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Abstract (in English)

Stereotactic radiosurgery is frequently used either alone
or together with whole brain radiotherapy to treat brain
metastases. Some studies reported better results with
combination of WBRT+SRS, while others reported that
WBRT didn’t enhance the effect of SRS.

The aim of this meta-analysis is to determine whether
WBRT+SRS or SRS alone will result in better clinical
outcomes for patients with brain metastases .

The meta-analyses were done using an online effect size
calculator -based on the reference(practical meta-
analysis) by David.B Wilson- on the following outcomes :
survival rate, local tumor recurrence rate, new distant
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brain metastases recurrence rate, and the neuorologic
radiation toxicity rate .

It is found that : the local tumor recurrence and the new
distant brain metastases recurrence rates had been
reduced in the WBRT+SRS group with Odds Ratios of 0.36

and 0.44 respectively; but the neuorologic radiation
toxicity rate was higer in the WBRT+SRS group with an
Odds Ratio of 3.84 . And there was no significant

difference in one year survival rate between the two
groups with an Odds Ratio of 0.54 .

It is concluded that: the WBRT reduces the local tumor
recurrence and new brain metastases recurrence; but
worsens the neuorocognitive function in the patients.

On other hand, the addition of WBRT to SRS didn’t
improve the survival for patients with brain metastases.

Vi
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Chapter one

1-1 Introduction :

The main treatment options available for brain metastases
patients are surgery, whole brain radiotherapy, chemotherapy
and stereotactic radiosurgery (SRS) .

The late toxicities of WBRT have been well documented.
Moreover, patients with longer survival times ultimately have an
increased chance of experiencing WBRT-related toxicity . As such,
an approach (such as SRS ) of eliminating or delaying WBRT in
patients with brain metastases would potentially improve
cognitive outcomes in these patients .

Stereotactic radiosurgery (SRS) is a form of external beam
radiation therapy which targets a tumor from many different
directions so the beams of radiation converge on the tumor.

The goal of SRS is to precisely deliver a high dose to the target
volume in a single fraction to destroy or stop the growth of a
lesion without adversely affecting surrounding tissue . Normal
tissues are protected both by selectively targeting only the
abnormal lesion and by using cross-firing techniques to minimize
the exposure of the adjacent anatomy . In that way, the amount
of radiation needed to destroy tumor cells is delivered directly to

the tumor, and the amount of exposure to the area surrounding
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the tumor is limited . So, With SRS, high doses of radiation can be
delivered with sub-millimeter accuracy .

Therefore, Stereotactic radiosurgery (SRS) is appropriate for brain
metastases patients who have fewer than five brain metastases
all of which have a diameter of less than 4 cm. And it is frequently
used, either alone or together with whole-brain radiation therapy
to treat brain metastases from solid tumors .

Although randomized trials have favored adding whole-brain
radiation therapy to stereotactic radiosurgery for most end points,
recently , there is a published meta analysis demonstrated a
survival disadvantage for patients treated with whole brain
radiation therapy and stereotactic radiosurgery compared with
patients treated with stereotactic radiosurgery alone { Saghal,
2015 } . and so, Certain experts and radiation oncology groups
have proposed replacing whole-brain radiation therapy with
stereotactic radiosurgery alone for the management of brain
metastases.

Unfortunately, soon after that meta-analysis was published , use
of whole-brain radiation therapy in managing brain metastases
has become controversial among radiation oncologists.

However, this situation creates conflict for radiation oncologists
who believe that there are enough high level of evidence for the
effectiveness of whole-brain radiation therapy in the treatment of
brain metastasis .

Thus , to remedy this controversy we have to make further

studies .
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1-2- THE PROBLEM OF THE STUDY
Brain metastases are the most common cause of malignant brain
tumours in adults. And they occur in 20-40% of patients with
systemic cancer ; 30-40% present with a single metastasis
{Andrews, et.|, 2004}.
Although whole brain radiation therapy (WBRT) has been used to
treat brain metastases together with Stereotactic Radiosurgery , a
recent trend promotes the use of Stereotactic Radiosurgery-
alone .
However, the data in this area is controversial and may not be
reliable due to early evaluation of these end points after Whole
Brain Radiotherapy with a limited number of patients .
So, in patients with brain metastases, it is unclear whether
adding up-front whole brain radiation therapy (WBRT) to
stereotactic radiosurgery (SRS) has better clinical outcomes
compared with SRS alone .
1-3- THE GENERAL OBJECTIVE
To determine whether SRS alone or WBRT combined with SRS will
result in better clinical outcomes for patients with brain
metastases .
1-4- THE SPECIFIC OBJECTIVES
To assess the survival , tumor recurrence rate , and the
functional preservation rate resulted from the SRS used

alone for treatment of brain metastases .
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To assess the survival , tumor recurrence rate , and the
functional preservation rate resulted from the use of WBRT
combined with SRS for treatment of brain metastases .

