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Abstract
Background  Node Reporting and Data System (Node-RADS) was proposed and can be applied to lymph nodes 
(LNs) across all anatomical sites. This study aimed to investigate the diagnostic performance of Node-RADS in cervical 
cancer patients.

Methods  A total of 81 cervical cancer patients treated with radical hysterectomy and LN dissection were 
retrospectively enrolled. Node-RADS evaluations were performed by two radiologists on preoperative MRI scans for 
all patients, both at the LN level and patient level. Chi-square and Fisher’s exact tests were employed to evaluate the 
distribution differences in size and configuration between patients with and without LN metastasis (LNM) in various 
regions. The receiver operating characteristic (ROC) and the area under the curve (AUC) were used to explore the 
diagnostic performance of the Node-RADS score for LNM.

Results  The rates of LNM in the para-aortic, common iliac, internal iliac, external iliac, and inguinal regions were 
7.4%, 9.3%, 19.8%, 21.0%, and 2.5%, respectively. At the patient level, as the NODE-RADS score increased, the rate 
of LNM also increased, with rates of 26.1%, 29.2%, 42.9%, 80.0%, and 90.9% for Node-RADS scores 1, 2, 3, 4, and 5, 
respectively. At the patient level, the AUCs for Node-RADS scores > 1, >2, > 3, and > 4 were 0.632, 0.752, 0.763, and 
0.726, respectively. Both at the patient level and LN level, a Node-RADS score > 3 could be considered the optimal cut-
off value with the best AUC and accuracy.

Conclusions  Node-RADS is effective in predicting LNM for scores 4 to 5. However, the proportions of LNM were 
more than 25% at the patient level for scores 1 and 2, which does not align with the expected very low and low 
probability of LNM for these scores.
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Introduction
Lymph node metastasis (LNM) is one of the most sig-
nificant prognostic factors in cervical cancer [1]. Patients 
with lymph node (LN) involvement are assigned as stage 
IIIC based on the FIGO 2018 system [2]. According 
to National Comprehensive Cancer Network (NCCN) 
guidelines, patients with FIGO IIIC are not candi-
dates for radical hysterectomy and are recommended to 
undergo concurrent chemoradiation (CCRT) [3]. Addi-
tionally, patients with negative radiological LNs who 
undergo radical hysterectomy and LN dissection but 
are found to have positive pathological LNs still require 
adjuvant CCRT, which will result in increased complica-
tions and toxicities. Therefore, the accurate evaluation of 
LN status is crucial for treatment planning and prognosis 
prediction in patients with cervical cancer.

Until now, there have been many studies based on 
imaging characteristics for the precise evaluation of LN 
involvement [4–7]. However, the results have not been 
satisfactory [4]. Traditionally, size, morphology, and sig-
nal characteristics, as well as enhancement patterns, have 
been utilized to evaluate LNM [7]. Of which, size mea-
surement, as a quantitative marker, is widely used in clini-
cal applications, while the sensitivity is relatively low with 
metastasis in small LNs not being identified [6]. Func-
tional MRI imaging, such as diffusion weighted imaging 
(DWI) and dynamic contrast enhanced (DCE) imaging, 
have shown added value in the diagnosis of LNM [5, 8]. 
DWI is helpful in detecting LNs, while the quantitative 
diffusion parameters in differentiating LNM are contro-
versial [5, 6, 9], besides, the inconsistent b-value used 
among centers ranging from 600 to 2000 s/mm2 and vari-
ous models developed for diffusion quantification limited 
the wide application of DWI quantitatively [5, 10–12]. 
DCE imaging allows not only rapid qualitative assess-
ment but also quantitative measures of intrinsic perfu-
sion and permeability parameters of target tissues [13]. 
Qualitative analysis of enhancement patterns is prone to 
errors due to the reader’s experience, the clinical use of 
semi-quantitative and quantitative DCE imaging remains 
limited outside of clinical trials [13]. Recently, radiomics 
analysis and machine learning, have emerged as promis-
ing tools for predicting LNM in cervical cancer [14, 15]. 
However, clinical translation still has a long way to go 
because of the explainability of the models, the repro-
ducibility of the quantitative imaging features, and their 
sensitivity to variations in image acquisition and recon-
struction parameters [16].

