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PURPOSE
We aimed to evaluate the apparent diffusion coefficient (ADC) values of metastatic lymph nodes in
patients with squamous cell carcinoma (SCC) of the head and neck.

METHODS

Patients with metastatic lymph nodes underwent 1.5 Tesla diffusion-weighted magnetic reso-
nance imaging (MRI). The ADC values of the histologically proven metastases were evaluated retro-
spectively and mean ADC values were compared using one-way analysis of variance test. Receiver
operating characteristic analysis was performed to identify ADC threshold values.

RESULTS

We included 33 patients (27 males, 6 females; mean age, 60.7 years) with 53 metastatic lymph nodes
in the study. Mean ADC values for nodal metastases of nasopharyngeal carcinoma (NPC) (n=7), oro-
pharyngeal (n=12), laryngeal (n=27), and hypopharyngeal (n=7) carcinoma were (0.810+0.158)x10*
mm?/s, (0.985£0.099)x 103 mm?/s, (1.037+0.150)x 103 mm?/s, and (0.948+0.081)x10° mm?/s, respec-
tively. The mean ADC values of nodal metastases of NPC were significantly lower than ADC values
of laryngeal carcinoma (LSCC) (P = 0.002). An ADC value less than 0.890x10* mm?/s was found to
facilitate differentiation of NPC from LSCC with a sensitivity of 71% and specificity of 85% (area under
the curve, 0.852).

CONCLUSION

The mean ADC values showed significant differences between nodal metastases of NPC and LSCC.
Considering SCCs as a single group may affect the accuracy of ADC-based differentiation. Location
of the primary tumor should be taken into account and cutoff values should be determined sepa-
rately for each anatomical location.

iffusion-weighted imaging (DWI) has the potential to characterize and differentiate

various head and neck carcinomas (1-4). Differentiating nodal metastases of SCC

from other less common tumors of the head and neck is important for treatment
planning. Previous studies have shown that apparent diffusion coefficient (ADC) values may
be used to differentiate metastatic lymph nodes due to SCC from lymphoma (5). However,
the results of some studies indicated that ADC values of SCCs and their nodal metastases
(e.g., poorly differentiated SCC and nasopharyngeal carcinoma) may sometimes overlap
with the ADC values of lymphoma (5-7). Thus, the efficacy of using DWI for differentiation
depends largely on the histologic characteristics of the lymph node.

Approaching all pharyngeal space SCCs as a single homogeneous group may affect the
accuracy of ADC-based discrimination of metastatic lymph nodes due to SCC from other
tumors. Therefore, we aimed to retrospectively evaluate and compare the ADC values of
metastatic lymph nodes from carcinoma of the nasopharynx, oropharynx, larynx, and hy-
popharynx.

Patients

This study was approved by the regional ethics committee. From January 2012 to April
2014, conventional magnetic resonance imaging (MRI) and DWI studies of 33 patients with
histologically proven metastatic lymph nodes due to SCC were included in the study. Of
these, seven had nasopharyngeal carcinoma (NPG; all had non-keratinizing SCC: differen-
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tiated, n=>5; undifferentiated, n=2), six had
hypopharyngeal carcinoma (HPCC; differ-
entiated, n=3; moderately-differentiated
n=3), eight had oropharyngeal carcinoma
(OPCG; differentiated, n=5; moderately dif-
ferentiated, n=2; poorly differentiated, n=1)
and 12 had laryngeal carcinoma (LPCC;
differentiated, n=4; moderately differenti-
ated, n=8). In each patient, all of the nod-
al metastases size criteria for malignancy
(minimum 1 ¢cm short-axis diameter) were
selected and mean ADC values were mea-
sured retrospectively. Not all patients were
treated surgically, but all lymph nodes met
the size criteria of metastases and were bi-
opsy-proven SCC metastases.

Of a total of 42 patients, nine were ex-
cluded due to susceptibility and/or motion
artifacts in DWI that prevented ADC mea-
surements (nodal metastases of the naso-
pharyngeal carcinoma, n=3; hypopharyn-
geal carcinoma, n=3; laryngeal carcinoma,
n=2; oropharyngeal carcinoma, n=1).

MRI technique

All studies were obtained using a 1.5 Tes-
la system (Achieva; Philips Medical Systems)
using a sensitivity-encoding head-neck
coil. All patients underwent convention-
al MRI of the entire neck. Axial fat-sup-
pressed T2-weighted turbo spin-echo MRI
(2500/100 ms repetition time/echo time,
4 mm slice thickness and two signals ac-
quired), axial T1-weighted spin-echo MRI
(477/12 ms repetition time/echo time,
other parameters were the same as for T2
weighted imaging), and contrast-enhanced
T1-weighted MRI were performed.

