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Prognostic assessment of patients with bone metastatic
renal cell cancer treated with palliative radiotherapy
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Abstract. The present study investigated the prognosis of
patients who received palliative radiotherapy (RT) for bone
metastases (BMs) from renal cell cancer (RCC), and assessed
the prognostic factors specific to BMs from RCC. A total of
109 patients with RCC and BMs who underwent RT for the
first time were included in the study. Prognostic factors were
evaluated using multivariate analysis and a scoring system
based on regression coefficients was devised. The median
follow-up time was 9 months, and the 0.5-year overall survival
(OS) rate was 73.0%. In the multivariate analysis, the signifi-
cant prognostic factors were higher performance status (=2),
no control of the primary site, disseminated metastasis, lymph
node metastasis and multiple BMs. A score of 1 point was
assigned to each risk factor. The median OS times were 19.0
and 5.0 months in patients with a total score of <1 (n=49) and
>1 (n=60), respectively (P<0.01). In conclusion, a comprehen-
sive prognostic assessment using these factors may be useful
for predicting the prognoses of patients with BMs from RCC.
In addition, this scoring system may be useful in selecting the
optimal RT dose.

Introduction

Distant metastases commonly occur in the bone (1). Bone
metastases (BMs) occur in approximately 30% of metastatic
renal cell cancers (RCC), and most patients with BMs do not
expect a good prognosis (1-year OS, approximately 30%) (2,3).
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Hypofractionated RT (e.g., a single fraction of 8 Gy) is
as effective as fractionated RT for pain relief and metastatic
spinal cord compression (MSCC) in the BMs from RCC (4).
However, the radiographic local control of BMs receiving RT
is insufficient with hypofractionated RT, and the re-RT rate is
higher for hypofractionated RT than for fractionated RT (4-9).
Therefore, hypofractionated RT may be unsuitable for patients
with an expected long-term prognosis, and the prediction of
life expectancy is crucial at the time of RT for BMs from RCC.

Several scoring systems have been developed for patients
with bone metastasis (10-13). In one of these scoring systems,
Katagiri e al devised a very precise prognostic scoring system
for patients with BMs from various primary cancers (10).
However, the recent remarkable progress in systemic therapy,
tyrosine kinase inhibitors (TKI), and immune checkpoint
inhibitors (ICI) has improved the prognosis of patients with
advanced RCC (14-18). Although several disease-specific
prognostic scoring systems for BMs have been devised. In
addition, the International Metastatic Renal Cell Carcinoma
Database Consortium (IMDC) scoring system (19,20) and
the Memorial Sloan-Kettering Cancer Center (MSKCC)
prognostic scoring systems (21) are well-known prognostic
scoring systems for metastatic RCC. However, few prognostic
scoring systems are useful for the radiation oncologists when
selecting the RT dose for BMs from RCC (22-25). Therefore,
to select the optimal RT dose for BMs from RCC, we assessed
the prognostic factors in RCC patients with BMs and devised
a prognostic scoring system.

Materials and methods

Study population. Between January 2010 and March 2023,
109 consecutive RCC patients were treated with initial RT
for BMs at our institutions (Ehime University Hospital, Toon,
Japan, n=50; Ehime Prefectural Central Hospital, Matsuyama,
Japan, n=38; National Hospital Organization Shikoku Cancer
Center, Matsuyama, Japan, n=21). RCC patients with BMs were
referred by an attending physician to a radiation oncologist for
palliative RT for the following reasons: i) Pain relief with or
without prevention of pathological fractures, and ii) metastatic
spinal cord compression (MSCC) with or without pain and/or


https://www.spandidos-publications.com/10.3892/ol.2024.14615

2 MAKITA et al: RADIOTHERAPY FOR BONE METASTASES FROM RENAL CELL CANCER

neurological symptoms. The Ethics Committee of National
Hospital Organization Shikoku Cancer Center approved this
retrospective study (registration no. 2023-525).

BMs was detected using computed tomography (CT,
n=109), bone scintigraphy (n=22), 18F fluorodeoxyglucose
positron-emission tomography and CT (n=31), or magnetic
resonance (MR, n=28) scans. Performance status (PS) was
evaluated using the Eastern Cooperative Oncology Group scale.

