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Purpose: The present study aimed to evaluate the clinical value of Combined Detection of serum soluble T-cell immunoglobulin 3
(sTim-3) with carcinoembryonic antigen (CEA) or glycotype antigen 19-9 (CA19-9) for Postoperative Recurrence of Colorectal
Cancer (CRC) Diagnosis.

Patients and Methods: The serum sTim-3 was measured by highly sensitivity TRFIA, and serum CEA and CA19-9 were obtained
through the collection of clinical data. Quantitative detection of serum sTim-3, CEA, CA19-9 in 90 patients after the CRC surgery (52
postoperative recurrence and 38 no-postoperative recurrence), 21 patients with colorectal benign tumors, and 67 healthy controls. To
analyze the clinical diagnostic value of combined detection of sTim-3 with CEA or CA19-9 to test whether patients have recurrence
after CRC surgery.

Results: The sTim-3 (15.94+11.24ng/mL) in patients after CRC surgery was significantly higher than in healthy controls (8.95
+3.34ng/mL) and colorectal benign tumors (8.39+£2.28ng/mL) (P < 0.05), and sTim-3 (20.33+13.04ng/mL) in CRC postoperative
recurrent group was significantly higher than in the group without recurrence after CRC surgery (9.94+2.36ng/mL) (P < 0.05). In terms
of detecting postoperative recurrence after CRC surgery, combined detection of sTim-3 and CEA (AUC: 0.819, sensitivity: 80.77%,
specificity: 65.79%), sTim-3 and CA19-9 test (AUC: 0.813, sensitivity: 69.23%, specificity: 97.30%) was significantly better than the
CEA single test (AUC: 0.547, sensitivity: 63.16%, specificity: 48.08%) and CA19-9 single test (AUC: 0.675 sensitivity: 65.38%,
specificity: 67.57%), Delong test P < 0.05.

Conclusion: The efficacy of CEA and CA19-9 single test was not optimal, and the combination of sTim-3 in serum could
significantly improve the sensitivity and specificity of detecting patient recurrence after CRC surgery.
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Introduction

Colorectal malignancies (colorectal cancer, CRC) are one of the most common human malignancies,' including colon
malignancy and rectal malignancy. In recent years, the incidence of CRC (mainly colon malignancy) has been
increasing year by year worldwide. In China, the increasing incidence trend of CRC is also very obvious. Most CRC
radical cure requires surgical treatment, but according to the current known results,® many patients after surgery
metastasis and recurrence, about 75% of these people, about 1/3 for local recurrence, have the opportunity to surgery
treatment, the other 2/3 of patients with local recurrence with multiple site metastasis have lost the opportunity of
surgery. Therefore, early detection of metastasis and recurrence is the key to surgery, which mainly depends on regular
follow-up. Therefore, a follow-up system for relevant cases should be established after colorectal cancer surgery. For
example, in addition to the electronic colonoscopy, X-ray and CT scan every 3—6 months at the initial stage of surgery,
some tumor markers should be carried out for the convenience of follow-up.
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For postoperative follow-up monitoring of colorectal cancer recurrence and metastasis, such as CEA, CA19-9, CA-
50, CA72-4, CA242,> has been widely used in the monitoring of postoperative efficacy and prognosis evaluation of
colorectal malignancies; however, their test efficacy in the evaluation of postoperative recurrence evaluation of colorectal
malignancies is not ideal.*> At present, with the development and progress of related research on the combined detection
of various serum tumor markers and the application practice in clinical adjuvant diagnosis, the clinical value of the
combined detection of serum tumor markers for the adjuvant diagnosis of recurrence after CRC is gradually improving.®~
? Therefore, we need to explore biomarkers with better test efficacy to help evaluate the risk of postoperative recurrence
and even death in patients after colorectal cancer surgery.

T cell immunoglobulin mucin molecule-3 (Tim-3) is a member of the TIM family, whose main physiological function
is negative immune regulation. Some studies'® have shown that high levels of Tim-3 expression are present in many
types of malignancies, so Tim-3 may play a very important role in the occurrence, development and outcome of
malignant tumors.''"* This study aims to evaluate the clinical value of serum sTim-3 for postoperative recurrence of
colorectal malignancy by studying the combination test with CEA or CA19-9.