DWI was performed before contrast-en-
hanced T1-weighted imaging. Images were
obtained in the axial orientation with an
echo-planar imaging sequence. The fol-
lowing parameters were used: repetition

¢ Although apparent diffusion coefficient (ADC)
values have been used to differentiate metastatic
lymph nodes of squamous cell carcinoma (SCC)
from lymphoma, the efficacy of using DWI for
differentiation depends largely on the histological
characteristics of the lymph node.

¢ We compared the ADC values of metastatic
lymph nodes due to SCC of the nasopharynx,
oropharynx, larynx, and hypopharynx and found
significant differences between nodal metastases
of nasopharynx and larynx.

¢ Location of the primary tumor should be taken
into account and cutoff ADC values should be
determined separately for each anatomical
location.

Table. The mean apparent diffusion coefficient values of nodal metastases

Nodal metastases No. of nodes
NPC 7
HSCC 7
0scC 12
LScC 27

ADC (x10° mm?s)

Mean+SD Range
0.810+0.158 0.600-1.0
0.948+0.081 0.870-1.11
0.985+0.099 0.830-1.11
1.037+0.150 0.740-1.40

ADC, apparent diffusion coefficient; NPC, nasopharyngeal carcinoma; HSCC, hypopharyngeal carcinoma; OSCC, oropharyngeal

carcinoma; LSCC, laryngeal carcinoma.

time, 2000 ms; echo time, 75 ms; b values,
0 and 1000 s/mm? field of view, 220 mm;
matrix size, 256x128; slice thickness, 4 mm;
interslice gap, 1T mm; number of signals, 4;
acquisition time, 1-2 min. Parallel imaging
techniques (SENSE) with a reduction factor
of 1 were used. ADC maps were generat-
ed automatically on the operating console
from concurrent images.

Image analysis

Measurements were performed by a
single radiologist on a workstation (Easy
Vision, Philips Medical Systems) in the ax-
ial plane. Tumors were first evaluated on
conventional images. The most solid and/
or homogeneous portions of the lesion,
according to T2-weighted fat-suppressed,
gadolinium-enhanced T1-weighted fat-sup-
pressed, and DWI sequences, were selected
for region of interest (ROl) measurement and
copied to ADC maps. ROI positions were ad-
justed to avoid contamination from adjacent
tissues and exclude geometric distortions.
When necrosis in the signal intensity was ob-
served, at least three small, uniform, round
or oval ROIs were placed on solid areas of
the ADC map and mean ADC measurements
was selected for statistical analyses.

Statistical analysis

For statistical analyses (SPSS 15.0 statistical
software for Windows, SPSS Inc.), nodal me-
tastases of head and neck SCCs were catego-
rized as LSCC, OSCC, HSCC, or NPC. A power
analysis was performed. The total sample
of 53 nodal metastases from 33 patients
achieved 82% power to detect differences.

Because of normally distributed data,
mean ADC values of nodal metastases
were compared with one-way analysis of
variance (ANOVA) test. Post hoc pairwise
comparisons were then performed using
the Bonferroni’s test. In these analyses,
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P < 0.05 was considered as statistical signifi-
cant. Then, receiver operating characteristic
(ROC) analyses were employed to find ADC
threshold values among nodal metastases
of SCC. The mean ADC value that corre-
sponded to the nearest point of the ROC
curve to the top left corner was chosen as
the optimal ADC threshold value for opti-
mizing both sensitivity and specificity in
equal weighting.

Final patient population included 33 pa-
tients (27 males, six females; mean age, 60.7
years) with 53 nodes (Figs. 1-3). The groups
were similar in terms of age and gender.
Mean ADC values for nodal metastases of
each group are outlined in the Table and
displayed in Fig. 4. Upon pairwise compari-
sons, the mean ADC values of NPC were sig-
nificantly lower than the mean ADC values
of LSCC (P = 0.002). The mean ADC values
did not show significant differences be-
tween NPC and OSCC (P = 0.062), between
NPC and HSCC (P = 0.399) , between HSCC
and LSCC (P= 0.805), between HSCC and
OSCC (P = 1.000) and between LSCC and
OSCC (P=1.000).

ROC analysis indicated that an ADC
threshold value lower than 0.89x10° mm?/s
may differentiate metastasis of the NPC
from LSCC (sensitivity: 71%, specificity:
85%, area under the curve: 0.852) (Fig. 5).

