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Analysis of the accuracy of dynamic contrast-enhanced 
magnetic resonance imaging in assessing lymph node 
metastasis and prognosis in cervical cancer patients 

INTRODUCTION 

Cervical cancer is one of the prevalent malignant 
gynecological tumors, boasting the highest mortality 
rate among female reproductive system diseases (1, 2). 
This poses a significant threat to women's health and 
profoundly impacts their quality of life. A crucial            
factor influencing the clinical prognosis of cervical 
cancer patients is the occurrence of pelvic lymph 
node metastasis (3). Notably, patients with lymph 
node metastasis exhibit a considerably low survival 
rate, and an increasing number of metastatic lymph 
nodes correlates with a further decline in the survival 
rate (4). Early diagnosis and treatment are imperative 
in cervical cancer management, encompassing                
surgical intervention, radiotherapy, and                 
chemotherapy (5). While early detection and                
treatment yield favorable outcomes, the early              
diagnosis rate in China remains low, often resulting in 
a delayed diagnosis until the later stages when             

symptoms become apparent (6). Therefore, enhancing 
the early clinical diagnosis rate is paramount in             
diagnosing cervical cancer promptly and improving 
patient prognosis.  

Magnetic Resonance Imaging (MRI) is a frequently 
utilized modality for examining cervical cancer,             
owing to its superior soft tissue resolution, capability 
for multi-directional and multi-sequence imaging, 
and ability to produce clear images (7, 8). The use of 
dynamic contrast-enhanced MRI significantly            
enhances the clarity of MRI, enabling a more precise 
visualization of tumor development (9). Furthermore, 
dynamic scanning broadens the scope of MRI               
observation, offering a more comprehensive view (10). 
In this study, we collected 50 cases of patients with 
cervical cancer. This study not only focuses solely on 
DCE-MRI but also integrates the comprehensive             
application of conventional MRI scanning techniques, 
such as DWI, T2WI, and T1WI, to conduct a                    
comprehensive assessment of multiple prognostic 

C.Y. Zheng1,2, Y.Y. Peng1, Z.Y. Zhang3*, X.M. Zhang1* 
 

1Department of Gynecology, Women’s Hospital, School of Medicine, Zhejiang University, Hangzhou, Zhejiang, China  
2Department of Gynecology, Women and Children's Hospital of Ningbo University, Ningbo, Zhejiang, China 

3Department of Radiology, Shanghai First Maternity and Infant Hospital, Shanghai, China 

ABSTRACT 

Background: To assess the accuracy, specificity, and sensitivity of dynamic contrast-
enhanced magnetic resonance imaging (MRI) in assessing lymph node metastasis 
(LNM) and prognosis after cervical cancer surgery. Materials and Methods: Fifty 
cervical cancer patients admitted to our hospital from April 2022 to April 2023 were 
selected. 27 patients were in stage I-IIA and processed radical hysterectomy combined 
with pelvic lymph node dissection. Twenty-three patients were in stage IIB and beyond 
and underwent laparotomy with key site biopsy combined with pelvic lymph node 
biopsy. Postoperative pathological diagnosis was used as the gold standard for 
diagnosis. All patients underwent MRI scanning, including conventional MRI scanning 
such as DWI, T2WI, and T1WI of the pelvic cavity. Gadolinium-diethylene triamine 
pentaacetate (Gd-DTPA) was injected for dynamic contrast-enhanced scanning. The 
data of postoperative pathological staging, MRI staging, LNM, deep muscle layer 
invasion, and postoperative recurrence were analyzed. Results: There was no marked 
difference between MRI staging and postoperative pathological staging (P>0.05). 
When comparing preoperative clinical staging and MRI staging with postoperative 
pathological staging as the control group, there was no significant difference in 
accuracy. Both postoperative pathological diagnosis and MRI diagnosis had high 
specificity and sensitivity in assessing LNM and deep muscle layer invasion, but the 
differences were not significant (P>0.05). Conclusion: Dynamic contrast-enhanced MRI 
examination has high accuracy in assessing lymph node metastasis for cervical cancer 
patients. It has high sensitivity and specificity in assessing parametrial invasion, LNM, 
deep muscle layer invasion, and vaginal involvement, as well as has good prognostic 
value in assessing postoperative recurrence.  
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factors in cervical cancer patients, including LNM, 
deep muscular layer invasion, and postoperative              
recurrence. This multi-parametric comprehensive 
assessment approach enhances the accuracy and 
comprehensiveness of diagnosis, providing a more 
reliable basis for clinical prognosis prediction. 

