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The diagnostic role of diffusion-weighted magnetic
resonance imaging in hypopharyngeal carcinoma
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Abstract. The aim of the present study was to assess the
role of diffusion-weighted magnetic resonance imaging
(DWTI) and apparent diffusion coefficient (ADC) values
in hypopharyngeal carcinoma. A total of 40 hypopharyn-
geal carcinoma tissues and 15 benign lesion tissues were
retrospectively analyzed. DWI, and T1- and T2-weighted
magnetic resonance imaging (MRI) was performed. The
sensitivity, specificity and accuracy of conventional MRI
were 97.5, 66.7, and 89.1%, respectively. The mean ADC value
[diffusion sensitive factor (b)=1,000x sec/mm?) for hypo-
pharyngeal carcinomas was (1.0285+0.0328)x10~* mm?/sec,
which was significantly lower than the mean ADC value
for benign lesions [(1.5333+0.1061)x10* mm?*/sec; P<0.001].
Receiver operating characteristic (ROC) curve analysis
revealed that the area under the curve (AUC) was 0.921 while
the optimal threshold for the cut-off point of the ADC was
1.075x10” mm?/sec. The mean ADC value of the metastatic
nodes was (0.9184+0.0538)x10° mm?/sec, lower than the mean
value for the benign nodes [(1.2538+0.1145)x10~* mm?/sec;
P=0.005]. Two groups were created according to the mean of
the ADCvalueofhypopharyngealcarcinomas[<(1.0285+0.0328)
x107% mm?/sec vs. >(1.0285+0.0328)x10~ mm?/sec]. The
2-year survival rates of the two groups were 55.6 and 100.0%,
respectively (P=0.024). ADC values may aid in distinguishing
hypopharyngeal carcinomas from benign lesions and
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differentiating metastatic lymph nodes of hypopharyngeal
squamous cell carcinomas from reactive cervical lymph nodes.
In conclusion, mean ADC values may be useful prognostic
factors in univariate analysis of hypopharyngeal carcinoma.

Introduction

Hypopharyngeal carcinoma has one of the poorest prog-
noses of all head and neck carcinomas as it is frequently
diagnosed at an advanced stage and exhibits aggressive and
distant metastasis (1). Although there have been significant
advancements in surgical techniques and chemoradiotherapy
recently, the prognosis of hypopharyngeal carcinoma remains
unsatisfactory (2).

At present, the most common diagnostic tools include
different types of laryngoscopy, computed tomography (CT),
and routine magnetic resonance imaging (MRI). CT may
reveal the extent of infiltration of hypopharyngeal carcinoma,
but it also has certain limitations, including over estimation
of invasion of the vocal cords, underestimation of invasion
of the upper esophagus, difficulty in displaying mild inva-
sion of thyroid cartilage, and uncertainty with regard to the
normal size of the cervical lymph nodes and whether they
are subject to metastasis. Routine MRI has high resolution in
soft tissue, enabling it to accurately determine the infiltration
extent of tumors; however, it remains a challenge to diagnose
small lesions or micrometastatic nodes (3). Positron emis-
sion tomography (PET) and PET/CT may supply functional
information and differentiate malignant tumors from benign
lesions; however, they are expensive with low availability and
are limited by relatively low spatial resolution and risk of
radiation exposure (3).

Recently, diffusion-weighted MRI (DWI) has emerged
as a relatively novel functional imaging tool that records the
molecular motion of protons corresponding to Brownian
motion within living tissue (4). The extent of molecular diffu-
sion may be estimated and quantified in terms of the apparent
diffusion coefficient (ADC) (5). DWI is widely used in clinical
practice to differentiate benign masses from malignant tumors,
to diagnose lymph node metastasis, to detect recurrent lesions
following radiotherapy/chemotherapy, and to predict the effect



5534

of treatment using DWI and ADC values. DWT1 is able to detect
changes in tumor size and shape prior to them becoming
visible to the naked eye, and the ADC value is affected by cell
size, density and integrity (6).

Initially, DWI was primarily used in neurology to identify
intracranial lesions. However, the complex anatomical struc-
ture and functions occurring in the head and neck, including
respiration, swallowing and phonation, limit the use of DWI
in these regions. Nonetheless, with the advances in MRI
technical performance and MRI machinery, the application of
DWTI to head and neck oncology is increasing (7,8). Head and
neck cancer occurs at multiple sites, including the oral cavity,
oropharynx and larynx (9,10). Recently, Driessen et al (10)
used single-shot spin-echo echo-planar DWI of 1.5T MRI to
investigate the association between histological characteristics
of laryngeal and hypopharyngeal squamous cell carcinoma
and ADC values (10). However, to the best of our knowledge,
few previous studies have investigated the role of DWI at a
single site in the head and neck regions. To the best of our
knowledge, our previous study was the first to successfully use
DWTI and 3.0-T MRI to differentiate preoperative laryngeal
carcinomas from precursor lesions (11), and there have been
no previous studies regarding the use of ADC values and
single-shotecho-planar imaging sequence (EPI) of 3.0-T MRI
alone in hypopharyngeal carcinoma.

