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Abstract
Background:

Overall survival (OS) of patients with brain metastases treated with hypofractionated (HFSRT) or single-
fraction (SRS) radiosurgery depends on several prognostic factors. The aim of this study was to
investigate the potential of sex as an independent predictor of OS and evaluate the predictive accuracy of
common prognostic scores.

Methods:

Retrospective analysis of 281 consecutive patients receiving radiosurgery of brain metastases was
performed. Kaplan-Meier survival curves and Cox proportional hazards models were used to compare OS
between SRS and HFSRT and by sex, before and after propensity-score matching (PSM) on key baseline
prognostic covariates. Prognostic scores were evaluated using Harrell’s concordance index.

Results:

Median OS was 11 months after both SRS and HFSRT. After PSM, median OS was 12 months after SRS
(95%CI: 7.5-16.5) and 9 months after HFSRT (95%CI: 5.0-13.0; p=0.77). Independent prognostic factors
were sex, primary tumor, KPI, and systemic disease status. Median OS was 16 months for women and 7
months for male patients (p<0.001). After excluding sex speci�c tumors, PSM revealed a median OS of
16 months for women and 8 months for male patients (p<0.01). Evaluation of prognostic indices showed
BSBM to be the most accurate (Harrell’s C=0.68), followed by SIR (0.61), GPA (0.60), RPA (0.58), and
Rades et al. (0.57).

Conclusions:

OS after HFSRT and SRS did not differ, although PSM revealed a non-signi�cant advantage for SRS.
Female sex was found to be a major independent positive prognostic factor for survival, and thus should
be considered in the personalized decision-making of brain metastases treatment.

Background
Oncologic disease leads to brain metastases in up to 40% of adult cancer patients. Treatment options
include surgical resection, targeted systemic therapies, and stereotactic and/or whole brain irradiation(1).
Life expectancy depends on number, size, location, and origin of intracranial lesions. In addition, age, KPI
(Karnofsky Performance Index), time to CNS metastases, extent of systemic disease, and status of
primary disease have been identi�ed as prognostic factors varyingly in�uencing overall survival (OS), and
are thus included in several routinely applied prognostic indices. However, increasing evidence has been
reported, that also sex is a predictor of survival in the majority of neoplastic diseases(2). In addition, male
sex has been identi�ed as an independent risk factor for poor prognosis in metastatic patients mainly
treated with extracranial stereotactic radiotherapy(3). Whilst gender related-survival differences in patient
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cohorts with brain metastases have been reported sporadically, little importance has been attached to
this aspect. Consequently, sex is not considered in the most common prognostic scores used to predict
overall survival after stereotactic radiotherapy.

Methods

Data
Consecutive 281 patients underwent linear accelerator-based single fraction stereotactic radiosurgery
(SRS) or hypofractionated stereotactic radiotherapy (HFSRT) between 08/2003 and 03/2018 without
WBRT as initial therapy. Conformal SRS of retrospectively analyzed patients was applied with �ve to
seven non-coplanar arcs. Planning-CT scans together with fused contrast-enhanced T1-weighed MRI
scans were used to de�ne target volumes. GTV was expanded by a margin of 1 mm for frameless
radiotherapy (n = 228); no expansion was used for frame-based SRS (n = 127).

The median prescribed dose to the 80%-isodose was 20 Gy and ranged from 15 to 22 Gy for SRS. For
HFSRT, applied dose concepts comprised 5 × 6.0–7.5 Gy, and 6 × 6.0 Gy prescribed to the 80%-isodose.
Treatment modality and dose prescription were selected depending on metastasis-volume, location,
proximity to vital structures, previous irradiation, and on tumor histology. PTV size varied between HFSRT
and SRS (mean 3.1 ± 4.4ccm vs. 1.6 ± 2.3ccm). Cone-beam CT-veri�cation was performed to correct
patient position prior to treatment to < 1 mm xyz-translation, and < 1° rotation.

