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18F-FDG PET/CT semi-
quantitative parameters
combined with SCC-Ag in
predicting lymph node
metastasis in stage I-II
cervical cancer
Cheng-Zhi Jiang, Kai Zheng, Yan-Yin Zhang, Jian Yang,
Hui Ye* and Xiang Peng*

Department of PET-CT Center, Hunan Cancer Hospital/The Affiliated Cancer Hospital of Xiangya
School of Medicine, Central South University, Changsha, Hunan, China
Objective: To explore the value of 18F-fluordeoxyglucose positron emission

tomography/computed tomography (18F-FDG PET/CT) semi-quantitative

parameters of primary tumor combined with squamous cell carcinoma antigen

(SCC-Ag) in predicting lymph nodemetastasis (LNM) of cervical cancer (FIGO 2018

stage I-II).

Materials and Methods: A total of 65 patients with stage I-II cervical cancer

underwent 18F-FDG PET/CT were included in our study. Comparing the primary

tumor 18F-FDG PET/CT semi-quantitative parameters and SCC-Ag between the

LNM group and the non-LNM group. Logistic regression and receiver operating

characteristic (ROC) were used to analyze the value of 18F-FDG PET/CT

metabolic parameters and SCC-Ag in predicting LNM.

Results: There were 14 and 51 patients were classified as having LNM and NLNM.

The semi-quantitative parameters, including the maximum standardized uptake

value (SUVmax), the mean standardized uptake value (SUVmean), the peak

standardized uptake value (SUVpeak), the total lesion glycolysis (TLG), the

metabolic tumor volume (MTV) of the tumor and SCC-Ag were all significantly

higher in LNM than in NLNM (SUVmax, 16.07 ± 7.81 vs 11.19 ± 4.73, SUVmean,

9.16 ± 3.48 vs 6.29 ± 2.52, SUVpeak, 12.70 ± 5.26 vs 7.65 ± 3.26, MTV, 22.77 ±

12.36 vs 7.09 ± 5.21, TLG, 211.01 ± 154.25 vs 43.38 ± 36.17, SCC-Ag, 5.39 ± 4.56

vs 2.13 ± 2.50, all p<0.01). Logistic regression analysis showed that TLG was an

independent predictor of LNM in stage I-II cervical cancer (OR 1.032, 95% CI

1.013–1.052, p<0.01). Moreover, the predictive value of TLG combined with

SUVpeak and SCC-Ag increased and the area under the curve increased

compared SUVpeak and SCC-Ag.
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Conclusion: 18F-FDG PET/CT semi-quantitative parameters and SCC-Ag have

promise for assessing LNM in stage I-II cervical cancer. TLG of primary tumor

provides independent and increasing values in predicting LNM in stage I-II

cervical cancer.
KEYWORDS

cervical cancer, positron emission tomography/computed tomography, total lesion
glycolysis, lymph node metastasis, squamous cell carcinoma-antigen
Introduction

Cervical cancer is the fourth most common cancer of morbidity

and mortality in women, with mortality rates higher in developing

countries (1). The presence of lymph node metastasis (LNM) in

cervical cancer patients is associated with an increased risk of cancer

recurrence and poorer prognosis (2–4). Currently, treatment

decisions and prognostic assessments for cervical cancer patients

primarily rely on the Federation International of Gynecology and

Obstetrics (FIGO) staging system. According to FIGO 2018 for

cervical cancer, regardless of tumor size or parametrial infiltration,

the presence of LNM is categorized as stage IIIC (1). Locally

advanced cervical cancer, including stage IB3-IVA, is typically

treated with platinum-based chemotherapy combined with

external beam radiotherapy followed by brachytherapy without

surgery (5, 6). This classification highlights the significance of

LNM in determining disease progression and guiding treatment

strategies for cervical cancer patients. Patients with LNM need

radiotherapy or chemotherapy after surgery.

In the management of stage I-II cervical cancer, the primary

treatment options typically involve an extensive hysterectomy along

with bilateral pelvic lymph node resection (1, 7). However, excessive

excision can cause a series of LN complications, such as

lymphocysts and lower extremity lymphedema, and controversy

remains whether pelvic lymph node dissection is necessary (7). This

has sparked debates and uncertainties regarding the necessity of

pelvic lymph node dissection in stage I-II cervical cancer. Therefore,

the detection of preoperative LNM is a crucial issue for patient

counseling for developing individualized treatment plans,

improving prognosis, and reducing mortality (7, 8).

