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Background: Prognostic tools estimating survival of elderly patients with cerebral metastases from small-
cell lung cancer (SCLC) improve treatment personalization. A specific tool for these patients was developed
and compared to existing instruments.

Methods: One-hundred-and-forty elderly patients (=65 years) receiving whole-brain irradiation (WBI)
for cerebral metastases from SCLC were retrospectively evaluated. WBI-program, age, gender, Karnofsky
performance score, number of cerebral lesions, extracerebral metastases, and interval between SCLC-
diagnosis and WBI were investigated. Characteristics significantly associated with survival in the multivariate
analysis were used for the tool. Scoring points were calculated by dividing 6-month survival rates (%) by 10
and added for patient scores. The tool was compared to existing diagnosis-specific instruments including
updated diagnosis-specific graded prognostic assessment (DS-GPA), Rades-SCLC and WBRT-30-SCLC.
Results: In the multivariate analysis, KPS (P<0.001), number of cerebral lesions (P=0.013) and
extracerebral metastases (P=0.049) were significantly associated with survival. Patient scores of 2 (n=37), 5
(n=69), 8 (n=20) and 11 (n=14) points were obtained; 6-month survival rates were 0%, 9%, 50% and 79%
(P<0.001). The positive predictive value (PPV) of the worst group (2 points) to identify patients dying
<6 months was 100%; PPVs of updated DS-GPA, Rades-SCLC and WBRT-30-SCLC were 94%, 100% and
94%. PPV of the best group (11 points) to identify patients surviving >6 months was 79%; PPVs of updated
DS-GPA, Rades-SCLC and WBRT-30-SCLC were 86%, 79% and 100%.

Conclusions: The most precise instruments were the new tool and Rades-SCLC for identification of
patients dying <6 months, and the WBRT-30-SCLC to identify patients surviving >6 months.
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Introduction

Of cancer patients with cerebral metastases, those with lung
cancer represent the largest group with about 50% (1). Of this
group, approximately 25% have small-cell lung cancer (SCLC);
and of these patients, about 40% are elderly patients, generally
defined as 65 years or older (2,3). Due to demographic
change, this group is constantly increasing and requires
particular attention. It is generally agreed that elderly
cancer patients have to be considered a separate group (4).
Due to significant comorbidities and reduced functions
of liver, kidneys and bone marrow, a considerably number
of these patients may not be able to tolerate aggressive
systemic and local therapies. Since the biological age may
differ considerably from the numeric age, physicians need
to look carefully at elderly patients as individual persons
taking into account the biological age and potential personal
resources (2-4). Thus, elderly patients may benefit from the
comparatively novel strategy of treatment personalization.
When designing a personalized treatment program, several
factors need to be considered including the patient’s
remaining lifespan. If this is short, the treatment program
should be at least burdensome and time-consuming as
possible. When treating elderly patients with a longer
remaining lifespan, long-term outcomes in terms of late
toxicities and disease control become more important.
This applies particularly to elderly patients assigned
to radiotherapy for a palliative situation like cerebral
metastasis from SCLC. The majority of these patients are
treated with whole-brain irradiation (WBI), either alone or
in combination with a local therapy such as radiosurgery,
fractionated stereotactic radiotherapy or neurosurgical
resection (5). Treatments with local therapies alone are
generally limited to patients with very few lesions (5,6).
Compared to other primary tumors, patients with SCLC
considerably more often receive WBI alone, because SCLC
comparably often spreads to the brain and causes multiple
lesions (5). This applies also to elderly patients who often
have a reduced performance status. If an elderly patient is
assigned to WBI alone, several dose-fractionation programs
are available with overall treatment times usually ranging
between one and four weeks (5). In order to select the
most appropriate WBI-program, it is very important to be
able to judge the patient’s remaining life span. To support
physicians during the process of treatment personalization
for elderly patients with cerebral metastases from SCLC,
a simple and specific tool was developed for estimation of
the remaining lifespan of such patients. In addition, this
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new tool was compared to instruments that were created for
patients with cerebral metastases from SCLC of any age and
not specifically for elderly patients (7-9). We present the
following article in accordance with the TRIPOD reporting
checklist (available at http://dx.doi.org/10.21037/tlcr-20-
327).

