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Abstract
Purpose Our aim is to determine the impact of the size of ROI in detecting subcentimeter metastatic lymph nodes in patients with
head and neck squamous cell carcinoma (HNSCC). Secondary aim is to determine the impact of the histopathologic grade of the
primary cancer on the ADC value of the metastatic nodes.
Methods The prospective study included 51 patients with histopathologically proven HNSCC at the primary site. Primary site
includes oral cavity, oropharynx, larynx, and hypopharynx. ADC values of the lymph nodes were measured on ADC maps by
placing two ROIs in the lymph nodes (0.2 cm2 in the center of the node and the whole node). Lymph nodes were dissected by
levels, marked by the surgeon, and sent to the pathologist.
Results By applying a smaller ROI, ADC values have greater sensitivity, specificity, NPV, PPV, and AUC in detecting metastasis
compared to the ADC value of the entire node (88.0%, 80.73%, 90.7%, 75.9%, 0.912% versus 80.0%, 77.98%, 85% ,71.4%, and
0.819%, respectively) p < 0.001. Statistically significant negative correlation was established between the tumor grade and the
ADC of lymph node at ROI 0.2 cm2and ROI of the whole lymph node (rho = − 0.425; p = 0.002, and rho = − 0.298; p = 0.038,
respectively).
Conclusion ROI size affects the ADC value of the nodes. The higher histopathological grade of the primary tumor is inversely
correlated with the ADC value of the lymph nodes
Keywords Head and neck squamous cell carcinoma . Lymph nodes . MRI . DWI . ROI

Introduction
Squamous cell carcinoma accounts for 90% of all head and
neck cancers that develop from the stratified squamous epithelium of the oral cavity, pharynx, and larynx. The annual
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incidence of head and neck squamous cell carcinoma
(HNSCC) in the world is around 600,000, while annual mortality is around 350,000 [1]. Men are affected more often than
women. Alcohol and smoking are well-known risk factors.
The therapeutic approach depends on the stage of the disease, which is determined by clinical examination and diagnostic imaging methods. In clinical practice, CT, MRI, ultrasound fine needle aspiration (US-FNAC), and PET-CT are
imaging modalities used for the assessment of HNSCC and
cervical metastasis. The existence of cervical lymph node metastases is one of the most important prognostic factors in
patients with HNSCC. The size of the lymph node is a guideline for treatment options. Lymph nodes larger than 10 mm are
generally considered suspect for metastasis and therefore
scheduled for neck dissection [2]. Small metastatic deposits
in lymph nodes do not always enlarge lymph nodes which is
why subcentimeter metastatic lymph nodes can be missed.
Metastasis has been confirmed in 34–51% of prophylactic
neck dissection and 58–69% of therapeutic neck dissection
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[3][4]. Several studies have found that diffusion-weighted
MRI can differentiate between metastatic and benign enlarged
lymph nodes in HNSCC [5–9]. However, DWI in detecting
subcentimeter metastasis remains controversial and under debate. For the establishment of the ADC values of the nodes,
most of the studies have applied a region of interest (ROI) of
the entire node or a part of the lymph node that is not necrotic
[5, 10]. As the lymph node consists of the cortex and the
hilum, there is a different distribution of the lymphoid cells
and lymph fluid within the node. Since the central part of the
normal lymph node is looser than the cortex, centrally high
ADC can be seen [11]. Study from Park et al. also suggest that
ROI selection has a significant effect on the ADC values of the
normal nodes, as ADC of normal lymph nodes substantially
increased when the hilum was included within the selected
ROI [12].
Degree of differentiation of the HNSCC is a significant
predictor of locoregional failure and tumor recurrence.
Several studies have investigated the correlation between
ADC value and the histopathological grade of the primary
HNSCC with unclear results. We could not find any study that
investigated the correlation between the histopathological
grade of the primary HNSCC and the ADC value of the nodes.
Our main aim is to determine the impact of the different
size of the ROI in distinguishing metastatic from benign
subcentimeter lymph nodes in patients with HNSCC.
Our secondary aim is to determine the impact of the histopathological grade of the primary tumor on the ADC value of
the primary tumor and metastatic lymph nodes.

