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Abstract: Objectives: The prediction model of para-aortic lymph node metastasis (LNM) in patients with early cervi-
cal cancer was constructed based on the logistic regression (LR) and random forest (RF) algorithms in the machine
learning algorithm. The prediction efficiencies of the two models were compared. Methods: The clinical data of 204
patients with early cervical cancer in the First Affiliated Hospital of Guangxi Medical University were retrospectively
collected. The 204 patients were randomly divided into a training set and a verification set according to a ratio of
3:1. The training set was used to build the model. The verification set was used to evaluate model effectiveness.
The para-aortic LNM prediction model of early cervical cancer was established by LR and RF. Receiver operating
characteristic curve (ROC), sensitivity, and specificity were used to evaluate the prediction performances of the two
models. Results: LR analysis showed that tumor diameter > 4 cm, choroidal aneurysm embolism, pelvic lymph node
metastasis, and high preoperative squamous cell carcinoma antigen (SCC-Ag) level were risk factors for para-aortic
LNM in patients with early cervical cancer (P < 0.05). The area under the ROC curve (AUC) was 0.914. The sensitivity,
specificity, and accuracy were 92.6%, 66.7%, 87.0%, respectively. The results of the importance analysis of the char-
acteristic variables of the RF showed that the top 5 variables were preoperative SCC-Ag level, tumor diameter > 4
cm, advanced clinical stage, cancer thrombus, and pelvic lymph node metastasis. The AUC of the RF was 0.883. The
sensitivity, specificity, and accuracy were 90.7%, 53.3%, 82.6%, respectively. There was no significant difference in
AUC between the LR and RF (P > 0.05). Conclusions: Both LR and RF models based on machine learning algorithm
have great predictive value in predicting early cervical cancer para-aortic lymph node metastasis.
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Introduction cancer patients [2, 3]. The recommended treat-

ment for early-stage cervical cancer without

Cervical cancer is the leading cause of death
from malignant tumors in women in developing
countries. It is reported that there are 527,600
new cases and 265,700 deaths of cervical can-
cer in the world every year [1]. Lymph node
metastasis (LNM), as one of the major modes
of metastasis in cervical cancer, has a signifi-
cant impact on patient prognosis. The 5-year
survival rate of patients with cervical cancer
and a positive LNM (35%-69%) is much lower
than that of patients with negative metastasis
(91%) LNM is recognized as an independent
risk factor affecting the prognosis of cervical

LNM is radical surgical resection. Additional
radiation therapy can be taken if the postopera-
tive pathology report shows positive LNM or
the presence of other high-risk factors [4]. This
would make surgical treatment redundant.
Combined radiotherapy and chemotherapy
after the surgery can cause more serious com-
plications compared with direct radiotherapy
and chemotherapy. These complications in-
clude gastrointestinal reactions, cystitis, and
the radioactive recto vaginal fistula and vesico-
vaginal fistula [5, 6]. Discovering the indicators
for predicting cervical LNM, carrying out accu-
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rate clinical staging and evaluation of the dis-
ease before the treatment, and selecting a
more reasonable and individual treatment plan
are the keys to improving the survival rate and
reducing recurrence. The lymph node status
of early cervical cancer affects the prognosis
and the choice of treatment. The gold standard
for the diagnosis of LNM is the pathological
examination, but pathological examination has
a lag, which is not conducive to timely selection
of correct treatment. Systematic lymph node
dissection increases the difficulty of the opera-
tion and the risk of damage to the surround-
ing organs. It significantly impacts the lives of
patients with long-term complications such as
lymphocytes and lymphedema. Preoperative
attempts were made to investigate and develop
predictive models for risk factors for LNM by
using various test results to help some patients
avoid superimposed damage from surgery and
radiotherapy.

