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Abstract

Purpose The purpose of this study was to investigate the use of thromboelastography (TEG) in patients with colo-
rectal cancer and to examine whether the TEG parameters can be used as potential markers for disease screening
and prediction of disease severity.

Methods One-hundred fifteen healthy controls (HC), 43 patients with benign adenoma (BA), and 387 patients

with colorectal cancers (CRC) were included in the study. TEG parameters (reaction time, R; clot kinetics, K; alpha
angle, a-angle; maximum amplitude, MA), conventional laboratory parameters, and clinical information were col-
lected and analyzed among the HC, BA, and CRC groups. Receiver operating characteristics (ROC) were used for differ-
ential analysis. The correlation between TEG parameters and pathological information of CRC (differentiation degree,
vaso-nerve infiltration, TNM stage) was analyzed. The differences in TEG parameters at different stages of disease

and pre-/post operation were compared.

Results Shorter Kand higher a-angle/MA were found in patients with CRC compared with HC and BA (P <0.001).
TEG parameters demonstrated moderate diagnostic value (distinguish CRC from HC + BA: K-AUC=0.693, a-angle-
AUC=0.687, MA-AUC=0.700) in CRC but did not outperform traditional laboratory parameters. TEG hypercoagula-
bility was closely associated with tumor markers (carcinoma embryonic antigen and carbohydrate antigen 19-9)
and pathological information (differentiation degree, vaso-nerve infiltration, and TNM stage) (P < 0.05). Trend analysis
showed that K decreased, but a-angle/MA increased gradually as the tumor progressed (P<0.001). K- and a-angle
showed slightly better sensitivity in predicting advanced tumors compared to traditional laboratory parameters. In
CRC patients, 3-6 months after tumor resection, K [from 1.8 (1.5, 2.3) to 1.9 (1.6, 2.6)], a-angle [from 65.3 (59.0, 68.6)
10 63.7 (56.6, 68.5)], and MA [from 61.0 (58.2, 66.0) to 58.9 (55.8, 61.3)] exhibited modest improvements compared

to their preoperative values (P<0.05).

Conclusion TEG parameters possess moderate diagnostic value in CRC diagnosis and predicting advanced tumors,
and they are closely linked to surgical interventions. Although TEG parameters do not significantly outperform tradi-
tional laboratory parameters, they still hold promise as potential alternative indicators in CRC patients.
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Introduction

The incidence and mortality of colorectal cancer (CRC)
have been vastly growing in China during the last dec-
ade, and it was estimated that there were 376,300 new
onsets and 191,000 deaths in 2015 [1]. Although the
time span for benign adenoma (BA) to develop into
CRC takes many years, the prognosis is poor once the
tumor metastasizes to lymph nodes or distant organs
[2]. Thus, great emphasis should be placed on the iden-
tification of CRC from benign adenoma, especially in
the differential diagnosis of advanced CRC.

Plenty of evidence has proved that malignancy was
usually accompanied by abnormal thrombosis, char-
acterized by activation of clotting factors, elevated
fibrinogen, and high platelet responsiveness. Malig-
nancy-associated coagulopathy is considered to play an
essential role in tumor onsets and metastasis by mani-
fold strategies, so identifying markers of this coagulop-
athy can be used as potential indicators for the staging
of tumor progression. Conventional coagulation tests
(CCTs), such as fibrinogen, prothrombin time (PT),
activated partial thromboplastin time (APTT), and
thrombin time (TT), have traditionally been used to
identify malignancy-associated coagulopathy. However,
CCTs have their limitations because the methods are
based on plasma analysis and only reflect static snap-
shots of coagulation properties [3, 4].

