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BACKGROUND: Outcomes for patients with metastatic renal cell carcinoma (mRCC) and tumour thrombus remain poor. Recent
data suggest limited role for cytoreductive nephrectomy (CN) and data on thrombus response to systemic therapy (ST) is scarce.
Here, we describe response and survival of patients with de novo mRCC and thrombi treated with ST with or without CN.
METHODS: Demographics, disease characteristics and survival of patients with de novo mRCC were collected. Progression-free
survival (PFS) and overall survival (OS) in months (m) was calculated using the Kaplan—-Meier method (log-rank).

RESULTS: Between 2002 and 2019, 226 patients with mRCC were identified, 64 (28.3%) had tumour thrombus out of which 18
(28.1%) received only ST. Among 12 evaluable patients, thrombus response, stability and progression were seen in 3 (25%), 6 (50%)
and 3 (25%) patients, respectively. Median OS was similar for patients with and without tumour thrombus treated with systemic
therapy alone [OS: 12.1 m (8.8-27.7) vs. 13.9 m (7.9-21.5), p = 0.87]. CN predicted for better OS in patients with tumour thrombus

[0S: 294 m (17.4-48.9) vs. 12.1 m (8.8-27.7), p = 0.01].

CONCLUSION: In this retrospective series of patients with mRCC and tumour thrombus, addition of CN to ST improved outcomes.
Validation of these findings with contemporary regimens is needed.

British Journal of Cancer (2023) 128:1888-1896; https://doi.org/10.1038/s41416-023-02166-5

INTRODUCTION

Venous invasion has been associated with poor prognosis in
patients with localised RCC [1-3]. Extent of venous involvement has
been recognized as an important prognostic factor in the eighth
edition of the American Joint Committee on Cancer (AJCC) TNM
system. Specifically, T3a, T3b, and T3c tumours invade the renal vein
or its branches; the inferior vena cava (IVC) below the diaphragm;
and the wall of the IVC or grossly extending into the IVC above the
diaphragm, respectively [2, 4, 51.

Although the prognostic impact of venous invasion in
localised RCC is well defined, the implications are uncertain in
the metastatic setting. The established standard of care for
patients with metastatic RCC (mRCC) presenting with venous
thrombosis has been nephrectomy, based on data extrapolated
from localised RCC or derived from older studies showing
a survival benefit of cytoreductive nephrectomy (CN) in the
metastatic setting [6, 7]. However, the role of surgery has been
challenged by the CARMENA and SURTIME trials, which
demonstrated no benefit for CN in the setting of metastatic

disease [8, 9]. Moreover, some case series and case reports have
described response of tumour thrombus to tyrosine kinase
inhibitors (TKI) and immunotherapy (I0) in mRCC when used
preoperatively in the curative setting [10-18]. Given the
increasing number of effective systemic therapy options in
mMRCC and lack of a definite survival benefit of CN, there is a
need to revisit the role of CN in patients with mRCC and tumour
thrombus.

The primary objective of this single centre retrospective study
was to describe the clinical characteristics, response to systemic
therapy and outcomes of patients with mRCC and tumour
thrombus. We also explored the impact of tumour thrombus on
survival in the mRCC cohort who did not have CN. As a secondary
objective, impact of CN was evaluated in a subgroup of patients
with tumour thrombus who had this procedure. We hypothesised
that effective systemic therapy may address the negative
prognostic impact of tumour thrombus and CN might provide
additional benefit to patients with tumour thrombus beyond
systemic treatment.
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Fig. 1 Distribution of patients in the cohort.

METHODS

Data extraction

Records of patients with de novo mRCC treated at Princess Margaret
Cancer Center between January 2002 and January 2019 were reviewed
retrospectively. Patients with both clear cell and non-clear cell RCC were
eligible for inclusion. After review of baseline imaging, patients who had
tumour thrombus and had either undergone CN or had been treated with
systemic therapy alone were identified. This was our primary cohort of
interest and we collected clinical information including age, sex, Karnofsky
Performance Status (KPS), number and sites of metastasis at baseline,
histological subtype of RCC, extent of venous thrombosis including Mayo
category [19] and laboratory data including haemoglobin, neutrophils,
platelets, calcium and lactate dehydrogenase (LDH) to assess International
Metastatic RCC Database Consortium (IMDC) score. Also, data on type of
systemic therapy (TKI, 10, chemotherapy, or their combinations) and
response in both tumour and thrombus, anticoagulation as well as date of
progression on first line systemic therapy and death were collected.
Radiological assessment of response to systemic therapy in the primary
tumour, thrombus and metastatic sites was reported in accordance with
RECIST v1.1 criteria [20]. Additionally, a cohort of mRCC patients without
tumour thrombus who received only systemic therapy was identified
(as a comparator group) and clinical and laboratory data as defined above
were collected. Mayo classification [19] was used to assess the impact
of level of thrombus on survival in patients who had CN (mayo category
0/I/Il vs. lI/IV). Progression-free survival (PFS) on first line systemic therapy
for mRCC was defined from date of start of systemic therapy to clinical/
radiological progression or death whichever came earlier. Overall survival
(0S) was defined from date of diagnosis to date of death. The study was
approved by the Institutional Research Ethics Board (REB) of Princess
Margaret Cancer Centre.

End points and comparisons. The primary end point of the study was
investigator assessed best overall imaging response in tumour thrombus
to systemic therapy and qualitative comparison with response at other
metastatic sites. Secondary end points included evaluation of PFS (on 1%
line therapy) and OS in patients not undergoing CN (with and without
thrombus) including impact of various clinical variables on outcomes apart
from tumour thrombus. A co-secondary end point was estimation of OS in
patients with tumour thrombus with and without CN.

