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ABSTRACT

Background: In this study, prognostic features of radiation were investigated in cancer
patients with 1-10 brain metastases (BM) who have not under surgery and survived
longer than 6 months. Materials and Methods: This retrospective study included 136
patients have lung, breast, colon cancer and malign melanoma (MM) with 1-10 BM. All
patients and data of BM patients who lived longer than 6 months radiotherapy (RT)
related factors affecting their survival rates were examined. Patients were given only
WBRT (Whole brain Radiotherapy) in 8-20 fractions with a 160-300 cGy / day fraction,
or WBRT with local boost RT with an additional daily 300-350 cGy fraction. Results:
When the results were evaluated analysis showed that the having CT, breast cancer, a
KPS of 60% or more, daily fraction dose of RT affected survival significantly in all
patients. Then subgroub analysis were obtained according to survival rates, number of
metastases more than 5 affects life negatively (r=-0.435 and p=0.03) for survival longer
than 6 months (SL6m) and survival shorter or equal than 6 months SSém. The WBRT
doses of 3000 cGy with 300 cGy daily fraction size negatively affected life compared to
2500 cGy with 250 cGy (r=-0.280 and p=0.01). Conclusion: It was determined that KPS
> 60 and limiting WBRT doses up to 250 / 2500 cGy daily and total in patients with BM
between 1-10 was the important best prognostic factor due to RT for SL6m, which

increased patient performance and survival rates.

INTRODUCTION

Usually, when metastases occur in cancer patients,
their survival rate decrease significantly. The most
common primary focus in patients with brain
metastases is lung and breast cancer (1. It has been
reported that 70-80% of these patients have 1-3
metastases and 20-30% more than 3 brain
metastases (2). Median survival is very low that only 2
-15 months with WBRT or with local RT methods -5,
The presence of more than 4 brain metastases has
been reported as the most important negative
prognostic factor (),

The most common symptom in the BM is
headache and the most common clinical sign is
hemiparesis. According to the general view, the
primary treatment option for patients with multiple
BM is WBRT with or without steroids. For patients
with 1-4 BM, the surgical and / or radiosurgery
methods with or without WBRT can be preferred. In
many studies, it has been stated that WBRT does not
contribute positively to the results, and local RT
methods such as radiosurgery with or without
surgery should be performed in patients with 1-4 BM
(7-10),

When the dose of Stereotaktic Radio-Surgery

(SRS) was increased in the treatment of a limited
number of metastases, the expected results could not
be obtained as the local control rate increased in the
BM because increasing of toxicity (1. 12, WBRT
combined with SRS or surgery has been reported to
reduce the incidence of intracranial recurrence, but
does not provide an advantage in overall survival
over SRS or surgery alone (13). Adding WBRT to SRS
or surgery increases the risk of impaired memory
and learning, along with impaired brain function in
the first 6 months after treatment (14). SRS dose
parameters are contained in RTOG 95-08 (15), While
fractional RT with 2 to 3 Gy daily fractions is
generally recommended for normal brain tissues,
higher fraction doses are recommended for
metastatic tumors. The reason for this is to prevent
toxic effects on normal tissues with RT (16), SRS is
preferred for tumors that can be treated with several
fractions in single and small lesions. The local control
(LC) ratio in large tumors has been reported to be
relatively low with SRS (17). Different radiobiological
advantages of low-dose fraction RT methods and high
-dose SRS are known. Low dose daily fractions of RT
can reduce tumor load while increasing blood brain
permeability. The increasing to effectiveness of
chemotherapy concurrently and not increasing


http://dx.doi.org/10.52547/ijrr.21.1.5
https://mail.ijrr.com/article-1-4567-en.html

[ Downloaded from mail.ijrr.com on 2025-10-17 ]

[ DOI: 10.52547/ijrr.21.1.5]

38 Int. J. Radiat. Res., Vol. 21 No. 1, January 2023

toxicity are important advantages of low dose RT (18).

Generally, there are studies in the literature that
show the effectiveness of SRS / SRT (Stereotactic
body Radiotherapy) with WBRT (9 20), In recent
years, it has been observed that local recurrences can
be reduced by giving higher doses to metastatic
tumor with advanced IG-IMRT (Image Guided
Radiotherapy) and Simultaneous Integrated Boost
(SIB) methods concurrent with WBRT. More
homogeneous dose distribution and lower toxicity
and recurrence rates can be achieved in less time
with SIB RT (21-24),

In a few studies, the methods only with SRS were
compared to WBRT in a narrow and subjective
perspective (2125, When the studies in the literature
are examined, it is seen that there is a need for
articles investigating prognostic factors with a more
holistic view. Therefore, it is predicted that a study on
patients with BM who lived relatively long could
make a better contribution.

As it is known, while the RT target area receives
the maximum dose, the dose gradient towards the
periphery gradually decreases according to the
isodose distribution. One study investigated the
isodose sites at distant periphery of target dose
which local recurrence and new lesions developed in
patients who had only SRS. It was observed that only
1% of relapses occurred at sites receiving doses
greater than 7 Gy. When the various isodose levels in
which new lesions were developed were examined, it
was determined that 66% of the recurrences
occurred in the areas receiving less than 1 Gy dose. It
was found that only 6% or less of new lesions
developed in areas that received doses above =4 Gy.
This study is very important and gives important
clues that the dose of WBRT can be lowered. If the
WBRT dose can be reduced, its negative contribution
to overall survival may be prevented (26),

It has been shown that limiting the hippocampus
mean dose to 9 Gy and the maximum dose to 16 Gy,
which is very important in neurocognitive toxicity,
causes lower neurocognitive toxicity. Therefore, it
may be possible to reduce brain relapses and
neurocognitive toxicity even with whole-brain doses
as low as 4 Gy with SRS 27), Therefore, in this study, it
is aimed to contribute to the literature in order to
reduce the dose of WBRT by examining the BM
patients who have lived longer than 6 months and
examining the factors related to RT, which has a long
life.

