
Abstract
Objective Brain radiotherapy is the main treatment for 
patients with brain metastases but its goal is just symptom 
control. Our aim was to study if different performance 
tools, used in geriatric practice, could improve patient 
selection for decision-making in the palliative brain radio-
therapy setting.
Patients and methods Data from 61 consecutive patients 
were analysed. In addition to Karnofsky Performance Sta-
tus (KPS) their physical activity was assessed by means of 
the activity of daily living (ADL) and instrumental ADL 
(IADL) scales. A neurocognitive evaluation was performed 
with the Pfeiffer Short Portable Mental Status Question-
naire (SPMSQ) and with the Mini-Mental Status Exam 
(MMSE). Radiotherapy compliance and short survival 
were the endpoints of the study. 
Results High rates of cognitive impairment were found 
by both neurocognitive tools (Pfeiffer: 19.7% of patients; 
MMSE: 30%). Dependence was also highly prevalent, 
either measured by the ADL (50.8%) or by the IADL 
(43.3%). Nearly one third (27.9%) of patients died soon 
after radiotherapy evaluation. Longer survival was related 
to female, younger than 60 years, breast cancer primary 
tumour, steroid response, RPA class, and higher perfor-
mance and neurocognitive score tools. A premature death 
was associated with neurocognitive tools, IADL and 

longer interval from brain metastatic diagnosis to radio-
therapy. Twenty-three percent of patients were not able 
to fi nish the WBRT course due to clinical deterioration. 
The only variable related to compliance was a low MMSE 
score. 
Conclusions Results suggest that the geriatric tools analy-
sed could offer information on brain palliative radiotherapy 
complementary to that offered by the more usual tools. It 
will be interesting to study if our data could be extrapo-
lated to the general palliative oncological fi eld. 

Keywords ADL · IADL · Neurocognitive evaluation · 
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Introduction

Brain metastases are estimated to occur in approximately 
10–30% of cancer patients. Their incidence will likely 
increase as treatment of tumours improves and patients 
survive longer [1]. Radiation therapy remains the main 
treatment for these patients. Their average median radio-
logical response rate is 44%, with a median survival of 3–6 
months [2]. No variation on radiation therapy regimens or 
radiosensitisers [3–7] has demonstrated a survival benefi t. 
Thus, palliation is the expected goal for treatment. Re-
cursive partitioning analysis (RPA) classes have emerged 
as a reliable tool to predict survival for brain metastatic 
patients, however survival in the most unfavourable class, 
III, is quite variable [2, 8–10]. Although predictive factors 
on survival and treatment response for patients with brain 
metastasis have been described, there is a lack of complete 
information on factors related to unfi nished radiotherapy 
course treatments and early death after radiotherapy. The 
often inaccurate and systematic optimism of clinicians in 
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predicting survival time in terminally ill patients is well 
known [11, 12] and this infl uences radiotherapeutic treat-
ment [13, 14]. A proper evaluation of these parameters 
could have consequences, not only when selecting patients 
for a palliative treatment, but also when planning resources 
in order to avoid overtreatment expenses.

Neurological focal injuries produce the same symptoms 
irrespective of the main illness. Brain metastasis patients 
usually have similar symptoms to cerebrovascular disease, 
which is more prevalent among elderly people. It is well 
known that dependency in activities of daily living (ADL) 
and instrumental ADL (IADL) are correlated with the risk 
of death in elderly patients [15], whether demented [16] or 
non-demented [17]. ADL describe the most basic activities 
involved in everyday independent function. IADL describe 
activities for adaptation to the environment and community, 
which are more cognitively infl uenced. The Karnofsky Per-
formance Status, which is a validated oncological tool, is 
based on a physician’s subjective evaluation of a patient’s 
health. The remaining tools are designed and validated for 
use in elderly patients, but not specifi cally in cancer. Some 
of them have been tested in oncological settings and have 
included young patients (35–39).

