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Simple Summary: A systematic review was carried out to provide evidence regarding the role of
stereotactic body radiation therapy (SBRT) for oligometastatic urothelial cancer (omUC). The present
work aims to summarize and critically analyze the available data, with a focus on controversial areas
and future directions in this emerging field. Eight studies were identified. Heterogeneous SBRT
dose/fractionation and metastatic setting did not allow for a meta-analysis. SBRT showed a good
toxicity profile, and the better outcomes for both local control and survival were associated with a
biologically effective dose (BED10) > 78 Gy.

Abstract: Background: Stereotactic body radiation therapy (SBRT) is the most commonly used
metastasis-directed therapy (MDT) for oligometastatic urothelial carcinoma (omUC). Despite efforts
in defining this disease entity, open questions remain concerning the role of MDT and the use of
biomarkers, imaging, and its combination with systemic therapies. The aim of the present systematic
review is to provide an updated overview of the current clinical evidence on SBRT for omUC in terms
of survival and local control benefits. We also aim to provide updates on controversial areas and
future directions in this emerging field. Methods: With a systematic approach, following PRISMA
recommendations, we searched two databases to identify and select articles published up until
March 2024 reporting the use of SBRT for omUC with or without concomitant systemic therapies.
Prospective randomized or non-randomized studies as well as retrospective studies were included.
Results: Eight studies were selected for data extraction and 293 omUC patients treated with SBRT
were collectively analyzed. In metachronous omUC patients, SBRT delivered with ablative doses
(BED10 > 78 Gy) was associated with a 2-year overall survival (OS) rate of 50.7% (95% CI 35.1-64.4%).
The use of sub-ablative SBRT doses (BED10 = 43.2 Gy) in combination with immunotherapy did
not demonstrate significant clinical outcome improvement in two prospective studies. The overall
tolerance was good, with only one study reporting toxicity of grade 3 in up to 18% of the patients
treated with SBRT in combination with immunotherapy. Conclusions: SBRT is an effective and widely
available MDT option in omUC, although this is based on a limited number of studies. Despite
the attempt to use SBRT as an immune response trigger in combination with immunotherapy, no
significant improvement in survival outcomes has been observed. The integration of new systemic
agents with MDT will likely define a new scenario for the treatment of omUC. The review protocol
was registered in PROSPERO, ID: CRD42024522381.

Keywords: stereotactic body radiation therapy (SBRT); urothelial cancer; oligometastases; metastasis-
directed therapy; bladder cancer

Cancers 2024, 16, 3201. https://doi.org/10.3390/cancers16183201

https://www.mdpi.com/journal/cancers


https://doi.org/10.3390/cancers16183201
https://doi.org/10.3390/cancers16183201
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0003-4470-7561
https://orcid.org/0000-0002-2654-1281
https://orcid.org/0000-0002-2046-4246
https://orcid.org/0009-0003-0448-0195
https://orcid.org/0000-0002-4784-9883
https://doi.org/10.3390/cancers16183201
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers16183201?type=check_update&version=1

Cancers 2024, 16, 3201

20f9

1. Introduction

Urothelial cancer (UC) is the most frequent neoplasm originating from the urinary
system, accounting for approximately 90% of all bladder cancers (BCs), with a worldwide
burden of more than half a million people affected and over 210,000 deaths in 2022 [1].
Nearly half of the new cases are diagnosed as confined muscle-invasive disease, while a
minority of patients are metastatic at diagnosis. However, regardless of the treatments
provided, the vast majority of confined UC patients develop metastases within two years
of diagnosis [2]. Before presenting with widespread metastatic disease, some UC patients
experience an intermediate state of disease characterized by the development of a limited
number of metastases, so-called oligometastatic UC (omUC). A recent Delphi consensus
agreed on the definition of this omUC status, which includes a limited number of a max-
imum of three metastases amenable to a metastasis-directed therapy (MDT) either with
surgery or radiation [3].