Magnetic resonance imaging (MRI) and computed tomography

(CT) are commonly employed diagnostic tools in the evaluation of

cervical cancer. MRI and CT provide valuable information

regarding tumor size, local invasion, and LNM. Multi-parameter

MRI can improve the diagnostic efficiency of lymph node metastasis

(8). However, MRI and CT have limitations when it comes to

accurate ly diagnosis of LNM (9, 10) . Recent ly , 18F-

fluordeoxyglucose positron emission tomography/computed
02
tomography (18F-FDG PET/CT) has emerged as a valuable tool in

the diagnosis of cervical cancer LNM and provides quantified

metabolic information and anatomical details about cervical

lesions and lymph nodes (11, 12). In addition, 18F-FDG PET/CT

can guide the mapping of cervical cancer radiotherapy targets (13).

However, 18F-FDG PET/CT also has its limitations. False positive

results could occur due to various factors such as inflammation or

infection, while false negative results may be seen in small LNM or

tumors with low glucose metabolism. The maximum standardized

uptake value (SUVmax) has limited value in accurately predicting

LNM of cervical cancer (14). The SUVmax represents the highest

level of FDG uptake within a lesion, but it does not provide

information about the overall metabolic activity or heterogeneity

of the lesion. Additionally, the partial volume effect was another

limitation that affect the diagnosis of LNM in cervical cancer (14).

Therefore, recent research suggests that peak standardized uptake

value (SUVpeak), total lesion glycolysis (TLG) and metabolic tumor

volume (MTV) have high clinical application values in the

evaluation of malignant tumor LNM (14, 15).

In addition, serum tumor markers are gradually being applied

in the early diagnosis of cervical cancer. Malignant tumors contain

special gene expression products, among which squamous cell

carcinoma-antigen (SCC-Ag) is the most common tumor marker

for cervical cancer (16). Some scholars have shown that the SCC-Ag

levels are correlated with the degree of metastasis and infiltration of

cervical cancer, which has certain predictive significance for cervical

cancer recurrence (16, 17). In this article, we explored the value of

FDG PET/CT metabolic parameters of primary tumor combined

with SCC-Ag expression in predicting pelvic LNM in stage I-II

cervical cancer patients.
Materials and methods

Patients

This retrospective study was conducted with the approval of the

Ethics Committee of Hunan Cancer Hospital. Informed consent
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was obtained from all patients participating in the study, both for

imaging procedures and for their data to be used in anonymized

analyses. The study included a total of 98 stage I-II cervical cancer

patients who underwent 18F-FDG PET/CT at a single center

between January 2016 and December 2021. Patient inclusion

criteria were as follows: (1) biopsy confirmed for cervical cancer,

and accepted with radical abdominal hysterectomy and pelvic

lymph node cleaning with or without aortic lymph node cleaning,

(2) had not received any form of radiotherapy or chemotherapy, (3)

did not have other malignant tumors. As a result, 33 patients were

excluded from the study based on inclusion criteria: 9 patients

clinical data was incomplete, 7 patients had a history of other

malignant tumors, and 17 patients underwent preoperative

concurrent chemoradiotherapy. Finally, 65 patients were included

in our research (Figure 1). The clinical data of patients, including

age, pathology, SCC-Ag, carcinoembryonic antigen (CEA), and

carbohydrate antigen 125 (CA-125), were retrospectively obtained

from the medical record center of Hunan Cancer Hospital.
18F-FDG PET/CT acquisition

All subjects were scanned with a PET/CT scanner (January 2016

to September 2019, Discovery ST, GE, America; October 2019 to

December 2021, Discovery MI, GE, America). After 60–90 minutes

of intravenous administration of 3.7 MBq/kg 18F-FDG (Beijing PET

Technology CO.,ltd, Beijing, China), a body noncontrast-enhanced

low dose CT (tube voltage of 110 kV, current of 120 mA)

was obtained. CT scan was performed from the head to upper-

thigh and slice thickness of 3.75 mm. A PET scan was immediately

performed after the CT scan in 3D acquisition mode with 6 - 8 bed

positions and 2 min per bed position. Later, the CT and PET

images were then transferred to an AW4.7 workstation

(GE, America), where they were loaded for further analysis by

our researchers.
Frontiers in Oncology 03
18F-FDG PET/CT semi-quantitative
parameters measurement

PET and CT images were fused at AW 4.7 workstation,

and image quality control was performed. 18F-FDG PET/CT

imaging results were independently assessed by two nuclear

medicine specialists (C.Z.J and X.P.) who worked for 5–10 years.

When the 18F-FDG PET/CT results were inconsistent, another

experienced nuclear medicine expert was required to re-evaluate.

In the axial fusion image of 18F-FDG PET/CT, the plane with clear

lesions was selected to delineate the region of interest (ROI) of the

primary tumor of cervical cancer, and the SUVmax, the mean

standardized uptake value (SUVmean), SUVpeak, TLG and MTV.

