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Arterial spin labeling and diffusion‑weighted 
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lymph nodes in patients with nasopharyngeal 
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Abstract 

Background:  To evaluate the parameters derived from arterial spin labeling (ASL) and multi-b-value diffusion-
weighted imaging (DWI) for differentiating retropharyngeal lymph nodes (RLNs) in patients with nasopharyngeal 
carcinoma (NPC).

Methods:  This prospective study included 50 newly diagnosed NPC and 23 healthy control (HC) participants. RLNs 
of NPC were diagnosed according to the follow-up MRI after radiotherapy. Parameters derived from ASL and multi-b-
value DWI, and RLNs axial size on pre-treatment MRI among groups were compared. Receiver operating characteristic 
curve (ROC) was used to analyze the diagnostic efficiency.

Results:  A total of 133 RLNs were collected and divided into a metastatic group (n = 71) and two non-metastatic 
groups (n = 62, including 29 nodes from NPC and 33 nodes from HC). The axial size, blood flow (BF), and appar-
ent diffusion coefficient (ADC) of RLNs were significantly different between the metastasis and the non-metastasis 
group. For NPC patients with a short axis < 5 mm or < 6 mm, or long axis < 7 mm, if BF > 54 mL/min/100 g or 
ADC ≤ 0.95 × 10−3 mm2/s, the RLNs were still considered metastatic. Compared with the index alone, a combination 
of size and functional parameters could improve the accuracy significantly, except the long axis combined with ADC; 
especially, combined size with BF exhibited better performance with an accuracy of 91.00–92.00%.

Conclusions:  ASL and multi-b-value DWI could help determine the N stage of NPC, while the BF combination with 
RLNs size may significantly improve the diagnostic efficiency.

Keywords:  Nasopharyngeal neoplasms, Magnetic resonance imaging, Perfusion imaging, Diffusion magnetic 
resonance imaging
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Introduction
Nasopharyngeal carcinoma (NPC) is a type of head and 
neck cancer prevalent among the southern Chinese 
population and South-east Asians [1]. Due to high radio-
sensitivity, NPC is mainly treated with radiotherapy, an 
effective treatment approach with promising outcomes 
[2, 3]. Therefore, imaging has a critical role in tumor stag-
ing, target region delineation, and therapeutic assess-
ment [4, 5].
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Patients with NPC often present with cervical lym-
phadenopathy (85–86.4% of cases); retropharyngeal 
lymph nodes (RLNs) and cervical level II nodes appear 
to be the first-echelon nodes [6–8]. RLNs metastases 
account for 63.6 to 75.1% of all cervical lymph node 
metastasis (LNM) among NPC patients [6, 7, 9] and 
are considered an independent prognostic factor for 
distant metastasis-free survival [8, 10]. Previous stud-
ies [7, 11] have suggested that LNM in NPC patients 
follows a predictable and orderly pattern and the rare 
occurrence of “skip” metastasis. Therefore, the pres-
ence of LNM in the first-echelon nodes could help the 
diagnosis of LNM in other regions of the neck. In addi-
tion, different treatment is used for patients with or 
without LNM. According to the NCCN guidelines [12], 
patients with stage I (T1N0M0) should receive defini-
tive radiotherapy for the nasopharynx and elective radi-
otherapy for the neck, while those with advanced-stage 
should undergo chemotherapy based on radiotherapy. 
The needle biopsy on suspected cervical LNM con-
tributes to the staging and improved prognosis in dif-
ferentiated non-keratinizing squamous cell carcinoma 
on NPC [13]. However, unlike other palpable cervical 
lymph nodes in superficial areas, RLNs are difficult to 
approach with biopsy due to their anatomical location 
(usually located deep in the cervical soft tissue). Con-
sequently, the diagnosis of RLNs depends on imaging, 
especially the MRI. Generally, RLNs are considered 
metastatic if any median RLNs are visible; lateral RLNs 
are diagnosed based on the size, nodal necrosis, and 
extracapsular spreading [9–11, 14–16]. Central necro-
sis has a 100% specificity for the diagnosis of LNM but 
a low incidence (19.0%) [15]. At present, there is still no 
standard criteria for the analysis of RLNs size with the 
short axis (5 mm or 6 mm) [9–11, 14–18].

