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a b s t r a c t
Objectives: This study aims to identify the cost-effectiveness of two brain metastatic treatment modalities,
stereotactic radiosurgery (SRS) versus surgical resection (SR), from the perspective of Germany’s Statutory
Health Insurance (SHI) System.
Methods: Retrospectively reviewing 373 patients with brain metastases (BMs) who underwent SR
(n = 113) and SRS (n = 260). Propensity score matching was used to adjust for selection bias (n = 98 each);
means of survival time and survival curves were deﬁned by the Kaplan–Meier estimator; and medical costs of follow-up treatment were calculated by the Direct (Lin) method. The bootstrap resampling
technique was used to assess the impact of uncertainty.
Results: Survival time means of SR and SRS were 13.0, 18.4 months, respectively (P = 0.000). Medians
of free brain tumor time were 10.4 months for SR and 13.8 months for SRS (P = 0.003). Number of
repeated SRS treatments signiﬁcantly inﬂuenced the survival time of SRS (R2 = 0.249; P = 0.006). SRS had
a lower average cost per patient (D9964 – SD: 1047; Skewness: 7273) than SR (D11647 – SD: 1594;
Skewness: 0.465), leading to an incremental cost effectiveness ratio of D−3740 per life year saved
(LYS), meaning that using SRS costs D1683 less than SR per targeted patient, but increases LYS by 0.45
years.
Conclusion: SRS is more cost-effective than SR in the treatment of brain metastasis (BM) from the SHI
perspective. When the clinical conditions allow it, early intervention with SRS in new BM cases and
frequent SRS repetition in new BM recurrent cases should be advised.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction
There are approximately 427,000 new cancer cases occurring
annually in Germany. Men are affected 1.16 times more frequently
than women. Compared to 1980, this number has increased by 35%
for women and 80% for men. Age-standardized incidence rates have
gone up by 15% and 23% respectively. The relative ﬁve year cancer
survival rates have improved considerably from approximately 50%
to 60% for women and from 40% to 55% for men [1]. With early diagnosis and more effective treatment prolonging survival, an increase
in the occurrence of brain metastasis (BM) has been observed.
10–15% of patients suffer from BMs at ﬁrst diagnosis of cancer [2]
and during the course of the disease BMs appear in 20–40% of the
patients [3–6]. In Germany, this means 43,000–64,000 new patients
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developing BMs per year and a total of 300,000–550,000 patients
with BMs. Besides the impact on the individual cases these ﬁgures
show that BM is a serious and growing clinical and socioeconomic
problem.
The health care system of Germany is characterized by a predominance of Statutory Health Insurance (SHI). Around 85% of
the population is covered by SHI that pays for the vast majority
of cancer therapeutic costs [7,8]. As in most European countries, in Germany cost efﬁciency and reimbursement are more
and more formalized in health technology assessments (HTA)
and are of great importance in the decision making process
about which costly therapies are worth paying for [8]. Recent
studies on cost-effectiveness assessment (CEA) and the treatment of BM show higher cost-effectiveness for SRS than for SR
[9–12]. Despite of this outcome most HTA recommend more
overall studies on CEA concerning therapies and combinations
of therapies especially for the German health care system [13].
The scope of this study is the CEA of two treatment modalities
which are SR and SRS from the perspective of Germany’s SHI
system.
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2. Materials and methods
2.1. Patient proﬁle
All patients with single or multiple BM who received an initial SR
or patients who had an initial SRS with the diameter of the largest
tumor smaller than 3 cm, the number of tumors less than 10 on
a magnetic resonance imaging (MRI) scan, but the total volume of
the brain which was exposed to more than 10 Gy less than 100 cm3 ,
were considered for this study. In the SR group, we excluded previous SRS, and leptomeningeal metastasis (LMM); prior SR and LMM
were excluded in SRS group. Follow-up had to be limited to 5.5
years for both groups due to limitations in the SR database. Patients
in both of the two arms with less than 6 months of follow-up were
also excluded unless a speciﬁc event like death occurred.
All patient data were retrieved from retrospective and prospective patient databases created between 1999 and 2009. For SRS
we used data from the Gamma Knife Centre Krefeld metastatic
database. This centre is located in Nordrhein-Westfalen state and
is specialized in gamma knife radiosurgery. It provides services
for local and regional patients as well as patients from the rest of
Germany. Data for the SR group were from the Radiation Oncology Department of a Hospital located in Schleswig-Holstein state.
Eventually 373 patients met all of the above-mentioned criteria
and remained for propensity score matching (PSM), 260 patients in
the SRS arm and 113 in the SR group. All patients were followed at
regular intervals which involved contrast enhanced MRI and neurological examination data on additional treatment associated with
local or distant recurrence within the brain was available and is
shown in Fig. 1 [14].
SR was performed in general anaesthesia. Patients were treated
with 24 mg dexamethasone at least 10 days postoperatively. The
use of anticonvulsive medication depended on clinical circumstances. A state-of-the-art tumor resection was performed with
microsurgical techniques, and neuro-navigation was only used if
indicated. Postoperative whole-brain radiotherapy (WBRT) was
applied in all SR patients as soon as possible after healing of the skin
incision. There were three possible fractionation schemes applied:
5 × 4 Gy, 10 × 3 Gy or 20 × 2 Gy. Radiation was applied using a two
ﬁeld technique or 3D computer plan.
SRS was performed as an outpatient procedure. The Leksell
stereotactic frame was applied with local anaesthesia. MRI scans
were performed in a dedicated MRI scanner which was submitted
to a rigid quality assurance regime to guarantee a spatial accuracy
within a margin of 0.4 and 0.6 mm for the entire diagnostic, planning and treatment chain. Dose plans were calculated on the Leksell
gamma plan. The radiosurgical procedure was performed with a C
type Gamma knife with APS which was later upgraded to a 4C type.
Conformal dose plans were created using 4, 8, 14 and 18 mm collimators. The mean marginal dose was 21.4 Gy (Standev. 2.38). The
mean isodose was 50.3% (Standev. 4.62). Dexamethasone and anticonvulsive medication was applied in an identical fashion as for the
SR group.
2.2. Statistical analysis
2.2.1. Treatment cost calculations
From the SHI perspective, the costs were calculated for the
utilization of direct health sector costs only [15], which were measured in the current study for medical costs of initial intervention
(SRS or SR) and retreatment cost of more potentially life-saving
procedures such as SRS, SR, LINAC, WBRT until death or during 5.5
years of follow-up. We excluded the cost of follow-up visits and the
adjunct treatment of the chemotherapy, rehabilitation and other
pain relief therapies as we considered those to be equal between the
two treatment arms [3]. There was no co-payment by the patients.

