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Abstract

Head and neck cancers accounts for maximum number of cancer cases in Indian hospital settings. Involvement
of neck nodes is a very important prognostic factor of its outcome. Differentiation between benign and
metastatic lymphadenopathy often presents a diagnostic challenge with conventional imaging techniques.
Diffusion-weighted imaging (DWI) has emerged as a powerful non-invasive imaging technique that is capable
of characterisation of these lesions as benign or malignant with the help of apparent diffusion coefficient (ADC)
maps. Aim: The aim of this cross-sectional study was to determine the diagnostic accuracy of DWI to
differentiate benign from malignant cervical lymph nodes in head and neck tumours, subsequently confirming
the results using histopathology as the reference standard. Materials and Methods: The cross-sectional study
was conducted on 60 patients of either age or sex with enlarged neck lymph nodes over a period of 2 years,
subsequently these patients underwent DW MRI imaging followed by histopathology of either neck dissection
specimen or core biopsy or US guided FNAC as a part of the study. Results: Out of 60 patients, 41(68.33
percent) cases came out as malignant and 19 (31.67 percent) cases came out as benign. The results obtained
were 36 true positives, 4 false positives, 15 true negatives and 5 false negatives. The overall sensitivity of DWI
for differentiating malignant from benign cervical lymphadenopathy was 87.80% with specificity of 78.95%.
The positive predictive value and negative predictive value were 90.00% and 75.00% respectively. The best
ADC threshold value for distinguishing benign and malignant nodes was 1.005 x 10> mm*/sec. Conclusion:
DWI is an important tool to differentiate benign vs malignant lymphadenopathy and helps in guiding the
clinician to treat these nodes accordingly.

Keywords: Diffusion Weighted Imaging (DWI), cervical lymphadenopathy in head and neck tumours, ADC
values, Histopathology reference standard.

Introduction

Head and cancer represents one of the most
common cancers worldwide. More than 90% of
head and neck cancers are squamous cell
carcinomas (HNSCC) that arise from the mucosal
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surfaces of the oral cavity [1]. Lymphatic spread to
regional lymph nodes is seen early in the course of
disease [2,3]. The Lymph nodal tumour spread is
the most important prognostic factor in Head and
neck tumours. Thus, there is an increasing need for
a non-invasive technique to differentiate benign
from malignant cervical lymphadenopathy. Various
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modalities that can be used for this purpose are
ultrasound (US), computed tomography (CT) and
conventional magnetic resonance imaging (MRI).
Although localization and characterization of Head
and neck lesions have been well defined by CT and
MRI, these conventional methods perform poorly
in assessment of lymph node metastasis [4,5].
SPECT (single photon emission CT) and PET
(photon Emission tomography) are new imaging
techniques which supply functional information,[6-
8] but they are expensive, not available in all health
care centers and provides low spatial resolution.

DW imaging is a MR technique that depicts
molecular diffusion, which is the brownian motion
of water protons in biologic tissues [9]. It can be
used to calculate ADC values of tissues in the
region of interest [10]. As different type of tissues
shows different ADC values, this variation in ADC
values can be used as some important diagnostic
criteria for differentiation of benign from malignant
cervical lymphadenopathy [10,11].

The aim of this cross-sectional study was to define
the diagnostic accuracy of DWI to differentiate
benign from malignant cervical lymph nodes.

Material and Methods

This study was performed in The Department of
Radiodiagnosis, Rajindra Hospital, G.M.C. Patiala.
In this cross-sectional study, a total of sixty patients
of either age or sex with enlarged neck lymph
nodes were considered over a period of 2 years,
subsequently these patients underwent DW MRI
imaging followed by histopathology of either neck
dissection specimen or core biopsy or US guided
Fine needle aspiration cytology (FNAC) as a part
of the study. Institutional approval for conducting
the study was obtained. Informed consent was
taken from all the subjects before starting the study.

Inclusion criteria

1. Patients with enlarged neck nodes.

2. Patients giving consent for MRI imaging and
histopathology examination (Either by core
biopsy or neck dissection or FNAC)

Exclusion criteria

1. Patients with metallic implants.
2. Claustrophobic patients.
3. Patients not giving consent
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The permission for conducting the study was
obtained from institutional review board.