Thromboelastography (TEG) is a method that
graphs and evaluates the clot’s strength and elastic-
ity from the initiation of clotting factors to fibrinoly-
sis [5], providing a more comprehensive coagulation
information status than the conventional coagulation
tests (CCT). Accordingly, TEG was widely used in
surgery and intensive care units to monitor abnormal
coagulopathy and guide transfusion [6, 7]. Recently,
TEG has been largely applied to the identification of
hypercoagulable states of solid tumors such as liver
cancer [8], lung cancer [9], pancreatic cancer [10],
and other tumors, among which TEG was more sen-
sitive than CCTs in recognition of abnormal coagula-
tion status in prostate cancer [11] and kidney tumor
[12]. Besides, many studies have found that TEG had
the potential to identify malignant tumors [13] and
even correlated with disease progression [14]. How-
ever, few data have been reported on the clinical use
of TEG parameters in CRC patients.

Therefore, we conducted a retrospective analysis
of preoperative TEG parameters in health controls
(HC), patients with colorectal benign adenoma (BA),
and patients with colorectal cancer (CRC) to explore
whether they can identify malignant tumors and pre-
dict the stage of tumor progression.
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Methods

Study setting

This was a retrospective study involving 687 health con-
trols (HC), patients with benign adenoma (BA), and
patients with colorectal cancer (CRC) treated at Ningbo
Medical Treatment Center Lihuili Hospital of Zhejiang
Province from January 2019 to October 2022. Patient data,
including age, gender, lifestyles (smoking and drinking
history), previous medical history (hypertension, hyper-
lipidemia, diabetes, and coronary heart disease), tradi-
tional laboratory parameters (hemoglobin, platelet, CCTs),
tumor markers (carcinoma embryonic antigen, CEA; car-
bohydrate antigen 19-9, CA19-9), and pathological infor-
mation (differentiation degree, vaso-nerve infiltration,
TNM stage, etc.), were documented from the electronic
medical record system. The cancer stage was determined
according to the 7th TNM staging system by the American
Joint Committee for Cancer (AJCC) [15]. Given the nature
of the retrospective analysis, we requested an exemption
from informed consent, and the study was approved by the
Ningbo Medical Center Lihuili Hospital Ethics Committee
(approval no. KY2023SL126-01).

Inclusion criteria were as follows: (1) HC: individuals
who passed the annual physical examination in our hos-
pital and were confirmed to have no intestinal diseases
(get a colonoscopy); (2) BA: patients with intestinal space
occupation underwent endoscopic mass resection and
were pathologically identified as benign adenoma; and
(3) CRC: patients diagnosed with colorectal cancer and
underwent surgical resection in our hospital. Exclusion
criteria were as follows: (1) Having other types of malig-
nancies; (2) having rheumatic immune diseases; (3) tak-
ing anticoagulants or anti-inflammatory drugs within
2 weeks; (4) suffering acute bleeding or cardiovascular/
cerebrovascular obstruction; (5) severe infection within
2 weeks, recently transfused with any blood products and
preoperative adjuvant radiotherapy or chemotherapy;
and (6) TEG data are not available.

Thromboelastography (TEG) measurement

The Thromboelastograph®5000 Hemostasis ~System
was carried out to test TEG parameters. Briefly, 340 ul
of sodium citrate anticoagulant whole blood and kaolin
mixture was placed into a disposable TEG cup, and then,
20 pl of 0.2-M CaCl, was added to start coagulation. The
torque generated by blood coagulation was converted
into an electrical signal by the torsion wire, which was
recorded in the software to form the clotting parameters.
The meaning of TEG parameters has been discussed in
our previous study [16], and the brief interpretation
and the normal range of each parameter are as follows:
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reaction time (R, normal range: 5.0-10.0 min) repre-
sents the time of thrombin generation and is an indicator
of activation of clotting factors; clot kinetics (K, normal
range: 1.0-3.0 min) represents the time required for fibrin
activation and is an indicator of fibrinogen function;
alpha angle (a-angle, normal range: 53.0-72.0 deg) repre-
sents the speed of clot formation and is another indicator
of fibrinogen function; and maximum amplitude (MA,
normal range: 50.0-70.0 mm) represents the maximum
strength of the clot and is an indicator of both platelet
function (approximately 80%) and fibrinogen function
(approximately 20%) [17]. According to the instrument’s
instructions, hypercoagulability was defined as if TEG
parameters met one of the conditions: R<5.0 min;
K<1.0 min; a-angle>72.0 deg; and MA>70.0 mm.
Thus, we divided TEG parameters into low R group
(LR, R<5.0 min) and high R group (HR, R>5.0 min);
low K group (LK, K<1.0 min) and high K group (HK,
K>1.0 min); low a-angle group (La, a-angle<72.0 deg)
and high a-angle group (Ha, a-angle >72.0 deg); and low
MA group (LMA, MA<70.0 mm) and high MA group
(LMA, MA >70.0 mm).