Methods

In this retrospective cohort study, the data of 140 elderly
patients (=65 years of age) irradiated for cerebral metastases
from SCLC between January 1999 and December 2018
were evaluated with respect to survival. Patients were
followed until death or for at least 6 months following
WABI. Data were obtained from an existing anonymized
database or from consecutive patients of two Northern
German centers (anonymized data provided for survival
analyses). Thus, data were blinded to the person who
performed the survival analyses. All patients had received
WBI alone for brain metastases from SCLC, either with
20 Gy in 5 fractions (n=23), 30 Gy in 10 fractions (n=76)
or total doses >30 Gy (35-40 Gy in 14-20 fractions, n=41).
The present study was approved by the Ethic Committee
of the University of Liibeck under the reference number
AZ19-011A. The WBI-program plus six pre-treatment
characteristics potentially associated with survival had been
evaluated (7able I). These pre-treatment characteristics
included age at the beginning of WBI (<72 vs. 273 years,
median age: 72 years), gender (female vs. male), Karnofsky
performance score (KPS) (<70 vs. 270, median score:
70), number of cerebral lesions (1-3 vs. >4 or more),
extracerebral metastases prior to WBI (no vs. yes), and
interval between diagnosis of SCLC and beginning of
WBI (<1 vs. >1 month, median interval: 1 month). The
data regarding these characteristics were complete for all
patients.

For the univariate analyses of survival following WBI,
we used the Kaplan-Meier-method. The differences of the
Kaplan-Meier curves of each characteristic were obtained
with the log-rank test.

When applying Bonferroni adjustment for seven tests, P
values of <0.007 were considered significant representing
an alpha level of <0.05. The characteristics, for which a
significant association with survival (P<0.007) or a trend for
such an association (P<0.06) was found, were additionally
analyzed for independence using the Cox proportional
hazard model. Those pre-treatment characteristics that
were significant (P<0.05) in the analysis with the Cox

Transl Lung Cancer Res 2020;9(4):1433-1440 | http://dx.doi.org/10.21037/tler-20-327



Translational Lung Cancer Research, Vol 9, No 4 August 2020

Table 1 Characteristics evaluated for associations with survival

Characteristic N patients (%)

Age
<72 years 79 (56.4)
>73 years 61 (43.6)
Gender
Female 49 (35.0)
Male 91 (65.0)
Karnofsky performance score
<70 61 (43.6)
>70 79 (56.4)
Number of cerebral lesions
1-3 36 (25.7)
>4 104 (74.3)
Extracerebral metastases
No 36 (25.7)
Yes 104 (74.3)
Interval between first diagnosis of SCLC
and beginning of WBI
<1 month 76 (54.3)
>1 month 64 (45.7)
WBI-program
20 Gy in 5 fractions 23 (16.4)
30 Gy in 10 fractions 76 (54.3)
Total doses >30 Gy 41 (29.3)

SCLC, small-cell lung cancer; WBI, whole-brain irradiation.

proportional hazard model were included in the prognostic
tool. For each independent prognostic factor (pre-
treatment characteristic), the scoring points were calculated
by dividing the 6-month survival rate (in %) by 10. The
scoring points of the characteristics were added, and the
total scores for each patient were received.

In addition, the new tool was compared to existing
diagnosis-specific instruments created for patients with
cerebral metastases from SCLC of any age, namely the
updated diagnosis-specific graded prognostic assessment
classification (DS-GPA), the Rades-SCLC score and
the WBRT-30-SCLC score (7-9). Comparisons were
performed with respect to the positive predictive values
(PPVs) to correctly identify patients who die within
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6 months following WBI (comparison of the least favorable
groups) and patients who survive for at least 6 months
following WBI (comparison of the most favorable groups).
The PPVs were calculated by dividing the number of true
positives through (the number of true positives plus the
number of false positives).

