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BACKGROUND Renal cell carcinoma (RCC) can be complicated by a venous tumor thrombus (TT), of which the optimal

management is unknown.

OBJECTIVES This study sought to assess the prevalence of TT in RCC, its current management, and its association with

venous thromboembolism (VTE), arterial thromboembolism (ATE), major bleeding (MB), and mortality.

METHODS Patients diagnosed with RCC between 2010 and 2019 in our hospital were included and followed from RCC

diagnosis until 2 years after, or until an outcome of interest (VTE, ATE, and MB) or death occurred, depending on the

analysis. Cumulative incidences were estimated with death as a competing risk. Cause-specific hazard models were used

to identify predictors and the prognostic impact.

RESULTS Of the 647 patients, 86 had a TT (prevalence 13.3%) at RCC diagnosis, of which 34 were limited to the renal

vein, 37 were limited to the inferior vena cava below the diaphragm, and 15 extended above the diaphragm; 20 patients

started therapeutic anticoagulation and 45 underwent thrombectomy with/without anticoagulation. During follow-up

(median 24.0 [IQR: 7.0-24.0] months), 17 TT patients developed a VTE, 0 developed an ATE, and 11 developed MB. TT

patients were more often diagnosed with VTE (adjusted HR: 6.61; 95% CI: 3.18-13.73) than non-TT patients, with

increasing VTE risks in more proximal TT levels. TT patients receiving anticoagulation still developed VTE (HR: 0.56; 95%

CI: 0.13-2.48), at the cost of more MB events (HR: 3.44; 95% CI: 0.95-12.42) compared with those without

anticoagulation.

CONCLUSIONS Patients with RCC-associated TT were at high risk of developing VTE. Future studies should establish

which of these patients benefit from anticoagulation therapy. (J Am Coll Cardiol CardioOnc 2022;4:522–531) © 2022 The

Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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AB BR E V I A T I O N S

AND ACRONYM S

aHR = adjusted HR

ATE = arterial

thromboembolism

CT = computed tomography

DVT = deep vein thrombosis

IVC = inferior vena cava

LMWH = low-molecular-

weight heparin

MB = major bleeding

PE = pulmonary embolism

RCC = renal cell carcinoma

TT = tumor thrombus

VKA = vitamin K antagonist

VTE = venous

thromboembolism
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I ntravascular tumor extension, also known as tu-
mor thrombus (TT), can occur in different tumor
types, but in adult patients it is most common in

renal cell carcinoma (RCC). RCC represents around 3%
of all cancers, with an age-standardized incidence of
10 per 100,000 persons in Western countries.1,2 The
reported prevalence of venous TT in RCC is 10% to
18% invading the renal vein, 4% to 23% involving
the inferior vena cava (IVC), and 1% extending into
the right atrium.3-5 Studies on the prognostic value
of the presence and extension of a TT in RCC patients
show conflicting results, but as TTs are associated
with larger tumors, higher grading, and staging and
more often distant metastases,5 this biologically
more aggressive tumor behavior is likely to
contribute to prognosis.6

In the absence of distant metastases, the indi-
cated treatment for a TT is surgical resection to
obtain local control.6 The use of anticoagulation re-
mains debated mostly because a TT behaves differ-
ently from a bland thrombus, as it contains
organized tumor cells rather than only a fibrin clot.7

Large vena cava TTs may rarely embolize to the
pulmonary arteries (1.5%-3.4% of the cases),8 in
particular intraoperatively, with high mortality
rates.9,10 These pulmonary emboli may be thrombo-
embolic (in case of concurrent bland thrombus,
which are less stable and embolize more easily),
actual pulmonary tumor emboli, or a combination of
both.7,8,11 Although several radiographic character-
istics have been identified to discriminate tumor
embolism from thromboembolism, this distinction
remains challenging in practice, and a biopsy would
be required for definitive diagnosis, albeit rarely
performed.11-13 Because high-level evidence is un-
available, anticoagulation is scarcely addressed in
current international RCC guidelines, if at all.6,14,15

In the absence of randomized controlled trials
comparing the safety and efficacy of anticoagulation
vs placebo in patients with RCC associated TT, the
best available evidence guiding treatment decisions
are accurate incidence estimates of the TT associated
thrombotic and bleeding complications, and the
impact of anticoagulation on this incidence. Current
literature on TT associated thrombosis mainly focuses
on surgical methods and the perioperative period,
and the few studies that do include long-term out-
comes do not assess anticoagulation or bleeding
complications.16,17 Therefore, the aim of our study
was to establish the prevalence and incidence of TT in
RCC patients and the proportion and type of TT that
were treated with anticoagulation therapy. Further-
more, we sought to determine the association of TT
with venous and arterial thrombosis, major
bleeding (MB), and overall survival.

