
Abstract. Background: Cancer-associated thrombosis (CAT),
the second leading cause of death in patients with cancer can

be treated with low molecular weight heparin (LMWH)
according to guidelines. Patients and Methods: A multicenter
prospective observational study was carried out to record anti-
thrombotic treatment practice, assess thrombosis recurrence
and bleeding, and identify potential risk factors. Adult patients
from 18 Oncology Departments throughout Greece were
followed-up for 12 months. Results: A total of 120 patients
with CAT receiving anticoagulant treatment were enrolled
(35% incidental); 85% were treated for more than 6 months,
95.8% were treated with tinzaparin and smaller percentages
with other agents. Thrombosis recurred in three patients and
there was minor bleeding in four patients. Bleeding was
associated with high body mass index (>35 kg/m2), trauma
history, renal insufficiency and bevacizumab use. Conclusion:
Incidental thrombosis contributes significantly to CAT burden.
Long-term use of LMWH seems to be effective and safe.
Several risk factors associated with bleeding should be
considered during anti-coagulation therapy planning.
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The relationship between thrombosis and cancer was first
described more than 150 years ago by Professor Armand
Trousseau (1). Thrombotic events comprise venous
thromboembolisms (VTEs) [i.e. deep vein thrombosis (DVT)
and pulmonary embolism (PE)], and arterial thrombotic
events (ATEs). The mechanism of cancer-associated
thrombosis (CAT) is different from thrombosis occurring in
patients without cancer (2, 3). A number of risk factors for
both VTE and ATE have been identified, including cancer-
related, treatment-related and patient-related, and various
biomarkers play an important role in CAT (4-6).
Chemotherapy also increases the risk of CAT (7, 8); in
particular, platinum-based chemotherapy regimens as well as
anti-metabolites significantly increase the risk for thrombotic
events (9). There is also evidence that immunomodulatory
agents, vascular endothelial growth factor pathway
inhibitors, tyrosine kinase inhibitors, and radiotherapy put
patients at greater risk for ATEs (7).

It has been estimated that 18% of patients with cancer
develop VTE and receive anticoagulation treatment (10),
whereas the reported incidence of ATE in patients with
cancer is 1.0-4.7%  (11, 12).

Cancer patients who have already experienced CAT are still
at high risk for recurrent VTE despite therapeutic
anticoagulation (13). Data from trials have shown that this risk
rises to 20% (14, 15). From a large cohort of 3,805 patients with
cancer with VTE (RIETE registry) (16) a number of risk factors
for recurrence were identified. According to these results,
patients younger than 65 years old, patients with PE as first
event, and patients newly diagnosed (<3 months) with cancer
are at higher risk for recurrent VTE (16). Other risk factors
identified were: cancer site (brain, lung, myeloproliferative
neoplasms or myelodysplastic disorders, ovarian cancer, stage
IV pancreatic cancer), cancer stage (advanced or metastatic
disease), and histology (adenocarcinoma type) (17, 18).

It is well known that there is always a tradeoff between
prevention of VTE recurrence and causing bleeding through use
of anticoagulation therapy. For instance, patients with
immobility, metastatic disease, recent medical history of bleeding
and those with creatinine clearance <30 ml/min, are known to
be at increased risk of major bleeding (17). Other factors
increasing bleeding risk are associated with high body mass
index (BMI) (19), renal insufficiency (20), as well as the dosage
of anticoagulation treatment; therefore, a balance between the
risk of recurrence of VTE and bleeding should be struck.

The occurrence of CAT does have an impact on a patient’s
life, since there is an increase in morbidity (21) and
mortality. In fact, VTE has been associated with significantly
greater mortality, and it is also an early factor in mortality
during the first four cycles of outpatient chemotherapy (22).
VTE during chemotherapy can significantly reduce
progression-free survival and overall survival (23), since it
is the second leading cause of death in outpatients with

cancer. In addition, it may affect the disease outcome by
delaying the treatment or modifying the treatment planning
(4) and is associated with a reduction in the patient’s quality
of life and a significant economic burden (24).