Functional MRI can quantitatively probe the micro-
environment of the tumor. Arterial spin label (ASL) uti-
lizes radio frequency (RF) labeled arterial blood as an 
endogenous tracer to obtain the perfusion parameters 
blood flow (BF). In addition, 3D pseudo-continuous ASL 
(pCASL), based on fast spin-echo (FSE) series, have fewer 
artifacts suffered from the skull base and have higher 
repeatability, spatial resolution, and signal-to-noise ratio 
[19]. Multi-b-value diffusion-weighted imaging (DWI), 
which relies on mono-exponential and bi-exponential 
models, can be used to reflect the diffusion and perfusion 
of water molecules accurately.

This study aimed to compare metastatic and non-met-
astatic RLNs using parameters derived from ASL and 
multi-b-value DWI. We also evaluated the diagnostic 
efficiency of these two non-invasive imaging techniques 
on the differentiation of RLNs and additional help for the 
traditional size criterion.

Materials and methods
Patients
Our institutional review board approved this prospective 
study. Informed consent was obtained from all the par-
ticipants before the MRI examination. A total of 57 con-
secutive patients with NPC, as proved by nasopharyngeal 
biopsy and pathology, were recruited from May 2015 to 
December 2016. Inclusion criteria were the following: (1) 
patients who underwent pre-treatment MRI, including 
the ASL and multi-b-value DWI; (2) patients treated by 
radiotherapy with or without chemotherapy; (3) patients 
who underwent an enhanced first follow-up MRI scan 
(3 months after the radiotherapy). To avoid interference 
of radiotherapy response of RLNs and surrounding tis-
sue, we used both axial T2WI with fat suppression and 
enhanced series of follow-up MRI. Exclusion criteria 
were: (1) RLNs with short axis < 3 mm (n = 2) in case of 
any disruption on the measurement reliability of ASL and 
multi-b-value DWI; (2) lymph node inseparable from the 
primary nasopharyngeal tumor (n = 3). (3) if the RLNs 
showed stability in size on MR images 3 months after the 
radiotherapy but lost subsequent follow-up within 1 year 
(n = 2, 6, and 9 months after radiotherapy, respectively).

Finally, 50 NPC patients (36 male and 14 female, with 
a median age of 47 yrs.; ranging from 11–75 yrs.) were 
included in the study. According to the nasopharyngeal 
biopsies, 28 cases were identified as the undifferenti-
ated type of non-keratinizing carcinoma (56.00%), 20 
cases as the differentiated type of non-keratinizing car-
cinoma (40.00%), 1 case as the keratinizing carcinoma 
(0.02%), and 1 case without a specific type of tumor due 
to small biopsy tissue (0.02%). According to the 8th edi-
tion of the AJCC staging system [20], the tumor stage 
was summarized in Table 1. In addition, 25 HC partici-
pants without a history of nasopharyngeal diseases were 
recruited. All HC participants showed no obvious abnor-
mality in nasopharynx before the MRI examination, and 
no nasopharyngeal lesion was found on at least 1 year of 

Table 1  TNM and clinical stage of all cases

T stage T1 T2 T3 T4

11 
(22.00%)

9 (18.00%) 13 
(26.00%)

17 
(34.00%)

N stage N0 N1 N2 N3a

0 24 
(48.00%)

21 
(42.00%)

5 (10.00%)

M stage M0 M1

52 (100%) 0

Clinical 
stage

Stage I Stage II Stage III Stage IVa Stage IVb

0 10 
(20.00%)

19 
(38.00%)

21 
(42.00%)

0
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follow-up MRI. Two cases were excluded because there 
was no RLN with short axis > 3 mm. Therefore, 23 HC 
participants (11 male and 12 female) were included (with 
a median age of 38 yrs.; ranging from 26–65 yrs).

