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Abstract. Up to 40% of patients with renal cell carcinoma 
(RCC) with initially localized disease eventually develop 
metastasis following nephrectomy. The current standard of 
care for metastatic RCC (mRCC) is targeted therapy. However, 
complete response remains rare. A state of oligometastatic 
disease may exist, in which metastases are present in a limited 
number of locations; such cases may benefit from metas-
tasis‑directed local therapy, based on the evidence supporting 
resection of limited‑volume metastases, allowing for improved 
disease control. We retrospectively analyzed 7 cases of response 
of RCC metastases, in patients treated with targeted therapies 
followed by radiation therapy (RT) of residual metastatic 
lesions in Paoli-Calmettes Institute (Marseille, France). We 
analyzed disease response rates, response to sequential strategy, 
relapse at the irradiated locations and disease evolution. The 
median follow-up was 34.1 months (range, 19.2-54.5 months). 
No progression at the irradiated sites was observed. A total of 
5 patients had stable disease at the irradiated locations at the 
last follow-up; 3 remained in complete remission at the assess-
ment, and 2 were stable. Excellent local response and clinical 
benefit may be achieved without added toxicity. In conclusion, 
sequential therapeutic strategies with RT following systemic 
treatment using sunitinib appear to be highly effective in 
patients with progressive mRCC and prompt the conduction of 
further confirmatory trials.

Introduction

One‑third of patients diagnosed with renal cell carci-
noma  (RCC) present with metastasis at initial diagnosis 

and up to 40% of patients with initially localized RCC 
eventually develop metastasis following radical or partial 
nephrectomy (1). The current standard of care for patients 
with metastatic RCC (mRCC) is targeted therapy, which may 
reduce tumor burden and improve survival rates compared 
with historical treatments (2). However, complete response to 
systemic therapy alone remains extremely rare (3).

mRCC has long been a disease for which the resection 
of metastatic deposits has been considered for patient treat-
ment (4). Patients who undergo metastasectomy tend to exhibit 
a better outcome, independently of their risk score (5).

However, in several cases, patients with metastatic disease 
are either unfit for surgery or have technically unresectable 
disease and, therefore, non-invasive metastasis-directed 
therapy for selected patients may be recommended.

For patients with metastatic disease progression and for 
those who present with distant disease, the median survival is 
~20 months, with an expected 5-year survival rate of 30% (6).

Among patients with mRCC, certain subgroups have 
been identified with improved prognosis and a prolonged 
disease course  (7). For these patients, management of 
limited metastatic disease may be beneficial. A state of 
oligometastasis may exist, in which metastases are present 
in a limited number of locations and may benefit from 
metastasis‑directed local therapy, based on the evidence 
supporting resection of limited‑volume metastases. In 
addition to the oligometastatic state, a state of oligorecur-
rence has been hypothesized, whereby the primary site 
is controlled and the number and sites of metastasis are 
limited (8). However, locally treating all disease sites may 
be challenging.

The aim of the present retrospective study was to evaluate 
the role of adjuvant radiotherapy (RT) following response to 
an anti‑angiogenic therapy on residual oligometastases.

Patients and methods

Patients. Between 2005 and 2011, 7 patients were treated in 
Paoli-Calmettes Institute (a comprehensive cancer center) for 
clear-cell mRCC in remission or with stable disease following 
tyrosine kinase inhibitor (TKI) treatment. In these patients, 
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the metastatic sites were not considered resectable, but could 
receive local RT treatment. TKI was definitely discontinued 
prior to RT until disease progression.

Data regarding patient and tumor characteristics, meta-
static presentation and clinical and biological prognostic 
factors were collected and reviewed.

The patients provided written informed consent, and the 
study was approved by the local Institutional Review Board of 
Paoli-Calmettes Institute.

Patient evaluation. The patients underwent computerized 
tomography of the chest, abdomen and pelvis following RT 
and every 3 months thereafter; they also underwent routine 
laboratory evaluations according to the systemic therapy 
schedule while on treatment.

Results

Patient characteristics. A total of 7 patients were enrolled 
in this study, including 2 women and 5 men. The median age 
was 66 years (range, 50.7-78.2 years). All the patients were 
diagnosed with clear‑cell RCC. According to the Memorial 
Sloan-Kettering Cancer Center risk assessment tool, the 
risk was low for 2, intermediate for 3 and unknown for the 
remaining 2 patients.

The median time between RCC diagnosis and metastatic 
disease was 34.03 months (range, 20.16-110.16 months), and 
the time between the diagnosis of metastasis and RT was 
35.3 months (range, 2.7‑52.9 months). Overall, the patients 
received a minimum of one line of anti‑angiogenic therapy 
(3 patients received ≥2 lines).

All the patients were in partial remission or had stable 
disease at the end of the anti-angiogenic treatment and 
none were suitable for surgical removal of the metastases. 
Anti‑angiogenic treatment was definitely discontinued prior 
to RT, until disease progression following RT. The irradiated 
metastatic sites included the mediastinal lymph nodes (n=3), 
bones (n=3), adrenal gland (n=1) and pulmonary tissue (n=1). 
One patient had bone and mediastinal lymph node metastases, 
which were treated simultaneously.

RT. The RT delivery technique was not homogeneous, similar to 
the totally delivered radiation dose. A total of 5 patients (3 with 
bone metastases and 3 with mediastinal lymph node metastases) 
received conformal RT with a planned dose of 36 Gy in 12 frac-
tions, delivered to all 5 patients, but interrupted in 1 patient at 
15 Gy due to symptomatic pleural effusion. Two patients, one 
with isolated lung metastasis and the second with adrenal gland 
metastasis, received extracranial stereotactic RT to a total dose 
of 42 Gy in 6 fractions and 40 Gy in 5 fractions, respectively. 
None of these patients developed unexpected or grade  >2 
RT‑related toxicity.