Clinical guidelines for CAT recommend the use of low-
molecular-weight heparin (LMWH) for the initial treatment
of established thrombosis in patients with cancer up to 6
months irrespective of the bleeding risk. Recently, specific
direct oral anticoagulants (DOACs) have been added to the
guidelines for CAT treatment for selected patients with low
bleeding risk and no drug-to-drug interaction with applied
chemotherapy (25). After this period, the decision for the
termination or the continuation of anticoagulation should be
based on the clinicians’ assessment of the benefit-to-risk ratio,
tolerability, patient preference, and cancer activity (26-28).
Regarding cancer activity, for patients with active cancer, i.e.
locally advanced or metastatic, it is also recommended that
they continue anticoagulation indefinitely (29, 30).

The prospective observational study The Greek
Management of Thrombosis (GMaT) [ClinicalTrials.gov
identifier: NCT03292107] in patients with CAT was
conducted by the Hellenic Society of Medical Oncology
(HeSMO). The aim of the study was to illustrate the clinical
practice of Medical Oncologists regarding the use of
antithrombotic therapy in patients with cancer. Data were
collected in relation to the number of thrombotic episodes,
their type, duration and outcome of the antithrombotic
therapy. This article describes the results of the study in
relation to patients with VTE during the study period.

Patients and Methods 

The present study was a prospective, observational study of adult
patients with cancer diagnosed with thrombosis. Participants were
recruited from 18 Oncology Departments in Greece, and signed a
consent form prior to their inclusion in the study according to the
declaration of Helsinki. The study was approved by the Scientific
Committees of the participating hospitals. During the baseline visit,
demographic, relevant clinical parameters, medical history data
related to cancer, treatment and patient were recorded in case report
forms. Anticoagulation treatment was administered based on
thrombotic events confirmed by imaging techniques (computed
tomography/ultrasound triplex). A second visit was scheduled 2
months later to assess incidents of thrombosis recurrence and
bleeding events, as well as to evaluate the treatment and the cancer
status of the patients. The patients were monitored for 1 year from
their enrolment. The effectiveness of anticoagulation treatment was
assessed by the number of thrombotic recurrences and its safety by
the number of bleeding events recorded. Moreover, correlations
between the recurrence of thrombosis and potential risk factors such
as gender, BMI, age, smoking status, cancer primary site, metastatic
disease, low versus high risk for VTE, chemotherapy agent and
specific agents such as bevacizumab, as well as medical history
details such as: history of heart failure, renal insufficiency and
history of trauma were evaluated. The same correlations were also
evaluated in relation to bleeding events.
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The demographic and clinical/prognostic data of the patients at
baseline were described by means of numerical summary statistics,
i.e. mean±standard deviation (SD) or percentages within the various
groups. The correlation between categorical variables was tested
using chi-square test. The magnitude of the correlation was
expressed as odds ratio (OR) with a respective 95% confidence
interval (CI), and when it was not possible to calculate the OR, it
was expressed by means of relative risk. For the study parameters
expressed in numerical format, such as age, BMI, Khorana score
(4), the significance of the difference between groups was tested by
means of analysis of variance (ANOVA). The significance level was
set to p<0.05. The statistical analysis was performed using SPSS
v.21 (IBM, Armonk, NY, USA).

Results
One hundred and twenty patients with cancer who had
already experienced thrombosis (incidental or symptomatic)
and who used anticoagulation treatment were enrolled in the
study. The baseline characteristics of the patients are
presented in Table I.

The proportion of males to females was equal (males:
52%, p>0.05). The mean age of the patients was 63.9±12.5
years and their mean BMI was 27.1±5 kg/m2.

The majority of the patients had metastatic disease (80%),
whereas 11% among them had locally advanced disease (N+).
High-risk for thrombosis chemotherapy agents (HRTCA),
such as cisplatin, carboplatin, fluorouracil and gemcitabine,
were administered to 74% of patients, who were mainly
treated as outpatients (80.2% of the total population).

Regarding the primary site of cancer (Table I), the
majority were in the lung (20%), pancreas (12%) and
colorectum (13%). In all types of cancer, metastatic disease
ranged from 62.5% (stomach) to 100% (breast). Thrombotic
events (Table I) were mainly VTEs and only a minority (5%)
were ATEs, while 31% were PE. The mean duration of
treatment was 6.8±3.8 months and 85% of patients received
LMWH for more than 6 months.

