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Purpose: This retrospective study aimed to determine the prognostic factors associated with
overall survival after intracranial local and distant recurrence in patients undergoing stereo-
tactic radiosurgery (SRS) for brain metastases.

Patients and Methods: Clinical characteristics and therapeutic parameters of 251 patients,
who were treated with initial stereotactic radiosurgery for brain metastases and later experi-
enced intracranial recurrence, were analyzed to identify prognostic factors of post-recurrence
overall survival (PROS). A Cox proportional hazard model was applied for univariate and
multivariate analyses.

Results: Among the 251 patients, the median post-recurrence overall survival was 8 months,
and the six-month PROS rate was 60.2%. The interval from initial radiosurgery treatment to
intracranial recurrence (hazard ratio [HR]:0.970), the number of brain recurrent tumors
(HR:1.245), the number of extracranial metastatic organs (HR:1.183), recursive partition
analysis (RPA) (HR:1.778), and Eastern Cooperative Oncology Group Performance Status
(ECOG PS) (HR:2.442) were identified as independent prognostic factors. The patients who
received local treatment for solitary brain recurrence achieved better survival (the median
survival time after recurrence was 22 months). In patients without extracranial metastasis, the
median post-recurrence overall survival of the local treatment group was longer than that in
the whole brain radiation therapy (WBRT) group (P<0.001) and the systemic therapy group
(P<0.001).

Conclusion: A shorter interval from initial stereotactic radiosurgery to recurrence, an
increasing number of brain recurrences and extracranial metastatic organs, and poor RPA
and ECOG PS values are associated with poor post-recurrence prognosis. When the number
of brain recurrent tumors and extracranial metastatic organs was limited, local treatment
including stereotactic radiosurgery, surgery or intensity-modulated radiation therapy (IMRT)
improved the post-recurrence overall survival.

Keywords: stereotactic radiosurgery, brain metastases, prognostic factors, intracranial
recurrence, salvage treatment

Introduction

In recent years, the overall survival of patients with brain metastases has been
gradually prolonged, and intracranial local recurrence following stereotactic radio-
surgery (SRS) has become an urgent clinical issue.' * Overall, 40-70% of new brain
metastases occur during follow-up after radiosurgery treatment.”® Different types of
salvage treatments include local treatment (SRS, surgery, intensity-modulated radia-
tion therapy [IMRT], etc.), whole brain radiation therapy (WBRT), and systemic
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therapy (chemotherapy, targeted therapy, etc.). The effect of
these salvage treatment modalities on patient survival after
intracranial recurrence has not drawn much attention and has
not been fully elucidated.

In the present study, we analyzed the patients who had
undergone radiosurgery treatment for brain metastases and
then experienced the first episode of recurrence. The intra-
cranial recurrence patterns, salvage treatment modalities,
and prognostic factors associated with survival were ana-
lyzed and reported to determine which patients could
benefit from appropriate treatment modalities to achieve
long-term survival.

Patients and Methods

Patient Cohort

We retrospectively analyzed the data of 604 patients with
brain metastases who were treated with CyberKnife
(Accuray, Sunnyvale, California) radiosurgery from
September 2007 to July 2017 at Tianjin Medical
University Cancer Institute and Hospital. All data collected
until either death or the last follow-up were assessed. The
patients were followed up for the first time 1 month after
the initial CyberKnife radiosurgery, and every 3 months
thereafter during the first year, and finally re-examined
when necessary for a maximum of 6 months. 29 patients
were lost to follow-up. In addition, 54 patients survived
without intracranial recurrence, and 229 patients showed
no brain recurrence before death. These patients received
neither local treatment nor whole brain radiotherapy.
Systemic treatments, including target therapy and che-
motherapy, were provided to control extracranial diseases
and the primary disease. At last, a total of 251 patients who
developed brain recurrence(s) were included in the study.
The present study was conducted in accordance with the
institutional ethical guidelines and was approved by the
Medical Ethics Committee of Tianjin Medical University
Cancer institute and Hospital. In addition, this study was
carried out according to the principles expressed in the
Declaration of Helsinki. All patients had provided written
informed consent for their data to be used for research.

