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Background: Brain metastases is a major health care problem and is the most common
intracranial cancer in adults. These patients may benefit from intensive treatments including
neurosurgery and radiosurgery but many patients cannot receive such treatment, and whole
brain radiotherapy (WBRT) alone is the only option. The most common WBRT schedule is 30
Grays (Gy) in 10 fractions (fr). However there is need to develop fractionation schedules, but
total dose still remain dilemma.The Purpose of this study to assess the potential benefit of
dose escalation beyond 30 Gy.
Patients and methods: Total 120 patients with multiple brain metastases, previously
untreated with WBRT were randomly assigned into two arms. All patients have favorable
survival prognosis. Seventy patients received a total 30Gy in 10fr, 3Gy/fr administered daily
5days/week in arm A and 50 patients received 39Gy in 13fr, with same schedule in arm B.
Both arms were compared for local control (LC) and overall survival (OS).
Results: The LC rate at 18 months was 11% after 30 Gy and 24% after 39 Gy (p
value=0.068). The survival rate at18 months was 21% after 30 Gy and 38% after 39Gy (OS
21% vs. 38%, hazard ratio 0.593; 95% CI: .395-.891; p value=0.047). On subgroup analysis of
primary tumor, the 18 months LC rate was 16% vs 53% in Breast (p value=0.020) and10% vs
11% in Lung cancer (p value=0.809) in arm A and B respectively; the 18 months OS rate was
14% vs26% in Lung (P value=0.160) and 37% vs 73% in Brest cancer (p value=0.034) in arm
A and B respectively.
Conclusion: Escalation of the WBRT dose beyond 30 Gy resulted in better outcomes,
particularly for patients with primary breast cancer.

Introduction
Brain metastases is most common intra-cranial malignancy in adults [1]. Around 10% to 30% of all
cancer patients, develop brain metastases during course of their disease [2]. Brain metastases can
be diagnosed as a synchronous or metachronous malignancy [3]. The most common primary site is
lung followed by breast. Most of patients presents with neurologic sign and symptoms. Whole-brain
radiotherapy (WBRT) alone is the most common treatment for these patients, particularly in those
who have multiple lesions. Majority of patients with multiple brain metastases have a poor survival
prognosis of only a few months [4]. It has been seen that patients who have up to 3 brain lesions
may have a considerably more favorable survival prognosis. It has been reported that these patients
benefit from more intensive treatment, including neurosurgery or radiosurgery, in terms of better
intracerebral control and overall survival [5-7]. If more intensive treatment cannot be used, and
although, neurosurgery and radiosurgery are not available in many institutions worldwide, even in
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developed countries then WBRT alone is the only reasonable treatment option. Dexamethasone is
frequently used to control brain edema. At present supportive care along with WBRT remains the
standard of care for all symptomatic patients with multiple brain lesions that are not amenable for
surgery.

as the overall survival for patients with brain metastases remains poor, the use of prognostic scales
help to guide therapies. One of the useful prognostic scales was based on 1200 patient’s
consecutive Radiation Therapy Oncology Group (RTOG) phase 3 brain metastases trials [8] from
1979 to 1993. Using recursive partitioning analysis (RPA) three well defined prognostic groups
(RPA class I, II and III) were identified based on age (< 65 or = 65 and older), KPS of>70, = 70 or
< 70, absence or presence of extracranial metastases and primary tumor status.

In this study, only patients who had the most favorable survival score were included. This study
compared 30 Gy in 10 fractions with 39 Gy in 13 fractions to evaluate local control and overall
survival.

Materials and Methods
This was a randomized prospective comparative study conducted at Regional Cancer Treatment
and Research Institute.

  Eligibility Criteria  

The study protocol included total 120 patients of brain metastases with a known primary of breast
and lung only; who were enrolled from March 2016 to November 2017. The majority of these
patients had favorable prognosis. Further inclusion criteria were as follows: no prior radiotherapy
to the brain, confirmation of metastases by CECT or MRI imaging and administration of
dexamethasone (12-32 mg daily) during WBRT. The data were obtained from the patients and their
files.

The protocol was approved by hospital’s institutional ethical committee, and all patients were
properly informed and consented for the treatment study. Study design was intent to treat.

  Study design  

Patients were randomly assigned to two arms, A and B; 70 patients in armAand 50 patients in arm
B. randomization was done by using the web site randomization.com prior to start WBRT. Patients
characterstics is described in Table 1. 

