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Background: The status of pelvic lymph node (PLN) metastasis affects treatment and prognosis plans in patients with cervical cancer.
However, it is hard to be diagnosed in clinical practice.

Purpose: The present study aimed to evaluate the diagnostic value of multimodal magnetic resonance imaging (MRI) in discriminat-
ing between metastatic and non-metastatic pelvic lymph nodes (PLNs) in cervical cancer.

Methods: This retrospective study analyzed MRIs of 209 PLNs in 25 women with pathologically proven cervical cancer. All PLNs
had been assessed by pre-treatment multimodal MRIs, and their status was finally confirmed by histopathology. In conventional
MRI, lymph node characteristics were compared between metastatic and non-metastatic PLNs. Signal intensity, time—intensity curve
(TIC) patterns minimal and mean apparent diffusion coefficients (ADC) were compared between them in DWI. In DCE-MRI,
quantitative (Kyans, Kep and V) analyses were performed on DCE-MRI sequences, and their predictive values were analyzed by
ROC curves.

Results: Of 209 PLNs, 22 (10.53%) were metastases and 187 (89.47%) were non-metastases at histopathologic examination.
Considering a comparison of lymph node characteristics, the short axis size, the long axis size, and the boundary differed significantly
between the two groups (P<0.05).The differences in ADC,;,, TIC types, Kans and V., between metastatic and non-metastatic PLNs were
significant as well (P<0.05). The good diagnostic performance of multimodal MRI was shown in discriminating between metastatic and
non-metastatic PLNs, with the sensitivity of 85.0% (17/20), specificity of 97.3% (184/189), and accuracy of 96.2% (201/209). ROC
analyses showed that the diagnostic accuracy of ADC i, Kirans and V, for discriminating between metastatic and non-metastatic PLNs in
cervical cancer was 83.7%, 91.4%, and 92.4% with the cut-off values of 0.72 x 10 >mm?/s, 0.52 min"', and 0.53 min ™", respectively.
Conclusion: Multimodal MRI showed good diagnostic performance in determining PLN status in cervical cancer.
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Introduction

Cervical cancer is the fourth leading cause of cancer-related mortality in women worldwide.' The extent of pelvic lymph
node (PLN) metastasis is an important prognostic factor, and the survival rates of patients with PLN metastasis are
significantly lower than those of patients without such metastasis. PLN metastasis also affects the initial treatment
strategy for cervical cancer and is hard to be diagnosed in clinical practice. At present, treatment and prognosis plans for
patients with cervical cancer are mainly based on the Federation International of Gynecology and Obstetrics (FIGO)
stage. According to FIGO 2018 for cervical cancer, regardless of tumor size and parametrial infiltration, the involvement
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of lymph node metastasis is classified as stage IIIC.*> Therefore, evaluating the status of PLN is crucial in staging,
developing individualized treatment plans, and improving prognosis in cervical cancer.

In this regard, magnetic resonance imaging (MRI) with superior soft-tissue resolution is widely used in detecting
metastatic lymph nodes. However, MRI is mainly based on measurements of node size and morphologic information and
yielded inadequate results for diagnosis. Diffusion weighted imaging (DWI) has significantly increased the value and
accuracy of MRI. The DWI technique provides molecular tissue diffusion and can accurately detect local metastasis in
tumors with high precision.® However, not enough evidence was available to support the fact that DWI could
independently characterize a pelvic mass.* In dynamic contrast enhanced (DCE)-MRI, tissue enhancement is evaluated
according to the time. This method is more accurate than conventional contrast enhanced MRI and could differentiate
between metastatic and non-metastatic lesions on the basis of the differences in their enhancement parameters.’

A multimodal MRI approach that incorporates conventional MRI, DWI and DCE-MRI yields significant improve-
ment in accuracy over each modality separately in tumor detection and characterization. Recently, increasing attempts
have been made to test the diagnostic accuracy of multimodal MRI in predicting lymph node metastases. To date, there is
a paucity of information in the literature about the diagnostic value of multimodal MRI in determining pelvic lymph node
status in patients with cervical cancer. The present study aimed to investigate the value of multimodal MRI and its
quantitative parameters in discriminating between metastatic and non-metastatic PLNs in patients with cervical cancer.