Methods and materials
The prospective study was approved by the local ethics committee. All patients signed an informed consent form. From
December 2017 to January 2019, the study design was presented to 62 patients with histopathologically proven HNSCC
at the primary site and negative neck upon palpation. Four
patients refused to participate in the study. Two patients were
claustrophobic and could not be scanned. Five patients had
dental implants with strong artifact and were thus excluded
from the study. The rest of the 51 patients were included in the
study. After clinical examination of all patients, the existence
of squamous cell carcinoma of the oral cavity, pharynx, and
larynx was verified by hematoxylin and eosin stain.
All patients were scheduled for surgical treatment of the
primary tumor including neck dissection. The surgical procedure and histopathological analysis were done at the same
institution. Patients with palpable metastases of the neck, previously operated or radiated, patients with inoperable
HNSCC, and patients who developed disseminated disease
were excluded from the study. The study included only the
nodes with short-axis diameter ranging between 4 and 9 mm.

Preoperative MRI was performed in all patients from the
base of the skull to the apex of the lungs on Siemens Espree
1.5T system. Sequence parameters were as follows: T1 sagittal
(voxel size 1.0 × 1.0 × 4.0 mm, distance factor 10%, FoV 250
mm, slice thickness 4 mm, TR 700 ms, and TE 12 ms), STIR
coronal (voxel size 1.2 × 0.9 × 4.0 mm, distance factor 30%,
FoV 280 mm, slice thickness 4.0 mm, TR 6990 ms, and TE 64
ms), STIR axial (voxel size 1.2 × 0.9 × 4.0 mm, distance factor
10%, FoV 280 mm, slice thickness 4.0 mm, TR 7530 ms, and
TE 64 ms), T1 axial (voxel size 1.0 × 0.7 × 3.0 mm, distance
factor 10%, FoV 100 mm, slice thickness 3.0 mm, TR 759 ms,
and TE 25 ms), T2 axial (voxel size 0.9 × 0.7 × 3.0 mm,
distance factor 10%, FoV 230 mm, slice thickness 3.0 mm,
TR 7850 ms, and TE 82 ms), T1 fat saturated axial (voxel size
1.0 × 0.7 × 3.0 mm, distance factor 10%, FoV 230 mm, slice
thickness 3.0 mm, TR 1260 ms, and TE 25 ms), diffusionweighted MRI, contrast-enhanced T1 fat saturated axial, and
T1 fat saturated coronal (voxel size 1.0 × 0.8 × 3.0 mm, distance factor 10%, FoV 250 mm, slice thickness 3.0 mm, TR
7850 ms, and TE 82 ms).

Diffusion-weighted MRI
Diffusion-weighted MRI was performed using the following
protocol: spin echo-planar imaging (EPI) sequence, TR 7600
ms, TE 90 ms, 3 b values (0, 500, and 1000 s/mm2), FoV 380

Table 1

Descriptive statistics of selected patients and lymph nodes

Male gender, n (%)
Positive family history, n (%)
Comorbidity, n (%)
Cigarette smoking, n (%)
Alcohol overuse, n (%)
Primary tumor site
Oral cavity, n (%)
Oropharynx, n (%)
Larynx, n (%)
Hypopharynx, n (%)
Tumor grade
1, n (%)
2, n (%)
3, n (%)
Positive histopathology findings, n (%)*
Age (years), median (IQR)
Tumor size (mm), median (IQR)
Lymph node size (mm), median (IQR)*
Primary tumor ADC ROI 0.2, median (IQR)
Primary tumor ADC, median (IQR)

38 (74.5)
25 (49.0)
16 (31.4)
35 (68.6)
33 (64.7)
25 (49.0)
10 (19.6)
11 (21.6)
5 (9.8)
5 (9.8)
21 (41.2)
25 (49.0)
77 (41.2)
62.0 (56.0–69.0)
23.0 (15.0–30.0)
6.0 (5.0–8.0)
0.84 (0.75–0.94)
0.95 (0.85–1.00)

Lymph node ADC ROI 0.2, median (IQR)*
Lymph node ADC, median (IQR)*

0.95 (0.82–1.11)
0.98 (0.86–1.12)