METHODS

STUDY DESIGN, PATIENTS, AND DATA

COLLECTION. We performed a single-center
retrospective cohort study of consecutive
adult patients diagnosed with RCC between
January 2010 and December 2019 at the Lei-
den University Medical Center (Leiden, the
Netherlands). Patients were included when
they had a histologically proven RCC, or
when patients with metastatic disease were
treated according to RCC protocols regardless
of histological confirmation.

Standard of care for localized RCC
involved (partial) nephrectomy. Thermal

ablation was indicated in small tumors in which
partial nephrectomy was technically impossible or
patient performance status was insufficient for
invasive surgery. No adjuvant therapy in locore-
gional disease was given, but follow-up imaging was
performed every 6 months for the first 3 years
(thereafter depending on tumor and patient charac-
teristics). In metastatic disease, targeted therapy was
initiated as indicated by tumor type and prognostic
risk group (International Metastatic RCC Database
Consortium criteria).18 Nephrectomy with metastatic
disease was considered when feasible for cytor-
eduction and/or symptom reduction. Of note, TTs
(regardless of their extension) are not considered to
be metastases.

Thrombectomy was the standard of care when a TT
was present, unless unfeasible due to technical or
patient-related factors. Whether or not anti-
coagulation therapy was started was left to the
discretion of the treating physician; this was not
dictated by the local hospital protocol.

Patients were followed between 2 weeks before
RCC diagnosis until 2 years after, until their last
follow-up visit before March 2021, or until a
thrombotic or bleeding complication or death
occurred (depending on the analysis), whichever
came first. Patients were considered lost to follow-
up if their treatment in the Leiden University
Medical Center was stopped before the end of the
observation period.

Data collection were performed by reviewing the
patient charts for baseline characteristics (de-
mographics, Karnofsky performance score, tumor
characteristics, and treatment details) and outcomes
of interest, using a standardized electronic case
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report form. The study was approved by the local
Institutional Review Board (the Medical Research
Ethics Committee Leiden-The Hague-Delft), and the
need for informed consent was waived. However,
patients who were alive and still under the care of a
Leiden University Medical Center physician during
data collection were informed about the study and
were offered the possibility to refuse the use of their
medical data for study purposes.

OUTCOMES. The main study outcomes were TT at
time of RCC diagnosis or during follow-up, venous
thromboembolism (VTE), arterial thromboembolism
(ATE), and MB. The endpoints were adjudicated by
2 independent experts (M.C.B. and F.A.K).

TTs were defined as: 1) histopathological proof of
tumor cells in surgical specimen removed from the
venous vasculature; or 2) extension of the tumor into
the ipsilateral renal vein (and into the IVC and
further) on computed tomography (CT), with the ar-
guments in favor of a tumor instead of bland
thrombus being enhancement of the thrombus after
contrast administration, expansion of the vein, and
increase of the thrombus under anticoagulation. TT
extension was classified in 3 groups, conforming to
the T stage of the TNM classification of RCC,19 that is:
1) limited to the renal vein; 2) extension into the IVC
below the diaphragm; and 3) with supra-
diaphragmatic localization or invasion of the wall of
the vena cava. The presence of TT was assessed by
expert radiologists (M.C.B. and E.L.v.P.v.M.), who
had no knowledge of the clinical course and the
occurrence of the main study outcomes during
follow-up.

