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Abstract
Objective The detection kit for plasma Chitinase-3-like Protein 1 was developed using the magnetic bead 
chemiluminescence method, in order to investigate the diagnostic value of DD, FDP, CHI3L1, AFP-L3 and PIVKA-II in 
hepatocellular carcinoma.

Method The CHI3L1 detection kit was developed using the chemiluminescence method. The luminescence value 
obtained from the chemiluminescence analyzer was utilized for sensitive detection of CHI3L1, and the performance 
of the kit was evaluated accordingly. Moreover, this study enrolled 200 patients with hepatocellular carcinoma who 
were treated at the Oncology Department of the Affiliated Hospital of Jiangnan University between August 2022 and 
November 2023 as study subjects, while 100 healthy individuals undergoing physical examinations during the same 
period served as a control group. The plasma CHI3L1 levels in these subjects were measured using our institute’s 
developed kit. Simultaneously, DD, FDP, AFP-L3, and PIVKA-II levels were assessed in all subjects to investigate 
their relationship with general pathology in patients with hepatocellular carcinoma. Additionally, ROC curves were 
generated to evaluate both single and combined detections’ diagnostic efficacy for hepatocellular carcinoma.

Result The serological index changes of DD, FDP, AFP-L3, PIVKA-II, and CHI3L1 were not associated with patient 
gender. The concentrations of AFP-L3 and PIVKA-II in the 45–59 age group were significantly higher than in other 
groups (P < 0.05). Additionally, DD, CHI3L1, and PIVKA-II levels were markedly elevated in patients with tumors > 5 cm, 
medium-to-high differentiation, nerve invasion, lymph node metastasis, or distant metastasis. In advanced liver 
cancer (stages III–IV), DD, FDP, and CHI3L1 concentrations were significantly higher than in early-stage patients (stages 
I–II). For single diagnostic analysis, the AUC for CHI3L1 was 0.923, while the combined AUC for all five indices was 
0.961, indicating greater diagnostic value when used together. The CHI3L1 chemiluminescence detection kit had a 
minimum detection limit of 1.50 ng/mL, with precision and accuracy within 10%, and R > 0.99. Compared to a clinical 
reference kit, the correlation coefficient (R) was 0.994, meeting clinical performance evaluation criteria.
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Introduction
In recent years, the mortality rate of Hepatocellular Car-
cinoma (HCC) has continued to increase, and it currently 
ranks as the third leading cause of cancer-related deaths 
globally, accounting for approximately 800,000 fatalities 
annually [1]. A comprehensive review of relevant system-
atic studies reveals that early-stage HCC can be effec-
tively managed and potentially cured; however, late-stage 
HCC is characterized by limited therapeutic options and 
a poor prognosis. The detection of HCC is intricately 
linked to early tumor identification, curative interven-
tions, and an overall improvement in survival rates [2–5]. 
Current biomarker-based and imaging-driven technolo-
gies designed for identifying individuals at high risk of 
developing HCC and detecting the disease at its earliest 
stage are outdated and lack sensitivity [5]. Clinical symp-
toms, physical examinations, imaging screenings, and 
routine laboratory indicators alone are insufficient for 
the specific detection of HCC [6], often leading to missed 
opportunities for optimal treatment timing among 
patients [7, 8]. Consequently, the development of non-
invasive serological detection markers or marker combi-
nations that are safe, highly specific, and sensitive holds 
substantial clinical value for early detection, treatment 
optimization, and prognostic assessment of HCC.