Ethics approval

All procedures performed were in accordance with ethical
standards and the Helsinki declaration from 1964 as
revised in 2013. The study was approved by an institutional
review board (IRB), namely the Ethics Committee of the
University of Liibeck, (reference number 18-254A). Due to
its retrospective design, informed consent specifically for
this study was not required by the IRB. For protection of to
the patient’s personal data, only anonymized data have been
used for the analyses of this study

Results

Median follow up was 2 months (range, 0-22 months) in
the entire series and 7 months (range, 6-13 months) in
patients alive at their last follow up. In the entire cohort of
140 patients, 129 patients (92%) died during the period of
follow up, 114 patients (81%) within 6 months following
WBI. Survival rates at 3, 6, 9 and 12 months were 36%,
19%, 10% and 8%, respectively. On univariate analysis, the
WBI-program (P=0.016), age (P=0.006), KPS (P<0.001),
the number of cerebral lesions (P<0.001) and extracerebral
metastases (P<0.001) showed significant associations with
survival (7able 2). In addition, gender showed a trend
(P=0.055).

In the multivariate analysis with the Cox proportional
hazard model, KPS (P<0.001), the number of cerebral
lesions (P=0.013) and extracerebral metastases (P=0.049)
were significantly associated with survival (7azble 3) and
included in the prognostic tool. The corresponding scoring
points for these three characteristics as obtained from
the 6-month survival rates are shown in Table 4. When
adding the scoring points for each patient, total scores
were 2 (n=37), 5 (n=69), 8 (n=20) or 11 (n=14) points.
The corresponding 6-month survival rates were 0%, 9%,
50% and 78%, respectively (P<0.001), and the median
survival times 1, 2, 6 and 7 months, respectively (P<0.001).
The survival rates up to 12 months following WBI are
summarized in Table 5.

The PPV of the worst prognostic group (2 points) of the
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Table 2 Univariate analyses of survival of the seven evaluated characteristics

Survival (%) at

Characteristic P value
3 mos. 6 mos. 9 mos. 12 mos.

Age

<72 years 47 25 14 11

>73 years 23 11 5 5 0.006
Gender

Female 27 10 7 7

Male 42 24 12 9 0.055
Karnofsky performance score

<70 11 0 0 0

>70 56 34 18 14 <0.001
Number of cerebral lesions

1-3 59 44 27 23

>4 29 11 4 3 <0.001
Extracerebral metastases

No 58 44 21 16

Yes 29 11 6 5 <0.001
Interval between first diagnosis of SCLC and
beginning of WBI

<1 month 38 22 9 7

>1 month 34 16 12 9 0.76
WBI-program

20 Gy in 5 fractions 52 26 0 0

30 Gy in 10 fractions 39 21 12 11

Total doses >30 Gy 22 12 6 3 0.016

When applying Bonferroni adjustment, P values of <0.0071 were considered significant and are given in italic. SCLC, small-cell lung

cancer; WBI, whole-brain irradiation.

Table 3 Results of the multivariate analysis of the characteristics showing at least a trend (P<0.06) on univariate analysis for an association with

survival

Characteristic Hazard ratio 95% confidence interval P value
Age 1.33 0.92-1.90 0.13
Gender 1.34 0.91-1.94 0.14
Karnofsky performance score 2.53 1.69-3.83 <0.001
Number of cerebral lesions 1.19 1.04-1.39 0.013
Extracerebral metastases 1.55 1.00-2.48 0.049
WBI-program 1.33 0.99-1.79 0.06

Significant P values are given in italic.
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Table 4 Six-month survival rates of the independent prognostic factors and the corresponding scoring points

Prognostic factor 6-month survival rate Scoring points

Karnofsky performance score
<70 0 0
>70 34 3
Number of cerebral lesions
1-3 44 4
>4 1 1
Extracerebral metastases
No 44 4
Yes 11 1

Table 5 Survival rates related to the total scores (2, 5, 8 or 11 points) for individual patients

Survival (%) at

Prognostic group P value
3 mos. 6 mos. 9 mos. 12 mos.

