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Outcome measurements and statistical analysis: Three groups were identified: clear
cell (ccRCC), papillary (pRCC), and chromophobe (chRCC) RCC. The primary out-
come measures (disease-free and overall survival [OS]) were assessed using the
Kaplan-Meier method and compared using the log-rank test. Univariate and multi-
variate Cox proportional hazard models were used to study the impact of HVs on
survival.
Results and limitations: A total of 873 patients were included. The histological sub-
types were distributed as follows: ccRCC in 780 cases, pRCC in 58 cases, and chRCC
in 35 cases. At the time of data analysis, 612 patients were recurrence free and 228
had died. A survival analysis revealed significant differences in both OS and
recurrence-free survival across histological subtypes, with the poorest outcomes
observed in pRCC patients (p < 0.05). In a multivariable analysis, pRCC was inde-
pendently associated with worse disease-free survival and OS (hazard ratio [HR]:
1.71; p = 0.01 and HR: 1.24; p = 0.04), while chRCC was associated with more favor-
able outcomes than ccRCC (HR: 0.05; p < 0.001 and HR: 0.02; p < 0.001). A limita-
tion of the study is its retrospective nature.
Conclusions: In this multicentric series, HVs appeared to impact the medium-term
oncological prognosis of kidney cancer with TT.
Patient summary: This study investigated the differences in oncological outcomes
among histological variants (clear cell, papillary, and chromophobe) in a cohort
of nonmetastatic renal cell carcinoma patients with venous tumor thrombus exten-
sion. We observed that these histological variants within this specific subgroup
exhibit distinct outcomes, with papillary renal cell carcinoma being associated with
the worst prognosis.

© 2024 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).

1. Introduction

Renal cell cancer (RCC) with venous involvement (ie, renal
vein or caval thrombus) represents approximately 10% of
newly diagnosed patients [1,2]. Without evidence of meta-
static disease at diagnosis, surgical removal of the tumor
and thrombus is the recommended curative intent treat-
ment [3,4]. However, this procedure is associated with a
significant risk of perioperative morbidity and a high rate
of disease recurrence. In fact, the prognosis in this subgroup
of patients remains poor, with a high risk of recurrence and
overall survival (OS) rates of 40-65% at 5 yr [5].

Among the histological variants of RCC, clear cell RCC
(ccRCC) is the commonest histopathological subtype, con-
stituting nearly 80% of cases. It is followed by papillary
RCC (pRCC) and chromophobe RCC (chRCC), which account
for approximately 15% and 5% of cases, respectively. Each
subtype presents a distinct clinical course and varies in
treatment response. However, a significant portion of stud-
ies including patients with vascular extension focus pre-
dominantly on ccRCC alone, or group non-clear cell
histologies, such as pRCC and chRCC, into a single category
[6], often incorporating mixed cohorts of both metastatic
and nonmetastatic diseases [7-9]. Thus, this approach over-
looks the intrinsic association between individual histolog-
ical variants and the notable differences in patient survival
outcomes following radical surgery.

Previous research, including studies by Kim et al [10] and
Tilki et al [11], has investigated the impact of histological
subtypes, especially pRCC, in patients with RCC and tumor
thrombus (TT). These studies, while inclusive of metastatic

patients, highlight the variability in survival outcomes
based on histological subtypes. Notably, the subset analysis
by Tilki et al [11] on nonmetastatic patients identified that
the papillary subtype was associated with worse outcomes,
pointing to the need for distinct consideration of each
subtype.

Owing to the lack of information available in the litera-
ture on the prognostic significance of histological variants
in the specific population of RCC with TT treated in the
modern oncological area, the objective of this study was
to investigate the impact of histological variants on progno-
sis in patients with nonmetastatic RCC with TT following
radical surgery.

