
Abstract. Background/Aim: Treatment of elderly patients
with cancer has increasing importance. Since many of these
patients may not tolerate standard treatments, they might
benefit from personalized approaches. This study was
performed to identify characteristics that allow estimation of
survival in elderly patients with prostate cancer with cerebral
metastases. Patients and Methods: Data of 21 elderly patients
(≥65 years) receiving whole-brain radiotherapy (WBRT) for
cerebral metastases from prostate cancer were retrospectively
evaluated. Six characteristics were investigated: WBRT
program, age, Karnofsky performance score (KPS), number
of brain metastases, extra-cerebral metastases, and interval
between diagnosis of prostate cancer and WBRT. Results: On
univariate analyses, KPS ≥80% resulted in better survival
than KPS ≤70% (log-rank p=0.018). Three-month survival
was 60% vs. 36%, and 6-month survival 50% vs. 0%,
respectively. In the Cox model, KPS maintained significance
(hazard ratio=3.18, p=0.031). Conclusion: KPS is a
significant prognostic factor of survival in elderly patients
with prostate cancer receiving WBRT for cerebral metastases.

Ten to 40% of adult patients with cancer develop cerebral
metastases during their disease course (1). Since patients
with prostate cancer represent only about 1% of this group,
there are few data available focusing on these patients. This
applies particularly to elderly patients, who have been
recognized as a separate group of those with cancer that is
growing and requires more attention (2). Elderly patients are

also considered a special group because their tolerance of
intensive treatments is often limited. Therefore, many of
these patients require personalized treatments which take into
account the patient’s individual situation and limitations (3).
One aspect to be considered is the patient’s remaining
lifespan. If this is (very) limited, the patient should receive
a short treatment program that is minimally burdensome (1).
If the lifespan is much longer, late sequelae of the treatment
and long-term prognoses are important (1). In order to
facilitate the inclusion of a patient’s remaining lifespan in
the decision when designing a personalized treatment, this
study aimed to identify prognostic factors for survival
specifically for elderly patients with prostate cancer
receiving radiotherapy for cerebral metastases.   

Patients and Methods
The data of 21 patients aged ≥65 years [elderly patients (4)] who
received whole-brain radiotherapy (WBRT) alone for cerebral
metastases from prostate were retrospectively evaluated for survival.
The study was approved by the local Ethics Committee (University
of Lübeck, 19-011A). Six characteristics were investigated for their
potential impact on survival. Some of these patients were previously
included in other studies (3, 5). The six characteristics were the
following: WBRT regimen (5×4 Gy vs. 10×3 Gy vs. 14-20×2.0-2.5
Gy), age at the start of WBRT (median 74 years; ≤74 vs. ≥75 years),
Karnofsky performance score (KPS) (median 70%; ≤70 vs. ≥80%),
number of brain metastases (1-3 vs. >3), extra-cerebral metastases
(no vs. yes), and the interval between first diagnosis of prostate
cancer and WBRT (median 36 months; ≤36 vs. >36 months). These
six characteristics are summarized in Table I. For univariate
analyses of survival following WBRT, we used the Kaplan–Meier
method and the log-rank test. Characteristics found significant on
univariate analyses (p<0.05) were additionally analyzed using the
Cox proportional hazards model. 

Results 
In the cohort of all 21 patients, the median survival time was
2 months, and the 3-month and the 6-month survival rates
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were 48% and 24%, respectively. On univariate analyses
(Table II), KPS had a significant impact on survival
(p=0.018). Patients with a KPS of ≥80% had a better
survival than those patients with a KPS of ≤70%. The
corresponding 3-month survival rates were 60% and 36%,
respectively, and the 6-month survival rates were 50% and
0%, respectively (Figure 1). To evaluate the independence of
the impact of the KPS on survival, KPS was subsequently
analyzed using the Cox proportional hazards model, where
it maintained significance. The corresponding hazard ratio
was 3.18, and the 95% confidence interval was 1.11-10.53
(p=0.031).  

