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Background: With the continuous progress of medical imaging technology, evaluation of cervical cancer 
is increasingly dependent on imaging methods. Diffusion-weighted imaging (DWI) plays an important role, 
and apparent diffusion coefficient (ADC) value is a unique quantitative parameter in the research of cervical 
cancer.
Methods: In this prospective study, a total of 273 patients diagnosed with stage IB1 to IIIC1 cervical cancer 
based on the International Federation of Gynecology and Obstetrics (FIGO) 2018 staging guidelines who 
underwent pelvic 3.0T magnetic resonance imaging (MRI), including MRI and DWI, were enrolled, and the 
diagnostic value of preoperative staging of cervical cancer was compared between the MRI and DWI groups. 
The DWI group was used to explore the potential association of mean ADC (ADCmean) with different 
pathological characteristics and receiver operating characteristic (ROC) curves of ADCmean generated to 
predict the appropriate postoperative supplementary therapy. 
Results: The diagnostic coincidence rate of DWI was higher than that of MRI in preoperative staging of 
cervical cancer (χ2, P<0.05) and determined as stages IB1 + IB2 + IIA1 (90.91%), IB3 + IIA2 (93.48%), and 
IIIC1p (95.16%). The DWI staging results were consistent with postoperative pathological staging (Kappa 
value =0.865, P<0.001). We observed significant differences in ADCmean values in relation to pathological 
type, histological grade, depth of stromal infiltration, tumor diameter, lymphovascular invasion, and pelvic 
lymph node metastasis of cervical cancer (all P<0.05). The area under the ROC curve (AUC) was 0.815, 
with the best predictive value for postoperative supplementary therapy in cervical cancer (sensitivity 80.0%, 
specificity 74.0%) at ADCmean of 0.910×10−3 mm2/s.
Conclusions: The DWI is a useful tool for preoperative evaluation of cervical cancer. In local cervical 
lesions, ADCmean varies in relation to different clinicopathological characteristics and a reference index of 
<0.910×10−3 mm2/s can be effectively applied to predict the need for postoperative supplementary therapy.
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Introduction

Cervical cancer is one of the most common cancer types 
in women worldwide, ranking fourth in terms of both 
morbidity and mortality following breast, colorectal, 
and lung cancer, and remains the main cause of cancer-
associated death in developing countries, posing a serious 
global threat to female health (1). In October 2018, the 
International Federation of Gynecology and Obstetrics 
(FIGO) terminated the era of continuous use of clinical 
staging and introduced postoperative pathological staging 
for cervical cancer. Since radiotherapy is one of the main 
treatment modalities for cervical cancer, imaging was 
proposed for use in staging for the first time, leading to 
substantial changes in diagnosis and treatment plans (2). 
The staging diagnosis of cervical cancer affects selection of 
clinical treatment options (surgical treatment, radiotherapy, 
or chemotherapy) while patients undergoing surgery 
require additional radiotherapy or chemotherapy if there 
are risk factors for postoperative pathology. For stage 
IB3/IIA2 cervical cancer, surgical treatment is currently 
considered to have similar efficacy as concurrent platinum-
based chemoradiation (CCRT). The latest National 
Comprehensive Cancer Network (NCCN) guidelines 
still recommend CCRT as the first choice (category 1A 
option) for stage IB3/IIA2 as well as stage IIIC1 cervical 
cancer (3). For patients undergoing surgery, risk factors 
for supplementary therapy according to postoperative 
pathology need to be considered, which can inadvertently 
lead to superposition of invasive therapy. Effective 
preoperative prediction of the possibility of postoperative 
supplementary therapy may allow patients to select CCRT 
as the first treatment choice instead of surgery. Accurate 
preoperative assessment is therefore critical for appropriate 
selection of initial treatments for cervical cancer. In the 
past, clinical staging and evaluation of cervical cancer has 
been mainly based on gynecological examinations. With 
the continuous progress in medical imaging technology, 
evaluation of cervical cancer is increasingly dependent on 
imaging methods.