2. Patients and methods

2.1. Study design and participants

All patients in this study were prospectively enrolled in the
UroCCR  multicentric  database  (UroCCR  project
[NCT03293563], which is approved by the institutional
review board and has obtained the CNIL authorization num-
ber DR-2013-206). We conducted a retrospective analysis of
all patients who underwent surgical resection of a non-
metastatic RCC with venous TT (renal vein, inferior vena
cava, and right atrium), between Jan 1, 2013, and July 31,
2022, at 27 medical centers. Initially, 1077 potentially eligi-
ble patients were identified. From these patients, we
excluded those with incomplete data about the histological
subtype (n = 34), with no follow-up data available after sur-
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gery (n = 103), who received adjuvant or neoadjuvant treat-
ment (n = 35), and with a rare type of RCC (n = 32).

2.2. Tumor characteristics

Histological variants/subtypes were graded according to the
2004 or 2016 World Health Organization classification of
kidney tumors, depending on the inclusion date. The tumors
were divided into three groups: (1) ccRCC, (2) pRCC, and (3)
chRCC. The tumor, node, and metastasis (TNM) stage was
recorded according to the 2009 or 2017 TNM classification.
The pRCC types 1 and 2 were not distinguished in this
cohort.

2.3. Follow-up protocol and outcomes

Postoperative follow-up was dependent on the institution
and physician, but generally followed national and interna-
tional guidelines. It usually comprised an outpatient visit at
1 mo postoperatively, then every 6 mo for 3 yr and annually
for at least 3 additional years. Follow-up consisted of a
disease-specific history assessment, physical examination,
and contrast-enhanced computed tomography of the chest,
abdomen, and pelvis. The endpoints of interest were
disease-free survival (DFS), cancer-specific survival (CSS),
and OS. DFS was defined as the time from surgery to disease
recurrence (including local and distant recurrences) or
death from any cause. For DFS, patients without recurrence
and alive were censored at the last follow-up visit. OS was
defined as the time from surgery to death from any cause.
Deaths attributable to RCC were defined as cancer-specific
deaths. CSS was calculated to the date of RCC-associated
death. Patients who die from causes unrelated to RCC were
considered censored at the time of their death. Patients who
are alive were censored at the date of the last contact.

2.4. Statistical analysis

Quantitative variables were reported as medians and
interquartile ranges (IQRs), and qualitative variables were
reported as proportions. The Kruskal-Wallis test was con-
ducted to compare continuous variables. Qualitative vari-
ables were compared using the chi-squared and Fisher’s
exact tests. A Kaplan-Meier analysis with log-rank tests
was performed to estimate the time of recurrence and death
from any cause between the groups. Univariate and multi-
variate Cox proportional hazard models were used to iden-
tify independent prognostic factors for DFS, CSS, and OS.
Multivariable models included covariates with p < 0.2 in a
univariate analysis. Various sensitivity analyses were per-
formed. First, the association between histological variants
and oncological outcomes stratified by thrombus height (re-
nal vein vs caval thrombosis) was investigated. Second, an
analysis repeating cox models were constructed and
adjusted for known prognostic factors within each clinical
stratum (renal vein vs caval thrombosis). Statistical analy-
ses were performed using Stata 15.1 statistical software
(Stata, College Station, TX, USA). All tests were two sided,
with a significance level at p < 0.05.

3. Results

3.1. Cohort demographics

A total of 873 RCC patients with venous invasion and no evi-
dence of metastasis at initial presentation were identified.
Patient and disease characteristics are shown in Table 1.
The histological subtypes were as follows: ccRCC in 780
patients (89.3%), pRCC in 58 patients (6.6%), and chRCC in
35 patients (4%). The pRCC group exhibited a higher rate
of lymph node metastasis and more frequently had necrotic
areas than the ccRCC and chRCC groups. Patients in the
chRCC group tended to be younger (62 yr) and generally
in better condition (83% had Eastern Cooperative Oncology
Group score 0 and 70% American Society of Anesthesiolo-
gists score 1-2). The median (IQR) follow-up of the whole
cohort was 28 (10-52) mo. At the time of data analysis,
612 patients were free from recurrence, 228 had died, and
145 deaths were attributable to kidney cancer. The median
time to last follow-up among patients still alive with no evi-
dence of events was 31 (IQR 10-56) mo The median follow-
up time for patients who died was 25 (8-46) mo.

