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Outcomes of reirradiation in the treatment of patients with
multiple brain metastases of solid tumors: a retrospective analysis
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Background: Patients with multiple brain metastases are often treated with whole brain radiation therapy
(WBRT). Second course of WBRT is an important treatment option for patients with clinical or radiological
intracranial disease progression. This study examines the outcomes in patients with multiple brain metastases who
underwent reirradiation.

Methods: We examined the medical records of 34 patients with multiple brain metastases who were treated
WBRT. The median dose for the first course of WBRT was 30 Gy (range, 25-30 Gy) and for the second course
25 Gy (range, 20-30 Gy). Statistical analyses were performed with using Cox regression analyses, log-rank test and
Kaplan-Meier method.

Results: The median Karnofsky performance status (KPS) was 80 (range, 50-100) before reirradiation. Patients
with KPS of >70 had a median survival of 11.4 months, compared to 2.2 months with KPS of <70 (P=0.012) and
patients who have severe symptoms at the time of reirradiation with median survival 2.2 months while those with
mild symptoms had a median of 4.8 months survival (P=0.08). The median overall survival for all patients after
diagnosis of metastases was 24.7 months, after the re-irradiation WBRT (re-WBRT) it was 5.3 months (95% CI,
4.08-6.62) and from the diagnosis of primary tumor was 27.1 months (95% CI, 17.75-37.04).

Conclusions: In select patients who have good performance status and who do not have severe symptoms might
benefit from re-WBRT and re-WBRT seems to be associated with minimal toxicity in patients treated with lower

palliation doses.
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Introduction multiple brain metastases is still whole brain radiation

Around 20-40% of cancer patients are estimated to develop
brain metastases during the course of their disease (1).
Due to the improved systemic therapy and longer patient
survival, brain metastasis is an increasingly common
problem. Prognosis is generally poor for these patients and
median survival is 4-5 months after diagnosis (2). While
the treatment options are surgery, stereotactic radiosurgery
and chemotherapy, the standard therapy for patients with
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therapy (WBRT) (3,4). WBRT provides effective palliation
for neurologic symptoms, improves patients’ quality of life
and can prolong survival (5) but, the median time to clinical
progression is between 6 and 13 weeks after WBRT (6).
In the recurrent situation, patients with multiple metastatic
lesions, treatment options are limited, including re-
irradiation WBRT (re-WBRT), best supportive care,
surgery and chemotherapy. The treatment schema must
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be decided individually based on the patient’s performance
status, number of metastases, primary diagnosis, previous
treatments and extracranial disease (7).

Re-WBRT is an important treatment option for patients
with stable extracranial disease and sufficient performance
status. However, radiation toxicity is very important in
re-WBRT and various factors including treated tissue
volume, total cumulative radiation dose, fractionation
scheme, interval of time between first and second course
may influence it (8,9). A systematic search of the National
Library of Medicine (PubMed) stated that comparative
analyses are missing and patient numbers in the existing
studies (8,10-17) are not sufficient to lead to general
recommendations.

In this retrospective study, we present outcomes of re-
WBRT in the treatment of patients with multiple brain
metastases of solid tumors.

Methods

The design of the present study was approved by the Ethical
Committee and Institutional Review Board of Necmettin
Erbakan University Faculty of Medicine, where the study
was conducted.

We identified 34 adult patients in our center database
that had received re-WBRT due to multiple brain
metastases in our department between June 2010 and June
2014. Patients with metastases of the skull or primary brain
tumors were excluded. We also excluded that who had
received partial brain radiotherapy (RT) or not WBRT, e.g.,
stereotactic radiosurgery in the second course RT.

Using the patients charts, the fallowing data was
obtained: sex, age, number of brain metastases, surgical
resection, primary tumor site, symptoms including ataxia,
headache, neurocognitive and visual changes, recursive
partitioning analysis (RPA), RT dose of the first and
second WBRT, biological effective dose (BED), Karnofsky
performance status (KPS) before first and second course RT,
steroid using, time between radiation courses, symptomatic
response to RT and survival time.