In a large proportion of patients (35%), thrombosis was
diagnosed incidentally and treated as symptomatic (mean
duration=5.5±3.4 months). A quarter of those patients had
lung cancer, 19% had pancreatic cancer, 17% had rectal
cancer and the remaining patients had cancer at other sites.
One patient had a recurrence and a second patient had grade
I bleeding.

Concerning the patients’ medical history, 16% already had
a history of thrombotic events, 55% had had some type of
surgery in the past and a small percentage had trauma history
(7.5%) or renal insufficiency (2.5%); a large percentage
(28%) of the patients also had other comorbidities such as
cardiological, respiratory or endocrinological issues.

New thrombotic events appeared in three outpatients
(2.5% of the studied population) and this was confirmed by
means of computed tomography/triplex; of those (see Table
II), one patient was symptomatic, two received HRTCAs;

one had metastatic disease and simultaneously had a high
BMI (>35 kg/m2). No significant correlation was found
between the recurrence of thrombosis and age (cut off ≤65
years vs. older), gender, high BMI (>35 kg/m2), smoking
status, cancer primary site (high-risk vs. other), and
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Table I. Baseline characteristics. 

Characteristic                                                                                Value

Gender (n, %)
   Male                                                                                         63 (52%)
Age, years
   Mean±SD                                                                                63.9±12.5
BMI, kg/m2
   Mean±SD                                                                                  27.1±5
Smoking
   Current (N=115)                                                                    27 (23.5%)
   History (N=93)                                                                      36 (38.7%)

                                                                               Total           Metastatic

Tumor type (n, %)
   Lung                                                                24 (20%)        17 (71%)
   Pancreas                                                          14 (12%)        10 (71%)
   Colorectal                                                        16 (13%)        13 (81%)
   Breast                                                              11 (9%)          11 (100%)
   Stomach                                                            8 (6.5%)         5 (62.5%)
   Ovarian                                                             3 (2.5%)         2 (67%)
   Bladder                                                              6 (5%)            4 (67%)
   Other                                                               38 (32%)        27 (71%)
Stage of disease, n (%)
   Metastatic(M1) (N=112)                                                       90 (80%)
   Locally advanced (N+) (N=112)                                          12 (11%)
Type of thrombotic event 
at enrollment (n, %)
   DVT                                                                                       56 (51.8%)
   PE                                                                                           33 (30.6%)
   Visceral                                                                                  13 (12.0%)
   Arterial                                                                                     6 (5.6%)
   Incidental                                                                               42 (35%)
History
   Thrombosis                                                                           20 (16%)
   Bleeding                                                                                  5 (4.2%)
   Surgery (N=116)                                                                    66 (55.0%)
   Trauma (N=116)                                                                      9 (7.5%)
   Renal insufficiency                                                                  3 (2.5%)
Other comorbidities
   Cardiological, respiratory, endocrinological                           34 (28%)
Chemotherapy agents
   High risk for thrombosis                                                       74 (61.7%)
Anemia/use of ESAs
   Hemoglobin<10 g/l                                                                19 (15.8%)
Platelet count
   ≥350×109/l                                                                             26 (21.7%)
Leukocyte count
   >11×109/l                                                                               19 (15.8%)

BMI: Body mass index; SD: standard deviation; DVT: deep vein
thrombosis; PE: pulmonary embolism; ESAs: erythropoiesis stimulating
agents.



chemotherapy agents (Table III). In contrast, patients who
had history of heart failure were at higher risk of recurrent
thrombosis; in particular, one out of the three patients with
recurrent thrombosis had a history of heart failure (33%) but
none of the patients without recurrent thrombosis had such
medical history (p<0.0001). According to the analysis, it
seems that metastatic disease had an opposite effect on
recurrent thrombosis, as two (67%) of these patients had no
metastasis, while the percentage of patients without
metastases in the non-recurrent group was 18.69% (p=0.04).

Regarding safety, bleeding events were observed in four
patients (3.3%), and all the events were minor (grade 1). All
these patients had metastatic disease and received HRTCAs,
whereas only one had experienced a PE; one of them was
hospitalized (Table IV).