MR acquisitions
All image acquisitions were performed on a 3.0 T 
whole-body MR system (Discovery MR 750, GE 
Healthcare, Milwaukee, WI, USA) with an 8-chan-
nel head and neck phased array coil. Routine series 
were performed, including: (a) axial fast spin-echo 
(FSE) sequence T1WI; (b) FSE T1WI sagittal acqui-
sition; (c) conventional axial fast recovery fast spin-
echo (FRFSE) T2WI with iterative Dixon water-fat 
separation with echo asymmetry and least-squares esti-
mation (IDEAL) (TR/TE = 4000 ms/85 ms, slice thick-
ness/slice gap = 5 mm/1 mm) with the scan ranging 
from the bottom of frontal sinus to the oral pharynx 
(hereafter the conventional T2WI); (d) multi-b-value 
DWI was based on SE-EPI with the following param-
eters: TR/TE = 3500 ms/70 ms, slice thickness / slice 
gap = 5 mm/1 mm, field of view (FOV) = 26 cm, band-
width = 250 Hz, matrix = 128 × 128, parallel imaging 
factor of 2, TA = 6 min; and 13 b values (NEX): 0 (1), 10 
(2), 25 (2), 50 (2), 75 (2), 100 (1), 150 (1), 200 (1), 400 (1), 
800 (4), 1000 (6), 1200 (6), and 1500 (6) s/mm2. The spa-
tial coverage was the same as in the axial T2WI/IDEAL 
sequence, so the conventional T2WI was used as the ref-
erence to multi-b-value DWI during the data process.

(e) The pseudo-continuous ASL sequence was per-
formed with a 3D FSE spiral acquisition (axial; 
NEX = 3; bandwidth = 41.67 Hz; slice thickness/ 
slice gap = 3 mm/0 mm; ETL = 21; the number of 
slice = 30; FOV = 24 cm; image matrix = 288 × 192; 
TE = 11.1 ms; post-labeling delay = 1025 ms; TR/
TA = 4326 ms/262 s). The scan ranged from the bot-
tom of frontal sinus to oral pharynx. The labeling slab 
was automatically placed at 2.2 cm below the imaging 
plane.
(f ) Another axial T2WI/IDEAL series, as a reference 
to ASL for anatomic location, were performed with 
uniform scan range, thickness, and slice gap as those 
of ASL (hereafter the ASL matched T2WI).
(g) Dynamic contrast-enhanced (DCE) MRI was 
only performed in newly diagnosed patients after 
the injection of Gadolinium-DTPA (Gd-DTPA).
(e) A conventional axial enhanced scan was achieved 
with a 3D fast spoiled gradient-echo (FSPGR) (TR/
TE = 320 ms/2.86 ms; slice thickness = 5 mm, with 
the same scan range as in the conventional T2WI, 
followed by the sagittal and coronal scan series. 
On follow-up MRI, after a manual injection of Gd-

DTPA, axial, sagittal, and coronal T1WI/FSPGR 
series were scanned in turn, while DCE-MRI series 
was not included.

Parallel imaging using an array spatial sensitivity 
encoding technique (ASSET) was performed during the 
acquisition of the DWI and DCE-MRI series. The non-
enhanced series was accomplished with the same param-
eters for all patients and HC participants, while the 
enhanced series was only conducted in patients.

Criteria for RLNs of NPC patients
The RLNs diagnosis was assessed using the first follow-
up MRI images, with referring to the contemporary 
response of the nasopharyngeal tumor. All patients 
achieved a complete response or partial response of 
nasopharyngeal neoplasm at 3 months after treatment, 
without stable disease or progressive disease, which was 
confirmed by nasopharyngoscopy. RLNs were consid-
ered metastatic if they significantly decreased in size (by 
≥30%) on the first follow-up MRI, or exhibited stable 
size after radiotherapy but progressed during the subse-
quent follow-up MRI. In contrast, RLNs were considered 
non-metastatic if they had a stable size, and the patient 
remained disease-free during the subsequent follow-up 
[15, 21]. The axes in NPC patients and HC participants 
were measured and assessed (M.L., a radiologist with 
21-year experience) according to the first follow-up MRI. 
The long axis was measured on conventional T2WI and 
the short axes were the widest diameter that was perpen-
dicular to the long axis [15]. The same radiologist marked 
the location of RLNs on the two reference T2WI series of 
the pre-treatment MRI acquisitions.

Data analysis
The RLNs on pre-treatment MR images were delineated 
by two independent observers (F.Y., 2-year experience; 
and X.Y., 18-year experience) according to the locations 
of RLNs marked by M.L.. The independent observers 
were blinded to the nature of the RLNs and the images 
and information of participants. All the measurements 
were performed using Functool software named as “ASL” 
and “MADC” on the vendor-supplied Advantage Work-
station (ADW 4.6 version, GE, US).