Methods

Participants

This study was approved by the Clinical Ethics Committee of Ningbo Women & Children’s Hospital. This study
complied with the Declaration of Helsinki. All participants provided written informed consent prior to the MRI exam.
Twenty-five untreated patients with cervical cancer aged 35-62 years were consecutively evaluated at our hospital from
January 2019 to August 2021. All PLNsin25 patients had been assessed by pretreatment multimodal MRI and their status
was finally confirmed by histopathology. Exclusion criteria were primary pelvic disease, and the existence of metal
anywhere in the body. Besides, patients who underwent radiotherapy or chemotherapy were also excluded in our study.

MRI Technique

MRI data were acquired using a 1.5 T superconducting magnetic resonance system (Achieva 1.5 T Nova Dual, Philips
Healthcare, Best, Netherlands) equipped with a dedicated 16-channel phased array torso coil. The area of interest was the
whole pelvis, scanning from perineum up to the fifth lumbar. T1-weighted (T1W) gradient echo images were obtained using
the following parameters: repetition time (TR)=490ms, echo time (TE)=80ms, flip angle=10 degrees. T2-weighted (T2W)
single-shot turbo spin echo images were collected using the following parameters: TR=3500ms, TE=80ms, echo train length
(ETL)=19. T2Wfat-suppressed spin echo images were obtained using the following settings: TR=3275ms, TE=80ms,
ETL=22. DWI was obtained in the axial plane using a multi-slice spin echo planar imaging (EPI) sequence. Imaging
parameters were as follows: TR=1118ms, TE=60ms, TI=180ms. DWI was acquired with diffusion-weighted b factor of 0
and 800 seconds/mm?, and apparent diffusion coefficient (ADC) maps were generated for all images. After the acquisition of
DWIs, DCE images acquisition was performed using T1 high resolution isotropic volume examination (THRIVE) sequences
with the following parameters: TR=3.4ms, TE=1.6ms, field of view (FOV)= 240mmx192mm, matrix= 256x192, slice
thickness= 4mm. Dynamic technique was performed at 32 time phases with a frequency-selective pre-saturation pulse
using intravenous injection of 0.1 mmol/kg gadodiamide at a rate of 3 mL/minute at the third time phase for all patients.

Image Analysis

All images were reviewed independently on the Philips workstation by two experienced radiologists in gynecologic
radiology. The reviewers were blinded to the histology. The region of interest (ROI) was placed to include the target
lesion on the ADC map and exclude the necrotic or hemorrhagic areas in the PLNs according to TIWI and T2WI. Area
of ROI was no less than 50 mm?. Time—intensity curves (TICs) were produced for the lesions by Omni-Kinetics software
on the Philips workstation. TIC patterns were categorized as follows:® Type I was defined as a mildly persistent gradual
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increase without a shoulder, Type II as a moderate initial increase followed by a plateau and Type 11 as a relatively rapid
uptake followed by reduction in enhancement towards the latter part of the study. The transfer constant (Ki.ys), rate
constant (K.p), and extravascular extracellular volume fraction (V) were calculated using a pharmacokinetic model.
Short-axis and long-axis diameters of each identifiable node were measured on axial images using electronic calipers, and
the long-to-short axis ratio was calculated.

Statistical Analysis

The mean quantitative data were presented as average + standard deviation, and the qualitative variables were expressed
as proportion (percentage). The normality assumption of continuous data was evaluated using the Ko/mogorov—Smirnov
test. A Chi-square test was conducted to compare the qualitative variables between metastatic and non-metastatic lymph
nodes. Independent sample ¢ test was used to compare the ADC values, Kians, Kep and V, between the metastatic and
non-metastatic pelvic lymph nodes. Receiver operating characteristic (ROC) curves were performed for assessing the
efficacy of ADC value, Kians and K, in the identification of metastatic PLNs. All statistical analyses were performed
using SPSS 22.0 (SPSS, IBM, Somers, NY). A level of P<0.05 was considered to be statistically significant.

