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Abstract
Background: The surgical management and outcomes of renal cell carcinoma (RCC) with venous tumor
thrombus (VTT) have been reported in limited sample size, and there remain discrepancies over the
factors that in�uence oncologic outcomes after radical nephrectomy with thrombectomy (RNTE).The aim
of the study was to analyze the outcomes of the patients with RCC with VTT in our institution and
identify the independent prognostic factors.  

Methods: Patients with RCC with VTT were enrolled for the study from February 2015 to December 2018.
All patients underwent RNTE. Clinical data were compared using the chi-square and Fisher’s exact tests.
Over-all survival (OS) was estimated using the Kaplan-Meier method. Univariable and multivariable
survival analyses were performed using COX.

Results: 121 patients (91 men & 30 women) were identi�ed with a mean age of (59.3±10.8) years. VTT
level was 0 in 25 patients, I in 20, II in 50, III in 12 and IV in 14. The mean follow-up time was (25.7±14.6)
months. During the follow-up period, 50 (41.3%) patients died and 69 (57.0%) patients experienced
recurrence or metastasis. The 3-year and 5-year OS rate were 57.8% and 38.9%. Among the several
factors examined, positive lymph node (P=0.008), tumor necrosis (P =0.022), sarcomatoid differentiation
(P <0.001) and perinephric fat invasion (P =0.041) were demonstrated as independent signi�cant risk
factors on multivariate analysis.  

Conclusion: The OS was poor for patients with RCC with VTT. Rather than VTT level, positive lymph node,
tumor necrosis, sarcomatoid differentiation and perinephric fat invasion were independent prognostic
predictors. 

Background
One of the biological characteristics of renal cell carcinoma (RCC) is extending into the venous system, a
so-called venous tumor thrombus (VTT). It has been observed that VTT occurs approximately in 4–10%
patients with RCC [1–2], including thrombus extending to the renal vein or extending to the inferior vena
cava (IVC). Currently, radical nephrectomy with thrombectomy (RNTE) is the standard treatment for RCC
with VTT. Though surgical techniques and instruments have improved a lot, RNTE remains the most
challenging surgery for urologists, with a relatively high mortality at 2–10% [3–5].

Many centers have report their experience on the treatment of RCC with VTT, which may guide therapy
and patient counseling. Kaplan et al. [6] reviewed their experience from 11 patients with RCC with IVC
involvement in 8 years, Wu et al. [7] evaluated the clinical and oncological outcomes in 86 patients with
RCC and VTT in 10 years, while Nooromid et al. [8] showed their 15-year experience with RCC with VTT in
37 patients. Though these studies provide a good reference for the treatment of RCC with VTT, two issues
also have been identi�ed, which regard a limited sample size and an extensive time span. Obviously, with
the rapid development of medical technology, the treatment methods and outcomes may change
dramatically during a long time span. For example, the emerging of targeted therapy offers more choices
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for RCC with VTT and has been shown to improve survival of RCC with VTT [9]. Considering these
�ndings, it makes sense to analyze a large dataset in a relatively short time span. Accordingly, we hereby
present a single center review to understand the outcomes of the 121 patients with RCC and VTT, and to
evaluate the signi�cant prognostic factors of oncologic outcomes after RNTE.

Methods

Patient selection
The records of 185 patients treated with radical nephrectomy and thrombectomy in our center from
February 2015 to December 2018, were retrospectively evaluated. According to the inclusion criteria, only
patients whose histopathology diagnosis were RCC were enrolled. The �ow chart of patient enrollment
was drew and is demonstrated in Fig. 1. Before the launching of the study, approval from our Ethics
Committee was obtained.

Clinical information, including patient demographics, anaesthesia and surgical situation, as well as
cancer and pathological characteristics were obtained from respective medical records. Thrombus levels
were classi�ed according to the Mayo Clinic grading system [1]. Pathological variables included
histology, TNM stage, Fuhrman nuclear grade, tumor necrosis, sarcomatoid differentiation and
metastasis at surgery. TNM staging was performed according to the TNM system of the 2010 American
Joint Committee on Cancer (AJCC) [10]. Distant metastasis was con�rmed in all patients by imaging
examination, including positron emission tomography-computed tomography (PET-CT), contrast
enhanced computed tomography (CT) and/or magnetic resonance imaging (MRI), before surgery.

