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Background: Several studies have analyzed the effect of anticoagulants on cancer survival, with varying results.
This study aimed to assess the effect of warfarin on survival in patients with colorectal cancer (CRC) in relation to
timing of warfarin initiation.

Methods: Data on 10,051 individuals aged >45 years in the Vastra Gotaland Region of Sweden, and diagnosed
with CRC between 2000 and 2009, were obtained from the Swedish National Cancer Register. Those who
received warfarin treatment (n= 1,216) during the study period were labeled cases and those who did not (n=
8,873) were labeled controls. For statistical analysis, National Cancer Register data were merged with mortality
data from the Swedish National Cause of Death register and data from the regional warfarin treatment register.
Results: Hazard rates for CRC-specific mortality were lower in cases than in controls. When warfarin was used for
any reason at any time, cases had a significantly lower CRC-specific mortality than controls among both women
(hazard ratio [HR] 0.71; 95 % confidence interval [CI] 0.59-0.85; p= 0.0002) and men (HR 0.61; 95 % CI
0.52-0.72; p < 0001). Warfarin treatment after CRC diagnosis reduced CRC-specific mortality by 80 %; however,
when warfarin was given before or >5 years after diagnosis, CRC-specific mortality did not significantly
decrease. The number needed to treat to avoid one death was four.

Conclusion: Use of warfarin early after diagnosis in patients with CRC was associated with improved survival.

1. Introduction tumor spread [6-14].

Radioisotope-labeled fibrinogen uptake studies in solid tumors have

Colorectal cancer (CRC) is the third most common cancer worldwide
[1]. The most common causes of death in CRC patients are consequences
of the CRC itself, such as metastases [2] (>50 %) and venous throm-
boembolism [3]. Metastasis formation in CRC occurs in five steps: (1)
local invasion of tumor cells into the surrounding matrix; (2) intra-
vasation of tumor cells into the circulatory system; (3) systemic trans-
portation of tumor cells; (4) extravasation of tumor cells into the
parenchyma of distant tissue sites; and (5) colonization of distant organs
and establishment of macroscopic tumors [4].

In 1878, the surgeon Billroth reported the presence of tumor cells in
thrombi in cancer patients and suggested an association with metastatic
spread [5]. This finding was later confirmed in studies using basic
experimental systems, reporting that warfarin, urokinase, streptokinase,
heparin, dextran, aspirin, dipyridamole, and polyamines may inhibit

reported fibrin formation in association with tumor establishment [11].
Fibrin matrix formation is assumed to play an important role in capture
of circulating malignant cells, which results in metastasis establishment.
Clot formation around metastatic tumor cells in capillaries may facilitate
their attachment to endothelial cells while non-adherent cells do not
survive. Alternatively, clot formation may provide nutrients or growth
stimulants, serve as a lattice on which tumor cells can proliferate, or
protect tumor cells from host defense mechanisms [15-17]. Therefore,
anticoagulant use may reduce mortality risk in patients with CRC.

Many basic science and experimental animal studies have shown that
warfarin decreases the tendency to establish metastases, and that this
effect is reversed by administration of vitamin K [9]. Other studies have
proposed that warfarin and other anticoagulants may have other
anti-tumor effects [6,15,18-23].
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The effects of anticoagulants and platelet inhibitors on survival in
cancer patients have been studied in several randomized controlled
trials [13,24-32], one case—control study [33], and one meta-analysis
[23]. In most of the randomized controlled trials, these effects were
nil or limited; however, most of the study populations were small, so that
the statistical power to find associations was limited. Furthermore,
based on the hypothesis that anticoagulants and platelet inhibitors
diminish the risk of new metastases but do not kill existing ones, anti-
coagulants and platelet inhibitors should be administered as soon as
possible after cancer diagnosis. In most of the above studies, therapy was
initiated late in the cancer course.

For these reasons, we used a different approach, of matching data
from a cohort of >10,000 patients with CRC residing in the Vastra
Gotaland Health Care Region in Sweden with exposure data from a
region-wide warfarin register and mortality data from the Swedish Na-
tional Cause of Death Register. Our aim was to test the hypothesis that
CRC patients who received warfarin for a diagnosis other than cancer
early in the CRC course had better survival than those who did not. We
also aimed to determine whether patients who received warfarin early
after CRC diagnosis had a better prognosis than those who received it
before or much later after the cancer diagnosis.

