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Abstract. Enlarged bone metastasis from renal cell carci‑
noma  (RCC) can cause skeletal‑related events, and thus 
treatment to inhibit the growth of bone metastases is often 
required. Although radiotherapy for RCC bone metastases 
can achieve a certain degree of local control, evidence is 
lacking regarding the effects of systemic therapy to improve 
bone metastasis. The present study aimed to assess the 
treatment efficacy of targeted therapy and immune check‑
point inhibitors, and to determine whether systemic therapy 
without radiotherapy can shrink bone metastases of RCC. 
The present study retrospectively reviewed 44 patients with 
RCC with bone metastases treated via systemic therapy, 
including targeted therapy or immune checkpoint inhibitors. 
Patients were divided into two groups: Those who underwent 
systemic therapy with radiotherapy for bone lesions (n=29); 
and those who underwent systemic therapy without radio‑
therapy for bone lesions (n=15). The radiographical efficacy 
of systemic therapy and the time to progression of bone metas‑
tases were compared between groups. The overall response 
rate of systemic therapy with radiotherapy was 44%, and in 
total, 13 patients demonstrated a partial response. Only one 
patient (6%) had a partial response among those who were 
treated via systemic therapy without radiotherapy. The time 
to progression of bone metastasis was 9.5 and 2.1 months in 
patients treated with and without radiotherapy, respectively 
(P<0.0001). Collectively, the present results suggested that 
targeted therapy or immune checkpoint inhibitors without 
radiotherapy had only a slight effect on bone metastasis 
control.

Introduction

More than 250,000 new cases of renal cell carcinoma (RCC) 
are diagnosed annually and 116,000 patients die from the 
disease worldwide. (1). A total of 25‑30% of newly diagnosed 
renal RCC cases present with metastases (2), and 20‑40% of 
patients with locally limited RCC undergo relapse during the 
follow‑up period, even if the tumors are surgically resected (3). 
Moreover, with regards to metastatic RCC, 30% of patients 
have bone metastasis (4).

Bone metastasis from RCC is mainly osteolytic, decreasing 
bone integrity and causing skeletal‑related events (SREs) (5), 
including pathologic fractures and the need for radiotherapy 
for bone pain, as well as surgical interventions to treat or 
prevent an impending fracture, spinal cord and nerve root 
compressions, and hypercalcemia (5). It has been reported that 
>70% of patients with RCC with bone metastases experience 
≥1 SRE during their clinical course  (5), and subsequently 
experience a decrease in their quality of life (QOL) (6).

The size of bone metastatic lesions is a risk factor for 
pathological fractures (7), and an enlarged bone metastasis 
in the vertebral body may induce spinal cord and nerve root 
compression  (8). Bulky bone metastasis can cause SREs, 
and thus treatment to decrease or inhibit the growth of bone 
metastases is often required (9). Although radiotherapy for 
RCC bone metastases can achieve a certain degree of local 
control  (10), there is not sufficient evidence regarding the 
effects of systemic therapy to improve bone metastasis.

Targeted therapy and immune checkpoint inhibitors have 
been reported to prolong either the progression‑free or overall 
survival time of patients with metastatic RCC based on the 
results of clinical trials. However, fewer patients with bone 
metastases are included in these trials compared with patients 
with lung or lymph node metastases (11‑14), as bone lesions 
are considered difficult to evaluate by the Response Evaluation 
Criteria in Solid Tumors (RECIST) criteria  (15), and the 
frequency of bone metastases is lower compared with that 
of lung or lymph node metastases in RCC (4). Therefore, the 
effect of targeted therapy and immune checkpoint inhibitors 
on bone lesions remains unknown, and which agents should be 
administered to patients with bone dominant metastatic RCC 
is yet to be fully elucidated.
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Several methods for evaluating the treatment efficacy 
for bone lesions have been suggested (16,17). For example, 
Hamaoka et al (17) proposed the MD Anderson bone response 
criteria, in which not only a size reduction, but also osteo‑
blastic changes are considered evidence of treatment efficacy 
for bone lesions. These criteria were originally developed for 
bone metastases from breast cancer, but have been adopted 
during a clinical trial evaluating the efficacy of radium‑223 
dichloride for RCC bone metastasis (18).

The present study aimed to evaluate the treatment efficacy 
of targeted therapy and immune checkpoint inhibitors using 
the MD Anderson bone response criteria, to examine whether 
systemic therapy itself can shrink bone metastases of RCC.