Statistical analysis. Baseline demographics, clinical and laboratory
characteristics were described using absolute numbers and percentages
for categorical variables and median with inter-quartile range for
continuous variables. Comparisons between baseline characteristics
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were made using Mann-Whitney U-test (considering non-normal data
distribution) for continuous variables and Chi-squared test or Fisher
exact test (as appropriate) for categorical variables. Survival analysis to
determine PFS and OS was done using Kaplan-Meier (KM) method and
the survival curves were statistically compared with each other using
log-rank method. The effect of various baseline clinical parameters on
PFS and OS was determined using univariate and multivariate cox
regression models. Any variable with a p-value<0.1 on univariate
analysis was tested in a multivariate model. All analysis were done using
R, version 3.6.1 (R Foundation for Statistical Computing, Vienna, Austria)
and p-value of <=0.05 was considered significant.

RESULTS

Demographics and definition of study groups

Among the 226 de novo mRCC patients treated at Princess
Margaret Cancer Center during the study period, (Fig. 1), 157
(69.6%) underwent CN, and 69 (30.4%) received only systemic
therapy.

Among all patients, 64 (28.3%) had a tumour thrombus; 46
(71.8%) patients with a tumour thrombus had undergone CN and
18 (28.2%) were treated with systemic therapy alone. Three
patients (4.7%) had intracardiac extension of thrombus. Baseline
characteristics of patients with tumour thrombus are described in
Table 1. Median age of patients with tumour thrombus was 58.6
years (IQR 50-66.4), majority were males (N =49, 77%) and had
clear cell RCC (N =44, 69%) (Table 1). Most of the patients were
classified as intermediate or poor risk by IMDC risk stratification
(N=161, 95%). Three fourth (N =48, 75%) of patients had more
than one site of metastatic disease at presentation with median
number of sites being two (range 1-4). Most common site of
metastatic disease was lung (N =51/64, 79.7%) followed by non-
regional lymph nodes (N = 39/64, 60.9%), bone (N = 24/64, 37.5%)
and liver (N=17/64, 26.6%). Brain metastases were seen in four
patients at baseline (6.2%) (Table 1). Forty patients (62.5%) had a
KPS of >=80%. A total of 30 patients (46.9%) received antic-
oagulation at the discretion of the treating physician.

Response and outcomes of patients with tumour thrombus treated with
systemic therapy. Seventeen out of 18 (94.4%) patients with tumour
thrombus received treatment with a anti vascular endothelial
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Table 1. Baseline characteristics in all patients with venous
thrombosis.
Covariate N (%) Full sample (n = 64)
Age (years)

Median (Q1, Q3) 58.6 (50.0, 66.4)
Gender

Female 15 (23)

Male 49 (77)
Histology

Clear cell 44 (69)

Non-clear cell 19 (30)

Unclassified tumour 12
Number of metastatic sites

One 16 (25)

Two 23 (35.9)

Three 17 (26.6)

Four 8 (12.5)
Location of metastasis

Non-regional lymph nodes 39 (60.9)

Lung 51 (79.7)

Brain 4 (6.2)

Liver 17 (26.6)

Bone 24 (37.5)
KPS

<80% 24 (37.5)

>=80% 40 (62.5)
IMDC category

Favourable 3 (5

Intermediate/poor 61 (95)
Mayo classification

0 31 (50)

| 7 (11)

Il 9 (15)

i 11 (18)

\% 4 (6)
Systemic therapy

Sunitinib 48 (75)

Sorafenib 5(7.8)

Pazopanib 2 (3.1)

Chemotherapy 3 (4.6)

Nivolumab-ipilimumab 5(7.8)

Bevacizumab Erlotinib 1(1.6)

KPS Karnofsky Performance Score, IMDC International Metastatic Renal cell
Carcinoma Database Consortium.

growth factor tyrosine kinase inhibitor (VEGF TKI) sunitinib n =14,
pazopanib n =2, sorafenib n=1) and one patient with medullary
histology received chemotherapy with gemcitabine and cisplatin.
Twelve out of 18 patients were eligible for response assessment in
the thrombus. Three (25%) had a partial response (PR), six (50%) had
stable disease (SD) and three (25%) had evidence of progression of
thrombus after systemic therapy. For the remaining six patients,
response assessment could not be done due to segmental thrombi
in two patients, non-availability of response assessment scan in the
electronic system in two patients, non-contrast scan in one patient
and baseline MRI, which could not be compared with a response

assessment CT scan in one patient. In terms of response at other
sites, five of 18 patients had a partial response (27.7%), 8 (44.4%) had
stable disease and 5 (27.7%) had disease progression as best
response. Among nine patients who had evidence of response/
stabilisation in the thrombus, eight patients (88.8%) had evidence of
response/stable disease at other sites as well.

Evaluation of prognostic impact of tumour thrombus in mRCC
patients treated with systemic therapy alone. Baseline clinical
characteristics among patients with and without thrombosis who
received only systemic therapy are shown in Table 2. There were
no statistically significant differences between both groups.
Survival outcomes for patients who received only systemic
therapy (N =69) were similar irrespective of presence of tumour
thrombus. Median PFS was 5.3 months for patients with
thrombosis (95% Cl 3.6-11.7) vs. 4.1 months for patients without
thrombosis (95% Cl 3.1-5.9), p =0.33 (Fig. 2a). Median OS was
12.1 months (95% Cl: 8.8-27.7) for patients with thrombosis and
13.9 months (95% Cl: 7.9-21.5) for patients without thrombosis,
p = 0.87 (Fig. 2b).

