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Background: Patients with colorectal cancer are at an increased risk of

hemostatic disturbances, and recent studies have shown that coagulation

disorders could be the first sign of malignancy. Although coagulopathy is a

significant cause of cancer-related death and disability, it is usually

underestimated, and there has been no recent scientific evidence regarding

the exact burden and its specific determinants. Moreover, the public health

importance of the risk of coagulopathy among patients with colorectal polyps

has not been addressed.

Materials and methods: An institution-based comparative cross-sectional study

was conducted on a total of 500 study participants (250 colorectal cancer

patients, 150 colorectal polyp patients, and 100 controls) from January to

December 2022. Venous blood was collected for basic coagulation and

platelet analysis. Descriptive statistics and non-parametric tests (Kruskal–Wallis

and Dunn–Bonferroni pairwise comparisons) were used to compare study

parameters among the groups. The test results were expressed as medians

and interquartile ranges. Binary logistic regressions were fitted, and statistical

significance was declared at a p-value of less than 0.05, with 95% CI.

Results: The prevalence of coagulopathy among colorectal cancer patients was

198 (79.2%; 95% CI: 73.86, 83.64), while the prevalence was 76 (50.7%; 95% CI:

45.66, 54.34) among colorectal polyp patients. From the final model, age

between 61 and 70 (AOR = 3.13: 95% CI: 1.03, 6.94), age > 70 years (AOR =

2.73: 95% CI: 1.08, 4.71), hypertension (AOR = 6.8: 95% CI: 1.07, 14.1), larger

tumor size (AOR = 3.31: 95% CI: 1.11, 6.74), metastatic cancer (AOR = 5.8: 95% CI:
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1.1, 14.7), and BMI ≥30 kg/m2 (AOR = 3.8: 95% CI: 2.3, 4.8) were positively

associated with coagulopathy.

Conclusion: This study showed that coagulopathy is a major public health

concern among patients with colorectal cancer. Therefore, existing oncology

care efforts should be strengthened to prevent coagulopathy among patients

with colorectal cancer. Moreover, patients with colorectal polyps should receive

more attention.
KEYWORDS

coagulopathy, thromboembolic event, basic coagulation profiles, colorectal
cancer, Ethiopia
1 Introduction

Colorectal cancer (CRC) is a significant cause of morbidity and

mortality worldwide, and it is especially on the rise in sub-Saharan

African countries (1). Worldwide, approximately 35 million people

die due to non-communicable diseases like cancer, of which

approximately 80% of deaths occur in developing countries (2, 3).

CRC, which comprises approximately 10.2% of gastrointestinal (GI)

cancers, is relatively prevalent with lethal groups of malignancy

arising from the inner lining of the colon or rectum (4). Globally, GI

cancers account for one in four cancer cases and one in three cancer

deaths, and in recent times, although the overall prevalence of GI

cancer has decreased, CRC incidence has increased globally,

including in formerly low-incidence regions (5). According to

WHO, CRC is the third most commonly diagnosed cancer in

men and the second in women, and the lifetime risk of

developing CRC is also high, estimated to be 1 in 23 (4.3%) for

men and 1 in 25 (4.0%) for women (6). In the United States, CRC is

the third leading cause of cancer-related deaths and the second most

common cause of cancer-related deaths. In 2022, it was estimated to

cause approximately 52,580 deaths, and in younger people, deaths

from CRC have increased by 1% per year since 2008 (7, 8). CRC is

one of the most common causes of morbidity and mortality in

developing countries, and its occurrence is higher than that in other

European, American, and Chinese countries (9, 10). In Africa,

mortality from CRC has increased over time (3) due to the

increased prevalence of risk factors such as growth and aging of

the population, sedentary lifestyle, lack of modern treatment

system, late presentation, increased comorbid illness, and poor

awareness (11, 12).

Acute and chronic cancer-related complications that arise either

as an initial malignancy manifestation or due to its progression are

often the main cause of cancer-related mortality and hospital

admission. These complications influence the prognosis and

timing of cancer diagnosis, as well as the timing and receipt of

treatment outcomes (13).

Cancer patients are usually associated with an increased risk of

hemostatic disturbances and thromboembolic events (6, 14) and

recent studies have shown that coagulation disorders could be the
02
first sign of malignancy, and coagulation and fibrinolysis indicators

are deranged in the blood-supplying tumors and peripheral blood of

cancer patients, suggesting that cancer can directly affect the

coagulation and fibrinolytic systems (15). Among CRC patients,

clinical and subclinical changes in the coagulation and fibrinolysis

systems, thrombotic disease, and disseminated intravascular

coagulation are particularly common (16). Since it was first

identified in the early 19th century by Professor Armand

Trousseau [Trousseau’s syndrome (TS)] (17), thromboembolic

events have become an important public health burden for cancer

patients and are associated with a complicated surgery,

hospitalizations, and systemic therapies (18). Among patients

with CRC, thromboembolic complications are becoming the

second leading cause of death by interrupting or delaying

essential cancer treatments, often with increased healthcare

resource utilization (19, 20).

Recent international studies have reported that multiple risk

factors, including patient-related (advanced age, race, sex,

comorbidities, obesity, and history of thrombosis), cancer-related

(primary tumor site, disease stage/grade, cancer histology type, and

duration since initial diagnosis), and cancer treatment-related

(chemotherapy, radiotherapy, surgery, anti-angiogenic agents,

hormonal therapy, and transfusions) factors are associated with

an increased risk of developing coagulopathy (21, 22). The overall

prevalence and mortality rates of CRC are higher in men due to a

number of biological and gender-related behavioral factors like high

consumption of red and processed meat, high rate of alcohol

consumption, smoking, higher risk of visceral obesity, and the

protective role of estrogen hormone in women; however, women

were found to have more aggressive forms of the cancer (23). To

avoid cancer-related complications, such as coagulopathy,

minimize mortality, and enhance patient quality of life, it is

critical to recognize and manage risk factors early. In Ethiopia,

despite the increased incidence and prevalence of CRC and its

complications, the relatively high incidence of CRC mortality, and

the high rate of delay to diagnosis, CRC receives a relatively low

public health priority due to low public awareness, scarce financial

resources, weak healthcare systems, a shortage of oncologists, and

an already overburdened economy (24). Evidence also indicated
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that the Ethiopian public lacks a comprehensive understanding of

CRC and its risk factors, warning signs and symptoms, and early

and late complications (25).

However, data on the prevalence and determinants of

coagulopathy among patients with CRC in Ethiopia are limited.

