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Stereotactic ablative radiotherapy (SABR) is an emerging treatment option for

Accepted June 5, 2019 primary renal cell carcinoma (RCC).
To systematically review the literature on SABR for primary RCC and perform
Associate Editor: Malte Rieken a meta-analysis evaluating local control (LC), toxicity, and renal function.

A PROSPERO-registered (#115573), Preferred Reporting Items for

Systematic Review and Meta-analyses (PRISMA)-based systematic review of the liter-
ature was conducted (1995-2019). Studies of SABR targeting primary RCC tumors were
Stereotactic ablative included, while those targeting only metastases were excluded. The primary outcome
radiotherapy was LC defined as tumor size reduction and/or absence of local progression. Secondary
outcomes included toxicity (Common Terminology Criteria for Adverse Events) and

renal function (change in estimated glomerular filtration rate [eGFR]). Weighted ran-

Stereotactic body radiotherapy

Kidney cancer dom-effect meta-analyses using the DerSimonian and Laird method were conducted for
Renal cell carcinoma primary and secondary outcomes. The I? statistic and Cochran’s Q test were used to
Radiosurgery assess heterogeneity.

From 2386 PubMed entries and 924 meeting abstracts, 26 studies
were identified (11 prospective trials), including 383 tumors in 372 patients, most of
whom were deemed inoperable. Weighted averages (ranges) of median follow-up,
median age, and mean tumor size were 28.0 (5.8-79.2) mo, 70.4 (62-83) yr, and 4.6
(2.3-9.5) cm, respectively. RCC histology was confirmed in 78.9% of patients who
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underwent pretreatment biopsy. Dose fractionation varied, but 26 Gy in one fraction
and 40 Gy in five fractions were most common. The random-effect estimates for LC,
grade 3-4 toxicity, and post-SABR eGFR change were 97.2% (95% confidence interval [CI]:
93.9-99.5%, I* = 20%), 1.5% (95% CI: 0-4.3%, I* = 0%), and -7.7 ml/min (95% CI: -12.5 to
-2.8, I>=2%), respectively, and heterogeneity was minimal. Six patients with pre-

existing renal dysfunction (2.9%) required dialysis.
Renal SABR is locally effective and associated with low toxicity rates for
primary RCC, despite treatment of larger tumors in older, mostly medically inoperable

patients.

Stereotactic ablative radiotherapy is a high-precision, noninvasive
radiation treatment requiring few outpatient visits, and represents a safe and effective
management option for primary renal cell carcinoma.
© 2019 European Association of Urology. Published by Elsevier B.V. All rights reserved.

1. Introduction
1.1. Renal cell carcinoma: rising incidence in the elderly

Renal cell carcinoma (RCC) continues to increase in inci-
dence, a trend partly attributed to greater utilization of
noninvasive imaging incidentally identifying small renal
masses [1]. The greatest increase in incidence is now seen
in patients aged over 70 yr; in the UK from 2013 to 2155, 36%
of new cases occurred in people aged >75 yr [1]. Increased
age is also associated with a greater burden of renal
function-relevant comorbidities (eg, hypertension, diabe-
tes, and chronic kidney disease [CKD]) and cardiovascular
disease that may preclude major surgery and associated
anesthesia.

Although the recommended standard of care for local-
ized RCC is surgical extirpation via partial or radical
nephrectomy (PN or RN), elderly and frail patients with
medical comorbidities may be unsuitable for surgery. None-
theless, the highest cancer-specific RCC mortality rates are
seen in older patients [1]. Moreover, elderly patients with
stage I disease are at a higher risk of cancer-specific mor-
tality (up to 3.8-fold), suggesting that even early-stage RCC
can behave aggressively in the elderly [2]. Therefore, such
patients are in need of definitive management options,
possibly after an initial period of active surveillance (AS).

1.2. Nonsurgical management alternatives

1.2.1.  Active Surveillance with delayed intervention

AS is commonly utilized in elderly, frail patients with
decreased performance status, higher burden of comorbid-
ities, and small tumors. This strategy is considered safe for
small renal masses (<4 cm), as there is a low risk (1-2%) of
developing metastatic disease and little benefit to surgery
in patients aged >75 yr due to high competing-cause mor-
tality [3]. However, after a period of monitoring, up to 42% of
patients on AS may require delayed intervention, often
triggered by tumor growth [4]. In this setting, a larger tumor
size portends a poorer prognosis: a recent retrospective
analysis of 2650 patients demonstrated that a larger tumor
size increased the likelihood of aggressive histology, which
was associated with a 15% decrease in cancer-specific sur-
vival [5]. A recent review of 69 publications of AS by Ristau
et al [6] suggests that delayed intervention after a period of

AS should thus be considered for size >3-4 cm, rapid
growth (>0.5 cm/yr), or a malignant biopsy result.

1.2.2. Thermal ablation

Definitive management—either upfront or after a period of
AS—is more likely to involve cryoablation (CA) or radio-
frequency ablation (RFA) in elderly or medically comorbid
patients. These techniques have important limitations, spe-
cifically with respect to tumor size and location. For larger
(T1b) tumors, local control (LC) rates for both TA modalities
are lower [7,8]. Furthermore, major complications such as
hemorrhage (more common with CA) are more likely for
tumors with a central/perihilar location or larger tumors
[9]. Thus, while thermal ablation (TA) is an accepted option
in this setting, some patients may still have suboptimal
outcomes with this approach.

