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Abstract
Introduction: Prognosis of patients with brain metastasis (BM) from renal cell carcinoma (RCC) is relevant for treatment decisions and can be
estimated with the Renal Graded Prognostic Assessment (GPA). The aim of this study is to validate the updated version of this instrument in a
cohort treated with Gamma Knife radiosurgery (GKRS) without prior local intracerebral therapy.

Methods: Between 2007 and 2018, 100 RCC patients with BM were treated with GKRS. They were categorized according to the updated Renal
GPA. Overall survival (OS), intracranial disease progression and intracranial local failure were estimated using the Kaplan-Meier method and risk
factors were identi�ed with Cox proportional hazard regressions.

Results: Median OS was 10.4 months. Median OS for GPA categories 0.0-1.0 (10%), 1.5-2.0 (13%), 2.5-3.0 (37%) and 3.5-4.0 (31%) was 2.9, 5.5,
8.1 and 20.4 months, respectively. Karnofsky performance status <90, serum hemoglobin ≤12.5 g/dL, age >65 years and time from primary
diagnosis to brain metastasis <1 year were signi�cantly related with shorter survival, while presence of extracranial disease, the volume and total
number of BM had no impact on OS. A total count of >4 BM was the only predictive factor for intracranial disease progression, while none of the
investigated factors predicted intracranial local failure.

Conclusions: This study con�rms the updated Renal GPA in an independent cohort as a valuable instrument to estimate survival in patients with
BM from RCC treated with GKRS.

Introduction
Metastatic renal cell carcinoma (RCC) is a relatively rare disease, with about 900 patients per year in the Netherlands [1]. Approximately 8%-28%
of patients with metastatic RCC will develop brain metastases (BM) [2–4]. This incidence has been rising due to earlier detection with more
sensitive imaging techniques combined with increased survival as a result of more effective systemic therapies. Novel �rst-line treatments
include vascular endothelial growth factor (VEGF) targeted tyrosine kinase inhibitor (TKI) monotherapy [5], dual immune checkpoint inhibitor (ICI)
therapy [6] and ICI/TKI combination therapy [7], which were approved in the Netherlands in 2007, 2019 and 2020, respectively. Beyond �rst-line, ICI
monotherapy became available in 2016. Decisions about systemic treatment type are largely based on International Metastatic RCC Database
Consortium (IMDC) criteria [8] and histological subtype. The development of new systemic therapy has led to improved survival of RCC patients
with BM reaching 14.4 months in selected populations [9, 10]. However, patients with BM were excluded from the pivotal trials of the novel
systemic therapies.

Intracranial treatment options for RCC BM include neurosurgical resection with or without postoperative tumor bed irradiation, whole brain
radiotherapy (WBRT) and stereotactic radiosurgery (SRS), including Gamma Knife radiosurgery (GKRS). RCC BM are relatively resistant to WBRT
with radiation delivered in conventional fractionated doses [11]. SRS delivers high radiation dose to visible BM, sparing the surrounding healthy
brain tissue [12]. In contrast to WBRT, SRS generally achieves local tumor control with limited neurotoxicity [13], at the cost of an increased risk of
new visible BM when given alone [14]. To address this risk, radiosurgery is best combined with subsequent systemic therapy for prevention of
new BM and with surveillance screening for early detection and prompt treatment of local recurrences or new BM. In cohorts of patients with RCC
BM treated with GKRS, local tumor control after GKRS was achieved in 92% of patients, while survival rates varied signi�cantly [15, 16].

For clinicians, accurate estimation of survival of patients with BM treated with SRS remains a challenge [17]. Prognostic risk scores can be useful
in counselling patients about treatment. One frequently used prognostic risk score is the diagnosis-speci�c Graded Prognostic Assessment (GPA),
with the Renal GPA speci�cally developed for RCC. The �rst version of this instrument was based on a 1985–2007 cohort, which was in the era
before VEGF targeted TKI treatment [18], and was later validated in a 1998–2011 GKRS cohort [19]. Recently, the Renal GPA has been updated
based on a more recent 2006–2015 cohort [20]. The updated Renal GPA strati�es patients in prognostic groups, based on Karnofsky performance
status, number of BM, the presence of extracranial metastases and serum hemoglobin level.