In this scenario, the specific role of stereotactic body radiotherapy (SBRT), which
delivers high radiation doses to limited volumes of disease with radical intent, has yet to
be defined, but emerging evidence is increasingly demonstrating its potential [4].

In light of the unprecedented results of newly developed systemic treatments, such as
antibody—drug conjugates (ADCs), in terms of survival, recently shown in the context of
locally advanced or metastatic UC from the EV-302 trial [5], the scenario for omUC patients
appears to be changing radically. Radiation therapy, for both symptom management and
disease control, has been shown to be effective, safe, and affordable in the metastatic
setting [6]. The recognition of omUC as a specific entity amenable to radical treatment
opens up new scenarios in the context of prolonging survival and preserving quality of life.

The purpose of this paper is to systematically review the currently available evidence
on the use of SBRT in omUC as an MDT strategy and to extract evidence on the main
outcomes in terms of survival and local control benefit, as well as on potential biomarkers
of treatment response.

2. Materials and Methods

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-analyses guidelines [7] and registered in the inter-
national Prospective Register of Systematic Reviews (PROSPERO ID: CRD42024522381).
A comprehensive search of PUBMED/Medline (NLM) as well as the ClinicalTrials.gov
database was conducted by two researchers (A.A., D.G.B.). The literature search included
retrospective and prospective studies on humans diagnosed with metastatic or advanced-
stage UC and treated with SBRT, focusing on omUC patients.

The outcomes of interest were median overall survival (OS) and progression-free
survival (PFS), local control (LC), and toxicity assessed with the Common Terminology
Criteria for Adverse Events (CTCAE). Reports published in languages other than English
were excluded. The search was restricted to the timeframe from 1 January 2006 to the
search date (8 March 2024) to include studies with modern SBRT techniques starting from
the first reported experiences with SBRT [8,9]. Prospective randomized or non-randomized
studies as well as retrospective studies were included. Reviews, duplicates, studies with
5 patients or less, case reports, and reports without a clear SBRT description were excluded.
The detailed search strategy and the results from all the database searches are available in
the Supplementary Materials (Supplementary Table Sla—c, Search Strategy).

An interrater reliability test (Cohen’s Kappa) was carried out before screening all
the citations found through the search [10]. Two authors (A.A., D.G.B.) independently
screened the same sample of citations blinded to authors and journal titles. After the level
of agreement was tested, A.A. and D.G.B. independently screened all titles and abstracts,
still blinded to authors and journal titles, using an Excel workbook specifically designed
for literature screening. Data were compiled into a single Excel workbook. Disagreements
were discussed by the two screeners; if consensus could not be reached, a third person
(T.Z.) familiar with the project provided final arbitration. The risk of bias was assessed
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for the selected studies using the Newcastle-Ottawa scale [11]. Scores of 7 or higher
indicated studies with a low risk of bias. Final data were synthesized according to the
SWiM (Synthesis Without Meta-analysis) checklist as a complementary extension of the
PRISMA guidelines [12].

3. Results

The online database search identified 122 original works. The interrater reliability
test based on random titles and abstracts showed high agreement among the investigators
(Cohen’s K = 0.91, CI 0.8) (Supplementary Table S2. Cohen’s Kappa, level of agreement
calculation). After the check for duplicates and the screening for titles and abstracts,
107 citations were excluded. Fifteen records were finally reviewed for the full text. Eight
studies were ultimately included for the data extraction and analyzed in the present review,
as illustrated in the PRISMA flowchart (Figure 1).

Identification of studies via databases and registers ‘

o
_5 Records removed before
§ Records identified from: screening:
& PUBMED/Medline (n = 122) > Duplicate records removed
t ClinicalTrial.Gov (n = 0) (n=0)
2
—
A
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(n=122) (n=107)
\ 4
Reports sought for retrieval »| Reports not retrieved
2 (n=15) (n=0)
=
o
o
3 A
Reports assessed for eligibility
(n=15) Reports excluded: 7
Insufficient info on RT (n = 3)
No SBRT (n = 2)
Other (n=2)
——
\4
3 Studies included in review
3| | 0=9
° Reports of included studies
£l | n=9

Figure 1. PRISMA flowchart.

