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Summary. Background: The clinical importance of tumor

thrombus in patients with renal cell carcinoma is

unknown. We sought to determine the long-term risk of

venous thromboembolism (VTE) in patients with residual

tumor thrombus postextraction, and to evaluate the

impact of residual tumor thrombus on overall survival.

Patients/methods: A cohort study of patients with

stage III–IV renal cell carcinoma undergoing nephrec-

tomy was undertaken. The primary endpoint was the risk

of VTE during a 2-year follow-up period. The secondary

endpoint was 2-year overall survival. Results: A total of

170 surgical renal cell carcinoma patients were included,

97 (57.1%) of whom had tumor thrombus. Patients with

residual tumor thrombus following surgery had a higher

risk of developing VTE than those with complete tumor

thrombus resection (hazard ratio [HR] 8.7, 95% confi-

dence interval [CI] 1.7–43.4) and no tumor thrombus

(HR 6.5, 95% CI 1.7–24.7). Patient with residual tumor

thrombus did not have worse overall survival than those

with tumor thrombus completely resected or those with-

out tumor thrombus. Conclusions: The presence of resid-

ual tumor thrombus is an important risk factor for VTE

among renal cell carcinoma patients.

Keywords: neoplasm; nephrectomy; renal cell carcinoma;

venous thromboembolism; venous thrombosis.

Introduction

The rates of venous thromboembolism (VTE) in patients

with kidney cancer vary between 1.2% and 6.0% within

12 months of cancer diagnosis [1,2]. Approximately 5–20%
of patients diagnosed with renal cell carcinoma will present

with gross tumor extension into the renal vein, inferior vena

cava (IVC), or atrium [3]. The current TNM staging system

of the American Joint Committee on Cancer [4] categorizes

renal cell carcinomas with venous involvement as stage III.

The significance of venous involvement and the extent of

tumor thrombus remain highly controversial. Some studies

have shown better survival rates in patients with renal vein

tumor thrombus than in those with IVC tumor thrombus

[5], whereas others have shown that long-term outcomes

are independent of tumor thrombus level [6].

Despite advances in immunotherapy and targeted ther-

apy, radical nephrectomy with thrombectomy remains the

most effective treatment in patients with localized kidney

cancer and tumor thrombus, and is often recommended

in the presence of metastases [7]. Complete tumor throm-

bus extraction is not always possible, and residual tumor

thrombus may remain within the venous system after sur-

gical thrombectomy.

The clinical significance of residual thrombus after radical

nephrectomy and thrombectomy and its association with an

increased risk of VTE in renal cell carcinoma patients are

unknown. We sought to determine the long-term risk of

VTE in surgical renal cell carcinoma patients with residual

tumor thrombus. Furthermore, the impact of residual tumor

thrombus on the 2-year overall survival was evaluated.

Materials and methods

Patient population

A retrospective cohort study of all consecutive stage III–
IV renal cell carcinoma patients who underwent radical
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nephrectomy at the Ottawa Hospital from 1 January 2005

to 1 January 2012 was undertaken. Patients were identi-

fied through the Cancer Center Data Service. All patients

had prenephrectomy and postnephrectomy computed

tomography. All diagnostic imaging performed on the

patients was reviewed to identify patients with tumor

thrombus and residual tumor thrombus. Tumor thrombus

was defined as the presence of an intraluminal filling

defect in the renal, hepatic or portal veins or IVC directly

extending from a renal mass detected on computed

tomography. Residual tumor thrombus was defined as

the presence of tumor thrombus fragments seen on imag-

ing after radical nephrectomy and thrombectomy.

Patients who never had a tumor thrombus were those

with no intraluminal filling defect detected on radio-

graphic imaging. Patients were excluded if they had: (i) a

VTE event prior to or at the time of renal cell carcinoma

diagnosis; (ii) a VTE event prior to radical nephrectomy;

or (iii) known inherited thrombophilia. Research ethics

board approval was obtained for the study.

Data collection

The following variables were extracted and analyzed: (i)

patient demographics; (ii) tumor site and stage; (iii) date

of cancer diagnosis; (iv) Charlson Comorbidity Index [8];

(v) targeted therapy and immunotherapy regimens; (vi)

dates of diagnosis of the initial VTE; (vii) management of

the initial VTE; (viii) dates of the tumor thrombus diag-

nosis; (ix) management of the tumor thrombus; and (x)

date of death. Data were extracted independently by two

investigators (R.I. and D.W.Y.). Disagreements on infor-

mation were resolved by consensus.

