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Objective : We investigated the outcomes of repeat stereotactic radiosurgery (SRS) for metastatic brain tumors that locally recurred
despite previous SRS, focusing on the tumor control.

Methods : A total of 114 patients with 176 locally recurring metastatic brain tumors underwent repeat SRS after previous SRS. The
mean age was 59.4 years (range, 33 to 85), and there were 68 male and 46 female patients. The primary cancer types were non-small
cell lung cancer (n=67), small cell lung cancer (n=12), gastrointestinal tract cancer (n=15), breast cancer (n=10), and others (n=10).
The number of patients with a single recurring metastasis was 95 (79.8%), and another 19 had multiple recurrences. At the time of the
repeat SRS, the mean volume of the locally recurring tumors was 5.94 mL (range, 0.42 to 29.94). We prescribed a mean margin dose of
17.04 Gy (range, 12 to 24) to the isodose line at the tumor border primarily using a 50% isodose line.

Results : After the repeat SRS, we obtained clinical and magnetic resonance imaging follow-up data for 84 patients (73.7%) with a
total of 108 tumors. The tumor control rate was 53.5% (58 of the 108), and the median and mean progression-free survival (PFS) periods
were 246 and 383 days, respectively. The prognostic factors that were significantly related to better tumor control were prescription
radiation dose of 16 Gy (p=0.000) and tumor volume less than both 4 mL (p=0.001) and 10 mL at the repeat SRS (p=0.008). The
overall survival (OS) periods for all 114 patients after repeat SRS varied from 1 to 56 months, and median and mean OS periods
were 229 and 404 days after the repeat SRS, respectively. The main cause of death was systemic problems including pulmonary
dysfunction (n=58, 51%), and the identified direct or suspected brain-related death rate was around 20%.

Conclusion : The tumor control following repeat SRS for locally recurring metastatic brain tumors after a previous SRS is relatively
lower than that for primary SRS. However, both low tumor volume and high prescription radiation dose were significantly related to
the tumor control following repeat SRS for these tumors after previous SRS, which is a general understanding of primary SRS for
metastatic brain tumors.
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INTRODUCTION

The local control of stereotactic radiosurgery (SRS) for met-
astatic brain tumors is known to be generally favorable; how-
ever, there can be local recurrences despite previous SRS, and
the incidence appears to increase with increased SRS frequency
and patients’ longer survival from the primary cancer. Repeat
SRS can be a management technique, but its value for recur-
rent brain metastases remains unclear””. Moreover, “repeat
SRS” has mainly been considered to refer to frequency and
covers both locally recurring and newly developed metastases.
We focused on the former and investigated the outcomes of re-
peat SRS for locally recurring metastatic brain tumors despite
previous SRS.

MATERIALS AND METHODS

Between December 2004 and September 2016, a total of 114
patients with 176 tumors underwent repeat SRS for locally re-
curring metastatic brain tumors after previous SRS. The mean
age was 59.4 years (range, 33 to 85), and there were 68 male and
46 female patients. The patients had undergone previous SRS,
and at their previous SRS, the mean tumor volume was 3.89 mL
(range, 0.024 to 25.47), and the mean prescribed marginal radi-
ation dose was 18.9 Gy (range, 12 to 24). The mean duration from
the first to the second SRS was 9.1 months (range, 2.5 to 58.3).
The cancer types were non-small cell lung cancer (NSCLC;
n=67), small cell lung cancer (n=12), gastrointestinal tract can-
cer (n=15), breast cancer (n=10), and others (n=10). The number
of patients with single recurring metastases was 95 (79.8%),
and the other 19 had multiple recurrences. We excluded pa-
tients who had undergone previous whole brain radiation ther-
apy (WBRT) or brain surgery, and we included patients who had
undergone SRS as the primary treatment for their brain me-
tastases.

The diagnosis for local recurrence after the SRS was mainly
based on tumors that grew in volume by more than 120%, and
for some patients, we particularly used special MR studies in-
cluding perfusion magnetic resonance imaging (MRI), MR
spectroscopy, and methionine positron emission tomography
(PET) to distinguish these tumor recurrences from radiation

necrosis following SRS.
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Repeat SRS

All patients had recurring metastatic tumors that showed
contrast enhancement. Some patients received previously
checked methionine PET for treatment with image fusion.
Highly conformal and selective dose plans (Leksell Gamma
Plan®, Stockholm, Sweden) were created.

A total of 176 tumors had been treated with repeat SRS; in
some patients, newly developed metastases were also treated
simultaneously, but we did not include these data in this inves-
tigation.

