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Absract: Diffusion Weighted Imaging (DWI) represents a recent added value to conventional
MRI. It is applied in many oncological diseases, improving detection of lesions and possibility of tis-
sue characterization. Quantitative measurement — obtained calculating the Apparent Diffusion Co-
efficient (ADC) — has been proposed to better characterize the vitality of the oncological tissue. Head
and Neck Squamous Cell Carcinoma (HNSCC) are predominantly diagnosed in advanced stage; sub-
sequently, radiotherapy and chemotherapy are generally adopted at the beginning of treatment to
reduce stage of disease. The changes in a tumour lesion are not easily assessed by conventional ap-
proaches, which are currently based on morphological features. Therefore, the role of diffusion MR/
in the management of head and neck cancer has been proposed to early identify response to treat-
ment. In addition, DWI capability in the assessment of nodal involvement and in the evaluation of
residuallrecurrence of disease after therapy is briefly discussed, explaining advantages due to its ap-
plication in the management of HNSCC.
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INTRODUCTION

Squamous cell carcinomas are the most common
type of malignant lesions that occur in the head and
neck region, involving paranasal sinuses, nasal and
oral cavities, pharynx and larynx'?. The incidence
of Head and Neck Squamous Cell Carcinomas
(HNSCQO) is rising and currently is about 4-6% of
all malignancies, with 650,000 new cases annually.
The estimated yearly worldwide incidence is about
half a million people, and nearly 50% of patients
die of tumor-related complications®>. A very high
mortality of about 65000 deaths has been reported
in European Countries®®.

HNSCC are most commonly encountered in
men (M:F=5:1). Mainly, patients are affected dur-
ing middle age (50-60 years)>’.

The most common HNSCC is laryngeal carci-
noma. In males, squamous cell carcinomas of the
larynx, oro- and hypopharynx are predominant,
while in females, HNSCC are located mainly in
the oral cavity and the oropharynx?.

The predominant risk factors are tobacco and al-
cohol abuse, implicated in 75% of all neoplasms of
this region; a strong connection with tobacco use
has been reported®. HNSCC are usually sporadic,
but the risk increases in patients with cancer sus-
ceptibility syndromes, such as hereditary non-poly-
posis colorectal cancer, Li-Fraumeni syndrome,
Fanconi’s anaemia, and ataxia telangiectasia'.

Recently, many papers have investigated the
role of human papillomavirus (HPV), mainly type
16, in the development of carcinomas of the oral
cavity and the pharynx, especially the nasopharyn-
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geal cancer, which is very rare in Europe’'2. HPV
positivity is considered an important factor in pre-
vention, treatment and prognosis of these lesions.
Therefore, HPV-related HNSCC seem to be more
responsive to radiation, chemotherapy and immune
surveillance of tumour-specific antigens'®3.

Tumors located in the floor of the mouth and
the oropharynx can usually be diagnosed clinically
and endoscopically because of their superficial po-
sition.

An invasive cancer can grow in apparently
healthy mucosa or on the site of a known precan-
cerous lesion. In fact chronic inflammation of the
oral mucosa, induced by tobacco, alcohol and
other risk factors, leads to the development of pre-
cancerous lesions, such as leukoplakia and ery-
throplakia, that can be clinically detected’.

Symptoms and signs of HNSCC are hoarseness,
sore throat, tongue pain, otalgia, dysphagia and
odynophagia, cough, mouth ulcer and bleeding. At
clinical examination, the lesions generally appear
as irregular vegetation or deep ulceration in oral
cavity or oropharynx, while tumor could be found
as a neck mass'. Distant metastases are usually
found in lung, mediastinum lymph nodes, liver and
bones. The 5-year overall survival rate is usually
less than 50%, although recent better tumour de-
tection and multi-modal treatment for these lesions
should lead to an improvement>!*, Patients’ prog-
nosis is undoubtedly affected by delayed diagno-
sis, and unfortunately, more than 50% (about
two-thirds) of patients show advanced stage disease
at the onset’. In addition, about 10% of patients
have distant metastasis at initial presentation'?.

Close post-therapeutic patient monitoring, in the
first two years after diagnosis of HNSCC, is essen-
tial for identifying and rapidly treating potential tu-
mour recurrence, in order to improve patient
outcome?. Treatment consists of surgery combined
with chemoradiotheraphy. An appropriate disease
management needs to consider some elements, such
as primary tumour site, stage, possibility of resec-
tion, airway involvement and co-morbid illnesses'.