In 2021, Elsholtz FHJ et al. proposed a Node Reporting 
and Data System (Node-RADS) based on size and con-
figuration, which includes texture, border, and shape of 
LNs [17]. This system is designed to be user-friendly and 
is guided by a three-tiered flowchart. The assessment of a 
LN using the Node-RADS scheme results in scores from 

1 to 5. As the score increases, the probability of LNM 
also increases. Node-RADS has been validated in bladder 
cancer, lung cancer, and prostate cancer, demonstrating 
promising results [18–20]. To date, there have been no 
studies reporting the application and performance of this 
scoring system in cervical cancer. Since different tumors 
have specific lymphatic drainage pathways, and LN is the 
most common way for cervical cancer to spread [21], it 
is necessary to explore the evaluation of this scoring sys-
tem in cervical cancer for future supplementation and 
improvement of the system. Therefore, this study retro-
spectively analyzed the performance of this scoring sys-
tem in cervical cancer for LNM evaluation.

Materials and methods
This retrospective study was approved by the ethics 
committee of the Hospital, and informed consent from 
patients was waived.

Patients
Cervical cancer patients who underwent radical hyster-
ectomy and LN dissection treated at Henan Provincial 
People’s Hospital between March 2017 and February 
2022 were screened for eligibility. The inclusion criteria 
consisted of (i) patients who underwent radical hyster-
ectomy and LN dissection; (ii) patients who underwent 
pelvic MRI with gadolinium contrast for preoperative 
evaluation; (iii) the time interval between pelvic MRI and 
surgery was within 7 days; (iv) the pathological status of 
LNs were evaluated according to regions. The exclusion 
criteria were as follows: (i) patients underwent therapy 
including NACT or conization before surgery; (ii) the 
pathological evaluation of LN status was not detailed 
according to regions. The patient recruitment flowchart 
is shown in Fig. 1.

MRI examination and node-RADS assessment
MRI scans were conducted using either one of the two 
scanners: Discovery MR 750 (GE Medical Systems, Mil-
waukee, WI, USA) or TrioTim (Siemens Healthcare). The 
imaging sequences and acquisition parameters can be 
found in the Supplementary Table.

Sagittal, coronal, and axial T2WI with or without fat 
saturation, axial T1WI, and axial DWI were acquired. 
Gadolinium was injected into the antecubital vein with 
2mL/sec with a total amount of 0.2mL/kilogram. Then 
four T1WI with axial early-, late-arterial phases, and 
early-, late-venous phases with 18, 36, 54, and 72 s after 
gadolinium injection respectively were obtained. Finally, 
axial, coronal and sagittal T1WI 3 min after gadolinium 
injection as delayed phase were acquired.

Two radiologists (Jianghua Lou and Qingxia Wu, with 
12 and 13 years of pelvic imaging experience respectively) 
evaluated the image findings separately on a dedicated 
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Carestream software. Consensus was made if there was 
disagreement.

The readers were both blinded to the post-operative 
pathological results. The LN evaluation was performed 
according to Node-RADS recommendations. Typically, 
the LN with the largest short axis diameter was selected 
for evaluation in each region. However, if an LN in the 
region exhibited an abnormal texture, an irregular or 
ill-defined border, and a spherical shape without a fatty 
hilum, it was also evaluated. The LN with the highest 
score will then represent the LN in that region. The high-
est Node-RADS score among the nine regions will repre-
sent the Node-RADS score for the patient.

For size evaluation, LNs with a short axis diameter less 
than 10 mm were considered normal, those with a long 
axis diameter greater than 30 mm were considered bulk, 
and those falling between these two values were consid-
ered enlarged for para-aortic, bilateral common iliac, 
and internal iliac LNs. For bilateral external iliac LNs, if 
an obturator LN was evaluated, a short axis diameter less 
than 5  mm was considered normal, a short axis diam-
eter greater than 5  mm and a long axis diameter less 
than 30  mm were considered enlarged, and a long axis 
diameter greater than 30  mm was considered bulk. For 
inguinal LNs, a short axis diameter less than 15 mm was 
considered normal, a short axis diameter greater than 
15  mm and a long axis diameter less than 30  mm were 
considered enlarged, and a long axis diameter greater 
than 30  mm was considered bulk. For texture, border, 
and shape evaluation, Node-RADS recommendations are 
followed. Then, according to the three-level flowchart, 
the score for each evaluated LN in each region was cal-
culated, resulting in an overall score ranging from 1 to 
5. For the common iliac, internal iliac, external iliac, and 

inguinal LNs, both sides are evaluated and recorded. The 
LN with the highest Node-RADS score within a specific 
region is recorded as the score for the LNs within that 
particular region.