3.2. Disease-free survival

Kaplan-Meier curves for DFS according to histological sub-
types are shown in Figure 1. Two-year DFS rates for the
cohort stratified according to subtype were 75% (95% confi-
dence interval [CI] 72-79), 49% (95% CI 33-62), and 92%
(95% CI 71-97) for ccRCC, pRCC, and chRCC, respectively
(p = 0.001). On the univariate analysis, features associated
with worse DFS were tumor size, nuclear grade, sarcoma-
toid features, presence of tumor necrosis, thrombus level,
presence of nodal disease, positive surgical margins, and
histological subtype (all p < 0.05). The variables that
remained significant on the multivariable analysis included
tumor size (p < 0.001), presence of nodal disease (p = 0.01),
and histological variants (p = 0.01; Table 2).

3.3. OS and CSS

Survival curves stratified by histological subtype are
depicted in Figure 1B. Two-year OS rates for the cohort
stratified according to subtype were 82% (95% CI 78-84),
60% (95% CI 46-72), and 97% (95% CI 77-99) for ccRCC,
PRCC, and chRCC, respectively (p = 0.001). Two-year CSS
rates for the cohort stratified according to subtype were
88% (95% CI 86-91), 66% (95% CI 46-78), and 97% (95% Cl
76-99) for ccRCC, pRCC, and chRCC, respectively
(p < 0.001). On the univariate analysis, features associated
with worse OS included age, tumor size, nuclear grade, sar-
comatoid features, presence of tumor necrosis, thrombus
level, and histological subtype of the tumor (all p < 0.05).
The variables that remained significant on the multivariable
analysis included age (p = 0.001), tumor size (p < 0.001), sar-
comatoid features (p = 0.03), presence of nodal disease
(p < 0.001), and histological variants (p = 0.05; Table 3).

34. Subgroup analysis

To test the robustness of our results, we performed various
sensitivity analyses. The association between histological
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Table 1 - Baseline characteristics of patients included in the cohort

ccRCC (n = 780) PRCC (n = 58) chRCC (n = 35)
Age (yr), median (Q1, Q3) 66 (57-73) 69.5 (57-79) 62 (54-68)
Gender, n (%)

Female 233 (29.8) 15 (25.8) 12 (34.2)
BMI (kg/m?), median (Q1, Q3) 26.4 (24-30.1) 25.8 (21.8-27.9) 26.25 (23.2-28.4)
Symptomatic presentation, n (%)

Incidental 330 (43) 22 (38.7) 13 (37.1)

Locally symptomatic 314 (40.9) 27 (47.3) 20 (57.1)

Systemically symptomatic 123 (16.1) 8 (14) 2 (5.8)
ASA classification, n (%)

1 125 (17.5) 5(9.2) 11 (33.4)

2 380 (53.2) 31 (57.4) 19 (57.6)

3 196 (27.4) 14 (26) 3(9)

4 13 (1.8) 4(7.4) 0 (0)

ECOG performance status, n (%)

0 490 (73.2) 30 (58.8) 26 (83.8)

>1 179 (26.8) 21 (41.2) 5(16.2)
Surgical approach, n (%)

Open 387 (49.6) 43 (74.1) 15 (42.8)
Laparoscopic/robotic 393 (50.3) 15 (25.8) 20 (57.1)
Tumor size (cm), median (Q1, Q3) 7.7 (5.5-10) 9 (8-11) 8 (5.5-11.7)

Nuclear grade, n (%)

1-2 133 (17.4) 4(7) NC

3-4 633 (82.6) 53 (93) NC
Coagulative necrosis, n (%) 449 (58) 45 (77.6) 17 (50)
Sarcomatoid features, n (%) 173 (22.3) 15 (25.9) 6(17.6)
Thrombus height, n (%)

Renal vein only 602 (77.1) 34 (58.6) 33(94.3)

