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Intensity Modulated Radiotherapy
is a Well-Tolerated and Effective
Treatment for the Long-Term Control
of Intra-Abdominal and Retroperitoneal
Oligometastatic Renal Cell Cancer
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Abstract.
Background: The use of conventionally fractionated intensity modulated radiotherapy (IMRT) in the management of
oligometastatic renal cell carcinoma (RCC) is currently poorly characterised in the literature.
Objective: To evaluate the safety and effectiveness of IMRT for intraabdominal and retroperitoneal RCC oligometastases.
Methods: Retrospective analysis of 14 patients with oligometastatic RCC treated with IMRT with the aim of inducing long-
term control. Indications for radiotherapy included bleeding abdominal mass (5 patients), solitary renal bed recurrence (5
patients) and isolated, asymptomatic pancreatic mass (4 patients). The prescribed radiotherapy dose was 50 Gray in 20 to 25
fractions. Patients were followed up long-term using regular cross-sectional imaging and clinical review to assess local and
distant disease control and treatment related toxicity.
Results: At median follow up of 33.5 (6–68) months, 12 patients remain alive (86%), of whom 11 (92%) have no evidence
of local recurrence. Six patients (43%) developed further metastatic disease, of whom 4 (67%) received systemic treatment.
Median duration of local control was 33.5 months, and 1- and 3-year overall survival (OS) was 92.9% and 85.7% respectively.
No treatment-related toxicities ≥ grade 3 and no long-term sequelae were observed.
Conclusions: IMRT to intra-abdominal and retroperitoneal metastasis in oligo-metastatic RCC can be delivered safely,
provide durable responses and excellent longer-term survival if given to a sufficiently high dose over a conventionally
fractionated course. Our study is the first to date with long-term follow up to evaluate the role of IMRT in such cases and has
important implications for treatment of oligometastatic RCC.
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INTRODUCTION

A subset of patients with renal cell carcinoma
(RCC) develop oligometastatic disease, in which
metastases develop in single or a small number of
sites. Common sites include pancreas (up to 13% of
patients with metastatic disease; although this may
rise with improved detection with modern imaging
protocols [1–3]), paraaortic nodes (up to 15% in
high-risk patients [4]) as well as local recurrences
in the renal bed (in 3% of patients [5]). Management
can be challenging but, if left in situ, oligometas-
tases and recurrences can cause pain, invade the
duodenum or small bowel, and even cause life-
threatening haemorrhage [6]. A number of surgical
series demonstrate that an aggressive local treat-
ment approach can result in durable responses and
control the disease for many years, often avoiding
the need for systemic therapy [7, 8]. The literature
with regards to the role of conventionally fraction-
ated radiotherapy, which may be a suitable option
for a wider subset of patients, is by comparison,
sparse.

Patients with oligometastases or renal bed recur-
rences are often considered for surgery and studies
involving metastasectomy demonstrate improved
PFS and OS in appropriately selected patients,
with 5-year survival rates between 45–88% [1, 9,
10] (Table 3). However, there are no prospective
randomised studies to date and most data comes
from retrospective studies and are limited by small
sample size and selection bias [8, 11–14]. A sys-
tematic review of pancreatic surgery in metastatic
RCC showed overall survival rates were 80.6 and
72.6% respectively at 2 and 5 years, compared to
41 and 14% respectively in patients who did not
undergo resection [15a]. However, surgery is limited
by resectability and operability, given the signifi-
cant risk of major surgery including complications
related to general anaesthesia, wound healing and
the risks of bleeding and fistula formation [1, 5,
14]. Grade 3 and 4 complications were reported in
one study in 14.7% of patients after surgery for
isolated local retroperitoneal recurrence after radi-
cal nephrectomy for RCC, including two patients
who died postoperatively of multi-organ failure
[5].

Less invasive options, such as radiofrequency
ablation (RFA), have been used to treat primary
tumours as well as liver and lung metastases [16,
17]. RFA can be a treatment option in patients who
are not fit for surgery and offers good local control,

however there are limits on size and location of the
target [18].

