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Objective: Long-lasting control is rarely achieved with tyrosine kinase
inhibitors (TKI) alone in metastatic renal cell carcinoma (mRCC). Our
study aimed to investigate the survival outcomes of adding stereotactic
body radiotherapy (SBRT) to TKI in mRCC.

Materials and Methods: From September 2015 to September 2018, 56
patients treated with TKI received SBRT for 103 unresectable lesions.
A total of 24 and 32 patients were irradiated before and after TKI
failure, respectively. Overall survival (OS) was calculated from meta-
stases. Progression-free survival (PFS) was calculated from SBRT.

Results: Overall, 10, 32, and 12 patients had International Metastatic
Renal Cell Carcinoma Database Consortium favorable, intermediate,
and poor risk. Median follow-up was 21.7 months (range, 5.1 to
110.6 mo). Median OS was 61.2 months. The median PFS was
11.5 months, while the 2-year LC rate was 94%. Sixteen (34%) lesions
achieved complete response (CR) in patients irradiated before TKI
failure, whereas only 4 (7%) lesions yielded CR in those irradiated after
TKI failure (P= 0.001). The median PFS in CR group was significantly
longer than that of non-CR group (18.9 vs. 7.1 mo; P= 0.003). The
5-year OS in CR group was 86%, compared with 48% in non-CR group
(P= 0.010). Four (7%) patients experienced Grade 3 toxicity.

Conclusions: Adding SBRT to TKI is safe and seems to improve survival
in mRCC. Patients irradiated before TKI failure have higher CR rate, and
the favorable local response might turn into survival benefit.
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A lthough targeted therapy has substantially improved the
prognosis of patients with metastatic renal cell carcinoma

(mRCC), survival rates seem to plateau, despite the develop-
ment of targeted agents. The objective response rate (ORR)
after targeted monotherapy ranges from 10% to 30%, with
complete and durable responses being rarely observed.1–3 The
combined use of immunotherapy and targeted therapy has
improved survival time and doubled the ORR; however, com-
plete response (CR) remains rare, accounting for about 3%
cases.4

Definitive local therapy directed against metastatic sites
represents an important component of multidisciplinary treatment.
Local therapy is not only an indispensable symptom palliation
approach, but also an effective way to eradicate metastatic tumor
deposits. Complete metastasectomy combined with targeted ther-
apy could prolong overall survival (OS); however, perioperative
targeted therapy is associated with an increasing incidence of
wound-related complications.5 In addition, metastasectomy is only
feasible in carefully selected patients, and those with unfavorable
tumor size, site, local extent, comorbidity, or functional status lose
their potential chance to benefit. By contrast, radiotherapy is a less
selective form of local therapy.

Radiotherapy was reserved for symptom relief because of
the dogma that renal cell carcinoma is radioresistant. Stereo-
tactic body radiotherapy (SBRT) could overcome radio-
resistance by intensified dose delivery, emphasizing long-term
local control (LC) rather than short-term palliation. Previous
studies suggested that SBRT could yield a noninferior LC
compared with surgical resection (1-year LC, 80% to 90%), and
is preferred when patients present with risk factors.6–9 SBRT
coupled with targeted therapy might provide additional benefit
given their synergetic action. A previous study demonstrated
that concurrent targeted therapy and SBRT is safe and offers
superior LC compared with SBRT or targeted therapy alone.10

Previous studies have primarily focused on LC after
SBRT; therefore, there is a lack of data regarding the survival
benefits and the timing of SBRT when combined with targeted
therapy. Therefore, we conducted this study to investigate the
survival outcomes and the potential efficacy of the combination
strategy.

METHODS AND MATERIALS

Patient Eligibility
The medical records of 350 consecutive patients with

mRCC treated with tyrosine kinase inhibitor (TKI) between
2013 and 2018 were reviewed retrospectively. Eligible patients
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were adults (≥ 18 y of age) who underwent SBRT for at least 1
unresectable metastatic lesion at the discretion of the genito-
urinary multidisciplinary team. SBRT was indicated in patients
with oligometastases or oligoprogression, or in patients with
multiple metastases who required local therapy for symptom
relief or tumor burden reduction. Those with spinal instability
or rapidly progressive neurological deficit who received SBRT
after surgical intervention were also included. Patients were
excluded if they were followed up for <2 months, received TKI
after SBRT for systemic disease progression or were treated
with conventionally fractionated radiotherapy. Finally, 56
patients were included in the analysis.