Chapter two

Literature Review

2-1- Theoretical background :-

The brain metastases are the spread of a primary
tumor to the brain . They can occur due to any tumor in
any - wherever the site of this tumor - and they have the
characteristics and histology of the primary tumor , where if the
brain metastases resulted from a lung cancer , these metastases
will still lung cell cancer ; but in the brain .

Therefore the treatment of the brain metastases depends mainly
on the primary tumor histology .

One of the increasingly used treatment options for brain
metastases is the radiotherapy including Whole Brain
Radiation Therapy and Stereotactic Radiosurgery .

Whole Brain Radiation Therapy :-

Is giving electromagnetic ionizing radiation to the
entire brain using a traditional external beam radiation therapy
equipment( Linac or Coeso machine).

It is often used alone in patients with poor prognosis and in cases
of unresectable brain metastases couldn’t be treated with
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stereotactic radiosurgery ; due to their sizes or their number .
And recently , it has been used as adjuvant therapy after surgery
or stereotactic radiosurgery in order to treat the microscopic
lesions not targeted with SRS dose ; because they were not seen
by the radiology studies , where these lesions are just cancer cells
in the normal-appearing brain but don’t form a mass and
therefore they were not seen by the radiology studies ,

and by adding the WBRT to SRS even these microscopic lesions
will be treated , leading to reduce the risk of tumor recurrence .
Thus , the clinical aim of adding WBRT to SRS is to kill all the
cancer cells, but with note this will be in cost of sparing the
surrounding healthy tissues .

Stereotactic Radiosurgery :-

Is a form of external beam radiation therapy which
targets a tumor from many different directions, so the beams of
radiation converge on the tumor.

The goal of SRS is to precisely deliver a high dose of radiation the
tumor in a single session , with minimal dose ( should be kept
below the tolerable doses ) to the surrounding healthy tissues.
So, SRS can be defined as a highly precise administration of a
high radiation dose to the tumor site in a single session .

Thus , with SRS a high radiation dose can delivered to the tumor
with sub-millimeter accuracy ; therefore SRS is used alone or
together with WBRT to treat the fewer than five small brain

metastases , while for larger in number and size brain
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metastases SRS beams will converge on each other leading to
increase the dose to the surrounding healthy tissues beyond the
tolerable doses ; therefore SRS is not used for larger brain
metastases .

And due to the high accuracy of SRS, therefore SRS is often
suggested to be used alone with the clinical aim is To avoid the
potential side effects associated with WBRT .

There are many techniques used for delivering of the SRS dose

(i) Gamma knife :-
is a radiosurgical device that has been associated with

radiosurgery for the past four decades. Despite great
technological advances during this time, the fundamental
design and principles of the gamma unit have not changed
much since the late 1960s. The unit incorporates 201 Coeo
sources housed in the central body of the unit. These sources
produce 201 collimated beams directed to a single focal point
at a source to focus distance of about 40 cm. The final
definition of the circular beam field size is provided by one of
four helmets delivering circular fields .
The main components of the gamma unit are:

- A radiation unit with an upper hemispherical shield and a
central body

- An operating table and sliding cradle

- A set of four collimator helmets providing circular beams at

the isocentre
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- A control unit.
(ii) Linac based stereotactic radiosurgery :-
Such as X knife and Cyber knife .

1- X knife :-

Is a radiosurgical device that uses a standard isocentric
linac with tight mechanical and electrical tolerances,
modified for radiosurgery. It requires a head frame for
immobilizing the patient’s head .

The modifications on a linac - to be used for SRS - consist
of :
- Supplementary collimation .
- A remotely controlled motorized table or treatment
chair rotation .
- Table brackets or a floor stand for immobilizing the
stereotactic frame .
- Interlocked readouts for angular and height position of
the table .
2 - Cyber knife :-

Is a form of frameless stereotactic radiosurgery
using a specialized . miniature linac with a robotic arm
, it uses a mask along with skull based . tracking
allowing the robot to follow the target .

The CyberKnife stereotactic radiosurgery system
broadens the range . of stereotactic radiosurgery and
offers the following improvements over . standard
radiosurgical techniques :

pg. 15



- It allows frameless radiosurgery .

- It monitors and tracks the patient’s position
continuously and : uses on-line images for
finding the exact position of the target .

- It aims the radiation beam into the on-line
determined target : position and achieves a
dose delivery accuracy of the order of 1 mm
2-2- Previous studies :-

Stereotactic radiosurgery is a widely accepted treatment for a
number of medical conditions. The National Comprehensive
Cancer Network (NCCN) Clinical Practice Guideline in Oncology for
Central Nervous System Cancers (2012) notes the use of SRS with
primary brain tumors and brain metastases.