Region of interest (ROI) was depicted as the entire 
region on the slice with the maximum area of RLNs to 
obtain the mean value of parameters. F.Y. first deline-
ated the ROI of RLNs on ASL to acquire the mean BF 
value on the BF map derived by ASL. To prevent the 
memory interference, ROIs were depicted on RLNs on 
multi-b-value DWI to obtain four parameters (i.e., ADC 
[Apparent diffusion coefficient], D [Pure molecular dif-
fusion], D* [Pseudo-diffusion coefficient], f [Perfusion 
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fraction]) one month later. X.Y. used the same meas-
urement method but different sequence order, i.e., the 
multi-b-value DWI sequence was used first, followed 
by the ASL sequence one month later. Besides the refer-
ence series of T2WI, other image contrasts such as T1WI 
were used to avoid obvious necrosis and artifacts, while 
enhanced images could not be served considering poten-
tial reviewer related bias.

Statistical analysis
Statistical analyses were performed using SPSS Statis-
tics Version 25.0, MedCalc software 15.8, and Graphpad 
prism5.0. Inter-observer consistency was investigated 
using a two-way random intra-class correlation (ICC). 
The averages of the measurements by two observers were 
used for further comparison. The two groups (metasta-
sis and non-metastasis) were compared using an inde-
pendent t-test (BF by ASL) and Mann-Whitney test (size 
and parameters by multi-b-value DWI) according to 
the conformation of normal distribution tested by Kol-
mogorov–Smirnov test. Comparisons among the three 
groups (metastasis and two non-metastasis groups) were 
verified by the Kruskal-Wallis test with post hoc Dunn’s 
explanatory analyses, together with Bonferroni correc-
tion. Delong’s test was used to compare the ROC among 
the significant indices. The diagnostic efficiency was cal-
culated using RLNs size and functional parameters alone, 
and their combination. P values or adjusted P values 
(Kruskal-Wallis test) < 0.05 was considered as statistically 
significant.

Results
RLNs
A total of 133 lateral RLNs were analyzed. Seventy-one 
nodes (from 50 patients with stage N1 - N3) were meta-
static with decreasing size (by ≥30%) on the first follow-
up MRI. Twenty-nine nodes from 26 NPC patients were 
diagnosed as non-metastasis which exhibited stable size 
after radiotherapy and without progress during the sub-
sequent follow-up MRI. In addition, there were 33 nodes 
from 23 HC participants.

All RLNs showed slight to moderate hyper-intensity on 
T2WI and mild to moderate enhancement on enhanced 
T1WI. Necrosis was observed within 20 metastatic 
lymph nodes. On the original ASL images, the signal 
intensity of the most metastatic RLNs was similar to 
the intensity found in primary tumors, and higher com-
pared to those of surrounding muscle. At the same time, 
most of the non-metastatic RLNs had a similar or slightly 
higher signal intensity than those of the surrounding 
muscle. On multi-b-value DWI images, the signal inten-
sity of all the RLNs was similar to those of the primary 
tumors and higher than those of surrounding muscles.

Comparison of RLN size between groups
The size of RLNs in NPC patients (before treatment) and 
HC participants is shown in Table S1, Fig. 1a, and Fig. 1b 
(An additional table shows this in more detail (see Addi-
tional file  1)). The size of RLNs was significantly differ-
ent in the metastasis and non-metastasis group (P < 
0.001 and = 0.001), but not between the two non-metas-
tasis groups (P = 1.000). The data of RLNs size change 
and regression rate after radiotherapy and comparison 
among three groups are shown in Table S1 (An additional 
table shows this in more detail (see Additional file  1)). 
The number and percentage of metastatic RLNs in rela-
tion to the short and long axis are shown in Table 2. The 
percentage of metastatic RLNs with short axis <5 mm, 
<6 mm, and long axis <7 mm was 17/45, 27/56, and 8/32, 
respectively.

RLNs parameters comparison between groups
BF from ASL and parameters from multi-b-value DWI 
before treatment is shown in Table S2, Fig. 1c, and Fig. 1d 
(An additional table shows this in more detail (see Addi-
tional file 1)). Good consistency (ICC: 0.885–0.979) was 
achieved between the two observers. For three groups 
comparison, BF and ADC were significantly different 
between the metastasis group and non-metastasis groups 
of patients or HCs, respectively (P < 0.001 or 0.004), and 
did not differ between the two non-metastasis groups. 
D, D*, and f did not show a statistical difference (Table 3, 
Table S2) (An additional table shows this in more detail 
(see Additional file 1)).

