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Abstract

Introduction Cancer-associated thrombosis (CAT) is a significant concern among patients with malignant diseases, leading
to increased mortality. While current guidelines recommend primary thromboprophylaxis for venous thromboembolism
(VTE) in medium-to-high-risk outpatients, this practice remains controversial. A better understanding of primary thrombo-
prophylaxis is crucial, yet there is a lack of Real-World Evidence (RWE) in Portugal.

Aims This RWE study aimed to elucidate primary thromboprophylaxis practices among cancer outpatients in Portugal.
Methods A five-year observational multicentric study in eight Portuguese health institutions enrolled 124 adult cancer
outpatients under primary thromboprophylaxis for VTE. The endpoints were CAT, bleeding, cancer progression and death.
Results High thrombotic risk tumours were prevalent, with 57% (71) of the patients presenting with pancreatic and gastric
cancers. Regarding primary thromboprophylaxis, 55% (68) received Low-Molecular-Weight Heparin (LMWH). VTE was
presented in 11% (14) of the patients and major bleeding in 2% (2). Vascular compression, elevated D-dimer and previous
VTE were significantly associated with VTE occurrence under primary thromboprophylaxis. The Onkotev model was shown
to be the best risk assessment model (RAM) in this population (p=0.007). CAT patients exhibited a lower progression-free
survival than non-CAT patients (p =0.021), while thrombosis did not influence overall survival (p =0.542).

Conclusion Primary thromboprophylaxis in medium-to-high-risk cancer outpatients is a safe and effective practice in real-
world settings. This study is the first Portuguese RWE on primary thromboprophylaxis, highlighting evidence for improving
prophylactic strategies in this population.
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Introduction

The close relationship between malignancy and venous
thromboembolism (VTE) is well-established [1]. Up to 20%
of cancer patients develop VTE (mainly deep vein throm-
bosis (DVT) and/or pulmonary embolism (PE)), leading to
considerable mortality and a major healthcare burden [2, 3].

Bullet Points 1. Thrombosis contributes to elevated morbidity
and mortality rates among cancer patients;.

2. Despite the importance of primary thromboprophylaxis,
there is a lack of Real-World Evidence;.

3. This five-year observational multicentric study elucidated
the practices of primary thromboprophylaxis in Portugal;.

4. Vascular compression, elevated D-dimer and a history of
previous VTE were significantly associated with VTE occurrence
under primary thromboprophylaxis;.

5. New insights could help refine the guidelines for primary
thromboprophylaxis, improving the clinical outcomes of cancer
patients.

Extended author information available on the last page of the article

Compared with the general population, these patients have
a four-to-seven-fold increased risk of VTE events [4]. The
condition, known as the Trousseau syndrome, is attributed
to factors related to the patient, the tumour and the antineo-
plastic treatments, setting the pillar for thromboprophylaxis
[5, 6].

Over the years, various risk assessment models (RAMs)
for cancer-associated thrombosis (CAT) have been proposed.
The Khorana score (KS) is the most validated RAM to help
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select cancer outpatients for primary thromboprophylaxis
[7]. The score is directed to those who will start chemother-
apy, encompassing clinical and laboratory parameters to cat-
egorise patients into three risk categories [8§—10]. Since KS,
several modified RAMs have been created with the addition
of new parameters to increase the score sensitivity, mainly
for low-risk KS groups. The list includes, among others,
the Onkotev model, the Protecht score and the Conko-004
score [11-14]. These RAMs offer the possibility of better
risk stratification [10]. However, they perform differently
across different populations. For instance, the Onkotev
model seems to be more suitable for the Portuguese popula-
tion [11, 15].

When deciding on thromboprophylaxis, factors such as
VTE risk, bleeding potential (influenced by cancer type,
medication and patient’s comorbidities), costs and the
impact on the patient's quality of life are pertinent [16, 17].
Unless there is a contraindication, cancer outpatients with
a medium-to-high risk of VTE (KS >2) are candidates for
primary thromboprophylaxis [18]. According to randomised
trials, prophylactic anticoagulation with Low-Molecular-
Weight Heparin (LMWH) can reduce the relative risk of
VTE by around 50% [10]. Indeed, it is the safest option in
cases involving possible drug interactions and a high antici-
pated risk of bleeding. Direct oral anticoagulants (DOAC)
can also be prescribed if there are no contraindications
[19-21]. After the recommended six-month period, the deci-
sion to continue thromboprophylaxis, whether with DOACs
or LMWHs, should be based on the dynamic benefits-to-
risk ratio [17, 22-24]. Thus, RAMs should be periodically
reassessed to accommodate changes in the patient's clinical
status [25].

