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Abstract: Objective: To investigate the efficacy and safety of tranexamic acid (TXA) in preventing upper gastrointes-
tinal (GI) bleeding in patients with gastric cancer. Methods: The clinical data of patients with gastric cancer compli-
cated with acute non-operative GI bleeding treated in the Fourth Hospital of Hebei Medical University from 2020 to 
2022 were collected and retrospectively analyzed. The survival status of the patients was followed up by telephone. 
The dataset of 168 patients was divided into a control group (n=85) and a TXA group (n=83), at a 1:1 ratio. The 
patients in the control group were treated with esomeprazole, and the patients in the TXA group received additional 
TXA. The hemostatic effect, rebleeding rate, and mortality of patients were compared between the two groups. 
The Cox proportional hazard model was used to evaluate the overall survival of patients as well as the related risk 
factors. Results: The success rate of hemostasis and the normal blood coagulation rate in the TXA group were sig-
nificantly higher than those in the control group (P=0.003 and P=0.016). The secondary bleeding rate, thrombus 
formation rate and digestive tract perforation rate in the TXA group were significantly lower than those in the control 
group (P=0.002, P=0.003 and P=0.035). The improvement of all indicators in the TXA group was better than that in 
the control group (all P<0.05). For patients with gastric cancer complicated with acute GI bleeding treated with TXA, 
the Cox proportional hazard model identified III~IV stage, time of TXA treatment, surgical treatment after hemor-
rhage, and an increase of D-dimer as independent risk factors for upper GI bleeding (all P<0.05). Conclusion: TXA 
can be an effective treatment for patients with gastric cancer complicated by GI bleeding.
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Introduction

Gastric cancer is a common malignant tumor of 
the digestive tract, and its incidence is increas-
ing yearly [1]. Gastric cancer complicated with 
gastrointestinal (GI) bleeding is often acute and 
severe, which can be life-threatening without 
timely treatment [2]. Upper GI bleeding refers 
to bleeding above the duodenal ligament, which 
is a typical clinical emergency and one of the 
most common complications of gastric cancer 
[3]. The incidence of acute GI bleeding in upper 
digestive tract malignant tumors is about 5% 
[4]. About 30% of patients with inoperable  
gastric cancer have neoplastic GI bleeding [5]. 
Gastric cancer complicated with bleeding is 
mainly caused by surface injury, erosion, infec-
tion, inflammation, ulcer, and wound oozing [6]. 

When patients with gastric cancer experience 
considerable tumor necrosis and rapid invasion 
of larger blood vessels or more neovasculariza-
tion, it can lead to massive hemorrhage, which 
is the primary cause of gastric cancer compli-
cated with massive hemorrhage [7]. Upper GI 
bleeding typically occurs rapidly and can wors-
en quickly. In severe cases, it can endanger life 
and affect the therapeutic outcomes and clini-
cal prognosis of patients with gastric cancer 
[8].

The treatment options for gastric cancer com-
plicated with upper GI bleeding includes con-
servative drug treatment, such as fasting drink-
ing water, acid inhibition, systemic or local use 
of hemostatic drugs, correction of anemia, as 
well as emergency endoscopic treatment, palli-
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ative surgery, extracorporeal radiotherapy, and 
so on [9]. Traditional drug therapy could redu- 
ce the blood circulation in the viscera and 
decrease the amount of blood in the viscera  
to achieve the therapeutic effect. However, it 
can also cause elevated blood pressure, myo-
cardial ischemia, and other symptoms, result-
ing in dizziness, diarrhea, nausea, and other 
adverse reactions in patients [10]. The use of 
tranexamic acid (TXA) can promote hormone 
secretion in some parts, such as the GI tract 
and pancreas [11]. It can also reduce the risk  
of venous thrombosis, decrease the pressure 
gradient in the portal vein by up to 12%, inhibit 
GI peristalsis, and promote platelet aggrega-
tion [12]. Previous study reported a significantly 
shortened treatment time for GI bleeding by 
TXA injection [13].

