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Background: Timely diagnosis is the key factor to improve the prognosis of endometrial carcinoma (EC). 
To date, no particularly good markers could significantly improve the detection rate of EC. This study 
aimed to assess the utility of serum markers homocysteine (Hcy), human epididymal protein 4 (HE4), cancer 
antigen 199 (CA199), cancer antigen 125 (CA125), fibrinogen (Fib), and D-dimer (D-D) for EC diagnosis, 
especially Hcy of which its role in EC has not been noticed.
Methods: Pre-test and verification tests were performed. In Pre-test, the diagnostic value of the included 
markers was evaluated and the right marker was chosen to establish an efficient new risk index for screening 
EC. In verification tests, the applicability of the new risk index was tested. Several evaluation indices 
including receiver operating characteristic (ROC) curve, Youden Index, sensitivity (SN), and specificity (SP), 
were adopted to assess the diagnostic value of the included markers for EC.
Results: Hcy may be useful in the diagnosis of EC. Its diagnostic value was not significantly lower 
than that of HE4. Based on the diagnostic value of Hcy and HE4, a new risk index was established, 
which demonstrated high value in EC diagnosis (ROC, 0.801), especially among young female patients  
(age ≤50 years, ROC, 0.871). Furthermore, the level of Hcy, but not HE4, was notably different in normal or 
benign endometrial lesions, atypical endometrial hyperplasia (AEH), and EC. 
Conclusions: The change of Hcy levels could be used to diagnose EC and when taken into consideration 
together with the detection of HE4, the diagnostic accuracy of EC is further improved.
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Introduction 

The incidence of endometrial carcinoma (EC) is increasing 
year by year. EC is the second most common cancer of the 
female reproductive system, especially in Asia (1,2). Existing 
research has shown that the prognosis of patients with EC 
worsens significantly as the disease progresses. The 5-year 
overall survival rates for localized, regional, and distant 
tumors are 91%, 57%, and 17%, respectively (3). Late 
diagnosis and untimely treatment are the important factors 
associated with a poor prognosis (4,5). Early detection is 
necessary to improve the prognosis of EC.

Diagnostic curettage and pathological examination 
are the diagnostic golden standards for EC (4,6) but 
diagnostic curettage and pathological examination 
are invasive procedures, and therefore not universally 
applicable, especially at basic medical institutions and 
economically underdeveloped regions. Diagnostic curettage 
and pathological examination of all patients suspected of 
EC are a significant challenge. Hence, screening for high-
risk patients should be considered. Not all patients can 
be diagnosed promptly. Even for patients who undergo 
curettage, a missed curettage may affect the diagnosis (7,8). 
Imaging examinations by experts, such as ultrasonography 
and magnetic resonance imaging (MRI), are effective 
diagnostic aids, but experts are not ubiquitous available 
(9-11). In contrast, using a small-molecule marker for 
tumor diagnosis may offer a practical alternative that is 
noninvasive, simple, and reliable. The usefulness of small-
molecule markers for EC diagnosis is worthy of exploration. 
Human epididymal protein 4 (HE4), carbohydrate antigen 
125 (CA125) and carbohydrate antigen 199 (CA199) are 

widely used in the diagnosis of gynecological tumors (12-14). 
Despite this, the prognosis of EC has not been significantly 
improved (15,16). Hence, further investigations of small-
molecule tumor markers are warranted. 

Abnormal changes in the level of homocysteine (Hcy) 
among patients with EC have attracted our attention. 
Hcy, an intermediate product of methionine metabolism, 
is an amino acid-containing sulfhydryl (17,18). Folate is 
necessary for regulation Hcy and cell division (19). In 
humans, the rapid proliferation of cancer cells consumes 
excessive amounts of folate, which in turn, causing 
marked Hcy accumulation (20). The sulfhydryl of Hcy 
is responsible for the generation of superoxide and free 
radicals, causes vascular endothelial cell injury, and 
promoting cancer cell migration (21,22). The level of Hcy 
differs between benign endometrial diseases and other 
gynecological cancers, Hcy, which has been discovered by 
serum metabolomic analysis, is one of the most important 
metabolites in EC (23). Given the close relationship 
between Hcy and EC, we decided to investigate Hcy in 
patients with EC in this study. 

Specifically, this study aimed to explore the role of Hcy 
in EC diagnosis and management. Given the limitations of 
individual small-molecule tumor markers, we included other 
common tumor markers, such as HE4, CA199, CA125, 
fibrinogen (Fib), and D-dimer (D-D) in our investigation. 
Furthermore, we examined whether simultaneous detection 
using multiple markers can improve diagnostic efficiency. 
We present this article in accordance with the STARD 
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-23-1559/rc).