In this study, the patients with BM with 1 to 10
brain metastases and who lived longer than 6 months
were analyzed retrospectively.

MATERIAL AND METHOD

Study population
This retrospective cohort study included 136
patients who have 1-10 brain metastases. The

patients were divided into 2 groups.

Group 1: Patients who have survived longer than 6
months (SL6m) (n=66)

Group 2: Patients who have survived equal or shorter
than 6 months (SS6m) (n=70).

Inclusion criteria

The patient have 1-10 brain metastases, ages
were 18-87, KPS was 50-90 (Table 1), achieved
WBRT with or without local RT and chemotherapy
(CT).

Exclusion criteria

Exclusion criteria of study the patients who
achieved only local RT (SRS or SBRT) without WBRT,
who have received targeted therapy (Except of Her-
ceptin), immunotherapy or metastasectomy and KPS
below to 50%.

Patient characteristics were shown in table 1. CT
achieved to 94 patients. CT characteristics of patients
were shown in table 2. Tumor characteristics were
shown in table 3 that patients who survived longer
than 6 months (SL6m patients). Tumor characteris-
tics were shown in table 4 that patients who survived
longer than 6 months (SS6m patients).

Table 1. Characteristics of all BM patients.

Characters Patient number %
Age
18-50 33 24.26
51-70 69 50.73
71-74 34 25
Gender
Female 50 37.13
Male 86 63.23
Performance
Karnofski
50-60 44 32.35
70-80 74 54.41
90 18 13.23
Achieved CT 94 69.11

Abbreviations: CT: Chemotherapy.

Table 2. CT regimes of all patients (SLém and SSém patients).

Patient |Median Response | Median survival
Characters number rate (%F)) (month)
SL6m Patients
Achieved CT 53 30 16
Tax+carbo 13 25 9
Gemc+Cisp 8 20 8
Cisp+Etop 7 40 7
5-FU-Oxal 1 30 12
Cyc+Tax 8 35 21
Tax+Hercep 6 40 19
Cape 7 35 17
Other 3 25 9
SS6m Patients
Achieved CT 41 25 4
Tax+carbo 13 25 4
Gemc+Cisp 8 20 4
Cisp+Etop 7 30 5
5-FU-Oxal 1 25 4
Cyc+Tax 5 30 7
Tax+Hercep 3 35 6
Cape 4 35 7

CT: Chemotherapy, Tax: Taxol, Carbo: Carboplatin, Gemc: Gemcitabine
Cisp: Cisplatin, Etop: Etophosid, 5-FU: 5-Fluorouracil, Oxal: Oxaliplatin
Cyc: Cyclophosphamide, Hercep: Herceptine, Cape: Capesitabine.
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Table 3. Tumor characteristics in patients who survived longer
than 6 months (SLém patients).

Characters Patient number | Median survival
(%) (months)
Primary site of tumor

Lung 38 (57.57) 10
Breast 21 (31.81) 15
Colon 3 (4.54) 11
M Melanom 4 (6.06) 7

Met number
1 20 19
2-4 16 10
5-10 30 8

Met volume (ml)

3-10 8 18
11-25 34 16
26-45 13 12
46-80 11 9
Met other than brain 27 7
Bone 15 (55.55) 8
Lung 4(14.81) 9
Liver 3(11.11) 7
Bone+lung 27.4 8
Bone+Liver 13.7 7
Liver+lung 13.7 7
Bone+liver+lung 13.7 7

M: Malign, met: Matastasis.

Table 4. Tumor characteristics in patients who survived equal
or shorter than 6 months (S56m patients).

Characters Patient number (%) | Median survival
Primary

Lung 44 3
Breast 19 6
Colon 4 4

M Melanom 3 4
Met number
1 13 6
2-4 27 4
5-10 30 3
Met volume (ml)

3-10 7 5
11-25 32 3
26-45 18 3
46-80 13 2

Met other than brain 31

Bone 15 4
Lung 4 3
Liver 3 2

Bone+lung 4 2
Bone+Liver 2 2
Liver+lung 2 2
Bone+liver+lung 1 1

M: Malign, met: Matastasis.

Ethical approve

Ethical approve was taken from Non Intervention-
al Clinical Ethical Board of Bezmialem Vakif Universi-
ty (14/05/2020-6066). This study was prepared in
accordance with human rights as stated in Declara-
tion of Helsinki. We also obtained to informed con-
sent from the patients.

Metastasis volume and number
The median metastasis volume was 24 ml and the
median metastasis number was 2 in all 136 patients.

Radiotherapy (RT planning)

Treatment planning was achieved LINAC based
Linear Accelerator (Varian, (MNT, Health Care and
Trade Corporation, Turkey, Bozlu Holding) or
TomoTherapy VOLO, HDD (Helical Dynamic Direct)
(TomoTherapy, Meditel, Turkey) devices (Table 2). 6
MV beams were used in all plans and patient-specific
quality control (DQA) was performed. The patients
were fixed with back and thermoplastic head masks.
Images were taken in 1-3 mm sections with
Computed Tomographic simulation.

Magnetic Resonance (MR) fusion was performed
by overlapping perfusion and diffusion MR images
taken before treatment and cranial Computerized
Tomographic simulation images. Planned Target
Volume (PTV) was created by giving a 0 to 3 mm
margin to Gross Tumor Volume (GTV) based on the
location and volume of the metastatic regions. RT
planning isodose distributions in 2 patients with
single and 10 metastases are shown in figures 1 and
2. Risky organs (OAR) were safed by contouring to
hippocampus, lens, optic nerves, chiazma and brain
stem. Patients were performed with 160-300 cGy /
day fraction size in 8-20 fractions of WBRT or WBRT
with SIB RT which used daily 300-350 cGy fraction
size.