However, the treatment approaches for BM used in the cohort of the updated Renal GPA were heterogeneous. Therefore, it is unknown whether
this prediction score is valid for patients treated with GKRS. In this study, we independently validate the updated Renal GPA in patients with RCC
and BM treated with GKRS. Also, we investigate additional pre-treatment factors that may independently predict for overall survival (OS),
intracranial disease progression (IDP) and intracranial local failure (ILF). Furthermore, an attempt will be made to correlate type of systemic
treatment with OS and intracranial disease development.

Methods
Data collection

After approval of the institutional review board, a cohort of all RCC patients with newly discovered BM who were treated with GKRS in the Gamma
Knife Center Tilburg, Elisabeth-TweeSteden (ETZ) Hospital, Tilburg, The Netherlands, in the years 2007–2018 was retrospectively studied.
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Patients who underwent prior neurosurgery, radiosurgery or radiotherapy, patients with Karnofsky performance status < 70 and patients with more
than one active primary malignancy were excluded. Data were collected and saved in a coded database.

Patient, disease and treatment characteristics were retrieved from patient records and GammaPlan software® treatment records. Activity of
extracranial disease was divided into three categories: active, stable or absent, based on whole-body CT-scans within two months from BM
diagnosis. Active disease was de�ned as progressive or new burden of disease outside the brain. Patients with BM as �rst manifestation
concurrent with extracranial disease were also classi�ed as having active disease. Stable disease denoted previously treated extracranial burden
of disease responsive to treatment, marked by partial response or stable disease. Absent extracranial disease indicated patients without a history
of extracranial metastases or previously treated extracranial disease, including (partial) nephrectomy, with complete radiographic response.
Synchronous BM were de�ned as those occurring within one month of RCC diagnosis. Values of serum hemoglobin were obtained from the date
nearest to the date of BM diagnosis, with a maximum difference of six weeks.

The updated Renal GPA was calculated for each patient according to the original study [20]. In case of missing extracranial disease status, no
Renal GPA was calculated. These patients were not excluded from further analysis, in order to give an accurate portrayal of our patient cohort.

Gamma Knife radiosurgery

GKRS was conducted as an outpatient procedure. A Leksell® stereotactic G-frame was applied to the skull under local anesthesia. A high
resolution planning-MRI scan of the brain without and with triple dose of gadolinium was performed. Radiosurgical planning was made by a
neurosurgeon, radiation oncologist and physicist using Leksell GammaPlan software® (Elekta Instrument, Stockholm, Sweden). GKRS was
performed using the Leksell Gamma Unit Model 4C® until December 2008, and Perfexion®/ ICON® (Elekta AB, Stockholm, Sweden) thereafter.
Depending on volume and location, a dose of 18–25 Gy was prescribed to the isodoseline covering 99–100% of the tumor volume. First clinical
and radiological follow-up was routinely performed 6 weeks to 3 months after GKRS, the follow-ups thereafter were requested at 6 weeks-3
months intervals as long as clinically relevant. In case of new visible BM at surveillance, retreatment was performed.
Statistical analysis

OS was de�ned as the time between �rst GKRS and death, or the time between �rst GKRS and date of censoring in case patients were still alive.
IDP was de�ned as development of new BM and/or leptomeningeal disease at sites other than previous treatment. ILF was de�ned as
radiological local progression of the tumor after GKRS. ILF was determined through radiological features. Any contrast enhancing increase in
volume of a treated BM compared to its volume on a previous MRI scan was considered as ILF once pseudoprogression or adverse radiation
effects were ruled out based on the characteristics on T2 weighted images, on pre- and post-contrast T1 weighted images and on perfusion MRI.
Patients without any failure were censored at the date of last imaging showing intracranial control. Maximum follow-up for OS, IDP and ILP was
60 months after GKRS.

