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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 influence
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 Mann-Whitney U test and the chi-square test for
continuous and categorical variables respectively. Survival analysis was estimated using the Kaplan-Meier method.
Univariable and multivariable survival analyses were performed using Cox regression model.

Results: 121 patients (91 men & 30 women) were identified with a median age of 60 years. VTT level was 0 in 25
patients, I in 20, II in 50, III in 12 and IV in 14. The median follow-up time was 24 months. During the follow-up
period, 51 (42%) patients died and 69 (57%) patients experienced recurrence or metastasis. The 3-year and 5-year
over-all survival (OS) were 58 and 39%. Among the several factors examined, positive lymph node (P = 0.016),
metastasis at surgery (P = 0.034), tumor necrosis (P = 0.023) and sarcomatoid differentiation (P < 0.001) were
demonstrated as independent significant risk factors on multivariable analysis.

Conclusion: The OS was poor for patients with RCC with VTT. Rather than VTT level, positive lymph node,
metastasis at surgery, tumor necrosis and sarcomatoid differentiation were independent prognostic predictors.
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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 to 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 thrombec-
tomy (RNTE) is the standard treatment for RCC with
VTT [3]. Though surgical techniques and instruments
have improved a lot, RNTE remains the most challen-
ging surgery for urologists, with a relatively high mortal-
ity at 2–10% [4–6].
Many centers have reported their experience on the

treatment of RCC with VTT, which may guide therapy
and patient counseling. Kaplan et al. [7] reviewed their
experience from 11 patients with RCC with IVC involve-
ment in 8 years, Wu et al. [8] evaluated the clinical and
oncological outcomes in 86 patients with RCC and VTT
in 10 years, while Nooromid et al. [9] 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
identified, which regard a limited sample size and an ex-
tensive time span. Obviously, with the rapid develop-
ment 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 for RCC with VTT and
has been shown to improve survival of RCC with

VTT [10]. Considering these findings, 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 pa-
tients with RCC and VTT, and to evaluate the signifi-
cant prognostic factors of overall survival (OS) after
RNTE.

Methods
Patient selection
The records of 185 patients treated with radical neph-
rectomy 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
flow chart of patient enrollment was 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 respect-
ive medical records. Thrombus levels were classified
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) [11].
Clavien-Dindo grading system was used to evaluate the

Fig. 1 The flow chart of the patient inclusion
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post-operative complications [12], and complications of
grade ≥ III were defined as major complications.
The VTT above the hepatic veins was defined as high

level, while VTT below the hepatic veins was defined as
low level in this study. The cut-off values for age, body
mass index (BMI), size, tumor thrombus (TT) length,
TT width and surgery time were respectively determined
based on their mean value. Distant metastasis was con-
firmed 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, labora-
tory 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 defined as disease progression. OS and
cancer-specific survival (CSS) was calculated from the
time of surgery to the date of death or last follow-up.
Progression-free survival (PFS) was defined 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 Mann-Whitney U 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, PFS and CSS, as
well as 3- and 5-year survival estimates were estimated
by using the method of Kaplan-Meier. Prognostic and
independent factors were determined by applying
univariable and multivariable Cox regression models, re-
spectively. The survival curves, stratified by various clin-
ical 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 significant.

Results
A total of 185 patients who received RNTE in less than
4 years were identified in our center. After excluding 64
patients who did not meet the inclusion criteria, 121

were available for analysis. Table 1 lists the patient, dis-
ease and surgery characteristics. According to the Mayo
classification, VTT level was 0 in 25 patients, I in 20, II
in 50, III in 12 and IV in 14.
No patients died during the operation. 87 (72%) pa-

tients 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%) pa-
tients, of whom 17 had 2 or more complications. Major
complications were detected in 17 (14%) patients,
including lymphatic leakage infection in 1, acute renal
insufficiency in 3, acute cardiac insufficiency in 2, ileus
in 2, chylothorax and pleural effusion in 3, left heart fail-
ure in 1, deep venous thrombosis in 3, and death in 2.
As to the cause of death, one was multiple organ failure
associated with the bypass procedures, while another
was cardiac arrest.
The histological cell type was clear cell RCC (ccRCC)