Pelvic LN dissection and pathologic assessment
If bulky para-aortic nodes were identified on preopera-
tive imaging or LN involvement was suspected during 
surgery, para-aortic lymphadenectomy was performed. 
Separate packets of LNs from different regions including 
bilateral inguinal, external, internal, and common iliac 
with or without para-aortic region were obtained. Speci-
mens were evaluated according to our institution’s stan-
dard protocol. The tissue was fixed in 4% formalin and 
degreased in acetone. Suspicious nodes and tissue speci-
mens were examined separately using palpation, visual 
inspection, and sectioning. All microscopically detected 
nodes were cut into 5  μm, embedded in paraffin, and 
stained with hematoxylin and eosin. The total number of 
histologically detected LNs and the number of positive 
nodes were reported in the pathological reports. Tumor 
histology type, differentiation, stromal invasion depth, 
lymphovascular space invasion (LVSI), perineural inva-
sion, involvement of uterus corpus and vagina, and para-
metrial infiltration were retrieved from their pathological 
reports.

Statistical analyses
Statistical analysis was performed with the SPSS software 
(version 22.0, IBM, Armonk, NY, USA) and GraphPad 
Prism (version 8.0.0, GraphPad Software, San Diego, CA, 
USA). The difference between patient groups with and 
without LNM was assessed using independent t test, Chi-
square test, and Fisher’s exact test. Weighted Kappa test 

Fig. 1  The patient recruitment flowchart
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was used for the inter-observer agreement evaluation, 
the degree of agreement was classified as follows: perfect, 
κ ≥ 0.80; good, 0.60 ≤ κ < 0.80; moderate, 0.40 ≤ κ < 0.60; 
fair, 0.20 ≤ κ < 0.40; poor, κ < 0.20. The receiver operating 
characteristic (ROC) and the area under the curve (AUC) 
were used to explore the diagnostic performance of the 
Node-RADS score for LNM. The diagnostic ability was 

estimated for all possible cut-offs of the Node-RADS 
score (> 1 vs. >2 vs. >3 vs. >4).

Results
Patients’ characteristics
A total of 81 cervical cancer patients (mean age: 49 ± 10 
years) underwent radical hysterectomy and LN dissec-
tion, as illustrated in Fig.  1. Among them, 29 (35.8%) 
underwent para-aortic LN biopsy or dissection. Clinical 
characteristics are detailed in Table 1. The median num-
ber of LNs removed per patient was 40.0 (IQR 29.5–51.5).

Since FIGO 2018 system allows pathological findings 
to allocate the stage, all the FIGO stages of patients were 
reevaluated to be consistent with FIGO 2018. After post-
operative pathological evaluation, LNM was detected 
in 40 patients (49.4%), classifying them as IIICp. Within 
this group, there were 34 cases of IIICp1 and 6 cases 
of IIICp2. The radiological FIGO stages of the 40 IIICp 
patients were one IB1, eight IB2, one IB3, eight IIA1, five 
IIA2, 15 IIICr1 and two IIICr2, respectively. The correla-
tion between pathological and radiological FIGO stages 
of these patients is illustrated in the Supplementary 
Figure. Among the 41 patients (50.6%) without LNM, 
there were seven IB1, 24 IB2, seven IB3, and three IIA1 
patients, respectively.

Patients with LNM exhibited higher occurrences of 
lymphovascular space invasion (LVSI), perineural inva-
sion, and incision margin involvement (all p < 0.05). 
Notably, the number of LNs removed showed no sig-
nificant difference between patients with and without 
LNM (p = 0.184). The distribution of tumor size, tumor 
histology type, differentiation, stromal invasion depth, 
corpus, vaginal and parametrial involvement were bal-
anced between patient groups with and without LNM. A 
total of 729 LNs distributed in the para-aortic, bilateral 
common iliac, internal iliac, external iliac, and inguinal 
regions were evaluated.

Inter-observer agreement assessment
The weighted kappa value of Node-RADS score for LNs 
in para-aortic, common iliac, internal iliac, and external 
iliac regions were 0.829, 0.593, 0.547, and 0.556, respec-
tively. In the inguinal region, the Node-RADS score was 
consistently rated as 1 for all patients, and therefore no 
value was obtained from the weighted kappa test. Regard-
ing the assessment of the size, texture, border, and shape 
of all LNs, the weighted kappa values between the two 
readers were 0.677, 0.499, 0.425, and 0.363, respectively.