1.3. Stereotactic ablative radiotherapy: an emerging
noninvasive option

A higher dose per fraction (ie, an “ablative” dose) can yield
dramatic cytotoxic effects in RCC, which has traditionally
been viewed as a radioresistant tumor. Ablative doses over-
come the perceived radioresistance of RCC partly by invok-
ing nontraditional mechanisms of tumor cytotoxicity,
namely activation of antitumor host immunity and induc-
tion of tumor endothelial cell apoptosis [10]. These mecha-
nisms are particularly relevant in RCC with its rich vascu-
larity and high insertion/deletion mutational burden,
rendering RCC particularly conducive to techniques that
result in microvascular disruption and engagement of host
antitumor immunity [10]. Correspondingly, in preclinical
mouse studies using RCC cell lines, ablative doses yield
dramatic tumor regression [11]. Despite these encouraging
data, however, delivery of such high doses was initially
precluded by adjacent normal tissues sensitive to radiation
injury.

Stereotactic ablative radiotherapy (SABR), synonymous
with stereotactic body radiotherapy, delivers extremely
high doses of conformal radiation in a single fraction or a
few fractions with a rapid dose fall-off. Technological
advancements over the last 20 yr in radiation treatment
planning, image guidance, and tumor motion tracking now
allow “sculpting” of radiation doses around a target, sparing
the normal organs at risk (Fig. 1). From the patient’s
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perspective, this is a noninvasive, outpatient procedure
requiring a few short visits. These technological advance-
ments were subsequently applied to primary RCC: a sys-
tematic review by Siva et al (2012) [12] of these early clinical
studies revealed that SABR achieves excellent clinical effi-
cacy with minimal toxicity. Since then, nine prospective
trials have been published. Therefore, a meta-analysis of the
current literature on SABR for primary RCC is warranted to
obtain contemporary estimates of efficacy, toxicity, and
renal function impact.

2. Evidence acquisition
2.1. Search strategy

We conducted a Preferred Reporting Items for Systematic
Review and Meta-analyses (PRISMA)-based, PROSPERO-
registered (#115573) search of PubMed/MEDLINE data-
bases. A broad search strategy was employed using both
medical subject heading (MeSH) and “text word”
approaches to capture recent entries not yet MeSH indexed.
We included studies in the metastatic RCC (mRCC) setting,
wherein SABR targeted the primary tumor. Secondary man-
ual searches of meeting abstracts published in prominent
radiation oncology journals were also conducted. Pertinent
references from included articles or excluded reviews were
also retrieved. The complete search strategy is listed in
Supplementary Table 1.

Fig. 1 - Stereotactic ablative radiotherapy for primary renal cell
carcinoma (RCC). A representative radiotherapy plan treating a 6.5 cm
right-sided RCC with 40 Gy in five fractions is shown in (A) axial and (B)
coronal planes.

2.2, Study eligibility

We defined study eligibility using the patient population,
intervention, comparator, outcome, and study design
(PICOS) approach (Supplementary Table 2). Our search
strategy and screening approach were complaint with
PRISMA guidelines and involved two independent
reviewers (R.J.M.C. and A.V.L.). We included published arti-
cles and abstracts that applied >5 Gy per fraction to the
primary renal tumor and preferably obtained histological
confirmation of RCC. Studies treating only extrarenal RCC
metastases, reviews, meta-analyses, and case reports (less
than two patients) were excluded. Dosimetric, motion-
management, or radiotherapy (RT) planning studies were
also excluded.

2.3. Statistical methods

The primary outcome was LC, defined as the proportion of
stable disease or decreased tumor size (partial or complete
response) at the last follow-up, as per the Response Evalu-
ation Criteria in Solid Tumors (RECIST v1.1) criteria. If
actuarial LC was also reported, the smaller of the two
numbers (ie, worse LC) was used. Very little heterogeneity
existed among studies with respect to the definition of LC,
with all studies using radiographic, size-based evaluation
criteria and 92% using a standardized system to define
stable disease, and partial or complete response (eg, RECIST
v1.1). Secondary outcomes included toxicity reported as
Common Terminology Criteria for Adverse Events (CTCAE)
and renal function reported as estimated glomerular filtra-
tion rate (eGFR).

Statistical analyses were performed using R Studio ver-
sion 1.1.383 (R Studio, Boston, MA, USA). The Meta-Analysis
for R (metafor) package version 2.0-0 was used to conduct
the meta-analyses, tests for heterogeneity, and analysis of
publication bias. The DerSimonian and Laird method was
used to characterize the primary and secondary outcomes
using weighted random-effect meta-analyses [13]. Propor-
tions were calculated for LC and grade 3-4 toxicity. A
random-effect model was chosen over a fixed-effect model
as it is often preferred when the goal of the analysis is to
aid in patient care decisions. Summary effect sizes for LC,
grade 3-4 toxicity, and eGFR difference were depicted on
forest diagrams with their associated 95% confidence inter-
val (CI). Heterogeneity was assessed using both the I
statistic and Cochran Q test. Heterogeneity was considered
significant if I > 50% and the p value of the Q test was
<0.10.

