
Archives of Cardiovascular Disease 117 (2024) 45–59

Disponible  en  ligne  sur

ScienceDirect
www.sciencedirect.com

Review

Management  of  cancer-associated  thromboembolism  in  vulnerable
population

Silvy  Laportea,l,∗, Ygal  Benhamoub,l,  Laurent  Bertoletti c,l, Corinne  Frèred,  Olivier  Hanone,
Francis  Couturaudf,l,  Farès  Moustafag,l,  Patrick  Mismettih,l, Olivier  Sanchez i,j,l,1,
Isabelle  Mahéi,k,l,1,  for  the  INNOVTE  CAT  Working  Group2

a SAINBIOSE Inserm, unité de recherche clinique, innovation et pharmacologie, hôpital Nord, université Jean-Monnet, CHU de Saint-Étienne, Saint-Étienne,
France
b UNI Rouen U1096, service de médecine interne, Normandie université, CHU Charles-Nicolle, Rouen, France
c Service de médecine vasculaire et thérapeutique, CHU de Saint-Étienne, INSERM, UMR1059, Equipe Dysfonction Vasculaire et Hémostase, Université
Jean-Monnet, INSERM, CIC-1408, CHU Saint-Étienne, Saint-Étienne, France
d Inserm UMRS 1166, GRC 27 GRECO, DMU  BioGeMH, hôpital de la Pitié-Salpêtrière, Sorbonne université, Assistance publique–Hôpitaux de Paris, Paris,
France
e Service de Gérontologie, hôpital Broca, AP–HP, EA 4468, Université de Paris Cité, Paris, France
f Inserm U1304 – GETBO, département de médecine interne, médecine vasculaire et pneumologie, université de Brest, CHU de Brest, Brest, France
g Inrae, UNH, département urgence, hôpital de Clermont-Ferrand, université Clermont Auvergne, Clermont-Ferrand, France
h Service de Médecine Vasculaire et Thérapeutique, CHU Saint-Etienne, Hôpital Nord, Saint-Étienne, France
i Université Paris Cité, Inserm UMR S1140, innovations thérapeutiques en hémostase, Paris, France
j Service de pneumologie et de soins intensifs, hôpital européen Georges-Pompidou, AP–HP, Paris, France
k Service de médecine interne, hôpital Louis-Mourier, AP–HP, Colombes, France
l F-CRIN INNOVTE network, Saint-Étienne, France

a  r  t  i c  l  e  i  n  f  o

Article history:
Received 17 November 2023
Accepted 17 November 2023
Available online 23 November 2023

Keywords:
Cancer
Venous thromboembolism
Vulnerable patients

a  b  s  t  r  a  c  t

Although  all patients  with  cancer-associated  thrombosis  (CAT)  have  a high  morbidity  and  mortality  risk,
certain  groups  of patients  are  particularly  vulnerable.  This may  expose  the  patient  to  an  increased  risk  of
thrombotic  recurrence  or  bleeding  (or  both),  as  the  benefit-risk  ratio  of  anticoagulant  treatment  may  be
modified. Treatment  thus  needs  to  be chosen  with care.  Such  vulnerable  groups  include  older  patients,
patients  with  renal  impairment  or thrombocytopenia,  and  underweight  and  obese  patients.  However,
these  patient  groups  are  poorly  represented  in  clinical  trials,  limiting  the  available  data,  on which  treat-
ment decisions  can  be  based.  Meta-analysis  of  data  from randomised  clinical  trials  suggests  that  the
relative  treatment  effect  of  direct  oral  factor Xa  inhibitors  (DXIs)  and  low  molecular  weight heparin
(LMWH)  with  respect  to  major  bleeding  could  be affected  by advanced  age.  No  evidence  was  obtained
for  a change  in  the  relative  risk-benefit  profile  of  DXIs  compared  to LMWH  in patients  with  renal  impair-
ment  or  of low  body  weight.  The  available,  albeit  limited,  data  do not  support  restricting  the  use  of
DXIs  in  patients  with  CAT  on  the  basis  of  renal  impairment  or low  body  weight.  In older  patients,  age
is  not  itself a critical  factor  for choice  of  treatment,  but  frailty  is such  a factor.  Patients  over 70  years
of  age  with CAT  should  undergo  a systematic  frailty  evaluation  before  choosing  treatment  and  modi-
fiable  bleeding  risk factors  should  be  addressed.  In  patients  with  renal  impairment,  creatine  clearance
should  be  assessed  and  monitored  regularly  thereafter.  In  patients  with  an  eGFR  < 30 mL/min/1.72  m2,
the  anticoagulant  treatment  may  need  to  be adapted.  Similarly,  platelet  count  should  be  assessed  prior  to
treatment  and  monitored  regularly.  In patients  with  grade  3-4,  thrombocytopenia  (< 50,000  platelets/�L)
treatment  with  a LMWH  at  a reduced  dose  should  be  considered.  For  patients  with  CAT  and  low  body
weight,  standard  anticoagulant  treatment  recommendations  are  appropriate,  whereas  in obese  patients,
apixaban  may  be  preferred.
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Abbreviations

AKI acute kidney injury
BMI  body mass index
CAT cancer-associated thromboembolism
Ccr creatinine clearance
CI confidence interval
CKD chronic kidney disease
CG Cockroft-Gault formula
CRB clinically relevant bleeding
CrCl creatinine clearance
CVC central venous catheter
DIC disseminated intravascular coagulation
DVT deep vein thrombosis
DXI direct-acting oral factor Xa inhibitors
ECOG Eastern Cooperative Oncology Group
eGFR estimated glomerular filtration rate
GFR glomerular filtration rate
HR hazard ratio
IRR incidence rate ratio
IU international unit
LMWH  low-molecular weight heparin
MB major bleeding
MMSE  Mini-Mental State Examination
NHANES National Health and Nutrition Examination Survey
OR odds ratio
PE pulmonary embolism
RHR ratio of hazard ratios
RI renal impairment
RR relative risk
RCT randomised clinical trial
ULN upper limit of normal
VKA vitamin k antagonist
VTE venous thromboembolism

1. Introduction

This chapter concerns patients with cancer-associated throm-
boembolism (CAT) for whom the benefit-risk ratio of anticoagulant
therapy may  be modified due to clinical or biological character-
istics potentially associated with an increased risk of thrombotic
recurrence or bleeding. In particular, this concerns older patients,
patients with renal impairment or thrombocytopenia, and under-
weight and obese patients.

1.1. The notion of fragility

During certain phase III trials of direct factor Xa inhibitors
(DXIs), certain patient subgroups, specifically patients aged ≥ 75
years, with renal impairment characterised by a creatinine clear-
ance ≤ 50 mL/min or with a body weight ≤ 60 kg were observed to
be at lower risk of bleeding under treatment with DXIs compared to
low molecular-weight heparin (LMWH) [1–3]. These three patients
groups were empirically grouped together under the label of ‘frag-
ile patients’ [4] and have since been the subject of a number of other
studies. Although the proportion of fragile patients enrolled in ran-
domised clinical trials is low (for example, 17% in the Hokusai-VTE
trial [2] and 21% in the EINSTEIN-PE study [3]), in everyday clinical
practice, this proportion is much higher. In an analysis of 15,079
patients from the RIETE registry [5], 42% of patients experiencing a
venous thromboembolism (VTE) fulfilled the fragility criteria, and
these patients had a lower rate of VTE recurrence and a higher rate
of bleeding than non-fragile patients. A subsequent study of the
RIETE registry reiterated the findings from the clinical trials that
the incidence of bleeding was lower in fragile patients receiving

DXIs compared to those receiving LMWH  or vitamin K antagonists
(VKAs) [6].

1.2. Treatment effects in fragile patients with CAT from
randomised clinical trials

Although numerous meta-analyses comparing DXIs with
LMWH  in patients with CAT have been published, none have eval-
uated whether fragility could have an impact on the efficacy and
safety outcomes at the end of the treatment period. Moreover, no
dedicated randomised clinical trials (RCTs) have been performed
in fragile patients with CAT. Nonetheless, older patients represent
between 15% and 35% of patients in recent RCTs of DXIs, patients
with renal insufficiency between 7% and 27% and patients with low
body weight between 10% and 27% (Table 1).

In this context, meta-analysis of data from subgroups of fragile
patients included in these RCTs enables a gain in statistical power
which makes it possible to compare the relative size of the treat-
ment effect between patients with CAT treated with DXIs and those
treated with LMWH.  Such a meta-analysis has recently been carried
out [11] and the results are presented as forest plots in Figs. 1 and 2.