Patients characteristics  Number of patients  P value
  Arm A, n=70 (30 Gy/10

fr)
Arm B, n=50 (39
Gy/13fr)

 

Age < 65 years 59 40 0.542
 >65 years 11 10  
Sex Male 45 31 0.798
 Female 25 19  
KPS score ≥70 46 34 0.793
 < 70 24 16  
Socioeconomic status Urban 13 8 0.715
 Rural 57 42  
Number of lesion Single 8 5 0.803
 Multiple 62 45  
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Extra cranial metastasis Yes 17 14 0.647
 No 53 36  
Primary disease Lung 51 35 0.732
 Breast 19 15  
Interval from tumor
diagnosis to WBRT

≤ 6 months 55 39 0.94

 ≥ 6 months 15 11  
Table 1. Patients Characteristics.  

Total 70 patients in arm A treated with WBRT dose 30 Gy; 3 Gy/fraction in total 10 fractions and 50
patients in arm B patients treated 39 Gy; 3 Gy/fr (1fr per day and 5fr per week in both arms) in
total 13 fractions on telecobalt units Theratron 780C/780E/ Bhabhatron with photon energy of 1.25
Mev. WBRT was given by parallel opposed right-left lateral portals. supportive care specially
mannitol, dexamethasone was started at the beginning of treatment and also continued during
radiotherapy. All statistical analysis were performed by using SPSS for windows, version 20.0.

Alongwith the WBRT regimen, some potential prognostic factors were evaluated like Age (<65
years vs >65 yrs), Sex, Karnofsky performance score (KPS<70 vs >70), Primary tumor type ( breast
vs lung cancer), the no. of brain metastases (single vs multiple) and the presence of extracranial
metastases (yes vs no). both groups were also comparable for these factors (Table 1).

Assessment of overall survival were done by using the kaplan-meier-method [10].

Results
The baseline patients and tumor characteristics are described in Table 1. All characteristics were
balanced and comparable. The local control and overall survival on different follow-up visits are
shown in Table 2-3. The median follow up was 18 months (6 months, 12 months, and 18 months).

Patients were followed up until death or on 3 months, 6 months, 12 months and 18 months. The
median survival after WBRT was 10.4 months for whole cohort. The median survival was 13.4
months for 39 Gy arm and 9.2 months for 30 Gy arm.

On subgroup analysis improved local control was significantly associated with KPS>70 (p value =0
.015) and primary breast cancer (p=0.004). A strong trend toward better local control was seen for
dose escalated 39 Gy arm (p=0.068). Significantly increased overall survival was associated with 39
Gy arm (p=.047), KPS> 70 (p=.0003), female sex (p=.008) and breast primary (p=0.0002).

The rate of grade 2 acute toxicity, including nausea, headache, and oral mucositis according to
version 2.0 of the Common Toxicity Criteria [11], was 20% after 30 Gy in 10 fractions and 18% after
39 Gy in 13 fractions (P value=0.783). Relevant late toxicity rates, including neurocognitive
deficits, visual disturbances, and hearing problems, were 29% after 30 Gy in 10 fractions and 24 %
after 39 Gyin13 fractions (P value=0.576)).

 Discussion
With gradual improvements in the care of cancer patients, longer survival is expected even in
patients having multiple brain metastases. WBRT is most frequently used treatment for patients
with brain metastases. For patients who have 1 to 3 brain metastases and favorable survival
prognosis, more intensive treatment approaches, including neurosurgery or radiosurgery, are used.

Although, because of inappropriate size or location of tumor, such intensive treatment may not be
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possible. If WBRT alone is administered, then 30 Gy in 10 fractions is considered the “standard”
regimen. However, the results of WBRT alone with 30 Gy is associated with relatively poor
treatment outcomes and need to be improved with respect to overall survival and local
intracerebral control specially for the patients of relatively favorable survival prognosis, because
these patients are likely to live long enough to develop such a recurrence.