Although RCC has conventionally been consid-
ered a relatively radio-resistant tumour, fractionated
radiotherapy has been shown to be an effective
palliative treatment in up to 50% of patients with
metastatic RCC [19]. Evidence for stereotactic body
radiotherapy (SBRT) for RCC oligometastases is
expanding [20–22]; results have been promising in
controlling intracranial metastases (2-year local con-
trol of 91.4% and OS of 85%) [23] and SBRT to
thoracic, soft tissue and abdominal metastases has
also shown excellent local control rates of greater
than 90% [24–26] (Table 2). Improved results are
observed if patients are offered treatment for small
volume metastatic disease [27]. It is suggested that
SBRT may play a role in both prolonging the
disease-free survival in patients with low-volume
metastatic disease and in delaying the need to
change or initiate systemic treatment in patients who
develop progression of a solitary or limited num-
ber of metastases (so called ‘oligoprogression’) [27].
Conventionally fractionated radiotherapy is an appro-
priate treatment for patients where there are concerns
regarding treatment safety and tolerability of other
more invasive treatment options. Although SBRT
may be an option for some of these patients, it is
not universally available. There is little evidence
available in the literature as to whether convention-
ally fractionated radiotherapy given at sufficiently
high doses is associated with achieving long-term
control in RCC. We therefore report our institu-
tion’s experience with IMRT to isolated pancreatic,
paraaortic or renal bed masses in patients with
RCC as proof of concept of the utility of this
technique.

MATERIALS AND METHODS

A retrospective analysis of patients with metastatic
RCC receiving IMRT to a prescribed dose of ≥50
Gray equivalent dose at 2 Gray (EQD2) for intra-
abdominal metastasis was undertaken. We reviewed
electronic records and radiotherapy notes of patients
who underwent radiotherapy between 2006 and 2016
under the care of The Cambridge University Hos-
pitals NHS Trust. Patients were followed up with
clinical review and CT at 3-6 monthly intervals fol-
lowing radiotherapy. This study was registered as a
service review by the audit department at Cambridge
University Hospitals.
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Statistical analysis

Overall survival (OS) was defined from date of
completion of IMRT until death or last follow up.
Local control was scored as an event if any treated
lesion grew by ≥20%, based on the Response Eval-
uation Criteria In Solid Tumors (RECIST) Version
1.1 criteria or a local failure was confirmed patho-
logically. Graph Pad Prism version 7 was used for all
data analysis.

RESULTS

Fourteen patients were identified. Patient char-
acteristics, treatments and outcomes are shown in
Table 1. Median age at radiotherapy was 71 years
(range 51–81). All patients had performance status 0
or 1 at the time of commencing radiotherapy. Prior to
radiotherapy, 5 patients had received systemic treat-
ment (2 patients-2 lines, 3 patients-1 line).

Indications for radiotherapy included bleeding
abdominal mass (5 patients), renal bed recurrence
(5 patients) and isolated, asymptomatic pancreatic
mass (4 patients). Prescribed dose was 50 Gray in
20–25 fractions over 4–5 weeks. All patients were
planned conformally using IMRT and tomotherapy
techniques. Outlined organs at risk were: kidney,
liver, small bowel and spinal cord. For a single kidney
the dose constraint was V10Gy <5% and mean dose
<5Gy; liver mean dose <25Gy; small bowel objective
<150 cc >40Gy and constraint V50 <5%; spinal cord
constraint V40Gy<0%.

