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Abstract
BACKGROUND 
About 10%-31% of colorectal liver metastases (CRLM) patients would concom-
itantly show hepatic lymph node metastases (LNM), which was considered as 
sign of poor biological behavior and a relative contraindication for liver resection. 
Up to now, there’s still lack of reliable preoperative methods to assess the status of 
hepatic lymph nodes in patients with CRLM, except for pathology examination of 
lymph node after resection.

AIM 
To compare the ability of mono-exponential, bi-exponential, and stretched-
exponential diffusion-weighted imaging (DWI) models in distinguishing between 
benign and malignant hepatic lymph nodes in patients with CRLM who received 
neoadjuvant chemotherapy prior to surgery.

METHODS 
In this retrospective study, 97 CRLM patients with pathologically confirmed 
hepatic lymph node status underwent magnetic resonance imaging, including 
DWI with ten b values before and after chemotherapy. Various parameters, such 
as the apparent diffusion coefficient from the mono-exponential model, and the 
true diffusion coefficient, the pseudo-diffusion coefficient, and the perfusion 
fraction derived from the intravoxel incoherent motion model, along with 
distributed diffusion coefficient (DDC) and α from the stretched-exponential 

https://www.f6publishing.com
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model (SEM), were measured. The parameters before and after chemotherapy were compared between positive 
and negative hepatic lymph node groups. A nomogram was constructed to predict the hepatic lymph node status. 
The reliability and agreement of the measurements were assessed using the coefficient of variation and intraclass 
correlation coefficient.

RESULTS 
Multivariate analysis revealed that the pre-treatment DDC value and the short diameter of the largest lymph node 
after treatment were independent predictors of metastatic hepatic lymph nodes. A nomogram combining these two 
factors demonstrated excellent performance in distinguishing between benign and malignant lymph nodes in 
CRLM patients, with an area under the curve of 0.873. Furthermore, parameters from SEM showed substantial 
repeatability.

CONCLUSION 
The developed nomogram, incorporating the pre-treatment DDC and the short axis of the largest lymph node, can 
be used to predict the presence of hepatic LNM in CRLM patients undergoing chemotherapy before surgery. This 
nomogram was proven to be more valuable, exhibiting superior diagnostic performance compared to quantitative 
parameters derived from multiple b values of DWI. The nomogram can serve as a preoperative assessment tool for 
determining the status of hepatic lymph nodes and aiding in the decision-making process for surgical treatment in 
CRLM patients.

Key Words: Colorectal cancer; Individualized treatment; Diffusion magnetic resonance imaging; Intravoxel incoherent motion; 
Liver

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study compared the diagnostic effectiveness of mono-exponential, bi-exponential, and stretched exponential 
Diffusion-weighted magnetic resonance imaging in predicting hepatic lymph node metastases (LNM) in patients with 
colorectal liver metastases after chemotherapy. Our finding indicated that only the pre-treatment distributed diffusion 
coefficient value and the short diameter of the largest lymph node after treatment were independent predictors of hepatic 
LNM. We developed a nomogram incorporating these two factors to non-invasively and individually predict the status of 
hepatic lymph nodes, demonstrating significant potential in surgical planning and assessing high-risk patients.

Citation: Zhu HB, Zhao B, Li XT, Zhang XY, Yao Q, Sun YS. Value of multiple models of diffusion-weighted imaging to predict 
hepatic lymph node metastases in colorectal liver metastases patients. World J Gastroenterol 2024; 30(4): 308-317
URL: https://www.wjgnet.com/1007-9327/full/v30/i4/308.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i4.308

INTRODUCTION
Colorectal carcinoma ranks as the most prevalent digestive tumors globally, with over 50% of patients developing 
colorectal liver metastases (CRLM) either at diagnosis (synchronous metastases) or during follow-up (metachronous 
metastases)[1]. Currently, the preferred approach in standard treatment guidelines involves perioperative chemotherapy 
combined with surgical resection, particularly when achieving complete resection with sufficient residual liver 
parenchyma is feasible[2,3]. Approximately 10%-31% of CRLM patients exhibit hepatic lymph node metastases (LNM), 
representing an adverse prognostic factor with significant impact on outcomes[4,5]. Surgery remains the sole potentially 
curative therapy if LNM are confined to the hepatic pedicle, although this procedure may be associated with potential 
postoperative complications, such as bleeding, lymphatic leakage, and ischemic bile duct stricture[6,7].