Chitinase-3-like Protein 1 (CHI3L1), which plays a piv-
otal role in various diseases, exhibits particularly high 
expression levels in liver tissue and is involved in inflam-
matory responses and tissue remodeling. The abundant 
secretion of CHI3L1 has been observed in osteosar-
coma cells MG63 [9], leading to increased attention on 
its involvement in tumor development. Relevant studies 
have demonstrated that CHI3L1 participates in the pro-
liferation, invasion, and metastasis of liver cancer cells 
[10]. The utility of Alpha Fetoprotein (AFP), currently 
used as a routine screening indicator for HCC, has been 
challenged due to its elevation also being associated with 
other malignant diseases [11]. Lens Culinaris Agglutinin-
reactive Fraction of AFP (AFP-L3), an isomer of A-feto-
protein, has shown promise for early detection of HCC 
but is presently only included in routine detection pro-
tocols within Japan [12]. Another important indicator 
recognized by the Whole Liver Society of Japan for early 
diagnosis of liver cancer is Protein Induced by Vitamin 
K Absence or Antagonist-II (PIVKA-II), primarily syn-
thesized by the liver when there is a deficiency of vita-
min K within the human body [13]. Fibrin Degradation 

Product (FDP) and D-Dimer (DD), coagulation markers 
commonly used for routine coagulation tests, have been 
found to be related to cancer. Studies have indicated that 
DD can be utilized for diagnosing liver cancer patients 
while FDP has proven helpful in distinguishing between 
liver cancer and cirrhosis through combined detection 
methods [14–16]. These findings suggest that further 
investigation should explore the potential use of CHI3L1, 
AFP-L3, PIVKA-II, FDP, and DD as diagnostic indicators 
for liver cancer; however, no studies comparing their pre-
dictive value have been conducted yet. Additionally, their 
combined diagnostic value remains largely unexplored.

There are various methods available for the detection 
of serum CHI3L1 [17, 18]. Among these, enzyme-linked 
immunosorbent assay (ELISA) is commonly employed 
for quantitative measurement of serum CHI3L1; how-
ever, its clinical utility is limited due to prolonged pro-
cessing time and complex procedures [6]. Subsequently, 
immunochromatography incorporating fluorescent 
microsphere labeling technology was developed as a sim-
pler and cost-effective alternative for CHI3L1 detection 
[18]. Nevertheless, further improvements are required 
to enhance accuracy and specificity. Chemiluminescence 
immunoassay (CLIA), characterized by rapid detection 
time and high specificity, has gained increasing popular-
ity in routine clinical applications.

Materials and methods
Main reagents and materials
The CHI3L1 antigen, antibody, calibrator and lumines-
cent substrate were provided by Jiangsu Bming Biotech-
nology Co., LTD. (Wuxi, China), and the magnetic bead 
reagent was purchased from Thermo Mercer Technology 
Co., LTD. (China). The automatic chemiluminescence 
analyzer BM 1800 was purchased from Jiangsu Bim-
ing Biotechnology Co., LTD. (Wuxi, China), the board 
washing machine was purchased from Thermo Fisher 
Technology Co., LTD. (China), and the pH meter was 
purchased from METTler Toledo (Switzerland).For the 
preparation method of raw materials during the experi-
ment, see Supplementary Material 1.

Reaction process
The reaction principle of CHI3L1 detection process 
is double antibody sandwich method, adding 30  μL 
samples, 80  μL HRP labeled antibodies, 80  μL biotinyl-
ated antibodies, mixing, incubating at 37 ℃ for 30 min, 

Conclusion The CHI3L1 chemiluminescence kit developed meets clinical requirements. CHI3L1 can be used as an 
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PIVKA-II and CHI3L1 is higher than that of single detection.
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adding 30 μL magnetic beads for 5 min, magnetic separa-
tion with magnetic field, cleaning for 3 times. Substrate 
was added to detect luminescence value (RLU).(Fig. 1)

Study population
Clinical and pathological data and blood samples of 200 
patients who were pathologically confirmed to carcinoma 
and were treated at the Affiliated Hospital of Jiangnan 
University from August 2022 to November 2023 were 
collected for the study, which was approved by the Insti-
tutional Ethics Committee of the Affiliated Hospital of 
Jiangnan University. Their basic clinical information was 
collected, including 149 males and 51 females with an age 
range of 41–85 years. Blood samples were collected from 
100 healthy medical checkups during the same period 
to compare the detection values of DD, FDP, AFP-L3, 
PIVKA-II, and CHI3L1 in HCC patients with hepatocel-
lular carcinoma. The patient inclusion and exclusion cri-
teria were as follows:

Inclusion criteria: (1) pathologically confirmed diagno-
sis of hepatocellular carcinoma; (2) patients with com-
plete clinical data and follow-up data; and (3) patients’ 
informed consent.