However, the efficacy and safety of TXA in treat-
ing gastric cancer complicated with upper GI 
bleeding remain unknown. Therefore, this study 
aimed to evaluate the efficacy and safety of 
TXA in patients with gastric cancer complicated 
with upper GI bleeding.

Methods

Research participants

The data collection for this study was carried 
out with the approval of the Institutional Review 
Committee of the Fourth Hospital of Hebei 
Medical University. The current study obeyed 
the ethical guides of the Declaration of Helsinki 
and was approved by the Ethics Committee of 
the Fourth Hospital of Hebei Medical University. 
The medical records of 168 patients diagnosed 
with gastric cancer complicated with GI bleed-
ing from January 2020 to August 2022 were 
collected from the electronic medical record 
system and retrospectively reviewed. Inclusion 
criteria: (1) Patients were 18 years old or older. 
(2) Patients diagnosed with gastric cancer and 
upper GI bleeding based on the Chinese Expert 
Consensus on the Difficulties in Diagnosing 
and Treating Gastric Cancer (version 2020). (3) 
Patients had comprehensive medical records, 
including medical history, general data, preop-
erative examination data, and intraoperative 
results.

Exclusion criteria: (1) Patients were allergic to 
TXA. (2) Patients had thrombus (acute cerebral 

infarction, acute myocardial infarction, pulmo-
nary embolism, etc.). (3) Patients had esopha-
geal and gastric varices. (4) Patients had severe 
heart, lung, kidney, pancreas, or liver diseases. 
(5) Pregnant and lactating women. (6) Patients 
were unsuitable to participate in this trial.

Data collection

The hemostatic effect, rebleeding rate, and 
mortality of the patients were collected.

The criteria for hemostasis were as follows: (1) 
cessation of hematemesis, melena, or bloody 
stools; (2) stable blood pressure and vital signs 
in patients; (3) stable hemoglobin and red 
blood cell count; (4) absence of active bleeding 
during preoperative gastroscopy.

Evaluation indicators

The main outcome measure of the current 
study was the curative efficacy of TXA in pa- 
tients. The secondary outcome measure was 
the incidence of thrombotic diseases. The crite-
ria for assessing the curative efficacy were as 
follows. Significant curative effect was defined 
as the disappearance of the clinical bleeding 
symptoms within 24 hours, stable blood pres-
sure, and bleeding cessation under an endo-
scope. Effective was defined as the disappear-
ance of clinical bleeding symptoms, correction 
of hypovolemia, stable blood pressure, and 
stable hemoglobin within 72 hours. Ineffective 
was defined as persistent bleeding and unsta-
ble vital signs leading to continued blood vol-
ume loss 72 hours after treatment. The total 
effective rate was calculated by cases with sig-
nificant curative effect and effective response. 
The incidence of thrombotic diseases in the 
patients was collected and compared. The he- 
mostatic effect was evaluated by monitoring 
hemoglobin, prothrombin time, activated par-
tial thromboplastin time, international normal-
ized ratio, fibrinogen, fibrin degradation prod-
ucts, and D-Dimmer at 24, 48, and 72 hour 
after treatment.