Magnetic resonance imaging (MRI) has unique 
advantages in soft tissue imaging (4) and is widely used 
in preoperative diagnosis of cervical cancer. Compared 
with other imaging methods, MRI has higher utility in 
pelvic evaluation and is effective in detection of primary 
tumor size, local diffusion, and lymph node metastasis, 
thus presenting a valuable means to monitor disease 
recurrence and treatment response. With recent advances 

in technology, MRI has gradually developed from 
morphological imaging to diffusion-weighted imaging 
(DWI) that can simultaneously perform functional 
imaging (5). Currently, DWI is the only noninvasive 
imaging procedure that can effectively detect the diffusion 
movement of water molecules in living bodies. The 
DWI method involves applying one gradient pulse pair 
of the same size, direction, and duration on both sides of 
the 180° scan pulse and collecting echo signals to form 
images. Diffusion of water molecules results in weakening 
of tissue signal intensity. The degree of weakening is 
associated with the speed of molecular diffusion of water. 
Under conditions of limited diffusion movement of water 
molecules between tissues, the signal intensity is stronger. 
Changes in the signal intensity of tissues indirectly reflect 
the movement of water molecules within tissues under 
physiological and pathological conditions at the molecular 
level, thus signifying changes in the morphology, structure, 
and function of tissues (6). In addition, DWI facilitates 
quantification of changes in the degree of water molecule 
diffusion motion through evaluation of the apparent diffusion 
coefficient (ADC) value that reflects tissue lesions (7), which 
can obtain ADCmean from a region of interest (ROI) along 
the inner margin of the tumor area was manually placed 
on the ADC map. However, at present, application of 
DWI in cervical cancer is at the exploratory stage and the 
current clinical guidelines still recommend pelvic MRI for 
preoperative cervical local lesions (3). The diagnostic value 
of enhanced MRI is greater, but associated with higher cost 
and risk of contrast agent allergy in clinical applications. 
Therefore, DWI may be a preferable alternative to enhanced 
MRI, which would resolve the issue of contrast agent allergy.

There is a potential application for DWI in evaluation 
of pathological type, histological grade, and lymph node 
metastasis and monitoring the efficacy of radiotherapy and 
chemotherapy in cervical cancer. However, the research 
is less in the preoperative prediction of postoperative 
supplementary therapy for patients with cervical cancer, 
which fully combine imaging with clinical practice. And few 
studies to date have comprehensively analyzed correlations 
between DWI and clinicopathological characteristics. In 
particular, utilization of DWI to predict risk factors after 
surgery and guide clinical decision-making may be of 
significant value in selection of accurate treatment options 
for patients with cervical cancer. The main objective of 
the current study was to compare the diagnostic efficacy 
of DWI in preoperative staging of cervical cancer to 
that of MRI, analyze the correlation between ADC 
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value and clinicopathological characteristics of cervical 
cancer, and explore the ability of preoperative DWI to 
predict whether supplementary treatment may be needed 
after surgery. Improved preoperative diagnostic staging 
should aid in the provision of optimized and personalized 
treatments for patients with cervical cancer. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-21-5319/rc).

 

Methods

Patients 

The prospective study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). The 
study was approved by the Institutional Board of Cancer 
Hospital of China Medical University, Shenyang, China 
(No. 2013010) and informed consent was taken from all 
individual participants. The inclusion criteria were as follows: 
(I) surgical treatment, (II) new cases without preoperative 
chemoradiotherapy, (III) MRI sequence and DWI sequence 
scanning completed preoperatively, and (IV) postoperative 
pathological diagnosis. The exclusion criteria were as follows: 
(I) any MRI examination contraindication, (II) excessive MRI 
artifacts affecting diagnosis, (III) non-surgical treatment 
of patients, and (IV) imperfect clinical data. A total of 273 
cervical cancer patients aged 27–70 years (average age of 
49.63±9.32 years) were prospectively recruited from June 
2014 to June 2017. According to MRI scan sequence patterns, 
participants were divided into MRI and DWI groups. 

 All participants were diagnosed based on their 
postoperative pathological results. The FIGO 2018 
staging of participants revealed 165 stage IB1 + IB2 + 
IIA1, 46 stage IB3 + IIA2, and 62 stage IIIC1p cases. The 
clinicopathological characteristics included pathological 
type, histological grade, depth of stromal infiltration, tumor 
diameter, vaginal fornix invasion, lymphovascular invasion, 
and pelvic lymph node metastasis. Overall, 126 participants 
needed postoperative supplementary therapy, which was not 
required by the remaining 147 participants.