The aim of the present study was to assess the role of DWI
and ADC values in hypopharyngeal carcinoma in order to
determine: i) Whether ADC has diagnostic value in discrimi-
nating carcinomas from benign lesions, or discriminating
metastatic lymph nodes from reactive cervical lymph nodes;
and ii) whether ADC values are associated with the prognosis
of hypopharyngeal carcinomas.

Materials and methods

Patients. The present study was approved by the Institutional
Review Board of the First Affiliated Hospital, College of
Medicine, Zhejiang University, Hangzhou, China (IRB
no. 2015428), and written informed consent was obtained from
all enrolled patients.

Between June 2012 and July 2015, patients with
hypopharyngeal lesions who had undergone preoperative
laryngostroboscopy (Endo-stroboscope L; Atmos Medizin
Technik GmbH & Co. KG, Lenzkirch, Germany) and DWI
were considered for inclusion in the present study. The inclu-
sion criteria were as follows: i) Suspicious lesions in the
hypopharynx on laryngostroboscopy; ii) 3.0-T MRI (including
DWI, b=0 and 1,000 sec/mm?) prior to treatment; iii) surgery,
concurrent chemo-radiotherapy (CCR) and pathological
confirmation of diagnoses (including frozen sections and
routine pathological results); and iv) availability of complete
clinical data. Exclusion criteria were as follows: i) Incomplete
clinical data; ii) 3.0-T MR without DWT prior to treatment;
iii) undetermined Tumor-Node-Metastasis (TNM) stage of
hypopharyngeal carcinoma (11) or recurrent hypopharyngeal
carcinoma requiring a second surgery.

Consequently, 63 patients (62 males and 1 female) were
included. The mean age of was 55.3 years (range, 30-81 years).
Of these patients, 4 were excluded owing to susceptibility arti-
facts (due to linear blurring, geometric distortion or imaging
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distortion) that compromised image quality. A total of 4
patients, who waived any treatment, were also excluded. In the
remaining 55 patients, pathological results revealed 40 cases
of hypopharyngeal carcinoma (Table I) and 15 benign lesions.
In cases where a suspicious mass at the primary site or a neck
mass was observed on physical examination or CT/MRI, a
biopsy or needle biopsy was performed. The tumor volume
(TV) of samples was calculated as follows: TV=XxYxZ/2
(X, greatest length; Y, greatest width and Z, greatest depth
of tumor samples). Patients were followed up every 1 month
over the first year, every 3 months over the second year, every
6 months over the next 3 years and annually thereafter. The
last follow-up date was March 2015.

MRI protocol. All MRI examinations were performed using
a 3.0-T MRI scanner (Philips Achieva® 3.0T; Royal Philips
Electronics, Amsterdam, Netherlands) with a 16-channel
head and neck coil. Conventional MRI included an axial
T1-weighted turbo spin echo (TSE) sequence with the following
parameters (11): Slice thickness, 4 mm; 24 slices; intersection
gap, | mm; repetition time/echo time (TR/TE), 450 ms/10 ms;
matrix, 320x224; field of view (FOV), 240x180 mm; and
an axial T2-weighted TSE sequence (slice thickness, 4 mm;
24 slices; intersection gap, | mm; TR/TE, 400 ms/10 ms;
matrix, 320x224; FOV, 240x180 mm). The coronal
T2-weighted TSE sequence included the following param-
eters: Slice thickness, 4 mm; 24 slices; intersection gap, | mm;
TR/TE, 400 ms/10 ms; matrix 320x224; FOV, 240x220 mm;
and two signals were acquired, covering the larynx. Following
gadolinium injection, T1-weighted fat-saturated sequences
were performed in the axial plane (using identical parameters
to pre-contrast medium administration) and in the coronal
plane (24 slices; slice thickness, 4 mm; intersection gap, 1 mm;
TR/TE, 540 ms/9.2 ms; matrix, 320x224; FOV, 240x220 mm;
and two signals were acquired using fat suppression).

DWI was performed with a single-shot EPI-DWI). The
parameters were as follows: TR/TE, 8,000 ms/60 ms; FOV,
240x240 mm; matrix, 124x124; 24 slices; slice thickness,
4 mm; and b=0 or 1,000 sec/mm?). ADC maps were generated
using Extended MR Workspace (EWS). In order to minimize
susceptibility artifacts, the patients were encouraged not to
swallow, speak or cough during imaging. In addition, thin
slices were obtained, meticulous shimming was applied and
sight fixation (to steady the patient's head) were used.

Image analysis. The imaging data were reviewed by two
radiologists from the Department of Radiology (the First
Affiliated Hospital, Zhejiang University, Hangzhou, P.R.
China) with specific experience in head and neck imaging,
but with no knowledge of the primary lesion. They reached an
agreed opinion prior to reviewing the pathology results. The
lesion contour, size and internal architecture were documented.
An ADC map was generated by DWI with EWS and the ADC
value was measured.

