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Abstract

Background: Renal cell carcinoma (RCC) can exhibit a unique vascular tropism that
enables tumor thrombus extension into the inferior vena cava (IVC). While most
RCC subtypes that form tumor thrombi are of clear cell (cc) histology, non-clear
cell (ncc) subtypes can also exhibit this unique growth pattern.

Objective: To characterize clinicopathologic differences and survival outcomes
among patients with IVC tumor thrombus arising from ccRCC versus nccRCC.
Design, setting, and participants: Patients diagnosed with IVC tumor thrombus
secondary to RCC in our institutional experience from 2003 to 2021 were identified.
Outcome measurements and statistical analysis: Clinicopathologic characteristics
were compared by histology. Perioperative and oncologic outcomes including
recurrence-free (RFS), overall (OS), and cancer-specific (CSS) survival were assessed
using multivariable Cox regression analyses.

Results and limitations: The analyzed cohort included 103 patients (82 ccRCC and
21 nccRCC). There were no significant differences in baseline demographic param-
eters. Patients with nccRCC were more likely to have regional lymph node involve-
ment (42.9% vs 20.7%, p = 0.037). No differences in perioperative outcomes, IVC
resection, or IVC reconstruction were observed between groups. The median
follow-up time was 30 mo. The median RFS was 30 (nccRCC) versus 53 (ccRCC)
mo (p = 0.1). There was no significant difference in OS or CSS. This study was lim-
ited by its small sample size.

Conclusions: Patients with IVC tumor thrombus arising from ccRCC and nccRCC
exhibit similar perioperative and oncologic outcomes. While surgical
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appropriateness was not impacted by histologic subtype, multimodal strategies are
needed to improve outcomes for patients with tumor thrombus.

Patient summary: Renal cell carcinoma (RCC) can uniquely invade vasculature and
form a tumor thrombus. This study examined the difference in outcomes of
patients with tumor thrombus based on RCC subtype (clear cell vs non-clear cell).
We found that patients exhibited similar surgical and survival outcomes regardless

of RCC type.

© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Renal cancer is among the ten most common malignancies
in the USA, with an estimated incidence of 76 080 and mor-
tality of 13 780 cases in 2021 [1]. In up to 10% of patients,
renal cell carcinoma (RCC) can exhibit a unique biological
tropism for vascular extension into the renal vein and infe-
rior vena cava (IVC) [2]. Extension into the right atrium has
been reported in up to 1% of RCC cases [3]. Similar to lymph
node involvement and extent of metastasis, tumor throm-
bus extension has been shown to play a vital role in overall
prognosis [3]. The median survival in patients with tumor
thrombus managed expectantly is poor at 5 mo, with 1-yr
disease-specific survival of under 30% [4,5].

Clear cell RCC (ccRCC) is the most common subtype of
RCC, comprising 70-80% of all RCCs [6]. Histologic studies
have described intravenous extension with subsequent sec-
ondary sinus fat invasion as the first step toward forming a
tumor thrombus and, with time, metastasizing [7].
Although most studies involving vascular extension focus
on ccRCC, this phenomenon is not unique to ccRCC. Few
studies have reported tumor thrombus extension in papil-
lary RCC (pRCC) and have associated it with worse cancer-
specific outcomes compared with ccRCC [8,9]. Recent efforts
have uncovered molecular underpinnings of IVC tumor
thrombus arising from RCC, with inclusion of a small subset
of patients with non-clear cell (nccRCC) histology as well
[10]. Additional studies are needed to further characterize
tumor thrombus arising from nccRCC histologic subtypes.
Given the paucity of data for managing nccRCC with IVC
tumor thrombus, we herein sought to investigate the differ-
ences in clinicopathologic characteristics, perioperative out-
comes, and oncologic outcomes among patients with IVC
tumor thrombus arising from ccRCC versus nccRCC man-
aged surgically.