Imaging and data acquisition

Pelvic MRI examinations were performed using a 3.0-T  
unit (Magnetom Trio; Siemens Medical Solutions, 
Erlangen, Germany) with an 8-channel phased-array body 
coil and respiratory gating technology. The scanning range 

was from the upper edge of the iliac crest to the lower edge 
of pubic symphysis. Patients were in a supine position, with 
the head elevated and breathing kept as steady as possible to 
reduce disturbances caused by breathing movements. Prior 
to MRI examination, the patient was instructed to drink 
water to keep the bladder moderately filled and rest for 
15–30 min. Intrauterine Any intrauterine device (IUD) was 
removed the day before examination. 

The MRI sequence was as follows: transverse plane 
T1WI, TR550 ms, TE13 ms, slice thickness of 4 mm, 
spacing of 1 mm, field of vision of 400 mm × 400 mm, 
matrix of 195×320, excitation number of 2, FSE T2WI in 
transverse and sagittal planes, TR550 ms, TE3 ms, layer 
thickness of 4 mm, spacing of 1 mm, visual field of 400 mm 
× 400 mm, matrix of 202×384, and excitation number of 2.

The DWI sequence was as follows: single excitation of 
SE-EPI sequence on the transverse plane, TR3500 ms, 
TE93 ms, layer thickness 4 mm, spacing 1 mm, field of 
vision 400 mm × 400 mm, and matrix 320×256. Diffusion-
sensitive gradients in 3 directions were selected, and b 
values were 0, 800, and 1,000 s/mm2, respectively. 

The MRI data were post-processed using GE Omni-
Kinetics software (GE Healthcare, Chicago, IL, USA). 
The left and right diameter and anteroposterior diameter 
of the largest plane of the lesion were measured on MRI 
and DWI sequences, respectively, and upper and lower 
diameters of the largest plane of lesion in the sagittal plane 
were evaluated parallel to the uterine cavity. Each diameter 
was measured 3 times and the average value obtained. A 
ROI along the inner margin of the tumor area was manually 
placed on the ADC map. The ROI located in the lesion 
was as large as possible to avoid areas of uneven signal, 
such as necrosis, cystic degeneration, and bleeding and the 
surrounding area of the lesion. We measured 3 continuous 
layers of lesion in each patient to obtain the mean apparent 
diffusion coefficient (ADCmean) values using GE Omni-
Kinetics software.

Statistical analysis 

The software SPSS 25.0 (IBM Corp., Armonk, NY, USA) 
was used for statistical analysis. Quantitative data of 
ADCmean skewness distribution were expressed as median 
and quaternary range. Skewness distribution data were 
compared using Mann-Whitney U or Kruskal-Wallis 
H test, and comparison of group design data performed 
via t-test. Count data or graded data were analyzed via 
Pearson’s χ2 test and Fisher’s exact probability method. 

https://atm.amegroups.com/article/view/10.21037/atm-21-5319/rc
https://atm.amegroups.com/article/view/10.21037/atm-21-5319/rc
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Receiver operating characteristic (ROC) curves were 
generated. Sensitivity, specificity, positive predictive value, 
negative predictive value, positive likelihood ratio, negative 
likelihood ratio, and accuracy were calculated. The Kappa 
test was used for consistency (Kappa value >0.75 indicated 
good consistency, 0.4–0.75 moderate consistency, <0.4 poor 
consistency). We regarded P values <0.05 as statistically 
significant.

Results

Comparison of MRI and DWI as assessment tools for 
cervical cancer

Among the various stages of cervical cancer, we observed 
significant differences in the preoperative diagnostic 
coincidence rates between MRI and DWI groups (P<0.05). 
The diagnostic coincidence rates of DWI for each stage were 
markedly higher than those of MRI, as shown in Table 1.  
Consistency analysis of MRI, DWI, and postoperative 
pathological stage groups showed higher consistency of 
DWI with Kappa value of 0.865 and MRI with Kappa value 
of 0.536 (P<0.05).

The ADCmean showed a decreasing trend with increased 

cervical cancer FIGO (2018) stage. The ADCmean at the late 
stage (IIIC1p) was significantly lower than that at the early 
(IB1 + IB2 + IIA1) (P<0.001) and locally advanced (IB3 + 
IIA2) stages (P<0.001). The ADCmean at the locally advanced 
stage (IB3 + IIA2) was significantly lower than that at the 
early stage (IB1 + IB2 + IIA1) (P<0.001), as shown in Table 2.

