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Purpose: To investigate the relationships between imaging parameters derived from intravoxel incoherent mo-
tion diffusion-weighted imaging (IVIM-DWI) and HPV status in oropharyngeal squamous cell carcinoma
(OPSCO).

Materials and Methods: 73 patients with a new diagnosis of OPSCC were enrolled in the present study. MRI
including IVIM-DWI with nine b value (range 0-800 s/mm?) was acquired in all patients. Primary tumor (PT)
and the largest metastatic lymph node (LN), if present, were volumetrically contoured and the tissue diffusion
coefficient D,, perfusion fraction f and perfusion-related diffusion coefficient D* were estimated by a bi-ex-
ponential fit. The apparent diffusion coefficient (ADC) was also estimated by a mono-exponential fit. The pre-
dictive power of the most relevant patient/tumor characteristics and image-based features in determining the
HPV status was assessed.

Results: 67 PTs and 67 metastatic LNs were analyzed. Significant differences in ADC and D, values among HPV-
positive and HPV-negative patients were found for PTs (p = 0.003 and p < 0.001, respectively), while a trend
toward significance in D; was reported for LNs (p = 0.066). The perfusion-related parameters, f, D* and D* X f,
were not related to HPV status. The best predictive model for HPV positivity was obtained combining alcohol
intake and smoke habits with D; values of PTs (accuracy = 80.8%, sensitivity = 85.7%, specificity = 64.7%).
Conclusion: Significant correlations were found between IVIM-DWI and HPV status in OPSCCs. The perfusion-
free diffusion coefficient, D,, may better reflect the HPV-related tumor differences compared to ADC, whereas the
perfusion-related parameters were not able to reliably discriminate HPV-positive from HPV-negative OPSCC.

1. Introduction and is recognized as an important independent prognostic factor for

OPSCC [3,4]. To provide a more accurate prediction of survival for

During the last few decades, there has been an increase in the in-
cidence of oropharyngeal squamous cell carcinoma (OPSCC) related to
the human papilloma virus (HPV) infection [1].

Currently, HPV-related OPSCC is recognized as a distinct subtype of
head and neck squamous cell carcinoma (HNSCC) with unique mole-
cular pathogenesis, demographic profile, clinical presentation and
prognosis [2]. In many reports, HPV status portends a better prognosis

newly diagnosed patients, the recently released 8th edition of American
Joint Committee on Cancer (AJCC) staging manual, head and neck
section, has separated the staging algorithm for HPV-positive OPSCC
from that of HPV-negative ones [5].

In the last few years, several studies have reported differences in
imaging characteristics of OPSCC by HPV status at Computed
Tomography (CT) [6-9], Magnetic Resonance (MR) [8,10-14], Positron
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Emission Tomography (PET) [15,16] or a combination of multimodality
imaging techniques [17,18].

On MR morphological sequences, HPV-positive OPSCCs often pre-
sent as small primary tumors with defined borders and exophytic ap-
pearance, while lymph node metastases are more frequently cystic. In
contrast, HPV-negative OPSCCs appear as bulky primary tumors with
irregular borders, ulceration and necrosis, and lymph node metastases
show a similar topographic distribution [19].

Besides conventional anatomic images, there is a rising trend to-
ward additional functional MR imaging, such as diffusion-weighted
imaging (DWI), for further characterization of tissues. In previous stu-
dies, HPV-positive tumors have been associated to lower apparent dif-
fusion coefficient (ADC) values at DWI compared to HPV-negative ones
[10,12,13,18]. Interestingly, other studies have shown that ADC is able
to discriminate squamous cell carcinomas of the head and neck likely to
respond to chemo-radiotherapy, with those with lower ADC values
showing a more favorable outcome [20-22].

However, it has been recognized that the interpretation of ADC may
be difficult, as it represents a global parameter which may be affected
by complex biophysical processes occurring on a macroscopic voxel
scale, related to tissue cellularity and organization, extracellular space
tortuosity and microcapillary perfusion [23]. To account for the effects
of microcapillary perfusion on DWI measurements [24], a specialized
imaging technique, known as intravoxel incoherent motion (IVIM)
imaging, was proposed, which provide quantitative parameters that
separately reflect tissue diffusivity and tissue microcapillary perfusion
[23].