TKI Administration
All patients were treated systemically with TKI for

mRCC. Sunitinib, sorafenib, and axitinib were the most fre-
quently chosen TKI. Suntinib was administered orally in a
6-week cycle at 50 mg daily for 4 weeks. Sorafenib was given
orally at a dose of 400 mg twice daily, and axitinib was given at
5 mg twice daily. The TKI dose was not withheld or reduced
during SBRT.

SBRT Procedure
SBRT was indicated for curative intent, major tumor

burden, or symptom relief. For patients treated with curative
intent, all metastatic sites at the time of SBRT were irradiated.
Tumor burden was defined as the sum of the longest unidi-
mensional diameter of target lesions according to Response
Evaluation and Criteria in Solid Tumors (RECIST) version 1.1.
Major tumor burden was defined as the largest lesion
accounting for at least 50% of the tumor burden in each patient.
Symptom relief was performed in frail patients with dis-
seminated metastases to relieve pain, spinal cord compression,
or bleeding. A total of 103 unresectable lesions were irradiated.

SBRT was performed using Volumetric Intensity Modu-
lated Arc Therapy planning. All patients underwent 3 mm slice
thickness contrast-enhanced computed tomography (CT) and/or
magnetic resonance imaging simulation scanning with site-
specific immobilization. Four-dimensional CT simulation scans
were performed in lung metastatic lesions, allowing for visu-
alization of tumor motion. Biologically effective dose (BED)
was calculated using linear-quadratic model with α/β= 5.9

The most common fractionation scheme was 35 to 45 Gy
delivered in 5 fractions, which was prescribed in 84% patients
(Supplementary Table 1, Supplemental Digital Content 1, http://
links.lww.com/AJCO/A296). Normal tissue dose constraints were
in accordance with the United Kingdom consensus since 2018.
Before that, BED was calculated for dose constraints. Prescription
dose was required to cover > 95% of the target; however, normal
tissue protection had priority over target coverage. Cone beam CT
was mandatory for daily image-guided radiation therapy during
SBRT.

Outcomes and Statistical Analysis
Clinical examination and follow-up scans were recom-

mended every 3 months for the first 2 years; however, early
scans might be ordered for patients’ complaints. OS was
defined as the time from the diagnosis of metastatic disease
until last follow-up or death from any cause. Progression-free
survival (PFS) was measured from the initiation of SBRT until
disease progression or death. LC and distant PFS were defined
as freedom from in-field and out-field progression after SBRT,
respectively. Irradiated sites were independently assessed for
treatment response. Bone metastases were evaluated using The
University of Texas MD Anderson Cancer Center (MDA)

criteria,11 and the rest were evaluated using Response Evalua-
tion and Criteria in Solid Tumors version 1.1. Toxicities were
graded according to Common Terminology Criteria for
Adverse Events rating scale (CTCAE 4.0). Categorical data
were compared using a χ2 test. Survival rates were estimated
using the Kaplan-Meier method and compared using the log-
rank test. A hazard ratio with a 95% confidence interval for
univariate and multivariate analyses was calculated using the
Cox proportional hazard model. A P-value <0.05 was consid-
ered significant. SPSS version 23 (IBM Corp., Armonk, NY)
was used for the statistical analyses.

RESULTS

Patient Characteristics
The clinical features of the patients are summarized in

Table 1. Among the 56 patients, 26 (46%) had synchronous
metastases. Ten (18%), 32 (57%), and 12 (21%) patients were
categorized as International Metastatic Renal Cell Carcinoma
Database Consortium (IMDC) favorable, intermediate, and
poor risk, respectively at the diagnosis of mRCC. Patients had
predominantly clear-cell type disease, with > 5 metastatic
lesions before SBRT. Bone was the most common metastatic
site, followed by the lungs and lymph nodes. Only 4 patients
presented with brain metastases.