2. Materials and methods
2.1. Setting

The Vastra Gotaland Health Care Region is located in southwestern
Sweden and comprises approximately 1.7 million inhabitants; its largest
city is Gothenburg. All residents of Sweden have a unique ten-digit
personal identification number. The first six digits are based on the
date of birth and the last four include codes for county of birth and sex.
This number is used for identification in all official registers in Sweden.

2.2. Ethics

Ethics approval for the study was obtained from the Regional
Research Ethics Board in Gothenburg, Sweden (Dnr 059-12). Since this
was a register study, where more than half of the patients were dead at
the time of data acquisition, no informed consent was needed.

2.3. Study design, study population, and data collection

The study was designed as a case—control study. The study popula-
tion was defined as all individuals in the Vastra Gotaland Region aged 45
years or older and diagnosed with CRC (International Classification of
Diseases, 10th revision [ICD-10], codes C18-C21) between January 1st,
2000, and December 31st, 2009. Data on all subjects fulfilling these
criteria (n= 10,051) were obtained from the Swedish National Cancer
Register.

The study population was then matched to a region-wide warfarin
treatment register which covers all warfarin treatments administered in
the region and provides individualized data on patients who received
warfarin for a minimum of 10 days between January 1st, 1975, and
December 31st, 2009. Recorded data included first and last day of pre-
scription and dose. Subjects could therefore have received warfarin for
zero, one, or more periods. Warfarin was prescribed by the patient’s
physician mainly for venous thromboembolic conditions, atrial fibril-
lation, and other conditions associated with a risk of thrombosis. The
dosage was adjusted weekly by the physician based on coagulation tests.
No subject received warfarin to prevent metastasis formation. Those
who received warfarin treatment (n= 1216) during the study period
were labeled cases and those who did not (n= 8873) were labeled
controls.
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2.4. Outcomes and potential side effects

The primary outcomes were death from CRC and death from all
causes. Potentially fatal side effects of warfarin medication were defined
using the following ICD-10 codes: 160.0-162.1 and 164.9 (intracranial
bleeding), K29.0 (acute hemorrhagic gastritis), K62.5 (colorectal
bleeding), R58.9 (bleeding not elsewhere classified), and D68.3
(bleeding due to circulating anticoagulants). Data on cause of death and
potentially fatal side effects were obtained from the Swedish National
Cause of Death Register from January 1st, 2000, to December 31st,
2011, to allow at least 2 years of follow-up for each subject.

2.5. Statistical analysis

Statistical analyses were performed using SAS software version 9.3
(SAS Institute, Cary, NC, USA). No data were missing. Continuous var-
iables were compared using Student’s t-test. Categorical variables were
compared using the chi-square test.

Power analysis was not performed before data collection because no
previous study with a similar design was available. However, a post hoc
power analysis based on our results showed that 2100 subjects would be
needed to have 80% power. Considering the actual size of the study
population, the statistical power was close to 100% (i.e., the study was
almost certain to detect a warfarin effect on survival if such effect
existed). The study population was followed from CRC diagnosis until
death or date of last follow-up on December 31st, 2011. Follow-up was
measured as the number of days from diagnosis to death or last follow-
up.

The hazard function was calculated using the LIFETEST procedure in
SAS (SAS Institute, Cary, NC, USA). The main analyses were performed
using Cox proportional hazards regression, with death from CRC or
death from all causes and time of death as the dependent variables;
attained age at death and case/control status were the independent
variables. Bias due to competing causes of death was therefore
controlled for. The analyses were performed separately for men and
women. Wald’s chi-square test was used to measure the effect of
warfarin exposure on mortality.

Number of lives saved through warfarin administration was
computed on the assumption that survival would have been the same in
the cases and controls had the cases not taken warfarin. Number of lives
saved was calculated as (mortality rate with warfarin x number using
warfarin) — (mortality rate with no warfarin x number using warfarin).

The number needed to treat (NNT) with warfarin to save one life
during follow-up was calculated as the inverse of the difference between
the mortality rate among cases and controls. All tests were two-tailed. A
p-value <0.05 was considered significant.

3. Results
3.1. Baseline characteristics

Baseline characteristics of the cases and controls stratified by sex are
presented in Table 1. Among women, 511 subjects (10.5 %) had a his-
tory of warfarin treatment (cases); the corresponding number among
men was 705 (13.5 %). Among the four groups, mean age at CRC
diagnosis ranged from 72 to 76 years and number of person-years of
observation ranged from 3154 to 26,368. The total number of person-
years of observation was 59,957. The number of annual CRC di-
agnoses was stable over time. The incidence of potentially fatal warfarin
complications among the groups over the entire study period ranged
from 0.13 to 0.78 %. Crude CRC-specific mortality ranged from 25.1 to
35.4 %, while crude all-cause mortality ranged from 55.0 to 57.2 %.