In older patients, age (≥ 75 years old versus < 75 years) does
not seem to influence the treatment effect with respect to VTE
recurrence, the ratio of hazard ratios (RHR) for DXIs versus LMWH
between the two age groups is close to unity (Fig. 1). In contrast,
with respect to major bleeding, advanced age may be a possible
modifier of the treatment effect, with a non-significant amplifica-
tion of the treatment effect in favour of LMWH  in patients aged ≥ 75
years compared to younger patients (Fig. 2). However, these data
only allow comparison using the 75-year cut-off, which might not
be appropriate, since, compared to VTE in patients without can-
cer, CAT typically occurs at a younger age. The cut-off point should
preferably be 80 or even 85 years of age, as these age groups have
the highest risk of VTE and major bleeding, irrespective of cancer.

Regarding VTE recurrence and major bleeding, creatinine clear-
ance (≥ 50 mL/min versus < 50 mL/min) does not seem to influence
the treatment effect, as the ratio of hazard ratios (RHR) for DXIs
versus LMWH  between patients with and without renal impair-
ment is close to unity (Figs. 1 and 2).

Low body weight (≤ 60 kg) does not seem to have any impact
on the treatment effect. The RHR for DXIs versus LMWH  in patients
with and without low body weight is close to unity for both VTE
recurrence and major bleeding (Figs. 1 and 2). Nevertheless, the
cut-off of 60 kg to identify underweight patients is too high and a
cut-off of 50 kg would be more meaningful, although this would
restrict considerably the number of patients available for analysis.

2. Older patients

2.1. Epidemiology

Age is the strongest risk factor for VTE, with incidence of throm-
boembolic disease reaching 1% per year in patients aged > 75 years
and 60% of all VTEs occurring in patients in this age groups [12–14].
Moreover, individuals over the age of 75 years have a high burden
of cancer as well as an increased risk of VTE [15,16].

The risk of VTE recurrence and the risk of major bleeding in CAT
and older patients have been investigated in four epidemiological
studies or subgroups of studies [17–20]. However, these studies are
very heterogenous in design. Notably, they have a variable length
of follow-up, use non-standardised definitions of outcome events
and the data are derived either from prospectively collected clinical
data or from retrospectively analysed medico-administrative data.
In addition, the analysis of VTE outcomes does not always take into
account the competing risk of death. Consequently, the estimation
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Table  1
Randomised clinical trials of DXIs and LMWHs  in patients with cancer.

Study n Age ≥ 75 years CrCL (CG) ≤ 50 mL/min Body weight ≤ 60 kg

SELECT-D (Young et al.) [7] 406 83 (20%) NA 62 (15%)
CASTA  DIVA (Planquette et al.) [8] 158 55 (35%) 20 (13%) 43 (27%)
HOKUSAI CANCER (Raskob et al.) [9] 1050 176 (17%) 72 (7%) 159 (15%)
CARAVAGGIO (Agnelli et al.) [10] 1155 348 (30%) 314 (27%) 112 (10%)

CrCl: creatinine clearance; CG: Cockroft-Gault formula; NA: not available. Studies were only eligible if the rater of clinical outcome was blinded to the treatment assignment.

of the risk of recurrent VTE varies from 3 to 20% depending on the
study and the duration of follow-up. In RCTs, the risk of recurrent
VTE at six months when blindly assessed is quite similar and ranges
from 3 to 14% in patients treated with DXIs or LMWH  [7–10].

The risk of major bleeding in older patients treated for CAT
would be 1 to 5% according to epidemiological studies, it varies
from 2 to 6% in RCTs. These data show that, as in the generally CAT
population, the risk of recurrence also outweighs the risk of major
bleeding in the older, probably because older patients are intrin-
sically at greater risk of thrombosis, and also because they often
receive less intensive treatment (reduced doses). For this reason,
VTE recurrence and especially fatal pulmonary embolism (PE) is of
more concern than bleeding, including fatal bleeding, in the older.

However, for older patients aged 80 years old or more, the inci-
dence of any major bleeding seems to exceed the incidence of
any VTE recurrence, although the incidence of fatal PE (3.7%) still
exceeds that of fatal bleeding (0.8%) [21]. In a recent study from the
RIETE registry, the risk of recurrence of VTE is estimated at nearly
4% in a sample of 3262 patients aged over 90, and the risk of major
bleeding is much higher, estimated at over 17% in the same pop-
ulation [22]. These two studies were carried out in patients with
VTE patients, not restricted to patients with CAT, and it is pos-
sible that the risk of VTE recurrence in these high age groups is
underestimated in CAT, which increases the risk of VTE.

2.2. Frailty in older patients

Frailty refers to older people with a reduced physiological
reserve associated with an increased susceptibility to disability,
falls, hospitalisation, institutionalisation and mortality [23]. Sev-
eral methods have been used to define frailty. The Fried criteria
are one of the most widely used, corresponding to a phenotype
that includes involuntary weight loss (weight loss > 5% in 1 year),
reduced grip strength (dynamometer < 16 kg in women  < 27 kg in
men), reduced walking speed (< 0.8 m/sec), low level of physical
activity and significant fatigue [24]. The presence of three or more
of these factors defines frailty. On the other hand, Rockwood’s
definition, using the Clinical Frailty Scale [25], corresponds to an
accumulation of deficits, integrating cognitive, social factors and
comorbidities, of which cancer is one.

The prevalence of frailty in older patient with cancer is high,
45% in lung cancer and 43% in breast cancer, and represents a major
risk factor for mortality in this population [26,27]. In this context,
assessment of frailty is recommended in order to guide oncological
care (curative or palliative, type and dose of chemotherapy) and
to propose interventions to reduce frailty (such as management
of malnutrition, sarcopenia, depression, neurocognitive disorders,
iatrogenic risk and social isolation).

2.3. Oncogeriatric evaluation

Frailty in patients with cancer results from overlapping
domains: Eastern Cooperative Oncology Group (ECOG) status,
type of cancer, functional status, cognition, mood and emotional
status, social support, financial concerns, nutritional status,
comorbidities and polypharmacy, geriatric syndromes (fall risk,

confusion, urinary incontinence, visual or hearing impairments),
and reduced life expectancy. Frailty in community-dwelling adults
increases with age, affecting 11% of the older over the age of 65
years and 25% of those over the age of 85 years [28]. The use of
concomitant anti-cancer therapies (chemotherapy, hormones,
immuno-modulatory or anti-angiogenic drugs), central venous
catheter (CVC) placement, and invasive cancer surgery further
increase the thrombotic risk and expose patients to potential
drug interactions. Older patients (aged > 75) with cancer are at
particularly high risk of bleeding not due only to age and renal
dysfunction, but also to the more frequent side effects from cancer
therapy and a generally frailer situation [29].

The identification of frailty, using the G-8 scale in older patients
with CAT is critical to identify the need of a geriatric assessment
[30] (Table 2). The rule of the 6 Cs (Table 3) (a useful checklist of
geriatric features) is proposed to manage each component of frailty
and minimise the risk of bleeding [29,31,32].

2.4. Treatment of CAT in older patients

There are no specific studies of anticoagulants in older popula-
tions, but older patients represent between 15% and 35% of patients
in recent studies with DXIs (Table 1). In the meta-analysis of sub-
groups of patients aged ≥ 75 years described in Section 2.2 above,
the choice of treatment between DXIs and LMWH  does not seem to
influence the treatment effect with respect to VTE recurrence [11],
and the results are presented as forest plots in Figs. 1 and 2.

In older patients, age (≥ 75 years old versus < 75 years), the ratio
of hazard ratios (RHR) for DXIs versus LMWH  between the two  age
groups is close to unity (Fig. 1). In contrast, with respect to major
bleeding, advanced age may  be a possible modifier of the treatment
effect, with a possible amplification of the bleeding risk associated
with DXIs of 151% in patients aged (≥ 75 years compared to younger
patients) (Fig. 2).