Several scholars have studied risk factors or
prediction models for LNM in early cervical
cancer patients [7]. The inclusion indexes and
methods of these studies vary, resulting in
either inconsistent prediction results or unsat-
isfactory prediction accuracy of the establish-
ed prediction models. This does not provide a
clear conclusion worthy of reference. In recent
years, with the rapid development of medical
informatics and machine learning algorithms,
machine learning algorithms have been gradu-
ally applied to the construction of disease risk
models [8, 9]. In this study, two machine learn-
ing algorithms, logistic regression (LR), and
Random Forest (RF) were used to construct
prediction models of para-aortic lymph node
metastasis in patients with early cervical can-
cer. The prediction model with a higher predic-
tive value is screened out by comparing the two
models in predicting the risk of para-aortic
lymph node metastasis of early cervical cancer
and providing a scientific basis for improving
the prognosis of early cervical cancer.

Data and methods
Research design

Medical records of early cervical cancer pati-
ents undergoing surgical treatment in the gyne-
cology and oncology department of the First
Affiliated Hospital of Guangxi Medical University
from June 2019 to June 2021 were collected
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for a retrospective study. A total of 204 pati-
ents with early cervical cancer were included
according to inclusion criteria and exclusion
criteria. This study was approved by the Ethics
Committee of the First Affiliated Hospital of
Guangxi Medical University.

Inclusion criteria: patients who met the diag-
nostic criteria of cervical cancer “Guidelines for
the Standardized Treatment of Cervical Cancer
and Precancerous Lesions (Trial)” [10], had
stage |-l clinical staging, had undergone radi-
cal hysterectomy and bilateral lymph node dis-
section for the first time, had complete clinical
data, followed the doctor’s advice, and had
regular follow-up were included.

Exclusion criteria: pregnant or lactating women;
patients with gynecological malignancies or
history of malignancies in other sites; patients
with coagulopathy; patients with a history of
antitumor therapy such as radiotherapy, and
chemotherapy.

Methods of examination for para-aortic lymph
node metastasis

Biograph Sensation type 16 PET/CT instrument
was used for examination. The 18F-FDG was
automatically synthesized by Siemens Eclipse
type RD cyclotron and positron radiopharma-
ceuticals synthesis module (Explora FDG1),
with radiochemical purity > 95%. The patient
had fasted for more than 6 h and maintained
a normal blood glucose level before the exami-
nation. The patient was then injected with
18F-FDG 3.7 MBg/Kg body mass and under-
went routine PET/CT examination after lying
in repose for 60 min. CT scan was performed
first (tube voltage 140 kV, tube current 120 mA,
0.8 seconds/circumference, layer thickness
3.8 mm). After that, PET emission scanning was
performed, using three-dimensional acquisi-
tion and implantation, and 3 min was collected
in each position. The whole-body scanning
range included the upper segment of bilateral
thigh to the top of the head. The images were
estimated by using the ordered subset maxi-
mum expectation method. The size, extent, and
number of lymph nodes were evaluated inde-
pendently by a radiologist and a nuclear medi-
cine physician. The maximum standardized
uptake (SUV__) was recorded. The two dis-
agreed and reached an agreement through
negotiation. PET/CT diagnostic criteria for para-

Am J Transl Res 2023;15(3):1852-1861



Cervical cancer

204 patients with
early cervical cancer

\ Randomly divided by 3:1

Training set verification set
(n=135) (n=69)

A model for predicting LNM in early
breast cancer was constructed

i—k—i

Random forest Logistic regression
prediction model prediction model

\—*_/

[ Evaluation of model prediction effect ]

'

ROC, AUC, Specificity,
Sensitivity, Accuracy

Figure 1. Research flow chart. LNM is lymph node
metastasis.

aortic lymph node metastasis were lymph
node diameter > 0.5 cm and SUV__ > 2.5. A
histopathological examination of the para-
aortic lymph nodes was performed. If there
were tumor cells in the lymph nodes, it was con-
sidered to be positive. If there were not any
tumor cells present, it was considered to be

negative.
Data collection

The primary outcome variable was para-aortic
lymph nodes metastasize. Demographic, clini-
cal characteristics, and baseline data that
are associated with para-aortic lymph node
metastasis were collected. This included age,
menopause, abortion, pathological type, clini-
cal stage, tumor diameter, cervical erosion,
depth of muscular invasion, cervical canal inva-
sion, intravascular cancer thrombus, uterine
invasion, internal iliac lymph node metastasis,
pelvic lymph node metastasis, and preopera-
tive Squamous Cell Carcinoma antigen (SCC-
Ag). These data are from medical records in the
Clinical Information Management System.