2 points (n=37) 11 0 0 0 <0.001

5 points (n=69) 30 9 3 1

8 points (n=20) 65 50 20 15

11 points (n=14) 93 79 29 14

Significant P value is given in italic.

Table 6 Comparison of the new prognostic tool and existing tools with respect to the positive predictive values (PPVs) for correctly identifying
patients dying within 6 months and surviving for at least 6 months following WBI. Existing tools included the DS-GPA classification (7), the
Rades-SCLC score (8) and the WBRT-30-SCLC score (9)

Prognostic tool Updated DS-GPA Rades-SCLC WBRT-30-SCLC New tool (this study)

Worst prognosis group
Scoring points 0.0-1.0 5-8 6-11 2
Patients who died within 6 months (PPV) 94% (101/108) 100% (61/61) 94% (95/101) 100% (37/37)

Best prognosis group

Scoring points 2.5-3.0 15 16-19 11
Patients who survived at least 6 months 86% (6/7) 79% (11/14) 100% (6/6) 79% (11/14)
(PPV)

DS-GPA, diagnosis-specific graded prognostic assessment; SCLC, small-cell lung cancer; WBRT, whole-brain radiotherapy; SCLC, small-
cell lung cancer; WBI, whole-brain irradiation.

present score to identify patients dying within 6 months score were 94% and 94%, respectively. The PPV of the
following WBI was 100%. The same PPV (100%) was most favorable prognostic group (11 points) of the present
achieved with the Rades-SCLC score, and the PPVs of the score to identify patients surviving 6 months or longer

updated DS-GPA classification and the WBRT-30-SCLC following WBI was 79%. The corresponding PPVs of most
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favorable groups of the Rades-SCLC score, the updated
DS-GPA classification and the WBRT-30-SCLC score
were 79%, 86% and 100%, respectively. The comparisons
of the four prognostic tools are summarized in Zuble 6.

Discussion

Elderly patients with cerebral metastases often have poor
survival prognoses that need considerable improvement (4).
This goal may be achieved with the introduction of novel
targeted systemic agents including tyrosine kinase inhibitors
and checkpoint inhibitors. However, these agents are mainly
used for patients with non-small cell lung cancer (NSCLC)
rather than for patients with SCLC (10-14). For patients
with cerebral metastases from SCLC, WBI alone still is
the most frequently used type of treatment, particularly
for elderly patients who may not be able to tolerate novel
systemic agents that can cause considerable side effects
including severe inflammatory reactions (5). Another option
to improve the outcomes of elderly patients with cerebral
metastases from SCLC is the comparably novel strategy of
treatment personalization. Tailoring an individual program
to a patients helps avoiding under- and over-treatment.
When designing a personalized treatment program,
several factors should be taken into account including the
patient’s personal preferences regarding the intensity of
the treatment, as well as the patient’s general condition,
comorbidities and social environment. In addition, the
patient’s remaining lifespan needs to be regarded (4). To be
aware of an individual patient’s prognosis, survival scores
have been created for different settings including palliative
situations like the presence of cerebral metastases. It is
generally agreed that specific tools for the different primary
tumor types would be important to adequately take into
account the specific biological behavior of each tumor type.
Moreover, elderly patients represent a specific group of
cancer patients and may require separate scoring tools. In
the present study, a specific tool has been created for elderly
patients with cerebral metastases from SCLC.