 
 

MATERIALS AND METHODS 
 

General data 
Fifty patients who received cervical cancer               

examination in our hospital from April 2022 to April 
2023, aged 23 to 84 years, with an average age of 
(45.37±3.63) years. All 50 patients presented with 
varying degrees of irregular vaginal bleeding,                    
including postmenopausal vaginal bleeding and              
menstrual disorders with irregular bleeding among 
premenopausal women. Additionally, they exhibited 
excessive vaginal discharge, and B-ultrasound 
(WED9618-CII, Wyard, Guangdong, China) imaging 
revealed cervical enlargement. Among these patients, 
27 with stages I to IIA underwent radical                         
hysterectomy combined with pelvic lymph node             
dissection, while 23 patients with stage IIB and above 
received laparotomy with pelvic lymph node               
dissection. All patient care was conducted in strict 
adherence to the ethical principles outlined in the 
World Medical Association's Declaration of Helsinki. 
The research study was granted approval by the             
Ethical Committee of Women’s Hospital, School of 
Medicine, Zhejiang University (ethical approval             
number 2022-ZU-16). 
Inclusion criteria: (1) no systemic serious organic 
diseases; (2) good clinical compliance; (3) no blood 
system diseases or coagulation disorders.  
Exclusion criteria: (1) serious mental disorder or 
cognitive dysfunction; (2) the expected survival             
period is less than 3 months; (3) those who do not 
agree with the research plan or have not signed the 
informed consent. 
 

Methods of MRI detection 
Patients were required to fast and retain urine on 

an empty stomach, lying flat on the examination            
table. The scanning area extended from the superior 
pelvic margin to the horizontal line of the symphysis 
pubis. The scanning sequence commenced with cross
-sectional Fast Spin Echo and T2-weighted imaging 
(T2WI), followed by sagittal T2WI and cross-
sectional fat suppression sequences. Coronal T2WI 
and cross-sectional T1-weighted imaging (T1WI) 
were also included. Prior to the scan, 0.1 mmol/kg of 
the Gd-DTPA (#HY-107353, MedChemExpress, USA) 
was administered intravenously at an injection rate 
of 3 mL/s. Subsequently, 25 consecutive dynamic 
enhancement images were captured, commencing 
with 20-second scans during the venous phase,               
40-second scans during the venous phase, and                 
60-second scans during the parenchymal phase.  

408 

Clinical staging 
Cervical cancer staging, as defined by The                

International Federation of Gynecologyand Obstetrics 
(FIGO), comprises: (1) Stage I: Cancer confined to the 

uterus, with IA ≤3-5mm interstitial infiltration and 

IB ≤4cm cervical lesion. (2) Stage II: Cancer extends 

beyond uterus but not to pelvic wall or lower 1/3 
vagina; IIA without, IIB with paracentral infiltration. 
(3) Stage III: Involves pelvic wall or lower 1/3 vagina; 
IIIA in vagina only, IIIB extends to pelvic wall/
hydronephrosis. (4) Stage IV: Invades bladder/
rectum mucosa, extends to pelvis, or metastasizes (11). 

