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Abstract

Objective

To analyze the relationship of Adler grade by transvaginal color Doppler flow imaging (TV-

CDFI) and the clinical pathological parameters of patients with cervical cancer, and to iden-

tify the value of Adler grade in the diagnosis and treatment of cervical cancer.

Methods

Patients with cervical cancer diagnosed pathologically in our hospital from January 1, 2019

to December 31, 2019 were included, All patients underwent TV-CDFI examination, and the

images were divided into 0 to III grades according to the Adler grades, and the correlations

between the Adler classification and clinical pathological parameters (clinical stage, mass

size, pathological type, squamous cell carcinoma subtype, CA125, CA199) were analyzed.

Results

A total of 162 patients with cervical cancer were included. With the increase of Adler sever-

ity, the clinical stage of cervical cancer increased accordingly. the cancer size differed signif-

icantly in patients with different Adler grade (p = 0.004); There were significant differences in

the level of CA125, CA199 between the squamous cell carcinoma and adenocarcinoma (all

p<0.05). the Adler grade was positively related with the clinical stage, pathological type and

squamous cell carcinoma subtypes of cervical cancer (all p<0.05), no correlations were

found among the Adler grade and the cancer size, CA125, CA199 (all p>0.05). The area

under ROC curve of the cervical squamous cell carcinoma predicted by Adler grade based

on FIGO results and pathological results was 0.811and 0.762 respectively (all p<0.05).

Conclusions

Adler grades are closely associated with the clinical pathology of cervical cancer, which may

be a convenient and effective approach for the assisting assessment of cervical cancer.
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Introduction

Cervical cancer is one of the most common malignant tumors in gynecology, it has been

reported that the morbidity and mortality of cervical cancer ranks second among gynecologi-

cal malignancies, second only to breast cancer [1, 2]. The number of new cases of cervical can-

cer has been increased every year around the world, and the onset age of cervical cancer has

become much younger [3]. Cervical cancer is a malignant tumor, which occurs at the junction

of squamous epithelial cells in the cervical vagina, or the transitional zone and columnar epi-

thelial cells in the endometrium of the cervical canal [4]. The etiology is not totally clear, and it

may be related to sexual behavior, frequency of deliveries and the infection of human papillo-

mavirus [5, 6]. The early detection and treatment of cervical cancer is very essential to the

prognosis of patients with cervical cancer.

In recent years, with the popularization of many effective screening methods, the overall

mortality rate of cervical cancer patients has declined [7]. The clinical diagnosis mainly

depends on clinical manifestations and gynecological examinations, which requires the combi-

nation of multiple auxiliary diagnostic methods including cervical cytology film, cervical

multi-point biopsy. The International Federation of Obstetrics and Gynecology (FIGO) has

developed a clinical staging standard for cervical cancer, which referred to the colposcopy

pathological biopsy [8]. However, when comparing the early diagnosed stage with the patient’s

postoperative medical examination results, the stage of cervical cancer has been much under-

estimated [9–11]. More sophisticated radiological methods such as ultrasound, computer

tomography and magnetic resonance imaging hasn’t been included in the stage of FIGO, but

they have been the routine examination methods in clinical practice [12]. Many scholars [13,

14] have studied the characteristics of those examinations, but so far, there is no conclusion as

to which is the best examination method for assessing cervical cancer staging. It’s necessary to

conduct more studies to identify the role of those tools for early diagnosis of cervical cancer.

Previous studies [15–17] have reported that the transvaginal color Doppler ultrasound

(TV-CDFI) can accurately reflect the size of the lesion, the extent of infiltration, and the blood

supply, and it is widely used in the detection of cancers in breast and thyroid, but not in the

cervical parts. Besides, it is well known that vascular patterns (such as density of vessels) is dif-

ferent for squamous and adenocarcinomas [18]. Therefore, it’s necessary to show the differ-

ence to provide insights into clinical treatment. Therefore, in order to make clinicians more

clear about the blood supply of cervical cancer and facilitate communication between ultra-

sound doctors and clinicians, we attempted to conduct a preliminary investigation on the cor-

relation between the Adler grade and clinical pathology of cervical cancer, to provide insights

into the diagnosis and treatment of cervical cancer. The study design was: 1) participants:

patients with cervical cancer; 2)intervention: TV-CDFI detection and Adler grading; 3)com-

parison: no applicable; 4)outcomes: Adler secores and antigens CA125 and CA199.

Methods

Ethical considerations

The study was approved by the Medical Research Ethics Committee of our hospital

(No.20180038) and written informed consents were obtained from all the patients.

Patients

Patients with cervical cancer diagnosed pathologically in our hospital from January 1, 2019 to

December 31, 2019 were selected as study objects in this present study. The inclusion criteria

were as follows: (1) there were surgical pathology or biopsy detections verifying small cell
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neuroendocrine tumors by our experienced clinicans, and the (FIGO) cervical cancer staging

were used for severity differentiation [19]; (2) no history of other malignant tumors or history

of radiotherapy and chemotherapy; (3) complete clinical data; (4) no history of cervical surgery

such as we excluded patients undergone microwave, freezing, laser, electrocautery surgery.

The exclusion criteria were as follows: (1) patients with congenital malformations of the

uterus; (2) patients with coagulopathy; (3) patients with severe heart, liver, and kidney dys-

function; (4) patients with inability to cooperate with research or couldn’t follow-up.