Multiple randomized trials ( Kondziolka et al., 1999 ; Liet
al., 2000 ; Andrews etal., 2004 ; Aoyama etal., 2006 ;
Aoyama et al.,, 2007 ; changetal.,2009 ; Kocheretal.,2011
; Lei Duan et al., 2014 ) and a number of nonrandomized or case
series studies evaluated the safety and efficacy of SRS with or
without WBRT and microsurgery for patients with brain
metastases .

SRS was associated with good local tumor control and reduction in
brain recurrence, although impact on survival was only seen in
patients with good prognostic indicators and limited extracranial
disease. In the reviewed studies, tumor control, recurrence rates,
and overall survival varied widely depending on the type of tumor
and the extent of disease, as well as other patient factors. Some
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studies reported better results with combination therapy (surgical
excision, WBRT, and stereotactic radiosurgery), while others
reported that addition of WBRT did not enhance the effect of
stereotactic radiosurgery.

The National Comprehensive Cancer Network released a 2008
practice guideline for central nervous system cancers and noted
that SRS may be used for a limited number of small, deep, non-
symptomatic lesions, but that surgery may be more appropriate
for larger, more symptomatic lesions. Patients with greater than 4
metastatic lesions should be treated with WBRT with or without
SRS in selected cases { Radiosurgery practice guideline report .
2008}.

The first prospective trial looking at the utility of an SRS boost
was published in 1999 by Kondziolka et al. This single-institution
RCT included patients with 2-4 metastases measuring 2.5 cm
and a KPS =70. There were 14 patients in the WBRT arm and 13
in theWBRT plus SRS arm. The two groups were well matched with
regard topatients factors . The primary endpoint was local control
with secondary endpoints including time to progression and
median survival. The study was halted at the 60% accrual point
after interim evaluation revealed improved median time to
progression (36 versus 6 months) and local failure rate (8%
versus 100%) for patients in the WBRT plus SRS arm. Because of
the small number of patients, there was insufficient power to
assess differences in median survival.

pg. 17



Li et al. in 2000 reported their results of a three arm prospective
cohort study examining patients with either small-cell or
nonsmall-cell lung cancer with a single brain metastasis
measuring <4.5 cm . Seventy lung cancer patients with newly
diagnosed single brain metastasis were treated with eitherWBRT
alone (n = 29), or SRS alone (n =23), or the combination of both
(n = 18). Groups were well matched with regard to gender, age,
extent of extracranial disease, histology, and KPS scores. Multiple
endpoints, including survival, freedom from local progression,
freedom from new brain metastasis, local control, KPS, and cause
of death, were measured and compared using univariate and
multivariate analyses. Analysis revealed improved median
survival (P < 0.0001), local control (P = 0.004), and median time
to progression (P < 0.0001) in the WBRT plus SRS arm. However,
the comparison between SRS alone and SRS plus WBRT groups
indicated that adding WBRT only improved freedom from distant
failure.

Andrews et al. 2004 : -

IN 2004 , Radiation Therapy Oncology Group (RTOG) directed a
randomized trial (Lancet 2004; 363: 1665-72 ) , where they
enrolled 333 Patients with one to three newly diagnosed brain
metastases were randomly allocated either whole brainradiation
therapy (WBRT) or WBRT followed by stereotactic radiosurgery
boost. Patients were stratified by number of metastases and
status of extracranial disease. Primary outcome was survival;

secondary outcomes were tumour response and local rates,
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overall intracranial recurrence rates, cause of death, and
performance measurements.

They found that : The Univariate analysis showed that there was
a survival advantage in the WBRT and stereotactic radiosurgery
group for patients with a single brain metastasis (median survival
time 6:5 vs 4:9 months, p=0-0393). Patients in the stereotactic
surgery group were more likely to have a stable or improved
Karnofsky Performance Status (KPS) score at 6 months’ follow-up
than were patients allocated WBRT alone (43% vs 27%,
respectively; p=0-03). By multivariate analysis, survival improved
in patients with an RPA class 1 (p<0-0001) or a favourable
histological status (p=0-0121) .

Thus , they concluded that : WBRT and stereotactic boost
treatment improved functional autonomy (KPS) for all patients
and survival for patients with a single unresectable brain

metastasis .

Aoyama et al. 2006 : -

Aoyama. H and his participants enrolled a randomized controlled
trial (Aoyama. H. et al. JAMA . 2006 ) of 132 patients with 1to 4
brain metastases, each less than 3 cm in diameter, enrolled at 11
hospitals in Japan between October 1999 and December 2003 .
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Their aim was To To determine if WBRT combined with SRS results
in improvements in survival, brain tumor control, functional

preservation rate, and frequency of neurologic death .