Numerous recorded parameters were examined for
correlation with bleeding events (Table V). Gender, age (cut off
≤65 years), primary cancer site (high risk vs. other as proposed
by the Khorana stratification), metastatic disease and the type
of chemotherapy were not associated with bleeding (p≥0.05).
The effect of smoking was marginally associated with bleeding
(ever vs. never: 0/66=0% vs. 3/52=5.8%; p=0.08). 

In contrast, bleeding was found to be correlated with a high
BMI (>35 kg/m2) [OR=13.2, 95%CI=1.6-106.4), p<0.05]. In
particular, two of the patients with bleeding events had a high
BMI, while the percentage of patients with a high BMI who

had not experienced bleeding was only 6.9%. Bevacizumab did
have an important role in bleeding events (p<0.0001), since all
four patients with bleeding events were treated with this agent.
However, the percentage of patients who had no bleeding and
who were treated with bevacizumab was low (9.5%, 11 out of
116). Finally, bleeding was highly related to a medical history
of both trauma (p=0.0013) and renal insufficiency (p=0.0037).
In particular, two out of the patients with bleeding events had
a trauma history, as opposed to 6% of the patients with a
trauma history and no bleeding event; one of the patients with
a bleeding event had renal insufficiency, in contrast to two
(1.75%) patients with such insufficiency who were in the group
of patients without bleeding event.

The vast majority of the patients (95.8%) were treated with
tinzaparin and lower percentages with bemiparin (1.7%) and
fondaparinux (2.5%). Moreover, the vast majority of them
received full treatment doses without modification. During the
follow-up period, 28 patients (23%) died, however, no death
was related to thrombosis or treatment with LMWH.

Discussion

CAT management is challenging due to the risk of recurrent
VTE and anticoagulant-related bleeding and there are many
pitfalls to avoid  (31, 32) such us drug interactions,
comorbidities, renal or hepatic insufficiency, nausea and
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Table II. Characteristics (potential risk factors) of patients with recurrent thrombosis. 

Patient      Gender       Age,        BMI,        Tumor                   First               Metastatic       HRTCA       Outpatient      Symptomatic        Heart failure 
                                   years       kg/m2            type                     event                                                                                        episode                  history

1                    M             73           26.4           Lung                    DVT                     No                 Yes                 Yes                    Yes                        Yes
2                    F             88           24.1        Ovarian        DVT and visceral           No                 No                 Yes                    No                         No
3                    F             62           35.9         Other*            Visceral VTE              Yes                Yes                 Yes                    No                         No

BMI: Body mass index; DVT: deep vein thrombosis; HRTCA: high risk for thrombosis chemotherapy agents; F: female; M: male. *According to
Khorana stratification (4).

Table III. Correlation between potential risk factors and a recurrence of thrombosis. 

Risk factor                                                                                                                                          OR (95% CI)                                    p-Value

Gender                                                    Female vs. male                                                                  2.3 (0.2-26.0)                                      0.60
Age                                                         <65 Years vs. older                                                             1.8 (0.2-20.4)                                      0.99
BMI                                                        >35 vs. ≤35 kg/m2                                                              6.6 (0.5-81.2)                                      0.22
Smoking status                                      Ever vs. never                                                                     1.6 (0.1-18.1)                                   >0.99
Cancer primary site                               High-risk vs. other*                                                            2.3 (0.2-26.5)                                      0.60
Metastatic disease                                 Yes vs. no                                                                            0.1 (0.01-1.3)                                      0.045
Chemotherapy agent                             Low risk for VTE vs. high risk                                         0.7 (0.7-7.7)                                        0.99
History of heart failure                         Yes vs. no                                                                              RR=1.5**                                       <0.0001

BMI: Body mass index; CI: confidence intervaI; OR: odds ratio; RR: relative risk; VTE: venous thrombotic event. *According to Khorana
stratification (4). **OR cannot be calculated as none of the patients without recurrent thrombosis had a medical history of heart failure.



vomiting, and thrombocytopenia, and these can affect the
choice of anticoagulant agent.

Reasons for recurrent thrombosis during anticoagulation
therapy include anticoagulant-related causes (non-
compliance, temporary stopping of the therapy for surgeries
or due to bleeding or thrombocytopenia, or inadequate
dosing), cancer-related causes (progression of cancer,
inadequately treated cancer, or mechanical compression and
venous stasis from nodal involvement), as well as other
causes (heparin-induced thrombocytopenia or central venous
catheter-related VTE) (26, 29).