Univariable and multivariable analyses were performed using Cox proportional hazards regression in order to identify variables in our data set
that were signi�cantly associated with OS, IDP and ILF.

The variables demonstrating association (p ≤ 0.20) on univariable analysis were selected for multivariable analysis. Highly correlated variables (r 
> 0.7) were not selected. A p-value of < 0.05 was considered statistically signi�cant.

Differences in OS and IDP between different types and timing of systemic therapy were analyzed using multivariable Cox proportional hazards
regression. Variables demonstrating association (p ≤ 0.20) with OS and IDP in univariable analyses were selected for multivariable analysis
together with the different types and timing of systemic therapies. Three timings of systemic therapy were de�ned: ‘before’, ‘after’ and ‘before and
after’. Patients who received a type of systemic therapy before (i.e., ‘before’ and ‘before and after’) or after (i.e. ‘after’ and ‘before and after’) GKRS
were compared with those who did not receive this therapy. Patients who received systemic therapy within one month after GKRS were placed in
the ‘before and after’ group. Data about systemic therapy were not available in one patient, who was excluded from this analysis.

Survival curves of the Renal GPA groups were estimated by the Kaplan-Meier method and compared by means of the log-rank test. Analyses were
performed using SPSS software (version 24.0) and graphs were created using GraphPad Prism software (version 5.03).

Results
Patient characteristics

A total of 100 patients who were treated with GKRS for newly discovered RCC BM were identi�ed. Patient characteristics and median survival by
subgroups are presented in Table 1. Seventy-eight patients (78%) were male. At the time of the �rst GKRS treatment, median age was 65
(interquartile range [IQR] 56–69). Sixty-nine patients (69%) had performance status of 90 or higher, and 67 patients (74%) had active extracranial
disease. The median time between RCC diagnosis and �rst BM was 15.0 (IQR 3.0-47.6) months. Patients underwent GKRS to a median of two
(IQR 1–4) metastases. Forty-�ve patients (45%) received systemic treatment before and after GKRS. Serum hemoglobin was obtained in 85
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patients (85%) and was not available in the remainder. Data to calculate Renal GPA scores were available in 91 patients (91%). The mean and
median updated Renal GPA scores were 2.7 and 3.0, respectively (IQR 2.0-3.5).
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Table 1
Patients characteristics and median survival

Variable Category Number of patients (%) Median survival in months
(IQR)

Overall   100 10.4 (4.1, 26.1)

Gender Male 78 (78%) 11.0 (4.8, 26.1)

  Female 22 (22%) 4.9 (3.0, 34.2)

Age Median [range] 65 [37–85]  

  37–55 24 (24%) 7.2 (4.6, 24.7)

  55–65 33 (33%) 13.8 (6.5, 46.0)

  66–85 43 (43%) 7.4 (3.0, 15.2)

Tumor histology Clear cell 80 (80%) 11.0 (4.9, 29.5)

  Clear cell, sarcomatoid
dedifferentiation

3 (3%) 0.6

  Chromophobe 2 (2%) 0.2

  Papillary 1 (1%) 4.5

  Renal cell carcinoma, NOS 11 (11%) 13.8 (2.6, 52.3)

  Radiodiagnostic diagnosis 3 (3%) 3.8

Fuhrmann grade 1 5 (5%) 13.4 (0.8, 21.3)

  2 26 (26%) 8.0 (2.7, 26.1)

  3 22 (20.8%) 10.4 (6.4, 26.2)

  4 10 (10.4%) 7.4 (5.9, 24.4)

  Not available 37 (37%) 8.6 (4.1, 20.9)

Karnofsky performance status Median [range] 90 [70–100]  

  70–80 31 (31%) 5.5 (2.2, 10.6)

  90–100 69 (69%) 13.4 (6.4, 33.3)

BM number Median [range] 2 [1–13]  

  1 39 (39%) 10.4 (4.5, 29.5)

  2–4 40 (40%) 10.6 (3.7, 17.5)