Follow-up was performed with clinical examination and contrast enhanced MRI scans every 3 months
until death (up to 118 months). Elapsed time from �rst SRS-treatment until death was de�ned as overall
survival. Surviving patients at the end of the study were censored at the day of last follow-up (n = 45,
16%).

Statistical Analysis
Propensity scores were calculated using multivariable logistic regression with the covariates age, sex,
primary tumor, number of CNS metastases, PTV volume, KPI, presence of extracerebral metastases, and
systemic disease status to determine the conditional probability of the patient receiving SRS vs. HFSRT,
using 1:1 matching without replacement. A Kaplan-Meier analysis was conducted to estimate differences
in survival by mode for all fully documented cases in the cohort (complete case analysis, n = 274) and
among the matched pairs population (n = 168). Univariate Cox proportional hazards models were
performed for OS for all presumed prognostic factors. Multivariable Cox proportional hazard models were
performed adjusted for prognostic factors determined by backwards stepwise selection.

To assess gender related differences in survival, Kaplan-Meier curves were �tted and the log-rank test
performed on all patients (n = 274), as well as among all patients excluding those with breast cancer as a
primary tumor type (n = 240). Propensity-score matching for sex was also performed considering age,
primary tumor, number of CNS metastases, PTV volume, KPI, presence of extracerebral metastases, and
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systemic disease status using 1:1 matching without replacement and excluding patients with breast
cancer as the primary tumor type. A Kaplan-Meier survival curve and log-rank test was conducted on the
matched pair sample (n = 164).

The prognostic indices (PI) RPA (Recursive Partitioning Analysis)(4), GPA (Graded Prognostic
Assessment)(5), SIR (Score Index For Radiosurgery)(6), BSBM (Basic Score for Brain Metastases)(7), and
Rades et al.(8) were calculated (see supplementary table 1) and their predictive accuracy of survival was
evaluated using Harrell’s concordance index (Harell’s C). Data (all available cases, n = 265) were split
randomly into training and test subsets in Stata/MP 15.1. Separate Cox models were run for each
prognostic score using the training dataset with Harrell’s C estimates for the test subset. Harrell’s C can
take a value between 0 and 1; a value of 1 corresponds to perfect concordance whilst a value of 0.5
indicates completely random concordance. Pairwise comparisons of Harrell’s C were conducted using the
RPA index as the reference.

Results

Overall survival and treatment technique
Patient characteristics are displayed in Table 1. Summative median OS, independent of treatment and
patient characteristics (n = 274), was 11 months (95% CI: 8.8–13.2 months). Overall Survival of patients
treated with HFSRT (n = 182) was 11 months (95% CI: 8.3–13.7 months), and OS of SRS treated patients
(n = 92) was 11 months (95% CI: 7.1–14.9).
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Table 1
Patient characteristics

    HFSRT SRS male female

patients   182 92 148 126

age (years) Mean (SD) 61.5 (11.0) 60.5 (12.6) 63.3 (10.4) 58.7
(12.4)

Median
(IQR)

63 (54–70) 62.5 (52–
70)

64 (56-
70.5)

61 (49–
69)

sex female 85 (46.7%) 41 (44.4%)    

male 97 (53.3%) 51 (55.4%)    

primary tumor lung adeno 84 (46.2%) 34 (37.0%) 68 (46.0%) 50
(39.7%)

lung
squamous

17 (9.3%) 7 (7.6%) 18 (12.2%) 6 (4.8%)

breast 24 (13.2%) 10 (10.9%) 0 (0.0%) 34
(27.0%)

melanoma 22 (12.1%) 17 (18.5%) 22 (14.9%) 17
(13.5%)

kidney 7 (3.9%) 8 (8.7%) 12 (8.1%) 3 (2.4%)

other 28 (15.4%) 16 (17.4%) 28 (18.9%) 16
(12.7%)

number of metastases
treated (lifetime)

Median
(IQR)