At the time of the repeat SRS, the mean volume of the local-
ly recurring tumors was 5.94 mL (range, 0.42 to 29.9). We pre-
scribed a mean margin dose of 17.04 Gy (range, 12 to 24) to the
isodose line at the tumor borders, and we mainly used a 50%
isodose line. Considering the possible radiation hazard due to
the repeat SRS to the same brain area, 1 or 2 Gy prescription
dose reduction was considered. After SRS, all patients under-
went serial contrast-enhanced MRI scans that we requested ev-

ery 3 months.

Statistics

SPSS version 20.0 (IBM, Chicago, IL, USA) was used to dem-
onstrate all statistical analyses. Log-rank test was used for
univariate analysis and Cox-regression analysis for multivari-

ate analysis. The level of significance was set at p<0.05.

RESULTS

Tumor control

After the repeat SRS, we obtained clinical and MRI follow-
up data for 84 patients (73.7%) with a total of 108 tumors that
had undergone repeat SRS. We considered local control failure
to be when a tumor showed volumetric progression more than
120% in the latest MR images. The tumor control rate was 53.5%
(58 out of 108), and the median and mean PFS periods were
246 and 383 days, respectively, 1 year after the last patients had
been registered. Among the 50 tumors that had progressed,
two had been diagnosed as radiation necrosis using methio-
nine PET.

We attempted to identify prognostic factors related to tumor
control with meaningful PFS after repeat SRS using the Ka-
plan-Meier method (Table 1), and high prescription radiation

doses during SRS were related, specifically. The tumors using
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Table 1. Univariate analysis of prognostic factors related to tumor control after repeat SRS

Variable Median PFS (days) p-value
Prescription dose (=16 vs. <16 Gy) 7354155 vs. 243459 0.000%
Prescription dose (=20 vs. <20 Gy) 814+104 vs. 675+91 0.107
Tumor volume (<4 vs. >4 mL) 9984106 vs. 395+50 0.001*
Tumor volume (<10 vs. >10 mL) 525+168 vs. 287+88 0.008*
Interval from the 1st SRS (=6 vs. <6 months) 450+51 vs. 645+229 0.805
Tumor location (supratentorium vs. cerebellum) 633+63" vs. 9554192 0.666
Primary cancers (lung vs. others) 428+46 vs. 645+185 0.773
Primary cancers (NSCLC vs. others) 435499 vs. 525+131 0.701

*Statistically significant value. ‘Mean value. SRS : stereotactic radiosurgery, PFS : progression-free survival, NSCLC : non-small cell lung cancer

prescription doses of 216 Gy showed longer median PES peri-
ods (735£155 days) than tumors using prescription dose of <16
Gy (243£59 days), and the result was clearly statistically signifi-
cant (p=0.000). The results at the cut-off value of 20 Gy were
not statistically significant (p=0.107), but the tumor control
with prescription doses of 220 Gy showed longer mean PFES pe-
riods (814%104 days) than tumors which were treated with pre-
scription doses <20 Gy (675£91 days). Tumor volumes <4 mL
showed better results (mean PFS, 998+106 days) than those for
tumors >4 mL (mean PFS, 395£50 days), which was also statis-
tically significant (p=0.001). With tumor volumes of 10 mL, the
difference in tumor control was also significant (p=0.008). The
mean and median PFS periods for the tumors <10 mL were
834£87 and 525168 days, and the rates for tumors >10 mL was
309+70 and 287488 days, both respectively.

The interval from the first SRS to the local recurrence was
not a significant prognostic factor for tumor control after re-
peat SRS (p=0.805) : tumor control was similar in the groups
whose tumors recurred more than 6 months later and whose
tumors recurred within no more than 6 months, and the me-
dian PFS periods were 450151 and 6453229 days, respectively.
Tumor location was not a significant prognostic factor (p=0.666),
but the mean PFS period for supratentorial tumors (633163
days) was shorter than that for infratentorial tumors (9554192
days). Lung cancer as the primary cancer had shorter PFS peri-
ods (mean, 634166 days; median, 428446 days) than did other
primary cancers (mean, 849+162 days; median, 645%185 days),
but the differences were not statistically significant (p=0.773).
NSCLC as the primary cancer had shorter PES periods (mean,
660+£72 days; median, 435199 days) than the others (mean,
771%134 days; median, 525%131 days), but those differences

were also not statistically significant (p=0.701).

In the multivariate analysis, both prescription dose and tu-
mor volume were also significantly related to tumor control,
and the p-value were 0.006 and 0.028, respectively. Similar to
univariate analysis, any other factors related to tumor control
investigated in this study were not statistically significant, ei-
ther (Table 2).

