
Abstract. Aim: To create an instrument for estimating the
risk of new brain metastases after stereotactic radiosurgery
(SRS) or fractionated stereotactic radiotherapy (FSRT) alone
in patients with renal cell carcinoma (RCC). Patients and
Methods: In 45 patients with 1-3 brain metastases, seven
characteristics were analyzed for association with freedom
from new brain metastases (age, gender, performance score,
number and sites of brain metastases, extra-cerebral
metastasis, interval from RCC diagnosis to SRS/FSRT).
Results: Lower risk of subsequent brain lesions after RT was
associated with single metastasis (p=0.043) and
supratentorial involvement only (p=0.018). Scoring points
were: One metastasis=1, 2-3 metastases=0, supratentorial
alone=1, infratentorial with/without supratentorial=0.
Scores of 0, 1 and 2 points were associated with 6-month
rates of freedom from subsequent brain lesions of 25%, 74%
and 92% (p=0.008). After combining groups with 1 and 2
points, 6-month rates were 25% for those with 0 points and
83% for those with 1-2 points (p=0.002). Conclusion: Two
groups were identified with different risks of new brain
metastases after SRS or FSRT alone. High-risk patients may
benefit from additional whole-brain irradiation.

In about 10% of all patients with renal cell carcinoma (RCC),
brain metastases occur during the course of their disease (1,

2). Most patients with four or more cerebral lesions receive
whole-brain irradiation (WBI) alone or WBI supplemented by
a boost. In patients with oligo-metastatic disease (most often
defined as 1-3 lesions) focal therapies such as neurosurgical
resection, stereotactic radiosurgery (SRS) and fractionated
stereotactic radiotherapy (FSRT), either alone or in
combination with WBI, are more popular (1-4). Since the
indication for neurosurgical resection is generally limited to
single accessible lesions, SRS and FSRT are more frequently
used than neurosurgery for patients with very few brain
metastases from RCC (5). One important question is whether
the treatment results of SRS/FSRT can be improved with the
addition of WBI. Since two randomized trial demonstrated
that the addition of WBI leads to an increase in neurocognitive
deficits (6, 7), many radiation oncologists are quite reluctant
to add WBI to SRS/FSRT, particularly in patients with very
few brain metastases from a less radiosensitive malignancy
such as RCC. However, both randomized trials and two other
prospective trials have shown that addition of WBI results in
better intracerebral control, particularly regarding freedom
from new cerebral lesions (6-9). An intracerebral recurrence
can also have a negative impact on neurocognitive function
(10). Therefore, it would be helpful prior to commencing
treatment to identify patients who are at a high risk of
developing new brain metastases and who could potentially
benefit from the addition of WBI. This study aimed to create
an instrument specifically for patients with RCC to help
physicians estimate the risk of an individual patient
developing new brain metastases after SRS or FSRT alone. 

Patients and Methods

The data of 45 consecutive patients who received SRS alone for 1-
3 brain metastases from RCC at each contributing center were
retrospectively evaluated with respect to the risk of developing new
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cerebral lesions outside the irradiated areas of the brain. The doses
of SRS (median=20 Gy, range=16-25 Gy) and FSRT (3-5 fractions
of 6-10 Gy) were prescribed to the outer margin of the metastases,
representing isodose levels between 75% and 90%. Seven
characteristics were analyzed regarding their potential impact on
freedom from new brain metastases. These characteristics were: age
at the time of SRS (≤64 vs. ≥65 years; median=65 years), gender,
Karnofsky performance score (KPS) (60-70 vs. 80-100), number of
brain metastases (1 vs. 2-3), sites of the treated brain metastases
(supratentorial vs. infratentorial with/without supratentorial),
presence of extrarcerebral metastases (no vs. yes) and the interval
between diagnosis of RCC and delivery of SRS (≤18 vs. ≥19
months; median=19 months). The distributions of the seven
characteristics are summarized in Table I.