Definition of Recurrence and Treatment
Modalities for Recurrent Disease
Intracranial recurrence was diagnosed based on contrast
enhanced magnetic resonance imaging (MRI) scans. Local
defined as the
a previously irradiated volume while distant recurrence

recurrence was recurrence within

was defined as the brain recurrence outside the previously
irradiated volume. First, MRI scan and resonance spectro-
scopy were performed to distinguish local recurrence from
brain radiation necrosis. Then, PET-CT was further carried
out if a clear diagnosis could not be made. All patients
were evaluated by radiation oncologists and physicists.
The date of recurrence was defined as the date of diagnosis
of intracranial recurrence. The overall survival after the
diagnosis of recurrence was defined as post-recurrence
overall survival (PROS). The salvage treatment modalities
in this study included local treatment (SRS/surgery/
IMRT), WBRT and systemic therapy. The choice of sur-
gery, SRS, IMRT or WBRT was dependent on the patient’s
general conditions, the number of brain metastases, and
the size of each metastatic lesion. SRS was applied for 1-3
brain metastases no more than 3.5 cm in diameter, and
dose selection was consistent with the Radiation Therapy
Oncology Group (RTOG) 90-05 guidelines.’ Surgery was
mainly applied for local recurrence, which was solitary, or
for limited (1-3) distant recurrent tumors more than
3.5 cm in diameter. If the patient showed severe symptom
along with surgical indications, resection was also con-
ducted. In this study, resection was performed on 16 local
recurrent tumors and 2 distant recurrent tumors. WBRT
was generally performed for patients with more than 3
brain metastases. The regimen of the systemic therapy
was selected according to the pathology of primary disease
and patient conditions. Table 1 shows the clinical baseline
characteristics of the patients with intracranial recurrence.

Statistical Analysis

The collected data included age, gender, date of initial
stereotactic radiosurgery, pathology of the primary disease,
date of diagnosis of intracranial recurrence, the number of
brain recurrent tumors, the number of extracranial meta-
static organs and follow-up information. The impact of the
following factors on PROS was evaluated: age at recur-
rence, gender, pathology of the primary disease, the inter-
val from initial SRS to recurrence, the number of brain
recurrent tumors (0, 1, 2, 3, >4), the number of extracranial
metastatic organs, Eastern Cooperative Oncology Group
Performance Status (ECOG PS), RPA, the pattern of recur-
rence (local or distant), resection of the primary disease
and synchronous brain metastasis. The Chi-square test was
used to compare the difference of treatment methods of
different groups. Survival curves were calculated using the
Kaplan—Meier method and were compared using the Log-
rank test. Significant variables of PROS obtained using the
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Table | Characteristics of 251 Patients with Brain Recurrence

No. of Patients with Brain
Recurrence (%)

Gender

Male 136 (54.2)

Female 115 (4.8)
Age, y

<40 16 (6.4)

41-50 52 (20.7)

51-60 90 (35.9)

61-70 66 (26.3)

27| 27 (10.8)
Interval from SRS to recurrence, m

<35 62 (24.7)

3.6-6 50 (19.9)

6.1-11 56 (22.3)

> 54 (21.5)
ECOG PS

0-1 188 (74.9)

2-3 63 (25.1)
RPA

| 53 (21.1)

1l 166 (66.1)

LI} 32 (12.7)
Number of extracranial metastatic
organs, region

0 123 (49.0)

| 65 (25.9)

2 35 (13.9)

23 28 (11.2)
Number of brain recurrent tumors, n

| 103 (41.0)

2 77 (30.7)

3 32 (12.7)

>4 39 (15.5)
Pathology of primary disease

Lung 187 (74.5)

Breast 27 (10.8)

Renal 9 (3.6)

Gastrointestinal 12 (4.8)

Others 16 (6.4)
Pattern of brain recurrence

Local 48 (19.1)

Distant 192 (76.5)

Local+ Distant 11 (4.4)
Primary disease resection

Yes 124 (49.4)

No 127 (50.6)

(Continued)

Table | (Continued).