Several diagnostic and prognostic studies have previously in-
vestigated the potential of IVIM-DWI in HN cancer patients [25] and it
concordantly emerged that IVIM-DWI may be useful for characterizing
and differentiating between benign and malignant pathologies [26],
early evaluating the treatment response to therapy and assessing re-
sidual /recurrent disease [27-29].

We hypothesize that IVIM-DWI may also provide a clearer inter-
pretation of the differences in diffusion parameters of OPSCC by HPV
status, allowing to investigate also the role of tumor vascularity through
perfusion-related diffusion parameters.

In January 2016 we started a prospective study funded by the
Italian Association for Cancer Research (AIRC, project No. 17028) in
locally advanced OPSCC, to investigate the ability of IVIM-DWI to
predict tumor response to chemo-radiotherapy. As part of this ongoing
study, we investigated the relationship between pre-treatment IVIM-
DWI parameters and HPV status, along with selected patient- and
tumor-related factors.

2. Materials and methods
2.1. Patient population

To be enrolled in the present prospective study, patients had to
fulfill all the following criteria: (i) age older than 18 years; (ii)
Karnofsky performance status > 80; (iii) pathologically confirmed
squamous cell carcinoma of the oropharynx; (iv) stage III or IV without
distant metastases according to the 8" edition of American Joint
Committee on Cancer (AJCC) staging system; (v) treatment with
radiotherapy + chemotherapy. Exclusion criteria included: any con-
traindication to MR examination; prior surgery, CHT (including in-
duction chemotherapy) or radiotherapy to the primary disease and the
neck. Moreover, specific informed consent was obtained from each
patient. The study protocol was authorized by the local Institutional
Review Board.

Demographic data of the enrolled patients were obtained and tumor
subsites, cigarette smoking and alcohol consumption were recorded.

European Journal of Radiology 119 (2019) 108640

2.2. HPV testing

Both p16 immunohistochemistry and PCR-based detection techni-
ques were used to identify HPV-positive OCSCC. HPV-positive patients
were defined as those with both pl6-positive and HPV-DNA positive
tumors [30].

For each formalin-fixed paraffin-embedded (FFPE) cancer tissue
1-3 x5 um sections were cut, the number of sections depending on the
tissue size. DNA was purified using the DNeasy Blood and Tissue Kit
(Qiagen). The PCR-based INNO-LiPA HPV Genotyping Extra II kit
(Fujirebio) and TENDIGO™ instrument (Fujirebio) were used for HPV-
DNA detection and genotyping. This assay identifies 32 High risk and
low risk HPV types.

The CINtec® Histology Kit (Roche Diagnostics, Milan, Italy) was
used to assess the expression of pl6 protein following the manufac-
turer's instructions. The staining was evaluated according to AJCC
Cancer Staging Manual [5]. More details are given in Supplementary
Materials.

2.3. MR imaging protocol

MRI was performed on a 1.5-T system (Optima MR 450w,
GEHealth-care, Milwaukee, WI, USA) with dedicated 16-channel re-
ceive only radiofrequency coils: a head coil, a surface neck coil, and a
spine coil.

The MRI examination included fast spin-eco (FSE) T2-weighted
images on the coronal plane (acquisition matrix 288 x 256, field of
view 27 x 27 cm, TR/TE 5901 ms/102; slice thickness 4 mm), followed
by axial FSE T2-weighted images (acquisition matrix 288 X 256, field
of view 26-28 cm, TR/TE 6844 ms/105; slice thickness 3 mm), and pre-
contrast T1-weighted images (acquisition matrix 288 x 256, field of
view 26-28 cm, TR/TE 617 ms/8.1; slice thickness 3 mm,) on the axial
plane, acquired from the level of the skull base to the thoracic inlet.