Statistical analyses

SPSS software (IBM, 26.0, USA) and GraphPad Prism
software (GraphPad, 8.0, USA) were performed for statis-
tical analyses. Due to some variables were not normally
distributed after being tested by the Kolmogorov—
Smirnov test, all continuous variables were represented
as the median (interquartile range). Categorical data were
represented as the number (percentage, %). Propensity
score matching (PSM) was used to reduce the bias of age,
sex, lifestyle, and medical history (match tolerance set to
0.02). Kruskal-Wallis test, chi-square test, Mann—Whit-
ney U-test, and paired-samples T-test were used to com-
pare the differences between groups. When it comes to
pairwise comparisons, P-value correction was performed
by Bonferroni correction. The Jonckheere-Terpstra test
was used to test the one-way tendency of TEG param-
eters. The receiver operating characteristic (ROC) anal-
ysis was performed to evaluate the identifying potential
of TEG parameters in CRC with the Youden index as the
optimal critical value. P<0.05 was considered statistically
significant (two sided).

Results

To accurately reflect the effect of colorectal tumor on
TEG parameters, we applied a detailed data screening.
A total of 142 participants were excluded from the data
screening for the following reasons: Having other types of
malignancies (n=10), having rheumatic immune disease
(n=5), taking anticoagulants or anti-inflammatory drugs
(n=10), acute bleeding or obstruction (n=7), transfusion
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(n=11), infection (n=15), preoperative adjuvant chem-
otherapy or radiotherapy (n=17); no chance for sur-
gery resection (2=30), and TEG data are not available
(n=37). Finally, 115 HC, 43 patients with BA, and 387
patients with CRC were included after data exclusion.
The primary demographic and clinical characteristics of
the included participants were shown in Table 1. In brief,
when compared with the HC group, the CRC group had
higher levels of age, male ratio, smoking/drinking rate,
PT, fibrinogen, D-dimer, CEA, and CA19-9 (P<0.05).
However, lower levels of hemoglobin and APTT were
observed in the CRC group compared with the HC group
(P<0.05). In comparison with the BA group, the CRC
group also manifested lower hemoglobin, higher platelet,
higher fibrinogen, and higher CEA (P<0.05). The signifi-
cant difference between the HC group and the BA group
was only displayed in hemoglobin and D-dimer (P<0.05).

Among the HC, BA, and CRC groups, all the TEG
parameters (R, K, a-angle, and MA) reached statistical
significance (Kruskal-Wallis, P<0.05, Table 1). When
compared in pairs, however, there was no statistical sig-
nificance of TEG parameters between HC and BA groups
after Bonferroni correction. The data showed that signifi-
cant differences in TEG parameters still survived in the
CRC group compared with the HC and BA groups, with
shortened K, and higher a-angle/MA in the CRC group
compared with the BA group (post hoc analysis, CRC vs.
BA, P<0.001, Table 1), and with shortened R/K, higher
a-angle/MA in the CRC group compared with the HC
group (post hoc analysis, CRC vs. HC, P<0.05, Table 1).
To eliminate the bias of confounding factors, we con-
ducted PSM between HC+BA and CRC groups with a
matching tolerance of 0.02. After PSM, we found that the
TEG parameters had a moderate discriminative value in
the identification of CRC from HC+BA. Among them,
the AUC of K, a-angle, and MA were 0.693, 0.687, and
0.700, respectively. However, it is important to note that
TEG parameters did not prove to be superior to tradi-
tional laboratory indicators in diagnosing CRC (Figs. 1
and 2, Table 2).