Clinical staging was determined according to
the International Federation of Gynecology and
Obstetrics (FIGO) cervical cancer staging stan-
dards [11]. The tumor diameter was based on
the size of the cervical lesion seen in the gyne-
cological examination combined with vaginal
ultrasound or pelvic nuclear magnetic examina-
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tion. The maximum diameter of the tumor shall
prevail. Intravascular cancer thrombus refers to
the embolus formed by malignant tumor cells
or clumps that are found in the blood vessels or
lymphatic vessels connected by tumor lumps
in the tumor tissue specimens removed after
surgery. Other variables, such as Lymph node
status, cervical erosion status, tumor histologi-
cal type, and degree of cell differentiation
were determined by the chief physician of
pathology department based on relevant labo-
ratory or imaging examinations.

The baseline data including demographic and
clinical characteristics were collected at the
time of admission. The data of abdominal aor-
tic metastasis were collected 3 months after
follow-up. All patients were followed up for 3
months. The patients with positive para-aortic
lymph node metastases were put into the met-
astatic group. The remaining patients were
classified as the non-metastatic group.

Construction of prediction model

There were 2/3 (135 cases) from the 204
patients who were randomly selected as the
training set for constructing the model. The
remaining 1/3 (69 cases) were used as the vali-
dation set for evaluating the model efficacy.
Method of random selection: patients were
numbered from 1 to 204 according to the time
of diagnosis. There were 135 numbers select-
ed as the training set by using the “sample”
function of R software. The remaining numbers
were put into the verification set.

The Random Forest model is an integrated
machine learning algorithm based on the deci-
sion tree. The structure of the model is clear,
easy to explain, and stable. It is not easy to
overfit. It is commonly used to conduct cluster
and regression analysis, and to evaluate the
importance of influencing factors. In this study,
the “randomForest” package was used for ran-
dom forest regression analysis. After debug-
ging, the parameters mtry = 5 and ntree = 500
were selected. The remaining parameters were
defaulted.

The logistic regression model is a generalized
linear regression analysis model. It is often
used to predict the probability of disease occur-
rence. In this study, the “glm” package was
used to establish a logistic regression model.
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Table 1. Comparison of baseline data of patients with early cervical cancer [n (%)]

Variables MetaZititES%roup Non—m(itisgt; group t/x?Value  PValue

Age (years) 45.73+9.38 47.67+7.95 1.387 0.167

Menopause 0.076 0.782
Yes 20 (44.44) 67 (42.14)
No 25 (55.56) 92 (57.86)

Abortion 0.491 0.484
< 2times 37 (82.22) 123 (77.36)
> 2 times 8 (17.78) 36 (22.64)

Pathological type 0.451 0.798
Squamous carcinoma 32 (71.11) 105 (66.04)
Adenocarcinoma 9 (20.00) 39 (24.53)
Squamous adenocarcinoma 4 (8.89) 15 (9.43)

Clinical stage 18.158 <0.001
Phase | 11 (24.44) 96 (60.38)
Phase Il 34 (75.56) 63 (39.62)

Tumor diameter 42.420 <0.001
<4cm 8 (17.78) 114 (71.70)
>4 cm 37 (82.22) 45 (28.30)

Cervical erosion 5.5778 0.016
Yes 26 (57.78) 60 (37.74)
No 19 (42.22) 99 (62.26)

Depth of muscular invasion 4.672 0.031
<1/2 23 (51.11) 103 (64.78)
>1/2 22 (48.89) 56 (35.22)

Neck invaded 3.784 0.052
Yes 18 (40.00) 42 (26.42)
No 27 (60.00) 117 (73.58)