No. of Patients with Brain

Recurrence (%)

Synchronous metastases
Yes 93 (37.1)
No 158 (62.9)

Abbreviations: SRS, stereotactic radiosurgery; ECOG PS, Cooperative Oncology
Group Performance Status; RPA, recursive partition analysis.

tested with
a multivariate analysis using the Cox proportional hazards
model and the forward likelihood ratio method. SPSS
software version 20.0 (IBM, Armonk, New York, USA)
was used to carry out all statistical calculations. All statis-

univariate analysis were subsequently

tical tests were 2-sided, and differences were considered
statistically significant if the P value was less than 0.05.

Results

The median PROS of the 251 patients was 8 months,
whereas the three-month post-recurrence overall survival
rate was 76.0% and the six-month post-recurrence overall
survival rate was 60.2%. The Kaplan-Meier estimates of
PROS are shown in Figure 1A.

Prognostic Factors for the PROS of 251

Patients

In the multivariate analysis, the interval from initial SRS to
recurrence (P=0.008), the number of brain recurrent tumors
(P=0.006), the number of extracranial metastatic organs
(P=0.041), RPA (P<0.0001), and ECOG PS (P<0.00001)
were shown to be independent prognostic factors of PROS.
The results of univariate and multivariate analyses are shown
in Table 2. The median PROS was calculated as 10.5 months,
9 months, 8 months, and 3.5 months for patients with 0, 1, 2,
and >3 regions of extracranial metastases, respectively. The
Kaplan-Meier estimates for PROS stratified by the number of
extracranial metastatic organs are shown in Figure 1B. The
median PROS calculated according to the number of brain
recurrent tumors was 10.5 months in patients with 1 lesion, 9
months in patients with 2 lesions, 8 months in patients with 3
lesions and 3 months in patients with >4 lesions. Kaplan-
Meier estimates for PROS stratified by the number of brain
recurrent tumors are shown in Figure 1C. The median PROS
was 11 months and 3 months for patients with PS 0—1, PS 2-3,
respectively. The Kaplan-Meier estimates for PROS stratified
by PS are shown in Figure 1D. The median PROS of patients
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Figure | (A) Kaplan—Meier curve showing the post-recurrence overall survival in 251 patients. The median survival was 8 months. The three- and six-month post-
recurrence overall survival rates were 76.4% and 60.4%, respectively. (B) Post-recurrence overall survival according to the number of extracranial metastatic organs.
Increasing number of metastatic organs was significantly associated with poor post-recurrence survival rate. (C) Post-recurrence overall survival according to the number of
brain recurrent tumors. Increasing number of tumors was significantly associated with poor post-recurrence overall survival rate. (D) Post-recurrence overall survival
according to ECOG PS. Post-recurrence overall survival was significantly worse in the PS 2-3 group than in the PS 0-1 group. (E) Post-recurrence overall survival according
to RPA. Increasing level of RPA was significantly associated with poor post-recurrence overall survival rate.

with RPA 1, II, and IIT was 17 months, 8.5 months and 3
months, respectively. The Kaplan-Meier estimates for PROS
stratified by RPA are shown in Figure 1E. We determined
median survival (Table 3) according to RPA level updated at
initial SRS and at the time of recurrence. Initial RPA level
correlated with survival duration after the first course of SRS
(P<0.00001).

The impact of pathology of the primary disease on PROS
could not be demonstrated (P=0.756). In this study, 97
patients received local treatment including SRS or surgery
or IMRT, and 40 patients received WBRT. The median
PROS was 18.5 months in the local treatment group and 8
months in the WBRT group (Figure 2A). The median PROS
was lower in the systemic therapy group (6 months) than
that in the local treatment group (Figure 2B).

Factors Affecting the Interval from Initial

SRS to Recurrence

The multivariate analysis identified the number of intracranial
metastases at the time of initial SRS and age (P<0.001) as the
prognostic factors for the interval from SRS to recurrence by
multivariate analysis (Table 4). The presence of >2 brain
metastases at initial SRS was associated with longer time

interval to recurrence (P=0.01). As a continuous variable,

increasing number of brain metastases at the time of initial
SRS was also associated with shorter time interval (P=0.01).