2. Patients and methods
2.1. Patient population and data collection

An institutional review board-approved renal mass registry was queried
to identify all patients with RCC who underwent radical nephrectomy at
our institution between 2003 and 2021. The registry is maintained
prospectively by professional data abstractors who collect and enter
comprehensive demographic, clinical, and pathologic data with multiple
data reviews to ensure accurate and complete data. Patients who under-
went concurrent IVC thrombectomy for pathologically proven RCC
(pT3b-c) were included. Tumor thrombus level was further character-

ized via the Mayo Clinic RCC tumor thrombus classification system
[11]. Patients with unavailable pathology reports for review were
excluded from this analysis; those with bilateral tumors or multiple syn-
chronous primary tumors were also excluded.

RCC histology was retrieved from pathology reports, and the study
cohort was stratified into two groups based on the presence of clear cell
versus non-clear cell histology. Data on patient demographics (age, sex,
and race), clinical comorbidities (body mass index, diabetes mellitus,
hypertension, and tobacco use), oncologic characteristics (pathologic
stage, grade, size, lymphovascular invasion, sarcomatoid/rhabdoid dif-
ferentiation, tumor necrosis, surgical margin status, caval wall invasion,
preoperative systemic therapy, and metastasis), surgical approach, and
perioperative outcomes (duration of surgery, estimated blood loss,
length of hospital stay, in-hospital mortality, and intra- and postopera-
tive complications) were obtained; surgical complications were further
characterized using the Clavien-Dindo classification system [12]. Addi-
tionally, the date of recurrence was captured for patients who had a con-
firmed disease recurrence on axial imaging. Survival data (date of last
follow-up, vital status, and cause of death) were also obtained.

2.2. Statistical analyses

Fisher’s exact and Pearson’s chi-square tests were used to compare cat-
egorical variables between patients with IVC thrombus arising from
ccRCC versus nccRCC. Kruskal-Wallis tests were used to evaluate differ-
ences in continuous variables between the two groups.

The Kaplan-Meier method and the log-rank test were used to esti-
mate and compare overall (0S) and cancer-specific (CSS) survival prob-
abilities between ccRCC and nccRCC patients. Similarly, in the subset
of patients with nonmetastatic (MO) disease, differences in OS, CSS,
and recurrence-free survival (RFS) probabilities were compared between
the two groups. Oncologic outcomes were measured from the date of
surgery, with censoring performed at the date of last follow-up. Univari-
able and multivariable Cox regression analyses were performed to assess
the impact of RCC histology on CSS, 0OS, and, in MO patients, RFS. Signif-
icant predictors on univariable analyses were included in the multivari-
able models.

All tests were two sided, and p < 0.05 was considered statistically
significant. Statistical analyses were performed using STATA v.15.0
(2017; STATA Corp, College Station, TX, USA).

3. Results

3.1. Study cohort

A total of 103 patients with IVC tumor thrombus arising
from RCC were identified, including 82 (79.6%) with ccRCC
and 21 (20.4%) with nccRCC. The baseline patient and tumor
characteristics are shown in Table 1. Among patients with
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Table 1 - Baseline clinical and tumor characteristics of patients who underwent radical nephrectomy with thrombectomy for clear cell and non-
clear cell renal cell carcinoma with tumor extension into the inferior vena cava