Research Methods
Study Subjects

Serum samples were selected from patients with malignant tumors treated in Zhejiang Xiaoshan Hospital from
September 1, 2020 to December 31, 2022, including 90 patients after CRC surgery (52 patients with postoperative
recurrence and 38 patients without postoperative recurrence) and 21 patients with benign colorectal tumors (all patients
with colorectal polyps).67 healthy control cases, as the blank control group, were all healthy examination adults in the
physical examination center of Zhejiang Xiaoshan Hospital.

Inclusion criteria for the experimental group were: (1) age >18 years; (2) clinical, pathological and gastrointestinal
diagnosis, postoperative patients underwent radical tumor resection (1-7 years before blood collection); (3) postoperative
group never received treatment before surgery (such as radiotherapy and chemotherapy, targeted, immunotherapy, etc.);
(4) good hepatic and renal function and general condition.

Exclusion criteria of the experimental group: (1) patients with personal history of other malignant tumors except digestive
tract malignancy; (2) patients with poor general condition and severe organ dysfunction (severe liver, kidney and cardio-
pulmonary dysfunction); (3) patients with personal history of severe neurological or mental diseases or coagulation or blood
disorders and unable to cooperate with blood collection; (4) patients with may interfere with the level of target biological
indicators: such as patients with severe infection, patients with autoimmune-related diseases, etc.

In the experimental group, the clinical diagnosis criteria for recurrence and metastasis were: (1) the pathological
biopsy confirmed recurrence or metastasis; (2) during the follow-up review, the patients had progressive gastrointestinal
related symptoms and systemic symptoms, and the imaging diagnosis had two positive evidence in CT, MRI, ultrasound,
PET-CT and other examinations.

In the experimental group, there was no recurrence and metastasis: (1) pathological biopsy confirmed no recurrence or
metastasis; (2) during follow-up review, the patients had no progressive gastrointestinal symptoms and CT, MRI,
ultrasound and PECT-CT.

Enrollment criteria for blank control group: (1) age 18 years; (2) all tumor markers such as serum CEA, CA12-5,
CA19-9, CA 12-5 and CA72-4 were negative; (3) no history of digestive tract related diseases; (4) good bone marrow,
kidney and liver function; (5) complete clinical relevant data.

This study was conducted strictly and properly based on the Declaration of Helsinki and approved by the Ethics
Committee of Zhejiang Xiaoshan Hospital affiliated to Hangzhou Normal University (approval number 2021-011).
Informed consent was obtained from all registered subjects before participating in the experiment.

Specimen Collection and Preservation
The study subjects were identified strictly according to the inclusion and exclusion criteria, and the relevant serum
samples were collected, and the general conditions of the patients included gender, age and other blood test results. For
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study subjects, SmL venous blood was collected after 8—10 hours, then centrifuged at 4000rpm for 5min, and then serum
was collected as serum samples for the study and stored in a-80°C refrigerator until use.

Experimental Methods
The TRFIA test methods of sTim-3 and TAT-2 have been established in the cooperative laboratory of my research group,

and have certain test efficiency.'*'?

(1) The TRFIA detection steps

1. The coating process of antibody: the capture antibody was diluted to 2 ug/mL in coated buffer, and then added to
the 96-well plate according to 100 uL/well, placed under 4°C condition overnight, then washed once, 150 uL
blocking solution was added to each well, let and closed for two hours, pour the blocking solution, dry the plate
surface, and stored in-20°C.

2. Labeling process of antibody: place 300 uL of antibody to be labeled in the ultrafiltration tube, then add 200 uL of
labeling buffer, centrifuge at 10,000 rpm in centrifuge, repeat this process for 8 times. Next, the antibody
specimens were collected by adding 50 uL of labeling buffer and inverted the centrifuge tube to centrifugation
for 1 min at 3000 rpm. Then, the collected antibodies were mixed with 60 ug of diethylamine triamine triacetic
acid (DTTA) -Eu®* for one night at 30°C. Next, the labeled antibodies were purity purified using Sephadex-G50
and, after collection, were stored at-20°C.