All hypopharyngeal lesions were characterized based
on the signal intensity in T1- and T2-weighted MRIs and
enhancement characteristics. DW-MRI at a native b-value of
1,000 sec/mm? (b-1,000 images) and the corresponding ADC
maps were matched to and evaluated with the morphological
images as previously described (11). A hyperintense signal on
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Table I. Continued.

Age,
years

Follow-up

MET

Treatment

TNM stage

Site

Sex

Patient

3 months, NED, in

the CCR

No

No

ND+surgery-+preservation of LF

T2NOMO

Right PS

36

2 months, NED, in

the CCR

No

T4ANIMO ND+surgery+TFO W-M No

Left PS

60

37

2 months, NED, in

the CCR

No

No

ND+surgery+preservation of LF

T3N2MO

Right PS

38

3 months, NED, in

the CCR

No

No

M-P

ND+surgery+preservation of LF

T3N2MO

Left PS

62

39

1 months, NED, in

the CCR

No

No

W-M

ND+surgery+preservation of LF

T4aN2MO

Left PS

62

40
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TNM, Tumor-Node-Metastasis; H, histopathological grade; R, recurrence; MET, metastasis; PS, pyriform sinus; PR, postcricoid region; ND, neck dissection; LF, laryngeal function; PRT, preoperative

radiotherapy; TFO, tracheostomy fistula operation; W, well differentiated; M, moderately differentiated; P, poorly differentiated; NED, no evidence of disease; AWD, alive with disease; NA, not available

due to lack of patient participation.

the native b-1,000 image compared with the surrounding tissue
with a corresponding low signal intensity in the matching
ADC map was considered positive for a tumor. A high signal
intensity on the b-1,000 image with a corresponding high
signal intensity on the matching ADC map was considered
to represent T2 shine-through and therefore, the absence
of a tumor. The absence of hyper intensity on the b-1,000
image was also considered negative for a tumor. The region
of interest (ROI) on single slice was determined by a single
radiologist (Department of Radiology (the First Affiliated
Hospital, Zhejiang University, Hangzhou, P.R. China) with
20 years of experience. The ROI was determined as previously
described (12). In brief, the ROIs were placed on the axial
ADC 1,000 maps following referral to contrast-enhanced
T1-weighted images obtained in 3 orthogonal planes. The
investigator (Department of Radiology (the First Affiliated
Hospital, Zhejiang University, Hangzhou, P.R. China) had no
knowledge of the final pathological or clinical results when he
interpreted the images. The ROIs were drawn on the largest
or the highest conspicuity of the lesion of the ADC map. The
boundary of the ROI contained the visible tumor in that section
of the ADC map corresponding to T1-weighted, T2-weighted,
or contrast-enhanced T1-weighted images, but any necrotic
portions and normal osseous structures were avoided where
possible. The ADC value in the same section was calculated
three times. The mean =+ standard deviation (SD) of the ADC
values for the hypopharyngeal lesions and cervical lymph
nodes were calculated.

Statistical analyses. Statistical analyses were performed
using SPSS software 20.0 (IBM Corp., Armonk, NY, USA).
P<0.05 was considered to indicate a statistically significant
difference. All variables were assessed for normality by using
the Kolmogorov-Smirnov test. Spearman's rank correlation
was performed to evaluate the correlation between tumor
size and ADC value. Differences in ADC (mean + SD) of
the hypopharyngeal lesions between patients with malignant
lesions and those with benign lesions were tested using an
independent samples t-test. A 95% confidence interval was
used. In the univariate survival analysis, the curves for overall
survival were estimated using the Kaplan-Meier method, and
the log rank test was used to test differences between groups.
Multivariate analysis was performed using a Cox proportional
hazard test.

Receiver operating characteristic (ROC) curve analysis
was used to investigate the discriminatory ability of the ADC
values in differentiating hypopharyngeal carcinomas from
benign lesions. The area under the ROC curve (AUC) was
calculated. The ADC value that corresponded to the highest
Youden index (sensitivity+specificity-1) was chosen as the
optimal ADC threshold value as it optimized the sensitivity
and specificity. The AUC was used as an alternative global
measure of test performance.

Results

Patient clinical characteristics. The mean age of the patients
with benign hypopharyngeal lesions was 56.5 years (range,
34-74 years). There were 13 males and 2 females. The main
symptoms included a sensation of a foreign body in the
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throat and pharyngalgia. The benign hypopharyngeal lesions
included 10 cases of chronic inflammation, two vascular
lesions, two hypopharyngeal polyps and one cyst.