Figure 1. RT planning isodose distribution was shown in
patients with single brain metastases.

Figure 2. RT planning isodose distribution was shown in
patients with 10 brain metastases.

Target volumes

The target volume was defined as the volume of
PTV that received at least 95% and 105% of the
prescribed dose.
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Homogeneity (HI) and conformity index (CI)

The dose homogeneity value (HI) was defined by
dividing the difference between 2% volume (D2%)
and 98% volume (D98%) into the average dose
(Dmean), and therapeutic-target volume suitability
and Conformity Index (CI) were determined by the
Paddick suitability index (28.29),

The homogeneity index (HI) was determined as
median 0.31 and CI median 0.98.

RT doses of organ at risk (OAR)

In all patients, median hippocampal, lens and
optic nerve doses were 12.2 Gy, 9.5 Gy and 36.3 Gy,
respectively in all patients. The median GTV of the
BM volume was 44.7 ml (1 - 82 ml), the median
WB-PTV was 1271 ml (1114-1762 ml) in all patients.

In SL6m patients, median hippocampal, lens and
optic nerve doses were 7.6 Gy, 3.5 Gy and 25.3 Gy,
respectively in patients who surviving longer than 6
months (SLém). The median GTV of the BM volume
was 49 ml (1 - 78 ml), the median WB-PTV was 1320
ml (1114-1650 ml) in SL6m patients.

In SS6m patients, median hippocampal, lens and
optic nerve doses were 9.7 Gy, 5.5 Gy and 35.3 Gy,
respectively in patients who survived equal or
shorter than 6 months (SS6m). The median GTV of
the BM volume was 44 ml (3 - 82 ml), the median WB
-PTV was 1340 ml (1150-1762 ml) in SS6m patients.

Patient following, patients were evaluated by
comparing clinical evaluation with 2 months interval
by MR perfusion and diffusion imaging and their
performance and prognostic status.

Statistical analysis

The results were evaluated by Cox proportional
hazards regression analysis. For statistical analysis,
we used Instat Statistical Package Program (Instat
Graphad Software v5.0, San Diego, CA, USA).
Subgroub analysis were obtained with Man Witney U
test. Statistically significant of P value was
considered as P < 0.05.

RESULTS

Response rate in all patients, the total response
rate was detected to 72.05% (98 patients) that
22.05% (30 patients) had complete and 50% (68
patients) partial response in all 136 patients. While
23 patients (18.91%) remained stationary, 15 patient
(7.35%) had progression. according to the results of
MR taken 2 months later.

Response rate of SL6m patients, the total
response rate was detected to 72.72% (48 patients)
that 25.75% (17 patients) had complete and 46.96%
(31 patients) partial response in 66 patients of those
SLém. While 14 patients (21.21%) remained
stationary, 5 patient (7.57%) had progression in the
SL6m.

Response rate of SS6m patients, the total

response rate of the patients was 71.42% (50
patients), 20% (14 patients) had complete, and
51.42% (36 patients) partial response. 11 patient
(15.71%) remained stationary and 9 patient
(12.85%) had progressive disease in SSém (70
patients).

Radiotherapy characteristics and survival
rates, radiotherapy characteristics and survival rates
in patients for SL6m shown to table 5. Radiotherapy
characteristics and survival rates in patients for SS6m
shown to table 6.

Table 5. Radiotherapy characteristics and survival rates in
patients for survived more than 6 months (SL6ém).

Characters Patient % Median survival
number (months)
Fr number x dose (cGy)

7-10x250/350 SIB 32 51.42 14
8-15x160 WB 6 8.57 16
10x300 WB 6 8.57 8
12x250/350 SIB 22 31.42 10
Tomo IG IMRT 59 84.28 16
Linac IMRT 11 15.71 14

Fr: Fraction, SIB: Simultaneous Integrated Boost, Tomo: Tomotherapy
WB: Whole brain.

Table 6. Radiotherapy characteristics and survival rates in
patients for survived equal or shorter than 6 months (SS6m).

Characters Patient % Median survival
number (months)
Fr number x dose (cGy)

8-10x250/350 SIB 18 25.71 6
10x300 WB 33 47.14 3
12x250/350 SIB 19 27.14 4
Tomo IG IMRT 23 32.85 5
Linac IMRT 43 61.42 4

Fr: Fraction, SIB: Simultaneous Integrated Boost, Tomo: Tomotherapy
WB: Whole brain.

After 36 months of follow-up

Survival, 6 patients (9.06%) in SL6ém and 0% in
SSém still lived. Median overall survival (0OS) and
median recurrence free survival (RFS) was 14 and 12
months in patients of SL6m. Median overall survival
(0S) and median recurrence free survival (RFS) was 4
and 2 months in patients of SS6m. Median overall
survival (0OS) and median recurrence free survival
(RFS) was 7 and 5 months in all patients. Median
follow-up was 14 months in all patients, the shortest
7 months and the longest 36 months.

Median survival was 15 months in patients with
metastatic tumor number 1, and 5 months in the
presence of 5-10 metastases in all patients. The
isodose distributions of RT planning of patients with
metastatic number 1 and 10 shown to figure 1 and 2.

In SL6m patients, the median survival was 19
months in patients with metastatic tumor number 1,
and 8 months in the presence of 5-10 metastases.
Median survival was 19 months in patients who
received taxol and herceptin, and 7 months in
patients who received cisplatin and etoposide.
Median survival was 10 and 15 months in patients
who have primary tumor of lung and breast cancer
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respectively. The patients had metastatic tumor
volume under 20 ml lived for median 17 months.