Functional imaging has been recently applied
in staging HNSCC. In fact, several papers have
emphasized the contribution of perfusion CT, dif-
fusion MRI, perfusion MRI and PET-CT in the
evaluation of disease!>'®. The main purpose of
these modalities is to better characterize the vital-
ity of the oncological tissue.

Therefore, this mini-review article has focused
upon the role of diffusion MRI in the management
of HNSCC, considering three main topics: 1) the
contribution of Diffusion-Weighted Imaging
(DWI) in monitoring response to treatment; 2) the
role of DWI in the assessment of nodal involve-
ment; 3) the possibility of diffusion MRI in the
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evaluation of residual/recurrence of disease after
therapy. Basic principles of DWI sequences are
briefly discussed, in order to help clinicians, ra-
diotherapists, surgeons and oncologists in their ap-
plication in the management of HNSCC.

HNSSC Diagnosis: conventional
and functional imaging

A biopsy of suspected malignant lesions is always
needed to confirm the diagnosis, as the ease of ac-
cess to sites of disease allows for many histologi-
cal samples. After clinical inspection and
endoscopic exams, conventional imaging with CT
and MRI is generally performed to determine the
stage of disease. These imaging modalities are es-
sentially based on the morphological appearance
of tissue, where tumor disease is detected for a dif-
ferent signal intensity or enhancement pattern in
comparison with normal anatomical sites. Con-
ventional imaging shows the extension of disease.
However, the changes in a tumour lesion could not
be easily assessed by conventional approaches,
which are predominantly based on morphological
features and two-dimensional measurements of tis-
sue. In addition, they do not provide metabolic in-
formation about tissue.

PET/CT has been routinely added in the man-
agement of squamous cell cancer, because it pro-
vides metabolic information of tissues. PET/CT
has been retained by many Authors to be superior
to both CT and MRI in the detection of carcinoma
of unknown primary, cervical nodes, distant metas-
tasis, residual tumour and recurrent disease!®'%-22,

Recently, DWI has been widely introduced into
many clinical fields, including oncological and
non-oncological diseases. In literature, it has been
applied in the assessment of fibrosis in chronic he-
patic disease®?*, in the detection of focal liver le-
sions*?¢. Diffusion MRI has also been used to
evaluate the functionality of transplanted kid-
neys*’?8, the lesions’ response in oncological pa-
tients*2° and the assessment of tumour extent for
gynaecological malignancies®. Recent studies have
indicated DWI as a potential predictor biomarker?,
which investigates the density of cellular popula-
tion in a tissue and its change during treatment™.

DWI: basic and principles

DWI provides measurement of free water motion
in a tissue. Its sequence is based on a spin-echo se-
quence where re-focalization impulse is preceded
and followed by an additional couple of pulses gra-
dients*-%¢. These additional gradients have the same
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intensity but opposite direction. Normally, free-cir-
culating water molecules are exposed to the first
gradient pulse, but phase shift due to first gradient
is nullified by Brownian motion. The phase shift
gained is generally equal to zero when molecules
are free to diffuse in a “non-restricted” space. In
some pathological conditions, such as neoplasms,
ischemia, fibrosis or oedema, the intercellular
spaces reduce their width and water molecules are
restricted in movement. These restricted molecules
are exposed to the first gradient, and do not have
significant phase shift for movement. Subsequently,
the second gradient is able to obtain re-focalization
of the molecules; the signal intensity is a clear ex-
pression of restricted ambient.

The mentioned diffusion of water molecules in
tissues (Brownian movement) is quantified by the
ADC, which is calculated according to the follow-
ing formula:

ADC= In (Sp/S1)/b,

where Sy is the signal intensity with 5=0, Sy is
the signal intensity after the application of a given b
gradient, and b is the value of the applied gradient®’.

Tissues with increased diffusivity generally have
higher ADC values, whereas tissues with restricted
diffusivity produce low ADC values (Figure 1).

Solid cancer shows high cellularity that concurs
to restricted diffusion and lower ADC values (Fig-
ures 2 and 3)*. However, subsequent cancer treat-
ment induces cell death, increasing water diffusion
and leading to a rise in ADC values. The good re-
sponse after treatment associated with a reduction
of cell population density should be indicated by
changes in ADC values.