In order to calculate the MTV, a specific threshold of 40%

of SUVmax was applied (18). An SUVmax of the lymph nodes

over 2.5 was considered positive lymph nodes and acted as

PET/CT LNM.
Pathological diagnosis

Hematoxylin-eosin (HE) staining was used to stain pathological

sections of the patients. Analysis of each patient’s pathology

results, including the following contents: the pathological

histology type, pathological differentiation grade, cervical stromal

invasion depth, LNM, lymphatic vascular space invasion, vaginal

metastasis, and parametrial metastasis. Cervical cancer lymph node

metastasis includes external iliac, common iliac, obturator,

paracral, anterior sacral and paraaortic lymph node metastasis.
Statistical analysis

In order to analyze the data collected in this study, various

statistical methods were employed. The continuous variables
FIGURE 1

Flowchart for patient enrollment. LNM, lymph node metastasis; NLNM, non-lymph node metastasis.
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wereexpressed as mean ± standard deviation (SD). According to the

nature of the data, continuous variables were compared between

groups using Student’s t-test, Mann-Whitney U test, and one-way

ANOVA. Classification variables were expressed as a percentage

and numbers, and through the Fisher’s exact test. Univariate

and multivariate logistic regression analysis were used to

analyze the risk factors of cervical cancer LNM and construct the

prediction model of LNM. Variables with p < 0.05 were included

in the model. In addition, the receiver operator characteristic (ROC)

curves of different parameters were compared to evaluate

the efficacy of different models in predicting LNM. IBM

SPSS 25.0 software (IBM Corp., Armonk, NY, USA) was used

for statistically analysis. P < 0.05 was used to determine the

statistical significance of the observation.
Results

Patient characteristics

Among the 65 stage I-II cervical cancer patients, 14 patients had

lymph node metastasis as the LNM group and 51 patients had no-

lymph node metastasis as the NLNM group. The age of the LNM

group was 52 ± 12 years, which was not significantly different from

that of the NLNM group (55 ± 9 years). The analysis revealed

significant differences in cervical stromal invasion depth and

parametrial invasion between LNM and NLNM (p<0.05). There
Frontiers in Oncology 04
were no significant differences in FIGO stage, histologic type,

vascular invasion or vaginal stump were found between the LNM

and NLNM subjects. The study summarized the clinicopathological

characteristics of the participants in Table 1.
Comparison of FDG semi-quantitative
parameters and tumor markers

Our study evaluated the diagnostic performance of 18F-FDG

PET/CT in detecting LNM in patients with stage I-II cervical

cancer. The results showed that the sensitivity, specificity,

accuracy, positive predictive value and negative predictive value

were 64.3%, 90.2%, 84.6%, 64.3%, and 90.2%, respectively.

In the LNM group, the SUVmax, SUVmean, and SUVpeak of

tumors were obviously higher than that of the NLNM (p<0.01).

Compared with the NLNM groups, the MTV and TLG of tumors in

the LNM group were significantly increased (p<0.001). LNM

patients revealed a significantly increased CA-125 and SCC-Ag

levels compared with NLNM patients (p<0.01). Between the NLM

and the NLNM group, the CEA levels was no significant

difference (Table 2).
Variables for predicting LNM in stage I-II
cervical cancer

Univariate and multivariate logistic regression analyses were

further performed to identify the predictive factors for evaluating

LNM in stage I-II cervical cancer, including SUVmax, SUVpeak,

TLG of tumor, and SCC-Ag. In the univariate analysis, TLG of the

tumor (OR: 1.029, 95%CI: 1.005–1.053, p = 0.017) was significantly

associated with LNM. In the multivariate analysis, TLG of the

tumor (OR: 1.032, 95%CI: 1.013–1.052, p = 0.001) emerged as a

significant and independent predictor of LNM in stage I-II cervical

cancer. The result of the analysis are presented in Table 3.
TABLE 1 Patients’ clinicopathological characteristics.

Clinical feature
LNM

(N= 14)
NLNM
(N= 51)

p-value

Age (years) 52 ± 12 55 ± 9 0.299

FIGO stage, n
I
II

6
8

30
21

0.287

Differentiation grade, n
Well + Moderately
differentiated
Poorly differentiated

7

7

40

11

0.035

Histologic type, n
Squamous carcinoma
Adenocarcinoma

10
4

45
6

0.123

Cervical stromal invasion depth, n
≥ 2/3
< 2/3

12
2

23
28

0.007

Vascular invasion, n
Yes
No

7
7

17
34

0.252

Parametrial invasion, n
Yes
No

2
12

0
51

0.006

Vaginal stump, n
Positive
Negative

1
13

2
49

0.611
FIGO, International Federation of Gynecology and Obstetrics; LNM, lymph node metastasis;
NLNM, non-lymph node metastasis.
TABLE 2 FDG semi-quantitative parameters and tumor markers between
two groups.