The treatment costs of SR were calculated based on the year 2009
rates of the Diagnosis Related Group (DRG) system for inpatient
services, the weighting of each single case in SR arm was based on
our available information of International Classiﬁcation of Diseases
(ICD), Standard of Operation and Procedure (OPS – Operationen
und Prozedurenschlüssel), sex, age, and length of stay (LOS) [16].
It was previously determined for an average of 15.4 days [12]. The
DRG rate in Germany does not include equipment and infrastructure investments, which are generally paid for by local authorities.
However, it is considered a standard price or fee, as it represents
the actual cost of care for a large proportion of the population [17].
The price of other procedures such as LINAC, local radiation therapy
(LRT), WBRT, SRS was based on the outpatient tariff in the year 2009
provided by the actual ﬁgures of the two centers where our patient
samples treated. Finally, the price of each procedure included in
our current study is 4700 EUR for SRS; 9419 EUR for SR; LRT and
WBRT: 718 EUR for 5 × 4 Gy; 927 EUR for 10 × 3 Gy; 1344 EUR for
20 × 2 Gy; and 552 EUR for any single fraction LINAC.
No discounted rate was implemented due to the fact that the life
expectancy of BM is usually short, around 12 months, and due to
the cost of resource utilization based on the same year tariff (2009)
[18]. Censored cases were those in which the retreatment cost was
not fully observed before event (i.e. death) occurred. Because the
censored cost is a common issue in estimating the average lifetime
cost, in our sample population, patient was obviously by chance
lost follow-up, it is reasonable to assume that censored cases are
independent of all other random variables [19,20].
We applied the Direct (Lin) method with the non-history cost
using approach, rather only using the observed total cost at the
last follow-up date to estimate the medical cost of our incomplete
follow-up sample population [21]. Following this method, the mean
total cost (ET or ES ) of the whole sample size in each arm (T stands for
SRS and S stands for SR) was estimated by the sum of the deduction
of the Kaplan–Meier estimator for the probability of being alive at
the start of each interval Sk and Sk+1 , which was partitioned by the
entire time period of interest into small intervals (k), multiplied
by the average total cost Ak of those who died at the start of such
relevant interval, which is described below in greater detail:
ÊT =