2.5. Proposals of the expert group

2.5.1. Oncogeriatric evaluation
• We recommend performing a frailty assessment using the G-

8 scale for all cancer patients over the age of 70 to determine
whether specialised geriatric assessment is indicated. Such a spe-
cialised geriatric evaluation should allow the clinician:

◦ to direct oncological management towards therapeutic interven-
tions or palliative care, and choose the appropriate treatment and
dose,

◦ to propose interventions to reduce frailty (such as management of
malnutrition, sarcopenia, depression, neuro-cognitive disorders,
social support or iatrogenic risk),

◦ expert panel ranking: 3.64 out of 4.00;

• we recommend taking into account frailty features to reduce the
risk of recurrence or bleeding complications by setting up a multi-
disciplinary oncogeriatric platform in all oncology centres. Expert
panel ranking: 3.74 out of 4.00.
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Fig. 1. Comparison of DXIs and LMWH  on the risk of VTE recurrence by study for each fragility characteristic. For each study, the relative efficacy of the DXI versus the LMWH
is  expressed as a hazard ratio (HR) in patients with and without the fragility feature. The ratio of hazard ratios (RHR) compares the relative efficacy of the two treatments
between patients with and without the fragility feature. A RHR < 1 means that the relative efficacy of the DXI versus the LMWH  is greater in patients with the fragility
characteristic, a RHR ≥ 1 means that the relative efficacy is greater in patients without the fragility characteristic.

48



S. Laporte, Y. Benhamou, L. Bertoletti et al. Archives of Cardiovascular Disease 117 (2024) 45–59

Fig. 2. Comparison of DXIs and LMWH  on the risk of major bleeding by study for each fragility characteristic. For each study, the relative efficacy of the DXI versus the LMWH
is  expressed as a hazard ratio (HR) in patients with and without the fragility feature. The ratio of hazard ratios (RHR) compares the relative efficacy of the two treatments
between patients with and without the fragility feature. A RHR < 1 means that the relative efficacy of the DXI versus the LMWH is greater in patients with the fragility
characteristic, a RHR ≥ 1 means that the relative efficacy is greater in patients without the fragility characteristic.
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Table  2
G-8 geriatric screening scale.

Item Question Score

A. Food intake Has food intake declined over the past 3 months due to
loss of appetite, digestive problems, chewing, or
swallowing difficulties?

0: severe decrease in food intake
1:  moderate decrease in food intake
2: no decrease in food intake

B.  Weight loss Weight loss during the last 3 months? 0: weight loss > 3 kg
1: does not know
2: weight loss between 1 and 3 kg

C.  Mobility What is the person’s mobility? 0: bed or chair bound
1: able to get out of bed or chair, but does not
go out
2: goes out

E.  Neuropsychological problems What, if any, are the person’s neuropsychological
problems?

0: severe dementia or depression
1:  mild dementia or depression
2: no psychological problems

F.  Body mass index What is the person’s BMI  in kg/m2? 0: < 18.5
1: ≥ 18.5 but < 23.0
2: ≥ 23

H.  Medication Does the person take more than three prescription
drugs per day?

0: Yes
1: No

P.  Overall health state In comparison with other people of the same age, how
does the patient consider his/her health status?

0.5: does not know
1: as good
2: better

The G-8 scale is designed to be used in individuals > 70 years of age. The total G-8 score may  lie between 0 and 17 with a higher score indicating a better health status. A
threshold is suggested at 14 points meaning that a patient with a score of 14 or lower should undergo full geriatric evaluation.

Table 3
6 Cs checklist: features to be taken into account in older patients receiving therapeutic anticoagulant therapy.

Geriatric features Evaluation Management Anticoagulant treatment Treatment proposala

Cachexia (malnutrition) Weight loss > 5% in 1 month
or > 10% en 6 months
OR
Albuminaemia < 35 g/L

Dietary advice
Oral nutritional supplements
(energy intake of 30 to
40 kcal/kg/d, protein intake:
1.2 to 1.5 g/kg/day)

If hypoalbuminaemia is
present, bleeding risk may
be increased during DXI
treatment

Prefer LMWH  throughout
malnutrition period

Cognition (neuro-cognitive
disorders)

MMSE  < 24/30
Memory impairment screen
(forgetting a word after
10 minutes in spite of
prompting) [33,34]

Pill organiser
Home nurse visits

If adherence is an issue,
LMWH  administered by a
nurse at the patient’s home
may  be of interest

Coming a cropper (falls) Risk of falls in case of
Standing on one foot < 10 sec
Timed up and go test > 20 sec
Five times sit to stand test > 15
sec

Physiotherapy
Vitamin D
Mobility aids
Home improvement
Remote assistance

Falls are not a
contraindication to
anticoagulants

No impact on medication
choice

Comedication Check for drug interactions Medication reconciliation
Shared medication audit

Beware interactions
between chemotherapy
and DXIs
No risk of interaction with
LMWHs

Prefer LMWH

Comorbidities Charlson Comorbidity Index
[35]

Treatment of comorbidities No impact on medication
choice

Creatinine clearance Cockcroft formula Monitoring every 3 months or
following acute illness such as
infection, dehydration or acute
heart failure

If CCr < 15 mL/min, DXIs and
LMWH are both
contra-indicated

Prefer LMWH  if CCr

15–30 mL/min

CCr: creatinine clearance; DXI: direct-acting oral factor Xa inhibitors; LMWH:  low-molecular weight heparin; MMSE: Mini-mental state examination.
a Low level of evidence.

2.5.2. Treatment recommendations
• We  recommend treating elderly patients with cancer who

present a VTE with an anticoagulant at standard full therapeutic
dose. Expert panel ranking: 3.92 out of 4.00.

• We recommend not taking into account age per se in the choice of
anticoagulant treatment between DXIs and LMWH. Expert panel
ranking: 3.78 out of 4.00.

• We recommend assessing and taking into account frailty factors
with the rule of the 6 Cs:

◦ to choose the anticoagulant treatment (DXI or LMWH),
◦ to eliminate risk factors for bleeding, when possible,
◦ expert panel ranking: 3.81 out of 4.00.

3. Patients with impaired renal function

3.1. Epidemiology

The abundant literature on CAT and renal impairment mainly
covers chronic kidney disease (CKD), although recent work points
to a link between VTE and acute kidney injury (AKI) as well.
Patients with CKD, defined as an estimated glomerular filtration
rate (eGFR) < 60 mL/min/1.73 m2, account for 20% of all cancer
patients [36] and these patients present an increased risk of CAT
[37]. In CAT, the proportion of patients with renal impairment was
historically very high [38] with 16% of CAT patients having severe
renal impairment (defined as a creatinine clearance < 30 mL/min by
the Cockcroft and Gault formula) in the RIETE registry [39]. Despite
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Table  4
Renal impairment in pivotal randomised clinical trials of treatment of cancer-associated thromboembolism.

Trial ARMS Patients (n) Exclusion criteria
regarding RI

Post-hoc analysis in mild RI

CLOT [50] Dalteparin
VKA

676 Serum creatinine
level ≥3 × ULN

147 patients with eGFR between 30 and
60 mL/min/1.73m2, and 15 with
eGFR < 30 mL/min/1.73m2

Findings consistent with those of the principal analysis
Lower rates of recurrent VTE with dalteparin
HR: 0.15 [95%CI: 0.03–0.65])
No significant increase in MB
HR: 1.29 [95%CI: 0.43–3.83])

CANTHANOX [53] Enoxaparin
VKA

Severe renal failure (serum
creatinine level
of > 2.04 mg/dL
[> 180 �mol/L])

CATCH [51] Tinzaparin
VKA

864 GFR ≤ 20 mL/min/1.73m2

(as estimated by the
Modification of Diet in
Renal Disease [MDRD]
equation)

131 patients with GFR < 60 mL/min/1.73m2

Increased risk of recurrent VTE in RI
RR: 1.74 [95%CI: 1.06, 2.85]
Increased risk of MB in patients with RI
RR: 2.98 [95%CI: 1.29–6.90]
No difference between tinzaparin and VKA

HOKUSAI-VTE cancer [9] Edoxaban
Dalteparin

1046 CrCl < 30 mL/min 72 patients with CrCl < 50 mL/min
Pre-specified dose reduction in the edoxaban (30 mg)
arm
Subanalyses do not suggest findings different to those
of the principal analysis, but interpretation limited by
the low number of patients

CARAVAGGIO [52] Apixaban
Dalteparin

1155 CrCl < 25 mL/min 275 patients with CrCl 30–59 mL/min and 444 patients
with CrCl 60–89 mL/min
Findings consistent with those of the principal
analysis, particularly no difference in rates of MB
between apixaban and dalteparin
A lower rate of recurrent VTE was described under
apixaban in patients with CrCl 30–59 mL/min (HR: 0.27
[95%CI: 0.08–0.96])

CI: confidence interval; CrCl: creatinine clearance; GFR: glomerular filtration rate; HR: hazard ratio; MB:  major bleeding; RI: renal impairment; RR: relative risk; ULN: upper
limit  of normal; VKA: vitamin K antagonist; VTE: venous thromboembolism.

a significant decrease over the past decade, the prevalence of renal
impairment (regardless of severity) remains elevated, concerning
around one-quarter of CAT patients seen in everyday clinical prac-
tice [40].