TV-CDFI detection

The color doppler ultrasound system (Philips E80) equipped with ultrasonographic probe

DC5-8D were selected for ultrasound detection. Before the detection, all patients were asked

to empty the rectum and bladder. When performing the doppler ultrasound detection, the

patients took the lithotomy positions. Firstly we performed a transvaginal ultrasound examina-

tion of the uterus and bilateral accessory areas to determine the location, number, size, shape,

boundary, echo of the cervical area and its relationship with surrounding tissues. Secondly, we

chose the color Doppler blood flow imaging mode to observe the blood flow inside and around

the cervical area, related parameters such the blood flow, cancer size have been calculated and

collected. The staging and TV-CDFI done in the same setting and in different dates.

Adler grade classification

Adler grade classifications were conducted based on the detected blood flow [20, 21]. We clas-

sified the blood flow signal of the lesion into four levels. Adler 0 refers to that no obvious blood

flow signal; Adler I refers to 1 or 2 small blood vessels with a diameter of<1 mm are detected;

Adler II refers to that 3 or 4 small blood vessels are detected; Adler III refers to that more than

4 blood vessels, or the blood vessels are intertwined into a network are detected. The Adler

grade classifications were made by one radiologist and one gynecologist coherently, and if

there were any disparity, further discussions were conducted for consensus.

The detection of carbohydrate antigens CA125 and CA199

Before any drug treatment, 5 ml venous blood without anticoagulation in the early morning

were collected from patients, the blood specimens were left at room temperature for 15min,

then centrifuged it and separated the serum, then we stored it at environment with 5˚C for fur-

ther examination. The levels of serum CA125 and CA199 were detected by professional stall

with electrochemical luminescence method. The electrochemical luminometer and detection

kit used in the test were produced by Roche, and the operation process was strictly performed

according to the instructions.

Statistical analysis

SPSS 21 statistical software were used for data analysis. The measurement data for normal dis-

tribution was expressed as mean± standard deviation, and the measurement data for skewed

distribution was expressed as median (P25, P75). The tumor size, CA125, CA199 were com-

pared using the Kruskal-Wallis H rank test of multiple sample comparisons, of which Wil-

coxon rank test was further used for pairwise comparisons. And t tests were conducted in the

cancer size between pathological types or squamous cell carcinoma subtypes. Spearman corre-

lation analysis was conducted for correlation analysis. And receiver operating characteristic

(ROC) curves were drawn for evaluating the diagnosis value of Adler grade for cervical cancer

[22]. p<0.05 was considered as being statistically different in this present study.
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Results

The ultrasound characteristics of cervical cancer

As Fig 1 presented, the ultrasound characteristics differed hugely among the ultrasound

images with different Alder grades. For Alder 0, the cervical morphology was normal and

no obvious blood flow signal were found in the images of color Doppler. For Alder I, the

cervical morphology was slightly thickened, and more enhanced intra-cervical echo could

be collected, one or two small spot-like blood flow signals could be detected. For Alder II,

uneven or thickened cervical echo distribution could be detected, and strip blood flow sig-

nals at two to four locations could be seen. For Alder III, para-uterine and extrauterine

invasion and blood metastasis could be found, and reticular blood flow signals could be

detected.

The distribution of Adler classification and clinical stage of cervical cancer

We identified 175 potential candidates firstly, and 13 patients were excluded. As Table 1 pre-

sented, a total of 162 patients were included for data analysis. With the increase of Adler sever-

ity classification, the clinical stage of cervical cancer increased accordingly.

Fig 1. The Doppler ultrasound images on cervical cancer with different Adler grade. a, Adler 0; b, Adler I; c, Adler II; d, Adler III.

https://doi.org/10.1371/journal.pone.0236725.g001
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The comparison on the cancer size, CA125, CA199 with Adler grade and

pathological parameters

As Table 2 showed, the cancer size differed significantly among the different Adler grades

(p = 0.004), but there were no significantly differences in the level of CA125, CA199 among

the different Adler grades (all p>0.05). There were significant differences in the level of

CA125, CA199 between the squamous cell carcinoma and adenocarcinoma (all p<0.05), no

significant difference was found in the cancer size between the squamous cell carcinoma and

adenocarcinoma (p = 0.143). No significant differences were found in the cancer size, CA125

and CA199 between the keratinized and no-keratinized squamous cell carcinoma (all p>0.05).

Furthermore, as Table 3 showed, the Adler grade was positively related with the FIGO staging,

pathological type and squamous cell carcinoma subtypes of cervical cancer (all p<0.05), no

correlations were found among the Adler grade and the cancer size, CA125, CA199 (all

p>0.05).

The diagnosis value of Adler grade for cervical cancer

As Fig 2 showed, based on FIGO results, the area under the ROC curve of the cervical squa-

mous cell carcinoma predicted by Adler grade was 0.811 (p<0.05), and its sensitivity,

Table 1. The distribution of Adler classification and clinical stage of cervical cancer.

Adler grade FIGO grade In total

Grade I Grade II Grade III-IV

Adler 0 0 0 0 0

Adler I 36 4 0 40

Adler II 31 48 0 79

Adler III 0 19 24 43

In total 68 70 24 162

https://doi.org/10.1371/journal.pone.0236725.t001

Table 2. Relationship analysis on the cancer size, CA125, CA199 with Adler grade and pathological parameters.