3. The sTim-3 antigen was diluted to different concentrations of the standard product with the assay buffer, where 0
points is the assay buffer.

4. Test the concentration of sTim-3 in serum: 100 uL standard or serum samples were added to 96-well plates coated
with Tim-3 capture antibody, incubated at 37°C and shock conditions for 1 hour, and eluted twice with the plate
washing machine.100 uL 1:1000-fold diluted Eu 3 + labeled Anti-Tim-3 McAb/Anti-TAT-2 McAb was added to
each well, incubated at 37°C, shock conditions for 2 hours, and washed six times with a plate washing machine.
Finally, 100 uL of enhancement solution was added to each well to detect the fluorescence value for 3min.

5. According to the measured fluorescence value, draw the standard curve and calculate the content of sample sTim-3.

(2) Serum index data of CEA, CA-199 and other tumor markers are obtained from the collection and collation of
laboratory examination results in the case data of the study subjects.

Statistical Treatment

Statistical processing was performed by using the SPSS 26.0 software. Quantitative data are expressed as the mean
+standard deviation (SD), using the binary logistic regression, and the fitted probability variable was used to construct the
receiver operating characteristic curve (ROC) curve for the combined test, and to further evaluate the validity of the test.
ANOVA or T-test was used to analyze differences between groups. Statistical analyses were performed and graphs were
performed using GraphPad Prism 8. The area under the curve (AUC) of the ROC chart describes the accuracy of the
detection index: 1 indicates 100% sensitivity and specificity, and 0.5 indicates no discrimination. Using Delong test for
hypothesis testing to compare the AUC differences of ROC models between groups. P < 0.05 was considered as
a significant difference for all statistical results.

Results

General Situation

The inclusion criteria and exclusion criteria included 90 patients after the CRC surgery (52 patients with postoperative

recurrence and 38 patients without postoperative recurrence) and 21 patients with benign colorectal tumors (all patients with

colorectal polyps). And 67 healthy controls, which served as blank controls. Relevant data statistics are shown in Table 1.
Quantitative data were presented as mean+standard deviation, and differences were analyzed by analysis of variance

and multiple comparison test. Each experimental group and control group, p < 0.05; CRC postoperative recurrence-free

group, CRC postoperative recurrence group and colorectal benign tumor group, p < 0.05.
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Table | Serum Indices of Control, Benign Colorectal Tumors, After Surgery for CRC (Including Recurrence and No Recurrence)

Index Control (n = 67) | Benign Colorectal After Surgery for | After Surgery for CRC (n = 90)
Tumors (n = 21) CRC (n = 90)

Recurrence Recurrence-free
After Surgery | After Surgery
(n=52) (n = 38)

Sex Male 33 (49.3%) 11 (52.4%) 50 (55.6%) 28 (53.8%) 22 (57.9%)

Female | 34 (50.7%) 10 (47.6%) 40 (44.4%) 24 (46.2%) 16 (42.1%)

Age (years) 52.47+15.61 61.14£12.03 62.09x11.12 61.56x11.13 62.28+12.22

sTim-3 (ng/mL) 8.95+3.34 8.39+2.28 15.94+11.24 20.33+13.04 9.94+2.36

CEA (ng/mL) 1.79£1.04 3.35+4.02 92.42+334.26 124.33+414.86 48.75+167.72

CA19-9 (ng/mL) 9.51+9.481 1.51+£6.22 279.34+767.37 455.62+964.44 31.59117.37

Assessment of the TRFIA Method

The TRFIA test method of sTim-3 has been established in the cooperative laboratory of my research group, and has a certain
test efficiency.'*'® The parameters are as follows: the TRFIA method of sTim-3, detection sensitivity of 0.66 ng/mL, intra-
batch coefficient of variation of 1.64%—4.68%, and between-batch coefficient of variation of 5.72%—9.32%.