LNM NLNM p-value

SUVmax 16.07 ± 7.81 11.19 ± 4.73 0.005

SUVmean 9.16 ± 3.48 6.29 ± 2.52 0.001

SUVpeak 12.70 ± 5.26 7.65 ± 3.26 0.000

TLG 211.01 ± 154.25 43.38 ± 36.17 0.000

MTV 22.77 ± 12.36 7.09 ± 5.21 0.000

CEA 4.16 ± 4.36 2.73 ± 5.98 0.408

CA-125 114.34 ± 236.38 13.49 ± 12.91 0.003

SCC-Ag 5.39 ± 4.56 2.13 ± 2.50 0.001
LNM, lymph node metastasis; NLNM, non-lymph node metastasis; SUVmax, maximum
standardized uptake value; SUVmean, mean standardized uptake value; SUVpeak, peak
standardized uptake value; TLG, total lesion glycolysis; MTV, metabolic tumor volume;
CEA, carcinoembryonic antigen; CA-125, carbohydrate antigen 125; SCC-Ag, squamous cell
carcinoma antigen.
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ROC analysis showed that the SUVmax (AUC 0.711, sensitivity

71.43%, specificity 70.59%), SUVmean (AUC 0.755, sensitivity 78.57%,

specificity 62.75%), SUVpeak (AUC 0.821, sensitivity 85.71%,

specificity 72.55%), TLG (AUC 0.934, sensitivity 92.86%, specificity

82.35), MTV (AUC 0.901, sensitivity 78.57%, specificity 86.27%)

of the tumor, and SCC-Ag (AUC 0.817, sensitivity 71.43%,

specificity 82.35%) had a significant and positive impact on

predicting LNM in stage I-II cervical cancer (Figure 2). Among

the variables analyzed, the TLG of tumor showed the highest

diagnostic performance in predicting LNM, and the cut off value

of TLG is 72.18.

In ROC analysis conducted to evaluate predictive models for

LNM in stage I-II cervical cancer, Model 1, the SUVpeak of tumor,

exhibited the lowest AUC as 0.821 (sensitivity 85.71%, specificity

72.55%). Model 2 combined SUVpeak of the tumor and SCC-Ag

(AUC 0.849, sensitivity 78.57%, specificity78.43%), and Model 3

combined SUVpeak of the tumor, SCC-Ag and TLG of the tumor

(AUC 0.941, sensitivity 100%, specificity 80.39%). Furthermore, the
Frontiers in Oncology 05
TLG of tumor provided a significant incremental predictive value

for LNM in stage I-II cervical cancer. There was no significant

difference in the area under ROC curve between Model 1 and Model

2 (p = 0.283). Model 3 further yielded a greater AUC than Model

1and Model 2 (p = 0.012 and p= 0.045, respectively) (Figure 3).
Discussion

LNM plays a crucial role as an independent and important

prognostic factor in cervical cancer (1–4). The presence of lymph

node involvement is associated with a higher risk of disease

progression, recurrence, and poorer overall survival outcomes.

The treatment decision for cervical cancer is mainly based on

FIGO staging. In the management of stage I-II cervical cancer,

surgical intervention is considered the primary treatment approach.

The standard treatment methods for stage I-II cervical cancer

include radical hysterectomy and pelvic lymph node resection

(19). Therefore, preoperative prediction and evaluation of LNM

have important value for clinical intervention in cervical cancer. In

recent years, several advanced imaging techniques, such as CT,

MRI, and 18F-FDG PET/CT, have shown promise in the detection

of LNM in cervical cancer. A lymph node diameter greater than 10

mm is one of the important criteria for routine imaging diagnosis of

LNM, but diagnostic accuracy for detecting LNM is still limited in

clinical practice (2, 9, 10). Assessing LNM using CT and MRI poses

a significant challenge in clinical practice. While CT and MRI scans

provide valuable information about the size and location of lymph

nodes, accurately determining whether these nodes are involved in

metastatic disease can be difficult.
18F-FDG PET/CT in the diagnosis of cervical cancer,

preoperative staging, postoperative restaging, efficacy monitoring,

and prognosis evaluation plays a more and more important role.

Sandro et al. results suggested that combined PET/CT is valuable

for preoperative lymph node staging in patients with early cervical

cancer, especially lymph nodes with a short axis diameter greater

than 0.5 cm (20). In the context of LNM evaluation, the SUVmax

serves as an important indicator of nodal involvement. Higher

SUVmax values are often associated with a higher likelihood of

metastatic spread to lymph nodes (21). Due to its susceptibility to

noise and its inability to reflect the overall metabolic level of tumors,

the SUVmax has limited value in predicting LNM or prognostic

evaluation of cervical cancer (22, 23). Additionally, physiological

uptake of adjacent structures such as the ureter and bladder
TABLE 3 Univariate and multivariate logistic regression analyses in predicting LNM in Cervical Cancer.

