THE EUROPEAN SOCIETY OF MEDICINE

Published 31 July 2026 Medical Research Archives, Volume 14 Issue 7

ORIGINAL RESEARCH

Dynamic Contrast-Enhanced and Diffusion-Weighted MRI
Biomarkers for Differentiating Metastatic from Nontumorous
Neck Lymph Nodes in Head and Neck Cancer

Gergely Lerant, MD'?, Balint Torok, MD'?, Peter Sarkozy?, Ferenc Oberna MD, Phd*?, Erika Toth,
MD, Phd>?, Maria Godeny MD, Phd, DSc'?

ABSTRACT @ OPEN ACCESS

Background: In daily practice of the management of head and neck tumors, it is often very challenging
to separate nontumorous neck lymph nodes from metastatic nodes via imaging. The aim of our study
was to assess the potential role of dynamic contrast-enhanced magnetic resonance imaging and
diffusion-weighted magnetic resonance imaging to help distinguish nontumorous neck lymph nodes
from metastatic nodes in patients with head and neck cancer so that neck node dissection can be
selective rather than elective.

Methods: A total of 47 nodes, 12 nontumorous nodes and 35 metastatic lymph nodes, were examined
retrospectively. After clinical examination, the patients underwent head and neck multiparametric
magnetic resonance imaging, including standard T1-weighted and T2-weighted sequences and
functional dynamic contrast enchanced-MRI and diffusion weighted-MRI measurements, too. After
multiparametric magnetic resonance imaging, the nodes, which were difficult to locate on ultrasound
mainly due to their size, underwent a magnetic resonance imaging/ultrasound fusion imaging. All the
examined nodes were easily identifiable on nonfusion ultrasound. Fine-needle aspiration biopsies,
along with core biopsies in some, and surgical samples in some others were obtained from these
nodes. Time intensity curves were generated from the dynamic contrast enchanced-MRI sequence,
and various curve parameters were analyzed. The apparent diffusion coefficient (ADC) values were
calculated from the DW-MRI sequence. The results were analyzed using various statistical methods.

Results: Several DCE-MRI parameters significantly differed between the nontumorous neck lymph
nodes and the metastatic nodes. Although apparent diffusion coefficient values were not
significantly different between nontumorous neck lymph nodes and metastatic nodes, metastatic
nodes had lower apparent diffusion coefficient values while nontumorous neck lymph nodes had
higher apparent diffusion coefficient values.

Conclusion: Although morphological imaging and biopsies remain the gold standard for analyzing
neck lymph nodes in patients with head and neck cancer, according to our study and existing
literature, multiparametric magnetic resonance imaging can be used to further characterize
nontumorous neck lymph nodes and metastatic nodes in vivo and to increase diagnostic accuracy.
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Introduction

Malignant cervical lymph nodes are negative prognostic factors in head and neck cancer’. Early detection
of tumor nodes has great impacts on clinical management and patient life.

Noninvasive imaging techniques such as ultrasound (US), contrast-enhanced CT (CECT) and conventional
magnetic resonance imaging (MRI) sequences can identify enlarged neck lymph nodes. Ultrasound guided
fine needle aspiration (FNA) and core biopsy (FNB) can be used to obtain cytological or histological tissue
samples. However, distinguishing nontumorous neck lymph nodes (NTNs) from metastatic lymph nodes
(MNs) on anatomical imaging remains challenging.

New therapeutic methods (improving radiation therapy (RT) and chemotherapy (ChT)) require better tumor
characterization and prognostic information, along with the most accurate anatomical information. After the
introduction of organ preservation protocols, the role of imaging has become more important. Magnetic
resonance imaging has developed rapidly during recent decades and has opened new perspectives in
oncologic imaging with the implementation of the latest technological advances.

Multiparametric anatomical and functional MRI (MP-MRI) using a high magnetic field strength is useful in
determining tumor-specific MRI biomarkers.

Dynamic contrast-enhanced Magnetic resonance imaging, as a marker of angiogenesis, provides
information regarding vascularization at the tissue level. High-grade and/or advanced-stage tumors are
associated with increased blood volume, increased permeability and increased perfusion, and the data can
be evaluated using semiquantitative or quantitative methods?”.

Diffusion-weighted MRI provides cellular-level information regarding cell density and integrity of the plasma
membrane. Diffusion weighted imaging shows potential in improving the detection of cancer due to its high

specificity and high negative predictive value®'é.

