
Abstract. Background/Aim: To investigate the impact of
overall treatment time (OTT) of whole-brain radiotherapy
(WBRT) with 5×4 Gy on outcomes. Patients and Methods:
Forty-four patients for whom WBRT was started on a
Monday (OTT=5 days) were compared to 136 patients, for
whom WBRT was started on another weekday (OTT=7 days;
weekend break) regarding intracerebral control and survival.
Seven other factors were also analyzed. Results:
Intracerebral control at 6 and 12 months was 64% and 36%
after OTT of 5 days vs. 57% and 38% after OTT of 7 days
(p=0.68). On multivariate analysis, intracerebral control
was positively associated with a better Eastern Cooperative
Oncology Group performance score (ECOG-PS) (p<0.001).
Survival at 6 and 12 months was 36% and 16% after OTT of
5 days vs. 35% and 19% after OTT of 7 days (p=0.81). On
multivariate analysis, survival was positively associated with
better ECOG-PS (p<0.001) and absence of extracerebral
lesions (p=0.004). Conclusion: Prolongation of OTT to 7
days had no impact on outcomes after WBRT with 5×4 Gy. 

Depending on the type of primary tumour, up to 40% of
adult patients with cancer develop brain metastases (1).
About 60% of these patients present with four or more
lesions, and in many the performance status is markedly
reduced (2, 3). The majority of patients with brain metastases
are candidates for whole-brain radiotherapy (WBRT) alone.
For WBRT of brain metastases, different dose-fractionation
regimens are available. Common regimens include 5×4 Gy

in 1 week, 10×3 Gy in 2 weeks, 14-15×2.5 Gy in 3 weeks
and 20×2 Gy in 4 weeks. A retrospective study of 416
patients showed that for patients with brain metastases, an
escalation of the WBRT dose beyond 10×3 Gy did not
improve intracerebral control or survival (2). An additional
study suggested that patients with a favourable survival
prognosis based on a validated score appeared to benefit
from total doses greater than 30 Gy (4, 5). However, most
patients requiring WBRT have an expected survival of only
a few months (1). Taking into account their limited lifespan,
most patients should receive a dose-fractionation regimen
with a short overall treatment time (OTT) such as 5×4 Gy in
1 week. In a retrospective study of 442 patients treated with
WBRT for multiple brain metastases, 5×4 Gy was not
inferior to 10×3 Gy with respect to feasibility, intracerebral
control and survival (6). Therefore, WBRT with 5×4 Gy is
used at many centres for patients with brain metastases and
poor expected survival. However, one question that has not
yet been answered is the effect of a weekend break in
treatment. Since 5×4 Gy consists of only five fractions, it
may be important for an optimal treatment efficacy that
WBRT is performed without a break (OTT=5 days). The
presents study compared patients receiving 5×4 Gy, for
whom WBRT was started on a Monday and administered on
five consecutive days to patients for whom WBRT was
started on another weekday (Tuesday to Friday) and
interrupted for two days during the following weekend
(OTT=7 days). If the weekend breaks lead to less favourable
outcomes, one might consider continuing WBRT during the
weekend or giving a sixth fraction to compensate for the 2-
day break.

Patients and Methods
This study compared 44 patients for whom WBRT alone with 5×4
Gy was started on a Monday (OTT=5 days) to 136 patients for
whom WBRT was started on a Tuesday, Wednesday, Thursday or
Friday (OTT=7 days: 5 days plus weekend break) for the endpoints
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intracerebral control and survival. In addition to OTT, seven
potential prognostic factors were investigated for associations with
outcomes including age (≤64 vs. ≥65 years), gender, Eastern
Cooperative Oncology Group performance score (ECOG-PS 0-1 vs.
2 vs. 3), primary tumour type (breast cancer vs. lung cancer vs.
other), number of brain metastases (1-3 vs. ≥4), presence of
extracerebral metastatic lesions (no vs. yes), and the interval from
first diagnosis of cancer to WBRT (≤12 vs. >12 months) (Table I).
The rates of intracerebral control and survival were referenced from
the last day of WBRT. For univariate analyses, the Kaplan–Meier
method and the log-rank test were used (7). Those prognostic
factors that showed a significant association with treatment
outcomes (p<0.05) were additionally analyzed in a multivariate
manner with the Cox regression analysis.