Freedom from new brain metastases was estimated with the
Kaplan–Meier method using JMP v.13 (SAS Co. Cary, N.C., USA).
The Wilcoxon test was used to identify significant differences
between Kaplan–Meier curves (11). p-Values of less than 0.05 on
Wilcoxon test were considered significant. The characteristics found
to be significantly associated with freedom from new brain
metastases were included in the scoring instrument. 

Results 
The 6- and 12-month rates of freedom from new brain
metastases for all seven characteristics are shown in Table
II. A lower risk of developing new cerebral lesions outside
the irradiated areas was significantly associated with the
presence of a single metastasis (p=0.043) and supratentorial

involvement (p=0.018). These two characteristics were
included in the scoring instrument. Since the metastatic sites
were unknown or not absolutely clear in 10 patients, scores
were assigned to 35 patients. The following points were
allocated: only one metastasis=1 point, 2-3 metastases=0
points, supratentorial involvement alone=1 point,
infratentorial with/without supratentorial involvement=0
points. Thus, the possible scores for individual patients were
0 (n=4), 1 (n=18) or 2 (n=13) points. The corresponding 6-
month rates of freedom from new brain metastases were
25%, 74% and 92%, respectively, with 12-month rates of
25%, 62% and 75%, respectively (p=0.008, Figure 1). Since
the rates of the groups with 1 point and 2 points were
relatively close, these two groups were combined. The 6- and
12-month rates of freedom from new brain metastases of
groups scoring 0 points and 1-2 points were 25% vs. 83%
and 25% vs. 69%, respectively (p=0.002, Figure 2). 

Discussion

Due to research activities and the recent introduction of new
anticancer drugs, the survival of patients with RCC is
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Table I. Distributions of the seven characteristics investigated in
patients with renal cell carcinoma treated with stereotactic radiosurgery
(SRS) or fractionated stereotactic radiotherapy (FSRT).

Characteristic                                                      Number of patients (%)

Age at time of SRS/FSRT
  ≤64 Years                                                                      22 (49)
  ≥65 Years                                                                      23 (51)
Gender
  Female                                                                            9 (20)
  Male                                                                              36 (80)
Karnofsky Performance Score
  60-70                                                                             16 (36)
  80-100                                                                           29 (64)
Number of cerebral metastases
  1                                                                                    21 (47)
  2-3                                                                                 24 (53)
Site of cerebral metastasis
  Supratentorial alone                                                     26 (58)
  Infra-/supratentorial                                                        9 (20)
  Unknown or unclear                                                     10 (22)
Extra-cerebral metastasis
  No                                                                                 16 (36)
  Yes                                                                                 29 (64)
Interval between diagnosis and SRS/FSRT
  ≤18 Months                                                                  22 (49)
  ≥19 Months                                                                  23 (51)

Table II. Univariate analysis of freedom from new cerebral metatsases
in patients with renal cell carcinoma treated with stereotactic
radiosurgery (SRS) or fractionated stereotactic radiotherapy (FSRT).

                                                             Freedom from new 
                                                                brain metastases

Characteristic                                        At 6              At 12        p-Value
                                                        months (%)    months (%)

Age at time of SRS/FSRT
  ≤64 Years                                              77                   44
  ≥65 Years                                              74                   68              0.741
Gender
  Female                                                  76                   76
  Male                                                      76                   51              0.931
Karnofsky Performance Score
  60-70                                                     79                   63
  80-100                                                   77                   56              0.485
Number of cerebral metastases
  1                                                            89                   77
  2-3                                                         62                   23              0.043
Site of cerebral metastasis
  Supratentorial alone                             85                   68
  Infra-/supratentorial                             44                   44              0.018
Extra-cerebral metastasis
  No                                                         81                   59
  Yes                                                        72                   56              0.457
Interval between diagnosis 
and SRS/FSRT
  ≤18 Months                                          75                   56
  ≥19 Months                                          77                   59              0.888

Significant p-values are shown in bold. 



improving (12-15). Since the risk of developing brain
metastases increases with lifespan, the number of patients
with brain metastases from RCC also increases. When brain
metastases are diagnosed, many patients have multiple
lesions and receive WBI (1). However, a considerable
number of patients present with only very few lesions. For
the treatment of patients with 1-3 metastases, focal therapies
play an important role (1). The majority of these patients
receive SRS or FSRT alone or in combination with WBI.