Managing local recurrence and new metastasis
after repeat SRS

After the repeat SRS, 50 tumors (42.3%) in 40 patients
showed local progression. Among these, two tumors in two
patients were diagnosed as radiation necrosis, 33 tumors in 27
patients were tumor recurrences. However, for the other pro-
gressed 15 tumors in 11 patents, we could not make a differen-
tial diagnosis.

To manage these patients, 3rd SRS (n=18), WBRT (n=4), and
surgery (n=7) were performed. However, for 11 patients includ-
ing the two radiation necrosis patients, simple palliative man-
agement was indicated considering the patients’ poor perfor-
mance status owing to aggravated systemic cancer or radiation
necrosis.

Newly developed metastases after the repeat SRS were de-
tected in 23 patients. A 3rd SRS was performed in 10 patients,
and six patients underwent WBRT. For seven other patients,
simple palliation was provided considering their poor general

condition.

Survival after repeat SRS

The overall survival periods for all 114 patients after repeat
SRS varied from 1 to 56 months, and the median and mean OS
periods were 229 and 404 days after the repeat surgeries, re-

spectively. Fifteen patients (13.2%) were still alive 1 year after
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Table 2. Multivariate analysis of prognostic factors related with tumor control and OS after repeat SRS

Variable Hazzard ratio p-value 95% Cl

Tumor control-related factors
Prescription dose (=16 Gy) 0.393 0.006* 0.203-0.761
Tumor volume (<4 mL) 0.511 0.028* 0.280-0.931
Interval from the 1st SRS (=6 months) 1.053 0.866 0.579-1.915
Tumor location (supratentorium) 1158 0.690 0.563-2.382
Primary cancer (lung) 1179 0.624 0.611-2.276

OS-related factors
Age (<65 years) 1.246 0416 0.733-2.118
Primary cancer (lung) 1.739 0.090 0.917-3.298
Number of Mets that underwent repeat SRS (single) 1.237 0.568 0.596—2.569
Interval from the 1st SRS (=6 months) 1.035 0.893 0.626—-1.711
Patients with controlled tumors after repeat SRS’ 1.303 0.307 0.784-2.164
Patients with new metastasis after repeat SRS' 1105 0.736 0.620-1.968

References : <16 Gy, tumor volume >4 mL, interval from the 1st SRS <6 months, tumor location cerebellum, primary cancer others, age >65, number of
metastasis that underwent repeat SRS multiple, patients with progressed tumors after repeat SRS, patients with new metastasis after repeat SRS. *Sta-
tistically significant value. "Statistics in 84 patients with follow-up magnetic resonance imaging after repeat SRS. OS : overall survival, SRS : stereotactic

radiosurgery, Cl : confidence interval, Mets : metastatic brain tumors

Table 3. Univariate analysis of prognostic factors related to OS after repeat SRS

Variable

Median PFS (days) p-value
Age (<65 vs. >65 years) 270+60 vs. 248+50 0.861
Primary cancer (lung vs. others) 248+44 vs. 230+98 0.955
Primary cancer (NSCLC vs. others) 258440 vs. 230+57 0911
Number of Mets that underwent repeat SRS (single vs. multiple) 248443 vs. 230184 0.508
Interval from the 1st SRS (=6 vs. <6 months) 338+37 vs. 248421 0.810
Patients with controlled vs. progressed tumors after repeat SRS* 300456 vs. 341461 0.541
Patients with new Mets after repeat SRS vs. others* 270480 vs. 321+43 0.801

*Statistics in 84 patients with follow-up magnetic resonance imaging after repeat SRS. OS : overall survival, SRS : stereotactic radiosurgery, PFS : pro-
gression-free survival, NSCLC : non-small cell lung cancer, Mets : metastatic brain tumors

the patient’s last repeat SRS. Using the Kaplan-Meier method,
we attempted to identify prognostic factors related to the pa-
tients’ OS after the repeat procedures. There was no significant
difference in the median survival period after the repeat SRS
between younger (age <65) and older (age >65) patients (270%
60 vs. 24850 days; p=0.861). By primary cancer type, neither
lung cancer (248+44 vs. 230198 days; p=0.955) nor NSCLC
(258+40 vs. 230%57 days; p=0.911) showed statistically signifi-
cant differences in survival after the repeat SRS, and we found
no significance (p=0.508) between the patients who underwent
SRS for single (24843 days) versus multiple (230£84 days) lo-

cal recurrent metastases. The interval from the 1st SRS to the

636 https://doi.org/10.3340/jkns.2017.0238

local recurrence (longer than 6 months vs. no longer than 6
months) was not a significant predictor of OS after repeat SRS
(p=0.810). The survival periods were similar between the long-
duration (longer than 6 months) and short-duration (no longer
than 6 months) groups; the median survival rates were 338+37
and 248121 days, respectively.