Node-RADS score of LNs according to regions
The rates of LNM in different regions were as fol-
lows: 7.4% (6/81) in the para-aortic, 9.3% (15/162) in 
the common iliac, 19.8% (32/162) in the internal iliac, 
21.0% (34/162) in the external iliac, and 2.5% (4/162) in 

Table 1  Characteristics of cervical cancer patients with and 
without lymph node metastasis
Characteristics All patients 

(n = 81)
LNM (−) 
(n = 41)

LNM (+) 
(n = 40)

P 
value

Age 49.8 ± 10.6 49.1 ± 10.1 50.4 ± 11.1 0.576

No. of LN 
removed

40.0(29.5–51.5)§ 38.1 ± 14.9 41.0(32.3–52.5)§ 0.184

Tumor size 
(cm)

1.000

  ≤ 2 5 3 2

  > 2,≤4 55 28 27

  > 4 21 10 11

Tumor type 0.746

  SCC 62 32 30

  NON-SCC 19 9 10

Differentiation 0.829

  Well and 
moderately

64 32 32

  Poorly 17 9 8

Stromal inva-
sion depth

0.244

  ≤ 1/3 8 5 3

  > 1/3, ≤ 2/3 34 20 14

  > 2/3 39 16 23

LVSI < 0.001

  No 24 20 4

  Yes 57 21 36

Perineural 
invasion

0.007

  No 68 39 29

  Yes 13 2 11

Corpus 
involvement

0.310

  No 53 29 24

  Yes 28 12 16

Vaginal 
involvement

0.312

  No 72 38 34

  Yes 9 3 6

Incision margin 0.012

  No 75 41 34

  Yes 6 0 6

Parametrial 
involvement

0.116

  No 78 41 37

  Yes 3 0 3
§Data are medians, with IQRs in parentheses
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the inguinal (Table  2). The size and configuration did 
not show discriminative ability for LNM in the ingui-
nal regions. Size and shape are less reliable indicators of 
LNM compared to texture and border. The shape of LNs 
did not show a significant difference between patients 
with and without LNM in the para-aortic region, while 
the size of LNs did not show a significant difference 
between patients with and without LNM in the internal 
iliac region (Table 2).

At the node level, 5.1%, 7.1%, 15.9%, 15.0%, and 2.6% 
of LNs with a NODE-RADS score of 1 were found to be 
metastatic in the para-aortic, iliac, internal iliac, exter-
nal iliac, and inguinal regions, respectively. Among LNs 
with a NODE-RADS score of 2 in the internal iliac and 
external iliac regions, metastatic was found to be 40.0% 
and 9.3% respectively. Figure  2 shows a negative LN 
with a Node-RADS score of 1 located in the external 
iliac region, while Fig. 3 displays a positive LN with the 
same Node-RADS score located in the same region. Sur-
prisingly, none of the LNs with a NODE-RADS score of 
3 were found to be metastatic. LNs with NODE-RADS 
scores of 4 and 5 tended to be metastatic, with 65.4% of 
LNs with a NODE-RADS score of 5 in the external iliac 
region being metastatic. Figure  4 shows a negative LN 
with a NODE-RADS score of 3, whereas Fig. 5 presents a 
positive LN with a NODE-RADS score of 5, both located 
in the external iliac region (Table 3).

At the patient level, an increase in the NODE-RADS 
score corresponded to an increased rate of LNM. The 
rates were as follows: 26.1% for Node-RADS score 1, 
29.2% for Node-RADS score 2, 42.9% for Node-RADS 
score 3, 80.0% for Node-RADS score 4, and 90.9% for 
Node-RADS score 5. For patients with squamous cell 
carcinoma (SCC), the rates of LNM were 26.3%, 38.9%, 
20.0%, 75.0%, and 87.5% for Node-RADS scores 1, 2, 3, 4, 
and 5, respectively. For patients with non-SCC, the rate of 
LNM for Node-RADS score 1 was found to be at a con-
stant value of 25.0%. However, the rates reached 100.0% 
for patients with Node-RADS scores of either 3, 4, or 5 
respectively. None of the patients in the non-SCC group 
with a Node-RADS score 2 showed LNM (Table 4).

Diagnostic performance of the node-RADS score
Sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) for LNM when 
different Node-RADS scores were used are shown in 
Table 5.

At the patient level, the AUCs for Node-RADS 
scores > 1, >2, > 3, and > 4 were 0.632, 0.752, 0.763, and 
0.726, respectively (Fig. 6). As the cut-off value increased, 
the sensitivity decreased from 85.0 to 50.0%, while the 
specificity increased from 41.5 to 95.1% (Table 5). Similar 
trends were observed at the LN level. However, at the LN 
level, the sensitivity for LNM was extremely low for all 

Node-RADS cut-off values, with the highest sensitivity 
of 39.6% observed when Node-RADS > 1 and the lowest 
sensitivity of 24.2% observed when Node-RADS > 2. Both 
at the patient level and LN level, a Node-RADS score > 3 
could be considered the optimal cut-off value due to its 
superior AUC and accuracy levels.