Characteristics N (%) p value
Total Clear cell RCC Non-clear cell RCC
Number of patients 103 (100) 82 (79.6) 21 (20.4)
Age (yr), median (IQR) 63 (55-72) 63 (54-72) 64 (57-69) 0.92
Sex
Male 79 (76.7) 63 (76.8) 16 (76.2) 0.95
Female 24 (23.3) 19 (23.2) 5(23.8)
Race
White 89 (86.4) 73 (89.0) 16 (76.2) 0.07
Black 11 (10.7) 6(7.3) 5(23.8)
Other 3(2.9) 3(3.7) 0(0)
BMI (kg/m?), median (IQR) 28 (25-34) 28 (25-32) 30 (25-35) 0.55
History of tobacco use
No 51 (49.5) 39 (47.6) 12 (57.1) 043
Yes 52 (50.5) 43 (52.4) 9 (42.9)
Diabetes mellitus
No 80 (77.7) 61 (74.4) 19 (90.5) 0.11
Yes 23 (22.3) 21 (25.6) 2 (9.5)
Hypertension
No 38 (36.9) 28 (34.2) 10 (47.6) 0.25
Yes 65 (63.1) 54 (65.8) 11 (52.4)
Tumor laterality
Left 28 (27.2) 22 (26.8) 6 (28.6) 0.87
Right 75 (72.8) 60 (73.2) 15 (71.4)
RCC histology
Clear cell 82 (79.6) 82 (100) - -
Papillary 11 (10.7) - 11 (52.3)
Chromophobe 1(1.0) - 1(4.8)
Mixed clear papillary 1(1.0) - 1(4.8)
PNET 1(1.0) - 1(4.8)
Unclassified 7 (6.7) - 7 (33.3)
Pathologic tumor size (cm), median (IQR) 10.5 (7.2-14.0) 9.8 (7.0-13.5) 12.5 (10.0-14.0) 0.13
Pathologic tumor stage
pT3b 76 (73.8) 61 (74.4) 15 (71.4) 0.78
pT3c 27 (26.2) 21 (25.6) 6 (28.6)
Pathologic nodal involvement
pNO/pNX 77 (74.8) 65 (79.3) 12 (57.1) 0.037
pN1 26 (25.2) 17 (20.7) 9 (42.9)
Metastatic disease
MO 74 (71.8) 58 (70.7) 16 (76.2) 0.62
M1 29 (28.2) 24 (29.3) 5(23.8)
Pathologic grade
Low (1-2) 14 (13.6) 12 (14.6) 2 (9.5) 0.73
High (3-4) 89 (86.4) 70 (85.4) 19 (90.5)
Tumor thrombus grading 0.57
Level | 10 (9.7) 7 (8.5) 3(14.3)
Level II-111 73 (70.9) 60 (73.2) 13 (61.9)
Level IV 20 (19.4) 15 (18.3) 5(23.8)
Caval wall invasion
Absent 93 (90.3) 74 (90.2) 19 (90.5) 0.97
Present 10 (9.7) 8(9.8) 2(9.5)
Lymphovascular invasion
Absent 34 (33.0) 28 (34.2) 6 (28.6) 0.63
Present 69 (67.0) 54 (65.8) 15 (71.4)
Sarcomatoid/rhabdoid differentiation
Absent 84 (81.5) 65 (79.3) 19 (90.5) 0.24
Present 19 (18.5) 17 (20.7) 2 (9.5)
Tumor necrosis
Absent 65 (63.1) 51 (62.2) 14 (66.7) 0.71
Present 38 (36.9) 31(37.8) 7 (33.3)
Preoperative systemic therapy
No 97 (94.2) 77 (93.9) 20 (95.2) 0.82
Yes 6 (5.8) 5(6.1) 1(4.8)

BMI = body mass index; IQR = interquartile range; PNET= primitive neuroectodermal tumor; RCC = renal cell carcinoma.
Thrombus level is classified using the Mayo Clinic RCC tumor thrombus convention.

nccRCC, the most common histology was pRCC (N = 11,
52.4%) followed by unclassified RCC (N = 7, 33.4%). Six
patients in our total cohort (5.8%) received preoperative
systemic therapy. Of note, patients with nccRCC were found
to have more regional lymph node involvement than

patients with ccRCC (42.9% vs 20.7%, p = 0.037). There were
no other significant differences in clinicopathologic charac-
teristics, including tumor thrombus level, sarcomatoid/
rhabdoid differentiation, and caval wall invasion, between
the two groups (Table 1).
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Table 2 - Perioperative outcomes of patients who underwent radical nephrectomy with thrombectomy for clear cell and non-clear cell renal cell