Salvage Treatment for Patients with Single

and Multiple Brain Recurrences

To evaluate the effect of the number of brain recurrent tumors
on PROS, the difference in the effects of salvage treatment on
patients with single tumor lesions and multiple tumor lesions
was analyzed (Table 5). There were 103 patients with single
tumor lesions and 148 patients with multiple tumor lesions.
In the group of single brain metastasis, the number of patients
treated with local treatment (SRS/surgery/IMRT) and WBRT
was 59 (57.3%) and 38 (34.5%), respectively (P<0.00001).
The patients with multiple brain recurrent tumors were more
likely to be treated with WBRT than with a local treatment
(P<0.003). After local treatment, the median PROS of the
patients with solitary tumor was 22 months, and that of the
patients with multiple recurrent tumors (>3) was 12 months
(P=0.039).

Salvage Treatment for Patients with or

without Extracranial Metastases
A total of 123 (74.9%) patients showed no extracranial
metastasis, and 128 patients showed 1 or more extracranial
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Table 2 Prognostic Factors for Post-Recurrence Overall Survival
in 251 Patients

Univariate | Multivariable
P MST (m) | P HR (95% CI)
Gender 0.850
Male 8.0
Female 8.0
Age 0.495
<40 13.0
41-50 9.0
51-60 7.5
61-70 9.0
271 8.0
ECOG PS <0.00001 <0.00001 2.442
(1.763-3.383)
0-1 11.0
2-3 3.0
RPA <0.00001 <0.0001 1.778
(1.332-2.773)
| 17.0
1l 85
1] 3.0
Interval from SRS to
recurrence, m
Continuous 0.001 0.008 0.970
(0.948-0.992)
Quartile 0.002
<35 5.5
3.6-6 8.0
6.1-11 11.0
> 12.0
Number of extracranial <0.0001 0.041 1.183
metastatic organs, region (1.007-1.389)
0 11.0
| 8.0
2 6.0
23 35
Number of brain recurrent <0. 0001 0.006 1.245
tumors, n (1.066—1.454)
10.5
2 9.0
3 8.0
24 3.0
Pathology of primary disease 0.756
Lung 8.0
Breast 1.5
Renal 7.0
Gastrointestinal 13.0
Others 4.0
(Continued)

Table 2 (Continued).

Univariate | Multivariable
P MST (m) | P HR (95% CI)
Pattern of brain recurrence 0.021 0.502 1.137
(0.782-1.652)
Local 10.5
Distant 8.0
Local +Distant 11.0
Primary disease resection 0.248
Yes 8.0
No 9.0
Synchronous metastases 0.484
Yes 9.0
No 8.0

Abbreviations: SRS, stereotactic radiosurgery; HR, hazard ratio; MST, median
survival time; ECOG PS, Cooperative Oncology Group Performance Status; RPA,
recursive partition analysis.

metastatic organs. There was no statistical difference in the
application of various salvage treatments between the two
groups. In this study, 51 (41.5%) patients showing no
extracranial metastasis received local treatments, and the
median PROS was longer than that of the patients treated
with WBRT (P<0.001) and systemic therapy (P<0.001).
Among patients with 1 region of extracranial metastasis,
the PROS of those undergoing local treatment was similar
to the PROS of those undergoing WBRT (P=0.428), but
superior to the PROS of those treated with systemic ther-
apy (P=0.028). Among patients with 2 or more regions of
extracranial metastases, there was no statistical difference
in the PROS between the local treatment group and the
WBRT group (P=0.051), nor was there any statistical
difference in the PROS between the local treatment
group and the systemic therapy group (P=0.575).

Prognostic Factors for the PROS of

Patients with Lung Cancer

Since lung cancer was the main primary disease (74.5%),
the prognostic factors for the post-recurrence overall sur-
vival of patients with lung cancer were analyzed (Table 6).
The median PROS of patients with lung cancer was §
months. There were 138 cases of non-small cell lung
cancer, 21 cases of small cell lung cancer, and 28 cases
of unknown pathology. In the univariate analysis, the
interval from initial SRS to recurrence, the number of
extracranial metastatic organs, the number of brain recur-
rent tumors, the pattern of recurrence, RPA and ECOG PS
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Table 3 Median Overall Survival in Months After Initial SRS and After Brain Recurrence