Outcome assessment

The primary outcome measure was the risk of VTE dur-

ing a 2-year follow-up period after nephrectomy. VTE

was defined as proximal lower limb (popliteal vein or

more proximal) deep vein thrombosis (DVT) or pulmo-

nary embolism (PE).

The secondary outcomes were the impact of residual

tumor thrombus postresection and the level of vein

involvement (renal vein vs. IVC involvement [infradia-

phragmatic vs. supradiaphragmatic]) prior to complete

resection on the 2-year overall survival. Overall survival

was determined from the date of the renal cell carcinoma

diagnosis to the date of death.

Analyses

Hazard ratios (HRs) for VTE and death, corresponding

95% confidence intervals (CIs) and P-values were

obtained with multiple univariate and multivariate Cox

proportional hazard regression models. Cox proportional

hazard models were used to analyze the effect of specific

risk factors on the outcome of VTE within 2 years of

cancer diagnosis. Variables associated with an increased

risk of VTE (including age, gender, stage, Charlson Com-

orbidity Index, and targeted therapy) were included in the

multivariate model.

Survival was analyzed with Kaplan–Meier curves, and

differences between groups were tested with the log-rank

test. Patients were censored after the last known date of

follow-up or death. The risk of VTE over time was esti-

mated according to the Kaplan–Meier method. Analyses

were performed with SPSS v.21 (SPSS, Chicago, IL, USA).

Results

Of the 1140 patients diagnosed with kidney cancer whose

charts were reviewed, 189 met the inclusion criteria of

surgical stage III or IV disease. Nineteen patients were

excluded (Fig. 1). A total of 170 surgical renal cell carci-

noma patients with stage III–IV disease were included in

this study. The baseline characteristics of patients are

shown in Table 1. At diagnosis, 97 (57.1%) patients had

tumor thrombus, and the remaining 73 (42.9%) patients

never had a tumor thrombus. The median age was

62.0 years (range, 22.0–88.0 years). One hundred and six-

teen (68.2%) patients were females. Seventy-nine (46.5%)

patients had metastases at the time of cancer diagnosis.

The most common renal cell carcinoma histologic subtype

was clear cell carcinoma (67.6%). All 97 (57.1%) patients

with tumor thrombus underwent radical nephrectomy

and thrombectomy: 36 (37.1%) had residual tumor

thrombus detected on computed tomography post-

thrombectomy, and 61 (62.9%) had a complete resection.

Seven patients (4.1%) were lost to follow-up during the

2-year follow-up period.

Among patients with residual tumor thrombus, 27

(75.0%) had a tumor thrombus in the renal vein, and

nine (25.0%) had a tumor thrombus in the IVC. Among

patients with complete resection, 45 (73.8%) had a renal

vein tumor thrombus and 16 (26.2%) had an IVC tumor

thrombus before resection. Six (16.7%) patients with

residual tumor thrombus received thromboprophylaxis

for a median duration of 1.5 weeks (range, 1–2 weeks).

Four (66.7%) patients were were anticoagulated with pro-

phylactic-dose low molecular weight heparin (LMWH)

and two (33.3%) with warfarin. Among patients with

complete resection, two (66.7%) were anticoagulated with

prophylactic-dose LMWH and one (33.3%) with warfa-

rin. None of the patients without tumor thrombus

received thromboprophylaxis.

A VTE occurred in the 2-year follow-up period in 10

(27.8%; 95% CI 15.85–44.0) renal cell carcinoma patients

with residual tumor thrombus, in two (3.3%;

95% CI: 0.9–11.2) with complete resection, and in three

(4.1%; 95% CI 1.4–11.4) with no tumor thrombus. The

median times from surgery to VTE were 8.5 weeks

(range, 2–72 weeks), 19.5 weeks (range, 2–37 weeks) and
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21 weeks (range, 7–26 weeks) in patients with residual

tumor thrombus, complete resection, and no tumor

thrombus, respectively. Of the 15 VTE events, 10 (66.7%)

were treated with LMWH and five (33.3%) with warfarin.

