
Abstract. Aim: To look at differences between fractionation
schedules regarding established prognostic factors in patients
treated with whole-brain radiotherapy (WBRT) for
metastasis and actual survival. Patients and Methods: One
hundred and forty-six patients with brain metastases treated
with WBRT with three different fractionation schedules with
respect to the single dose (SD) 20×2.0 Gy (SD2), 15×2.5 Gy
(SD2.5) and 10×3 Gy (SD3) were included. Results: The
median overall survival in the SD2, SD2.5 and SD3 groups
was 10.3, 10.3 and 5.5 months (p=0.005) while in recursive
partitioning analysis (RPA) classes I, II and III it was 16.7,
8.1 and 3.7 months, respectively (p<0.0001). Statistically
significant variables for overall survival were age (<60
years, p<0.0001) and primary site (breast, p=0.049) in the
univariate analysis, and age (p=0.003) and RPA class
(p<0.0001) in the multivariate analysis. Conclusion: The
dose fractionation schedule for WBRT of metastases
adequately reflected the clinical estimate of more favourable
prognosis. Reduced single doses due to neurocognitive
decline may be considered in patients with RPA class I.

In palliative radiotherapy, life expectancy is an important
factor in decision making. For those patients predicted to
have short survival, protracted radiation schedules may be a
burden (1). Priority is given to controlling symptoms and
improving quality of life (QoL) instead of concerns about
radiation-induced late effects.

On the other hand, assessing life expectancy for patients

with advanced cancer is rather inaccurate. There are very
limited data addressing the accuracy of survival prediction
by radiation oncologists in the palliative setting (2). The
predicted survival time in patients with brain metastases
influences the decision on dose fractionation in whole-brain
radiotherapy (WBRT), with lower single doses given to
patients with longer estimated life expectancy, and the choice
of radiotherapy dose fractionation is often based on the
radiation oncologist’s estimate of a patient’s survival (3).

The aim of the study was to analyse the WBRT
fractionation schedule for patients with brain metastases and
to retrospectively compare the radiation oncologists’ survival
estimate and the actual survival in addition to well
established prognostic factors.

Patients and Methods

Between 01/2000 and 12/2002, 146 consecutive patients with newly
diagnosed brain metastases received WBRT at a single institution
and were retrospectively analysed. The patients characteristics are
shown in Table I. Ninety-two patients were female (63% ) and fifty-
four male (37% ). Breast and lung cancer represented 74% of all
the primary tumour sites (Table I). A single brain metastasis was
present in 39 patients (27% ). Neurosurgical excision prior to
WBRT was performed in 25 patients (17% ). Chemotherapy was
given to 45 patients (31% ) within a 3 month period before WBRT;
but not concomitantly with radiation. A stereotactic radiosurgical
boost with a median dose of 15 Gy was applied to 6 patients
following WBRT, in these patients the WBRT single dose was
always kept below 3 Gy. In 15 patients (10% ), WBRT was
discontinued prematurely after a median of 15 Gy due to
progressive decline in general condition, early death or the patient’s
decision to terminate the treatment.

The patients were grouped according to three different dose
fractionation schedules with respect to the single dose (SD), 20×2.0
Gy (SD2) in 38 patients (26% ), 15×2.5 Gy (SD2.5) in 71 patients
(49% ) and 10×3 Gy (SD3) in 37 patients (25% ). Recursive
partitioning analyses (RPA) generated three prognostic classes as
shown in Table I (4). The leading criterion for assigning patients to
the prognostically unfavourable RPA class III is a Karnofsky
performance score (KPS) <70% , whereas patients in the more
favourable RPA class I must fulfil all criteria with a KPS of at least
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70% , age <65 years and absence of extracerebral tumour activity
including a controlled primary tumour. All the other patients are
classified within the intermediate RPA class II.

Statistical analysis was performed using the commercially
available software package Statistical Package for Social Sciences
(SPSS V14.0). Tests for differences between the fractionation
groups were performed using Chi-square tests for categorical
variables (two to three categories) and the t-test for continuous
variables (age). Survival time was measured from the time of first
radiotherapy. The end-point analysed was overall survival with
death from any cause defined as the event. The actuarial survival
time was calculated by the product-limit method of Kaplan and
Meier and the differences were compared using the log-rank test. A
multivariate step-wise Cox proportional regression analysis was
used to identify significant prognostic factors for survival. The
following parameters were included in the analysis as categorical
variables, fractionation group (SD2, SD2.5 and SD3), RPA
prognostic group (RPA class I , II and III), age (<60 years vs. ≥60
years), primary site (breast cancer vs. other primaries), single brain
metastasis (yes vs. no), neurosurgical excision (yes vs. no) and
chemotherapy within 3 months prior to WBRT (yes vs. no). A two-
sided p-value <0.05 was considered to be significant.