We hypothesised that geriatric functional tools (ADL 
and IADL) could yield a more accurate prognosis, because 
they are self-assessments without a physician’s subjec-
tive interpretation, than those habitually used in oncology 
(Karnofsky or ECOG Performance Scale). Since geriatric 
cancer patients’ survival and tolerance to treatment may be 
predicted using the patient’s ability to perform activities 
of daily living [17, 18] and cognitive function [16, 19], we 
studied whether brain metastatic patient life expectancy 
could be predicted using the same parameters, even if the 
sample included young patients. 

Patients and methods

Patients

Files from patients treated between June 2001 and August 
2003 for brain metastases were reviewed. Prognostic fac-
tors were examined and the demographic characteristics of 
the patients are listed in Table 1. All patients had a known 
diagnosis of cancer and neurological symptoms due to 
brain metastasis. At the time of the study, palliative brain 
metastasis treatment policy was a whole-brain radiotherapy 
(WBRT) palliative course which could be preceded by che-
motherapy. No further aggressive options were considered 
because they were unavailable at our centre. Patients were 
referred from other units as well as units from other cen-
tres; consequently steroid schedules and dosages were not 
uniform. Palliative WBRT consisted of conventional exter-
nal beam radiotherapy of 30 Gy delivered in ten fractions 
and was preceded by 2D planning. All patients underwent 
the test battery described below. 

Assessment of performance status

The following evaluation tests were conducted before 
radiotherapy: (1) Karnofsky Performance Status (KPS); 
(2) Pfeiffer Short Portable Mental Status Questionnaire 
(SPMSQ); (3) Mini-Mental Status Exam (MMSE); (4) 
Barthel-index and (5) Lawton and Brody score. No sub-
sequent determinations were done. KPS is a validated 
oncological tool based on the physician’s subjective de-
termination of the adjustment of the patient to the disease. 
Pfeiffer SPMSQ [20] is a very fast screening tool detecting 
cognitive impairment, which evaluates four parameters 
with only ten questions. Three or four mistakes means a 
clinically signifi cant cognitive impairment, whereas fi ve or 
more mistakes means a pathologic cognitive injury. MMSE 
is a wide screening tool for dementia. Two Spanish vali-
dated versions exist, one with 30 items, and the one used in 
this report with 35 items translated by Lobo [21, 22]. The 
maximum score is 35, and the lower the score, the higher 
the cognitive impairment (the 35-item version sets 26 as 
the cut-off for mild cognitive impairment). The Barthel In-
dex [23] is used to assess the ability to conduct ADL, thus 

Table 1 Patient characteristics (n=61)

Gender
  Female  22
  Male  40
Age (years)
  Median  60.0
  Range  36–80
KPS
  70  28
  80  33
Primary tumour
  Lung  37
  Breast  13
  Other  10
Primary tumour activity
  Yes  38
  No  22
Number M1
  Simple  19
  Multiple  39
  Unknown  3
  Median  3.3
  Range  1–13
Extracranial M1
  Yes  33
  No  28
Steroid response
  Yes  54
  No  7
Chemotherapy
  Yes  14
  No  45
RPA
  I  14
  II  31
  III  16
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evaluating ten basic functional capabilities. High scores in-
dicate good functional independence. Results are grouped 
in fi ve categories of dependence: total dependence, <20; 
severe dependence, 20–35; moderate dependence, 40–55; 
slight dependence, 60–99; total independence, 100. Lawton 
and Brody’s Scale [24] is a self-reported assessment of 
abilities to interact with the community, which rates more 
sophisticated functions than ADL. It measures 8 IADL, 
more complex than the self-care activities. Low scores 
mean high dependence, whereas values under 4 mean a 
heavy dependence. The Lawton scale includes eight IADL 
for women and fi ve of the eight for men. As we were study-
ing not only a geriatric sample, but also younger people, 
more used to all kinds of housework, we asked all patients 
about female IADL questions. Later, scores were corrected 
to the male version (maximum score, 5 points) to avoid pe-
nalising elderly males with limited household skills. 