We also attempted to identify radiological prognostic factors
related to OS in 84 patients with follow-up MRI after repeat
SRS. In this group, the mean and median survival periods after
the repeat SRS were 271 and 443 days, respectively. Using the
Kaplan-Meier method, we found that the patients with con-

trolled recurred tumors after the repeat SRS had a similar me-
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dian survival period (300156 days) to that for the patients with
progressing recurrent tumors (341+61 days), although the dif-
ference was not statistically significant (p=0.541). The occur-
rence of new metastasis after the repeat SRS was not related to
OS after the repeat SRS (p=0.811). However, the median sur-
vival in the patients without newly developed metastasis (321%
43 days) was longer than that in the patients with new metas-
tasis after the repeat SRS (270280 days) (Table 3).

Similar to univariate analysis, any factors related to OS in-
vestigated in this study were not statistically significant, either
(Table 2).

Causes of death

We investigated the causes of death in 114 patients who died,
and the main cause was systemic problems including pulmo-
nary dysfunction (n=58, 51%). Three patients died of increased
intracranial pressure due to uncontrolled brain metastasis. Nine-
teen patients (17%) showed suspected brain-related death,
which means that the brain metastases might have been symp-
tomatic and related to the patients’ poor status at the time of
death according to the brain images and medical records at the
time. Unfortunately, we could not identify the cause of death
in 34 patients (30%).

DISCUSSION

Although the favorable local control rate of SRS for brain
metastasis has been reported as 1 year >90%, improvements in
patients” survival made local failure after SRS an important

2,4,5,7,10,12,13 .
! ) Moreover, the use of SRS increased be-

clinical issue
cause of more indications such as increased maximum number
of metastases for SRS and postoperative applications called tu-
mor-bed SRS. For brain metastasis that recurred after a previ-
ous SRS, direct resection, radiation therapy, repeat SRS, and
simple palliation can be applied"”, and among these, repeat SRS
can be used for both locally recurring and newly developed brain
metastases. The feasibility of repeat treatment could be one of
the powerful merits of SRS compared with other treatment mo-
dalities for brain metastasis. Therefore, repeat SRS may be rea-
sonable for patients who have both locally recurring and new
metastases because it can manage both types of lesions simul-
taneously with minimized radiation exposure to the normal

brain'’’. In our gamma knife center, 3351 SRS procedures were

performed over the last 13 years, and among these, 1376 patients
underwent SRS for brain metastasis. Among the brain metas-
tasis patients, 247 underwent 2nd SRS, 36 underwent their 3rd
radiosurgeries, six their 4th, and even a 5th for one patient. One
of the advantages of SRS is that the procedure can be repeated
for both recurrent and new metastases with more meaningful
feasibility, effectiveness, and safety than other treatment mo-
dalities”. However, only a few papers have reported on repeat
SRS for recurrent metastasis following earlier SRS"*****'"¥, and
moreover, they focused on the results of the repeat SRS itself and
the targeted brain metastases included both locally recurring
and newly developed tumors after the first SRS, which are clearly
pathophysiologically different.

With a different perspective, repeat SRS for locally recurring
tumors after previous SRS might be regarded as a controversy
based on the theories that doctors are using the same treatment
that was previously ineffective at controlling the disease; there-
fore, further study on the subject is warranted. In the present
study, we focused on the outcomes of repeat SRS for locally re-
curring metastases after previous SRS, primarily tumor con-
trol and the related prognostic factors. Additionally, we intro-
duced brain management for both 2nd local recurrences and
new metastases after the repeat SRS. Lastly, we investigated the
patients’ survival after the repeat SRS and related prognostic
factors.

The tumor control rate in this study was only 53.5%, which
is relatively low, and the median PFS period was 8.2 months,
both lower than the general results for primary SRS for meta-
static brain tumors. However, we could expect these results be-
cause all the treated tumors had recurred after previous SRS,
and they could be considered tumors that had survived the
previous irradiation. Repeat SRS for these tumors re-irradiates
the tumors that recurred despite the previous primary irradia-
tion and could be expected to show poorer results than those
for SRS as the primary treatment. However, in this study, repeat
SRS was a kind of salvage treatment, and the median PES of 8.2
months was not a short duration considering the OS period of
9.1 months from the repeat SRS in this patient group.