The exclusion criteria were as follows: (1) cholangiocel-
lular carcinoma or mixed hepatocellular carcinoma; (2) a 
combination of severe heart, lung, kidney, and other vital 
organ diseases; and (3) the use of procoagulant or antico-
agulant drugs for various reasons prior to sampling.

Data analysis
Data were analyzed and plotted using SPSS 26.0 and 
Graph Pad Prism 10.0. Normally distributed continuous 
variables are expressed as mean ± standard deviation, 
and non-normally distributed variables are expressed 
as median [quartiles (P25, P75)]. The Mann-Whitney U 
test was used to compare differences between groups. 
The diagnostic efficiencies of DD, FDP, AFP-L3, PIVKA-
II, and CHI3L1 were evaluated using the subject’s work 
characteristic (ROC) curve, and the maximum Jordon’s 
index was used as the critical value. Statistical signifi-
cance was set at P < 0.05.

Results of CHI3L1 chemiluminescence detection kit 
development
Optimization of antibody working concentration
When the paired antibodies were screened, the optimal 
working concentration needed to be determined. Based 
on the checkerboard method, different calibrator con-
centrations were used as samples for the test, and under 
the premise of guaranteeing the experimental effect, we 
chose a lower antibody concentration to reduce the cost. 
Under the condition that the concentration of the biotin 
antibody of CHI3L1 was 2 ng/mL and the concentration 
of the HRP antibody was 1.5 ng/mL,the signal values of 
each standard were the most appropriate, and the ratio 
between them was closer, as shown in Supplementary 
Table 1.

Fig. 1 CHI3L1 test flow chart
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Optimum incubation time
Different times had an effect on RLU. Controls 1–6 were 
unfolded and assayed at different time points at the same 
time, and the CHI3L1 results are shown in Supplemen-
tary Table 2. below and Fig. 2.When incubated at 37 ℃ 
for 30 min, the signal value of each calibrator of CHI3L1 
was higher overall, which improved the overall detection 

efficiency. Therefore, the reaction conditions for CHI3L1 
kit were set at 37 ℃ for 30 min.

Minimum detection limit, accuracy, precision, accelerated 
stability, real-time stability results
According to the performance evaluation conducted in 
this study, the developed CHI3L1 detection kit demon-
strated a minimum detection limit of 1.50  ng/mL. The 
kits exhibited a relative deviation of less than 5%, with 
a CV coefficient of 4.2 % for low-value quality control 
batch and 1.8% for high-value quality control batch, indi-
cating high precision and accuracy that meet clinical 
requirements. The luminescence values were measured 
three times at both 37 ℃ and 4 ℃ over different time 
intervals (1 day, 3  days, 6  days, and 10  days), yielding a 
calculated relative error (B%) within ± 10%, satisfying test 
requirements. Furthermore, real-time stability measure-
ments revealed that the CHI3L1 kit could be effectively 
stored at room temperature for up to 12  months.The 
results of the performance evaluation tests of the CHI3L1 
kit in this study are summarized in Table 1 below.

Linearity
The linear regression equation of the CHI3L1 test kit is 
y = 0.9855x + 0.8343, as depicted in Fig. 3. The high corre-
lation coefficient (R = 0.9997) indicates a robust and sig-
nificant linear relationship between the theoretical and 
actual concentration of the sample.

