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Abstract

Purpose: To identify prognostic factors, define evolving patterns of care, and the effect of 

targeted therapies in a larger contemporary cohort of renal cell carcinoma (RCC) patients with new 

brain metastases (BM).

Methods and Materials: A multi-institutional retrospective institutional review board—

approved database of 711 RCC patients with new BM diagnosed from January 1, 2006, to 

December 31, 2015, was created. Clinical parameters and treatment were correlated with median 

survival and time from primary diagnosis to BM. Multivariable analyses were performed.
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Results: The median survival for the prior/present cohorts was 9.6/12 months, respectively (P <.

01). Four prognostic factors (Karnofsky performance status, extracranial metastases, number of 

BM, and hemoglobin b) were significant for survival after the diagnosis of BM. Of the 6 drug 

types studied, only cytokine use after BM was associated with improved survival. The use of 

whole-brain radiation therapy declined from 50% to 22%, and the use of stereotactic radiosurgery 

alone increased from 46% to 58%. Nonneurologic causes of death were twice as common as 

neurologic causes.

Conclusions: Additional prognostic factors refine prognostication in this larger contemporary 

cohort. Patterns of care have changed, and survival of RCC patients with BM has improved over 

time. The reasons for this improvement in survival remain unknown but may relate to more 

aggressive use of local brain metastasis therapy and a wider array of systemic treatment options 

for those patients with progressive extracranial tumor.

Summary

Brain metastases are common in renal cell carcinoma (RCC). In the era of targeted therapies, 

outcomes in patients with RCC have improved, but it is unknown whether outcomes or prognostic 

factors for RCC patients with brain metastases have changed. This multi-institutional retrospective 

review refines prognostic factors for these patients and confirms that outcomes for RCC patients 

with brain metastases have improved. These data will be helpful in clinical decision making and 

stratification of clinical trials.

Introduction

Worldwide, an estimated 320,000 patients will be diagnosed with renal cell carcinoma 

(RCC) and 140,000 will die from the disease annually (1). The incidence of the disease has 

been rising, and it now represents 2%–3% of adult cancers (2), but mortality has decreased 

owing to new biological agents (3). Clear cell RCC represents 80% of all cases, and 90% of 

these patients will have a gene mutation on the short arm of chromosome 3. Specifically, the 

VHL tumor suppressor gene leads to activation of multiple genes, including vascular 

endothelial growth factor (VEGF). Thus, angiogenesis is a primary mechanism of 

progression in advanced RCC. Antiangiogenic drugs have become the mainstay of initial 

therapy for advanced RCC. Current guidelines recommend a VEGF—tyrosine kinase 

inhibitor (TKI) (sunitinib or pazopanib) (4), but tumor resistance is common, and virtually 

all patients eventually progress. A variety of second- and third-line agents (everolimus, 

axitinib, temsirolimus, and others) are commonly used. Recently approved agents for 

treatment of refractory RCC after antiangiogenic therapy include carbo-zantinib, lenvatinib, 

and immunotherapy with nivolumab (5).

Approximately 10%–16% (32,000–51,200 worldwide) of RCC patients will develop brain 

metastases (BM) (6, 7). Treatment for BM has also evolved in recent years, away from the 

use of whole-brain radiation therapy (WBRT) and toward stereotactic radiosurgery (SRS) 

alone, to avoid the significant neurocognitive toxicity associated with WBRT (8–11).

Because of these rapidly evolving changes in the use of targeted drugs and targeted 

radiation, the prognostic factors and outcomes for RCC patients with BM are undoubtedly 
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changing. The effect of targeted therapies on RCC patients with BM remains unknown. We 

previously published disease-specific prognostic factors and a prognostic index, the Renal 

Graded Prognostic Assessment (GPA) for RCC patients with BM. In our prior RCC study (n 

= 286, 1985–2005), the only prognostic factors significant for survival were Karnofsky 

performance status (KPS) and number of BM (12). The goals of this analysis are to identify 

prognostic factors and define evolving patterns of care and the effect of targeted therapies in 

a larger contemporary cohort.