 

MRI staging 
T1W1, T2W2 axial plane, coronal plane and             

sagittal plane scans were performed first. Specific 
scanning parameters were as follows: The layer            
distance and thickness were 1.0mm, the field of view 
was 16 cm × 16 cm, the matrix was 256 × 256, the 
repetition firing time was 25 ms, the echo time was 
6.0 ms, and the acquisition time is 270 s. After             
obtaining the corresponding image data, the image is 
reconstructed by using the maximum density                
projection method. The specific staging criteria are as 
follows: (1) Stage I: Cervical cancer is confined to the 
uterus. Cervical cancer lesions limited to intrauterine 
and uninvaded cervix was stage IA; Confined to the 
cervix stage IB; (2) Stage II: Cervical cancer                 
downward invasion and upper two-thirds of the  
vagina. There was no clear sign of paracentral                
invasion for stage IIA; Lateral paracentric invasion 
with poorly defined boundary with the posterior wall 
of the bladder without obvious signs of involvement 
was stage IIB; (3) Stage III: Cervical cancer involves 
1/3 of the lower vagina, accompanied by paracentral 
invasion. Stage IIIA involved the lower 1/3 of the 
vagina but did not see obvious signs of invasion of the 
pelvic wall; Cervical cancer involving pelvic wall was 
IIIB stage. (4) Stage V: Cervical cancer has invaded 
the anterior wall of the rectum, the bladder wall, or 
metastasized to the distal end. 

 

Observation indicators 
Postoperative pathological stage of cervical               

cancer, and MRI staging and clinical staging accuracy 
of cervical cancer, including six stages of IA, IB, IIA, 
IIB, IIIA and IIIB. 

 

Statistical analysis 
All data were processed by SPSS17.0 software 

(SPSS, Chicago, IL, USA), and the adoption rate of 
counting data (%) was expressed by Chi-square test. 
P<0.05 indicated a statistically significant difference.  

 
 

RESULTS 
 

Postoperative pathological stage of patients with 
cervical cancer 

The pathological staging results of the 50 cervical 
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cancer patients were stage IA (2 cases) (4%), stage IB 
(14 cases) (28%), stage IIA (20 cases) (40%), stage 
IIB (9 cases) (18%), stage IIIA (3 cases) (6%), and 
stage IIIB (2 cases) (4%). 

 

Comparison of accuracy of preoperative clinical 
staging and MRI staging 

Taking the postoperative pathological stage as the 
control group, the accuracy of preoperative MRI stage 
was 88%, and the accuracy of clinicopathological 
stage was 84%, with no statistical significance 
(P>0.05, table 1).  

Comparison of specificity and sensitivity of               
pathological diagnosis and MRI diagnosis for 
lymph node metastasis 

There was no significant difference between MRI 
diagnosis and postoperative pathological                 
examination on deep muscle infiltration in patients 
with cervical cancer (P>0.05). The sensitivity and 
specificity of MRI were 85.5% and 100.0%                 
respectively. No significant difference was observed 
between preoperative MRI diagnosis and                       
postoperative pathological examination for vaginal 
involvement (P>0.05). The sensitivity and specificity 
of MRI were 83.0 % and 88.4%. There was no               
significant difference in the results of MRI diagnosis 
and postoperative pathological examination on the 
intrauterine tissue infiltration (P>0.05). The                  
sensitivity and specificity of MRI were 84.0% and 
86.2%. Additionally, there was no difference between 
MRI diagnosis and postoperative pathology in lymph 
node metastasis (P>0.05). MRI diagnosis with (figure 
1) or without (figure 2) lymph node metastasis was 
represented. The sensitivity and specificity of MRI 
were 86.5% and 92.0% respectively. 

 

 
 
 
 
 
 
 
 
 
 

 
 

DISCUSSION 
 

Cervical cancer is a common prevalent                      
gynecological malignancy, exhibiting a steady rise in 
incidence rates and a notably high mortality rate, 
posing a significant threat to women's health. It is 
imperative to enhance the early diagnosis rate of  
cervical cancer to facilitate prompt and effective 
treatment (12, 13).  