Discussion

We evaluated ADC-based differentiation
among nodal metastases of SCCs in the
head and neck region and found that the
mean ADC values of NPC were significantly
lower than the mean ADC values of LSCC.
Although some ADC threshold values have
been determined to distinguish metastases
of head and neck SCC from other benign
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Figure 1. a-d. Axial gadolinium-enhanced fat-suppressed T1-weighted image (a) in a 43-year-old male
patient shows carcinoma of the nasopharynx on the right (arrows). Axial fat-suppressed T2-weighted
image (b) demonstrates an enlarged, homogeneous metastatic lymph node at level 2, on the right
(arrow). The lymph node is hyperintense on b=1000 s/mm? DWI (c), and it appears as a hypointense
lesion on the ADC map (d). The ADC value is 0.71x103 mm?/s.

and malignant lymph nodes in this region;
according to our study, considering SCCs as
a single group may affect the accuracy of
ADC-based differentiation (5, 6). Location
of the primary tumor is very important and
cutoff values could be more accurate when
determined separately for each anatomical
location.

NPC is very likely to have lower mean
ADC values than other SCCs due to its his-
tologic characteristics. NPC has histologic
similarities with lymphoma in terms of high
cellular density, absence of keratinization,
and lower levels of necrotic tissue than oth-
er carcinomas (5, 7). Although lymphoma
tends to have lower ADC values, compar-
isons of lymphoma and NPC in the naso-
pharynx and their nodal metastases have
been reported to yield similar ADC values
(5, 7). Thus, using DWI to distinguish NPC

from lymphoma is challenging and may
cause misdiagnosis. According to our study,
itis also challenging and may give incorrect
results, when ADC values are used to differ-
entiate nodal metastases of NPC from those
of OPCC and HPCC.

DWIis increasingly used for nodal staging
and has been shown to be especially useful
in the demonstration of small nodal metas-
tases (8, 9). Differentiation of benign from
malignant lymph nodes was suggested
to be possible using ADC values with cut-
off values of 1.0x10° mm?/s and 0.94x10°
mm?/s (1, 8). The ADC value has also poten-
tial to characterize metastatic lymph nodes
(10-13). The histologic characteristics of a
tumor directly influence its ADC values, and
the different ADC values among metastatic
lymph nodes originating from nasopharyx
and larynx found in our study may be at-

tributable to variations in histologic com-
position and content. Therefore, for DWI to
be used for characterization and differenti-
ation of lymph nodes, location of the tumor
should be considered and comparison of
the mean ADC values should be done for
each anatomical location individually.

Keratinization is a component of the SCC
and reflects desmoplastic stroma infiltrated
by varying numbers of cells. It is considered
to impair water movement and cause a de-
crease in the ADC value (7). Nonkeratinizing
carcinomas, the most common type of NPC,
have solid sheets of cells mixed with lym-
phocytes and plasma cells, and restrict diffu-
sion due to cell density (7, 8). This restriction
of water movement is greater than kerati-
nizing SCC and it is considered the main rea-
son for the lower ADC values in metastatic
lymph nodes due to NPC. All patients in our
study had nonkeratinizing NPC.

Another important factor that may affect
the ADC values is the histologic grade of the
head and neck SCC. This has been investigat-
ed in few studies, and the relation of histo-
logic grade and the ADC value is still unclear
(10, 13, 14). Some investigators suggested
that there were no significant differences
among different histologic grades (10). While
some others suggested that the ADC values
are significantly greater in highly and mod-
erately-differentiated SCCs when compared
to poorly-differentiated SCCs (13). Recently,
a study in a larger patient population with
more homogeneous tumor groups showed
that DWI with high b values (i.e., b=2000 s/
mm?) could differentiate histologic grades of
the head and neck SCC (14). In the present
study, only one patient had poorly-differ-
entiated SCC (one patient with oropharynx
SCC; mean ADC value of nodal metastases,
1.04x10° mm?/s). The rest of the oropha-
ryngeal and all laryngeal and hypopharyn-
geal SCC nodal metastases were either well
or moderately differentiated. Although the
histologic grades of the SCCs were homo-
geneous (either well or moderately differen-
tiated) in our study group, the results could
be different with a patient group that also
includes poorly differerentiated SCC nodal
metastases. Therefore, besides location of
the primary tumor, histologic grade of the
tumor should also be considered on ADC-
based differentiation.