*Out of total number of lymph nodes, n = 184
IQR, interquartile range
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Table 2

T stages of primary tumors, histopathological N stage of the neck and proportion of positive necks for metastasis

Oral cavity
Oropharynx
Larynx
Hypopharynx

n* (%)

T1 n (%)

T2 n (%)

T3
n (%)

T4 n (%)

N1*
(%)

25 (100)
10 (100)
11(100)
5 (100)

6 (24)
1 (10)

9 (36)
4 (40)
5 (45)

5 (20)
4 (40)
6 (55)
4 (80)

5 (20)
1 (10)

8(88)
3(60)
6 (100)
1(25)

1(20)

N2b*
(%)

N2c*
(%)

P** n (%)

1(11)

9 (36)
5 (50)
6 (55)
4 (80)

2(40)
3(75)

n* number of patients
N1*, N2b*, N2c* histopathological N stage
P** proportion of the patients positive for neck metastasis

mm, matrix 128 × 128, slice thickness 4.0 mm, and voxel 2.0
× 2.0 × 4.0 mm. ADC maps were automatically generated
from diffusion-weighted images. MRI images were analyzed
by neuroradiologist with 5 years of experience of reading head
and neck MRI. Lymph node level was chosen by drainage
pathway and expected dissection site. Lymph nodes with a
diameter greater than 9 mm and lesser than 4 mm, as well as
necrotic lymph nodes, were excluded from the study. Among
the 202 lymph nodes fulfilling the size criteria, 15 were excluded due to central necrosis and 3 were excluded due to low
quality of the ADC map. Finally, 184 lymph nodes in 51
patients were included in the study.

size of the small ROI to be placed in the center of the node. To
reduce partial volume artifacts on ADC values, we chose the
slice on ADC maps with the largest diameter of the nodes. For
a second ROI, we decided to select the slice with the largest
diameter of the node on ADC maps and we manually drew
ROI around the whole lymph node. ADC values of the primary tumors were measured by taking the slice with the largest diameter of the tumor and assessing two ROIs. First, we
placed a small ROI within the solid part of the tumor and
another manually drawn ROI around the whole tumor. For
each ROI, we used mean ADC for calculation (ADCmean).
The ADC values were expressed as N × 10−3 mm2/s.

ROI selection and image interpretation

Radiological-histopathological correlation

ADC values of the lymph nodes were measured by placing
ROI in the lymph nodes on ADC maps. As we wanted to
determine the impact of the size of the ROI on the ADC value,
we decided to use two ROI size. Our intention was to target
the hilum using a small ROI. The smallest short-axis diameter
of the nodes was 4 mm, so we chose 0.2 cm2 as the optimal

All patients underwent primary tumor resection and elective
prophylactic neck dissection of level I to III at oral carcinoma,
and level II–IVat the carcinoma of the pharynx and larynx. To
ensure that the lymph node seen on MRI images was the same
one surgically removed, each lymph node level was mapped
separately on Styrofoam to simulate the anatomical

Table 3 ROC curve analysis and
cut-off parameter for lymph node
ADC values (ROI 0.2 and whole
lymph node) regarding positive
histopathological findings

Area under the curve (AUC)
95% CI
z statistics
p value
Youden index J
Criteria
Sensitivity
95% CI
Specificity
95% CI
Negative predictive value
95% CI
Positive predictive value
95% CI

Lymph node ADC ROI 0.2

Lymph node ADC whole node

0.912
0.861–0.948
18.65
< 0.001
0.69
≤ 0.927
88
78.4–94.4
80.73
72.1–87.7
90.7
84.0–94.8
75.9
68.0–82.3

0.819
0.756–0.872
9.73
< 0.001
0.58
≤ 0.963
80
69.2–88.4
77.98
69.0–85.4
85
78.1–90.0
71.4
63.3–78.4
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Table 5 Correlation coefficient between ADC values of lymph nodes
and histopathological grade of primary tumors
Grade
ADC ROI 0.2