k+1


Âk (Ŝk − Ŝk+1 )

k=1

n
Y · Ci
i=1 ki
Âk = 
n
Y
i=1 ki

where, Yki = 1 for patient i being observed to die and Yki = 0 for
patient i being censored in the k interval, Ci is the total cost of
each patient, since our main concern is to compare the effect of
two treatments on the patient-related variables of total medical
cost. For simplicity we did not include the coefﬁcients of monthly
dummy variables, so it was calculated by the sum of the price of
each resource used multiplied with the quantity of resource used
for patient i [22]. Sk is S step function that decreases at those times of
death occurred that was estimated using the product-limit method
of the Kaplan–Meier estimator:
Ŝk =

 nj − dj
j:t j<ak

nj

where dj is the number of deaths occurring at those times; nj is the
number of patients at risk of death at those times.
The estimator of the difference between the two arms in the
mean cost is given by
c = ET − ES
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SR (3)
Censored (9)
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LINAC(21)
LRT (3)

Died (19)

WBRT (1)

Censored (0)
Not retreated (25)
PSM (98)

Died (25)

Censored (26)
No recurrence (45)
Died (19)

Fig. 1. Algorithm indicating the ﬂows of patient under SRS, SR and other retreatment regimens (number in parentheses represent number of patients).

An algorithm indicating the ﬂows of patients treated with SRS or
SR and other repeated interventions for brain tumor recurrence
that were constructed for the estimation of the total medical cost
(Fig. 1).

2.2.2. Propensity score matching
In this current retrospective observational study of two heterogenic populations, maybe there was no random assignment
of patients to the treatment arms, and hence the validity of the
results compromised by selection bias and confounding factors.
To minimize this problem we applied the statistical method of
PSM, to balance the prognostic factors between two treatment arms
[23–25].

In order to ﬁnd the prognostic factors used for PSM, survival
time of the entire cohort was measured from the time of the initial intervention, either with SRS or SR. Uncensored cases were
those who reached the endpoint of interest (i.e. death). Those
who had no additional follow-up data available were censored
on the last seen date. Survival curves were constructed by the
Kaplan–Meier estimator, the mean survival time was estimated as
the area under the survival curve [26]. The difference between the
Kaplan–Meier curves of the two arms were determined with the
Log-rank test (univariate analysis) and Cox proportional hazard
model (multivariate analysis), the prognostic factors were found
to be signiﬁcant with P < 0.05 [27]. Then, the propensity score was
calculated by a multivariable logistic regression model with those
covariates of treatment methodologies, number of brain tumors,
extra-cranial metastases which have been found signiﬁcant in the
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Table 1
Median survival time, univariate and multivariate analysis (unadjusted samples).
Patient characteristics

Survival function at
12 months (%)

Median survival
time (month)

Univariate analysis

Multivariate analysis

Log-rank test (P > Chi2 )

Cox prop. hazard model
HR/P

Treat
SRS
SR
Gender
Female
Male
Age groups
≤60 years
>60 years
Primary tumor sites
Breast
Lung
Others
Number of BMs
1 BM
≥2 BMs
Extra-cranial metastasis (prior)
No active
Active
KPS
<70
≥70
RPA
Class 1
Class 2
Class 3
*

<0.001*
81.7
55.1

14.0
10.2

77.6
68.2

13.7
11.3

79.0
66.6

13.9
11.4

73.0
76.5
70.1

14.0
12.9
11.3

73.9
74.1

12.9
12.7

75.8
70.3

13.6
12.1

60.3
74.2

12.4
12.6

76.7
73.1
63.7

14.3
12.0
13.1

CI 95%

0.25/<0.001*

0.17–0.37

0.05

1.19/0.38

0.79–1.79

0.12

1.41/0.07

0.96–2.07

0.53

1.13/0.36

0.86–1.49

0.21

1.78/<0.001*

1.20–2.63

0.38

1.68/0.04*

1.01–2.80

0.87

0.76/0.60

0.28–2.08

0.97

0.88/0.67

0.50–1.55

Statistically signiﬁcant.