The gold standard for evaluating LNM still relies on histopathological assessment post-operation. Currently, there is 
inconsistency in the indications for lymphadenectomy in CRLM, partly due to the challenge of preoperatively predicting 
LNM. For instance, Grobmyer et al[8] examined 100 patients with hepatic lymph nodes undergoing resection for primary 
and metastatic hepatic malignancies. They found that both CT and intraoperative clinical palpation had a high negative 
predictive value (NPV = 95% and 99%, respectively) with a low positive predictive value (PPV = 30% and 39%, res-
pectively). Similarly, Rau et al[9] discovered that a short diameter of lymph nodes larger than 15 mm and a morpholo-
gically round shape on computed tomography (CT) had a high NPV of 85% but a relatively low PPV of 43% for LNM. 
Intriguingly, up to 27% of patients with confirmed pathological LNM were not initially suspected using a combination of 
CT and intraoperative examination. Therefore, there is a crucial need for reliable predictors of LNM in CRLM before 
surgery to precisely guide individual decision-making and prevent overtreatment in low-risk patients.

Diffusion-weighted imaging (DWI) has undergone extensive investigation for its utility in cancer detection, treatment 
response assessment, and prognosis evaluation[10-12]. The apparent diffusion coefficient (ADC), derived from DWI, 
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exhibits promising capabilities in distinguishing lymph nodes, providing a noninvasive assessment of the microscopic 
random Brownian motion of water molecules in biological tissues. For instance, Sumi et al[13] observed higher ADC 
values in metastatic lymph nodes compared to benign non-metastatic lymph nodes, whereas Abdel Razek et al[14] and 
Eiber et al[15] reported lower ADC values in metastatic lymph nodes. This inconsistency may arise from the mono-
exponential decay formula used to calculate ADC values, assuming tissue homogeneity and water molecule movement 
with a Gaussian distribution. Intravoxel incoherent motion (IVIM) is a technique capable of potentially differentiating 
perfusion components from the pure diffusion of water molecules using a biexponential model. This model allows for the 
quantification of three parameters: The true diffusion coefficient (D), the pseudo-diffusion coefficient (D*), and the 
perfusion fraction (f). Consequently, parameters obtained from the IVIM model have demonstrated superior diagnostic 
performance compared to traditional ADC in differentiating hepatic lesions in previous studies[16,17]. More recently, 
Bennett et al[18] introduced the stretched-exponential model (SEM), providing an alternative approach to quantify 
intravoxel heterogeneity. The SEM employs two parameters: The distributed diffusion coefficient (DDC) and the 
intravoxel water diffusion heterogeneity (α). However, to date, there remains a paucity of studies comparing functional 
magnetic resonance imaging (MRI) parameters derived from different models to determine the status of hepatic lymph 
nodes in CRLM patients.

The objective of this study was to assess the diagnostic accuracy of three mathematical models of DWI in distin-
guishing between benign and malignant hepatic lymph nodes in CRLM patients who underwent chemotherapy prior to 
surgery.

MATERIALS AND METHODS
Study participants
This retrospective study protocol received approval from the Medical Ethics Committee of Beijing Cancer Hospital, and 
informed consent was waived.

CRLM patients with a pathologic diagnosis of hepatic lymph nodes in our hospital between January 2015 and January 
2023 were included in this study. Patients had to undergo at least two cycles of neoadjuvant chemotherapy and undergo 
MRI examinations before neoadjuvant chemotherapy (pre-treatment point) and within 1 mo before surgery (post-
treatment point). Exclusion criteria were: (1) Patients who underwent hepatectomy without hepatic lymph node 
resection; (2) Patients without measurable hepatic lymph nodes > 5 mm on the baseline MRI; and (3) Patients without 
multiple b-values of DWI sequence or insufficient quality of DWI for analysis. A total of 97 patients were enrolled in this 
study.