Renal impairment can have an impact on the evolution, over-
all management and treatment of patients with CAT [41,42]. Renal
impairment per se is associated with an increased risk of bleeding,
which may  be amplified by a factor ranging from 1.5 to 3, depending
on the degree of renal impairment, by anticoagulant therapy [43]. In
epidemiological studies of patients with CAT, patients with comor-
bid renal impairment have been reported to be at increased risk
of both fatal PE and bleeding, including fatal bleeding (an increase
by a factor ranging from 3 to 15, depending on the degree of renal
impairment) [38,39,43]. Renal impairment can also be associated
with other cardiovascular comorbidities, such as hypertension and
diabetes, and with a history of adverse cardiovascular events. The
benefit/risk ratio of antiplatelet co-prescription must be adequately
evaluated in patients with renal impairment [44].

Renal impairment may  alter drug pharmacokinetics, which can
affect the clearance of many drugs, increasing the risk of drug-drug
interactions [42]. In particular, renal impairment directly reduces
the clearance of anticoagulant drugs currently used for the treat-
ment of CAT, such as LMWH  or DXIs. In this respect, molecules in
the same pharmacological class may  not all be interchangeable; for
example, data suggest a more favourable pharmacokinetic profile
for tinzaparin among LMWHs  [45–47] and apixaban among DXIs
[48].

3.2. Treatment of CAT in patients with renal impairment

Severe renal impairment has been an exclusion criterion of the
pivotal RCTs in the field of treatment of CAT (Table 4). For this

reason, less than ten percent of included patients had an abnor-
mal  renal function, and less than two  percent had a creatinine
clearance below 30 mL/min [49]. No patient had a creatinine clear-
ance < 15 mL/min or was under dialysis. A small number of post-hoc
analyses of patients with moderate renal impairment have been
published (Table 4). For LMWH,  post-hoc subgroup analyses of
the CLOT and CATCH trials comparing an LMWH  to a vitamin K
antagonist (VKA) reported an increased risk of recurrent VTE and
bleeding in patients with moderate renal impairment, when com-
pared to patients without renal impairment, without any difference
between treatment arms [50,51]. For DXIs, a subgroup analysis
of the CARAVAGGIO trial reported similar rates of major bleeding
between apixaban and dalteparin, but a lower risk of recurrent VTE
with apixaban in patients with creatinine clearance between 30
and 59 mL/min [52]. Although proposed in other anticoagulation
indications such as atrial fibrillation, reduced doses of DXIs are not
currently validated in the treatment of CAT in patients with renal
impairment. The meta-analysis described above in Section 2.2 indi-
cated that renal impairment did not affect the relative incidence
of recurrent VTE or major bleeding in patients receiving DXIs or
LMWH  [11].

Whatever the formula used to assess GFR, patients with severe
renal impairment experience a very high rate of major bleed-
ing during the three months of anticoagulation therapy [54]. In
patients with severe renal impairment, particularly in those with
eGFR < 15 mL/min/1.73 m2 or under dialysis, the optimal manage-
ment strategy is unclear. Some authors suggest using an LMWH,
as some of these are licensed in patients with severe renal impair-
ment [55]. Reduced doses of DXIs are not currently validated for the
treatment of VTE in patients with severe renal impairment. Patients
with CAT and severe renal impairment are probably best managed
by a multidisciplinary team on a case-by-case basis, extrapolating
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Table  5
Dosing recommendations for patients with renal impairment.

Creatinine clearance (mL/min)

< 15 or dialysis 15–29 30–50 > 50

LMWH
Dalteparin Use not approved by health

authorities
Dose reduction should be
considereda

200 IU/kg once daily for 1
month and then 150 IU/kg

200 IU/kg once daily for 1
month and then 150 IU/kg

Enoxaparin Use not approved by health
authorities

100 IU/kg once daily 100 IU/kg twice daily 100 IU/kg twice daily

Tinzaparin Use not approved by health
authorities

175 IU/kg once dailyb 175 IU/kg once daily 175 IU/kg once daily

DXI
Apixaban Use not approved by health

authorities
10 mg twice daily for 7
days and then 5 mg twice
dailyc

10 mg twice daily for 7
days and then 5 mg twice
daily

10 mg  twice daily for 7
days and then 5 mg twice
daily

Edoxaban Use not approved by health
authorities

Not recommended 30 mg once daily (following
initial 5–10 days of LMWH)

60 mg  once daily (following
initial 5–10 days of LMWH)

Rivaroxaban Use not approved by health
authorities

15 mg twice daily for 3
weeks and then 20 mg
once dailyc

15 mg twice daily for 3
weeks and then 20 mg
once daily

15 mg twice daily for 3
weeks and then 20 mg
once daily

DXI: oral direct factor Xa inhibitor; LMWH:  low molecular-weight heparin. Data from product monographs compiled by Carrier et al. (2020) [55].
a Use with caution when treating patients with creatinine clearance < 30 mL/min; see product monograph for dosing in haemodialysis and haemofiltration.
b Only in patients with a creatinine clearance ≥ 20 mL/min. Tinzaparin is not recommended in patients with a creatinine clearance below 20 m /min.
c Must be used with caution in patients with creatinine clearance 15–29 mL/min due to the potentially elevated bleeding risk.

the available data on anticoagulation of patients with severe renal
impairment to cancer patients.

Concerns have been raised regarding acute kidney injury (AKI) in
the setting of cancer [56]. Per se,  PE may  lead to AKI, in around one in
three patients [57], with AKI being associated with an increased risk
of death and bleeding [58]. While the majority of patients improve
their renal function after AKI, the existence of cancer seems to be
associated with a reduced chance of recovering renal function [59].
Therefore, close monitoring of renal function and adjustment of
the type of anticoagulation therapy may  be necessary to manage
patients with CAT and renal impairment effectively [41,47].

Recommended dosing regimens for LMWH  and DXIs according
to creatinine clearance [55] are provided in Table 5.

3.3. Proposals of the expert group

• At the time of CAT diagnosis, we recommend assessing renal
function by evaluation of the glomerular filtration rate using a
validated formula. Expert panel ranking: 3.88 out of 4.00.

• We suggest monitoring renal function throughout follow-up, in
particular in case of acute kidney injury due to PE or when the
patient is treated with drugs with known renal toxicity. Expert
panel ranking: 3.89 out of 4.00.

• In patients with renal impairment, we suggest evaluating and
eliminating, if possible, modifiable bleeding risk factors, such as
co-prescription of drugs (for example antiplatelet agents) or with
a risk of drug-drug interactions. Expert panel ranking: 3.85 out of
4.00.

• In patients with mild-to-moderate renal impairment (eGFR
30–60 mL/min/1.72 m2), we recommend prescribing the stan-
dard full therapeutic dose of LMWH  or DXIs for the acute
treatment of CAT [60]. Expert panel ranking: 3.92 out of 4.00.

• In patients with eGFR < 30 mL/min/1.72 m2, we suggest to adapt
the anticoagulant strategy as needed:

◦ in patients with eGFR between 15 and 30 mL/min/1.72 m2, we
suggest prescribing LMWH  rather than an oral anticoagulant (DXI
or VKA) for the acute treatment of CAT. Expert panel ranking: 3.88
out of 4.00,

◦ in patients with eGFR <15 mL/min/1.72 m2, or under dialysis, we
suggest discussing the choice of treatment with the nephrologist

Table 6
Grades of thrombocytopenia.

Grades of thrombocytopenia Platelet count

Grade 1 75,000 to < 100,000/�L
Grade 2 50,000 to < 75,000/�L
Grade 3 25,000 to < 50,000/�L
Grade 4 < 25,000/�L

According to the classification of the National Cancer Institute Common Terminology
Criteria for adverse events [61].

on a patient-by-patient basis, from the following options: UFH or
VKA. Expert panel ranking: 3.63 out of 4.00

4. Patients with thrombocytopenia

4.1. Epidemiology

Thrombocytopenia is generally defined as a platelet count below
100,000/�L (100 G/L). Severity of thrombocytopenia is further
stratified according to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events [61] (Table 6).