3. Evidence synthesis

Our search strategy yielded 2386 PubMed/MEDLINE articles
and 924 meeting abstracts (Fig. 2). From these, 26 publica-
tions (22 plus four identified though screening of cited
references) originating in eight different countries were
included [14-39]. As listed in Table 1, publications (20 arti-
cles and six abstracts) included both retrospective series
(n=15) and prospective trials (n =11).



EUROPEAN UROLOGY FOCUS 5 (2019) 958-969

961

Records identified other sources:

* ASTRO, CARO, ESTRO conference
proceedings (n = 924)
« Reference searches (n = 4)

F'

Records excluded by title and/or

A 4

abstract (n = 3,314)

Publications excluded (n = 108),

reasons:

* Reviews, meta-analyses,
opinion articles
ol * Dosimetry/radiotherapy

planning studies
¢ Pre-clincal, basic science
studies
« Clinical outcomes not reported
« Fractional doses mainly < 5 Gy
* SABR to metastases only

Records identified through
database searching:
c
2 * MeSH-based (n = 1,315)
8 * TW-based (n = 1,437)
=
=
_E 4
Records for screening after
duplicates removed (n = 2,386)
oo
g »] Records screened (n = 3,314)
o
Q
(%3]
A\ 4
Publications assessed for
eligibility (n = 134)
2
%
o
w
A 4
°
S Studies included in qualitative &
b= quantitative synthesis (n = 26)

Fig. 2 - PRIMA flow diagram. MeSH = medical subject heading; PRISMA = Preferred Reporting Items for Systematic Review and Meta-analyses;

SABR = stereotactic ablative radiotherapy; TX = text word.

3.1. Study and patient characteristics

As summarized in Table 2, 26 eligible studies included
383 treated tumors among 372 patients. The majority (-
n =300, 80%) had localized disease (stage I-II), but stage
III-1V patients receiving SABR for a primary tumor were also
included (n = 72, 20%). Many stage I patients had been under
AS but met criteria for delayed intervention. Most studies
included pretreatment biopsy, which is the preferred stan-
dard of care. Abiopsy confirmation rate of 78.9% RCC histology
was seen (in 191 of 242 patients where biopsy rates were
reported). Of note, some patients in the study cohorts were
elderly and medically inoperable, such that biopsy was stated
to be not feasible. This biopsy confirmation rate is within a
similar range to the TA literature: in a large meta-analysis,
494 of 600 (82.3%) lesions managed with CA and 482 of 775
(62.2%) lesions managed with RFA had preablation tissue
confirmation [40]. If unbiopsied, serial enlargement on imag-
ing was used to suggest a diagnosis of RCC. Radiological
diagnosis was sometimes aided by additional imaging

(kidney magnetic resonance imaging [MRI], angiography,
and ultrasound) and reviewed by a second, independent
radiologist [37]. Of note, 10 studies did not report biopsy
confirmation rates; it is unclear whether these patients were
histologically confirmed prior to treatment.

Weighted averages were calculated for key baseline char-
acteristics. Weighted median follow-up was 28.0 (range: 5.8-
79.2) mo. Weighted median age was 70.3 (range: 62-83) yr,
and most patients were deemed inoperable (21/23 studies,
91.3%) or declined surgery. The weighted mean tumor size
was 4.6 cm (range: 2.3-9.5 cm, n = 202) in 15 studies where
size (vs volume) was reported. A variety of dose-fractionation
schedules were used across included studies: 30-40 Gy in
three to five fractions and 26 Gy in one fraction were most
common (Fig. 3).

3.2 Local control
The random-effect estimate for LC was 97.2% (95% CI: 93.9-
99.5%); there was a negligible amount of heterogeneity with



Table 1 - Published reports of stereotactic ablative radiotherapy (SABR) for primary renal cell carcinoma.