Methods

Patients 

A total of 143 patients hospitalized for abnormal vaginal 
bleeding or discharge and diagnosed with EC at Nanjing 
Women and Children’s Healthcare Hospital from January 
2016 to May 2019 were included in the pre-experiment. 
The diagnosis was confirmed by two or three independent 
pathologists. A control group of patients with benign 
gynecological diseases who visited Nanjing Women and 
Children’s Healthcare Hospital during the same period 
was included in this study. Clinical data were collected 
retrospectively. A verification experiment was performed 
between June 2019 and February 2020, and 118 patients 
were recruited. None of the patients recruited in this 
study had any other physical disorders (for example, other 
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malignant tumors, thrombotic diseases, poor blood glucose 
or blood pressure control, endocrinological diseases, 
coagulation dysfunction, or liver and kidney dysfunction). 
This study was approved by the Medical Ethics Committee 
of Nanjing Women and Children’s Healthcare Hospital 
(No. NFKSL-003) and was registered at the Chinese Clinical 
Trial Registry (ChiCTR1900023149). This study is divided 
into two parts based on the time of pathological collection: 
pre-experiment and validation experiment. The preliminary 
experiment is a retrospective study and does not require 
participants to sign an informed consent form. On the other 
hand, the validation experiment is prospective and requires 
all participants to sign informed consent forms. All recruited 
patients for the verification experiment have provided the 
informed consent form. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013).

Concentration measurement for candidate biomarker

Blood was sampled before the procedure and used for 
measuring the serum concentration of six small molecular 
markers. All measurements were performed at room 
temperature according to the manufacturers’ instructions 
and the investigators were blinded to the results of the 
histopathologic reports. A fully automatic chemistry 
analyzer 2700 (Olympus, Tokyo, Japan) was used to measure 
the level of Hcy. The COBAS 6000 analyzer (Roche, Basel, 
Switzerland) was used to measure the level of HE4, CA125, 
and CA199. CA7000 automated coagulation analyzer 
(Sysmex, Kobe, Japan) was used to measure the level of Fib 
and D-D. 

Estimated sample of verification experiment

Each group included 59 patients (allocation ratio 1:1). A 
20% attrition rate was taken into consideration. The sample 
size calculation considered 90% power to detect a difference 
of 0.183 between the area under the ROC under the null 
hypothesis of 0.5 and an area under the curve (AUC) under 
the alternative hypothesis of 0.683 (Hcy), using a two-sided 
z-test, at a significance level of 0.05. 

Statistical analysis

SPSS version 23 (Chicago, Illinois, USA) and MedCalc 
Statistical Software version 15.6.1 (MedCalc Software, 
Ostend, Belgium; https://www.medcalc.org; 2015) were 
used for the statistical analyses. PASS 11 (NCSS, USA) 

was used to estimate the sample size for the validation 
experiments (24). Normally distributed data were presented 
as mean and standard deviation, and group comparisons 
were performed using Student’s t-test. Non-normally 
distributed data were presented as medians and interquartile 
ranges. Group comparisons were performed using the 
Mann-Whitney U test. ROC and Youden Index were used 
to assess diagnostic efficacy (25,26). Sensitivity (SN) and 
specificity (SP) at the ideal cutoffs were estimated based 
on the Youden Index (27). The areas under the ROC were 
compared using the DeLong method (28). New prediction 
methods were established through a review of binary 
metalogics, and the Hosmer-Lemeshow test was used to test 
the goodness of fit of a linear regression equation. P values 
<0.05 were considered statistically significant.

Results

All patients were recruited according to the process as 
shown in Figure 1. The basic clinical data of the included 
patients are presented in Table 1. The main difference 
between the pre-experiment and verification experiment 
was that the CA199 and CA125 between EG (experimental 
group) and CG (control group) were inconsistent.

Univariate analysis showed that except for D-D and 
CA125, all markers were significantly associated with EC. 
Consequently, multivariate analysis was used to verify the 
results and confirmed that the relationship was indeed 
statistically significant (Table 2).

The area under the ROC curve for HE4 was the largest, 
indicating that HE4 had the best diagnostic performance for 
EC (Table 3). The diagnostic values of Hcy and CA199 were 
slightly lower than those of HE4, but the difference was not 
statistically significant (Table 3). Considering these results, 
different combinations of HE4, Hcy, and CA199 for the 
diagnosis of EC were investigated. The results showed 
that the combined detection of HE4, Hcy, and CA199 
improved diagnostic efficiency. However, using the 
combination of HEA, Hcy, and CA199 for the diagnosis of 
EC was not significantly superior to using HE4 and Hcy  
(Figure 2). Considering cost-effectiveness, a diagnostic 
equation HE4-Hcy (H-H) was established by combining 
HE4 and Hcy (Figure 3). The model formulation of H-H 
was available because the P value of the Hosmer-Lemeshow 
test was larger than 0.05. 