Their findings were that : The median survival time and the 1-
year actuarial survival rate were 7.5 months and 38.5% (95%
confidence interval, 26.7%-50.3%) in the WBRT_SRS group and
8.0 months and 28.4% (95% confidence interval, 17.6%-39.2%)
for SRS alone (P=.42). The 12-month brain tumor recurrence rate
was 46.8% in the WBRT_SRS group and 76.4%for SRS alone group
(P_.001). Salvage brain treatment was less frequently required in
the WBRT_SRS group (n = 10) than with SRS alone (n = 29)
(P_.001). Death was attributed to neurologic causes in 22.8% of
patients in the WBRT_SRS group and in 19.3% of those treated
with SRS alone (P=.64). There were no significant differences in
systemic and neurologic functional preservation and toxic effects
of radiation .

And they concluded that : Compared with SRS alone, the use of
WBRT plus SRS did not improve survival for patients with 1 to 4
brain metastases, but intracranial relapse occurred considerably
more frequently in those who did not receive WBRT.
Consequently, salvage treatment is frequently required when up-
front WBRT is not used .

Aoyama et al. 2007 : -
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Aoyama .H and his participants enrolled a prospective randomized
controlled trial ( Aoyama H, et al. Int J Rdiat Oncol Biol Phys.
2007 ) of 132 patients with 1 to 4 brain metastases , with the
aim , To determine how the omission of whole brain raditherapy
affects the neurocognitive function of patients have been treated
with stereotactic radiosurgery ) . And to achieve this objective,
they assessed the neurocognitive function using the Mini-Mental
State Examination .

Their findings were that : there were statistically significant
differences for tumor volume , extent of tumor, age, and
karnofsky performance status ; and there were improvements of
= 3 points in Mini-Mental State Examination of 9 WBRT+SRS
patients and 11 SRS-alone patients ; and the 12- ,24- ,and 36-
months actuarial free rate of 3-point drop in the MMSE was
(76.1%, 68.5% , 14.7% in WBRT+SRS group , and 59.3% ,
51.9% , and 51.9% in SRS-alone group , respectively ; and the
average duration until deterioration was 16.5 months in the
WBRT+SRS group and 7.6 months in the SRS-alone group

And finally , in the interpretation of the results , they concluded
that : For most brain metastatic patients , control of the brain
tumor is the most important factor for stabilizing the
neurocognitive function. However, the long term adverse effects

of WBRT on the neurocognitive function might not be negligible .
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Chang EL, et al. Lancet Oncol. 2009 : -

Chang EL and his participants enrolled a randomized cotrolled
trial ( Chang EL, et al. Lancet Oncol. 2009 ) of 58 patients
with brain metastases , and they startified the patients by
recursive partitioning analysis class, number of brain metastases,
and radioresistant histology .

Their primary end point was neurocognitive function:objectively
measured as a significant deterioration (5 point drop ) in hopkins
verbal learning test-revised (HVLT-R) total recall at 4 months .
Their findings were that : the WBRT+SRS group patients were
more likely to show a decline in learning and memory function
(mean posterior probability of decline 52%) at 4 months than the
SRS alone group patients (mean posterior probability of decline
24%) . At 4 months there were 4 deaths ( 13% ) in the SRS
alone group , and 8 deaths ( 29% ) in the WBRT+SRS group . 73%
of patients in WBRT+SRS group were free from CNS recurrence at
1 year , compared with 27% of patients who received SRS alone .
In the SRS+WBRT group , one case of grade 3 toxicity was
attributed to radiation treatment ; and in SRS alone group , one
case of grade 3 toxicity and 2 cases of grade 4 toxicity were
attributed to radiation treatment .

In the interpritation of the results , they concluced that : patients
treated with WBRT+SRS were at a greater risk of a significant
decline in learning and and memory function by 4 months
compared with the group of patients who received SRS alone .

Initial treatment with a combination of SRS and close clinical
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monitoring is recommended as the preferred treatment strategy
to beter preserve learning and memory in patients with brain
metastses .

Kocher et al. 2011 : -

Kocher et al. in 2011 compared patients with 1-3 brain
metastases, excluding small-cell lung cancer, and stable
extracranial disease that were randomized to an observational
cohort or WBRT cohort following initial treatment with either SRS
or surgery. Of the 199 patients in the radiosurgery group, 100
patients were allocated to observation, and 99 were allocated
toWBRT. Among patients treated with surgery or SRS initially,
there was no significant difference (P = 0.71) in the time to
performance status decline for the observation group (10 months)
versus the WBRT group (9.5 months). Similarly, overall survival
times were not significantly different (P = 0.89) between the
observation and WBRT arms (10.9 versus 10.7, resp.). They
concluded adjuvant WBRT reduces intracranial relapses and
neurologic deaths but fails to improve the duration of functional
independence and overall survival after SRS or surgical treatment
of cerebral metastases .
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Lei Duan et al. 2014 : -

Lei Duan with a group of researchers directed Meta analysis

( published at Asian Pacific Journal of Cancer Prevention, Vol 15,
2014 ), with the aim To evaluate the effect of whole brain
radiation (WBRT) combined with stereotactic surgery (SRS)
versus stereotactic radiosurgery alone for patients with brain
metastases . where They perform a statistical analyses for 4
randomized controlled trials including 903 patients .