3.2. Warfarin exposure

Table 2 shows the exposure to warfarin treatment among cases and
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Table 1
Characteristics of the study population.
Women (n= 4852) Men (n= 5237) Total
Warfarin (cases) No warfarin (controls) Warfarin (cases) No warfarin (controls)

n (%) 511 (10.5) 4341 (89.5) 705 (13.5) 4532 (86.5) 10,051
Age at diagnosis, yrs (SD) 75.8 (8.7) 72.9 (11.0) 73.1 (8.8) 71.8 (10.4) 72.5 (10.5)
Mean follow-up, yrs 3.7 3.6 3.7 3.3 3.5
Person-years of observation, n 3154 26,368 4349 26,086 59,957
CRC diagnoses per calendar year, n

2000 56 404 63 417 940

2001 46 401 43 404 854

2002 41 387 56 398 882

2003 36 412 73 426 947

2004 59 365 61 427 912

2005 49 457 67 450 1023

2006 56 420 79 498 1053

2007 47 520 79 488 1134

2008 67 472 86 467 1094

2009 54 503 98 557 1212
Potentially fatal complications, n (%) 4(0.78) 7 (0.16) 6 (0.85) 6 (0.13) 23(0.23)
Deaths from CRC, n (%) 128 (25.1) 1431 (33.0) 168 (23.8) 1603 (35.4) 3330 (33.0)
Deaths from all causes, n (%) 281 (55.0) 2229 (51.4) 349 (49.5) 2594 (57.2) 5453 (54.1)

CRC = colorectal cancer.

Table 2

Exposure to warfarin treatment in the study population.

Follow-up, number of years

Warfarin-treated women

Warfarin-treated men

Cases Controls  Cases Controls

n % n % n % n %
—3 or more 53 11.6 0 0 76 12.1 0 0
-2 182 397 0 0 266 423 0 O
-1 208 454 0 O 302 480 0 O
1 277 60.5 0 0 356 56.6 0 0
2 220 480 0 O 320 509 0 O
3 164 358 0 O 272 432 0 O
4 127 27.7 0 0 216 34.3 0 0
5 110 240 0 O 169 269 0 O
6 94 205 0 O 131 208 0 O
7 80 175 0 O 97 154 0 O
8 64 14.0 0 0 77 12.2 0 0
9 49 107 0 O 53 8.4 0o o0
10 32 7.0 0o 0 37 5.9 0o o0
11 15 3.3 0 0 22 3.5 0 0
12 8 1.7 0o 0 13 2.1 0o o0

" Negative numbers indicate years before diagnosis.

Hazard rates, %

controls, by sex. As previously mentioned, the controls did not receive
warfarin treatment. In both sexes, the proportion of subjects with CRC
who received warfarin (cases) increased from 3 or more years before
diagnosis to the first year after the diagnosis; thereafter, the proportion
of subjects receiving warfarin decreased over time. Many subjects
received warfarin for several years.

3.3. Hazard rates

Fig. 1 shows the hazard rates for all-cause mortality and CRC-specific
mortality per year of follow-up among cases and controls. The rates
decreased over time from diagnosis to the end of follow-up. In general,
hazard rates for CRC-specific mortality were lower in cases than in
controls; the differences were significant in the first 2 years of follow-up.
The hazard rates for all-cause mortality were also lower in cases and the
difference was significant in the first year of follow-up. The ratio be-
tween cases and controls regarding CRC mortality and all-cause mor-
tality hazard rates was approximately proportional across time, allowing
proportional hazards regression analysis.