Radiotherapy. The patients received three-dimensional
conformal RT delivered using 4-10 MV photons with a linear
accelerator (Clinac 21EX, Clinac iX, or TrueBeam, Varian
Medical Systems).

The most common RT dose was 30 Gy in 10 fractions
(n=39, 34.9%). The other fraction schedules were as follows:
1x8 Gy (n=8), 5x4 Gy (n=4), 4x5 Gy (n=1), 13-15x3 Gy (n=32),
15-20x2.5 Gy (n=9), 20-25x2 Gy (n=5), and 5x4 Gy + 8x2 Gy
(n=1).

Statistical analyses. The survival rate was calculated using
the Kaplan-Meier method with log-rank test. The Cox propor-
tional hazard model was used for univariate and multivariate
analyses to determine the hazard ratios (HRs), including 95%
confidence intervals (CIs) and P-values. Factors such as age,
sex, PS, histologic type, control of the primary tumor of the
kidney (primary site), brain metastasis, liver metastasis, lung
metastasis, disseminated metastasis, lymph node metastasis,
number of bone metastatic lesions, bone metastatic site, RT
site, pathological fracture, neurological symptoms, use of
bone-modifying agents (BMAs), pre-RT targeted therapies
(TTs), and pre-RT laboratory data were analyzed using
univariate analysis. Because the important factors were not
clear in the previous studies, factors with P<0.10 on univariate
analysis were subjected to multivariate analysis. In multi-
variate analysis and log-rank tests, P<0.05 was considered
to indicate a statistically significant difference and a scoring
system based on regression coefficients in the multivariate
analysis was devised. Statistical analyses were performed
using JMP software (JMP version 14.3.0; SAS Institute, Cary,
North Carolina, United States).

Results

Clinical characteristics. The patient characteristics are listed
in Table I. A total of 41 (37.6%), 22 (20.2%), and 46 (42.2%)
patients had single, 2-3, and >3 BMs, respectively. A total of
54 (50.5%) patients underwent pre-RT TTs such as sorafenib,
sunitinib, axitinib, pazopanib, everolimus, temsirolimus,
cabozantinib, nivolumab, and ipilimumab.

Pre-RT laboratory data were collected using the Katagiri
scoring system (10). Only eight patients showed critically
abnormal laboratory data (platelets, 3; serum calcium, 5; total
bilirubin, 0). Therefore, abnormal [CRP =0.4 mg/dl, lactate
dehydrogenase (LDH) =250 IU/I, or serum albumin <3.7 g/dl]
and critically abnormal (platelet <100,000/1, serum calcium
=10.3 mg/dl, or total bilirubin =1.4 mg/dl) laboratory data were
included within the same group as abnormal laboratory data.

Among the 109 patients, 62 (56.9%) died and 47 (43.1%)
survived at the latest follow-up. The median follow-up time of
OS was 9.0 months (range, 0.5-146.0 months), and the 0.5- and

1-year OS rates were 73.0 and 59.4%, respectively (Fig. 1). In
addition, the median follow-up time for the survival of living
and dead patients at the final follow-up was 10.0 months (range,
1.0-146.0 months) and 9.0 months (range, 0.5-98.0 months),
respectively.

Prognostic factors for patients with BMs from RCC. Because
de novo, which means ‘RCC patients with BMs at the time
of initial diagnosis, and the primary site control cases did
not differ significantly in OS (HR, 1.40; 95% CI, 0.70-2.80;
P=0.33), the control evaluation of the primary site was
classified into two groups (control or de novo vs. no control).

In the univariate analysis, PS (<2 vs. =2; HR, 2.16; 95%
CI, 1.30-3.61; P<0.01), primary site (control or de novo vs. no
control; HR, 2.67; 95% CI, 1.30-5.47; P=0.01), lung metastasis
(no vs. yes; HR, 1.68; 95% CI, 0.99-2.86; P=0.05), dissemi-
nated metastasis (no vs. yes; HR, 3.00; 95% CI, 1.54-5.88;
P<0.01), lymph node metastasis (no vs. yes; HR, 2.23; 95%
CI, 1.31-3.80; P<0.01), number of bone metastasis (single vs.
multiple; HR, 2.31; 95% CI, 1.29-4.14; P<0.01), and pre-RT
laboratory data (normal vs. abnormal; HR, 2.40; 95% CI,
1.13-5.12; P=0.02) were significantly associated with OS
(Table II).