Their findings were that : there were a statistically significant
lowering of the local recurrence rate (OR=0.29, 95%CI:
0.17~0.49), new brain metastasis rate (OR=0.45, 95%Cl:
0.28~0.71) and symptomatic late neurologic radiation toxicity
rate (OR=3.92, 95%Cl: 1.37~11.20) in the WBRT+SRS group .
And no statistically significant difference existed in the 1-year
survival rate (OR=0.78, 95%Cl: 0.60~1.03) .

They concluded that : The results indicate that whole brain
radiotherapy combined with stereotactic radiosurgery has
advantages in local recurrence and new brain metastasis rates,
but stereotactic radiosurgery alone is associated with better
neurological function. However, as the samples included were not
large, more high-quality, large-sample size studies are necessary

for confirmation .
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Chapter three
MATERIALS AND METHODS

A literature search was carried out for Randomized Controlled
Trials comparing SRS alone versus WBRT and SRS boost for the
initial management of adult patients with newly diagnosed brain
metastases (single or up to 4).

The search terms used were : whole brain radiotherapy,
metastases tumor of brain or brain metastases or brain
metastasis, stereotactic radiotherapy or stereotactic radiosurgery.
In addition, the references of included studies and of review
articles were reviewed to identify additional articles not found by
the initial search.

The inclusion criteria were as follows:

- any radomized controlled trial on the treatment of brain
metastases using WBRT combined SRS and SRS alone that has
been published . - included
participants 18 years of age or older.

- patients definitely diagnosed as having brain metastases as
study subjects.

3-1-DATA EXTRACTION

The eligible studies were reviewed for study characteristics and
clinical relevance . The following information were extracted onto
standardized data collection forms: author, trial title and year of
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publication, study design, number of participants and their
characteristics.
3-2-Study Design
This study is a Meta-Analysis for clinical trials. Initially , 96 articles
were reviewed under the search strategy and data extraction
methods. Duplicated studies were removed . Non-clinical
randomized studies and irrelevance studies were excluded by
reading the title and abstract .

Finally 3 largest randomized controlled clinical trials conducted
to-date : the Asian trial by Aoyama et al. ,2006; the North
American trial by Chang et al. ,2009; and the European trial by
Kocher et al. , 2011 ; were included . A total of 364 patients were
evaluated for this meta-analysis. .

Note : Importantly, for the RCT by Kocher et al, the treatment
arms randomizing to surgery alone versus surgery followed by
WBRT were excluded for this analysis, and only the data from the
SRS alone versus WBRT and SRS boost randomization were
included.
3-3-THE OUTCOMES
The meta analyses were applied separately on the following
outcomes :

1-year survival rate, local recurrence rate, symptomatic late
neurologic radiation toxicity rate , and new brain metastases rate
3-4-STATISTICAL ANALYSIS
Heterogeneity between studies was anticipated due to different

methods of analysis, different lag exposures, and population
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differences. Meta-analyses was done using an online effect size
calculator based on the reference: Practical Meta-Analysis, by
David B. Wilson,{ David.B Wilson, 2001} .
The data were analyzed using logged odds ratio (OR logged ) and
finally converted into the combined odds ratio (OR) , judging
values of (OR) less than 0.5 to suggest significant difference that
addition of WBRT had reduce the specific clinical outcome , and
values more than 1.5 to suggest significant difference that
addition of WBRT had increase the specific clinical outcome .
Statistical heterogeneity between studies was evaluated using the
Q test and the I? statistic, judging values of 12 less than 25% to
be minimal, less than 50% to be moderate, and 50% or greater to
be substantial.
Where Q and I? were calculated by the following equations,
{David.B Wilson,2001}

[ (Wi x ORlogi)]?