Of the 40 patients with hypopharyngeal carcinoma, 39 were
male and one was female. The mean age was 61.4 years (range,
42-81 years). All 40 hypopharyngeal carcinomas were squa-
mous cell carcinoma (SCC). A total of 29 tumors (72.5%) were
located in the pyriform sinus, 8 (20.0%) were located in the
posterior pharyngeal wall and 3 (7.5%) were located in the
postcricoid area. A total of 36 patients (90.0%) had a history
of smoking, 32 (80.0%) had a history of drinking (any alcohol
consumption), and 27 (67.5%) had a history of smoking and
drinking. Signs and symptoms included odynophagia (32.5%),
difficulty swallowing (30.0%), sensation of a foreign body in
the throat (20.0%), neck mass (10.0%) and hoarseness (2.5%).
According to the International Union Against Cancer TNM
classification system (2007, 7th edition), 1 patient (2.5%)
exhibited stage T,N,M, disease, 3 (7.5%) exhibited stage
T,NyM, disease, 3 (5.0%) exhibited stage T,N,M, disease,
3 (7.5%) exhibited stage T,N,M, disease, 3 (7.5%) exhibited
stage T;N M, disease, 3 (7.5%) exhibited stage T;N,M, disease,
4 (10.0%) exhibited stage T;N,M, disease, 5 (12.5%) exhib-
ited stage T,N M, disease, 6 (15.0%) exhibited stage T,N,M,
disease, 9 (22.5%) exhibited stage T,,N,M, disease, 1 (2.5%)
exhibited stage T,N,M, disease, and one patient developed
lung metastasis. With regards to clinical stage (11), 2 patients
(5.0%) exhibited stage II disease, 8 (20.0%) exhibited stage 111
disease, and 30 (75.0%) exhibited stage IV disease (Table I).
According to current classifications, 95.0% of patients were
at an advanced stage of disease. A total of 3 patients received
CCR, while 37 patients received surgery and neck dissection
(18 ipsilateral and 19 bilateral). One of the 37 patients received
preoperative CCR and 36 received postoperative CCR.

The mean longest diameter of the tumor samples was
4.7 cm and ranged between 2.0 and 10.0 cm. The mean tumor
volume was 38.8 cm?® and ranged between 4.0 and 210 c¢cm?®
(Table II).

The mean follow-up time was 12.9 months (range,
1-33 months). A total of 3 patients developed local recurrence
and one patient developed lung metastasis. A total of 6 patients
succumbed to hypopharyngeal carcinoma, and one mortality
occurred as a result of accidental trauma.

Laryngostroboscopy in discriminating hypopharyngeal
lesions. Of the 40 patients with hypopharyngeal SCC, 37 were
diagnosed with hypopharyngeal carcinoma. Of the 15 patients
with hypopharyngeal benign lesions, 3 were diagnosed with
hypopharyngeal carcinoma. The sensitivity, specificity and
accuracy were 92.5, 80.0 and 89.1%, respectively.

Conventional MRI, DWI, and ADC values: The diagnostic
value of conventional MRI in hypopharyngeal lesions. A
total of 10/40 hypopharyngeal SCCs (25.0%) were hyperin-
tense on the T1-weighted image, 17 (42.5%) were isointense,
11 (27.5%) were hypointense and 2 (5.0%) gave heteroge-
neous signals. On the T2-weighted images, 38 (95.0%) were
hyperintense, one (2.5%) was isointense and one (2.5%) gave a
heterogeneous signal. In gadopentetic acid contrast-enhanced
T1-weighted MRI, 15 (37.5%) exhibited heterogeneous
enhancement, 24 (60.0%) were strongly enhanced and
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Table II. Tumor sizes and ADC values.

Tumordiameter, Tumor ADC,
Patient cm volume, cm?® 10 mm?/sec
1 4.0x3.0x2.50 15.00 0.89
2 3.5x3.0x1.0 525 0.96
3 3.0x3.0x1.2 6.75 1.32
4 4x2.5x1.5 7.50 0.92
5 3.0x3.0x2.0 9.00 1.06
6 3.4x3.0x3.0 15.30 1.05
7 4.0x4.0x2.5 20.00 0.88
8 5.0x5.0x3.5 43.75 1.06
9 7.5x4.5x2 33.75 0.92
10 3.0x4.0x4.0 24.00 0.70
11 5.0x4.5x1.5 16.88 0.80
12 2.0x3.5x3.5 12.25 0.97
13 4.0x5.0x5.0 50.00 045
14 3.0x3.0x3.0 13.50 1.05
15 5.0x5.0x5.5 68.75 0.98
16 5.0x5.0x5.0 62.50 0.80
17 4.0x3.0x3.0 18.00 141
18 4.0x4.0x5.0 40.00 0.97
19 4.0x4.0x5.5 44.00 0.96
20 4.0x5.5x5.5 60.50 1.00
21 3.0x5.5x7.0 57.75 0.89
22 2.0x2.0x2.0 4.00 1.14
23 4.0x3.0x3.0 18.00 1.16
24 3.0x3.0x3.0 13.50 0.88
25 5.0x5.0x4.5 56.25 0.90
26 4.0x4.5x4.5 40.50 091
27 2.0x2.0x2.0 4.00 091
28 4.0x4.0x4.0 32.00 1.24
29 4.0x4.5x4.5 40.50 1.07
30 7.3x3.0x2.1 23.00 1.04
31 4.0x4.5%5.5 49.50 1.66
32 7.0x5.0x5.0 87.50 1.06
33 7.0x5.0x5.0 87.50 1.34
34 2.0x3.0x3.0 9.00 1.07
35 9.0x7.0x5.0 157.50 1.09
36 3.0x2.0x2.0 6.00 0.95
37 10.0x7.0x6.0 210.00 1.07
38 3.0x4.5x4.5 30.38 1.18
39 3.0x3.0x3.0 13.50 1.37
40 4.0x4.0x5.5 44.00 1.06