Study design and statistical analysis

The 168 patients were divided into a control 
group (n=85) and a TXA group (n=83), at a 1:1 
ratio. The patients in the control group  
were treated with 80 mg esomeprazole (Life 
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Technology Biopharmaceutical Co., Ltd.) by 
intravenous drip, followed by 8 mg/h continu-
ous pumping. The patients in the TXA group 
were treated with 80 mg esomeprazole (Life 
Technology Biopharmaceutical Co., Ltd.) com-
bined with 1 g TXA (twice a day, Chongqing 
Anren Pharmaceutical Co., Ltd.) by intravenous 
drip, followed by 8 mg/h esomeprazole pump-
ing. The treatment lasted for 72 hours. Cate- 
gorical data were exhibited as value and (%), 
and continuous variables were expressed as 
mean ± standard deviation (SD). For continu-
ous data with normal distribution and homo- 
geneity of variance, the independent sample 
t-test or Mann-Whitney U was employed for 
between-group evaluation. The χ2 test was 
used for comparison of categorical variables. 
The total score of each patient was calculated 
according to the risk calculation formula of the 
line chart, and the patients were divided into 
high and low-risk groups. The line chart was 
constructed according to the risk score, age, 
sex, TNM stage and other clinicopathological 
features. The line chart could be used to evalu-
ate the predictive effect of risk scores for 
patients’ survival rates. The calibration curve 
was used to test the prediction ability of the 
established line chart model. The DynNom and 
stargazer package in R language was used to 
develop the dynamic diagram. The survival dif-
ferences between the two groups were ana-
lyzed and compared by the Kaplan-Meier curve. 
Multivariate Cox regression was used to evalu-
ate the risk factors of upper GI bleeding in 
patients treated with TXA, and to build a predic-
tion model. SPSS 22.0 statistical software was 
used for data analysis and a P value <0.05 was 
considered statistically significant.

Results

Clinical diagnosis and treatment characteris-
tics

According to the American Cancer Association 
staging criteria, 8th edition [14], there were 36 
(21.43%) cases at stage I~II, 132 (78.57%) 
cases at stage III~IV, 141 (83.93%) cases with 
single GI bleeding and 27 (16.07%) cases with 
multiple bleeding. A postoperative operation 
was performed in 79 (47.02%) cases, including 
radical operation in 59 cases and palliative 
resection in 20 cases (Table 1).

Outcome of patients

By the end of follow-up period, 138 out of 168 
cases had died, 30 had survived, and 3 cases 
were lost to follow-up. The overall survival (OS) 
of patients was 0.5-84.0 months, with an aver-
age of 14. 0 months. The 1-year survival rate 
was 28.0%, the 3-year survival rate was 18.0%, 
and the 5-year survival rate was 14.0%. The 
median survival time of patients with serum 
alkaline phosphatase >100 U/L (10.0 months) 
was shorter than that of patients with alkaline 
phosphatase ≤100 U/L (15.5 months, P<0.01, 
Table 1). The OS of patients with and without 
operation after hemorrhage was 36.0 and 7.5 
months, respectively (P<0.01).

Comparison of therapeutic effects between 
the two groups

As shown in Table 2, the therapeutic effect of 
the TXA group was significantly better than that 
of the control group (P<0.05).

Comparison of hemostatic effects between the 
two groups

As shown in Table 3, the hemostatic effect of 
the TXA group was significantly better than that 
of the control group (P<0.05).

Comparison of coagulation-associated indica-
tors between the two groups

After treatment, all the blood coagulation indi-
cators in the TXA group improved significantly 
more than those in the control group (P<0.05, 
Table 4).

Multivariate analysis of risk factors

The comprehensive multivariate analysis of the 
risk factors for upper GI bleeding in patients 
treated with TXA showed that III~IV stage, time 
of TXA treatment, surgical treatment after hem-
orrhage, and an increase of D-dimer were iden-
tified as independent risk factors (Table 5, all 
P<0.05).

Discussion

GI bleeding is a common clinical disease that 
can vary in severity from mild and self-limited to 
a life-threatening emergency. The treatment for 
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Table 2. Comparison of therapeutic effects between the control group and the TXA group
Control (n=85) TXA (n=83) χ2 P value

Successful hemostasis 67 (78.82%) 75 (90.36) 1.083 0.003
Secondary bleeding 13 (15.29) 14 (16.87%) 0.987 0.002
Thrombus formation 11 (12.94) 6 (7.23%) 2.330 0.003
Coagulation function is normal 45 (52.94%) 57 (68.67%) 0.068 0.016
Perforation of the digestive tract 3 (3.53%) 0 (0%) 1.229 0.035
TXA: Tranexamic acid. P-values were obtained using χ2 tests for categorical variables. Bold font implies statistical significance.