Follow-up
After surgery, patients were followed up regularly according to the NCCN guidelines [11]. Physical,
laboratory and imaging examinations were performed every 3 months for the initial 2 years, semiannually
for the next 3 years, and annually thereafter. Follow-up calls were organized to retrieve information of
post-operative survival. Recurrence and new metastatic lesions on imaging were de�ned as disease
progression. Overall survival (OS) was calculated from the time of surgery to the date of death or last
follow-up. Progression-free survival (PFS) was de�ned as the time between the date of surgery and the
date of disease progression, death due to disease, or the last follow-up. Patients without the event
occurrence were censored at the date of last follow-up.

Statistical analysis
Patient demographics and clinical characteristics were examined for two distinct subgroups, Mayo 0–II
and Mayo III–IV. Differences between these two subgroups were compared using the 2-tailed Student t
test for continuous variables, while χ2 test for categorical variables. And the Fisher exact test was used,
only when the sample size was < 5 per cell. OS and PFS, as well as 1- and 3-year survival rate were
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estimated by using the method of Kaplan-Meier. Prognostic and independent factors were determined by
applying univariable and multivariable COX proportional hazard regression models, respectively. The
survival curves, strati�ed by various clinical parameters, were generated using the Kaplan–Meier method
and statistically compared with one another using the log-rank test. All analyses were performed with
SPSS version 20.0 (IBM, Armonk, NY), and P values < 0.05 were considered statistically signi�cant.

Results
A total of 185 patients who received RNTE in less than 4 years were identi�ed in our center. After
excluding 64 patients who did not meet the inclusion criteria, 121 were available for analysis. Table 1 lists
the patient, disease and surgery characteristics. According to the Mayo classi�cation, VTT level was 0 in
25 patients, I in 20, II in 50, III in 12 and IV in 14.
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Table 1
Patient, cancer and surgery characteristics

Variable Total Mayo 0-II Mayo III-IV P value

N (%) 121 95 (78.5) 26 (21.5)  

Age (y), mean ± SD 59.3 ± 10.8 59.2 ± 10.4 59.5 ± 12.1 0.911

Sex, n (%)        

Male 91 (75.2) 73 (76.8) 18 (69.2) 0.426

Female 30 (24.8) 22 (23.2) 8 (30.8)  

Tumor side, n (%)       0.912

Left 43 (35.5) 34 (35.8) 9 (34.6)  

Right 78 (64.5) 61 (64.2) 17 (65.4)  

ASA level, n (%)       < 0.01

I + II 95 (78.5) 84 (88.4) 11 (42.3)  

III + IV 26 (21.5) 11 (11.6) 15 (57.7)  

Symptoms at presentation, n (%)       0.011

No symptoms 27 (22.3) 26 (27.4) 1 (3.8)  

Symtemic/local symptoms 94 (77.7) 69 (72.6) 25 (96.2)  

Tumor size (cm), mean ± SD 8.7 ± 3.4 8.8 ± 3.4 8.2 ± 3.7 0.436

Clinical T stage, n (%)       0.000

T3a 24 (19.8) 24 (25.3) 0 (0.0)  

T3b 48 (39.7) 44 (46.3) 14 (15.4)  

T3c 39 (32.2) 23 (24.2) 16 (61.5)  

T4 10 (8.3) 4 (4.2) 6 (23.1)  

Surgical methods, n (%)       0.413

Laparoscopic 50 (41.3) 49 (51.6) 1 (3.8)  

Open 71 (58.7) 46 (48.4) 25 (96.2)  

Conversion to open, n (%)       0.118

Yes 14 (21.9) 12 (19.7) 2 (66.7)  

SD standard deviation; ASA American Society of Anesthesiology; IVC inferior vena cava; EBL
estimated blood loss; RBC red blood cell; ICU intensive care unit
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Variable Total Mayo 0-II Mayo III-IV P value