Cancer thrombus 19.989 <0.001
Yes 33(73.33) 57 (35.85)
No 12 (26.67) 102 (64.15)

Invasion uterine 6.799 0.009
Yes 30 (66.67) 71 (44.65)
No 15 (33.33) 88 (55.35)

Internal iliac lymph node metastasis 0.317 0.573
Yes 13 (28.89) 53 (33.33)
No 32 (71.11) 106 (66.67)

Pelvic lymph node metastasis 15.110 <0.001
Yes 38 (84.44) 83 (52.20)
No 7 (15.56) 76 (47.80)

Preoperative SCC-Ag (ug/L) 2.43+0.73 1.74+0.32 9.226 <0.001

Notes: SCC-Ag means Squamous Cell Carcinoma antigen.

Assessment of the prediction model

The prediction performance of the model was
verified using the training set data. The receiver
operating characteristic (ROC) curve analysis
was used to evaluate the discriminatory ability
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of the model. DelLong’s test was used to test
the difference between the AUC values of ROC
curves of the two models. Hosmer-Lemeshow
was used to test the fitting effect of the model
to determine whether the model could account
for the difference between the predicted and
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Table 2. Variable assignment description

cer, with a positive rate of 22.06%,

aged from 26 to 66 years. The pro-

. Serial ) - .
Variables number Fssignment portion of stage I, tumor diameter
Clinical stages XL  0=Phasel, 1=Phasell |> 4 cm, cervical erosion, muscle
Tumor diameter X2 O=<dcm, 1=>4cm ayer infiltration dep-th >. 1/2, gan_

) : cer thrombus, uterine infiltration,
Cervical erosion X3 0=No, 1=Yes . .
and pelvic lymph node metastasis
Depth of muscularis invasion X4 0=<1/2,1=>1/2 in the metastasis group was higher
Cancer thrombus X5~ 0=No,1=Yes than that in the non-metastasis
Invasion uterine X6 0=No, 1=Yes group (P < 0.05). The preoperative
Pelvic lymph node metastasis X7 0 =No, 1=Yes SCC-Ag in the metastasis group
Preoperative SCC-Ag X8 Continuous variable was higher than that in the non-

Notes: SCC-Ag means Squamous Cell Carcinoma antigen.

observed event rates. According to the model
prediction results, the confusion matrix of pre-
diction and actual results was obtained. Its
accuracy, precision, recall ratio, and F1 score
were calculated.

The calculation formula for accuracy rate, accu-
racy rate, recall rate, and F1 score is as
follows:

Accuracy = (TP + TN)/(TP + TN + FN + FP),
Precision = TP/(TP + FP), Recall = TP/(TP + FN),
F1 value = Accuracy x Recall x 2/(Accuracy +
Recall).

TP means True Positive. FP means False
Positive. FN means False Negative. TN means
True Negative.

Statistical analysis

SPSS Version 23 (IBM Statistical Product and
Service Solutions) and R version 4.0.3 (R
Foundation for Statistical Computing, Vienna,
Austria) were used for data analysis. The statis-
tical data were expressed in percentage (%),
and were compared by x? test, or by continuous
corrected Chi-square test or Fisher exact prob-
ability test when necessary. Quantitative data
were described by mean + standard deviation.
A comparison between the groups was per-
formed by t test. P values less than 0.05 indi-
cated significant differences. The flow chart of
this study is shown in Figure 1.

Results and discussion

Baseline characteristics of para-aortic lymph
node metastasis of early cervical cancer

Para-aortic lymph node metastasis was detect-
ed in 45 of 204 patients with early cervical can-
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metastatic group (P < 0.05). As
shown in Table 1.