All but one patient completed treatment as planned,
and no grade 3 or 4 toxicity was observed. The
commonest toxicity documented was nausea and
lethargy (grade 1 or 2). One patient declined fur-
ther treatment after 17 fractions (grade 2 lethargy).
At first post radiotherapy imaging, 85.7% (12) of
patients had stable disease(SD) by RECIST. Of these,
one patient (7.1%) showed an additional finding of
necrosis within the irradiated metastasis suggesting
treatment response. He remains alive with no radi-
ologically confirmed evidence of local progression
at 50 months. Partial response(PR) was documented
in 7.1% (1) of patients (he remains well with stable
disease at 31 months). Although progressive disease
(PD) was confirmed in 7.1%(1) on initial imag-
ing, patient gained the palliative benefit in form of
haemostasis. There were no long-term sequelae of
radiotherapy observed during study period.

Overall survival at 1 and 3-years was 92.9% and
85.7% respectively, with median follow up of 33.5

months (Fig. 1A). Median duration of local control
was 33.5 months (range 6–68) (Fig. 1B). Twelve
patients remain alive (85.7%), of whom 11 (92%)
have no evidence of local recurrence. Six out of
the original 14 patients (43%) developed metastatic
disease, 4 of whose irradiated site remains sta-
ble. Four of these 6 patients (67%) have received
systemic treatment (3 of whom received a tyro-
sine kinase inhibitor (TKI) and 1 patient received
everolimus). Two patients (29%) received RFA for
isolated relapses outside the radiotherapy field (1
of whom later went on to require TKI therapy
for multiple metastases). The remaining 8 of the
original 14 patients (57%) continue to have sta-
ble disease with no evidence of local or distant
recurrence.

Over the study period, two patients (14.2%)
relapsed at the irradiated site (3 and 35 months after
completing radiotherapy). The patient who relapsed
after 3 months did not complete the prescribed course
of radiotherapy, receiving only 40.7 Gray in 17 frac-
tions, as described above. The patient also developed
distant metastases and died 6 months after completing
radiotherapy. The other patient who relapsed locally
developed very slow progression after 35 months
and only started systemic therapy (with sunitinib)
14 months later after developing symptomatic liver
metastases.

DISCUSSION

Conventionally fractionated IMRT for intraab-
dominal oligometastatic RCC was found to be safe,
well tolerated, and associated with excellent long
term control in our patient cohort. This study confirms
the results from previous studies showing that an
aggressive approach can result in durable responses
and control the disease for a number of years [7, 8].
The overall survival rates in our study of 92.9% and
85.7% at 1- and 3-years respectively, are compa-
rable to reported overall survival rates of 80.6 and
72.6% at 2- and 5-years, respectively, for patients who
underwent resection of pancreatic oligometasases
and substantially better than the 2- and 5-year overall
survival rates of 41 and 14% respectively in patients
who did not undergo resection, in the same review
[28]. Patients receiving surgery for oligometastatic
disease are often highly selected in terms of per-
formance status, co-morbidity and invasiveness of
disease, whereas such requirements are less stringent
for radiotherapy [14].
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Table 1
Patient characteristics, treatment and outcome

Current
status

FU [m] Time to
DP [m]

Time to
LP [m]

Radiological
response

Clinical
response

Dose [Gy]/
fractionation
Fractionation

Site of
RT

Date RT
completed

Treated
tumour
size [cm]

Interval∗
[m]

Number of
metastatic
sites

Management
of primary,
and prior
therapy

Histology Year primary
diagnosed

A, DP 66 46 NR SD NA 50/20 P 30/6/11 5.2;2.5 2 1 RN Clear Cell 2007
A, DP 50 38 NR SD, N NA 50/25 P 31/1/13 U 10 4 RN Clear Cell 2002
A, S 27 NR NR SD NA 48/24 P 12/12/14 6.2 3 1 PN Clear Cell 2011
A, S 6 NR NR SD NA 50/20 P 13/07/16 U 1 3 RN Clear Cell 2014
A, PD 51 35 35 SD CR 50/20 PA 08/11/12 2 1 3 RN Sorafenib Clear Cell 2005
A, S 60 NR NR SD CR∗∗ 50/20 PA 09/12/11 U 5 1 RN Clear Cell 2004
A, S 31 NR NR SD NA 50/25 PA 21/03/14 1.6 84 3 RN