DWI were obtained via single-shot spin-echo and echo-planar ima-
ging (acquisition matrix, 128 x 128; field of view, 26-28 cm; TR/TE
4500 ms/77 ms; slice thickness 4 mm; spacing between slices 5mm,
bandwidth 1953 Hz/pixel). Nine different b values (b = 0, 25, 50, 75,
100, 150, 300, 500 and 800s/mm?) were used, with the diffusion-
sensitizing gradients applied in three orthogonal directions to obtain
trace-weighted images.

Three signal averages were used for b values ranging from 0 to
300 s/mm?, four for b values of 500s/mm? and five for b values of
800 s/mm?>. A scan time reduction factor of two was used, with a re-
sulting scan duration of 6 min and 13s.

The imaging protocol also included post-contrast (Gadolinium
0,1 mmol/kg) T1-weighted images with Liver Acquisition with Volume
Acceleration sequences (LAVA; acquisition matrix 288 x 288, field of
view 26-28 cm, TR/TE 9.8 ms/min; slice thickness 1 mm, 214 slices), in
axial and coronal planes, as required for the routine examination.

2.4. Tumor delineation

The volumes of primary tumor (PT) and the largest metastatic
lymph node (LN) were identified and manually contoured on DWI with
b = 800 s/mm? by two expert HN radiologists (A.V. and E.G.) in con-
sensus. Morphological T2-weighted images and/or post-contrast T1-
weighted images were used as a guide for tumor delineation. All lesion-
containing sections were outlined, including necrosis, while arterial or
venous structures, and bony components were excluded from the vo-
lumes of interest (VOIs). The volume size of each PT and LN was also
quantified on morphological images and recorded. The 3D Slicer
Software (Version 4.1.1) was used for visualizing the image sets and for
the lesion segmentation.

The LNs were classified as solid, cystic or necrotic, based on their
morphologic characteristics evaluated on T2-weighted imaging and/or
post-contrast T1-weighted images [31]. More details are given in
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Table 1
Patient and tumor characteristics sorted by human papillomavirus (HPV) status.
Patient and tumor characteristics HPV-negative HPV-positive Chi2
(n=19) (n = 54) P
n(%) n(%)

Gender Male 18 (30.5) 41 (69.5) 0.096
Female 1(7.1) 13 (92.9)

Age (mean * SD) 65.4 = 9.1 61.7 = 9.5 0.140

Tumour site Tonsil 8 (20.0) 32 (80.0) 0.322
Base of the tongue 11 (34.4) 21 (65.6)
Both 0 (0.0) 1 (100.0)

T-stage T1-2 7 (24.1) 22 (75.9) 0.765
T3-4 12 (27.3) 32 (72.7)

N-stage NO 3(60.0) 2 (40.0) < 0.001
N1 1(3.0) 32 (97.0)
N2-3 15 (42.9) 20 (57.1)

Smoking status 0-5pack/yr 3(10.3) 26 (89.7) 0.003
6-24pack/yr 1(9.1) 10 (90.9)
> 24pack/yr 15 (45.5) 18 (54.5)

Alcohol intake No 6 (13.0) 40 (87.0) < 0.001
Moderate 3(21.4) 11 (78.6)
Heavy 10 (76.9) 3(23.1)

Nodal Morphology Solid 9 (23.7) 29 (76.3) 0.996
Cystic 1 (25) 3(75)
Necrotic 6 (23.1) 20 (76.9)

Statistically significant p-values are bold.

Supplementary Materials.

2.5. Calculation of IVIM-diffusion parameters

The delineated contours were loaded into a MATLAB workspace
(Release R2017b, The Mathworks Inc., Natick, Massachusetts), where
dedicated scripts were developed for the quantitative image analyses.
The median value of the signal from all voxels within the delineated
volume (PT or LN) was derived for each b value and its variation at
increasing b was modeled using the following bi-exponential function
[23]:

Sb/S = (1-f)+e 0P 4 foe=br(D+D)

0 (@]
where S, is the signal intensity with diffusion weighting b, Sy is the
signal intensity for a b value of 0s/mm? f is the fractional volume of
capillary blood, D, is the tissue diffusion coefficient (in mm?/s), and D*
is the perfusion-related diffusion coefficient (in mm?2/s). The para-
meters were determined according to Eq.1, by a nonlinear constrained
minimization algorithm [32], as described elsewhere [29]. More details
are given in Supplementary Materials.