Statistical results

sTim-3 and CEA and CA19-9 Content in Serum Samples of Each Group

As shown in Figure 1, the serum sTim-3 (15.94+11.24ng/mL) level in the postoperative CRC group was significantly
higher than that of healthy controls (8.95+£3.34ng/mL) and colorectal benign tumors (8.39+2.28ng/mL) (P < 0.05), and
the serum sTim-3 (20.33+13.04ng/mL) level in the group with recurrence after CRC surgery was significantly higher
than that in the group without recurrence after CRC surgery (9.94+2.36ng/mL) (P < 0.05).

Evaluation of Single Test and Combined Test Efficacy of sTim-3 and CEA or CA19-9

Based on Figure 2, statistical analysis was performed using the GraphPad Prism 8 tool to calculate the area under the
curve (AUC) of the ROC map and to describe the sensitivity and specificity of the test index. By the calculation, the test
efficacy of serum sTim-3 in each experimental group was respectively: colorectal benign tumor group (AUC: 0.541,
Sensitivity: 58.71%, Specificity: 37.31%), postoperative group for colorectal cancer (AUC: 0.745, Sensitivity: 77.78%,
Specificity: 56.72%), CRC postoperative recurrence group (AUC: 0.988, Sensitivity: 97.22%, Specificity: 97.01%), CRC
postoperative recurrence-free group (AUC: 0.608, Sensitivity: 86.84%, Specificity: 37.31%).

It can be seen that the single test of serum sTim-3 has a good detection efficiency in patients with personal history of
colorectal cancer (after colorectal cancer surgery), and the detection efficiency of postoperative recurrence diagnosis of
colorectal cancer can reach a quite high level (AUC: 0.988, sensitivity: 97.22%, specificity: 97.01%).

As shown in Figure 3, the test efficacy of serum CEA in detecting postoperative recurrence of CRC (AUC: 0.547,
sensitivity: 63.16%, specificity: 48.08%). It is not difficult to find that CEA, as a widely used serum tumor marker, CEA
has very limited sensitivity and specificity, even for patients with recurrence after CRC, its sensitivity is only 63.16% and
its specificity is only 48.08%.

As shown in Figure 4, the test efficacy of serum CA19-9 in detecting postoperative recurrence of CRC (AUC: 0.675,
sensitivity: 65.38%, specificity: 67.57%). Similarly, the sensitivity and specificity of CA19-9 are not high, although in
patients with recurrence after CRC, its specificity is very low and has limited clinical reference value.

The joint detection index uses binary logistic regression to fit the data and then plot the ROC curve. As shown in
Figure 5, the combined test of serum sTim-3 and CEA in diagnosing recurrence after CRC surgery (AUC: 0.819,
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Figure 2 The ROC curve of a single test of serum sTim-3 in each group.
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Figure 3 The ROC curve of a single test of serum CEA in detecting postoperative recurrence of CRC (Postoperative recurrence vs Postoperative recurrence-free).

sensitivity: 80.77%, specificity: 65.79%). Using Delong test to test the hypothesis of AUC in two ROC models, we found
significant differences between the two group, the AUC of Joint group was significantly higher than in the single CEA
group, P<0.001 (0=0.05, two-sides, P = 0.00018). And we can find that, in contrast to the CEA single test (AUC:0.547,
sensitivity:63.16%, specificity: 48.08%), the combination test of serum sTim-3 with CEA could significantly improve the
detection efficiency of postoperative recurrence of CRC, particularly for sensitivity.
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Figure 4 The ROC curve of a single test of serum CA19-9 in detecting postoperative recurrence of CRC (Postoperative recurrence vs Postoperative recurrence-free).
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Figure 5 Comparison of the combination of serum sTim-3 with CEA and a single CEA test in diagnosing recurrence after CRC surgery.