DWI in monitoring response to treatment
Chemoradiotherapy (CRT) is considered the stan-

dard treatment for patients with non-resectable
HNSCC. This therapy preserves important func-

tionalities of head and neck districts (swallowing
and speeches) and improves survival rate*’. How-
ever, since not all patients respond to therapyj, it is
important to find prognostic imaging biomarkers
in order to predict early treatment outcomes.

These imaging biomarkers could stratify pa-
tients, distinguishing responders from non-respon-
ders at the time of pre- and early-treatment. The
early detection of non-responders allows for the
changing of therapeutic strategies, avoiding un-
necessary toxicity and other negative side effects,
which might increase long-term survival and qual-
ity of life3?4.

The DWI potential in monitoring disease for
head and neck was initially investigated in animal
models with HNSCC. In the study by Hamstra et
al*!, diffusion MRI was performed in a population
of orthotopic mouse model of SCCHN. Mice with
murine squamous cells expressing the yeast trans-
gene cytosine deaminase were treated with 5-fluo-
rocytosine (SFC), radiotherapy, and combined
therapy. They were compared with control animals
for volumetric growth rate, diffusion, and survival.
Mice treated with combined modality (ionizing ra-
diation and chemotherapy) showed an increase in
tumour diffusion values. This increase correlates
with better survival*'. Radiation therapy only had
minimal effect on volumetric growth rate, diffusion
and survival®'. Therefore, the tumour diffusion
change has a potential role as a clinical biomarker.

In another paper published by Galban et al*?, pri-
mary HNSCC and cervical node metastases were
studied in 15 patients before, during (3 weeks) and
6 months after treatment. ADC values were plotted
in a histogram and the mean value was used to eval-
uate changes. The Authors showed that major ADC
variation occurred in the complete responder group.
They also introduced a PRM (Parametric Response
Map) using a voxel-by-voxel analyses approach.
This map consists of a voxel-to-voxel ADC change
measurement. Changes in tumour cellular structures
after CRT cause variations in ADC values, which
are encoded as colour maps and overlaid on the

Fig. 1. ADC and different degrees of cellularity.
Difference in ADC values is explained by the

different degree of cellularity and water proton -

movements. Hypocellular tissues have large ex-
tracellular and intracellular spaces, with in-
creased diffusion and high ADC value.
Hypercellularity reduces extracellular spaces,
which mean restricted diffusion and low signal
on ADC map. Tumor after therapy changes its
ADC value, because necrosis reduce cellularity,
with consequent increasing of ADC values.
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Fig. 2. Oropharyingeal cancer (centered on the base of the
tongue, white arrows) and ADC map. Conventional MRI se-
quences (T1 and T2 weighted images, respectively A and B),
diffusion image (C) and ADC map (D). Hypercellularity of the
lesion means low signal on ADC map. Also nodes (dashed ar-
rows) are clearly depicted (B and D).

MRI: “red” indicates increased ADC values, “blue”
decreased ADC values and “green” unchanged
ADC values'#*_ Following this colorimetric rep-
resentation, the complete responder patients had a
significantly high number of voxel with a signifi-
cant increase in ADC values after therapy.

In the previous study, a significant correlation
with outcomes has been demonstrated for changes
in PRM and percentage change of tumor volume
between baseline MRI and mid-therapy MRI ob-
servation. Percentage changes in mean ADC did
not show any correlation with tumor control at 6
months!742,

However, early ADC changes could be more sig-
nificant than tumor size changes, which normally

may be not observed. The early response to treat-
ment and its role as early clinical biomarker was also
confirmed by Kim et al**. These Authors analysed
ADC values in 33 patients with HNSCC and
metastatic lymph nodes before, 1 week after begin-
ning of therapy and post-treatment*. They observed
a significantly higher increase in ADC in the com-
plete responder group at 1 week and after treatment.
The ADC changes were due to necrosis induced by
treatment and subsequently hypocellularity*.

Response to treatment may have a different pat-
tern of ADC changes. In fact, in a different study,
King et al performed DWI in 50 patients affected by
HNSCC™®. Quantitative assessment with ADC cal-
culation was performed before and during therapy.
The Authors described 4 different patterns: pattern
A and B showed a continuous increase in ADC dur-
ing treatment; an initial increase followed by a drop
in ADC was described in pattern C; “an early fall fol-
lowed by a late rise in ADC” in cases of pattern D*.