1 (1–2) 1 (1–3) 1 (1–2) 1 (1–2)

Mean (SD) 1.8 (1.2) 1.9 (1.1) 1.8 (1.2) 1.8 (1.2)

time to CNS metastasis
(months)

Mean (SD) 29.5 (46.3) 34.6 (53.7) 27.3 (41.0) 35.8
(56.5)

Median
(range)

13.5 (4–
33)

14 (0–43) 12 (0–36) 15 (5–38)

dose HFSRT 5 × 6 23 (12.6%)   9 (6.1%) 14
(11.1%)

5 × 7 85 (46.7%)   48 (32.4%) 37
(29.4%)

6 × 6 10 (5.5%)   5 (3.4%) 5 (4.0%)

5 × 7,5 64 (35.2%)   35 (23.7%) 29
(23.0%)

dose SRS 1 × 20   64 (69.6%) 39 (26.4%) 25
(19.8%)
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    HFSRT SRS male female

1 × 18   21 (22.8%) 10 (6.8%) 11 (8.7%)

1 × 15   3 (3.3)%) 0 (0%) 3 (2.4%)

1 × 22   4 (4.4%) 2 (1.4%) 2 (1.6%)

KPI Mean (SD) 8.6 (1.2) 8.6 (1.5) 8.5 (1.3) 8.7 (1.3)

Median
(IQR)

9 (8–10) 9 (8–10) 9 (8–10) 9 (8–10)

extracerebral metastases not present 47 (25.8%) 19 (20.7%) 35 (23.7%) 31
(24.6%)

present 135
(74.2%)

73 (79.3%) 113
(76.3%)

95
(75.4%)

systemic disease status controlled 77 (42.3%) 37 (40.2%) 55 (37.2%) 59
(46.8%)

progressive 105
(57.7%)

55 (59.8%) 93 (62.8%) 67
(53.2%)

RPA class I 20 (11.0%) 7 (7.6%) 12 (8.1%) 15
(11.9%)

II 156
(85.7%)

78 (84.8%) 130
(87.8%)

104
(82.5%)

III 6 (3.3%) 7 (7.6%) 6 (4.1%) 7 (5.6%)

number of RT   228 127 191 164

number of RTs per patient Median
(range)

1 (1–5) 1 (1–4) 1 (1–5) 1 (1–4)

Mean 1.3 (0.7) 1.2 (0.6) 1.3 (0.7) 1.3 (0.7)

number of metastases   331 207 283 255

number of metastases per
RT

median
(range)

1 (1–5) 1 (1–5) 1 (1–5) 1 (1–5)

IQR 1–2 1–2 1–2 1–2

Mean 1.45 1.63 1.48 1.55

PTV volume (ccm) Mean (SD) 3.1 (4.4) 1.6 (2.3) 2.6 (3.7) 2.4 (3.7)

median
(range)

1.49 (0.11–
31.54

0.53
(0.04–
13.3)

1.26
(0.04–
31.5)

1.0 (0.04–
30.7)

IQR 0.65–3.51 0.19–1.98 0.52–2.98 0.31–2.85
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Table 1

After propensity matching (n = 84 pairs) to improve homogeneity of prognostic factor variance between
patients treated with HFSRT or SRS (see supplementary table 2 and 3), OS was larger among patients
treated with SRS, although this did not differ signi�cantly (p = 0.77; median OSHFSRT = 9 months, 95%CI:
5.0–13.0 months; median OSSRS = 12 months, 95% CI 7.5–16.5 months).

Figure 1

Prognostic factors
Univariate analysis of prognostic factors showed poor survival outcomes (n = 274) to be associated with
higher age, male sex, lower KPI, primary tumor type, existence of extracerebral metastases, and
progressive systemic disease status. On multivariate analysis (Fig. 2), impaired OS was con�rmed to be
independently associated only with sex (HR = 1.57, 95% CI: 1.17–2.12), primary tumor (other vs. lung; HR 
= 1.35, 95% CI: 1.01–1.79), KPI (HR = 0.78, 95% CI: 0.71–0.86), and systemic disease status (HR = 1.61,
95% CI: 1.12–2.30). PTV size did not signi�cantly in�uence OS in both analyses.