The coefficients in the prediction equation are as follows:

H-H 0.254 Hcy 0.041 HE4 4.755= × + × −  [1]
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The predicted probability (PP) is: 

( ) ( )( )PP exp H-H 1 exp H-H= ÷ +  [2]

When H-H was used to diagnose EC, the area under 
ROC were 0.801 [95% confidence interval (CI): 0.750–
0.846]. The Youden Index, SN, and SP were 0.455, 72.73%, 
and 72.73%, respectively. In the verification experiment, the 
area under ROC, Youden Index, SN, and SP, was 0.792 (95% 
CI: 0.708–0.861), 0.506, 57.63%, and 93.22%, respectively 
(Table 4).

Subgroup analysis was performed according to patient 
characteristics (Table 4). The results showed that the 
diagnostic value of H-H was most applicable to patients 
with EC stage II–IV, those older than 50 years, or in cases 
where the G2–3 differentiation was especially prominent. 
Importantly, the results of the pre- and verification 
experiments were consistent. 

Broadly, there are two stages of EC development, 
namely, atypical hyperplasia of endometrium (AEH) and 
endometrial cancer. Hence, if we can arrest EC progression 
by timely diagnosis and early treatment of atypical 
endometrial hyperplasia, the conditions of the patients 
would be greatly improved. Subsequently, we divided 
the participants into three groups for further analysis: (I) 
women with no endometrial lesions; (II) women with AEH; 
and (III) women with EC. The results showed that only 
Hcy level differed significantly among the three groups 
(Figure 4).

Discussion

E C  i s  o n e  o f  t h e  m o s t  c o m m o n  t u m o r s  o f  t h e 
female reproductive system, particularly in menopausal 
women. The most common symptoms are abnormal 
uterine bleeding and/or vaginal discharge. Postmenopausal 

Figure 1 The flow chart showing the endometrial cancer patient selection process.
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Table 1 Clinical characteristics of included patients

Group
Pre-experiment Verification experiment

EG CG P EG CG P 

Number 143 143 – 59 59 –

Age (year) 53.518 (8.319) 48.238 (9.214) <0.001 56.051 (8.827) 46.373 (8.428) <0.001

BMI (kg/m2) 24.088 (3.262) 25.148 (3.922) 0.014 25.897 (16.650) 25.433 (3.664) 0.209

Fib (g/L) 2.51 (2.205–2.894) 2.296 (2.00–2.627) <0.001 2.852 (2.409–3.279) 2.41 (2.10–2.69) <0.001

D-D (mg/L) 0.25 (0.18–0.40) 0.20 (0.14–0.32) 0.001 0.33 (0.19–0.49) 0.205 (0.19–0.39) 0.038

Hcy (μmol/L) 8.80 (7.01–11.30) 7.2 (6.20–8.50) <0.001 7.80 (7.10–8.58) 6.83 (6.10–8.00) 0.001

HE4 (pmol/L) 68.35 (51.84–102.90) 52.96 (44.44–61.44) <0.001 61.05 (46.16–80.80) 42.39 (38.20–51.19) <0.001

CA125 (U/L) 18.65 (13.49–29.70) 15.58 (11.46–23.79) 0.017 19.44 (10.07–32.06) 16.69 (12.84–24.90) 0.865

CA199 (U/L) 14.56 (8.43–27.72) 9.22 (6.62–15.86) <0.001 10.49 (7.08–19.43) 9.75 (6.99–15.19) 0.491

Composition of CG

Normal – 90 – – 57 <0.001*

AEH – 53 – – 2

FIGO

I 116 – – 45 – 0.446*

II–IV 27 – – 14 –

Grade of differentiation

G1 66 – – 29 – 0.695*

G2–G3 64 – – 23 –

Undefined 13 – 7

Normally distributed data were presented as mean and standard deviation, non-normally distributed data were presented as medians and 
interquartile ranges. *, comparing the composition of subjects in the pre-experiment and validation experiment. EG, experimental group; 
CG, control group; BMI, body mass index; Fib, fibrinogen; D-D, D-dimer; Hcy, homocysteine; HE4, human epididymal protein 4; CA125, 
cancer antigen 125; CA199, cancer antigen 199; AEH, atypical hyperplasia of endometrium; FIGO, International Federation of Gynecology 
and Obstetrics; G, grade. 