Discussion
In our study, we applied Node-RADS for the first time to 
evaluate LNM in cervical cancer and reported the prob-
ability of LNM for different Node-RADS scores. Our 
results showed that Node-RADS is effective in predict-
ing LNM for scores ranging from 4 to 5. However, we 
observed that the proportions of LNM exceeded 25% at 
the patient level for scores 1 and 2, which does not align 
with the expected very low and low probability of LNM 
for these scores.

Size, especially the short diameter of LNs, is widely 
used in evaluating LNs, with the highest accuracy com-
pared with shape, texture, and border [7, 22]. The utiliza-
tion of size is also favored due to its quantitative nature, 
ensuring a high inter-observer agreement. Whereas 
qualitative parameters such as texture, border and shape 
exhibit only fair and moderate inter-observer agreement 
both in our study and previous studies [4, 7, 19]. As for 
the shape of LNs, the quantitative short-to-long axis 
ratio was widely used, and it was proved to be less effec-
tive than size [6, 22]. The inhomogeneous signal inten-
sity or central necrosis had a high PPV in the diagnosis 
of LNM [7, 22]. Combining size and morphology resulted 
in better diagnostic ability for LNM in pancreatic duc-
tal adenocarcinoma [23]. Notably, Node-RADS is such 
a structured reporting system incorporating size, shape, 
texture, and border for the first time. It classifies LNs into 
scores ranging from 1 to 5 and can be applied across all 
anatomical sites. In the cervical cancer of our study, the 
proportions of LNM were 26.1% in patients with score 1 
and 29.2% in patients with score 2, which does not align 
with the expected very low and low probability of LNM 
for these scores. This disparity arises since Node-RADS 
is primarily based on size criteria, while it is worth not-
ing that 30-50% of metastatic LNs in pelvic cancers are 
less than 10 mm in the short axis [10]. Based on a previ-
ous study, about 63.4% of LNM in cervical cancer were 
smaller than 10 mm [6]. About 77.3%, 68 LNs with less 
than 3  mm in short-axis diameter out of 88 normal-
sized LNs with a short-axis diameter of less than 8 mm 
proved to be metastatic in patients with bladder or pros-
tate cancers [5]. Normal-sized LNs usually appear homo-
geneous and possess smooth borders and fatty hilum or 
oval shape and this will result in a Node-RADS score of 
1, and even with spherical shapes resulting in a Node-
RADS score of 2, some of them may still be metastatic. 
This elucidates the insufficiency in the predictive capacity 
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for LNM associated with Node-RADS scores of 1 and 2, 
suggesting efforts should be made to improve the perfor-
mance of the Node-RADS system.

Node-RADS sets different criteria for LNs depending 
on the regions. Generally, LNs with short axis larger than 

10  mm were considered enlarged. For obturator LNs, a 
short axis of more than 5  mm is considered enlarged, 
while in the inguinal region, an LN with a short axis 
greater than 15  mm is considered enlarged. However, 
even with the specific relatively low criteria for obturator 

Fig. 4  Sagittal T2WI (A) displays a 3.6 cm mass in the cervix. Axial T2WI with fat saturation (B), Axial T1WI with gadolinium (C), and Sagittal T1WI with 
gadolinium (D) reveal an enlarged, heterogeneous lymph node in the external iliac region, with a smooth border, a short axis diameter of 10 mm, and 
an oval shape without a fatty hilum. Assigned a Node-RADS score of 3, this lymph node, the largest in this area, was chosen to represent the Node-RADS 
score for the external iliac region. Pathological evaluation confirmed it as a negative lymph node

 

Fig. 3  Coronal T2WI (A) displays a 3.0 cm mass primarily situated in the right cervix. Axial T2WI with fat saturation (B), Axial T1WI with gadolinium (C), and 
Coronal T1WI with gadolinium (D) reveal a normal-sized, smooth, homogeneous lymph node in the external iliac region, exhibiting an oval shape without 
a fatty hilum. Assigned a Node-RADS score of 1, this lymph node, the largest in this area, represents the Node-RADS score for the external iliac region. 
Pathological evaluation confirmed it as a positive lymph node

 

Fig. 2  Sagittal T2WI (A) displays a 4.2 cm heterogeneous mass primarily situated in the posterior lip of the cervix. Axial T2WI with fat saturation (B), Axial 
T1WI with gadolinium (C), and Sagittal T1WI with gadolinium (D) reveal a normal-sized, smooth, homogeneous lymph node in the external iliac region, 
exhibiting an oval shape without a fatty hilum. Assigned a Node-RADS score of 1, this lymph node, the largest in this area, represents the Node-RADS 
score for the external iliac region. Pathological evaluation confirmed it as a negative lymph node

 



Page 8 of 11Wu et al. BMC Medical Imaging           (2024) 24:28 

LNs, which serve as the sentinel LN in cervical cancer, 
Node-RADS scores of 1 and 2 did not perform well in 
evaluating LNM.