Controversies surround the best use of primary thrombo-
prophylaxis. Few studies have shown that thromboprophy-
laxis affects overall survival. Furthermore, even under
thromboprophylaxis, patients may experience CAT events
(6-15%), with some suffering from adverse events, namely
bleeding (major bleeding in less than 4% of cases) [4, 19, 20,
26, 27]. A better characterisation of those at increased risk
of CAT and bleeding events under primary thromboprophy-
laxis, and the impact on the patient's quality of life, is cru-
cial to identify those with a better benefits-to-risk ratio. The
variability in adherence to guidelines and the lack of data
on patient perception contribute to this ongoing debate. The
existing evidence mainly stems from clinical trials that often
include a selected patient population [7]. Likewise, the few
published national data, particularly in Portugal, hampers
the ability to comprehend primary thromboprophylaxis prac-
tices, adherence rates, and associated outcomes in these pop-
ulations. Real-world evidence (RWE) is needed to improve
clinical decision-making [3, 7, 26]. In this context, an RWE
study was designed to investigate the use, effectiveness, and
safety of primary thromboprophylaxis among Portuguese
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cancer outpatients to provide comprehensive insights into
the current practices and outcomes of thromboprophylaxis
in this population.

Materials and methods
Study cohort description

An RWE multicentric cross-sectional study was conducted
with cancer outpatients under primary thromboprophylaxis
admitted between January 2018 and October 2022 at eight
Oncology Departments in Portugal. These health institutions
include public and private, peripheral and university tertiary
hospitals from the North to the South of Portugal.

The inclusion criteria were: (1) adult patients, (2) histo-
logically confirmed solid tumours, and (3) primary throm-
boprophylaxis in the ambulatory context. Exclusion criteria
were: (1) pregnant or breastfeeding, (2) known haemostatic
disorder or (3) anticoagulation for other health reasons.
Applying the criteria, a total of 124 patients were enrolled
for this study. The decision to start thromboprophylaxis,
with which drug and the duration was based on the oncolo-
gist’s decision. The patient self-administered the medication
after nursing training.

Data concerning the patients' follow-up and demographic
and clinicopathological factors at the beginning of systemic
treatment (baseline age, sex, performance status (PS), body
mass index (BMI), comorbidities, history of previous VTE,
use of oral antiplatelet drugs, haemoglobin, leukocytes,
platelets and D-dimer levels, primary tumour site, stage,
antineoplastic treatments and vascular compression by the
tumour) and the systemic (chemotherapy, tyrosine kinase
inhibitor (TKI), hormonotherapy, antibody and immuno-
therapy) and local (radiotherapy and surgery) antineoplastic
treatments were collected by reviewing hospital electronic
medical records.

Upon enrolling, each patient signed an informed written
consent according to the principles of the Helsinki Declara-
tion. The study was approved by the ethics committee of
Hospital Center of Tras-os-Montes and Alto Douro (CES.
489/2018, 20th December 2018).

Statistical analysis

Descriptive statistics were used for all objectives. Subgroup
descriptive statistics were also tabulated considering distinct
groups of patients and treatments.

All categorical variables are presented as numbers and
percentages. Given the non-Gaussian distribution of contin-
uous variables, these are presented as the median and inter-
quartile range (IQR). Between-group analysis was conducted
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using the Mann—Whitney U test for continuous variables and
the x 2 test for categorical variables.

Exploratory univariate logistic regression analyses and
linear regression analyses were used to find risk factors for
events (see Sect. "Study endpoints") in cancer outpatients
under thromboprophylaxis. The evaluated variables included
the patient’s age, sex, Eastern Cooperative Oncology Group
(ECOG) PS, BMI, primary tumour site, vascular/lymphatic
compression, previous VTE, level of D-dimer, blood count
and platinum and/or gemcitabine-based chemotherapy.
These variables were also used to compute the RAMs KS,
Onkoteyv, Protecht and Conko-004. Specifically, the KS score
was determined based on the primary tumour site, pre-chem-
otherapy haemoglobin level, leukocyte and platelet count
and BMI [8]. The Onkotev model encompassed previous
VTE, metastatic disease, macroscopic vascular/lymphatic
compression and a KS > 2 as parameters [11]. The Protecht
score was computed by adding information on platinum and/
or gemcitabine-based chemotherapy to the KS score [12].
Lastly, the Conko-004 score was determined using the same
variables as KS but replacing BMI for PS [13]. The Bonfer-
roni correction was used when necessary. Statistical signifi-
cance was set at p=0.05 (two-sided). IBM SPSS Statistics
version 23 was the software used for statistical analyses.