Seven (46.7%) of the VTE events presented as proximal

lower limb DVT, six (40.0%) as PE, and two (13.3%) in

the IVC.

The adjusted HRs of developing VTE for patients

with residual tumor thrombus as compared with those

with complete resection and with those who never had

a tumor thrombus were 8.7 (95% CI 1.7–43.4) and 6.5

(95% CI 1.7–24.7), respectively (Fig. 2). The HRs were

adjusted for the following variables: gender (female)

(HR 2.2, 95% CI 0.6–7.8, P = 0.22); age ≥ 60 years

(HR 0.4, 95% CI 0.16–1.2, P = 0.12); metastatic cancer

(HR 1.4, 95% CI 0.5–3.76, P = 0.6), Charlson

Comorbidity Index (HR 1.1, 95% CI 1.0–1.3, P = 0.13);

and targeted therapy (HR 2.1, 95% CI 0.8–5.8,
P = 0.15).

Patients with residual tumor thrombus did not have

worse overall survival than those with complete resection

(HR 0.9, 95% CI 0.4–1.9), with mean survival times of

21.8 months (95% CI 19.7–24.0) and 19.1 months

(95% CI 16.9–21.2), respectively. Similarly, patients with

residual tumor thrombus did not have worse overall sur-

vival than those without a tumor thrombus (HR 1.8,

95% CI 0.8–4.2). The mean survival time for patients

without a tumor thrombus was 22.8 months

(95% CI 21.8–23.7).
Among the 61 patients who underwent radical nephrec-

tomy with complete resection, those with renal vein

involvement only did not have better overall survival than

those with infradiaphragmatic IVC tumor thrombus

(HR 2.1, 95% CI 0.5–9.7) or supradiaphragmatic IVC

tumor thrombus (HR 2.6, 95% CI 0.9–7.1). No signifi-

cant difference in survival was noted between patients

with infradiaphragmatic and supradiaphragmatic IVC

involvement (HR 1.2, 95% CI 0.2–5.9). The mean sur-

vival times for patients with renal vein, infradiaphragmat-

ic IVC and supradiaphragmatic IVC involvement were

20.0 months (95% CI 17.8–22.2), 19.8 months

(95% CI 9.6–30.0), and 15.3 months (95% CI 9.9–20.8),
respectively.

Table 1 Baseline characteristics of patients

Characteristic

Residual TT

(N = 36)

Completely

resected TT

(N = 61)

No TT

(N = 73)

Median age in

years (range)

60.0 (22.0–88.0) 62.5 (41.0–84.0) 63.0

(34.0–84.0)
Gender, n (%)

Female 23.0 (63.9) 43 (70.5) 50 (68.5)

Male 13 (36.1) 18 (29.5) 23 (31.5)

Metastases, n (%) 19.0 (52.8) 20 (32.8) 40 (54.8)

CCI, mean (SD) 6.7 (3.0) 4.6 (2.7) 5.1 (2.9)

RCC histology, n (%)

Clear cell 25 (69.4) 43 (70.5) 47 (64.4)

Other 11 (30.6) 18 (29.5) 26 (35.6)

Cancer management, n (%)

Targeted

therapy

11 (30.6) 20 (32.8) 21 (28.8)

Immunotherapy 1 (2.8) 1 (1.6) 3 (4.1)

CCI, Charlson Comorbidity Index; RCC, renal cell carcinoma; SD,

standard deviation; TT, tumor thrombus.

Reviewed charts of patients diagnosed with kidney cancer (n = 1140)

Excluded (n = 19)

Surgical patients with stage III–IV renal cell carcinoma (n = 189)

Included (n = 170)

No tumor thrombus (n = 73)Tumor thrombus present (n = 97)

Complete tumor 
thrombus 

resection (n = 61)

Residual tumor  
thrombus

(n = 36)

- VTE prior to or at the time of cancer 
diagnosis (n = 15)

- VTE prior to radical nephrectomy (n = 3)
- Thrombophilia (n = 1)

Fig. 1. Numbers of patients included in the analyses, and reasons for exclusion. VTE, venous thromboembolism.
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Discussion

To our knowledge, this is the first study to report an

increased risk of VTE in patients with renal cell carci-

noma and residual tumor thrombus. Patients with renal

cell carcinoma and residual tumor thrombus are seven

times more likely to develop VTE than patients with their

tumor thrombus completely resected, and eight times

more likely to develop VTE than patients who have never

had a tumor thrombus. It is possible that residual tumor

thrombus disrupts vascular integrity and disturbs venous

blood flow, which could potentially increase the risk of

VTE.

