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This study compares recurrence-free survival (RFS) and overall survival (OS) in patients with non-

clear cell (nccRCC) and clear cell renal cell carcinoma (ccRCC) undergoing surgical nephrectomy with
thrombectomy (SNTx) for RCC with venous thrombus. Data from patients who underwent SNTx at two
tertiary centers (June 1990-December 2022) were retrospectively reviewed. Patients were grouped as
ccRCC or nccRCC and stratified by metastasis status at surgery. Primary endpoints were RFS and OS
for metastasis-naive RCC and OS for the entire cohort, including both metastasis-naive and metastatic
RCC. Kaplan—Meier analysis with log-rank tests and adjusted multivariable Cox proportional hazards
models were performed, with TN adjustments for the metastasis-naive group and TNM adjustments
for the entire population. Among 604 patients, 504 (83.5%) were ccRCC. In nccRCC, 44 (44.0%) were
papillary, 17 (17.0%) were chromophobe, and 39 (39.0%) were rare subtypes, most commonly TFE3
rearranged RCC, followed by the RCC not otherwise specified subtype (according to the 2022 World
Health Organization Classification of RCC). Median OS was 85.8 months for ccRCC, 37.7 for papillary,
90.2 for chromophobe, and 16.9 for rare subtypes. Rare RCC histology was significantly associated
with worse RFS (HR 1.63, p=0.038) and OS (HR 1.82, p=0.039) in metastasis-naive RCC. For the

entire cohort including metastatic diseases, rare subtypes had worse OS (HR 2.20, p<0.001), while
other nccRCC subtypes did not differ significantly from ccRCC in OS. In patients with RCC with venous
thrombosis, rare nccRCC subtypes exhibited poorer survival outcomes, even after adjustment for
TN(M) stage.

Keywords Renal cell carcinoma, Venous thrombosis, Clear cell RCC, Non-clear cell RCC, Papillary RCC,
Chromophobe RCC

While it is well known that clear cell renal cell carcinoma (ccRCC) patients often have worse prognosis compared
to non-clear cell renal cell carcinoma (nccRCC) patients in the localized disease, an interesting reversal occurs
in the metastatic situation, where nccRCC patients tend to have lower survival rates!=. This disparity is
hypothesized to result from several factors. In metastatic disease, therapeutic development has predominantly
targeted ccRCC, potentially limiting the efficacy of treatments for nccRCC**. Furthermore, nccRCC represents
a heterogeneous group of histological subtypes, each with varying prognostic potentials>®, and the proportion of
the nccRCC component might differ by stage. In summary, tumor stage information may be the most important
factor in prognosis, and certain worse prognostic subtypes should be intensively followed up to improve
outcomes for nccRCC patients.

Up to 10% of RCC cases, tumor thrombus involvement of the renal vein and/or inferior vena cava is
observed”®. Standard treatment for RCC with thrombus is radical nephrectomy and/or followed by systemic
adjuvant therapy’. The post-surgical survival of patients with RCC with thrombus varies, with 5-year survival
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rates ranging from 23 to 70%8. Various poor prognostic factors have been identified, such as lymph node invasion,
tumor necrosis, invasion of the IVC wall, and concurrent metastasis'®!!. Some nccRCC subtypes exhibit more
aggressive behavior than ccRCC in RCC with thrombosis”!2. However, the impact of histology on survival in
RCC patients with thrombosis has remained unclear.

This study aims to clarify the differences in recurrence-free survival (RFS) and overall survival (OS) between
patients with ccRCC and those with nccRCC who had venous thrombosis and underwent both surgical
nephrectomy with thrombectomy (SNTx), using data from two high-volume tertiary referral centers. We
included not only the more common subtypes of nccRCC but also other non-clear cell RCC variants, or rare
subtypes, which are often more aggressive. We conducted a comprehensive analysis covering both metastasis-
naive and metastatic patient populations.

Materials and methods

Ethic statement

This study was approved by the Institutional Review Board of Asan Medical Center and the requirement for
patient informed consent was waived due to the retrospective nature of the study. The study processes were
performed following relevant guidelines and regulations.