MRI protocol
All patients underwent MRI examinations using a 1.5T MRI device (Signa Excite II; GE Healthcare, Milwaukee, WI, 
United States) equipped with an 8-channel phased array body coil. The imaging protocol included axial T2-weighted 
imaging (T2WI) with fat saturation, multiple b-values of DWI, and dynamic contrast-enhanced (DCE) MRI sequences. A 
respiratory-triggered single-shot echo planar imaging sequence was employed for DWI, with b-values of 0, 20, 50, 100, 
200, 600, 800, 1000, 1200, and 1500 s/mm2, respectively. The DWI sequence parameters were: Repetition time (TR)/echo 
time (TE) = 3000/80; slice thickness = 6 mm; slice gap = 1 mm; matrix = 128 × 90. The total acquisition time for the DWI 
sequence was approximately 6 min and 19 s. The corresponding parameters for T2WI were: TR/TE = 12630/70 ms; slice 
thickness = 6 mm; slice gap = 1 mm; matrix = 228 × 224.

MRI image analysis
Images were independently analyzed by two radiologists (B.Z., with 6 years of experience, and H.B.Z with 12 years of 
experience), utilizing the FuncTool Software implemented in GE Workstation 4.6. The radiologists were blinded to 
clinical information, pathological results, and each other’s findings. To determine the regions of interest (ROI), the 
radiologists manually drew the ROI on the DWI image with a b-value of 800 s/mm2 at the maximum transverse diameter 
of the hepatic lymph node, avoiding areas containing adjacent vessels and artifacts. T2WI and DCE-MRI images served as 
references. Additionally, the mean value of parameters obtained from the two observers for each ROI was calculated for 
further analysis.

The signal intensity (SI) of each ROI was fitted using the following mathematical models, where S(b) is the SI at a 
particular b value, and S(0) is the SI with b = 0 s/mm2:

(1) ADC was calculated using the mono-exponential model:
S(b)/S(0) = exp(-b × ADC)
(2) Three parameters were calculated using biexponential IVIM model according to the following equation:
S(b)/S(0) = f × exp(-b × D*)+ (1-f) × (-b × D)
D: The true diffusion coefficient; D*: Pseudo-diffusion coefficient; f: The fraction of pseudo-diffusion.
(3) DDC and α were acquired from SEM using the following mathematical equation:
S(b)/S(0) = exp{-(b × DDC)}α

DDC: The distributed diffusion coefficient, characterizing the distribution of diffusion rates within a voxel; α: Ranging 
from 0 to 1, represents intravoxel diffusion heterogeneity.
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Surgical technique and clinical information
Hepatic lymph nodes were delineated based on specific criteria, encompassing nodes along the hepatoduodenal 
ligament, which includes structures like the proper hepatic artery, portal vein, bile duct, and retro-pancreatic head. Nodes 
along the common hepatic artery and coeliac artery, covering the coeliac, common hepatic, and left gastric arteries, were 
also considered. Since hepatic lymph nodes were not routinely dissected, only suspected nodes on preoperative imaging 
and/or intraoperative examination were removed. Hematoxylin and eosin stained specimens of the surgically removed 
lymph nodes were examined by specialized pathologists, and all pathological results were obtained from final patho-
logical reports.

Clinical information of CRLM patients was collected retrospectively, encompassing age, sex, location (left half colon vs 
right half colon), T and N stage of the primary tumor, synchronous or metachronous liver metastases, number of liver 
metastases (single vs multiple), RAS gene status (mutation type vs wild type), treatment response based on RECIST1.1 
standard, disappearing lesions (identified when no visible lesion is observed on all imaging sequences after 
chemotherapy), and levels of carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9). Serum tumor 
markers were categorized into two groups: Those within normal limits and those exceeding normal limits, defined as 5 
ng/mL for CEA and 40 ng/mL for CA19-9.

Statistical analysis
Continuous variables are presented as mean ± SD, while categorical variables are expressed as numbers and percentages. 
To compare characteristics between the two groups, independent-samples t/Mann-Whitney or chi-square tests were 
employed. To identify independent factors associated with hepatic LNM, multivariable logistic regression was conducted 
using a forward stepwise approach. The diagnostic performance of the predictive model was assessed using the receiver 
operating characteristic (ROC) curve, and the area under the ROC curve (AUC) with its 95% confidence interval (CI) was 
calculated. The model's cutoffs were determined using the maximum Youden’s method. Sensitivity, specificity, PPV and 
NPV were also computed to evaluate the model's performance. Inter-observer agreements of quantitative metrics were 
tested using intraclass correlation coefficients (ICC), with ICC > 0.75 indicating good agreement, 0.40 to 0.75 suggesting 
moderate agreement, and ≤ 0.40 indicating poor agreement. All statistical analyses were performed using SPSS 25.0 (IBM 
Corporation, Armonk, NY, United States). A two-sided P value less than 0.05 was considered statistically significant, 
indicating a significant difference or association between variables.