Regorafenib
Clear Cell 2006

D 68 58 NR SD CR 50/20 PA 07/05/10 7.8 6 1 RN, Sunitinib Papillary 2007
D 6 3 3 PD CR (H) 40.7/17 A 15/06/06 U 3 3 RN Clear Cell 2002
A, S 56 NR NR SD CR 50/20 RB 29/05/12 3.2 5 1 RN, failed

resection
recurrence

Papillary 2008

A, S 22 NR NR SD CR 50/25 RB 11/11/14 1.8 2 1 RN, Sorafenib, Clear Cell 2011
A, S 8 NR NR SD CR 50/25 RB 16/03/16 3.5 48 1 RN, Clear Cell 2005
A, DP 34 31 NR SD CR 50/20 RB 01/04/14 2 2 1 RN Chromophobe 2008
A, S 33 NR NR SD CR 50/20 RB 09/05/14 4.5 2 1 RN Clear Cell 2007
∗M-months; NR-Not reached; NA-not applicable; U-data unavailable; RT- Radiotherapy; SD-Stable disease; PR-partial response; PD-progressive disease; N-necrosis; H-haemostasis; P-pancreatic
mass; RB-renal bed; PA-paraaortic mass; A-intra-abdominal mass, not otherwise specified; met-metastases; D-died; A-alive; DP-distant progression; S-Stable. ∗Interval between onset of metastases
and radiotherapy; fract-fractionation; LP-local progression; RN-radical nephrectomy; PN-partial nephrectomy; CR-clinical response. ∗∗-recurrent small bowel obstruction due to paraaortic mass,
less frequent following radiotherapy.
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Table 2
Published data related to conventional RT/SBRT in extracranial oligometastatic renal cell carcinoma1

Author Year Number
pts/mets

RT dose/# Site of RT Systemic therapy outcome Median follow up Toxicity

Altoos
[24]

2015 34/53 50Gy/5#(SBRT)-
36/53lesions
20Gy/ 5#,30Gy/
10#,40Gy/
10#(CEBRT)-
17/53lesions

Lung/ skin/ soft
tis-
sue/abdominal

72% before RT;
57% after RT

SBRT-2&3 years
LC:93.4%;
CEBRT-2&3
years LC
35%(p < 0.001)

16 months No grade 4/5

DiBiase
[42]

1997 107/150 Various Bone/ Brain/ soft
tissue/ spinal
cord/lung

NS Median duration
palliation 6
months (range
1–150).
Increased RR
seen associated
with higher
BED

NS NS

Gravis
[26]

2015 7/8 36Gy/12# 42Gy/6#
and 40 Gy/5#

Mediastinal/ lung/
LN/ bone/
adrenal

Yes (all before
RT)

Median LC >24
months, no
local PFS

34 months No grade

Hoerner-
Rieber
[43]

2017 46/67 Median 20.8Gy at
isocenter (range,
6.0–37.9Gy)/median
3 (range 1–8)

Lung 52.2% before
SBRT (n = 35);
40.3% after
(n = 27)

1- and 3-year LC
98.1% and
91.9%
respectively

28.3 months 8.6% acute grade
2; 6.5% late
grade >2

Onufrey
[44]

1985 125/125 20–60Gy CEBRT Bone/Brain/soft
tissue/spinal
cord

NS RR (clinical)
65% for higher
doses versus
25% for lower

NS NS

Ranck
[23]

2013 18/39 3-fraction
dose-escalation
protocol (8 to
14Gy/#) or off
protocol with 10#
(4–5Gy/#)

Bone/ abdominal
LN/lung/
mediastinum/
adrenal/
liver/soft
tissue/kidney

1 year freedom
from post SBRT
therapy 64.2%

2 years LC
(estimated)
91.4%; OS
85%.