Moreover, documented data about the prevalence and associated

factors of coagulopathy among CRC patients are important to

understand the disease burden, identify high-risk groups, and

develop effective preventive strategies. From this perspective, this

study aimed to assess the prevalence of thromboembolic events and

the prevalence and determinants of coagulopathy among adult CRC

patients visiting the oncology units of public referral hospitals in

Addis Ababa, Ethiopia.
2 Materials and methods

2.1 Study design, setting, and period

An institution-based comparative cross-sectional study was

conducted from January to December 2022 at oncology centers in

referral hospitals of Addis Ababa, Ethiopia, namely, Tikur Anbessa

Specialized Hospital, Zewditu Memorial Hospital, and St. Paul

Specialized Hospital. Currently, these hospitals provide basic

cancer diagnosis, follow-up, chronic care, chemo/radiotherapy,

surgery, and other services to almost all Ethiopian clients.
2.2 Study participants, sample size, and
sampling techniques

The study was conducted with 500 participants. In this study, all

adult participants (≥18 years old) of both sexes were included. The

study participants were divided into three groups: Group I

comprised 250 histopathologically confirmed CRC patients,

diagnosed and on chronic follow-up; CRC patients who were

admitted for anticancer treatment (chemotherapy/surgery); and

CRC patients admitted due to any cancer-related complication

management but who did not receive any type of anticancer

treatment at the selected hospitals during the data collection

period. To analyze and compare the evaluated basic coagulation

parameters, in addition to CRC patients, our study also recruited

150 histopathologically confirmed (colonoscopy or flexible

sigmoidoscopy) colorectal polyp (CRP) patients who visited the

selected hospitals or were on chronic follow-ups, and who did not

receive any type of treatment during the data collection period as

group II and 100 apparently healthy volunteers as the third group

(group III), which included apparently healthy adults who visited

the selected study areas for any reason (clinical and administrative

staff members, patient attendants) during the study period. For all

healthy controls, after screening (detailed medical record review

and physical examination) for any acute febrile illness and chronic

disease, including known cancer, CT scan imaging was performed

for any lesion. Finally, individuals who fulfilled the selection criteria

and had no lesions were included (sex and age range matched).
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2.3 Inclusion and exclusion criteria

All adult CRC and CRP patients whose age was older than 18

years and visiting the selected hospitals during the study period

(from January 2022 to December 2022) were included in the study.

Starting from 1 January 2022, all consecutive patients (CRC and

CRP) were evaluated on the first day of diagnosis and/or

hospitalization, and those fulfilling the eligibility criteria were

included. Study participants on chronic anticoagulation therapy,

those with a history of thromboembolic events in the past 3 months,

and pregnant women were excluded from the study for all groups.
2.4 Data collection procedures

2.4.1 Sociodemographic and clinical
data collection

To collect baseline information on study participants’

sociodemographic characteristics and related information, an

interviewer-based pretested and structured questionnaire was

used. Clinical and histopathological data [medical conditions/

comorbidities, HIV/AIDS status, primary tumor location (colon,

rectal), tumor size, sites of metastases, risk factors for coagulopathy,

and BMI] were abstracted from the patient’s medical chart by

medical record review using a structured checklist with a physical

examination. The tools were prepared by reviewing many similar

international studies with some modifications in the local context,

but most were developed by researchers after consulting oncologists

and hematologists. The questionnaire was first prepared in English

and then translated into Amharic, and the final tool was prepared in

English after retranslating the Amharic version for consistency

purposes. Pretests were performed on 5% of the total sample size,

and modifications were made accordingly.

2.4.2 Blood sample collection and laboratory
analysis procedure

Before surgery or any other treatment modality, the study

participants were well-informed and made aware of the aim of

the study. After obtaining written informed consent, blood samples

and responses to the questionnaires were collected by qualified

laboratory personnel following standard operating procedures

(SOPs). A total of 500 fasting blood samples (250 CRC patients,

150 CRP patients, and 100 controls) with a volume of

approximately 8 ml were collected and dispensed into a test tube

containing 0.3 ml of 3.2% trisodium citrate, and platelet-poor

plasma (PPP) was obtained after centrifugation at 1,500 g for

15 min. Then, using PPP, basic coagulation parameters PT

(prothrombin time), APTT (activated partial thromboplastin

clotting time), and INR (international normalized ratio) were

analyzed using a HUMACLOT DUE PLUS coagulation analyzer

(Wiesbaden, Germany). During the analysis, the analyzer read the

clotting time of APTT and displayed the result in seconds, and the

time taken for clot formation (in seconds) was recorded for the PT

measurement. The INR was calculated and displayed from the PT

output. For platelet count, approximately 3 ml of whole blood was
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analyzed using the SYSMEX K-21N automated hematology

analyzer (Sysmex Corporation, Kobe, Japan). All laboratory

analyses were conducted following SOPs and the manufacturers’

recommendations. All laboratory analyses were conducted on the

same day as blood sample collection.

2.4.3 Thromboembolic and bleeding events
The study participants (CRC and CRP patients) were also

assessed for the development of thromboembolic and bleeding

events. For all included CRC patients, contrast-enhanced CT was

performed, and a diagnosis of a thromboembolic event was made

based on the description by the original reporting radiologist. We

also included patients with CRC who developed all types of

thromboembolic events detected by CT or additional imaging

tests within 1 month of admission. Upon reviewing the medical

records of patients with CRC on chronic follow-up, radiologic

imaging was repeated if the imaging was performed before a

month. The same imaging procedure was performed for the CRP

patient groups.

Bleeding events were assessed according to the International

Society on Thrombosis and Hemostasis definitions of major

bleeding and clinically relevant non-major bleeding.

2.4.4 Operational definitions
Coagulopathy was considered an abnormality in one of the

basic coagulation parameters assessed: prolonged PT and/or APTT

values, thrombocytopenia, abnormally high PT/international

normalized ratio (INR), or APTT.

Normal time for PT: The normal time for PT was considered

between 10 and 14 s.

Normal time for APTT: The normal APTT time was considered

24–36 s.

Abnormal high INR: The normal INR was considered 0.8–1.2.

Normal platelet count: Platelet count between 150,000 and

400,000/µl.
2.5 Data processing and statistical analysis

Before analysis, the data were checked for completeness and

internal consistency, coded and entered into Epidata version 4.6, and

analyzed using STATA software version 16. Descriptive statistics, such

as percentages, mean, median, IQR, and standard deviations, were used

to present the sociodemographic and clinical characteristics of the

study participants. Non-parametric Kruskal–Wallis tests followed by

Dunn–Bonferroni pairwise comparison tests were used to compare the

median (IQR) values of the different serum parameters between the

case and control groups. Binary logistic regression analysis was used to

examine independent variables associated with coagulopathy. Bivariate

logistic regression was used to rank the relative importance of each

independent variable with the outcome variables using odds ratios.

Variables with a p-value of less than 0.25 in the bivariate analysis were

chosen for multiple logistic regression analysis. Finally, AOR with 95%

confidence intervals (CIs) was used, and p-values less than 0.05 were

used to determine statistically significant factors.
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2.6 Data quality assurance

Before actual data collection, training and discussion with the

data collectors, laboratory technicians, and supervisors were

undertaken regarding the content of the questionnaires, data

collection techniques, and measurement procedures. Before data

collection, a pretest was performed on 5% of the sample size to

determine the effectiveness and consistency of the questionnaire

under the direct supervision of an oncologist, after the supervisors

and principal investigator checked them daily for accuracy,

consistency, and completeness. Blood samples were collected

using aseptic techniques and standard operating procedures. The

kit was free of contamination and checked for consistency. All

laboratory procedures were handled by professional laboratory

technologists, and the results were checked daily for completeness

by an immediate supervisor.