Treatment Characteristics
The treatment characteristics of the patients were sum-

marized in Table 2. First-line targeted therapy comprised
sunitinib, axitinib, or sorafenib in 91% of the patients. Thirty-
eight (68%) patients switched to second-line therapy after
systemic disease progression. Two patients changed to second-
line TKI because of drug intolerance, and 2 patients dis-
continued systemic treatment because of intolerable toxicity
caused by the first-line TKI. All of these patients were treated
with first-line sunitinib. Nephrectomy was performed in 84% of

TABLE 1. Patient Characteristics (N=56)

Patients, n (%)

Age (y)
Median (range) 55 (22-86)

Sex
Male 44 (78.6)
Female 12 (21.4)

Synchronous metastases 26 (46.4)
IMDC score
Favorable 10 (17.9)
Intermediate 32 (57.1)
Poor 12 (21.4)
Unknown 2 (3.6)

Nonclear cell pathology 22 (39.3)
Sarcomatoid features 10 (17.2)
Metastatic sites before SBRT

≤ 5 sites 26 (46.4)
> 5 sites 30 (53.6)

Metastaic location before SBRT
Bone 46 (82.1)
Lung 31 (55.4)
Lymph node 23 (41.4)
Brain 4 (7.1)

ECOG 0-1 before SBRT 27 (48.2)

ECOG indicates Eastern Cooperative Group; IMDC, International Metastatic
Renal Cell Carcinoma Database Consortium; SBRT, stereotactic body
radiotherapy.
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the patients, and ~38% of the patients underwent incomplete
metastasectomy. The sequence of systemic and local therapy
for each patient was presented in Figure 1.

The median number of irradiated metastases was 1 (range,
1 to 6), and the median BED was 104 Gy (range, 50 to 165 Gy)
(Supplementary Table 1, Supplemental Digital Content 1,
http://links.lww.com/AJCO/A296). The majority of irradiated
lesions were located in bones, accounting for 71% of cases. The
median time between the initiation of first-line TKI and SBRT
was 5.3 months (range, 0 to 58.9 mo). Twenty-four (43%)
patients received SBRT before TKI failure, whereas 32 (57%)
patients received SBRT after TKI failure.

Response and Disease Control
CR, partial response, stable disease, and progressive dis-

ease were observed in 20 (19%), 67 (65%), 13 (13%), and 3
(3%) lesions after SBRT, leading to an ORR of 84%. In patients
irradiated before TKI failure, 16 (34%) lesions achieved CR,
whereas only 4 (7%) lesions yielded CR in patients irradiated
after TKI failure (P= 0.001). At last follow-up, 3 lesions
(located on the vertebra, pleura, and adrenal gland, respec-
tively) developed progressive disease. The 1-year and 2-year
LC rates were 98% and 94%, respectively. The median BED
was not different between the CR (104 Gy; range, 50 to
165 Gy) and the non-CR (104 Gy; range, 59 to 134 Gy;
P= 0.099) lesions.

Survival and Prognostic Factors
At a median follow-up of 21.7 months (range, 5.1 to

110.6 mo), 18 patients died. All deaths were tumor-related. The
median OS was 61.2 months, with 2-year and 5-year OS rates
of 71% and 58%, respectively. The median PFS was
11.5 months, mainly for out-field progression. Thirty-two
patients had out-field progression after SBRT, and the median
distant PFS was 5.0 months (Fig. 2). The 2-year OS of patients
treated for curative intent, major tumor burden, and symptom
relief were 93%, 68%, and 58%, respectively (P= 0.032).
Patients who achieved CR at irradiated sites after SBRT had a
more favorable prognosis. The median PFS in CR group was
significantly longer than that of non-CR group (18.9 vs. 7.1 mo;
P= 0.003). The 5-year OS in CR group was 86%, compared
with 48% in non-CR group (P= 0.010; Fig. 2).

In univariate analysis, IMDC high-risk group, sarcomatoid
features, CR after SBRT, ECOG > 1 were significant prog-
nostic factors for OS. No difference in OS was found between

TABLE 2. Therapeutic Characteristics (N=56)

Patients, n (%)

First-line therapy
Sunitinib 25 (44.6)
Axitinib 13 (23.2)
Sorafenib 13 (23.2)
Others 5 (9.0)

Nephrectomy 47 (83.9)
Metastasectomy 21 (37.5)
SBRT indication
Curative 18 (32.1)
Major tumor burden 20 (35.7)
Symptom relief 18 (32.1)

Concurrent targeted therapy
First-line therapy 35 (62.5)
Second-line therapy 21 (37.5)

SBRT indicates stereotactic body radiotherapy.
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FIGURE 1. Swimmer plot of time since metastases (N=56). Individual patients are depicted as lines. Two patients who discontinued TKI
due to toxicity are demonstrated as blue lines. SBRT indicates stereotactic body radiotherapy; TKI, tyrosine kinase inhibitor.
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the concurrent first-line TKI and the concurrent second-line
TKI group (P= 0.249). In multivariate analysis, only CR after
SBRT was associated with OS (hazard ration 0.08; 95% con-
fidence interval, 0.01-0.70; P= 0.023; Table 3).