Non-clear cell histology (HR 2.25, 95% Cl 1.17-4.33, p = 0.015),
IMDC poor risk category (HR 1.64, 95% Cl 1.0-2.68), p = 0.049) and
KPS <80% (HR 1.77, 95% Cl 1.04-2.99, p =0.041) predicted for
inferior PFS on univariate analysis. Among these, only non-clear
cell histology was an independent predictor on multivariate
analysis (HR 2.53, 95% Cl 1.3-4.9, p = 0.006). Similarly for OS, non-
clear cell histology (HR 1.97,95% Cl 1.02-3.8, p = 0.04), KPS < 80%
(HR 1.65, 95% Cl 0.95-2.87, p = 0.09) and IMDC poor risk category
(HR 2.32, 95% Cl 1.37-3.93, p = 0.002) predicted for inferior OS
on univariate analysis. Among these, IMDC poor risk category
(HR 2.47,95% Cl 1.35-4.49, p = 0.003) and non-clear cell histology
(HR 2.46, 95% Cl 1.25-4.84, p =0.009) emerged as independent
predictors of inferior OS on multivariate analysis. Tumour
thrombus did not have an independent impact on either PFS
(HR 0.76 95% Cl 0.44-1.33, p=0.34) or OS (HR 1.05, 95% ClI
0.58-1.90, p = 0.87).

Evaluation of impact of CN on outcomes of patients with tumour
thrombus. Clinical characteristics between patients with tumour
thrombus who did or did not undergo CN were similar (Table 3).
All patients received systemic therapy with an anti-VEGF TKI
[N =39 (84.78%], combination immunotherapy with nivolumab
plus ipilimumab [N =5, (8.69%)] or chemotherapy [N = 2, (4.34%)]
(Table 3).

Median OS was significantly better in patients who underwent
CN (29.4 months (95% Cl: 17.4-48.9) vs. 12.1 months (95% Cl:
8.8-27.7, p=0.01, Fig. 3) for systemic therapy only. Level of
thrombus in the venous system (below or above hepatic veins, i.e.,
Mayo classification 0,11l vs. IIIV) did not affect OS [24 months (95%
Cl 14.07-34) for level 0/I/ll and 36.5 months (95% Cl 12.8-60.3) for
level I/IV, p=0.23].

On Cox regression analysis, CN (HR 0.43 95% Cl 0.23-0.82,
p=0.011) and KPS >80% (HR 0.49, 95% Cl 0.26-0.93, p =0.03)
predicted for better OS, whereas there was no significant
association with number of metastatic sites (HR 1.3, 95% Cl
0.96-1.76, p =0.11). On multivariate analysis, both CN (HR 0.42,
95% Cl 0.22-0.8, p=0.009) and KPS>80% (HR-0.46, 95% ClI
0.24-0.89, p = 0.89) were independent predictors of better OS.

DISCUSSION

RCC is a biologically unique tumour with a tendency for vascular
invasion, which at presentation can be seen in around 5-10% of
patients with localised RCC;[21] and 29-56% of mRCC [22, 23]. In
our series, we found a similarly high percentage of mRCC patients
having tumour thrombus at diagnosis (28.3%). Only three patients
(4.3%) had intracardiac extension of thrombus, which is consistent
with previously reported literature [24, 25].

British Journal of Cancer (2023) 128:1888 — 1896
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Table 2. Baseline characteristics between patients with thrombosis and no thrombosis treated with systemic therapy only.
Covariate Full sample No thrombosis Thrombosis present p-value®
(n =69) (n=51) (n=18)

Age 0.71
Median (Q1, Q3) 62.4 (55.9,71.1) 63.3 (56.0,73.2) 61.4 (55.1,69.6)

Gender 0.53
Female (n, %) 17 (25) 14 (27) 3(17)
Male (n, %) 52 (75) 37 (73) 15 (83)

Histology 0.64
Clear cell (n, %) 48 (70) 34 (67) 14 (78)
Non-clear cell (n, %) 12 (17) 9 (18) 3(17)
Unclassified (n, %) 9 (13) 8 (16) 1 (6)

IMDC category 1
Intermediate (n, %) 35 (51) 26 (51) 9 (50)
Poor (n, %) 34 (49) 25 (49) 9 (50)

No of metastatic sites 0.36
1 (n, %) 17 (24.7) 14 (27.4) 3 (16.7)
>1 (n, %) 52 (75.7) 37 (72.6) 15 (83.3)

KPS 0.66
<80% (n, %) 22 (31.9) 17 (33.3) 5 (27.7)
>=80% (n,%) 47 (68.1) 34 (66.7) 13 (72.3)

Systemic therapy
Sunitinib (n, %) 47 (68.1) 33 (64.7) 14 (77.8)
Sorafenib (n, %) 3 (4.3) 2 (3.9) 1 (5.5)
Pazopanib (n, %) 4 (5.8) 2 (3.9 2 (11.1)
Chemotherapy (n, %) 4 (5.8) 3 (5.9 1 (5.5)
Nivolumab-ipilimumab 11 (15.9) 11 (21.6) 0

(n, %)

IMDC International Metastatic Renal Cell carcinoma Database Consortium, KPS Karnosfsky Performance Score.