The same as above, the joint detection index uses binary logistic regression to fit the data and then plot the ROC
curve. As shown in Figure 6, the combined testing efficacy of serum sTim-3 with CA19-9 in postoperative recurrence
group (AUC: 0.813, sensitivity: 69.23%, specificity: 97.3%). Using Delong test to test the hypothesis of AUC in two
ROC models, we found significant differences between the two groups, the AUC of Joint group was significantly higher
than in the single CA19-9 group, P<0.05 (0=0.05, two-sides, P = 0.034). The efficacy of sTim-3 and CA19-9 combined
testing to detect recurrence after CRC surgery (AUC: 0.813, sensitivity: 69.23%, specificity: 97.3%) was compared with
the combination of sTim-3 and CEA (AUC: 0.819, sensitivity: 80.77%, specificity: 65.79%). Among them, the specificity
is significantly improved, while its sensitivity is too low. However, the higher sensitivity of the combined serum sTim-3
and CEA test was just complementary. When the two combined tests were performed for the same population, its test
efficiency will achieve better results.
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Figure 6 Comparison of the combination of serum sTim-3 with CA19-9 and a single CA19-9 test in diagnosing recurrence after CRC surgery.

Discussion
Postoperative recurrence of CRC (colorectal malignancy) refers to the recurrence of secondary malignant tumors
associated with other organs, including liver, lung, bone and other organs and (or) local recurrence. Local recurrence
refers to the recurrence of organs or lymph nodes in the abdominal and pelvic areas except for distant organ metastasis.
The postoperative recurrence of CRC will appear many clinical manifestations, such as pelvic floor area discomfort,
changed stool habits, black stool, progressive wasting, progressive abdominal mass, etc. Therefore, regular follow-up
review is particularly important for patients after colorectal cancer surgery. Epidemiological statistics suggest that most
of the people at high risk of colorectal malignancy recurrence have recurrence within 2 years after surgery. Therefore, it
is often recommended that patients after CRC surgery should be reviewed every 3 months within 2 years after surgery to
evaluate the disease and recurrence of.'®

However, the risk of recurrence after radical surgery in CRC is high. Overall, the recurrence and metastasis rate of
postoperative CRC were relatively high. Therefore, for the patients after CRC surgery, especially in the high-risk group
of postoperative recurrence, the early detection of malignant tumor recurrence and metastasis is of great significance to
improve the long-term prognosis of patients. During the regular follow-up review of patients after CRC radical resection,
the review of blood tumor markers has the advantages of convenience, non-invasive, and low technical requirements. In
multiple clinical practical application of CRC postoperative follow-up guidelines or diagnosis and treatment specification
are mentioned in CRC patients after postoperative and clinical follow-up review after radiotherapy and chemotherapy
treatment, regular, regular review of serum tumor markers, to evaluate lesion recurrence or metastasis, including the
serum CEA is the most widely used and clinical research suggest more accurate.'®'® This also demonstrates the
importance of serum CEA for the assessment of recurrence in patients after CRC surgery. However, due to the high
heterogeneity of colorectal malignancy, the efficacy of individual tumor markers for postoperative CRC is suboptimal.'’
However, multiple tumor markers can be evaluated by combined detection to obtain more appropriate detection
sensitivity and specificity, which may provide more valuable auxiliary diagnostic results for people with high risk of
recurrence after colorectal cancer surgery.

CRC is also a common type of digestive tract tumors. Studies have shown that Tim-3 expression at the cell level, has
a high level in colorectal malignant tumors, immune-related T cells. In addition, the higher expression of Tim-3 in helper
T cells, the wider the tumor invasion, especially the deeper the infiltrating tissue depth, the greater the possibility of local
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and regional lymph node metastasis, and the higher the tumor grade and grade, suggesting the more serious the tumor
progression. High expression of Tim-3 levels on the surface of T cells can weaken the immune response of related
immune cells (especially helper T cells) and show negative regulation. The relevant inhibitory effect of Tim-3 on
immunity indicates to some extent that Tim-3 levels are associated with the prognosis of the CRC tumor population, that
is, the higher the level of Tim-3 expression, the worse the prognosis of the colorectal malignancy population.®?