In the multivariate analysis, ECOG-PS (<2 vs.=2; HR, 1.84;
95% Cl, 1.06-3.18; P=0.03), primary site (control or de novo
vs. no control; HR, 3.24; 95% CI, 1.51-6.95; P<0.01), dissemi-
nated metastasis (no vs. yes; HR, 2.36; 95% CI, 1.12-4.97;
P=0.02), lymph node metastasis (no vs. yes; HR, 1.91; 95%
CI, 1.04-3.51; P=0.04), and the number of bone metastasis
(single vs. multiple; HR, 2.56; 95% CI, 1.38-4.75; P<0.01) were
significantly associated with reduced OS (Table II).

RT course length [long (>10 fractions) vs. short
(=10 fractions); HR, 1.78; 95% CI, 1.08-2.94; P=0.02] was
significantly associated with OS in the univariate analysis,
but this factor was not included in the multivariate analysis
because of selection bias.

Prognosis according to the devised prognostic scoring system.
A prognostic scoring system using the regression coefficients
of significant prognostic factors in multivariate analysis
was developed (Tables II and III). ECOG-PS, primary sites,
disseminated metastasis, lymph node metastasis, and number
of bone metastatic lesions were used to create a scoring
system for the estimation of survival. Because all regression
coefficients were between 0.3 and 0.6, one point was assigned
to each factor. The associations between the total points and
the 0.5- and 1-year OS rates are listed in Table IV, and the
corresponding Kaplan-Meier curves are shown in Fig. 2.

We classified patients with BMs from LC into two groups
and stratified them according to our scoring system. The
median OS was 19.0 months for the favorable group (total
point score 0-1) (n=49) and 5.0 months for the unfavorable
group (total point score 2-4) (n=60) (p<0.01, log-rank test).
The OS curves are shown in Fig. 3.

Discussion
This is the first study to identify the factors that help radia-

tion oncologists' selection the optimal RT dose for BMs from
RCC. Based on our multivariate analysis, a higher ECOG-PS
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Table I. Continued.

Characteristic Value Characteristic Value

Median age, years (range) 69 (42-89) RT dose (BED10), n (%)

Age,n (%) <390 Gy 12 (11.0)
<70 years 59 (54.1) 39.0 Gy (=3 Gy x 10 fraction) 36 (33.0)
=70 years 50 (45.9) >39.0 Gy 61 (56.0)

Sex, n (%) RT sites, n (%)

Male 84 (77.1) Vertebral 65 (59.6)
Female 25(22.9) Others 44 (40.4)

ECOG-PS, n (%) BMAs, n (%)
<2 54 (49.5) Yes 60 (55.0)

2 29 (26.6) No 49 (45.0)
>2 26 (23.9) Pre-RT TTs, n (%)

Histologic type, n (%) Yes 54 (50.5)
Clear cell 101 (92.7) No 55 (49.5)
Clear cell with spindle cell 5(4.6) Pre-RT laboratory data
Papillary 2(1.8) Median CRP, mg/dl (range) 0.98 (0.02-23.33)
Collecting duct 1 (1.0) Median LDH, U/I (range) 197 (116-1,017)

Primary site, n (%) Median albumin, g/dl (range) 3.6 (1.8-4.6)
Control of primary site 72 (66.0) Median platelet, x10*/ul (range) 25.2 (3.4-63)

Surgery 65 (59.6) Median Ca, mg/dl (range) 9.1 (7.6-11.3)
ATs 7(64) Median T-Bil, mg/dl (range) 0.5(0.2-1.2)
No control of primary site 10 (9.2)
Surgery 4(3.7) ECOG PS, Eas.tern Cogperative' Oncology Group Perf(?rmance
ATS 6(5.5) StaFus; ATs,.antmeop.lastlc. therapies; .TTs, tar.geted therapies; RT,
radiotherapy; BED, biologically effective dose; BMAs, bone modi-
De novo 27 (24.83) fying agents; CRP, C-reactive protein; LDH, lactate dehydrogenase;
Brain metastasis, n (%) Ca, calcium; T-Bil, total bilirubin.
Yes 10 (9.2)
No 99 (90.8)