Items Cases Cancer size(mm) CA125[M(P25, P75) U/mL] CA199[M(P25, P75) U/mL]

Adler grade

Adler 0 0 0 0 0

Adler I 40 28.18±10.43 10.32(8.89, 17.13) 9.49(5.36, 14.39)

Adler II 79 36.04±12.59 14.53(8.83, 18.85) 10.83(5.89, 15.14)

Adler III 43 45.85±13.15 14.74(8.92, 19.06) 11.03(6.15, 15.99)

t/z 13.085 0.198 1.290

p 0.004 0.105 0.082

Pathological type

Squamous cell carcinoma 141 35. 03±13. 35 13.05(8.19, 17.35) 9.32(5.25, 15.03)

Adenocarcinoma 21 35. 12±12. 22 18.16(9.36, 24.21) 11.56(5.89, 19.35)

t/z 10.317 1.589 0.864

p 0.143 0.007 0.013

squamous cell carcinoma subtypes

Keratinized 43 35. 11±10. 52 12.76(8.05, 16.57) 9.31(5.33, 16.14)

Non-keratinized 98 35.02 ±11. 04 13.12(8.33, 17.01) 9.32(5.95, 16.09)

t/z 13.491 0.903 1.158

p 0.095 0.108 0.282

https://doi.org/10.1371/journal.pone.0236725.t002
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specificity, positive predictive value, negative predictive value, and Youden index were 54.67%,

89.53%, 74.14%, 85.63%, 0.48 respectively. And based on pathological results, the area under

the ROC curve of the cervical squamous cell carcinoma subtype predicted by Adler grade was

0.762 (p<0.05), and its sensitivity, specificity, positive predictive value, negative predictive

value, and Youden index were 52.46%, 88. 16%, 71. 04%, 79.36%, 0.42 respectively. Those

results indicated that Adler grade could provide valuable reference for the diagnosis of cervical

cancer.

Discussions

TV-CDFI has the advantages of being non-invasive, cheap with convenient operation [16, 23].

It can not only clearly display the structure of each layer of the uterus, accurately locate and

qualitatively diagnose the lesion, but also can observe the blood flow of detected area [24, 25].

Dynamic ultrasound is currently one of the most widely used and mature imaging methods in

the diagnosis and treatment of obstetrics and gynecology diseases [26]. In this present study,

the changes of cervical morphology and echo in Adler grade 0 to I were small, and Doppler

blood flow signals were less displayed, but the blood flow signals in Adler grade II and III

increased significantly, and the flake-like low echoes were seen inside. With the increase of

Adler classification, cervical masses continue to increase, and color Doppler blood flow signals

are also displayed. The results of this present study have indicated that Adler grade is expected

to be useful to reflect the richness of blood flow in cervical cancer, which can provide impor-

tant insights into the diagnosis and treatment of cervical cancer.

Table 3. Correlation analysis between Adler grade and clinicopathological parameters.

Clinicopathological parameters r p

FIGO grade 0.784 0.016

Cancer size 0.247 0.107

CA125 0.051 0.094

CA199 0.085 0.068

Pathological type 0.599 0.042

squamous cell carcinoma subtypes 0.603 0.017

https://doi.org/10.1371/journal.pone.0236725.t003

Fig 2. The ROC curve on the Adler grade for cervical cancer.

https://doi.org/10.1371/journal.pone.0236725.g002
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The occurrence, proliferation, invasion and metastasis of malignant tumors may largely

depend on tumor neovascularization [27, 28]. Cervical cancer has characteristics of rapid pro-

liferation and active cell division and growth, which is closely related to the proliferation of

tumor vessels in it [29]. On color Doppler ultrasound images, there are often abundant differ-

ent types of blood flow signals in tumor tissues, which correspond to its rich vascular network

and are related to the special structure and blood flow characteristics of tumor blood vessels

[30, 31]. The Alder grades are mainly concentrated on the blood flow signals, which to some

extent can reflect the proliferation of vessels and the characteristics of microvessel density

around the cervical cancer. Previous studies [32–34] have reported that the blood signals may

predict the ability of tumor invasion and metastasis to a certain extent, which is consistent

with the results of our study.

Squamous carcinoma is more common in the pathological and histological types of cervical

cancer [35]. We have found that there was correlation between Adler grade and the histopath-

ological type. The World Health Organization (WHO) classifies cervical squamous cell carci-

noma into two subtypes, keratinized and non-keratinized, according to the presence of

keratinized morphological features in the tissue [36]. Currently, the studies on the relationship

of keratinized cervical squamous cell carcinoma and patient prognosis has been controversial.

It’s been reported [37–39] that compared with non-keratinized cervical squamous cell carci-

noma, the survival rate of keratinized cervical squamous cell carcinoma is significantly

reduced, and it is not sensitive to radiotherapy, and the prognosis is very poor for untreated

patients or advanced patients. Therefore, differentiate the various subtypes of squamous cell

carcinoma of cervix is very helpful in clinical management.

In this study, Spearman rank correlation analysis showed that Adler grade was positively

correlated with squamous cell carcinoma subtypes. Therefore, this technique is expected to be

a reliable indicator for predicting the prognosis of patients with cervical cancer.

With the continuous progress of cancer marker research, the role of cancer related marker

in the diagnosis and treatment of cancers has become increasingly important [40, 41]. Several

studies have shown that cervical cancer is also closely related to the marker CA125 and CA199.