Parameter Predicted*OS Initial SRS After Recurrence
oS 95% CI P<0.00001 oS 95% CI P<0.00001
All patients NR 14 12.480-15.5 8 6.166-9.384
RPA | 7.1 20 15.426-25.574 17 9.7-24.3
RPA I 42 13 11.629—-14.371 9 6.981-11.019
RPA Il 2.3 7.5 4.319-10.68I 3 2.141-3.859

Abbreviations: SRS, stereotactic radiosurgery; NR, not reported.

were identified as the significant prognostic factors for
PROS. In the multivariate analysis, the interval from initial
SRS to recurrence (P=0.01), the number of extracranial
metastatic organs (P=0.006), the number of brain recurrent
(P=0.001), RPA (P<0.001), and ECOG PS
(P<0.00001) were identified as significant prognostic fac-
tors for PROS. Excluding 28 patients with unknown
pathology, the median PROS of patients with non-small

tumors

cell lung cancer (9 months) was longer than that of
patients with small cell lung cancer (5.5 months)
(P=0.048).

Follow-Up

In this study, 87 of the 251 patients (35.1%) suffered
neurologic death. 67 (27.5%) patients had stable intracra-
nial lesions and died of systemic causes, and 46 patients
(19.1%) died of both uncontrolled cerebral metastases and
extracranial progression. The cause of death in 18 patients
was undetermined.

Among the 251 patients, 48 patients (19.5%) only
showed local recurrences, 192 patients (76.5%) only
showed distant recurrences, and 11 patients (4.4%) showed
both. The 7 patients with local recurrent tumors were
treated with repeat radiosurgery treatment. By the last
follow-up, 2 patients survived, 1 died of uncontrolled

>

—— SRS/surgery/IMRT(n=97)
-+ WBRT(n=40)

-
=)
9

Overall Survival Rate
(3,
<

0 T T T T
0 20 40 60 80

Time(months after progression)

100

intracranial tumor and 3 died of extracranial metastasis.
No brain radiation necrosis occurred in 6 of the 7 patients,
while the condition of the remaining 1 patient was
unknown because the patient was lost to follow-up.

Discussion

Previous studies reported that surgery or SRS for oligo-
metastatic diseases helped some patients to achieve long-
term survival'®"® due to the following 2 reasons: First,
oligometastatic  lesions have particular Dbiological
characteristics; second, intensive local treatment can pro-
long disease-free survival.'*'> For patients with brain
recurrences following the initial SRS, the salvage local
treatment may still promote survival.'® In this study, the
number of brain recurrent tumors and the number of extra-
cranial metastatic organs were identified as independent
prognostic factors for PROS. The patients with solitary
brain recurrence were more likely to receive a local treat-
ment, while the patients with multiple brain recurrent
tumors were more likely to receive WBRT. The local
treatment could prolong the PROS of patients without
extracranial metastasis. In the group of multiple (>2
regions) extracranial metastatic organs, the patients receiv-
ing the local treatment achieved no survival advantage

compared with those receiving WBRT. It is suggested

w

-

o

o
]

—— SRS/surgery/IMRT(n=97)
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Overall Survival Rate
n
o

0 T T T T
0 20 40 60 80

Time(months after progression)

100

Figure 2 (A) Post-recurrence overall survival of patients who were treated with local treatment and WBRT. Of these, 97 patients received local treatment including SRS or
surgery or IMRT, and 40 received WBRT. Median post-recurrence overall survival was favorable in the local treatment group (18.5 months). (B) Post-recurrence overall

survival of patients who received local treatment and systemic therapy.
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Table 4 Multivariate Cox Proportional Hazards Model for Brain
Recurrence After Initial SRS

Hazard Ratio | 95% CI P
Age (continuous) 0.980 0.970-0.991 | <0.001
Number of brain
metastases
Continuous 1.143 1.033-1.266 | 0.0l
1VS=2 0.721 0.563-0.924 | 0.0l

Abbreviation: SRS, stereotactic radiosurgery.

that the state of oligometastasis and the local treatment of
some patients lead to a better survival. By reducing the
disease burden, local treatments may inhibit the immuno-
suppressive or proangiogenic mechanisms that leading to
micrometastatic progression.'> Therefore, if patients have
a smaller number of intracranial and extracranial tumor
lesions when the intracranial recurrence occurs, local treat-
ments appear to be more reasonable. Otherwise, WBRT or
even supportive care alone may be more reasonable given
the poor life expectancy of the patients. To apply effective
local treatments for brain metastasis, a follow-up system
should be established to detect brain recurrence and extra-
cranial metastasis before their progression.