Correlation of DWI with clinicopathological parameters

The differences in ADCmean values according to pathological 
type, histological grade, depth of stromal infiltration, 
tumor diameter, lymphovascular invasion, and pelvic lymph 
node metastasis were statistically significant (P<0.05, 
Table 3). The ADCmean of squamous cell carcinoma (SCC) 
was significantly lower than that of non-squamous cell 
carcinoma (P<0.05) and that of high-grade cancer was 
significantly higher than that of medium-low grade 
cancer (P<0.001). The ADCmean of the group stratified by  
>1/2 depth of stromal infiltration was significantly lower 
than that of ≤1/2 depth of stromal infiltration (P<0.001). 
The ADCmean of tumor sizes ≥4 cm was significantly 
lower than that of tumors <4 cm (P<0.05) and that of 
lymphovascular invasion was significantly lower than non-
lymphovascular invasion (P<0.001). The ADCmean of the 
group with positive pelvic lymph nodes was markedly lower 
than that of the negative pelvic lymph node group (P<0.001). 
No significant differences between ADCmean values of 
groups with vaginal fornix involvement were observed.

Effectiveness of DWI in assessment of cervical cancer

The diagnostic efficiency of preoperative staging was 
compared between MRI and DWI groups. The results 
showed that for different stages of cervical cancer, DWI 
was consistently higher than MRI in terms of diagnostic 
sensitivity, specificity, positive predictive value, negative 
predictive value, positive likelihood ratio, negative 
likelihood ratio, and accuracy (Table 4).

Value of DWI in prediction of postoperative supplementary 
therapy for cervical cancer

According to treatment criteria, participants were 
divided into two groups: (I) those requiring postoperative 
supplementary therapy and (II) those with no requirement 
for postoperative supplementary therapy.

Criteria for postoperative supplementary therapy were as 
follows: at least 1 existing high-risk factor (positive lymph 

Table 1 Comparison of MRI and DWI for preoperative staging 
diagnosis of cervical cancer (N, %)

Stages N MRI DWI χ2 P value

IB1 + IB2 + IIA1 165 124 (75.15) 150 (90.91) 14.539 <0.001

IB3 + IIA2 46 31 (67.39) 43 (93.48) 9.946 0.002

IIIC1p 62 44 (70.97) 59 (95.16) 12.899 <0.001

Total 273 199 (72.89) 252 (92.31) 35.797 <0.001

Kappa 273 0.865 0.536 257.963 <0.001

P, Pearson’s χ2 test; Fisher’s exact test. MRI, magnetic resonance  
imaging; DWI, diffusion weighted imaging.

Table 2 ADCmean values at different stages of cervical cancer  

(N, IQR)

Stages N ADCmean (×10−3 mm2/s) P value

IB1 + IB2 + IIA1 165 0.975 (0.910–1.096) <0.001

IB3 + IIA2 46 0.905 (0.847–0.990)

IIIC1p 62 0.835 (0.815–0.880)

P, Mann-Whitney U test. ADCmean, mean apparent diffusion  
coefficient; IQR, interquartile range. 
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Table 3 ADCmean in relation to clinicopathological characteristics 

Clinicopathological characteristics N ADCmean (×10−3 mm2/s) P value

Total 273 0.983 (0.801–1.209)

Pathological type 0.013

SCC 244 0.972 (0.810–1.169)

Non-SCC 29 1.079 (0.721–1.532)

Histological grade <0.001

High grade 19 1.195 (0.877–1.578)

Medium-low grade 254 0.968 (0.799–1.169)

Depth of stromal infiltration <0.001

≤1/2 100 0.990 (0.912–1.136)

>1/2 173 0.889 (0.832–0.978)

Tumor diameter  0.030

<4 cm 213 0.999 (0.808–1.296)

≥4 cm 60 0.930 (0.762–1.102)

Vaginal fornix invasion  0.163

Positive 50 0.895 (0.847–1.005)

Negative 223 0.928 (0.858–1.035)

Lymphovascular invasion <0.001

Positive 99 0.888 (0.830–0.956)

Negative 174 0.966 (0.869–1.085)

Pelvic lymph node metastasis <0.001

Positive 60 0.835 (0.813–0.873)

Negative 213 0.966 (0.892–1.058)

P, Mann-Whitney U test. ADCmean, mean apparent diffusion coefficient; SCC, squamous cell carcinoma.