VTE consisted of symptomatic or incidental pul-
monary embolism (PE), deep vein thrombosis (DVT)
of the upper or lower extremities, cerebral sinus
vein thrombosis, or splanchnic vein thrombosis,
confirmed by CT, magnetic resonance, or ultrasound
imaging.20-22 ATE included ischemic strokes,
myocardial infarction, and peripheral arterial em-
bolism. Ischemic strokes were confirmed by CT or
magnetic resonance imaging of the brain. Myocardial
infarction was confirmed by corresponding electro-
cardiogram, echocardiogram, cardiac enzymes, and
preferably coronary angiography. Peripheral arterial
embolism was diagnosed with (CT) angiography or
Doppler ultrasound of the extremities. The Interna-
tional Society on Thrombosis and Haemostasis defi-
nition of major bleeding was used, defining MB as: 1)
fatal bleeding; 2) symptomatic bleeding in a critical
area or organ; or 3) bleeding causing a fall in hemo-
globin level of $1.24 mmol/L, or leading to a trans-
fusion of $2 units of blood.23
STATISTICAL ANALYSIS. Data are presented as mean
� SD or median (IQR) for continuous variables and
counts with percentages for categorical variables. The
Karnofsky score was divided into good ($80%) vs
moderate to poor (<80%) performance status. The
tumor grade was separated as high (Fuhrman grade
3-4) vs low (Fuhrman grade 1-2). The index date was
2 weeks before the date of histopathological diagnosis
of RCC (or in absence of histological confirmation the
date of radiological evidence of metastatic disease).

Cumulative incidence was estimated using the
cumulative incidence competing risks method,24 to
adjust for competing risk of death, and were
presented with a 95% CI. Cumulative incidence was
calculated both for the total cohort and in TT
patients separately. Incidence rates were calculated
as number of events divided by the total person-time
of observation, and are presented with 95% CIs.
Outcome predictors were determined with uni-
variable binary logistic (presented as OR with 95% CI)
or cause-specific hazard models (presented as HR
with 95% CI), depending on whether the time-to-
event factor was relevant. To assess the prognostic
impact of the outcomes, cause-specific hazard models
with time-dependent covariates (ie, TT, VTE, ATE,
and MB in the respective analyses) were performed,25

with adjustment for age, sex, performance score, tu-
mor grade, and distant metastases (presented as
adjusted HRs [aHRs] with 95% CI).25,26 For the inter-
pretation of the prognostic impact of specific out-
comes on VTE or MB, we considered cause-specific
death models (with VTE respectively MB as censoring
event) as well, to assess death as a competing
risk.25,26 For univariable analyses, only complete
cases were included. For the multivariable analyses,
to assess the prognostic impact of the outcomes,
missing values were included as a separate category
per variable, to allow all cases to be analyzed. Sta-
tistical significance was determined when the CI did
not include 1.

Since in PEs no differentiation between thrombo-
embolism and tumor embolism was possible with the
imaging performed for regular clinical care,27 we
performed a sensitivity analysis with only non-PE
VTE events.

Statistical analyses were carried out in SPSS
Statistics version 25.0 (IBM) and RStudio version
1.3.1056 (RStudio).

RESULTS

PATIENTS. A total of 647 patients with RCC were
included. Their mean age was 64.3 � 11.1 years, and
436 (67.4%) patients were men (Table 1). The majority



TABLE 1 Baseline and Follow-Up Characteristics (N ¼ 647)

Age at diagnosis, y 64.3 � 11.1

Male 436 (67.4)

Anticoagulation use at diagnosis 65 (10.0)

Histopathological diagnosis

PA not performed 20 (3.1)

Clear cell 457 (70.6)

Mixed histology 29 (4.5)

Non–clear cell 114 (17.6)

PA performed, but results unknown 27 (4.2)

Tumor grade

Fuhrman grade 1 84 (13.0)

Fuhrman grade 2 254 (39.3)

Fuhrman grade 3 95 (14.7)

Fuhrman grade 4 37 (5.7)

Unknown 177 (27.4)

Stage at diagnosis

Local disease 457 (70.6)

Regional lymph node metastases 18 (2.8)

Distant metastases 172 (26.6)

Performance status (Karnofsky score)

<80% 96 (14.8)

$80% 451 (69.7)

unknown 100 (15.4)

Anticancer treatment started at diagnosis

(Partial) nephrectomy 395 (61.1)

Radiofrequency ablation 98 (15.1)

Systemic therapy 118 (18.2)

No treatment 29 (4.5)

Total follow-up, mo 24.0 (7.0-24.0)

Status at the end of follow-up

Alive 378 (58.4)

Died 132 (20.4)

Lost to follow-up 137 (21.2)

Values are mean � SD, n (%), or median (IQR).

