict tumor behavior [3, 7, 8, 20]. It is
widely acknowledged that DCE-MRI is associated with
vascularity in tissues, especially with microvessel density as
the most investigated parameter. For example, significant
associations between DCE-MRI and microvessel density
have been reported in experimental [23] as well as in clinical
investigations [7, 24, 25].

Notably, it has been shown that different DCE param-
eters might also reflect different aspects of tumor micro-
structure [7]. So, Ve might also be strongly associated with
cellularity because it reflects the amount of extracellular
space, as it was exemplarily shown in a glioma model [8].
+is might be one reason for the different correlations
identified in the present study.

Several studies elucidated possible correlations between
imaging and histopathology in HNSCC. For example, it has
been shown that diffusion-weighted imaging (DWI) corre-
lated with Ki 67 expression as well with nucleic areas [3, 26]. In
another study,Ktrans correlated inversely with Ki 67 expression
(r � −0.62), whereas Ve tended to correlate with the cell count
[7]. Furthermore, Jansen et al. showed that Kep correlated
statistically significant with VEGF expression (r � 0.808) [20].

In the present study, Kep mode correlated with VEGF
expression in p16 positive patients. Interestingly, also

Ktrans max correlated in a similar fashion with VEGF
expression. Furthermore, Ktrans max also showed a sig-
nificant association with Hif1-alpha. Presumably, the
maximum value of Ktrans may reflect tumor areas with the
highest vessel density. +erefore, the observed correlation
between Ktrans max and expression of VEGF is logical. Our
results are in agreement with some previous reports. For
example, in gliomas, also a positive correlation between
VEGF and Ktrans was observed [27–29].

However, some studies did not find significant associ-
ations between DCE-MRI and histopathology. For example,
in breast cancer, no correlations between histogram pa-
rameters derived from DCE-MRI and VEGF expression
could be identified [24].

Rasmussen et al. found associations between standardized
uptake values (SUV) derived from positron emission to-
mography (PET) with 2-deoxy-2-[18F]fluoro-D-glucose
(FDG) and histopathology in HNSCC [30]. +ere were
negative correlations for Bcl-2 and p16 and positive with
β-tubulin-1 index. Moreover, in another study, SUV was only
associated with VEGF expression, whereas no association was
found for GLUT-1, Ki 67, P53, CD68, Hif1-alpha, and CD31
[31]. Our results indicate that DCE-MRI might be more
sensitive than FDG PET for prediction of histopathological
features.

It is believed that the histogram-based analysis of radio-
logical images can better reflect tumor than conventional ROI-
based analysis [15]. For example, it was shown that histogram
analysis of DCE and DWI can identify more correlations
between parameters of these imaging modalities [32].

+e present study showed that kurtosis values derived
from Kep and Ve min were significantly different in p16
positive compared to p16 negative tumors. +is novel
finding might be caused by several underlying tissue
characteristics. In a recent study by de Perrot et al., his-
togram analysis derived from the ADC map was used to
differentiate between p16 positive and p16 negative
HNSCSS [19]. Ve is a parameter, which might be related to
ADC values and cellularity [8, 30]. Interestingly, Ve min
that represents voxels with the lowest extracellular space,
and, presumably, areas with the highest cell density, was
lower in p16 positive lesions. +is finding may suggest that
p16 positive tumors may show a higher cell density than
p16 negative tumors. In the study by de Perrot et al., also
kurtosis derived from ADC maps could distinguish p16
positive and p16 negative carcinomas [19].

+ese findings might be related to several causes. As
reported previously, p16 positive cancers were more often
nonkeratinizing and had a high Ki 67 expression [19].
Moreover, expression profiles of p16 positive and p16
negative cancers might differ significantly emphasizing
their different tumor behavior. So, it was shown that ex-
pression of Eps8 is different in these subtypes of HNSCC
[33]. +is EGFR substrate contributes to the carcino-
genesis and might be involved in invasiveness in HNSCC
[31]. Interestingly, the expression of Eps8 correlated with
the tumor stage and p16 status but not with anatomical
localization of tumors [33]. Moreover, the expression of
other histopathological parameters such as EGFR, VEGF,
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Figure 4: Correlation analysis between Kep entropy and EGFR
expression in the overall patient sample. Spearman’s correlation
coefficient (p � 0.38, P � 0.04).
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and NOTCH1 differ between p16 positive and negative
tumors, which suggest differences in tumor angiogenesis
in these entities [34]. +is might be also a reason for the
identified influence of p16 expression on association be-
tween imaging and histopathology.