multivariate Cox proportional hazard model of unadjusted sample
to be the prognostic factors for the survival time of brain metastatic
patients (Table 1); and covariates of gender, age groups, primary
tumor sites, Karnofsky performance status (KPS), recursive partitioning analysis (RPA) were previously deﬁned from the literature
and available in our database [3,27–30]. The regression model calculates for each patient a propensity score (0–1). A ratio of 1:1
optimal matching without replacement was applied to randomly
match each SR patient to SRS patients with the most similar propensity score. The balances of the prognostic factors in the two arms of

both unadjusted and adjusted samples are measured by using the
standardized difference (SD) [31].
Standardized difference =

100(Xsrs − Xsr )
2 + S2 )
2(Ssrs
sr

1/2

where Xsrs and Xsr are the means of ith covariate of SRS and SR
2 and S 2 are the corresponding sample varigroup, respectively; Ssrs
sr
ances. Small (<10%) absolute values of SD support the assumption
of balance between treatment groups [32].
For the matched sample (adjusted sample), the mean survival
time was used as the best estimate of the principal outcome (survival time) for CEA [33]. The survival time means and curves were
constructed by the Kaplan–Meier estimator, for which it was determined whether survival improvement was attributable to the effect
of treatment modalities of SRS versus SR by the univariate Cox

Kaplan-Meier failure estimates

0

20

40
analysis time (months)
Treat = SR

60

80

Treat = SRS

0.00

0.00

0.25

0.25

0.50

0.50

0.75

0.75

1.00

1.00

Kaplan-Meier survival estimates

0

20

40
analysis time (months)

Treat = SR

Fig. 2. Survival curves of two treatment groups (adjusted samples) – months post
interventions.

60

Treat = SRS

Fig. 3. Free BM interval curves of two treatment groups (adjusted samples).
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Table 2
Patient characteristics of the two arms before and after PSM and the overall logistic and proportional hazards model evaluating the association of treatments and survival in
adjusted samples.
Patient characteristics

Treat (n)
Gender (n)
Female (%)
Age groups (n)
<60 years (%)
Primary tumor
sites (n)
Breast (%)
Lung (%)
Others (%)
Number of
brain tumors
(n)
<2 tumors
Extra-cranial
metastasis
(prior) (n)
No active (%)
KPS (n)
<70
RPA (n)
Class 1
Class 2
Class 3
Propensity
score

Before PSM (unadjusted sample)

SRS

SR

260 (100)

113 (100)

153 (58.9)

59 (66.7)

156 (60.0)

52 (58.8)

68 (26.2)
108 (41.5)
84 (32.3)

136 (52.3)

77 (29.6)

After PSM (adjusted sample)

SD

28 (31.6)
52 (58.8)
33 (37.3)

92 (104.0)

69 (78.0)

16 (6.2)

6 (6.8)

44 (16.9)
162 (62.3)
15 (5.8)

48 (54.2)
59 (66.7)
6 (6.8)

SRS

SR

Multi-analysis proportional hazards
model survival (95% CI – adjusted
sample)
SD

98 (100)

98 (100)

9.54

54 (55.1)

48 (49.0)

8.7

20.24

54 (55.1)

58 (59.2)

−5.9

2.56
−6.45
5.16

−49.89

−49.72
5.49
−45.32
14.73
3.10

23 (23.5)
47 (48.0)
28 (28.6)

19 (19.4)
54 (55.1)
25 (25.5)

79 (80.6)

80 (81.6)

56 (57.1)

57 (58.2)

6 (6.1)

6 (6.1)

35 (35.7)
57 (58.2)
6 (6.1)

31 (31.6)
61 (62.2)
6 (6.1)

HR

SE

P-value

0.27
1.18

0.06
0.29

<0.001
0.49

0.67

1.45

0.85

1.26

0.33

0.38

4.61

12.65

0.57

2.03

0.84

0.08

2.48

10.03

0.82

2.05

5.84

0.79

70.71

823.58

0.71

8.57
−10.16
5.49

−2.36

−1.48
0.00
6.47
−6.03
0.00

Note: ROC curve c-statistic = 0.731; SE, stands for standard error; HR, stands for hazard ratio.