This cross-sectional study was appraised according to the

Strengthening The Reporting of Observational Studies in

Epidemiology (STROBE) (Appendix A) (26).
3 Results

3.1 Sociodemographic characteristics of
study participants

A total of 500 adult participants participated in this study with a

100% response rate. The study participants were in three groups: 250

CRC patients, 150 CRP patients, and 100 healthy controls. The median

ages of the CRC patients, CRP patients, and control groups were 42.5,

57.0, and 50.0 years, respectively. In the study, only 4 (1.6%), 1 (0.7%),

and 1 (1.0%) of study participants had a family history of CRC for the

respective CRC, CRP, and control groups (Table 1).
3.2 Histological, pathological, and clinical
characteristics of study participants

Out of the 250 CRC patients, more than half (148, 59.2%) had a

tumor located in the colon. Histopathological examination showed

that adenocarcinoma (199, 79.6%) and mucinous adenocarcinoma

(34, 13.6%) were the common histologic types, and 116 (46.4%) and

47 (18.8%) were moderately and poorly differentiated, respectively.

Among the 150 CRP patients who participated, 122 (81.3%) had

only one polyp, and histological examination revealed that the

neoplastic histological type was dominant (103, 68.6.3%), of which

50 (48.5%) were tubulovillous adenomas and 32 (31.1%) were

tubular adenomas (Table 2).
3.3 Basic coagulation and platelet profiles
of study participants

In this study, compared to apparently healthy and CRP patients,

PT, INR, and APTT were prolonged in most CRC patients, of

whom 190 (76%), 178 (71.2%), and 107 (42.8%) had prolonged PT,
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TABLE 1 Sociodemographic characteristics of study participants at the referral hospitals of Addis Ababa, Ethiopia, 2022.

Variables Categories CRC (N = 250)
N (%)

CRP (N = 150)
N (%)

Control group (N = 100)
N (%)

Age (years) ≤50
51–60
61–70
>71

149 (59.6)
39 (15.6)
42 (16.8)
20 (8.0)

21 (14.0)
30 (20.0)
41 (27.4)
58 (38.6)

31 (23.0)
26 (26.0)
37 (37.0)
6 (6.0)

Gender Male
Female

157 (62.8)
93 (37.2)

97 (64.7)
53 (35.3)

59 (59.0)
41 (41.0)

Residence Urban
Rural

98 (39.2)
152 (60.8)

68 (45.3)
82 (54.7)

60 (60.0)
40 (40.0)

Marital status Single
Married
Widowed

90 (36.0)
145 (58.0)
15 (6.0)

30 (60.0)
13 (26.0)
7 (14.0)

17 (17.0)
73 (73.0)
10 (10.0)

Educational status Illiterate
Primary school
Secondary school
College/University

33 (13.2)
62 (24.8)
41 (16.4)
114 (45.6)

28 (18.7)
30 (20.0)
30 (20.0)
50 (33.3)

7 (7.0)
7 (7.0)
10 (10.0)
76 (76.0)

Religion Orthodox
Protestant
Muslim
Other

92 (37.0)
85 (34.0)
70 (28.0)
3 (1.2)

81 (54.0)
33 (22.0)
35 (23.3)
1 (0.7)

46 (46.0)
29 (29.0)
25 (25.0)
0 (0.0)

Alcohol consumption Yes
no

17 (6.8)
233 (93.2)

14 (9.3)
136 (90.7)

7 (7.0)
93 (93.0)

Smoking Yes
no

18 (7.2)
232 (92.8)

7 (4.7)
143 (95.3)

2 (2.0)
98 (98.0)

Family history of colorectal cancer Yes
No
Unspecified

4 (1.6)
102 (40.8)
144 (57.6)

1 (0.7)
50 (33.3)
99 (66.0)

1 (1.0)
50 (50.0)
49 (49.0)

Family history of colorectal polyp Yes
No
Unspecified

2 (0.8)
52 (20.8)
196 (78.4)

1 (0.7)
50 (33.3)
99 (66.0)

1 (0.01.0)
50 (50.0)
49 (49.0)

Family history of bleeding Yes
No
Unspecified

2 (0.8)
52 (20.8)
196 (78.4)

1 (0.7)
50 (33.3)
99 (66.0)

1 (0.01)
50 (50.0)
49 (49.0)

Physical exercise habits Never
Once a week
2–3 times a week
4–6 times a week

153 (61.2)
78 (31.2)
14 (5.6)
5 (2.0)

81 (54.0)
22 (14.7)
36 (24.0)
11 (7.3)

59 (59.0)
22 (22.0)
13 (13.0)
6 (6.0)

Body mass index (kg/m2) Underweight (<18.5)
Normal weight (18.5–24.9)
Overweight (25–29.9)
Obese (≥30)

80 (32.0)
130 (52.0)
34 (13.6)
6 (2.4)

10 (6.7)
92 (61.3)
41 (27.3)
7 (4.7)

5 (5.0)
64 (64.0)
24 (24.0)
7 (7.0)

Hypertension Yes
No

19 (7.6)
231 (92.4)

14 (9.3)
136 (90.7)

6 (6.0)
94 (94.0)

Diabetes mellitus Yes
No

2 (0.8)
248 (99.2)

0 (0.0)
150 (100.0)

1 (1.0)
99 (99.0)

Cardiac disease Yes
No

2 (0.8)
248 (99.2)

0 (0.0)
150 (100.0)

1 (1.0)
99 (99.0)

HIV/AIDS Yes
No

13 (5.2)
237 (94.8)

17 (11.3)
133 (88.6)

23 (23.0)
77 (77.0)
F
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INR, and APTT, respectively, and 65 (26%) CRC patients had

thrombocytopenia (Table 3).
3.4 Commutative prevalence of
coagulopathy among study participants

In this study, the overall prevalence of coagulopathy among

CRC patients was 198 (79.2%; 95% CI: 73.86, 83.64), of whom 190

(76.0%) showed prolonged PT, 178 (71.2%) showed prolonged

APPT, and 65 (26.0%) showed thrombocytopenia. Furthermore,

the total prevalence of coagulopathy among CRP patients was 76

(50.7%; 95% CI: 45.66, 54.34). From them, the prevalence of

prolonged PT was 40.7% (61/150), and 8.0% (12/150) had

thrombocytopenia (Table 3).
3.5 Comparison of basic coagulation and
platelet parameters among study groups

Non-parametric tests, Kruskal–Wallis followed by Dunn–

Bonferroni pairwise comparison test, were used to compare the

median and IQR values and the median and IQR differences in basic

coagulation and platelet parameters between study groups. In the
Frontiers in Oncology 06
Kruskal–Wallis analysis, the median [IQR] PT, APTT, and INR

showed statistically significant differences among the CRC, CRP,

and healthy control groups (p < 0.001) (Table 4).

In multiple pairwise comparison analysis using Dunn–

Bonferroni pairwise comparison, the median [IQR] values of PT

showed a statistically significant difference across all study groups,

while the median [IQR] values of INR and platelet count among

CRC patients were significantly different compared to CRP and

healthy controls (p < 0.001). The median [IQR] values of platelet

count showed significant differences between the CRC and CRP

patients (p < 0.001), but there was no significant difference between

the CRP and healthy control groups (p ≥ 0.271) (Table 4).
3.6 Prevalence of thromboembolic
and hemorrhagic events among the
study participants

In this study, the overall prevalence of thromboembolic events

among CRC patients was 17 (6.8%), of which 9 (52.9%) were in the

form of pulmonary embolism, followed by deep venous thrombosis

(3, 17.6%), and most of the pulmonary embolisms were

asymptomatic segmental (7/9, 77.8%). Thromboembolic events

were also observed in the examined CRP patients, with a
TABLE 2 Histological, pathological, and clinical characteristics of study participants at referral hospitals of Addis Ababa, Ethiopia, 2022.