A comparison of LN features in different regions 
reveals that the size and configuration did not work well 
with inguinal LNs. Only approximately 2.5% of LNM at 
LN level occurred in the inguinal regions, by employing 
a criteria of a short axis of 15 mm for enlargement, none 
of the LN in the inguinal region was enlarged. And meta-
static LN in the inguinal regions did not show abnor-
mal texture, border and shape. This suggests the need 
for improvements in evaluating inguinal LNs in cervical 
cancer.

Leonardo C et al. recruited 49 bladder cancer patients 
to evaluate the performance of Node-RADS for LNM 
and found that 0%, 30.0%, 50.0%, 42.9%, and 83.3% of 
patients with scores 1, 2, 3, 4, and 5 showed LNM respec-
tively [18]. Node-RADS > 2 was considered the optimal 
cut-off value due to balanced performance both in blad-
der cancer and lung cancer [18, 19]. However, Lucciola 
S found that the sensitivity of Node-RADS score > 3 for 
LNM prediction is 22.2% in prostate cancer [20], which 
limits the clinical implication of Node-RADS for pre-
treatment evaluation of LN status.

Radiomics analysis or machine learning based on pri-
mary tumors or LNs showed promising results for LNM 
prediction, especially increasing the sensitivity for LNM 
[10, 14]. Zhang Yu et al. found that traditional MRI fea-
tures of LN such as short axis, long axis, short to long 
axis ratio, margin, and enhancement pattern did not help 
in the prediction of LNM, while both the radiomics fea-
tures of LNs and primary tumor showed potential in the 
prediction of LNM [10]. It is worth noting that in small 
LNs, the extraction of radiomics features may be limited 
due to insufficient pixel data, and there is also uncertainty 
regarding whether the chosen LNs for radiomics feature 
extraction precisely correspond to pathologically positive 

LNs. Consequently, we believe that radiomics analysis of 
primary tumors will be a direction for LNM prediction in 
the future.

There are several limitations in this study. First, the 
retrospective nature and the lack of a specific imaging-
pathological correlation do not allow a reliable per-lesion 
analysis. Second, the size of each LN was not specified in 
the pathological reports. The resected LNs far outnum-
ber the LNs evaluated on MRI in our study. Usually, we 
choose LNs with the largest size or abnormal border, tex-
ture, and shape for the highest Node-RADS score to rep-
resent the LNs in that region. As a retrospective study, we 
cannot guarantee the LNs evaluated on MRI are exactly 
the pathologically positive LNs. Last, considering the rel-
atively small number of patients in this single center, we 
did not evaluate the added value of radiomics analysis of 
primary tumors for LNM prediction.

Conclusion
Node-RADS is effective in predicting LNM for scores 
ranging from 4 to 5. However, the proportions of LNM 
exceeding 25% at the patient level were observed for 
scores 1 and 2, which does not align with the expected 
very low and low probability of LNM for these scores.

Fig. 5  Sagittal T2WI (A) displays a 5.4 cm mass in the cervix. Axial T2WI with fat saturation (B), Axial T1WI with gadolinium (C), and Sagittal T1WI with 
gadolinium (D) reveal an enlarged lymph node in the external iliac region, with a short axis diameter of 12 mm. There is focal necrosis inside the lymph 
node and the border is a little irregular (C). The lymph node appears triangular without a fatty hilum. Assigned a Node-RADS score of 5, this lymph node, 
the largest in this area, was selected to represent the Node-RADS score for the external iliac region. Pathological evaluation confirmed it as a positive 
lymph node
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Table 4  Node-RADS diagnostic information at patient level
NODE-RADS All patients (n = 81) SCC patients (n = 62) Non-SCC patients (n = 19)

LN (−) LN (+) PR (%) LN (−) LN (+) PR (%) LN (−) LN (+) PR (%)
1 17 6 26.1 14 5 26.3 3 1 25.0

2 17 7 29.2 11 7 38.9 6 0 0.0

3 4 3 42.9 4 1 20.0 0 2 100.0

4 1 4 80.0 1 3 75.0 0 1 100.0

5 2 20 90.9 2 14 87.5 0 6 100.0

Table 5  Performance of different Node-RADS cut-offs for the diagnosis of LNM at patient and LN level
Node-RADS cut-off AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Patient level
> 1 0.632 85.0 41.5 58.6 73.9 62.9