Cancer patients may  develop thrombocytopenia through var-
ious mechanisms, including myelotoxic effects of chemotherapy,
infiltration of the bone marrow by malignant cells, immune-
mediated destruction of platelets, and consumption of platelets due
to hypersplenism or disseminated intravascular coagulation (DIC).

Data on the prevalence of thrombocytopenia in patients with
CAT are sparse. In a retrospective cohort of 3635 patients with CAT,
the prevalence of thrombocytopenia was 22% [95%CI: 21–24%] in
those with solid tumours and 47% [95%CI: 43–51%] (in patients
with haematological malignancies. Grade 3-4 thrombocytopenia
occurred in 7% [95%CI: 6–8%] of patients with solid tumours and
in 30% [95%CI: 27–34%] of those with haematological malignancies
[62].

Cancer patients with thrombocytopenia receiving anticoag-
ulation are at high risk of bleeding [63]. The severity of
thrombocytopenia correlates with the bleeding risk, with platelet
counts below 50,000/�L associated with a higher risk. Neverthe-
less, thrombocytopenia does not protect against VTE, particularly
in the first month of anticoagulation [64]. In a systematic review
which included 93 patients with CAT and thrombocytopenia who
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Table  7
Exclusion criteria regarding thrombocytopenia in pivotal randomised controlled trials assessing the efficacy and safety of anticoagulants for the treatment of cancer-associated
thrombosis.

Study name, year Study design Anticoagulant used Total number of patients analysed Exclusion criterion for
platelet count

Intervention Control Intervention Control

CLOT [50] Randomised, open
label, trial

Dalteparin 200 U/kg
once daily for 1 month
followed by 150 IU/kg
once daily

Dalteparin 200 IU/kg
once daily for five to
seven days and
followed by a VKA

338 333 < 75,000/�L

CATCH  [51] Randomised,
active-controlled,
open-label superiority
trial

Tinzaparin 175 IU/kg
once daily

Tinzaparin 175 IU/kg
once daily for five to
ten days followed by a
VKA

351 307 < 50,000/�L

HOKUSAI-VTE CANCER
[9]

Randomised, open
label, non-inferiority
trial with blinded
central outcome
adjudication

Therapeutic dose of
LMWH  for at least 5
days followed by
edoxaban 60 or 30 mg
once daily

Dalteparin 200 IU/kg
once daily for 1 month
followed by 150 IU/kg
once daily

522 524 < 50,000/�L

SELECT-D [7] Randomised,
open-label, pilot trial
with blinded central
outcome adjudication

Rivaroxaban 15 mg
twice daily for 21 days
followed by 20 mg
once daily

Dalteparin 200 IU/kg
once daily for 1 month
followed by 150 IU/kg
once daily

203 203 < 100,000/�L

ADAM-VTE [68] Randomised, open
label, superiority trial
with blinded central
outcome adjudication

Apixaban 10 mg  twice
daily for 7 days
followed by 5 mg twice
daily

Dalteparin 200 IU/kg
once daily for 1 month
followed by 150 IU/kg
once daily

145 142 < 50,000/�L

CARAVAGGIO [10] Randomised, open
label, non-inferiority
trial with blinded
central outcome
adjudication

Apixaban 10 mg  twice
daily for 7 days
followed by 5 mg twice
daily

Dalteparin 200 IU/kg
once daily for 1 month
followed by 150 IU/kg
once daily

576 579 < 75,000/�L

CASTA-DIVA [8] Randomised, open
label, non-inferiority
trial with blinded
central outcome
adjudication

Rivaroxaban 15 mg
twice daily for 21 days
followed by 20 mg
once daily

Dalteparin 200 IU/kg
once daily for 1 month
followed by 150 IU/kg
once daily

74 84 < 50,000/�L

LMWH:  low molecular-weight heparin; VKA: vitamin K antagonist.

received full-dose or dose-modified anticoagulation, 24% devel-
oped recurrent VTE and 17% developed major bleeding [65].

4.2. Treatment of CAT in patients with thrombocytopenia

Pivotal RCTs comparing the efficacy and safety of LMWH  versus
VKAs for the treatment of CAT have excluded patients with base-
line platelet counts < 75,000 �L (Table 7) [66,67]. In the CLOT
trial, dalteparin was reduced by ∼25% in patients with a platelet
count ranging from 50,000 to 100,000/�L, and anticoagulation was
withheld in patients with a platelet count below 50,000/�L [6]. Sim-
ilarly, recent RCTs comparing the efficacy and safety of DXIs versus
LMWH for the treatment of CAT excluded patients with throm-
bocytopenia (Table 7) [7–10,68]. Results from these trials cannot
therefore be extrapolated to patients with grade 3-4 thrombocy-
topenia.

Numerous retrospective studies [69–84] and two  prospec-
tive studies [85,86] have reported the outcomes of patients with
CAT and thrombocytopenia who received different anticoagulation
management strategies. Most patients included in these stud-
ies had haematological malignancies or had undergone stem cell
transplantation and were treated with LMWH.  Anticoagulation
management strategies included full-dose anticoagulation with or
without transfusion support, dose reduction including intermedi-
ate dose LMWH  (for example, 150 IU/kg enoxaparin once daily, or
50 IU/kg enoxaparin twice daily) or prophylactic fixed dose (for
example, enoxaparin 4000 U once daily) or temporary withholding
of anticoagulation, depending on platelet count. Rates of recurrent
VTE, major bleeding and total bleeding varied widely between these
studies [69–86].

Data regarding the use of DXIs in patients with severe throm-
bocytopenia are sparse. Only sixteen patients in the TROVE study

[86] and four in the CAVEaT study [85] were receiving DXIs, and
bleeding rates were particularly high in these patients.

A recent meta-analysis of ten studies assessed the rates of recur-
rent VTE and bleeding complications in patients with CAT and
thrombocytopenia [87]. The pooled incidence rate of recurrent VTE
was 2.65 per 100 patient-months [95%CI: 1.62–4.32] in patients
receiving full-dose anticoagulation, 3.51 per 100 patient-months
[95%CI: 1.00–12.39] in those receiving modified-dose anticoagu-
lation and 3.68 per 100 patient-months [95%CI: 1.23–10.94] in
those who did not receive anticoagulation. Compared to patients
receiving full dose anticoagulation, those receiving modified dose
anticoagulation had an incidence rate ratio (IRR) of recurrent VTE
of 2.01 [95%CI: 0.56–6.41], while those who  did not receive antico-
agulation had an IRR of recurrent VTE of 1.78 [95%CI: 0.46–5.89].
The pooled incidence rate of major bleeding was 4.45 per 100
patient-months [95%CI: 2.80–7.06] in patients receiving full dose
anticoagulation, 4.16 per 100 patient-months [95%CI: 2.24–7.74]
in those receiving modified-dose anticoagulation and 2.20 per 100
patient-months [95%CI: 0.71–6.82] in those who  did not receive
anticoagulation. Compared to patients receiving full dose antico-
agulation, those receiving modified dose anticoagulation had an
IRR of major bleeding of 0.93 [95%CI: 0.39–2.15], while those who
did not receive anticoagulation had an IRR of major bleeding of 0.49
[95%CI: 0.11–1.47].

Individualised approaches are necessary to balance the risk of
bleeding with the need for effective anticoagulation therapy in
these patients. In patients with grade 1-2 thrombocytopenia, using
full-dose anticoagulation appears safe [74]. In patients with grade
3-4 thrombocytopenia, timing of onset and risk of thrombus prop-
agation should be considered. In patients with acute VTE at high
risk of thrombus propagation defined as segmental or more prox-
imal PE, proximal deep vein thrombosis (DVT), or a history of
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recurrent VTE, full dose anticoagulation is required with transfu-
sion support to maintain a platelet count of > 40,000-50,000/�L.
Maintaining an adequate platelet count is crucial in minimising
bleeding risk during anticoagulation therapy. However, the deci-
sion to transfuse should be based on careful consideration of the
patient’s overall clinical profile, including the risk of thrombosis
and the presence of other comorbidities. In patients with grade 3
thrombocytopenia and acute VTE at low risk of thrombus propa-
gation defined as distal DVT or catheter-related upper extremity
DVT, and in those with subacute VTE, a reduced dose of LMWH
may  be considered to minimise the bleeding risk while maintaining
adequate anticoagulation efficacy. In patients with grade 4 throm-
bocytopenia and acute VTE at low risk of thrombus propagation
or those with subacute VTE, anticoagulation should be withheld to
avoid bleeding. This strategy is supported by the results of a qual-
ity assessment initiative in which 99 patients with 140 episodes of
platelet counts ≤ 50,000/�L lasting at least seven days were man-
aged according to this approach. No episodes of recurrent VTE or
major bleeding occurred when the LMWH  dose was  decreased or
withheld [79].