ADC whole node

ADC primary tumor, ROI 0.2

ADC whole tumor

Fig. 1 Differences between ROC curves for ADC ROI 0.2 cm2 and ROI
of the whole node. The ROC curve for ADC ROI 0.2 cm 2 has
significantly higher values (by 9.25%) than the ROC curve for ADC of
the entire lymph node (p < 0.001)

configuration of the neck. Size of the nodes and their relation
to adjacent reference structures was used to achieve
radiological-histopathological correlation. All measured
lymph nodes were categorized by anatomical position, labeled
by the surgeon, and sent to the pathologist. Both radiological
and histopathological analyses were done blindly of each other and correlated after all measurements were recorded. Only
lymph nodes with radiological and histopathological correlation were included in our study. Results of the histopathological analysis were described as positive or negative for metastasis. Histopathological grade of the primary cancer was described as grade 1 (well-differentiated), grade 2 (moderately
differentiated), and grade 3 (poorly differentiated).

Correlation coefficient
P
N
Correlation coefficient

− 0.425
0.002
49
− 0.298

P
N
Correlation coefficient
P
N
Correlation coefficient
P
N

0.038
49
−0.111
0.533
34
− 0.213
0.227
34

determine threshold values, i.e., the values that best discriminate negative from positive lymph nodes. Binary logistic regression was used for calculating odds ratio (OR). Spearman
correlation analysis was used to establish a correlation between histopathological grade of primary tumor and ADC
values. p < 0.05 was considered as statistically significant.

Results
Descriptive statistics of selected patients and lymph nodes are
shown in Table 1. Study included 51 patients and 184 nodes.
Majority of patients, 74.5%, were men. Median (interquartile
age) of all participants was 62.0 (56.0–69.0) years. Family
history for carcinoma was positive in 25 (49.0%) patients,

Statistical analysis
Statistical analysis was performed using MedCalcStatistical,
Software version 18.11.3.
For demographic data, we used descriptive statistics.
Receiver operating characteristic (ROC) curve was used to

Table 4 Diagnostic odds ratio for lymph node ADC levels in predicting
unfavorable event (positive histopathological findings for metastasis)
OR

ADC ROI 0.2
ADC ROI whole node

30.73
14.96

p

95% CI
Lower

Upper

13.22
7.213

71.44
31.01

< 0.001
< 0.001

Fig. 2 Axial T1-weighted image shows cancer of the left pyriform sinus
(red arrow) and lymph node in level III on the left (black arrow). Case 1:
Patient with squamous cell carcinoma of the hypopharynx
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Fig. 3 DWI (a) and ADC map (b) of the same patient, ROI 0.2 cm2 in the
center of the node. The lymph node shows high signal on DWI (red arrow
in a) and low signal on ADC map (red arrow in b). Measured ADC value

is 0.76 × 10−3 mm2/s. Case 1: Patient with squamous cell carcinoma of the
hypopharynx

comorbidity was present in 16 (31.4%) patients, cigarette
smoking in 35 (68.6%), and alcohol overuse in 33 (64.7%)
patients. Nearly half of all tumors were in the oral cavity 25
(49.0%). The same percentage of tumors was determined histopathologically to be grade 3 (49.0%). Time range between
diagnosis and surgical procedures was 15 ± 7 days. Metastases
were found in 77 nodes (41.2%).
Table 2 shows T stages of primary tumors, histopathological status N stage, and proportion of patients with histopathology proven metastatic lymph nodes regarding primary
tumor location. ROC curve analysis is shown in Table 3.
From ROC analysis, the best cut-off ADC value in the detection of metastatic lymph nodes was ADC ≤ 0.927 (sensitivity
88.0%, specificity 80.73%, NPV 90.7%, PPV 75.9%) for ROI
0.2 cm2. The AUC for ROI 0.2 cm2 was 0.912 (p < 0.001).
Measuring the whole lymph node, the value that best divides
positive from negative nodes was ADC ≤ 0.963 (sensitivity
80.0%, specificity 77.98, NPV 85%, and PPV 71.4%). The
AUC for ROI of the whole node was 0.819 (p < 0.001).
Figure 1 shows the difference between ADC values of the
lymph node for ROI 0.2 cm2 and ADC from the whole node.
The ROC curve for ADC ROI 0.2 cm2 has significantly
higher values (by 9.25%) than the ADC of the entire
lymph node (p < 0.001).