ADC, apparent diffusion coefficient.

1 (2.5%) was slightly enhanced. A total of 39/40 pathologically
proven hypopharyngeal SCCs were diagnosed as hypopharyn-
geal carcinoma according to these observations (Table III;
sensitivity, 97.5%).

In the T1-weighted images of 15 benign hypopharyngeal
lesions, 3 (20.0%) exhibited no abnormal signal, 7 (46.7%)
were hypointense, 4 (26.7%) were hyperintense and 1 (6.6%)
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Table III. Conventional MRI observations in 40 hypopharyn-
geal lesions.

Sequence Signal Patients (%)
TIW
Hyperintense 10 (25.0)
Isointense 17 (42.5)
Hypointense 11 (27.5)
Heterogeneous 2(5.0)
T2W
Hyperintense 38 (95.0)
Isointense 1(2.5)
Heterogeneous 1(2.5)
Contrast-enhanced
TIW
Heterogeneous 15 (37.5)
enhancement
Strong enhancement 24 (60.0)
Slight enhancement 1(2.5)

T1W, T1-weighted.

was isointense. In the T2-weighted images, 14 (93.3%) were
hyperintense and 1 (6.7%) exhibited no abnormal signal. In
the contrast-enhanced T1-weighted MR images, 12 (80.0%)
were strongly enhanced and three (20.0%) exhibited no
enhancement. A total of 5/15 pathologically proven benign
hypopharyngeal lesions were diagnosed as hypopharyngeal
carcinoma. The specificity and accuracy were 66.7 and 89.1%,
respectively.

DWI and ADC values. All 40 hypopharyngeal SCCs exhibited
a high signal in DWI (Fig. 1). The mean ADC value was
(1.03+0.0328)x10* mm?*/sec. The ADCs of all patients who
succumbed to mortality were below the mean ADC value.
The tumor size (diameter and volume) was not significantly
correlated with the tumor ADC value (P=0.996 and P=0.900,
respectively). A total of 10/15 benign hypopharyngeal lesions
(66.7%) exhibited high signals in DWI (Fig. 2). The mean ADC
value (b=1,000 sec/mm?) was (1.53+0.106)x10~* mm?/sec. The
ADC values of hypopharyngeal SCCs were significantly lower
than those of benign lesions (P<0.001; Fig. 3). ROC analysis
revealed that the AUC was 0.921, while the optimal threshold
for the ADC cut-off point was 1.075x10* mm?/sec, resulting in
a sensitivity of 100% and a specificity of 75% (Fig. 4).

The role of DWI and ADC values in identifying metastatic
lymph nodes in hypopharyngeal SCCs. The agreed ADC
values in lesions on metastatic cervical lymph nodes and
reactive cervical lymph nodes were 0.89x10° mm?/sec and
0.91x10* mm?/sec, respectively. Cervical lymph nodes were
detected in 38/40 (95.0%) hypopharyngeal SCCs (Fig. 5). A
total of 25 nodes were proven to be histologically malignant
and 13 were benign. The mean ADC value of metastatic nodes
was (0.918+0.0538)x10~* mm?/sec, significantly lower than the
mean value of the benign nodes [1.2520.115)x10~* mm?*/sec;
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t=3.027; P=0.005). ROC curve analysis revealed that an optimal
threshold value of 1.075x10° mm?*/sec was suggested as the
cut-off point, which results in 69.2% sensitivity and 84.0%
specificity; the AUC was 0.778 with a confidence interval of
0.619-0.938 (P=0.005; Fig. 6).

ADC values, T stage and histological grade. The mean
ADC value of early stage (T,+T,) hypopharyngeal SCCs
was (0.998+0.0367)x10° mm?/sec. The mean ADC value
of advanced stage (T;+T,) hypopharyngeal SCCs was
(1.04+0.0412)x10° mm?/sec. However, this difference was not
statistically significant (P>0.05). The mean ADC values of
cases that were well differentiated, moderately differentiated,
and poorly differentiated were (0.955+0.0590)x10° mm?*/sec,
(1.01+0.0337)x10° mm?*/sec and (1.08+0.0686)x10~* mm?/sec,
respectively. However, these differences were not statistically
significant (P>0.05).