MRI is a widely employed modality for cervical 
cancer examination, owing to its high resolution in 
soft tissue imaging. It enables multi-directional, multi
-sequence imaging, resulting in clear and precise  
visualizations (14). In cervical cancer tissue, T2WI  
reveals a slightly elevated signal, while the cervical 
stroma exhibits a low signal. Sagittal T1WI images 
effectively demonstrate the extent of invasion into 
the uterus and vagina. Furthermore, the intactness of 
the low-signal stromal ring in T1WI cross-sectional 
scans indicates whether the tumor has breached the 
serosal layer (15, 16).   

Dynamic contrast-enhanced MRI scans                    
significantly enhance the clarity of imaging, allowing 
for a more precise delineation of the tumor. This           
dynamic scanning approach also enables a more  
comprehensive evaluation of MRI observations (17, 18). 
As modern science and technology continue to              
advance, coupled with the constant improvement in 
medical standards, the utilization of dynamic MRI 
enhancement scans has increased steadily.                  
Consequently, there is a need for further                          
investigation into the clinical application value of this 
technique. In this study, 50 cases of cervical cancer in 
our hospital underwent dynamic MRI enhancement 
scans. The diagnostic outcomes were found to be  
consistent with the postoperative pathological                 
staging, demonstrating no significant differences. 
When compared to the postoperative pathological 
stage as the control group, the diagnostic accuracy of 
dynamic MRI enhancement scans and                          
clinicopathologic staging revealed a preoperative MRI 
staging accuracy of 88% and a clinicopathologic           
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Table 1. Comparison of MRI staging and clinical staging of 
cervical cancer [n(%)]. 

Stage n IA IB IIA IIB IIIA IIIB 
accuracy 
rate (%) 

Clinical stage 50 0(0) 12(24) 18(36) 8(16) 1(2) 3(6) 84 
MRI stage 50 0(0) 13(26) 20(40) 7(14) 3(6) 1(2) 88 

c2   0.000 0.365 1.208 0.930 0.364 1.482 0.761 
P   1.000 0.205 0.332 0.548 0.285 0.603 0.872 

Figure 1. MRI diagnosis with lymph node metastasis. The red 
arrow precisely pinpoints the metastatic lymph nodes,  

demonstrating their size, shape, and potential invasion into 
surrounding tissues.  

Figure 2. MRI diagnosis without lymph node metastasis. The 
MRI scan showcases a detailed visualization of the patient's 

lymphatic system, including lymph nodes and associated            
vessels.  The absence of any abnormal enhancement or             

morphological changes within the lymph nodes.   
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staging accuracy of 84%, with no statistical                  
difference. These findings indicate that dynamic MRI 
enhancement scanning can effectively enhance the 
clinical diagnostic accuracy, enabling earlier                    
diagnosis and assisting in prompt clinical treatment. 

The primary modalities of cervical cancer spread 
are direct invasion and lymph node metastasis (19). 
Due to the lack of restriction posed by the                       
parauterine fascia, cervical cancer tends to invade 
surrounding structures and lymph nodes,                        
with parasauterine invasion often preceding                          
anteroposterior invasion (20). MRI boasts excellent 
soft tissue resolution, serving as the foundation for 
distinguishing tumors from normal tissue (21). The 
accuracy of cervical cancer imaging diagnosis relies 
on the capability to visually delineate the anatomical 
structure of pelvic organs, the inter-tissue layers, and 
the differences between tumor and healthy tissue. It 
facilitates multi-directional and multi-sequence              
imaging (22). When compared to conventional                 
scanning methods, dynamic enhancement scanning is 
more adept at detecting lesions and delineating their 
extent, creating a favorable contrast in signal                 
differences and enhancing lesion detection rates (23, 

24). In this study, we compared and analyzed the  
specificity and sensitivity of postoperative                 
pathological diagnosis and MRI diagnosis for lymph 
node metastasis. The results revealed that both 
methods exhibited relatively high specificity and   
sensitivity for lymph node metastasis, deep muscle 
infiltration, and intrauterine tissue infiltration, with 
no significant differences observed.  