Methods and Materials

An international consortium of 13 institutions created a retrospective institutional review 

board—approved database of 711 RCC patients with new BM diagnosed from January 1, 

2006, to December 31, 2016, using the Research Electronic Data Capture (REDCap) 

interactive software. Demographic data, clinical parameters, and treatment were correlated 

with median survival (MS), time from primary diagnosis to BM (TPDBM) (Table 1), and 

cause of death. Variables considered included the factors in the Memorial Sloan-Kettering 

Cancer Center (MSKCC) prognostic model (13) (KPS, hemoglobin [Hgb], serum calcium, 

lactate dehydrogenase [LDH], neutrophil count, and platelet count) and extracranial 

metastases (ECM), age, number of BM, and gender.

Survival estimates were derived using the Kaplan-Meier method and compared with our 

prior cohort (1985–2005) (12). Survival distributions were compared using standard log—

rank tests. Time from primary diagnosis to BM was described using medians and 

percentiles, and TPDBM was compared using Kruskal-Wallis tests. Continuous variables 

were divided into approximate quartiles. Multiple Cox regression was used to estimate 

hazard ratios of prognostic factors on survival (Table 2) and also hazard ratios (HRs) of 

treatment, adjusting for RCC GPA (Table 3). Analysis of the effect of drug therapy initiated 

after BM used a time-dependent variable for whether a patient had started treatment, because 

the timing of drug initiation varied. All variables were prespecified. SAS version 9.4 (SAS 

Institute, Cary, NC) was used for statistical analysis.

Results

Patient characteristics and prognostic factors

Table 1 shows the patient characteristics, MS, and TPDBM. The overall MS and TPDBM 

were 12 and 19 months, respectively. The mean Renal GPA was 2.6. Shorter TPDBM was 

seen with younger age and lower GPA (each P <.01) but surprisingly with absent ECM. 

Seven prognostic factors (KPS, number of BM, ECM, Hgb, serum calcium, neutrophils, and 

platelet count at the time of BM diagnosis) were found to be statistically significant for 

survival, and 6 were significant for TPDBM (KPS, number of BM, ECM, age, neutrophils, 

and platelets). The prognostic factors that are components of the current MSKCC prognostic 

model (13–15) for RCC patients with advanced disease (but not BM) remain significant in 

RCC patients with BM, except for LDH. Among Hgb, calcium, platelets, and neutrophils, 

Hgb had the strongest effect (5 months MS in the lowest quartile and 18 months in the 

highest quartile; P <.001).
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Multivariable models were used to estimate the mortality HR of each factor independent of 

the others. The model presented in Table 2 has 6 factors: KPS, number of BM, ECM, age, 

sex, and Hgb. Strong independent predictors were KPS (HR 5.3 for KPS <70 vs 100), 

number of BM (HR 2.0 for >4 BM vs 1), ECM (HR 2.1 if present), and Hgb (HR 2.6 for the 

lowest quartile vs the highest). Because of the high percentage of unreported data for LDH, 

serum calcium, neutrophil count, and platelet count, we included those factors in a separate 

model, to avoid compromising sample size for factors with nearly complete data. None 

showed strong evidence of independent prognostic ability (P =.13,.65,.24, and.67, 

respectively); however, given the smaller subset of patients with complete data, our analysis 

does not preclude the possibility that one or more could have some association with survival.

Survival

Figure 1 demonstrates improved survival between the 2 treatment eras: MS for the prior and 

present cohorts was 9.6 and 12 months, respectively (P <.01). Median survival and risk of 

death by treatment and treatment era are shown in Table 4. Because of the rapid evolution of 

targeted therapies, we analyzed MS from 2006–2010 (n = 306) and 2011–2015 (n = 405) 

and found no difference. The MS for each sub-era was 12 months.

Figure 2 shows the Kaplan-Meier curves for survival by GPA group for the 1985–2005 (Fig. 