Our study is consistent with prior literature reporting

that complete removal of the extension of the tumor

thrombus does not affect patient prognosis [9–11]. It also
confirms that the localization of tumor thrombus prior to

resection is not associated with worse 2-year overall sur-

vival (renal vein vs. supradiaphragmatic or infradiaphrag-

matic IVC involvement). These results are similar to

those of previously published studies that did not show a

difference in overall survival according to level of IVC

involvement in renal cell carcinoma patients [9,12,13].

However, other studies demonstrated a difference in over-

all survival [6,14,15]. The discrepancy between our results

and those of some of the previously published studies

could be attributable to varied tumor biology, comorbidi-

ties and other characteristics of patient populations, surgi-

cal techniques, improvements in targeted therapy, and

sample size.

Clinical practice guidelines published by the American

College of Chest Physicians [16–18], the Groupe Franco-

phone Cancer et Thrombose initiative [19], the European

Society of Medical Oncology [20], the American Society

of Clinical Oncology [21] and the National Comprehen-

sive Cancer Network [22] recommend that pharmacologic

thromboprophylaxis for cancer patients should be contin-

ued for ~ 1 week postoperatively, and that postdischarge

prophylaxis with LMWH should be continued for up to

4 weeks in patients at high risk of VTE and low risk of

bleeding who have undergone abdominal surgery for can-

cer. Thromboprophylaxis is therefore not usually recom-

mended beyond this 4-week postoperative period, but can

considered for some high-risk patients. In our study, a

small number of patients with tumor thrombus received

thromboprophylaxis, and those who did were anticoagu-

lated for a very short period of time. Pharmacologic pro-

phylaxis has been shown to reduce the risk of VTE in

ambulatory outpatients with cancer. The presence of

residual tumor thrombus is a unique risk factor, and may

help to identify a subgroup of renal cell carcinoma

patients who are at a higher risk of VTE and who might

potentially benefit from primary pharmacologic thrombo-

prophylaxis. However, future trials are required to con-

firm these findings.

It is important to note the limitations of the study.

First, the misdiagnosis of tumor thrombus is a potential

limitation. Tumor thrombus cases were diagnosed on the

basis of computed tomographic imaging. Although con-

trast-enhanced computed tomography and magnetic reso-

nance imaging have equal sensitivities in detecting venous

involvement in the renal vein and the IVC, non-contrast

magnetic resonance imaging has a higher sensitivity and

specificity in detecting tumor thrombus than non-

enhanced computed tomography [23]. The majority of the

computed tomography performed in our cohort was con-

trast-induced. Additionally, as tumor thrombus is a neo-

plastic tissue, it may show internal vascularity on

computed tomography, whereas venous thrombus will

not. Therefore, we feel that the risk of misclassification

bias was minimal. Second, propensity score matching to

reduce potential bias was not performed, owing to the rel-

atively small sample size. Finally, the total population

and event rates were low, which could have resulted in an

overestimation of the risks.

To conclude, the presence of residual tumor thrombus is

an important risk factor for VTE among renal cell carci-

noma patients. Cancer patients with residual tumor throm-

bus could potentially benefit from anticoagulation

prophylaxis for the prevention of VTE. However, future in-

terventional studies are required to confirm this hypothesis.

Addendum

R. Ihaddadene designed and performed research, col-

lected, analyzed and interpreted data, performed statistical
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Fig. 2. Kaplan–Meier curves of the probability of venous thrombo-

embolism among patients with renal cell carcinoma, according to

whether they have residual tumor thrombus (TT), completely

resected TT, or no TT. Residual TT vs. completely resected TT, log

rank P = 0.003; residual TT vs. no TT, log rank P < 0.0001.
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analysis, and wrote the manuscript. M. Carrier designed

research, interpreted data, and wrote the manuscript. D.

W. Yokom performed research and interpreted data.

G. Le Gal and A. Delluc interpreted data and pro-

vided vital reviews of the manuscript. P. Moretto, N. Rea-

ume, and C. M. Canil provided vital reviews of the

manuscript.
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