This study showed that PROS was improved with the
prolongation of the interval from Cyberknife radiosurgery

to intracranial recurrence. The brain metastasis velocity
(BMV) score was recently proposed by Farris et al'’ and
then externally validated'® which showed that a lower
BMYV score was associated with an improved overall sur-
vival following a distant brain failure. This result indicated
that the smaller number of new intracranial metastases and
a longer intracranial disease-free interval are favorable for
survival after intracranial recurrence, which is consistent
with the results of this research. In addition, it was shown
that the presence of >2 initial brain metastases was corre-
lated with a higher BMV, and a higher BMV at the time of
the first failure was associated with an increased number
of brain metastases at the time of the second failure. These
results can help clinicians to decide whether to recommend
additional SRS or salvage WBRT. A larger number of
intracranial metastases at the time of initial SRS, which
was associated with a shorter interval from initial SRS to
recurrence in this study, was reported to be a poor prog-
nostic factor for recurrence.'”*® Some studies have
reported the number of intracranial tumors was an impor-
tant predictor of distant brain metastases after SRS.*"*
Patients with multiple brain metastases should be followed
up systematically and regularly so that intracranial recur-
rence can be found in a timely fashion.

The RPA was developed with the goal of predicting the
survival

of patients with newly diagnosed brain

Table 5 Difference in Treatment Modality for Recurrence According to Number of Extracrainal Metastatic

Organs (a),Number of Brain Recurrent Tumors (b), and Treatment for Local and Distant Recurrence (c)

a

Number of extracranial metastatic organs 0 (n=123) 2| (n=128) P
SRS/surgery/IMRT 51 (41.5%) 46 (35.9%) 0.369
WBRT 39 (31.7%) 49 (39.2%) 0.275
Systemic therapy 21 (17.1%) 27 (21.1%) 0418
Best supportive care 33 (26.8%) 33 (25.8%) 0.850

b

Number of brain recurrent tumors Single (n=103) Multiple (n=148) P
SRS/surgery/IMRT 59 (57.3%) 38 (34.5%) <0.00001
WBRT 8 (7.8%) 32 (21.6%) 0.003
Systemic therapy 14 (13.6%) 34 (23.0%) 0.063
Best supportive care 19 (18.4%) 40 (27%) 0.115

c Local Distant Local+Distant
SRS 7 65 |
Surgery 16 2 0

IMRT | 0

WBRT 2 36 2

Abbreviations: SRS, stereotactic radiosurgery; IMRT, intensity-modulated radiation therapy; WBRT, whole brain radiotherapy.
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Table 6 Prognostic Factors for Post-Recurrence Overall Survival in Patients with Lung Cancer

Univariate Multivariable
P MST(m) P HR (95% CI)
Gender 0.935
Male 9.0
Female 8.0
Age 0.585
<40 12.0
41-50 11.0
51-60 7.5
61-70 9.0
271 8.0
Histology 0.058
NSCLC 9.0
SCLC 5.5
Unknown 8.0
RPA <0.0001 <0.001
| 13.5 -
Il 85 0.097
11l 3.0 <0.0001 1.494 (0.930-2.399)
3.756 (1.998-7.058)
Performance status <0.0001 <0.00001 2.893 (1.897-4.413)
0-I 10.0
2-3 3.0
Interval from SRS to recurrence, m (continuous) 0.005 0.0l 0.959 (0.934-0.984)
Quartile 0.052
<35 6.0
3.6-6 9.0
6.1-11 7.5
> 12.0
Number of extracranial metastatic organs region 0.007 0.006
0 11.0 -
| 8.0 0.790 1.125 (0.730-1.735)
2 6.0 0.474 1.534 (0.887-2.654)
23 2.0 0.001 4.095 (2.075-8.080)
Number of brain recurrent tumors, n <0.0001 0.001
| 11.0 -
2 85 0.869 0.940 (0.594—1.486)
3 0.8.0 0.118 1.232 (0.696-2.180)
>4 3.0 <0.001 3.383 (1.667-6.866)
Pattern of brain recurrence 0.036 0.782 1.073 (0.652—1.765)
Local 11.0
Distant 7.5
Local+Distant 11.0
Primary disease resection 0.099
Yes 8.0
No 9.5
(Continued)
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Table 6 (Continued).