IVC <2 cm 85 (10.9) 12 (20.7) 1(2.8)

IVC >2 cm 45 (5.7) 8 (13.7) 1(2.8)

IVC above hepatic veins below diaphragm 33 (4.2) 3(5.1) 0(0)

IVC above diaphragm 15 (2) 1(1.7) 0 (0)
Invasion upper tract urothelial, n (%) 171 (22.7) 14 (25) 5(14.7)
Regional lymph nodes (pN), n (%)

NO 539 (69) 23 (39) 22 (67)

N positive 123 (15) 28 (48) 9 (25)

Nx 118 (15) 7 (12) 4(11)
Positive surgical margin, n (%) 58 (7.4) 8(13.8) 5(14.3)

ASA = American Society of Anesthesiologists; BMI = body mass index; ccRCC = clear cell RCC; chRCC = chromophobe RCC; ECOG = Eastern Cooperative Oncology
Group; IVC = inferior vena cava; pRCC = papillary RCC; RCC = renal cell carcinoma.

variants and oncological outcomes was stratified by throm-
bus height (renal vein vs caval thrombosis). Similar to the
overall cohort, histological variants were associated with
both DFS and OS outcomes (Fig. 2A and 2B). Lastly, Cox
models were constructed and adjusted for known prognos-
tic factors within each clinical stratum (renal vein vs caval
thrombosis). In the multivariable analysis, the histology
variants remained significantly associated with DFS and
OS (see Supplementary Tables 1 and 2).

4. Discussion

Nonmetastatic RCC with venous TT extension has a distinct
biological behavior, harboring a 50% risk of progressing to
metastatic disease after surgical resection [12]. Conse-
quently, these patients serve as ideal candidates for poten-
tial neoadjuvant or adjuvant treatments in clinical studies,
making their identification fundamental. However, only
few studies have stratified nonmetastatic RCC with venous
TT extension according to histological subtype. This over-
sight could potentially obscure crucial differences in the
predictive capabilities of histological subtypes concerning
oncological outcomes. We addressed this gap with the cur-
rent study, which revealed several important observations.

First, most patients with nonmetastatic RCC and TT trea-
ted with nephrectomy harbor ccRCC (75.4%), followed by
pRCC (16.7%). Only a small minority harbor chRCC (7.9%).
Our results are in light with the literatures regarding the
epidemiological distribution of RCC subtypes [13]. The over-
whelming prevalence of ccRCC underscores the need for
therapeutic strategies specifically tailored to this subtype.
Additionally, while pRCC and chRCC are less frequent,
understanding their unique clinical presentations and
molecular characteristics is crucial for optimizing patient
care.

Second, we discerned significant differences in patient
and cancer characteristics according to histological subtype.
In the current analysis, patients with pRCC exhibited a
higher rate of lymph node metastasis than those with ccRCC
and chRCC. While some previous reports have suggested
that pRCC tends to have a higher incidence of lymph node
involvement, others have observed a similar trend across
all subtypes. Regarding the less common subtype, such as
chRCC, the limited number of patients restricts the ability
to test the true significance. In our study, a trend was
observed with chRCC manifesting as larger tumors, diag-
nosed at a younger age, and presenting at lower stages
and with fewer instances of lymph node invasion compared
with the other major subtypes.
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Fig. 1 - Kaplan-Meier curves showing the estimates of oncological outcomes for patients with nonmetastatic renal cell carcinoma and tumor thrombus
treated with surgery for (A) overall survival, (B) disease-free survival, and (C) cancer-specific survival, stratified according to histological variants.
ccRCC = clear cell RCC; chRCC = chromophobe RCC; pRCC = papillary RCC; RCC = renal cell carcinoma.