The product of D* by f was also derived, as a linear relationship has
been supposed between this product and blood flow in the brain [33].

The conventional ADC was calculated from data at b values of 0,
500 and 800 s/mm?>, using a mono-exponential model. The Levenberg-
Marquardt algorithm was used to perform the mono-exponential fits of
both D, and ADC.

2.6. Statistical analyses

Continuous data were reported as median values and interquartile
ranges and the categorical data with frequencies and percentage values.
Kolmogorov-Smirnov test was applied in order to evaluate the nor-
mality distribution of the data. We explored the differences between
continuous variables, performing the Student's t-test or the Mann-
Whitney test, depending on the distribution of the data. The relation-
ships between categorical variables were evaluated using Chi2 or
Fisher's Exact test, as appropriate. The Wilcoxon test for paired data
was used to compare the imaging parameters, sorted by HPV status,
while the non-parametric Spearman rank correlation test was applied to
assess the correlations.

Further analyses were performed by dividing the patient population
into three subgroups of patients: HPV-negative patients, HPV-positive
nonsmoker (< 5 pack/yr) nonalcoholic patients and HPV-positive
smoker (=6 pack/yr) and moderate or heavy alcoholic patients.
Patients were defined as moderate alcoholic if they drunk < 1L of
wine/day and heavy alcoholic if they drunk =1L of wine/day. To
evaluate potential differences between these patient groups, we per-
formed the Kruskall-Wallis Test or Chi2, when appropriate. We also
applied the Bonferroni’s correction in order to reduce the probability of
significant differences due to multiple testing. The statistical calcula-
tions were performed using SPSS statistical software version 21 (SPSS
inc., Chicago IL, USA).

A Decision Tree classification learner [34] was used to assess the
predictive power of the most relevant patient/tumor characteristics and
image-based features in determining the HPV-related OPSCC. A data
cross-validation (5 fold) was applied to avoid overfitting due to the
small data set. The found classification performance was reported in
terms of Accuracy, Sensitivity, Specificity, Positive Predictive Value
(PPV), Negative Predictive Value (NPV). The Matlab code (Release
R2017b, The Mathworks Inc., Natick, Massachusetts) was used to per-
form this analysis.

To support the Decision Tree prediction model, an univariate logistic
regression model was also applied. Then, a multivariate logistic re-
gression model was used with predictive variables that were significant
in the univariate analyses following the forward selection method.

3. Results
3.1. Patient population

A total of 73 patients affected by OPSCC were prospectively enrolled
in the present study from January 2016 to June 2018. Patient and
tumor characteristics are summarized in Table 1. Fifty four patients
were HPV-positive and 19 HPV-negative. Patients with HPV-related
OPSCC tended to be younger (p = 0.14), smoked and drunk less
(p = 0.003 and p < 0.001, respectively) and were more likely to have
a higher N-stage (p < 0.001) than patients with non HPV-related
OPSCC. No significant difference was found in terms of LN morphology
(solid/cystic/necrotic) between the two groups of patients.
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Table 2
Summary statistics of IVIM-DWI parameters and volume size in primary tumors (PTs) and metastatic lymph nodes (LNs) sorted by human papillomavirus (HPV)
status.
PTs (n = 67) LNs (n = 67)
Parameter* HPV-negative HPV-positive P HPV-negative HPV-positive P
(n=17) (n = 50) (n=15) (n =52)
ADC(10~ % mm?/s) 1.58 (1.33-1.83) 1.27 (1.06-1.47) 0.003 1.34 (1.02-1.47) 1.13 (0.99-1.27) 0.097
D((10™% mm?/s) 1.20 (1.03-1.36) 0.97 (0.83-1.06) < 0.001 1.11 (0.87-1.22) 0.91 (0.81-1.08) 0.066
(%) 15.57 (8.65-29.52) 13.28 (10.24-18.89) 0.538 11.32 (7.52-15.01) 8.53 (6.98-11.80) 0.247
D*(10 3 mm?/s) 16.87 (6.88-38.13) 19.21 (14.20-40.92) 0.319 16.75 (9.54-26.20) 20.97 (12.43-53.99) 0.223
D*X f (10~ % mm?/s) 0.23 (0.12-0.40) 0.27 (0.18-0.46) 0.342 0.13 (0.09-0.28) 0.20 (0.09-0.31) 0.537
Volume (cm®) 15.31 (7.67-32.12) 11.30 (6.10-22.10) 0.356 4.25 (1.69-8.30) 5.75 (2.45-15.32) 0.588