Toxicity
Treatment-related toxicities are presented in Table 4. Tox-

icity occurred in 30 (54%) patients. There were 5 cases of Grade 3
toxicity in 4 patients, and 60% were Grade 3 anemia. One patient
with neural invasion before radiotherapy suffered from late radi-
ation-related neuropathy. One patient with pretreatment skin
invasion developed skin perforation in addition to Grade 3 anemia,
and received skin flap surgery after radiotherapy. One patient with
a prior history of multiple pulmonary bullae developed broncho-
pleural fistula 7 months after radiotherapy. Among the patients

with Grade 3 toxicity, half were treated concurrently with axitinib,
and the others received concurrent sunitinib.

DISCUSSION
Local treatment has become increasingly popular to treat

patients with oligometastatic mRCC; however, its role in patients
with nonoligometastatic disease remains controversial.12 Our
study focused exclusively on the survival benefit of patients
treated with combined TKI and SBRT in both the oligometastatic
setting and nonoligometastatic setting. SBRT combined with TKI
was safe and there was no need to pause the targeted therapy
several weeks before SBRT. We also observed superior local
treatment response in patients irradiated before TKI failure, and
better local treatment response was associated with improved OS.
Thus, we suggest the adoption of SBRT early in the course of
systemic treatment, preferably before TKI failure.

Acquired resistance will inevitably occur at a median of 6
to 12 months in patients treated with TKI.1–3,13,14 Sequential
targeted therapy has prolonged the median OS of patients with
mRCC to about 30 months; however, cross-resistance after
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FIGURE 2. Survival outcomes of metastatic renal cell carcinoma patients treated with SBRT combined with TKI (N=56). A, Overall
survival. B, Progression-free survival. C, Local progression-free survival. D, Distant progression-free survival of all patients. Overall survival
(E) and progression-free survival of patients who achieved local CR and non-CR after SBRT (F). CR indicates complete response; SBRT,
stereotactic body radiotherapy; TKI, tyrosine kinase inhibitors.

TABLE 3. Prognostic Factors of Overall Survival

Univariate Analysis Multivariate Analysis

Variables HR (95% CI) P HR (95% CI) P

Sarcomatoid
Yes vs. no 3.50 (1.30-9.40) 0.013 1.21 (0.33-4.41) 0.768

ECOG PS
> 1 vs. 0-1 3.37 (1.20-9.51) 0.022 2.90 (0.82-10.3) 0.099

IMDC risk
High vs. low/

favorable
4.74 (1.70-13.2) 0.003 2.65 (0.67-10.5) 0.165

CR after SBRT
Yes vs. no 0.11 (0.01-0.83) 0.032 0.08 (0.01-0.70) 0.023

CR after SBRT indicates complete response after stereotactic radiotherapy for
irradiated sites; ECOG PS, Eastern Cooperative Group performance status;
IMDC, International Metastatic Renal Cell Carcinoma Database Consortium.