  > 4 21 (21%) 7.8 (4.6, 34.2)

BM total volume (cm3) Median [range] 4.5 [0.14–36.9]  

  ≤ 10 81 (81%) 10.4 (4.1, 26.1)

  > 10 19 (19%) 11.3 (5.9, 29.5)

Extracranial disease status Absent 8 (8%) 20.4 (3.4, 75.2)

  Stable 16 (16%) 17.2 (4.8, 52.3)

  Active 67 (67%) 7.8 (3.8, 19.1)

  Not available 9 (9%) 13.0 (10.2, 26.2)

Primary tumor resection Yes 79 (79%) 10.6 (4.7, 26.2)

  No 21 (21%) 7.2 (3.7, 19.1)

IQR interquartile range, NOS not otherwise speci�ed, BM brain metastasis,

TPDBM time from primary diagnosis to brain metastasis, GKRS Gamma Knife radiosurgery,

GPA graded prognostic assessment
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Variable Category Number of patients (%) Median survival in months
(IQR)

TPDBM Median [range] 15.0 [0-247.2]  

  Synchronous brain metastasis 21 (21%) 7.4 (4.6, 20.9)

  1 month-1 year 26 (26%) 4.6 (2.2, 11.0)

  1–4 years 27 (27%) 7.8 (4.7, 75.2)

  > 4 years 26 (26%) 14.7 (10.6, 46.0)

Hemoglobin (g/dL; mmol/l) Median [range] 13.0 [4.7, 18.5]; 8.1 [2.9,
11.5]

 

  < 11.2; <6.9 16 (16%) 4.6 (2.6, 7.4)

  11.2–12.5; 6.9–7.8 16 (16%) 4.5 (2.2, 10.7)

  > 12.5; >7.8 53 (53%) 14.7 (7.8, 34.2)

  Not available 15 (15%) 5.6 (0.8, 19.1)

Systemic treatment before and after
GKRS

Yes 45 (45%) 10.4 (5.5, 33.3)

  No 54 (54%) 10.6 (3.4, 24.4)

  Not available 1 (1%) 4.5

Number of GKRS courses Mean [range] 1.7 [1–11]  

  1 65 (65%) 6.5 (3.1, 14.7)

  2 19 (19%) 13.0 (7.8, 34.2)

  3 7 (7%) 46.0 (17.5, 52.3)

  > 3 9 (9%) 33.3 (20.6, 81.9)

Updated Renal GPA Median; mean 3.0; 2.7  

  0.0–1.0 10 (10%) 2.9 (2.2, 7.1)

  1.5-2.0 13 (13%) 5.5 (4.6, 10.6)

  2.5-3.0 37 (37%) 8.1 (4.1, 20.6)

  3.5-4.0 31 (31%) 20.4 (8.4, 38.6)

  Not available 9 (9%) 13.0 (10.2, 26.2)

IQR interquartile range, NOS not otherwise speci�ed, BM brain metastasis,

TPDBM time from primary diagnosis to brain metastasis, GKRS Gamma Knife radiosurgery,

GPA graded prognostic assessment

 

Overall survival

With a median follow-up of 48.9 (IQR 32.4–60.0) months after GKRS, mOS of this cohort was 10.4 (IQR 4.1–26.1) months. When strati�ed
according to the updated Renal GPA, mOS in the category with scores of 0.0–1.0 was 2.9 (IQR 2.2–7.1) months. Patients with scores of 1.5-2.0
had mOS of 5.5 (IQR 4.6–10.6) months, while mOS was 8.1 (IQR 4.1–20.6) months in the 2.5-3.0 category, and 20.4 (IQR 8.4–38.6) months in the
3.5-4.0 class. Kaplan-Meier curves showing OS for each Renal GPA group are displayed in Fig. 1A. Patients with Renal GPA scores of 0.0–1.0 had
signi�cantly shorter survival than patients with scores of > 1.0 (mOS 2.9 vs 10.6 months; p < 0.01) (Fig. 1B). Patients with scores of 3.5-4.0 had
signi�cantly longer survival than patients with Renal GPA < 3.5 (mOS 20.4 vs 6.7 months; p = 0.03) (Fig. 1C).