No 50 (78.1) 49 (80.3) 1 (33.3)  

Nuclear grade, n (%)       0.254

Grade 1 + 2 49 (40.5) 41 (43.2) 8 (30.8)  

Grade 3 + 4 72 (59.5) 54 (56.8) 18 (69.2)  

Histological type, n (%)       0.236

Clear-cell carcinoma 102 (84.3) 82 (86.3) 20 (76.9)  

Non-clear cell carcinoma 19 (15.7) 13 (13.7) 6 (23.1)  

Cardiopulmonary bypass, n (%) 4 (3.3) 1(1.1) 3 (11.5) 0.031

Segmental IVC resection, n (%) 23 (19.0) 15 (15.8) 8 (30.8) 0.109

EBL (mL), mean ± SD 1510 ± 1769 1098 ± 1352 2987 ± 2283 < 0.01

RBC transfusion (mL), mean ± SD 943 ± 1244 680 ± 1019 1904 ± 1516 < 0.01

Plasma transfusion (mL), mean ± SD 373 ± 573 257 ± 480 785 ± 693 0.001

Operative time (min), mean ± SD 349 ± 131 322 ± 125 447 ± 103 < 0.01

Perinephric fat invasion, n (%) 39 (32.2) 33 (34.7) 6 (23.1) 0.26

Sinus fat invasion, n (%) 112 (92.6) 88 (92.6) 24 (92.3) 1.00

Tumor necrosis, n (%) 67 (55.4) 50 (52.6) 17 (65.4) 0.246

Sarcomatoid differentiation, n (%) 28 (23.1) 20 (21.1) 8 (30.8) 0.298

Metastasis at surgery, n (%) 31 (25.6) 25 (26.3) 6(23.1) 0.737

Positive lymph node, n (%) 19 (15.7) 13 (13.7) 6 (23.1) 0.24

Adjuvant therapy, n (%) 57 (46.7) 44 (46.3) 13 (50.0) 0.739

ICU admission, n (%) 87 (71.9) 62 (65.3) 25 (96.2) 0.002

Length of hospital-stay (days), mean ± SD 11.1 ± 8.9 9.6 ± 5.0 16.2 ± 15.6 0.043

SD standard deviation; ASA American Society of Anesthesiology; IVC inferior vena cava; EBL
estimated blood loss; RBC red blood cell; ICU intensive care unit

No patients died during the operation. 87 (71.9%) patients were transferred to the intensive care unit (ICU)
after surgery, but most of them (68/87) stayed in ICU for only 1 day. Complications occurred in 50
(41.3%) patients, of whom 17 had 2 or more complications. Major complications were detected in 17
(14.0%) patients, including lymphatic leakage infection in 1, acute renal insu�ciency in 3, acute cardiac
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insu�ciency in 2, ileus in 2, chylothorax and pleural effusion in 3, left heart failure in 1, deep venous
thrombosis in 3, and death in 2.

The histological cell type was clear cell RCC (ccRCC) in 102 (84.3%) patients and non-clear-cell subtypes
in 19 patients (15.7%). 92.6% of patients had sinus fat invasion, while 32.2% had perinephric fat invasion.
15.7% of patients had lymph node positive disease and 25.6% of patients had distant metastatic disease
at the time of surgery, among which solitary distant metastases were detected in 23 (74.2%) cases, while
multiple distant metastasis were found in 8 (25.8%) patients. Including these factors into the univariable
COX regression analysis, the perinephric fat invasion, lymph node metastasis and distant metastatic
disease were associated with OS (Table 2).
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Table 2
Univariable and multivariate Cox proportional hazards regression for overall survival

Characteristic Univariate analysis Multivariate analysis

HR (95% CI) P
Value

HR (95% CI) P
Value

Sex (female vs male) 1.268 (0.648–
2.483)

0.488    

Age (< 59 vs ≧ 59) 1.197 (0.690–
2.074)

0.522    

BMI (< 23.6 vs ≧ 23.6) 1.073 (0.612–
1.880)