The functional MRl measurements are useful components of high-quality MP-MRI, offering important
biological and molecular supportive information with the aid of high resolution morphological imaging. Our
aim was to gain more information by assessing the diagnostic value of functional MRl in characterizing lymph
nodes in patients with head and neck cancer. Our hypothesis was that DW-MRI (Diffusion-weighted MRI),
based on water diffusion alteration, quantified by apparent diffusion coefficient (ADC) values and DCE-MRI,
and time intensity curves (TIC), might be a helpful tool for distinguishing MNs and NTNs.

Materials and Methods

The inclusion criteria consisted of suspected or proven presence of primary head and neck cancer with
suspicious, clinically uncertain lymph node or nodes. Eight patients were excluded due to severe motion
artifacts on MRI. All 36 patients had at least a strong suspicion of primary head and neck malignancy at the
time of MRI examination, and the vast majority of patients had histologically-confirmed primary tumors.

We retrospectively reviewed a total of 47 head and neck nodes (from May 2019 - January 2024) in this study,
including 12 NTNs and 35 MNs. Each patient was followed up for at least one year.

Multiparametric MRI was performed using a 3 Tesla wide-bore clinical MRI scanner (General Electric
Discovery 750w, Milwaukee, MN, USA), using a high-resolution head-neck (HN) surface coil at a single cancer
institute. Our MR techniques were optimized to increase spatial resolution and maintain an adequate signal-
to-noise ratio (SNR), and the scan time was minimized to reduce motion artifacts.

A 2D spin—echo DW-MRI echo-planar short tau inversion recovery (STIR) imaging sequence (repetition time
(TR) 6130 ms/echo time (TE) minimum, 65-70 ms, inversion time 200 ms) was used with an acquisition matrix
of 240x240 and numbers of acquisitions of 3, 6, and 12 depending on the “b” values. Quantification was
performed using ADC evaluation. To reduce the influence of the perfusion effect on the ADC calculation,
we used higher b values (50, 500, and 1000 s/mm2). The DCE-MRI and DW-MRI sequences were performed
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along with the morphological sequences. After the administration of an intravenous gadolinium-based
contrast agent (GdCA), we obtained the DCE-MRI sequence, which was a fast spoiled gradient echo
sequence (FSPGR) with 18 phases. The whole dynamic measurement took approximately 4 min, with a 4
mm slice thickness.

Overall, 40 slices centered on the suspicious node levels, which were identified using precontrast
morphologic images and clinical data. For the DCE-MRI sequence, the FOV was 240, and a 256x256 matrix
was used. The injection procedure was standardized using a power injector. A needle was inserted into the
antecubital vein, and after baseline scans were obtained, the injection was started. The injection rate was 2
ml/s with a single dosage of 0.1 mmol/kg GdACA. After DCE-MRI measurement, contrast-enhanced T1-
weighted fat saturation sequence (CET1FS) was performed for axial, coronal, and sagittal images. We
applied a FOV of 260, a 320x320 matrix, and a 2 mm slice thickness; in addition, a 3 mm slice thickness was
reconstructed in all three planes. The MP-MRI examination lasted 30 minutes. The imaging data were
transferred to the workstation to obtain the TICs and the ADCs. The region of interest (ROIl) was determined
by two radiologists specializing in head and neck imaging, one with more than 10 years of experience in the
field. The ROl was drawn on the solid part of the node, and obvious necrotic areas were excluded.
Conventional high-quality morphological images were used as an anatomic reference.

The TIC parameters were used to define the time to peak (TTP), time to first peak (TTFP), and first peak
relative height (FPRH). The base signal intensity (Slbase) is defined as the baseline signal intensity. The signal
intensity Max (Slmax) is defined as the maximum signal intensity over the entire measurement. Signal
intensity end (Slend) is defined as the intensity of the signal at the last time slice. The relative maximum
enhancement (RME) is defined as (SImax- Slbase)/(Slbase) x 100, and relative washout (RWQ) is defined as
(SImax-Slend)/(SImax-Slbase) x 100. The example curves are presented in Figure 1/a,b, which shows most
of these parameters.

The use of these biomarkers has been promoted in previous studies®’.