All patients were assigned a RPA class based on KPS,
local control, extracranial metastases status and age. Patients
<65, with a KPS >70, local control and no extracranial
metastases were assigned RPA class I. Patients with a KPS
<70 were assigned RPA class III, all others were assigned to
group IL

BED was calculated using the linear quadratic model:
{BED =nd [1 + d/(a/b)]} in grays, where d = fraction dose (in
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grays), n = number of fractions, nd = D = total physical dose
(in grays), and a/b is the ratio of 2 Gy (18). The cumulative
BED (BEDcumulative) was calculated by the addition of
the BED of the first and second courses of WBRT.

Survival time was defined as the time from the diagnosis
of brain metastasis (OS1), from the start of the second
course of WBRT (OS2) and as the time from the diagnosis
of primary tumor (OS3) to date of the death. Date of death
was obtained from medical and official records or was
learned by phone.

Statistical analyses were performed with SPSS version
18.0.1 (SPSS Inc., Chicago, IL, USA) using Cox regression
analyses (stepwise backwards, Pin 0.05, Pout 0.1), log-rank
test and Kaplan-Meier’s method. Statistical significance was
defined as P<0.05.

Results

Thirty four patients received a second course of WBRT
in our institution between June 2010 and June 2014.
The median age at the start of re-WBRT was 60 years
(range, 32-76 years). All of these patients were noted to
have multiple brain metastases and they were not suitable
to treatment with stereotactic radiosurgery. Six patients
underwent resection of intracranial disease at some point
before the first course of RT and two patients before the
re-WBRT. The main primary tumor site was lung (22 of
34 patients, 64.7%) followed by breast (7 of 34 patients,
20.6%) and others (1 malignant melanoma, 1 multiple
myeloma, 1 renal cell carcinoma and 1 larynx carcinoma, 1
maxillary sinus tumor). Patient characteristics presented in
Table 1.

Thirteen patients (38%) had severe symptoms, 13 patients
(38%) had mild symptoms and 8 patients (24%) were
asymptomatic.

Based on KPS, age, local control and extracranial
metastasis at the time of re-WBRT, the majority of patients
(19 patients, 56%) were classified as RPA class II, 13 patients
(38%) were classified as RPA class I and 2 patients (6%) were
classified as RPA class II1.

The median dose for the first WBRT was 30 Gy (range,
25-30 Gy).The median dose for the second WBRT was
25 Gy (range, 20-30 Gy). The median BED dose at the first
course of RT was 75 Gy (range, 62.5-75 Gy) and 62.5 Gy
(range, 48-75 Gy) at the initiation of re-WBRT. The median
BEDcumulative was 137.5 Gy (range, 110.5-150 Gy).

The median KPS was 90 (range, 60-100) at the time of
first course RT and 80 (range, 50-100) at the initiation of
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Table 1 Patient characteristics

Characteristics n=34 %
Sex
Male 24 70.0
Female 10 30.0
Age/years
<60 15 44.0
>60 19 56.0
Primary tumor site
Lung 22 64.7
Breast 7 20.6
Others 5 14.7
Extracerebral metastasis
None 19 56.0
1 metastasis 12 35.0
>2 metastases 3 9.0
Symptoms
Asymptomatic 8 23.5
Ataxia 17 50.0
Headache 10 29.4
Neurocognitive change 3 8.8
Visual change 3 8.8
1.0
0.8+
T 0.6-
©
§ 0.4
0.2+
0.0

T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00
Months

Figure 1 Overall survival after re-WBRT (Kaplan-Meier’s
estimation). WBRT, whole brain radiation therapy; re-WBRT, re-
irradiation WBRT.
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Figure 2 Overall survival depending on KPS before re-WBRT
(Kaplan-Meier’s estimation). KPS, Karnofsky performance status;
WBRT, whole brain radiation therapy; re-WBRT, re-irradiation
WBRT.

re-WBRT.

"Twenty patients (59%) were given steroids either before
or during the re-WBRT. The median daily dose of the
steroids was 8 mg (range, 4-24 mg daily).

The median time interval between the first and the
second WBRT was 12.8 months (range, 5.8-45.7 months).

At the end of the therapy 38% of patients showed
progression of symptoms, 38% of patients were stable or
partial regression and 24% showed clinical regression.

The median overall survival from the initial diagnosis of
brain metastasis (OS1) was 20.8 months (95% CI, 16.63—
24.10), after the re-WBRT (OS2) it was 5.3 months (95%
ClI, 4.08-6.62) (Figure 1) from the diagnosis of primary
tumor (OS3) to date of the death was 27.1 months (95% CI,
17.75-37.04).