Next, we tested the association between TEG param-
eters and clinical parameters of CRC patients. We
observed that R had no significant effect on the clinical
parameters of CRC patients (P>0.05, Table 3). Notably,
abnormal TEG parameters, including low K (LK), high
a-angle (Ha), and high MA (HMA), were strongly asso-
ciated with advanced tumors. Concretely, LK was sig-
nificantly associated with vascular invasion (P=0.001),
primary tumor status (P=0.002), lymph node metas-
tasis (P<0.001), and disease stages (P=0.001); Ha was
significantly associated with poorly differentiation
(P=0.002), vascular invasion (P<0.001), nerve invasion
(P=0.029), primary tumor status (P <0.001), lymph node
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Assessed for eligibility(n=687)

Excluded(n=142)
.Having other types of Malignancies (n=10)
.Having rh ic il di: (n=5)
.Taking anticoagul or anti-infl tory drugs(n=10)
.| .Acute bleeding or obstruction(n=7)
| .Transfusion(n=11)
.Infection(n=15)
.Preoperative adjuvant chemotherapy or radiotherapy(n=17)
.No place for surgical resection(n=30)
.TEG data are not available(n=37)
Healthy Controls Benign adenoma Colorectal cancer s o
> > » Discriminatory analysis
(n=115) (n=43) (n=387)
Subgroup analysis
Colorectal cancer
»| Available postoperative follow-up data
(n=59)
Pre-post-operative
comparative analysis
Fig. 1 Flow chart of the study
A B
CRC VS. HC+BA CRC VS. HC+BA
100
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Fig. 2 ROC curve analysis of TEG parameters and laboratory parameters for distinguishing CRC from HC + BA (after propensity score matching). A
TEG parameters. B Laboratory parameters

T 1
0 20 40 60 80 100
100% - Specificity%

metastasis (P<0.001), and disease stages (P<0.001); and invasion (P=0.006), primary tumor status (P<0.001),
HMA was significantly associated with poorly differen- lymph node metastasis (P<0.001), and disease stages
tiation (P=0.002), vascular invasion (P=0.001), nerve (P<0.001) (Table 3). In addition, patients with abnormal
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Table 2 The optimal cut-off values, sensitivity, specificity, PPV, NPV, and AUC for TEG parameters and laboratory parameters

(distinguish CRC from HC + BA after propensity score matching)

Variable Cutoff Sensitivity Specificity PPV NPV AUC 95% ClI P

TEG parameters
R (min) 53 22.1% 94.3% 75.0% 54.7% 0.586 0.519-0.652 0.013
K (min) 1.8 55.0% 77.9% 62.4% 65.9% 0.693 0.631-0.755 <0.001
a-Angle (deg) 674 45.0% 87.9% 78.8% 61.5% 0.687 0.625-0.749 <0.001
MA (mm) 60.0 78.6% 50.0% 61.1% 70.0% 0.700 0.639-0.760 <0.001

Laboratory parameters
Hb (g/L) 128.5 58.3% 78.4% 72.6% 65.3% 0.745 0.688-0.802 <0.001
PLT (x 107/L) 2455 43.2% 80.7% 69.0% 58.5% 0618 0.551-0.684 <0.001
PT (s) 11.6 70.5% 59.3% 64.1% 66.9% 0.670 0.606-0.734 <0.001
Fg (g/L) 4.2 46.8% 80.7% 70.8% 59.7% 0.638 0.572-0.704 <0.001
D-dimer (ug/L) 198.0 37.4% 91.7% 82.5% 59.4% 0.648 0.583-0.713 <0.001
CEA (ug/b) 24 58.0% 79.2% 76.2% 65.7% 0.726 0.666-0.787 <0.001
CA19-9 (U/mL) 135 37.0% 88.3% 78.5% 65.7% 0.633 0.566-0.700 <0.001