PA ¼ pathological analysis.
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had a clear cell RCC (n ¼ 457 [70.6%]). At diagnosis,
475 (73.4%) patients had locoregional disease, of
which the majority underwent nephrectomy (n ¼ 364
[76.6%]) or thermal ablation (n ¼ 94 [19.8%]). Distant
metastases were present at diagnosis in 172 (26.6%)
patients, of which 156 (90.7%) received any type of
palliative treatment, predominantly systemic therapy
(n ¼ 117 [75.0%]). At the end of the observation
period, 378 (58.4%) patients were still alive, 132
(20.4%) had died, and 137 (21.2%) were lost to follow-
up. The majority of those latter patients (77.4%) were
referred back to the referring hospital. Another 3.6%
were referred to a different expertise center for sec-
ond/third opinion, and 8.0% were transferred to a
palliative care unit. The median follow-up time was
24.0 (IQR: 7.0-24.0) months.
TUMOR THROMBI. At RCC diagnosis, a TT was pre-
sent in 86 patients (prevalence: 13.3%; 95% CI:
10.9%-16.1%), of which 37 were located in the IVC and
15 extended above the diaphragm, corresponding to
an overall prevalence of 5.7% (95% CI: 4.0%-7.9%)
and 2.3% (95% CI: 1.3%-3.8%), respectively (Figure 1).
In 36 patients, only thrombectomy was performed;
9 patients received both thrombectomy and anti-
coagulation; and 15 patients only received anti-
coagulation. Six of these patients were already on
chronic anticoagulation for a different indication, and
continued this treatment (5 used vitamin K antago-
nist [VKA] and 1 low-molecular-weight heparin
[LMWH]). Of the patients that initiated anti-
coagulation for the TT, 16 of 18 received LMWH and
the others received VKA. Twenty-six patients did not
receive any specific TT treatment. If no thrombec-
tomy was performed and/or if the TT level was more
proximal, anticoagulation was numerically more
often prescribed (Figure 1).

During the observation period, 9 patients devel-
oped a new TT (incidence rate 0.98 per 100 person-
years; 95% CI: 0.51-1.89 per 100 person-years), and
5 patients had a recurrent TT after resection at initial
TT diagnosis. Furthermore, in 3 other patients the
TT extended to a higher TT classification (none had
received anticoagulation). TTs at RCC diagnosis were
associated with a high tumor grade (OR: 5.54; 95%
CI: 3.14-9.76), a low Karnofsky performance status
(OR: 2.45; 95% CI: 1.43-4.22), and distant metastases
at RCC diagnosis (OR: 3.01; 95% CI: 1.92-4.72)
(Table 2).

VENOUS THROMBOEMBOLISM. Thirty-six patients in
the total cohort were diagnosed with VTE during the
observation period: 27 with acute PE, 6 with DVT of
the lower extremity, and 3 with splanchnic throm-
bosis. Nearly half of the VTE events (14 PEs and
3 DVTs) were in TT patients, corresponding to a pro-
portion of 19.8% (n ¼ 17 of 86). Three of the 36 pa-
tients (8.3%) developed recurrent VTE (all non-TT
patients), of which 2 stopped anticoagulation for the
initial VTE due to high bleeding risk.

Two VTEs were fatal: both were PEs that occurred
during thrombectomy (1 of a TT in the right atrium
and 1 of an IVC TT below the diaphragm). Three VTEs
occurred during therapeutic anticoagulation (1 using
LMWH, 1 using VKA, and 1 using a direct oral anti-
coagulant), of which 2 patients received anti-
coagulation because of a TT. The 2-year cumulative
incidence of VTE in the total cohort was 5.8% (95% CI:
4.1%-7.8%) (Table 3), whereas this was 22.4% (95% CI:
13.3%-32.9%) in the TT cohort.



FIGURE 1 TT Diagnosis and Treatment

Flow chart with the number of renal cell carcinoma (RCC) patients diagnosed with a tumor thrombus (TT), and the treatment of the TT

according to their extension (resection and/or long-term anticoagulation, or none). IVC ¼ inferior vena cava.