Patients and methods

Enrollment of patients. The present study retrospectively 
reviewed 44 patients (32 men and 12 women) with RCC with 
bone metastases, who were treated with systemic therapy at 
the National Hospital Organization Kyushu Cancer Center and 
Graduate School of Medicine and Pharmaceutical Sciences 
for Research University of Toyama between October 2008 and 
March 2020. The median age at diagnosis of bone metastasis 
was 66 years (age range, 39‑83 years). Key inclusion criteria 
were: Measurable bone metastasis on CT (diameter, >1.0 cm); 
and systemic therapy after a diagnosis of bone metastasis. 
Key exclusion criteria were: Bone metastasis that could not be 
detected on CT; and the absence of systemic therapy after a 
diagnosis of bone metastasis. The present study was approved 
by the Institutional Review Board of the National Hospital 
Organization Kyushu Cancer Center.

Evaluation of patient data. Patients were divided into two 
groups: Those who underwent systemic therapy with concomi‑
tant or sequential radiotherapy for bone lesions (n=29); and 
those who underwent systemic therapy without radiotherapy 
for bone lesions (n=15). The radiographical efficacy of systemic 
therapy was evaluated according to the MD Anderson bone 
response criteria, which was previously reported (Data S1) (17). 
The time to progression of bone metastases and bone‑specific 
overall response rate were calculated and compared between 
groups. The starting point for the analysis was set as the date 
of the initiation of systemic treatment after the diagnosis of 
bone metastasis from RCC.

Radiotherapy for bone metastasis was performed 
using a multidisciplinary conference consisting of medical 
oncologists, orthopedic surgeons, radiation oncologists and 
urologists (9). Bone metastases, which can cause pathological 
fracture and cord compression (19), were an indication for 
radiotherapy to prevent SRE, even when patients did not have 
ostealgia. Patients with ostealgia were suggested for radio‑
therapy to relieve pain. The dose of palliative radiotherapy was 
30‑40 Gy. In the present study, only one patient with solitary 
bone metastasis, without other organ metastasis, underwent 
curative radiotherapy at a dose of 50 Gy. The other patients 
underwent palliative radiotherapy.

Statistical analysis. Background characteristics of the groups 
were compared using the χ2 test or Fisher's exact test, and unpaired 
Student's t‑test for continuous variables. The Kaplan‑Meier 

method was used to estimate the time to the progression of bone 
metastases with systemic therapy. A log‑rank test was used to 
compare the time to progression between the groups. A Cox 
proportional hazards model was used to evaluate the predic‑
tors of the time to progression in univariable and multivariable 
analyses. P<0.05 was considered to indicate a statistically 
significant difference. All analyses were performed using the 
JMP® Pro software package (version 14.2.0; SAS Institute, Inc.).

Results

Patient characteristics. The characteristics of the 44 patients 
are presented in Table I. In total, 29 patients underwent radio‑
therapy for bone lesions, and 15 did not undergo radiotherapy. 
More patients received bone‑modifying agents (BMA) in the 
group with radiotherapy compared with the group without 
radiotherapy (P=0.021). The median follow‑up period was 
13.2 months (range, 0.7‑86.0 months), and the median radiation 
dose delivered to the bone lesions was 30 Gy (range, 30‑50 Gy). 
A total of 22 (50%) patients had bone metastases when they 
were diagnosed with RCC, and 25 (57%) had multiple bone 
metastases when they were diagnosed with bone metastasis. 
Regarding systemic therapy after the diagnosis of bone metas‑
tasis, targeted therapy and immune checkpoint inhibitors were 
administered to 36 (82%) and 8 (18%) patients, respectively.

Treatment efficacy. The overall response rate of systemic 
therapy with radiotherapy was 44% in the present study; in 
total, 13 patients demonstrated a partial response, including 
12 patients and one patient administered targeted therapy 
and immune checkpoint inhibitors, respectively. Only 
one patient (6%) had a partial response among those who did 
not undergo radiotherapy (Table II).

The time to progression of bone metastasis was 
9.5 and 2.1 months in patients treated with and without radio‑
therapy, respectively (P<0.0001; Fig. 1).

Cox proportional hazards model. A Cox proportional hazards 
model identified that a systemic therapy regimen, BMA and 
International Metastatic RCC Database Consortium risk 
stratification were not associated with the time to progression. 
However, systemic therapy with radiotherapy was a predictive 
factor of the time to progression of bone metastasis (hazard 
ratio, 16.60; 95% CI, 4.53‑60.90; P<0.0001; Table III).

Skeletal‑related events. The details of the initial SREs 
experienced by patients are presented in Table IV. A total of 
36/44 patients experienced SREs, with the most commonly 
being the requirement for radiotherapy for bone pain. Moreover, 
6/15 patients who underwent systemic therapy without radio‑
therapy, received radiotherapy for bone metastases due to pain 
after the failure of systemic therapy.