Abbreviations: PPV Positive predictive value, NPV Negative predictive value, AUC Area under the curve, Hb Hemoglobin, PLT Platelet, Fg Fibrinogen, PT Prothrombin

time, CEA Carcinoma embryonic antigen, CA719-9 Carbohydrate antigen 19-9

CEA/CA19-9 also showed a higher proportion of low K
(LK), high a-angle (Ha), and high MA (HMA) compared
with patients with normal CEA/CA19-9 levels (P<0.05,
Table 2). Patients with colon cancer displayed a higher
proportion of LK, Ha, and HMA than patients with rec-
tum cancer (P<0.05, Table 3). Moreover, the females
were associated with Ha and HMA (P <0.05, Table 3).

Further, we analyzed the relationship between TEG
parameters and the TNM staging system. The Jonck-
heere-Terpstra test showed that K, a-angle, and MA
were statistically significant for ordered difference (sin-
gle increasing or decreasing) in primary tumor status
(T,-»T,-»T3—>T, P<0.001, Fig. 3), lymph node sta-
tus (N,—N; - N,, P<0.001, Fig. 3), and disease stages
(I-IO—-II->1V, P<0.001, Fig. 3). In addition, statis-
tics for pairwise comparisons (Kruskal-Wallis test and
adjusted by Bonferroni correction) within groups were
also shown in Fig. 3, showing that the more the tumor
stage progressed, the more the TEG parameters were
highly coagulated. Additionally, it should be highlighted
that the sensitivity of K- and a-angle values in predict-
ing advanced colorectal cancer patients, as determined
by the AUC test, demonstrated a slight improvement
compared to that of conventional laboratory parameters
(Fig. 4, Table 4).

During the postoperative follow-up period, only
59 CRC patients were retested for TEG (during the
3 months to 6 months after tumor excision). Surprisingly,
we found a significant increase in K [1.8 (1.5, 2.3) vs. 1.9
(1.6, 2.6), P=0.007] and a significant decrease in a-angle
[65.3 (59.0, 68.6) vs. 63.7 (56.6, 68.5), P=0.001]/MA [61.0
(58.2, 66.0) VS. 589 (55.8, 61.3), P<0.006] after tumor

surgery compared to the preoperative level (paired-sam-
ples T-test, Fig. 5).

Discussion

As documented, patients with tumors were often asso-
ciated with a hypercoagulable state, with no exception
in colorectal cancer [18]. This hypercoagulable state,
directly or indirectly mediated by tumor cells, contributes
to the survival of malignant cells and the establishment
of a pre-metastatic niche [19, 20]. Therefore, routine pre-
operative screening of CCTs in patients with tumors not
only helps to predict venous thrombus embolism (VET)
but also has certain diagnostic value in tumor staging and
prognosis [21-24]. In this context, Zhang et al. [25] have
revealed that APTT, PT, and fibrinogen were significantly
associated with disease-free survival (DFS) and over-
all survival (OS) in patients with CRC. However, Biré
et al. [26] demonstrated by multivariate regression that
APTT and fibrinogen were not prognostic factors for
DFS and OS in colorectal cancer patients. These contro-
versial conclusions might be explained by the population
included and the duration of follow-up but were more
likely attributable to the limitation of CCTs, which reflect
only one link in the clotting cascade. It is worth noting
that viscoelastic tests like TEG, which utilize whole blood
samples, have the capacity to provide a more comprehen-
sive assessment of coagulation, including clotting factor
function, platelet function, and fibrinolytic function.