TABLE 4. Treatment-related Toxicity

Grade 1 Grade 2 Grade 3

Skin 3 — 1
Alopecia 1 — —

Skin induration 1 — —

Gastrointestinal 14 4 —

Neuropathy 2 3 1
Pneumonitis 3 — —

Neutropenia 11 7 —

Anemia 3 2 3
Thrombocytopenia 3 1 —

Bronchopleural fistula — 2 —
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first-line TKI failure creates a bottleneck to further improve
survival outcomes.15–17 Thus, systemic therapy alone is insuf-
ficient for optimal mRCC management. When assessing the
survival outcomes, the median OS of our patients (61.2 mo)
was unexpectedly high compared with patients treated with
targeted agents alone. Previous studies in patients treated with
TKI combined with complete metastasectomy or SBRT dem-
onstrated similar survival benefit (median OS 51 to
66 mo).9,18,19 Although the result is only exploratory, we
believe that the clear survival improvement was realized by the
incorporation of local treatment. Complete metastasectomy, a
well-recognized local therapy, could reduce the risk of mortality
by 51%, even in the era of targeted therapy.19 However, up to
25% of patients receiving metastasectomy suffered from major
postoperative complications, and perioperative discontinuation
of targeted agents would lead to a rapid increase in
angiogenesis.20,21 SBRT has been shown to be noninferior to
metastasectomy, especially in patients with risk factors.9 In
addition, there was no need no pause TKI during SBRT,
ensuring uninterrupted benefit from the combined therapy.
Therefore, with improved systemic control and advanced
treatment techniques, SBRT might be considered in patients
with less favorable risk profiles.

Our study considered sites with major tumor burden as
target for SBRT, based on the evidence that tumor burden is a
significant prognostic factor.22–24 Heterogenous responses of
different metastatic sites within individual patients are fre-
quently observed during TKI treatment, among which larger
lesions exhibit inferior response rates.25 Furthermore, the
development of local resistance is the initial step for systemic
progression in most cases, and bulky lesions have a higher
proportion of clonal and subclonal alterations that might
drive TKI resistance.26,27 Theoretically, irradiation to the
major tumor burden could reduce the chance of developing
resistant clones or subclones and could maintain TKI sensi-
tivity. A previous study suggested that a 1 cm increase in the
tumor burden elevates the risk of progression by 4.5% and
death by 5%.23 A greater percentage of tumor burden removal
is associated with improved PFS.28 Indeed, our study suggests
that those who yielded CR at irradiated sites had more favorable
survival outcomes. Thus, cytoreductive radiotherapy for non-
oligometastatic patients is promising, and the site and extent of
tumor burden removal is worthy of further investigation.

For patients treated with the combined therapy, SBRT
delivered before TKI failure resulted in superior PFS, OS, and CR
rates. Multivariate analyses revealed that SBRT timing was an
independent prognostic factor for survival outcome. Consideration
of the use of SBRT early in the course of treatment is
encouraged29; however, the use SBRT before TKI requires further
discussion. mRCC has a variable spectrum of biological behavior,
and patients with certain driver events show rapid systemic pro-
gression and extremely short survival.27 On the one hand, TKI
could sift out resistant lesions that may benefit from local inter-
vention in patients with multiple metastases. On the other hand,
initial TKI could identify patients with rapid progression, who
require intensive systemic treatment, rather than local treatment.
As observed in the SURTIME and CARMENA trials, cytor-
eductive nephrectomy (CN) before TKI had a significantly inferior
survival outcome compared with sunitinib followed by CN (32.4
vs. 15mo); however, delaying CN for symptom control could
only achieve a median OS of 18.4 months.13,30 Thus, TKI fol-
lowed by SBRT before systemic progression is likely to be the
ideal temporal combination.

All of the patients in the present study received concurrent
TKI during SBRT, and treatment was well tolerated, despite

common concerns about severe toxicity. Only 5 Grade 3 events
were observed, 4 of which were myelosuppression. Previous
studies suggested that Grade 3 toxicity after SBRT is 0% to 7%
in mRCC, and the few studies focusing on combined modality
therapy in mRCC found 0% to 7% Grade 3 toxicities following
concurrent treatment.6,9,29,31 Meta-analyses showed that the
vast majority of evaluated TKI do not alter the adverse effect
profile of SBRT when administered concurrently; however,
liver SBRT in conjunction with sorafenib should be adminis-
tered with caution.32

Our study is limited by its retrospective nature and the
relatively small sample size. However, in the absence of pro-
spective randomized trials, our study contributes useful infor-
mation regarding combined modality therapy for mRCC. In
addition, patients with oligometastatic mRCC comprised a
relatively small proportion of the series, which might represent
a more real-world clinical situation. Thirdly, our patients were
treated at a large academic center that has more access to
investigational drugs. Thus, results might be difficult to repli-
cate in small centers.

CONCLUSIONS
The present study evaluated survival outcomes and tox-

icity profiles after combining SBRT with TKI. Our findings
suggest that adding SBRT to TKI is safe and seems to improve
survival in patients with mRCC. Patients irradiated before TKI
failure have higher CR rate, and the favorable local treatment
response might turn info survival benefit.
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