Variables Categories CRC N = 250
N (%)

CRP N = 150
N (%)

Primary tumor site Colon
Rectum

148 (59.2)
102 (40.8)

108 (72.0)
42 (28.0)

Tumor histopathology Adenocarcinoma
Mucinous adenocarcinoma
Signet ring cell adenocarcinoma
Unspecified

199 (79.6)
34 (13.6)
12 (4.8)
5 (2.0)

NA

Tumor grade Well differentiated
Moderately differentiated
Poorly differentiated
Undifferentiated

54 (21.6)
116 (46.4)
47 (18.8)
33 (13.2)

NA

Tumor size (cm) 0–2
2–5
5–10
≥10

28 (11.2)
136 (54.4)
77 (30.8)
9 (3.6)

NA

Distant metastasis Yes
No

124 (49.6)
126 (50.4)

NA

Lymph node involvement Node negative
Node positive
Node unknown

59 (23.6)
175 (70.0)
16 (6.4)

NA

Lymph vascular invasion Yes
No
Unspecified

6 (2.4)
152 (60.8)
92 (36.8)

NA

CEA level Not elevated (≤5 ng/ml)
Elevated (>5 ng/ml)
Unspecified

110 (44.0)
131 (52.4)
9 (3.6)

NA

Duration since diagnosed (years) <1.5 years
1.5–3 years
>3 years

150 (60.0)
62 (24.8)
38 (15.2)

72 (48.0)
41 (27.3)
37 (24.7)
CRC, colorectal cancer; CRP, colorectal polyp; CEA, carcinoembryonic antigen; NA, not applicable.
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cumulative prevalence of 6 (4%), and the majority (4/6, 66.7) were

in the form of pulmonary embolism. Bleeding events were observed

in 2 (0.8%) CRC patients (Table 5).
3.7 Determinant factors associated
with coagulopathy among colorectal
cancer patients

In the bivariate logistic regression analysis, old age CRC

patients, physical exercise, BMI, tumor size, hypertension,
Frontiers in Oncology 07
duration since CRC diagnosis, and cancer metastasis were crudely

associated with coagulopathy. However, after statistical adjustments

in the final model, physical exercise and duration since cancer

diagnosis were not independent predictors of the outcome

variable (Table 6).

The result of the multivariable logistic regression analysis

showed that those CRC patients of age between 61 and 70 and

greater than 70 years were 3.13 (AOR = 3.13: 95% CI: 1.03, 6.94)

and 2.73 (AOR = 2.73, 95% CI: 1.08, 4.71) times more likely to have

coagulopathy than younger age groups, respectively. CRC patients

who had hypertension were 6.8 (AOR = 6.8; 95% CI: 1.07, 14.1)
TABLE 3 Basic coagulation profiles and platelet parameters of study participants at referral hospitals of Addis Ababa, Ethiopia, 2022.

Variable Categories CRC (N=250) N (%) CRP (N=250) N (%) Control groups (N=250)
N (%) Reference range

PT(sec.)

Range 9.9-27.2 9.5-17.9 9.8-14.4

10s–14sNormal 60(24.0) 89(59.3) 90(90.0)

Prolonged 190 (76.0) 61 (40.7) 10 (10.0)

INR

Range 0.92-2.17 0.79-1.47 0.75-1.15

0.8–1.2Normal 72(28.8) 92(61.3) 90(90.0)

Prolonged 178 (71.2) 58 (38.7) 10(10.0)

APTT(sec.)

Range 21.7-72.7 28.7-49.2 27.3-43.4

24s–36sNormal 143(57.2) 113(75.3) 93(93.0)

Prolonged 107 (42.8) 37 (24.7) 7 (7.0)

PLT (×103/ ml)

Range 74-635 94–434 139-251

150-400*103/ml
Low 65 (26.0) 12 (8.0) 1 (1.0)

Normal 180 (72.0) 138(92.0) 99 (99.0)

High 5(2.0) 0 (0.0) 0 (0.0)
CRC, colorectal cancer; CRP, colorectal polyp; PT, prothrombin time; PTA, prothrombin time activity; INR, international normalized ratio; APTT, activated partial thromboplastin time; PLT,
platelet count.
TABLE 4 Comparative analysis of basic coagulation and platelet parameters (Kruskal–Wallis followed by post hoc analysis using Dunn–Bonferroni
correction) of study participants at referral hospitals of Addis Ababa, Ethiopia, 2022.

Variable CRC (N = 250)
Median [IQR]

CRP (N = 150)
Median [IQR]

Healthy controls (N = 100)
Median [IQR]

p-value

PT (s) 15.4 [2.96] 13.5 [2.69] 13.1 [2.46] <0.001*

INR 1.37 [0.28] 1.18 [0.25] 1.11 [0.24] <0.001*

APTT (s) 35.91 [11.7] 33.7 [10.30] 29.4 [5.22] <0.001*

Platelet count 309 [106] 237 [85] 227 [83] <0.001*

Multiple pairwise comparisons using Dunn–Bonferroni correction

Parameters CRC vs. Healthy control CRC vs. CRP CRP vs. Healthy control

PT (s) <0.001* <0.001* <0.001*

INR <0.001* <0.001* 0.301

APTT (s) <0.001* 0.111 <0.001*

Platelet count <0.001* <0.001* 0.271
fron
CRC, colorectal cancer; CRP, colorectal polyp; PT, prothrombin time; PTA, prothrombin time activity; INR, international normalized ratio; APTT, activated partial thromboplastin time; PLT,
platelet count; IQR, interquartile range; *p < 0.005.
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times more likely to develop coagulopathy than normotensive CRC

patients. The likelihood of developing coagulopathy was 3.31 (AOR

= 3.31: 95% CI: 1.11, 6.74) times higher in those CRC patients who

have a larger tumor size (≥10) than in those with a smaller size.

CRC patients who had metastatic cancer were 5.8 (AOR = 5.8; 95%

CI: 1.1, 14.7) more likely to develop coagulopathy when compared

to those patients who had no metastatic cancer. Finally, cancer

patients with a BMI ≥30 kg/m2 (obese patients) had 3.8 (AOR = 3.8:

95% CI: 2.3, 4.8) times higher odds of the likelihood of developing

coagulopathy than those patients with lower BMI (Table 6).
4 Discussion

In the present study, thromboembolic events, basic coagulation

parameters, and determinant factors associated with the likelihood

of developing coagulopathy among CRC patients attending

oncology centers in the public referral hospitals of Addis Ababa

are reported. Recent evidence has reported that CRC patients are at

an increased risk of hemostatic disturbance, causing significant

morbidity, worsened quality of life, and poorer prognosis (27–29).

In this study, the overall prevalence of coagulopathy among

CRC patients was 198 (79.2%), of whom 190 (76%), 178 (71.2%),

and 107 (42.8%) had prolonged PT, INR, and APTT, respectively,

while 65 (26%) CRC patients had thrombocytopenia. Comparative

analysis also confirmed that the evaluated basic coagulation

parameters were significantly higher in CRC patients than in CRP

patients and healthy controls (p < 0.001). This result was in

agreement with the findings reported in Guangzhou, China (27)

and two other studies (30, 31) where PT, APTT, and INR were

significantly elevated among CRC patients compared with healthy

controls (p < 0.05). Zhang et al. (27) also discovered that among
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CRC patients, APTT increased gradually, and PT and APTT can

have prognostic value and help predict mortality, as these values

increased significantly in patients with advanced-stage CRC than

those in an early stage (27). Studies have also revealed that APTT

could be used as a reference index, and patients with elevated

APTT, especially in the early stage, could have poor prognoses by

causing decreases in blood coagulation function, which could lead

to colorectal bleeding (32, 33). The extent of elevation of PT, APTT,

and INR in this study was higher than that reported in other cancer

patients, such as those with breast, multiple myeloma, and lung

cancer (34, 35).