*The p-value for comparison between No thrombosis and thrombosis group.

The prognostic impact of tumour thrombus in the presence of
metastatic disease in patients treated with targeted therapy without
surgery remains unknown. With the publication of CARMENA and
SURTIME trials [8, 9], where CN did not demonstrate a survival
benefit in the setting of TKI therapy, surgery is no longer considered
standard of care. In this single center retrospective study done at a
tertiary referral center in Canada, we found that the key prognostic
factors were histology (non-clear cell having inferior outcomes) and
IMDC category but tumour thrombus itself does not have a
prognostic impact in mRCC. Notwithstanding, among patients with
tumour thrombus, CN improved survival.

To our knowledge, this is the largest cohort study to report PFS
and OS outcomes and response rate in patients with tumour
thrombus receiving TKI. Our data suggest that the response in
tumour thrombus to TKI therapy is similar to overall tumour
response observed in randomised phase Il trials in the metastatic
setting and correlates well with response at other sites [26, 27].
Previous studies have looked at using anti-VEGF TKI's in the pre-
surgical setting in non-metastatic RCC to shrink tumour thrombus
and facilitate surgery, with variable results. A previous study by Field
et al. reported on 53 patients (19 received preoperative Sunitinib
and 34 upfront surgery). In each group, nine patients had mRCC
[15]. Overall, partial response in thrombus was seen in 27.8% of
patients, similar to the present study. Although they demonstrated
an improvement in cancer-specific survival (CSS) with sunitinib, this
benefit was restricted to patients with metastatic disease demon-
strating that sunitinib may be an effective treatment option in
patients with mRCC with tumour thrombus. Another study by Cai
et al. did not show significant improvement in survival with

British Journal of Cancer (2023) 128:1888 - 1896

neoadjuvant sunitinib or sorafenib in non-metastatic patients with
only one patient having a reduction in tumour thrombus [16].
Okamura et al. and Bigot et al. reported higher responses in tumour
thrombus (43-44%) in the non-metastatic setting with response in
primary tumour mirroring response in the thrombus but survival
was not reported [17, 18].

We found that the presence of thrombus did not negatively
impact survival in patients who were treated with systemic therapy
alone. A study by Goetzl et al. also did not find any prognostic
relevance of tumour thrombus in patients with metastatic RCC,
however, all patients in this study underwent CN and details about
systemic therapy were not available [23]. Since this study was
published in 2004, it is unlikely that any of these patients would
have received an anti-VEGF TKI or immunotherapy. Since 2004,
none of the published studies have reported on the prognostic
relevance of tumour thrombus in patients with mRCC. The
aforementioned study by Field et al. showed that treatment with
neoadjuvant sunitinib could improve outcomes in patients with
mRCC with tumour thrombus [15]. Although we could not isolate
the impact of anti-VEGF TKI in our cohort as all patients received
systemic therapy, the similar prognosis of patients with and without
tumour thrombus could be attributed to effective systemic therapy
or because tumour thrombus is not prognostic for outcomes.

We observed that patients with non-clear cell histology had
inferior survival. Patients with non-clear cell RCC (particularly with
sarcomatoid and rhabdoid features) have been shown to have
durable response to dual checkpoint blockade but tend to respond
poorly to anti-VEGF TKI [28]. Majority of the patients in our cohort
received an anti-VEGF TKI as their primary systemic therapy and
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Table 3. Baseline characteristics between patients with thrombosis who underwent cytoreductive nephrectomy (CN) and did not undergo CN.
Covariate Full sample No surgery Cytoreductive nephrectomy (n = 46) p-value®
(n = 64) (n=18)
Age 0.087
Median (Q1, Q3) 58.6 (50.0,66.4) 61.4 (55.1,69.6) 57.1 (48.6,63.8)
Gender 0.53
Female (n, %) 15 (23) 3(17) 12 (26)
Male (n, %) 49 (77) 15 (83) 34 (74)
Histology 0.1
Clear cell (n, %) 44 (69) 14 (78) 30 (65)
Non-clear cell (n, %) 19 (30) 3(17) 16 (35)
Unclassified tumour (n, %) 1) 1(6) 0 (0)
No of metastatic sites
>1 (n, %) 48 (75) 15 (83.3) 33 (68.8) 0.52
1 (n, %) 16 (25) 3(16.7) 13 (27.1)
KPS 0.61
<80 (n, %) 24 (37.5) 5 (27.8) 10 (21.7)
>=80 (n, %) 40 (62.5) 13 (72.2) 36 (78.3)
IMDC category 0.55
Favourable (n, %) 3 (5) 0 (0) 3(7)
Intermediate/poor (n, %) 61 (95) 18 (100) 43 (93)
Mayo classification 0.4
0 (n, %) 31 (50) 13 (72.2) 20 (43)
I (n, %) 7(011) 0 (0) 7 (15)
Il (n, %) 9 (15) 2 (12) 7 (15)
Il (n, %) 11 (18) 2 (12) 9 (20)
IV (n, %) 4 (6) 1(6) 3(7)
Systemic therapy
Sunitinib (n, %) 48 14 34
Sorafenib (n, %) 5 1 4
Pazopanib (n, %) 2 2 0
Chemotherapy (n, %) 3 1 2
Nivolumab-ipilimumab (n, %) 5 0 5
Bevacizumab Erlotinib (n, %) 1 0 1

IMDC International Metastatic Renal Cell carcinoma Database Consortium, KPS Karnofsky Performance Score.