The exploration of heterogeneity among the studies underlined the lack of a robust
definition of SBRT along with a slight difference in the definition of omUC disease, limiting
the possibility to conduct a meta-analysis. Moreover, only two eligible studies showed a
low risk of bias with a score of 7 or higher [13,14], while all the other studies showed a
high [15-19], or in one case very high, risk of bias [20] (Supplementary Table S3: Risk of
bias assessment).

The included studies involved a total of 357 patients, and 293 omUC patients were
ultimately analyzed (Table 1).
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Table 1. Main characteristics of the selected studies.
. . BED10 Comparison
Author, Study Type Population Metasttatlc Sa‘?‘l’le Intervenflon Median, Gy (Nr. of
Year Setting Size (Nr. of Patients) .
(Range) Patients)
Group 1 (Patient sample N > 15)
Franzese Synchronous
2020 ! Retrospective, omUC: 5%/ 61 SBRT +/— systemic 78 Gy N/A
[17] multicentric <5 metastases Metachronous treatment (37.5-151 Gy)
95%
Aboudaram, omUC: e 123e:C51£;' &
2023 Retr0§pectlye, <5 metastases Synchronous/ 91 70% RT on bladder 62 Gy ** CT only
multicentric after 1st line Metachronous (40)
[14] -SBRT (38 pts on
CT .
53 lesions)
Francolini, Retrgspectlve, omUC: SBRT 60-18 Gy./ .8—1 fx 48 Gy
2019 single- Metachronous 19 +/ — unspecified N/A
Lo <3 metastases . . (37.5-105 Gy)
[16] institution systemic treatment
omUC: Synchronous
Miranda, Retrospective, <5 lesions at y 6%/ MDT SBRT: 16 pts N/A
2021 Single the time or Meta hzon u 52 Palliative RT 60%/ SBRT = >6 Gy/fr, N/A
[13] institution after ; 49, ous consolidative RT 40% 5 or less fractions
cystectomy °
Limited
Spaas, Phase II trial metastatic SBRT 24 Gy/3 fx Stal::i::i of
219023 ’ randomize d, HNSCC, Synchronous/ 96 to 1-3 metastases and 432G I O.
. . NSCLC Metachronous  (UC:32 *) concurrent 1.O. =Y g
[19] multicentric, monotherapy
melanoma, 2nd-3rd cycle (16 pts) (16 patients)
RCC, UC p
Sundhal, Metastatic UC SBRT 24 Gy/3 fx to SfB IiT ﬁ G.y /3
2019 Phase I Trial with no brain N/A 18* 1 lesion concurrent to 43.2 Gy X 1o 2 esion
. prior to 1st
[18] involvement 2nd-3rd cycle I.O.
cycle I.O.
Group 2 (Patient sample N < 15)
Augugliaro,  Retrospective omUC:
2018 single- <5 metastases N/A 13 SBRT 36-20 Gy/5 fx 35.7 Gy N/A
Lo (node, bone, or (3-10 fx) (28-60 Gy)
[15] institution 1
ung)
Leonetti, Retrospective . Synchionous SBRT 40_2.5 Gy/5 fx
2018 single- omUC: 14%/ 7 +/ — systemic treatment 48 Gy N/A
[20] institution <3 metastases Metachronous (CBCDA or (37.5-72 Gy)
86% CDDP/Gem)