Discussion

Bone metastasis is a poor prognostic factor for metastatic 
RCC (20,21), and it can worsen despite the administration of 
systemic chemotherapy, even when it is effective for metastases in 
other organs. Enlarged bone lesions cause SRE, decrease the QOL 
and result in a poor prognosis (5,6); thus, it is important to control 
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bone lesions in order to avoid these outcomes. However, while 
improved efficacy of radiotherapy and surgery for controlling 

bone lesions has been reported (10,22), whether systemic therapy 
itself can control bone lesions remains unknown.

Table Ⅰ. Characteristics of the patients (n=44) with radiotherapy for bone metastasis (n=29) or without radiotherapy (n=15).

		  Radiotherapy for	 No radiotherapy for
Variable	 All patients	 bone metastasis	 bone metastasis	 P‑value

Age at diagnosis of bone metastasis, years	 66 (39‑83)	 65 (39‑83)	 63 (43‑76)	 0.911 
Sex				  
  Male	 32 (73)	 22 (76)	 10 (66)	 1.000
  Female	 12 (27)	   7 (24)	   5 (34)	
IMDC risk stratification				  
  Favorable	 11 (25)	   7 (24)	   4 (27)	 0.854 
  Intermediate	 23 (52)	 16 (55)	   7 (46)	
  Poor	 10 (23)	   6 (21)	   4 (27)	
Histology				  
  Clear cell	 37 (84)	 24 (83)	 13 (86)	 1.000 
  Non‑clear cell	   7 (16)	   5 (17)	   2 (14)	
Nephrectomy				  
  Yes	 36 (82)	 25 (86)	 11 (73)	 0.414 
  No	   8 (18)	   4 (14)	   4 (27)	
Metastasis at the diagnosis of RCC				  
  Bone metastasis with or without extraosseous metastasis	 22 (50)	 15 (52)	   7 (46)	 0.935 
  Extraosseous metastasis only	   6 (14)	   4 (14)	   2 (14)	
  No metastasis	 16 (36)	 10 (34)	   6 (40)	
Multiplicity of bone metastasis				  
  Solitary	 19 (43)	 12 (41)	   7 (46)	 0.737 
  Multiple	 25 (57)	 17 (59)	   8 (54)	
Bone‑modifying agents				  
  Yes	 17 (39)	 15 (52)	   2 (14)	 0.021 
  No	 27 (61)	 14 (48)	 13 (86)	
Systemic therapy after diagnosis of bone metastasis				  
  Sunitinib	 24 (56)	 14 (48)	 10 (66)	 0.110 
  Axitinib	   3   (7)	   1   (4)	   2 (14)	
  Pazopanib	   3   (7)	   3 (10)	   0	
  Sorafenib	   2   (4)	   2   (7)	   0	
  Temsirolimus	   2   (4)	   2   (7)	   0	
  Everolimus	   2   (4)	   0	   2 (14)	
  Nivolumab	   4   (9)	   3 (10)	   1   (6)	
  Nivolumab, Ipilimumab	   4   (9)	   4 (14)	   0	

Data are presented as the median (interquartile range) or a n (%). RCC, renal cell carcinoma; IMDC, International Metastatic Renal Cell 
Carcinoma Database Consortium.

Table II. Overall response rate of systemic therapy with (n=29) or without radiotherapy (n=15).

Best response, n (%)	 Systemic therapy with radiotherapy	 Systemic therapy without radiotherapy

Partial response	 13 (44)	   1   (6)
Stable disease	   4 (14)	   0
Progressive disease	 11 (38)	 11 (74)
Non‑evaluable	   1   (4)	   3 (20)
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Despite a number of reports having been published 
discussing the prognosis of patients with RCC with bone 
metastases, to the best of our knowledge, these have not 
mention the overall response rate of targeted therapy or 
immune checkpoint inhibitors for bone lesions (22,23). Bone 
lesions are difficult to measure accurately or evaluate via the 
RECIST criteria. Therefore, the present study adopted the 

MD Anderson bone response criteria, which can be used to 
evaluate the treatment efficacy for bone lesions by considering 
the size and sclerotic changes (17). While these criteria were 
originally developed for evaluating bone metastases from 
breast cancer, they have been used in translational research 
to evaluate the effect of radium‑223 dichloride combined with 
targeting therapy on bone metastases of RCC (18).

Table III. Univariate and multivariate analyses to evaluate the predictors of the time to progression of bone metastasis.