At the end of the RT treatment, 2 patients had achieved 
a complete response of the irradiated site (lymph nodes), 
whereas the remaining 5 patients achieved partial response or 
stable disease.

Follow-up. The median follow-up time was 34.1  months 
(range, 19.2‑54.5 months). No progression at the irradiated 
sites was observed during this time.

Two patients presented metastatic relapse on another site: 
1 patient developed breast and pancreatic disease progression 
at 6 months following completion of bone RT, and was retreated 
by sunitinib, whereas the other patient developed a contralateral 
kidney nodule 13 months following completion of lymph node 
irradiation, and was treated by radiofrequency. The median 
time to relapse was 9.3 months (range, 7.5-12.6 months).

A total of 5 patients had stable disease at the irradiated 
locations at the last follow-up; 3 remained in complete remis-
sion. Of these patients, 1 died from a stroke. That patient had 
undergone RT of the metastatic disease 34.1 months prior. 
Since then, no systemic therapy had been reintroduced, and 
the patient exhibited favorable disease evolution at the assess-
ment. The remaining 2 patients were considered as stable, 
with no relapse at the irradiated locations, without any further 
systemic therapy.

Discussion

We retrospectively analyzed the results of RT for metastatic 
sites non‑suitable for surgery in patients with mRCC respon-
sive to treatment following TKI administration.

The patients exhibited promising response rates and 
long‑term response (median, >24 months) of the irradiated 
locations.

The majority of these patients exhibited a response to 
sequential therapies; 6 patients had received TKI prior to RT 
and 1 was administered sunitinib 9 months after completion 
of RT. A total of 5 patients had stable disease at the irradi-
ated sites and 3 remained in complete remission. In terms of 
systemic disease, we observed that over half of the patients 
achieved complete response or stable disease (9).

RCC is considered to be radioresistant. Consequently, RT is 
mainly used for palliation of metastases or local tumor growth. 
The dogma regarding the radioresistance of RCC is based on 
the incorrect assumption that all RTs are equal. In 2014, a 
review by Daliani et al (10) summarized the emergence and 
important role of RT in the management of RCC and provided 
biological insights for the radiosensitivity of RCC. That study 
focused on the value of RT in the non‑palliative treatment of 
extracranial disease and demonstrated how new advances in 
RT, such as stereotactic body RT (i.e., RT to an ablative dose) 
may affect treatment outcome.

As regards the radiobiological difference between high 
and low dose per fraction of ionizing radiation, it is known 
that the conventional dose of 1.8-3  Gy/fraction may not 
cause the necessary endothelial apoptotic response required 
for tumor death. By contrast, higher RT fractions efficiently 
destroy tumor vessels (microvasculature) (11) and are, there-
fore, expected to achieve better results in tumors that are 
highly dependent on angiogenesis. The majority of clear-cell 
RCCs are highly vascularized. Targeting of endothelial cells 
in RCC with RT is important, although it may be compli-
cated.

The majority of evidence in favor of stereotactic body RT 
for RCC comes from single-institution studies (12). Thus far, 
there is no level 1 evidence, as no randomized trials have been 
performed.

The biological rationale supporting stereotactic body 
RT for mRCC also provides a basis for combined treatment 
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with targeted drugs, such as sunitinib, which inhibits the 
molecular signaling of various receptor tyrosine kinases, 
including all receptors for platelet-derived growth factors and 
vascular endothelial growth factor (VEGF), mainly the VEGF 
receptor  (13). Experimental data indicate that both VEGF 
and basic fibroblast growth factor inhibit radiation-induced 
endothelial apoptosis, thereby counteracting damages to the 
endothelium induced by single-fraction stereotactic body 
RT (14). Due to its inhibitory effects on VEGF, it is logical 
that sunitinib (among other TKIs) may act as a radiosensitizer 
for stereotactic body RT or single-fraction stereotactic body 
RT (15).

Over the past decade, research on RCC treatment has been 
focused on the development and implementation of targeted 
drugs  (16), including TKIs, monoclonal antibodies and 
mammalian target of rapamycin inhibitors. These drugs have 
significantly changed the management of RCC and prolonged 
progression-free survival (17). However, these treatments are 
also associated with moderate toxicity (18).

With the widespread availability of modern RT techniques 
and online image guidance, there are no longer technical 
barriers to the application of stereotactic body RT for the 
treatment of oligometastatic RCC. Involvement of dedicated 
radiation oncologists in international congresses, advisory 
boards and scientific committees may also help to increase 
awareness of the value of stereotactic body RT in the treatment 
of RCC.

In conclusion, we investigated 7  cases of response of 
metastases to sequential therapy with targeted therapies 
followed by RT. To the best of our knowledge, this is the 
first description of response of metastatic sites to sequential 
therapy with sunitinib followed by RT for clear-cell mRCC. 
Sequential therapeutic strategies with RT following systemic 
sunitinib treatment appear to be highly effective in patients 
with progressive mRCC and prompt the conduction of 
confirmatory trials. Excellent local response and clinical 
benefits may be achieved without added toxicity. Sequential 
strategies with TKIs followed by RT are promising, although 
they require further investigation, since, thus far, all available 
studies investigated the concomitant administration of these 
therapies.
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