Diagnostic efficiency
Regarding NPC patients, metastatic RLNs had a larger 
size, higher BF, and lower ADC compared to non-
metastatic RLNs (P < 0.001). Diagnostic criterion and 
efficiency is shown in Table  3, Table  4, and Fig.  2. The 
optimal cutoff of a single index to determine the metas-
tasis according to short axis ≥ 5 mm, long axis ≥ 7 mm, 
BF > 54 mL/min/100 g, and ADC  ≤  0.95 × 10−3 mm2/s, 
respectively; i.e., setting short axis  ≥  6 mm resulted 
in a specificity of 100%. For ROC comparison, AUC by 
ADC was lower than the three parameters (short axis [P 
= 0.0005], long axis [P = 0.0051], and BF [P = 0.0036]) 
respectively, while no statistical difference was found 
among those three parameters.

With a short axis <5 mm or <6 mm, or long axis <7 mm, 
BF >54 mL/min/100 g or ADC ≤0.95 × 10−3 mm2/s, the 
RLNs were still considered metastatic; otherwise, the 
RLNs were non-metastasis. Compared with the index 
alone, a combination of size and functional param-
eters improved the accuracy significantly, except the 
long axis combined with ADC. Mainly, combined size 
with BF exhibited better performance with significant 



Page 5 of 11Yu et al. Cancer Imaging           (2022) 22:40 	

improvement of accuracy of 91–92%; i.e., combining the 
long axis and BF provided the sensitivity of 100%.

Representative image examples of metastatic and 
non-metastatic RLNs are shown in Figs. 3, 4 and 5.

Discussion
The results of this study showed that metastatic RLNs 
had higher perfusion and lower diffusion compared to 
non-metastatic RLNs. When combining the size with 

Fig. 1  Box-plots of comparisons between three groups. Error bar plots showed the difference of short axis (a), long axis (b), mean BF (c), and 
ADC (d) values of RLNs with LNM (metastatic RLNs from NPC patients), non-LNM1 (non-metastatic RLNs from NPC patients), and non-LNM2 
(non-metastatic RLNs from healthy control participants)

Table 2  RLNs diameter vs. the percentage of metastasis

RLNs retropharyngeal lymph nodes

3 mm 4 mm 5 mm 6 mm 7 mm 8 mm 9 mm ≥10 mm

Short axis 1/18 16/27 10/11 13/13 2/2 6/6 5/5 18/18

Long axis 0 1/1 1/11 6/20 12/15 5/6 11/12 35/35
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functional information, the diagnostic efficiency in met-
astatic RLNs was significantly improved. Yet, no signifi-
cance was found between the non-metastatic RLNs in 
patients and HC participants.

Previous studies [11, 15, 16, 22] suggested that the short 
axis of lymph node axis can be used as a size criterion 
to assess the RLNs metastases, revealing better accuracy 
than the long axis [15, 22]. However, there is no stand-
ard for the radiologic criterion. Lam et al suggested that 
4 mm is the upper limit of normal RLN [14], while other 
studies suggested that metastatic RLNs can be defined as 
a short axis of 5 mm in NPC patients [9–11, 23]. In con-
trast, several studies revealed that short-axis ≥ 6 mm or 
6.1 mm was the optimal size criteria to assess the RLNs 
metastases, with the accuracy of 87.5% [15] and 89.0%, 
or 89.1% [17], respectively, and sensitivity and specificity 
of 71 and 82% [18], respectively. Another study revealed 
the best performing cutoff was 4.5 mm for short axis and 
6.5 mm for the long axis of RLNs in NPC patients [21]. 

Table 3  LNM vs. Non-LNM

ADC apparent diffusion coefficient, AUC​ area under the curve, BF blood flow, D pure molecular diffusion; D* pseudo-diffusion coefficient, f perfusion fraction, LNM 
lymph node metastasis, 95% CI 95% confidence interval
a Comparison was performed by an independent t-test

Short axis
(mm)

Long axis
(mm)

BF
(mL/min/100 g)

ADC
(×10−3 mm2/s)

D
(×10−3 mm2/s)

D*

(×10−3 mm2/s)
f

P <0.001 <0.001 <0.001 <0.001 0.107 0.269 0.211

t/z 6.939 6.502 7.623a −3.528 −1.610 −1.105 −1.25

Cutoff ≥5 ≥7 >54 ≤0.95

AUC​
(95% CI)

0.937
(0.893–0.981)

0.913
(0.856–0.969)