2A) and the 2006–2015 (Fig. 2B) cohorts. Survival improved for each GPA group. Notably, 

for the best prognostic group (GPA 3.5–4.0), MS improved from 15 to 26 months.

Patterns of care

The patterns of care between the 2 treatment eras changed: the use of WBRT decreased from 

50% (144 of 286) to 22% (158 of 711); the use of SRS alone increased from 46% (141 of 

286) to 58% (410 of 711); surgery increased from 11% (31 of 286) in the prior cohort to 

17.5% (125 of 711) in the present cohort; the use of surgery and SRS in combination 

increased from 4% (11 of 286) to 10% (70 of 711); and the use of fractionated stereotactic 

partial-brain radiation therapy increased from 0% to 3% (18 of 711).

Effect of drug therapy

To investigate whether any systemic therapy improved survival for RCC patients with BM, 

we analyzed the type and timing before, after, or both before and after the diagnosis of BM. 

Table 3 shows a multivariable analysis of the risk of death (HRs) by type and timing of drug 

therapy (VEGF inhibitors, mammalian target of rapamycin [mTOR] inhibitors, 

immunotherapy, cytokines, anti-angiogenic agents, cytotoxic chemotherapy), adjusted for 

GPA. As expected, the most commonly used drug categories were the VEGF (70%) and 

mTOR (33%) inhibitors.

Patients who received VEGF inhibitors before the development of BM (n = 217) had a 1.5-

fold higher risk of death (HR 1.5; 95% confidence interval [Cl] 1.3–1.8; P <.01) compared 

with patients who did not receive VEGF inhibitors before the diagnosis of BM, whereas the 

mortality rate remained similar if the drug was initiated after BM (n = 142) compared with 

those who never received that type of drug (HR 1.0; 95% CI 0.7–1.3; P =.82).

Sperduto et al. Page 4

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2019 December 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



For mTOR inhibitors, patients who received them before BM diagnosis (n = 73) had a 1.8-

fold greater risk of death than those who did not receive them before BM diagnosis (HR 1.8; 

95% CI 1.3–2.3; P <.01), and patients who received them after the diagnosis of BM (n = 73) 

had a 1.4-fold greater risk of death (HR 1.4; 95% Cl 1.1–1.9; P =.02) compared with those 

who did not receive them after BM diagnosis.

Regarding immunotherapy, patients who received immunotherapy before the diagnosis of 

BM (n = 13) had the same risk of death as those who did not receive immunotherapy before 

BM (HR 1.0; 95% Cl 0.5–2.0; P =.96), and patients who received immunotherapy after BM 

diagnosis (n = 33) had essentially the same risk of death as those who did not receive 

immunotherapy after BM (HR 0.9; 95% Cl 0.5–1.7; P =.74).

Patients who received antiangiogenic drugs before BM diagnosis (n = 31) had a 1.7-fold 

higher risk of death than those who did not (HR 1.7; 95% Cl 1.1–2.5; P =.01), and those 

who received antiangiogenic drugs after BM diagnosis (n = 33) had a 2.5-fold greater risk of 

death than those who did not receive those drugs after BM diagnosis (HR 2.5; 95% Cl 1.7–

3.7; P <.01).

Regarding cytotoxic chemotherapy, patients who received chemotherapy before diagnosis of 

BM (n = 19) had a 1.4-fold greater risk of death than those who did not receive it before BM 

(HR 1.4; 95% Cl 0.8–2.2; P =.23), and patients who received chemotherapy after the 

diagnosis of BM (n = 15) had a 1.9-fold greater risk of death than those who did not receive 

chemotherapy after the diagnosis of BM (HR 1.9; 95% Cl 1.1–3.4; P =.02).

Cytokines (high-dose interleukin-2, interferon, Granulocyte-Macrophage Colony-

Stimulating Factor) seem to be the exception—the only drug category with a favorable HR. 