It has been reported [42–44] that the carbohydrate antigens CA125 and CA199 are expressed

at high levels in a variety of malignancies. In this study, the levels of CA125 and CA199 in

patients with adenocarcinoma were significantly higher than those in patients with squamous

cell carcinoma. The results were consistent with the findings of previous studies [45, 46]. Even

through the Spearman correlation analysis shows that there is no correlation between Adler

grade and CA125 and CA199, it may be explained that the samples in this present study is not

large enough to powerfully detect the difference, future studies with larger population samples

are warranted to identify the role of CA125 and CA199 in cervical cancer.

Several limitations must be concerned in this present study. Firstly, the sample size of this

study is not large enough, and the clinical staging is relatively rough, biases may be existed in

this present study. Secondly, we did not use the cervical cancer specific markers such as squa-

mous cell carcinoma tumor marker for reference, it should be further elucidated in the future

studies. Thirdly, it must bring to our attentions that the subjective factors in the Adler classifi-

cation, different operators and different parameter settings may bias the test results. However,

we have performed related trainings on the TV-CDFI before this study to avoid unnecessary

errors in the process of ultrasound detection and analysis.

In conclusion, the results of this study have favored the value of Adler grade in the diagnosis

and treatment of cervical cancer. With the continuous development of ultrasound technology

and popularization of clinical ultrasound applications, Adler grade should be promoted in the

application of color Doppler ultrasound for the diagnosis and treatment of cervical cancer.

PLOS ONE Ultrasound & cervical cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0236725 August 10, 2020 7 / 11

https://doi.org/10.1371/journal.pone.0236725


Supporting information

S1 Checklist.

(DOCX)

S2 Checklist.

(DOCX)

Author Contributions

Conceptualization: Dehong Che, Zhirong Yang, Jiayin Gao.

Data curation: Dehong Che, Xuedong Wang, Jiayin Gao.

Formal analysis: Dehong Che, Zhirong Yang, Hong Wei, Jiayin Gao.

Investigation: Dehong Che, Zhirong Yang, Hong Wei, Xuedong Wang, Jiayin Gao.

Methodology: Xuedong Wang.

Resources: Xuedong Wang, Jiayin Gao.

Software: Dehong Che.

Validation: Dehong Che, Jiayin Gao.

Writing – original draft: Dehong Che.

References
1. Shrestha AD, Neupane D, Vedsted P, Kallestrup P. Cervical Cancer Prevalence, Incidence and Mortal-

ity in Low and Middle Income Countries: A Systematic Review. Asian Pac J Cancer Prev. 2018; 19

(2):319–24. Epub 2018/02/27. https://doi.org/10.22034/APJCP.2018.19.2.319 PMID: 29479954;

PubMed Central PMCID: PMC5980914.

2. Kalliala I, Athanasiou A, Veroniki AA, Salanti G, Efthimiou O, Raftis N, et al. Incidence and mortality

from cervical cancer and other malignancies after treatment of cervical intraepithelial neoplasia: a sys-

tematic review and meta-analysis of the literature. Ann Oncol. 2020; 31(2):213–27. Epub 2020/01/22.

https://doi.org/10.1016/j.annonc.2019.11.004 PMID: 31959338.

3. Murfin J, Irvine F, Meechan-Rogers R, Swift A. Education, income and occupation and their influence

on the uptake of cervical cancer prevention strategies: A systematic review. J Clin Nurs. 2020; 29(3–

4):393–415. Epub 2019/11/13. https://doi.org/10.1111/jocn.15094 PMID: 31713934.

4. Coutlee F, Viscidi RP, Saint-Antoine P, Kessous A, Yolken RH. The polymerase chain reaction: a new

tool for the understanding and diagnosis of HIV-1 infection at the molecular level. Mol Cell Probes.

1991; 5(4):241–59. Epub 1991/08/01. https://doi.org/10.1016/0890-8508(91)90046-m PMID: 1791846.

5. Loopik DL, IntHout J, Ebisch RMF, Melchers WJG, Massuger L, Siebers AG, et al. The risk of cervical

cancer after cervical intraepithelial neoplasia grade 3: A population-based cohort study with 80,442

women. Gynecol Oncol. 2020. Epub 2020/01/25. https://doi.org/10.1016/j.ygyno.2020.01.023 PMID:

31973912.

6. Wang R, Pan W, Jin L, Huang W, Li Y, Wu D, et al. Human papillomavirus vaccine against cervical can-

cer: Opportunity and challenge. Cancer Lett. 2020; 471:88–102. Epub 2019/12/10. https://doi.org/10.

1016/j.canlet.2019.11.039 PMID: 31812696.

7. Jansen EEL, Zielonke N, Gini A, Anttila A, Segnan N, Voko Z, et al. Effect of organised cervical cancer

screening on cervical cancer mortality in Europe: a systematic review. Eur J Cancer. 2020. Epub 2020/

01/26. https://doi.org/10.1016/j.ejca.2019.12.013 PMID: 31980322.

8. Wright JD, Matsuo K, Huang Y, Tergas AI, Hou JY, Khoury-Collado F, et al. Prognostic Performance of

the 2018 International Federation of Gynecology and Obstetrics Cervical Cancer Staging Guidelines.

Obstet Gynecol. 2019; 134(1):49–57. Epub 2019/06/13. https://doi.org/10.1097/AOG.