16.2 months 61.1% acute
fatigue, low
rates late
toxicity

Svedman
[45]

2006 30/82 Various (8 Gy × 4, 10
Gy × 4, 15 Gy × 2
or 15 Gy × 3)

Mediastinal/ lung/
thoracic wall/
adrenal/
abdominal
glands/
liver/spleen/pelvis

20% prior to
SBRT (n = 6);
30% subsequent
(n = 9)

LC 98% 52 months (22
months for
deceased
patients)

57%. The majority
(96%) grade
I–II. One
possible grade
5.
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Table 2
(Continued)

Author Year Number
pts/mets

RT dose/# Site of RT Systemic therapy outcome Median follow up Toxicity

Wang
[46]

2017 84/175 40–60Gy/5#,
30–54Gy/3#
20–40Gy/1#

Bone/thorax/
abdomen/
kidney/ soft
tissue/ spinal
cord

52.6% prior SBRT 1-year LC 91.2% 10.5 months
(lesions); 16.7
months
(patients)

Acute: 10.4%
grade 1-2; 1.7%
grade >2.
Late: 4.5% all
grades;2.9% for
grade >2

Wersall
[25]

2005 58/50 (8
patients
included with
primary
inoperable
disease)

8 Gyx4, 10 Gyx4 and
15 Gyx3 over 1
week

Various
extracranial
sites

NS LC-90–98% 37 months low

Zelefsky
[47]

2012 55/105 24–30Gy/3–5#
(43.8%); 18–24/1#
(56.2%)

Spine/ pelvic
bones/ femur/
other bone/LN

NS 3-year actuarial
local
progression-
free survival
44%

12 months Dermatitis: 4%
grade 2, 2%
grade 4.
Fracture 7%
patients

∗LC-local control; RT-radiotherapy; SBRT-stereotactic body radiotherapy; CEBRT-conventionally fractionated external beam radiotherapy; LN-lymph nodes; RR-response rate; NS-not stated;
BED-biologically effective dose; OS-overall survival. 1Appropriate studies were selected for inclusion based on the following search criteria in the PubMed Online Database using the terms ‘renal
cancer’, kidney cancer’, ‘renal cell carcinoma’, ‘radiotherapy’, ‘stereotactic body radiotherapy’, ‘SBRT’, ‘oligometastatic’, ‘oligometastases’, ‘oligo-metastatic’, ‘oligo-metastases’, ‘metastatic’,
‘metastases’.
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Table 3
Example surgical series of patients with metastatic renal cell carcinoma treated by surgical resection of metastases

Author Year Number
patients

Surgery Post op M&M rate Median follow up Outcome

Sohn [9] 2001 10 Pancreatic
resection

NS 15 months 5-year survival 75%

Faure [11] 2001 8 Pancreatic
resection

none 48 months Mean survival 48 months

Law [8] 2003 14 Pancreatic
resection

1 perioperative death 32 months 50% alive with no
recurrence28% alive with
recurrence

Akatsu [12] 2007 4 Pancreatic
resection

NS 39 months Median survival 103 months

Zerbi [1] 2008 36 Pancreatic
resection

No perioperative
mortality, the morbidity
rate –47.8%.

31 5-year actuarial survival rate
– 88%, median disease-free
survival –44 months. No
surgery :5-year survival
rate of 47%, median
survival time 27 months
(P = 0.02).

D’Ambra [13] 2011 7 Pancreatic
resection

Morbidity-42.8%, no
mortality

Median OS–43.0 months
(range 12.9–74.5), med
DFS –23.6 months

Grassi [40] 2013 2 Pancreatic
resection

NS 51 months Median OS 39 months

Markinez [14] 2013 8 Pancreatic
resection

1-
haemorrhage/anastomosis
1-pseudomembranous
colits+AKI+CS 1-died
post op/torpid course

30 months(mean) 87.5% alive, 12.5% died

Thomas [5] 2015 102 Retroperitoneal 14 patients-grade 3 and
more

32 months Median DFS and CSS after
RP resection was 23
months and 66 months
respectively. One, 3 and
5-year CSS was 92%, 71%
and 52%, respectively.