4.3. Proposals of the expert group

• We  recommend close monitoring of platelet count in patients
receiving anticancer regimens who have a moderate-to-high
risk of developing chemotherapy-induced thrombocytopenia in
order to assess the need for anticoagulant dose adjustment. Expert
panel ranking: 3.93 out of 4.00.

• We suggest using standard therapeutic anticoagulation (LMWH
or DXI) in patients with grade 1 (75,000–100,000/�L) or grade
2 (50,000–75,000/�L) thrombocytopenia. Expert panel ranking:
3.92 out of 4.00.

• In patients with acute VTE (first 30 days) and grade 3-4 throm-
bocytopenia (< 50,000/�L):

◦ we suggest using dose-modified LMWH  (25% dose reduction) in
those with a platelet count between 30,000 and 50,000/�L,

◦ we suggest using prophylactic dose LMWH  with platelet transfu-
sion support in those patients with a platelet count < 30,000/�L,

◦ expert panel ranking: 3.62 out of 4.00.

• We suggest considering placement of a removable inferior vena
cava filter on a case-by-case basis in those with persistent grade
3-4 thrombocytopenia (< 50,000 �L). Expert panel ranking: 3.48
out of 4.00.

• In patients with acute VTE (beyond 30 days) with grade 3-4
thrombocytopenia (< 50,000/�L):

◦ we suggest using dose-modified LMWH  (50% dose reduction)
in those patients with a platelet count between 30,000 and
50,000/�L,

◦ we suggest using prophylactic dose LMWH  in those with a
platelet count < 30,000/�L, except in case of active bleeding; we
suggest platelet transfusion support in those with persistent
thrombocytopenia,

◦ expert panel ranking: 3.33 out of 4.00.

5. Patients with low body weight

5.1. Epidemiology

In adult patients aged ≥ 20 years, low body weight is com-
monly defined as a body mass index (BMI) below 18.5 kg/m2

among. Results from the 2015–2016 National Health and Nutri-
tion Examination Survey (NHANES) indicate that approximately

1.5% of American adults ≥ 20 years are underweight. In the EDITH
study, a case-control study designed to test interactions between
genetic and environmental risk factors for VTE, low body weight
was associated with a statistically significant reduction in risk for
VTE compared to individuals with normal weight (OR: 0.55 [95%CI:
0.33–0.91]) [88]. This population also presents challenges for anti-
coagulation management since underweight patients have reduced
adipose tissue, which may  alter the volume of distribution and renal
clearance of certain anticoagulant drugs and thus lead to a higher
incidence of bleeding.

Compared with the general population, patients with cancer,
especially in those with advanced cancer, frequently present with
low body weight and cachexia. On the other hand, the proportion of
underweight patients who  develop CAT is not known with accuracy
[89]. To date, only very limited data from clinical trials are avail-
able in this population because the number of underweight patients
enrolled in most clinical studies was  very low (for example, about
10% in the CARAVAGGIO study [10] (Table 1).

The major concern is not low body weight as such, but rather
patients weighing less than 50 kg, because the data available for
these patients is very limited, since they were excluded from
clinical trials. Only data from patient registries are available. For
example, a study from the RIETE REGISTRY was performed in order
to assess the risk of bleeding in 8845 patients within the first 15
days of anticoagulation for VTE as a function of weight [90]. In this
study, 169 patients weighing < 50 kg had a significantly higher rate
of bleeding complications than patients weighing 50–100 kg (OR:
2.2 [95% CI: 1.2–4.0]).

5.2. Treatment of CAT in underweight patients

A recent cross-sectional study of 61 treated patients with CAT
has compared plasma levels of apixaban in three groups of patients
according to their body weight (patients > 60 kg treated with apix-
aban 5 mg  bid, patients ≤ 60 kg treated with apixaban 5 mg  bid,
and patients ≤60 kg treated with half-dose apixaban 2.5 mg  bid).
The mean apixaban plasma trough levels in low weight patients
receiving half-dose apixaban were similar to those in patients
weighing > 60 kg receiving the full dose of 5 mg  bid. However, in
low-weight patients treated with apixaban 5 mg  bid,  mean val-
ues tended to be higher than in patients weighing > 60 kg, although
the difference was  not statistically significant. Further research is
needed on the utility of weight-based adjustments in apixaban dos-
ing in low-weight patients with cancer [91]. It should be noted
that, to date, practice guidelines do not recommend these weight-
adjusted regimens for DXIs.

For LMWH,  a secondary analysis of the CATCH study which
assessed characteristics of patients with clinically relevant bleed-
ing (CRB) showed that the proportion of patients with a
BMI  < 18.5 kg/m2 who developed a CRB was 8.9% compared to
15.9% in patients with BMI  ≥ 18.5 kg/m2. Univariate and multivari-
ate analyses identify did not any association between BMI and the
occurrence of CRB [92].

The meta-analysis described above in Section 2.2 indicates that
body weight ≤ 60 kg does not seem to have any impact on the
relationship between treatment class (DXIs or LMWH) and the inci-
dence of recurrent VTE or major bleeding [11]. Until further data
are obtained to explore a possible association, there is no reason to
restrict the indications of DXIs in patients with low body weight.

5.3. Proposals of the expert group

• We  recommend using an anticoagulant at standard full thera-
peutic dose in underweight patients with CAT using the same
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regimens as in other patients experiencing a VTE. Expert panel
ranking: 3.60 out of 4.00:

◦ the available data do not permit recommending a DXI over an
LMWH  or vice versa in underweight patients. We  suggest using
either of these drug classes in function of the overall risk profile of
the patient and not taking into account low body weight per se in
the choice of anticoagulant treatment between DXIs and LMWH
[60]. Expert panel ranking: 3.58 out of 4.00.

• We suggest not following peak or trough levels of DXIs because
these data cannot currently be used in informing treatment deci-
sions. Expert panel ranking: 3.69 out of 4.00

6. Obese patients

6.1. Epidemiology

Obesity is defined as a body mass index (BMI) of ≥ 30 kg/m2.
Already a common condition with more than 650 million adults
obese in 2016 worldwide. For the United States, it is projected that
51% of the population will be obese and one in four adults will have a
BMI  ≥ 35 kg/m2 by 2030 [93]. In addition, it is estimated that obesity
attributes to about 4–8% of all cancers worldwide [94,95]. In the
United States, it has been estimated that 4.7% of new cases of cancer
in men  and 9.6% new cases of cancer in women are attributable
to obesity [96]. The World Health Organization predicts that the
number of new cancer cases will rise by approximately 70% over
the next 20 years [97].

Many risk factors for VTE have been identified, notably obe-
sity and cancer. Obesity, defined as a body mass index (BMI)
of ≥ 30 kg/m2, is associated with a two-to threefold increased risk of
a first VTE compared to patients with BMI  < 30 kg/m2 [98]. Similarly,
a BMI  > 40 kg/m2 is associated with an approximatively twofold
increased risk of recurrent VTE, independently of age and sex [99].
Finally, BMI  > 30 kg/m2 has been included as of the four criteria
of the HERDOO2 predictive model for VTE recurrence [100,101].
Although the question of appropriate treatment of VTE in obese
patients is in itself crucial, is even more relevant in obese patients
with cancer.

6.2. Estimation of treatment effect in obese patients in general

The major concern is the lack of clinical evidence available
regarding the efficacy and safety of DXIs in obese patients since
pivotal phase III RCTs comparing DXIs with warfarin for treatment
of VTE included very few patients with obesity or weight > 100 kg,
ranging from 12 to 20%. In addition, data from pharmacokinetic and
pharmacodynamic studies suggest that variations in drug handling
may  occur in the setting of obesity by increasing the volume of dis-
tribution and drug clearance [102]. Therefore, in 2016, the ISTH SSC
published guidance that suggested not using DXIs in patients with
a BMI  > 40 kg/m2 or weight > 120 kg [103].