Table 1. The outcome and characteristics of patients
Factor N (%) Median OS (month) χ2 P HR 95% CI
Age 1.602 0.306 1.460 0.781~2.033
    ≥60 years 85 (50.60%) 11
    <60 years 83 (49.40%) 13.5
Sex 0.554 0.731 1.223 0.706~1.895
    Female 114 (67.86%) 14.0
    Male 54 (32.14%) 11.5
TNM stage 21.933 0.002 9.336 2.938~25.330
    I~II 36 (21.43%) 63
    III~IV 132 (78.57%) 12
Bleeding times 2.134 0.136 1.654 0.981~2.338
    Single time 141 (83.93%) 14
    ≥2 times 27 (16.07) 11.5
D-dimer (mg/L) 6.758 0.008 2.651 1.670~5.774
    Normal (0~0.55) 29 (17.26%) 46
    Elevated (>0.55) 124 (73.81%) 10
Hemoglobin (g/L) 4.569 0.140 1.357 1.039~1.998
    >90 49 (29.17%) 14
    60~90 66 (39.29%) 14
    <60 53 (77.94%) 11
Platelets (× 109 L-1) 4.584 0.933 1.033 1.303~1.947
    <100 38 (22.62%) 14
    100~300 85 (50.60%) 14
    >300 45 (26.78%) 12
Alkaline phosphatase (U/L) 3.495 0.035 1.394 0.957~3.454
    >100 51 (30.36%) 10
    ≤100 117 (69.64%) 15.5
Post-bleeding treatment 45.782 0.006 0.125 0.307~0.985
    Operation 79 (47.02%) 36
    Non-surgical 89 (52.98%) 7.5
P-values were obtained using χ2 tests for categorical variables. The Wilcoxon or paired t-tests were used for continuous vari-
ables. Bold font implies statistical significance. TNM: tumor, node, and metastases.

GI bleeding is mainly by inhibiting gastric acid 
secretion and reducing pepsin activity by in- 
creasing the pH value in the stomach [15]. In 
the clinical treatment of upper GI bleeding, inhi-
bition of gastric acid, hemostasis, fluid replace-

ment, and volume expansion are used to im- 
prove patients’ clinical symptoms and reduce 
their physical injury [16]. Clinical studies have 
shown that endoscopic hemostasis is essen- 
tial in reducing the morbidity and mortality of 
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Alkaline phosphatase >100 is a poor prognos-
tic factor for gastric cancer [25]. This study 
showed that the median survival time of pa- 
tients with serum alkaline phosphatase >100 
U/L was notably shorter than that of patients 
with alkaline phosphatase ≤100 U/L. Further- 
more, multivariate analysis showed that alka-
line phosphatase was an independent poor 
prognostic factor for patients. A recent study 
has highlighted that increased serum alkaline 
phosphatase is an independent risk factor 
affecting tumor-free survival in patients under-
going chemotherapy after radical resection of 
gastric tumor [26]. It is considered that patients 
with elevated serum alkaline phosphatase dur-
ing chemotherapy have an increased risk of 
recurrence and metastasis [27].

Earlier work indicated that gastric cancer pa- 
tients complicated with acute GI bleeding or 
perforation who underwent emergency opera-
tion had a better survival rate than those who 
did not [28]. Another study recommended that 
gastrectomy can be considered in patients with 
incurable gastric cancer who have digestive 
tract obstruction or uncontrollable GI bleed- 
ing, but lymph node dissection was not recom-
mended in such cases [29]. This study observ- 
ed that the survival of patients undergoing 
operation after hemorrhage was significantly 
better than that of patients without operation, 
suggesting that surgical treatment for gastric 
cancer patients with GI bleeding might improve 
the survival.