0.806    

Symptoms (yes vs no) 2.902 (1.236–
6.817)

0.014 1.941 (0.780–
4.833)

0.154

ASA level (I + II vs III + IV) 1.703 (0.933–
3.110)

0.083    

Mayo level (0-II vs III-IV) 1.477 (0.795–
2.743)

0.217    

Side (left vs right) 1.169 (0.660–
2.070)

0.593    

Size (< 8.7 vs ≧ 8.7) 1.069 (0.611–
1.870)

0.816    

pT stage (T3a + T3b vs T3c + T4) 1.321 (0.759–
2.299)

0.324    

pN stage (N0 vs N1) 2.333(1.216–
4.476)

0.011 2.608(1.290–
5.272)

0.008

Metastasis at surgery(M0 vs M1) 1.855 (1.046–
3.291)

0.035 1.568 (0.760–
3.235)

0.223

Pathology (ccRCC vs non-ccRCC) 1.877 (0.997–
3.534)

0.051    

Nuclear grade (I + II vs III + IV) 2.224 (1.183–
4.178)

0.013 0.992 (0.835–
1.178)

0.929

Tumor necrosis (yes vs no) 2.348 (1.297–
4.252)

0.005 2.146 (1.116–
4.130)

0.022

Sarcomatoid differentiation (yes vs
no)

4.395 (2.500-7.726) < 
0.001

3.268 (1.734–
6.157)

< 
0.001

Perinephric fat invasion(yes vs no) 1.844 (1.059–
3.212)

0.031 1.972 (1.029–
3.780)

0.041

Sinus fat invasion (yes vs no) 2.685 (0.651–
11.079)

0.172    
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Characteristic Univariate analysis Multivariate analysis

HR (95% CI) P
Value

HR (95% CI) P
Value

Renal pelvis invasion (yes vs no) 1.871 (1.072–
3.266)

0.027 0.923 (0.481–
2.024)

1.771

Renal capsule invasion (yes vs no) 1.701(0.982–
2.945)

0.058    

TT length (< 4.8 vs ≧ 4.8) 1.301(0.705–
2.403)

0.400    

TT width(< 2.5 vs ≧ 2.5) 0.852(0.447–
1.626)

0.627    

Blood transfusion (yes vs no) 1.991(1.103–
3.593)

0.022 1.874(0.941–
3.733)

0.074

Surgery time(< 349 vs ≧ 349) 1.858 (1.072–
3.220)

0.027 1.793 (0.935–
3.438)

0.079

IVC segmental resection (yes vs no) 1.471 (0.769–
2.814)

0.244    

BMI body mass index; ASA American Society of Anesthesiologists; IVC inferior vena cava; TT tumor
thrombus

Prior study suggested that surgery for VTT above the hepatic vein is much more di�cult than that of VTT
below the hepatic vein [12]. Thus, the VTT above the hepatic veins was de�ned as high level, while VTT
below the hepatic veins was de�ned as low level in this study. Compared with the patients with low VTT
level, patients with high VTT level had longer mean operative time (322 min vs 447 min, P 0.01), more
mean blood loss (1098 ml vs 2987 ml, P 0.01) and longer length of hospital-stay (9.6 days vs 16.2 days,
P = 0.043). Also, patients with high VTT level had a trend toward more frequent cardiopulmonary bypass
utilization (11.5% vs 1.1%, P = 0.031) and higher ICU admission rate (96.2% vs 65.6%, P = 0.002). In
addition, progression is more likely to occur in patients with high level VTT (76.9% vs 51.6%, P = 0.021).