Third, analyses specific to histological subtypes revealed
important differences in oncological outcomes. Patients
with papillary histopathology exhibited significantly worse
outcome than those with chromophobe or clear cell sub-
types. The histological subtype remained a significant factor
associated with both OS and DFS in univariable and multi-
variable analyses. Although prognostic factors for RCC
patients with TT are well established, the influence of histo-
logical variants on prognosis continues to be a subject of
debate. Margulis et al [14] analyzed the data of 2157
patients comprising those with pRCC (n = 245) and ccRCC
(n = 1912) across all stages. They reported that pRCC
patients with venous TT had significantly lower 5-yr CSS
than ccRCC patients (35% vs 66%). Tilki et al [11] investi-
gated data from 1774 patients, including those with pRCC
(n = 151), ccRCC (n = 1594), and chRCC (n = 29), again
encompassing all stages. In their study, the overall 5-yr
CSS was 37% for pRCC, 55% for ccRCC, and 59% for chRCC
patients. Interestingly, they performed a subgroup analysis
restricted to NOMO patients and found out that histology

was significantly associated with CSS in the multivariable
analysis.

However, there have been varying conclusions in some
research. For example, Terakawa et al [15] and Wagner
et al [8] found out that the histological subtype (ccRCC vs
others) in TT was a significant prognostic predictor in uni-
variate analyses, but this significance was not maintained
in multivariate analyses. Moreover, Kaushik et al [16] found
that patients with non-ccRCC and TT did not exhibit a
higher rate of disease recurrence or worse survival than
those with ccRCC. Conversely, our study demonstrated that
histological subtypes with TT were significant factors in
multivariate analyses, and the pRCC subtype was associated
with worse outcomes, while the chRCC subtype was associ-
ated with more favorable outcomes.

Considering our study’s findings, particularly the pre-
dominance of ccRCC and the notable survival challenges in
PRCC, the evolving landscape of immunotherapy in RCC
treatment becomes highly relevant. Several recent studies
have focused on the impact of immunotherapies in locally
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Table 2 - Univariate and multivariable Cox regression analysis assessing the impact of histological variants after surgical resection of a

nonmetastatic renal cell carcinoma with tumor thrombus on disease-free survival

Univariate analysis

Multivariable analysis

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Age (increase per 5yr) 1.02 (0.97-1.07) 0.35
Tumor size (increase per 10 mm) 2.73 (2.01-3.71) <0.001 2.46 (1.70-3.55) <0.001
Necrosis (yes vs no) 1.65 (1.33-2.05) <0.001 1.26 (0.98-1.71) 0.06
Sarcomatoid features (yes vs no) 1.36 (1.15-1.62) <0.001 1.18 (0.96-1.49) 0.12
Nuclear grade (1-2 vs 3-4) 2.11 (1.34-3.31) 0.01 1.36 (0.85-2.18) 0.09
Pathological N stage

pNO Reference Reference

pN1/2 2.11 (1.58-2.81) <0.001 1.51 (1.01-2.07) 0.01

PNx 1.05 (0.72-1.51) 0.79 0.92 (0.62-1.36) 0.69
Thrombus level (renal vs cava) 1.66 (1.26-2.18) <0.001 1.13 (0.85-1.52) 0.38
Positive vascular margins (yes vs no) 1.58 (1.01-2.48) <0.001 1.09 (0.78-2.18) 0.17
Histological variants

ccRCC Reference Reference

pRCC 2.12 (1.37-3.27) 0.001 1.71 (1.06-2.45) 0.01

chRCC 0.10 (0.01-0.78) 0.028 0.05 (0.01-0.17) <0.001

ccRCC = clear cell RCC; chRCC = chromophobe RCC; CI = confidence interval; pRCC = papillary RCC; RCC = renal cell carcinoma.