Furthermore, it is known that p16 expression is one of
the most important prognostic factors in HNSCC with a
more favorable outcome for p16 positive cancers [16]. +e
other investigated histopathological features are also of
clinical importance. So, EGFR is involved in the regulation
of many cellular pathways, including cell proliferation,
apoptosis, and cellular differentiation [35]. It was identified
that EGFR expression is a good prognostic parameter in
HNSCC [35, 36]. Furthermore, p53 regulates the activity of
pathways, which lead to cell cycle arrest, senescence, or
apoptosis [37]. Another parameter, namely, VEGF predicts
outcome in HNSCC. VEGF overexpression has been re-
ported as a poor indicator for patients with head and neck
cancer [38]. Finally, Hif1-alpha characterizes cellular re-
sponses to hypoxic stress and is related to the neoangio-
genesis [39]. Overexpression of Hif1-alpha was also
significantly associated with poor survival in HNSCC [39].
+erefore, the possibility to characterize HNSCC based on
imaging is very important. +e identified associations be-
tween DCE-MRI parameters and several histopathological
markers can be used in clinical practice.

+ere are several limitations of this study to address.
Firstly, our patient sample size is small yet good comparable
to similar studies. Secondly, we performed a whole tumor
measurement for the DCE-MRI images, whereas the his-
topathology was investigated only on a small part of the
tumor, which might limit our correlation results. Further
prospective studies are needed to confirm our preliminary
results.

In conclusion, the present study identified statistically
significant correlations between histogram parameters de-
rived from DCE-MRI and expression of VEGF, EGFR, p53,
and Hif1-alpha in HNSCC. Associations between DCE-MRI
and histopathology in HNSCC depend on the p16 status.
Furthermore, Kep kurtosis and Ve minimum can differen-
tiate p16 positive and p16 negative carcinomas.
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References

[1] B. J. M. Braakhuis, C. R. Leemans, and O. Visser, “Incidence
and survival trends of head and neck squamous cell carcinoma
in the Netherlands between 1989 and 2011,” Oral Oncology,
vol. 50, no. 7, pp. 670–675, 2014.

[2] T. A. Szyszko and G. J. R. Cook, “PET/CT and PET/MRI in
head and neck malignancy,” Clinical Radiology, vol. 73, no. 1,
pp. 60–69, 2018.

[3] A. Surov, H. J. Meyer, and A. Wienke, “Correlation between
apparent diffusion coefficient (ADC) and cellularity is dif-
ferent in several tumors: a meta-analysis,” Oncotarget, vol. 8,
no. 35, pp. 59492–59499, 2017.

[4] S. P. Li and A. R. Padhani, “Tumor response assessments with
diffusion and perfusion MRI,” Journal of Magnetic Resonance
Imaging, vol. 35, no. 4, pp. 745–763, 2012.

[5] S.-H. Ng, C.-T. Liao, C.-Y. Lin et al., “Dynamic contrast-
enhanced MRI, diffusion-weighted MRI and 18F-FDG PET/
CT for the prediction of survival in oropharyngeal or
hypopharyngeal squamous cell carcinoma treated with che-
moradiation,” European Radiology, vol. 26, no. 11,
pp. 4162–4172, 2016.

[6] J. F. A. Jansen, J. A. Koutcher, and A. Shukla-Dave, “Non-
invasive imaging of angiogenesis in head and neck squamous
cell carcinoma,”Angiogenesis, vol. 13, no. 2, pp. 149–160, 2010.

[7] A. Surov, H. J. Meyer, M. Gawlitza et al., “Correlations be-
tween DCE MRI and histopathological parameters in head
and neck squamous cell carcinoma,” Translational Oncology,
vol. 10, no. 1, pp. 17–21, 2017.

[8] M. P. Aryal, T. N. Nagaraja, K. A. Keenan et al., “Dynamic
contrast enhanced MRI parameters and tumor cellularity in a
rat model of cerebral glioma at 7 T,” Magnetic Resonance in
Medicine, vol. 71, no. 6, pp. 2206–2214, 2014.