Median values (Interquartile range)*. P values refer to Mann-Whitney test. Statistically significant p-values are bold. Abbreviations: ADC, apparent diffusion
coefficient; Dy, tissue diffusion coefficient; D*, perfusion-related diffusion coefficient; f(%), perfusion fraction; D* X f, product of D* by f.

3.2. Analysis of IVIM-DWI parameters and ADC

In five patients, the IVIM-DWI analysis of PTs was not possible due
to the too small volume sizes (< 1 cm®); one patient was excluded due
to the poor image quality as a result of susceptibility and motion arti-
facts; five patients had no metastatic lymph nodes. Therefore, 67 PTs
(17 HPV-negative and 50 HPV-positive) and 67 metastatic LNs (15
HPV-negative and 52 HPV-positive) were analyzed.

Significant differences in both mean ADC and D, values between
HPV-positive and HPV-negative patients were found for PTs (p = 0.003
and p < 0.001, respectively), while a trend toward significance in
mean D, was reported for LNs (p = 0.066). The perfusion-related
parameters, f, D* and D* x f were not found to be different by HPV
status for both PTs and LNs. No statistically significant differences in
the volumes of PTs and LNs were observed on the basis of HPV status
(Table 2).

Statistically significant difference in D; between HPV-negative and
HPV-positive patients was found in PTs, regardless of smoking and
drinking habit (Supplementary Table 1), while no difference emerged in
LNs (Supplementary Table 2).

Within the group of HPV-positive patients, ADC, f and D* X f values
of PTs were significantly larger than those of LNs, while no systematic
significant differences in diffusion parameters were reported within the
HPV-negative patients (Table 3). Moreover, in HPV-positive patients
significant correlations were found between PTs and LNs in both ADC
and f values (correlation coefficient Rho = 0.486, p < 0.001 and
Rho = 0.351, p = 0.020, respectively), while no relationship was found
in HPV-negative patients.

The best predictive model for HPV positivity was obtained com-
bining the alcohol intake and smoking habits (considered as categorical
variables according to Table 1) with D, values of PTs: the resultant
accuracy was 80.8% [95%CIL: 70.0%-89.1%] (sensitivity = 85.7%
[95%CI: 73.8%-93.6%], specificity = 64.7% [95%CIL: 38.4%-85.8%],
PPV = 88.9% [95%CIL: 80.6%-93.9%] and NPV = 57.9% [95%CI:
40.0-74.1%]). The decision tree graph is illustrated in Supplementary

Table 3

Fig. 1. This predictive model was supported by the results obtained
from univariate and multivariate logistic regression analyses, as in-
dicated in Supplementary Table 3. Smoking status, alcohol intake, as
well as ADC and D, of PT were significant variables in the univariate
analyses; due to the high collinearity between ADC and Dy, only D, was
included in the multivariate model, which suggested that both a re-
duced alcohol intake and a lower D, of PT were associated with a
greater risk of HPV positivity.

Three illustrative cases are presented in Figs. 1-3. Fig. 4 shows a
direct comparison between DW-signal attenuation curves of Figs. 1 and
3, in PTs and LNs, separately.