Although the risk of death was similar for patients who received cytokines before BM (n = 

65) compared with those who did not (HR 0.9; 95% Cl 0.7–1.2; P =.44), patients who 

received cytokines after the BM diagnosis (n = 21) had a risk of death only half (HR 0.5; 

95% Cl 0.3–1.0; P =.04) of that of those who did not receive them after the BM diagnosis. 

Of those 21 patients, 17 received SRS.

These estimates were adjusted for GPA but could still be subject to selection and timing 

bias.

Cause of death

The cause of death was known in 53% of patients (295 of 559) who have expired. Among 

those, the rate of non-neurologic death (52%, 153 of 295) was more than twice the rate of 

neurologic death (24%, 71 of 295), and the remainder were attributed to both.

Discussion

The data presented here and the cited literature offer insight into the factors that currently 

effect outcomes for RCC patients with BM, but many questions remain.
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How do these prognostic factors for RCC patients with BM compare to prognostic factors 
for RCC patients without BM?

The MSKCC prognostic model for advanced RCC (without BM) found 5 factors to be 

prognostic: KPS, LDH, Hgb, corrected serum calcium, and time from initial RCC diagnosis 

to start of treatment (interferon-alpha at that time) (13). Later work confirmed those 5 

factors and showed hepatic, lung, and retroperitoneal metastases were also adverse 

prognostic factors (14). In 2009 Heng et al also confirmed the MSKCC model and found 

that platelet and neutrophil counts were also prognostic in advanced RCC patients when 

treated with VEGF inhibitors (15). In our cohort, 4 prognostic factors were significant for 

survival (KPS, ECM, number of BM, and Hgb). Serum calcium, neutrophil count, and 

platelet count at the time of BM diagnosis demonstrated weaker effects, which were 

significantly prognostic only in single-variable analysis.

Does drug therapy of any type improve survival in RCC patients with BM?

Two studies have shown relatively poor control rates (33% and 35%) at 3 months in RCC 

patients with BM treated with sunitinib (16–18), in contrast to 1-year local control rates of 

81% with SRS alone (19). Our data show only cytokine therapy after the diagnosis of BM 

improves survival compared with those who did not receive cytokine therapy after the 

diagnosis of BM. This subset is small and should be interpreted with caution but generates 

hypotheses for future investigation, such as a possible abscopal effect with cytokines and 

SRS. The abscopal effect has been reported in this setting (20), but a phase 3 trial will be 

required to confirm it.

Can targeted therapies prevent or delay the development of BM?

To investigate whether any of the drug types delayed the development of BM, a prospective 

trial would be needed. Analysis of retrospective data with widely varied timing and duration 

of drug therapy cannot accurately answer that important question. Verma et al (21) reported 

RCC patients treated with TKI (sunitinib or sorafenib) were less likely to develop BM, and 

Massard et al showed the incidence of BM in the TARGET trial (22) was 12% in the placebo 

arm and 3% in the sorafenib arm (23). Because all patients in our cohort had BM, we cannot 

comment on whether targeted therapies prevent BM

What is the effect of combining targeted therapies with radiation therapy?

Limited and conflicting retrospective data exist on the effects of combining targeted drug 

therapies with targeted radiation therapy. Some reports suggest improved local control and 

survival, others suggest no effect, and others suggested it is well tolerated whereas others 

show increased toxicity. In a small, retrospective study, Cochran et al (24) found improved 

survival in patients who received targeted drug therapies and SRS versus those who did not 

receive TKI, but it is unclear whether that benefit was due to better control of extracranial 

disease. Furthermore, no attempt was made to show whether the groups were comparable 

(ie, similar Renal GPA scores). Bates et al (25) found no improvement in overall survival 

with the concurrent use of targeted drugs (sunitinib, sorafenib, pazopanib, or temsirolimus) 

with radiation therapy (WBRT, SRS, or both). In small retrospective series, Staehler et al 

showed combining TKI and radiation (both SRS and hypofractionated radiation) was safe 
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and effective in RCC patients with BM (26, 27), whereas Vickers showed worse survival in 

RCC patients treated with TKI and SRS (28). Similarly, increased toxicity with TKI and 

SRS has been reported in a large retrospective series of RCC patients with BM (29) and in 

randomized data in non-small cell lung cancer (NSCLC) (30).