Univariate Multivariable

P MST(m) P HR (95% CI)
Synchronous metastases 0.351
Yes 9.0
No 8.0

Abbreviations: SRS, stereotactic radiosurgery; MST, median survival time; HR, hazard ratio; NSCLC, non-small cell lung cancer; SCLC, small cell

lung cancer.

metastases,” so as guide treatment decisions. Local ther-
apy may be a more attractive treatment option for patients
with a longer expected survival. It was found in this study
that the prognostic value of RPA in the patient remained
high for the multivariate analysis carried out at the time
recurrence after initial radiosurgery treatment. As such, an
updated RPA level may be a useful tool in selecting
patients most likely benefited from local treatments.

This study also had some limitations. Firstly, the patho-
logical heterogeneity produced some deficiencies in the sur-
vival analysis. Previous studies have shown that the
correlation between survival and the pathology of
the primary disease in patients with brain metastases follow-
ing SRS was controversial,>*>° and the results of compar-
ison among patients with different histopathological results
were inconclusive.®*>*”?® There is no relevant literature
reporting the effect of histopathology on the PROS of
patients undergoing the initial radiosurgery treatment.
According to the results of this study, there was no correla-
tion between the pathology of primary disease and PROS.
Since a number of studies have reported the effect of histo-

the of patients with lung
the factors related to the PROS in patients
with lung cancer were also analyzed in this study. The post-

pathology on survival

cancer,2’19’3 1,32

recurrence overall survival of patients with small cell lung
cancer was worse than that of patients with non-small cell
lung cancer (P=0.048). These results suggested that the effect
of histopathology on the survival of patients with lung cancer
was also worthy of attention after salvage treatment.
Secondly, only the number of brain metastases was exam-
ined in this study, although the size of brain tumor was also
reported to be a prognostic factor for patients with brain
metastases. Thus, further improvements are necessary for
future studies to include more potential prognostic factors.
Thirdly, the follow-up of patients was not performed
systematically after the initial stereotactic radiosurgery.

Therefore, it remains unknown whether systematic follow-

up may promote the early detection of recurrent lesions
suitable for local treatments. Because the choice of treat-
ment modalities for recurrent disease was not prospective,
the survival evaluation in this study for the treatment of
patients with multiple metastases may be biased.

Additionally, several ongoing trials will further our
understanding in specific populations. The study
(NCT00922974) is a randomized Phase III study evaluat-
ing how well image-guided radiosurgery or stereotactic
body radiation therapy works and compares it to external-
beam radiation therapy in treating patients with localized
spine metastasis. NCT00811655 is a randomized phase II
study evaluating 6-month local control utilizing pre-
operative SRS followed by surgical resection for patients
with 1—4 brain metastases.®® The trial (NCT01345539) is
a phase II study evaluating feasibility of radiosurgery for
all metastatic sites for patients presenting with oligometa-
static disease. NCT02898727 is a Phase II study evaluat-
ing the treatment of local therapy for the treatment of brain
metastases from HER2 positive breast cancer. Together,
these efforts and others with intensive follow-up after
initial radiosurgery will increase the chance of detection
of oligo-recurrence or subclinical recurrence(s).

Conclusion

The interval from the initial stereotactic radiosurgery to
recurrence, the number of brain recurrent tumors, the
number of extracranial metastatic organs, RPA and
ECOG PS status are independent prognostic factors for
post-recurrence overall survival. For patients with fewer
brain recurrences and extracranial metastases, a local treat-
ment (SRS/surgery/IMRT) can prolong the post-recurrence
survival after the initial radiosurgery treatment.
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