4. Discussion

HPV-positive and HPV-negative OPSCCs have different carcinogenic
mechanisms, genetic pathogenesis and prognoses [2-4,35]. A number
of ongoing clinical trials are evaluating whether treatment intensity can
be reduced in HPV-related OPSCCs, without jeopardizing clinical out-
come [36]. Preliminary data are conflicting [37]; consistently, a sub-
group of HPV-related OPSCC patients (up to 20%) still have a poor
outcome after traditional approaches [35], suggesting that additional
patient- and tumor-related factors are needed to better individualize
treatment options beside HPV-status.

In this context, imaging biomarkers from multimodality techniques
may help to achieve a more accurate patient stratification [38], as they
can provide several quantitative indices related to tissue cellular den-
sity, tumor microenvironment, vascular perfusion and metabolism
[9,7,11,12,17,39].

The ability of quantitative DWI (ADC) to differentiate HPV status in
OPSCC had been already investigated in previous papers [9,11,12,17].
However, to our knowledge, only one investigation of Payudal et al.
[39] used IVIM-DWI to characterize and monitor neck nodal metastases
in HNSCCs during treatment, though a very small HPV-negative sub-
group (n = 4) was included in this study. However, due to differences
in the image acquisition protocol, particularly in the b-value range

Comparison between IVIM-DWI parameters of primary tumors (PTs) and the corresponding metastatic lymph nodes (LNs) according to the human papillomavirus

(HPV) status.

HPV-negative (n = 14)

HPV-positive (n = 48)

Parameter* PTs LNs P PTs LNs P
ADC(10 ™3 mm?/s) 1.51 (1.32-1.80) 1.31 (1.01-1.48) 0.056 1.28 (1.08-1.54) 1.14 (0.99-1.27) < 0.001
D(10~3>mm?/s) 1.24 (1.03-1.36) 1.01 (0.84-1.23) 0.245 0.97 (0.82-1.08) 0.91 (0.80-1.08) 0.422

f (%) 16.24 (9.32-28.85) 10.27 (7.50-15.79) 0.109 13.43 (10.39-19.44) 8.59 (7.01-11.70) < 0.001
D*(10 3 mm?/s) 16.11 (6.39-61.90) 17.68 (8.73-32.95) 0.917 18.94 (14.06-39.41) 19.59 (12.44-41.72) 0.514
D*x f (103 mm?/s) 0.28 (0.13-0.48) 0.15 (0.08-0.31) 0.433 0.25 (0.18-0.50) 0.19 (0.10-0.31) 0.002

Median values (Interquartile range)*. P values refer to Wilcoxon test. Statistically significant p-values are bold. Abbreviations: ADC, apparent diffusion coefficient; Dy,
tissue diffusion coefficient; D*, perfusion-related diffusion coefficient; f(%), perfusion fraction; D* X f, product of D* by f.



A. Vidiri, et al.

a b |
1200

_ ‘ g
3 000" =

2 1 k -
« 1000 Z?}Qo\ ............. pest fit for BT
=2 LI - - - -best fit for LN
g 800 T O~i |
= ™
= n-., o |
g 600r M Ik
-g’ '"I.... |
- g
| .

200
0 200 400 600 800

b value (s/mm2)

1000

investigated, a direct comparison with our diffusion parameters of LNs
was not possible. In accordance with previous investigations, we found
that patients with HPV-related OPSCC smoked and drunk less
[10,40,41] and were more likely to have a higher N-stage disease
[8,11,15,35,41]. Even if they were younger compared with patients
affected by non HPV-related OPSCCs [41], no statistically significant
differences emerged in age. This may be due to the increased age of
diagnosis for HPV-positive patients, as recently reported by Rettig et al.
[42].