A previous study has confirmed that TEG param-
eters would present a hypercoagulable condition in can-
cers, defined as reduced R-value, shorter K-value, broad
a-angle value, and lofty MA value [4]. In the present
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study, more abnormal TEG parameters were displayed
in CRC patients. More specifically, CRC patients have
shortened K and elongated a-angle/MA compared with
HC and BA patients, which was consistent with the
study by de Waal and his colleagues [27]. This phenom-
enon indicates that CRC patients were more prone to
fibrinogen and platelet activation. Besides, our data also
suggested that TEG parameters (K, a-angle, and MA)
could be the candidate markers in distinguishing CRC
from HC + BA with moderate power. In this regard, TEG
parameters could be the potential screening biomarkers
in CRC patients. However, it is important to note that
they did not outperform traditional indicators in this
regard. Additionally, whether TEG parameters could fur-
ther predict tumor progression in CRC patients remains
to be resolved. To seek this answer, we attempted to
analyze the correlation between TEG parameters and
the clinical information and pathological results of CRC
patients. Interestingly, TEG-based hypercoagulabil-
ity, especially Ha and HMA, was not only associated
with abnormal preoperative tumor markers (CEA and
CA19-9) in patients with CRC but also with vascular and
neural invasion and TNM staging. Furthermore, as the
tumor stage advanced, TEG parameters showed grad-
ual changes, characterized by a progressive decrease in
K-value, while a-angle value and MA value exhibited a
gradual increase. In addition, K-value and a-angle value
had better sensitivity in predicting advanced colorectal
cancer than CCTs. To our knowledge, this study was the
first to correlate TEG parameters with pathological infor-
mation about CRC and demonstrate that TEG could at
least reflect the severity of CRC. Our results were also
supported by previous research on other types of cancer,
with lower K and higher a-angle/MA in high-risk renal
cell carcinoma by Wang et al. [12] and shorter K/higher
MA in advanced lung cancer by Zhou et al. [14]. The
mechanism of this phenomenon can be explained by the
fact that fibrinogen and platelets promote tumor devel-
opment through multiple pathways.

Fibrinogen, the basic hemostatic factor, is converted
into fibrin during the final phase of the clotting cas-
cade, which not only participates in the body’s hemo-
static process but also contributes to tumor growth by
providing structural support and scaffolding for tumor
cells to grow [28]. Activated platelets could contribute
to tumor progression and metastasis through various
ways: (i) by secreting various growth factors to facilitate

(See figure on next page.)
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tumor proliferation, (ii) by secreting immunosuppres-
sive cytokines and transferring suppressor ligands to the
tumor to escape from immune surveillance, and (iii) by
regulating various immune cells to form microenviron-
ments for tumor metastasis [29]. Besides, platelets and
fibrin also work together: the formation of platelets-fibrin
complexes protects tumor cells from shear forces in the
blood flow and helps them to escape the attacks from
natural killer cells [30]. Hence, plenty of clinical studies
have verified that hyperthrombocytopenia and hyperfi-
brinemia were not only independent risk factors for CRC
but also correlated with tumor progression and even
tumor recurrence [31-33].

To be noted, we intriguingly found that these TEG
hypercoagulability patterns in preoperative CRC patients
were statistically reversed to some extent postoperatively.
These observations can be interpreted as follows: After
surgical resection of CRC patients, with the reduction
of tumor burden, the tumor-induced hypercoagulabil-
ity associated with malignancy is also alleviated, similar
to the postoperative reduction of tumor markers CEA
and CA19-9, suggesting that TEG parameters might be
related to the prognosis of the CRC. Unfortunately, we
do not have sufficient follow-up data to compare the rela-
tionship between TEG parameters and the prognosis of
CRC. However, Schulick et al. [34] have reported that
elevated TEG-a-angle was associated with DFS and OS
among resected patients with adenocarcinoma, providing
new insights into the value of TEG parameters in tumor
prognosis. To better understand the prognostic value
of TEG in CRC, we will conduct longitudinal follow-up
studies in the future.