Recently, McKay et al."” reported the results of repeat SRS for
prior local failure of SRS in 32 and 46 patients and tumors, re-
spectively. The authors observed local recurrence in nine tu-
mors and radiation necrosis in 11 tumors after the repeat SRS,
and the 1-year control rate was 79%. That study’s authors sug-

gested that repeat SRS for locally recurring metastatic brain
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tumors after previous SRS could be an effective salvage treat-
ment for select patients, but there might be a higher risk of ra-
diation necrosis. The highlight of their paper was the predic-
tion of radiation necrosis after repeat SRS, and that occurred in
tumors that had received 40 Gy or more, which we did not in-
vestigate.

However, in the present study, we considered more patients
and tumors, specifically, 84 patients with 108 tumors. More-
over, we studied only patients who had received SRS; they nev-
er underwent standard surgery or WBRT for their metastatic
brain tumors before the repeat SRS. Our tumor control rate of
53.5% (58 out of 108) with a median PES period of 246 days was
relatively low, but it could be expected. We did not separate tu-
mor recurrence from radiation necrosis after the repeat SRS,
and we determined tumor control failure to be when the tu-
mor volume increased 120% compared with the volume at the
repeat SRS during the regular MRI follow-up. Therefore, in
addition to the two radiation necrosis patients, there might have
been some radiation necrosis among the patients who received
simple palliation.

In the study by McKay et al.”, nine tumors were recurring
and 14 were symptomatic of radiation necrosis. Therefore, half
of the tumors (23 of 46) could have been local failure to control
tumor volume'”. Their tumor control result was similar to ours,
46.5% (50 of 108 tumors).

Based on our results and the report by McKay et al."”

, tumor
control following repeat SRS for locally recurring metastatic
brain tumors after previous SRS is low, less than 50%, and ad-
ditional important findings were prognostic factors related to
the tumor control after repeat SRS. In fact, we found that tu-
mor volume and prescription radiation dose were significant
prognostic factors in tumor control following repeat SRS for lo-
cal metastatic tumors that recurred despite a previous SRS.
Most physicians would likely expect our results, but we specifi-
cally presented statistical findings for a large number of pa-
tients and tumors.

The PFS period in this study could be considered favorable
considering the OS after the repeat SRS among our patients. The
expected median PFS period was 383 days, and the expected
median OS periods for both all patients and radiologically fol-
lowed patients were 404 and 443 days, respectively. The identi-
fied causes of death in more than half of the patients were sys-
temic problems, and direct brain-related death was low. Therefore,

repeat SRS for recurring metastatic tumors after a previous SRS
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could be an option for palliative management in these patients.
However, we could not find significant prognostic factors re-
lated to patients’ OS.

The present study does have some limitations, the first being
the lack of patients’ functional outcomes. Of course, the Kar-
nofsky performance scores (KPS) at the repeat SRS and at the
last follow-up imaging were 70 or higher; however, we could
not investigate how long these KPS scores after the repeat SRS
because of the lack of information in the medical records; fu-
ture studies should include the functional outcomes after the
repeat SRS.

Second, we did not radiologically distinguish 2nd local re-
currences from radiation necrosis unless patients needed 3rd
interventions because of their poor general conditions or pri-
mary cancer status. Therefore, we believe that some of the tu-
mors that progressed after the repeat SRS could have been ra-
diation necrosis considering the reported relatively high incidence
in a similar patient group'”.

Third, we did not consider the additional effect of systemic
treatment. However, we think that medical oncologist would
not change the chemotherapy regimen or start a new chemo-
therapy treatment after identifying locally recurred brain me-
tastasis, even though they change or start again a systemic treat-
ment when first detection of brain metastasis or newly developed
brain metastasis. And, the locally recurred brain metastasis in
the patients despite maintenance of keeping chemotherapy could
indicate no effect of those chemotherapeutic agents on prevent-
ing the local recurrence of brain metastasis.

Lastly, the patients in this study were patients whose general
condition was relatively good and primary cancer status was
sufficiently stable for them to undergo repeat SRS. That is, there
may have been bias in the results for the patients’ survival in
this study.

CONCLUSION

Although the tumor control of repeat SRS for locally recur-
ring metastatic brain tumors after a previous SRS was lower than
that following primary SRS, the control rate and PFS were
meaningful considering the patients’ OS after the repeat SRS.

One of the important findings in this investigation was that
both tumor volume and prescription radiation dose were sig-

nificant prognostic factors for tumor control following repeat
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SRS for locally recurring metastatic brain tumors after previ-
ous SRS, which is already established for primary SRS for met-
astatic brain tumors. Therefore, regular MRI follow-up after
the 1st SRS is important for early detection of smaller local re-

currences and for consecutive SRS with high radiation doses.
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