Two additional biomarkers, Attack and Decay, which were first introduced in 2015, were useful for
differentiating TIC curves, along with other dynamic parameters’. Attack represents the area over the curve
(AOC) from the injection time (inject time) to the maximum signal intensity, while Decay represents the AOC
from Slmax to the end time signal intensity. We also introduced the new Attack_full and Decay_full
parameters, which are described in Figure 1/b. The Attack full area and Decay full area shown in Figure 1/b
represent the entire area under the time—intensity curve during the wash-in (attack) and wash-out (decay)
phases, respectively.
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Figure 1/a,b. Example curves showing the TIC parameters

A Mann-Whitney U test was performed on each parameter to identify its statistical significance in
differentiating between the NTN and MN samples. P values are reported after applying the Bonferroni
correction to correct for multiple hypothesis testing. A pair plot was constructed for all the parameters
measured (Figure 2). Box plots were constructed for all the parameters in the study (Figure 3/a). A receiver
operating characteristic curve (ROC) for the ADC was created (Figure 3/b). Descriptive statistics were created
for all the measured and calculated parameters grouped by malignancy (Table 1).

Medical Research Archives | https://doi.org/10.18103/mra.v14i7.7611 4



https://doi.org/10.18103/mra.v14i7.7611

THE EUROPEAN SOCIETY OF MEDICINE

il

DEEEEErE e

Tee
B v g oo

20 Attack Stase
ADC, p=0.133 Attack, p=5.25x10~4 Decay, p=7.20x10 FPRH, p=4.03x10-} Receiver Operating Characteristic for ADC
Positive class: Benign
20 HB ! ze-ﬂ £ £° % 10 % 4
g g £ g 7
g . 2 g 2 54y, 808 e
Rt o v 3 211 R . S -
7
0.0006 0.0008 0.00100.0012 0.0014 0l 02 03 00 o1 02 0.3 100 200 300 0.8 845, 843 =
Altack Decay First peak relative height 2 -
. H s0q, 859, e
RME, p=3.43x10"* RWO, p=9.09x107% Sibase, p=0.159 Slend, p=1.000 2 1 -
s
2 e
7o t—E I—q 7o) :m% ' 7o pB«' 2 06 -
H 2 g g ] -
2 2 Z 2 T -
El 2 2 g E szqpq -
5 ig:}, 3 ,*ﬂ" 2 | EE:: —— ,{:Ei E -
it iy ER F L £ e
& 98, 939 -
W e ®e H ™ pA g T e —— Z 04 2% -
base Signal intensity end 2 -7
& -
Simax, p=6.09x10> TSimax, p=4.02x10°5 TTFP, p=1.000 TIP, p=3.17%10°5 o
-
. 02 -
zo E—.—{ Zoq yﬂ;& ] Zod H} Zo H ' P
H H g £ - ROC curve (area = 0.77)
g H g 2 1200, 99;
5 5 5 5 o 2] —~ Random Guess
0.4
1000 1300 2000 0 100 150 200 EIIEEEEE] 50 100 150 200 00 02 0.4 0.6 08 Lo
Signal intensity max Time ta signal max Time to first peak Time to peak 1 - Specificity (False Positive Rate)

Figure 3/a. Box plots for each parameter Figure 3/b ROC curve for the ADC

Table 1. Descriptive statistics of all measured and calculated parameters; 2 ADC values could not be
measured due to technical issues

Column | Count p-value AUCROC Mean Std Pg:ij:: Nce:g::\;e P;Isei':\;e N;g:at:/e Poss::i]ve Neg:(;(ive
ADC 45 1.33x10{-1} 0,639 0,000821 | 0,00023 35 10 0,000835 | 0,000938 | 0,000155 | 0,000113
Attack 47 5.25x10{-4) 0,9 0,133 0,063 35 12 0,152 0,076 0,06 0,023
Decay 47 7.20x10{-5} 0,943 0,087 0,1 35 12 0,04 0,222 0,04 0,099
FPRH 47 4.03x10(-5} 0,955 106,94 69,498 35 12 77,314 193,349 36,169 72,228
RME 47 3.43x10{-4} 0,91 116,431 68,149 35 12 89,75 194,248 41,812 71,743
RWO 47 9.09x10{-5} 0,938 16,486 13,501 35 12 10,455 34,078 6,279 13,676
Slbase 47 1.59x10{-1} 0,743 698,467 195,07 35 12 736,909 586,346 202,144 120,048
Slend 47 1000 0,521 1282,547 | 234,275 35 12 1284,686 | 1276,306 | 262,104 130,842
Simax 47 6.09x{-3} 0,84 1425,957 | 280,329 35 12 1345,497 | 1660,633 | 262,577 186,652
TSImax 47 4.02x10{-5} 0,955 127,665 67,871 35 12 153,932 51,05 56,689 27,05
TTFP 47 1000 0,652 33,451 18,955 35 12 37,392 21,959 20,143 741
TTP 47 3.17x10{-5} 0,96 107,033 66,747 35 12 133,275 30,493 54,723 28,149
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In the case of MNs, FNA was performed in 23 nodes, core biopsy was performed in 10 nodes, and both
were performed in 4 nodes. 10 lymph nodes were surgically removed, pathologically identified, and
analyzed. The excised lymph nodes were identifiable in the specimen, mainly due to their size (8/10 nodes
were greater than 1.8 cm in diameter). FNA was performed in all 12 NTNs. Although all of the lymph nodes
were correctly identifiable on US, lymph nodes less than 1.5 cm in diameter, mainly in the NTN group,
underwent additional diagnostic method for improved detection. Ultrasound/Magnetic resonance imaging
fusion was performed for lymph nodes less than 1.5 cm in diameter to precisely identify them on US.