0.910
(0.844–0.977)

0.727
(0.629–0.811)

Table 4  Diagnostic performance of parameters for identification of RLNs

ADC apparent diffusion coefficient, BF blood flow, RLNs retropharyngeal lymph nodes
a Combination criterion: for the size of RLNs less than their cutoff, if the functional parameters satisfied their cutoff, the RLNs were considered to metastatic; otherwise, 
they are non-metastatic

Parameters (cutoff) Sensitivity (n = 71) Specificity (n = 29) Accuracy (n = 100)

BF (>54 mL/min/100 g) 83.10 (59) 86.21 (25) 84.00 (84)

ADC (≤0.95 × 10−3 mm2/s) 84.51 (60) 62.07 (18) 78.00 (78)

Short axis (≥5 mm) 76.06 (54) 96.55 (28) 82.00 (82)
aShort axis + BF 95.77 (68) 82.76 (24) 92.00 (92)
aShort axis + ADC 98.59 (70) 62.07 (18) 88.00 (88)

Short axis (≥6 mm) 61.97 (44) 100 (29) 73.00 (73)
aShort axis + BF 94.31 (67) 86.21 (25) 92.00 (92)
aShort axis + ADC 97.18 (69) 62.07 (18) 87.00 (87)

Long axis (≥7 mm) 88.73 (63) 82.76 (24) 87.00 (87)
aLong axis + BF 100.00 (71) 68.97 (20) 91.00 (91)
aLong axis + ADC 95.77 (68) 51.72 (15) 83.00 (83)

Fig. 2  ROC by size, BF, and ADC to differentiate metastatic RLNs
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Fig. 3  F29, NPC with bilateral metastatic RLNs. Axial T2WI before treatment (a) showed an irregular mass with heterogeneous slightly high signal 
intensity in the left lateral portion of the nasopharyngeal cavity and bilateral RLNs (curved arrows) with the size as long axis × short axis of 7 × 5 mm 
(right) and 8 × 5 mm (left), respectively. The primary tumor and RLNs demonstrated higher perfusion compared with the surrounding tissue on 
the fused image obtained by ASL and T2WI (b), and the map of BF (c). ROI of the RLNs were delineated on the map of BF (c) and multi-b-value 
DWI with b value at 800 s/mm2 (d), acquiring at BF value of 60.63 mL/100 g/min, 67.71 mL/100 g/min, and ADC value of 0.808 × 10−3 mm2/s, 
0.812 × 10−3 mm2/s on ADC map (e), respectively. Axial T2WI at three months after radiotherapy (f) showed the lymph nodes (stright arrows) were 
significantly reduced with the size of 4 × 2 mm (right) and 3 × 2 mm (left), respectively. Meanwhile, the tumor in the nasopharynx has complete 
regression

Fig. 4  M50, NPC with right metastatic RLN, and left non-metastatic RLN. Axial T2WI before treatment (a) showed bilateral RLNs with slightly high 
heterogeneous signal intensity and size as long axis × short axis of 19 × 11 mm (right, curved arrow) and 7 × 5 mm (left, straight arrow), respectively. 
Both lymph nodes demonstrated higher perfusion than the surrounding tissue on the fused image by T2WI and ASL (b), and the map of BF (c), 
especially the right one with remarkable pseudo-color contrast. On the fused image (b), the high perfusion area behind the right lymph node 
(arrowhead) was the internal carotid. ROI of the lymph nodes were delineated on the map of BF (c) and multi-b-value DWI with b value = 800 s/
mm2 (d), acquiring at BF value of 89.64 mL/100 g/min, 49.50 mL/100 g/min, and ADC value of 0.715 × 10−3 mm2/s, 0.893 × 10−3 mm2/s on ADC map 
(e), respectively. Axial T2WI at three months after radiotherapy (f) showed the size was remarkably reduced to 6 × 3 mm on the right lymph node 
(curved arrow) and was reduced (but not significantly) to 7 × 4 mm on the left lymph node (straight arrow)
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Our study exhibited the optimal cutoff of the short axis, 
and the long axis of 5 mm and 7 mm resulted in an accu-
racy of 82 and 87%. In addition, all RLNs with a short 
axis ≥ 6 mm were metastatic. Our results also found that 
no statistical difference in ROC comparison between 
the short and long axis. Although this was evident for 
the long axis using cutoff at ≥7 mm with slightly higher 
accuracy than the short axis, the higher specificity (96.55 
and 100%) was acquired by short axis when using ≥5 mm 
or ≥ 6 mm as a cutoff. Therefore, we suggested that both 
axes could be considered in clinical practice.