∗M&M-morbidity and mortality; med –median; OS-overall survival; DFS-disease free survival, CSS-cancer specific survival; ND-none
documented; NS-nil significant; AKI-acute kidney injury; CS-compartment syndrome; RP-retroperitoneal.

Another important conclusion from our study
was the absence of any grade 3 or 4 toxicities or
long term sequalae from radiotherapy. Surgery for
oligometastatic RCC is associated with significant
toxicity (including death) which is an important con-
sideration in this arguably palliative population group
where >40% are likely to develop other metastatic
disease within 5 years [5]. In our study, although only
2 patients in our study relapsed within the radiother-
apy field (including one patient who did not complete
the full prescribed course of radiotherapy due to
fatigue), 43% of patients developed further distant
metastatic disease, of whom 67% received systemic
therapy, within the follow up period. It is therefore
important to consider the likelihood of long term toxi-
city when contemplating treatment of oligometastatic
RCC in order to maintain fitness for future systemic
treatments. Additionally, the excellent tolerability of
radiotherapy allows treatment of patients who are

relatively less fit, with co-morbidities, compared to
surgery.

Radiofrequency ablation (RFA) is another treat-
ment option for patients who are not considered
suitable for surgery. RFA offers excellent rates of
local control but the feasibility of treatment is lim-
ited by the size and location of the potential target
[17]. Typically, lesions of up to 3 cm in size can be
confidently treated with RFA provided there is a safe
access (straight needle line, without bowel loops).
Radiotherapy has the potential to treat much larger
lesions and is less limited by location as long as radio-
therapy dose constraints for the surrounding organs
at risk can be met. Following RFA, a significant
reduction in the size of the treated RCC metastases
is frequently noted [18]. Radiotherapy, in contrast,
frequently does not result in significant shrinkage
of treated oligometastases, instead, stabilising the
majority of treated oligometastases. Longer follow
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Fig. 1. Disease control after radiotherapy. A) Overall survival of
patients treated with radiotherapy. B) Local control after treatment
with radiotherapy. Censored subjects are noted by a dash on the
graphs.

up is required to ascertain whether local recurrence
may occur in the future and functional imaging may
also be useful in confirming whether treated tumours
remain metabolically active after radiotherapy.

The median local control rate of 33.5 months in
the current study is comparable to the median local
control rates at 24 and 36 months of 93% in patients
treated with SBRT in a recent single institution study
[24]. The same study reported significantly lower
median local control rates of 35% at 24 and 36
months using conventional fractionated radiotherapy
[24] although it should be noted that the radiother-
apy doses used were considerably lower than those
used in the present study. SBRT delivers higher doses
(typically in excess of 8–10 Gy per fraction), in fewer
fractions, than the conventional radiotherapy used in
the current study. The biological rationale for delivery
of ablative radiotherapy is to overcome the perceived
inherent radio-resistance of RCC metastases. In vitro

studies suggest that delivery of greater doses per frac-
tion is associated with exponentially increased rates
of cell death in RCC cell lines [29]. It is suggested
this occurs as ablative doses activate alternate mech-
anisms of tumour cell death, for example tumour
hypoxia secondary to endothelial damage, which are
not seen at lower doses [30]. However, we know that
in vitro observations do not always translate into clin-
ically meaningful results. Furthermore, not all centres
are able to offer SBRT due to the availability of equip-
ment and staff trained in the advanced technical and
quality assurance requirements mandated to deliver
SBRT. The present study provides reassurance that
conventionally fractionated radiotherapy, can also
achieve excellent rates of control in oligometastatic
RCC, potentially enabling more patients to receive
treatment at centres closer to home. We feel that the
lack of access to SBRT should not be seen as a bar-
rier to delivering higher doses of radiotherapy with
the aim of durable local control.