Study population

Medical records of patients who underwent surgical nephrectomy with thrombectomy at two tertiary centers
from January 1990 to December 2022 were retrospectively reviewed. All procedures were performed using an
open surgical approach. Patients with pathologic M1 disease were also included, and some of them underwent
cytoreductive radical nephrectomy, rather than radical nephrectomy with curative intent. Patients diagnosed
with single kidney, non-renal cell carcinoma, such as urothelial carcinoma or sarcoma, and RCC with bilateral
involvement were excluded from the analysis. The demographic data collected included age and sex, along with
pathological information such as histological subtypes (clear cell, papillary, chromophobe, and rare) and cancer
stage. The pathologic subtypes were classified using 2022 World Health Organization (WHO) Classification
of RCC!. The TNM stage was determined according to the 2017 AJCC TNM classification system'*. RFS was
defined as the time period following the surgical removal of renal cell carcinoma with thrombus, during which
there were no signs of cancer recurrence. OS was defined as the duration from the surgical removal of RCC with
thrombus until the patient’s death.

Statistical analysis

For the comparison, patients were divided into two groups: ccRCC and nccRCC. The nccRCC group included
papillary (pRCC), chromophobe (chRCC), and rare (rRCC) subtypes. The Student’s t-test and chi-square analysis
were used to compare these groups. To evaluate differences in RFS and OS between the ccRCC and nccRCC
groups, the Kaplan-Meier method with log-rank tests was applied. This analysis was conducted separately for
patients with metastasis-naive disease and for the entire cohort, which included both metastasis-naive and
metastatic patients. For this study, the term ‘metastasis-naive’ was defined to encompass both M0 and Mx, with
Mx indicating cases where clinical metastatic status was not assessed preoperatively.

Additionally, to assess the prognostic effect of pathological subtypes on oncologic outcomes, we used the
TN(M) stage-adjusted multivariable Cox proportional hazards model. The results of the Cox regression were
expressed in terms of hazard ratios (HR) and 95% confidence intervals. Statistical significance was determined
with a p-value of less than 0.05. Notably, RFS was evaluated solely in the metastasis-naive RCC group, as it
cannot be accurately assessed in the entire cohort due to the inclusion of metastatic patients. In contrast, OS was
analyzed in both the metastasis-naive group and the entire cohort. All statistical analyses were conducted using
the R project (version 4.1.1).

Results
Patient demographics
Of the 604 patients who underwent surgical nephrectomy with venous thrombectomy at two tertiary referral
centers, 253 patients (42%) were enrolled from one center, while 351 patients (58%) were enrolled from the
other. Among the nccRCC patients (n=100), the majority were of the pPRCC (n=44, 44.0%) and chRCC (n=17,
17.0%). The remaining 39 patients (39.0%) had rRCC, with TFE3-rearranged RCC (n=15) and RCC not
otherwise specified (RCC NOS, n=16) being the two most common subtypes. (Fig. 1) A total of 503 (83.3%)
patients were classified as metastasis-naive (including M0 and Mx), with 101 patients (16.7%) having pathologic
M1 and 56 patients (9.3%) having Mx. Pathologic N1 was present in 92 patients (15.2%) and Nx in 349 patients
(57.8%). The thrombus level was predominantly level I in 417 patients (69.0%) and level II in 126 patients
(20.9%), according to the Mayo classification'®.

Univariate analysis revealed that nccRCC showed statistically significant higher T stage (p <0.001), thrombus
level (p=0.004), pathologic N stage (p=0.006), and M stage (p <0.001) than ccRCC, but not in age or sex (Table
1).

Non-parametric survival analysis: RFS and OS of the specific RCC subtypes

Figure 2, panel A represents the RFS of metastasis-naive RCC patients (n=503) by RCC histology. Of the 435
patients with ccRCC, the median RFS was 32.3 months. In comparison, median RFS of the pRCC (n=27),
chRCC (n=15) and rRCC (n=26) groups were 9.3, 36.3 and 3.3 months respectively. In the Kaplan-Meier
analysis for RFS, pRCC and rRCC showed worse outcomes compared to ccRCC (p <0.001).
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Other non-clear cell RCC variants

Total of 39 patients

RCC NOS (n=16)
. TFES3 rearranged RCC (n=15)
Collecting duct carcinoma (n=4)
Fumarate hydratase deficient RCC (n=2)
RCC NOS with sarcomatoid features (n=2)

Fig. 1. Distribution of other non-clear cell renal cell carcinoma (RCC) variants (*NOS = Not Otherwise
Specified).