The mean follow-up time after surgery was (25.7 ± 14.6) months. During the follow-up period, 57 (46.7)
patients, including the 31 patients with metastasis at surgery, received postoperative adjuvant therapy, of
which, 41 (71.9%), 14 (24.6%), 1 (1.8%) and 1 (1.8%) received targeted therapy, cytokine therapy,
radiotherapy and targeted therapy plus radiotherapy, respectively. 50 (41.3%) died from all causes, and 69
(57.0%) patients experienced progression. The mean OS was 38.7 months (95%CI: 34.2–43.1). As
demonstrates in Fig. 2, the estimated 3-year and 5-year OS and PFS were 57.8% and 38.9%, 43.7% and
17.5%, respectively. As to the patients with low VTT level, the 3-year and 5-year OS were 59.4% and 47.1%,
while it was 48.4% and 32.3% for the patients with high VTT level. However, the VTT level was not
associated with OS on univariate COX regression analysis (Table 2).
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In terms of independent prognostic factors for patients with RCC with VTT, 10 candidate risk factors on
univariable COX regression analysis demonstrated in Table 2 were further included into a multivariable
COX regression analysis. The result showed that lymph node metastasis (P = 0.008, HR 2.608), tumor
necrosis (P = 0.022, HR 2.146), sarcomatoid differentiation (P < 0.001, HR 3.268) and perinephric fat
invasion (P = 0.041, HR 1.972) were identi�ed as independent signi�cant risk factors. Figure 3 showed
Kaplan-Meier estimated OS strati�ed by four independent risk factors, while Fig. 4 showed the Kaplan-
Meier estimated OS strati�ed by another six parameters that were not further identi�ed as independent
signi�cant risk factors.

Discussion
Because VTT is not a common event in RCC patients, it is di�cult to collect a large number of RCC
patients with VTT in a short time for a single center. Thus, a long-time span and/or a limited sample size
are the common problems of the existed studies on RCC with VTT. As one of the largest urology center in
China, we focused on the treatment of RCC with VTT in recent years and attracted a large number of
patients. Here we aimed to report the outcomes of 121 patients enrolled in less than 4 years and
determine the independent prognostic factors for these patients. To the best of our knowledge, it was rare
that such a large number of cases was collected in such a short time span.

The surgical treatment of patients with RCC with VTT remains challenging and technically demanding.
Even for experienced urologist, perioperative complications cannot be avoided completely. However,
popularization of the multidisciplinary collaboration improves the safety of the patients with RCC with
VTT, and decreases mortality [12]. In our cohort, a multidisciplinary team, consisting of an urologist,
anesthesiologist, cardiac surgeon, general surgeon, critical care physician and radiologist, offered
comprehensive and systematic perioperative plan and management for the patients received RNTE. The
complication rate was 41.3%, which was comparable to prior study [13]. Though no patients died during
the surgery, 2 (1.7%) patients with Mayo IV VTT died after the surgery. As to the cause of death, one was
multiple organ failure associated with the bypass procedures, while another was cardiac arrest.

Although surgical techniques and perioperative management have been improved a lot over time, the
overall survival of patients with RCC and VTT remains poor, with 5-year OS varied from 37–71% [8, 12–
16]. This wide variation may result from varied sample size, VTT level, surgical era, tumor pathological
classi�cation, comorbidities of patient population and improvements in adjuvant therapy. Consistent with
previous studies, the 5-year OS rate in our study was 38.9%, which con�rmed that RCC with VTT was
aggressive with poor prognosis, thus more intensive multimodal therapy should be recommended.

Several patient characteristics and oncologic factors have been identi�ed to be associated with poor
oncologic outcomes for RCC with VTT, including BMI, tumor size, tumor necrosis, positive lymph node,
metastasis at surgery, Fuhrman grade, and venous invasion [17–20]. However, among these various
factors, only positive lymph node, tumor necrosis, sarcomatoid differentiation and perinephric fat
invasion were determined as independent factors in our study. Though some studies questioned the role
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of positive lymph node as a prognostic factor on survival [21], this may be contributed to the fact that
lymphadenectomy was not routinely performed. Perinephric fat invasion usually suggests a greater
invasiveness of tumor. Though some studies indicated that perinephric fat invasion was not an
independent prognostic predictor [17, 22], two multicenter, large-scale studies demonstrated that
perinephric fat invasion correlated signi�cantly with a poor prognosis and was an independent
prognostic predictor for CSS in all patients [23–24].