Pattern A and B were considered more likely to
have tumour control, while in pattern C and D,
ADC drop was correlated with loco-regional fail-
ure, probably due to a regrowth of the lesion or tu-
mour resistance. As reported by Authors, analysing
serial changes (pre-, intra- and post-treatment) “a
fall in ADC early or late in treatment has a high
positive predictive value (100%) for loco regional
failure”. A residual mass “without a drop in ADC
was unlikely to have loco-regional failure in the
first 6 months™*. However, this does not exclude
the possibility of late loco-regional disease
growth¥,

According to results reported in the mentioned
studies, baseline ADC values and ADC changes
during treatment could be used as clinical bio-
markers of response prediction.

A recent study directed by Chawla et al* sug-
gested evaluation of both primary lesion and nodal
masses in predicting treatment outcomes, using not
only diffusion MRI but also perfusion parameters
after contrast administration. They observed that the

Fig. 3. Left tonsil tumor. Conventional MRI (T2 weighted and enhanced T1 acquisitions, respectively A and B), and ADC map

(C). Tumor (white arrows) has low signal on ADC map.
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heterogeneous nature of HNSCC influences the
clinical course of the disease*. Dynamic Contrast
Enhanced (DCE) T1-weighted sequences were per-
formed in a study by Cao et al'®, in order to investi-
gate response to therapy. The Authors found
significantly increased blood volume (in the primary
lesions) after 2 weeks of CRT in patients who had
local disease control (at a median of 10 months),
compared to subjects with local or regional failure.
In this study what was very remarkable was that
after 2 weeks, tumor volume reduction was not able
to predict local disease control'7-'8.

In another study, perfusion parameters were
also investigated in a pre-treatment phase. The role
of average contrast transfer coefficient (K"") was
assessed, and it was significantly higherin com-
plete responders than in those of non-responders.
The DCE-MRI perfusion parameter K" reflected
data of tumor blood flow and microvascular per-
meability. Elevated pre-treatment blood flow,
blood volume and hypoxia showed high K values,
and were correlated with greater response to CRT
and prolonged survival*’. Although the findings of
this study are very promising, they need confirma-
tion from studies with a larger cohort of patients.
The use of both DCE-MRI and PET represents a
promising diagnostic tool for the better manage-
ment of HNSCC. This combination reflects vas-
cular and metabolic characteristics of neoplastic
lesions™.

DWI in the assessment of nodal
involvement

Detection and characterization of lymph nodes
represent crucial steps in the assessment of
HNSSC. It has been widely reported that nodal
metastasis are an adverse prognostic factor influ-
encing outcome®#.

On routine imaging techniques, mainly CT and
ultrasonography, the common criteria for differen-
tiating metastatic from reactive lymph nodes are
size (malignant lesions generally exceed >10 mm in
short-axis diameter) and morphology. Metastatic
lymph nodes generally appear irregular in shape,
with ill-defined margins, abnormal internal archi-
tecture and central necrotic area*=. These mor-
phological and dimensional criteria are not specific,
because micro metastases could be found in nor-
mal size lymph nodes. Enlarged lymph nodes could
be reactive®, and do not contain malignant cells.

Functional MRI has recently been tested in the
characterization of metastatic lymph nodes*-3.
DWI plays an important role in the differentiation of
metastatic from reactive lymph nodes, due to the
different degree of cellularity*. The role of DWI in

nodal staging and its impact on radiotherapy was
evaluated in 22 patients with locally advanced
HNSCC. Patients were studied with contrast-en-
hanced CT and MRI (including conventional se-
quences and DWI sequences). Target volumes for
RT were assessed using a set of conventional se-
quences, another set of diffusion MR sequences, and
finally a set based on pathology results. Diffusion
MRI reported a sensitivity of 89% and a specificity
of 97%; the higher agreement between imaging and
pathology was found for DWI (kappa=0.97) rather
than for conventional imaging (kappa=0.56)°'. The
difference between RT volumes and those obtained
by pathology was calculated, and larger results were
observed for conventional imaging, whereas DWI
was more accurate in the identification of nodal
gross tumor volume and nodal clinical target vol-
ume’!. Based on results published by Dirx et al’!,
DWI is more accurate than conventional imaging
for pre-radiotherapy nodal staging.