Variables
Univariate analysis Multivariate analysis

OR 95%CI p-value OR 95%CI p-value

SUVmax 0.926 0.632–1.358 0.695

SUVpeak 1.140 0.643–2.023 0.653

TLG 1.029 1.005–1.053 0.017 1.032 1.013–1.052 0.001

SCC-Ag 1.078 0.798–1.455 0.624
SUVmax, maximum standardized uptake value; SUVpeak, peak standardized uptake value; TLG, total lesion glycolysis; SCC-Ag, squamous cell carcinoma antigen.
FIGURE 2

Receiver operating characteristic curves of PET/CT semi-
quantitative parameters and SCC-Ag for evaluating lymph node
metastasis. SUVmax, maximum standardized uptake value;
SUVmean, mean standardized uptake value; SUVpeak, peak
standardized uptake value; TLG, total lesion glycolysis; MTV,
metabolic tumor volume; SCC-Ag, squamous cell carcinoma
antigen; AUC, area under the curve.
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occasionally lead to increased FDG uptake in lymph nodes, or high

FDG uptake in reactive hyperplasia lymph nodes, resulting in false

positives. However, the relationship between the characteristics of

primary tumors and the likelihood of LNM has long been a topic of

debate. Therefore, it is of clinical importance to understand whether

certain features of primary tumors can be used as predictors of

LNM. The objective of our study is to investigate the utility of 18F-

FDG PET/CT parameters, specifically the SUVpeak, TLG, and

MTV of the tumor, in predicting LNM in patients with stage I-II

cervical cancer. Currently, the use of 18F-FDG PET/CT as a

potential marker of tumor viability has gained widespread

popularity in the field of oncologic imaging (24–26). Our results

showed that the higher SUVmax, SUVmean, SUVpeak, TLG, and

MTV of tumor were significantly associated with an increased

likelihood of LNM in stage I-II cervical cancer. Suggesting that

the potential utility of 18F-FDG PET/CT semi-quantitative

parameters, especially the TLG, derived from the primary tumor

in predicting LNM in stage I-II cervical cancer. TLG is a

comprehensive semi-quantitative parameter that reflects the

metabolic activity of the whole tumor (21, 27). Compared with

SUVmax, TLG could assess tumor burden more accurately. A study

involving patients with early cervical cancer showed that tumor

MTV and TLG values are important imaging indicators for

predicting lymphatic metastasis, especially in patients with PET

negative lymph nodes (27).

SCC-Ag is a specific biomarker that is produced by squamous

cell carcinoma cells. It serves as a useful tool for diagnosing and

monitoring squamous cell carcinoma (16). Elevated levels of SCC-

Ag may indicate the presence of squamous cell carcinoma or the

progression of the disease. Recent studies have provided evidence

linking preoperative serum SCC-Ag levels in patients with cervical

squamous cell carcinoma to important clinicopathological factors,

including tumor size and LNM (17, 28). Our current study found
Frontiers in Oncology
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that LNM patients showed significantly increased SCC-Ag levels

compared with NLNM patients. A previous study has shown that

the SCC-Ag may be a useful marker for predicting LNM of cervical

cancer, especially in stages IB1 and IIA1, and the combination of

SCC-Ag and CT may help identify patients with LNM to provide

them with the most appropriate therapeutic approach (16, 17, 29).

Lymph node involvement indicates that the cancer has spread

beyond the primary site, potentially leading to a poorer

prognosis. The link between SCC-Ag levels and LNM highlights

the potential utility of SCC-Ag as a prognostic marker for assessing

disease progression and risk stratification (16). However, the

predictive value of SCC-Ag in determining LNM remains a

subject of controversy and debate. A study using similar methods

suggests that a combination of SCC-Ag level, SUVmax, and TLG is

an important prognostic indicator for cervical cancer (16).

Therefore, combined factors should be suggested to better reflect

the value of 18F-FDG PET/CT and SCC-Ag in predicting LNM in

stage I-II cervical cancer.

To comprehensively evaluate LNM in stage I-II cervical cancer,

our study employed not only 18F-FDG PET/CT semi-quantitative

parameters and SCC-Ag findings but also conducted univariate and

multivariate logistic regression analysis to identify additional

predictive factors. The result was that the TLG of tumor

remained an independent predictor of LNM in stage I-II cervical

cancer, and the cut-off value was 72.18. Multivariate analysis

showed that SUVmax and TLG were independent predictors of

positive and moderate risk status (21). In high-risk cervical cancer,

MTV and TLG were associated with pelvic lymph node metastasis

and parametria involvement (21). Different from the results of our

study, the reason may be that the TLG is a comprehensive

parameter that reflects tumor metabolic activity based on MTV.