M.R. Imaging Technique- All the studies were
performed by 1.5-T superconductive scanner
(Siemens 1.5T Magnetom Aera MRI machine). A
standard receive-only head and neck coil was used
for both conventional imaging and diffusion-
weighted MR imaging to include nodes from the
base of the skull to the suprasternal notch. We first
performed routine conventional MRI sequences
followed by diffusion- weighted imaging of these
patients. After localiser images in axial, coronal
and sagittal planes, conventional images including
T1-weighted images (600/15 repetition time
ms/echo time ms) and T2-weighted turbo spin echo
images (4000/100) were obtained in the axial and
coronal planes, with a section thickness of 3—4 mm,
an interslice gap of 1 mm, a field of view (FOV) of
240 mm and a flip angle of 150° Diffusion-
weighted images were obtained in the axial plane
with 5 mm slice thickness, 1 mm interslice gap,
FOV 250 mm, repetition time/echo time 5500
ms/70 ms.

The diffusion sensitising gradient was applied in all
three orthogonal planes (X, Y, Z) using b values (0
and 800 mm?%sec.). The ADC map was
automatically reconstructed by a standard software
imager in the main console. The ADC was
measured by manually placing regions of interest
on the ADC map.

MRI Interpretation- The lymph nodes were
characterised on the basis of internationally
accepted standards for evaluating anatomic
imaging data. First, the morphological features of
each lymph node of interest were recorded.

Lymph nodes were considered suspicious for
metastasis if they showed one of these
morphological characteristic-

a) Lymph node with minimal axial diameter
>1.5cm.

b) Round shape of lymph nodes.

¢) Any size or shape with spiculated or irregular
margins.

d) Heterogenous signal intensity on T2 weighted
images.

Secondly, the DW images and their corresponding
ADC maps were analyzed in consensus at a picture
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archiving and communication system workstation.
The lymph nodes were localized on the images
obtained with a b value of 0 mm?sec. For
quantitative assessment, regions of interest were
placed in the lymph nodes identified on the b 0
images, and the software automatically copied
these regions onto the other b value images. ADC
maps generated from DWI were used for the
measurement of ADC values.

The nodal ADC value was obtained by drawing a
region of interest (ROI) covering the solid portions
of the pathologic nodes in the sections in which it
was present and averaging the results. In this study,
we excluded the necrotic areas from analysis to
avoid a false high ADC values due to the low
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The results of the measurements on MRI were
compared with the results of the histopathology
examination which were used as the reference
standard.

Statistical analysis- Data were statistically
described in terms of mean * standard deviation
(£SD), and range, or frequencies (number of cases)
and percentages when appropriate. For comparing
categorical data, Chi square (y2) test was
performed.  Sensitivity, specificity,  positive
predictive value (PPV) and negative predictive
value (NPV) were calculated. Positive Differences
in ADC findings between benign and malignant
Iymphadenopathy were calculated on the basis of
P-value using SPSS 16 version.

amount of intact tumoral cells.

Results

A Total of 60 patients were included in the study. Out of 60 patients, 41(68.33 percent) cases were malignant
and 19 (31.67 percent) cases were benign. 24 patients with metastatic lymphadenopathy included in the present
study were males with commonest age distribution of 41-55 years.

Size was found to be some statistically significant criteria in our study with larger size comprising of more
number of malignant cases. About 48 nodes were 1.5 cm or more in diameter; 31 malignant and 17 benign
Lymph nodes while 12 nodes were less than 1.5 cm in diameter; 10 malignant and 2 benign LNs. In our study
18(30 percent) cases with round shape and 10 (16.66 percent) cases with lobulated shape came out to be
malignant. While 14(23.34 percent) cases with oval shape came out as benign lymphadenopathy.

Irregular margins were seen in 16(26.66 percent) patients with malignant lymphadenopathy and none with
benign lymphadenopathy. This feature was found to be statistically significant with a p value 0f<0.01. Irregular
margins when present was a feature of malignancy.