Results
At the time of data analysis, all the patients had died. The
median survival of all the patients was 8.8 months after first
WBRT (range 0.1 to 50.6 months) with an actuarial 1- and
2-year survival of 37% and 5% , respectively. The median
survival of the patients in the SD2, SD2.5 and SD3
fractionation groups was 10.3, 10.3 and 5.5 months (Figure
1, p=0.005), while that of the patients with RPA class I, II
and III was 16.7, 8.1 and 3.7 months, respectively (Figure 2,
p<0.001). Additional variables with significant influence on

overall survival in univariate analysis were age (<60 years
vs. ≥60 years, p<0.001) and breast cancer vs. other primaries
(p=0.049). In multivariate analysis, only RPA prognostic
group (p<0.001) and age (p=0.003) remained statistically
significant prognosticators of survival.

Due to the very similar survival figures, the patients in the
SD2 and SD2.5 fractionation groups (n=109) were grouped
together for further analysis and compared to the remaining
patients with 3 Gy single dose (SD3, n=37). The patients
with single doses <3 Gy were statistically significantly
younger (mean difference 4.8 years, p=0.028), more
frequently breast cancer patients (p=0.014) and presented
more often with a single brain metastasis (p=0.036) than the
patients with 3 Gy single doses (Table II). Despite the
prognostic value of RPA class on survival, the distribution of
patients with RPA class I-III within the two fractionation
groups was not significantly different (p=0.184, Table II).

Discussion

The patients of the SD2 and SD2-5 groups lived significantly
longer, with the median survival time being almost double
compared to patients with 3 Gy single doses (10.3 vs. 5.5
months, p=0.005). This obviously reflected an adequate
assessment of life expectancy by the radiation oncologist at the
time of treatment decision. It should be stressed that the
fractionation schedule itself had no influence on survival as
consistently described by others. Shorter fractionation schemes
such as 5×4 Gy were associated with similar survival to local
control as the “standard” scheme of 10×3 Gy (5-7). In most of
these studies, statistically significant factors influencing overall
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Table I. Patient characteristics.

Number of patients

Median age (range) 60 years (34-87)
Median overall survival (range) 8.8 months (0.1-50.6)
Primary site

Breast 52 (36% )
Lung 56 (38% )
Colorectal 7 (5% )
Malignant melanoma 7 (5% )
CUP 7 (5% )
others 17 (12% )

Fractionation schedule
20×2 Gy (SD 2) 38 (26% )
15×2.5 Gy (SD2.5) 71 (49% )
10×3 Gy (SD3) 37 (25% )

RPA prognostic group
Class I 32 (22% )
Class II 80 (55% )
Class III 34 (23% )

CUP, Carcinoma of unknown primary; RPA, recursive partitioning
analysis.

Table II. Comparison between patients with single doses <3 Gy (group
SD2 and SD 2.5) vs. 3 Gy (group SD3).

Fractionation group SD2 / SD2.5 SD3 p-value
(n=109) (n=37)

Mean age ± SD (years) 57.8±11.1 62.6 ±11.9 0.028
RPA prognostic group 0.184

Class I 27 (25 % ) 5 (14 % )
Class II 60 (55 % ) 20 (54 % )
Class III 22 (20 % ) 12 (32 % )

Primary site
Breast 45 (41 % ) 7 (19 % ) 0.014
Lung 40 (37 % ) 16 (43 % ) 0.479

Single brain metastasis 34 (31 % ) 5 (14 % ) 0.036
Neurosurgical excision 22 (20 % ) 3 (8 % ) 0.092
Chemotherapy within 3 months 36 (33 % ) 9 (24 % ) 0.322
Premature discontinuation of RT 10 (9 % ) 5 (14 % ) 0.453
Median survival (months) 10.3 5.5 0.005

95% CI (months) 8.4-12.2 4.9-6.0

SD, Standard deviation; 95% CI, 95% confidence interval; RT,
radiotherapy.



survival were lower RPA class, younger age and higher KPS.
The present study demonstrated that not the fractionation
scheme, but only the RPA class and age remained statistically
significant prognostic factors of survival in multivariate analysis.