proportional hazard regression model. Multivariate Cox proportional hazard regression of prognostic factors and propensity score
was used to test the association between prognostic factors and
the survival time of the treatments on patients. The capacity of the
ﬁnal multivariate analysis model to predict the treatment effect
on the patient was evaluated by Harrell’s C statistic, which is the
area under the receiver operating characteristic (ROC) curve, claiming to be a measure of predictive power [34]. This model yielded
a C-statistic of 0.73 that indicated a rather good ability to predict
higher probabilities for patients who lived for a shorter survival
period than a longer survival one. The highest predictable capability was given by the factor of the number of brain tumors (1 versus
>1 tumors) (Table 2). The linear regression was used to test the
survival time of SRS patients (of those who died) on the number of
repeated SRS treatments.
All reported P values were 2-sided and detected a signiﬁcant
difference with a level of 0.05 or less.
Statistical analyses were performed with SAS version 9.3.1 and
STATA 10 software.
2.2.3. Sensitivity activity
Although prognostic factors between two treatment arms was
well balanced by PSM, as both costs and effects were determined from data that sampled from the same patients in the
study, a potential selection bias due to imbalances in unmeasured covariates might be possible. In addition, cost-effectiveness
of the treatments would be highly sensitive to the number of
deaths and the cost of these. It would be important to analyze the
sensitivity of results. We applied in the current study a formal sensitivity analysis, by using the bootstrap resampling technique to
assess the impact of uncertainty on the estimated incremental costeffectiveness ratio (ICER). A resample from the observed data of
both arms was used to build an empirical estimate of the sampling
distribution of ICER [35].

3. Results
For the entire cohort, the median survival time was 10.2 months
in the SR group compared to 14.0 months in the SRS group.
The Log-rank test determined statistically signiﬁcant differences
between the two survival distribution curves (Table 1, P = 0.000).
Improved survival probability of the entire cohort was identiﬁed
by multivariate analysis of the Cox proportional regression with
respect to potential predictors of survival, which found the statistically signiﬁcant associations with the covariates of the treatment
methodologies (SRS versus SR), number of BMs (1 versus >1), extracranial metastasis (non active versus active) (Table 1).
PSM identiﬁed a total of 196 patients (98 patients on each arm).
The baseline characteristics of the adjusted samples are summarized in Table 2. The SD of each prognostic factor conﬁrmed no
difference between the two arms, except for the primary tumor
site of lung cancer (SD-10.16) (Table 2). The medians of followup were 13.8 months in the SRS arm and 13.6 months in the SR
arm. The follow-up treatment was SRS in 31 patients, WBRT in 12
patients, SR in 2 patients of the SRS arm; and WBRT, LINAC, SR, LRT,
and WBRT in 98, 21, 3, 3, and 1 patients in the SR arm, respectively
(Fig. 1).
At last follow-up, 30% of SRS patients and 64% of SR patients in
the adjusted sample had died. The Kaplan–Meier curves demonstrated differences between the two curves (Fig. 2). The differences
between survival time means of the two treatment arms (18.4
months in the SRS arm compared to 13.0 months in the SR arm)
determined by the Cox proportional hazard regression model that
were statistically signiﬁcant (P = 0.000; Table 3), which indicated
the treatment modalities of SRS versus SR signiﬁcantly inﬂuenced
the survival times of BM patients.
The brain metastatic recurrence (combination of local and distant recurrence) in the adjusted samples at last follow-up occurred
in 40.8% (5 out of 40 patients with tumor recurrence had local
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Table 3
Univariate analysis of treatment effect on the survival function (adjusted samples).
Survival time (month)

Treatment

SR
SRS

Mean

12 months

18 months

HR

95% CI

P-value

13.0
18.4

57.1
85.0

44.7
77.6

0.30

0.19–0.48

<0.001

Table 4
Univariate analysis of treatment effect on the failure function of free tumor control (adjusted samples).
Free tumor interval time (month)

Treatment

SR
SRS

Median

HR

95% CI

P-value

10.4
13.8

8.1 (2.3–59.2)
10.8 (1.5–62.9)