1st author (year) Type Study Patients Treated Age Tumor size  Follow-Up  Dose (Gy)/ Toxicity (CTCAE) Renal function Local
type tumors (yr) (cm or cm?) (mo) fractions control
Total Stage Stage Grade 3 Grade 4 Pre-SABR  Post-SABR (%)
I-11 MI-1v eGFR change in
(ml/min) eGFR (ml/min)
Qian (2003) [14] Ab R 20 NR NR 27 62  367cm? 12 40/5 NR NR NR NR 9
Beitler (2004) [15] Ar R 9 7 2 11 NR 4.55 cm 26.7 40/5 1x Gastric 0 NR NR 89
ulcer
Wersall (2005) [16] Ar R 8 5 3 8 NR NR 37 40/5 45%° 0 NR Unchanged 875
Gilson (2006) [17] Ab R 33 NR NR 33 62  356cm? 17 40/5 NR NR NR NR 94
Svedman (2006) [18] Ar p 5 4 1 5 64 NR 52 45/3 0 0 NR NR 80
40/4
32/4
30/2
Teh (2007) [19] Ar R 2 0 2 2 NR 10-200 cm® 9 24-40/3-6 0 0 NR Unchanged 100
Svedman (2008) [20] Ar R 7 1 6 7 NR 5.5cm 49 30/3 0 0 Normal Unchanged (5 pts) 85.7
40/4 pre-SABR  Cr increase (2 pts)
Waurzer (2012) [21] Ab R 23 23 0 23 NR  NR 37 40/5 0 0 NR NR 87
Chebotareva (2013) [22] Ab R 18 0 18 18 NR 5-180 cm® 15.5 30-52/3-4 0 0 NR Unchanged (17 pts) 100
Cr increase (1 pt)
Nair (2013) [23] Ar R 2 0 2 NR 21.3 cm? 13 39/3 0 0 38 +6 100
McBride (2013) [24] Ab P 15 15 0 15 75 34cm 36.7 21-48/3 0 0 55 -18 80
Lo (2014) [25] Ar R 3 3 0 3 83 5.0 cm 13 40/5 0 0 28.7 -6.7 100
Hanzly (2014) [26] Ar R 4 4 0 4 725 51cm 21.5 15/1 0 0 NR Unchanged 75
Ponsky (2015) [27] Ar P 19 19 0 19 776 579cm? 13.7 24-48[4 2x CKD 1x Duodenal NR NR 100
ulcer
Staehler (2015) [28] Ar P 29 29 0 30 65.6 33.7cm? 28.1 26/1 0 0 76.8 -6.5 100
Chang (2016) [29] Ar R 16 10 6 16 73 40cm 19 30-40/5 0 2x CKD 55P -7.92° 100
Correa (2018) [30] Ar R 11 2 9 1 79 9.5cm 46.8 25-40/5 1x Nausea 0 48.6 -1.5 70
Sun (2016) [31] Ar R 32 32 0 32 745 3.9cm 18.7 21-48/3 NR NR NR NR 92.7
Kaidar-Person (2017) [32]  Ar R 6 6 0 6 68.5 5.0cm 29.5 39/3 0 0 NR Unchanged 100
Siva (2017) [33] Ar P 33 33 0 34 78 4.8 cm 24 26/1 or 42/3 1x NS 0 54.7 -11 97
Singh (2017) [34] Ar P 14 0 14 14 639 NR 1 15/1 1x Anemia 0 NR NR NR
Correa (2018) [35] Ar P 12 0 12 12 66.8 8.7cm 5.8 25-35/5 2x Fatigue, 0 89.8 -2.8 100
1x bone pain
Grubb (2018) [36] Ab P 11 11 0 11 72 3.6 cm 204 48-60/3 1x Pyelo. 0 NR NR 90.9
Kasuya (2018) [37] Ar P 19 15 4 19 67 3.6 cm 79.2 66-80/12-16 0 1x Dermatitis;  42.7 -15.6° 941
(CIRT) 2x CKD
Kasuya (2019) [39] Ar P 8 7 1 8 71 4.3 cm 431 66-72/12 0 0 64.1 -10.8 100
(CIRT)
Funayama (2019) [38] Ar P 13 13 0 13 72 2.28 cm 48.3 60 or 70/10 0 2x CKD 51.9 -16.8 92.3
(CIRT)

Ab = abstract; Ar = article; CIRT = carbon ion radiotherapy; CKD = chronic kidney disease; Cr = creatinine; CTCAE = common terminology criteria for adverse events reporting criteria; eGFR = estimated glomerular filtration
rate; Gy = Gray; NR = not reported; P = prospective; Pyelo. = pyelonephritis; pts = patients; R = retrospective; RCC = renal cell carcinoma.

2 Based on entire study population not specific to primary RCC SABR subpopulation.

b Estimated or calculated values.
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Table 2 - Baseline characteristics and outcomes: summary statistics.

Parameter Reporting studies N Value Measure of dispersion
Patients Tumors
Totals 26 372 383 - -
WeightedMeans Mean Range
Median follow-up (mo) 25 358 28 5.8-79.2
Age (yr) 19 303 704 62-83
Pre-SABR eGFR (ml/min) 11 161 59.0 28.7-89.8
Tumor size (cm) 16 202 4.6 2.3-9.5
Weighted Percentages n (%)
Stage 26 372
I-11 300 (80) -
-1V 72 (20) =
RCC histology 16 242 191 (78.9) -
Random-EffectEstimates %orMean 95% CI
Local control 25 369 97.2% 93.9-99.5%
Toxicity (CTCAE grade 3-4) 23 287 1.5% 0.0-4.3%
Post-SABR eGFR change 8 56 -7.7 ml/min -12.5 to -2.8
N = number; RCC =renal cell carcinoma; SABR = stereotactic ablative radiotherapy.
100
80
2 60
2
S 40
20
0
Dose(Gy): N RPN PPDTO™P R Pqr ® PR PP NSNS

N
R PEEILR NN
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Fractions: 1 3

4 5
>5 (CIRT)

Fig. 3 - Dose-fractionation regimens. In studies reporting patient-specific dose and fractionation (22 studies, 333 patients), single-fraction (n = 65),
three-fraction (n = 98), four-fraction (n = 21), and five-fraction (n = 110) regimens were utilized. Carbon ion radiotherapy (CIRT) utilized regimens with

more than five fractions (n =39).