Liver metastasis, n (%) 1.0
Yes 17 (15.6) I
No 92 (84.4) 0.8 4

Lung metastasis, n (%)

Yes 66 (60.6) £ 06
No 43 (39.4) g L

Lymph metastasis, n (%) o 04 M 1
Yes 35 (32.1) on - l
No 74 (67.9) 1

Disseminated metastasis, n (%) 0.0
Yes 12 (1 1 'O) Mumber at ri:k ® 40 ?g'ne (mgglhs) T 0
No 97 (89.0) 109 32 14 9 4 3 2 2

Number of bone metastatic lesions, n (%)

1 41 (37.6) Fig}lre L. Kaplan-Meier curves of overall survival rate in renal cell carcinoma
23 22 (202) patients with bone metastases.
>3 46 (42.2)

Bone metastatic site, n (%)

Only vertebral 32 (29.4) score, no control of the primary sites, disseminated metas-
Only non-vertebral 33 (30.3) tasis, lymph node metastasis, and multiple bone metastases
Others 44 (40 4) were important unfavorable. prognostic factf)rs for §urvival.

. Based on the number of risk factors, patients with BMs

Pathological fracture, n (%) from RCC were classified into two groups [median OS:
Yes 15 (13.8) favorable (0-1 point), 19.0 months; unfavorable (2-4 points),
No 94 (86.2) 5.0 months].
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Table II. Survival rates after RT and results of univariate and multivariate analyses.

Univariate analysis

Multivariate analysis

1-year Regression
Characteristic survival, % HR (95% CI) P-value HR (95% CI) P-value  coefficient
Age, <70 years vs. =70 years 61.0vs.572 1.39(0.83-2.33) 0.21 - - -
Sex, male vs. female 64.2vs.473 1.53(0.87-2.69) 0.14 - - -
ECOG-PS, 0-1 vs. 2-4 780 vs.41.1  2.16 (1.30-3.61) <0.01 1.84 (1.06-3.18) 0.03 0.31
Histologic type, clear cell vs. others  61.8 vs.37.5  1.51(0.65-3.53) 0.34 - - -
Primary site, control or de novo vs.  64.1 vs.20.0  2.67 (1.30-5.47) 0.01 3.24 (1.51-6.95) <0.01 0.59
no control
Brain metastasis, no vs. yes 59.5vs.583 1.17 (0.53-2.59) 0.70 - - -
Liver metastasis, no vs. yes 62.5vs. 448 1.43(0.76-2.70) 0.27 - - -
Lung metastasis, no vs. yes 629 vs.57.1 1.68 (0.99-2.86) 0.05 1.31 (0.74-2.30) 0.36 0.13
Disseminated metastasis, no vs.yes  63.4 vs.30.0 3.00 (1.54-5.88) <0.01 2.36 (1.12-4.97) 0.02 043
Lymph node metastasis, no vs. yes 64.7vs. 487 2.23(1.31-3.80) <0.01 191 (1.04-3.51) 0.04 0.32
Number of bone metastatic lesions, 734 vs.51.8 2.31(1.29-4.14) <0.01 2.56 (1.38-4.75) <0.01 0.47
single vs. multiple
Bone metastatic site, only spine 572vs.603 1.33(0.73-2.42) 0.35 - - -
vs. others
RT sites, only spine vs. others 574vs.62.8 1.19(0.71-2.01) 0.50 - - -
Pathological fracture, no vs. yes 58.7vs.643 1.03(0.53-1.99) 093 - - -
Neurological symptom, no vs. yes 61.4vs.583 1.22(0.71-2.08) 047 - - -
Use of BMAs, no vs. yes 514vs.633 0.71 (043-1.17) 0.17 - - -
Pre-RT TTs, no vs. yes 63.8vs.56.3 1.30(0.78-2.16) 0.31 - - -
Pre-RT laboratory data, normal 794 vs.553 240 (1.13-5.12) 0.02 1.83 (0.82-4.10) 0.14 0.30

vs. abnormal

ECOG PS, Eastern Cooperative Oncology Group Performance Status; RT, radiotherapy; BMAs, bone modifying agents; TTs, targeted therapies.