Ultrasound/Magnetic resonance imaging fusion is a widely recognized diagnostic tool for several diagnostic
problems, such as identifying and sampling clinically significant lesions in the prostate or indeterminate
nodules in the liver'”'®. Ultrasound/Magnetic Resonance Imaging fusion is a new diagnostic method for the
head and neck, with minimal evidence thus far. (Case examples in supplementary material Figure 4,5,6) In
this fused imaging system, spatial locational information created by a magnetic field generator, which was
remained fixed at the same position, close to the patient’s head, was detected by a position sensor attached
to a linear probe. The locational information was then utilized to synchronously connect the preformed and
selected MR sequence with the US image in real time, which can be followed on the shared screen of the
US device. Magnetic resonance imaging acquisition sequence for US/MRI fusion was an isovolumetric,
native T1-w sequence in the axial plane. It was applied with the described fusion technique. All MRI/US
fusion was performed using a Samsung RS85 Prestige US device. Lymph nodes with a diameter less than
1.5 cm underwent fine needle aspiration (FNA). Lymph nodes greater than 2 cm in diameter underwent core
biopsy with a 16 G needle. Lymph nodes with a diameter between 1.5 and 2 cm underwent either procedure
on a case-by-case basis. While the reliability of FNA is controversial compared to that of core biopsy, similar
accuracies have been reported when the two methods have been used to differentiate nontumorous and
metastatic lymph nodes®.

Results

Each patient was followed up for at least one year. At the end of the follow-up, 23 patients had no signs of
tumorous progression; 5 patients experienced tumor recurrence; 12 patients had died during the interval; 2
patients experienced dissemination; and one patient had a second primary malignancy affecting the lung.
No further information was available for four patients.

Several significantly different DCE-MRI TIC curves were detected between the NTN (n=12) and MN (n=35)
groups, including several statistical wash-in and wash-out parameters.

A pair plot was constructed for all the parameters measured, each pair of parameters is displayed as a
scatterplot, with blue dots indicating benign samples and orange dots indicating malignant samples. The
diagonal of the figure contains the histogram of each parameter (Figure 2).

Box plots were constructed for all the parameters in the study (Figure 3/a). The blue boxes represent benign
samples, and the orange boxes represent malignant samples. Each sample is also plotted in the figures as black
dots to aid in visualizing the distribution. A Mann-Whitney U test was performed on each parameter to identify its
statistical significance in differentiating between the NTN and MN samples. The MNs mainly showed longer
wash-in and less prominent wash-out. The NTNs mainly showed faster wash-in and steeper wash-out.

The most significant DCE-MRI TIC parameter for separating MNs from nontumorous neck lymph nodes was
Decay_full (p=2,91x10"), our newly introduced parameter. Other DCE-MRI TIC parameters that were
significantly different between MNs and nontumorous neck lymph nodes included TTP (p=3,7 x 10®), time
to maximum signal intensity (TSImax p=4,69 x 10°), FPRH (p=4,7 x 107), and decay (p=8,4 x 10°). Attack
(p=5.25 x 10, SImax (p=6,09 x 107), RME (p=3,43 x 10), RWO (p=9,09 x 107), and Decay (p=7,2 x 10%)
were also identified as significant parameters.