RESULTS
Clinicopathologic characteristics
Among the 97 enrolled patients, 40 patients (41.2%; mean ± age = 57.53 ± 9.43 years) exhibited hepatic LNM, while the 
other 57 patients (58.8%; mean ± age = 52.91 ± 10.48 years) did not.

Univariate and multivariate analyses for factors associated with hepatic LNM
In univariate analysis, the short and long axes of the largest lymph node before treatment, short and long axes of the 
largest lymph node after treatment, pre-treatment D, pre-treatment DDC, post-treatment ADC, post-treatment DDC, and 
post-treatment α were found to be statistically significant with hepatic LNM (P < 0.05).

In multivariate analysis, only pre-treatment DDC (OR < 0.001; P = 0.002) and the short axis of the largest lymph node 
after treatment (OR = 1.509; P < 0.001) were identified as independent risk factors for the status of hepatic LNM. The 
detailed results of the univariate and multivariate analyses are presented in Table 1.

Comparison of parameters from models for prediction hepatic LNM
Table 2 summarizes the results of ROC analysis for quantitative parameters from all three models for predicting hepatic 
LNM. Pre-DDC had the largest AUC (AUC = 0.770; 95%CI: 0.676-0.865), followed by post-DDC (AUC = 0.739; 95%CI: 
0.641-0.838) and post-ADC (AUC = 0.664; 95%CI: 0.553-0.774). The sensitivity, specificity, PPV, NPV, and accuracy of pre-
DDC for differentiating malignant and benign hepatic lymph nodes were 85.0%, 59.6%, 59.6%, 85.0%, and 70.1%, 
respectively, with an optimal cutoff value of 1.92 × 10-3 mm2/s.

Furthermore, the short axis of the largest lymph node before and after treatment also exhibited good performance in 
predicting hepatic LNM. The highest accuracy (77.3%) was achieved at a cutoff value of 10 mm (the best cut off value = 
9.5 mm) for the short axis of the largest hepatic lymph node after treatment, which had 52.5% sensitivity and 94.7% 
specificity for differentiating the status of hepatic lymph nodes.

Development the nomogram for prediction hepatic LNM
The nomogram, incorporating pre-treatment DDC and the short axis of the largest lymph node after treatment, exhibited 
effective performance in predicting hepatic LNM. The AUC of the nomogram was 0.873 (95%CI: 0.803-0.943) (Figure 1), 
with sensitivity, specificity, PPV, NPV, and accuracy at 82.5%, 82.5%, 87.0%, 76.7%, and 82.5%, respectively. The 
nomogram for predicting hepatic LNM is presented in Figure 2.

Interobserver agreement for radiologic parameters
Moderate or good interobserver agreement was achieved for quantitative parameters (ICC range: 0.47-0.83). The ICCs of 
DDC before and after treatment were 0.52 and 0.81, respectively.
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Table 1 Univariate and multivariate analysis of clinical and magnetic resonance imaging factors for prediction of hepatic lymph nodes 
metastases

Univariate analysis Multivariate analysis

Non-hepatic LNM 
(n = 57)