ASL can reliably reflect the tissue blood flow, having a 
good and consistent trend to DCE-MRI and MVD [24–27]. 
So far, few studies suggested that BF could be used to differ-
entiate tumors of parotid gland [28] and nasal or sinonasal 
cavity (squamous cell carcinoma (SCC) and malignant lym-
phoma) [29], autoimmune thyroid disease (Graves’ disease 
VS. Hashimoto’s thyroiditis) [30], assess the changes per-
fusion between pre- and post-treatment in head and neck 
tumors, and to distinguish patients with residual tumors 
[31]. For NPC, studies proved that BF of ASL could help to 
delineate the tumor extent when fused T2WI with BF map 
[32], and improve the accuracy of stage assessment with 

moderate positive correlations to T stage and AJCC stage. 
Moreover, BF in tumor could also act as a noninvasive 
effective biomarker to predict tumor response to chemora-
diotherapy in advanced-stage NPC [33].

By using perfusion CT, some studies revealed that BF 
value was more helpful in identifying metastatic lymph 
nodes compared to non-metastatic lymph nodes, such as 
axillary lymph nodes from breast cancer (161.60 mL/100 g/
min and 76.18 mL/100 g/min) [34], cervical lymph nodes 
from head and neck SCC (HNSCC)(136.4 mL/100 g/
min vs. 80.7 mL/100 g/min, and 114.62 mL/100 g/min 
vs. 67.82 mL/100 g/min) [35, 36]. Our ASL results were 
consistent with those results, yet our mean BF value was 
relatively low, which might be due to different equipment 
(MRI vs. CT), a contrast agent (RF-labeled arterial blood 
vs. iodinated contrast medium), and pharmacokinetic 
models (endogenous vs. exogenous).

The b-values is the key point for multi-b DWI using 
bi-exponential model to produce high-quality diffusion-
weighted images and accurately quantify maps of the per-
fusion and diffusion parameters for ROI. However, so far, 
there is no clear consensus regarding the optimal choice 
of b value, even in the same disease on the previous stud-
ies [37]. In this study, a total of 13 b values were chosen 
including nine in the low range (0–400 s/mm2) in order 
to appropriately fit estimated perfusion-related param-
eters, and the high b value was set up to 1500 s/mm2 for 
reducing the artifacts of skull base. In our results, great 
inter-observer agreement was obtained with remarkably 
high ICC (0.885–0.979), which supported the reliability 
of the multi-b DWI data collected.

Despite the influence of microcirculation perfusion, 
ADC of DWI can reflect the diffusion movement of water 
molecules in tissues, thus supporting differentiation 
among cervical lymphadenopathy due to different causes 
[38–40]. A study on RLNs from NPC showed that the 
mean ADC value (< 0.929 × 10−3 mm2/s) contributes to 
the diagnosis of metastatic RLNs, with a very close cutoff 
of indices to our results [21]. Furthermore, their results 
demonstrated that ADC-based criteria would better pre-
dict RLN metastasis than size-based criteria.

The size and necrosis of lymph nodes may have a 
greater impact on the ADC value of metastatic lymph 
nodes. A small metastatic foci within a small metastatic 
lymph node may lead to an insignificant decrease of ADC 
value on the lymph node. Moreover, necrosis and liq-
uefaction within lymph nodes decrease cell density and 
increase extracellular space, resulting in increased ADC 
value. Subsequently, some stratification studies based 
on the size and necrosis of the lymph nodes have been 
carried out. One study [41] revealed that the mean ADC 
value of metastatic lymph nodes of NPC was signifi-
cantly lower compared to non-metastatic lymph nodes 