Study endpoints

The primary study endpoint was CAT, including confirmed
VTE and arterial thromboembolism (ATE), with analysis of
its location, conditions of diagnosis (symptomatic or inci-
dental), and date of occurrence. If there was not a clinical
suspicion, DVT was not ruled out by duplex compression
ultrasonography at the recruitment.

The secondary endpoints were bleeding events, cancer
progression and death. Bleeding was classified as minor or

Fig.1 Primary tumour location
of cancer outpatients under pri-
mary thromboprophylaxis (%)
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major (major being defined as bleeding that demands blood
transfusion or that lowers the haemoglobin concentration by
more than 2 g/dL) [28, 29]. Cancer progression was defined
using the Response Evaluation Criteria in Solid Tumours
(RECIST) criteria (version 1.1):>20% increased sum
of diameter of target lesions or progression of non-target
lesions or new lesions [29].

Results

Among the patients in the cohort, 53% (66) were male. The
median (IQR) age of the enrolled patients was 66.0 (14.0)
years (9% (11) of the patients were aged 80 years or older).
Regarding PS, 75% (93) of the patients had a good functional
status (PS<1). As for BMI, 10% (12) were underweight
and 4% (5) presented a BMI > 35 kg/m?. The most com-
mon disease group was cardiovascular (68% (85)), but only
a minority used antiaggregant (7% (9)). Concerning previ-
ous VTE, 20% (25) of the patients had experienced at least
one event. Regarding the existence of vascular/lymphatic
compression, it was presented in 32% (40) of the patients.
In terms of primary tumour site, 68% (85) of the patients
had high thrombotic risk cancers, with pancreatic cancer
accounting for 41% (51), gastric cancer for 16% (20) and
lung cancer for 1% (14) of cases (Fig. 1). Furthermore, 67%
(83) of the patients had stage IV cancer (advanced disease).
Most patients underwent systemic treatment, with chemo-
therapy being the most common (72% (89)), preferably in
combination schemes (56% (69)) with platinum salts being
the most used agents (53% (66)). The full description of the
study population is summarized in Table 1.

Across the entire cohort, the strategy for primary throm-
boprophylaxis strategy included LMWH for 55% (68) of
the patients. Regarding specific anticoagulant drugs, the
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most used were tinzaparin and rivaroxaban, each in 31%
(38) of the patients. The LMWH were the preferred drug
among patients with tumours associated with a higher risk
of bleeding (gastrointestinal and urologic tract). In this sub-
group, 66% (61) of the patients were under LMWH com-
pared with 34% (31) under DOAC (p <0.001). The opposite
was seen among those with the remaining studied tumours.
The median (IQR) duration of thromboprophylaxis was 3.8
(4.2) months, without a significant difference when com-
paring LMWH with DOAC (p=0.263). There were fewer
interruptions of thromboprophylaxis in the DOAC group
compared to those under LMWH (21% (10) and 43% (29)
of the patients respectively, p =0.016). The reason for drug
interruption was not assessed. The high-profile VTE risk of
the population was confirmed through all assessed RAMs,
but the one with more patients in this risk category was KS
(97% (120) of the patients presented a medium—high KS).
The full characterization of thromboprophylaxis, baseline
RAM and antineoplastic treatment risk factors is summa-
rized in Table 2.

Concerning the endpoints of the study, 81% (124) of the
patients did not experience CAT or bleeding events. CAT
occurred in 11% (14) of the patients. The median (IQR) time
from the start of prophylaxis to a CAT event was 5.8 (6.0)
months (Fig. 2). Among those with CAT, most had VTE
(71% (10)), in unusual sites (29% (4)) (not PE, DVT nor
catheter-related thromboembolism) and most events were
symptomatic (79% (11)). On the other hand, ATE occurred
in 3% (4) of the patients. There was no association between
the incidence of CAT events and the type of thromboprophy-
laxis drug used (LMWH or DOAC, p=0.581).