Statistical analysis

The primary endpoints were poor radiotherapy compliance, 
defi ned as a treatment with an administered dose lower 
than prescribed, and early death, defi ned as death within 
30 days after radiotherapy evaluation. The Chi-square 
statistics test was used to assess the association between 
categorical variables and means were compared with the 
t-test. Correlations among performance status parameters 
were assessed with Spearman’s correlation coeffi cient test. 
Survival was calculated according to the Kaplan-Meier 
method and curves were compared with the Wilcoxon test. 

Results

Patient characteristics

Sixty-one patients were included. At the time of analysis 
all patients had died and the date was known. Their me-

dian age was 59.6 years; male to female ratio was 2:1. The 
most common primary origin was the lung, 70% of men 
and 48% of women. In about 49% of all cases the histol-
ogy was adenocarcinoma. The primary tumour location 
remained uncontrolled in 62.3% of patients; extracranial 
metastases were present in 50.8%. No patient had a pre-
vious cranial irradiation or a neurosurgical procedure. 

Fig. 1 Administered dose

Table 2 Characteristics of the patients that were unable to fi nish 
WBRT

Variable Completed No start or early p
 course  withdrawal 

Gender
  Male 65.25% 62.5% ns
  Female 34.8% 37.5% 
Age
  Mean 57 65 0.009
Primary tumour activity
  Yes 32.6% 53.3% ns
  No 67.4% 46.7% 
Extracranial M1
  Yes 55.6% 46.7% ns
  No 44.4% 53.3% 
Primary tumour
  Breast 22.2% 18.8% ns
  Lung 62.2% 56.3% 
  Other 15.6% 25% 
Steroid response
  Yes 88.6% 81.3% ns
  No 11.4% 18.8% 
Chemotherapy
  Yes 22.2% 26.7% ns
  No 77.8% 73.3% 
KPS
  70 43.5% 50% ns
  80 56.5% 50% 
Number M1
  Single 21.7% 56.3% ns
  Multiple 78.3% 43.8% 
Pfeiffer
  3 87% 62.5% 0.061
  >3 13 37.5% 
MMSE
  26 42.5% 81.8% 0.038
  27 57.5% 18.2% 
Barthel
  100 56.5% 37.5% ns
  99 43.5% 62.5% 
  >55 89.1% 81.3% ns
  55 10.9% 18.8% 
Lawton
  4 62.2% 56.3% ns
  5 37.8% 43.8% 
RPA
  I 27.3% 20% ns
  II 45.5% 60% 
  III 27.3% 20% 
M1 diagnosis–WBRT delay
  1 month 0% 18.8% 0.015
  >1 month 100% 81.3% l
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Twenty-three percent of patients underwent chemotherapy 
due to brain metastasis prior to irradiation. All but nine of 
the patients clinically improved after corticosteroid admin-
istration.

The mean time delay from initial evaluation to start of 
treatment was 6.6 days (range 0–41). No correlation was 
observed between this delay and the radiotherapy dose 
administered. A positive signifi cant correlation (rho=0.665, 
p=0.000) was found between delivered dose and time from 
radiotherapy evaluation to death.

Nearly one third (27.9%) of patients died soon after ra-
diotherapy evaluation and a similar percentage (23%) was 
unable to fi nish the WBRT course. Clinical neurological 
deterioration was the reason for removal or non-initiation 
of WBRT in every instance; 52.9% of such patients died 
during the following week and 35.3% died in the follow-
ing two weeks; the remaining survived for more than one 
month. Considerable clinical deterioration, which preclud-
ed any radiotherapy session, was seen in 4.9% patients. An 
additional 16.4% of patients received less than half of the 
planned dose (Fig. 1). Signifi cantly better treatment com-
pliance was related to younger age, good neurological sta-
tus assessed by the MMSE and early irradiation after brain 
metastases diagnosis. A borderline signifi cance was related 
to the best Pfeiffer scores (Table 2).