2 =20% and Q test p= 0.19, as shown in Figure 4A. LC rates
ranged from 70% to 100% in the eligible studies. Local fail-
ures tended to occur in low-dose arms or where dose was
compromised to mitigate toxicity [16,18,24,30]. Such dose
dependency is commonly observed for SABR in other dis-
ease sites. It is also illustrated in RCC by the findings of Wang
et al [41] demonstrating LC rates as low as 43.5% at 5 yr
when using fractional doses of 3-5 Gy (total: 36-51 Gy) for
mostly large or locally invasive T3/4 RCC.

The LC rate demonstrated here for primary RCC SABR
compares favorably with TA with consideration of tumor
size and follow-up duration. A meta-analysis of 1375 lesions
treated with RFA and CA reported LC rates of 87.1% and
94.8%, respectively, with 18.7 mo of follow-up [40]. There-
fore, potential concerns around follow-up length for SABR
should take into consideration the longer follow-up
observed in our meta-analysis, in which follow-up after
SABR was 28.0 mo by comparison. Additionally, the mean
tumor size for RFA/CA was 2.64 cm [40] compared with
4.6 cm for SABR in our meta-analysis. It is known that for TA
modalities, T1b (>4 cm) tumors are associated with higher
local recurrence rates: up to 14.3% for RFA and 23% for CA

[7,8]. While not a direct comparison with these ablative
modalities, our results at least demonstrate that SABR can
achieve LC within a similar range—even with larger tumors
and longer follow-up—thus justifying further comparative
effectiveness research.

3.3. Toxicity

The random-effect estimate for CTCAE grade 3-4 toxicity
was 1.5% (95% Cl: 0.0-4.3%); there was no heterogeneity
present with =0% and Q test p=0.61, as shown in
Figure 4B. Treatment was generally well tolerated in all
23 studies reporting on toxicity. Out of 287 patients under-
going renal SABR, the majority of toxicity was mild nausea,
fatigue, or dermatitis observed in 37.5% (grade 1) and 8.8%
(grade 2) of patients (weighted percentages). Eight grade
3 events were reported, including possibly treatment-
related pyelonephritis (n = 1) and gastric ulcer (n = 1). There
were two grade 4 events (0.9%): duodenal ulcer (n=1) and
dermatitis (n = 1). Grade 3-4 toxicity rates ranged from 0%
to 25% in the eligible studies. There was no treatment-
related mortality.
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Study Local Control (%) 95% C.l.
Correa, 2016 —_— 70.0 [39.2; 94.1]
Hanzly, 2014 _— 75.0 [20.7; 100.0]
Svedman, 2006 —_— 79.0 [31.4; 100.0]
McBride, 2013 — 80.0 [55.4; 97.0]
Svedman, 2008 e 85.7 [48.3; 100.0]
Wurzer, 2012 — 87.0 [69.6; 98.2]
Wersall, 2005 R 87.5 [53.8; 100.0]
Bietler, 2004 —_— 89.0 [58.4; 100.0]
Grubb, 2018 L 90.9 [65.0; 100.0]
Funayama, 2019 — 92.3 [69.9; 100.0]
Sun, 2016 —r 92.7 [80.5; 99.6]
Qian, 2003 —a 93.0 [76.6; 100.0]
Gilson, 2006 — 94.0 [82.7; 99.9]
Kasuya, 2018 oo 94.1 [77.7; 100.0]
Teh, 2007 i 100.0 [30.3; 100.0]
Chebotareva, 2013 ﬂ 100.0 [90.7; 100.0]
Nair, 2013 —_—s 100.0 [30.3; 100.0]
Lo, 2014 —_— 100.0 [50.0; 100.0]
Staehler, 2015 -a 100.0 [94.2; 100.0]
Ponsky, 2015 —a 100.0 [91.1; 100.0]
Chang, 2016 —a 100.0 [89.5; 100.0]
Kaider-Person, 2017 —= 100.0 [73.2; 100.0]
Siva, 2017 E | 100.0 [94.9; 100.0]
Correa, 2018 — 100.0 [86.1; 100.0]
Kasuya, 2019 —in 100.0 [79.6; 100.0]
Random effects model - 97.2 [93.9; 99.5]
Heterogeneity:I? = 20%, X3, = 29.89 (p = 0.19) | T T T T !
0 20 40 60 80 100
B Local Control (%)
Study Grade 3-4 Toxicity (%) 95% C.I.
Wersall, 2005 — 0.0 [0.0; 20.4]
Svedman, 2006 -}— 0.0 [0.0; 31.7]
Teh, 2007 : 0.0 [0.0; 69.7]
Svedman, 2008 -— 0.0 [0.0; 23.2]
Waurzer, 2012 [ 0.0 [0.0; 7.3]
Chebotareva, 2013 " 0.0 [0.0; 9.3]
Nair, 2013 : 0.0 [0.0; 69.7]
McBride, 2013 L 0.0 [0.0; 11.2]
Lo, 2014 — 0.0 [0.0; 50.0]
Hanzly, 2014 e 0.0 [0.0; 38.9]
Staehler, 2015 | = 0.0 [0.0; 5.8]
Kaider—Person, 2017 -— 0.0 [0.0; 26.8]
Kasuya, 2019 -— 0.0 [0.0; 20.4]
Bietler, 2004 — 1.0 [0.0; 23.4]
Siva, 2017 - 3.0 [0.0; 12.5]
Kasuya, 2018 -— 53 [0.0; 21.3]
Singh, 2017 -— 6.2 [0.0; 26.7]
Correa, 2016 T 9.0 [0.0; 34.9]
Grubb, 2018 —— 9.0 [0.0; 34.9]
Chang, 2016 T 125 [0.3; 34.1]
Funayama, 2019 — 154 [0.4; 41.0]
Ponsky, 2015 —- 15.8 [2.3; 36.2]
Correa, 2018 — 25.0 [3.9; 53.9]
Random effects model - 1.5 [0.0; 4.3]
Heterogeneity:/2 = 0%, 2, = 19.60 (p =0.61) | T T T T !
0 20 40 60 80 100
c Grade 3-4 Toxicity (%)
Study Post-SABR Pre=SABR eGFR Mean Difference  95% C.I.
Funayama et al., 2019 35.2 51.9 —_— -16.7 [-32.7; -0.7]
Kasuya et al., 2018 271 427 —!—f—— -15.6 [-34.0; 2.8]
Kasuya et al., 2019 51.9 64.1 — -12.2 [-25.1; 0.7]
Siva et al.,, 2017 432 54.7 —— -11.5 [-21.4; -1.6]
Loetal., 2014 220 28.7 —a— -6.7 [-20.9; 7.5]
Correa et al., 2018 87.0 89.8 —_— -2.8 [-18.3; 12.7]
Correa et al., 2016 471 48.6 —a— -15 [-12.5; 9.5]
Nair et al., 2013 44.0 38.0 - — 6.0 [-10.8; 22.8]
Random effects model - -7.7 [-12.5; -2.8]
Heterogeneity:/2 = 2%, 3 = 7.15 (p = 0.41) f T T 1