Prognosis and ADC values. Cases were divided into two
groups according to the mean ADC values of hypopharyn-
geal SCCs [=(1.03£0.0328)x10* mm?/sec vs. >(1.03+0.0328)
x10” mm?/sec). The 2-year overall survival rates of the groups
were 55.6 and 100.0%, respectively, a statistically significant
difference (Fig. 7; %*=5.073; P<0.02). According to univariate
analysis, other clinical parameters including age, sex, site
of tumor, T stage, N stage and distant metastasis were not
significant prognostic factors for survivalin hypopharyngeal
carcinoma (P>0.05). However, recurrence and treatment
modalities were prognostic factors for survival in hypopharyn-
geal carcinoma (P=0.016 and P<0.001, respectively). Patients
who received surgical treatment in addition to postoperative
CCR exhibited a better survival rate than those who received
these treatment modalities alone. However, multivariate
analysis indicated that recurrence was the only independent
risk factor for survival in hypopharyngeal carcinoma (P<0.05).

Discussion

DWI has been widely used in the diagnosis, differential
diagnosis and evaluation of cancer differentiation, clinical
stage, outcome, recurrence and metastasis (9-14). Head and
neck cancer occurs at multiple sites, including the oral cavity,
oropharynx and larynx (9,10). In our previous study, ADC
values were revealed to be lower in patients with T, and T,
laryngeal carcinoma [mean, (1.195+0.32)x 10~ mm?/sec] than in
those with laryngeal precancerous lesions [mean,(1.780+0.32)
x10” mm?*/sec; P<0.001] (12). ROC analysis revealed that the
optimum threshold for the ADC was 1.455x10~ mm?/sec, which
may aid in distinguishing laryngeal carcinomas from laryn-
geal precancerous lesions (12). The present study continued to
investigate the value of DWI in the diagnosis of hypopharyn-
geal carcinoma and in predicting its prognosis.

The results of the present study revealed that all 40 hypo-
pharyngeal SCCs exhibited a high signal intensity in DWI.
Furthermore, the mean ADC value of hypopharyngeal SCCs
was lower than that of benign lesions (P<0.001).

These observations were similar to those from our previous
study on early laryngeal carcinoma (12) and to those of other
previous studies on head and neck carcinomas (4,10,15).
Li et al (15) revealed that the mean ADC value of malignant
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Figure 1. Laryngostroboscopy, MRI, DWI and surgical sections from a patient with hypopharyngeal carcinoma. (A) Laryngostroboscopy indicated a mass
in the right pyriform sinus. (B) T1-weighted imaging revealed hypointensityon axial scanning. (C) T2-weighted imaging demonstrated hyperintensity on
axial scanning. (D) Contrast-enhanced T1-weighted MRI indicated strong enhancement on axial scanning. (E) DWI suggested hyperintense lesions in the
right pyriform sinus (b=1,000 sec/mm?). (F) The apparent diffusion coefficient value was 0.447x10~* mm?*/sec. (G) Surgical section. The tumor diameter was
~4.0x5.0 cm. MRI, magnetic resonance imaging; DWI, diffusion-weighted magnetic resonance imaging.

A

Figure 2. Laryngostroboscopy, MRI and DWI from a patient with a hypopharyngeal ulcer. (A) Laryngostroboscopy indicated an ulcer in the right pyri-
form sinus. (B) T1-weighted imaging revealed hypointensity on axial scanning. (C) T2-weighted imaging demonstrated hyperintensity on axial scanning.
(D) Contrast-enhanced T1-weighted MRI indicated strong enhancement on axial scanning. (E) DWI suggested hyperintense lesions in the right pyriform
sinus (b=1,000 sec/mm?). (F) The apparent diffusion coefficient value was 1.56x10~* mm?/sec. MRI, magnetic resonance imaging; DWI, diffusion-weighted
magnetic resonance imaging.
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Figure 3. Box and whisker plots demonstrating ADC values for hypopha-
ryngeal carcinomas and hypopharyngeal benign lesions. ADC values were
lower in patients with hypopharyngeal carcinoma [mean, (1.03+0.0328)
x10” mm?/sec] than in patients with hypopharyngeal benign lesions
[(1.53+0.106)x10* mm?/sec; "P<0.001). Horizontal line, median values;
bottom of the box, 25th percentile; top of the box, 75th percentile; whiskers,
smallest and largest values excluding outliers; small circle, outliers. ADC,
apparent diffusion coefficient.
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Figure 4. ROC curve analysis of hypopharyngeal carcinomas and hypopha-
ryngeal benign lesions revealed that the area under the curve was 0.921 while
the optimal threshold for the apparent diffusion coefficient cut-off point was
1.075x10~ mm?/sec, resulting in a sensitivity of 100% and a specificity of
75%. ROC, receiver operating characteristic.
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Figure 5. MRI and DWI in a patient with metastatic cervical lymph nodes
of hypopharyngeal carcinoma. (A) T1-weighted imaging on axial scanning
revealed hypointensity. (B) T2-weighted imaging on axial scanning demon-
strated hyperintensity. (C) DWI indicated hyperintense lesions in the left
cervical lymph node (b=1,000 sec/mm?). (D) The apparent diffusion coef-
ficient value was 0.904x10* mm?s. MRI, magnetic resonance imaging; DWI,
diffusion-weighted magnetic resonance imaging.