Q = { X [Wix(ORlogi)?] } - YWi ---- (1)
Q-(N-1)

and |2 = Q x100%

(2)

Where :

N is the number of the studies

ORIlogi is the logged adds ratio in the study (i)

Wi is the weight assigned to study (i) , which is given by
Wi =1/V,



[ Vi is the within study variance for study (i) ]

Then : If there was no statistically significant heterogeneity in a
given set of data, the fixed effects model was used for meta-
analysis , where the combined logged adds ratio (OR logged )c
could be calculted by the following equation

Y[Wix(tlogi)]
(OR logged )c = swi e (4)

And finally, (OR logged )cwas converted into the combined odds

ratio (OR) as following

(¢logged)c

(OR) = ¢

While , If the results of trials showed heterogeneity, the random
effects model was used , where the weight Wiwould be adjusted
to include the between study variance ( T ) as following :
*Wi=1/(Vi+T)

Q—(N-1)

Where, T = _X(wi)
WISy

Then , the combined logged adds ratio (OR logged )c could be
calculted by the following equation, {11}
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Y[eWix(ilogi)]
(OR logged )c = YxWi

And finally, (OR logged )c was converted into the combined odds

ratio (OR) according to equation(5) as following

(¢logged)c

(OR) = ¢

Chapter four

Results

Of the 3 RCTs , the pooled analysis for Survival rate could only be
performed on data from the Aoyama and Chang studies , and
yielded no significant difference in Survival between the groups

( table 2 ) with an OR of 0.54 .

For local recurrence rate , and new brain metastases rate , the
analysis was performed on data from all the 3 studies . and the
results showed that there were significant differences favoring
WBRT and SRS boost in reducing the local recurrence rate of the
treated brain metastases (table 4) with an OR of 0.36 , and in
reducing distant new brain metastases rate with an OR of 0.44 .
For the secondary outcome , symptomatic late neurologic
radiation toxicity rate , the analysis was performed on data from
Aoyama study and Chang study . And the results showed that,
there was a significant difference between the two groups with an
OR of 3.84 ( table 8) .
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*Outcomes of the meta-analysis

Table 1 : Frequency table of the 1-Year Survival Rate

Study Group Survivor Died

Aoyam SRS + WBRT 25 40

a SRS alone 19 48

Chang SRS + WBRT 6 22
SRS alone 19 11

Table 2:the results of the Meta-analysis of 1-Year
Survival Rate:

The OR varian weig Weigh Odds

stud logge ce ht t* Ratio
y d (95%Cl)
Aoya 0.45 0.1385 7.22 0.37 1.58(.76,
m 7 3.27)
Chan - 0.3557 2.81 0.34 0.16(.05,
g 1.84 0.51)
6
Total
OR=0.54

Heterogeneity: Q =10.7 ,df=1, I?=90%
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Total

65
67
28
30

Odds Ratio

0.01 0.1 1 10
100

Favoring SRS Favoring
SRS+WBRT

Fig.1 : The blue squares
refer to the Odds Ratios
of the studies, and its

sizes are proportional to
the weight of the study .

And the black square
refers to the combined
Odds Ratio.




TABLE 3 : Frequency table of the local recurrence

Study

Aoyama

Group

SRS +

WBRT
SRS alone

Chang

SRS +

WBRT
SRS alone

Kocher

SRS +

WBRT
SRS alone

Recurren Controlle

t d

2 63
6 61
0.4 27.6
10 20
14 85
28 72

Total
65

67
28

30
99

100

TABLE 4 .the results of the Meta-analysis of local recurrence Rate:

The OR
study logged
Aoya -1.131
m

Chan -3.541
g9

Koch -0.86
er

Total
OR=0.36

varian
ce

0.6989
2.6862

0.1328

Weig Odds Ratio

ht (95%Cl)

1.43 0.32(0.06,
1.66)

0.372 0.03(0.00,
0.72)

7.53 0.42(0.21,
0.87)

Heterogeneity: Q = 2.57 ,df=2, I?=22%
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Odds Ratio

0.01 0.1 1 10
100

Favoring SRs +WBRT
Favoring SRS

Fig.2 : The blue squares
refer to the Odds Ratios
of the studies, and its

sizes are proportional to
the weight of the study .

And the black square
refers to the combined
Odds Ratio.




TABLE 5 : Frequency table of the distant new brain metastases

recurrence
Study Group
t

Aoyam SRS + WBRT 21
a SRS alone 34
Chang SRS + WBRT 8

SRS alone 17
Kocher SRS + WBRT 26

SRS alone 43

44
33
20
13
73
57

Recurren Controlled Total

65
67
28
30
99
100

TABLE 5 .the results of the Meta-analysis of distant new brain

metastases Rate:

The
study

Aoya
ma
Chang

Koche
r

Total

OR=0.44

OR varian Weig
Iaogge ce ht

-0.77 0.1301 07.69

-1.18 0.3107 03.22

-0.75 0.093 10.75

Odds Ratio
(95%Cl)

0.46(0.23,
0.94)
0.31(0.10,
0.91)
0.47(0.26,
0.86)

Heterogeneity: Q =0.49,df=2, 12= 0%
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Odds Ratio

0.01 0.1 1 10
100

Favoring SRS+WBRT
Favoring SRS

Fig.3 :The blue squares
refer to the Odds Ratios
of the studies, and its

sizes are proportional to
the weight of the study .