	 Univariate	 Multivariate
	 analysis	 analysis	
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 n	 HR (95% CI)	 P‑value	 HR (95%CI)	 P‑value

IMDC risk stratification					   
  Favorable	 11	 1 (reference)		  1 (reference)	
  Intermediate	 23	 1.88 (0.66‑5.33)	 0.234	 1.79 (0.55‑5.90)	 0.336
  Poor	 10	 1.47 (0.45‑4.82)	 0.527	 1.24 (0.36‑4.21)	 0.735
Bone‑modifying agents					   
  Yes	 17	 1 (reference)		  1 (reference)	
  No	 27	 3.07 (1.28‑7.38)	 0.012 	 1.45 (0.53‑4.00)	 0.473
Systemic therapy					   
  With radiotherapy	 29	 1 (reference)		  1 (reference)	
  Without radiotherapy	 15	 12.62 (4.17‑38.25)	 <0.0001	 16.60 (4.53‑60.90)	 <0.0001
Systemic therapy regimen after diagnosis					   
of bone metastasis
  Targeted therapy	 36	 1 (reference)		  1 (reference)	
  Immune checkpoint inhibitor	 8	 2.17 (0.84‑5.59)	 0.108	 2.88 (0.88‑9.43)	 0.080

IMDC, International Metastatic Renal Cell Carcinoma Database Consortium; HR, hazard ratio.

Figure 1. Time to progression of bone metastasis from the initiation of systemic treatment after the diagnosis of bone metastasis in patients treated with and 
without radiotherapy.
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Bone metastases in RCC are mainly osteolytic in nature 
and decrease the bone integrity, induce bone pain and result in 
significant morbidity for patients due to associated SREs (24). 
Osteoclast activation due to the presence of malignant cells 
leads to bone destruction (9), and a decline in malignant cells 
as a result of treatment can decrease osteoclast activity and 
induce sclerotic changes. It is therefore reasonable to regard 
sclerotic changes as indicating treatment efficacy.

The present results suggested that targeted therapy or 
immune checkpoint inhibitor without radiotherapy had only 
a slight effect on bone metastasis control. With regards to 
targeted therapy, a beneficial effect of cabozantinib, which is 
not available in Japan, on bone metastasis has been reported in 
a previous clinical trial, but the overall response rate was not 
mentioned, and how bone lesions are altered by cabozantinib is 
yet to be elucidated (25). By contrast, the results of the present 
study demonstrated that systemic therapy with sequential or 
concomitant radiotherapy exhibited a significant impact on 
bone metastasis control and prolonged the time to progression. 
This suggests a synergic effect of radiotherapy combined with 
targeted therapy or immune checkpoint inhibitors  (26,27). 
Targeted therapy or immune checkpoint inhibitors can enhance 
radiosensitization and improve local control, but the optimal 
timing and schedule remain unknown (26,27). Surgical resec‑
tion is promising for controlling bone lesions (9); however, in a 
clinical setting, numerous cases are unresectable due to a poor 
physical condition or unfavorable location of the bone lesion, 
among other reasons (28). For such cases, targeted therapy or 
immune checkpoint inhibitor therapy alone is not adequate, 
and radiotherapy should be considered to maintain the QOL.

Several limitations associated with the present study should 
be discussed. For example, this was a retrospective study that 
contained a relatively small sample size and a heterogeneous 
group of patients. However, the current data reflected the clinical 
practice and demonstrated a radiographically overall response 
rate specialized for bone lesions. To the best of our knowledge, 
the present findings have not been previously reported and may 
be useful for treating patients with RCC with bone metastases.

In conclusion, almost none of the patients who received 
systemic therapy without radiotherapy achieved a response 
in bone metastasis from RCC. Systemic therapy with radio‑
therapy exhibited a significant impact on bone metastasis 
control; however, it is still not adequate. Bone metastasis from 
RCC remains challenging to manage, despite multimodal 
therapy. Radium‑223 dichloride, an α‑emitting therapy that 
induces DNA double‑strand breaks leading to cellular death 

in areas with increased osteoblastic activity, is reported to be 
effective when combined with targeted therapy for controlling 
RCC bone metastasis (15). Moreover, novel approaches for 
treating RCC bone metastasis are expected to be developed.
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Table Ⅳ. Details of the initial skeletal‑related events experienced by patients (n=36) treated with systemic therapy with (n=27) 
or without (n=9) radiotherapy.

	 Total no. patients	 Systemic therapy	 Systemic therapy
Skeletal‑related events, n (%)	 Total no. patients	 with radiotherapy	 without radiotherapy

Need for radiotherapy for bone pain	 30 (83)	 24 (89)	 6 (67)
Spinal cord and nerve root compression	   3   (8)	   3 (11)	 0
Hypercalcemia	   2   (6)	   0	 2 (22)
Pathologic fracture	   1   (3)	   0	 1 (11)
Surgical interventions	   0	   0	 0
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