The present prospective multicenter observational study
(GMaT) enrolled 120 patients with cancer who had already
suffered a thrombotic event and received anticoagulation
treatment. CAT was an incidental finding in 35% of them. The
follow-up period was 12 months. New thrombotic events
occurred among three patients (2.5%); interestingly, only in
one patient was the event symptomatic. No significant
association (p≥0.05) was found between the recurrence of
thrombosis and age, gender, high BMI (>35 kg/m2), smoking
status, primary cancer site and type of chemotherapy (HRTCA
vs. non HRTCA). In contrast, recurrent thrombosis was found
to be related to non-metastatic disease and a history of heart
failure (p<0.05).

There are numerous other studies which have looked at the
efficacy of various anti-coagulants on patients with cancer
with varying results. In a study comparing DOACs and
LMWHs (33), in a cohort of 200 patients without active
gastrointestinal tract or urinary tract lesions treated with
rivaroxaban, the rate of recurrent VTE was 4.4% which was
no different from the GMaT study (p=0.5709). In larger
studies such as the TROPIQUE (prospective observational
study) involving 409 patients receiving LMWH  (34), the
percentage of VTE recurrence was 6.1% and similarly there
was non-statistically significant difference compared to that
observed in GMaT (2.5%, p=0.1875). In contrast, other large
studies (35) involving more than two anti-coagulants (DOACs,
LMWH and warfarin) report higher VTE recurrence rates
within shorter periods (6 months). More specifically, reported
recurrence VTE rates were 13.2% and 17.5% for patients
treated with rivaroxaban (N=707) and warfarin (N=1061),
respectively, representing a significant higher risk (p<0.05)
than in our study. In the CATCH randomized clinical trial (36)
that studied tinzaparin versus warfarin for treatment of acute
VTE in patients with active cancer, it was found that the 6-
month cumulative incidence of recurrent VTE was 7.2% (31
out of the 449 patients treated with tinzaparin). Given the
difference of 4.70% (95% CI=−0.43% to 8.13%) it was not
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Table IV. Characteristics (potential risk factor) of patients with bleeding events.

patient               Tumor type             Age, years               BMI, kg/m2              First event                Metastatic                  HRTCA                  Outpatient

1                            Rectal                        80                             23.5                           PE                            Yes                            Yes                           Yes
2                            Rectal                        80                             23.5                         DVT                          Yes                            Yes                           Yes
3                            Other*                        52                             37.6                         DVT                          Yes                            Yes                           Yes
4                            Other*                        82                             36.2                         DVT                          Yes                            Yes                            No

BMI: Body mass index; HRTCA: high risk for thrombosis chemotherapy agent; PE: pulmonary embolism; DVT: deep vein thrombosis. *According
to Khorana stratification (4).

Table V. Association between potential risk factors and bleeding.

Risk factor                                                                                                                                          OR (95% CI)                                    p-Value

Gender                                                    Female vs. male                                                                  3.6 (0.4-34.8)                                      0.34
Age                                                          <65 Years vs. older                                                             2.7 (0.3-27.0)                                      0.62
BMI                                                         >35 vs. ≤35 kg/m2                                                            13.5 (1.6-106.4)                                    0.03
Smoking status                                      Ever vs. never                                                                     0.9 (0.9-1.0)                                        0.08
Cancer primary site                                High-risk vs. other*                                                            0.9 (0.9-1.0)                                        0.12
Metastatic disease                                  Yes vs. no                                                                            1.1 (1.0-1.1)                                        0.58
Chemotherapy agent                              Low risk for VTE vs. high risk                                         1.1 (1.0-1.1)                                        0.57
Treatment with bevacizumab                Yes vs. no                                                                  RR=10.4 (5.9-18.2)**                               <0.0001
History of trauma                                   Yes vs. no                                                                          15.0 (1.8-123.5)                                    0.0013
History of renal insufficiency                                                                                                          18.7 (1.3-270.3)                                    0.0037

BMI: Body mass index; CI: confidence intervaI; OR: odds ratio; RR: relative risk; VTE: venous thrombotic event. *According to Khorana
stratification (4). **OR cannot be calculated as all patients who manifested bleeding were treated with bevacizumab.