carcinoma with tumor extension into the inferior vena cava

Outcome N (%) p value
Total Clear cell RCC Non-clear cell RCC
Number of patients 103 (100) 82 (79.6) 21(204)
Radical nephrectomy approach
Open 92 (89.3) 74 (90.2) 18 (85.7) 0.89
Laparoscopic/robotic 11 (10.7) 8(9.8) 3(14.3)
Duration of surgery (h), median (IQR) 5.7 (4.1-7.6) 5.6 (4.1-7.6) 5.9 (4.6-7.2) 0.69
Estimated blood loss (1), median (IQR) 1.7 (0.8-2.9) 1.5 (0.8-2.5) 2.3 (0.5-3.5) 0.6
Length of hospital stay (d), median (IQR) 7 (4.5-12) 7 (5-12) 5(3-11) 0.32
In-hospital mortality
No 97 (94.2) 79 (96.3) 18 (85.7) 0.097
Yes 6 (5.8) 3(3.7) 3(14.3)
Intraoperative complication
No 92 (89.3) 72 (87.8) 20 (95.2) 0.45
Yes 11 (10.7) 10 (12.2) 1(4.8)
Postoperative complication
No 63 (61.2) 52 (63.4) 11 (52.4) 0.35
Yes 40 (38.8) 30 (36.6) 10 (47.6)
Postoperative complication by Clavien-Dindo scale
Grade | 7 (17.5) 6 (20.0) 1(10.0) 0.17
Grade II 22 (55.0) 18 (60.0) 4 (40.0)
Grade Illa 1(2.5) 0(0) 1(10.0)
Grade IlIb 4(10.0) 3(10.0) 1(10.0)
Grade IVa 0 (0) 0 (0.0) 0(0)
Grade IVb 0 (0) 0 (0.0) 0 (0)
Grade V 6 (15.0) 3(10.0) 3(30.0)

IQR = interquartile range; RCC = renal cell carcinoma.

Complications were characterized using the Clavien-Dindo classification system.

3.2 Perioperative outcomes

Perioperative outcomes are shown in Table 2. We did not
encounter any increased technical difficulty or tumor-
related changes in patients with nccRCC compared with
those with ccRCC: when comparing ccRCC with nccRCC
patients, there were no significant differences in the median
duration of surgery (5.6 vs 5.9 h, p = 0.69), median esti-
mated blood loss (1.5 vs 2.3 1, p = 0.6), median length of hos-
pital stay (7 vs 5 d, p = 0.32), and intraoperative (12.2% vs
4.8%, p = 0.45) or postoperative (36.6% vs 47.6%, p = 0.35)
complication rates.

In-hospital mortality rates were nearly four times higher
for nccRCC than for ccRCC, although this difference was not
statistically significant (three deaths in each group, 3.7% vs
14.3%, p = 0.097). Notably, four of these patients (67%) had
level IV thrombus extending above the diaphragm. All six
patients died postoperatively; there were no intraoperative
deaths. Three patients (one ccRCC and two nccRCC) experi-
enced refractory hemodynamic instability requiring maxi-
mum inotropic and respiratory support followed by
multiorgan failure. The third nccRCC death resulted from a
spontaneous cardiovascular arrest on postoperative day 1.
The remaining two ccRCC patients’ deaths were precipitated
by pulmonary embolism, with one patient suffering a large
cerebrovascular accident after receiving anticoagulation.
Among these six deaths, only one patient (ccRCC) had evi-
dence of metastatic disease.

3.3. Survival outcomes

The median follow-up duration for the study cohort was 30
mo (interquartile range: 12-56 mo). Overall, 64 (62.1%)
patients died. There was no difference in median OS
between patients with ccRCC and those with nccRCC (39

vs 32 mo, p = 0.7; Fig. 1A). In univariable Cox regression anal-
ysis, tumor histology was not significantly predictive of all-
cause mortality (nccRCC vs ccRCC hazard ratio [HR] = 1.16,
95% confidence interval [CI]: 0.60-2.23, p = 0.65); however,
presence of hypertension (HR = 1.69, 95% CI: 1.04-2.78,
p = 0.035), nodal involvement (HR = 2.10, 95% CI: 1.19-
3.70, p = 0.010), and metastatic disease (HR = 2.13, 95% CI:
1.25-3.62, p = 0.005) were shown to be independently and
significantly associated with an increased risk of all-cause
mortality (Supplementary Table 1). Adjusting for these sig-
nificant variables in a multivariable model, there was still
no significant association between tumor histology and the
risk of all-cause mortality (HR = 0.93, 95% CI: 0.46-1.89,
p = 0.84; Supplementary Table 1).