Univariable analysis identi�ed the following factors to be associated with worse survival outcome: age > 65 years, performance status 70–80,
presence of extracranial disease, serum hemoglobin < 12.5 g/dL [< 7.8 mmol/l], and time from primary diagnosis to brain metastasis < 1 year. On
multivariable analysis, factors associated with worse survival outcome included age > 65 years (HR 2.2; p < 0.01), performance status 70–80 (HR
2.6; p < 0.01), serum hemoglobin < 12.5 g/dL [< 7.8 mmol/l] (HR 2.3; p < 0.01), and time from primary diagnosis to brain metastasis < 1 year (HR
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2.0; p < 0.01). Patients with present extracranial disease had worse OS than those with absent extracranial disease, although not signi�cant (HR
2.4; p = 0.07) (Table 2).
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Table 2
Univariable and multivariable Cox proportional hazard analysis for overall survival

  Overall survival Intracranial distant progression Intracranial local failure

      Univariable Multivariable   Univariable Multivariable   Univariable

Factor Category C

a

s

e

s

E

v

e

n

t

s

HR

(95%
CI)

P HR

(95%
CI)

P C

a

s

e

s

E

v

e

n

t

s

HR

(95%
CI)

P HR

(95%
CI)

P C

a

s

e

s

E

v

e

n

t

s

HR

(95%
CI)

P

Age ≤ 65 57 42 1.0
(Ref)

- 1.0
(Ref)

- 49 34 1.0
(Ref)

- 1.0
(Ref)

- 49 4 1.0
(Ref)

-

  > 65 43 41 1.9

(1.2,
2.9)

< 
0.01

2.2

(1.3,
3.5)

< 
0.01

32 14 0.6
(0.3,
1.2)

0.17 0.7
(0.4,
1.3)

0.21 32 3 1.0

(0.3,
4.0)

0.99

Gender Male 78 63 1.0
(Ref)

- - - 66 41 1.0
(Ref)

- - - 66 8 1.0
(Ref)

-

  Female 22 20 1.3

(0.8,
2.1)

0.36 - - 15 7 0.6
(0.3,
1.3)

0.22 - - 15 2 1.1

(0.2,
5.2)

0.91

Karnofsky
performance
status*

70–80 31 27 1.9

(1.2,
3.0)

0.01 2.6

(1.6,
4.3)

< 
0.01

20 9 0.9

(0.4,
1.8)

0.69 - - 20 1 0.5

(0.1,
4.4)

0.54

  90–100 69 36 1.0
(Ref)

- 1.0
(Ref)

- 61 39 1.0
(Ref)

- - - 61 9 1.0
(Ref)

-

BM number* 1 39 31 1.0
(Ref)

- - - 34 16 1.0
(Ref)

- 1.0
(Ref)

  34 5 1.0
(Ref)

-

  2–4 40 36 1.3

(0.8,
2.2)

0.24 - - 31 19 1.5

(0.8,
2.9)

0.26 1.5

(0.7,
2.8)

0.27 31 3 0.7

(0.2,
2.9)

0.62

  > 4 21 16 1.0

(0.6,
1.9)

0.93 - - 16 13 2.3

(1.1,
4.8)

0.03 2.2

(1.1,
4.7)

0.04 16 3 0.8

(0.2,
4.1)

0.77

BM total

volume
(cm3)*

≤ 10 81 19 1.0
(Ref)

- - - 65 40 1.0
(Ref)

- - - 65 7 1.0
(Ref)

-

  > 10 19 16 1.0

(0.6,
1.7)

0.97 - - 16 8 0.7

(0.3,
1.4)

0.28 - - 16 3 1.7

(0.4,
6.6)

0.45

Extracranial
disease
status

Absent 9 5 1.0
(Ref)

- 1.0
(Ref)

- 8 6 1.0
(Ref)

- - - 8 1 1.0
(Ref)

-

HR hazard ratio, BM brain metastasis, TPDBM time from primary diagnosis to brain metastasis

Bold text indicates statistical signi�cance.