Therefore, the serum expression level of Tim-3 may also provide a reference for recurrence in patients after CRC

surgery.***

Tumor markers mainly refer to the substances secreted or shed by tumor cells into body fluids or tissues. A single
tumor marker has limited test efficacy in the diagnosis of gastrointestinal malignancy and the evaluation of postoperative
recurrence, and its test sensitivity and (or) specificity are often not ideal. This is also consistent with our experimental
results. Therefore, this study aims to provide a new method for the adjuvant diagnosis of gastrointestinal malignant tumor
and postoperative recurrence through the combined detection of serum TIM-3, CEA and CA19-9, etc.

To evaluate the clinical value of serum sTim-3 and CEA or CA19-9 combined detection in the adjuvant diagnosis of
colorectal cancer and postoperative recurrence. Based on the experimental data, We found that the serum sTim-3 (15.94
+11.24ng/mL) level in patients after CRC surgery was significantly higher than that in healthy controls (8.95+3.34ng/
mL) and patients with benign colorectal tumors (8.39+2.28ng/mL) (P < 0.05). This indicates that serum sTim-3 is of
clinical significance in distinguishing between patients with a personal history of colorectal malignancy, healthy
population and patients with benign colorectal tumors.

At the same time, we found that the serum sTim-3 (20.33+13.04ng/mL) level in the group with recurrence after CRC
surgery was significantly higher than that in the group without recurrence after CRC surgery (9.94+2.36ng/mL) (P <
0.05), which also suggested that serum sTim-3 can be used as a monitoring indicator of recurrence after CRC surgery.

Besides, for the combined detection of serum tumor markers. CEA single testing the postoperative recurrence group
of CRC (AUC: 0.547, sensitivity: 63.16%, specificity: 48.08%), has poor detection sensitivity and specificity. In the
combination of serum sTim-3 and CEA for the postoperative recurrence group of CRC (AUC: 0.819, sensitivity: 80.77%,
specificity: 65.79%) to test the efficacy at the level of sensitivity and specificity. All were superior to the CEA single
detection.

The efficacy of sTim-3 and CA19-9 combined testing to detect recurrence after CRC surgery (AUC: 0.813,
sensitivity: 69.23%, specificity: 97.3%) was compared with the combination of sTim-3 and CEA (AUC: 0.819,
sensitivity: 80.77%, specificity: 65.79%). Among them, the specificity is significantly improved, while its sensitivity is
too low. However, the higher sensitivity of the combined serum sTim-3 and CEA test was just complementary. When the
two combined tests were performed for the same population, its test efficiency will achieve better results. It can provide
new ideas for evaluating the combined detection of serum tumor markers for recurrence after CRC surgery.

However, the main limitation of current research work is that the sample size still needs to be further expanded. We
will continue to collect experimental specimens and data to enrich research results. In order to incorporate sTim-3 into
routine clinical applications, on the one hand, we will further promote the application of high-throughput TRFIA
detection reagents to improve detection efficiency and popularity, and on the other hand, we will continue to track the
subsequent recurrence of non recurrent CRC patients in the experimental group. Furthermore, we will verify our
experimental results that the level of Tim-3 in postoperative recurrence of CRC is positively correlated with disease
progression.

Conclusion
The serum level of sTim-3 in patients after CRC surgery was significantly higher than that of the blank control group and
colorectal benign tumor group. Meanwhile, the serum level of sTim-3 in patients with a recurrence after CRC surgery
was significantly higher than that of the postoperative recurrence-free group of CRC. The serum level of sTim-3 could
predict the recurrence of patients after CRC surgery.

The single CEA and CA19-9 tests were not very effective, and the combined serum sTim-3 test could significantly
improve the sensitivity and specificity of patient recurrence after CRC surgery. In addition, the combination of sTim-3
and CEA or sTim-3 and CA19-9 complementary to each other in the sensitivity and specificity, which can provide a new
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idea for evaluating the combination detection of serum tumor markers in auxiliary diagnosis of postoperative recurrence
of CRC.
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