Kaptein et al J A C C : C A R D I O O N C O L O G Y , V O L . 4 , N O . 4 , 2 0 2 2

Tumor Thrombi in Renal Cell Carcinoma N O V E M B E R 2 0 2 2 : 5 2 2 – 5 3 1

526
Distant metastasis and a low Karnofsky score
(<80%) at RCC diagnosis were associated with inci-
dent VTE (Table 2). A TT at baseline or a new TT
during follow-up was associated with more VTE
events (adjusted HR: 6.61; 95% CI: 3.18-13.73)
(Table 4, Figure 2, Supplemental Table 1). In the
sensitivity analysis with only non-PE VTE events, the
association with TT was not statistically significant
(aHR: 1.51; 95% CI: 0.32-7.22). Furthermore, patients
with TTs extending above the diaphragm were more
likely to develop VTE than those with more limited
TTs. Thrombectomy did not lead to a lower VTE
incidence, whereas TT patients treated with anti-
coagulation tended to have lower VTE risk than those
without (Table 3). Notably, TT patients using anti-
coagulation still frequently developed a VTE (2-year
cumulative incidence: 17.6%; 95% CI: 1.5%-48.5%).
It was not possible to assess whether treatment
outcomes differed between the TT level, as the
number of events was too low.

MAJOR BLEEDING. A total of 45 patients developed
MB during the observation period. The main bleeding
location was (peri)renal, occurring in 22 patients (18
of 22 were postoperative bleedings), intracerebral
(n ¼ 8), and gastrointestinal bleeding (n ¼ 5). Seven
MBs were fatal, predominantly intracerebral (n ¼ 4; 1
of these patients had cerebral metastases), of which
2 were receiving therapeutic anticoagulation. A total
of 13 (28.9%) MBs were associated with anti-
coagulation therapy. In patients with a TT at baseline,
11 MBs occurred, of which 6 were associated with
anticoagulation (2 for a TT, 2 for a concurrent TT and
VTE, and 2 for atrial fibrillation). The adjusted 2-year
cumulative incidence of MB in the total cohort was
7.7% (95% CI: 5.7%-10.0%) (Table 3), and 15.5% (95%
CI: 8.1%-25.2%) in the TT cohort (Figure 2). TT

https://doi.org/10.1016/j.jaccao.2022.07.011


TABLE 2 Variables Associated With TT at Baseline and Adverse Outcomes (Univariable Analysis)

Na
TT

OR (95% CI)
VTE

HR (95% CI)
MB

HR (95% CI)
Mortality

HR (95% CI)

Age, y 647 1.02 (0.99-1.04) 0.99 (0.96-1.02) 1.02 (0.99-1.05) 1.01 (1.00-1.03)

Sex (male vs female) 647 1.26 (0.78-2.03) 1.45 (0.68-3.08) 1.48 (0.75-2.92) 1.14 (0.78-1.65)

Histological type (clear cell vs nonclear cell) 620 1.58 (0.90-2.77) 1.11 (0.50-2.48) 1.76 (0.78-3.96) 0.68 (0.47-0.99)

Fuhrman grade (3-4 vs 1-2) 469 5.54 (3.14-9.76) 1.48 (0.66-3.36) 1.63 (0.79-3.36) 2.92 (1.80-4.75)

Karnofsky score (<80% vs $80%) 547 2.45 (1.43-4.22) 2.76 (1.34-5.69) 3.01 (1.53-5.92) 5.47 (3.73-8.04)

Distant metastases (yes vs no) 647 3.01 (1.92-4.72) 2.56 (1.32-4.96) 2.12 (1.16-3.86) 5.82 (4.10-8.27)

aNumber of patients with known value for corresponding variable.

TABLE 3 Adverse Outcomes in the Total Cohort and in TT Patients

Cumulative Incidence at 2 Years

VTEa Major Bleedinga Mortality

Overall population, % 5.8 (4.1-7.9) 7.7 (5.7-10.0) 24.6 (21.0-28.4)

No TT, %b 3.4 (2.1-5.3) 6.6 (4.6-8.9) 20.9 (17.3-24.7)

TT, %b 22.4 (13.3-32.9) 15.5 (8.1-25.2) 51.3 (38.0-63.0)

HR (yes vs no)b 7.16 (3.71-13.82) 2.46 (1.25-4.87) 2.78 (1.88-4.13)

No anticoagulation, % 23.9 (13.7-35.7) 11.9 (5.1-21.9) 45.7 (31.5-58.8)

Anticoagulation, %c 17.6 (1.5-48.5) 32.5 (8.2-60.3) 77.5 (30.2-94.7)

HR (yes vs no) 0.56 (0.13-2.48) 3.44 (0.95-12.42) 2.13 (0.98-4.62)