* Cut-off values selected because of clinical relevance.
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  Overall survival Intracranial distant progression Intracranial local failure

  Present 82 70 2.6

(1.1,
6.6)

0.04 2.4

(0.9,
6.3)

0.07 66 37 1.0

(0.4,
2.3)

0.96 - - 66 8 2.0

(0.2,
15.8)

0.53

  Not
available

9 8 2.5

(0.8,
7.6)

0.12 4.4

(1.3,
14.0)

0.02 7 5 1.1

(0.3,
3.7)

0.87 - - 7 4 1.7

(0.1,
28.5)

0.70

Hemoglobin

(g/dL;
mmol/l)

≤ 12.5;

≤7.8

31 28 2.3

(1.4,
3.7)

< 
0.01

2.3

(1.4,
3.9)

< 
0.01

19 8 1.2

(0.6,
2.7)

0.62 - - 19 7 0.9

(0.1,
7.0)

0.89

  > 12.5;

>7.8

54 42 1.0
(Ref)

- 1.0
(Ref)

- 51 31 1.0
(Ref)

- - - 51 1 1.0
(Ref)

-

  Not
available

15 13 1.7

(0.9,
3.3)

0.08 3.6
(1.8,
7.2)

< 
0.01

11 9 1.8

(0.9,
3.9)

0.11 - - 11 2 1.5

(0.3,
7.1)

0.63

TPDBM
(years)*

< 1 47 42 1.9

(1.2,
2.9)

< 
0.01

2.0

(1.3,
3.2)

< 
0.01

37 20 1.4

(0.8,
2.6)

0.24 - - 37 6 3.2

(0.9,
11.7)

0.08

  ≥ 1 53 41 1.0
(ref)

- - - 44 28 1.0
(ref)

- - - 44 4 1.0
(Ref)

-

HR hazard ratio, BM brain metastasis, TPDBM time from primary diagnosis to brain metastasis

Bold text indicates statistical signi�cance.

* Cut-off values selected because of clinical relevance.

 

Intracranial distant progression and intracranial local failure

IDP and ILF were analysed in 81 patients (81%) who underwent follow-up imaging, while the remaining patients died or their condition
deteriorated prior to the �rst post-treatment MRI. Median follow-up time was 18.3 (IQR 6.2–54.8) months after GKRS for IDP and 9.8 (IQR 3.5–
27.1) months for ILF. Forty-eight patients (59%) had IDP, at a median of 9.4 (IQR 4.8–25.9) months from GKRS. Age and number of BM were
associated with IDP on univariable analysis. On multivariable analysis, the only factor signi�cantly associated with IDP was a number of BM > 4
(HR 2.2; p = 0.04). Eleven patients (14%) had ILF, at a median of 75.5 (IQR 44.5–75.5) months from GKRS. None of the investigated factors were
signi�cantly associated with ILF (Table 2).

Systemic therapy

In our evaluation of systemic therapy (n = 99), VEGF targeted TKIs were the most applied systemic therapy (67 patients; 68%). Seventeen patients
(17%) were treated with ICIs and other systemic therapy categories were used in 20 patients (20%). The 59 patients (60%) receiving VEGF targeted
TKI after GKRS had signi�cantly longer survival as compared to patients not treated with VEGF targeted TKI after GKRS (HR 0.6; 95%-CI 0.3-1.0; p 
= 0.04). In the 17 patients (17%) who received ICI after GKRS, risk of death was lower compared with those who did not receive this treatment
after GKRS, but not signi�cantly (HR 0.5; 95%-CI 0.2-1.0; p = 0.05). Risk of IDP was not signi�cantly different between patients treated with the
different systemic therapies (Table 3).
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Table 3
Multivariable analysis of risk of death and risk of intracranial distant progression by type of systemic therapy

Systemic
therapy (n 
= 99)