Table 4 Comparison of MRI and DWI in preoperative staging diagnosis of cervical cancer

Stages SEN (%) SPE (%) PV+ (%) PV− (%) LR+ LR− Accuracy (%)

IB1 + IB2 + IIA1

MRI 75.15 79.63 84.93 67.72 3.69 0.31 76.92

DWI 90.91 95.37 96.77 87.29 19.64 0.10 92.67

IB3 + IIA2

MRI 67.39 88.11 53.45 93.02 5.67 0.37 84.62

DWI 93.48 96.04 82.69 98.64 23.58 0.07 95.60

IIIC1p

MRI 70.97 88.15 63.77 91.18 5.99 0.33 84.25

DWI 95.16 96.68 89.39 98.55 28.68 0.05 96.34

DWI, diffusion weighted imaging; MRI, magnetic resonance imaging; SEN, sensitivity; SPE, specificity; PV+, positive predictive value; PV−, 
negative predictive value; LR+, positive likelihood ratio; LR−, negative likelihood ratio.
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node, positive incisor margin, and parauterine infiltration) 
or moderate risk factor according to Sedlis criteria in Table 5 
(SCC).

According to the 4-factor model (non-squamous cell 
carcinoma), at least 2 factors should be present, specifically, 
adenocarcinoma or adenosquamous carcinoma, tumor 
diameter >3 cm, lymphovascular invasion, or tumor invasion 
of the outer 1/3 depth of stromal infiltration.

Overa l l ,  126  pa t i en t s  requ i red  pos topera t i ve 
supplementary therapy with ADCmean of 0.871 (0.825–
0.920)×10−3 mm2/s while 147 cases did not require 
postoperative supplementary therapy with ADCmean of 0.996 
(0.916–1.120)×10−3 mm2/s, t=−8.779 (P<0.001).

An ROC curve of ADCmean was generated for predicting 

the requirement for postoperative supplementary therapy 
(Figure 1). The AUC area was 0.815 and the cut-off value of 
ADCmean was 0.910×10−3 mm2/s, with a sensitivity of 80.0% 
and specificity of 74.0%.

Discussion

The treatment methods of cervical cancer are relatively 
diverse, and surgery and radiotherapy currently have 
equivalent importance in the management of early-
stage cancer. Minimization of the superposition of 
injury treatment is one of the key selection principles. 
Additionally, disease assessment is closely related to 
treatment options. Radical hysterectomy plus bilateral 
pelvic lymph node dissection is the preferred treatment 
modality for early cervical cancer patients (stages IB1, 
IB2, and IIA1) and has been shown to achieve satisfactory 
therapeutic effects. For IB3 stage cancer, the IIA2 period 
of initial treatment with radical surgery or chemoradiation 
used in patients with locally advanced cervical cancer is 
still controversial (8). Earlier results have suggested that 
the curative effect was similar but initial surgical treatment 
of cases with postoperative risk factors often necessitates 
supplementary therapy, and therefore, rather than improve 
survival rates of patients with locally advanced cervical 
cancer, the incidence of adverse reactions may increase. 
The NCCN guidelines of 2021 still recommend concurrent 
chemoradiotherapy (category 1A option) as the first 
treatment choice (3). In addition, the FIGO [2018] updated 
cervical cancer staging guidelines (2) include pelvic lymph 
node metastasis as stage IIIC1 and recommend concurrent 
radiotherapy and chemotherapy as the preferred treatment 
for patients with stage IIIC1 cervical cancer. To achieve 
optimal therapeutic effects and avoid side effects caused 
by dual treatment, accurate preoperative assessment is 
therefore crucial.

During preoperative assessment of cervical cancer, 
clinical examinations are considerably influenced by the 
clinical competence of doctors and other subjective factors, 
commonly resulting in failure to accurately assess tumor 
size and obtain information on tumor invasion into adjacent 
tissues (9). Imaging techniques counteract the deficiencies 
of clinical examinations by enabling visualization of local 
cervical lesions and pelvic conditions more objectively 
and the superior soft tissue resolution of MRI can provide 
enhanced details for cervical cancer staging diagnosis (10). 
The noninvasive functional MRI imaging technique, DWI, 
provides high quality visual images of tumors via high 

Table 5 Sedlis criteria for squamous cell carcinoma

Lymphovascular 
invasion

Depth of stromal  
infiltration

Tumor diameter (cm)

+ Outer 1/3 Any size

+ Medium 1/3 ≥2

+ Inner 1/3 ≥5

− Medium or outer 1/3 ≥4 

+, positive; −, negative.