No thrombectomy, % 17.3 (6.6-32.1) 18.6 (6.9-34.6) 63.4 (41.3-79.1)

Thrombectomy, % 26.6 (13.4-41.8) 12.9 (4.6-25.7) 42.0 (25.3-57.9)

HR (yes vs no) 1.09 (0.41-2.88) 0.53 (0.16-1.77) 1.49 (0.25-0.98)

TT in renal vein, %d 7.4 (1.2-21.7) 12.8 (3.8-27.4) 51.3 (30.5-68.7)

TT in IVC (below diaphragm), %d 22.0 (9.4-38.1) 23.2 (9.8-39.8) 53.9 (33.1-70.8)

HR (IVC vs renal vein) 2.27 (0.59-8.78) 1.60 (0.47-5.46) 1.93 (0.44-1.92)

TT above diaphragm, %d 55.3 (8.8-86.6) N/A 37.5 (8.9-67.2)

HR (above diaphragm vs IVC) 4.07 (1.40-11.89) N/A 0.90 (0.30-2.71)

HR (above diaphragm vs renal vein) 9.24 (2.33-36.58) N/A 0.83 (0.27-2.53)

Values are % (95% CI) or HR (95% CI). aCumulative incidences adjusted for competing risk of death. bOnly TTs at
RCC diagnosis included in this analysis. cTT patients who received therapeutic anticoagulation at TT diagnosis for
any indication (eg, TT, VTE, atrial fibrillation). dUpper level of the tumor thrombus.

MB ¼ major bleeding; N/A ¼ not available; TT ¼ tumor thrombus; VTE ¼ venous thromboembolism.
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patients that were treated with anticoagulation had a
32.5% 2-year cumulative incidence (95% CI: 8.2%-
60.3%) of MB, vs 11.9% (95% CI: 5.1%-21.9%) in those
without anticoagulation. Distant metastases and an
impaired performance score at baseline were pre-
dictors of MB during follow-up (Table 2), whereas
nephrectomy at RCC diagnosis was not (HR: 0.89;
95% CI: 0.44-1.40). A TT at diagnosis or during
follow-up was not associated with MB (aHR: 1.69; 95%
CI: 0.82-3.50) (Table 4, Supplemental Table 1), either.
Incident VTE during follow-up, on the other hand,
was strongly associated with risk of MB (aHR: 4.67;
95% CI: 1.91-11.41) (Table 4, Supplemental Table 1).

ARTERIAL THROMBOEMBOLISM. In the total cohort,
11 patients developed an ATE during the observation
period, all of which were ischemic strokes. Two ATEs
were fatal. No patient with a TT developed an ATE.
The 2-year adjusted cumulative incidence in the total
cohort was 2.1% (95% CI: 1.2%-3.6%).

MORTALITY. Of the 132 patients that died during the
observation period, the median time to death was 7.0
(IQR: 4.2-14.3) months. In the total cohort, predictors
for mortality were non–clear cell RCC (HR: 0.68; 95%
CI: 0.47-0.99), distant metastases at diagnosis (HR:
5.82; 95% CI: 4.10-8.27), a higher Fuhrman grade (HR:
2.92; 95% CI: 1.80-4.75), and a lower Karnofsky score
(HR: 5.47; 95% CI: 3.73-8.04) (Table 2). TT (aHR: 1.65;
95% CI: 1.12-2.45), VTE (aHR: 2.87; 95% CI: 1.70-4.84),
MB (aHR: 1.96; 95% CI: 1.08-3.57), and ATE (aHR:
6.29; 95% CI: 1.90-20.84) during the observation
period were all independently associated with higher
mortality as well (Table 4).