Number of patients, No (%) | 604 (100) | 504 (83.5) 100 (16.5)

Median age (yr, IQR) 67 (56-77) | 68 (57-77) 66 (54-79) 0.312
Sex, No (%) 0.107
Male 469 (77.6) | 398 (79.0) 71 (71.0)

Female 135(22.4) | 106 (21.0) 29 (29.0)

RCC histology, No (%) -
Clear cell 504 (83.5) | 504 (100)

Papillary 44 (7.3) 44 (44.0)

Chromophobe 17 (2.8) 17 (17.0)

Rare 39 (6.4) 39 (39.0)

Metastasic stage, No (%) <0.001
Mo 447 (74.0) | 384 (76.2) 63 (63.0)

M1 101 (16.7) | 69 (13.7) 32(32.0)

Mx 56(9.3) | 51(10.1) 5 (5.0)

Node involvement, No (%) 0.006
NoO 163 (27.0) | 144 (28.6) 19 (19.0)

N1 92(152) |67(13.3) 25 (25.0)

Nx 349 (57.8) | 293 (58.1) 56 (56.0)

Tumor stage, No (%) <0.001
T3a 359 (59.4) | 318 (63.1) 41 (41.0)

T3b 172 (28.5) | 133 (26.4) 39(39.0)

T3c 28 (4.6) 20 (4.0) 8(8.0)

T4 45(75) | 33(6.5) 12 (12.0)

Thrombus level, No (%) 0.004
I 417 (69.0) | 364 (72.2) 53 (53.0)

il 126 (20.9) |92 (18.3) 34 (34.0)

111 36 (6.0) 29 (5.8) 7 (7.0)

v 25 (4.1) 19 (3.7) 6 (6.0)

Table 1. Baseline characteristics of patients with renal cell carcinoma (RCC) who underwent surgical
nephrectomy and thrombectomy. IQR, Interquartile range.
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Fig. 2. (A) Kaplan-Meier recurrence-free survival curves for metastasis-naive RCC patients by pathologic
subtypes. (B) Kaplan-Meier overall survival curves for metastasis-naive RCC patients by pathologic subtypes.
(C) Kaplan-Meier overall survival curves for the entire cohort including metastasis-naive and metastatic
patients by pathologic subtypes.

Figure 2 panel B represents the OS of metastasis-naive RCC patients. In ccRCC, the median OS is 85.8 months.
In comparison, median OS of the pRCC, chRCC, and rRCC groups were 37.7, 90.2 and 16.9 months respectively.
Consistent with RFS trends, the OS of the pRCC and rRCC were worse than that of ccRCC (p <0.001).

Figure 2, Panel C shows the OS of the entire cohort (n=604). For ccRCC (n=504), the median OS was
76.2 months. The median OS for pRCC patients (n=44) was 67.8 months, and for chRCC (n=17), it was
66.3 months. Among all subtypes, patients with rRCC (n=39) exhibited a significantly lower median OS of

13.0 months (p <0.

001).