All the respective p values are indicated in Figure 3/a, framed with a red outline over each parameter box
plot. P values are reported after applying the Bonferroni correction to correct for multiple hypothesis testing.
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The apparent diffusion coefficient values between the nontumorous neck lymph nodes and metastatic nodes
groups were not significantly different (p>0,05), but the ADC values were lower in the metastatic nodes
group than in the nontumorous neck lymph node group.

A receiver operating characteristic curve (ROC) for the ADC was created (Figure 3/b). The ADC values of
metastatic nodes were typically less than 0.8 x 10 mm?/s while the ADC values of nontumorous neck lymph
nodes were typically greater than 0.8 x 10 * mm?/s (Case examples in supplementary material Figure 7,8,9)

Discussion

Cervical lymph node metastasis in head and neck squamous cell carcinoma is a very important negative
prognostic factor, significantly reducing patient survival?'?2. Management of the neck is complicated in
metastatic head and neck squamous cell carcinoma, involving different combinations of treatment strategies
and needs accurate preoperative evaluation of the cervical lymph nodes. Lymph node characterization
remains challenging as distinguishing metastatic nodes from nontumorous neck lymph nodes is difficult in
daily practice””. The most accurate diagnosis of cervical lymph node metastasis is achieved through
pathological analysis. Magnetic resonance imaging is a well-established modality for performing nodal
staging in HNSCC?#.

In the current literature, functional imaging (DW-MRI, DCE-MRI) is an emerging tool for distinguishing
metastatic nodes from NTNs. These relatively new modalities are also useful for evaluating primary tumors,
posttherapeutic changes, and malignant and benign tumors.

Several studies have investigated DCE-MRI TIC semiquantitative parameters (TIC curves, wash-in, and wash-
out parameters) in head and neck malignancies. Some studies obtained TICs from the primary head and
neck malignant tumors and compared them with postirradiation changes and benign lesions®*>7.

Baba et al.?>® reported that DCE-MRI was useful for distinguishing persistent tumors from postirradiation
fibrosis as it revealed early enhancement and early washout in residual tumors. Furukawa et al.> reported
significantly different DCE-MRI parameters between malignant head and neck tumors and benign tumors.
Differences in DCE-MRI parameters were also detected when malignant lesions were compared to postirradiation
changes. In summary, compared with benign tumors, malignant tumors have parameters indicating delayed
wash-in, such as a longer TTP and delayed or almost no wash-out. Compared with malignant tumors, benign
tumors had faster wash-in parameters, such as shorter TTP, and faster wash-out parameters.

Moreover, studies have used DCE-MRI to compare metastatic lymph nodes with nontumorous nodes. Some
previous studies performed semiquantitative TIC parameter analysis®#? to assess the status of neck lymph nodes.

Fischbein et al.” examined 68 lymph nodes and analyzed the obtained TICs. Both NTNs and MNs enhanced
after intravenous contrast administration. The TTP was longer and the washout rate was lower for MNs. In
contrast, NTNs had shorter TTPs, and their washout rate was determined to be greater than that of MNs.

Cintra et al.? analyzed 33 lymph nodes and reported longer TTPs in NTNs and significantly shorter TTPs in
MNs; however, the wash-out parameters did not significantly differ between NTNs and MNs. The authors
hypothesized that these discrepancies might be due to different image acquisition techniques and contrast
administration methods between the two studies.

Wend| et al.? analyzed 10 nodes with contrast-enhanced US (CEUS) and DCE-MRI. The time intesity curves
of the nodes were also analyzed with CEUS and DCE-MRI. They reported lower TTPs in MNs and prolonged
TTPs among NTNs.

Shuo Yan et al.?’ reported rapid wash-out in typical TICs of NTNs and slower wash-out in typical TICs of MNs.
However, they did not find significant differences among the investigated semiquantitative parameters.
Quantitative parameters, such as the volume transfer constant (K™"), extravascular extracellular volume
fraction (ve) and initial area under the curve (IAUC), significantly (p<0,001) differed between NTNs and MNs.
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Some studies have facilitated the use of quantitative models to assess malignant tumors and neck lymph
node status*®. These studies analyzed quantitative parameters using the Toft and Kermode model.

Lianliang Chen et al.* reported significantly different quantitative parameters, such as K™, v,, and Kep,
among primary tumors, metastatic nodes and normal tissue.