hepatic LNM HLN 
(n = 40) P value OR (95%CI) P value

Gender Male/female 44/13 27/13 0.029a

Age 52.91 ± 10.48 57.53 ± 9.43 0.054

BMI 24.63 ± 3.04 24.50 ± 3.04 0.842

Primary location Right/left-side 15/42 6/34 0.944

Differentiation Low to moderate/High 55/2 40/0 0.510

T stage of primary tumor T1+2/T3+4 3/54 4/36 0.650

N stage of primary tumor N0/N+ 9/48 5/35 0.149

Gene RAS-wild/mutation 38/19 28/12 0.729

Simultaneous liver 
metastases

No/Yes 13/44 12/28 0.425

Distribution Solitary/Bilateral 20/37 15/25 0.808

Number of CRLM ≤ 3/> 3 17/40 15/25 0.429

Size (mm) 38.25 ± 27.69 37.88 ± 22.11 0.944

RECIST Response/Non-response 33/24 21/19 0.599

Disappearing lesion No/Yes 46/11 34/6 0.584

pre-CEA ≤ 5/> 5 ng/mL 15/42 11/29 0.897

pre-CA199 ≤ 40/> 40 U/mL 26/31 17/23 0.761

post-CEA ≤ 5/> 5 ng/mL 27/30 17/23 0.635

post-CA199 ≤ 40/> 40 U/mL 33/24 25/15 0.649

Short axis of largest lymph 
node before treatment

mm 7.39 ± 2.65 11.88 ± 5.35 < 0.001a

Long axis of largest lymph 
node before treatment

mm 14.25 ± 6.41 18.28 ± 7.28 0.005a

Pre-ADC mm2/s 1.54 ± 0.35 1.49 ± 0.30 0.394

Pre-D mm2/s 1.21 ± 0.43 1.02 ± 0.25 0.005a

Pre-D* mm2/s 3.33 ± 2.37 2.70 ± 2.38 0.200

Pre-f 0.49 ± 0.17 0.45 ± 0.14 0.330

Pre-DDC mm2/s 3.21 ± 1.69 2.01 ± 0.83 < 0.001a < 0.001 0.002a

Pre-α 0.59 ± 0.17 0.62 ± 0.16 0.363

Short axis of largest lymph 
node after treatment

mm 6.74 ± 2.13 10.43 ± 3.62 < 0.001a 1.509 (1.235-1.845) < 0.001a

Long axis of largest lymph 
node after treatment

mm 13.46 ± 5.78 17.08 ± 6.82 0.006a

Post-ADC mm2/s 1.64 ± 0.32 1.45 ± 0.32 0.006a

Post-D mm2/s 1.35 ± 0.86 1.24 ± 0.78 0.529

Post-D* mm2/s 3.69 ± 2.96 3.48 ± 3.38 0.751

Post-f 0.51 ± 0.18 0.52 ± 0.18 0.732

Post-DDC 3.46 ± 1.48 2.37 ± 0.91 < 0.001a

Post-α 0.61 ± 0.13 0.67 ± 0.13 0.035a

aP values that are significantly different between metastatic and non-metastatic HLN group.
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HLN: Hemolymph node; OR: Odds ratio; BMI: Body mass indices; CRLM: Colorectal liver metastases; RECIST: Response Evaluation Criteria In Solid 
Tumors; CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9; ADC: Apparent diffusion coefficient; CI: Confidence interval; DDC: 
Distributed diffusion coefficient; LNM: Lymph node metastases; D: True diffusion coefficient; D*: Pseudo-diffusion coefficient; f: The perfusion fraction; α: 
Intravoxel water diffusion heterogeneity.

Table 2 Diagnostic performance of quantitative parameters and nomogram in predicting hepatic lymph node metastases in colorectal 
liver metastases patient

AUC Cut off value Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Pre-ADC 0.551 (0.436-
0.666)

1.70 32.5 82.5 56.5 63.5 61.5

Pre-D 0.648 (0.538-
0.758)

1.15 55.0 77.2 62.9 58.1 68.0

Pre-D* 0.592 (0.477-
0.707)

2.51 55.0 66.7 53.7 71.0 62.1

Pre-f 0.577 (0.462-
0.692)

3.98 70.0 47.5 48.3 64.3 56.7

Pre-DDC 0.770 (0.676-
0.865)

1.92 85.0 59.6 59.6 85.0 70.1

Pre-α 0.573 (0.456-
0.689)

0.59 62.5 59.6 52.1 69.4 60.8

Post-ADC 0.664 (0.553-
0.774)

1.46 75.0 52.6 52.6 75.0 61.9

Post-D 0.581 (0.447-
0.681)

1.21 50.0 70.2 54.1 66.7 62.1

Post-D* 0.558 (0.438-
0.678)

1.27 85.0 33.3 47.2 76.0 54.6

Post-f 0.521 (0.403-
0.638)

3.98 77.5 31.6 44.3 66.7 50.5

Post-DDC 0.739 (0.641-
0.838)

2.26 82.5 52.5 55.0 81.1 64.9

Post-α 0.623 (0.509-
0.737)

0.65 57.5 70.2 57.5 70.2 65.0

Short axis of largest lymph 
node before treatment (mm)

0.773 (0.674-
0.872)

12 50.0 94.7 87.0 73.0 76.3

Short axis of largest lymph 
node after treatment (mm)

0.811 (0.724-
0.899)

10 52.5 94.7 38.9 74.0 77.3

Nomogram 0.873 (0.803, 
0.943)

1.03 82.5 82.5 87.0 76.7 82.5

AUC: Area under the receiver operating characteristic curve; ADC: Apparent diffusion coefficient; NPV: Negative predictive value; PPV: Positive 
predictive value; DDC: Distributed diffusion coefficient; D: True diffusion coefficient; D*: Pseudo-diffusion coefficient; f: The perfusion fraction; α: 
Intravoxel water diffusion heterogeneity.