There are so many approaches have been tried to improve the results of WBRT alone. Many
randomized control studies compared WBRT alone with WBRT plus various radio-sensitizing agents
like misonidazole, metronidazole, ionidazole, and motexafin gadolinium [12-15]. However, the
administration of such radiosensitizers did not improve treatment outcomes. The addition of
chemotherapy to WBRT were also not be beneficial [16-20]. Another approach to improve treatment
outcomes is the escalation of WBRT dose beyond the standard (30 Gy in 10 fraction). In this current
study, we compared 30 Gy in 10 fractions with 39 Gy in 13 fractions. The biologic effectiveness of
irradiation depends on both total dose and dose per fraction. Different radiation schedule scan be
compared with the equivalent dose in 2-Gyfractions (EQD2), which takes into account the total dose
and the dose per fraction [9]. The EQD2 is calculated with the equation EQD2= D x ([d + a/b]/(2Gy
+ a/b), as derived from the linear-quadratic model; where D is the total dose, d is the dose per
fraction, a is the linear (first-order, dose- dependent) component of cell killing, b is the quadratic
(second order, dose-dependent) component of cell killing, and the a/b ratio is the dose at which
both components of cell killing are equal. Assuming an a/b ratio of 10 Gy for tumor cell kill, the
EQD2 of the radiation schedules are 32.5Gy (30 Gy in 10 fractions) and 42.4 Gy (39 Gy in 13
fractions), respectively. Thus, the regimen investigated in the current study represented a dose
escalation by almost 30% compared with 30 Gy in 10 fractions. Previous studies, including Kurtz et
al [21] and Chatani et al [22] compared 30 Gy in 10 fractions with 50 Gy in [20] fractions reported
median survival of 4.4 months vs 3.9 months and 5.4 months vs 4.8 months in both arms of above
studies respectively (p value= 0.84). This current study included only patients who had a favourable
survival prognosis and results suggest that patients who have a relatively favourable survival
prognosis do benefit from WBRT regimen favoring 39 Gy in 13 fractions (P ¼ .064; Figure 1). 

Figure 1. This Figure Compares whole-brain Radiotherapy at 30 grays (Gy) in 10 fractions with 39 Gy in 13
fractions with respect to overall survival. (OS 21% vs. 38%, hazard ratio 0.593; 95% CI: .395-.891; p
value=0.047). 

Both local control and overall survival were significantly better after 39 Gy in 13 fractions than
after 30 Gy in 10 fractions (Table 2 and 3).

Variable At 6 months At 12 month At 18 months P value
WBRT schedule 0.068
30 Gy/10 fr (N=70) 50 % (35) 26% (18) 11% (08)
39Gy/13 fr (N=50) 56% (28) 36% (18) 24% (12)
Age 0.334
<65 yr (N= 99) 60% (59) 30% (30) 17% (18)
>65 yr (N=21) 19% (04) 09% (02) 09% (02)
Sex 0.734
Female (N=44) 61% (27) 43% (19) 18% (08)
Male (N=76) 47% (36) 22% (17) 16% (12)
KPS 0.015
>70 (N=80) 68% (54) 41% (33) 23% (18)
<70 (N= 40) 23% (09) 08% (03) 05% (02)
Primary tumor 0.004
Lung (N=86) 47% (41) 21% (18) 10% (09)
Breast (N=34) 65% (22) 53% (18) 32% (11)
Extracranial mets 0.513
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Yes (N=31) 42% (13) 19% (06) 13% (04)
No (N=89) 56% (50) 34% (30) 18% (16)
Number of mets 0.148
Single (N=13) 46% (6) 46% (6) 31% (4)
Multiple (N=107) 53% (57) 28% (30) 15% (16)
Table 2. Subgroup Analysis of Local Control.  
Variables At 6 months At 12 months At 18 months P value
WBRT schedule 0.047
30 Gy/10 fr (N=70) 57% (40) 39% (27) 21% (15)
39Gy/13 fr (N=50) 66% (33) 50% (25) 38% (19)
Age 0.298
<65 yr (N= 99) 67% (66) 47% (47) 30% (30)
>65 yr (N=21) 33% (07) 24% (05) 19% (04)
Sex 0.008
Male (N=76) 48% (37) 35% (27) 20% (15)
Female(N=45) 80% (36) 56% (25) 42% (19)
KPS 0.0003
>70 (N=80) 77% (62) 59% (47) 39% (31)
<70 (N= 40) 28% (11) 13% (05) 08% (03)
Primary tumor 0.0002
Lung (N=86) 52% (45) 34% (29) 19% (16)
Breast (N=34) 82% (28) 68% (23) 53% (18)
Extracranial mets 0.198
Yes (N=31) 48% (15) 23% (07) 19% (06)
No (N=89) 65% (58) 51% (45) 31% (28)
Number of mets 0.131
Single (N=13) 77% (10) 61% (08) 46% (6)
Multiple (N=107) 59% (63) 41% (44) 26% (28)
Table 3. Subgroup Analysis of Overall Survival.  

In conclusion, this study results suggest that WBRT at 39 Gy in 13 fractions have better
intracerebral control and overall survival than 30 Gy in 10 fractions for patients who have relatively
good survival prognosis.

  Ethical Approval 

The study was approved by the institutional Review Board.
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