Table 2 Univariate and multivariate analysis of candidate marker expression in endometrial cancer

Variables 
Univariate Multivariate

Relative risk 95% CI P value Relative risk 95% CI P value

BMI 1.087 1.016–1.163 0.015 1.109 1.022–1.203 0.013

Hcy 1.34 1.202–1.494 <0.001 1.279 1.131–1.445 <0.001

Fib 2.538 1.562–4.124 <0.001 1.988 1.135–3.481 0.016

D-D 2.376 0.977–5.776 0.056 –

CA125 1.001 0.997–1.007 0.566 –

HE4 1.047 1.030–1.064 <0.001 1.039 1.022–1.056 <0.001

CA199 1.038 1.017–1.059 <0.001 1.029 1.006–1.052 0.012

CI, confidence interval; BMI, body mass index; Hcy, homocysteine; Fib, fibrinogen; D-D, D-dimer; CA125, cancer antigen 125; HE4, 
human epididymal protein 4; CA199, cancer antigen 199. 
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women with abnormal uterine bleeding or vaginal discharge 
should be paid attention to. However, an existing meta-
analysis indicated that only 9% (95% CI: 8–11%) of 
postmenopausal women were diagnosed with EC (29). 
Thus, all women with abnormal uterine bleeding or vaginal 
discharge should undergo diagnostic curettage despite 
medical resource wastage. The 5-year overall survival rate 
of patients is closely related to disease progression, with 
distant metastasis at 17% (3). Hence, new reliable clinical 
EC detection markers are urgently needed, especially for 
the detection of EC before distant metastasis.

There are currently no blood biomarkers for routine 
cl inical  use in EC. HE4 is  a glycoprotein that is 
overexpressed in the serum of patients with EC, making it 

a good candidate for use as a diagnostic biomarker (6,30) 
Some studies reported that when HE4 was used for the 
diagnosis of EC, AUC of the analysis fluctuated between 
0.76 to 0.97, implying its potential as a promising non-
invasive biomarker. However, HE4 levels rise with age and 
renal dysfunction, which may affect the interpretation of 
results (2,31). Therefore, the combined use of multiple 
markers can further enhance the application value.

Hcy is an important serum tumor marker for qualitative 
diagnosis of disease. However, there is limited research on 
its role in the diagnosis of EC. Therefore, we conducted 
research on this topic.  The area under ROC was 
greater than 0.5, indicating that Hcy could be used for the 
diagnosis of EC. Moreover, Hcy progressively increases 
as the disease progresses. Consequently, by detecting the 
change in Hcy level, especially in patients with abnormal 
uterine bleeding and/or vaginal discharge, patients who are 
highly suspected of EC may be distinguished from those 
who do not actually require diagnostic curettage, leading 
to a timely and definitive diagnosis. In comparing Hcy with 
the most commonly used EC diagnostic markers, HE4 and 
CA125, the Hcy ROC-AUC was not significantly different 
from that of HE4, and significantly larger than that of 
CA125. Hence, Hcy is a potentially useful and noteworthy 
diagnostic marker for EC.

D-D and Fib levels are often used to reveal changes in 
blood coagulation functions. The coagulation pathway in 
endothelial cells is activated by tumor cells, leading to the 
secretion of procoagulants, resulting in a secondary increase 
in fibrinolysis and D-D, which are the degradation products 
of fibrin (32,33). The relationship between changes in 
D-D and Fib levels and EC prognosis has been previously 
reported (34-36). To date, the role of D-D and Fib in EC 
diagnosis has been overlooked. The results of this study 
suggest that changes in D-D and Fib levels could be used to 
predict EC. CA199 was also included in this study and our 
results confirmed its application in predicting EC, which is 
consistent with previous study (37).

Many markers for EC diagnosis have been suggested 
but their performance has not been satisfactory. Until more 
efficient diagnostic markers become available, we must 
compensate for this deficiency. The use of multiple tumor 
markers for EC diagnosis may offer a promising alternative. 
It is recognized that the use of a large number of biomarkers 
can improve diagnosis, but it also leads to medical resource 
wastage, and adds to the patients’ financial burden. Choosing 
appropriate markers to establish a diagnostic model 
may offer a significant diagnostic alternative. Our study 

Table 3 The ROC-AUC of included tumor marker for the 
diagnosis of endometrial cancer

Characteristics ROC-AUC 95% CI P*

HE4 0.747 0.692–0.796 –

Hcy 0.684 0.627–0.738 0.119

CA199 0.671 0.613–0.725 0.059

Fib 0.620 0.561–0.677 0.003

BMI 0.580 0.520–0.639 0.001

*, other markers compared with HE4. ROC-AUC, area under the 
receiver operating characteristic curve; CI, confidence interval; 
HE4, human epididymal protein 4; Hcy, homocysteine; CA199, 
cancer antigen 199; Fib, fibrinogen; BMI, body mass index.