Comparison of clinical samples
In order to validate the detection efficacy of the kit devel-
oped in this study, plasma samples were collected from 
150 patients (provided by the Affiliated Hospital of Jiang-
nan University). The CHI3L1 detection kit (model: CH-
100Z) provided by Hangzhou Proprium Biotech Co., 
LTD. and affiliated with the hospital was employed for 
analysis, and the resulting data were exported. The mea-
sured values of plasma CHI3L1 using our self-made kit 

Table 1 Results of clinical performance evaluation of CHI3L1 kit
Minimum 
Detection 
Limit

Test 1 Test 2 Test 3

M 73695.70 72121.95 67874.05
SD 3564.94 4028.29 5985.90
M + 2SD 80825.57 80178.53 79845.85
LOD(ng/mL) 1.50 1.44 1.39
Accuracy Concentration(ng/mL) Average(ng/mL) Bias(%)

3.00 3.01 5%
54.00 54.38 −2%

Precision Average(ng/mL) Fitted Concen-
tration CV

Deviation of 
fitted con-
centration

3.10 4.2% 3%
56.01 2.4% 4%

Acceleration 
Stability

Bias

Time Test 1 Test 2 Test 3
1 Day 2% 4% 5%

2% −1% 2%
3 Day −3% 3% 6%

1% −1% 2%
6 Day −5% 3% 6%

1% −3% 3%
10 Day 2% 4% −5%

3% 2% −2%
Real-time 
Stability

CV value

Month S2 S4 S6
3 5.91% 2.10% 5.41%
6 7.67% 3.92% 7.70%
9 7.53% 2.36% 7.01%
12 5.61% 1.38% 5.88%

Fig. 3 Linear regression analysis of the CHI3L1 kit

 

Fig. 2 Experimental results of CHI3L1 kit incubation time at 37 °C
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were plotted on the horizontal axis, while those obtained 
from hospital measurements served as the vertical axis 
for comparative fitting. Linear regression analysis yielded 
a correlation coefficient R2 = 0.9875, exceeding 0.95 
(Fig.  4). These findings demonstrate that our self-made 
CHI3L1 kit exhibits excellent linear correlation with 
existing detection reagents and fulfills clinical detection 
requirements.

Results of serum markers in the detection of 
hepatocellular carcinoma
Status of research subgroups
This study was conducted on 200 patients with liver can-
cer, of whom 149 (74.5%) were male and 51 (25.5%) were 
female. The elderly accounted for a large proportion in 
this study. There were 144 (72%) people aged 60  years 
and above, 54 (27%) people aged 45–59  years, and only 
2 (1.0%) people aged 44 years and below. The above data 
suggest that the elderly have a the high incidence of hepa-
tocellular carcinoma, and the TNM staging data show 
that there are 28 cases of patients with the severity of dis-
ease reaching stage I, 45 cases of patients with the sever-
ity of disease reaching stage II, and 127 cases of patients 
with disease reaching stage III–IV. Refer to Supplemen-
tary Table 3 for details.

Relationship between age, gender and the five indicators
As shown in Supplementary Table 4, DD, FDP, and 
CHI3L1 did not differ with respect to age, and AFP-L3 
and PIVKA-II had significantly higher values between 
the ages of 45–59  years than in the other age groups 
(P < 0.05).As shown in Supplementary Table 5, DD, FDP, 
CHI3L1, AFP-L3, and PIVKA-II did not differ signifi-
cantly by sex (P > 0.05).

Relationship of the five indicators to general pathology
Relationship between plasma DD levels and general 
pathologic features in patients with hepatocellular 
carcinoma
The correlation between serum DD concentration and 
its overall clinicopathological characteristics was inves-
tigated in 200 HCC patients using the rank-sum test. 
The results revealed significantly higher levels of DD in 
patients with tumor sizes > 5 cm, moderately and highly 
differentiated tumors, nerves with invasion, lymph node 
metastasis, and distant metastasis (P < 0.001 or P < 0.01). 
There was no significant difference in DD levels in 
patients with MVI and presence of peritoneum (P > 0.05). 
Please refer to Supplementary Table 6 for further details.

Relationship between plasma CHI3L1 levels and general 
pathological characteristics of hepatocellular carcinoma 
patients
The level of CHI3L1 was significantly higher in patients 
with a tumor size > 5  cm, moderate to high differentia-
tion, nerve invasion, lymph node metastasis, and distant 
metastasis. The difference was statistically significant 
(P < 0.001). There was no significant difference in CHI3L1 
in MVI and the presence or absence of peritoneum 
(P > 0.05), as shown in Supplementary Table 7.