0000000000003311 PMID: 31188324.

9. Xiao C, Zhou J, Yang C, Li J, Pan Y, Dai Y. The Comparison of Vascular Characteristics of Thyroid

Microcarcinoma By Conventional Colour Doppler Ultrasonography and Superb Micro-vascular Imaging.

Chinese Journal of Ultrasound in Medicine. 2018; 34(12):23–6.

PLOS ONE Ultrasound & cervical cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0236725 August 10, 2020 8 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0236725.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0236725.s002
https://doi.org/10.22034/APJCP.2018.19.2.319
http://www.ncbi.nlm.nih.gov/pubmed/29479954
https://doi.org/10.1016/j.annonc.2019.11.004
http://www.ncbi.nlm.nih.gov/pubmed/31959338
https://doi.org/10.1111/jocn.15094
http://www.ncbi.nlm.nih.gov/pubmed/31713934
https://doi.org/10.1016/0890-8508%2891%2990046-m
http://www.ncbi.nlm.nih.gov/pubmed/1791846
https://doi.org/10.1016/j.ygyno.2020.01.023
http://www.ncbi.nlm.nih.gov/pubmed/31973912
https://doi.org/10.1016/j.canlet.2019.11.039
https://doi.org/10.1016/j.canlet.2019.11.039
http://www.ncbi.nlm.nih.gov/pubmed/31812696
https://doi.org/10.1016/j.ejca.2019.12.013
http://www.ncbi.nlm.nih.gov/pubmed/31980322
https://doi.org/10.1097/AOG.0000000000003311
https://doi.org/10.1097/AOG.0000000000003311
http://www.ncbi.nlm.nih.gov/pubmed/31188324
https://doi.org/10.1371/journal.pone.0236725


10. Infante F, Espada Vaquero M, Bignardi T, Lu C, Testa AC, Fauchon D, et al. Prediction of Tubal Ectopic

Pregnancy Using Offline Analysis of 3-Dimensional Transvaginal Ultrasonographic Data Sets: An Inter-

observer and Diagnostic Accuracy Study. J Ultrasound Med. 2018; 37(6):1467–72. Epub 2017/12/09.

https://doi.org/10.1002/jum.14489 PMID: 29219200.

11. Haldorsen IS, Lura N, Blaakaer J, Fischerova D, Werner HMJ. What Is the Role of Imaging at Primary

Diagnostic Work-Up in Uterine Cervical Cancer? Curr Oncol Rep. 2019; 21(9):77. Epub 2019/07/31.

https://doi.org/10.1007/s11912-019-0824-0 PMID: 31359169; PubMed Central PMCID: PMC6663927.

12. Ngan HYS, Seckl MJ, Berkowitz RS, Xiang Y, Golfier F, Sekharan PK, et al. Update on the diagnosis

and management of gestational trophoblastic disease. Int J Gynaecol Obstet. 2018;143 Suppl 2:79–

85. Epub 2018/10/12. https://doi.org/10.1002/ijgo.12615. PMID: 30306586.

13. Patel-Lippmann K, Robbins JB, Barroilhet L, Anderson B, Sadowski EA, Boyum J. MR Imaging of Cervi-

cal Cancer. Magn Reson Imaging Clin N Am. 2017; 25(3):635–49. Epub 2017/07/03. https://doi.org/10.

1016/j.mric.2017.03.007 PMID: 28668164.

14. Cibula D, Potter R, Planchamp F, Avall-Lundqvist E, Fischerova D, Haie Meder C, et al. The European

Society of Gynaecological Oncology/European Society for Radiotherapy and Oncology/European Soci-

ety of Pathology guidelines for the management of patients with cervical cancer. Radiother Oncol.

2018; 127(3):404–16. Epub 2018/05/08. https://doi.org/10.1016/j.radonc.2018.03.003 PMID:

29728273.

15. Wang P, Sun W, Wang L, Gao J, Zhang J, He P. Correlations of p53 expression with transvaginal color

Doppler ultrasound findings of cervical cancer after radiotherapy. J BUON. 2018; 23(3):769–75. Epub

2018/07/14. PMID: 30003750.

16. Wang HR, Lin Y, Zhang XY, Ma XT. Transvaginal color doppler sonography combined with colposcopy

for diagnosis of early stage cervical cancer and precancerous lesions. J Biol Regul Homeost Agents.

2018; 32(1):123–6. Epub 2018/03/06. PMID: 29504375.

17. Palsdottir K, Fischerova D, Franchi D, Testa A, Di Legge A, Epstein E. Preoperative prediction of lymph

node metastasis and deep stromal invasion in women with invasive cervical cancer: prospective multi-

center study using 2D and 3D ultrasound. Ultrasound Obstet Gynecol. 2015; 45(4):470–5. Epub 2014/

08/06. https://doi.org/10.1002/uog.14643 PMID: 25092154.

18. Wang S, Yang W, Fu JJ, Sun Y, Zhang H, Bai J, et al. Microflow imaging of contrast-enhanced ultra-

sound for evaluation of neovascularization in peripheral lung cancer. Medicine (Baltimore). 2016; 95

(32):e4361. Epub 2016/08/12. https://doi.org/10.1097/MD.0000000000004361 PMID: 27512847;

PubMed Central PMCID: PMC4985302.

19. Bhatla N, Berek JS, Cuello Fredes M, Denny LA, Grenman S, Karunaratne K, et al. Revised FIGO stag-

ing for carcinoma of the cervix uteri. Int J Gynaecol Obstet. 2019; 145(1):129–35. Epub 2019/01/19.

https://doi.org/10.1002/ijgo.12749 PMID: 30656645.