Drug used
before and
after GKRS

Drug
used
only
before
BM

Drug
used
only
after
BM

HR for OS
for drug
used before
GKRS

(95% CI)

P HR for OS for
drug used
after GKRS
(95% CI)

P HR for IDP
for drug
used before
GKRS (95%
CI)

P HR for
IDP for
drug
used
after
GKRS
(95% CI)

P

VEGF
targeted
TKI

39 (39.4%) 8 (8.1%) 20
(20.2%)

0.6

(0.4, 1.0)

0.06 0.6

(0.3, 1.0)

0.04 0.6

(0.3, 1.2)

0.13 0.8

(0.4, 1.5)

0.42

Immune
checkpoint
inhibitor

3 (3.0%) 0 (0.0%) 14
(14.1%)

1.3

(0.3, 5.3)

0.71 0.5

(0.2, 1.0)

0.05 0.4

(0.1, 2.9)

0.36 0.7

(0.3, 1.4)

0.27

Other 3

(3.0%)

7 (7.1%) 10
(10.1%)

1.4

(0.8, 2.8)

0.27 1.2

(0.7, 2.1)

0.60 2.1

(0.9, 5.0)

0.11 1.6

(0.8, 3.3)

0.21

GKRS Gamma Knife radiosurgery, BM brain metastasis, HR hazard ratio, OS overall survival, IDP intracranial disease progression, VEGF
vascular endothelial growth factor, TKI tyrosine kinase inhibitor

Bold text indicates statistical signi�cance.

Patients who received a type of systemic therapy before (i.e., ‘before’ and ‘before and after’) or after (i.e. ‘after’ and ‘before and after’) GKRS
were compared with those who did not receive this therapy.

 

Cause of death

The cause of death was known in 72 of 85 deceased patients (85%). Among those, 14 patients (19%) died from intracranial diseases, while 39
patients (54%) expired due to extracranial tumor activity. In 14 patients (19%), cause of death was attributed to both, and �ve patients (7%) died
from intercurrent disease or euthanasia. Patients with Renal GPA scores of 0.0–1.0 mostly died from extracranial tumor activity (78%), while this
percentage was lower in the GPA categories 1.5-2.0 (22%), 2.5-3.0 (58%) and 3.5-4.0 (55%) (Table 4).

Table 4
Cause of death by Renal GPA category

Cause of death

(n = 85)

Overall GPA 0.0–1.0 GPA 1.5-2.0 GPA 2.5-3.0 GPA 3.5-4.0

Intracranial 14 (19%) 0 (0%) 3 (33%) 2 (8%) 6 (30%)

Extracranial 39 (54%) 7 (78%) 2 (22%) 15 (58%) 11 (55%)

Intra- and extracranial 14 (19%) 1 (11%) 4 (44%) 6 (23%) 2 (10%)

Intercurrent 3 (4%) 1 (11%) 0 (0%) 1 (4%) 1 (5%)

Euthanasia 2 (3%) 0 (0%) 0 (0%) 2 (8%) 0 (0%)

Not available 13 1 2 3 7

GPA graded prognostic assessment

Percentages based on the valid, non-missing cases.

 

Discussion
The aim of this study is to evaluate the updated Renal GPA for patients with RCC BM treated with GKRS in an independent large real world cohort.
To our knowledge, this tool was validated in one prior cohort of 23 patients treated with SRS other than GKRS [21]. Overall, our study con�rms the
updated Renal GPA as a valuable prognostic instrument to predict survival, as the instrument was able to divide our cohort into groups with
different survival. Patients who had Renal GPA scores of 3.5-4.0 had a median survival of twenty months. This contrasts to the median survival
of seven months in patients with GPA scores of < 3.5. Moreover, median survival was only three months in patients with GPA scores of 0.0–1.0.
However, 78% of patients in this lowest GPA category died from extracranial disease activity, so that we cannot conclude that GKRS is ineffective
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in this group. This �nding underlines the importance of combining SRS with systemic therapy to control extracranial disease, especially as novel
effective treatments have become available.