Gaddikeri et al.® summarized the literature on quantitative DCE parameters. Several studies have reported
significantly different ADC values between NTNs and MNs. However, the cutoff ADC value for differentiation
varies widely according to how the image is acquired; therefore, parameters differ across studies. Several
studies reported lower ADC values in MNs; however, the cutoff values for distinguishing MNs from NTNs
differed across the studies” %1313,

Cintra et al.® reported that both MNs and NTNs presented low ADCs, though the difference between them
was not statistically significant.

Hyun Kyung Lim et al."" reported that the mean ADC value cannot differentiate NTNs from MNs in patients
with HNSCC and nonnecrotic, small lymph nodes.

Studies have also reported higher ADC values in MNs than in NTNs'2'*'_|n our study regarding the TIC
curve parameters, we found multiple significant differences between wash-in and wash-out parameters.

Fischbein et al.?* reported similar results for NTNs and MNs. Both the NTNs and the MNs were enhanced
after intravenous contrast agent administration. The TTP was shorter in the NTNs, and the wash-out was
steeper than that in the MNs. Previous studies have provided theoretical explanations. Normal lymphoid
tissue has higher blood flow than squamous cell carcinoma in the head and neck does?, which may explain
these differences. Both previous data and our results indicate that, compared with normal tissue, tumor
tissue has a lower transfer of contrast agent. Angiogenic neovessels are thought to be more permeable than
normal vessels?®*#. According to existing literature, the blood flow of normal lymphoid tissue seems to be
greater, especially if the node is reactive. In our study, almost all the patients had primary tumors in which
reactive lymph nodes were quite common. Another explanation for the MN curves is the presence of necrosis,
and in our cases, especially in the larger MNs, necrosis was present. Our team tried to avoid the obvious
necrotic areas during sampling, but in several cases, this was not completely possible. Necrotic areas are
less perfused and less enhancing than viable malignant tissue is; thus, these areas can alter the results.

Cintra et al.® reported longer TTPs in NTNs and shorter TTPs in MNs, which can be confusing, though the
reason for this difference could be the alteration of image acquisition and contrast administration
techniques. S. Yan et al. reported typical TIC curves of MNs and NTNs similar to our curve, especially
regarding the wash-out parameters?. In our study, several TIC parameters were determined to be
significantly different between NTNs and MNs. Wash-in parameters such as Attack, TTP and TSImax, and
wash-out parameters such as Decay and RWO were significantly different between the groups.

(Case examples in supplementary material Figure 4,9,10) Diffusion weighted imaging and ADC measurements
can be helpful tools for evaluating head and neck cancer. However, in certain cases where inflammation and
necrosis are present, which is quite common in patients with head and neck cancer, the results should be
presented with caution. The ADC along with PET/CT (Case example in supplementary material Figure 11)
can be used to evaluate primary head and neck cancer and occult head and neck primary cancer®.

In the case of the mean ADC value in our neck nodes, we did not find significant differences. However, most
of the MNs were less than 0.8 x 10° mm?/s, and most of the NTNs were greater than 0.8 x 10 mm?/s.

We also found higher ADC values in MNs in some cases. One possible explanation for this phenomenon
might be the presence of necrosis, which we tried to avoid, though on the DW sequences, it can occasionally
be very challenging. Another explanation might be the presence of inflammation, which can be challenging
to assess. Some studies have shown that ADC values are higher in MNs and lower in NTNs'?''_ Other
groups of studies have reported significantly lower ADC values in MNs and higher in NTNs?'%13'> and some
studies did not find any significant differences between MNs and NTNs®'".
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Our study has several limitations that may alter the results. The investigated pool of lymph nodes was too
small to draw definitive conclusions; however, promising tendencies are presented in the results.

Moreover, the MRI sequences used were affected several times by patient movement, which is quite
common among patients treated for head and neck cancer. Not all the lymph nodes had a core biopsy or
surgical histology, as some nodes were analyzed via cytology (FNA). However, as reported previously in
recent literature, the results obtained using core biopsy and FNA are similar®.

Due to the wider coverage of lymph node regions, 18 phases of DCE-MRI were performed, which must be taken
into consideration as well. We used semi-quantitative TIC parameters that are amenable to imaging acquisition
techniques. The quantitative parameters have also been found to be useful in several former papers*.