possible to establish statistical meaning from the GMaT results
(p=0.0925). In contrast, in the CATCH trial, the cohort treated
with warfarin had 451 patients, out of whom 45 had recurrent
VTE (10.5%), a statistically significant difference of 8.00%
(95% CI=2.65-11.77%, p<0.0103). In the CLOT randomized
control trial, 27 out of 336 (8.0%) patients treated with
dalteparin and 53 out of 336 patients (15.6%) treated with oral
anti-coagulant (coumarin for 6 months, initiated by dalteparin
for up to 7 days) manifested recurrent thrombosis (15), which
suggests there is no difference with the GMaT results for
dalteparin (p=0.0592), while the percentage of VTE was
higher for those treated with oral anticoagulant (p=0.0003).

In a meta-analysis, following the inclusion of four
retrospective and six prospective studies, it was shown that
there is a higher risk for recurrent thrombosis in patients ≤65
years old and in patients with metastatic malignancy or lung
or gastrointestinal malignancy. In our GMaT study, the mean
age of the three patients with recurrent thrombosis was
74±13 years compared with patients without recurrent VTE
who had a mean age of 64±12 years. Moreover, no
statistically significant difference was confirmed (ANOVA,
p=0.1301) (18). Notably, the 10 studies included in the meta-
analysis reported 331 VTE recurrences in total among 4791
patients, a rate of 6.9%, which is higher than the 2.5% found
in our study (p=0.0876). From our GMaT study, it was
concluded that a history of heart failure was risk factor for
recurrent thrombosis; according to the literature, heart failure
is among the risk factors for VTE (37) irrespective of the
existence of cancer. In GMaT, there was no indication for
any correlation between the recurrence of thrombosis and
metastasis, as well as primary cancer site. By contrast, in
literature, recurrent thrombosis was reported to be positively
associated with distant metastases (38). However, the
number of observed recurrent thrombotic events in GMaT
was rather low so we cannot draw any firm conclusions
regarding such correlations. 

Considering adverse events in GMaT, the bleeding rate
was found to be 3.3% (four patients out of 120). In the
TROPIQUE study, among patients administered with
LMWH the rate of major bleeding events was 7.0%, and no
difference from the GMaT results was shown (p=0.2054)
(34). Concerning bleeding events in the CATCH trial, 49 out
of 449 (10.91%) patients treated with tinzaparin and 69 out
of 451 patients (15.30%) treated with warfarin had non-
major bleeding events (36), while there was a significant
reduction in major bleeding (p=0.004) when patients were
treated with tinzaparin within the CATCH environment. In
the GMaT study, there were considerably fewer minor
bleeding events compared to both approaches (p<0.05 in
both comparisons). The rates of non-major bleeding events
were 8% and 15% in the dalteparin and oral anticoagulant
groups respectively in the CLOT trial (15); leading to
p=0.1216 and p=0.0012, respectively, compared to the

GMaT results. In summary, GMaT results cannot confirm
inferiority or superiority when compared with the results of
other studies in relation to LMWH, and showed lower
bleeding rates than with oral anticoagulants.

In GMaT, it was found that the bleeding rate was related
to a high BMI (>35 kg/m2) (OR=15.14, 95% CI=1.85-
124.15) and this is consistent with other bibliographic reports
(19). A history of renal insufficiency was also found to have
a role in bleeding effects. A systematic review and meta-
analysis of 12 studies (39) in non-cancer patients suffering
from renal insufficiency suggests that if patients receive
empirically adjusted doses of LMWH, there is no statistically
significant difference in bleeding between patients with renal
inefficiency and those without  (20, 39). Especially in
relation to tinzaparin (this being the agent for the vast
majority of the patients participating in this study), it is well
known that it can be used safely at treatment doses, even in
elderly patients  (40), because there is no accumulation of
the peak anti-factor Xa (41). Finally, a history of recent
trauma or surgery is one of the factors for increased VTE
(37) and in addition it is a risk factor when patients are
treated with LMWH (42). Our findings also corroborate this
result as the OR for bleeding was approximately 15 for
patients with a history of trauma.