The median (IQR) time between CAT occurrence and
cancer progression was 4.1 (5.1) months. The patients that
presented a CAT progressed sooner than CAT-free ones
(p=0.021; Fig. 3). CAT occurrence did not influence over-
all survival (p=0.542).

In terms of potential predictive biomarkers, significant
associations were found between CAT occurrence and the
risk factors D-dimer levels, vascular/lymphatic compres-
sion and previous VTE. Specifically, patients who experi-
enced CAT had higher baseline D-dimer levels (p =0.030),
and more often presented vascular/lymphatic compression
(p=0.012) and previous VTE (p =0.036). Among the differ-
ent RAMs, the only one that showed a significant association
with CAT was Onkotev, with the disease associating with a
higher ONKOTEYV score (p=0.007).

As for bleeding events, 91% (113) of the patients did not
have a haemorrhage, and when it occurred, it was mostly
minor events (82% (9)). The median (IQR) time from the
start of prophylaxis to a bleeding event was 4.2 (15.9)
months (Fig. 2). The time from bleeding to death was 0.5
(2.5) months, while no association between the two events
(bleeding and death) was detected (p =0.755). Regarding

anticoagulation drugs, there was no association between
bleeding occurrence and the use of LMWH or DOAC
(p=0.205). The full characterization of the events is in
Table 3.

Discussion

CAT poses a significant concern for patients undergoing
antineoplastic treatment, often resulting in increased mor-
bidity and mortality. After cancer itself, VTE is the sec-
ond death cause among patients with malignant diseases. A
personalized approach is crucial for improving patient out-
comes and reducing the occurrence of adverse events during
primary thromboprophylaxis [5]. While current guidelines
recommend primary thromboprophylaxis in medium-to-
high-risk cancer outpatients, its implementation is still a
subject of controversy. To enhance the quality of care, it
is crucial to better understand this prophylactic measure in
cancer outpatients. Thus, this RWE study aimed to address
this knowledge gap.

This study provides valuable primary thromboprophy-
laxis RWE among cancer outpatients in Portugal. The main
goal was to elucidate thromboprophylaxis's management,
effectiveness and safety in this population, which can change
clinical practice. Another goal was to evaluate the associa-
tion of CAT and bleeding events under thromboprophylaxis
with known and easily accessible markers and RAMs in clin-
ical settings. By identifying predictive biomarkers, it could
be possible to create a new RAM to help tailor intervention.

The study cohort presented mostly an elderly population,
with concomitant comorbidities, well balanced on sex, with
a good PS and healthy BMI. As expected, most patients had
high thrombogenic tumours (with the pancreas followed by
gastric and lung cancer being the most common) and pre-
sented with advanced-stage diseases. The RAM with most
patients in higher categories (97% (120)) was KS, which is
probably because it was the most used RAM for the deci-
sion of thromboprophylaxis. This shows that KS was the
preferred RAM for patient selection. However, Onkotev was
shown to be the best RAM in this population. In line with
this observation, the Onkotev model was previously deemed
superior to KS in guiding individualized thromboprophy-
laxis for VTE in cancer outpatients [30]. These findings sup-
port the importance of a case-by-case evaluation and the
discussion of CAT with the patients.

Regarding primary thromboprophylaxis, LMWH
were the preferred class. As supported in the guidelines,
in tumours with a higher risk of bleeding, LMWH is the
recommended option. The same applies to patients with
a higher risk of drug interactions and other particularities
[18, 22, 25, 31, 32]. Interestingly, in this study, tinzaparin (a
LMWH) and rivaroxaban (a DOAC) were equally used. As

@ Springer
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for the duration, the median period of thromboprophylaxis
was 5.4 months, following the current recommendation of
6 months. There was no significant difference in CAT or
bleeding event rates or in thromboprophylaxis duration when
comparing LMWH with DOAC, which might reveal a good
drug-patient decision. The drug selection and the duration of
thromboprophylaxis show a tendency towards an individu-
alized choice, considering the VTE and bleeding risks pro-
vided by the patient, tumour and treatment characteristics.