Our results challenge the convention that RCC
is a relatively radio-resistant tumour [31]. Some
interesting work is emerging which may help us
understand factors which contribute to the excellent
local control rates achieved. Recent reports show that
radiotherapy can change the direction of immunity
against the tumour through increased intratumoural
CD8+ T cell infiltration [32, 33]. High dose radi-
ation transformed the immunosuppressive tumour
microenvironment resulting in an intense CD8+ T
cell tumour infiltrate, and a loss of myeloid derived
suppressor cells, leading to durable responses in
mouse models [34]. Additionally, in vitro models
have shown that hypofractionated radiation induces
‘immunotoxicity’ in tumour, but not in healthy cells,
leading to immune-mediated tumour destruction via
activation of immature dendritic cells (DC) which
stimulate CD4+ T-cells not only in an allogenic, but
also in an antigen-specific manner [32]. Radiother-
apy may also change the tumour microenvironment
by releasing cytokines which increase its responsive-
ness to local radiotherapy increasing the likelihood of
further systemic responses via the ‘abscopal’ effect
[34–36]. Indeed, a prospective clinical trial of SBRT
for inoperable primary RCC has demonstrated free-
dom from local progression, distant progression and
overall survival at 2 years of 100%, 89% and 92%,
respectively [37], with baseline neutrophil to lym-
phocyte ratio being predictive of immune-mediated
response offering a potential future biomarker of
response to radiotherapy, though this needs further
investigation.
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The possibility that radiotherapy augments
immune responses and that the combination of
radiotherapy and immunotherapy may lead to more
durable local and systemic control is another concept
which has sparked some excitement in the literature
and, interestingly, TKIs (standard first line treatment
of metastatic RCC) have also been shown to augment
immune responses via vascular endothelial growth
factor- (VEGF-) mediated effects on neutrophil
migration, T lymphocyte-DC cross-talk, DC matu-
ration and immune cell metabolism and reactivity
[38]. Many questions remain unanswered regarding
combinations of radiotherapy and immune- and
TKI- directed therapies, including the optimal dose
and fractionation, which agents should be used or
how to provoke the optimal immune effect following
irradiation of particular metastatic sites [36]. Eleven
clinical trials investigating combinations of radio-
therapy with systemic immune and TKI-directed
therapies in RCC are currently listed as recruiting
on www.clinicaltrials.gov (last accessed 05/03/18).
It should also be noted that these treatments are
likely to be used long-term thus exposing patients
to enduring toxicity, whereas our study (and others)
have shown that effective local treatment can control
metastatic sites for a number of years before systemic
treatment is needed.

There are several limitations of our study. These
include its retrospective nature and inclusion of a rel-
atively small number of patients with heterogeneous
disease characteristics in terms of tumour burden and
subsequent or previous treatments. We know from
surgical series that median overall survival in patients
with pancreatic metastases is longer than patients
with metastatic disease from RCC elsewhere [39, 40]
and 29% of patients in our study were treated for
isolated pancreatic metastases which may have posi-
tively influenced our overall outcomes. There is also
variability in radiotherapy treatment received in terms
of fractionation size and total dosage. Collection of
data over a long time course means that changes in
both radiotherapy technique and systemic approaches
changed over the study period. Nevertheless, we feel
that the results of this study provide a valuable insight
into the significant potential benefits of high dose
radiotherapy in the management of oligometastatic
RCC.

This study provides proof of principle that radio-
therapy delivered with conventionally fractionated
IMRT is effective in achieving long-term control
of intraabdominal and retroperitoneal oligometas-
tases. Recent advances in understanding the role of

the immune response in RCC may widen the util-
ity of radiotherapy in RCC treatment, as reviewed
recently [41]. Decisions regarding treatment modal-
ity for oligometastatic RCC should be made in a
multi-disciplinary setting. We feel that convention-
ally fractionated radiotherapy is an under-utilised but
extremely useful tool in the management of such
patients, especially those in whom surgery and SBRT
are not deemed suitable, and its use should be more
widely implemented. We hope that this study pro-
vides some guidance and acts as a catalyst for future
research in this area.
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