Results
Comparisons of Conventional MRI Metrics Between Metastatic and Non-Metastatic

PLNs in Cervical Cancer

Of 209 PLNs, 22 (10.53%) were metastases and 187 (89.47%) were non-metastases at histopathologic examination
(Figure 1). Table 1 lists a comparison of the lymph node characteristics between metastatic and non-metastatic PLNs in
cervical cancer. The mean size of long axis of metastatic and non-metastatic PLNs is 11.30+6.62 mm and 7.85+2.08 mm,
respectively. The mean size of short axis of metastatic and non-metastatic PLNs is 7.25+3.31 mm and 5.52+0.95 mm,
respectively. In the assessment of the boundary, 77.27% (17/22) of metastatic and 99.47% (186/187) of non-metastatic
PLNs were well-delineated. All of the above examined variables differed significantly between the two study groups
(P<0.001).

Comparisons of DWI Metrics Between Metastatic and Non-Metastatic PLNs

No significant difference was observed between metastatic and non-metastatic PLNs in terms of signal intensity ratios in
T1WIL. The difference in the values of ADC map between metastatic and non-metastatic PLNs was significant (P<0.001).
Concerning the evaluation of TIC types, a statistically significant difference was detected between metastatic and non-
metastatic PLNs (P<0.001). The minimum and mean values of ADC metrics were evaluated between metastatic and non-
metastatic PLNs as well. These indicated a significantly lower ADC,;, in those with metastatic PLNs than those with
non-metastatic PLNs. No significant difference was observed between metastatic and non-metastatic PLNs in the value of
ADC ean (Table 1 and Figure 2).

Comparisons of DCE-MRI Metrics Between Metastatic and Non-Metastatic PLNs
The values of Ky..,s and V, were significantly higher in those with metastatic PLNs than those with non-metastatic PLNs
(P<0.001). There were no significant differences between values of K, between the two groups (Table 1 and Figure 2).

Comparisons of Characteristics Between True-Positive and False-Positive, Between
True-Negative and False-Negative PLNs

According to histopathologic review, there were five false-positive and three false-negative PLNs (Figure 1). We then
compared the values of characteristics between true-positive (n= 17) and false-positive (n=5), between true-negative (n=184)
and false-negative (n=3) PLNs, respectively. No significant difference was observed in the short axis size between true-
negative and false-negative PLNs (P>0.05). There were also no significant differences between true-positive and false-
positive, between true-negative and false-negative PLNs in terms of the long axis size, the long to short axis ratio, and
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Figure | STARD flow diagram of multimodal MRI in discriminating between metastatic and non-metastatic pelvic lymph nodes in 25 patients with cervical cancer.

boundary (P>0.05). As shown in Figures 3-5, significant differences were observed between true-positive and false-positive,
between true-negative and false-negative PLNSs in the values of ADC i, Kirans, and Ve, respectively (P<0.05).

ROC Analysis of ADC,,i,, Kirans 2and Ve in Discriminating Between Metastatic and
Non-Metastatic PLNs

The present study demonstrated the good diagnostic performance of multimodal MRI in discriminating between
metastatic and non-metastatic PLNs in cervical cancer, with the sensitivity of 85.0% (17/20), specificity of 97.3%
(184/189), and accuracy of 96.2% (201/209). ROC analysis was used to determine the diagnostic performance and the
cut-off values of ADC,in, Kans and V. for discriminating between metastatic and non-metastatic PLNs in cervical
cancer. When the ADC i, value of 0.72 x 10 *mm?/s was used as a cut-off value, the best validity results were obtained,
with sensitivity of 83.1%, specificity of 89.6%, and accuracy of 83.7%. The cut-off value of K., was set at
0.52min"'for discriminating between metastatic and non-metastatic PLNs in cervical cancer, with sensitivity of 90.3%,
specificity of 96.5%, and accuracy of 91.4%. The cut-off value of V. was set at 0.53min ', with sensitivity of 89.3%,
specificity of 98.2%, and accuracy of 92.4%. Figure 6 displays the ROC analysis of ADCin, Kians and Ve in
discriminating between metastatic and non-metastatic PLNs in cervical cancer.
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Table | Characteristics of Non-Metastatic and Metastatic PLNs in Cervical Cancer
Variables Metastasized (n=22) Non-Metastasized (n=187) P-value
Long axis size (mm) 11.30+6.62 7.85+2.08 0.023
Short axis size (mm) 7.25%3.31 5.52+0.95 0.024
Long to short axis size (mm) 1.52+0.32 1.43+0.30 0.201
Boundary <0.001
Clear 17 (77.27%) 186 (99.47%)
Unclear 5 (22.72%) 1 (0.53%)
TIWI 0.313
Hyperintense 12 (45.45%) 87 (46.52%)
Isointense 10 (54.54%) 100 (53.48%)
T2WI 0.609
Hyperintense 19 (86.36%) 160 (85.56%)
Isointense 3 (13.64%) 27 (14.44%)
ADC map <0.001
Hyper/isointense 2 (9.09%) 166 (88.77%)
Hypointense 20 (90.91%) 21 (11.23%)
TIC types <0.001
| | (4.55%) 165 (88.24%)
Il 18 (81.82%) 22 (11.76%)
1] 3 (13.63%) 0 (0%)
ADC, (%103 mm/s) 0.63+0.14 0.86+0.44 <0.001
ADCnean (x10°mm/s) 1.06+0.38 0.99+0.30 0.393
Kerans(min ') 0.63+0.14 0.39+0.16 <0.001
Kep(min~ h 1.20£0.55 1.04+0.82 0.239
Ve 0.59+0.19 0.49+0.21 0.035
Notes: P values are marked in bold text if they are below 0.05.
Abbreviations: PLNs, pelvic lymph nodes; TIWI, Tl-weighted imaging; T2WI, T2-weighted imaging; ADC, apparent diffusion coeffi-
cient; TIC, time—intensity curve; Keqns, transfer constant; K., rate constant; V,, extravascular extracellular volume.
Discussion