Histological tumor necrosis and sarcomatoid differentiation determine the biological potential and tumor
aggressiveness [1]. Many centers had identi�ed tumor necrosis and sarcomatoid differentiation as
markers for poor outcomes [7, 17, 25]. Thus, they should be considered as a reference for postoperative
adjuvant therapy and design of future clinical trials. In present study, the 5-year OS rate was 36.9% and
62.2% for patients with and without tumor necrosis (P = 0.003); the rate for patients with and without
sarcomatoid differentiation was 21.4% and 43.6% (P < 0.001).

It remains controversial whether the VTT level could be used as a prognostic predictor in patients with
RCC and VTT. Some studies suggested that the level of VTT is associated with long-term survival [23],
while others held that the level of VTT is not an independent prognosis predictor [6–7]. In our study, no
correlation between the low and high levels of VTT on OS was detected. Considering the different stages
of the VTT in renal vein and in IVC on the basis of AJCC, and some studies reported better survival with
only renal vein involvement compared to IVC thrombus [17–18, 26], we further grouped VTT level I with II,
III and IV together, and compared it with Mayo 0. The result was similar that there was no signi�cant
difference in outcomes for patients with only renal vein involvement (Mayo 0) compared to IVC thrombus
(Mayo I-IV) (P = 0.342). Nevertheless, we did �nd that patients with high level VTT would be more likely
experience tumor progress than patients with low level VTT.

Metastasis at surgery was generally reported as a poor prognostic indicator in patients with RCC with
VTT [16, 24], with a median survival expectation of less than 1 year. However, some studies found
inconsistent outcomes [13, 27], even some patients with metastatic diseases have prolonged survival due
to unknown reasons [6, 28]. In our series, the median survival for patients with metastasis was 23
months, the 5-year OS rate was 22.1% and 41.6% for patients with and without metastasis, respectively.
Though metastasis at surgery was identi�ed to be associated with OS in univariate analysis and the
survival curves for patients with and without metastasis were different signi�cantly (Fig. 4B), it was not
an independent prognostic factor in further multivariate analysis. Considering the fact that the
metastasis in our study was mainly con�rmed by PET/CT, not pathology, the result of our study need to
be further investigated and we prefer to believe that metastasis is an independent prognostic factor for
RCC patients with VTT.

There are several limitations to this current study. Firstly, this was a retrospective study from a single-
institution. So, an inherent selection bias and some confounding factors may not be able to overcome.
Secondly, some important variables, such as preoperative laboratory index, thrombus consistency,
grafting and reconstruction, status of surgical margin and so on, were not available in the database.
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Hence, only several commonly available clinicopathologic parameters were included in the univariate and
multivariate Cox analyses; however, the results may vary with the different variables included. Thirdly, due
to the low number of metastatic patients in our study, clinically non-metastatic and metastatic patients
were mixed into the same cohort and analyzed in one group. Fourthly, many important information, such
as the time of postoperative adjuvant treatment and side effects of adjuvant therapy, were not fully
recorded, which made further analysis unable to be performed. At last, though the in�uences come from a
long-time span were avoided, the median follow-up period of 24 months in this study was inadequate.
Therefore, some important information cannot be documented and analyzed.

Conclusions
We presently conclude that the OS was poor for RCC patients with VTT and rather than VTT level, positive
lymph node, tumor necrosis, sarcomatoid differentiation and perinephric fat invasion were independent
prognostic predictors for RCC patients with VTT. Metastasis at surgery was associated with OS, but it
was not an independent prognostic factor in present study, however, this need to be further investigated.
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Figure 2

Kaplan–Meier survival curves of survival: A, overall survival (OS); B, progress-free survival (PFS)
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Figure 3

Kaplan–Meier survival curves of overall survival (OS) strati�ed by four independent prognostic factors: A,
lymph node metastasis; B, tumor necrosis; C, sarcomatoid differentiation; and D, perinephric fat invasion.
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Figure 4

Kaplan–Meier survival curves of overall survival (OS) strati�ed by six parameters: A, symptoms; B,
metastasis at surgery; C, nuclear grade; D, renal pelvis invasion; E, blood transfusion; and F, surgery time.
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