We found significantly lower values for both ADC and D; of PTs in
HPV-positive patients compared to HPV-negative patients consistently
to earlier studies [10,12,13]. The difference in D; of PTs between HPV-
negative and HPV-positive patients was observed regardless of smoking
and drinking habits, while only a trend towards significance in Dy
emerged for LNs (Table 2). Our findings suggest that the perfusion-free
diffusion coefficient, D,, may better reflect HPV-related tumor differ-
ences, probably because it is more sensitive to the cellular micro-
structure, compared to ADC, in accordance with previous prognostic
studies [25,29]

Even if no conclusive explanation has been provided to support
differences in diffusion parameters by HPV status, Driessen et al. [12]
speculated that it may be attributable to a smaller tumor-stroma com-
ponent observed at pathology in HPV-positive OPSCC, which was found
to be positively related to ADC [12]. Interestingly, Ward et al. [43]
showed that the differences in ADC-values between HPV-positive and
HPV-negative OPSCC might also reflect differences in tumor infiltrating
lymphocytes: increased levels of lymphocytes were observed in HPV-
positive patients, which may contribute to explain both the lower ADC
values and the better survival of these patients.

Decreased ADCs in OPSCC with regional control after chemo-
radiotherapy has been also attributed to a lesser amount of necrosis and
hypoxia, which would negatively impact on the tumor response prob-
ability [44,45]. In this regard, we point out that we included the ne-
crotic portion of the tumor in the analyses, considering that the present

European Journal of Radiology 119 (2019) 108640

Fig. 1. 53-year-old non-smoker non-alcoholic man affected by
HPV-positive oropharyngeal squamous cell carcinoma in the base
of the tongue, with a large solid lymph-node in the left Ila level
and a smaller metastatic lymph-node in the right Ila levels on T2-
weighted image (a), post contrast LAVA image (b) and diffusion-
weighted image obtained with b = 800 mm?/s with the user-de-
fined lesion contours (c). Both PT and LNs showed restricted water
molecule mobility on diffusion-weighted image obtained with
b = 800 mm?/s. Curves of DW-signal attenuation in the primary
tumor and the largest lymph-node, with the best bi-exponential
fits (d). The ADC/D, values was 1.377/0.991 x 10~ > mm?®/s and
0.953/0.738 x 10" *mm?/s for PT and the largest LN, respec-
tively.

investigation is part of a larger prospective study aimed at investigating
the ability of IVIM-DWI to predict tumor response to chemo-radio-
therapy.

However, concerning the perfusion-related parameters, we did not
find any association between f, D* and D*Xx f and HPV status, sug-
gesting that HPV-positive and HPV-negative OPSCCs have similar per-
fusion characteristics (Table 2), in agreement with other studies
[18,46]. Moreover, cell line experiments and in vivo studies by PET-CT
imaging indicated that the level of hypoxia was the same in HPV-po-
sitive and HPV-negative head and neck cancers [4].

It should be noted that f, D* and D* X f usually had a larger sta-
tistical dispersion, compared to ADC and D, (Table 2), because the
perfusion-related parameters are known to be more susceptible to poor
SNR levels [23]. For this purpose, in order to obtain more reliable D*
and f values, we decided to perform the IVIM analyses on VOI-based
measurements (rather than on single voxels).

Previous studies documented that, compared to HPV-negative, HPV-
positive LNs were more cystic [19], however we did not find any sig-
nificant difference in terms of LN morphology on the basis of the HPV
status, probably because of the small number of cystic LNs in our pa-
tient population (n = 4).

Within the group of HPV-positive patients, LNs showed significantly
lower ADC values, compared to ADC of corresponding PTs, which may
be attributed to a lower perfusion level in LNs, as suggested by the
significantly decreased f and D* X fvalues (Table 3). Also Lu et al. [27]
reported that PTs had significantly higher perfusion fraction f in com-
parison with LNs, which is in accordance with our data for HPV-positive
patients, while we found only a trend toward significance in HPV-ne-
gative patients. They also documented a lower diffusion coefficient D;
in PTs, in disagreement with our findings.