Discriminating between metastatic and non-metastatic PLNs in cervical cancer is useful for diagnosing the stage and
determining therapeutic strategies. A multimodal MRI approach that incorporates conventional MRI, DWI and DCE-
MRI has been widely used in determining its metastasis, especially in the preoperative stages. However, the precision of
this approach in PLNs in patients with cervical cancer remains unclear. The present study demonstrated the good
diagnostic performance of multimodal MRI in discriminating between metastatic and non-metastatic PLNs in cervical
cancer, with the sensitivity of 85.0%, specificity of 97.3%, and accuracy of 93.3%.Different values of the ADC i, Kirans
and V,, could effectively predict lymph node metastasis with high sensitivity and specificity. The optimal cut-off values
of ADC in, Kyrans and Vein discriminating between metastatic and non-metastatic PLNs in patients with cervical cancer
were 0.72 x 10 >mm?/s, 0.52min ', and 0.53min ", respectively.
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Figure 2 A 58-year-old woman with cervical cancer. (A) AxialTIWI shows a metastatic pelvic lymph node with hyperintense (white arrow). (B) Axial DWI shows
a metastatic pelvic lymph node with hyperintense (white arrow). (C) Axial T2WI SPAIR shows a metastatic pelvic lymph node with hyperintense (white arrow). (D) Axial

DWI shows a metastatic pelvic lymph node presented in TIC type lll. (E) Image of K..,s shows a metastatic pelvic lymph node in warm color (white arrow). (F) Image of V.
shows a metastatic pelvic lymph node in warm color (white arrow).
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Figure 3 Box and whisker plot comparing the minimum value of ADC of true-positive, false-negative, false-positive, true-negative pelvic lymph nodes diagnosed by
multimodal MRI.

1.0

Figure 4 Box and whisker plot comparing the value of K, of true-positive, false-negative, false-positive, true-negative pelvic lymph nodes diagnosed by multimodal MRI.

Conventional MRI is mainly based on measurements of node size and morphologic information and yields low
sensitivity in detecting lymph node metastasis. The sensitivity of conventional MRI in distinguishing metastatic PLNs
from non-metastatic ones in patients with cervical cancer was ranging from 30.3% to 72.9%,”* which remains to be
improved. Computed tomography (CT) is widely used in the diagnosis of cervical cancer, but it is less effective in
determining distant lymph node metastasis.” Benefit from advances in molecular imaging technology, multimodal MRI is
particularly crucial in the diagnosis, staging, and prognostic evaluation of malignant tumors. Liu et al'® reported that
multimodal MRI can have essential clinical value in the differentiation between brain metastases and high-grade gliomas.