in 102 (84%) patients and non-clear-cell subtypes in 19
patients (16%). 93% of patients had sinus fat invasion,
while 32% had perinephric fat invasion. 16% of patients
had lymph node positive disease and 26% of patients had
distant metastatic disease at the time of surgery, among
which solitary distant metastases were detected in 23
(74%) cases, while multiple distant metastasis was found
in 8 (26%) patients. Including these factors into the uni-
variable Cox regression model analysis, lymph node me-
tastasis and distant metastatic disease at surgery were
associated with OS (Table 2).
Compared with the patients with low VTT level, pa-

tients with high VTT level had longer median operative
time (311 min vs 438 min, P < 0.001), more median
blood loss (500 ml vs 2550ml, P < 0.001) and longer
median length of hospital-stay (9 days vs 12.5 days, P =
0.004) (Table 1). Also, patients with high VTT level had
a trend toward more frequent cardiopulmonary bypass
utilization (12% vs 1.1%, P = 0.031) and higher ICU ad-
mission rate (96% vs 65%, P = 0.002). In addition, pro-
gression is more likely to occur in patients with high
level VTT (77% vs 52%, P = 0.021).
The median follow-up time after surgery was 24

months (IQR, 14.5–36 months). During the follow-up
period, 57 (47%) patients, including the 31 patients with
metastasis at surgery, received postoperative adjuvant
therapy, of which, 41 (72%), 14 (25%), 1 (1.8%) and 1
(1.8%) received targeted therapy, cytokine therapy, radio-
therapy and targeted therapy plus radiotherapy, respect-
ively. 51 (42%) died from all causes, among which 31
(26%) died from RCC, and 69 (57%) patients experienced
progression. The median OS was 41months (95%CI:
26.6–55.4). As demonstrates in Fig.2, the estimated 3-
year OS, PFS and CSS was 58, 43 and 71%; while the 5-
year OS, PFS and CSS were 39, 17 and 53%. As to the
patients with low VTT level, the 3-year and 5-year OS
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Table 1 Patient, cancer and surgery characteristics

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

N (%) 121 95 (79) 26 (21)

Median Age (IQR), years 60 (53–67) 59 (53–67) 62 (52.8–68) 0.475

Sex, n (%)

Male 91 (75) 73 (77) 18 (69) 0.426

Female 30 (25) 22 (23) 8 (31)

Median BMI (IQR), kg/m2 23.3 (21–26) 23 (20.8–26.6) 23.6 (21.6–24.9) 0.714

Tumor side, n (%) 0.912

Left 43 (36) 34 (36) 9 (35)

Right 78 (64) 61 (64) 17 (65)

ASA level, n (%) < 0.001

I + II 95 (79) 84 (88) 11 (42)

III + IV 26 (21) 11 (12) 15 (58)

Symptoms at presentation, n (%) 0.011

No symptoms 27 (22) 26 (27) 1 (4.0)

Symtemic/local symptoms 94 (78) 69 (73) 25 (96)

Median tumor size (IQR), cm 8 (6–11) 7.3 (5.9–10.6) 8.3 (6–11) 0.246

Clinical T stage, n (%) < 0.001

T3a 24 (20) 24 (25) 0 (0)

T3b 48 (40) 44 (46) 4 (15)

T3c 39 (32) 23 (24) 16 (62)

T4 10 (8.0) 4 (4.2) 6 (23)

Surgical methods, n (%) 0.413

Laparoscopic 50 (41) 49 (52) 1 (4.0)

Open 71 (59) 46 (48) 25 (96)

Conversion to open, n (%) 0.118

Yes 14 (22) 12 (20) 2 (67)

No 50 (78) 49 (80) 1 (33)

Nuclear grade, n (%) 0.254

Grade 1 + 2 49 (40) 41 (43) 8 (31)

Grade 3 + 4 72 (60) 54 (57) 18 (69)

Histological type, n (%) 0.236

Clear-cell carcinoma 102 (84) 82 (86) 20 (77)

Non-clear cell carcinoma 19 (16) 13 (14) 6 (23)

Cardiopulmonary bypass, n (%) 4 (3.3) 1 (1.1) 3 (12) 0.031

Segmental IVC resection, n (%) 23 (19) 15 (16) 8 (31) 0.109

Median EBL (IQR), mL 700 (200–2550) 500 (200–1600) 2550 (1500–4125) < 0.001

Median RBC transfusion (IQR), mL 400 (0–1600) 0 (0–1200) 1600 (1200–2500) < 0.001