The thromboprophylaxis was efficient and safe, with most
patients (81% (100)) not experiencing an adverse event.
Those with a CAT event (11%) had mostly VTE and symp-
tomatic events, as expected based on earlier trials. In opposi-
tion, thrombotic events at unusual sites and ATE had higher
rates than expected (3%). This is important as healthcare pro-
fessionals should be aware of the occurrence of CAT events
even under thromboprophylaxis and its occurrence at infre-
quent sites. In the study, most bleeding events were minor,
occurred less than expected and were not significantly associ-
ated with the patient’s death. Comparing the two events, CAT
occurred more often and two months later than bleeding,
around the 6th month of thromboprophylaxis. This highlights
the importance of the fulfilment of thromboprophylaxis for
at least six months with continuous monitoring until the end.

There was a statistically significant association between
CAT and known risk factors: elevated D-dimer levels, vas-
cular compression and previous VTE. This shows the posi-
tive relation between tumour aggressiveness and thrombo-
inflammation. Whether healthcare professionals should
prefer the Onkotev model in Iberian populations or a new
RAM should be tailored for this population using these eas-
ily accessible risk factors from clinical practice is a matter
of discussion. Another question is whether a dose increment
could be of benefit in the higher-risk subgroup. In sum, this
RWE study supports primary thromboprophylaxis as safe
and beneficial for cancer outpatients, while also emphasiz-
ing the importance of their continuous surveillance. Also,
according to the results, this population demands more tai-
lored thromboprophylaxis strategies.

The strengths of this study include its RWE multicentric
design. However, there are limitations to consider. First, the
study was underpowered to find small effects given the small
cohort size and the small number of patients experiencing CAT
and bleeding events. Furthermore, the decisions on thrombo-
prophylaxis beginning and interruption, as well as drug choice,
were entirely up to the oncologist without any bias of selec-
tion, leading to a more heterogeneous sample. Moreover, the
presence of VTE was not actively excluded at the beginning of
thromboprophylaxis and the bleeding location was not evalu-
ated. Another constraint is that blood and imaging analyses
were performed in different hospitals. At last, drug admin-
istration was performed at home without direct observation
or another type of control. Taken together, this study must be
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confirmed in further studies with larger and more homogene-
ous samples to properly answer the raised questions.

In future studies, the establishment of new and better
RAMSs for patient selection according to the population
group, the knowledge of the best drug duration and dose,
and the assessment of patients’ perspectives and impact on
the quality of life concerning thromboprophylaxis should
be evaluated. These studies should also assess international

@ Springer

Table 3 Characteristics of CAT, bleeding events, progression and
death

Variable Frequency (n) Per-
centage
(%)
CAT location PE 2 2
DVT 3 2
Catheter 1 1
Unusual site * 4 3
ATE 4 3
None 110 89
CAT diagnosis Symptomatic 11 9
Incidental 3 2
Bleeding Minor 9
Major 2
None 113 91
Cancer progression - 52 47
Death - 65 52

* Includes three splanchnic vein thrombosis and one upper-extremity
venous thromboembolism (upper-extremity VTE)

Abbreviations: ATE, arterial thromboembolism; CAT, cancer-associ-
ated thrombosis; DVT, deep vein thrombosis; PE, pulmonary embo-
lism

adherence to guidelines, find potential barriers or challenges
to implementation, and guide future actions for improving
CAT prevention and management. Research efforts should
aim to discover more predictive factors for VTE and bleed-
ing under primary thromboprophylaxis. By doing so, more
targeted and effective thromboprophylaxis strategies can
be developed, increasing clinicians' confidence in this
approach, and putting patients in the focus of the decision.



Primary thromboprophylaxis in cancer outpatients — real-world evidence

813

Ultimately, ensuring better VTE prevention could improve
the quality of life for cancer patients.

Conclusions

To the best of our knowledge, this is the first Portuguese
RWE of primary thromboprophylaxis in cancer outpa-
tients. The findings corroborate a positive risk/benefit ratio
of thromboprophylaxis in this population. An association
of CAT with vascular compression, earlier VTE, D-Dimer
levels and cancer progression was detected. These fac-
tors, which are easily assessed in clinical practice, could
be used to create a new RAM for the very high-risk Por-
tuguese population. Furthermore, the Onkotev model
was shown to be the best RAM in this population. These
results are valuable for healthcare professionals involved
in the management of cancer patients, aiding their clinical
decision-making processes and promoting adherence to
guidelines. In summary, these findings support primary
thromboprophylaxis in medium-to-high-risk cancer out-
patients and emphasize the importance of more tailored
strategies to improve cancer patient outcomes.
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