 
 

CONCLUSION 
 

In summary, this study suggested that dynamic 
enhanced scanning had high accuracy, sensitivity and 
specificity in the evaluation of lymph node metastasis 
and deep muscle infiltration in cervical cancer. 

 
ACKNOWLEDGEMENTS  

Not applicable.  
 

Ethics approval and consent to participate: All  
patient care was conducted in strict adherence to the 
ethical principles outlined in the World Medical             
Association's Declaration of Helsinki. The research 
study was granted approval by the Ethical Committee 
of Women’s Hospital, School of Medicine, Zhejiang 
University (ethical approval number 2022-ZU-16). 
Competing interests: No conflict of interest exits in 
this manuscript.  
Consent for publication: Manuscript is approved by 
all authors for publication.  
Funding: None. 
Availability of data and materials: The data and 
materials of this experiment are available.   
Author contributions: C-Y.Z.; .Conception and design 
of the research, the analysis and interpretation of the 

data, and the writing of the first draft. Y-Y.P.;                     
Statistical analysis. Z-Y.Z.; Data acquisition. X-M.Z.; 
Revision of manuscript for important intellectual  
content. All authors were involved in manuscript 
writing and approved final manuscript for                        
publication.  

 
 

REFERENCES 
 

1. Perkins RB, Wentzensen N, Guido RS, et al. (2023) Cervical Cancer 
Screening: A Review. JAMA, 330(6): 547-558. 

2. Zhang H, Qian J, Lin J. (2023) Application of portable vaginal irriga-
tor in patients with cervical cancer undergoing external irradiation 
combined with intracavitary brachytherapy. International Journal 
of Radiation Research, 21(3): 499-503. 

3. Berek JS, Matias-Guiu X, Creutzberg C, et al. (2023) Endometrial 
Cancer Staging Subcommittee FWsCC: FIGO staging of endometrial 
cancer: 2023. Int J Gynaecol, 162(2): 383-394. 

4. Yun BS, Lee KB, Lee KH, et al. (2024) Therapeutic effects of surgical 
debulking of metastatic lymph nodes in cervical cancer IIICr: a trial 
protocol for a phase III, multicenter, randomized controlled study 
(KGOG1047/DEBULK trial). J Gynecol Oncol, 35(5):e57. 

5. O'Dowd EL, Merriel SWD, Cheng VWT, et al. (2023) Clinical trials in 
cancer screening, prevention and early diagnosis (SPED): a system-
atic mapping review. BMC Cancer, 23(1): 820. 

6. Hamdi M, Senan EM, Awaji B, et al. (2023) Analysis of WSI images 
by hybrid systems with fusion features for early diagnosis of cervi-
cal cancer. Diagnostics (Basel), 13(15): 2538. 

7. Abdul-Latif M, Tharmalingam H, Tsang Y, et al. (2023) Functional 
magnetic resonance imaging in cervical cancer diagnosis and treat-
ment. Clin Oncol, 35(9): 598-610. 

8. Meng H, Guo X, Zhang D (2023) Multimodal magnetic resonance 
imaging in the diagnosis of cervical cancer and its correlation with 
the differentiation process of cervical cancer. BMC Med Imaging, 
23(1): 144. 

9. Li X, Huang W, Holmes JH. (2024) Dynamic contrast-enhanced 
(DCE) MRI. Magn Reson Imaging Clin N Am, 32(1): 47-61. 

10. Benjamin J, O'Leary C, Hur S, et al. (2023) Imaging and interven-
tions for lymphatic and lymphatic-related disorders. Radiology, 307
(3): e220231. 

11. Long X, He M, Yang L, et al. (2023) Validation of the 2018 FIGO 
staging system for predicting the prognosis of patients with stage 
IIIC cervical cancer. Clin Med Insights Oncol, 17: 
11795549221146652. 