0.53

0.34–0.80

0.003

Table 5
Mean interval of SRS patients’ retreatment regarding to the brain tumor recurrence
(months).
Time of SRS patient’s retreatment (months)
1st SRS to 2nd SRS
2nd SRS to 3rd SRS
3rd SRS to 4th SRS
4th SRS to 5th SRS

Cox proportional hazard model

Mean

N
30
8
3
1

Mean
13.3
13.5
11.2
3.6

Range
1.9–62.9
4.0–28.4
4.1–22.5

recurrence) of the SRS patients and 54.1% of the SR patients (53
patients). Using Kaplan–Meier failure function analysis for tumor
control of BMs (Fig. 3), the difference of the mean tumor control
interval time between the two treatment arms (10.4 months in the
SR arm versus 13.8 months in the SRS arm) tested by the Cox proportional hazard regression model, to determine that the treatment
of SRS versus SR had a signiﬁcant inﬂuence on the failure function of tumor control for BMs (P = 0.003; Table 4). It was relevant
to the interval time of retreatment. Thirty three out of 40 patients
with tumor recurrence in the SRS arm underwent repeated SRS. The
mean interval between the initial and the subsequent treatments
of SRS were 13.3, 13.5, and 11.2 between the ﬁrst and second; second and third; third and fourth treatments (Table 5). The number of
repeated SRS treatments signiﬁcantly inﬂuenced the survival time
of SRS patient (R2 = 0.249; P = 0.006). In the SR arm, 28 out of 53
patients with tumor recurrence underwent repeated treatment by
different interventions such as SR, LINAC, LRT, and WBRT (Fig. 1).
The distribution of patient cost was positively skewed, with
some patients having much higher costs than the majority
(Figs. 4 and 5). SRS had a lower average cost per patient (D9964 – SD:
1047; Skewness: 7273) than those of SR (D11647 – SD: 1594; Skewness: 0.465); and was also signiﬁcantly more effective in terms
of LYS than SR (1.53 LYS versus 1.08 LYS). Adjusting to the ICER
expressed in Euro per LYS that is minus D−3740/LYS. Which is
derived from the negative of different cost (c) and positive of
different effect (e), the treatment arm of SRS is dominant to the
standard arm of SR (Table 6). In practice, this means that using SRS
costs the equivalent of D1683 less than the cost of SR per targeted
patient, and could lead to a mean increase in targeted patient life
expectancy of 0.45 year.
Result of sensitivity analysis Fig. 6 shows 9000 bootstrap replicates of ICER and the scattering of points on the cost-effectiveness
plane is based on the results of a nonparametric bootstrap analysis.
Table 6
Incremental cost-effectiveness ratio (in Euros/LYS) of SRS in relation to SR.
Treatment

Mean costs per case (in Euros)

Effect (LYS)

ICER

Treatment arm (SRS)
Standard arm (SR)
Difference

9.964
11.647
−1.683

1.53
1.08
+0.45

−3740

Within a 95% CI of the bootstrap replications, the cost difference
of SRS compared to SR ranged from $−10356 to $−8848; the prolonged life years were between −31.8 months and 41.7 months for
SRS compared to SR. In terms of the proportions of the ICER estimates falling in each of the four quadrants, 66% of the points in
concentrated in SW + NW quadrants of the plane to indicate that
SRS is more effective; the 92% of the points distributed in SE + SW
to show the SRS is lower cost. The 59% of the points are in SW
quadrant to indicate that SRS has a lower cost and higher effect,
compared to 2% of the points distributed in NE which expresses
SRS having a higher cost and lower effect. The hypothesis of higher
cost-effectiveness of SRS versus SR is deﬁnitely conﬁrmed, meaning that the T arm (SRS) dominates the S arm (SR) or that SRS is
more effective and less costly than SR.