In the literature there are only a few studies specifically
addressing the accuracy of survival prediction by radiation
oncologists in the palliative setting (2, 8). In their
prospective study, Chow et al. found that the prediction of
survival tended to be overly optimistic, especially in patients
with an actual short lifespan (<12 weeks). In contrast, in
patients actually surviving >1 year, the radiation oncologists
underestimated the survival (2). Gripp et al. demonstrated
that physicians’ survival estimates were unreliable, especially
in the case of patients near death (8). The authors also found
an overly optimistic estimate of the survival. Notably, 2% of
patients survive 5 years or more from their diagnosis of brain
metastases (9) and those patients living beyond 5 years have
extended survival with a median of 9.3 years (10).

Although the clinician’s judgement largely depends on their
level of experience, survival estimates should not be based on
intuition only, but should take into account the performance
status and proven scores or indices as well (11-13). The
prognostic significance of the RPA classification, which is a
simple and reliable tool to estimate the survival time of
patients with brain metastases, was confirmed in the present
study (3). There was a clear tendency for single doses <3 Gy
to be given to younger patients, to those with breast cancer
and to those with a single brain metastasis that more often
were in a favourable RPA class. However, the discriminative
ability of the fractionation groups (single dose <3 Gy vs. 3
Gy) was limited because the distribution of patients with RPA
classes I-III as a proven prognostic index was not significantly
different between the fractionation groups (Table II). In almost
half of our patients, the fractionation schedule was 15×2.5 Gy.
This was mainly due to an adaptation to the corresponding
fraction size used in the RTOG 9508 trial (WBRT with or
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Figure 1. Actuarial survival of 146 patients with treated WBRT for newly diagnosed brain metastases according to the dose fractionation schedule.
SD2=20×2 Gy (n=38; solid line), SD2.5=15×2.5 Gy (n=71; broken line), SD3=10×3 Gy (n=37; dotted line). The difference in survival between
SD2/SD2.5 vs. SD3 was significant (log-rank test, p=0.005).



without radiosurgery boost (14)) in the patients potentially
being candidates for stereotactic radiosurgery as a boost or
salvage treatment following WBRT.

This analysis included only patients with brain metastases
receiving WBRT. In patients with newly diagnosed brain
metastases of suitable size and number (up to three),
especially those from malignant melanoma or renal cell
carcinoma (excluding small cell lung cancer, germ cell
tumours or haematological malignancies), it is our
continuing policy to offer stereotactic radiosurgery or
hypofractionated stereotactic radiotherapy (15) alone after
informed consent. Although stereotactic radiotherapy without
up-front WBRT results in higher intracranial relapse rates,
preservation of neurological function and survival is not
inferior compared to the combined treatment (16), making it
an acceptable option in patients complying with repeated
MRI-based intracerebral monitoring (17).

The most commonly used WBRT fractionation schedule for
brain metastases is 10×3 Gy and represents a compromise

between tumour control and limiting the neurotoxicity of
WBRT within a multimodality approach including surgery,
radiosurgery or chemotherapy where applicable. Although
clinical data are limited WBRT may contribute to cognitive
impairment in long-term survivors after fractionation
schedules with single doses as low as 3 Gy (18). However,
dementia becomes clinically apparent in only 2-5% of cases
(19). This has led to recommendations to employ more
protracted radiation schedules for good-prognosis patients in
accordance with the high fractionation sensitivity (low α/β
value) of normal brain tissue. Late radiation effects are
generally irreversible and progressive and may appear more
than 6 months after WBRT in a manner similar to small vessel
disease, as is often seen with vascular dementia (20). Within
this context WBRT single doses <3 Gy might first be
considered in patients with RPA class I.

Palliative radiation therapy continues to play a crucial role
in maintaining QoL for many advanced cancer patients. Up
to now, prospective data on QoL after WBRT are too scarce
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Figure 2. Actuarial survival according to the patient distribution in prognostic classes RPA I-III. RPA I, n=32 (solid line); RPA II, n=80 (broken line);
RPA III, n=34 (dotted line). The differences in survival between the respective RPA classes were highly significant (log-rank test, p<0.001).



(14, 16, 21) to adequately guide clinical decision making.
An ongoing German prospective multicentre evaluation of
QoL in patients receiving WBRT hopefully will shed more
light on this important issue.

To conclude, the fractionation schedule applied for
metastatic WBRT adequately reflected the clinical perception
of a more favourable prognosis. There was a clear tendency
towards single doses <3 Gy in younger patients, those with
breast cancer and those with a single brain metastasis. Reduced
single doses due to concerns about neurocognitve late effects
may be considered first in patients with RPA class I.
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