The addition of WBI can have a negative effect on
neurocognitive function including processing speed, delayed
memory and recognition (6, 7). In a randomized trial of 58
patients from 2009, neurocognitive deficits were observed in
24% of patients at 4 months after SRS alone and in 96% of
patients after SRS with WBI (p<0.001) (6). In a more recent
randomized trial of 213 patients, the rates of cognitive
deterioration assessed at 3 months following irradiation were
63.5% after SRS alone and 91.7% after SRS with WBI,
respectively (p<0.001) (7). However, in both randomized
trials, intra-cerebral control was significantly better after
SRS with WBRT than after SRS alone. In the trial from
2009, the 1-year intra-cerebral control rates were 73% and
27%, respectively (p<0.001) (6). In the trial from 2016,
intra-cerebral control rates at 3 months were 93.7% and
75.3%, respectively (p<0.001), and were also significantly
better after SRS with WBI at 6 and 12 months following
irradiation (7). These results were confirmed by two other
randomized trials (8, 9). The authors of a subgroup analysis
of one of the latter two trials suggested that intracerebral
control is very important in preserving neurocognitive
function (10). Taking into account the arguments for and
against addition of WBI to SRS/FSRT, it becomes clear that
it would be very helpful to be able to estimate a patient’s risk

of developing new brain metastases outside the irradiated
cerebral areas after SRS/FSRT alone in order to help
prescribe the most appropriate treatment regimen.

The present study was conducted to create a scoring
instrument to support physicians when they make treatment
decisions. Such instruments are available for patients with
brain metastases in general and specifically for patients with
brain metastases from lung cancer, malignant melanoma and
breast cancer (16-19). It is reasonable to develop specific
instruments for single tumor entities, since malignant tumors
have different biological behaviors and prognoses. RCC is
considered unique because it has a comparably low
radiosensitivity. In the present study, two prognostic groups
were identified based on two significant predictors of
freedom from new brain metastases, namely the number of
cerebral lesions and site of metastasis. The number of brain
metastases was also significantly associated with the
development of new brain metastases in studies of patients
with brain metastases from lung cancer and from melanoma
(16-18). The impact of the metastatic site on the
development of new brain metastases is unique. In other
studies, performance score and presence of extra-cerebral
metastases were identified as prognostic factors (16, 17, 19).
The fact that there are differences between various tumor
types regarding the predictors of new brain metastases
supports the concept that variations in behavior suggest the
need for specific scoring instruments for each type.

Taking into account the results of the present study, the
probability of freedom from new brain metastases after 6
months was only 25% in patients with a score of 0 points.
These patients would be those most likely to benefit from the
addition of WBI to SRS/FSRT. In contrast, the probability of
freedom from new brain metastases was 83% after 6 months
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Figure 2. Analysis of freedom from new brain metatsases: Kaplan–
Meier curves for two prognostic groups with scores of 0 points and 1-2
points. The p-value was obtained from the Wilcoxon test.  

Figure 1. Analysis of freedom from new brain metatsases: Kaplan–
Meier curves for groups with scores of 0, 1 and 2. The p-value was
obtained from the Wilcoxon test.  



and still 69% after 12 months in patients with scores of 1 or
2 points. Therefore, these patients appear to be unlikely to
benefit from the addition of WBI. However, when
considering these suggestions, one should be aware of the
retrospective nature of this study, which bears the risk of
hidden selection biases. 

In conclusion, two prognostic groups were identified with
a significantly different risk of developing new brain
metastases outside the irradiated areas of the brain after SRS
or FSRT alone. Patients of the high-risk group may benefit
from the addition of WBI to STS/FSRT. 
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