Among the malignant lymphadenopathy group (n=41), 21 nodes exhibited homogenous solid architecture
(35%) and 20 nodes exhibited heterogeneous architecture of the parenchyma (33.33%). Among the benign
lymphadenopathy group (n=19), 11 nodes (18.33%) exhibited homogenous solid architecture while 8
cases(13.33%) showed heterogenous architecture of the parenchyma . These changes in nodal architecture were
well depicted on T2-weighted images. Presence of necrosis was seen in 20(33.33 percent) patients with
malignant lymphadenopathy and 8 (13.34 percent) patients with benign lymphadenopathy. However presence of
necrosis was not statistically significant in our study.

Tablel: DWI (B VALUE = 800 mm?/sec).

DWI Benign Malignant
No. of Patients Percentage No. of Patients Percentage
Absent 15 25.00 5 8.33
Present 4 6.67 36 60.00
Total 19 31.67 41 68.33
Chi Square 26.033
P value <0.001
Significance Highly significant (HS)
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Diffusion restriction was seen in 36 (60 percent) patients and not seen in 5 (8.33 percent) patients with
malignant lymphadenopathy. Out of 19 cases of benign lymphadenopathy, 4 cases showed presence of diffusion
restriction. Diffusion restriction came out as statistically highly significant predictor of malignancy with p value
of <0.001(Tablel).

Table-2: Apparent diffusion coefficient (ADC) Value.

Mean . epe
(x1 0~ mm? /sec) S.D P Value Significance
Benign 1.28 0.273
<0.001 HS
Malignant 0.89 0.241

The mean ADC value for benign lymphadenopathy came out to be 1.28x 10 mm?sec with a S.D. of 0.273 and
ADC value for malignant 1lymphadenopathy came out to be 0.89x 10> mm%/sec with a S.D. of 0.241. Above
values were found to be statistically highly significant with a p value of <0.001. (Table 2)

In our study after radiological analysis, 38 (63.33 percent) cases comes as malignant and 22 (36.67 percent)
cases were benign.

Table-3: Histopathological Diagnosis

Histopathological Diagnosis Number of Patients | Percentage
Reactive lymphadenitis 12 200
Benign
Chronic Granulomatous inflammation 7 11.67
Well-Differentiated 11 1833
Squamous cell
carcinoma Moderatel y-differentiated 8 1333
(SCO)
Poorly-Differentiated 5 8.33
Hodgkin lymphoma (HL) 7 11.67
Malignant Lymphoma
Non-hodgkin lymphoma (NHL) 6 100
Papillary carcinoma thyroid 2 3.33
Others Mucoepidermoid carcinoma parotid gland 1 1.67
Malignant fibrous histiocytosis (MFH) 1 1.67
Total 60 100.0

In our study, after histopathological analysis we divided the examined lymph nodes into 2 categories: malignant
lymph nodes 41 cases (68.33 %) and benign lymph nodes 19 cases (31.67%).

Benign lymphadenopathy were further subdivided as 12 cases of reactive lymphadenitis and 7 cases of chronic
granulomatous inflammation.

Malignant lymphadenopathy were further subdivided as SCC (Well differentiated 11 cases, moderately
differentiated 8 cases and poorly differentiated 5 cases), lymphoma (HL 7 cases and NHL 6 cases) and others
(Papillary carcinoma thyroid 2 cases, Mucoepidermoid carcinoma of parotid 1 case and MFH 1 case). (Table 3).
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Table-4 : Statistical Analysis.

Parameters Result
Sensitivity 87.80 %
Specificity 78.95%

PPV 90.00 %
NPV 75.00 %

All benign cases were considered as true negatives and all malignant cases were true positives.

Out of 60 patients, after radiological evaluation, 38(63.33 percent) cases came out as malignant and 22 (32.67
percent) cases came out as benign. The results obtained were 36 true positives, 4 false positives, 15 true
negatives and 5 false negatives. The sensitivity and specificity were 87.80% and 78.95 percent respectively for

predicting nodal metastasis. The positive predictive value and negative predictive values were 90.00% and
75.00%, respectively. (Table 4)

Table-5: Area under curve.

Area under Curve

Area P value

0.834 <0.001

ROC Curve

Sensitivity

u T T T
o.o o.= o o.s o.= 1.0
1 - Specificity

Diagonal segments are produced by ties.