DISCUSSION
In this study, our goal was to assess the diagnostic potential of DWI parameters using three models to differentiate 
between benign hepatic lymph nodes and metastatic lymph nodes in patients with initially resectable CRLM. Our 
findings indicate that the DDC values obtained from the SEM were significantly lower in metastatic lymph nodes 
compared to non-metastatic lymph nodes, both before and after treatment. Notably, the baseline DDC value exhibited the 
highest accuracy for preoperative lymph node status diagnosis in CRLM patients, outperforming the accuracy of ADC 
from the mono-exponential model, as well as D, D*, and f from the IVIM model. Furthermore, there was substantial 
agreement between two independent readers in assessing DDC, suggesting that DDC, along with the short diameter of 
the largest lymph node, may serve as a reliable, non-invasive, and promising technique in clinical practice for distin-
guishing between metastatic and non-metastatic lymph nodes before surgery.

Our results show that the baseline DDC from the SEM demonstrated the highest diagnostic performance in distin-
guishing metastatic from benign hepatic lymph nodes, followed by post-DDC and post-ADC, although the differences 
among them were not statistically significant. The DDC value is considered a weighted sum of continuous distributions 
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Figure 1 The receiver operating characteristic curve of nomogram to predict hepatic lymph node metastases in colorectal liver 
metastases patients receiving chemotherapy. The area under the curve of the nomogram was 0.873.

Figure 2 Nomogram of model for predicting hepatic lymph node metastases in colorectal liver metastases patients receiving 
chemotherapy. DDC: Distributed diffusion coefficient.

of ADCs and can offer more information on non-Gaussian distribution. These results can be attributed to increased 
cellularity, higher nucleus-to-cytoplasm ratios, and more limited extracellular space in malignant lymph nodes, leading to 
greater intravoxel diffusion heterogeneity[19,20]. Therefore, DDC may have a superior ability to differentiate between 
benign and malignant liver lesions with minimal overlap compared to ADC calculated from the mono-exponential 
model, consistent with previous studies on gliomas, ovarian cancer, bladder cancer, and hepatic lesions[21-24]. 
Additionally, our findings suggest that DDC values calculated from the SEM are more reliable than those from the mono-
exponential and IVIM models, aligning with previous studies[25-27].

On the contrary, while quantitative parameters obtained from the IVIM model, except for post-f of benign hepatic 
lesions, were higher in malignant lymph nodes, the difference was not statistically significant. Several factors may 
contribute to these results. Firstly, the predictive value of the IVIM model for lymph node status has not been consistently 
supported in previous literature. For instance, in a study on rectal adenocarcinoma patients, Jia et al[28] found that the 
group with positive lymph nodes exhibited a significantly lower D* value and a higher f value. Conversely, another 
study on rectal cancer patients showed that the metastatic group had significantly lower D and D* values compared to 
the nonmetastatic group[29]. Various factors, such as the setting of b-values (especially b-values < 200 s/mm²), TR, and 
scan techniques, may influence the results of IVIM parameters. Secondly, the heterogeneity of hepatic lesions can impact 
the quantitative parameters of the IVIM model. Malignant lesions typically demonstrate more heterogeneity in terms of 
cellularity, vascularity, and perfusion compared to benign lesions. This inherent heterogeneity can lead to variations in 
the IVIM parameters, making it challenging to differentiate between benign and malignant lesions based solely on IVIM 
parameters. Additionally, the limited sample size in our study may introduce selection bias.
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Our study also revealed that the short diameter of the largest lymph node after treatment was useful in predicting the 
status of hepatic lymph nodes in CRLM patients. This finding aligns with a previous study indicating tumor size as an 
independent predictor of lymph node metastases[30]. We identified the optimal diagnostic threshold for the short 
diameter of lymph nodes as 10 mm, with a sensitivity of 52.5%, specificity of 94.7%, and accuracy of 77.3%. The 
nomogram, combining DDC and the short diameter of the largest lymph node, can quantitatively evaluate lymph node 
metastases with enhanced diagnostic efficacy. The nomogram's diagnostic efficiency, with an AUC of 0.873, 
demonstrated superior performance compared to using either IVIM or SEM alone. Furthermore, the nomogram exhibited 
improved sensitivity, specificity, and accuracy. These results suggest that the nomogram can effectively prevent 
unnecessary lymph node dissection in CRLM patients.