Do targeted therapies affect the prognostic factors that influence survival in RCC patients 
with BM?

It is paradoxical to consider the effect of any treatment on prognostic factors because, by 

definition, prognostic factors estimate outcome before treatment, whereas predictive factors 

estimate outcome after treatment (31). In this context, however, it is reasonable to conclude 

that the most important difference between the 1985–2005 and 2006–2015 cohorts in this 

study is the advent of targeted therapies that are of proven benefit in extracranial advanced 

RCC. The finding of additional prognostic factors in this larger contemporary cohort may be 

due to the larger sample size (711 vs 286) being better able to detect smaller effects or 

simply because we studied more variables, but it is possible that targeted therapies have 

changed the prognostic factors for RCC patients with BM before the treatment of the BMs. 

Tyrosine kinase inhibitors are of proven benefit in RCC patients with advanced disease (2–

5), but whether they improve the outcome after the development of BM remains unclear. Our 

retrospective data do not suggest any benefit for targeted drug therapies in RCC patients 

with BMs, except for a possible benefit in a small subset of RCC patients treated with 

cytokines after the diagnosis of BM. One hypothesis to explain the observed improved 

overall survival without detectable benefit from targeted therapies in RCC patients with BM 

is that TKIs improve control of the extracranial disease and SRS controls the BM. When 

these advances are combined, overall survival improves. Stereotactic radiosurgery has shown 

1-year local control rates of more than 80% (19).

How do these results fit in the larger context of management of all patients with BM?

In the past, if patients developed BMs, that was often the cause of death. In the 

contemporary era, SRS alone achieves good to excellent long-term local control, and the 

cause of death is now more often extracranial disease progression. Although targeted 

therapies and immunotherapy have clearly improved outcomes in RCC and many other 

diseases, the impact of these drugs on patients with BMs remains unclear. A recent review of 

multi-modality treatment in RCC patients with BMs demonstrated objective responses with 

combined modality therapy, but it was difficult to discern the effect of drug therapy alone 

(32).

Our prior studies in NSCLC (33, 34) and melanoma (35, 36) showed similar observations. In 

both NSCLC and melanoma, we found TKI before the diagnosis of BM did not prolong 

survival after the diagnosis of BMs but did prolong survival in patients who were TKI-naïve 

at the time of diagnosis of BMs. The most likely explanation for these findings is that the 

TKI controlled the extracranial disease for a period of time but eventually resistance 

emerges, leading to disease progression, and thereafter survival is determined by continued 

progression of extracranial disease for which effective systemic therapies have been 

exhausted. Even though SRS produces very high and durable local control of intracranial 

disease, and in fact precisely because it does so, mortality becomes a function of extracranial 
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disease progression, implying that more effective salvage systemic therapies are necessary to 

truly realize the survival value of the enhanced intracranial disease control achieved with 

SRS. Taken together, these large series show a consistent pattern suggesting that the 

improved survival for patients with BMs in NSCLC (n = 2186), melanoma (n = 823), and 

RCC (n = 711) is due to improved control of extracranial tumor burden by targeted therapies 

and immunotherapy coupled with improved local control (approximately 80% at 1 year) of 

BMs with SRS. Nonetheless, there remains an opportunity for further improvement in 

outcomes in patients with BMs. Such progress will depend on future trials, but those trials 

must be tempered by the aforementioned literature demonstrating increased toxicity from 

combined drug therapy and SRS similar to what we have learned about the toxicity of 

WBRT.

What are the limitations of this study?