Katagiri et al proposed a scoring system for predicting
patients with BMs (10). Although this scoring system is one of
the most precise scoring systems, previous study suggested that
its prognostic factors may be influenced by the high frequency
of bone metastases from breast and prostate cancer (23).
Therefore, predicting the prognosis of patients with BMs from
RCC alone is important for selecting the optimal palliative
RT dose. In this study, internal metastases (brain, liver, and
lung metastases) were not a prognostic factor in patients with
BM from RCC, in contrast to the Katagiri scoring system.
In addition, lack of control of primary sites and lymph node
metastasis were new prognostic factors for patients with BM
from RCC, which were not included in the Katagiri scoring
system. Fan et al also suggested that these are important
prognostic factors for patients with BMs from RCC (24).
These factors should be included as prognostic and predictive
factors when selecting the optimal RT dose for BMs from
RCC. In addition, similar to the study by Fan et al (24), pre-RT
TTs did not appear to influence the prognosis of RCC patients
with BM. Because the pre-RT chemotherapy in the Katagiri
scoring system seemed to be influenced by the aggressiveness
of hormone-resistant prostate and breast cancers, this factor
did not seem to be important for predicting the prognosis of
RCC patients with BM. In contrast, abnormal laboratory data
and pre-RT TTs had a small impact on the prognosis of RCC
patients with BMs as included in the Katagiri scoring system.

In this study, only 16.5% (18/109) of the patients had normal
laboratory data, and only 7.3% (8/109) had critically abnormal
laboratory data. Most patients had abnormal laboratory data,
which may have influenced the small impact of abnormal
laboratory data on the prognosis of RCC patients with BM in
this study.

Specific scoring systems for single cancers are important
when considering the individual characteristics of a primary
cancer type. In this study, a scoring system was devised for
RCC patients with BM. Five factors [ECOG-PS (=2:1 point),
primary site (no control: 1 point), disseminated metastasis
(yes: 1 point), lymph node metastasis (yes: 1 point), and
number of bone metastatic lesions (multiple: 1 point)] were
important in predicting the survival time of patients with BMs
from RCC. In addition, two prognostic groups (favorable: 0-1
points and unfavorable: 2-4 points) that were significantly
correlated with survival time were devised according to the
regression coefficients of these factors. The significance of
the RT dose escalation for BMs from RCC is controversial,
but the re-irradiation rate is higher in the lower RT dose
group (4,9,26,27). Therefore, although a higher RT dose may
be preferable in the favorable group (median OS, 19 months),
a lower RT dose should be administered aggressively in the
unfavorable group (median OS, 5 months). Moreover, some
studies have reported that stereotactic body radiation therapy
(SBRT), a precise irradiation technique with an extremely
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Table III. Points of significant prognostic factors.

Characteristic Point
ECOG-PS

=2 1

<2 0
Primary site

No control 1

Control or de novo 0
Disseminated metastasis

Yes 1

No 0
Lymph node metastasis

Yes 1

No 0
Number of bone metastatic lesions

Multiple 1

Single 0

ECOG PS, Eastern Cooperative Oncology Group Performance Status.

Table IV. Associations between the total points, and 0.5- and
I-year OS rate.

Total 0.5-year 1-year
points n OS rate, % OS rate, %
0 16 100 100

1 31 89.7 85.7

2 40 67.3 343

3 18 444 37.0

4 4 25.0 0

ONCOLOGY LETTERS 28: 482, 2024 5

P<0.01, log-rank

0.8

0.6

0.4

Probability

0.2

0.0
o] 20 40 60 80 100 120 140

Mumber at risk Time (months)

0 Point 16 8 7 4 3 2 2 2
1 Point 31 17 7 5 2 2 - -
2 Points — 40 5 4 - - - - -
3 Points 18 3 0 0 0 0 0 0
4 Points 4 0 0 0 0 0 0 0

Figure 2. Kaplan-Meier curves of survival rates in RCC patients with bone
metastases according to different scores. In RCC patients with bone metas-
tasis, the total point score of 2-4 was correlated with unfavorable prognosis.
RCC, renal cell carcinoma.