* The exact number of metastases for each patient is not clearly reported. ** Reported as EQD2: 53 Gy
(45-132 Gy). Abbreviations: UC = urothelial cancer, omUC: oligometastatic urothelial cancer; UUT = upper
urinary tract; (I) = intervention; (C) = comparison; ORR = objective response rate; LCR = local control rate;
LPFI = local progression-free interval; OS = overall Survival; PFS = progression-free survival; DLT = defined as
any grade 3-5 metabolic or hematological toxicity or any grade 3-5 non-hematological toxicity that was (prob-
ably or possibly) related to SBRT; N/A = not applicable; HNSCC = head and neck squamous cell carcinoma;
NSCLC = non-small-cell lung cancer; CT = chemotherapy; I.O. = immunooncology agent(s); BED = biologically
effective dose (/3 = 10 Gy); EQD2 = 2 Gy fraction-equivalent dose.; SBRT = stereotactic body radiation therapy;
CBCDA = carboplatin; CDDP = cisplatin; Gy = gray; Fx = radiotherapy fraction.

Two studies were prospective (phase II or phase I trials) [18,19], while the others were
retrospective multicenter (n = 2) [14,17] or single-institution (n = 4) [13,15,16,20] studies.
The sample size ranged from 7 to 91 patients and included omUC patients with less than five
metastatic lesions, or in two reports patients presenting up to three metastases [13,15,16,20].

Fifty-one patients presented synchronous oligometastases, while 242 were diagnosed
with a metachronous oligometastatic disease. Only one study reported solely a metachronous
omUC cohort [17]. In the metachronous setting, patients underwent mostly radical cys-
tectomy [13] or first-line chemotherapy [14], with many studies not specifying previous
systemic or local treatments.
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Out of 293 omUC patients, 188 received SBRT as MDT with or without consolidative ir-
radiation of the bladder. SBRT was delivered using modern RT techniques, with large varia-
tions in radiation doses and fractionation schedules among the studies (total dose: 24-60 Gy
in 1-10 fractions). The biologically effective doses using an alpha/beta ratio = 10 Gy for
tumor cells, namely BED10, ranged between 37.5 Gy and 151 Gy, with only one study
clearly reporting a median BED10 of 78 Gy [17]. A BED10 < 60 Gy was delivered to the
largest proportion of patients [14,15,18,19].

The median follow-up time ranged from 9 to 85 months. Reported clinical outcomes
differed largely among studies, as summarized in Table 2.

Table 2. Outcomes of the selected studies.

Outcomes and Side Effects

Author. Y Median FU
uthoy, Year i 1ne, Range Median PFS Median OS Toxicity Main Remarks
[Ref.] (Months) Local Control
onths (Months) (Months) (CTCAE v5.0)
Group 1 (Patient sample N > 15)
Franzese, om0 10 25.6 .
2020 (;Zézl) ;Y'_ig'_ 3§§ 1yPFS = 47% 1yOS = 78.9% léc‘;t;/ é‘}tg 2yFFIT: 40%
[17] Y-l eeto 2yPFS = 38% 2y0S = 50.7% :
Aboudaram, 14.8[1] 2711 Whole population: OS:
2023 85.9 N/A vS. vs. Acute/late: 21 7M
(4] (36-101) 9.7[C] 19.7 [C] G>3:0/0 PFS: 111 M
p=0.08 p=0.074 S
Francolini
! 11.5 a0 Acute/lateG > 3: o
2[(])219 (1-44) 1y-LC: 68% 5.6 13.8 0/0 ORR:40%
Miranda, 8 51 .
2021 (18216_‘369 5 1yLC = 72% Rates(%): Rates(%): %C‘;t‘;( ff/e'
[13] o 2yPFS =19 2y0S = 60 ==
4'35[1] 1455 [ G > 3:18% Absolute lymphocyte
Spaas, 2023 12.5 1yLC =76% § 28 [C] 1] d no d_ifférenZe count changes:
[19] (0.7-46.2) iCR=16%§ ’ 3.0%[C] vs. —13.6%][I]
p=0.82 p=047 between arms _
p =0.006
§ §
3.5[1] 12.1[C] ArmI=G1-2 _ o
Sundhal, 2019 9 LCR: CR: <30% vs. vs. vs. ORR=01C1 vs. 4%l
[18] (4-14) [C] vs. 50% [I] 3.3[C] 351 Arm C =Gl SD 50% ir{ both arms
p=N/A p=N/A OverallG>3=0
Group 2 (Patient sample N < 15)
Augugliaro, 25 4 months LC: Local failure 9 pts:
2018 (3-43) 57% 42 N/A G>2=0 6 pts in field + distant
[15] (PR,CR,SD) PD
Leonetti, 2018 Unclear 1yLC: 100% 29 14 C>1=0 LPFI > with 40 Gy/5 fx
[20] (5-16) (PR,CR,SD) ’ B than with 25 Gy /5 fx