There were 54 deaths attributable to RCC. No difference
in median CSS was noted between ccRCC and nccRCC (49 vs
44 mo, p = 0.5; Fig. 1B). While nodal involvement
(HR =2.57,95% CI: 1.43-4.62, p = 0.002) and metastatic dis-
ease (HR = 2.09, 95% CI: 1.18-3.71, p = 0.012) were signifi-
cant predictors of death due to RCC, nccRCC histology was
not significantly associated with worse CSS compared with
ccRCC (HR = 1.23, 95% CI: 0.62-2.46, p = 0.55) in univariable
Cox regression analysis (Supplementary Table 2). This non-
significant association persisted in the multivariable analy-
sis (HR = 1.01, 95% CI: 0.48-2.12, p = 0.97) after controlling
for nodal involvement and metastatic disease (Supplemen-
tary Table 2).

Among patients with nonmetastatic disease (N = 74), 34
(45.9%) developed disease recurrence. There was no signifi-
cant difference in median RFS in patients with ccRCC versus
nccRCC (53 vs 30 mo, p = 0.1; Fig. 2A). Moreover, comparing
ccRCC with nccRCC, there was no significant difference in
the median OS (56 vs 44 mo, p = 0.9) or median CSS (68
vs 44 mo, p = 0.6) among patients with nonmetastatic dis-
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ease (Fig. 2B and 2C). None of the patient or tumor charac-
teristics, including tumor histology (HR = 1.85, 95% CI:
0.88-3.88, p = 0.10), were significantly predictive of disease
recurrence in our cohort upon univariable analysis (Supple-
mentary Table 3). However, hypertension was a significant
predictor of overall (HR = 2.28, 95% CI: 1.22-4.26,
p = 0.010) and cancer-specific (HR = 2.14, 95% CI: 1.07-
430, p = 0.032) mortality among patients with non-
metastatic disease in multivariable analysis (Supplemen-
tary Tables 4 and 5, respectively).

4. Discussion

RCC with venous tumor thrombus extension exhibits a
unique biology and poses challenges in its surgical manage-
ment [2,13]. Herein, we uniquely and comprehensively char-
acterized clinicopathologic, perioperative, and oncologic
differences among patients with tumor thrombus arising
from different histologic subtypes of RCC. We have shown
that a sizable proportion of IVC tumor thrombi can arise from
nccRCC, and these patients exhibit similar baseline charac-
teristics and outcomes to those with ccRCC. Our results
demonstrate that the surgical appropriateness and outcomes
for RCC patients are not impacted by histologic subtype and

that surgical resection remains an appropriate standard of
care for patients with IVC tumor thrombus in nccRCC.
There has been an abundance of studies investigating the
impact of histology on oncologic outcomes in RCC, although
the data remain mixed [14]. However, few studies have
looked at the prognostic impact of histologic subtype for
RCC patients with IVC tumor thrombus. In one study,
patients with pRCC with venous thrombus had lower 5-yr
CSS than their ccRCC counterparts (35% vs 66%, p = 0.012)
[15]. However, significance was lost on multivariable analy-
sis. Additionally, prognostic factors such as papillary sub-
type, tumor necrosis, and lymphovascular invasion were
not examined in all patients. Wagner et al [16] illustrated
similar results, finding that histologic type of pT3b and
pT3c RCCs failed to show a statistically significant impact
on OS in multivariable analysis. In another study of 1774
patients with RCC with tumor thrombus who underwent
radical nephrectomy and tumor thrombectomy (89.9%
ccRCC and 8.5% pRCC), pRCC was associated with signifi-
cantly worse 5-yr CSS compared with ccRCC (37% vs 55%,
p < 0.001) [9]. However, there were no differences in out-
comes between chromophobe RCC and ccRCC. Notably, type
Il papillary histology contributed to most cases of pRCC
with IVC thrombus and was associated with worse out-
comes than ccRCC patients with IVC thrombus [8]. These
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studies did not evaluate surgical outcomes such as duration
of surgery, estimated blood loss, and complications.

For locally advanced RCC, radical nephrectomy with IVC
thrombectomy remains the gold standard approach and the
only potentially curative treatment option, with survival
spanning from 40% to 60% at 5 yr following complete resec-
tion [13]. Although some studies have shown no significant
difference in survival based on the level of tumor thrombus,
the anatomic level of tumor thrombus continues to play an
imperative role in surgical planning. Complete removal of
thrombus, including resection of invaded caval wall, as seen
in some pT3c tumors, is mandatory [4,17-19]. It is critical
that these complex surgeries be performed in high-
volume, experienced centers to optimize outcomes [20].