In SS6m patients, the median survival was 6
months in patients with metastatic tumor number 1,
and 2 months in the presence of 5-10 metastases.
Median survival was 6 months in patients who
received taxol and herceptin, and 4 months in
patients who received cisplatin and etoposide.
Median survival was 3 and 5 months in patients who
have primary tumor of lung and breast cancer
respectively. The median survival was 5 months in
patients with metastatic tumor volume 20 ml or
below. In patients with metastases in 2 or 3 different
organs other than the brain, the median life is 2 and 1
months, respectively.

Survival rates and Kaplan Meier graphic are
shown in figure 3 for SL6ém, SS6m and all patients.
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Figure 3. Survival rates and Kaplan Meirer graphic for Group 1
(SL6m), group 2 (SS6m) and all patients.
Toxicity

In SL6m patients, grade I neurotoxicity was seen
in 55.71% (39 patients) and grade II in 40% patients
(28 patients), grade I1I in 4.28% patients (3 patients).
At the 36-month follow-up, the KPS scores improved
by 20% and the RPA grade by 1 degree.

In SS6 patients, neurotoxicity was observed to
grade I in 7.57% (5 patients), grade Il 62.12% (41
patients), and grade III in 30.3% (20 patients). KPS
scores decreased to median 20% and RPA grade 1
respectively.

Primary neurotoxicity was observed in all 136
patients that 31.61% patients (43 patients) had grade
I and 50.73% grade II (69 patients), and 17.6% (24
patients) had grade III neurotoxicity. In all patients,
median survival was 7 months and 36 months
survival was 6.1% (9 patient), KPS scores increased
to median 10% and RPA grade 1.

Statistical analysis

When the results were evaluated Cox
proportional hazards regression analysis showed
that the having CT, breast cancer, a KPS of 60% or
more, daily 250 cGy fraction and up to total 2500 cGy
dose of RT affected survival significantly in all
patients (p=0.05, 0.04, 0.04 and 0.01 respectively).
Then subgroub analysis were obtained according to
survival rates. Man Witney U test showed that the
number of metastases more than 5 affects life

negatively (r = -0.435 and p = 0.03) between SL6m
and SS6m. The WBRT doses of 3000 cGy with 300
cGy daily fraction size negatively affected life
compared to 2500 cGy with 250 cGy (r = -0.280 and
p=0.01).

DISCUSSION

In studies on WBRT, methods with a daily fraction
of 300 cGy were generally preferred. The aim here is
to complete a palliative treatment in a short time.
Many patients leave RT after 1-2 fractions, as their
performance is already low due to the fact that they
are metastatic. For this reason, studies can be carried
out on methods with lower dose fractions. Therefore,
the prognostic features of RT were investigated in
this study.

Low doses of radiation can increase immune cells
by modulating the stromal microenvironment. The
brain is a privileged organ capable of harboring many
different immune responses. While treatments such
as high-dose SRS have advantageous effects on the
brain, low-dose RT methods also have advantages (30).

Due to the high toxicity of WBRT, only SRS or
SBRT can be successfully performed up to 4 brain
metastases, but when more than 4 metastases are
present, WBRT should be performed due to the
presence of a large number of possible micro
metastases (31-33), When studies conducted in patients
with 2-10 BM were examined, there was no
difference between patients treated with WBRT and /
or local RT 32, It is known that local control and
survival rate are increased with SRS and SBRT, which
are generally administered with high dose single
fraction (34 35. Median survival was only 2-15.2
months with local treatment or with WBRT (3-5.31.36),
The most important factor limiting local treatments
in patients with more than 4 metastases is that the
duration of treatment is prolonged because they can
be in different isocenter. Another disadvantage is that
the total brain dose can be increased by increasing
the toxicity with high dose local treatments.
Volumetric or helical arc radiation treatments can be
used with image guidance to shorten the time and
decrease the toxicity. With advanced devices with
applications such as Helical arc, RT can be performed
simultaneously, even to a large number of lesions,
without increasing treatment time and toxicity. In a
study that RT with VMAT (Volumetric modulation arc
therapy) for multiple lesions in the brain, VMAT was
shown to be equal to gamma knife radiosurgery for
the dose distribution (25.28,37,38),

Since survival rates are low when only local
treatments are performed, WBRT can be added with
an appropriate fraction to increase survival rates.
There are some studies in the literature similar to our
study. Aoyama and a study of his group reported that
mental function was impaired in patients who
received a total of 30 Gy WBRT with a daily 300 cGy
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fraction G1). BM volume was found to be affect brain
function more than the number of metastatic lesions
(39,

In our study, survival rates were high in patients
with low metastasis volume and number. In the joint
study of 23 gamma knife centers, median overall
survival was found to be 12 months in patients
treated with radiosurgery. While the incidence of
new lesions in 1 metastasis was 36% in 12 months,
this rate was found as 54% in patients with 2-4
lesions and 64% in patients with 5-10 lesions. The
risk of developing new lesions was similar to that of
patients with 1 metastasis. There was no significant
difference between 2-4 and 5-10 lesions in terms of
the risk of developing new lesions. Similar results
were obtained in terms of leptomeningeal spread
risk. When these data are analyzed, it is stated that
only up to 10 lesions, local RT may be sufficient 37.40,
41)_

20-32.5 Gy WBRT and 30-48 Gy RT to local BM
regions were recommended as to the brain RT
regions. 1 year intracranial metastasis control rate in
BM patients up to 4 metastases varies between 67%
and 75% according to the method applied (23.42.43), [t
has been reported that when WBRT and SIB are
administered together, the response rates increase
and 11% to 33% complete remission can be achieved
(23),

In this study, the results were same as other
similar studies in the literature since the total
response rate of 72.05% in all patients (23 44 45),
Patients in SSém and had a WBRT dose of up to
25-36 Gy had a total response rate of 71.42% that
similar to SL6m patients which total response rate of
72.72%. While median survival time of all patients
was 7 months, median survival was 14 months in
patients in SL6m and 4 months in SS6. The 3-year
survival was 9.06% in SL6m and 0% in SS6m.