12. Chen H, Tian X, Luan Y, et al. (2023) Highly expressed circ_0000285 
from serum and cervical exfoliated cells as a novel biomarker for 
the diagnosis of early stage-cervical cancer. J Obstet Gynaecol, 43
(1): 2196344. 

13. Kassa R, Irene Y, Woldetsadik E, et al. (2023) Survival of women 
with cervical cancer in East Africa: a systematic review and meta-
analysis. J Obstet Gynaecol, 43(2): 2253308. 

14. Zhong L, Chen Z, Shu H, et al. (2024) Multi-scale tokens-aware 
transformer network for multi-region and multi-sequence MR-to-
CT synthesis in a single model. IEEE Trans Med Imaging, 43(2): 794-
806. 

15. Xiao ML, Wei Y, Zhang J, et al. (2022) MRI Texture analysis for 
preoperative prediction of lymph node metastasis in patients with 
nonsquamous cell cervical carcinoma. Acad Radiol, 29(11): 1661-
1671. 

16. Xiao ML, Qian T, Fu L, et al. (2024) Deep learning nomogram for the 
identification of deep stromal invasion in patients with early-stage 
cervical adenocarcinoma and adenosquamous carcinoma: a multi-
center study. J Magn Reson Imaging, 59(4): 1394-1406. 

17. Lee MS, Moon MH, Kim TM, et al. (2023) Contrast-enhanced MRI in 
women with endometrial cancer: dynamic versus single-phase 
acquisitions. Clin Med Insights Oncol, 17: 11795549231207833. 

18. Li XX, Liu B, Cui Y, et al. (2024) Intravoxel incoherent motion diffu-
sion-weighted imaging and dynamic contrast-enhanced MRI for 
predicting parametrial invasion in cervical cancer. Abdom Radiol 
(NY), 49(9): 3232-3240. 

19. Liu Q, Jiang N, Hao Y, et al. (2023) Identification of lymph node 
metastasis in pre-operation cervical cancer patients by weakly 
supervised deep learning from histopathological whole-slide biopsy 
images. Cancer Med, 12(17): 17952-17966. 

20. Bizzarri N, Di Berardino S, Benkortbi K, et al. (2024) External beam 
radiotherapy boost versus surgical debulking followed by radio-

410 Int. J. Radiat. Res., Vol. 23 No. 2, April 2025 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-0

7-
20

 ]
 

                               4 / 6

http://ijrr.com/article-1-6400-en.html


therapy for the treatment of metastatic lymph nodes in cervical 
cancer: A systematic review and meta-analysis. Eur J Surg Oncol, 
50(4): 108013. 

21. Lee KY, Rim J, Choi JA, et al. (2023) High-Resolution Finger MRI: 
What should you look for in trauma of the fingers? J Korean Soc 
Radiol, 84(5): 1031-1046. 

22. Leung SN, Chandra SS, Lim K, et al. (2024) Automatic segmentation 
of tumour and organs at risk in 3D MRI for cervical cancer radia-
tion therapy with anatomical variations. Phys Eng Sci Med, 47
(3):919-928. 

23. Jha A, Patel M, Ling A, et al. (2024) Diagnostic performance of [(68)
Ga]DOTATATE PET/CT, [(18)F]FDG PET/CT, MRI of the spine, and 
whole-body diagnostic CT and MRI in the detection of spinal bone 
metastases associated with pheochromocytoma and paragangli-
oma. Eur Radiol, 34(10):6488-6498.  

24. Shu Q, He X, Chen X, et al. (2023) Head-to-head comparison of 18 
F-FDG and 68 Ga-FAPI-04 PET/CT for radiological evaluation of 
cervical cancer. Clin Nucl Med, 48(11): 928-932. 

Zheng et al. / The accuracy of MRI in assessing cervical cancer  411 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-0

7-
20

 ]
 

                               5 / 6

http://ijrr.com/article-1-6400-en.html


 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-0

7-
20

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://ijrr.com/article-1-6400-en.html
http://www.tcpdf.org