More interestingly, significant correlations were found between
ADC values of PTs and LNs, as well as between f values, while no re-
lationship was found in HPV-negative patients. Even if we cannot ex-
clude that this may be due to the smaller HPV-negative population, we
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Fig. 2. 56-year-old non-smoker non-alcoholic woman affected by a HPV-posi-
tive oropharyngeal squamous cell carcinoma in the right palatine tonsil, with an
almost completely cystic node in the right Ila level, on T2-weighted image (a,d),
post contrast LAVA images (b,e) and diffusion-weighted image obtained with
b = 800 mm?/s with the user-defined lesion contours (c,f). Curves of DW-signal
attenuation in the primary tumor and the largest lymph-node, with the best bi-
exponential fits (g). In PT, the large gap between ADC and D, values (1.592 and
1.184 x 10~ 3 mm?/s, respectively) suggests a relevant perfusion contribution,
as also indicated by the high values of f and D*Xxf (18.9% and
0.33 x 10~*mm?/s, respectively) and by the initial shape of the signal at-
tenuation curve. The high ADC and D, values in LN (1.441 and 1.320 X
10~ 3>mm?/s, respectively) can be explained by the dominant fluid (avascular)
component, in accordance with the low f and D*Xf (6.9% and
0.09 x 10~3 mm?/s, respectively).

may hypothesize that the histological features of PT may influence
those of metastatic LNs in HPV-positive patients. Similarly, Sharma
et al. [15] found a significant concordance of SUVmax between PTs and
respective LNs for HPV-positive patients, suggesting that HPV-related
OPSCC may have a more homogeneous metabolic tumor phenotype,
caused by a homogenously HPV triggered cancerogenesis.

Differently from other investigators [13], a model based on only
ADC values of PTs and LNs did not provide a satisfactory prediction of
HPV status in our patient population. However, by adding alcohol in-
take and smoking habits to D, values of PTs, we could improve the
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Fig. 3. 57-year-old man, heavy smoker and alcoholic, affected by HPV-negative
oropharyngeal squamous cell carcinoma in the base of the tongue, with a
partially necrotic lymph node in the right IIa level, on T2-weighted images
(a,d), post contrast LAVA images (b,e) and diffusion-weighted images obtained
with b = 800 mm?/s with the user-defined lesion contours (c,f). Curves of DW-
signal attenuation in the primary tumor and the largest lymph-node, with the
best bi-exponential fits (g). The ADC/D; values in PT and LN were relatively
high (1.598/1.265 x 10 ®mm?/s and 1.289/1.046 x 10~ °mm?/s, respec-
tively), if compared to those observed in HPV-negative patients, as better il-
lustrated in Fig. 4.

positive predictive value up to almost 90%. The potential of IVIM-DWI
imaging, together with patient habits, to detect the HPV positivity, may
have important clinical implications when the primary tumor is not
easily accessible to biopsy (i.e. deep base of tongue tumors), when the
patient refuses invasive procedures or when standard HPV testing
provides conflicting results (i.e. discordance between HPV and pl6
status).

This prospective study has some limitations. Our findings should be
corroborated on a larger patient population, particularly the HPV-ne-
gative population has a small sample size, which reflects the increasing
incidence rate of HPV-related OPSCC. Similarly, since PPV is strictly
related to the prevalence of disease in the population, our results should
be interpreted accordingly. Future investigations from this on-going
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Fig. 4. Comparison between the DW-signal attenuation curves of the cases of
Figs. 1 and 3, is proposed in PTs and LNs, showing a slower water molecule
diffusivity (slower signal attenuation), both in the primary tumor and lymph-
node for the HPV-positive patient, compared to the HPV-negative one.

study will include IVIM-DWI analysis also during radio-chemotherapy
and follow up data, to investigate the ability of IVIM-DWI to predict
tumor response to chemo-radiotherapy. This should help in risk strati-
fications of patients, according to both clinical and imaging char-
acteristics, to better individualize treatment options especially for those
HPV-positive patients having bad prognosis.

In conclusion, significant correlations were found between IVIM-
DWI and HPV status in OPSCCs. Our findings suggest that the perfusion-
free diffusion coefficient, D;, may better reflect the HPV-related tumor
differences, compared to conventional ADC. Whereas the perfusion-
related parameters, f, D* and D* X f were not able to reliably dis-
criminate HPV-positive from HPV-negative OPSCC.
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