The best ADC threshold value for distinguishing benign and malignant nodes was 1.005 x 10~ mm?%sec. The
area under the curve was 0.834 (p < 0.001) when receiver operating characteristic (ROC) curve of the ADC
value was used for the differentiation of benign from malignant lymph nodes (Table 5).
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Figure (E)
A 55-year-old man with bilateral enlarged neck lymph nodes. (A) Transverse TIWL (B) Transverse T2ZWI.
Lymphadenopathy in bilateral IV and V levels. (C) Transverse DWI image obtained with a b factor of 800 s/
mm? shows high signal intensity of bilateral lymphadenopathy. (D) Transverse ADC map shows that the ADC
value of the mass is 0.48 x 10~ mm?/sec. (E) Histopathology shows Non Hodgkins Lymphoma.
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Figure (E)

A 63-year-old woman with bilateral enlarged neck lymph nodes more on right side at level II. (A) Axial
TIWI showing a large isointense level II LN. (B) Axial T2WI demonstrating the LN heterogenous signal. (C)
DW image at a b-value of 800 s/ mm? shows enlarged hyperintense nodes at level II on both sides(more on
right). (D) ADC map. Low signal of the LN which measured 0.77 x 10° mm?/sec is seen, in keeping with a
metastatic lymphadenopathy. (E) Histopathology reveals Poorly differentiated SCC.

Discussion

Head and neck tumours includes tumours arising
from a variety of sites in the upper aero-digestive
tract. Metastatic involvement of neck lymph nodes
is a frequent finding for these tumour types and has
a major prognostic impact on patient survival [12].

For this reason, accurate detection of nodal
metastases is mandatory to optimise the treatment
plan. Diffusion weighted imaging, due to its ability
to probe the tumoral microstructure, its short
acquisition time, its high repeatability, and safety
given the absence of intravenous administration of
contrast medium is the reliable noninvasive tool to
differentiate between benign and metastatic lymph
nodes in patients with Head and neck tumors. This
cross-sectional study was conducted in The
Department of Radiodiagnosis, Rajindra Hospital,

G.M.C. Patiala. It consisted of a total of sixty
patients of either age or sex with enlarged neck
lymph nodes and other complaints related to head
and lesions over a period of 2 years. The present
study was carried out to determine the diagnostic
accuracy of DW MRI to differentiate benign from
malignant cervical lymph nodes.

Our study had been conducted on 60 patients. The
prevalence of metastatic lymphadenopathy was
seen predominantly in older age groups with
majority of subjects being males. Rekha et al [13]
found that the highest incidence of HNSCC was
seen within the age group of 51-60 (P < 0.001)
with a male predominance pattern.

31 out of 60 patients (56.66 %) in our study with
nodal size >1.5 cm had positive lymph nodes.
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Thus, nodal size >1.5 cm favours the diagnosis of
metastatic lymphadenopathy. Positive correlation
was seen in the study done by Bondt et al (14).
They observed a specificity of 92% for the
diagnosis of metastatic lymph nodes if the size of
node was more than 10mm.

In the present study, 10 positive nodes were also
seen with lymph nodal size <1.5 cm indicating that
even smaller nodes can harbour metastasis.
Corroborating results were shown in a study done
by Berkel et al [15]. They found that metastatic
Iymph nodes with a minimal axial diameter smaller
than 10 mm comprised 58% of all malignant nodes.

In the present study, amongst the metastatic lymph
nodes, 19 (31.66 percent) cases had round shape
and 10 (16.67 percent) cases had lobulated shape of
lymph nodes, while 12 (20.00 percent) cases had
oval shape. The difference was found to be
statistically significant. It was determined that
round shape of lymph nodes favored lymph nodal
metastasis. Takes et al [16] (1998) also found
round shape of lymph node as an important marker
for determination of cervical nodal metastasis.
Similar results were also seen in the study done by
Bondt et al[14] (2009) i.e. aratio less than 2, like in
round lymph nodes versus elliptical lymph nodes,
was indicative of metastatic disease.