In multivariate analysis, patients with a KPS of
>70 had a median survival of 11.4 months, compared to
2.2 months for those with a KPS of <70 (P=0.012) (Figure 2)
and patients who have severe symptoms at the time of re-
WBRT with median survival 2.2 months while those with
mild symptoms had a median of 4.8 months survival (P=0.08)
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Figure 3 Overall survival depending on symptoms before re-
WBRT (Kaplan-Meier’s estimation). WBRT, whole brain radiation
therapy; re-WBRT, re-irradiation WBRT.

Table 2 Multivariate analysis for factors related to overall
survival following re-WBRT

Negative predictive

Factor analyzed factor P value
Karnofsky performance status <70 0.012
Symptoms Severe symptoms  0.008
Age >60 0.901
Gender 0.602
Primary tumor site Lung and others 0.341
RPA class 0.663
Interval between two course <9 months 0.733
of WBRT

BEDcumulative >130 Gy 0.235
Extracerebral metastasis Yes 0.229
Response to re-WBRT Yes 0.714

WBRT, whole brain radiation therapy; re-WBRT, re-irradiation
WBRT; RPA, recursive partitioning analysis; BED, biological
effective dose.
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and all of the asymptomatic patients are still alive (Figure 3).
Age, gender, primary tumor site, RPA class, interval
between two course of WBRT, BEDcumulative, extra
cerebral metastasis and response to re-WBRT did not have
any predictive value (Table 2).

Discussion

In this present study, our survival data indicates that re-
WBRT may be useful in patients with a good performance
status and mild or no symptoms and our results similar to
the findings in the current literature (17,19).

There have been a limited number of articles in the
literature describing re-WBRT with acceptable toxicities,
minimal side effects and a treatment that provides
symptomatic relief. We have summarized our results to
show an overview of previously published studies related
with re-WBRT in Tuble 3.

Several retrospective studies have examined the effects
of re-WBRT in patients with multiple brain metastases, the
patient numbers in the existing studies are low (8,10-17).
Scharp er al. were analyzed the largest patients numbers
with 134 patients (19), Wong et /. with 86 patients (14) and
Sadikov et al. with 72 patients (16). We present this study
with 34 patients.

Our median of 30 Gy in 15 fractions for the initial RT is in
accordance with most of the other studies (12-14) in terms of
doses and number of fractions used. Only Shehata ez 4/. used a
one-time irradiation of 10 Gy (10) for the re-WBRT, whereas
all other cases used 8-12 fractions (8,11,13,14,16,17,19).
We have not observed a positive correlation between dose
increment and response to treatment in our patients with
BEDcumulative of almost 130 Gy, and we applied 25 Gy in
10 fractions in the majority of cases for the re-WBRT.

Associations between re-WBRT and historically
favorable prognostic factors were also examined in previous
studies including performance status (KPS >70), control
of primary disease, absence of extracranial metastases, and
younger age (<65 years) as defined RPA classes (20). Cooper
et al. attributed their favorable outcomes to their patient
population, who were with controlled primary disease
and limited extracranial metastases and more likely to be
younger (mean age, 57.3 years) (13).