Besides validating the updated Renal GPA, we performed a multivariable analysis on the association between pre-treatment factors and OS.
Factors predictive for longer OS in the updated Renal GPA cohort were higher performance status, absent extracranial disease, fewer BM and
higher serum hemoglobin levels [20]. Our analysis con�rms higher performance status and higher serum hemoglobin levels as factors favorable
on OS. Karnofsky performance status has extensively been described as a powerful predictor of OS in RCC BM patients treated with SRS [16, 22–
24]. However, this is in contrast with a recent study that did not �nd a signi�cant OS difference between performance status of 70–80 vs ≥ 90
[25]. The predictive value of serum hemoglobin for OS has exclusively been identi�ed in the updated Renal GPA study for RCC BM patients [20].
Contrary to the updated Renal GPA cohort, lower age was an additional predictor for extended OS in our cohort. The predictive value of age has
also been reported in prior cohorts [24, 26]. In addition, extended OS was predicted by longer time from primary diagnosis to brain metastasis,
which has been reported before [24, 26, 27].

Our �ndings suggest that patients treated with VEGF targeted TKI after GKRS have improved OS compared to patients who did not receive this
treatment. These �ndings are in line with a recent meta-analysis, which indicated prolonged survival for RCC BM patients treated with SRS when
combined with VEGF targeted TKI [28]. However, Sperduto’s cohort showed a higher death risk in patients treated with VEGF targeted TKI before
radiosurgery, whereas treatment after GKRS was not related with OS difference [20].

In our cohort, ICI treatment after GKRS was associated with longer OS, although not statistically signi�cant (p = 0.05). Previous studies described
favorable survival outcomes in RCC BM patients treated with the combination of SRS and ICI [29]. In contrast, ICI treatment in the cohort of
Sperduto et al. was not associated with longer survival [20]. A favorable effect of ICIs on OS might be attributed to their extracranial effects, but
there are also clues for intracranial e�cacy of ICIs [30]. However, the �rst prospective study assessing ICI activity in patients with RCC BM showed
intracranial response of only 12% [31]. In contrast, ICIs are known to be e�cacious on BM from melanoma [32–34]. In the era of our cohort, only
ICI monotherapy beyond �rst-line was available. Larger prospective studies are needed to assess the real intracranial e�cacy of ICIs in BM from
RCC, with special attention to dual ICI and ICI/TKI combination therapy.

The retrospective design of our study makes it subject to selection bias and confounding. Systemic therapy selection is in�uenced by many
factors, including performance status, comorbidity, previous systemic therapy and IMDC criteria [8], which makes it di�cult to draw conclusions
about causality between treatments and outcomes. Additionally, some data were missing as they had to be extracted from (external) patient �les.
Su�cient data were available to calculate updated Renal GPA scores in 91 patients (91%). Patients with missing hemoglobin levels could still be
assigned to a GPA category, and this may have led to misclassi�cation of those patients. Furthermore, sample sizes were limited and especially
those of patients treated with ICIs, as this therapy was not yet available in the �rst years of our cohort. Finally, our data represent patients treated
in a third-line referral center, as our center was the only one with Gamma Knife technology in The Netherlands until 2018. Therefore, they might
not re�ect patients in regular hospitals.

Conclusion
This study con�rms the updated Renal GPA as a valuable instrument to estimate survival in patients with BM from RCC treated with GKRS. Age
and time from primary diagnosis to BM were found as additional predictors of survival, while the predictive value of number of BM and
extracranial disease was not detected. Both VEGF targeted TKI and immune checkpoint inhibitor treatment were associated with improved
survival. Larger and preferably prospective studies are warranted to update the Renal GPA in the era of immunotherapy and to elucidate the
bene�ts of systemic treatments on survival and intracranial tumor control.
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Figures

Figure 1

Kaplan–Meier curves showing overall survival by (a) Renal GPA category (b) Renal GPA 0.0-1.0 vs > 1.0 (c) Renal 3.5-4.0 vs < 3.5.