-40 -20 0 20 40
eGFR Mean Difference

Fig. 4 - Primary and secondary outcomes. Forest plots depicting weighted random-effect estimates, 95% confidence intervals, and heterogeneity for (A)
local control, (B) toxicity, and (C) renal function change after SABR. CI = confidence interval; eGFR = estimated glomerular filtration rate;
SABR = stereotactic ablative radiotherapy.
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The toxicity profile of SABR appears tolerable with very
rare serious events, comparing favorably with thermal abla-
tive treatments. Moreover, laparoscopic TA and percutane-
ous TA carry an added risk of periprocedural complications
(approximately 10%) such as hemorrhage, urine leak, or
stricture [9]. Additionally, the risks of a general anesthetic
or postprocedure hospitalization—which can be substantial
in a medically frail, older population—are not applicable to
SABR. Thus, from a patient’s perspective, SABR may repre-
sent a potentially desirable, noninvasive option that appears
well tolerated, particularly if additional prospective clinical
trials replicate the low toxicity rates observed to date.

34. Renal function

The random-effect estimate for eGFR mean difference
before and after SABR was -7.7 ml/min (95% CI: -12.5 to
-2.8 ml/min); there was no heterogeneity present with
?=2% and Q test p = 0.41, as shown in Figure 4C. Rates of
eGFR change before and after SABR ranged from -16.7 to
+6.0. Most patients had some degree of renal function
impairment before SABR (mild-moderate CKD), contribut-
ing to a weighted mean eGFR of 59.0 ml/min (range: 28.7-
89.8 ml/min, n =161, 11 studies). Dialysis was required in
2.9% of patients (six of 206 patients in 17 studies reporting
this), all of whom had pre-existing renal dysfunction (CKD
stage 2-5). None of the 35 solitary kidney patients in this
analysis required dialysis, suggesting that renal function
may be adequately preserved even without compensation
by the contralateral kidney. Of note, some included studies
reported a late onset of renal dysfunction after SABR, with
initial maintenance of baseline eGFR followed by a late
decline [37,38].

Although direct comparison of renal function outcomes
with surgical or TA management is difficult, our results are
comparable with a previously reported large systematic
review and meta-analysis comparing PN with TA, wherein
median changes in eGFR (ranges) of -6.2 (-18 to +4.1) and
-4.9 (-8.0 to +1.5) ml/min, respectively, were demonstrated
[42]. This was primarily based on the treatment of Tla
tumors, whereas our meta-analysis comprised patients
who were older with larger treated tumors, and with
pre-existing renal dysfunction (average 59ml/min) and
other comorbidities.