Discussion

Although considerable research has been performed, many
patients with metastatic prostate cancer still have a limited
survival prognosis (6-9). This is particularly true for patients
with cerebral metastases (10-15). In addition to novel
systemic therapies, the concept of treatment personalization
may improve outcomes. Elderly patients, who are considered
a separate group of patients with cancer, may not tolerate
novel systemic drugs, particularly novel immunotherapies
that can be associated with new side effects including
inflammatory reactions such as encephalitis, hypophysitis,
pneumonitis, nephritis, hepatitis and others (16). Therefore,
personalization of the cancer treatment is of particular
importance for elderly patients.

Despite an emerging role of radiosurgery and fractionated
stereotactic radiotherapy for the treatment of cerebral
metastases, many elderly patients receive WBRT alone,
preferably in case of multiple cerebral lesions or because
they have a reduced performance status and significant co-
morbidities (17-19). When using WBRT for elderly patients,
several dose-fractionation programs are available (1). The
most common programs include short-course WBRT with
5×4 Gy over 1 week and longer-course programs ranging
from 10×3 Gy over 2 weeks to 14-20×2.0-2.5 Gy over 3-4
weeks. Short-course WBRT is considered a good option for
patients with poor estimated survival, mainly to ensure they
spend as little as necessary of their limited lifespan receiving
radiotherapy. WBRT with 5×4 Gy was shown to be as
effective as 10×3 Gy with respect to cerebral control and
survival in patients with limited prognoses and multiple
cerebral lesions (20). Patients with more favorable
prognoses, however, can benefit from treatment with a
longer-course WBRT program. In these patients, WBRT with
higher total doses can lead to improved cerebral control and
survival rates (21). Moreover, the use of lower doses per
fraction can reduce the risk of neurocognitive deficits (22). 

These considerations illustrate that it is important to be
able to estimate a patient’s survival prognosis prior to their
treatment, in order to choose the optimal individual WBRT

program. This can be facilitated by using prognostic factors.
As stated above, treatment personalization is particularly
important for elderly patients, who are different from
younger patients with respect to organ function and
tolerability of cancer treatments. Therefore, it is important to
identify predictors of survival for this particular group.
Moreover, for optimal personalization, specific prognostic
factors are required for each tumor entity potentially
spreading to the brain.  

In this study, one prognostic factor, namely KPS, was
identified for elderly patients with cerebral metastases from
prostate cancer. In a previous study of patients of any age
with prostate cancer who received WBRT for cerebral
metastases, KPS was also significantly associated with
survival (5). However, in that study, survival was
additionally affected by the number of brain metastases,
extra-cerebral metastases and the interval between first
diagnosis of prostate cancer and WBRT (5). This difference
in comparison to the findings of the present study supports
the need for separate studies focusing on elderly patients. 

In the current study, 50% of the patients with a KPS ≥80%
survived for 6 months or longer, whereas all patients with a
KPS of ≤70% died within 5 months (Figure 1). Thus,
patients with a KPS ≥80% appear to be good candidates for
a longer-course WBRT program, whereas those with a KPS
of ≤70% would be better treated with 5×4 Gy (20, 22).
However, when following these suggestions, the limitations
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Table I. Investigated potential prognostic factors.

                                                                     Number of          Proportion 
                                                                       patients                   (%)

Dose-fractionation regimen
 5×4 Gy                                                             10                      48
 10×3 Gy                                                             7                        33
 14-20×2.0-2.5 Gy                                              4                        19
Age at the start of WBRT
 ≤74 Years                                                          11                       52
 ≥75 Years                                                          10                      48
Karnofsky performance score
 ≤70%                                                                 11                       52
 ≥80%                                                                 10                      48
Number of brain metastases
 1-3                                                                      9                        43
 >3                                                                      12                      57
Extra-cerebral metastases 
 No                                                                      4                        19
 Yes                                                                     17                      81
Interval between first diagnosis 
of prostate cancer and WBRT
 ≤36 Months                                                       12                      57
 >36 Months                                                       9                        43

WBRT: Whole-brain radiotherapy.



of this study, namely its retrospective nature and its
relatively small sample size, should be taken into account.  

In conclusion, KPS proved to be an important prognostic
factor of survival in elderly patients with prostate cancer
treated with WBRT alone for cerebral metastases. Thus, the
KPS can be helpful when aiming to choose an optimally
personalized WBRT program for an individual patient of this
group. 