This study performed a comprehensive multi-
variate analysis of risk factors for upper GI 
bleeding in patients treated with TXA. The 
results showed that III~IV stage, time of TXA 
treatment, surgical treatment after hemor-
rhage, and an increase of D-dimer were identi-
fied as independent risk factors for upper GI 
bleeding after TXA treatment (all P<0.05). As a 
small fragment of fibrin-specific degradation 
products, D-dimer can reflect small changes in 
the coagulation-fibrinolysis system [30]. It was 
revealed that serum D-dimer level in patients 
with upper GI rebleeding was significantly high-
er than that in patients without rebleeding,  
suggesting that D-dimer can be used as a 
indexe to predict the risk of rebleeding [31].

The main limitation of this study is that the 
sample size is relatively small, and this is a  

Table 3. Comparison of the hemostatic effect 
between the control and TXA groups

Control group 
(n=85)

TXA  
(n=83)

Significant effect 20 (23.53%) 40 (48.19%)
Effective 47 (55.29%) 35 (42.17%)
Inefficiency 18 (21.18%) 8 (9.64%)
χ2 1.028
P value 0.033
TXA: Tranexamic acid. P-values were obtained using χ2 
tests for categorical variables. Bold font implies statisti-
cal significance.

patients with acute non-varicose upper GI 
bleeding [17]. Antifibrinolytic drugs such as  
TXA are used in the routine treatment of upper 
digestive tract bleeding. TXA is a synthetic ana-
log of lysine used to treat all kinds of bleeding 
caused by acute or chronic hyperfibrinolysis, 
whether it is localized or systemic [18]. Low-
dose TXA can inhibit plasminogen activation, 
and high-dose TXA can directly inhibit the activ-
ity of plasmin proteolytic enzyme, trypsin, and 
chymotrypsin [19]. TXA has a high affinity for 
the lysine binding region of plasminogen, which 
enables it to competitively inhibit the binding  
of fibrin lysine to plasmin, thus inhibiting the 
cleavage of fibrin clot and produce a hemostat-
ic effect [20].

This study retrospectively evaluated the clinical 
characteristics of 168 patients with gastric 
cancer complicated with GI bleeding. We found 
that TXA could effectively shorten the bleeding 
time, reduce the bleeding, and promote the 
recovery of body function. Studies have shown 
that TXA can reduce the rebleeding rate in 
patients with upper GI bleeding. A meta-analy-
sis has shown that TXA can significantly reduce 
all-cause mortality from GI bleeding but does 
not increase the risk of thromboembolic events 
[21]. Recently, a large international random-
ized, double-blind, placebo-controlled trial has 
shown that TXA can reduce the mortality and 
the risk of venous thromboembolism in patients 
with GI bleeding [22]. At present, there are no 
guidelines that provide clear recommendations 
on the use of TXA for the treatment of GI bleed-
ing [23]. However, another study suggested 
that TXA was not recommended for patients 
with acute GI bleeding until further strong evi-
dence emerges [24].
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Table 5. The Cox proportional hazard regression model of risk factors for upper GI bleeding after TAX 
treatment
Factor B SE Wald P HR 95% CI
TNM stage (III~IV) 1.839 0.750 5.936 0.013 6.227 1.339~20.035
Surgical treatment after bleeding -1.048 0.403 12.543 0.001 0.349 0.302~0.790
Alkaline phosphatase (>100 U/L) 0.026 0.436 0.033 0.914 1.441 0.509~1.257
D-dimer (Elevated) 0.449 0.401 0.017 0.012 1.049 0.607~1.339
OR: odds ratio; CI: confidence interval; TNM: tumor, node, and metastases.