Performance status

The baseline scores on the performance status tools ad-
ministered are displayed in Table 2 and Fig. 2. A cognitive 
defi cit was seen in 19.7% of patients when assessed by Pfe-
iffer SPMSQ. A MMSE score 26 was seen in 30% of pa-
tients. Some level of dependence was observed in 50.8% of 
patients when assessed by the Barthel index and in 43.3% 
when assessed by the corrected Lawton and Brody score. 
A KPS 60 was observed in 25.9% of patients and 10.3% 
of patients were disabled requiring considerable assistance 
(KPS50). A statistically signifi cant correlation emerged 
between the different performance status tools; between 
ADL and IADL tools, r=0.774. 

Survival analysis

The median survival time from radiotherapy evaluation 
was 81 days (95% CI 56–127). As expected, patients un-
fi t to complete the WBRT course or to start it had lower 
median survival times (17.5 vs. 158.5 days, p<0.0001). 
Patients that did not achieve a neurological improvement 
with steroids were unable to get better with the later radio-
therapy treatment, and this was a signifi cant factor related 
to a lower median survival (Table 3). Signifi cant prognostic 
factors for survival were gender, age, primary location, ste-
roid response, RPA class, and performance status measured 
by KPS, Pfeiffer, Barthel, MMSE and Lawton scale. Breast 
cancer patients and, consequently, female patients had 

longer survival times. RPA classes I, II and III had median 
survival times of 102, 150 and 33 days, respectively. How-
ever up to 62.5% of class III patients survived more than 
30 days. Similar results were seen for other variables when 
the same analysis was done for the poor prognosis groups. 
Thus 67.5% of male patients, 57.1% of patients with no 
steroid response, 33.3% of patients with more than 3 points 
on the Pfeiffer score, 50% of patients with fewer than 55 
points on the Barthel index and 57.7% of patients with 
fewer than 4 points on the Lawton scale had survival times 
longer than 30 days.

Premature death

An early death defi ned as death within 30 days of the 
end of radiotherapy treatment accounted for 27.9% of 
patients. This was observed in 82.4% of patients treated 
with less than 30 Gy or unfi t to start WBRT, but only in 
6.8% of patients who fi nished their treatment (p=0.000). 
A negative correlation was seen between a delay to start 
radiotherapy from brain metastasis diagnosis and the 
fi nal radiotherapy dose (rho=–0.262, p=0.041), but sig-
nifi cance was lost when an extreme value was discarded. 
Despite that, only performance status-related variables 
were signifi cant; KPS was the only performance status 
test that was not signifi cant (Table 3). Table 4 shows the 
demographic characteristics related to an unfavourable 
prognosis.

Withdrawal from radiotherapy

The planned radiotherapy treatment was completed by 
72.1% of patients. Early withdrawal was due to clinical 
deterioration; no deaths were seen during radiotherapy, 
but 85.7% of patients who became unfi t to complete the 
radiotherapy course died during the following two weeks. 
Three patients (4.9%) could not start the prescribed treat-
ment. When patients without any treatment fraction were 
excluded, analysis only showed a signifi cance for the mini-
mental score (p=0.045); no other variables were related to 
an early withdrawal. 

Discussion

Survival of patients treated with WBRT is uniform between 
different studies, irrespective of the treatments tested [3–7, 
25–28] and long-term survival is dismal. Our results, al-
though modest, were obtained in a clinical setting and can 
be favourably compared to other, previously published, 
reports.

Although experienced clinicians are able to integrate 
supplementary information into the existing scores, the 
choice of radiotherapy dose and fractionation is often 
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based on the radiation oncologist’s estimation of a pa-
tient’s survival, and clinicians are often inaccurate and 
systematically optimistic in their survival predictions 
[11–13, 29]. Moreover, disease evolves unpredictably, 
with some patients doing better than predicted, while oth-
ers do worse.