§ cumulative data from 99 patients with different primary histology, with no specific info for the 32 UC. Ab-
breviations: UC = urothelial cancer; omUC: oligometastatic urothelial cancer; UUT = upper urinary tract;
[I] = intervention; [C] = comparison; ORR = objective response rate; LCR = local control Rate; iCR = iRECIST-
defined complete response; LPFI = local progression-free interval; OS = overall survival; PFS = progression-
free survival; DLT = defined as any grade 3-5 metabolic or hematological toxicity or any grade 3-5 non-
hematological toxicity that was (probably or possibly) related to SBRT; N/A = not applicable; Cht = chemother-
apy; L.O. = immunooncology agent(s); BED = biologically effective dose («t/3 = 10 Gy); EQD2 = 2 Gy fraction-
equivalent dose.; SBRT = stereotactic body radiation therapy; CBCDA = carboplatin; CDDP = cisplatin; Gy = gray;
Fr = radiotherapy fraction; FFIT = free from intensification of treatment(s).

In the multicenter analysis on omUC patients staged with either conventional or
molecular imaging (presumably FDG-PET/CT), treated with a median SBRT BED10 dose
of 78 Gy, Franzese et al. reported 2-year OS and PFS rates of 50% and 38%, respectively.
Notably, the local control at 2 years was 88%. Nearly half of the patients (40%) were free
from systemic treatment intensification at 2 years. No grade 3 adverse event was reported.
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In the univariate analysis, the number of chemotherapy lines before SBRT was correlated
with lower local control (HR 2.62, p = 0.034) [17].

In a retrospective single-institution study, Miranda et al. [13] reported the highest OS
rate (median OS of 51 months, 95% CI not calculable) among sixteen omUC patients previ-
ously treated with radical cystectomy (PFS of 8.2 months, 95% CI 1.4-5.5). In contrast, in a
larger retrospective multicenter series, Aboudaram et al. [14] reported a lower median OS of
29 months and median PFS of 14 months among patients with omUC and with no progres-
sion following systemic therapy, similarly to the results observed by Franzese et al. in the
metachronous omUC setting (median OS and PFS of 25 and 10 months, respectively) [17].

In the other studies included in the present analysis, the median OS ranged between
3.5 and 14 months. Notably, compared to other series, the two retrospective single-
institution studies with the smallest sample size [15,20] reported lower median PFS values
of 4.2 months and 2.9 months, respectively, suggesting that it is likely that the delivery of
SBRT doses with BED10 values less than 60 Gy may have partially contributed to these
disappointing results. Similarly, the use of sub-ablative SBRT doses of 24 Gy in three
fractions (BED10 = 43 Gy) to one metastatic site with concomitant immunotherapy has
been associated with a median PFS of 3.5 [18] and 4.4 months only, far below the median
PFS reported in the other larger series using a higher BED10 SBRT dose [19]. These re-
sults are to be interpreted cautiously given the estimated high risk of bias for the current
review question.

Concerning treatment-related toxicities, the highest rates of side effects were reported
in a prospective multicenter clinical trial [19] testing a 24 Gy SBRT in three fractions with
concurrent immunotherapy, where grade 3 CTCAE v5.0 toxicity was observed in 18% of
the cases. All the other studies reported no severe (grade 3 or higher) acute or late adverse
events, regardless of the association with concurrent systemic treatments or the delivered
SBRT doses.