Figure 2 Receiver operating characteristic curve of different 
combined for the diagnosis of EC in pre-experiment. HE4, human 
epididymal protein 4; Hcy, homocysteine; CA199, cancer antigen 
199; EC, endometrial carcinoma.
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showed that a combination of HE4, Hcy, and CA199 
could improve the diagnostic accuracy of EC. However, 
the improvement was not significantly greater than that 
observed with HE4 and Hcy. Considering the medical 
costs, HE4 and Hcy were selected for the diagnostic model 

and verified in an independent population. 
Our findings demonstrated that Hcy can be used in 

the diagnosis of EC and for assessing the disease status. 
Moreover, Fib and D-D can also be utilized to predict EC, 
although they may be diagnostically less valuable than Hcy. 

Figure 3 Receiver operating characteristic curve of H-H for the diagnosis of EC in pre-experiment (A) and verification experiment (B). 
AUC, area under the curve; H-H, HE4-Hcy; EC, endometrial carcinoma; HE4, human epididymal protein 4; Hcy, homocysteine.
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Table 4 Receiver operating characteristic curve, Youden Index, SN and SP of the combined in the diagnosis of EC patients with different clinical 
characteristics

Characteristics 
Pre-experiment Verification experiment

ROC-AUC (95% CI) Youden Index SN (%) SP (%) ROC-AUC (95% CI) Youden Index SN (%) SP (%)

EG vs. CG 0.801 (0.750–0.846) 0.455 72.73 72.73 0.792 (0.708–0.861) 0.506 57.63 93.22

EG vs. normal 0.818 (0.763–0.865) 0.504 72.73 77.66 0.797 (0.712–0.866) 0.524 57.63 94.74

EG vs. AEH 0.770 (0.704–0.827) 0.438 60.14 83.67 –

FIGO

I 0.789 (0.734–0.837) 0.426 69.83 72.73 0.762 (0.669–0.840) 0.454 52.17 93.22

II–IV 0.856 (0.794–0.905) 0.647 81.48 83.22 0.898 (0.804–0.957) 0.769 76.92 100.00

Age, years

≤50 0.871 (0.804–0.922) 0.576 66.67 90.91 0.807 (0.683–0.898) 0.557 81.25 74.42

>50 0.772 (0.695–0.837) 0.441 64.13 80.00 0.762 (0.633–0.863) 0.519 58.14 93.75

Grade of differentiation

G1 0.761 (0.698–0.818) 0.388 86.36 52.45 0.675 (0.557–0.779) 0.332 68.75 64.41

G2–3 0.851 (0.788–0.901) 0.628 85.19 77.62 0.919 (0.827–0.971) 0.663 90.00 76.27

SN, sensitivity; SP, specificity; EC, endometrial cancer; ROC-AUC, the area under the receiver operating characteristic curve; CI, 
confidence interval; EG, experimental group; CG, control group; AEH, atypical hyperplasia of endometrium; FIGO, International Federation 
of Gynecology and Obstetrics; G, grade. 
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Figure 4 The level of HE4 (A) and Hcy (B) in the formation process of endometrial cancer. The P value <0.001 indicates the level of Hcy, 
and there is a statistically significant difference among the three groups (normal, AEH and cancer). **, comparison between two groups with 
P value <0.01 (normal vs. AEH, AEH vs. cancer). The P value <0.001 in the top left corner of the image, indicating the statistical comparison 
of three groups. HE4, human epididymal protein 4; AEH, atypical hyperplasia of endometrium; Hcy, homocysteine.
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Importantly, using the combination of HE4, Hcy, CA199, 
and Fib together for EC diagnosis is more effective than 
utilizing each of these markers independently. In conclusion, 
by combining HE4, Hcy, CA199, and Fib detection, 
diagnostic accuracy can be significantly improved. 

Study limitations 

This study is a single-center study with a small sample size. 
Before clinical implementation, further verification through 
multi-center large-sample experiments is needed. 

Conclusions

This study confirms that Hcy can be used as a diagnostic 
tool for EC. Additionally, the combination of Hcy with HE4 
enhances its application value. Although this improvement 
may not have a significant impact on the patient’s prognosis, 
it provides valuable insights for future research, implying that 
common biomarkers may have a greater impact in new areas.
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