The current study has several limitations. Firstly, it was a retrospective, single-center study with a relatively small 
sample size. Therefore, further studies with a larger sample size and external validation are needed to validate the 
findings. Secondly, there may be selection bias because we only included patients with clinically suspected lymph node 
metastasis who underwent surgical resection. This could potentially underestimate the severity of the condition, as most 
CRLM patients were excluded if they did not have clinically suspicious metastatic lymph nodes. Thirdly, there may be 
uncertainty regarding the alignment between the lymph node evaluated by the pathologist and the image slices where 
the DWI parameters were obtained. Additionally, the setting of b-values in DWI remains controversial. While using too 
many b-values would result in prolonged scan time, further research is required to determine the optimal number and 
interval of b-values for accurate assessment, considering the trade-off between scan time and accuracy. Lastly, the study 
did not analyze the relationship between the models and the survival outcome of the patients.

CONCLUSION
In conclusion, our results suggest that a nomogram incorporating the pre-DDC value calculated from SEM-DWI along 
with the short diameter of the largest lymph node after treatment may have the potential to predict lymph node 
metastasis noninvasively in CRLM patients after chemotherapy. This nomogram can be used for individualized, 
noninvasive high-risk assessment and surgical planning for CRLM patients with suspected metastatic hepatic lymph 
nodes, thereby reducing unnecessary surgical procedures and the occurrence of complications.

ARTICLE HIGHLIGHTS
Research background
More than 50% of patients with colorectal cancer develop colorectal liver metastases (CRLM), and the presence of 
metastatic hepatic lymph nodes can greatly influence treatment decisions and patient outcomes. Precise preoperative 
prediction of hepatic lymph node status is beneficial for individualized treatment and reducing complications.

Research motivation
However, there is currently a lack of reliable radiological tools for predicting the presence of metastatic hepatic lymph 
nodes in CRLM prior to surgery.

Research objectives
The study aimed to assess the predictive ability of different diffusion-weighted imaging (DWI) models (mono-
exponential, bi-exponential, and stretched-exponential) in distinguishing between benign and malignant hepatic lymph 
nodes in CRLM patients who underwent neoadjuvant chemotherapy.

Research methods
A retrospective study was conducted involving 97 CRLM patients with pathologically confirmed hepatic lymph node 
status who underwent magnetic resonance imaging, including DWI with ten b values before and after chemotherapy. 
Various parameters, including apparent diffusion coefficient, the true diffusion coefficient, the pseudo-diffusion 
coefficient, the perfusion fraction, distributed diffusion coefficient (DDC), and α, derived from different DWI models, 
were measured and compared between positive and negative hepatic lymph node groups. A nomogram was constructed, 
and the reliability and agreement of the measurements were assessed using appropriate statistical analyses.

Research results
Multivariate analysis revealed that the pre-treatment DDC value and the short diameter of the largest lymph node after 
treatment were independent predictors of metastatic hepatic lymph nodes. A nomogram combining these factors 
demonstrated excellent performance in distinguishing between benign and malignant lymph nodes in CRLM patients, 
with area under the receiver operating characteristic curve of 0.873. Furthermore, parameters from the stretched-
exponential model showed substantial repeatability.

Research conclusions
The developed nomogram, incorporating the pre-treatment DDC and the short axis of the largest lymph node, can be 
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utilized to predict the presence of hepatic lymph node metastases in CRLM patients who undergo chemotherapy prior to 
surgery. This nomogram was found to be more valuable than quantitative parameters derived from multiple b values of 
DWI, exhibiting superior diagnostic performance.

Research perspectives
In the future, the nomogram can serve as a preoperative assessment tool for determining the status of hepatic lymph 
nodes and aiding in the decision-making process for surgical treatment in CRLM patients.
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