Results of logistic regression model construc-
tion

The condition of para-aortic lymph node metas-
tasis was taken as the dependent variable (0 =
non-metastasis, 1 = metastasis). The signifi-
cant features of univariate analysis (clinical
stage, tumor diameter, cervical erosion, depth
of muscular invasion, cancer thrombus, inva-
sion uterine, pelvic lymph node metastasis,
and preoperative SCC-Ag) were used as inde-
pendent variables for multivariate logistic
regression analysis. The variable assignment
table is shown in Table 2. The logistic regres-
sion analysis showed that tumor diameter > 4
cm, vascular tumor plug, pelvic lymph node
metastasis, and preoperative SCC-Ag increase
were risk factors for lymph node metastasis in
patients with early cervical cancer (P < 0.05),
as shown in Table 3. The model formula is P =
exp (-10.654 + 2.423X2 + 1.412X5 + 1.500X7
+ 2.952X8)/(1 + exp (-10.654 + 2.423X2 +
1.412X5 + 1.500X7 + 2.952X8)).

Results of random forest model construction

The training sample was 135 cases, ntree =
500, mtry = 5, and the data of the test set
were classified based on this parameter set-
ting. The out-of-bag error rate of the RF was
8.89%, indicating that the model has good
generalization and no over-fitting, as shown in
Figure 2. The order of importance of variables
in the random forest model is shown in Table 4.
Columns 1 and O show the contribution of
each variable to the prediction of metastasis
and non-metastasis respectively. The average
decrease of model accuracy shows the impor-
tance of variables to the final prediction.
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Table 3. Multivariate logistic regression analysis results

) 95% ClI
Variable B SE P Value OR
Lower Upper
Constant -10.654 1.582 <0.001
Tumor diameter 2.423 0.671 <0.001 11.285 3.030 42.026
Cancer thrombus 1.412 0.629 0.025 4.103 1.197 14.065
Pelvic lymph node metastasis 1.500 0.629 0.017 4.482 1.306 15.383
Preoperative SCC-Ag 2.952 0.580 <0.001 19.137 6.134 59.700
Notes: SCC-Ag means Squamous Cell Carcinoma antigen.
RF in the training set and the validation set (P >
0.05).
0.8
Discussion
0.6 LNM is an important way for cervical cancer
‘g tumor cells to spread. The five-year overall sur-
‘-‘-‘0' 4l Non-lymph node metastasis group vival rate of early-stage cervical cancer has
: exceeded 90% [12]. The survival of patients is
drastically shortened once LNM occurs [13].
0.2 Hosaka et al. [14] reported that in patients
0OB with stage IB-IIB cervical cancer, the 5-year
™ _]__ympl}_node_mgt_a_st_as_isgtpup overall survival (OS) rate was 94.8% in pati—
0.0, : , : _ ‘ ents without lymph node metastasis. The 5-
0 100 200 300 400 500

trees

Figure 2. Random Forest model for predicting lymph
node metastasis in early cervical cancer: relation-
ship between model error rate and random forest
tree orders. OOB is Out-of-Bag error rate.

Evaluation of the prediction performances and
comparison of the two models

According to the verification results of the
model, the confusion matrix of prediction and
actual results were obtained, as shown in
Tables 5 and 6. The sensitivity, specificity, and
accuracy of LR calculated based on the confu-
sion matrix were 92.6%, 66.7%, and 87.0%,
respectively. The sensitivity, specificity, and
accuracy of RF were 90.7%, 53.3%, and 82.6%,
respectively, as shown in Table 7. The ROC
curve results of the training set showed that
the AUC of LR was 0.974, and the AUC of RF
was 0.998, as shown in Figure 3. The ROC
curve results of the validation set showed that
the AUC of LR was 0.914 and the AUC of RF was
0.883, as shown in Figure 4. The DelLong test
showed that there was no significant difference
in LR and RF AUC between the training set and
the validation set (P > 0.05).