Conclusion

Most patients with head and neck cancer are treated with combined modalities such as surgery,
radiotherapy, and chemotherapy. As nonsurgical organ-preserving therapeutic modalities (chemotherapy,
chemoradiotherapy, and targeted biological therapy) gain general acceptance, the importance of imaging
for evaluating the actual status has increased. New therapeutic methods (improving radiation therapy and
chemotherapy) require better tumor characterization and prognostic information along with the most
accurate anatomical information.

With respect to dynamic contrast enhanced-MRI and Diffusion weighted-MRI sequences, several studies
have provided promising results for distinguishing nontumorous neck lymph nodes from metastatic nodes,
which could help the radiologist and the clinician to more accurately judge the exact neck nodal status. Our
results are promising even with the aforementioned limitations, though caution must be used when
interpreting the results available in existing literature. Functional MRl is a great tool for assessing neck nodal
status, but until further multicentric studies confirm our results and the results in the literature, high-
resolution anatomic MR imaging and especially US-guided FNA and core biopsy are the gold standards.
Further studies with more nodes are needed to confirm the results from our study and the existing literature.
If the to dynamic contrast enhanced-MRI parameters and the apparent diffusion coefficient values and their
optimal thresholds are confirmed and standardized, with the help of artificial intelligence, the analysis of the
parameters could be easier in routine practice.
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Supplementary:

Case 1. A 42-year-old man with no significant disease except gastroesophageal reflux disease (GERD) and
Barrett's esophagus presented with a painful left mass in the neck, which was verified as a metastasis of an
HPV-positive squamous cell carcinoma using FNA (ADC value: 0.770 x 10 mm?/s). Biopsies from the left
side of the lingual tonsil and the hypopharynx were obtained, and grade 2, HPV-associated squamous cell
carcinoma was histologically diagnosed. A gastroscopy was also performed based on the patient's
symptoms, and low-grade adenocarcinoma was histologically diagnosed based on a thickened wall of the
lower esophagus. Visualization of the local status of the primary head and neck tumor and the lymph node
regions was achieved using MP-MRI (Figures 4,7), which identified an additional suspicious lymph node in
the Il. region of the right side of the neck. The ADC value of the lymph node was 0.920 x 10 mm?/s, and
the TIC parameters and moderate wash-out suggested NTN, according to our box plots. FNA was
performed on the lymph node on the right side using US/MRI fusion (Figure 4). After evaluation, it was
proven to be an NTN. PET/CT scans were performed to exclude distant metastasis (Figure 11).

After the decision of the tumor board, the patient received definitive radiochemotherapy treatments of the
head and neck tumor. Subtotal gastrectomy was performed after neoadjuvant radiochemotherapy due to a
malignant tumor of the lower esophagus. Adjuvant immunotherapy was initiated. To date, PET/CT scans as
well as CT and MRI examinations have shown that the patient is in complete remission of both tumors.

Case 2. A 66-year-old man with no prior history of oncological disease presented with hoarseness. A
hypopharynx mass centered on the left side was identified. A CT scan was performed, and a highly
suspicious lymph node was identified in the left level Il region. Excisional biopsy was performed for the
hypopharyngeal lesion and grade 2 squamous cell carcinoma was verified. A tracheotomy was performed
due to the risk of suffocation. To assess the proper tumor status and to verify what kind of therapy to pursue,
an MR scan was performed. The MR showed local progression in the pharynx compared to the CT scan,
revealing a suspicious lymph node on the right side of the neck as well (Figure 8). The ADC value of the left
lymph node that was almost surely malignant- based on morphology- ADC value was 0.690 x 10 mm?/s,
and the TIC parameters suggested MN. The right smaller lymph node was morphologically uncertain. The
ADC value was 0.830 x 10° mm?/s, and the TIC parameters suggested MN. The TIC curves of both nodes
revealed almost no washout. (Figure 10).

To support therapeutic decision-making, we performed FNA without US/MRI fusion from the enlarged
lymph node on the left side and with the guidance of US/MR fusion (Figure 5) from the normal-sized but
suspicious lymph node on the right side. Both lymph nodes were easily identifiable using US after anatomic
correlation. Samples from both nodes verified metastatic lymph nodes, and the patient underwent
radiochemotherapy afterwards. After 6 months, local progression was described at a different institute.

Case 3. A 43-year-old man with a history of tobacco and alcohol abuse and poor oral hygiene and dental
prostheses reported a painful lesion in the middle third of the right side of his tongue. He had no previous
diseases. An excisional biopsy was obtained.