Table 3 - Univariate and multivariable Cox regression analysis assessing the impact of histological variants after surgical resection of a

nonmetastatic renal cell carcinoma with tumor thrombus on overall survival

Univariate analysis

Multivariable analysis

Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value

Age (increase per 5yr) 1.13 (1.07-1.21) <0.001 1.15 (1.08-1.22) 0.001
Tumor size (increase per 10 mm) 2.51 (1.79-3.51) <0.001 2.28 (1.52-3.41) <0.001
Necrosis (yes vs no) 1.55 (1.23-1.96) <0.001 1.51 (0.97-2.07) 0.06
Sarcomatoid features (yes vs no) 1.24 (1.03-1.49) 0.02 1.23 (1.04-1.57) 0.04
Nuclear grade (yes vs no) 1.46 (0.93-2.30) 0.09 1.24 (0.76-2.08) 0.41
Pathologic N stage

pNO Reference Reference

pN1/2 2.08 (1.53-2.83) <0.001 1.55 (1.06-2.27) 0.02

PNx 0.87 (0.57-1.32) 0.51 0.94 (0.61-1.48) 0.83
Thrombus level (renal vs cava) 1.64 (1.27-2.12) <0.001 1.11 (0.81-1.52) 0.58
Positive vascular margins (yes vs no) 1.25 (0.80-1.93) 0.31
Histological variants

ccRCC Reference Reference

pRCC 2.31 (1.56-3.43) <0.001 1.24 (1.08-2.61) 0.04

chRCC 0.35 (0.13-0.95) 0.03 0.02 (0.01-0.12) <0.001

ccRCC = clear cell RCC; chRCC = chromophobe RCC; CI = confidence interval; pRCC = papillary RCC; RCC = renal cell carcinoma.

advanced high-risk RCC, including those with venous
thrombus. For instance, the CheckMate 914 study explored
adjuvant nivolumab plus ipilimumab in ccRCC after surgery
but found no DFS improvement [17]. In the IMmotion010
trial, adjuvant atezolizumab versus placebo did not delay
recurrence in patients with locally advanced ccRCC at a high
risk of recurrence after resection [18]. A phase 2 single-
center study of 18 patients recently investigated the safety
and feasibility of neoadjuvant nivolumab in patients under-
going nephrectomy for localized ccRCC [19]. The results are
encouraging, with a safe and feasible treatment without sig-
nificant surgical delay. The recent KEYNOTE 564 study
demonstrated an improvement in recurrence-free survival
with pembrolizumab compared with placebo, particularly
in the subgroup of patients with locally advanced clear cell
renal carcinoma after surgery [20]. These studies under-
score the potential of immunotherapy in RCC, particularly
in histologies with worse survival outcomes, highlighting
the need for further research in this area.

Our study had several important limitations. The major
shortcomings were those inherent to the retrospective
design. Specifically, the retrospective nature of this evalua-
tion introduces the risk of measurement and ascertainment
biases due to nonstandard follow-up. Specifically, the time
to diagnosis and progression is largely dependent on when
surveillance occurs, and therefore the follow-up protocol
employed may influence when the progression event is
observed. There were no central pathological review and
no standardized interpretation of stage and grade, which
may have introduced heterogeneity. Additionally, a signifi-
cant limitation was the absence of detailed data on the
types and locations of, and treatments received for recur-
rences. This limitation, arising from the incomplete record-
ing of such detailed information across our data sources,
hinders a deeper understanding of disease progression and
treatment efficacy, marking an essential area for future
research. Finally, these data will require external validation
in order to confirm the associations reported here.
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Fig. 2 - Kaplan-Meier curves showing the estimates of oncological outcomes for patients with nonmetastatic renal cell carcinoma and tumor thrombus
treated with surgery, stratified according to histological variants and tumor thrombus level—(A) renal vein and (B) caval thrombosis, for overall survival (A1
and B1) and disease-free survival (A2 and B2). ccRCC = clear cell RCC; chRCC = chromophobe RCC; pRCC = papillary RCC; RCC = renal cell carcinoma.

5. Conclusions

This population-based study highlights the critical role of
histological subtypes in predicting the oncological out-
comes of nonmetastatic patients with RCC and TT, undergo-
ing radical nephrectomy and tumor thrombectomy. Our
findings reveal that patients with pRCC and TT have signif-
icantly poorer oncological outcomes, while patients with
chRCC demonstrate better survival outcomes than those
with ccRCC. These insights emphasize the need for tailored
therapeutic strategies based on histological subtype to opti-
mize patient outcomes in RCC.
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