@Comparison between surgery and no surgery group.

importance of non-clear cell histology as an independent predictor
of outcome needs validation in larger contemporary cohort of
patients treated with checkpoint inhibitors.

IMDC risk category remains relevant in daily practice and is
widely used in contemporary clinical trials as a risk stratification
tool. Patients classified as poor risk by IMDC had shorter OS in
our study, thus highlighting its importance for risk stratification.
Although newer models have been proposed, they are yet to be
validated [29] and IMDC remains the most widely accepted
standard for clinical risk stratification in mRCC. The slightly
inferior survival outcomes for patients treated with anti-VEGF TKI
in our study compared to the seminal paper by Heng et al. [30]
could be explained by higher proportion of patients with poor
risk disease in our cohort. Taken together, these findings suggest
that classical prognostic factors like IMDC risk and histology are
more relevant than tumour thrombus in determining outcomes
in these patients and should be considered when planning
management.

We also investigated the role of CN in patients with tumour
thrombus and found that it significantly improved OS. Although
better performance status was associated with improved

British Journal of Cancer (2023) 128:1888 - 1896

outcomes, impact of CN was seen independent of KPS and
baseline characteristics were balanced between the two groups
with no statistically significant differences. Therefore, an actual
benefit of CN in this high-risk group is possible but needs
confirmation in a larger cohort of patients. Historically, CN was
the historical standard of care for patients with mRCC treated in
the interferon era based on a survival benefit in randomised
trials [6, 7], however, the publication of CARMENA and SURTIME
trials [8, 9] challenged this paradigm. Despite these trials, real
world data continue to show benefit from CN in patients treated
with VEGF TKI's and immunotherapy [31-33] and it has remained
a standard of care in patients with venous thrombus. Lenis et al.
queried the National Cancer Database (NCDB) and found that
patients with renal vein or infradiaphragmatic IVC thrombus had
better outcomes with CN compared to patients with supra-
diaphragmatic thrombus where there was no impact [34].
Similar findings were reported by Abel et al. where they found
supradiaphragmatic tumour thrombus correlated with inferior
survival and with early mortality [35]. However, the correlation
between the extent of venous thrombosis and survival has not
been demonstrated in other studies [36, 37]. The absence of



A. Mittal et al.

1894

1.0 + @ No surgery
@@ Underwent surgery

0.8 H
©
2
>
5
2 0.6
o
[}
>
o
k]
2 04
=
©
Qo
[
o

0.2 -

0.0 -

T T T T
0 50 100 150 200
Time from date of diagnose (months)
Number of Number of Median (95% CI)
) p-value
patients events
No surgery 18 15 12.1 (8.8-27.7) 0.01
Underwent surgery 46 36 29.4 (17.4-48.9)

Fig. 3 Overall survival for patients with thrombosis with and without CN.

correlation between extent of thrombosis and survival in our
study could be due to very small number of patients with
supradiaphragmatic thrombus extension (N=3) and needs to
be interpreted cautiously.

Although CN showed an OS benefit in our study, the optimal
timing of CN remains a matter of debate. In a recent study from
the IMDC, Bhindi et al. showed that patients who had deferred CN
after sunitinib had better OS compared to sunitinib alone or
upfront CN [38]. Bruijn et al. also found that deferred CN may be
better compared to upfront CN in patients treated with sunitinib
[39]. Even in patients with tumour thrombus, whether a strategy of
delayed CN would be as effective as upfront CN remains unknown.
None of these studies reported a separate subgroup of patients
with venous thrombus. With consistent benefits seen with CN in
patients with tumour thrombus in various retrospective studies
including the current study, the optimal timing of surgery in this
subset of patients is a pertinent question for future studies. With
72.7% (27.7% PR and 44.4% SD) patients achieving at least disease
stabilisation with systemic therapy, deferred CN may be attractive
and may allow for less extensive surgery after a period of systemic
therapy.

Our study has several limitations. First, none of the patients
with tumour thrombus who were treated with systemic therapy
alone received either immunotherapy (I0) or a combination
of 10 and anti-VEGF TKI. The modern management of mRCC
has moved towards combination 10 (nivolumab-ipilimumab
especially for IMDC intermediate and poor risk disease) [40] or
IO plus anti-VEGF TKI's (pembrolizumab/axitinib, nivolumab/
cabozantanib and pembrolizumab/envatinib) [41-43] based on
large randomised trials. Response rates ranging from 60-70%
have been reported in these studies; however, none of these
studies provide subgroup analyses for patients with tumour
thrombus at baseline. Only a few case reports have described

response in tumour thrombus when immunotherapy was used
in the neoadjuvant setting [10-13] and response rates in tumour
thrombus from combination 10 or 10/anti-VEGF TKI as compared
to anti-VEGF TKI alone are unknown, and should be studied
in larger observational studies and/or randomised trials. Second,
this is a single center retrospective cohort study from a large
referral center, which could result in selection bias. Third,
the small numbers of patients in many of the subgroups
used for comparison has limited the power of the study to
detect significant differences for many variables of interest.
Additionally, the exclusion of 1/3rd (6/18) of the patients in
the thrombus group receiving anti-VEGF TKI from evaluation of
thrombus responses due to various reasons is also a potential
confounder.