Results

Patients were followed-up until death or for a median of 11.5
months (range=6-38 months). In the univariate analysis of
intracerebral control, improved outcomes were significantly
associated with an ECOG-PS of 0-1 (p<0.001), presence of
only 1-3 cerebral lesions (p=0.021) and an interval from first

diagnosis of cancer to WBRT of more than 12 months
(p=0.035) (Table II). The OTT had no significant impact on
intracerebral control (p=0.68, Figure 1). In the subsequent
Cox regression analysis, the ECOG-PS remained significant
[risk ratio (RR)=2.24; 95% confidence interval (95%
CI)=1.50-3.39; p<0.001). The interval from first diagnosis
of cancer to WBRT achieved borderline significance
(RR=1.58; 95% CI=0.99-2.55; p=0.054). The number of
cerebral lesions was not significant (RR=1.15; 95% CI=0.91-
1.48; p=0.25).

In the univariate analysis of survival, age ≤64 years
(p=0.042), female gender (p=0.003), ECOG-PS of 0-1
(p<0.001), breast cancer (p=0.019), presence of only 1-3
cerebral lesions (p<0.001), and absence of extracerebral
metastases (p<0.001) were positively associated with better
outcomes (Table III). In contrast, the OTT had no significant
impact on survival (p=0.81, Figure 2). On Cox regression
analysis, survival was significantly associated with ECOG-
PS (RR=2.18; 95% CI=1.61-2.96; p<0.001) and
extracerebral metastases (RR=1.77; 95% CI=1.20-2.68;
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Table I. Distribution of patient factors in the groups treated with whole-
brain radiotherapy (WBRT) with an overall treatment time (OTT) of 5
days and WBRT with an OTT of 7 days. 

                                                                         OTT 

                                                        5 Days (%)     7 Days (%)     p-Value

Age
   ≤64 Years (n=96)                           21 (48)           75 (55)
   ≥65 Years (n=84)                           23 (52)           61 (45)            0.63
Gender
   Female (n=95)                               23 (52)           72 (53)
   Male (n=85)                                   21 (48)           64 (47)            0.98
ECOG performance score
   0-1 (n=23)                                        5 (11)            18 (13)
   2 (n=103)                                       25 (57)           78 (57)
   3 (n=54)                                         14 (32)           40 (29)            0.98
Primary tumor type
   Breast cancer (n=39)                       9 (20)           30 (22)
   Lung cancer (n=80)                       20 (45)           60 (44)
   Other cancer (n=61)                      15 (34)           46 (34)            0.99
Number of cerebral lesions
   1-3 (n=29)                                        8 (18)           21 (15)
   ≥4 (n=151)                                     36 (82)          115 (85)            0.91
Extracerebral metastases
   No (n=61)                                      14 (32)           47 (35)
   Yes (n=119)                                    30 (68)           89 (65)            0.91
Interval from cancer 
diagnosis to WBRT
   ≤12 Months (n=105)                     26 (59)           79 (58)
   >12 Months (n=75)                       18 (41)           57 (42)            0.97

p-Values were obtained from the Chi-square test. ECOG: Eastern
Cooperative Oncology Group.

Table II. Univariate analysis of intracerebral control after whole-brain
radiotherapy (WBRT).

                                                            At 6                At 12          p-Value
                                                      months (%)     months (%)

Overall treatment time
   5 Days (n=44)                                  64                    36
   7 Days (n=136)                                57                    38                 0.68
Age
   ≤64 Years (n=96)                              61                    38
   ≥65 Years (n=84)                              55                    36                 0.79
Gender
   Female (n=95)                                  64                    47
   Male (n=85)                                      51                    16                 0.07
ECOG performance score
   0-1 (n=23)                                         87                    63
   2 (n=103)                                          61                    41
   3 (n=54)                                            34                      0               <0.001
Primary tumor type
   Breast cancer (n=39)                        75                    57
   Lung cancer (n=80)                          53                    31
   Other cancer (n=61)                         52                    21                 0.08
Number of cerebral lesions
   1-3 (n=29)                                         76                    54
   ≥4 (n=151)                                        55                    33                 0.021
Extracerebral metastases
   No (n=61)                                         57                    47
   Yes (n=119)                                      60                    30                 0.57
Interval from cancer 
diagnosis to WBRT
   ≤12 Months (n=105)                        49                    33
   >12 Months (n=75)                          72                    45                 0.035

ECOG: Eastern Cooperative Oncology Group. Significant p-values are
shown in bold.



p=0.004). A trend was observed for age (RR=1.33; 95%
CI=0.95-1.86; p=0.09) and gender (RR=1.41; 95% CI=0.98-
2.04; p=0.06). Primary tumour type (RR=1.10; 95% CI 0.86-
1.40; p=0.45) and number of cerebral lesions (RR=1.05;
95% CI=0.89-1.26; p=0.57) were not significant in the
multivariate analysis.  