Hematologic disturbances among cancer patients are

multifactorial, and the mechanisms are not fully understood (36).

However, the interaction of cancer cells with the host’s endothelial

cells and cancer cell expression of different pro-coagulant molecules,

including tissue factor, which has factor-activating properties and

induces the formation of platelet microthrombi, are believed to play a

role (37–39). Malignant tumor growth, weakened immunity, physical

failure, and deranged liver function may also be responsible for

elevated serum PT and APTT levels (36).

Patients with CRC are also known to have a substantially higher

risk of thromboembolic and bleeding events (40, 41). In the present

study, the overall prevalence of thromboembolic events was 17

(6.8%), of which most (9, 52.9%) were in the form of pulmonary

embolism. The study result was higher than the results of studies

conducted in America (4.1%) (41) and Italy (5.4%) (42) but was

lower than a study conducted in the United States (8.4%) (43). A

study by Khorana et al. also revealed that thromboembolic events

are the main complication in cancer patients, causing death and

significantly poorer survival (41). CRP patients were also found to

have a risk of thromboembolic and bleeding events, with 6 (4%)

patients having thromboembolic events, and bleeding events were

observed in 2 (0.8%) CRP patients.
TABLE 5 Detailed characterization of thromboembolic and hemorrhagic events among the study participants at referral hospitals of Addis Ababa,
Ethiopia, 2022.

Variable Type of thromboembolic event Categories CRC (n = 250)
N (%)

CRP (n = 150)
N (%)

Type of thromboembolic event Pulmonary embolism Asymptomatic, segmental 7 (2.8) 4 (2.7)

Symptomatic, segmental 2 (0.8) 0 (0.0)

Heavily symptomatic and/or bilateral 1 (0.4) 0 (0.0)

Deep venous thrombosis + pulmonary embolism Asymptomatic, segmental 1 (0.4) 1 (0.7)

Heavily symptomatic 1 (0.4) 0 (0.0)

Deep venous thrombosis 3 (1.2) 0 (0.0)

Visceral thrombosis 2 (0.8) 1 (0.7)

CVC-related thrombosis 0 (0.0) 0 (0.0)

Bleeding events (symptoms) Major 1 (0.4) 0 (0.0)

Minor 1 (0.4) 1 (0.7)
CRC, colorectal cancer; CRP, colorectal polyp; CVC, central venous catheter.
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In the analysis of determinant factors that may increase the

likelihood of developing coagulopathy among CRC patients, older

CRC patients (>60 years) were three times more likely to have

coagulopathy than younger age groups. Some studies have asserted

that advanced age is a risk factor for coagulopathy and

thromboembolism, and these risks further increase among patients

with cancer (44). Coagulopathy among elderly cancer patients could be
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associated with aging of the vascular system, leading to decreased vessel

wall integrity and microcirculation, endothelial dysfunction, reduced

vascular tone, increased plasma levels of coagulation factors, and

sedentary lifestyles, all of which increase the risk of coagulopathy and

thromboembolism (45, 46).

Coagulopathy is mostly associated with chronic diseases; in this

study, CRC patients with hypertension were significantly associated
frontiersin.or
TABLE 6 Bivariable and multivariable logistic regression for factors associated with coagulopathy among colorectal cancer patients at referral
hospitals of Addis Ababa, Ethiopia, 2022.

Factors Coagulopathy 95% CI p-value

Yes, N (%) No, N (%) COR (95% CI) AOR (95% CI)

1. Age

≤50 126 23 1 1

51–60 31 8 3.71 (1.40, 9.82) 1.91 (1.11, 8.48) 0.74

61–70 29 13 3.61 (0.91, 12.35) 3.13 (1.03, 6.94) 0.001*

>70 12 8 0.96 (0.25, 3.40) 2.73 (1.08, 4.71) 0.001*

2. Hypertension

Yes 63 118 11.7 (9.3, 21.8) 6.8 (1.07, 14.1) 0.03*

No 167 74 1 1

3. Tumor size (cm)

0–2 19 9 1 1

2–5 120 16 1.25 (0.65, 2.55) 2.41 (0.59, 3.75) 0.41

5–10 52 25 1.32 (0.64, 3.56) 1.22 (0.81, 3.29) 0.53

≥10 7 2 3.14 (1.43, 6.34) 3.31 (1.11, 6.74) 0.03*

4. Metastasis

Yes 111 13 15.1 (8.1, 23.6) 5.8 (1.1, 14.7) .000*

No 87 39 1 1

5. Body mass index (kg/m2)

Underweight (<18.5) 68 12 3.1 (0.6, 27.1) 6.7 (0.9, 23.46) 0.098

Normal weight (18.5–24.9) 100 30 1 1

Overweight (25–29.9) 25 9 4.9 (3.5, 11.4) 6.2 (1.5, 11.4) .11

Obese (≥30) 5 1 11.5 (1.5, 21.9) 3.8 (2.3, 4.8) .000*

6. Duration since diagnosed with CRC

<1.5 years 128 22 1 1

1.5–3 years 48 14 4.5 (4.7, 9.1) 3.5 (0.4, 9.6) .22

>3 years 22 16 3.4 (2.4, 6.4) 8.6 (2.6, 16.2) .11

7. Physical exercise (per week)

Never 119 34 2.29 (1.2, 3.96) 3.05 (1.03, 4.05) 0.33

Once a week 70 8 7.1 (3.7, 10.4) 6.0 (2.5, 11.8) 0.098

2–3 times 6 8 1.8 (0.2, 16.6) 3.6 (0.2, 52.9) 0.779

4–6 times 3 2 1 1
g
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with coagulopathy. The study participants with hypertension were

nearly seven times more likely to develop coagulopathy than those

without hypertension. Eleni et al. (2018) reported that hypertensive

cancer patients could have exhaustion of the coagulation process,

endothelial dysfunction, and chronic activation of the procoagulant

pathways, and these patients may also take different medications,

which might have an impact on the normal hemostasis process (47).

The likelihood of developing coagulopathy was 6.9 times higher

in patients with CRC who had a larger tumor size (≥10 cm) than in

those with a smaller tumor size. Similarly, CRC patients who had

metastatic cancer were at risk for coagulopathy, as shown by its six

times higher odds of association with coagulopathy when compared

to patients who had no metastatic cancer. Elevated plasma levels of

procoagulant and activated coagulation function have been shown

to be associated with angiogenesis, tumor progression, metastasis,

and reduced survival in patients with lung cancer (48), gastric

cancer (49), renal cell carcinoma (50), and CRC (51). It is

hypothesized that tumor cells and host production of

procoagulants, fibrinolytic factors, local thrombin, and plasmin

are important factors in tumor progression and metastases by

enhancing sustained adherence of tumor cells to the vasculature

of target organs, supporting vessel formation, and stimulating

endothelial cell proliferation during tumor development (48, 49).