Median plasma transfusion (IQR), mL 0 (0–600) 0 (0–400) 700 (350–1200) < 0.001

Median operative time (IQR), min 338 (242–444) 311 (228–404) 438 (372–520) < 0.001

Perinephric fat invasion, n (%) 39 (32) 33 (35) 6 (23) 0.260

Sinus fat invasion, n (%) 112 (93) 88 (93) 24 (92) 0.956

Tumor necrosis, n (%) 67 (55) 50 (53) 17 (65) 0.246

Sarcomotoid differentiation, n (%) 28 (23) 20 (21) 8 (31) 0.298

Metastatic disease at resection, n (%) 31 (26) 25 (26) 6 (23) 0.737
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were 59 and 47%, while it was 48 and 32% for the
patients with high VTT level. However, the VTT level
was not associated with OS on univariable Cox regres-
sion model analysis (Table 2, P = 0.217).
In terms of independent prognostic factors for patients

with RCC with VTT, 5 candidate risk factors were statis-
tically significant in univariable Cox regression model
analysis, and the 5 factors were affirmed in Kaplan–
Meier survival analysis (Fig. 3). In addition to these 5
factors, another 2 candidate risk factors which may be
clinically significant were also further included into a
multivariable Cox regression model analysis (Table 2).
The result showed that lymph node metastasis (P =
0.016, HR 2.30), metastasis at surgery (P = 0.034, HR
1.92), tumor necrosis (P = 0.023, HR 2.12) and sarcoma-
toid differentiation (P < 0.001, HR 3.94) were identified
as independent significant risk factors. Among these four
independent significant risk factors, sarcomatoid

differentiation is highly correlated with metastasis at sur-
gery (P = 0.017), as well as tumor necrosis (P = 0.001).

Discussion
Because VTT is not a common event in RCC patients, it
is difficult 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 centers 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 prog-
nostic 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.

Table 1 Patient, cancer and surgery characteristics (Continued)

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

Positive lymph node, n (%) 19 (16) 13 (14) 6 (23) 0.243

Adjuvant therapy, n (%) 57 (47) 44 (46) 13 (50) 0.739

ICU admission, n (%) 87 (72) 62 (65) 25 (96) 0.002

Median length of hospital-stay (IQR), days 9 (6–13) 9 (6–11) 12.5 (8.8–16.3) 0.004

IQR interquartile range, BMI body mass index, IVC inferior vena cava, EBL estimated blood loss, RBC red blood cell, ICU intensive care unit

Table 2 Univariable and multivariable Cox proportional hazards regression for overall survival

Characteristic Univariable analysis Multivariable analysis

HR (95% CI) P Value HR (95% CI) P Value

Sex (female vs male) 1.27 (0.65–2.48) 0.488

Age (< 59 vs ≧59) 1.20 (0.69–2.07) 0.522

BMI (< 23.6 vs ≧23.6) 1.07 (0.61–1.88) 0.806

ASA level (I + II vs III + IV) 1.70 (0.93–3.11) 0.083

Mayo level (0-II vs III-IV) 1.48 (0.80–2.74) 0.217 1.15 (0.59–2.23) 0.678

Side (left vs right) 1.17 (0.66–2.07) 0.593

Size (< 8.7 vs ≧8.7) 1.07 (0.61–1.87) 0.816 1.69 (0.92–3.11) 0.088

pN stage (N0 vs N1) 2.33 (1.22–4.48) 0.011 2.30 (1.17–4.55) 0.016

Metastasis at surgery (M0 vs M1) 1.85 (1.05–3.29) 0.035 1.92 (1.05–3.50) 0.034

Pathology (ccRCC vs non-ccRCC) 1.88 (0.80–3.53) 0.051

Nuclear grade (I + II vs III + IV) 2.22 (1.18–4.18) 0.013 1.92 (0.97–3.84) 0.063

Tumor necrosis (yes vs no) 2.35 (1.30–4.25) 0.005 2.12 (1.11–4.04) 0.023

Sarcomatoid differentiation (yes vs no) 4.40 (2.50–7.73) < 0.001 3.94 (2.10–7.39) < 0.001