4. Discussion
This study uses costs and clinical trial data from Germany to
compare the cost-effectiveness of SRS and SR for the treatment
of BMs, from the perspective of Germany’s SHI System. The mean
of medical costs from initial intervention to event occurrence (i.e.
death or censored) was taken into account for the outcome effect
determined for each of the two treatment arms. The outcome effect
was measured as the LYS after the initial treatment (SRS in the SRS
arm and SR in the SR arm) until event occurred (i.e. death). The two
treatment arms were well-balanced in terms of prognostic factors,
with the majority of matched samples cases of single BM (81%)
and KPS of ≥70 (94%) (Table 2). The results have deﬁnitely conﬁrmed that the SRS treatment was more cost-effective, associated
with less costs and higher effect (LYS) compared to the SR treatment option. These results favorably compared to those previously
reported. Rutigliano et al. conducted a meta-analysis from some
studies in US, UK, Netherlands and found that SRS had better ICER
than SR ($40,648 versus $52,384 per life year) [11]; Mehta et al. also
conﬁrmed in another meta-analysis that SRS appeared to be the
more cost-effective procedure (an average cost per one life week
saved of $524 for SR + RT versus $270 for SRS + RT) [9]; Sperduto and
Hall found the marginal cost of SR plus WBRT versus SRS plus WBRT
ranged from $10,609 to $15,236 and SRS was more cost-effective
than SR [36].
What could contribute to this higher cost-effectiveness of SRS
versus SR? The effect of SR was found here to be relatively similar
to the previous studies. Although SR plus WBRT typically resulted
in 6–10 months survival gained [37–40], there were some reports
with longer survival after SR and WBRT. In a retrospective analysis
of 231 patients Wronski et al. found the overall median survival
time for the entire cohort was 11 months from the time of initial craniotomy (a mean of 21 months). However, 47 out of 231
patients had more than one resection (maximum 5 times) [41].
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Fig. 4. Medical cost associated to relevant interval of survival functions in SR arm according to Kaplan–Meier estimator (in x-axis, m stands for month).

Schackert [42], Penar and Wilson [43] even found the median survival time average was up to 16 months, or 26 months depending
on the different subgroups of the primary tumor site. In the SRS
arm, LYS was also not discordant to previous ﬁndings, which frequently reported 8–12 months for the median survival time after
the ﬁrst SRS [31,44–48]. However, some cohort studies had resulted
in longer survival times than our current study. Pan et al. studied
a cohort of 191 patients who underwent treatment for 424 BMs
and found that the median survival was 15 months after GKS alone
and 14 months after a combination of SRS plus WBRT [49]; and in
a subgroup of patients with no extracranial metastases, no neurologic deﬁcits and a small tumor without necrosis Kim et al. found
a median survival time of up to 26 months [50], and some patients
were even found to survive up to 90.8 months after initial SRS [45].
To our knowledge, the statistical signiﬁcant difference in the effect
of treatments found in this study was not conﬁrmed in previously
published studies concerning the comparison between SRS and SR
with WBRT [51,52].
This signiﬁcant difference is plausibly attributable to the lower
tumor recurrence rate in the SRS arm versus the SR arm [5,53], as
our study found that the interval free from intracranial metastatic
relapse after SRS as opposed to SR was signiﬁcantly different

(P = 0.003). Recurrence rates of BMs are associated with survival
period, taking advantage of the less potentially radio toxicity
of SRS, this regiment can be repeated to treat the intracranial
tumor recurrence months to years after the initial treatment
[54,55]. In a randomized controlled trial study of Kim et al., 48%
of the patients had repeated SRS, and one patient had undergone 7 procedures over a survival period of 10 years [50]. Our
study supports the claim that frequent repetition of the SRS treatment when new BMs appeared resulted in longer patient survival
times compared to SR treatment. That was proved by the positive linear regression between survival time and number of SRS
retreatment.
The strength of our study is that the result is derived from a
large database which allows us to restrict appropriate criteria such
as the minimum follow-up period; and that the SRS or SR procedure
was the initial intervention in the SRS or the SR arm, respectively.
The database had sufﬁcient information associated to vital prognostic factors for the ﬁnal outcome of survival time such as KPS,
RPA, primary tumor site, extracranial metastases, number of BMs,
gender, ages, which resulted in a good predictive model (C-statistic
0.73). The application of PSM was well-balanced in the sufﬁcient
covariates between the two samples.

Fig. 5. Medical cost associated to relevant interval of survival functions in SRS arm according to Kaplan–Meier estimator (in x-axis, m stands for month).
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new cases of recurrent BM should be advised in order to prolong
survival time.
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