A quantitative approach calculating the ADC
map was suggested for differentiating benign from
malignant nodes*. In a recent study by Vandecav-
eye et al’, a comparison between conventional
TSE T2-weighted images and DWI sequences was
performed. The Authors calculated the ADC of
lymph nodes of 4 mm or greater in short axis di-
ameter. Nodes were subsequently evaluated mi-
croscopically using prekeratin immunostaining.
Radiological-pathological correlation was ob-
tained for a total of 301 nodes. The mean ADC val-
ues for benign nodes was 1.19x10* mm?/sec,
whereas for malignant ones a mean ADC value of
0.85x10° mm?sec was reported. Using a threshold
of 0.9485x10°* mm?/sec, the study reported sensi-
tivity, specificity and accuracy respectively of
84%, 94% and 91% for differentiation of malig-
nant from benign nodes; “for differentiation at
each level”, sensitivity, specificity and accuracy
were respectively 94%, 94% and 97%?°*. Compar-
ing with conventional TSE sequences, DWI re-
ported higher sensitivity (76% versus 7%), but
“slightly lower specificity” (94% versus 99.5%) 3.
This study suggests that the use of DWI together
with standard criteria of size and morphology,
helps radiologists in the discrimination of lymph-
nodes and decrease false-positive data>.

According to results published in literature,
metastatic lymph nodes have a significantly low sig-
nal on ADC map compared with benign reactive and
granulomatous lymph nodes. A low ADC value is
also typical of lymphoma, but in this case, it is lower
than in metastatic lymph nodes*. The difference in
water proton diffusion is due to various degrees of
cellularity, necrosis and perfusion. Hypercellularity,
large areas of necrosis and hypervascularization of
head and neck squamous cell carcinoma influence
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the restriction of diffusion, reflecting the low ADC
value®. Sometimes, the difference between small
areas of metastatic deposits and foci of necrosis is
difficult to evaluate. Therefore, DWI should be com-
bined with TSE MR sequences>. However, a quan-
titative approach of adopting a threshold level of
ADC is limited by a certain degree of overlap be-
tween malignant and benign nodes.

Evaluation of residual/recurrence
of disease after therapy

HNSCC treatment consists of surgery, radiother-
apy and chemotherapy'. These therapies induce
some variations in tissues, such as oedema, in-
flammatory and fibrous reaction, scarring of
nearby tissue and perichondritis®’>*3.

A recurrent question for clinicians and radiolo-
gists regards the differentiation between post-ther-
apeutic changes and a residual or recurrence of
neoplastic disease. Unfortunately, using routine im-
aging tools, it is very difficult to differentiate resid-
ual/recurrence disease from post-treatment
changes, because imaging findings are similar®’-84,

Several studies have already demonstrated that
PET-CT has higher diagnostic accuracy than con-
ventional imaging modalities in the evaluation of
tumor response and in the characterization of resid-
ual neoplastic disease'®78. Sensitivity, specificity,
PPV and NPV for residual primary tumor after
treatment were respectively 94%, 82%, 75% and
95%'%>. In assessing residual disease, high NPV
and specificity of the neck after chemoradiother-
apy have been documented. In patients without
residual lymphadenopathy at PET-CT, neck dis-
section could be safely performed. However, PPV
is considered “suboptimal®: further studies are
needed in order to confirm the role of PET-CT®.

A promising tool could be the diffusion of MRI
and ADC values, which allow for the differentia-
tion between residual or recurrence tumour after
therapy®!. In particular, quantitative and qualitative
evaluation is required, including, subsequently, the
relative ADC map.

Recurrence or residual tumors show hyper-in-
tense signal in images with high b-value, with low
signal on ADC map. Post-therapeutic changes, in-
stead, have a variable signal in image with high b-
value, but quantitative assessment using ADC map
show high signal®’.

This difference in ADC values is explained by
the different degree of cellularity and water proton
movements. Tumors are hyper-cellular, and the
water diffusion in extracellular and intracellular
spaces is reduced, with low signal on ADC map. In
post-therapeutic phase, instead, the tissue is hypo-
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cellular and oedema with inflammatory changes
increases the diffusion of water proton, with high
signal on ADC map>*¢!,

Conclusions

Recent advances in MRI allow for better charac-
terization of oncological neck diseases, adding —
to morphological assessment — functional evalua-
tion using diffusion sequences. DWI investigates
the cellularity of oncological tissue and its change
during therapy. Pre-treatment ADC value repre-
sents a diagnostic tool for predicting response to
therapy; moreover, ADC changes during therapy
could be used for monitoring response to treat-
ment. Prospective studies are needed to better de-
fine the functional role of MRI in the evaluation
of HNSCC: an intermediate diffusion MRI during
treatment could be performed in order to early
identify responders and non-responders patients.
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