In statistical analyzes, 300 cGy fraction dose of
WBRT is negative contribution of survival as
significantly. In the SL6m, the patients survival was
median 17 months that metastatic tumor volume
under 20 ml. But in the SSém patients, the median
survival was found to be 5 months in those with
metastatic tumor volume 20 ml or below indicate
that even if the metastatic volume is low, the WBRT
and daily fraction dose may affect the result
negatively if it is over 2.5 / 25 Gy.

In statistical analysis, demonstrated to negative
contribution of metastasis number to the result. In
SLé6m patients, the median survival was 19 months in
patients with metastatic tumor number 1, and 8
months in the presence of 5-10 metastases.

In the SL6m, 40% grade II and 4.28% grade III
acute neurotoxicity was observed as the primary
toxicity lower than SSém that have 62.12% grad II
and 30.3% grad III neurotoxicity. The median
survival and median disease free survival were 14
and 12 months, and 36 months survival rate was
13.3% and 0%, respectively, in the SL6m and SS6

patients. In this study, since the rate of total response
in patients with total brain dose and daily fraction
size are high in SS6 patients which up to 2500-3600
cGy and 250-300 cGy, the median survival is 4
months due to increased toxicity and is lower or
higher than some studies in the literature (3-5.23,29,42,
43,46,47), The fact that 56% of patients had primary
tumor focus on the lung also affected the results
negatively.

Since SL6m patients with 1-10 metastatic lesions
were treated with using a lower doses, also with
applied new technologic IMRT, HA and SIB
techniques were obtained lower toxicity than in the
literature (23,29, 42,43, 46,47), The median hippocampus
dose is 7.6 Gy in SL6m. which important for quality of
life and is lower than other studies. The average
hippocampal dose in most studies is 8-13 Gy (“48-50),
Lowering the dose of WBRT and lowering the dose of
hippocampus is one of the most important factors
reducing neurotoxicity. The survival advantage
obtained in the group that received a maximum of
2500 cGy RT with 250 cGy fraction in this study may
also be due to the decrease in the median
hippocampus dose.

It was observed that the increase of WBRT doses
in patients with a low performance and high
metastasis number affected the results negatively
because contribute higher toxicity related to
decreasing quality of life and survival time. In
patients with metastases in 2 or 3 different organs
other than the brain, the median life is 2 and 1
months, respectively, and follow-up with supportive
treatment may be a better approach in these patients.

The advanced technological volumetric arc and
TomoTherapy HAD IG IMRT methods and up to 250
cGy fraction size, 25-30 Gy WBRT and additional SIB
treatment can be applied as a good modality in 1-10
focused BM in order not to increase the toxicity.
Larger randomized studies should be conducted on
this subject.

ACNOWLEDGMENTS
We thanks to Ali Toprak for evaluated and
performed the istatistic analyses.

Ethical Statement: Ethical approval was obtained
from Bezmialem Vakif University, Non Interventional
Clinical Ethical Board (Date and number of Ethical
approve is 14/05/2020-6066).

Author contributions: Conceived and designed the
analysis: Kiziltan HS, Coban G, Mayadagli A. Collected
the data: Kiziltan HS, Altinok P, Tekce E, Mayadagli A.
Contributed data or analysis tools: Kiziltan HS, Coban
G, Altinok P, Tekce E, Mayadagli A. Performed the
analysis: Kiziltan HS. Wrote the paper: Kiziltan HS,
Coban G.

Funding: There is no funding.

Conflict of interest: There is no any conflict of
interest between other affiliations, companies or
others.


http://dx.doi.org/10.52547/ijrr.21.1.5
https://mail.ijrr.com/article-1-4567-en.html

[ Downloaded from mail.ijrr.com on 2025-10-17 ]

[ DOI: 10.52547/ijrr.21.1.5]

Kiziltan et al. / Prognostic factors in brain metastasis 43

REFERENCES

1. Rahmathulla G, Toms SA, Weil RJ (2012) The molecular biology of
brain metastasis. J Oncol, 723541.

2. Gupta T (2005) Stereotactic radiosurgery for brain oligometastases:
Good for some, better for all? Ann Oncol, 16: 1749-54.

3. Ellis TL, Neal MT, Chan MD (2002) The role of surgery, radiosurgery
and whole brain radiation therapy in the management of patients
with metastatic brain tumors. Int J Surg Oncol, 952345.

4. Norden AD, Wen PY, Kesari S (2005) Brain metastases. Curr Opin
Neurol, 18: 654-61.

5. Sperduto PW, Chao ST, Sneed PK, Luo X, Suh J, Roberge D, et al.
(2010) Diagnosis-specific prognostic factors, indexes, and treat-
ment outcomes for patients with newly diagnosed brain metasta-
ses: a multi-institutional analysis of 4,259 patients. Int J Radiat
Oncol Biol Phys, 77: 655-661.

6. Knoll MA, Oermann EK, Yang Al, Paydar |, Steinberger J, et al. (2018)
Survival of Patients With Multiple Intracranial Metastases Treated
With Stereotactic Radiosurgery: Does the Number of Tumors
Matter? Am J Clin Oncol, 41(5): 425-431.