P<0.01, log-rank

0.8

0.6

0.4

Probability

0.2

0.0
0 20 40 60 80 100 120 140
Number at risk Time (months)
Favorable —49 24 13 9 ) 3 2
Unfavorable — 60 8 4 - -

OS, overall survival.

high dose per fraction, has remarkably improved local control
of primary and metastatic RCC (28-30). In Japan, SBRT for
spinal metastases or oligometastases has been available in
routine clinical practice under the Japanese National Health
Insurance System since April 2020. However, currently, the
number of patients treated with SBRT for spinal metastases
or oligometastases at our institutions is very small, and no
patients has been performed for BMs from RCC. In the future,
SBRT may become an option over conventional higher RT
doses for the patients in the favorable group.

There are some limitations to our study owing to its
retrospective nature. First, the number of patients included in
this study was relatively small. Therefore, it is possible that
visceral metastasis (brain, liver, or lung metastases) may not
be an unfavorable prognostic factor. Large-scale prospec-
tive studies are needed to validate the findings. Second, our
study analyzed almost all important factors with reference
to the Katagiri scoring system. However, the pathological
grade, identified as important for predicting the prognosis of

Figure 3. Kaplan-Meier curves of survival rates in RCC patients with bone
metastases according to total point scores of 0-1 (favorable) and 2-4 (unfavor-
able). In RCC patients with bone metastasis, the favorable group (total point
score 0-1) had a significantly better survival rate than the unfavorable group
(total point score 2-4) (P<0.01, log-rank test). RCC, renal cell carcinoma.

RCC patients with BM (24), could not be examined because
of insufficient data. In this study, only 20 cases (grade 1,
n=7; grade 2, n=6; grade 3, n=7) could be evaluated for
pathological grade. However, in some cases, these data may
not be described in routine clinical practice. In addition,
although the histological type could not be evaluated in this
study because most patients [92.7% (101/109)] had clear cell
cancer, important results are useful in daily clinical practice
because the majority of RCC were clear cell cancer. Third,
our scoring system cannot be accurately compared with the
IMDC and MSKCC scoring systems, which are well-known
prognostic scoring systems for metastatic RCC. This was not
only owing to the lack of detailed laboratory data (neutrophil
count) used in the IMDC scoring system but also because of
the lack of time from diagnosis of RCC used in the IMDC and
MSKCC scoring systems in some patients who were referred
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from other hospitals only for palliative RT. With regard to
the lack of detailed laboratory data, detailed information is
needed because the laboratory data used in the IMDC or
MSKCC scoring systems are used to determine optimal treat-
ment strategies. In contrast, in patients referred to radiation
oncologists for palliative RT, minimal laboratory data are often
obtained. This difference in the purpose of examinations may
have influenced the collected laboratory data. Furthermore,
the laboratory data for the Katagiri scoring system, which was
used as a reference in devising our scoring system, showed
abnormal C-reactive protein levels in most patients (67.9%,
n=74). In addition, the laboratory data for the MSKCC scoring
system showed abnormal hemoglobin values in most patients
(77.1%, n=84). This indicates that abnormal laboratory data
were observed in many patients who received palliative RT,
regardless of the scoring system used. Therefore, abnormal
laboratory data may be important for predicting the prognosis
of bone metastatic RCC; however, it was unlikely to emerge as
an important factor in our study. With regard to the time from
RCC diagnosis, the date of RCC diagnosis was unknown in
some patients who were referred to radiation oncologists for
palliative RT from other hospitals, but the MSKCC scoring
system could be used if these patients were assumed to be in
the group of time from diagnosis to therapy initiation =1 year.
However, the prognostic classification using the MSKCC
scoring system based on this hypothesis was less optimal than
our prognostic scoring system (Figs. S1 and S2). Therefore, we
believe that our prognostic scoring system may be more useful
for radiation oncologists compared to the MSKCC scoring
system for selecting optimal RT doses. Finally, because this
was a long-term, multicenter, retrospective study, detailed
information on the reasons for selecting the RT schedule,
palliative effects of treatment, and adverse events was difficult
to obtain. A higher RT dose may be prescribed for some degree
of local control even if pain control is the main purpose of
palliative RT. Owing to these limitations, further large-scale
studies based on more detailed information are required.

‘We have devised a new scoring system for patients with bone
metastases from RCC. Our prognostic model for RCC patients
with BMs may be useful for selecting an appropriate RT dose.
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