3.4. Effect of warfarin on all-cause and colorectal cancer mortality

Table 3 shows the Cox proportional hazards regression analysis re-
sults for all-cause and CRC-specific mortality with patients stratified

mmm  All-cause mortality, control subjects
== == All-cause mortality, cases
———  CRC deaths, control subjects

— = = CRC deaths, cases

s 6 7 8 9
Follow-up time, years

Fig. 1. Hazard rates (proportion of subjects dying per year of follow-up) for death from all causes and death from colorectal cancer (CRC) in cases (warfarin
treatment) and controls (no warfarin treatment).
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Table 3

Results of age-adjusted proportional hazards regression analysis of the effect of
warfarin treatment on all-cause mortality and mortality from colorectal cancer

(CRC) in women and men with CRC.

n Parameter Wald’s Hazard ratio p
estimate $? (95 % CI)
(SD)
All-cause
mortality
Warfarin
treatment at
any time
Women 4852  —0.04 0.5 0.96 0.50
(0.06) (0.85-1.08)
Men 5237 -0.25 19.5 0.78 <0.0001
(0.06) (0.70-0.87)
Warfarin
treatment
only after
CRC
diagnosis
Women 3521 —-0.74 14.3 0.48 0.0002
(0.19) (0.33-0.70)
Men 3687 —0.73 24.7 0.48 <0.0001
(0.15) (0.36-0.64)
CRC mortality
Warfarin
treatment at
any time
Women 4852  —0.34 13.6 0.71 0.0002
(0.09) (0.59-0.85)
Men 5237 —0.49 36.5 0.61 <0.0001
(0.08) (0.52-0.72)
Warfarin
treatment
before CRC
diagnosis
Women 4599  —0.19 2.2 0.83 0.14
(0.12) (0.65-1.06)
Men 4895  —0.15 2.1 0.87 0.14
(0.10) (0.71-1.05)
Warfarin
treatment
after CRC
diagnosis
Women 4441 —-1.64 24.0 0.20 <0.0001
(0.33) (0.10-0.38)
Men 4698  1.70 (0.26) 42.8 0.18 <0.0001
(0.11-0.30)
Warfarin
treatment
after CRC
diagnosis,
adjusted for
bias caused
by potential
fatal side
effects
Women 4441 —-1.53 23.3 0.22 <0.0001
(0.32) (0.12-0.40)
Men 4698  1.52(0.24) 40.9 0.22 <0.0001
(0.14-0.35)
Warfarin
treatment
only 5 years
or more
after
diagnosis
Women 1515 —0.74 0.5 0.48 0.46
(1.006) (0.07-3.45)
Men 1394 -0.19 0.1 0.82 0.74
(0.59) (0.26-2.61)

CI = confidence interval; CRC = colorectal cancer; SD = standard deviation.
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according to timing of warfarin use and sex, adjusted for age at death.
When warfarin treatment was given at any time, all-cause mortality
among women did not significantly differ between cases and controls
(p= 0.50); however, among men, all-cause mortality was significantly
lower in cases (p < 0.0001). When warfarin treatment was given only
after CRC diagnosis, survival was better in cases than controls in both
women (hazard ratio [HR] 0.48; 95 % confidence interval [CI]
0.33-0.70; p= 0.0002) and men (HR 0.48; 95 % CI 0.36-0.64; p <
0.0001), with a mortality reduction of 52 %.

When warfarin was used at any time, cases had a significantly lower
CRC-specific mortality than controls among both women (HR 0.71; 95 %
CI 0.59-0.85; p= 0.0002) and men (HR 0.61; 95 % CI 0.52-0.72; p <
0.0001). No difference in CRC-specific mortality was seen between cases
and controls using warfarin only prior to diagnosis. When warfarin was
used only after diagnosis, CRC-specific mortality differed significantly
between cases and controls in both women (HR 0.20; 95 % CI 0.10-0.38;
p < 0.0001) and men (HR 0.18; 95 % CI 0.11-0.30; p < 0.0001), indi-
cating a mortality reduction of 80-82 % with warfarin use. The warfarin
effect appeared to be the same for death from colon cancer and death
from sigmoid-rectal cancer. When warfarin was given only 5 years or
more after diagnosis, CRC-specific mortality did not significantly differ
between cases and controls.

3.5. Potential side effects of warfarin

Potentially fatal side effects from warfarin were reported in four
(0.78 %) women and six (0.85 %) men (Table 1). The relative frequency
of potentially fatal events among controls was slightly lower (0.16 % in
women and 0.13 % in men). Cox proportional hazards regression anal-
ysis of the effects of potentially fatal complications, case/control status,
and attained age at death from all causes showed that fatal complica-
tions contributed significantly to mortality among women (HR 3.04; 95
% CI 1.68-5.50; p= 0.0002) and men (HR 2.14; 95 % CI 1.21-3.78; p=
0.009). In a similar analysis of CRC-specific death, the contribution of
potentially fatal complications to death was not significant in women
(HR 2.17; 95 % CI 0.90-5.22; p= 0.08) or men (HR 0.92; 95 % CI
0.30-2.85; p= 0.88).