7. Kondziolka D, Patel A, Lunsford LD, Kassam A, Flickinger JC (1999)
Stereotactic radiosurgery plus whole brain radiotherapy versus
radiotherapy alone for patients with multiple brain metastases. Int
J Radiat Oncol Biol Phys, 45(2): 427-34.

8. Chao ST, Barnett GH, Vogelbaum MA, Angelov L, Weil RJ, Neyman
G, Reuther AM, Suh JH (2008) Salvage stereotactic radiosurgery
effectively treats recurrences from whole-brain radiation therapy.
Cancer, 113: 2198-2204.

9. Sahgal A, Aoyama H, Kocher M, Neupane B, Collette S, et al. (2015)
Phase 3 trials of stereotactic radiosurgery with or without whole-
brain radiation therapy for 1 to 4 brain metastases: individual
patient data meta-analysis. Int J Radiat Oncol Biol Phys, 91:710—
717.

10. Aoyama H, Shirato H, Tago M, Nakagawa K, Toyoda T, Hatano K,
Kenjyo et al. (2006) Stereotactic radiosurgery plus whole-brain
radiation therapy vs stereotactic radiosurgery alone for treatment
of brain metastases: a randomized controlled trial. JAMA, 295:
2483-2491.

11. de Azevedo Santos TR, Tundisi CF, Ramos H, Maia MA, Pellizzon
AC, et al. (2015) Local control after radiosurgery for brain metasta-
ses: predictive factors and implications for clinical decision. Radiat
Oncol, 10: 63.

12. Noel G, Medioni J, Valery CA, Boisserie G, Simon JM, Cornu P, et
al. (2003) Three irradiation treatment options including radiosur-
gery for brain metastases from primary. Lung Cancer, 41: pp.333—
343.

13. Chang EL, Wefel JS, Hess KR, Allen PK, Lang FF, Kornguth DG, et al.
(2009) Neurocognition in patients with brain metastases treated
with radiosurgery or radiosurgery plus whole-brain irradiation: A
randomised controlled trial. Lancet Oncol, 10: 1037-1044.

14. Brown PD, Ballman KV, Cerhan JH, Anderson SK, Carrero XW,
Whitton AC, Greenspoon J, et al. (2017) Postoperative stereotactic
radiosurgery compared with whole brain radiotherapy for
resected metastatic brain disease (ncctg n107c/cec-3): A
multicentre, randomised, controlled, phase 3 trial. Lancet Oncol,
18: 1049-1060

15. Andrews DW, Scott CB, Sperduto PW, Flanders AE, et al. (2004)
Whole brain radiation therapy with or without stereotactic radio-
surgery boost for patients with one to three brain metastases:
Phase Il results of the RTOG 9508 randomised trial. Lancet, 363:
1665-72.

16. Hall EJ and Brenner DJ (1993) The radiobiology of radiosurgery:
Rationale for different treatment regimes for AVMs and
malignancies. IntJ Radiat Oncol Biol Phys, 25: 381-385.

17. Chen JC, Petrovich Z, O'Day S, Morton D, Essner R, et al. (2000)
Stereotactic radiosurgery in the treatment of metastatic disease to
the brain. Neurosurgery , 47: 268-279.

18. Murrell DH, Zarghami N, Jensen MD, Chambers AF, Wong E, Foster
PJ (2016) Evaluating Changes to Blood-Brain Barrier Integrity
in Brain Metastasis over Time and after Radiation Treatment.
Transl Oncol, 9(3): 219-27

19. Tomita N, Kodaira T, Tachibana H, Nakamura T, Nakahara R,
Inokuchi H, Shibamoto Y (2008) Helical tomotherapy for brain
metastases: Dosimetric evaluation of treatment plans and early
clinical results. Technol. Cancer Res. Treat, 7: 417-424.

20. Kirova YM, Chargari C, Zefkili S, Campana F (2010) Could helical
tomotherapy do whole brain radiotherapy and
radiosurgery? World J. Radiol, 2: 148-150.

21. Vanderspek L, Bauman G, Wang JZ, Yartsev S, Ménard C, Cho YB,

et al. (2009) Dosimetric comparison of intensity-modulated
radiosurgery and helical tomotherapy for the treatment of
multiple intracranial metastases. Technol Cancer Res Treat, 8: 361—
367.

22. Levegrln S, Pottgen C, Wittig A, Lubcke W, Abu Jawad J, Stuschke
M (2013) Helical tomotherapy for whole-brain irradiation with
integrated boost to multiple brain metastases: Evaluation of dose
distribution characteristics and comparison with alternative
techniques. Int J Radiat Oncol Biol Phys, 86: 734—742.

23. Kyung HK, Byoung CC, Chang GL, Hye RK, Yang GS, et al. (2015)
Hippocampus-sparing whole-brain radiotherapy and simultaneous
integrated boost for multiple brain metastases from lung adeno-
carcinoma: Early response and dosimetric evaluation. Technol in
Cancer Res Treat, DOI: 10.1177/1533034614566993

24. Paolo B, Sara P, Luigi S, Rossella A, Mauro U, et al. (2016) Whole
brain radiotherapy with adjuvant or concomitant boost in brain
metastasis: dosimetric comparison between helical and volumetric
IMRT technique. Radiat Oncol, 11: 59.

25. Pefiagaricano JA, Yan Y, Shi C, Linskey ME, Ratanatharathorn V
(2006) Dosimetric comparison of helical tomotherapy and gamma
knife stereotactic radiosurgery for single brain metastasis. Radiat
Oncol,1: 26-31.

26. Shiby P, Nitin O, Christian V, Patrik B, Dinesh M, Wolfgang T, et al.
(2021) The effect of low-dose radiation spillage during stereotactic
radiosurgery for brain metastases on the development of de novo
metastases. Clin Transl Radiat Oncol, 28: 79-84.