Adjusted multivariate Cox-proportional hazard regression for RFS and OS
In Table 2, a TN-adjusted Cox proportional hazards model for metastasis-naive disease showed that rRCC
subtypes were significantly associated with worse RFS (HR 1.63, 95% CI 1.03-2.60, p =0.038) and OS (HR 1.82,
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Metastasis-naive RCC (n=503)
RFS (O]
HR | 95% CI p-value | HR | 95% CI p-value
Pathologic subtypes ﬁgér((;eg 435) Reference Reference
Papillary RCC (n=27) 1.112 | 0.688-1.798 | 0.664 1.632 | 0.937-2.844 | 0.083
Chromophobe RCC (n=15) | 0.963 | 0.493-1.880 | 0.913 1.270 | 0.621-2.599 | 0.512
Rare RCC (n=26) 1.635 | 1.028-2.600 | 0.038 1.816 | 1.030-3.201 | 0.039
?ast?a(;leogic pT3a(n=318) Reference Reference
pT3b (n=134) 1.378 | 1.048-1.812 | 0.022 1.379 | 1.012-1.880 | 0.042
pT3c (n=26) 2.089 | 1.285-3.396 | 0.003 2.072 | 1.080-3.973 | 0.028
pT4 (n=25) 1.839 | 1.138-2.972 | 0.013 2.284 | 1.359-3.838 | 0.002
Eazl:;glgglc pNO (n=123) Reference Reference
pN1 (n=65) 2.442 | 1.671-3.568 | <0.001 | 1.764 | 1.128-2.760 | 0.013
PNx (n=315) 1.123 | 0.841-1.499 | 0.429 0.992 | 0.703-1.399 | 0.964

Table 2. Adjusted hazard ratios for recurrence-free and overall survival by RCC subtypes in metastasis-naive
patients (adjusted for T and N stage). RFS, Recurrence-free Survival; OS, Overall Survival; RCC, Renal Cell
Carcinoma; HR, Hazard Ratio; CI, Confidence Interval (95%).

Entire cohort (n=604)
(O}
HR | 95%CI p-value
. Clear cell
Pathologic subtypes | p~~ (n=504) Reference
Papillary RCC (n=44) 1.023 | 0.639-1.636 | 0.925
Chromophobe RCC (n=17) | 1.411 | 0.720-2.766 | 0.315
Rare RCC (n=39) 2.196 | 1.418-3.402 | <0.001
?a:tl;;l:gic pT3a (n=359) Reference
pT3b (n=172) 1.224 | 0.931-1.610 | 0.147
pT3c (n=28) 1.580 | 0.824-3.028 | 0.168
pT4 (n=45) 1.949 | 1.286-2.953 | 0.002
;az?;égglc pNO (n=163) Reference
pNI1 (n=92) 1.398 | 0.952-2.053 | 0.087
PNx (n=349) 0.850 | 0.633-1.142 | 0.282
Eztggé‘zglc PMO (n=447) Reference
pM1 (n=101) 2.560 | 1.853-3.538 | <0.001
pMx (n=56) 2.249 | 1.547-3.269 | <0.001

Table 3. Adjusted hazard ratios for overall survival by RCC subtypes in the entire cohort; metastasis-naive
and metastatic patients (adjusted for TNM stage). RCC, renal cell carcinoma; OS, overall survival; HR, hazard
ratio; CI, confidence interval (95%).

95% CI 1.03-3.20, p=0.039) compared to ccRCC. The pRCC and chRCC subtypes did not show a significant
association with oncological outcomes after adjusting for covariates by TN stage.

Table 3 represents a TNM-adjusted Cox proportional hazards model for the entire cohort. rRCC subtypes
had a significantly higher risk of overall death compared to ccRCC (HR 2.20, 95% CI 1.42-3.40, p<0.001).
However, pRCC and chRCC subtypes did not show a worse OS than ccRCC.

Discussion

The prognostic value of RCC subtypes in the context of venous thrombosis remains poorly investigated. In
this venous thrombosis RCC cohort, nccRCC cases were more likely to present with advanced TNM stage at
diagnosis (Table 1), consistent in prior findings”$. However, after adjustment for TN(M) stage, the majority of
nccRCC subtypes, pRCC and chRCC, did not show worse RFS and OS compared to ccRCC. While pRCC has
been reported with worse survival outcomes in cases with venous thrombosis’, our study observed this disparity
only in unadjusted analyses, which resolved after TNM stage adjustment. This suggests that the poorer prognosis
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observed in nccRCC is largely attributable to higher TNM stage at presentation rather than intrinsic subtype-
specific characteristics. Also, these findings suggest that pRCC and chRCC may align with those for ccRCC, as
no survival differences were observed after TNM stage adjustment!®!”. In contrast, the poor survival outcomes
of rRCC, even after adjusting for TNM staging, highlight the need for therapeutic strategies specifically tailored
to its unique biology.

rRCC, which comprises only about 2-6% of all RCCs, encompasses a mix of high-grade histologic features
and variable clinical behaviors, making it a particularly formidable challenge in RCC management'®. Although
the total proportion of rRCC represents only a small fraction of all RCC subtypes, in our dataset, almost half
of the nccRCC was rRCC, as reported in a previous study”. This suggests that in the context of advanced RCC,
rRCC may be more prevalent than our current conception.