Ann Transl Med 2015;3(21):325

www.atmjournal.org



Annals of Translational Medicine, Vol 3, No 21 December 2015

c
5 g
> = B
C
5| 8 = 8 :
2% X 28 ¥R
(O] 1 o
T 2| © o o g N o @
o n|lom «~ — - = © © ™M w0
c
o
.o > > = i)
o= O] 0] @ “E’
[ [ ] ko]
S 8| X X T8 XXX Z
O o|l®m™ o S © £ o ¥ ~ X
N o+~ - — - = ™ < ~
- —
— c
< > O = 8
c = G} 0 S 3
O _- ™ [\ kol
(S0 X X o @ X S
N oo o o Y € o) g
O ol +~ - o £ 15 B I B )
c
> > S
g o « g 8
=2 0 «Q S £
c®| X X 8B 2RI
Q wfN~ I N o0 £ Q o O %
N ol +~ ~— - = 0 AN N W©O
—
C
> o
> © © S B
o= > To) [0}
x G) i 3 S
= - (V] ° \O\O\Ov
T ®© < X o @ o oy o
T (N X o = o M M Y.
O o|~ 1 — o = < O M <
g ">: —_
- C
5] >3 8
= o > O 4 = °
Tz V) o) a Q .
Q Qq v—g S oS O é 5_‘
Qo F X X = o) X X iy g
T |0 © © 2 o g o~ { S
< O + IS IE=I =R =5 © N I ™ )
— 2
C
53 > > = © 5
o= 9@ ©O 8 3 g
. ® N o} -
S ® X X © @ X X S =
o o S = o o = o
S %o ~ — ~ £ N & 1< -
- — o
C
. & » O s |g
2= 9 3 3
. o al C
[SIN X X o\°o\°\oE Ke]
wll =l O o < a N = B
510 o|w +~ - A < 0 ©O < 8
@ e}
s > ©
3 N > o g =
b o o] = 3 a
g2z (O] I & 3 o
S5 o . o -
IR R 6 o3 ¥ RRE |E
S8 | O X > € NN o
'EICDVY— o) ~ £ [SVERE R oVl =
= —_ |
S . c [0}
El.T| » & $ |2
- —
eS| O g S < SRNE |28
223,90 & o8 yoba.g S
S o |© X S 2 £ o o o )
L|X O|lw ™ — ©o = N - - ™ <
5 S o> > 5
S| m® kel
e = (OO O] =
Sle o ®m o =
2l | X O X 0 W S
1D OO - - + | © o 1 c
- £
2 2 5
2 = L’_C&;G)
s 5 g Elo
= o
~ » £ 3 o “’o'g
w| @ E_ 03 S32 4,3 EZ
o = = 9 >
2 © o) o c a o g 55kl
=5 E= ) 2 8 EH =z | o
S} = = 5 4
H| > |c £ o = o n o=

© Annals of Translational Medicine. All rights reserved.

Page 5 of 6

In this study, our patient population was quite favorable,
with a median initial KPS of 80 and mean age of 60 years. We
found that patients with KPS >70 had an improved survival
compared to those with KPS <70 (P=0.012). Sadikov er al.
showed no difference in overall survival between patients
with extracranial disease compared to those without
extracranial metastases or active primary disease (16). In our
study we did not find any correlation with the extracranial
disease status like Sadikov ez 4.

There is limited data to support an ideal time interval
between radiation courses.

The median time interval between first and second
course RT in our study was 12.8 months and this interval
was longer than the most previous studies except for Son
et al. with 15 months (8), similar to Sadikov et 4/. (16),
the time between radiation courses did not affect overall
survival in our study.

Response rates are different between the analyses.
Son et 4l. (8) found improved symptoms in 80% of cases,
but Hazuka and Kinzie (12) showed rate of improved
symptoms in 27% of cases. These variances are probably
based on doctor’s notes patient charts and also subjectivity
of symptoms. In our study, 38% of patients showed
progression of symptoms, 38% of patients were stable or
partial regression and 24% showed clinical regression.

In our study, many patients were receiving steroid
therapy at any time of radiation therapy. Steroid use was
not well documented in previous studies. Because of the
differences in reasoning for steroid initiation (symptom
palliation or prophylaxis) and the variations in daily dose
throughout a patient’s treatment course, it is difficult to
characterize the extent of steroid role in symptom palliation.

The median survival time after the second course WBRT
ranged from 2 to 5.2 months in previous studies. In our
study, the median survival was 5.3 months, which were
similar to the findings in the current literature.

There are some limitations in our study. First limitation
of our study was that toxicity rates and acute or late side
effects have not been very well documented after re-WBRT
because of the difficulty in interpreting patient charts
retrospectively and a relatively small number of patients
alive at a longer follow-up. Another limitation in assessing
side effects is the difficulty in determining whether these
symptoms were caused by the progressive metastases or
WBRT. However, based on our follow-up notes and data,
none of our patients suffered from severe neurotoxicity or
died due to re-WBRT. Further study on toxicity analyses
following reirradiation can help to determine the role of
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this treatment.

Overall survival after re-WBRT was 5.3 months in
our study and we did not see severe neurotoxicity. As a
conclusion, our survival data indicates that patients who
have good performance status and who do not have severe
symptoms might benefit from re-WBRT and re-WBRT
seems to be associated with minimal toxicity in patients
treated with lower total and fractional palliation doses.
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