Sinus fat invasion (yes vs no) 2.69 (0.65–11.08) 0.172

Renal capsule invasion (yes vs no) 1.70 (0.98–2.94) 0.058

TT length (< 4.8 vs ≧4.8) 1.30 (0.70–2.40) 0.4

TT width(< 2.5 vs ≧2.5) 0.85(0.45–1.63) 0.627

IVC segmental resection (yes vs no) 1.47 (0.77–2.81) 0.244

BMI body mass index, ASA American Society of Anesthesiologists, IVC inferior vena cava, TT tumor thrombus
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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 [13].
In our cohort, a multidisciplinary team, consisting of a ur-
ologist, anesthesiologist, cardiac surgeon, general surgeon,
critical care physician and radiologist, offered comprehen-
sive and systematic perioperative plan and management for

the patients received RNTE. The complication rate in our
study was 41%, which was comparable to prior study [14].
Although surgical techniques and perioperative man-

agement 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 to 71% [9, 13–18]. This
wide variation may result from varied sample size, VTT
level, surgical era, tumor pathological classification, co-
morbidities of patient population and improvements in
adjuvant therapy. Consistent with previous studies, the

Fig. 2 Kaplan–Meier survival curves of survival: A, overall survival (OS); B, progress-free survival (PFS); C, cancer-specific survival (CSS)

Fig. 3 Kaplan–Meier survival curves of overall survival (OS). A, stratified by positive or negative lymph node metastasis; B, stratified by metastasis
at surgery or not; C, stratified by tumor necrosis or no tumor necrosis; D, stratified by sarcomatoid differentiation or not; E, stratified by Nuclear
grade (I + II vs III + IV) (*P < 0.05, **P < 0.001)
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5-year OS in our study was 39%, which confirmed 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 identified to be associated with poor onco-
logic outcomes for RCC with VTT, including BMI,
tumor size, tumor necrosis, positive lymph node, metas-
tasis at surgery, Fuhrman grade, and venous invasion
[19–22]. However, among these various factors, only
positive lymph node, metastasis at surgery, tumor necro-
sis and sarcomatoid differentiation were determined as
independent factors in our study. Though some studies
questioned the role of positive lymph node as a prognos-
tic factor on survival [23], this may be contributed to the
fact that lymphadenectomy was not routinely performed.
Histological tumor necrosis and sarcomatoid differen-

tiation determine the biological potential and tumor ag-
gressiveness [1]. Many centers had identified tumor
necrosis and sarcomatoid differentiation as markers for
poor outcomes [8, 19, 24]. Thus, they should be consid-
ered as a reference for postoperative adjuvant therapy
and design of future clinical trials. Consistent with previ-
ous reports, tumor necrosis and sarcomatoid differenti-
ation were identified as independent prognostic factors
for OS in present study, the 5-year OS was 37 and 62%
for patients with and without tumor necrosis (P = 0.005);
while for patients with and without sarcomatoid differ-
entiation, it was 21 and 44% (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 [25], while others
held that the level of VTT is not an independent prog-
nosis predictor [7, 8]. In our study, no correlation be-
tween 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 in-
volvement compared to IVC thrombus [19, 20, 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 significant difference in outcomes for
patients with only renal vein involvement (Mayo 0) com-
pared to IVC thrombus (Mayo I-IV) (P = 0.342). Never-
theless, we did find 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
[17, 27], with a median survival expectation of less
than 1 year. However, some studies found inconsistent
outcomes [14, 28], even some patients with metastatic
diseases have prolonged survival due to unknown

reasons [6, 29]. In our series, the median survival for
patients with metastasis was 23 months, which was
longer than that in previous report. And metastasis at
surgery was identified to be associated with OS in
univariable and multivariable Cox regression model
analysis. However, considering the fact that the me-
tastasis in our study was mainly confirmed by PET/
CT, not pathology, the result of our study needed to
be further investigated, though 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 con-
founding 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. Hence, only several commonly available clini-
copathologic parameters were included in the univariable
and multivariable Cox regression model 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
influences come from a long-time span were avoided, the
median follow-up period of 24months in this study was in-
adequate. 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, metastasis at surgery, tumor necrosis and
sarcomatoid differentiation were independent prognostic
predictors for RCC patients with VTT.
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