And the black square

refers to the combined
NAAdc Ratin




TABLE 7 : Frequency table of the Symptomatic Late Neurologic

Radiation Toxicity

Study Group Affected Not
affected
Aoyam SRS + WBRT 7 58
a SRS alone 3 64
Chang SRS + WBRT 9 19
SRS alone 2 28

Total

65
67
28
30

TABLE 8 .the results of the Meta-analysis of Symptomatic Late

Neurologic Radiation Toxicity Rate :

The OR varian Weig

stud logge ce ht
y d

Aoya 0.94 0.5091 1.96
m 6

Chan 1.89 0.6995 1.43
g 2

Total

OR=3.84

Odds Ratio
(95%CIl)

2.57(0.64,
10.42)
6.63(1.29,
34.16

Heterogeneity: Q =0.74 ,df=, I?’= 0%
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Odds Ratio

0.01 0.1 1 10
100

Favoring SRS+WBRT
Favoring SRS

Fig.4 : The blue squares
refer to the Odds Ratios
of the studies, and its

sizes are proportional to
the weight of the study .

And the black square
refers to the combined
Odds Ratio.




Chapter five

Dissection , conclusions , & recommendations
5-1-Discussion :
Fundamentally, those Randomized Controlled Trials evaluating
SRS alone to WBRT plus SRS boost were designed to answer the
guestion of the need for WBRT when local control is optimized by
using SRS in each treatment arm. The clinical aim of SRS alone
was to avoid the potential side effects associated with WBRT,
notably neurocognitive decline.
In this meta-analysis , All the 3 trials evaluated the local
recurrence rate, there was no heterogeneity among them
(Q=2.57 17 =22 %), the fixed effects model was used, the results
showed that there was a significant statistics difference between
the two groups (OR=0.36 ), table (4), Fig.2. Also, All the 3 trials
reported the new brain metastases rate, there wes no
heterogeneity among them (Q=0.49, 1> = 0%), the fixed effects
model was used, the results showed that there was a significant
statistics difference between the two groups (OR= 0.44 ) , table
(6), Fig.3 . Therefore; in this meta-analysis, it was concluded
that the addition of WBRT to SRS significantly reduces local tumor
recurrence rate , and distant new brain metastases rate .
These results are biologically sound as subclinical microscopic
disease in the brain remains untreated without WBRT, resulting in

a greater risk of new brain metastases with time. This
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observation has been confirmed by Randomized Controlled
Trials evaluating prophylactic cranial irradiation (PCI) in lung
cancer patients, such as A meta-analysis published by Van der
Linden , which indicates that PCl reduces the incidence of brain
metastases and prolongs brain metastases-free period.

This reported reduction in local tumor recurrence when adding
WBRT to SRS was expected given that the additional dose
delivered by the WBRT serves to intensify the SRS dose given to
the tumor.

Symptomatic late neurologic radiation toxicity - such as learning
decline and memory loss - was reported in two studies :

A randomized control trial (Aoyama et.al , 2007) that tested the
neurological function using the strategy of mini-mental status
examination (MMSE) indicates that WBRT was effective at
preventing the deterioration of neurological function in an early
phase after treatment. However, to long-term survivors, WBRT
could be a cause of continuous deterioration of neurological
function .

Also , (Chang et. al ,2009 ) evaluated neurocognition using
Hopkins Verbal Learning Test - Revised (HVLT -R) which is a
validated neurocognitive instrument to determine the impact on
the neurocognitive function , and reported that there was a
significant improvement in learning and memory function at 4
months in those treated with SRS alone .

The analysis was pooled on the above 2 studies, and there was no
heterogeneity between them (Q=0.74, 12 = 0%), the fixed effects
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model was used, the results showed that there was a significant
statistics difference between the two groups (OR=3.84 ), table
(8), Fig.4 ., Therefore; in this meta-analysis, it was concluded
that addition of WBRT to SRS significantly increases the late
neurologic radiation toxicity rate. thus, favoring SRS alone for
better functional preservation rates .

This increase in the neurologic radiation toxicity rate when adding
WBRT to SRS was also expected; because the WBRT increases the
dose to healthy tissues, as it is delivered to the target with a
lower precision compared with SRS ;

; Therefore, It could be concluded that it is the treatment effect
of WBRT that affects neurocognition as opposed to the
conjecture that brain metastases recurrence is the major source
of neurocognitive decline . - this is supported by a published
randomized controlled trial on prophylactic cranial irradiation,
which reported that a worse learning and memory
neurocognitive function was observed after WBRT after PCI
despite the lower incidence of metastases in the PCl arm
compared with the controls ,{Gore E, 2005} .