Nevertheless, since the publication of the ISTH guidance in 2016,
new studies have been performed to assess the efficacy and safety of
DXIs in patients with BMI  > 40 kg/m2 or weight > 120 kg. One large
study integrating five United States healthcare claims databases
was performed in order to compare the risk of recurrent VTE and
major bleeding between apixaban and warfarin in obese patients
with VTE. A total of 43,095 obese patients were identified, of whom
19,751 were morbidly obese (≥ 40 kg/m2). In obese and morbidly
obese patients, apixaban was associated with a significantly lower
risk of recurrent VTE (HR: 0.73 [95%CI: 0.64–0.84] for obese and
0.65 [95%CI: 0.53–0.80] for morbidly obese) and of major bleeding
(HR: 0.73 [95%CI: 0.62–0.85] for obese and 0.68 [95%CI: 0.54–0.86]

for morbidly obese) as compared with warfarin [104]. Finally, a
recent systematic review and meta-analysis including RCTs and
observational studies have found that DXIs were associated with
a comparable risk of recurrent VTE and a lower risk of major bleed-
ing events compared to VKA for the treatment of VTE in patients
with morbid obesity [105]. Therefore, the ISTH SSC Subcommittee
on Control of Anticoagulation recently updated their guidance on
using DXIs in patients with obesity for treatment of VTE as follows:
“For treatment of VTE, we suggest that standard doses of rivarox-
aban or apixaban are among appropriate anticoagulant options
regardless of high BMI  and weight. Fewer supportive data exist for
apixaban than rivaroxaban. VKA, weight-based LMWH  (per man-
ufacturers’ recommendations) and fondaparinux are also options”
[106].

Concerning the use of LMWH  in obese patients, data on the
safety of using a weight-adjusted LMWH  dose for the treatment
of VTE are also limited. Cohort studies evaluating enoxaparin and
dalteparin have shown that LMWH  should be weight-adjusted in
patients over 90 kg [107,108]. A cohort study of 193 patients weigh-
ing between 91 and 182 kg, evaluated the rates of VTE recurrence
and major bleeding in patients treated with dalteparin 200 inter-
national units (IU)/kg once daily for acute VTE; only two patients
(1.0%) experienced major bleeding confirming the safety of dal-
teparin administration based on actual body weight in the obese
population [108]. Nevertheless, the current French product mono-
graph for dalteparin recommends capping the dose at a maximum
of 18,000 IU daily, as is the case for tinzaparin.

Fondaparinux is an interesting option in the treatment of VTE
in obese subjects, especially when the maximum dose of LMWH
is reached. The design of the Matisse trials of fondaparinux used
a weight-adapted treatment regimen (10 mg  subcutaneously once
daily, for patients weighing > 100 kg). These trials this provides
specific data in this population [109]. The effect of obesity on
outcomes after fondaparinux, enoxaparin or UFH  treatment for
acute VTE in the Matisse trials was assessed in 24,218 patients,
including 496 patients weighing > 100 kg and 1216 patients with
a BMI  ≥ 30 kg/m2. The incidence of recurrence and major bleeding
were similar for each patient subset of weight and BMI  for both the
fondaparinux and UFH treatment groups.

6.3. Treatment of CAT in obese patients

To date, data on the specific population of obese patients with
CAT are limited due to the relatively small number of patients
included in phase III RCTs [7–10]. The subgroup results presented
in the published data from these studies only distinguish patients
weighing ≥ 90 kg, which is insufficient to establish obesity. Few
studies present data for patients with a BMI  > 30 kg/m2, and no
information is available for higher BMI  thresholds. There is clearly
a lack of clinical evidence available regarding efficacy and safety in
the obese population.

Similarly, data from trials using LWMH  in obese patients with
CAT are scarce. For example, in the CATCH study, comparing long-
term tinzaparin to warfarin for the treatment of acute VTE in cancer
patients, the mean weight in the group receiving tinzaparin was
67 ± 17.3 kg [67].

Interestingly, a post-hoc analysis of two  RCTs comparing efficacy,
safety and overall survival of fondaparinux to standard initial treat-
ment (LMWH) in cancer patients with VTE was performed [110].
Two hundred thirty-seven cancer patients with DVT and 240 were
initially treated with fondaparinux or enoxaparin and 240 cancer
patients with PE received fondaparinux or UFH. In both studies,
no difference in the incidence of bleeding or VTE recurrence, or in
overall survival, was observed between fondaparinux and UFH or
LMWH.  In a meta-analysis assessing the first 5–10 days of anti-
coagulant therapy in patients with cancer, mortality at 3 months,
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recurrent VTE or major bleeding rates did not differ significantly
between fondaparinux on the one hand and LMWH  or UFH on the
other [111].

6.4. Proposals of the expert group

The available data do not permit the recommendation of a mod-
ified treatment regimen in obese patients with CAT. Therefore, in
line with the 2021 ISTH SSC general recommendations for obese
patients (BMI ≥ 35 kg/m2) and the 2023 revised French recommen-
dations for the treatment of VTE in cancer:

• we suggest using a standard dose of DXIs in obese patients with
CAT, as in other patients experiencing VTE. Of these molecules,
apixaban is preferable. As an alternative, for patients who are

not at high risk of gastrointestinal or genitourinary bleeding,
a rivaroxaban or edoxaban-based regimen may  also be used
(although the evidence base is limited for edoxaban). Expert panel
ranking: 3.74 out of 4.00;

• we suggest that weight-based dose regimens of LMWH  are also an
option in accordance with the manufacturers’ recommendations.
Expert panel ranking: 3.74 out of 4.00;

• we suggest offering fondaparinux for initial treatment, if the
administration of LMWH  is limited by the recommendations
in the product monograph to cap the dose at a maximum of
18,000 IU daily, in particular for dalteparin and tinzaparin. Expert
panel ranking: 3.56 out of 4.00;

• we  suggest not following peak or trough levels of DXIs because
these data cannot currently be used in informing treatment deci-
sions. Expert panel ranking: 3.60 out of 4.00

Central Illustration: The challenge of anticoagulation management in vulnerable patients.
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[6] López-Núñez JJ, Pérez-Andrés R, Di Micco P, Schellong S, Gómez-Cuervo
C,  Sahuquillo JC, et al. Direct oral anticoagulants or standard anticoagu-
lant therapy in fragile patients with venous thromboembolism. TH Open
2019;3(1):e67–76.

[7] Young AM,  Marshall A, Thirlwall J, Chapman O, Lokare A, Hill C, et al. Com-
parison of an oral factor Xa inhibitor with low molecular weight heparin in
patients with cancer with venous thromboembolism: results of a randomized
trial (SELECT-D). J Clin Oncol 2018;36(20):2017–23.

[8] Planquette B, Bertoletti L, Charles-Nelson A, Laporte S, Grange C, Mahe I,
et  al. Rivaroxaban vs. dalteparin in cancer-associated thromboembolism: a
randomized trial. Chest 2022;161(3):781–90.

[9] Raskob GE, van Es N, Verhamme P, Carrier M,  Di Nisio M,  Garcia D, et al.
Edoxaban for the treatment of cancer-associated venous thromboembolism.
N  Engl J Med  2018;378(7):615–24.

[10] Agnelli G, Becattini C, Meyer G, Munoz A, Huisman MV, Connors JM,  et al. Apix-
aban for the treatment of venous thromboembolism associated with cancer.
N  Engl J Med  2020;382(17):1599–607.

[11] Laporte S, Chapelle C, Marshall A, Mismetti V, Poenou G, Hanon O,  et al.
Are efficacy and safety of direct oral anticoagulants modified by fragility
characteristics in patients with cancer associated thrombosis (CAT)? A
meta-analysis of randomized controlled trials. Res Pract Thromb Haemost
2023;7(suppl2):962.

[12] Engbers MJ, van Hylckama Vlieg A, Rosendaal FR. Venous thrombosis in
the  elderly: incidence, risk factors and risk groups. J Thromb Haemost
2010;8(10):2105–12.

57

http://dx.doi.org/10.1016/j.acvd.2023.11.009
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0565
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0570
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0575
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0580
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0585
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0590
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0595
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0600
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0605
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0610
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0615
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620
http://refhub.elsevier.com/S1875-2136(23)00518-1/sbref0620


S. Laporte, Y. Benhamou, L. Bertoletti et al. Archives of Cardiovascular Disease 117 (2024) 45–59

[13] Naess IA, Christiansen SC, Romundstad P, Cannegieter SC, Rosendaal FR,
Hammerstrøm J. Incidence and mortality of venous thrombosis: a population-
based study. J Thromb Haemost 2007;5(4):692–9.