DWI reflects the Brownian movement of water in living tissues by imaging diffusion characteristics. It is sensitive to
the diffusion of water molecules in tissue, which can make subtle abnormality more obvious and can provide better
characterization of tissue and their pathological processes at microscopic level.'' Additionally, the quantitative assess-
ment can be performed by the measurement of the ADC values.'> DWI has been reported to be capable of distinguishing
metastatic from non-metastatic PLNs in patients with cervical cancer. Chen et al'® reported that DWI with ADC
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Figure 6 ROC curves of ADC,n, Kirans and Ve in discriminating between metastatic and non-metastatic PLNs in cervical cancer.

measurements could differentiate metastatic from hyperplastic nodes with a sensitivity of 83.3%, specificity of 74.7% and
accuracy of 78.4%. In the present study, a significantly lower ADC,,;, was observed in those with metastatic PLNs than
those with non-metastatic PLNs. When the ADC,,;, value of 0.72 x 10 >mm?/s was used as a cut-off value, the best
validity results were obtained, with the sensitivity of 83.1%, specificity of 89.6%, and accuracy of 83.7%. These results
were consistent with the previous study by Zhang et al.'* Nevertheless, using DWI alone is not accurate enough to rule in
or out PLN metastases.

DCE-MRI for characterizing tissue uptake of a paramagnetic contrast agent is a non-invasive imaging method for
assessing microcirculation physiology in normal and diseased tissue. Although DCE-MRI provides quantitative analysis
of tumor vascular permeability, the accuracy of some parameters in PLNs remains unclear. Quantitative parameters
directly related to underlying physiological properties, such as Kians, Kep and V. ' Kirans represents the volume transfer
constant of the contrast agent from vascular space (VS) to extra-vascular extracellular space (EES). K, represents the
rate of reverse transfer constant of the contrast agent to VS, and V, represents the volume of EES per unit volume of the
contrast agent in the tissue. Ki.ns, and V. parameters reflect perfusion and permeability, the reverse transportation of
contrast agent back to the VS as well as EES. In the present study, the values of K., and V, were significantly higher in
those with metastatic PLNs than those with non-metastatic PLNs. There were no significant differences between the
values of K., between the two groups. TIC can intuitively and quantitatively reflect the characteristics of tumor and
lymph node enhancement. The method was described by Kuhl et al'® and they concluded that the type III time-course is
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a strong predictor of malignancy. In this study, the difference in TIC types between metastatic and non-metastatic PLNs
was statistically significant (P<0.05). Moreover, 81.81% (18/22) of PLNs that presented type III were pathologically
proven malignancy. These results were in accordance with the study by Kuhl et al.'®

Interestingly, there were five false-positive and three false-negative PLNs scanned by multimodal MRI. We tried to
explain the reason for this false MRI diagnosis by comparing characteristics between true-positive and false-positive,
between true-negative and false-negative PLNs, respectively. We found that a considerable overlap of the values of
characteristics among true-positive, false-positive, true-negative, and false-negative PLNs contributed to false MRI
diagnosis. This was consistent with previous studies.'”'® The size of lymph node is a standard criterion for predicting
lymph node involvement. Although metastatic lymph nodes usually have a larger short-axis diameter than non-metastatic
lymph nodes, approximately 30% of metastatic lymph nodes have a diameter of smaller than 4 mm."® In addition, non-
metastatic lymph nodes may appear to increase in size with the development of fibrosis.?’ Besides, certain types of
inflammation tend to present with a dense fibrous reactions, thereby impeding diffusion and lowering ADC values,
leading to false-positive results.?! It is difficult and challenging to address the issue of false diagnosis of PLNs by human
beings. In the future, artificial intelligence is expected to become an optimal option for reducing false MRI diagnosis of
PLNs in patients with cervical cancer.

This study has several limitations. First, this was a retrospective, single-centre study with a relatively small sample
size. The methods we evaluated should be conducted on a large sample population to yield more accurate estimates of
their diagnostic characteristics. Moreover, the costs and availability of a diagnostic test is also an important factor that
should be considered in choosing the best method.

Conclusion

Multimodal MRI showed good diagnostic performance in determining PLN status in patients with cervical cancer. The
methods proposed herein may aid the determination of metastatic PLNs in a non-invasive manner and provide
a systematic imaging basis for clinical practice.

Disclosure
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