Fig. 5  F28, healthy control with bilateral non-metastatic RLNs. Axial 
T2WI (a) shows bilateral RLNs (curved arrows) with heterogeneous 
slightly high signal intensity and size as long axis × short axis of 
5 × 4 mm (right) and 7 × 5 mm (left), respectively. Both lymph nodes 
showed slightly higher perfusion compared with the surrounding 
tissue on the fused image by ASL and T2WI (b), with a BF value of 
42.5 mL/100 g/min and 32.14 mL/100 g/min. ROI of the lymph nodes 
was delineated on the multi-b-value DWI with b value = 800 s/
mm2 (c), acquiring at ADC value of 0.993 × 10−3 mm2/s and 
0.874 × 10−3 mm2/s on ADC map (d), respectively
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(0.878 × 10−3 mm2/s vs. 1.110 × 10−3 mm2/s) when lymph 
nodes had a shorter axis (from 5 to 10 mm) with AUC of 
0.851. Another study [42] showed that the mean ADC 
value between metastatic and non-metastatic cervical 
lymph nodes with a short diameter (5 to 11 mm) and no 
necrosis was not different. In this study, ROIs were delin-
eated to avoid the obvious necrosis, and the mean ADC 
values could be used as a useful index for the identifica-
tion of RLNs.

Previously, Lai et al [43] have shown that multi-b-
value DWI perfusion-related (f and D*) and quantitative 
DCE-MRI parameters (Ktrans, Kep, Ve and Vp) were sig-
nificantly correlated in the assessment of NPC, while D, 
f and D* could help with the prediction stage I/II from 
stage III/IV. Another study [44] has shown that the ADC, 
D, and D* values of NPC were significantly higher com-
pared to nasopharyngeal lymphoma. There are still sev-
eral studies arguing that perfusion-related parameters of 
multi-b-value DWI can help evaluate and predict radio-
chemotherapy efficacy of NPC and metastatic lymph 
nodes [45–48]. Currently, no studies are using the bi-
exponential model of multi-b-value DWI for the diagno-
sis of RLNs of NPC. There was a study on cervical lymph 
nodes from HNSCC [49] showing that ADC, D, and f 
were significantly lower in malignant lymph nodes than 
that in benign lymph nodes, whereas D* was significantly 
higher. However, our study showed D, D*, and f were not 
valuable criteria for identification.

A previous study showed that for RLNs with the 
short axis less than the cutoff of 6.1 mm, if the SUV 
mean ≥  2.6, or long axis ≥  8 mm and maximal coronal 
diameter ≥  25 mm, the nodes were still positive, which 
resulted in improvement of accuracy compared with 
the short-axis alone (90.5% vs. 89.0%) [17]. Our data 
also showed that the combination of size (the short or 
long axis) with functional parameters could improve the 
accuracy for RLNs (except for combination of long axis 
with ADC), especially combined size with BF. i.e., RLNs 
with long axis of < 7 mm was non-metastatic if the BF 
< 54 mL/min/100 g. In our study, the optimal threshold 
of the short axis was ≥5 mm; however, whether setting 
diagnostic cutoff at 5 mm or 6 mm, a combination BF or 
ADC with a short axis can significantly improve the accu-
racy compared with the short-axis alone.

This study has some limitations. First, biopsy and his-
tology were not applied due to the deep location of RLNs. 
Instead of using simple size diagnosis on pre-treatment 
imaging which has no consensus on cutoff, we adopted 
relatively objective criteria for metastatic RLNs based 
on the follow-up MRI. Considering no pathological con-
firmation, other interfering factors are inevibable. For 
example, nasopharyngeal inflammation may also cause 
RLNs enlargement and increased perfusion, which thus 

to be confused with metastasis. We have collected two 
non-metastasis group as control group from NPC patient 
and HC paticipants to avoid the confounding factors. 
Second, 5 mm slice thickness and 1 mm gap were set for 
DWI, considering the scan time and image quality. Thin 
slice thickness will increase the number of slice, thus to 
affect the accuracy of ROI delineation, especially in the 
skull base because of complex structure. Partial vol-
ume effects due to the slice thickness may have impact 
on the measurement of small RLNs, RLNs with short 
axis < 3 mm to reduce the influence. Third, the special 
cutoff (Table 4) may not be directly applied to other stud-
ies due to this preliminary exploration with relatively 
small cohort. The most significant point in our study was 
to explore the additional value of perfusion and diffusion 
information to RLNs size when the short or long axis of 
RLNs was less than the morphological criteria. Large 
sample and multi-center research are need to validate our 
results in the further study.

Conclusion
The BF and ADC can reflect the difference of perfusion 
and diffusion between metastatic and non-metastatic 
RLNs. The implementation of ASL and DWI can be used 
as useful supplementary criteria for the conventional 
size to the N stage diagnosis and the treatment strat-
egy, which can exhibit better performance in identifying 
RLNs with size less than the cutoff.
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