Histology revealed no dysplasia or any signs of malignancy; however, the lesion was suspicious. MRI
suggested chronic irritation caused by the dental prosthesis- and could not rule out malignancy of the
tongue (Figure 9). MRI also revealed a suspicious lymph node on the right side with a remarkable
inhomogeneity and slightly increased size. The ADC value was 1,1 x 10° mm?/s, and the TIC parameters
and the significant washout suggested NTN.

To rule out malignancy, we performed FNA of the lymph node using US/MRI fusion (Figure é). Cytology
revealed no signs of malignancy, and the diagnosis was NTN. After more than one year of surveillance, no
progression was reported, and the patient had no new disease or progression symptoms. On physical
examination, the neck was normal, with no signs of MN.
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Figure 4. Case 1 MRI scan (a-T1w fat-suppressed DCE axial plane; b- T1w fat-suppressed CE-MRI axial plane), c-TIC,
d- US-MRI fusion and e- US-guided FNA of the patient. A metastatic lymph node is visible on the left side (blue arrow),
and an indeterminate lymph node is visible on the right side (yellow arrow).

Figure 5. Case 2a- In the first row, an image made with US/MRI fusion. b- US-guided FNA of the correlated lymph node
(yellow arrow) is shown. c- In the second row, a metastatic, heterogeneous lymph node is detected d- sampled with
US guidance in B-mode.

Figure 6. Case 3 a- An image of a hypoechogenic lymph node with a thickened cortex on the right side is shown with
US/MRI fusion; b- The lymph node was aspirated with US guidance.
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Figure 7. Case 1 MR image of the patient (a-native T1w axial plane; b-native T2w axial plane; c-T2 STIR axial plane; d-
DWI (b=1000); e-ADC map; f- exponential apparent diffusion coefficient (eADC) map) illustrating an enlarged
metastatic lymph node on the left II. showing restricted diffusion (ADC value: 0.770 x 10-°* mm?/s) blue arrow and an

indeterminate lymph node on the right side (ADC value: 0.920 x 10-* mm?/s) yellow arrow requiring more evaluation.
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Figure 8. Case 2 MRI scans of the patient in the first row (a- native T1w axial view, b-DWI (b=1000), c-ADC map, d-
eADC map) show a small lymph node at level Il on the right side (0.830 x 10° mm?/s) yellow arrow.

The images in the second row (e- native T1W axial view, f-DWI (b=1000), d-ADC map, e-eADC map) illustrate a

tumorous mass in the hypopharynx on the left side (green arrow) and a metastatic lymph node at the left Il level (ADC

Figure 9. Case 3 MR image of the patient (a-native T2w axial plane; b-DWI (b=1000); c-ADC map; d-eADC map; e-T1w
fat-suppressed CE-MRI in the axial plane; f-T1w fat-suppressed DCE in the axial plane) showing a suspicious and
inhomogeneous level Il lymph node on the right side (ADC value was 1,1 x 10 mm?/s) yellow arrow; g-shows the TIC

from the lymph node.
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Figure 10. Case 2 The images in the first row demonstrate a- T1W fat-suppressed DCE in the axial plane; b- T1w fat-
suppressed CE-MRI in the axial plane at the level of the mesopharynx; c- TIC sampled from an indeterminate lymph
node at level Il on the right side (yellow arrow).

The images in the second row d illustrate T1W fat-suppressed DCE in the axial plane; e- T1W fat-suppressed CE-MRI
in the axial plane; and f- TIC from the enhancing component of a necrotic lymph node at level Il on the left side (blue
arrow). The green arrow indicates the known primary mass on the left side of the hypopharynx.

Figure 11. Case 1 Fluoro-2-deoxy-D-glucose positron emission tomography - computed tomography (FDG-PET/CT)
scan of the patient (from Positron Diagnostic Center).

a- (level of the mesopharynx in the axial plane) The scan shows intense FDG uptake in a metastatic lymph node in the
left Il. A region (blue arrow) and FDG uptake in a lymph node in the right Il. a region; the latter can be caused by either
a tumor or an inflammation (yellow arrow). b- (sagittal plane in the midline). The image illustrates elevated FDG uptake
along the inner wall of the esophagus (orange arrows) and a suspicious, probable metastatic lymph node below the
diaphragm (green arrow) c- (axial plane above the diaphragm). The scan revealed intense FDG uptake in the lower
third of the esophagus, raising suspicion of a second primary tumor.
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