To conclude, in this large series of patients with mRCC with
tumour thrombus treated with only systemic therapy, around one
quarter of patients had evidence of response in thrombus. Similar
survival between patients with and without tumour thrombus
when treated with an anti-VEGF TKI suggests that such therapy is
effective regardless of the presence of thrombus. Improvement in
outcomes with CN suggests that nephrectomy should be carefully
considered, and patients should be properly selected regardless of
level of tumour thrombus. Larger studies with 10-10 and 10-VEGF-
based combinations are required to understand the prognostic
role of tumour thrombus in these patients and whether CN will
play as important a role in patients who receive these more
effective treatments.

DATA AVAILABILITY
Spreadsheet containing deidentified data can be made available upon reasonable
request from the corresponding author.

British Journal of Cancer (2023) 128:1888 — 1896



REFERENCES

1.

20.

21.

22.

Miyake H, Terakawa T, Furukawa J, Muramaki M, Fujisawa M. Prognostic sig-
nificance of tumor extension into venous system in patients undergoing surgical
treatment for renal cell carcinoma with venous tumor thrombus. Eur J Surg Oncol
(EJSO). 2012;38:630-6.

. Wagner B, Patard JJ, Méjean A, Bensalah K, Verhoest G, Zigeuner R, et al. Prog-

nostic value of renal vein and inferior vena cava involvement in renal cell car-
cinoma. Eur Urol. 2009;55:452-9.

. Karnes RJ, Blute ML. Surgery insight: management of renal cell carcinoma with

associated inferior vena cava thrombus. Nat Clin Pr Urol. 2008;5:329-39.

. Shao N, Wang H, Zhu Y, Ye D. Modification of American Joint Committee on

cancer prognostic groups for renal cell carcinoma. Cancer Med. 2018;7:5431-8.

. Tang Q, Song Y, Li X, Meng M, Zhang Q, Wang J, et al. Prognostic outcomes and risk

factors for patients with renal cell carcinoma and venous tumor thrombus after
radical nephrectomy and thrombectomy: the prognostic significance of venous
tumor thrombus level. BioMed Research International. 2015;2015:e163423.

. Mickisch GH, Garin A, van Poppel H, de Prijck L, Sylvester R. European

Organisation for Research and Treatment of Cancer (EORTC) Genitourinary Group.
Radical nephrectomy plus interferon-alfa-based immunotherapy compared
with interferon alfa alone in metastatic renal-cell carcinoma: a randomised trial.
Lancet. 2001;358:966-70.

. Flanigan RC, Mickisch G, Sylvester R, Tangen C, Van Poppel H, Crawford ED.

Cytoreductive nephrectomy in patients with metastatic renal cancer: a combined
analysis. J Urol. 2004;171:1071-6.

. Méjean A, Ravaud A, Thezenas S, Colas S, Beauval JB, Bensalah K, et al. Sunitinib

alone or after nephrectomy in metastatic renal-cell carcinoma. N Engl J Med.
2018;379:417-27.

. Bex A, Mulders P, Jewett M, Wagstaff J, van Thienen JV, Blank CU, et al. Com-

parison of immediate vs. deferred cytoreductive nephrectomy in patients with
synchronous metastatic renal cell carcinoma receiving sunitinib: The SURTIME
Randomized Clinical Trial. JAMA Oncol. 2019;5:164-70.

. Bender L, Gantzer J, Caudrelier J, Somme F, Kurtz JE, Barthélémy P. Efficiency of

nivolumab considering size of tumor thrombus in a case of metastatic clear cell renal
cell carcinoma with an extensive right atrial tumor thrombus: a case report. Medical
case reports [Internet]. 2019 Apr 22 [cited 2021 Sep 16];5(2). Available from: https://
medical-case-reports.imedpub.com/abstract/efficiency-of-nivolumab-considering-
size-of-tumor-thrombus-in-a-case-of-metastatic-clear-cell-renal-cell-carcinoma-with-
an-extensive-right-atrial-tumor-thrombus-a-case-report-24547 .html.

. Shinagawa T, Ito H, Sakai Y, Mikami S, Oe H, Taga M, et al. Remarkable effect of

presurgical nivolumab on originally inoperable papillary renal cell carcinoma with
tumor thrombus in inferior vena cava. Int Cancer Conf J 2019;8:170-4.

. Okada T, Hamamoto S, Etani T, Naiki T, Sue Y, Banno R, et al. Complete response

of renal cell carcinoma with an inferior vena cava tumor thrombus and lung
metastases after treatment with nivolumab plus ipilimumab. Int Cancer Conf J
2020;9:88-91.

. Labbate C, Hatogai K, Werntz R, Stadler WM, Steinberg GD, Eggener S, et al.

Complete response of renal cell carcinoma vena cava tumor thrombus to
neoadjuvant immunotherapy. J Immunother Cancer. 2019;7:66.

. Bhat A, Nahar B, Venkatramani V, Banerjee |, Kryvenko ON, Parekh DJ. Metastatic renal

cell carcinoma with level IV thrombus: contemporary management with complete
response to neoadjuvant targeted therapy. Case Rep Urol. 2019;2019:¢7102504.

. Field CA, Cotta BH, Jimenez J, Lane BR, Yim K, Lee HJ, et al. Neoadjuvant sunitinib

decreases inferior vena caval thrombus size and is associated with improved
oncologic outcomes: a multicenter comparative analysis. Clin Genitourin Cancer.
2019;17:505-12.

. Cai W, Huang J, Yuan Y, Hu X, Li M, Kong W, et al. Sunitinib or sorafenib as

neoadjuvant therapy may not improve the survival outcomes of renal cell car-
cinoma with tumor thrombus. Urol Int. 2018;101:391-9.