Table 4. Comparison of blood coagulation indexes between the two groups before and after treatment
Time Control group (n=85) TXA group (n=83) P

PT (s) Before 11.67±0.89 11.720±0.755 0.040
After 15.87±1.46 12.433±0.910

aPTT (s) Before 39.44±3.04 38.490±2.66 0.005
After 46.03±4.55 32.87±2.50

TT (s) Before 25.60±5.69 23.40±4.50 0.001
After 23.40±4.33 15.90±2.31

Fbg (g/L) Before 2.93±0.78 3.50±0.66 0.009
After 2.18±0.44 3.48±0.78

TXA: Tranexamic acid; PT: prothrombin time; aPTT: activated partial thromboplastin time; TT: thrombin time; Fbg: fibrinogen. 
Data were exhibited by n (%) or mean (SD). Bold font implies statistical significance.

hospital-based single-center study. Also, there 
were some limitations in the source of patients. 
The monitoring time of TEG was short, and 
most of the patients with upper GI rebleeding 
treated in the emergency department were in 
critical condition. The next step in the research 
process is to increase the number of partici-
pants in order to gather more data and confirm 
the findings.

In this study, we observed that TXA injection as 
a treatment for GI hemorrhage resulted in sig-
nificantly better clinical outcomes in the TXA 
group compared to the control group, suggest-
ing that TXA can be an effective treatment for 
gastric cancer patients with upper GI bleeding. 
This study also found that patients with gastric 
cancer and upper GI bleeding had advanced 
stages of cancer and a poor prognosis, and 
active surgical treatment may improve the sur-
vival of these patients.

Disclosure of conflict of interest

None.

Address correspondence to: Hao Qin, Emergency 
Department, The Fourth Hospital of Hebei Medical 
University, Shijiazhuang 050000, Hebei, China. Tel: 

+86-0311-86095588; E-mail: jizhenqinhao@heb- 
mu.edu.cn

References

[1] Kumar V, Ramnarayanan K, Sundar R, Padma-
nabhan N, Srivastava S, Koiwa M, Yasuda T, 
Koh V, Huang KK, Tay ST, Ho SWT, Tan ALK, 
Ishimoto T, Kim G, Shabbir A, Chen Q, Zhang B, 
Xu S, Lam KP, Lum HYJ, Teh M, Yong WP, So 
JBY and Tan P. Single-cell atlas of lineage 
states, tumor microenvironment, and subtype-
specific expression programs in gastric cancer. 
Cancer Discov 2022; 12: 670-691.

[2] Khorobrykh TV, Abdulkhakimov NM, Agadzha-
nov VG, Aghayan DL and Kazaryan AM. Laparo-
scopic versus open surgery for locally ad-
vanced and metastatic gastric cancer com- 
plicated with bleeding and/or stenosis: short- 
and long-term outcomes. World J Surg Oncol 
2022; 20: 216.

[3] Grimaldi D, Legriel S, Pichon N, Colardelle P, 
Leblanc S, Canouï-Poitrine F, Ben Hadj Salem 
O, Muller G, de Prost N, Herrmann S, Marque 
S, Baron A, Sauneuf B, Messika J, Dior M, Cre-
teur J, Bedos JP, Boutin E and Cariou A. Isch-
emic injury of the upper gastrointestinal tract 
after out-of-hospital cardiac arrest: a prospec-
tive, multicenter study. Crit Care 2022; 26: 59.

[4] Guo CLT, Wong SH, Lau LHS, Lui RNS, Mak 
JWY, Tang RSY, Yip TCF, Wu WKK, Wong GLH, 

mailto:jizhenqinhao@hebmu.edu.cn
mailto:jizhenqinhao@hebmu.edu.cn


Efficacy and safety of tranexamic acid in the treatment of gastric cancer

931 Am J Transl Res 2024;16(3):925-932

Chan FKL, Lau JYW and Sung JJY. Timing of en-
doscopy for acute upper gastrointestinal bleed-
ing: a territory-wide cohort study. Gut 2022; 
71: 1544-1550.

[5] Meier B and Caca K. Gastrointestinal bleeding. 
Dtsch Med Wochenschr 2023; 148: 116-127.

[6] Stilidi IS, Sigua BV, Zemlyanoy VP, Kurkov AA 
and Gubkov II. Gastric cancer complicated  
by bleeding: a systematic review. Khirurgiia 
(Mosk) 2022; 101-114.