lesions of the tongue [(1.08+0.16)x10° mm?*/sec] was lower
than that of benign lesions [(1.68+0.33)x10* mm?/sec] and
cystic lesions [(2.21£0.35)x10° mm?*/sec; P<0.001]. ROC
analysis revealed that the AUC was 0.963 and the optimal
threshold for the ADC cut-off point was 1.31x10”* mm?/sec
for predicting malignancy (15). A meta-analysis investigating
DWI as a tool for differentiating malignancy from benign
thyroid nodules undertaken by Wu er al (9) revealed that
DWTI sensitivity was 0.91 (95% CI, 0.86-0.94), specificity was
0.92 (95% CI, 0.84-0.97), and ROC curves demonstrated that
AUC was 0.94 (95% CI, 0.92-0.96), indicating a high level
of overall accuracy. A systemic review by Driessen ef al (10)
demonstrated that the accuracy range of DWI was 66-86% in
the detection of primary head and neck squamous cell carci-
noma (HNSCC). The mean of the ADC values in malignant
lesions was significantly lower than that in benign lesions (4).
This may be due to increased cell density, which restricts
diffusion thereby decreasing ADC values in malignant
lesions (4,6). Driessen et al (10) investigated the association
between the ADC values of laryngeal and hypopharyngeal
carcinomas and histopathological observations. A significant
inverse correlation was observed between ADC values and
cell density, nuclear area and the nuclear-cytoplasmic ratio,
and a positive correlation was observed between ADC values
and percentage area of the stroma (10). However, there is no
standard ADC value that may be used as an optimal threshold
for differentiating malignant lesions from benign lesions in the
head and neck region (4,6,10,12). The wide variation in ADC
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Figure 6. (A) Box and whisker plots demonstrating the ADC values of meta-
static cervical lymph nodes and reactive cervical lymph nodes. ADC values
were lower in patients with hypopharyngeal carcinoma [mean, (0.918+0.0538)
x10° mm?*/sec compared with those with hypopharyngeal benign lesions
[(1.25+0.115)x10* mm?/sec; "P=0.005]. Horizontal line, median values;
bottom of the box, 25th percentile; top of the box, 75th percentile; whiskers,
smallest and largest values excluding outliers; small circle, outliers. (B) ROC
curve analysis of metastatic cervical lymph nodes and reactive cervical
lymph nodes revealed that an optimal threshold value of 1.075x10° mm?*/sec
was suggested as the cut-off point, resulting in 69.2% sensitivity and 84.0%
specificity. The area under the curve was 0.778 with a confidence interval of
0.619-0.938 ("P=0.005). ADC, apparent diffusion coefficient; ROC, receiver
operating characteristic.

thresholds may be due to multiple factors, including different
b-values, field strengths, pathological types and delineation
methods (4.,6).

The present study revealed that ADC values were not
correlated with tumor size. This observation was similar to that
of McVeigh et al (16), who observed no correlation between
ADC values and tumor volumes in cervical cancer. However,
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Figure 7. Patients were separated into two groups according to the mean of the
ADC value of the hypopharyngeal carcinoma [<(1.028520.0328)x 10 mm?/sec
vs. >(1.0285+0.0328)x10~* mm?*/sec]. The 2-year survival rates of the two
groups were 55.6 and 100.0%, respectively. This difference was statistically
significant (3*=5.073; "P=0.024). ADC, apparent diffusion coefficient.

Husby et al (17) observed that ADC values were negatively
correlated with tumor volume in endometrial carcinomas,
suggesting that tumor volume reflects tumor progression and
prognosis in endometrial carcinoma. The difference in the
aforementioned results may be due to the various measure-
ment methods used and the different b-values.