Relationship between plasma PIVKA-II levels and general 
pathologic features in patients with hepatocellular 
carcinoma
The level of PIVKA-II was significantly higher in patients 
with only distant metastases, and the difference was sta-
tistically significant (P < 0.001 or P < 0.01). There was no 
significant difference in PIVKA-II in tumor size, MVI, 
presence or absence of peripheral medium and high dif-
ferentiation, presence or absence of nerve invasion, and 
presence or absence of lymph node metastasis (P > 0.05). 
For details, please refer to Supplementary Table 8.

Relationship between plasma AFP-L3 levels and general 
pathologic features in patients with hepatocellular 
carcinoma
There was no significant difference in AFP-L3 levels 
among the various tumor size categories, presence of 
microvascular invasion (MVI), and peritumoral medium 
and high differentiation (P > 0.05). Please refer to Supple-
mentary Table 9 for detailed information.

Relationship between plasma FDP levels and general 
pathologic features in patients with hepatocellular 
carcinoma
The level of FDP was significantly higher in patients with 
a tumor size > 5  cm, medium-high differentiation, nerve 
invasion, lymph node metastasis, and distant metastasis. 
The differences were statistically significant (P < 0.001 or 

Fig. 4 Comparison of test results between CHI3L1 homemade reagents 
and listed products
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P < 0.01). There was no significant difference in FDP in 
MVI and with or without peritoneum (P > 0.05). Please 
refer to Supplementary Table 10 for details.

Relationship between five indicators and staging of HCC 
patients
In this study, the correlation between the levels of DD, 
CHI3L1, FDP, AFP-L3, and PIVKA-II and their clinical 
stages and prognosis was analyzed using the non-para-
metric rank sum test with HCC as the study population. 
The results of the analysis revealed that the values of DD, 
FDP, and CHI3L1 were significantly higher in late-stage 
patients (stage III–IV) than in early-stage patients (stage 
I–II), with a statistically significant difference (P < 0.001). 
However, AFP-L3 and PIVKA-II did not show a signifi-
cant difference in staging (P > 0.05). Please refer to Sup-
plementary Table 11 for details.

Individual and combined diagnostic value of five index 
levels in patients with hepatocellular carcinoma
Individual diagnostic value
For the diagnosis of hepatocellular carcinoma, the area 
under the curve (AUC) of AFP-L3, PIVKA-II, DD, FDP, 

and CHI3L1 were 0.849, 0.582, 0.687, 0.776, and 0.923 
respectively (Table  2 and Fig. 5). Among these mark-
ers, FDP exhibited the highest sensitivity at 92.5%, while 
CHI3L1 demonstrated the highest specificity at 89%.

Combined diagnostic value
For the combined diagnosis of hepatocellular carci-
noma, the area under the curve (AUC) of DD + FDP, 
AFP-L3 + PIVKA-II + CHI3L1, and AFP-L3 + PIVKA-
II + CHI3L1 + DD + FDP were 0.788, 0.958, and 0.961, 
respectively. For more details, please refer to Table 3 and 
Fig. 6.

Discussion
HCC is a common malignant tumor with low early diag-
nosis rates. This study recruited 200 HCC patients (3:1 
male-to-female ratio) to evaluate novel biomarker combi-
nations for early diagnosis and prognosis.

The onset of HCC is not age-limited. This study found 
that AFP-L3 and PIVKA-II levels were significantly 
higher in the 45–59 age group compared to other groups 
(P < 0.05), indicating a need for special attention to these 
markers in this age range. Prior studies showed that 
CHI3L1, DD, and FDP levels in liver cancer patients cor-
relate closely with clinical stage, with significantly higher 
values in stages III–IV than in stage II (P < 0.001).