[7] Liu L, Liu H and Feng Z. A narrative review of 
postoperative bleeding in patients with gastric 
cancer treated with endoscopic submucosal 
dissection. J Gastrointest Oncol 2022; 13: 
413-425.

[8] Kate V, Sureshkumar S, Gurushankari B and 
Kalayarasan R. Acute upper non-variceal and 
lower gastrointestinal bleeding. J Gastrointest 
Surg 2022; 26: 932-949.

[9] Wang Z, Xie YW, Li YR, Yang JL and Xie Y. Analy-
sis and treatment experience of 25 cases of 
primary gastric lymphoma with acute upper 
gastrointestinal bleeding as the primary mani-
festation. Sichuan Da Xue Xue Bao Yi Xue Ban 
2022; 53: 404-408.

[10] Yang L. Current interventional management of 
acute upper gastrointestinal bleeding. Sichuan 
Da Xue Xue Bao Yi Xue Ban 2022; 53: 361-
366.

[11] Lee PL, Yang KS, Tsai HW, Hou SK, Kang YN 
and Chang CC. Tranexamic acid for gastroin-
testinal bleeding: a systematic review with 
meta-analysis of randomized clinical trials. Am 
J Emerg Med 2021; 45: 269-279.

[12] Burke E, Harkins P and Ahmed I. Is there a role 
for tranexamic acid in upper GI bleeding? A 
systematic review and meta-analysis. Surg Res 
Pract 2021; 2021: 8876991.

[13] Ockerman A, Vanassche T, Garip M, Vandenbri-
ele C, Engelen MM, Martens J, Politis C, Jacobs 
R and Verhamme P. Tranexamic acid for the 
prevention and treatment of bleeding in sur-
gery, trauma and bleeding disorders: a narra-
tive review. Thromb J 2021; 19: 54.

[14] Gong Y, Pan S, Wang X, Zhu G, Xu H and Zhu Z. 
A novel lymph node staging system for gastric 
cancer including modified Union for cancer 
Control/American Joint Committee on cancer 
and Japanese Gastric Cancer Association cri-
teria. Eur J Surg Oncol 2020; 46: e27-e32.

[15] Pih GY, Jeon SJ, Ahn JY, Na HK, Lee JH, Jung 
KW, Kim DH, Choi KD, Song HJ, Lee GH, Jung 
HY and Kim SO. Clinical outcomes of upper 
gastrointestinal bleeding in patients with gas-
tric gastrointestinal stromal tumor. Surg En-
dosc 2020; 34: 696-706.

[16] Laine L, Barkun AN, Saltzman JR, Martel M 
and Leontiadis GI. ACG clinical guideline: up-
per gastrointestinal and ulcer bleeding. Am J 
Gastroenterol 2021; 116: 899-917.

[17] Kim JS, Kim BW, Kim DH, Park CH, Lee H, Joo 
MK, Jung DH, Chung JW, Choi HS, Baik GH, Lee 
JH, Song KY and Hur S. Guidelines for non-
variceal upper gastrointestinal bleeding. Kore-
an J Gastroenterol 2020; 75: 322-332.

[18] Wong J, George RB, Hanley CM, Saliba C, Yee 
DA and Jerath A. Tranexamic acid: current use 
in obstetrics, major orthopedic, and trauma 
surgery. Can J Anaesth 2021; 68: 894-917.

[19] Wang K, Geiger H and McMahon A. Tranexamic 
acid for ACE inhibitor induced angioedema. Am 
J Emerg Med 2021; 43: 292.e295-292.e297.

[20] Sentilhes L, Winer N, Azria E, Sénat MV, Le Ray 
C, Vardon D, Perrotin F, Desbrière R, Fuchs F, 
Kayem G, Ducarme G, Doret-Dion M, Huissoud 
C, Bohec C, Deruelle P, Darsonval A, Chrétien 
JM, Seco A, Daniel V and Deneux-Tharaux C; 
Groupe de Recherche en Obstétrique et Gyné-
cologie. Tranexamic acid for the prevention of 
blood loss after vaginal delivery. N Engl J Med 
2018; 379: 731-742.