To maximally preserve renal function after SABR, it will
be important to accurately estimate the magnitude of renal
function decline—particularly in the ipsilateral, tumor-bear-
ing kidney—as well as the kinetics of this decline. Some
studies included in this review utilized split-function renal
scans (eg, MAG3 or DMSA) for kidney-specific assessment
and have demonstrated an expected but modest decrease in
ipsilateral kidney filtration after SABR [30,33]. Siva et al [43]
have also used >'Cr-EDTA clearance and %°™Tc-DMSA-
SPECT/CT spit-function nuclear medicine imaging to quan-
tify GFR at the global, kidney-specific, and region-specific
level. When SABR treatment plans were overlaid on func-
tional imaging scans, regional nephropathy was clearly
evident only in high-dose areas. Furthermore, the extent
of GFR decline was inversely proportional to the

conformality of SABR plans (ie, how rapidly the high-dose
region “cools” beyond the target boundaries). Siva et al [43]
also observed expected compensation by the contralateral
(untreated) kidney after SABR, but bilateral decline in GFR,
the latter secondary to global worsening of CKD in patients
with pre-existing nephropathy. Overall, a dose-response
relationship was established wherein every 10 Gy of physi-
cal dose to ipsilateral renal parenchyma predicts a GFR
decrease of 25-39%. Regarding timing, an initial plateau
phase followed by late-onset renal dysfunction >1 yr after
SABR has been described previously [43,44] and is also
noted in studies included here [37,38]. Taken together, these
data indicate that careful treatment planning to minimize
high-dose exposure of ipsilateral kidney parenchyma plus
long-term follow-up ideally using functional imaging (ie,
MAG3 or DMSA) will be important to capture late renal
function decline in the targeted kidney.

3.5. Contemporary questions in primary RCC SABR

3.5.1.  Post-treatment biopsy

Although utilized in the TA literature, the role of post-SABR
biopsy is unclear in primary RCC. In contrast to TA, SABR
does not immediately obliterate tumor and vascular archi-
tecture but instead relies primarily upon DNA damage
causing loss of proliferative capacity, with ongoing evolu-
tion of cell kill over a protracted time frame. Immediate
histological changes (and loss of contrast enhancement) are
therefore not seen after SABR. Correspondingly, available
data suggest that biopsy after SABR can be misleading: in
two studies where planned post-SABR biopsies were
obtained at 6 and 9 mo, residual disease was present in
most cases; however, no local failures were reported in the
follow-up period [27,36]. For example, a patient with a
positive biopsy at 11 mo after SABR did not undergo salvage
therapy but experienced eventual tumor regression with a
negative second biopsy [27]. In a separate study, a patient
who underwent carbon ion SABR with stable disease noted
at 29 mo died of unrelated causes and underwent autopsy,
revealing only hemorrhagic necrosis throughout the
remaining tumor mass [38]. Thus, early post-treatment
biopsy may “overcall” the clinical significance of a positive
result. These “viable” cells most likely represent residual,
preapoptotic tumor cells that ultimately have lost prolifer-
ative potential and are nonclonogenic.

The discordance of post-RT histological assessment with
clinical response is also seen in other disease sites. In rectal
cancer, immediate versus delayed (4-8 wk) surgery after
neoadjuvant RT (25 Gy in five fractions) correlated with 5x
greater pathological complete response (pCR) rate (11.8% vs
1.7%) [45]. Likewise in anal cancer, pathological clearance
after RT can take over 12 (up to 48) wk [46]. In early-stage
lung cancer, where SABR is a definitive standard-of-care
treatment for medically inoperable patients, LC rates
approach 90% [47] despite a discordant pCR rate of only
60% at early resection and pathological assessment (10 wk)
[48]. In prostate cancer, an analogous situation with “SABR-
like” brachytherapy exists wherein initially positive post-
treatment biopsies do not correlate with local failure and
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ultimately convert to negative for malignancy at later time
points [49,50,51]. Contemporary studies of SABR for pros-
tate cancer also fit this paradigm, wherein maximal pros-
tate-specific antigen (PSA) response can take 18-24 mo [52]
and delayed post-treatment biopsy results (96% negative at
36 mo) best correlates with high biochemical control rates
(98%) [53].

Therefore, the role, utility, and particularly timing of
post-treatment biopsy are not well defined, particularly
in the context of RCC. Although a very useful tool in asses-
sing response following TA, biopsy does not appear to be
well suited to post-SABR evaluation, given its much more
gradual mechanism of cytotoxicity. While there may be a
role for late biopsy, it may be obviated by imaging surveil-
lance demonstrating an absence of radiographic progres-
sion over this time frame. Examples in the literature of post-
RT biopsy suggest that it is potentially misleading, prompt-
ing additional treatment and anxiety. Some patients with a
positive biopsy after RCC SABR went on to receive salvage
therapy, which may have been unnecessary [27,36], possibly
exposing them to undue risks and side effects. It is hoped
that forthcoming data from clinical trials incorporating
post-SABR biopsy will provide some clarity. At the present
time, however, routine post-SABR biopsy should be avoided
off-study, or used with caution and with recognition of the
potential for overtreatment.

3.5.2. Response assessment

At the present time, LC is determined using CT imaging and
size-based RECIST criteria, although this arguably has its
limitations as an assessment tool. One concern is early
“pseudoprogression” after SABR. A repeatedly observed
phenomenon in RCC and other sites is an initial size increase
that may be misinterpreted as disease progression, but may
actually be due to treatment-induced inflammation
[23,27,29,32,38]. This eventually plateaus (ie, stable dis-
ease) or gives way to tumor shrinkage. Regarding timing
of response, SABR tends to cause slow decreases in size over
months to years, the rate of which does not appear to
depend on the dose [31,38]; consequently, the definition
of LC in the setting must include stable disease. This is likely
attributable to its mechanism of action involving slowly
evolving tumor cell kill versus immediate physical destruc-
tion of tumor and vascular architecture. The latter is seen
with TA and causes immediate changes in contrast
enhancement pattern [9]. Such contrast enhancement
losses are not seen with SABR, and thus ongoing enhance-
ment—even increased enhancement in some cases—can be
misinterpreted as persistent/recurrent disease although no
correlation with local failure has been observed [31]. Thus,
response assessment after SABR is challenging and
demands close monitoring with frequent and long-term
imaging follow-up.