It is possible that cases who had potentially fatal side effects may
have been classified as non-CRC-specific deaths. For this reason, a
recalculation was made in which the proportion of individuals with
potentially fatal side effects was calculated to be the same among cases
as among controls. After this recalculation, one woman and one man
remained as having had a potentially fatal warfarin side effect. The
remaining eight subjects were temporarily reclassified as CRC-specific
deaths. A new analysis of CRC-specific mortality among subjects who
received warfarin after CRC diagnosis resulted in HRs of 0.22 (95 % CI
0.12-0.40; p < 0.0001) among women and 0.22 (95 % CI 0.14-0.35; p <
0.0001) among men, which is only marginally different from the cor-
responding non-reclassified data in Table 3.

3.6. Survival by timing of warfarin use, sex, and age

The cumulative survival rates in controls and cases who received
warfarin only after diagnosis, stratified by age and sex, are shown in
Fig. 2. Survival was better in cases than in controls, irrespective of sex
and age. The mortality differences between cases and controls among
women in the 45-54-year age span, and in those aged 55-70 years,
71-84 years, and >85 years, were 21.4 %, 27.1 %, 33.5 %, and 40.4%,
respectively. The corresponding figures among men were 23.9 %, 30.0
%, 36.7 %, and 43.5 %, respectively. These differences tended to in-
crease with age, indicating that the oldest subjects also benefited from
warfarin treatment.

3.7. Number of lives saved, and number needed to treat to save one life

Table 4 shows the number of lives saved with warfarin treatment and
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Fig. 2. Cumulative colorectal cancer (CRC) survival rates in cases who received warfarin only after diagnosis, and in controls, stratified by sex and attained age

at death.

the NNT to save one life. Where warfarin treatment was administered
only after the cancer diagnosis, the number of lives saved from all-cause
death was 71 (26.2 %): 24 women (24.3 %) and 47 men (28.3 %). The
number of lives saved from death from CRC was 68 (25.6 %): 24 women
(24.0 %) and 44 men (26.5 %). These results show that, to save one life
from either death from all causes or death from CRC, four patients need
to be treated with warfarin after CRC diagnosis; this number is consis-
tent for both women and men.

4. Discussion

4.1. Summary of findings

Colorectal cancer patients taking warfarin for a diagnosis other than
CRC experienced better overall and cancer-specific survival than those
not on warfarin. This survival benefit was evident in both women and

men and in all age groups, including those aged 85 years and older.
Warfarin appears to have a protective effect, which is most pronounced
if prescribed early after CRC diagnosis, preferably as soon as the diag-
nosis is established. Approximately 10 % of the cases in this study seem
to have been saved from death by warfarin use. We found that the NNT
to prevent one death is low. If warfarin is used regardless of the timing of
CRC diagnosis, approximately ten patients must be treated. However,
only four must be treated if warfarin is used soon after CRC is diagnosed.

4.2. What others have found

Basic science and experimental animal studies have demonstrated
that anticoagulants and platelet inhibitors affect tumor metastasis, as
reported in a recent review [34]. Randomized clinical trials have shown
varying results. Six trials found that anticoagulants have no effect on
survival [13,25,27-28,32-33]. Three others showed effects only in
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Table 4
Number of lives saved by warfarin treatment after colorectal cancer (CRC)
diagnosis and the number needed to treat (NNT) to save one life.

Baseline number Lives saved ARR? NNT?
Cases Controls n % n
Warfarin treatment only after diagnosis
Death from all causes
Women 100 4341 739-499=24 243 4.1
Men 166 4532 118-71=47 28.3 3.5
Total 266 8873 191-120=71 26.2 3.8
Death from CRC
Women 100 4341 91-67=24 24.0 4.2
Men 166 4532 151-107=44 26.5 3.8
Total 266 8873 242-174=68 25.6 4.0

ARR = absolute relative risk; CRC = colorectal cancer; NNT = number needed to
treat.

) difference in mortality rates between cases and controls.

> ) NNT = 1/ARR.

¢ ) surviving cases if they had the same survival as controls.