The DelLong test showed that there was no sig-
nificant difference between the AUC of LR and
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year OS in patients with lymph node metastasis
decreased to 62%. The prognosis was correlat-
ed with the number of metastatic lymph nodes.
The number of lymph nodes increased, and the
prognosis of patients became worse. Radical
hysterectomy combined with pelvic and ab-
dominal aortic lymph node dissection is the
routine treatment. There are 80% of patients
with early-stage cervical cancer who are lymph
node-negative. The efficacy of lymphadenecto-
my for these patients remains controversial.
The incidence rate of LNM in patients with
early-stage cervical cancer was reported as
7%-20% [15, 16]. The results of this study
showed that the rate of para-aortic LNM in
patients with early-stage cervical cancer was
22.06%. This was like previous studies. Based
on these data, it is estimated that nearly 80%
of patients with early cervical cancer undergo
unnecessary lymph node dissection. Patients
with lymph node metastasis suffer the risk of
surgery and postoperative complications and
suffer the adverse effects of postoperative
adjuvant chemoradiotherapy. It is of great clini-
cal value to identify lymph node status as
early as possible and provide active treatment
for this population.

Previous studies on the risk of early cervical
cancer lymph node metastasis were limited to
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Table 4. Index importance of random forest model

Variable 0 1 Mean Decrease Accuracy Mean Decrease Gini
Preoperative SCC-Ag 26.025 29.080 32.799 19.776
Tumor diameter 4.327 11.977 11.251 4.906
Clinical stages 2.948 12.614 11.023 3.223
Cancer thrombus 5.926 7.768 9.048 3.333
Pelvic lymph node metastasis 0.865 9171 7.024 2.167
Cervical erosion 3.824 5.631 6.713 2.329
Invasion uterine 4.175 5.474 6.498 2.036
Depth of muscularis invasion 3.970 -1.870 2.424 1.068

Note: O represents non-lymph node metastasis and 1 represents lymph node metastasis.

Table 5. Confusion matrix of the logistic re-
gression model for training set and validation
set predictions

Logistic regression Observed

model predicts Positive Negative

Actual (training set)  Positive 25 5
Negative 4 112

Actual (validation set) Positive 10 5
Negative 4 50

Table 6. Confusion matrix of the random for-
est model for the training set and validation
set predictions

Random forest Observed
models predict Positive Negative
Actual (training set)  Positive 27 3
Negative 1 115
Actual (validation set) Positive 8 7
Negative 5 49

the exploration of risk factors, examination
methods, and diagnosis [2, 3, 7, 17-19]. There
are few studies on prediction models based on
risk factors [20]. In this study, the LR and RF
model were developed by combining patients’
general information, etiology, comorbidities,
and laboratory findings. The predictive efficacy
of the two models for early cervical cancer
para-aortic lymph node metastasis was com-
pared. The results showed that the AUC of the
LR and RF were 0.914 and 0.883, respectively.
The differences between them were not signifi-
cant. The two models performed well in terms
of sensitivity, specificity, and accuracy. The dif-
ferences were not significant. This suggested
that the two models could help clinicians pre-
dict the risk of para-aortic lymph node metasta-
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Table 7. Comparison of prediction perfor-
mances between the two models

Prediction Logistic Random
performances regression forest
Training set  Accuracy 0.938 0.973
Sensitivity 0.966 0.991
Specificity 0.833 0.900
Recall 0.966 0.991
Precision 0.958 0.975
F1 Value 0.961 0.983
AUC 0.974 0.998
Validation set Accuracy 0.870 0.826
Sensitivity 0.926 0.907
Specificity 0.667 0.533
Recall 0.926 0.907
Precision 0.909 0.875
F1 Value 0.917 0.890
AUC 0.914 0.883

sis in early cervical cancer. The RF model can
be used as a supplement to the LR.

The results of the importance analysis of the
characteristic variables of the RF showed that
the top 5 variables were preoperative SCC-Ag
level, tumor diameter > 4 cm, advanced clinical
stage, cancer thrombus, and pelvic lymph node
metastasis. LR analysis showed that tumor
diameter > 4 cm, choroidal aneurysm embo-
lism, pelvic lymph node metastasis, and in-
creased preoperative SCC-Ag level were risk
factors for para-aortic LNM in patients with
early cervical cancer. The results of the two
models were similar. This indicated that the
prediction results were stable and reliable.
Park et al. [21] showed that with the increase in
tumor diameter, the probability of LNM gradu-
ally increased. The study showed that tumor
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Figure 3. ROC curves of two model training set.