What is desired are better imaging modalities or surro-
gate biomarkers to monitor response more accurately. Mul-
tiparametric MRI shows promise in this regard, as dynamic
contrast enhancement findings at early time points corre-
late with long-term tumor shrinkage on conventional imag-
ing [54]. Evidence also exists for the use of prostate-specific

membrane antigen (PSMA)-based positron emission
tomography (PET) scans (as well as traditional fluorodeox-
yglucose [FDG] PET) in mRCC [55]. PSMA is highly expressed
in RCC neovasculature, and thus PSMA-targeted radiotra-
cers are effective at identifying lesions, often with greater
avidity than FDG. Moreover, signal changes in metastases
after SABR treatment correlates with response [55]. In the
setting of primary RCC SABR, intrinsic expression of PSMA in
normal renal parenchyma calls into question the utility of
PSMA PET; however, it may still be suitable for post-SABR
monitoring wherein signal absence could correlate with
ablation of both tumor and in-field parenchyma. Thus,
investigational imaging modalities may represent novel
response assessment tools for RCC after SABR.

3.5.3.  Novel applications of renal SABR
“Cytoreductive” SABR, or targeting the primary tumor in
mRCC, is of interest in the era of contemporary immuno-
therapy. Although recent randomized trials in the targeted
therapy era (CARMENA and SURTIME) raise questions
regarding the use of cytoreductive nephrectomy (CN), it
remains an important component of management in some
patients. For those who might benefit from CN but are not
surgical candidates, SABR represents a possible alternative
treatment that can be delivered safely and tolerably even to
large or locally invasive primary tumors [30,35]. Moreover,
cytoreductive SABR may additionally activate an antitumor
immune response [34], leading to tumor neoantigen pre-
sentation and thus serving as an in situ vaccine to prime
host immunity [10]. Given the increasing use of checkpoint
inhibitor therapy in mRCC, the combination of immuno-
therapy and SABR holds great potential to increase overall
response rates, both locally and distantly via abscopal
effects. Furthermore, the primary tumor is thought to har-
bor the greatest clonal heterogeneity in RCC—and by exten-
sion, the greatest diversity of neoantigens—theoretically
making it a preferred target (vs smaller, more clonally
homogeneous metastatic lesions). Thus, cytoreductive SABR
is a nascent but promising concept worthy of further inves-
tigation in the era of immune checkpoint inhibition.
Another unique application of SABR in RCC is targeting
inferior vena caval tumor thrombus (IVCTT). Hannan et al
[56] have demonstrated this to be feasible and tolerable,
with encouraging oncological results in a recent case series.
Given the high-risk nature of thrombectomy surgery, SABR
may thus be an option for patients with unresectable or
recurrent IVCTT.

3.6. Future research

In light of the encouraging data for primary RCC
SABR, additional prospective trials of primary RCC SABR
have been launched. A ClinicalTrials.gov search revealed
six ongoing phase II trials of primary RCC SABR at
this time: NCT02853162, NCT03108703, NCT01890590,
NCT02613819, NCT03747133, and NCT02782715 (a study
of MRI-guided SABR plus microwave ablation of primary
RCC). Sufficient equipoise for randomization has also led
to the opening of a Canadian randomized controlled trial
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of SABR versus RFA (RADSTER, NCT03811665). There is
also interest in comparative effectiveness research of
SABR versus TA utilizing existing datasets, as randomized
data are not immediately forthcoming.

With the maturity of data for safety and efficacy of SABR
for primary RCC, its integration into multimodality man-
agement is also being investigated. One such safety lead-in
phase Il trial (NCT02473536) is evaluating the application of
neoadjuvant SABR to IVCTT in locally advanced primary RCC
prior to RN and thrombectomy; the rationale is eradication
of live tumor emboli that may be shed during surgical
resection, thus aiming to improve relapse-free survival.

4. Conclusions

SABR for primary RCC is supported by over two decades of
prospective and retrospective data and an option worthy of
consideration in certain patients. This population is older,
with more comorbidities and at a higher risk of CKD pro-
gression. While these patients may be managed initially
with AS, consideration of SABR is reasonable if delayed
intervention is indicated. SABR may be the preferred option
in centrally located near the renal pelvis or larger tumors
that may be less suitable for TA. The evidence reviewed
above suggests that even for such patients and tumors,
SABR is highly effective, is well tolerated, and adequately
preserves renal function. While direct comparison is not
possible, SABR outcomes are at least within the range of
existing treatment options. The convenience of a noninva-
sive therapy requiring few outpatient visits may also be
attractive from a patient perspective. Whether the out-
comes to date are reproducible in direct head-to-head
comparisons with existing treatment options within pro-
spective clinical trials remains to be seen. While challenges
remain regarding the optimal response assessment tool
after SABR, ongoing research into novel imaging modalities
holds promise.
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