4 actual survival cases.

subgroups treated early in the cancer course [24,26,30]. In a random-
ized trial that tested low molecular weight heparin (LMWH) in patients
with small-cell lung cancer, the LMWH group experienced better sur-
vival in patients with both limited and extensive disease [29]. Klerk
et al., likewise examining the effect of LMWH on survival in patients
with various types of advanced malignancies, reported that survival was
better in LMWH-treated patients than in controls. However, the mean
follow-up was only 1 year [31]. A meta-analysis of five randomized trials
investigating aspirin for prevention of vascular events reported that
low-dose aspirin (75-300 mg daily) reduced both CRC incidence and
mortality [35]. In another meta-analysis by the same group, aspirin
reduced both distant metastasis and death from cancer in patients with
adenocarcinoma [36].

The results of previous studies are therefore mixed. Moreover, the
study populations involved were small, and none of the studies reported
power calculations to determine the sample size needed to answer their
research question. In a retrospective cohort study, Chiasakul et al.
compared the effect of LMWH and warfarin on survival in cancer pa-
tients with signs of venous thromboembolism and found that warfarin
was associated with better survival [37]. A commentary on the study
was also published [38]. The shortcomings of small sample size may
partly be overcome using meta-analysis. Kuderer et al. performed a
meta-analysis that included most of the randomized controlled trials
cited above [23]. They pooled data from 3342 subjects and calculated
1-year all-cause mortality. The overall relative risk of 1-year mortality in
those receiving any anticoagulant was 0.91 (95 % CI 0.85-0.97; p=
0.003). For those receiving LMWH and warfarin, the relative risk was
0.88 (95 % CI 0.79-0.98; p= 0.02) and 0.94 (95 % CI 0.85-1.04; p=
0.24), respectively. However, this meta-analysis comprised only a few
thousand patients, examined more than one treatment, and had a short
follow-up period of 1 year, resulting in only 3342 person-years of
observation. Therefore, the study may have been underpowered. In
recent developments, others have used nanotechnology to find targeted
treatments for colon cancer [39].

4.3. Study strengths and limitations

In this study, warfarin was examined for two reasons: (1) it was the
most commonly used anticoagulant during the study period; and (2) in
western Sweden, warfarin treatment is documented in a region-wide
warfarin treatment register. In contrast to previous studies, our study
comprised 10,051 subjects followed for up to 12 years (mean of 3.5
years). This resulted in close to 60,000 person-years of observation and
provided a high statistical power. In addition, the study design allowed
close timing between individual warfarin intake and CRC diagnosis to
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address the research questions of whether warfarin affects survival and
whether survival is affected by timing of warfarin use. Moreover, the
study population was representative of all CRC patients in the
geographical area from which they were sampled, minimizing the risk of
selection bias.

The study has limitations. At the time of CRC diagnosis, there was no
access to individual data on cancer staging or other measures of cancer
spread or prognosis. In addition, warfarin reduced mortality by 80-82
%, which could mean that 18-20 % of patients already had metastases at
the time of diagnosis; in these patients, no effect on survival would be
expected.

There are several possible explanations for the warfarin effect.
Firstly, taking warfarin can cause gastrointestinal bleeding, which may
lead to an earlier cancer diagnosis and, therefore, a better prognosis.
However, as indicated in Table 3, the effect of this potential bias was
limited. Secondly, the effect on survival may have been due to fewer
venous thromboembolic events, rather than to a lower incidence of
metastasis. However, according to data from randomized controlled
trials as well as our study, fatal thromboembolic events are more rare
than metastasis and are unlikely to account for the magnitude of the
observed survival benefit from anticoagulation [23].

Newer anticoagulants and antiplatelet agents with fewer, and less
serious, side effects than warfarin and aspirin, as well as less demand for
anticoagulation monitoring, are currently gaining use. Among these
medications are direct oral anticoagulants (DOACs), which appear to
have the same antithrombotic effect as vitamin K antagonists, but with
fewer side effects such as bleeding [40]. However, their effect on cancer
metastasis is currently unknown. Future studies of these agents in CRC
patients are warranted.

5. Conclusion

In conclusion, there is strong evidence that anticoagulation or
platelet inhibition treatment early in the course of CRC disease increases
survival among women as well as men of all age groups. The mechanism
in CRC, as well as in other malignancies metastasizing through the blood
circulation, is most probably through reduction of fibrin in the circu-
lating blood, which reduces the survival of migrant tumor cells, in turn
decreasing the risk of metastasis and the risk of venous thromboembo-
lism, both in turn improving survival. In this study, we found that use of
warfarin early after diagnosis in patients with CRC was associated with a
significantly improved survival.
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