In the present study, irregular margins were seen in
16 out of 41 malignant cases and none out of 19
benign cases of cervical lymphadenopathy. This
difference showed high statistical significance (P
value- 0.001). It was concluded that presence of
irregular margins favoured metastasis. Similar
results were seen in the study done by
Vandecaveye et al [5] in 2009.

They mentioned that an irregular contour was
apparent in only the enlarged metastatic lymph
nodes and in a limited number of enlarged benign
Iymph nodes. Positive correlation was also seen in
a study conducted by Sumi et al [17] (2006). They
concluded that nodal margins blending into the
surrounding tissue were found in 58% of metastatic
nodes. Irregular margins were also found in some
lymphomas (23%) but were rarely observed in
benign nodes (9%).

In the present study, out of 41 cases of malignant
lymphadenopathy, 20 cases showed heterogenous

Original Research Article

and 21 cases showed hyper intense signal intensity
on T2WI. While out of 19 cases of benign
lymphadenopathy, 8 cases were heterogenous and
11 cases were hyper intense on T2W1L

Heterogenous  signal  intensity was  the
morphological feature found predominantly in
metastatic lymph nodes. This corroborated with the
study done by Sumi et al [17] (2006) in which
exhibited  heterogeneous
architecture of the parenchyma on T2-weighted

metastatic nodes

MR images. Positive correlation was also seen in
the study done by de Bondt et al (14), they
concluded that heterogeneous signal intensity on
T2-weighted images contributed significantly to the
prediction of the presence of metastatic lymph
nodes.

In our study nodal necrosis was seen in 20 cases of
malignant lymphadenopathy and 8 cases of benign
Iymphadenopathy. Positive correlation was seen in
a study done by Ding et al [18] (2005). They
concluded that central nodal necrosis was seen in
76 nodal levels at MR images, which were proved
pathologically as metastatic. Similar results were
seen by Sumi et al [19]. Central nodal necrosis was
reported to occur in 32% of metastatic nodes.

Diffusion weighted imaging was done in all
patients in our study. Presence or absence of
diffusion restriction was noted. Mean apparent
diffusion coefficient (ADC) was calculated from
the solid part of the nodal lesions avoiding the
necrotic areas.

Diffusion restriction was seen in 35 out of 41
malignant lymph nodes with resultant low signal on
ADC maps and 7 out of 41 cases showed absence
of diffusion restriction which contributed for False
negative cases. This finding corroborated with the
findings of study done by Jin Zhong et al [20].

They found out that on DWI, 43/48 metastatic
Lymph nodes showed high signal intensity,
whereas on the black and white flip images they
presented as low signal. Whereas benign nodes
showed low signal on DWI. Similar results were
seen in the study done by Singh et al [21] in 2015.
They found out that on diffusion images, 26/47
patients with malignant lymph nodes showed
restricted diffusion on DWI with low signal
intensity on ADC maps.
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In our study 15/19 cases with inflammatory
diseases, lymph nodes showed reduction of signal
intensity on increasing b values (b =800) and
intermediate signal intensity on ADC maps
reflecting facilitated diffusion. 4/19 cases of benign
Iymphadenopathy, diagnosed as reactive lymphoid
hyperplasia and chronic granulomatous infection
showed increased signal on increasing b-values
(false positive). Similar results were obtained by
ElSaid et al[22] (2014). They stated that in 4/8
cases with inflammatory diseases, lymph nodes
showed reduction of signal intensity on increasing
b values (b = 1000.) and intermediate signal
intensity on ADC maps reflecting facilitated
diffusion. In 4/8 cases of benign lymphadenopathy,
diagnosed as reactive lymphoid hyperplasia and
chronic granulomatous infection showed increased
signal on increasing b values (false positive).

In our study the mean ADC value for benign
lymphadenopathy was 1.28x 10-3 mm?2/sec with a
S.D. of 0.273 and ADC value for malignant
lymphadenopathy came out to be 0.89x 10-3
mm?2/sec with a S.D. of 0.241. The mean ADC
value of malignant nodes was lower than the mean
ADC value of benign nodes.