ROC curve
1.0

0.8

0.6

0.4

0.2

0.0

S
en

si
tiv

ity

0.0              0.2              0.4              0.6              0.8              1.0

1–Specificity

Figure 1 ROC curve of ADCmean to predict the need for 
postoperative supplementary therapy. ROC, receiver operating 
characteristic; ADCmean, mean apparent diffusion coefficient.
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signal intensity and supplies quantitative information via 
measurement of ADC values, thus presenting a significant 
advantage in tumor detection (11).

The DWI and ADC also could be applied for breast 
cancer, neoplasm of nervous system, colorectal cancer, and 
endometrial carcinoma, the advantages were obvious in 
assessing local lesions and surrounding tissue, and has been 
evaluated for diagnosis of lymph node metastasis in these 
cancers. Preoperative imaging can be performed to evaluate 
tumor size, parauterine invasion, lymph node metastasis, 
and vaginal, bladder, and rectal invasion in cervical cancer. 
In MRI imaging, tumor invasion is usually defined by 
the presence or absence of rupture of the low-intensity 
cervical interstitial ring. However, due to the biological 
reaction of the surrounding cervical tissue caused by tumor 
growth, pressure, and edema, the low-strength ring is often 
destroyed by non-tumor tissue, leading to increased false-
positive results of MRI (12). In contrast, DWI reflects 
cell density based on the measurement of water diffusion 
movement. Compared with normal cervical stroma or 
parauterine tissue, active proliferation of malignant tumor 
cells leads to increased cell density, decreased extracellular 
space, increase in nucleo-cytoplasmic ratio, and increase in 
the limited degree of water molecule diffusion, presenting 
high signal intensity on the image. The employment 
of DWI facilitates accurate analysis of local lesions, 
surrounding tissue, and lymph node metastasis on images 
(13,14). The quantitative index ADC value of DWI can 
be effectively applied to evaluate the degree of malignancy 
of cervical lesions (15). In a study by Demirbaş et al. (16) 
including 25 patients with cervical cancer, the ADC value 
was shown to provide valuable data for diagnosis and tumor 
staging of cervical cancer. In our prospective study, 273 
patients with cervical cancer who underwent surgery were 
selected as the participants. Preoperative MRI and DWI 
examinations were performed and used for postoperative 
pathological diagnosis,  which revealed significant 
advantages of DWI in preoperative staging diagnosis of 
cervical cancer. The benefits of DWI were compared in 
relation to MRI in preoperative staging diagnosis of early 
(IB1 + IB2 + IIA1), locally advanced (IB3 + IIA2), and 
advanced (IIIC1) cervical cancer. Overall, DWI staging 
showed better consistency with postoperative pathological 
staging results (P<0.001). The coincidence rates of DWI 
diagnosis staging were 90.91%, 93.48%, and 95.16% while 
those of MRI diagnosis staging were 75.15%, 67.39% and 
70.97%, of early, locally advanced, and advanced cervical 
cancer, respectively (P<0.05). Simultaneously, ADCmean 

values of local cervical lesions at different stages were 
significantly variable (P<0.001). Therefore, in addition 
to the advantages of imaging, the quantitative ADCmean 
index of DWI provides an important reference value for 
preoperative staging diagnosis of cervical cancer (17). The 
overall sensitivity, specificity, positive predictive value, and 
negative predictive value of DWI in preoperative evaluation 
of cervical cancer were significantly greater than those of 
MRI. Therefore, DWI may serve as a critical guide for 
accurate preoperative staging and clinical decision-making.