. Okamura Y, Terakawa T, Sakamoto M, Bando Y, Suzuki K, Hara T, et al. Presurgical

pazopanib improves surgical outcomes for renal cell carcinoma with high-level
IVC tumor thrombosis. In Vivo. 2019;33:2013-9.

. Bigot P, Fardoun T, Bernhard JC, Xylinas E, Berger J, Rouprét M, et al. Neoadjuvant

targeted molecular therapies in patients undergoing nephrectomy and inferior
vena cava thrombectomy: is it useful? World J Urol. 2014;32:109-14.

. Kearney GP, Waters WB, Klein LA, Richie JP, Gittes RF. Results of inferior vena cava

resection for renal cell carcinoma. J Urol. 1981;125:769-73.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. New
response evaluation criteria in solid tumours: revised RECIST guideline (version
1.1). Eur J Cancer. 2009;45:228-47.

Quencer KB, Friedman T, Sheth R, Oklu R. Tumor thrombus: incidence, imaging,
prognosis and treatment. Cardiovasc Diagn Ther. 2017;7:5165-77.

Gonzélez J, Gaynor JJ, Alameddine M, Esteban M, Ciancio G. Indications, com-
plications, and outcomes following surgical management of locally advanced
and metastatic renal cell carcinoma. Expert Rev Anticancer Ther. 2018;18:237-50.

British Journal of Cancer (2023) 128:1888 - 1896

. Mittal et al.

23.

24,

25.

26.

27.

28.

29.

30.

31

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Goetzl MA, Goluboff ET, Murphy AM, Katz AE, Mansukhani M, Sawczuk IS, et al. A
contemporary evaluation of cytoreductive nephrectomy with tumor thrombus:
Morbidity and long-term survival. Urol Oncol: Semin Orig Investig. 2004;22:182-7.
Ciancio G, Manoharan M, Katkoori D, De Los Santos R, Soloway MS. Long-term
survival in patients undergoing radical nephrectomy and inferior vena cava
thrombectomy: single-center experience. Eur Urol. 2010;57:667-72.

Laguna MP, Algaba F, Cadeddu J, Clayman R, Gill I, Gueglio G, et al. Current
patterns of presentation and treatment of renal masses: a clinical research office
of the endourological society prospective study. J Endourol. 2014;28:861-70.
Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Rixe O, et al.
Sunitinib versus interferon alfa in metastatic renal-cell carcinoma. N Engl J Med.
2007;356:115-24.

Motzer RJ, Hutson TE, Cella D, Reeves J, Hawkins R, Guo J, et al. Pazopanib versus
sunitinib in metastatic renal-cell carcinoma. N Engl J Med. 2013;369:722-31.
Tannir NM, Signoretti S, Choueiri TK, McDermott DF, Motzer RJ, Flaifel A, et al.
Efficacy and safety of nivolumab plus ipilimumab versus sunitinib in first-line
treatment of patients with advanced sarcomatoid renal cell carcinoma. Clin Cancer
Res. 2021;27:78-86.

Sagie S, Sarfaty M, Levartovsky M, Gantz Sorotsky H, Berger R, Percik R, et al. RCC
real-world data: prognostic factors and risk stratification in the immunotherapy
era. Cancers. 2022;14:3127.

Heng DYC, Xie W, Regan MM, Warren MA, Golshayan AR, Sahi C, et al. Prognostic
factors for overall survival in patients with metastatic renal cell carcinoma treated
with vascular endothelial growth factor-targeted agents: results from a large,
multicenter study. J Clin Oncol. 2009;27:5794-9.

Li C, Wang R, Ma W, Liu S, Yao X. Do metastatic kidney cancer patients benefit
from cytoreductive nephrectomy? A real-world retrospective study from the SEER
database. Front Surg [Internet]. 2021. https://www.frontiersin.org/article/10.3389/
fsurg.2021.716455 [cited 2022 Apr 24];8.

Tsao CK, Small AC, Kates M, Moshier EL, Wisnivesky JP, Gartrell BA, et al. Cytor-
eductive nephrectomy for metastatic renal cell carcinoma in the era of targeted
therapy in the United States: a SEER analysis. World J Urol. 2013;31:1535-9.
Bakouny Z, El Zarif T, Dudani S, Connor Wells J, Gan CL, Donskov F, et al. Upfront
cytoreductive nephrectomy for metastatic renal cell carcinoma treated with
immune checkpoint inhibitors or targeted therapy: an observational study from
the International Metastatic Renal Cell Carcinoma Database Consortium. Eur Urol.
2022;50302-2838:02713-0.

Lenis AT, Burton CS, Golla V, Pooli A, Faiena |, Johnson DC, et al. Cytoreductive
nephrectomy in patients with metastatic renal cell carcinoma and venous
thrombus-trends and effect on overall survival. Urol Oncol. 2019;37:577.€9-577 e16.
Abel EJ, Spiess PE, Margulis V, Master VA, Mann M, Zargar-Shoshtari K, et al.
Cytoreductive nephrectomy for renal cell carcinoma with venous tumor thrombus.
J Urol. 2017;198:281-8.

Blute ML, Leibovich BC, Lohse CM, Cheville JC, Zincke H. The Mayo Clinic
experience with surgical management, complications and outcome for patients
with renal cell carcinoma and venous tumour thrombus. BJU Int. 2004;94:33-41.
Klatte T, Pantuck AJ, Riggs SB, Kleid MD, Shuch B, Zomorodian N, et al. Prognostic
factors for renal cell carcinoma with tumor thrombus extension. J Urol. 2007;
1781:1189-95.