Finally, CRC patients with abnormal BMI, especially obesity,

had almost four times higher odds of association with coagulopathy

than those with a normal BMI. The association between abnormal

BMI and coagulopathy, especially in cancer patients, may be related

to chronic low-grade inflammation and endothelial dysfunction

(52, 53). In addition, obese patients could have increased

adipocytokine-mediated activity of coagulation factors, decreased

activity of the fibrinolytic system, adipocyte release of tissue factor,

increased production of leptin (54, 55) and adiponectin, and

production of plasminogen activator inhibitor-1 from adipocytes,

all of which result in coagulopathy (56).
5 Conclusion and recommendations

Among CRC patients, the burden of coagulopathy has remained a

problem of public health importance. To the specific context of the

study, older age, hypertension, larger tumor size, metastatic cancer, and

obesity were positively associated with coagulopathy. Furthermore,

thromboembolic and bleeding events are also significant burdens in

patients with CRC. Regular screening is advised due to the growing

prevalence of the disease and its complications, especially in those at

higher risk, such as those with a personal history of CRC or certain

types of polyps; a family history of the condition; a personal history of

inflammatory bowel disease, ulcerative colitis, or Crohn’s disease; a

confirmed or suspected hereditary CRC syndrome; or a personal

history of receiving radiation to the pelvic and abdomen.

The existing efforts in oncology care should be strengthened to

prevent coagulopathy and other complications, and cancer care
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providers should invest in their efforts for early detection using

different diagnostic modalities. Moreover, patients with CRPs

should be given more emphasis.
6 Limitation of the study

Despite being the first in type, the robust methodology we used,

and the important findings we reached, the study was not without

limitations. The limitations include the small sample size, and due

to the high cost of reagents and imaging tests, we have only included

250 colorectal patients and only PT, APTT, INR, and platelet count

were measured to assess coagulation profile; the different assays that

would help differentiate the exact cause of coagulopathy were not

measured. In addition, we did not investigate the impact of the

anticancer treatment on the measured parameters.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving human participants were reviewed and

approved by Ethical Review Board of College of Health Sciences,

Addis Ababa University. The patients/participants provided their

written informed consent to participate in this study.
Author contributions

All authors of the study have made a significant contribution to

the reported work, which includes the conception, supervision,

study design, execution, acquisition of data, statistical analysis, and

interpretation of the results, as well as drafting, revising, and

critically reviewing the manuscript, and gave final approval of the

version to be published. All authors have agreed to the journal to

which the article has been submitted and to be accountable for all

aspects of the work.
Acknowledgments

The authors acknowledge the study participants for their

cooperation and willingness. We also acknowledge Addis Ababa

University for providing ethical approval. Finally, we would like to

acknowledge the data collectors and supervisors.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1143122
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Admasu et al. 10.3389/fonc.2023.1143122
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Oncology 11
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1143122/

full#supplementary-material
References
1. Bray F, Ferlay J, Soerjomataram I, Siegel R, Torre L, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. A Cancer J Clin (2018) 68(6):394–424. doi: 10.3322/
caac.21492

2. Safiri S, Sepanlou S, Ikuta K. The global, regional, and national burden of
colorectal cancer and its attributable risk factors in 195 countries and territories,
1990–2017: a systematic analysis for the global burden of disease study 2017. Lancet
Gastroenterol Hepatol (2019) 4(12):913–33. doi: 10.1016/S2468-1253(19)30345-0

3. Keum N, Giovannucci E. Global burden of colorectal cancer: emerging trends,
risk factors and prevention strategies. Nat Rev Gastroenterol Hepatol (2019) 16:713–32.
doi: 10.1038/s41575-019-0189-8

4. Amini A, Samo K, Memon A. Colorectal cancer in younger population: our
experience. Pak Med Assoc (2013) 63(10):1275–7.

5. WHO. Global burden of gastrointestinal cancers (2022). International agency for
cancer research (Accessed november 18, 2022).

6. Brenner B, Bikdeli B, Tzoran I. Arterial ischemic events are a major complication
in cancer patients with venous thromboembolism. Am JMed (2018) 131:1095–103. doi:
10.1016/j.amjmed.2018.04.037

7. Haggar F, Boushey R. Colorectal cancer epidemiology: incidence, mortality,
survival, and risk factors. Clin Colon Rectal Surg (2009) 22(4):191. doi: 10.1055/s-
0029-1242458

8. Siegel R, Miller K, Sauer AG. Colorectal cancer statistics, 2020. CA Cancer J Clin
(2020) 70(3):145–64. doi: 10.3322/caac.21601

9. Zhang L, Cao F, Zhang G. Trends in and predictions of colorectal cancer
incidence and mortality in China from 1990 to 2025. Front Oncol (2019) 9:98(98).
doi: 10.3389/fonc.2019.00098

10. Wallace K, DeToma A, Lewin D. Racial differences in stage IV colorectal cancer
survival in younger and older patients. Clin Colorectal Cancer (2017) 16(3):178–86.
doi: 10.1016/j.clcc.2016.11.006

11. Araghi M, Soerjomataram I, Jenkins M. Global trends in colorectal cancer
mortality: projections to the year 2035. Int J Cancer (2019) 144(12):2992–3000.
doi: 10.1002/ijc.32055

12. Hamza A, Argaw Z, Gela D. Awareness of colorectal cancer and associated
factors among adult patients in jimma, south-West Ethiopia. Cancer Control (2020).
doi: 10.21203/rs.3.rs-111807/v1

13. Fowler H, Belot A, Ellis L, Maringe C, Luque-Fernandez MN, Njagi EN, et al.
Comorbidity prevalence among cancer patients: a population-based cohort study of
four cancers. BMC Cancer (2020) 20(2). doi: 10.1186/s12885-019-6472-9

14. Heit J, Silverstein M, Mohr D, Petterson T, O'Fallon W, Melton L. Risk factors
for deep vein thrombosis and pulmonary embolism: a population based case control
study. Arch Intern Med (2000) 160:809–15. doi: 10.1001/archinte.160.6.809

15. Kalweit G, Feindt P, Micek M. Markers of activated hemostasis and fibrinolysis
in patients with pulmonary malignancies: comparison of plasma levels in central
venous and pulmonary venous blood. Thromb Res (2002) 97(3):105–11. doi: 10.1016/
s0049-3848(99)00161-9

16. Lyman G, Khorana A. Cancer, clots and consensus: new understanding of an old
problem. J Clin Oncol (2009) 27(29):4821–6. doi: 10.1200/JCO.2009.22.3032

17. Khorana AA. Malignancy, thrombosis and trousseau: the case for an eponym. J
Thromb Haemost. (2003) 1:2463–5. doi: 10.1111/j.1538-7836.2003.00501.x

18. Donnellan E, Khorana AA. Cancer and venous thromboembolic disease: a
review. Oncologist. (2017) 22:199–207. doi: 10.1634/theoncologist.2016-0214

19. Cohoon KP, Ransom JE, Leibson CL. Direct medical costs attributable to cancer-
associated venous thromboembolism: a population-based longitudinal study. Am JMed
(2016) 15(25):1000.e15-25. doi: 10.1016/j.amjmed.2016.02.030
20. Khorana AA, Francis CW, Culakova E, Kuderer NM, Lyman GH.
Thromboembolism is a leading cause of death in cancer patients receiving outpatient
chemotherapy. J Thromb Haemost. (2007) 5:632–4. doi: 10.1111/j.1538-
7836.2007.02374.x

21. Khorana A, Dalal M, Lin J. Venous thromboembolism in the cancer outpatient
setting: contemporary rates and predictors in the united states. J Thromb Haemostasis
(2011) 131.