4. Discussion

The role of MDT in the management of omUC is a challenging open question. To
date, robust evidence is missing. This is the first systematic review exploring the role of
ablative SBRT in omUC according to the updated consensus definition proposed by a joint
EAU-ESTRO-ESMO consensus [3]. We observed that the use of SBRT at ablative doses
(BEDjp > 78 Gy) in the metachronous setting is associated with better outcomes compared
to SBRT treatments with lower doses or systemic therapies. Although the evidence of
survival benefit is not uniformly reported, these data have consistently shown a safe profile
of SBRT treatments.

The use of SBRT combined with modern systemic therapies has been associated with
promising synergistic effects in pre-clinical studies, but the concrete benefits in the clinical
setting have to be proven [21]. The two prospective trials (a phase I and a randomized
multicenter phase II trial) [18,19] investigating SBRT (24 Gy in three fractions) as MDT
to 1-3 sites combined with immunotherapy both failed to demonstrate a significant gain
in terms of OS or PFS, at the price of an increased rate of grade 3 toxicity. So far, expert
groups have already promoted the pragmatic use of immunotherapy following ablative
SBRT in the multidisciplinary management of UC, gathering opinions and real-world data
to generate recommendations for routine application [22].

Regarding first-line systemic treatment, for decades, the main therapy relied on the
use of platinum-based chemotherapy. In the last few years, the use of immunotherapy
has shown promising results, and the recently published data on enfortumab-vedotin
plus pembrolizumab have shown an unprecedented survival benefit over chemotherapy
alone for untreated UC [5]. Considering the recent change in the first-line treatment of
metastatic UC [23,24], several open questions may arise concerning the clinical applications
of these new drugs in the real-world setting, specifically regarding the proper use and
correct timing of local therapies such as SBRT.
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Patient selection remains fundamental in selecting the optimal candidates for SBRT
treatments. The use of baseline circulating tumor DNA (ctDNA), as explored in the phase 3
IMvigor010 trial evaluating adjuvant atezolizumab vs. placebo after cystectomy in muscle-
invasive UC, may potentially be used as a useful tool for biomarker-driven patient selection
for MDT strategies [25,26]. Although evidence for the application of biomarkers for SBRT
in omUC is scarce, future studies focusing on omUC treatment should ideally implement
novel biomarkers of disease burden and treatment response.

18FDG-PET/CT could be a valuable tool to help select patients in the omUC set-
ting [26]. Its role has been acknowledged in the updated EAU guidelines; however, evi-
dence for its routinely use is still limited [24].

We acknowledge the limits of our review, mostly related to data consistency and lack
of robustness, including heterogeneity in patient selection, including different definitions
of omUC, treatment interventions (type of RT, SBRT dose, use of concurrent systemic
treatments), and the reporting of the main outcomes. No meta-analysis was carried out,
and the level of evidence to ultimately draw practical recommendations is low.

Prospective data assessing the role of SBRT with or without the standard of care for
UC will soon come from the NCT04724928 (EFFORTMIBC) study and a few other ongoing
trials [4]. In light of emerging first-line treatments other than historical chemotherapy and
technological improvements in radiotherapy for the safe delivery of MDT, new scenarios
for the treatment of omUC patients are emerging. Studies with an appropriate and stan-
dardized design, taking into account the newly defined omUC entity, are needed to clarify
these issues.

5. Conclusions

Despite the paucity and heterogeneity of the available literature, in the rapidly evolv-
ing landscape of omUC, SBRT delivered with ablative doses could be a safe and viable
treatment strategy to improve the clinical outcomes of selected patients presenting with one
to three metastatic lesions. The preference for SBRT as MDT should always be discussed
in multidisciplinary boards to share the tailored decision for each clinical case. The use of
novel systemic agents replacing standard platinum-based chemotherapy as a new standard
of care will certainly define new therapeutic scenarios in which the role of SBRT as an MDT
strategy will have to be determined in future studies.
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