For further research, we evaluated the predictive LNM models in

stage I-II cervical cancer. Our study showed that Model 3,

combining the SUVpeak of the tumor, SCC-Ag and TLG of the

tumor, had a greater AUC than Model 1and Model 2. Additionally,

we observed that the TLG of tumor offered independent and

additional information in predicting LNM. Our study revealed

significant associations between preoperative levels of SCC-Ag,

SUVpeak, and TLG of tumor with the response of LNM in

patients with cervical cancer. Incorporating these biomarkers and
18F-FDG PET/CT parameters into clinical practice could aid in risk

stratification and guide treatment decisions for improved

patient outcomes.

There are some limitations in our study. Firstly, it was a

retrospective single center study, which means that the data were

collected from a single institution and may not represent the

broader population. Our study was conducted on a relatively

small sample size, which may limit the generalizability of our

findings. Secondly, the impact of the partial volume effect on

quantitative accuracy in 18F-FDG PET/CT imaging, specifically in

relation to bladder imaging agent retention. Thirdly, our study only

focuses on the predictability of 18F-FDG PET/CT semi-quantitative

parameters of tumor combined with SCC-Ag for LNM in stage I-II

cervical cancer, and further analyze the significance of lymph node

metabolic parameters in cervical cancer lymph node metastasis.
FIGURE 3

Receiver operating characteristic curves of identified models for
evaluated lymph node metastasis. AUC, area under the curve.
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Conclusion

The combination of 18F-FDG PET/CT semi-quantitative

parameters and SCC-Ag has proven to be a reliable and feasible

technique for predicting LNM in stage I-II cervical cancer. The TLG

of tumor has been identified as an independent factor for patients

with LNM in stage I-II cervical cancer.
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding authors.
Ethics statement

The studies involving human participants were reviewed and

approved by Ethical Committee of Hunan Cancer Hospital. The

studies were conducted in accordance with the local legislation and

institutional requirements. The participants provided their written

informed consent to participate in this study. Written informed

consent was obtained from the individual(s) for the publication of

any potentially identifiable images or data included in this article.
Author contributions

C-ZJ: Writing – review & editing, Writing – original draft,

Methodology, Formal Analysis, Data curation, Conceptualization.

KZ: Writing – original draft, Formal Analysis, Data curation.
Frontiers in Oncology 07
Y-YZ: Writing – original draft, Formal Analysis, Data curation.

JY: Writing – review & editing. HY: Writing – review & editing,

Writing – original draft, Methodology, Formal Analysis,

Conceptualization. XP: Writing – review & editing, Writing –

or ig ina l draf t , Methodology , Formal Analys i s , Data

curation, Conceptualization.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by Wu Jieping Medical Foundation Clinical

Research Project (NO. 320.6750.2020-06-24 to HY) and Hunan

Cancer Hospital Climb Plan (NO. QH2021001 to C-ZJ).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. (2018) 68:394–424. doi: 10.3322/caac.21492
2. Lee J, Kim CK, Park SY. Histogram analysis of apparent diffusion coefficients for

predicting pelvic lymph node metastasis in patients with uterine cervical cancer.
MAGMA. (2020) 33:283–92. doi: 10.1007/s10334–019-00777–9

3. Bhatla N, Aoki D, Sharma DN, Sankaranarayanan R. Cancer of the cervix uteri.
Int J Gynaecol Obstet. (2018) 143 Suppl 2:22–36. doi: 10.1002/ijgo.12611

4. Benedetti Panici P, Basile S, Angioli R. Pelvic and aortic lymphadenectomy in
cervical cancer: the standardization of surgical procedure and its clinical impact.
Gynecol Oncol. (2009) 113:284–90. doi: 10.1016/j.ygyno.2008.12.014

5. Pötter R, Tanderup K, Schmid MP, Jürgenliemk-Schulz I, Haie-Meder C, Fokdal
LU, et al. MRI-guided adaptive brachytherapy in locally advanced cervical cancer
(EMBRACE-I): a multicentre prospective cohort study. Lancet Oncol. (2021) 22:538–
47. doi: 10.1016/S1470–2045(20)30753–1

6. Russo L, Lancellotta V, Miccò M, Fionda B, Avesani G, Rovirosa A, et al. Magnetic
resonance imaging in cervical cancer interventional radiotherapy (brachytherapy): a
pictorial essay focused on radiologist management. J Contemp Brachyther. (2022)
14:287–98. doi: 10.5114/jcb.2022.117727

7. KohWJ, Abu-Rustum NR, Bean S, Bradley K, Campos SM, Cho KR, et al. Cervical
cancer, version 3.2019, NCCN clinical practice guidelines in oncology. J Natl Compr
Canc Netw. (2019) 17:64–84. doi: 10.6004/jnccn.2019.0001