About the main primary end point , the 1-year Survival Rate ,
there were 2 studies (Aoyama et al., 2006; Chang et al., 2009 )
that including 190 patients reported the 1-year survival rate,
heterogeneity was existed among them ( Q=10.7, I? = 90%), the
random effects model was used, the results showed that there
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was no significant statistics difference between the two groups
(OR=0.54, 95%CI: 0.05 ~ 5.4) , table (2)., Fig.1.

Although this result was not considered significant ( 50%
improvement could not be detected ), but one can consider SRS
alone is better ; this could be explained by the adverse effects of
WBRT on the neurocognitive function . The results of a similar
meta-analysis conducted by Sahgal also favoring SRS with a
significant difference; but just for patients of 50 years old and
younger,{Saghal , 2015} ,where they classify the patients by age
as the most important prognostic factor !! . Their way for
classification was the big limitation for their study , where the
recursive partitioning analysis classification is considered better
than classification by age .

In this meta-analysis , it was concluded that there was no
significant difference - where it was less than 50% - as well as
this difference might not be due to the effects of the WBRT, rather
might be due to the prognostic factors of the patients that
significantly affect the survival rate , where almost half of the
patients in the included studies were different with respect to
histology and prognosis .

Furthermore , the distribution of the patients by age, recursive
partitioning analysis (RPA), and number of brain metastases

cannot equalize these heterogeneities between the groups. Thus,
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the best method to equalize and balance the factors related to
the tumor itself is to perform a randomized study in patients with
same tumor histology and prognostic factors . Although this is
the best way to demonstrate the beneficial or detrimental effect
of WBRT, but it is difficult to complete this proposed trial ,
knowing the fact that even the three nationally randomized trials
could enroll only 364 patients, So, further studies should focus

on finding best method for classification of the patients .

5-2-Limitations :- This meta-analysis has several

limitations :-

Firstly, for the secondary outcome - the neurologic radiation
toxicity - the analysis was performed on data from 2 studies those
used differrent neurocognitive tests those are not directly
comparable - where the MMSE is not regarded an appropriate
measure of neurocognition but of dementia .

Also, Patients were from different countries, as a result, there
might be some differences exist among them. Additionally, the
radiation does they received, their age, primary tumor, number of
brain metastases and RPA class were totally different, these
factors produced potential threatens to this meta-analysis. And
so, the apparent detrimental effect of adding whole-brain
radiation therapy to stereotactic radiosurgery may be the result of
inhomogeneous distribution of the patients with respect to
histology and prognosis rather than the effect of the treatment
itself .
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5-3- Conclusions :-

Based on the results of this meta-analysis , it could be
concluded that
Addition of whole brain radiation therapy to stereotactic
radiosurgery significantly reduces the local tumor recurrence and
distant new brain metastases recurrence . but increases the late
neurologic radiation toxicity especially the neurocognitive decline
such as decline in learning and memory function .
On other hand , the addition of whole brain radiation therapy to
stereotactic radiosurgery yields no significant improvement in
survival when it is compared to stereotactic radiosurgery alone .

Of note , more studies with large sample sizes should

be carried out for confirmation . as well as further studies should
be focused on finding the best way for classification of the
patients .
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5-4- Recommendations :

Finally , ( - Because the tumor control is the main goal - and till
more studies with large sample sizes are carried out ) , It is
recommended that :

The patients with 1 to 4 brain metastases all of which have a
diameter less than 4 Cm , are preferred to be treated with
combination of SRS+WBRT - with taking much care for giving the
right doses - and using chemical drugs for treating the
potential side effects .

This and more studies should be focused on finding best ways
for dose delivery - to reduce the possible effects associated with
WBRT -, and on finding better chemical drugs for these effects
when they occur .
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Appendix-1 : Characteristics of the Included studies :-
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Study(year) Patients Number of Radiation
Brain dose(Gy)
SRS WBRT+S metastases SRS WBRT+S
RS RS
Aoyama et . 67 65 1-4 22~2 30
2006 5
Chang et al. 30 28 1-3 19~2 30
2009 0
kocher et 100 99 1-3 19~2 30
al.2011 0
Study(ye % single Local Distant  Overall Neurocognitive
ar) brain Control Control survival Outcomes
metastasi at 1 year At 2 At 1 year
S SRS alone  years SRS
SRS Vs SRS alone
alone WBRT+SRS alone Vs
Vs Vs WBRT+S
WBRT+S WBRT+S RS
RS RS
Aoyama  49% vs. 72.5%vs88. 36.3% vs 28.4% vs 3 point drop in
et 48% 7% 58.5% 38.5% MMSE (Not
al.2006 significant )
Chang et 60% vs. 67% vs 45% vs 63% vs  Mean Posterior
al. 2009 54% 100% 73% 21% Probability of
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decline at
4 months: 24% vs
52%



( Significant )

kocher et 68% vs. 72% vs 57%vs74 Not Not reported
al.2011 66% 86% % significa
nt
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