Discussion

The treatment of patients with brain metastases has gained
more attention in light of personalization of anticancer
treatment (8-13). A recent randomized trial of 538 patients
suggested best supportive care including dexamethasone
alone for selected patients with brain metastases from non-
small cell lung cancer achieved similar results as WBRT,
with median survivals of only 57 and 65 days, respectively
(8). In contrast, a retrospective study on 652 metastases in
95 patients (median=2 lesions, range=1-14 lesions) suggested
that repeat radiosurgery is safe and effective. Median
survival times were 18 months following the first

radiosurgery treatment and 11 months following the second
treatment, respectively (9). In a single-arm phase II study of
60 patients who received volumetric radiosurgery for 1-10
brain metastases, the median survival time was 10 months
(14). The comparably long median survival times in the
latter two studies suggest that these patients were not
representative of the majority of patients with multiple
cerebral lesions. The median survival times in most series of
patients with multiple brain metastases are only a few
months (1, 2, 5, 6). Thus, WBRT alone remains the standard
approach for patients with multiple cerebral lesions. The
WBRT program should be adjusted to the patient’s survival
prognosis. Patients with more favourable prognoses appear
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Figure 1. Comparison of whole-brain radiotherapy (WBRT) with an
overall treatment time (OTT) of 5 days and of 7 days with respect to
intracerebral control.

Figure 2. Comparison of whole-brain radiotherapy (WBRT) with an
overall treatment time (OTT) of 5 days and of 7 days with respect to
survival.

Table III. Univariate analysis of survival after whole-brain radiotherapy
(WBRT).

                                                            At 6                At 12          p-Value
                                                      months (%)     months (%)

Overall treatment time
   5 Days (n=44)                                  36                    16
   7 Days (n=136)                                35                    19                 0.81
Age
   ≤64 Years (n=96)                              44                    25
   ≥65 Years (n=84)                              25                    10                 0.042
Gender
   Female (n=95)                                  43                    29
   Male (n=85)                                      26                      5                 0.003
ECOG performance score
   0-1 (n=23)                                         74                    43
   2 (n=103)                                          42                    21
   3 (n=54)                                              6                      2               <0.001
Primary tumor type
   Breast cancer (n=39)                        51                    43
   Lung cancer (n=80)                          31                    11
   Other cancer (n=61)                         30                    10                 0.019
Number of cerebral lesions
   1-3 (n=29)                                         59                    38
   ≥4 (n=151)                                        30                    14               <0.001
Extracerebral metastases
   No (n=61)                                         57                    34
   Yes (n=119)                                      24                    11               <0.001
Interval from cancer 
diagnosis to WBRT
   ≤12 Months (n=105)                        33                    12
   >12 Months (n=75)                          37                    26                 0.31

ECOG: Eastern Cooperative Oncology Group. Significant p-values are
shown in bold.



to benefit from total doses greater than 30 Gy in terms of
improved intracerebral control and survival (4). In contrast,
for patients with less favourable prognoses who are
considered candidates for WBRT, 5×4 Gy in 1 week appears
the most appropriate regimen (6). The survival prognoses of
patients with brain metastases can be estimated with several
available scoring instruments (5, 10, 12, 15, 16).

If a patient is prescribed WBRT with 5×4 Gy, one aspect
that has not yet been investigated regards the question of
whether the weekday WBRT is started has an impact on
treatment outcomes. In the present study, we compared the
patients, who started their treatment on Monday and received
five daily fractions of 4 Gy until Friday without a break to
those patients who started WBRT on another weekday and
had a 2-day break at the weekend. Both groups were
compared with respect to intracerebral control and survival.
According to the results of this study, the weekend break had
no significant impact on either of the investigated endpoints.
Therefore, continuation of the daily treatment during the
weekend or an additional fraction of WBRT appears
unnecessary. The retrospective design of this study should be
taken into account when interpreting these results. However,
a randomized trial to answer this question is unlikely: a
planned delay of WBRT by 2 days due to trial design, which
may lead to worsening of symptoms and a patient’s
prognosis, is unethical.

In contrast to the OTT, in the present study, the ECOG-PS
was significantly associated with intracerebral control on
multivariate analysis, and the interval from first diagnosis of
cancer to WBRT achieved borderline significance. In
addition, the number of cerebral lesions had an impact on
intracerebral control on univariate analysis. These findings
are consistent with the results of a previous study including
patients with brain metastases who received different
treatments including WBRT and radiosurgery (17). On Cox
regression analysis of the present study, survival was
significantly associated with PS and presence of
extracerebral metastases. These two prognostic factors were
also independent predictors of survival in all studies
providing scoring systems for estimating the survival of
patients irradiated for brain metastases (5, 15, 16).  

In summary, based on the findings from this study of
patients receiving WBRT with 5×4 Gy for brain metastases,
prolongation of OTT from 5 to 7 days caused by a weekend
break had no impact on intracerebral control or survival.
Thus, continuation of the WBRT during the weekend or
administrations of extra doses to compensate for this break
are unnecessary.
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