There is an emerging role for multimodal treatment
strategies in patients with locally advanced, nonmetastatic
RCC, including those with IVC tumor thrombus extension.
While targeted therapies have shown efficacy in ccRCC, clin-
ical responses have notably remained low in patients with
nccRCC [21-23]. With the advent of novel immune check-
point inhibitors, we are witnessing unparalleled rates of
complete pathologic response in the primary tumors of
patients undergoing nephrectomy following receipt of sys-
temic immunotherapy, ranging from 10% to 20% [24-26].
Some groups have reported cases of complete pathologic
response in the tumor thrombus itself [27-29]. These
impressive responses are, however, largely reported in
ccRCC and remarkably extend to patients with sarcomatoid
features as well [30,31]. However, the benefits of immune
checkpoint inhibition in nccRCC have yet to be defined fur-
ther [32], and ongoing trials are underway to further investi-
gate the safety and efficacy of novel immunotherapy
combinations in advanced nccRCC. A recent safety lead-in
phase II trial even demonstrated the safety and feasibility
of administering neoadjuvant stereotactic radiation prior to
surgical resection of IVC tumor thrombus arising from RCC
[33]. Nevertheless, the consensus remains that the use of
neoadjuvant therapy to reduce venous thrombus involve-
ment is considered experimental and should not be used
beyond clinical trials [34].

There is a pressing need to further understand the
underlying biology of IVC tumor thrombus in RCC in order
to better guide personalized therapeutic strategies [33].
Recently, Kim et al [10] undertook a comprehensive molec-
ular and pathologic evaluation of 83 patients undergoing
surgical resection of a renal mass with IVC tumor thrombus
extension, including 73 with ccRCC, nine with nccRCC (one
PRCC, one chromophobe, and seven unclassified), and one
patient with leiomyosarcoma. Using geospatially resolved
multiregional sampling, the investigators elucidated tropic
drivers of vascular invasion and metastatic competence.
Interestingly, their work uncovered that the grade of inva-
sive subclones tended to be the main determinants of meta-
static competence, but the most aggressive, highest-grade
subclones did not necessarily drive venous invasion. Their
findings hold prognostic implications and may even help
inform multimodal strategies.

Our study is limited by its retrospective nature and inher-
ent selection bias. We reported a higher rate of pathologic

lymph node metastases among patients with nccRCC, which
may reflect a potential selection bias; in particular, we do not
report on clinical node stage, which may conceivably impact
multimodal treatment strategies for RCC. However, systemic
therapies for metastatic nccRCC have shown less efficacy
than that for metastatic ccRCC, and so this difference in
pN1 rates may alternatively reflect a more surgically aggres-
sive approach for nccRCC patients or perhaps differential
biology in lymphogenous dissemination of tumors by histo-
logic type. Furthermore, statistical analyses are likely limited
by the relatively small sample size, particularly in the nccRCC
group, although patient numbers are relatively robust for a
single-institution series of surgically resected IVC tumor
thrombi from RCC. Validation of our findings in a larger
multi-institutional consortium would be informative. Addi-
tionally, the subset of patients with nccRCC histology is com-
parable with expected rates of nccRCC reported previously.
Our work is strengthened by its rigorous evaluation of peri-
operative parameters in an experienced, tertiary referral cen-
ter and long-term oncologic follow-up.

5. Conclusions

Our study comprehensively characterizes perioperative and
oncologic outcomes among patients with IVC tumor throm-
bus extension arising from RCC, stratified by histologic sub-
type. We note that nccRCC histology did not worsen
perioperative outcomes or morbidity compared with
patients with ccRCC. Likewise, oncologic outcomes were
similar between groups, suggesting that surgical resection
remains an appropriate standard of care for patients with
IVC tumor thrombus in nccRCC. With the encouraging clin-
ical and pathologic outcomes seen in patients receiving
novel immunotherapy approaches for locally advanced
RCC, including nccRCC, future studies will need to empha-
size the role of personalized, multimodal strategies to opti-
mize outcomes in this understudied cohort.
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