The need for more accurate evaluation to improve 
patient selection for treatment has led to the investigation 
of additional tools. It is well known that KPS predicts 
outcome in patients with cancer [30, 31]; even for brain 
metastases it is a recognised independent prognostic fac-
tor [26, 32–34]. But while the more commonly used KPS 

Fig. 2 Performance scores: (a) KPS, (b) Pfeiffer
score, (c) MMSE, (d) Barthel index, (e) Lawton
and Brody’s scale corrected

A B

C D

E
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Table 3 Survival, early death and early withdrawal analysis

Variable Median p Early Early
 survival value death withdrawal
 (days)   

Gender
  Male 116 0.00283 ns ns
  Female 258
Age
  60 125.5 ns ns ns
  >60 47.5
Primary tumour activity
  Yes 137.5 ns ns ns
  No 71
Extracranial M1
  Yes 97 ns ns ns
  No 70.5
Primary tumour
  Breast 234 0.00245 ns ns
  Other 67
Steroid response
  Yes 107.5 0.0349 ns ns
  no 44.5
Chemotherapy
  Yes 135 ns ns ns
  No 82
KPS
  70 59 0.0049 ns ns
  80 184
Number M1
  Single 48.5 ns ns ns
  Multiple 87.5
Pfeiffer 
  3 104 <0.0001 0.046 ns
  >3 11  
MMSE 
  26 32 0.0019 0.027 0.045
  27 185
Barthel 
  100 145 0.0078 0.02 ns
  99 48
  >55 104 0.0057 ns ns
  55 28
Lawton
  4 48 0.0085 0.046 ns
  5 145
RPA
  I 102 0.0218 ns ns
  II 150
  III 33
M1 diagnosis-WBRT delay
  1 month 117 ns 0.02 ns
  >1 month 48.5

Table 4 Percentage of patients with unfavourable characteristics and 
a survival time longer than 1 month

Variable % survival >1 month

Gender, male 67.5 
Age, >60 years 63.3 
Steroid response, no 57.1 
KPS, <70 63.0 
Pfeifer, >3 33.3
MMSE, <26 53.3
Barthel, 55 50.0
Barthel, 99 56.7
Lawton, <4 57.7

is a physician’s subjective determination, the tools tested 
here are patient self-evaluation and thus, we think, a more 
reliable patient performance status assessment. MMSE 
has already been demonstrated to have value in studies 
involving brain metastases [35] or brain gliomas [36], 

and it is accepted that sustained cognitive impairment 
is a poor prognosticator in patients with terminal cancer 
[37]. The other tools have been tested in the oncologi-
cal setting, but not evaluating brain metastasis. Meyers 
et al. [38] found a modest correlation between ability to 
perform basic ADL and survival. Maione et al. [39] found 
a signifi cant prognostic value for IADL but not for ADL. 
We cannot forget that ADL and IADL tools measure dif-
ferent aspects of the same problem and thus explain the 
correlation found. 

Our study has several limitations. In the fi rst place, no 
information about mood state was available and depression 
has an infl uence on survival in terminally ill patients [40]. 
Secondly, we did not assess patients with a formal qual-
ity of life tool or with a battery test of cognitive functions, 
which could add extra information and more sensitive re-
sults [41]. We deliberately did not use these tools because 
they are time-consuming, precluding their application in 
a clinical setting, and could be hard to administer to very 
ill patients. Our study only includes patients treated with 
WBRT, so results cannot be extrapolated to more favour-
able patients selected for aggressive therapies such as 
surgery or radiosurgery [42, 43]. The last limitation of our 
study is related to the limited number of patients involved 
and the lack of a validation group.

Despite the limitations above, the present analysis sup-
ports the hypothesis that self-assessment tools could im-
prove KPS prognostic signifi cance, especially showing the 
better behaviour for the MMSE.

In summary, the results suggest that alternative meth-
ods to evaluate function add independent information 
to the widely used Karnofsky score. Our results warrant 
investigating the value of these performance tools in a 
large prospective study. If results become validated, they 
could be used in oncological clinical practice because 
they are inexpensive and easy to perform and not time-
consuming.
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