22. Blom J, Doggen C, Osanto S. Malignancies, prothrombotic mutations, and the
risk of venous thrombosis. Jama. (2005) 293:715–22. doi: 10.1001/jama.293.6.715

23. White A, Ironmonger L, Steele RJC, Ormiston-Smith N, Crawford C, Seims A. A
review of sex-related differences in colorectal cancer incidence, screening uptake, routes
to diagnosis, cancer stage and survival in the UK. BMC Cancer (2018) 18(906).
doi: 10.1186/s12885-018-4786-7

24. Hamza A, Argaw Z, Gela D. Awareness of colorectal cancer and associated
factors among adult patients in jimma, south-West Ethiopia: an institution-based
cross-sectional study. Cancer control (2012) 28. doi: 10.1177/10732748211033550

25. Kebede E, Assefa M, Teshome B. Prognosis of colorectal cancer in tikur anbessa
specialized hospital, the only oncology center in Ethiopia. PloS One (2021) 2(16):
e0246424. doi: 10.1371/journal.pone

26. Vandenbroucke J, Elm E, Altman D, Gøtzsche P, Mulrow C, Pocock S, et al.
Strengthening the reporting of observational studies in epidemiology (STROBE):
explanation and elaboration. PloS Med (2007) 10(10):e297. doi: 10.1371/
journal.pmed.0040297

27. Zhang L, Ye J, Luo Q, Kuang M, Mao M, Dai S, et al. Prediction of poor
outcomes in patients with colorectal cancer: elevated preoperative prothrombin time
(PT) and activated partial thromboplastin time (APTT). Cancer Manag Res (2020)
12:5373–84. doi: 10.2147/CMAR.S246695

28. Kawai K, Watanabe T. Colorectal cancer and hypercoagulability. Surg Today
(2014) 44(5):797–803. doi: 10.1007/s00595-013-0606-5

29. Goldenberg N, Kahn S, Solymoss S. Markers of coagulation and angiogenesis in
cancer-associated venous thromboembolism. J Clin Oncol (2003) 21(22):4194–9.
doi: 10.1200/JCO.2003.05.165

30. Jia J, Zheng X, Chen Y, Wang L, Lin L, Ye X, et al. Stage-dependent changes of
preoperative neutrophil to lymphocyte ratio and platelet to lymphocyte ratio in
colorectal cancer. Tumour Biol (2015) 36(12):9319–25. doi: 10.1007/s13277-015-
3667-9

31. Zou Z-Y, Liu H-L, Ning N, Li S-Y, Du X-H, Li R. Clinical significance of pre-
operative neutrophil lymphocyte ratio and platelet lymphocyte ratio as prognostic
factors for patients with colorectal cancer. Oncol Lett (2016) 11(3):2241–8.
doi: 10.3892/ol.2016.4216

32. Vavilala M, Dunbar P, Rivara F, Lam A. Coagulopathy predicts poor outcome
following head injury in children less than 16 years of age. J Neurosurg Anesthesiol.
(2001) 13(1):13–8. doi: 10.1097/00008506-200101000-00003

33. Suzuki T, Shimada H, Nanami T. Hyperfibrinogenemia is associated with
inflammatory mediators and poor prognosis in patients with gastric cancer. Surg
Today (2016) 46(12):1394–401. doi: 10.007/s00595-016-1339-z

34. Wojtukiewicz M, Zacharski L, Moritz T, Hur K, Edwards RL, Rickles F.
Prognostic significance of blood coagulation tests in carcinoma of lung and colon.
Blood Coagul Fibrinolysis (1992) 3:429–37. doi: 10.1097/00001721-199203040-00010

35. Blackwell K, Haroon Z, Broadwater G. Plasma d-dimer levels in operable breast
cancer patients correlate with clinical stage and axillary lymph node status. J Clin Oncol
(2000) 18:600–8. doi: 10.1200/JCO.2000.18.3.600

36. Tas F, Kilic L, Serilmez M, Keskin S, Sen F, Duranyildiz D. Clinical and
prognostic significance of coagulation assays in lung cancer. Respir Med (2013) 107
(3):451–7. doi: 10.1016/j.rmed.2012.11.007
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1143122/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1143122/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/S2468-1253(19)30345-0
https://doi.org/10.1038/s41575-019-0189-8
https://doi.org/10.1016/j.amjmed.2018.04.037
https://doi.org/10.1055/s-0029-1242458
https://doi.org/10.1055/s-0029-1242458
https://doi.org/10.3322/caac.21601
https://doi.org/10.3389/fonc.2019.00098
https://doi.org/10.1016/j.clcc.2016.11.006
https://doi.org/10.1002/ijc.32055
https://doi.org/10.21203/rs.3.rs-111807/v1
https://doi.org/10.1186/s12885-019-6472-9
https://doi.org/10.1001/archinte.160.6.809
https://doi.org/10.1016/s0049-3848(99)00161-9
https://doi.org/10.1016/s0049-3848(99)00161-9
https://doi.org/10.1200/JCO.2009.22.3032
https://doi.org/10.1111/j.1538-7836.2003.00501.x
https://doi.org/10.1634/theoncologist.2016-0214
https://doi.org/10.1016/j.amjmed.2016.02.030
https://doi.org/10.1111/j.1538-7836.2007.02374.x
https://doi.org/10.1111/j.1538-7836.2007.02374.x
https://doi.org/10.1001/jama.293.6.715
https://doi.org/10.1186/s12885-018-4786-7
https://doi.org/10.1177/10732748211033550
https://doi.org/10.1371/journal.pone
https://doi.org/10.1371/journal.pmed.0040297
https://doi.org/10.1371/journal.pmed.0040297
https://doi.org/10.2147/CMAR.S246695
https://doi.org/10.1007/s00595-013-0606-5
https://doi.org/10.1200/JCO.2003.05.165
https://doi.org/10.1007/s13277-015-3667-9
https://doi.org/10.1007/s13277-015-3667-9
https://doi.org/10.3892/ol.2016.4216
https://doi.org/10.1097/00008506-200101000-00003
https://doi.org/10.007/s00595-016-1339-z
https://doi.org/10.1097/00001721-199203040-00010
https://doi.org/10.1200/JCO.2000.18.3.600
https://doi.org/10.1016/j.rmed.2012.11.007
https://doi.org/10.3389/fonc.2023.1143122
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Admasu et al. 10.3389/fonc.2023.1143122
37. Falanga A. Thrombophilia in cancer. Semin Thromb Hemost., (2005) 31(1):104–
10. doi: 10.1055/s-2005-863812

38. Yu J, May L, Lhotak V, Shahrzad S, Shirasawa S, Weitz J, et al. Oncogenic events
regulate tissue factor expression in colorectal cancer cells: implications for tumor progression
and angiogenesis. Blood. (2005) 105:1734–41. doi: 10.1182/blood-2004-05-2042

39. Sato T, Tsujino I, Ikeda D, Ieko M, Nishimura M. Trousseau's syndrome
associated with tissue factor produced by pulmonary adenocarcinoma. Thorax
(2006) 61:1009–10. doi: 10.1136/thx.2004.031492