[14] Tagalakis V, Patenaude V, Kahn SR, Suissa S. Incidence of and mortality
from venous thromboembolism in a real-world population: the Q-VTE Study
Cohort. Am J Med  2013;126(9):832 [832.e13–21].

[15] Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J
Clin 2022;72(1):7–33.

[16] Spencer FA, Ginsberg JS, Chong A, Alter DA. The relationship between unpro-
voked venous thromboembolism, age, and acute myocardial infarction. J
Thromb Haemost 2008;6(9):1507–13.

[17] Brown JD, Ratermann KL, Ratermann KL, Talbert JC, Talbert JC, Adams VR,
et  al. Competing risks analysis of cancer-associated recurrent thrombosis,
major bleeds, and death in a geriatric cohort. J Health Econ Outcomes Res
2016;4(1):1–18.

[18] Pfaundler N, Limacher A, Stalder O, Méan M,  Rodondi N, Baumgartner C,
et  al. Prognosis in patients with cancer-associated venous thromboembolism:
comparison of the RIETE-VTE and modified Ottawa score. J Thromb Haemost
2020;18(5):1154–61.

[19] Soff GA, Mones J, Wilkins C, Devlin S, Haegler-Laube E, Wills J, et al. Rivarox-
aban treatment of cancer-associated venous thromboembolism: Memorial
Sloan Kettering Cancer Center institutional experience. Res Pract Thromb
Haemost 2019;3(3):349–56.

[20] Iwai C, Jo T, Konishi T, Kumazawa R, Matsui H, Fushimi K, et al. Compar-
ative safety and effectiveness of direct oral anticoagulants and warfarin
during chemotherapy in cancer patients with venous thromboembolism
aged 75 years or older: a nationwide inpatient database study. Gerontology
2023;69(5):561–70.

[21] López-Jiménez L, Montero M,  González-Fajardo JA, Arcelus JI, Suárez
C, Lobo JL, et al. Venous thromboembolism in very elderly patients:
findings from a prospective registry (RIETE). Haematologica 2006;91(8):
1046–51.

[22] Lafaie L, Poenou G, Hanon O, Jiménez LL, Nieto JA, Lorenzo A, et al. Anticoag-
ulation and venous thromboembolism in patients aged 90 years and older:
data from the RIETE registry. J Am Geriat Soc 2024. in press.

[23] Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP.
Frailty: implications for clinical practice and public health. Lancet
2019;394(10206):1365–75.

[24] Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci
2001;56(3):M146–56.

[25] Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I,
et  al. A global clinical measure of fitness and frailty in elderly people. CMAJ
2005;173(5):489–95.

[26] Komici K, Bencivenga L, Navani N, D’Agnano V, Guerra G, Bianco A, et al. Frailty
in patients with lung cancer: a systematic review and meta-analysis. Chest
2022;162(2):485–97.

[27] Wang S, Yang T, Qiang W,  Shen A, Zhao Z, Yang H, et al. The prevalence of
frailty among breast cancer patients: a systematic review and meta-analysis.
Support Care Cancer 2022;30(4):2993–3006.

[28] Collard RM,  Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty
in  community-dwelling older persons: a systematic review. J Am Geriatr Soc
2012;60(8):1487–92.

[29] Scotté F, Leroy P, Chastenet M,  Aumont L, Benatar V, Elalamy I. Treatment
and prevention of cancer-associated thrombosis in frail patients: tailored
management. Cancers (Basel) 2019;11:48.

[30] Soubeyran P, Bellera C, Goyard J, Heitz D, Cure H, Rousselot H, et al. Screen-
ing  for vulnerability in older cancer patients: the ONCODAGE Prospective
Multicenter Cohort Study. PLoS One 2014;9(12):e115060.

[31] Hanon O. [Atrial fibrillation in the elderly]. Rev Prat 2020;70(8):912–4.
[32] Elalamy I, Cohen-Solal A, Hanon O, Mirabel M,  Mismetti P, Spano JP. Primary

prevention of cancer-associated venous thrombosis: rationale and challenges
in  clinical practice. Curr Res Transl Med  2023;71(3):103405.

[33] Haute Autorité de santé. Comment repérer la fragilité en soins ambu-
latoires ?; 2023. https://wwwhas-santefr/jcms/c 1602970/fr/comment-
reperer-la-fragilite-en-soins-ambulatoires.

[34] de Rotrou J, Battal-Merlet L, Wenisch E, Chausson C, Bizet E, Dray F, et al.
Relevance of 10-min delayed recall in dementia screening. Eur J Neurol
2007;14(2):144–9.

[35] Charlson ME,  Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J  Chronic Dis 1987;40(5):373–83.

[36] Launay-Vacher V, Oudard S, Janus N, Gligorov J, Pourrat X, Rixe O, et al. Preva-
lence of Renal Insufficiency in cancer patients and implications for anticancer
drug management: the renal insufficiency and anticancer medications (IRMA)
study. Cancer 2007;110(6):1376–84.

[37] Königsbrügge O, Lötsch F, Zielinski C, Pabinger I, Ay C. Chronic kid-
ney disease in patients with cancer and its association with occurrence
of venous thromboembolism and mortality. Thromb Res 2014;134(1):
44–9.

[38] Monreal M,  Falgá C, Valdés M,  Suárez C, Gabriel F, Tolosa C, et al. Fatal
pulmonary embolism and fatal bleeding in cancer patients with venous
thromboembolism: findings from the RIETE registry. J Thromb Haemost
2006;4(9):1950–6.

[39] Trujillo-Santos J, Nieto JA, Tiberio G, Piccioli A, Di Micco P, Prandoni P, et al.
Predicting recurrences or major bleeding in cancer patients with venous

thromboembolism. Findings from the RIETE Registry. Thromb Haemost
2008;100(3):435–9.

[40] Bertoletti L, Madridano O, Jiménez D, Muriel A, Bikdeli B, Ay C, et al.
Trends in clinical characteristics, treatment and 30-day outcomes in cancer
patients with venous thromboembolism from 2001 to 2020. Res Pract Thromb
Haemost 2023; 7(Suppl2): 236.

[41] Launay-Vacher V, Scotté F, Riess H, Ashman N, McFarlane P, Ribic CM, et al.
Thrombosis and kidney disease in cancer: comorbidities defining a very high
risk patient: a position paper from the Cancer & the Kidney International
Network. J Onco-Nephrol 2018;2(2–3):37–49.

[42] Lafaie L, Célarier T, Monreal M,  Mismetti P, Delavenne X, Bertoletti L. The
impact of advanced age on anticoagulant therapy for acute venous throm-
boembolism. Expert Opin Drug Metab Toxicol 2022;18(1):27–37.

[43] Kooiman J, den Exter PL, Cannegieter SC, le Cessie S, del Toro J, Sahuquillo
JC,  et al. Impact of chronic kidney disease on the risk of clinical outcomes in
patients with cancer-associated venous thromboembolism during anticoag-
ulant treatment. J Thromb Haemost 2013;11(11):1968–76.

[44] Escobar A, Salem AM, Dickson K, Johnson TN, Burk KJ, Bashoura L, et al.
Anticoagulation and bleeding in the cancer patient. Support Care Cancer
2022;30(10):8547–57.

[45] Helfer H, Siguret V, Mahé I. Tinzaparin sodium pharmacokinetics in patients
with chronic kidney disease: practical implications. Am J Cardiovasc Drugs
2020;20(3):223–8.

[46] Leizorovicz A, Siguret V, Mottier D, Leizorovicz A, Siguret V, Mottier D, et al.
Safety profile of tinzaparin versus subcutaneous unfractionated heparin in
elderly patients with impaired renal function treated for acute deep vein
thrombosis: the Innohep® in Renal Insufficiency Study (IRIS). Thromb Res
2011;128(1):27–34.

[47] Scotté F, Rey JB, Launay-Vacher V. Thrombosis, cancer and renal insuffi-
ciency: low molecular weight heparin at the crossroads. Support Care Cancer
2012;20(12):3033–42.

[48] Chang M, Yu Z, Shenker A, Wang J, Pursley J, Byon W,  et al. Effect of renal
impairment on the pharmacokinetics, pharmacodynamics, and safety of apix-
aban. J Clin Pharmacol 2016;56(5):637–45.

[49] Salgado M,  Brozos-Vázquez E, Campos B, González-Villarroel P, Pérez ME,
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