[21] Ker K, Mansukhani R, Shakur-Still H, Arribas 
M, Beaumont D and Roberts I. Tranexamic 
acid for gastrointestinal bleeding: can a reduc-
tion in the risk of death be discounted? A sys-
tematic review and meta-analysis of individual 
patient data from 64724 bleeding patients. 
BMJ Open 2023; 13: e059982.

[22] Brenner A, Afolabi A, Ahmad SM, Arribas M, 
Chaudhri R, Coats T, Cuzick J, Gilmore I, 
Hawkey C, Jairath V, Javaid K, Kayani A, Mutti 
M, Nadeem MA, Shakur-Still H, Stanworth S, 
Veitch A and Roberts I; HALT-IT Trial Collabora-
tors. Tranexamic acid for acute gastrointestinal 
bleeding (the HALT-IT trial): statistical analysis 
plan for an international, randomised, double-
blind, placebo-controlled trial. Trials 2019; 20: 
467.

[23] Fischer K, Awudi E, Varon J and Surani S. Role 
of tranexamic acid in the clinical setting. Cure-
us 2020; 12: e8221.

[24] Davis S, Nawab A, van Nispen C and Pourmand 
A. The role of tranexamic acid in the manage-
ment of an acutely hemorrhaging patient. 
Hosp Pharm 2021; 56: 350-358.

[25] Wang Y, Xiong F, Yang J, Xia T, Jia Z, Shen J, Xu 
C, Feng J and Lu Y. Decreased albumin-to-alka-
line phosphatase ratio predicted poor survival 
of resectable gastric cancer patients. J Gastro-
intest Oncol 2021; 12: 1338-1350.

[26] Sun P, Chen S and Li Y. The association be-
tween pretreatment serum alkaline phospha-
tase and prognosis in hepatocellular carcino-
ma: a meta-analysis. Medicine (Baltimore) 
2020; 99: e19438.

[27] Li YT, Zhou XS, Han XM, Tian J, Qin Y, Zhang T 
and Liu JL. Pretreatment serum albumin-to-al-
kaline phosphatase ratio is an independent 
prognosticator of survival in patients with met-



Efficacy and safety of tranexamic acid in the treatment of gastric cancer

932 Am J Transl Res 2024;16(3):925-932

astatic gastric cancer. World J Gastrointest On-
col 2022; 14: 1002-1013.

[28] Wu L, Shang R, Sharma P, Zhou W, Liu J, Yao L, 
Dong Z, Yuan J, Zeng Z, Yu Y, He C, Xiong Q, Li 
Y, Deng Y, Cao Z, Huang C, Zhou R, Li H, Hu G, 
Chen Y, Wang Y, He X, Zhu Y and Yu H. Effect of 
a deep learning-based system on the miss rate 
of gastric neoplasms during upper gastrointes-
tinal endoscopy: a single-centre, tandem, ran-
domised controlled trial. Lancet Gastroenterol 
Hepatol 2021; 6: 700-708.

[29] Ju MR, Wang SC, Zeh HJ and Porembka MR. 
Minimally invasive gastrectomy for cancer and 
anastomotic options. J Surg Oncol 2020; 122: 
49-60.

[30] Pannu TS, Villa JM, Riesgo AM, Patel PD, Bar-
soum WK and Higuera-Rueda CA. Serum D-di-
mer in the diagnosis of periprosthetic knee in-
fection: where are we today? J Knee Surg 
2020; 33: 106-110.

[31] Kruger PC, Eikelboom JW, Douketis JD and 
Hankey GJ. Deep vein thrombosis: update on 
diagnosis and management. Med J Aust 2019; 
210: 516-524.