8. Zhang X, Dong Y, Song Q, Zhu Y, Pang H, Luo Y, et al. The role of
multiparametric magnetic resonance imaging in the study of primary tumor and
pelvic lymph node metastasis in stage IB1-IIA1 cervical cancer. J Comput Assist
Tomogr. (2020) 44:750–8. doi: 10.1097/RCT.0000000000001084
9. Liu B, Gao S, Li S. A comprehensive comparison of CT, MRI, positron emission
tomography or positron emission tomography/CT, and diffusion weighted imaging-
MRI for detecting the lymph nodes metastases in patients with cervical cancer: A meta-
analysis based on 67 studies. Gynecol Obstet Invest. (2017) 82:209–22. doi: 10.1159/
000456006

10. Dappa E, Elger T, Hasenburg A, Düber C, Battista MJ, Hötker AM. The value of
advanced MRI techniques in the assessment of cervical cancer: a review. Insights
Imaging. (2017) 8:471–81. doi: 10.1007/s13244–017-0567–0

11. Weissinger M, Taran FA, Gatidis S, Kommoss S, Nikolaou K, Sahbai S, et al.
Lymph node staging with a combined protocol of 18F-FDG PET/MRI and sentinel
node SPECT/CT: A prospective study in patients with FIGO I/II cervical carcinoma. J
Nucl Med. (2021) 62:1062–7. doi: 10.2967/jnumed.120.255919

12. Su CH, Chen WM, Chen MC, Shia BC, Wu SY. The association of preoperative
PET-CT and survival in patients with resectable cervical cancer. J Clin Med. (2022)
11:7143. doi: 10.3390/jcm11237143

13. Fiorentino A, Laudicella R, Ciurlia E, Annunziata S, Lancellotta V, Mapelli P,
et al. Positron emission tomography with computed tomography imaging (PET/CT)
for the radiotherapy planning definition of the biological target volume: PART 2. Crit
Rev Oncol Hematol. (2019) 139:117–24. doi: 10.1016/j.critrevonc.2019.03.008

14. Deng C, Ding D, Wang M. The predictive recurrence value of MTV-s as an 18F-
FDG PET/CT index in patients with IIB-IVA cervical cancer. Postgrad Med. (2021)
133:436–43. doi: 10.1080/00325481.2021.1894823

15. Gill R, Abdah-Bortnyak R, Amit A, Bar-Peled U, Keidar Z. [F18]FDG PET/CT-
derived metabolic and volumetric biomarkers can predict response to treatment in
locally advanced cervical cancer patients. Cancers (Basel). (2022) 14:4382. doi: 10.3390/
cancers14184382
frontiersin.org

https://doi.org/10.3322/caac.21492
https://doi.org/10.1007/s10334&ndash;019-00777&ndash;9
https://doi.org/10.1002/ijgo.12611
https://doi.org/10.1016/j.ygyno.2008.12.014
https://doi.org/10.1016/S1470&ndash;2045(20)30753&ndash;1
https://doi.org/10.5114/jcb.2022.117727
https://doi.org/10.6004/jnccn.2019.0001
https://doi.org/10.1097/RCT.0000000000001084
https://doi.org/10.1159/000456006
https://doi.org/10.1159/000456006
https://doi.org/10.1007/s13244&ndash;017-0567&ndash;0
https://doi.org/10.2967/jnumed.120.255919
https://doi.org/10.3390/jcm11237143
https://doi.org/10.1016/j.critrevonc.2019.03.008
https://doi.org/10.1080/00325481.2021.1894823
https://doi.org/10.3390/cancers14184382
https://doi.org/10.3390/cancers14184382
https://doi.org/10.3389/fonc.2024.1278464
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Jiang et al. 10.3389/fonc.2024.1278464
16. Guan L, Zuo R, Wang Z, Xu L, Liu S, Pang H. Associations of whole-body 18F-
FDG PET/CT parameters and SCC-Ag level with overall survival in patients with
cervical cancer . Nucl Med Commun . (2022) 43:49–55. doi : 10.1097/
MNM.0000000000001493

17. Lee SW, Hong JH, Yu M, Jeong S, Kim SH, Kim YS, et al. Serum conversion
pattern of SCC-Ag levels between pre- and post-chemoradiotherapy predicts
recurrence and metastasis in cervical cancer: a multi-institutional analysis. Clin Exp
Metastasis. (2021) 38:467–74. doi: 10.1007/s10585-021-10115-w

18. Kidd EA, Thomas M, Siegel BA, Dehdashti F, Grigsby PW. Changes in cervical
cancer FDG uptake during chemoradiation and association with response. Int J Radiat
Oncol Biol Phys. (2013) 85:116–22. doi: 10.1016/j.ijrobp.2012.02.056

19. Matsuo K, Machida H, Mandelbaum RS, Konishi I, Mikami M. Validation of the
2018 FIGO cervical cancer staging system. Gynecol Oncol. (2019) 152:87–93.
doi: 10.1016/j.ygyno.2018.10.026