The difference between the mean ADC values of
benign and malignant lesions was statistically
significant (P <0.0001). It was determined that
ADC value of cervical lymph nodes is useful for
differentiation of malignant from benign cervical
Iymph nodes. ElSaid et al [22] (2014) reported a
threshold ADC value 1.005 x 10-3 mm2/sec for
differentiating malignant from benign nodes.

These results were comparable to the study done by
Perrone et al (23). They found out that the mean
ADC value of malignant nodes was about 0.85 x
10-3 mm2/sec, the mean value of benign nodes was
1.448 x 10-3 mm?2/sec; this difference was
statistically significant (p < 0.01). The best
threshold value was 1.03 x 10-3 mm?2/sec,
obtaining a sensitivity of 100% and a specificity of
92.9%. Similar findings had been illustrated by
Zhong et al (20). They found out that the mean
ADC value of metastatic nodes was approximately
0.849 x 10-3 mm?2/sec (range: 0.738 x 10-3
mm2/sec—0.960 x 10-3 mm2/sec), lower than the
mean value of the benign nodes (1.443 x 10-3
mm?2/sec, range: 1.037 x 10-3 mm2/sec—1.849 X
10-3 mm?2/sec).
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In our study 4 false positive cases with low ADC
values were seen, which were proved to be benign
on histopathological examination. Wang et al[24]
(2001) did a study which showed similar results.
They found out that in benign lymph nodes, a false
decrease in ADC may correlate with the presence
of nodal reactive changes that manifest as multiple
germinal centers and fibrotic stroma, which act as
microstructural barriers.

In our study, after histopathological analysis we
divided the examined lymph nodes into 2
categories: malignant lymph nodes 41 cases
(68.33%) and benign lymph nodes 19 cases
(31.67%). Benign lymphadenopathy were further
subdivided as 12 cases of reactive lymphadenitis
and 7 cases of chronic granulomatous
inflammation. Malignant lymphadenopathy were
further subdivided as SCC (Well differentiated 11
cases, moderately differentiated 8 cases and poorly
differentiated 5 cases), lymphoma (HL 7 cases and
NHL 6 cases) and others (Papillary carcinoma
thyroid 2 cases, Mucoepidermoid carcinoma of
parotid 1 case and MFH 1 case).

Corroborating results were seen in the study
conducted by Abish et al [25] in which according
to histopathological results the patients were
divided into 10 patients with benign neck
Iymphadenopathy (lymphadenitis), 12 patients with
metastasis from head and neck cancer (7 patients
with well and moderately differentiated and 5
patients with poorly differentiated carcinomas) and
13 patients with nodal lymphoma (6 were non-
Hodgkin and 7 were Hodgkin lymphomas).

Limitations of the study: If we put ADC region of
interest (ROI) on necrotic part of malignant 1ymph
node, it gives high ADC value which contributes to
false negative cases. T2 heterogeneity is a feature
of malignant lymphadenopathy but we can see this
even in benign lymphadenopathy in case of
necrosis. Smaller size (<1.5cm) favours the benign
Iymphadenopathy, however even smaller nodes are
seen harbouring metastasis.

Conclusion

The Lymph nodal tumour spread is the most
important prognostic factor in Head and neck
tumours. The choice of work up and management
highly depends on the extent of lymph node
metastases. Therefore, detection of neck lymph

International Journal of Medical Research and Review

Available online at: www.ijmrr.in 1012 | Page



December, 2017/ Vol 5/Issue 12

Print ISSN: 2321-127X, Online ISSN: 2320-8686

nodes and their differentiation into benign or
malignant are important especially in patients with
head and neck cancer for staging, treatment
planning and follow-up of cancer. Mean apparent
diffusion coefficient (ADC) was calculated from
the solid part of the nodal lesions avoiding the
necrotic areas. In our study the mean ADC value
for benign lymphadenopathy came out to be 1.28x
10 mm?sec with a S.D. of 0.273 and ADC value
for malignant lymphadenopathy came out to be
0.89x 10~ mm*/sec with a S.D. of 0.241.

The mean ADC value of malignant nodes was
lower than the mean ADC value of benign nodes. A
threshold ADC value 1.005x 107 mm%sec for
differentiating malignant from benign nodes was
used. So, ADC is an important tool in
differentiating benign vs malignant lymphade-
nopathy.
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