Conflicts of Interest

On behalf of all Authors, the corresponding Author states that there
are no conflicts of interest related to this study.

Authors’ Contributions

T.N., T.B., S.E.S and D.R. participated in the design of the study.
T.N. and D.R. provided the data that were analyzed by S.E.S. and
D.R. S.E.S and D.R. drafted the article reviewed and approved by
all Authors.

References

1 Tsao MN, Rades D, Wirth A, Lo SS, Danielson BL, Gaspar LE,
Sperduto PW, Vogelbaum MA, Radawski JD, Wang JZ, Gillin
MT, Mohideen N, Hahn CA and Chang EL: Radiotherapeutic
and surgical management for newly diagnosed brain

metastasis(es): An American Society for Radiation Oncology
evidence-based guideline. Pract Radiat Oncol 2: 210-225, 2012.
PMID: 25925626. DOI: 10.1016/j.prro.2011.12.004

2 Siegel RL, Miller KD and Jemal A: Cancer statistics, 2019. CA
Cancer J Clin 69: 7-34, 2019. PMID: 30620402. DOI: 10.3322/
caac.21551

3 Evers JN, Schild SE, Segedin B, Nagy V, Khoa MT, Trang NT
and Rades D: A new score predicting survival prognosis after
whole-brain radiotherapy alone for brain metastases in elderly
patients. Anticancer Res 34: 2455-2458, 2014. PMID: 24778060.

4 Home page of the World Health Organization (WHO) definition
of ‘elderly’. Available at: http://www.who.int/healthinfo/survey/
ageingdefnolder/en

5 Bartscht T and Rades D: Predicting survival after whole-brain
irradiation for cerebral metastases from prostate cancer.
Anticancer Res 34: 4357-4360, 2014. PMID: 25075071.

6 Becker DJ, Iyengar AD, Punekar SR, Ng J, Zaman A, Loeb S,
Becker KD and Makarov D: Treatment of metastatic castration-
resistant prostate cancer with abiraterone and enzalutamide
despite PSA progression. Anticancer Res 39: 2467-2473, 2019.
PMID: 31092441. DOI: 10.21873/anticanres.13366

7 Miyake H, Matsushita Y, Watanabe H, Tamura K, Motoyama D,
Ito T, Sugiyama T and Otsuka A: Prognostic significance of time
to castration resistance in patients with metastatic castration-
sensitive prostate cancer. Anticancer Res 39: 1391-1396, 2019.
PMID: 30842173. DOI: 10.21873/anticanres.13253

8 Nam RK, Wallis CJD, Amemiya Y, Benatar T and Seth A:
Identification of a novel microRNA panel associated with
metastasis following radical prostatectomy for prostate cancer.
Anticancer Res 38: 5027-5034, 2018. PMID: 30194146. DOI:
10.21873/anticanres.12821

9 Nakashima K, Makino T, Kadomoto S, Iwamoto H, Yaegashi H,
Iijima M, Kawaguchi S, Nohara T, Shigehara K, Izumi K,
Kadono Y, Matsuo S and Mizokami A: Initial experience with
radium-223 chloride treatment at the Kanazawa University
Hospital. Anticancer Res 39: 2607-2614, 2019. PMID:
31092459. DOI: 10.21873/anticanres.13384

Nguyen et al: Elderly Patients With Cerebral Metastases from Prostate Cancer 

1667

Figure 1. Kaplan–Meier curves for survival comparing patients with a
Karnofsky performance score (KPS) of ≥80% (n=10) to those with a
KPS of ≤70% (n=11). The p-value was obtained from calculations using
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Table II. Survival rates at 3 and 6 months following whole-brain
radiotherapy.

                                                               Survival rate (%)
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Age at the start of WBRT
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Karnofsky performance score
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Number of brain metastases
  1-3                                                       67                     33               0.202
  >3                                                        33                     17
Extra-cerebral metastases 
  No                                                      50                     25               0.672
  Yes                                                      47                     24
Interval between diagnosis of 
prostate cancer and WBRT
  ≤36 Months                                        50                     17               0.626
  >36 Months                                       44                     33

WBRT: Whole-brain radiotherapy, bold: significant p-values. 
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