Diagnostic odds ratio for ADC of the lymph nodes in
predicting positive lymph node is shown in Table 4. ROI 0.2
cm2 had two times higher odds than ROI of the whole nodes
(30.73 (95% CI 13.22–71.44) versus14.96 (95% CI 7.21–
31.01)), p < 0.001 indicating better clinical usability of ADC
ROI 0.2 cm2.
Statistically significant negative correlation was
established between the tumor grade at the primary site and
the ADC of lymph node at ROI 0.2 cm2 and ROI of the whole
lymph node (rho = − 0.425; p = 0.002, and rho = − 0.298; p =
0.038, respectively). Well and moderately differentiated
HNSCC had higher ADC values in metastatic lymph nodes
than poorly differentiated ones. There was no statistically significant correlation between ADC values and histopathology
grade of primary tumors (Table 5).

Fig. 4 DWI (a) and ADC map (b) of the same patient, ROI of the whole
node. The lymph node shows high signal on DWI (red arrow in a) and
low signal on ADC map (red arrow in b). Measured ADC value of the

whole node is 0.85 × 10−3 mm2/s. Case 1: Patient with squamous cell
carcinoma of the hypopharynx

Discussion
Short-axis diameter greater than 10 mm on axial CT and MRI
images is the generally used rule for detecting metastases. The
size of the lymph nodes varies according to the neck level and
it is very difficult to define optimal size criteria. Small metastatic deposits in lymph nodes do not always enlarge lymph
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Fig. 5 Axial T1-weighted image shows lymph node in level IIb on the
left (red arrow). Case 2: Patient with squamous cell carcinoma of the
tongue

nodes, and nodes larger than 10 mm are often benignly enlarged due to reactive changes and inflammation [13].
In the recent decade, MRI with DWI has shown promising
results in head and neck imaging.
Few studies have investigated the value of DWI in the
detection of small lymph nodes. Lim et al. in their study did
not establish a statistically significant difference between the
ADC values of benign and metastatic lymph nodes with a
diameter of less than 11 mm, although not without some
limitations—the study was retrospective, and MRI devices
used had different field strengths (1.5 T and 3 T) [14]. To
avoid this in our study, all patients were examined on the same
device and the study was entirely prospective with special
attention paid to matching the lymph node on the ADC map
with the histopathological sample. Likewise, ROIs in their
study were drawn freehand over the lymph nodes containing
the entire lymph node at every section and mean ADC
values were automatically calculated. The Vandecaveye
et al. study showed that ADC values were lower in
metastatic subcentimeter lymph nodes compared to benign lymph nodes and they also used ROIs of the entire
lymph nodes [5]. Study from Dirix et al. found the

lower ADC values of subcentimeter metastatic compared
to benign lymph nodes using ROIs that were drawn
freehand around the whole node [15]. As seen, previous
studies have mostly applied ROI of the entire node.
Few studies have found that size of ROI affects ADC
values. Study from Bilgil et al. had shown that different size
of ROI affects ADC values in brain lesions [16]. Study from
Zhang et al. had the same conclusion for breast lesions [17].
Herneth et al. from their study suggest that smaller ROIs frequently produce unreliable ADC values, especially if the volume of the ROI is less than the voxel size [18]. Sun et al.
exclude effect of the size of the ROI on ADC measurements
in differentiation of pleomorphic adenoma, Warthin tumor,
and normal parotid parenchyma [19]. Study from Park et al.
suggests that fatty hilum has impact on higher ADC values of
the benign lymph nodes [12]. In our study, we presumed that
in metastatic lymph nodes, the central part of the node would
have lower ADC values compared to the fatty hilum of the
benign lymph nodes due to a malignant infiltration of the
hilum. For that reason, we placed one small ROI within the
central part of the node while the second ROI was manually
drawn around the whole node. Small necrotic areas of the
lymph nodes that are not visible on T1 and T2 sequences
can affect the ADC values which are higher in necrotic areas
[10, 18]. In HNSCC, as the metastatic lymph nodes enlarge,
there is a higher chance of necrosis and micronecrosis, so the
expectation in subcentimeter lymph nodes is that chances for
necrosis would be lower. Accordingly, ROI of the entire node
will show slightly higher ADC value than the ADC value
measured within the small central part of the node, as we
confirmed in our study. Using small ROIs within the central
part of the nodes, we achieved higher AUC, sensitivity, and
specificity in detecting metastasis in comparison to ROI of the
whole lymph nodes. Examples are shown in Cases 1 and 2
(Figs. 2, 3, 4, 5, 6, and 7).
Degree of differentiation of HNSSC has an impact on the
prognosis of the patient. Therefore, it is important for clinicians to determine the histopathologic grade of the HNSCC in
terms of treatment strategy. HNSCC is graded as well, moderately or poorly differentiated. Patients with poorly