> 2 0.752 67.5 82.9 79.4 72.3 75.3

> 3 0.763 60.0 92.7 88.9 70.4 76.5

> 4 0.726 50.0 95.1 90.9 66.1 72.8

LN level
> 1 0.639 39.6 88.2 32.4 91.1 82.2

> 2 0.647 33.0 96.4 56.6 91.0 88.5

> 3 0.655 33.0 98.0 69.8 91.1 89.8

> 4 0.614 24.2 98.6 71.0 90.1 89.3

Fig. 6  Receiver operating characteristic (ROC) curves at different Node-RADS score cut-offs for lymph node metastasis (LNM) at patient level (A) and 
lymph node level (B)

 

https://doi.org/10.1186/s12880-024-01205-8
https://doi.org/10.1186/s12880-024-01205-8


Page 11 of 11Wu et al. BMC Medical Imaging           (2024) 24:28 

Acknowledgements
We sincerely appreciate all the patients who participated in this study.

Author contributions
QX.W. designed the research project, collected and collated imaging data, 
read MR imaging, and wrote the main manuscript text. JH.L. read MR imaging 
and wrote some manuscript text. JJ.L. collected and collated clinical and 
surgical data. LX.D. collected and collated clinical and surgical data. Q.W. 
analyzed the data statistically and prepared the figures. YP.W. analyzed the 
data statistically and prepared the figures. X.Y. analyzed the data statistically 
and prepared the figures. MY.W. designed the research project and gave 
guidance. All authors read and approved the final manuscript.

Funding
This study has received funding from National Natural Science Foundation 
of China (82001783, 82371934), Medical Science and Technology Research 
Project of Henan Province (LHGJ20220057), National Key R&D Program 
of China (2023YFC2414200), Joint Fund of Henan Province Science and 
Technology R&D Program (225200810062).

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was performed in accordance with Declaration of Helsinki. This 
retrospective study was approved by the ethics committee of the Henan 
Provincial People’s Hospital. The informed consent from patients was waived 
by the ethics committee of the Henan Provincial People’s Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 1 August 2023 / Accepted: 18 January 2024

References
1.	 Olawaiye AB, Baker TP, Washington MK, Mutch DG. The new (Version 9) 

American Joint Committee on Cancer tumor, node, metastasis staging for 
cervical cancer. CA A Cancer J Clin. 2021;71:287–98.

2.	 Bhatla N, Berek JS, Cuello Fredes M, Denny LA, Grenman S, Karunaratne K, 
et al. Revised FIGO staging for carcinoma of the cervix uteri. Int J Gynecol 
Obstet. 2019;145:129–35.

3.	 Koh W-J, Abu-Rustum NR, Bean S, Bradley K, Campos SM, Cho KR, et al. Cervi-
cal Cancer, Version 3.2019, NCCN Clinical Practice guidelines in Oncology. J 
Natl Compr Canc Netw. 2019;17:64–84.

4.	 Adham S, Ferri M, Lee SY, Larocque N, Alwahbi OA, Ruo L, et al. Pancreatic 
ductal adenocarcinoma (PDAC) regional nodal disease at standard lymphad-
enectomy: is MRI accurate for identifying node-positive patients? Eur Radiol. 
2023. https://doi.org/10.1007/s00330-023-09597-x.

5.	 Thoeny HC, Froehlich JM, Triantafyllou M, Huesler J, Bains LJ, Vermathen P, et 
al. Metastases in normal-sized pelvic lymph nodes: detection with diffusion-
weighted MR Imaging. Radiology. 2014;273:125–35.

6.	 Wu Q, Zheng D, Shi L, Liu M, Wang M, Shi D. Differentiating metastatic from 
nonmetastatic lymph nodes in cervical cancer patients using monoexpo-
nential, biexponential, and stretched exponential diffusion-weighted MR 
imaging. Eur Radiol. 2017;27:5272–9.

7.	 Loch FN, Asbach P, Haas M, Seeliger H, Beyer K, Schineis C, et al. Accuracy 
of various criteria for lymph node staging in ductal adenocarcinoma of the 
pancreatic head by computed tomography and magnetic resonance imag-
ing. World J Surg Onc. 2020;18:213.

8.	 Kim SH, Cho SH. Assessment of pelvic lymph node metastasis in FIGO IB 
and IIA cervical cancer using quantitative dynamic contrast-enhanced MRI 
parameters. Diagn Interv Radiol. 2020;26:382–9.

9.	 Ren J, Li Y, Liu X-Y, Zhao J, He Y-L, Jin Z-Y, et al. Diagnostic performance of ADC 
values and MRI-based radiomics analysis for detecting lymph node metasta-
sis in patients with cervical cancer: a systematic review and meta-analysis. Eur 
J Radiol. 2022;156:110504.