DISCUSSION

We found a considerable 13.3% prevalence of TT in
RCC patients (Central Illustration). In our cohort, only
half of the TTs were resected, and anticoagulation
was initiated in one-quarter. TTs were associated
with a more than 6-fold higher incidence of VTE but
not of ATE. A TT is thought to disrupt vascular
integrity and disturb venous blood flow leading to a
local procoagulant state, explaining this excess VTE
risk.7 TT patients in our study treated with anti-
coagulation still frequently developed VTE, even
though anticoagulant therapy prevented half of the
events. It has to be noted that the group of TT
patients either treated or not treated with
anticoagulation differed per TT level and that the
sample size was too small to accurately evaluate the
impact of anticoagulation on thrombotic and bleeding
events per TT level. Nevertheless, our findings sug-
gest that TT patients have a hypercoagulable state in
general, which could partly be related to the associ-
ation of TT with more advanced cancer (ie, higher
RCC grade and tumor stage).5

https://doi.org/10.1016/j.jaccao.2022.07.011
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TABLE 4 Prognostic Impact Of Presence Of Tumor Thrombi as Well as Thrombotic and Bleeding Events

VTE
HR (95% CI)

MB
HR (95% CI) Mortality HR (95% CI)

Unadjusteda Adjusteda Unadjusteda Adjusteda Unadjusteda Adjusteda

TT (yes vs no)b 7.77 (4.03-14.95) 6.61 (3.18-13.73) 2.38 (1.21-4.70) 1.69 (0.82-3.50) 3.18 (2.18-4.64) 1.65 (1.12-2.45)

ATE (yes vs no)b N/Ac N/Ac 4.59 (0.63-33.58) 3.49 (0.46-26.57) 3.49 (1.11-11.00) 6.29 (1.90-20.84)

VTE (yes vs no)b N/A N/A 6.08 (2.56-14.45) 4.67 (1.91-11.41) 4.61 (2.77-7.67) 2.87 (1.70-4.84)

MB (yes vs no)b 1.93 (0.46-8.07) 1.64 (0.39-6.94) N/A N/A 2.49 (1.38-4.52) 1.96 (1.08-3.57)

aUnadjusted HR derived from univariable Cox regression analysis. Adjusted HR derived from multivariable Cox regression, with adjustment for age, sex, Fuhrman grade,
Karnofsky score and distant metastases at diagnosis. bTime-dependent variable. cInsufficient ATE events to perform statistical analysis.

ATE ¼ arterial thromboembolism; other abbreviations as in Table 3.

FIGURE 2 Cumulative Incidence of Venous Thromboembolism and Major Bleeding

Cumulative incidence graphs, accounting for the competing risk of death, of (A) venous

thromboembolism and (B)major bleeding among patients with a tumor thrombus (TT) at

renal cell carcinoma diagnosis (blue line) vs those without (red line). No adjustments for

baseline characteristics or TT treatment were included in this graph, resulting in unad-

justed HRs.
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Of note, since TT was mostly associated with PE
and less with other VTE presentations, some of these
VTE events may have been tumor embolism, rather
than bland thromboembolism. Previous studies have
suggested that the risk of tumor embolization in TT
patients is limited (overall incidence 1.5%) but in-
creases when the TT is located in the IVC or beyond,
and is highest intraoperatively (up to 4%, with a
mortality rate of 75%).7,8,10 This is in line with our
findings, although none of the PEs were pathologi-
cally examined. Various studies on the best surgical
technique for thrombectomy are available, primarily
to accomplish complete resection (as incomplete
resection results in a lower survival rate).28-30 The
common perception is that anticoagulation does not
mitigate the tumor embolization risk, yet TTs are
regularly accompanied by less stable, bland thrombi
(20%-40% of cases), in which situation anti-
coagulation can protect against regular thromboem-
bolism.7,31,32 Hence, although antitumor therapy and
surgery are the keystone of TT management, consid-
ering anticoagulation is reasonable to prevent further
progression/embolization of the bland thrombus
component.

We did not observe a strong correlation between
TT and major bleeding but found a high incidence of
bleeding in patients receiving anticoagulant treat-
ment for TT. Of note, in the total cohort, more than
70% of all major bleeding complications were not
associated with anticoagulant treatment, suggesting
that the background bleeding incidence in patients
with RCC is high, which should be taken into account
when considering anticoagulant therapy. Although
the literature on the bleeding risk associated with TT
in RCC in general is scarce, it has been previously
suggested that more proximal TTs are associated with
a higher perioperative bleeding risk,33 which in-
creases when a concomitant bland thrombus is
present.31 We also observed a tendency toward more
major bleeding in TT patients treated with anti-
coagulation compared with those without,



CENTRAL ILLUSTRATION TTs in Renal Cell Carcinoma Are Relatively Common and Associated With
Worse Outcomes

Kaptein FHJ, et al. J Am Coll Cardiol CardioOnc. 2022;4(4):522–531.