Limitations include the following. (1) The retrospective study design with inherent selection 

bias is weaker evidence than prospective randomized data, but those do not exist in this 

clinical setting. (2) We do not have data on patients who received these drugs and never 

developed BM, so we cannot comment on whether these drugs prevent the development of 

BMs. (3) The sample size for each drug cohort is limited, but this is the largest study of RCC 

patients with BM ever reported. (4) Many patients received more than 1 type of drug 

therapy, in sequence or in combination, for various lengths of time, both before and after the 

diagnosis of BM, so Table 3 offers only a coarse signal of effect, but the HRs show a 

negative effect on survival, and this is the only study to report the type and timing of the full 

array of drug therapy in this cohort. (5) There is potential for lead-time bias due to more 

routine brain imaging in the modem era.

Conclusion

Over the past few decades, MS for RCC patients with BM improved from 9.6 to 12 months 

(P <.01). The literature regarding the effect of TKI in RCC patients with BM is limited and 

conflicting. Our data show TKIs do not improve survival after the diagnosis of BMs. Our 

data and the preponderance of the literature support the hypothesis that the improved overall 

survival without detectable benefit from targeted therapies in RCC patients with BMs is that 

TKIs improve control of the extracranial disease and SRS controls the BM. The existing 

Renal GPA and the prognostic factors previously identified (KPS and number of BM) were 

confirmed, and we found additional prognostic factors (ECM and Hgb) that will be used to 

refine prognostication in this larger contemporary cohort. Patterns of care for RCC patients 

with BM are evolving away from WBRT toward SRS alone. The original Renal GPA will be 

updated with these new data. Future trials investigating the most safe and effective means of 

combining targeted drug and targeted radiation therapy, including the abscopal effect, are 

warranted.
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Fig. 1. 
Kaplan-Meier curves comparing survival for renal cell carcinoma patients with brain 

metastases between 1985–2005 and 2006–2015. Abbreviations: BM = brain metastases; MS 

= median survival.
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Fig. 2. 
Kaplan-Meier curves comparing survival by renal GPA category for 1985–2005 (A) and 

2006–2015 (B). Abbreviations: BM = brain metastases; GPA = Graded Prognostic 

Assessment; MS = median survival.
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Table 2

Multivariable analysis of pronostic factors

Variable n (%) Hazard ratio (95% Cl) P

KPS <.001

 <70 106 (15) 5.3 (3.4–8.1)

 70 145 (20) 3.7 (2.5–5.6)

 80 194 (27) 2.3 (1.6–3.4)

 90 179 (25) 1.3 (0.9–1.9)

 100 62 (9)         1.0 (Ref)

 NR 25 (4) 1.4 (0.8–2.7)

No. of BM <.001

 1 381 (54)         1.0 (Ref)

 2 137 (19) 1.4 (1.1–1.8)

 3 77(11) 1.6 (1.2–2.1)

 4 34 (5) 1.7 (1.1–2.5)

 >4   82 (12) 2.0 (1.5–2.7)

Extracranial mets <.001

 Absent   83 (12)         1.0 (Ref)

 Present 605 (85) 2.1 (1.5–2.9)

 NR 23 (3) 1.2 (0.6–2.4)

Age (y) 0.417

 16–54 183 (26)         1.0 (Ref)

 55–61 169 (24) 1.2 (1.0–1.6)

 62–68 171 (24) 1.2 (1.0–1.5)

 69–88 188 (26) 1.1 (0.9–1.4)

Sex 0.521

 Male 519 (73) 1.1 (0.9–1.3)

 Female 192 (27)         1.0 (Ref)

Hemoglobin (g/dL) <.001

 5.5–11.1 135 (19) 2.6 (1.9–3.6)

 11.2–12.5 129 (18) 1.7 (1.2–2.3)

 12.6–14.3 135 (19) 1.2 (0.8–1.6)

 14.4–512 141 (20)         1.0 (Ref)

 NR 171 (24) 1.2 (0.9–1.6)

Abbreviation:Cl = confidence interval. Other abbreviations as in Table 1.

Hazard ratios are from multiple Cox regression of overall survival from start of BM treatment.
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