Another important feature of DWI is that ADC values
may aid in detecting metastatic lymph nodes in patients with
HNSCC (3,4,18,19). In the present study, 25 cervical lymph
nodes were proven to be histologically malignant and 13 nodes
were benign. The mean ADC value of metastatic nodes was
significantly lower than that of benign nodes (P=0.005). ROC
curve analysis revealed that an optimal threshold value of
1.075x10° mm?/sec was recommended as the cut-off point,
resulting in 69.2% sensitivity and 84.0% specificity; the AUC
was 0.778 (95% CI, 0.619-0.938; P=0.005). Additionally,
Pekcevik er al (18) analyzed 33 patients with 53 metastatic
lymph nodes of HNSCC. The mean ADC values for nodal
metastases of nasopharyngeal carcinomas were significantly
lower than those for nodal metastases of laryngeal carci-
nomas. Zhong et al (3) observed that 48 nodes were proven to
be histologically malignant in 30 patients with HNSCC and
17 nodes were benign. The mean ADC value of the metastatic
nodes (0.849x10 mm?/sec) was significantly lower than that
of the benign nodes (1.443x10~* mm?*/sec; P<0.05). ROC curve
analysis revealed that the AUC was 0.83 and the optimal
threshold value was 0.960x10* mm?*/sec, resulting in 89.58%
sensitivity, 76.47% specificity and 86.15% accuracy. The
aforementioned study also revealed that DWI with ADC value
measurements may be more accurate than CT perfusion for
the preoperative diagnosis of cervical lymph node metastases
in patients with HNSCC (3). In oral squamous cell carcinoma
(OSCCQ), 21 nodes were proven to be histologically malignant
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in 25 patients with OSCC and 30 nodes were reactive (18).
The mean ADC value of the metastatic nodes [(0.702+0.197)
x10 mm?*/sec] was lower than that of the benign nodes
[(1.037£0.149)x10* mm?/sec; P<0.05). ROC curve analysis
revealed that the AUC was 0.887 and the optimal threshold
value was 0.887x10”° mm?/sec, resulting in 93.33% sensitivity,
80.95% specificity and 88.20% accuracy (18). However,
Lim et al (20) revealed that the mean ADC does not discrimi-
nate benign from metastatic cervical lymph nodes in patients
with HNSCC and non-necrotic, small lymph nodes. The
aforementioned study also suggested that metastatic small
foci in lymph nodes did not create sufficient architectural
change to affect ADC values. However, the patients included
in the study were examined using different MRI scanners
(1.5-T, 3-T) (20). Sumi et al (21) observed the opposite results
to those of the present study; higher ADC values in metastatic
nodes than in benign lymphadenopathy (21). This discrepancy
may be due to the number of necrotic regions within the
metastatic nodes (21). Taken together, these data suggest that
further large-scale studies focused on discriminating benign
from metastatic cervical lymph nodes using ADC values
are required.

In the present study, univariate analysis revealed that the
mean ADC value was associated with the prognosis of patients
with hypopharyngeal carcinoma. However, no significant
correlation was observed between the mean ADC value and
the prognosis of patients with hypopharyngeal carcinoma
according to multivariate analysis, and the only independent
risk factor for survival was recurrence. Similarly, in other
types of cancer, Zhang et al (14) revealed that high ADC values
were a good prognostic indicator in 541 patients with nasopha-
ryngeal carcinoma (14). Hatakenaka et al (22) revealed found
that ADC values were an independent prognostic indicator in
cases of HNSCC treated with radiotherapy. Yoshida et al (23)
also revealed that low ADC values (<1.10x10° mm?/sec) were
significantly associated with shorter cancer-specific survival
of patients with upper urinary tract cancer. However, certain
studies have reported that ADC values were not associated
with survival of patients with HNSCC who were treated
with radiotherapy (24,25). The reason for these contradic-
tory results remains unclear. Hatakenaka er al (22) assessed
possible reasons and proposed that ADC values calculated
from different b-values may have an effect. For example, ADC
values of 0 and 1,000 sec/mm? are not significantly associ-
ated with overall survival in patients with HNSCC treated
with radiotherapy. In the aforementioned study, patients
with a higher ADC value (0-200 sec/mm?) exhibited a rela-
tively good prognosis, while those with a lower ADC value
(300-1,000 sec/mm?) exhibited a favorable prognosis (22). It
was suggested that the spatial distribution of photons in cancer
cells is heterogeneous; certain cancer cells with low ADC
values were critically damaged following radiotherapy, while
other adjacent cells were not (22). These critically damaged
cells prevented chemical substances from diffusing to adjacent
cancer cells and resulted in damage to the adjacent cancer
cells and radio sensitivity. There may also be a converse
effect in those cancer cells with high ADC values (22). The
present study revealed that ADC values were not associated
with T stage or histological grade, observations with were
similar to those of previous reports (23,26). Recently, it has
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been suggested that a histogram of ADC values may better
reflect ADC heterogeneity. Certain studies have demonstrated
that ADC histograms may be associated with T stage and
prognosis of certain types of solid cancer (27-29). Therefore,
future studies should investigate the association between ADC
histograms and prognosis in HNSCC.

The present study has certain limitations. To begin with, the
present study incorporated a small sample size with relatively
short follow-up periods. Additionally, only advanced-stage
hypopharyngeal carcinoma was investigated. Furthermore,
multiple b-values were not used to calculate ADCs. Finally, the
present study was retrospective in nature, resulting in unavoid-
able bias. Therefore, large-scale prospective multi-center
studies are required for further study.

In conclusion, ADC values may discriminate hypo-
pharyngeal carcinomas from benign lesions and may also
discriminate metastatic lymph nodes of hypopharyngeal SCCs
from reactive cervical lymph nodes. Furthermore, mean ADC
values may be a useful prognostic factor in univariate analysis.
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