20. Adler DD, Carson PL, Rubin JM, Quinn-Reid D. Doppler ultrasound color flow imaging in the study of

breast cancer: preliminary findings. Ultrasound Med Biol. 1990; 16(6):553–9. Epub 1990/01/01. https://

doi.org/10.1016/0301-5629(90)90020-d PMID: 2238263.

21. Yang WT, Tse GM, Lam PK, Metreweli C, Chang J. Correlation between color power Doppler sono-

graphic measurement of breast tumor vasculature and immunohistochemical analysis of microvessel

density for the quantitation of angiogenesis. J Ultrasound Med. 2002; 21(11):1227–35. Epub 2002/11/

07. https://doi.org/10.7863/jum.2002.21.11.1227 PMID: 12418764.

22. Hickey GL, Dunning J, Seifert B, Sodeck G, Carr MJ, Burger HU, et al. Statistical and data reporting

guidelines for the European Journal of Cardio-Thoracic Surgery and the Interactive CardioVascular and

Thoracic Surgery. Eur J Cardiothorac Surg. 2015; 48(2):180–93. Epub 2015/05/15. https://doi.org/10.

1093/ejcts/ezv168 PMID: 25971435.

23. Jurado M, Galvan R, Martinez-Monge R, Mazaira J, Alcazar JL. Neoangiogenesis in early cervical can-

cer: correlation between color Doppler findings and risk factors. A prospective observational study.

World J Surg Oncol. 2008; 6:126. Epub 2008/11/27. https://doi.org/10.1186/1477-7819-6-126 PMID:

19032773; PubMed Central PMCID: PMC2611993.

24. Exacoustos C, Zupi E, Piccione E. Ultrasound Imaging for Ovarian and Deep Infiltrating Endometriosis.

Semin Reprod Med. 2017; 35(1):5–24. Epub 2017/01/12. https://doi.org/10.1055/s-0036-1597127

PMID: 28076877.

25. Arya S, Kupesic Plavsic S. Preimplantation 3D ultrasound: current uses and challenges. J Perinat Med.

2017; 45(6):745–58. Epub 2017/01/08. https://doi.org/10.1515/jpm-2016-0361 PMID: 28063264.

26. Romosan G, Valentin L. The sensitivity and specificity of transvaginal ultrasound with regard to acute

pelvic inflammatory disease: a review of the literature. Arch Gynecol Obstet. 2014; 289(4):705–14.

Epub 2013/11/30. https://doi.org/10.1007/s00404-013-3091-6 PMID: 24287707.

PLOS ONE Ultrasound & cervical cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0236725 August 10, 2020 9 / 11

https://doi.org/10.1002/jum.14489
http://www.ncbi.nlm.nih.gov/pubmed/29219200
https://doi.org/10.1007/s11912-019-0824-0
http://www.ncbi.nlm.nih.gov/pubmed/31359169
https://doi.org/10.1002/ijgo.12615.
http://www.ncbi.nlm.nih.gov/pubmed/30306586
https://doi.org/10.1016/j.mric.2017.03.007
https://doi.org/10.1016/j.mric.2017.03.007
http://www.ncbi.nlm.nih.gov/pubmed/28668164
https://doi.org/10.1016/j.radonc.2018.03.003
http://www.ncbi.nlm.nih.gov/pubmed/29728273
http://www.ncbi.nlm.nih.gov/pubmed/30003750
http://www.ncbi.nlm.nih.gov/pubmed/29504375
https://doi.org/10.1002/uog.14643
http://www.ncbi.nlm.nih.gov/pubmed/25092154
https://doi.org/10.1097/MD.0000000000004361
http://www.ncbi.nlm.nih.gov/pubmed/27512847
https://doi.org/10.1002/ijgo.12749
http://www.ncbi.nlm.nih.gov/pubmed/30656645
https://doi.org/10.1016/0301-5629%2890%2990020-d
https://doi.org/10.1016/0301-5629%2890%2990020-d
http://www.ncbi.nlm.nih.gov/pubmed/2238263
https://doi.org/10.7863/jum.2002.21.11.1227
http://www.ncbi.nlm.nih.gov/pubmed/12418764
https://doi.org/10.1093/ejcts/ezv168
https://doi.org/10.1093/ejcts/ezv168
http://www.ncbi.nlm.nih.gov/pubmed/25971435
https://doi.org/10.1186/1477-7819-6-126
http://www.ncbi.nlm.nih.gov/pubmed/19032773
https://doi.org/10.1055/s-0036-1597127
http://www.ncbi.nlm.nih.gov/pubmed/28076877
https://doi.org/10.1515/jpm-2016-0361
http://www.ncbi.nlm.nih.gov/pubmed/28063264
https://doi.org/10.1007/s00404-013-3091-6
http://www.ncbi.nlm.nih.gov/pubmed/24287707
https://doi.org/10.1371/journal.pone.0236725


27. Tariq M, Zhang J, Liang G, Ding L, He Q, Yang B. Macrophage Polarization: Anti-Cancer Strategies to

Target Tumor-Associated Macrophage in Breast Cancer. J Cell Biochem. 2017; 118(9):2484–501.

Epub 2017/01/21. https://doi.org/10.1002/jcb.25895 PMID: 28106295.