40. Abdel-Razeq H, Mansour A, Abdulelah H, Al-Shwayat A, Makoseh M, Ibrahim
M, et al. Thromboembolic events in cancer patients on active treatment with cisplatin-
based chemotherapy: another look! BMC Thromb J (2018) 16(2). doi: 10.1186/s12959-
018-0161-9

41. Khorana AA, Francis CW, Culakova E, Kuderer NM, Lyman GH. Frequency,
risk factors, and trends for venous thromboembolism among hospitalized cancer
patients. cancer (2007) 110(10):2339–46. doi: 10.1002/cncr.23062

42. Nichetti F, Ligorio F, Montelatici G, Porcu L, Zattarin E, Provenzano L, et al.
Risk assessment of thromboembolic events in hospitalized cancer patients. Sci Rep
(2012) 11. doi: 10.1038/s41598-021-97659-9

43. Lyman G, Culakova E, S-Poniewierski M, Kuderer NM. Morbidity, mortality
and costs associated with venous thromboembolism in hospitalized patients with
cancer. Elsevier Science. (2018) 1:112–8. doi: 10.1016/j.thromres.2018.01.028

44. Sepulveda C, Palomo I, Fuentes E. Mechanisms of endothelial dysfunction
during aging: predisposition to thrombosis. Mech Ageing Dev (2017) 164:91–9. doi:
10.1016/j.mad.2017.04.011

45. Favaloro E, Franchini M, Lippi G. Aging hemostasis: changes to laboratory
markers of hemostasis as we age - a narrative review. Semin Thromb Hemost. (2014)
4:621–33. doi: 10.1055/s-0034-1384631

46. Wang H, Rosendaal F, Cushman M, van-Hylckama V. Procoagulant factor
levels and risk of venous thrombosis in the elderly. this cohort study evaluated specific
risk of elevated coagulation factors associated with venous thrombosis in the elderly. J
Thromb Haemost. (2021) 19:186–93. doi: 10.1111/jth.15127
Frontiers in Oncology 12
47. Vrigkou E, Tsangaris I, Bonovas S, Kopterides P, Kyriakou E, Konstantonis D.
Platelet and coagulation disorders in newly diagnosed patients with pulmonary arterial
hypertension. Platelets (2018) 30(5):646-651. doi: 10.1080/09537104.2018.1499890

48. Li Y, Wei S, Wang J, Hong L, Cui L, Wang C. Analysis of the factors associated
with abnormal coagulation and prognosis in patients with non-small cell lung cancer.
Zhongguo Fei Ai Za Zhi. (2014) 17:789–96. doi: 10.3779/j.issn.1009-3419.2014.11.04

49. Lee S, Lee J, Ryu K, Nam B, Cho S, Lee J, et al. Preoperative plasma fibrinogen
level is a useful predictor of adjacent organ involvement in patients with advanced
gastric cancer. J Gastric Cancer. (2012) 12:81–7. doi: 10.5230/jgc.2012.12.2.81

50. Xiao B, L-L Ma, Zhang S-D, Xiao C-L, Lu J, Hong K, et al. Correlation between
coagulation function, tumor stage and metastasis in patients with renal cell carcinoma:
a retrospective study. Chines Med J (2011) 124(8):1205–8.

51. Lee S, Jae S, Sung H, Oh Y, Seok M, Sung K, et al. Clinical significance of
coagulation factors in operable colorectal cancer. Oncol Lett (2017) 13(6):4669–74.
doi: 10.3892/ol.2017.6058

52. Reaven G, Scott E, Grant P. Hemostatic abnormalities associated with obesity
and the metabolic syndrome. J Thrombos Haemost (2005) 3(5):1074–85. doi: 10.111/
j.538-7836.2005.01277.x

53. Samad F, Ruf W. Inflammation, obesity, and thrombosis. blood (2013) 122
(20):3415–22. doi: 10.1182/blood-2013-05-427708

54. Santilli F, Vazzana N, Liani R, Guagnano M, Davì G. Latelet activation in obesity
and metabolic syndrome. Obes Rev (2012) 13(1):27–42. doi: 10.1111/j.1467-
789X.2011.00930.x

55. Buchs A, Kornberg A, Zahavi M, Aharoni D, Zarfati C, Rapoport M. Increased
expression of tissue factor and receptor for advanced glycation end products in
peripheral blood mononuclear cells of patients with type 2 diabetes mellitus with
vascular complications. Exp Diabesity Res (2004) 52:163-9. doi: 10.1080/
15438600490424325

56. Tas F, Kilic L, Duranyildiz D. Coagulation tests show significant differences in
patients with breast cancer. Tumor Biol (2014) 35:5985–92. doi: 10.1007/s13277-014-
1793-4
frontiersin.org

https://doi.org/10.1055/s-2005-863812
https://doi.org/10.1182/blood-2004-05-2042
https://doi.org/10.1136/thx.2004.031492
https://doi.org/10.1186/s12959-018-0161-9
https://doi.org/10.1186/s12959-018-0161-9
https://doi.org/10.1002/cncr.23062
https://doi.org/10.1038/s41598-021-97659-9
https://doi.org/10.1016/j.thromres.2018.01.028
https://doi.org/10.1016/j.mad.2017.04.011
https://doi.org/10.1055/s-0034-1384631
https://doi.org/10.1111/jth.15127
https://doi.org/10.1080/09537104.2018.1499890
https://doi.org/10.3779/j.issn.1009-3419.2014.11.04
https://doi.org/10.5230/jgc.2012.12.2.81
https://doi.org/10.3892/ol.2017.6058
https://doi.org/10.111/j.538-7836.2005.01277.x
https://doi.org/10.111/j.538-7836.2005.01277.x
https://doi.org/10.1182/blood-2013-05-427708
https://doi.org/10.1111/j.1467-789X.2011.00930.x
https://doi.org/10.1111/j.1467-789X.2011.00930.x
https://doi.org/10.1080/15438600490424325
https://doi.org/10.1080/15438600490424325
https://doi.org/10.1007/s13277-014-1793-4
https://doi.org/10.1007/s13277-014-1793-4
https://doi.org/10.3389/fonc.2023.1143122
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Evaluation of thromboembolic event, basic coagulation parameters, and associated factors in patients with colorectal cancer: a multicenter study
	1 Introduction
	2 Materials and methods 
	2.1 Study design, setting, and period
	2.2 Study participants, sample size, and sampling techniques
	2.3 Inclusion and exclusion criteria
	2.4 Data collection procedures
	2.4.1 Sociodemographic and clinical data collection
	2.4.2 Blood sample collection and laboratory analysis procedure
	2.4.3 Thromboembolic and bleeding events
	2.4.4 Operational definitions

	2.5 Data processing and statistical analysis
	2.6 Data quality assurance

	3 Results
	3.1 Sociodemographic characteristics of study participants
	3.2 Histological, pathological, and clinical characteristics of study participants
	3.3 Basic coagulation and platelet profiles of study participants
	3.4 Commutative prevalence of coagulopathy among study participants
	3.5 Comparison of basic coagulation and platelet parameters among study groups
	3.6 Prevalence of thromboembolic and hemorrhagic events among thestudy participants
	3.7 Determinant factors associated with coagulopathy among colorectal cancer patients

	4 Discussion
	5 Conclusion and recommendations
	6 Limitation of the study
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Supplementary material
	References