In this study, rRCC were associated with a significantly worse OS, both in metastasis-naive and metastatic
cases. The aggressive nature of rRCC underscores the need for treatment strategies beyond ccRCC paradigms!®1°.
Despite advancements in targeted and immunotherapies, outcomes for rRCC remain poor, highlighting
the limitations of treatments extrapolated from ccRCC managements*?*?!. Even pembrolizumab, an anti-
programmed death 1 (PD-1) antibody renowned for effective adjuvant treatment for RCC since 2021, has been
studied for locally advanced ccRCC primarily?>?3. rRCC remain underrepresented in clinical trials due to their
low prevalence and molecular complexity, contributing to significant knowledge gaps and suboptimal care'#?2,

Advances in molecular profiling, acknowledged in the updated WHO RCC classification, emphasize
tailored treatments to specific cancer entities'>?*!. In our cohort, identifying TFEB and TFE3 translocations
helped distinguish rRCC into subtypes with different prognosis. TFEB translocations were associated with
better survival outcomes due to their generally indolent behavior, whereas TFE3 translocations, found in 38%
of our rRCC cases (n=15), exhibited a relatively more aggressive clinical course?>?°. This high proportion of
TFE3 translocations may have impacted the poor survival outcomes observed in the rRCC group. Likewise,
the molecular reclassification may further uncover subgroups with distinct prognostic and therapeutic profiles.

This study’s retrospective nature and the extensive temporal span of data collection, from 1990 to 2022,
present several limitations. Over these three decades, advancements in surgical techniques and pharmacological
treatments, including the introduction of modern agents like pembrolizumab, have not been uniformly reflected
across the data set?>?*. This variability complicates the interpretation of survival outcomes, particularly overall
survival (OS), which is heavily influenced by the era-specific medical interventions. Similarly, the variability in
patient treatment regimens and post surgical follow-up care, and the lack of detailed data on the timing and type
of treatments following recurrence, impede precise evaluation of RFS and OS outcomes.

Furthermore, due to data collection limitations, our analysis did not account for potential prognostic factors
such as patient age, performance status, tumor size, sarcomatoid changes, presence of necrosis, and surgical
resection margin status. While we deliberately focused on examining associations between pathological subtypes
and oncological outcomes, inclusion of these variables as baseline characteristics and their incorporation into
both univariate and multivariate analyses would have strengthened our statistical approach and controlled for
potential confounding effects.

Moreover, the classification of RCC subtypes in this study was based on the diagnostic standards at the time
of surgery. This raises the possibility that some cases categorized as ‘rare’ might be classified using contemporary
classification systems; however, our study could not confirm the pathology with the latest standards set by
molecular pathologists. Reassessing past cases with modern classifications could refine the subtype classification
and associated survival outcomes.

Lastly, the analysis is limited by its focus on data from only two tertiary centers, which may not represent the
broader demographic and clinical variations seen in a wider healthcare setting. Although collected over a vast
timespan, the relatively small sample sizes for nccRCC subgroups could have restricted the statistical power of
the findings to detect subtle differences in treatment effects.

Conclusion

In patients with RCC and venous thrombosis, rare nccRCC subtypes exhibit markedly worse RFS and OS, even
after adjustment for tumor stage. While other nccRCC subtypes, such as papillary and chromophobe RCC,
did not significantly differ in survival outcomes compared to ccRCC, rare nccRCC demonstrated significantly
poorer outcomes. These findings highlight the need for further investigation and targeted treatment strategies
for these aggressive subtypes.

Data availability

The datasets generated and/or analyzed during the current study are not publicly available due to patient confi-
dentiality and institutional guidelines but can be made available from the corresponding author on reasonable
request, with appropriate permissions from the participating institutions’ review boards.
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