10.	 Zhang Y, Zhang K, Jia H, Fang X, Lin T, Wei C, et al. Feasibility of Predicting 
Pelvic Lymph Node Metastasis based on IVIM-DWI and texture parameters of 
the primary lesion and lymph nodes in patients with cervical Cancer. Acad 
Radiol. 2022;29:1048–57.

11.	 Zhang X. The value of whole-tumor texture analysis of ADC in Predicting the 
early recurrence of locally advanced cervical squamous cell Cancer treated 
with concurrent chemoradiotherapy. Front Oncol. 2022;12.

12.	 Kuang F, Ren J, Zhong Q, Liyuan F, Huan Y, Chen Z. The value of appar-
ent diffusion coefficient in the assessment of cervical cancer. Eur Radiol. 
2013;23:1050–8.

13.	 Petralia G, Summers PE, Agostini A, Ambrosini R, Cianci R, Cristel G, et al. 
Dynamic contrast-enhanced MRI in oncology: how we do it. Radiol med. 
2020;125:1288–300.

14.	 Wu Q, Wang S, Chen X, Wang Y, Dong L, Liu Z, et al. Radiomics analysis 
of magnetic resonance imaging improves diagnostic performance of 
lymph node metastasis in patients with cervical cancer. Radiother Oncol. 
2019;138:141–8.

15.	 Li J, Yin H, Wang Y, Zhang H, Ma F, Li H, et al. Multiparametric MRI-based 
radiomics nomogram for early prediction of pathological response to neo-
adjuvant chemotherapy in locally advanced gastric cancer. Eur Radiol. 2022. 
https://doi.org/10.1007/s00330-022-09219-y.

16.	 Ibrahim A, Primakov S, Beuque M, Woodruff HC, Halilaj I, Wu G, et al. 
Radiomics for precision medicine: current challenges, future prospects, and 
the proposal of a new framework. Methods. 2021;188:20–9.

17.	 Elsholtz FHJ, Asbach P, Haas M, Becker M, Beets-Tan RGH, Thoeny HC, et 
al. Introducing the Node Reporting and Data System 1.0 (Node-RADS): a 
concept for standardized assessment of lymph nodes in cancer. Eur Radiol. 
2021;31:6116–24.

18.	 Leonardo C, Flammia RS, Lucciola S, Proietti F, Pecoraro M, Bucca B, et al. 
Performance of Node-RADS Scoring System for a standardized Assessment of 
Regional Lymph nodes in bladder Cancer patients. Cancers. 2023;15:580.

19.	 Meyer H-J, Schnarkowski B, Pappisch J, Kerkhoff T, Wirtz H, Höhn A-K, et al. 
CT texture analysis and node-RADS CT score of mediastinal lymph nodes - 
diagnostic performance in lung cancer patients. Cancer Imaging. 2022;22:75.

20.	 Lucciola S, Pisciotti ML, Frisenda M, Magliocca F, Gentilucci A, Del Giudice 
F, et al. Predictive role of node-rads score in patients with prostate cancer 
candidates for radical prostatectomy with extended lymph node dissection: 
comparative analysis with validated nomograms. Prostate Cancer Prostatic 
Dis. 2023;26:379–87.

21.	 Paño B, Sebastià C, Ripoll E, Paredes P, Salvador R, Buñesch L, et al. Path-
ways of lymphatic spread in gynecologic malignancies. Radiographics. 
2015;35:916–45.

22.	 Yang WT, Lam WWM, Yu MY, Cheung TH, Metreweli C. Comparison of 
dynamic helical CT and dynamic MR Imaging in the evaluation of pelvic 
lymph nodes in cervical carcinoma. Am J Roentgenol. 2000;175:759–66.

23.	 Dezen T, Rossini R, Spadin M, Da Cunha Andrade C, Schimidt R, Vieira M, et al. 
Accuracy of MRI for diagnosing pelvic and para–aortic lymph node metasta-
sis in cervical cancer. Oncol Rep. 2021;45:100.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1007/s00330-023-09597-x
https://doi.org/10.1007/s00330-022-09219-y

	﻿Performance of node reporting and data system (node-RADS): a preliminary study in cervical cancer
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patients
	﻿MRI examination and node-RADS assessment
	﻿Pelvic LN dissection and pathologic assessment
	﻿Statistical analyses

	﻿Results
	﻿Patients’ characteristics
	﻿Inter-observer agreement assessment
	﻿Node-RADS score of LNs according to regions
	﻿Diagnostic performance of the node-RADS score

	﻿Discussion
	﻿Conclusion
	﻿References