28. Huang Z, Zhao B, Qin Z, Li Y, Wang T, Zhou W, et al. Novel dual inhibitors targeting CDK4 and

VEGFR2 synergistically suppressed cancer progression and angiogenesis. Eur J Med Chem. 2019;

181:111541. Epub 2019/08/06. https://doi.org/10.1016/j.ejmech.2019.07.044 PMID: 31382120.

29. Cohen PA, Jhingran A, Oaknin A, Denny L. Cervical cancer. Lancet. 2019; 393(10167):169–82. Epub

2019/01/15. https://doi.org/10.1016/S0140-6736(18)32470-X PMID: 30638582.

30. Ebina Y, Mikami M, Nagase S, Tabata T, Kaneuchi M, Tashiro H, et al. Japan Society of Gynecologic

Oncology guidelines 2017 for the treatment of uterine cervical cancer. Int J Clin Oncol. 2019; 24(1):1–

19. Epub 2018/10/07. https://doi.org/10.1007/s10147-018-1351-y PMID: 30291468.

31. The L. Cervical cancer: unequal progress. Lancet. 2019; 393(10167):104. Epub 2019/01/15. https://doi.

org/10.1016/S0140-6736(19)30003-0 PMID: 30638568.

32. Ma G, Zhang J, Jiang H, Zhang N, Zhu Y, Deng Y, et al. Microvessel density as a prognostic factor in

esophageal squamous cell cancer patients: A meta-analysis. Medicine (Baltimore). 2017; 96(29):

e7600. Epub 2017/07/21. https://doi.org/10.1097/MD.0000000000007600 PMID: 28723804; PubMed

Central PMCID: PMC5521944.

33. Ruscito I, Cacsire Castillo-Tong D, Vergote I, Ignat I, Stanske M, Vanderstichele A, et al. Characterisa-

tion of tumour microvessel density during progression of high-grade serous ovarian cancer: clinico-path-

ological impact (an OCTIPS Consortium study). Br J Cancer. 2018; 119(3):330–8. Epub 2018/06/30.

https://doi.org/10.1038/s41416-018-0157-z PMID: 29955134; PubMed Central PMCID: PMC6070919.

34. Hu X, Liu H, Ye M, Zhu X. Prognostic value of microvessel density in cervical cancer. Cancer Cell Int.

2018; 18:152. Epub 2018/10/12. https://doi.org/10.1186/s12935-018-0647-3 PMID: 30305802;

PubMed Central PMCID: PMC6169003.

35. Yang Y, He L, Liu Y, Xia S, Fang A, Xie Y, et al. Promising Nanocarriers for PEDF Gene Targeting

Delivery to Cervical Cancer Cells Mediated by the Over-expressing FRalpha. Sci Rep. 2016; 6:32427.

Epub 2016/09/01. https://doi.org/10.1038/srep32427 PMID: 27576898; PubMed Central PMCID:

PMC5006243.

36. Lekskul N, Charakorn C, Lertkhachonsuk AA, Rattanasiri S, Israngura Na Ayudhya N. The Level of

Squamous Cell Carcinoma Antigen and Lymph Node Metastasis in Locally Advanced Cervical Cancer.

Asian Pac J Cancer Prev. 2015; 16(11):4719–22. Epub 2015/06/25. https://doi.org/10.7314/apjcp.

2015.16.11.4719 PMID: 26107230.

37. Xie X, Song K, Cui B, Jiang J, Yang X, Kong B. A comparison of the prognosis between adenocarci-

noma and squamous cell carcinoma in stage IB-IIA cervical cancer. Int J Clin Oncol. 2018; 23(3):522–

31. Epub 2018/01/05. https://doi.org/10.1007/s10147-017-1225-8 PMID: 29299705.

38. Grjibovski AM, Dubovichenko D, Saduakassova S, Zhatkanbayeva G, Omarova G, Shalgumbayeva G,

et al. Incidence, mortality and determinants of survival from cervical cancer in Northwest Russia: a reg-

istry-based cohort study. Int Health. 2018; 10(2):92–9. Epub 2018/02/13. https://doi.org/10.1093/

inthealth/ihx068 PMID: 29432549.

39. Charakorn C, Thadanipon K, Chaijindaratana S, Rattanasiri S, Numthavaj P, Thakkinstian A. The asso-

ciation between serum squamous cell carcinoma antigen and recurrence and survival of patients with

cervical squamous cell carcinoma: A systematic review and meta-analysis. Gynecol Oncol. 2018; 150

(1):190–200. Epub 2018/04/03. https://doi.org/10.1016/j.ygyno.2018.03.056 PMID: 29606483.

40. Kori M, Yalcin Arga K. Potential biomarkers and therapeutic targets in cervical cancer: Insights from the

meta-analysis of transcriptomics data within network biomedicine perspective. PLoS One. 2018; 13(7):

e0200717. Epub 2018/07/19. https://doi.org/10.1371/journal.pone.0200717 PMID: 30020984; PubMed

Central PMCID: PMC6051662.

41. Wang W, Xu X, Tian B, Wang Y, Du L, Sun T, et al. The diagnostic value of serum tumor markers CEA,

CA19-9, CA125, CA15-3, and TPS in metastatic breast cancer. Clin Chim Acta. 2017; 470:51–5. Epub

2017/05/02. https://doi.org/10.1016/j.cca.2017.04.023 PMID: 28457854.