Fig. 6 DWI (a) and ADC map (b) of the same patient, ROI 0.2 cm2 in the center of the node. The lymph node shows high signal on DWI (red arrow in a)
and low signal on ADC map (red arrow in b). Measured ADC value is 0.94 × 10−3 mm2/s. Case 2: Patient with squamous cell carcinoma of the tongue
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Fig. 7 DWI (a) and ADC map (b) of the same patient, ROI of the whole node. The lymph node shows high signal on DWI (red arrow in a) and low signal on
ADC map (red arrow in b). Measured ADC value of the whole node is 0.95 × 10−3 mm2/s. Case 2: Patient with squamous cell carcinoma of the tongue

differentiated HNSCC are more likely to develop regional and
distal metastasis [20].
Histological grading of HNSCC takes into account the degree of keratinization, cellular and nuclear pleomorphism, mitotic activity, pattern of invasion, and the hosts’ immune responses [21]. Since poorly differentiated HNSCC has little
keratinization within the cytoplasm in comparison with welldifferentiated HNSCC, we presumed that histopathologic
grade affects ADC values. Meada et al. suggest that there is
no significant difference between ADC value in different histologic grades of the HNSCC at the primary site [22]. On the
other hand, the study from Yun et al. suggests that welldifferentiated and poorly differentiated HNSCC at the primary
site differ in ADC values, but significant difference between
moderately differentiated and poorly differentiated HNSCC
was revealed at only b = 2000 [20]. Sumi et al. in their study
suggest that ADC values in metastatic lymph nodes are higher
in well-differentiated and moderately differentiated HNSCC
compared to the lower values from poorly differentiated [6].
In our study, we did not find a statistically significant difference in ADC values of primary tumors regarding histopathological grade, but we did find a statistically significant difference between ADC values of the metastatic lymph nodes from
poorly differentiated primary HNSCC compared to those of
well-differentiated and moderately differentiated HNSCC, irrespective of the ROI size. Why our results showed a difference in ADC values of lymph nodes, but not of primary tumors is uncertain. As stated earlier, presence of necrosis impacts ADC value. Poorly differentiated HNSSC are prone to
necrotic intratumoral changes, which leads us to the conclusion that poorly differentiated HNSCC at primary site could
have higher ADC values than expected. Small diameter of the
lymph nodes usually excludes necrosis so ADC values could
be more precisely measured. However, studies with
more patients and nodes are needed before we can reach
a conclusion on this matter. Also, as study from Yun
et al. suggest, b value has a great impact on ADC
value, which is why more studies with uniform and
high b values are needed, as well.
The limitation of our study is a relatively small number of
patients scheduled for neck dissection while being negative

for palpable neck masses. HNSCC metastasis early so patients
often present with palpable mass of the neck. The second
important limitation is a small number of lymph nodes per
patient. Due to the small diameter of the nodes, radiologicalpathological matching was difficult so only verifiable nodes
were selected. The result was only 2–3 nodes per patient. All
other nodes were excluded from the study.

Conclusion
ROI size affects the ADC value of the nodes. By applying a
smaller ROI, ADC values have greater sensitivity, specificity,
AUC, NPV, and PPV in identifying metastases compared to
the ADC value of the entire node. ADC values of the metastatic lymph nodes correlate inversely with primary tumor
histopathologic grade.
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