size was positively correlated with lymph node
metastasis, with the lymph node metastasis
rate of 6.0% in patients with tumor diameter <
2 cm, 18.4% in patients with tumor diameter
2-4 cm, and 36.6% in patients with tumor diam-
eter 4-6 cm. In this study, when the tumor size
was limited to 4 cm, the lymph node metasta-
sis rate of patients with tumor diameter larger
than 4 cm was 82.22%. The multivariate analy-
sis showed that tumor diameter greater than 4
cm was an independent risk factor for para-
aortic lymph node metastasis of early cervical
cancer (OR = 11.285, 95% Cl: 3.030-42.026).
The results were like those of Song J et al. [22].
Vascular cancer thrombus is the presence of
malignant tumor cells between two layers of
vascular endothelium [23]. After the tumor cells
invade the vascular system of the interstitial
cervical space, the tumor clots drain lymphati-
cally to the regional lymph nodes. They proceed
to the next level of lymph node groups or travel
directly to the presacral lymph nodes or para-
aortic lymph nodes in the form of “jumping
metastases” and spread to other tissues and
organs with the vascular circulation. Yanaranop
M et al. [24] reported tumor diameter > 2 cm
and vascular cancer thrombus as risk factors
associated with LNM in stage IB1-IIA cervical
adenocarcinoma. They suggested that surgery
can be narrowed when the tumor was < 2 cm
and there was no vascular cancer thrombus.
The results of this study are like the above
conclusions. Some researchers believed that
high SCC-Ag was associated with para-aortic
LNM of cervical cancer [25, 26]. A meta-analy-
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Figure 4. ROC curves of two model validation sets.

sis based on 17 studies and 3985 patients [27]
showed that SCC-Ag levels had a sensitivity of
70.0%, specificity of 63.0%, and AUC of 0.73 for
predicting early cervical cancer LNM. Van de
Lande et al. [26] found that the accuracy of
SCC-Ag > 1.65 ng/ml for the diagnosis of LNM
in patients with stage IB1 and stage IB2 + IIA
cervical cancer was 76% and 53%, respective-
ly. This study was expressed as mean values.
The mean preoperative SCC-Ag value was 2.43
pg/L in patients with positive lymph nodes in
early cervical cancer compared to 1.74 ug/L in
patients with negative lymph nodes. This was
higher than the level reported by Van de Lande
et al. [26]. Other studies have found that
patients with positive pelvic lymph node status
with SCC-Ag > 3.0 ng/mL had a higher risk (OR
= 14.0). The above results suggested that pre-
operative SCC-Ag can be used as a good
parameter to predict the risk of para-aortic
lymph node metastasis. More studies are
needed regarding the SCC-Ag threshold.

Conclusion

In this study, machine learning algorithm was
used to construct the lymph node prediction
model for early cervical cancer. The results
and model obtained have some clinical refer-
ences and values. Based on tumor diameter,
choroidal aneurysm embolism, pelvic lymph
node metastasis, and SCC-Ag factors, the
AUC, sensitivity, specificity, and accuracy of LR
model prediction were 0.914, 92.6%, 66.7%,
87.0%, respectively. The AUC, sensitivity, speci-
ficity, and accuracy of RF model prediction were
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0.883, 90.7%, 53.3%, and 82.6%, respectively.
Both LR and RF models based on machine
learning algorithm have great predictive value
in predicting para-aortic lymph node metasta-
sis of early cervical cancer. There are some
shortcomings: (1) Due to time , all the study
subjects in this study were from the same hos-
pital. This did not fully represent all early cervi-
cal cancer patients in China. (2) The selection
of possible influencing factors of para-aortic
LNM in this study was based on literature sum-
mary, empirical judgment, and expert consulta-
tion. Some important factors may have been
missed. This needs to be improved in the
future. (3) There was no external validation in
this study. The accuracy of the prediction model
screening can be verified in the future by
screening out high-risk groups through the pre-
diction model.
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