Figure 2

Female patients in our cohort (n = 126 women versus 148 men) had a markedly prolonged survival (p < 
0.001, median OSfemale = 16 months, 95% CI: 11.8–20.2 months; median OSmale = 7 months, 95% CI: 4.6–
9.4 months; Fig. 3A). After exclusion of patients with breast cancer, sex related OS was 16 months for
female patients (n = 92; 95% CI: 11.2–20.8 months) and 7 months for men (n = 148; 95% CI: 4.6–9.4
months), still evidencing a highly signi�cant difference in OS (p = 0.001 – Fig. 3B). In the balanced
propensity matched pair cohort (n = 82 pairs), female patients preserve a two-fold higher median OS
compared to males (p = 0.009; median OSfemale = 16 months, 95%CI: 11.8–20.2 months; median OSmale =
8 months, 95%CI: 3.6–12.4 months; Fig. 3C).

Figure 3

Comparison of Prognostic Scores among Patients with
Brain Metastases
For all prognostic scores, Harrell’s Cs were signi�cantly larger than 0.5, although none surpass a value of
0.7 and all were accompanied by wide con�dence intervals (Fig. 4). Pairwise comparisons indicate that
BSBM predicts survival better than the most commonly used RPA (Table 2); training dataset models are
available in supplementary table 4.
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Table 2
Pairwise comparisons of Harrell’s C to RPA

  Difference in H`s C p-value LB UB

BSBM -0.11 p < 0.001 -0.16 -0.06

Rades et al 0.00 n.s. -0.05 0.05

SIR -0.03 n.s. -0.08 0.02

GPA -0.03 n.s. -0.07 0.02

Figure 4

Table 2

Discussion

Overall survival and treatment technique
With long term follow-up of up to 118 months after �rst radiosurgery, we report about a summative
median OS of 11 months after both HFSRT (n = 182) and SRS (n = 92) of limited brain metastasis (1–5).
One- and two-year OS was 44.6% and 26.4%, respectively. Thus, our data adds to the previously published
literature that reports about OS ranging from 6–17 months for patients with brain metastases of various
size, number, and histology after HFSRT and SRS(9–24).

Most of our patients were treated with an envisaged Biologically Effective Dose (BED) (at α/β = 10) of
60 Gy, thus dose concepts were comparable to previously published series of HFSRT and SRS
applications (18, 21, 22).

As frequently reported in literature, patient cohorts receiving HFSRT and SRS differ substantially in
number and size of metastases, location and histology, as well as in other prognostic factors. Conversely
to SRS, HFSRT is often favored in patients with large metastases or lesions located in eloquent brain
areas (18, 25). Therefore, comparative analysis suffers from differing dose concepts and inhomogeneous
patient characteristics because of unequal allocation to the two treatment modalities. In order to
minimize this effect we performed a propensity score matching to pair each SRS patient with a best
matching HFSRT patient, including all relevant prognostic factors for pairing. As a result, homogeneity in
the distribution of prognostic factors between patients treated with SRS and HFSRT improved
signi�cantly, thereby enabling unbiased direct comparison. Survival analysis after PSM showed a
numerical advantage for SRS over HFSRT (12 vs. 9 months), which does not, however, translate to
signi�cance (p = 0.77). The median OS observed for SRS after PSM was 3 months longer than for HFSRT,
but con�dence intervals of both cohorts were strongly overlapping (HFSRT: 5.0–13.0 months, SRS: 7.5–
16.5 months). Considering also the sizable number of 84 matching pairs, the absence of statistical
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signi�cance regarding the numerical survival advantage of SRS re�ects the clinical evidence of HFSRT
being on par with SRS (21, 26).