A venous tumor thrombus (TT) is relatively common in patients with a renal cell carcinoma (RCC), and is associated with poorer outcomes. Currently it is unknown

which patient subgroups may benefit from anticoagulation therapy. aHR ¼ adjusted HR; MB ¼ major bleeding; VTE ¼ venous thromboembolism.
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emphasizing the difficult balance between the bene-
fits and harms of anticoagulation in these patients.

Based on current guidelines, primary thrombopro-
phylaxis might be considered in patients with cancer
and a high risk of thrombosis. To identify such ambu-
lant cancer patients, prediction scores have been
developed, of which the Khorana score, designed for
patients with solid tumors starting chemotherapy,34 is
the most widely studied.35-37 Notably, as the standard
systemic therapy for RCC includes targeted therapy or
immunotherapy instead of chemotherapy, it is un-
known whether the Khorana score is applicable in this
setting. A cohort study in patients with metastatic RCC
receiving immunotherapy showed that the Khorana
score did not accurately predict thromboembolic
events.38 Meta-analyses have shown that a Khorana
score threshold of $2 points equals an 8.9% 6-month
cumulative VTE incidence, which may be an argu-
ment to consider pharmacological thromboprophy-
laxis according to recent guideline updates.39 The
observed VTE incidence in TT patients in our cohort (6-
month cumulative incidence of 13.8%) and the obser-
vation that the cumulative incidence of VTE was
numerically higher than of major bleeding in our TT
patients, opposed to the reverse in non-TT patients
(22.4% vs 15.5% and 3.4% vs 6.6%, respectively), un-
derline the indication of anticoagulation at (at least) a
prophylactic dose.

No definite answers regarding the optimal use of
anticoagulation in TT patients can be provided based



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: A

venous TT is relatively common in patients with a RCC,

and is associated with poorer outcomes. Clinicians

should be particularly aware of the increased VTE risk,

which might justify anticoagulation therapy in

selected patients.

TRANSLATIONAL OUTLOOK: Currently, it is un-

known which patient subgroups may benefit from

anticoagulation therapy, which should be the focus of

future prospective studies. Furthermore, the appro-

priate drug class and dose of anticoagulation need to

be evaluated.
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on our study results, and the optimal management of
TT should be decided on a case-to-case basis depend-
ing on the patient’s individual thrombosis and
bleeding assessment. It seems reasonable to guide
anticoagulation therapy by TT level, given their
associated VTE risks. Renal vein thrombi were
hardly associated with incident VTE and may be left
untreated, whereas extension into the vena cava
and beyond requires at least the consideration of
anticoagulation. We cannot comment on the
preferred type of anticoagulation, as in our cohort
predominantly LMWH was used, nor can we
comment on the optimal dose. In an isolated TT (ie,
without bland thrombus), prophylactic anti-
coagulation might be sufficient in preventing VTE
events. Furthermore, the use of low-dose apixaban
or rivaroxaban,40,41 or alternatively factor XI in-
hibitors (as they primarily inhibit contact pathway
activation),42,43 might be promising options for VTE
prevention in patients with TT. This should be the
focus of future studies.

STUDY STRENGTHS. To our knowledge, this is the
first cohort study focusing on the use of anti-
coagulation in adult RCC patients with a TT. We used
a standardized and predefined radiographic defini-
tion of a TT in order to differentiate from a bland
thrombus, which can be easily applied in
daily practice.

STUDY LIMITATIONS. There were a small number of
cases per TT treatment and/or thrombus level, leading
to wide CIs and resulting in the inability to analyze the
treatment modalities per TT level. The study was
performed in a university medical center, which pri-
marily provided general care for RCC but also served as
a regional referral center for certain treatment mo-
dalities (thermal ablation, laparoscopic partial ne-
phrectomy, and thoracic surgery), which could have
led to selection bias. Furthermore, a substantial pro-
portion of the cohort was lost to follow-up (21.2%).

CONCLUSIONS

TT are common in RCC and are associated with poorer
outcomes. Although we found no definitive evidence
that anticoagulation therapy improves outcomes in
TT patients, their increased VTE risk might justify its
use in selected patients, for example based on TT
level, associating bland thrombus or concomitant VTE
risk factors. Future prospective studies are needed to
identify patient subgroups that may benefit from
anticoagulation therapy, including the appropriate
drug class and dose.
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