Necrosis also contributes to the cal-
culated ADC value, which increases with
increasing amount of necrosis (15). We ex-
cluded the visible necrotic areas for ADC
measurement and considered solid com-
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ponents for comparisons, as in most pre-
vious studies. However, the resolution of
MRI is insufficient to detect the presence
of micronecrosis, which has been histolog-
ically demonstrated in SCC and lymphoma,
and so could not be excluded (5, 15). In the
present study, the proportion of microne-
crosis may have made some contribution to
evaluation of the differences in ADC values
between nodal metastases of SCC.
Perfusion also has an influence on ADC
values (5, 16). However, by increasing the
diffusion gradient strength (at b values
>100 s/mm?) contribution of the perfusion
effectis reduced considerably. We used high
b values (b=1000 s/mm?), and although the
d effects of the perfusion factor may not have
Histogram 4: 925 been eliminated completely, we feel that it
had little influence on our results.
Positioning ROIs in head-and-neck im-
aging requires experience and familiarity
with DWI. All ADC values in our study were
obtained from the most solid and/or ho-
mogeneous part of the lesion, which was
determined by a radiologist using the cor-
responding fat-suppressed T2-weighted,
contrast-enhanced MRI and DWI. This is the
most commonly accepted method of mea-
surement of ADC values in head and neck
tumors, with acceptable intra- and interob-
server agreement (17). Diffusion-weighted
evaluations should thus be correlated with

Figure 2. a-d. Axial gadolinium-enhanced fat-suppressed T1-weighted image (a) in a 65-year-old male .

patient shows a tumor on the right piriform sinus extending posterior to the pharyngeal wall and larynx morphologic images and endoscopy find-
(arrow). Axial fat-suppressed T2-weighted image (b) demonstrates an enlarged lymph node at level 2, ings until the imaging technique and analy-
on the right (arrow). The lymph node is hyperintense on b=1000 s/mm? DWI (c), and the ADC value is ses are standardized.

0.93x10° mm?/s on the ADC map (d).

Figure 3. a-c. Axial gadolinium-enhanced fat-suppressed T1-weighted image (a) in a 53-year-old male shows a squamous cell carcinoma of the supraglottic
larynx extending cranially to the base of the tounge (arrowhead). There is a necrotic metastatic lypmh node at level 2, on the left (arrow). On b=1000 s/mm? DWI
(b) the lymph node was hyperintense with a central hypointense region that represents necrosis. On the ADC map (c) multiple small, uniform, round region of
interests were placed on solid areas (two of them shown) and mean ADC was selected for statistical analyses.
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Figure 4. The mean ADC values of the nodal metastases due to nasopharyngeal carcinoma (NPC),
hypopharyngeal carcinoma (HSCC), oropharyngeal carcinoma (OSCC), and laryngeal carcinoma
(LSCC). The horizontal bars in the boxes represent mean ADC values. O, outliers.
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Figure 5. ROC curve for the ADC values for discrimination of metastatic lymph nodes due to
nasopharyngeal carcinoma (NPC) from laryngeal carcinoma (LSCC). ADC threshold value, 0.89x10?
mm?/s; area under the curve, 0.852; sensitivity, 71%j; specificity, 85%; P = 0.005.

The major limitation of this study was the
relatively small number of patients in each
group. Although power analysis indicated

that the patient number in each group was
adequate to identify statistical significance,
larger cohorts are required to obtain de-

finitive threshold values among metastatic
cervical lymph nodes due to SCC. The re-
sults may not be appropriate for different
centers; thus at present each center should
determine their own cutoff values. Anoth-
er limitation was that not all patients in our
study were treated surgically. Some were
treated with radiotherapy and/or chemo-
therapy. Therefore, the diagnosis of some
lymph nodes were based on biopsy. All pa-
tients with NPC and other SCC patients that
are not candidate for surgery are now treated
with radiotherapy and/or chemotherapy. We
evaluated the patients retrospectively and
included the lymph nodes that had size crite-
ria for malignancy. Our main purpose was to
determine whether there was a difference in
ADC values among them and we did not in-
clude the subcentimeter lymph nodes since
mean ADC value calculation were difficult
with the method we used for DWI. A further
prospective study that includes subcentime-
ter metastatic lymph nodes may be valuable.

In conclusion, the mean ADC values
showed significant differences between
nodal metastases of NPC and LSCC. Con-
sidering SCCs as a single group may affect
the accuracy of ADC-based differentiation.
Location of the primary tumor should be
taken into account and cutoff values should
be determined separately for each anatom-
ical location.
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