Bhindi B, Graham J, Wells JC, Bakouny Z, Donskov F, Fraccon A, et al. Deferred
cytoreductive nephrectomy in patients with newly diagnosed metastatic renal
cell carcinoma. Eur Urol. 2020;78:615-23.

de Bruijn R, Wimalasingham A, Szabados B, Stewart GD, Welsh SJ, Kuusk T, et al.
Deferred cytoreductive nephrectomy following presurgical vascular endothelial
growth factor receptor-targeted therapy in patients with primary metastatic clear
cell renal cell carcinoma: a pooled analysis of Prospective Trial Data. Eur Urol
Oncol. 2020;3:168-73.

Motzer RJ, Tannir NM, McDermott DF, Arén Frontera O, Melichar B, Choueiri TK,
et al. Nivolumab plus ipilimumab versus sunitinib in advanced renal-cell carci-
noma. N Engl J Med. 2018;378:1277-90.

Rini B, Plimack ER, Stus V, Gafanov R, Hawkins R, Nosov D, et al. Pembrolizumab
plus axitinib versus sunitinib for advanced renal-cell carcinoma. N Engl J Med.
2019;380:1116-27.

Motzer R, Alekseev B, Rha SY, Porta C, Eto M, Powles T, et al. Lenvatinib plus
pembrolizumab or everolimus for advanced renal cell carcinoma. N Engl J Med.
2021;384:1289-300.

Choueiri TK, Powles T, Burotto M, Escudier B, Bourlon MT, Zurawski B, et al.
Nivolumab plus cabozantinib versus sunitinib for advanced renal-cell carcinoma.
N Engl J Med. 2021;384:829-41.

AUTHOR CONTRIBUTIONS
Conceived and designed the study: AM, AH and RH. Collected data: AM, EA, BM, BW,

PS.

Contributed data or analysis tools: SS, NF, PC, RH, AH, MM. Performed analysis:

1895


https://medical-case-reports.imedpub.com/abstract/efficiency-of-nivolumab-considering-size-of-tumor-thrombus-in-a-case-of-metastatic-clear-cell-renal-cell-carcinoma-with-an-extensive-right-atrial-tumor-thrombus-a-case-report-24547.html
https://medical-case-reports.imedpub.com/abstract/efficiency-of-nivolumab-considering-size-of-tumor-thrombus-in-a-case-of-metastatic-clear-cell-renal-cell-carcinoma-with-an-extensive-right-atrial-tumor-thrombus-a-case-report-24547.html
https://medical-case-reports.imedpub.com/abstract/efficiency-of-nivolumab-considering-size-of-tumor-thrombus-in-a-case-of-metastatic-clear-cell-renal-cell-carcinoma-with-an-extensive-right-atrial-tumor-thrombus-a-case-report-24547.html
https://medical-case-reports.imedpub.com/abstract/efficiency-of-nivolumab-considering-size-of-tumor-thrombus-in-a-case-of-metastatic-clear-cell-renal-cell-carcinoma-with-an-extensive-right-atrial-tumor-thrombus-a-case-report-24547.html
https://www.frontiersin.org/article/10.3389/fsurg.2021.716455
https://www.frontiersin.org/article/10.3389/fsurg.2021.716455

A. Mittal et al.

1896

AM, XL, Wrote first draft of paper: AM, EA, Contributed to final draft of the paper: all
authors. Approved final draft of paper: all authors.

FUNDING

Open Access funding enabled and organized by CAUL and its Member Institutions.

COMPETING INTERESTS

There are no conflicts of interest pertaining to the contents of this manuscript.
Other relationships are detailed: Dr. SS plays an advisory role for Astellas Pharma,
Astrazeneca, Bayer, Bristol Mayers Squibb, Immunomedics, Janssen, Merck, Pfizer,
Roche, Sanofi and Seattle Genetics. Dr. PC received honoraria from Abbvie,
AstraZeneca and Boston Scientific, research funding from Abbvie and does
consulting for Tersera and Verity Pharmaceuticals. Dr. RJH received honoraria from
Abbvie, Astellas Pharma, Bayer and Janssen, research funding from Bayer and
Janssen and travel/accommodation/expenses from Janssen. Dr. ARH does
consulting for AstraZeneca, BMS, Eisai, GSK, Merck and Novartis. He has received
research funding from Astellas Pharma, Astrazeneca, BionTech, Boehringer
Ingelheim, BMS, GSK, Janssen, Karyopharm therapeutics, Merck, Neoleukin
therapeutics, Pfizer/EMD Serono and Roche. Other authors have no relationships
to disclose.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
UHN research ethics board approved the study (CAPCR ID- 17-6284).

CONSENT FOR PUBLICATION
Not applicable.

ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to Aaron R. Hansen.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

British Journal of Cancer (2023) 128:1888 — 1896


http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The role of cytoreductive nephrectomy and systemic therapy in�the management of tumour thrombus in patients with metastatic renal cell carcinoma
	Introduction
	Methods
	Data extraction
	End points and comparisons
	Statistical analysis


	Results
	Demographics and definition of study groups
	Response and outcomes of patients with tumour thrombus treated with systemic therapy
	Evaluation of prognostic impact of tumour thrombus in mRCC patients treated with systemic therapy alone
	Evaluation of impact of CN on outcomes of patients with tumour thrombus


	Discussion
	References
	Author contributions
	Funding
	Competing interests
	Ethics approval and consent to participate
	Consent for publication
	ADDITIONAL INFORMATION