Based on three independent prognostic factors, namely
KPS, number of cerebral lesions and extracerebral metastases,
four different scores (2, 5, 8 and 11 points) were obtained.
Patients with 0 points had a median survival time of only 1
month, and only 11% of the patients survived for 3 months.
Considering their extraordinarily poor prognoses, these
patients may be considered for best supportive care including
corticosteroids without WBL. A randomized trial of 538 patients
with cerebral metastases from NSCLC and very poor survival did
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not demonstrate a significant difference with respect to overall
survival, overall quality of life and the use of dexamethasone
between patients receiving short-course WBI with 20 Gy in 5
fractions plus best supportive care and patients receiving best
supportive care alone (15). The mean quality-adjusted life-
years were 46.4 days with WBI and 41.7 days without WBI,
respectively. Against the background of our present study,
it is remarkable that more than half of the patients included
in that randomized trial were elderly patients (median age:
66 years) (15).

In the present study, the median survival time of the
patients who achieved 5 points was 2 months, and 30% of
the patients survived for 3 months or longer. These patients
should be considered for short-course WBI with 20 Gy
in 5 fractions, since in a previous study of 442 patients of
any age and with different primary tumor types 20 Gy in
5 fractions over 1 week was not inferior to 30 Gy in 10
fractions over 2 weeks with respect to cerebral control
(P=0.07) and survival (P=0.29) (16). Selected patients of the
5-points group may also be candidates for best supportive
care plus corticosteroids without WBI (15) Patients of
the 8-points group had more favorable prognoses with a
median survival time of 6 months and a 6-month survival
rate of 50%. These patients appear good candidates for
longer-course WBI with 30 Gy in 10 fractions, which is
the most common WBI-program worldwide and may be
considered the “standard” program, or even for longer-
course programs with total doses >30 Gy and doses per
fraction of <3 Gy. Lower dose per fractions were reported
to result in less pronounced WBI-induced decline in
neuro-cognitive function (17). Neuro-cognitive decline is
considered a late toxicity, and the risk of developing this
toxicity increases with lifetime. Moreover, patients with
most favorable prognoses, i.e., patients of the 11-points
group in the current study, can benefit from 40 Gy in 20
fractions over 4 weeks. In a previous study of 174 patients
with cerebral metastases and favorable survival prognoses,
40 Gy in 20 fractions when compared to 30 Gy in 10
fractions resulted in better 1-year cerebral control (44% vs.
28%, P=0.047 in the multivariate analysis) and survival (61%
vs. 50%), P=0.008) (18). Moreover, in order to reduce the
risk of neuro-cognitive decline, patients of the 8-points and
the 11-points group should be considered for hippocampal
sparing. According to previous studies, this modern
technique can significantly decrease the rate of neuro-
cognitive deficits following WBI without significantly
increasing the risk of new cerebral metastases (19,20).

In the second part of the present study, the new scoring
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tool was compared to three existing diagnosis-specific
instruments designed from patients with cerebral metastases
from SCLC of any age (7-9). The four tools were
compared regarding the PPVs to correctly identify patients
dying within 6 months and patients surviving for at least
6 months. The highest PPV with respect to the
identification of patients dying within 6 months were found
for the new tool and our previous tool not particularly
developed for elderly patients (Rades-SCLC). Both
tools achieved the highest possible PPV of 100% correct
prediction. When aiming to predict the probability of
surviving for at least 6 months following WBI, the WBRT-
30-SCLC was the most accurate tool and also achieved
a PPV of 100%, whereas the other three tools ranged
between 79% and 86%. Thus, depending on what one
wishes to estimate, the new tool, the Rades-SCLC or
the WBRT-30-SCLC appear the most appropriate tools.
However, when using these prognostic instruments, on
should be aware that they were created from retrospective
data, which always bear the risk of hidden selection biases.
Moreover, validation of the tools, ideally in a prospective
cohort of patients, is warranted.

Conclusions

A new and simple tool was developed particularly for elderly
patients receiving WBI for cerebral metastases from SCLC.
"This new tool achieved the highest possible PPV for correct
prediction of death within 6 months after WBI, which was
also achieved by the previous Rades-SCLC score created
in patients of any age. The most precise instrument for
identification of patients surviving for at least 6 months was
the WBRT-30-SCLC score.
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