27. Brown PD, Gondi V, Pugh S, Tome WA, Wefel JS, Armstrong TS,
Bovi JA, Robinson C, Konski A, et al. (2020) Hippocampal avoidance
during whole-brain radiotherapy plus memantine for patients with
brain metastases: Phase iii trial nrg oncology cc001. Journal of
clinical oncology : official journal of the American Society of Clinical
Oncology, 38: 1019-1029.

28. Levegriin S, Pottgen C, Wittig A, Lubcke W, Abu Jawad J, Stuschke
M (2013) Helical tomotherapy for whole-brain irradiation with
integrated boost to multiple brain metastases: evaluation of dose
distribution characteristics and comparison with alternative tech-
niques. Int J Radiat Oncol Biol Phys, 86(4):734-42.

29. Paddick I (2000) A simple scoring ratio to index the conformity of
radiosurgical treatment plans. Technical note. J Neurosurg, 93(3):
219e222

30. Carson MJ, Doose JM, Melchior B, Schmid CD, Ploix CC (2006) Cns
immune privilege: Hiding in plain sight. Immunol Rev, 213: 48-65.

31. Aoyama H, Shirato H, Tago M, Nakagawa K, Toyoda T, et al.(2006)
Stereotactic radiosurgery plus whole-brain radiation therapy vs
stereotactic radiosurgery alone for treatment of brain metastases:
a randomized controlled trial. JAMA, 295(21): 2483-91.

32. Kocher M, Soffietti R, Abacioglu U, Villa S, Fauchon F, Baumert BG,
Fariselli L, et al. (2011) Adjuvant whole-brain radiotherapy versus
observation after radiosurgery or surgical resection of one to three
cerebral metastases: results of the EORTC 22952-26001 study. J
Clin Oncol, 29(2): 134-41.

33. Sneed PK, Suh JH, Goetsch SJ, Sanghavi SN, Chappell R, Buatti JM,
et al. (2002) A multi-institutional review of radiosurgery alone vs.
radiosurgery with whole brain radiotherapy as the initial
management of brain metastases. Int J Radiat Oncol Biol Phys, 53
(3): 519-26.

34. Park SH, Hwang SK, Kang DH, Lee SH, Park J, Hwang JH, Hamm
IS, Park YM (2009) Gamma Knife Radiosurgery for Multiple Brain
Metastases From Lung Cancer. J Clin Neurosci, 16(5): 626-9.

35. Suzuki S, Omagari J, Nishio S, Nishiye E, Fukui M (2000) Gamma
Knife Radiosurgery for Simultaneous Multiple Metastatic Brain
Tumors. J Neurosurg, 93(3): 30-1.

36. Sahgal A, Aoyama H, Kocher M, Neupane B, Collette S, Tago M,
Shaw P, Beyene J, Chang EL (2015) Phase 3 trials of stereotactic
radiosurgery with or without whole-brain radiation therapy for 1
to 4 brain metastases: individual patient data meta-analysis. Int J
Radiat Oncol Biol Phys, 91(4): 710-7.

37. Thomas EM, Popple RA, Wu X, Clark GM, Markert JM, Guthrie BL,
et al. (2014) Comparison of plan quality and delivery time between
volumetric arc therapy (RapidArc) and Gamma Knife radiosurgery
for multiple cranial metastases. Neurosurgery, 75(4): 409-17.

38. Alexander 3rd , Moriarty TM, Davis RB, Wen PY, Fine HA, Black
PM, Kooy HM, Loeffler JS (1995) Stereotactic Radiosurgery for the
Definitive, Noninvasive Treatment of Brain Metastases. J Nat/
Cancer Inst, 87(1): 34-40.

39. Bhatnagar AK, Flickinger JC, Kondziolka D, Lunsford LD (2006)
Stereotactic radiosurgery for four or more intracranial metastases.
Int J Radiat Oncol Biol Phys, 64(3): 898-903.

40. Yamamoto M, Serizawa T, Higuchi Y, Sato Y, Kawagishi
J, Yamanaka K, et al. (2017) A Multi-institutional Prospective


http://www.ncbi.nlm.nih.gov/pubmed/?term=Knoll%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=27258677
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oermann%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=27258677
http://www.ncbi.nlm.nih.gov/pubmed/?term=Murrell%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=27267840
http://www.ncbi.nlm.nih.gov/pubmed/?term=Foster%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=27267840
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4837558/
https://pubmed.ncbi.nlm.nih.gov/?term=Paul%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ohri%20N%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Velten%20C%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Brodin%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Mynampati%20D%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Tomé%20W%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8038935/
https://www.ncbi.nlm.nih.gov/pubmed/?term=L%C3%BCbcke%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23680034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stuschke%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23680034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aoyama%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16757720
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kocher%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21041710
https://pubmed.ncbi.nlm.nih.gov/?term=Fariselli+L&cauthor_id=21041710
https://pubmed.ncbi.nlm.nih.gov/?term=Fariselli+L&cauthor_id=21041710
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sneed%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=12062592
https://pubmed.ncbi.nlm.nih.gov/?term=Park+SH&cauthor_id=19268596
https://pubmed.ncbi.nlm.nih.gov/?term=Lee+SH&cauthor_id=19268596
https://pubmed.ncbi.nlm.nih.gov/?term=Park+J&cauthor_id=19268596
https://pubmed.ncbi.nlm.nih.gov/?term=Park+YM&cauthor_id=19268596
https://pubmed.ncbi.nlm.nih.gov/?term=Suzuki+S&cauthor_id=11143258
https://pubmed.ncbi.nlm.nih.gov/?term=Omagari+J&cauthor_id=11143258
https://pubmed.ncbi.nlm.nih.gov/?term=Nishio+S&cauthor_id=11143258
https://pubmed.ncbi.nlm.nih.gov/?term=Nishiye+E&cauthor_id=11143258
https://pubmed.ncbi.nlm.nih.gov/?term=Fukui+M&cauthor_id=11143258
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sahgal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25752382
https://pubmed.ncbi.nlm.nih.gov/?term=Shaw+P&cauthor_id=25752382
https://pubmed.ncbi.nlm.nih.gov/?term=Beyene+J&cauthor_id=25752382
https://pubmed.ncbi.nlm.nih.gov/?term=Shaw+P&cauthor_id=25752382
https://pubmed.ncbi.nlm.nih.gov/?term=Beyene+J&cauthor_id=25752382
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=24871143
https://pubmed.ncbi.nlm.nih.gov/?term=Alexander+E+3rd&cauthor_id=7666461
https://pubmed.ncbi.nlm.nih.gov/?term=Moriarty+TM&cauthor_id=7666461
https://pubmed.ncbi.nlm.nih.gov/?term=Alexander+E+3rd&cauthor_id=7666461
https://pubmed.ncbi.nlm.nih.gov/?term=Kooy+HM&cauthor_id=7666461
https://pubmed.ncbi.nlm.nih.gov/?term=Loeffler+JS&cauthor_id=7666461
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhatnagar%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=16338097
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flickinger%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=16338097
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamamoto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28816158
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawagishi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28816158
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yamanaka%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28816158
http://dx.doi.org/10.52547/ijrr.21.1.5
https://mail.ijrr.com/article-1-4567-en.html