There were some limitations in the present study.
Firstly, our study was based on a single-center and ret-
rospective analysis, so bias in case selection cannot be
avoided. Secondly, although we tried our best to make
TEG parameters reflect tumor-related coagulopathy and
adopted strict inclusion criteria, it was still impossible to
avoid the impact of other complications in CRC patients
on TEG results, just as diabetes [16] and coronary heart
disease [35] could both affect TEG parameters. Thirdly,
it is important to acknowledge that our study exclusively
enrolled patients with confirmed pathological results.
This approach led to the exclusion of a considerable num-
ber of advanced colorectal cancer (CRC) patients who
were ineligible for surgery. Consequently, our study had
a relatively limited number of patients with advanced

Fig. 3 TEG parameters in CRC patients with different stages by TNM staging system. Data was described by box plot (median and 5th-95th
percentile). Comparison of TEG parameters between A primary tumor status T, (n=50), T, (1=62), T; (n=110), and T, (n=164); B regional lymph
node status N, (1=236), N, (1=103), and N, (n=47); C tumor metastasis status M, (n=345) and M, (n=41); and disease stages | (1=104), Il (n=122),
I1(n=119),and IV (n=41) of CRC patients. P was tested by Jonckheere-Terpstra for an ordered difference in medians. *P was tested by the Kruskal—
Wallis test and adjusted by Bonferroni correction for pairwise comparison. *Represents the P < 0.05. **Represents the P<0.001
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— CA19-9:AUC=0.662
— CEA:AUC=0.707

D-dimer:AUC=0.607

Fg: AUC=0.620
— PT:AUC=0.578

PLT:AUC=0.607

— Hb:AUC=0.677

Table 4 The optimal cut-off values, sensitivity, specificity, PPV, NPV, and AUC for TEG parameters and laboratory parameters
(distinguish disease stages lll/IV from I/Il in CRC patients)

Variable Cutoff Sensitivity Specificity PPV NPV AUC 95% CI P

TEG parameters
K (min) 1.7 73.1% 58.2% 52.9% 77.9% 0.712 0.661-0.763 <0.001
a-Angle (deg) 67.2 71.9% 60.8% 56.4% 754% 0.713 0.661-0.764 <0.001
MA (mm) 66.0 54.4% 78.0% 63.5% 70.8% 0.722 0.670-0.773 <0.001

Laboratory parameters
Hb (g/L) 1225 62.5% 69.8% 58.8% 72.4% 0.677 0.621-0.731 <0.001
PLT (x 10%/L) 2215 63.1% 57.3% 51.3% 68.9% 0.607 0.549-0.665 <0.001
PT (s) 125 32.5% 81.3% 55.3% 63.1% 0578 0.520-0.636 0.009
Fg (g/L) 44 54.4% 72.4% 58.3% 69.3% 0.620 0.561-0.678 <0.001
D-dimer (ug/L) 153 60.0% 60.9% 52.2% 68.5% 0.607 0.549-0.664 <0.001
CEA (ug/b) 4.5 55.6% 79.3% 62.7% 71.0% 0.707 0.653-0.761 <0.001
CA19-9 (U/mL) 22.1 43.1% 84.8% 62.7% 67.1% 0.662 0.605-0.719 <0.001

Abbreviations PPV Positive predictive value, NPV Negative predictive value, AUC Area under the curve, Hb Hemoglobin, PLT Platelet, Fg Fibrinogen, PT Prothrombin
time, CEA Carcinoma embryonic antigen, CA719-9 Carbohydrate antigen 19-9
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Fig. 5 Comparison of TEG parameters between pre-operation and post-operation of CRC patients. P was tested by paired-samples T-test

cancer stages. However, based on our experience, the
TEG parameters in these patients generally show a higher
hypercoagulable state than in patients who can be treated
with surgical excision (data not shown).

In conclusion, this study has explored the comprehen-
sive utilization of TEG in patients with colorectal cancer.
TEG parameters exhibit only moderate diagnostic value
in distinguishing CRC and predicting advanced-stage
tumors but are not significantly superior to traditional
laboratory tests. Given the close association of TEG
parameters with disease progression and surgical inter-
vention, TEG may still hold potential as a prognostic
marker for CRC patients.
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