The final GMaT outcome related to bleeding indicated
that bevacizumab had a role in bleeding events (p<0.0001).
The scientific literature findings are rather contradictory: in
one study, it was found that bevacizumab did not increase
the risk of severe bleeding in patients with cancer who
received anticoagulation agents (43); by contrast, in a meta-
analysis, this agent was associated with a higher risk of
bleeding (44). In GMaT, a correlation for bleeding was found
among patients treated with this agent (RR=10.36, 95%
CI=5.91-18.17).

In this study, all patients were treated with LMWH;
nowadays, direct oral anticoagulants have been and continue
to be studied for the treatment of VTE for selected cancer
populations (25, 45, 46). However LMWHs are preferred due
to pitfalls associated with DOACs, particularly among patients
with gastrointestinal cancer (32). From the trials related to
DOACs, the HOKUSAI cancer study had a large population of
522 patients initially treated with LMWH and subsequently
with oral edoxaban (46). Recurrent VTE occurred in 41
patients (7.9%) and major bleeding occurred in 36 patients
(6.9%). It was not possible to confirm any difference in either
recurrent VTE or bleeding from GMaT results (p=0.0544 and
p=0.2026, respectively). Notably, the HOKUSAI cancer study
excluded patients with gastrointestinal or urothelial cancer
diagnosed within the previous 6 months, and patients treated
with bevacizumab within the previous 6 weeks; since in GMaT
these patients were not excluded and considering that all
patients with bleeding were treated with bevacizumab and that
two patients had colorectal cancer (Table II), there is no proper
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basis for comparison. The SELECT-D randomized control trial,
had two arms of 203 patients treated with rivaroxaban and
dalteparin respectively, for 6 months. The 6-month recurrence
rate for VTE was 4%, while that for major bleeding was 6%
(47). As was the case with the HOKUSAI study, GMaT results
did not confirm statistically significant superiority or inferiority
(p>0.05). Notably, the GMaT study had a 12-month follow-up,
thus again there is no basis for comparison.

The recommended duration of LMWH for CAT is up to 6
months, whereas the continuation of treatment is a clinical
decision related to a patient’s potential risk factors for the
recurrence of thrombosis or bleeding. According to the
TiCAT study, it is safe to use tinzaparin beyond 6 months in
patients with CAT (reported bleeding risk 0.9% and 0.5% per
patient and month for months 1-6 and 7-12 respectively,
p=0.5) (48). From a large population-based cohort study, it
has been shown that in the absence of anticoagulation
therapy, 35 additional deaths from recurrent VTE and six
fewer deaths from bleeding would have occurred (17),
suggesting that the use of LMWH may prevent more deaths
than it causes more bleedings. In GMaT, 85% of patients
received LMWH for more than 6 months with no major
bleeding or death related to recurrent thrombosis.

The present study may have some drawbacks; by design it
was a multicenter observational pragmatic study, and thus it
cannot provide the same level of evidence as randomized
controlled clinical trials. In addition, the real-world data
collection approach is reflected in the rather limited number
of cases of patients with recurrent thrombosis or those who
manifested bleeding; thus, statistical tests between patients
with events and patients without events cannot always
confirm a correlation as is possible by larger studies.
Moreover, there were certain situations where not all the data
were simultaneously available for all the patients, so parts of
the statistical analysis may not have shown correlations which
are reported in other scientific research. In contrast, one of
the strengths of the GMaT study is the duration of follow-up
(12 months), which ensures that the findings reported are
accurate for a long-term period.  What is more, there was no
modification of the anti-coagulation treatment dose. 

In conclusion, incidental thrombosis contributes
significantly to the burden of CAT and patients with CAT
received LMWH for a period longer than 6 months. The long-
term use of LMWH seems to be effective and safe as the
thrombosis recurrence rate and the number of bleeding events
was considerably low and not fatal. A potential risk factor
associated with the recurrence of thrombosis was a medical
history of heart failure, whereas bleeding events were
associated with a high BMI, a medical history of trauma or
renal insufficiency, and treatment with bevacizumab. Finally,
other factors can complicate anti-coagulation therapy
planning, including and not being limited to: drug interactions,
comorbidities, such as renal or hepatic insufficiency or

dysfunction, nausea and vomiting, or thrombocytopenia, and
these can limit the choice of anticoagulant agent.
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