42. Laengsri V, Kerdpin U, Plabplueng C, Treeratanapiboon L, Nuchnoi P. Cervical Cancer Markers: Epige-

netics and microRNAs. Lab Med. 2018; 49(2):97–111. Epub 2018/01/30. https://doi.org/10.1093/

labmed/lmx080 PMID: 29378033.

43. Zhou X, Wang H, Wang X. Preoperative CA125 and fibrinogen in patients with endometrial cancer: a

risk model for predicting lymphovascular space invasion. J Gynecol Oncol. 2017; 28(2):e11. Epub

2016/11/29. https://doi.org/10.3802/jgo.2017.28.e11 PMID: 27894164. PubMed Central PMCID:

PMC5323282.

44. Yu J, Zheng Q, Ding X, Zheng B, Chen X, Chen B, et al. Systematic re-analysis strategy of serum indi-

ces identifies alkaline phosphatase as a potential predictive factor for cervical cancer. Oncol Lett. 2019;

PLOS ONE Ultrasound & cervical cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0236725 August 10, 2020 10 / 11

https://doi.org/10.1002/jcb.25895
http://www.ncbi.nlm.nih.gov/pubmed/28106295
https://doi.org/10.1016/j.ejmech.2019.07.044
http://www.ncbi.nlm.nih.gov/pubmed/31382120
https://doi.org/10.1016/S0140-6736%2818%2932470-X
http://www.ncbi.nlm.nih.gov/pubmed/30638582
https://doi.org/10.1007/s10147-018-1351-y
http://www.ncbi.nlm.nih.gov/pubmed/30291468
https://doi.org/10.1016/S0140-6736%2819%2930003-0
https://doi.org/10.1016/S0140-6736%2819%2930003-0
http://www.ncbi.nlm.nih.gov/pubmed/30638568
https://doi.org/10.1097/MD.0000000000007600
http://www.ncbi.nlm.nih.gov/pubmed/28723804
https://doi.org/10.1038/s41416-018-0157-z
http://www.ncbi.nlm.nih.gov/pubmed/29955134
https://doi.org/10.1186/s12935-018-0647-3
http://www.ncbi.nlm.nih.gov/pubmed/30305802
https://doi.org/10.1038/srep32427
http://www.ncbi.nlm.nih.gov/pubmed/27576898
https://doi.org/10.7314/apjcp.2015.16.11.4719
https://doi.org/10.7314/apjcp.2015.16.11.4719
http://www.ncbi.nlm.nih.gov/pubmed/26107230
https://doi.org/10.1007/s10147-017-1225-8
http://www.ncbi.nlm.nih.gov/pubmed/29299705
https://doi.org/10.1093/inthealth/ihx068
https://doi.org/10.1093/inthealth/ihx068
http://www.ncbi.nlm.nih.gov/pubmed/29432549
https://doi.org/10.1016/j.ygyno.2018.03.056
http://www.ncbi.nlm.nih.gov/pubmed/29606483
https://doi.org/10.1371/journal.pone.0200717
http://www.ncbi.nlm.nih.gov/pubmed/30020984
https://doi.org/10.1016/j.cca.2017.04.023
http://www.ncbi.nlm.nih.gov/pubmed/28457854
https://doi.org/10.1093/labmed/lmx080
https://doi.org/10.1093/labmed/lmx080
http://www.ncbi.nlm.nih.gov/pubmed/29378033
https://doi.org/10.3802/jgo.2017.28.e11
http://www.ncbi.nlm.nih.gov/pubmed/27894164
https://doi.org/10.1371/journal.pone.0236725


18(3):2356–65. Epub 2019/08/28. https://doi.org/10.3892/ol.2019.10527 PMID: 31452732; PubMed

Central PMCID: PMC6676666.

45. Fujii S, Konishi I, Nanbu Y, Nonogaki H, Kobayashi F, Sagawa N, et al. Analysis of the levels of CA125,

carcinoembryonic antigen, and CA19-9 in the cervical mucus for a detection of cervical adenocarci-

noma. Cancer. 1988; 62(3):541–7. Epub 1988/08/01. https://doi.org/10.1002/1097-0142(19880801)

62:3<541::aid-cncr2820620317>3.0.co;2-4 PMID: 2455590.0.co;2–4.

46. Mitsuhashi A, Matsui H, Usui H, Nagai Y, Tate S, Unno Y, et al. Serum YKL-40 as a marker for cervical

adenocarcinoma. Ann Oncol. 2009; 20(1):71–7. Epub 2008/08/30. https://doi.org/10.1093/annonc/

mdn552 PMID: 18723551.

PLOS ONE Ultrasound & cervical cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0236725 August 10, 2020 11 / 11

https://doi.org/10.3892/ol.2019.10527
http://www.ncbi.nlm.nih.gov/pubmed/31452732
https://doi.org/10.1002/1097-0142%2819880801%2962%3A3%26lt%3B541%3A%3Aaid-cncr2820620317%26gt%3B3.0.co%3B2-4
https://doi.org/10.1002/1097-0142%2819880801%2962%3A3%26lt%3B541%3A%3Aaid-cncr2820620317%26gt%3B3.0.co%3B2-4
http://www.ncbi.nlm.nih.gov/pubmed/2455590
https://doi.org/10.1093/annonc/mdn552
https://doi.org/10.1093/annonc/mdn552
http://www.ncbi.nlm.nih.gov/pubmed/18723551
https://doi.org/10.1371/journal.pone.0236725