[9] D. Zheng, Q. Yue, W. Ren et al., “Early responses assessment
of neoadjuvant chemotherapy in nasopharyngeal carcinoma
by serial dynamic contrast-enhanced MR imaging,”Magnetic
Resonance Imaging, vol. 35, pp. 125–131, 2017.

[10] K. H. Wong, R. Panek, A. Dunlop et al., “Changes in mul-
timodality functional imaging parameters early during che-
moradiation predict treatment response in patients with
locally advanced head and neck cancer,” European Journal of
Nuclear Medicine and Molecular Imaging, vol. 45, no. 5,
pp. 759–767, 2017.

8 Contrast Media & Molecular Imaging



[11] S. C. Chan, N. M. Cheng, C. H. Hsieh et al., “Multi-
parametric imaging using 18F-FDG PET/CT heterogeneity
parameters and functional MRI techniques: prognostic
significance in patients with primary advanced oropha-
ryngeal or hypopharyngeal squamous cell carcinoma treated
with chemoradiotherapy,” Oncotarget, vol. 8, no. 37,
pp. 62606–62621, 2017.

[12] E. J. Choi, H. Choi, S. A. Choi, and J. H. Youk, “Dynamic
contrast-enhanced breast magnetic resonance imaging for the
prediction of early and late recurrences in breast cancer,”
Medicine, vol. 95, no. 19, article e5330, 2016.

[13] D. P. Noij, M. C. de Jong, L. G. M. Mulders et al., “Contrast-
enhanced perfusionmagnetic resonance imaging for head and
neck squamous cell carcinoma: a systematic review,” Oral
Oncology, vol. 51, no. 2, pp. 124–138, 2015.

[14] M. Sumi and T. Nakamura, “Head and neck tumours:
combined MRI assessment based on IVIM and TIC analyses
for the differentiation of tumors of different histological
types,” European Radiology, vol. 24, no. 1, pp. 223–231, 2013.

[15] N. Just, “Improving tumour heterogeneity MRI assessment
with histograms,” British Journal of Cancer, vol. 111, no. 12,
pp. 2205–2213, 2014.

[16] C. A. Fischer, M. Kampmann, I. Zlobec et al., “p16 expression
in oropharyngeal cancer: its impact on staging and prognosis
compared with the conventional clinical staging parameters,”
Annals of Oncology, vol. 21, no. 10, pp. 1961–1966, 2010.

[17] J. E. Swartz, A. J. Pothen, I. Stegeman, S. M. Willems, and
W. Grolman, “Clinical implications of hypoxia biomarker ex-
pression in head and neck squamous cell carcinoma: a systematic
review,” Cancer Medicine, vol. 4, no. 7, pp. 1101–1116, 2015.

[18] M. C. Solomon, M. S. Vidyasagar, D. Fernandes et al., “+e
prognostic implication of the expression of EGFR, p53, cyclin
D1, Bcl-2 and p16 in primary locally advanced oral squamous
cell carcinoma cases: a tissue microarray study,” Medical
Oncology, vol. 33, no. 12, p. 138, 2016.

[19] T. de Perrot, V. Lenoir, M. Domingo Ayllón, N. Dulguerov,
M. Pusztaszeri, andM. Becker, “Apparent diffusion coefficient
histograms of human papillomavirus-positive and human
papillomavirus-negative head and neck squamous cell car-
cinoma: assessment of tumor heterogeneity and Comparison
with histopathology,” American Journal of Neuroradiology,
vol. 38, no. 11, pp. 2153–2160, 2017.

[20] J. F. A. Jansen, D. L. Carlson, Y. Lu et al., “Correlation of a
priori DCE-MRI and 1H-MRS data with molecular markers
in neck nodal metastases: initial analysis,” Oral Oncology,
vol. 48, no. 8, pp. 717–722, 2012.

[21] A. Surov, H. J. Meyer, L. Leifels et al., “Histogram analysis
parameters of dynamic contrast-enhanced magnetic reso-
nance imaging can predict histopathological findings in-
cluding proliferation potential, cellularity, and nucleic areas in
head and neck squamous cell carcinoma,” Oncotarget, vol. 9,
no. 30, pp. 21070–21077, 2018.

[22] H. J. Meyer, L. Leifels, G. Hamerla, A. K. Höhn, and A. Surov,
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