The potential correlations between ADC value and 
various clinicopathological characteristics of cervical 
cancer have not been examined to date. In the numerical 
transformation of ADC, ADCmean reflects the whole 
tumor condition more completely (18). In this study, we 
systematically evaluated the association of ADCmean with 
various pathological characteristics of cervical cancer. 
Notably, ADCmean values for cervical cancer according to 
pathological type, histological grade, depth of stromal 
infiltration, tumor diameter, lymphovascular invasion, and 
pelvic lymph node metastasis were significantly different 
(P<0.05) and clinicopathological characteristics were closely 
associated with staging and prognosis, with important 
clinical implications. While earlier reports have supported 
the predictive value of ADCmean of cervical cancer in 
pathological type and histological grade (19-21), consistent 
with our conclusions, this information was not considered 
the most valuable for preoperative cervical cancer patients 
with available tissue pathology. Our experiments showed 
that depth of stromal infiltration, tumor diameter, 
lymphovascular invasion, and pelvic lymph node metastasis 
evaluation with DWI is superior to MRI, and ADCmean 
values of these pathological factors provide important 
predictive parameters that can be effectively used to assess 
the need for postoperative supplementary radiotherapy or 
chemotherapy, which has important clinical implications. In 
particular, assessment of lesion sizes of endophytic cervical 
cancer is often erroneous, affecting the accurate selection 
of surgical methods, which remains an ongoing clinical 
challenge. Exner et al. (22) reported similar values of MRI 
and DWI in terms of tumor diameter evaluation. However, 
our results showed that ADCmean of tumor diameters ≥4 cm  
was significantly lower than that of tumor diameters <4 cm  
in the DWI group (P<0.05). Data from the current study 
support the utility of DWI and calculated ADCmean as 
important guiding parameters for accurately assessing tumor 
load. In lymphatic or blood vessels, lymphovascular invasion 
is an important factor for distant metastasis of tumor cells 
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and therefore incorporated in Sedlis evaluation criteria. 
Prediction of lymphovascular invasion preoperatively 
via noninvasive indexes is an important strategy to avoid 
injury due to excessive or inappropriate treatment. We 
recorded significantly lower ADCmean of cases positive for 
lymphovascular invasion relative to those negative for 
lymphovascular invasion (P<0.001). Our data support the 
potential value of ADCmean in preoperative prediction of 
lymphovascular invasion, consistent with earlier results (23). 
So far, pathological diagnosis is the only gold standard and 
the clinical utility of DWI in preoperative assessment of 
lymphovascular invasion requires further research attention. 
At the same time, DWI facilitates more accurate assessment 
of pelvic lymph node metastasis, further verifying the 
conclusions of relevant studies (24,25), which support 
its importance in preoperative diagnosis of stage IIIC1r 
cervical cancer and selection of appropriate treatments.

A significant advantage in the treatment of cervical 
cancer is that in the main pathological type, SCC, 
radiotherapy has a definite effect and even more indications 
than surgery. Based on the basic principle of non-
superimposed injury treatment, postoperative superimposed 
chemoradiotherapy should be avoided to reduce side-
effects in patients undergoing surgery. Halaska et al. (26)
reported that complications of bladder, intestinal tract, 
and lower extremities after surgery for cervical cancer 
were significantly higher than those following radiation 
alone, and the incidence of edema of the lower extremities 
was as high as 47%. In order to avoid injury due to 
treatment superposition, this study focused on preoperative 
assessment of cervical cancer and its utility in prediction 
of the necessity for postoperative supplementary therapy. 
According to criteria for postoperative supplementary 
therapy (3), participants were classified into groups 
requiring and not requiring supplementary therapy for 
analysis. Our data revealed significantly lower ADCmean 
value of preoperative cervical lesions in the group requiring 
supplementary therapy (P<0.001). Simultaneously, the ROC 
curve of ADCmean was generated to predict the requirement 
for postoperative supplementary therapy, which showed 
an AUC of 0.815. The predictive value was the highest 
when ADCmean was 0.910×10−3 mm2/s, with a sensitivity of 
80.0% and specificity of 74.0%. Accordingly, we concluded 
that the risk of postoperative supplementary therapy was 
greater at ADCmean values lower than 0.910×10−3 mm2/s and 
recommended CCRT. Preoperative reference to ADCmean 
of local cervical lesions should effectively allow individual 
patient selection of initial therapeutic treatment options 

that prevent potential injury caused by dual treatments. 
In this prospective study, we have proved the advantages 
of DWI and ADC images, however, and ADCmean may be 
affected by different levels of diagnostic imaging physicians, 
we need to be validated in larger cohort. In conclusion, 
DWI was superior to MRI in preoperative evaluation of 
cervical cancer and the ADCmean value of local cervical 
lesions differed according to various clinicopathological 
characteristics, thus providing an important reference for 
preoperative evaluation of cervical cancer. In particular, 
ADCmean of local cervical lesions of 0.910×10−3 mm2/s 
was identified as the highest value to predict requirement 
for postoperative supplementary therapy. Therefore, 
DWI may serve as an important tool for preoperative 
assessment to achieve optimized and personalized treatment 
of cervical cancer patients. We can evaluate the various 
clinicopathological characteristics in preoperative by DWI 
to achieve optimal therapeutic effects and avoid side effects 
caused by dual treatment for patients with cervical cancer.
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