20. Sironi S, Buda A, Picchio M, Perego P, Moreni R, Pellegrino A, et al. Lymph node
metastasis in patients with clinical early-stage cervical cancer: detection with integrated
FDG PET/CT. Radiology. (2006) 238:272–9. doi: 10.1148/radiol.2381041799

21. Liu S, Xia L, Yang Z, Ge H, Wang C, Pan H, et al. The feasibility of 18F-FDG
PET/CT for predicting pathologic risk status in early-stage uterine cervical squamous
cancer. Cancer Imaging. (2020) 20:63. doi: 10.1186/s40644-020-00340-z

22. Han S, Kim H, Kim YJ, Suh CH, Woo S. Prognostic value of volume-based
metabolic parameters of 18F-FDG PET/CT in uterine cervical cancer: A systematic
review and meta-analysis. AJR Am J Roentgenol. (2018) 211:1112–21. doi: 10.2214/
AJR.18.19734

23. Shih IL, Yen RF, Chen CA, Cheng WF, Chen BB, Chang YH, et al. PET/MRI in
cervical cancer: associations between imaging biomarkers and tumor stage, disease
Frontiers in Oncology 08
progression, and overall survival. J Magn Reson Imaging. (2021) 53:305–18.
doi: 10.1002/jmri.27311
24. Zhang L, Sun H, Du S, Xu W, Xin J, Guo Q. Evaluation of 18F-FDG PET/CT

parameters for reflection of aggressiveness and prediction of prognosis in early-stage
cervical cancer. Nucl Med Commun . (2018) 39:1045–52. doi: 10.1097/
MNM.0000000000000909
25. Li K, Sun H, Guo Q. Combinative evaluation of primary tumor and lymph nodes

in predicting pelvic lymphatic metastasis in early-stage cervical cancer: A
multiparametric PET-CT study. Eur J Radiol. (2019) 113:153–7. doi: 10.1016/
j.ejrad.2019.02.013

26. Hong JH, Min KJ, Lee JK, So KA, Jung US, Kim S, et al. Prognostic value of the
sum of metabolic tumor volume of primary tumor and lymph nodes using 18F-FDG
PET/CT in patients with cervical cancer. Med (Baltimore). (2016) 95:e2992.
doi: 10.1097/MD.0000000000002992

27. Xu C, Li X, Shi Y, Wang B, Sun H. Combinative evaluation of primary tumor and
lymph nodes to predict pelvic lymphatic metastasis in cervical cancer: an integrated
PET-IVIMMRI study. Cancer Imaging. (2020) 20:21. doi: 10.1186/s40644-020-00298-y

28. Charakorn C, Thadanipon K, Chaijindaratana S, Rattanasiri S, Numthavaj P,
Thakkinstian A. The association 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) 150:190–200. doi: 10.1016/
j.ygyno.2018.03.056

29. Xu D, Wang D, Wang S, Tian Y, Long Z, Ren X. Correlation between squamous
cell carcinoma antigen level and the clinicopathological features of early-stage cervical
squamous cell carcinoma and the predictive value of squamous cell carcinoma antigen
combined with computed tomography scan for lymph node metastasis. Int J Gynecol
Cancer. (2017) 27:1935–42. doi: 10.1097/IGC.0000000000001112
frontiersin.org

https://doi.org/10.1097/MNM.0000000000001493
https://doi.org/10.1097/MNM.0000000000001493
https://doi.org/10.1007/s10585-021-10115-w
https://doi.org/10.1016/j.ijrobp.2012.02.056
https://doi.org/10.1016/j.ygyno.2018.10.026
https://doi.org/10.1148/radiol.2381041799
https://doi.org/10.1186/s40644-020-00340-z
https://doi.org/10.2214/AJR.18.19734
https://doi.org/10.2214/AJR.18.19734
https://doi.org/10.1002/jmri.27311
https://doi.org/10.1097/MNM.0000000000000909
https://doi.org/10.1097/MNM.0000000000000909
https://doi.org/10.1016/j.ejrad.2019.02.013
https://doi.org/10.1016/j.ejrad.2019.02.013
https://doi.org/10.1097/MD.0000000000002992
https://doi.org/10.1186/s40644-020-00298-y
https://doi.org/10.1016/j.ygyno.2018.03.056
https://doi.org/10.1016/j.ygyno.2018.03.056
https://doi.org/10.1097/IGC.0000000000001112
https://doi.org/10.3389/fonc.2024.1278464
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	18F-FDG PET/CT semi-quantitative parameters combined with SCC-Ag in predicting lymph node metastasis in stage I-II cervical cancer
	Introduction
	Materials and methods
	Patients
	18F-FDG PET/CT acquisition
	18F-FDG PET/CT semi-quantitative parameters measurement
	Pathological diagnosis
	Statistical analysis

	Results
	Patient characteristics
	Comparison of FDG semi-quantitative parameters and tumor markers
	Variables for predicting LNM in stage I-II cervical cancer

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