Currently, HCC early screening relies on color ultra-
sound and AFP markers, but their sensitivity for early 
detection is low. The sensitivity and specificity of ultra-
sound alone in diagnosing early HCC were 47% and 
91% respectively. The sensitivity and specificity of AFP 
are 52.9% and 93.3% [19]. Afp-l3 is used for early HCC 
detection with a sensitivity of 77.0% and specificity of 
87%, which is higher than traditional AFP [20]. AFP-L3 
is mainly used for the early diagnosis of tumors < 2 cm in 
diameter, but its manifestations have not changed signifi-
cantly with the change of stage, which is consistent with 
previous studies.CHI3L1 levels significantly increase in 

Table 2 Work characterization curve (ROC) analysis of subjects with hepatocellular carcinoma
Markers Cut-off values AUC(95%CI) Sensitivity(%)

(95%CI)
Specificity(%)
(95%CI)

Youden Index FPR(%) FNR(%)

AFP-L3 17.28 ng/mL 0.849(0.804–0.893) 77.4(84.5–87.3) 87.0(50.1–60.7) 0.644 13 22.6
PIVKA-II 61.67 μg/L 0.582(0.517–0.647) 41.2(18.3–22.0) 88.0(64.3–71.4) 0.292 12 58.8
D-Dimer 0.600 mg/L 0.687(0.622–0.752) 70.4(64.3–71.4) 63.0(50.4–59.7) 0.334 37 29.6
FDP 2.35 mg/L 0.776(0.719–0.833) 92.5(34.8–46.8) 52.0(74.7–84.9) 0.445 48 7.5
CHI3L1 58.575 μg/L 0.923(0.890–0.957) 84.9(94.1–96.2) 89.0(46.9–57.2) 0.739 11 15.1

Table 3 Analysis of subjects’ work characteristic curves (ROC) for the co-diagnosis of five hepatocellular carcinoma markers
Markers AUC (95%CI) Sensitivity(%)

(95%CI)
Specificity(%)
(95%CI)

Youden Index FPR(%) FNR(%)

Combination of two indicators 59.0(0.729–0.846) 59.0(54.7–62.1) 94.0(66.8–72.8) 0.53 6 41
Combination of three indicators 86.0(0.935–0.981) 86.0(65.0–72.0) 95.0(76.0–82.7) 0.81 5 14
Combination of five indicators 84.0(0.939–0.982) 84.0(65.1–72.1) 97.0(76.2–82.9) 0.81 3 16

Fig. 5 Tumor marker single diagnostic ROC curves
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patients with tumors > 5  cm, lymph node metastasis, or 
nerve invasion, suggesting its potential as a prognostic 
indicator for liver cancer.

This study of serum marker in patients with liver can-
cer single ROC detection is analyzed, the results are as 
follows:

CHI3L1 is important to promote vascular growth fac-
tors, can promote the tumor blood vessel formation and 
regeneration. Liver cancer cell line BEL7404 transfected 
with CHI3L1 can inhibit liver cancer proliferation and 
angiogenesis [21]. ROC curve showed that the area under 
the curve of CHI3L1 was 0.923, sensitivity 84.9%, speci-
ficity 89.0%, which was better than AFP-L3(area under 
the curve 0.849, sensitivity 77.4%, specificity 87.0%), indi-
cating that CHI3L1 was a better diagnostic indicator for 
liver cancer and could complement AFP-L3.

HCC patients may suffer from vitamin K deficiency 
or difficulty in absorption, and vitamin K enters cells 
through the endocytosis of F-actin. However, F-actin 
rearrangement in HCC patients leads to the abnormal 
absorption of vitamin K, resulting in a large amount of 
PIVKA-II expression [22]. In this study, the specificity of 
PIVKA-II in the diagnosis of liver cancer was 88%, which 
was better than the traditional index AFP-L3. Previous 
studies have shown that the efficacy of PIVKA-II in the 
diagnosis of liver cancer is better than that of AFP, DD 
and FDP [14], but the sensitivity of PIVKA-II in this 
study was the lowest (41.2%), which may be due to the 
lack of vitamin K-related screening in the early stage of 
this study. Combined with the literature and the results 
of this study, PIVKA-II as a single indicator has limita-
tions in the diagnosis of liver cancer, and screening for 
vitamin K deficiency and the use of related drugs should 
be conducted before detection.