Prognostic factors and scores
In the era of personalized medicine, individualized estimation of survival time becomes more and more
important, since therapy decision hinges on survival expectation. In order to detect patients who are either
at risk for early death or who have a chance for long-term survival, inclusion and speci�c weighting of
prognostic factors are decisive. Thus, independent factors have been identi�ed in the past, including age,
KPI, primary tumor, presence of extracranial metastases, number and size of intracranial metastases, and
systemic disease status. These prognostic factors have been condensed into various prognostic scores
of differing clinical applicability, reliability and prognostic value. The major weakness of all established
scores to predict OS are the facts that they do not deliver individualized survival probabilities and that
they tend to suffer from disproportionally sized prognostic groups (27). Collaterally, and despite
continuous validation of prognostic scores in use for decades, ongoing improvement in cancer therapy
may lead to outdated survival estimations. Our results con�rm higher age, male sex, lower KPI, primary
tumor type other than lung adenocarcinoma or breast cancer, existence of extracerebral metastases, and
progressive systemic disease status as to represent hazardous factors for survival. However, multivariate
analysis of our data revealed that only sex, primary tumor, KPI, and systemic disease status are
independently in�uencing OS. Male sex and progressive systemic disease status revealed to equally
contribute to the hazard of poor survival (HR: 1.5 vs. 1.6), both identi�ed as the strongest predictors of
unfavorable outcome in our cohort of 274 patients.

Interestingly, poor attention has been dedicated to the already previously observed in�uence of gender-
related aspects on OS of patients with brain metastases (27–29). This is re�ected in the omission of sex
as a factor in all established prognostic scores. However, we identi�ed gender as an independent
prognostic factor. In order to prove the independency and validity of sex as a persistently underestimated
factor of OS prognosis, exclusion of patients a�icted by sex speci�c primaries and balancing the
distribution of prognostic factors among male and female patients by propensity matching were
performed in statistical evaluation. Even after unbiased comparison, median OS of female patients (16
months) was still twice the median OS of male patients (8 months). We therefore conclude that a
favorable distribution of other decisive hazard parameters among the female cohort can, if at all, only
partially explain the pronounced survival advantage. Thus, it is very likely that sex itself or other unknown
gender related characteristics of female patients might be responsible for the observed effect.
Importantly, survival advantage of female patients with brain metastases is valid for both treatment
options, HSFRT and SRS.

Validation of common prognostic scores applied to our patient cohort (Fig. 4) evidenced BSBM as to best
perform regarding subgroup discrimination and OS prediction. Simply by adding sex as an additional and
equally weighted parameter to the BSBM score, its prediction accuracy could be increased by 7 percent
(AUC of one-year survival prediction; data not shown). This hypothetical approach con�rmed the
necessity to continuously adjust and reevaluate prognostic scores in use in clinical practice, especially if
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applied to patients with brain metastases treated with rapidly evolving radiotherapy methodologies and
systemic therapies.

Conclusion
After long term follow-up, no difference in overall survival between single-fraction and hypofractionated
radiosurgery of brain metastases could be observed in our cohort of 274 consecutive patients. Female
sex turned out to be a major independent prognostic factor for overall survival, only in part explainable by
a more favorable distribution of other hazard parameters compared to the male cohort. Further
investigation and validation of our �ndings should allow inclusion of sex and gender characteristics in
the decision-making for the personalized treatment of patients with brain metastases.
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Figure 1

Kaplan-Meier analysis of survival by treatment technique before (A) and after (B) propensity score
matching
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Figure 2

Multivariate analysis of signi�cant prognostic factors for survival

Figure 3
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Kaplan-Meier analysis of survival by sex with (A) and without (B) inclusion of breast cancer patients, and
after propensity score matching for prognostic factors other than sex (C)

Figure 4

Comparison of prognostic indices using Harrell’s C

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SupplementaryMaterial20200502.docx

https://assets.researchsquare.com/files/rs-41042/v1/SupplementaryMaterial20200502.docx