[ Downloaded from mail.ijrr.com on 2025-10-17 ]

[ DOI: 10.52547/ijrr.21.1.5]

44 Int. J. Radiat. Res., Vol. 21 No. 1, January 2023

Observational Study of Stereotactic Radiosurgery for Patients With
Multiple Brain Metastases (JLGK0901 Study Update): Irradiation-
related Complications and Long-term Maintenance of Mini-Mental
State Examination Scores. Int J Radiat Oncol Biol Phys, 99(1): 31-

40.

. Tsao MN, Rades D, Wirth A, Lo SS, Danielson BL, Gaspar LE, et al.
(2012) Radiotherapeutic and surgical management for newly
diagnosed brain metastasis(es): An American Society for Radiation
Oncology evidence-based guideline. Pract Radiat Oncol, 2(3): 210-
225.

. Casanova N, Mazouni Z, Bieri S, Combescure C, Pica A, Weber DC
(2010) Whole brain radiotherapy with a conformational external
beam radiation boost for lung cancer patients with 1-3 brain me-
tastasis: A multi institutional study. Radiat Oncol, 5: 13.

. Vivek T, Subodh CP, Kamal V, and Sandeep G (2015) Simultaneous
integrated boost with intensity modulated radiation therapy in
brain oligometastases: A feasible technique for developing coun-
tries. South Asian J Cancer, 4(1): 11-14.

44. Ferro M, Chiesa S, Macchia G, Cilla S, Bertini F, Frezza G et al.
(2017) Intensity Modulated Radiation Therapy
With Simultaneous Integrated Boost in Patients
With Brain Oligometastases: A Phase 1 Study (ISIDE-BM-1). Int J
Radiat Oncol Biol Phys, 97(1): 82-90.

45, Vargo JA, Plants BA, Mihailidis DN, Mallah J, Plants M, Welch CA,

4

[y

4

N

4

w

et al. (2011) Early clinical outcomes for 3 radiation techniques for
brain metastases: focal versus whole-brain. Pract Radiat Oncol, 1
(4): 261-70.

46. Greene-Schloesser D, Robbins ME, Peiffer AM, Shaw EG, Wheeler
KT, Chan MD (2012) Radiation-induced brain injury: a re-
view. Front Oncol, 2: 73.

47. Nabors LB, Portnow J, Ammirati M, Brem H, Brown P, Butowski N,
et al. (2014) Central nervous system cancers, version 2.2014. Fea-
tured updates to the NCCN Guidelines. J Natl Compr Canc Netw,
12:1517-23.

48. Paolo B, Sara P, Luigi S, Rossella A, Mauro U, Federica F, et al.
(2016) Whole brain radiotherapy with adjuvant or concomitant
boost in brain metastasis: dosimetric comparison between helical
and volumetric IMRT technique. Radiat Oncol, 11: 59.

49. Gaspar L, Scott C, Rotman M, Asbell S, Phillips T, Wasserman T,
McKenna WG, Byhardt R (1997) Recursive partitioning analysis
(RPA) of prognostic factors in three Radiation Therapy Oncology
Group (RTOG) brain metastases trials. Int J Radiat Oncol Biol Phys,
37: 745-51.

50. Pokhrel D, Sood S, McClinton C, Shen X, Lominska C, Saleh H, et al.
(2016) Treatment planning strategy for whole-brain radiotherapy
with hippocampal sparing and simultaneous integrated boost for
multiple brain metastases using intensity-modulated arc therapy.
Med Dosim, 41(4): 315-322.


https://www.ncbi.nlm.nih.gov/pubmed/28816158
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsao%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=25925626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsao+M+N++2012+Pract.+Radiat.+Oncol.+2+210-25
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4382774/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferro%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27843034
https://www.ncbi.nlm.nih.gov/pubmed/27843034
https://www.ncbi.nlm.nih.gov/pubmed/27843034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vargo%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=24674004
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4837558/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asbell%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9128946
https://www.sciencedirect.com/science/article/abs/pii/S0360301696006190#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pokhrel%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27692518
http://dx.doi.org/10.52547/ijrr.21.1.5
https://mail.ijrr.com/article-1-4567-en.html
http://www.tcpdf.org