In conclusion, after combining the three indexes, 
the area under the curve (AUC) of AFP-L3 + PIVKA-
II + CHI3L1 was 0.958, and the sensitivity and specificity 

were improved, and the combined diagnostic value was 
higher than the single diagnostic value.

Zhang Ying [12] et al. investigated DD and FDP changes 
in HCC patients with cirrhosis. Results showed that in 
HCC patients with cirrhosis and hepatitis B, DD and FDP 
levels increase with disease progression. This study com-
bined DD and FDP with AFP-L3, CHI3L1, and PIVKA-II, 
key markers in HCC research, to evaluate their diagnos-
tic value alone and in combination. The ROC curve anal-
ysis revealed AUC values of 0.788 for DD + FDP, 0.958 for 
AFP-L3 + PIVKA-II + CHI3L1, and 0.961 for the full com-
bination. While combined detection outperforms single 
markers, adding DD and FDP to the three-marker panel 
does not significantly improve sensitivity or specificity.

According to the above results, HCC patients with 
coagulation abnormalities complicated with coagula-
tion risk or a history of hepatitis B infection are recom-
mended to combine five tests for liver cancer, and other 
patients are recommended to combine AFP-L3 + PIVKA-
II + CHI3L1 three tests.

With advancements in testing technology, the CHI3L1 
detection kit uses chemiluminescence for cost-effective 
and precise measurements. It shows high consistency 
with traditional reagents, maintaining stability within 
10% at room temperature for up to 12  months. The kit 
reduces blood dilution steps, minimizing errors and low-
ering costs, which alleviates the economic burden on 
patients. Its performance meets clinical standards, ensur-
ing quick detection times and offering significant value 
for clinical use.

The potential clinical challenges associated with this 
assay include the initial requirement to procure special-
ized instruments, which may impose an economic burden 
on resource-limited medical institutions. Additionally, 
the relatively low penetration of such instruments in pri-
mary hospitals and remote areas may necessitate reliance 
on external laboratories for testing, thereby extending the 

Fig. 6 Tumor marker co-diagnostic ROC curves
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diagnostic cycle. Clinicians, on the other hand, tend to 
prefer established detection algorithms, and their accep-
tance of novel tests is contingent upon robust evidence 
from evidence-based medicine. These challenges high-
light specific directions for future research, such as the 
development of cost-effective, portable chemilumines-
cence equipment or the implementation of a centralized 
detection center model for cost-sharing. Furthermore, 
multi-center studies should be expanded to validate the 
diagnostic potential of CHI3L1 in liver cancer. The clini-
cal significance of CHI3L1 should also be disseminated 
through academic conferences and guideline updates to 
foster multidisciplinary collaboration.

Conclusion
It is of great clinical significance to find new and reliable 
serological diagnostic and prognostic indicators for the 
diagnosis and detection of liver cancer. This study con-
firmed that AFP-L3, PIVKA-II, CHI3L1 combined with 
DD and FDP are early noninvasive detection methods for 
detecting coagulation abnormalities, hepatitis B infec-
tion and cirrhosis in HCC patients, and this method has 
good sensitivity and specificity. Considering the eco-
nomic affordability of patients, the combination of AFP-
L3, PIVKA-II and CHI3L1 can be used as early diagnosis 
indicators for patients with liver cancer, which is of great 
significance for early diagnosis and timely treatment of 
patients. For high-risk patients with coagulation abnor-
malities complicated with coagulation risk or a history 
of related hepatitis B infection, it is recommended to 
combine five tests for liver cancer. Given that CHI3L1 
levels are elevated in HCC patients with tumors > 5  cm, 
lymph node metastasis, and neuroaggression, it may be 
used as a tool for prognostic assessment of liver cancer 
patients, and relevant studies on prognostic assessment 
can be further conducted in the future. At the same time, 
the performance of the CHI3L1 chemiluminescence kit 
developed in this study meets the clinical design require-
ments, no longer requires blood dilution, and can be 
directly detected on the machine to shorten the detection 
time and simplify the detection steps, which can meet the 
clinical detection needs.
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