
Abstract. Background/Aim: Patients with prostate cancer
represent a small minority of cancer patients presenting with
metastases to the brain. This study investigated the role of
whole-brain irradiation (WBI) in this rare group. Patients
and Methods: Eighteen such patients were included. Clinical
factors including fractionation program of WBI, age at WBI,
Karnofsky performance score (KPS), number of metastases
to the brain, involvement of extracerebral metastatic sites,
time from prostate cancer diagnosis to WBI and recursive-
partitioning-analysis (RPA) class were investigated regarding
local (intracerebral) control and survival. Results: On
multivariate evaluation, longer time from prostate cancer
diagnosis to WBI showed a trend towards improved local
control (hazard ratio 2.77, p=0.098). Better KPS (hazard
ratio 5.64, p=0.021) and longer time from prostate cancer
diagnosis to WBI (hazard ratio 5.64, p=0.013) were
significantly associated with better survival. Conclusion: Two
independent predictors of survival were identified and should
be considered when designing for personalized treatment
regimens and clinical trials.

Metastases to the brain represent a palliative situation that
occurs in up to 40% of patients with cancer (1-3). The most
common primary tumors associated with brain metastases are
lung cancer (40-50%) and breast cancer (20-25%). In
contrast, patients with prostate cancer account for a minority
of less than 1%. Therefore, there is a considerable lack of

data regarding this group. Many patients with metastases to
the brain from prostate cancer have a short expected survival
and are treated with whole-brain irradiation (WBI) alone. 

When a patient is assigned to WBI, several options, i.e.
dose-fractionation programs, are available (2, 3). These
options range from 1-week programs with lower total doses
and higher doses per fraction to more protracted programs
lasting up to 4 weeks with higher total doses but lower doses
per fraction. Previous studies of WBI for brain metastases
from different tumor types suggested that patients with a
short expected survival should be treated with a short WBI
program to allow the patients to spend more of their
remaining time at home (2, 4). In contrast, longer WBI
programs were reported to result in improved local
(intracerebral) control and survival in the group of patients
with the longest estimated survival time (5). 

Thus, it is important to be able to judge a patient's remaining
survival time before assigning them to a WBI program.
Therefore, this study was performed with the major goal as the
identification of possible independent predictors of survival,
and additionally of local control in patients with metastases to
the brain from prostate cancer. Identification of such predictors
would assist the treating physicians when choosing the most
appropriate WBI program for such a patient. 

Patients and Methods
In this retrospective study, 18 unselected patients with prostate
cancer treated with WBI for metastases to the brain were included.
The major goal of this study was the evaluation of possible
associations between local (intracerebral) control and survival and
seven clinical factors. These factors were the WBI fractionation
program (4 Gy × 5 vs. 3 Gy × 10), age at WBI (<75 vs. ≥75 years,
median=74.5 years), Karnofsky performance score (KPS) (≤70% vs.
80%), number of metastases to the brain (<4 vs. ≥4), involvement
of extracerebral metastatic sites (none vs. bone only vs. sites other
than bone), time interval from prostate cancer diagnosis to WBI
(≤28 vs. >28 months), and recursive partitioning analysis (RPA)
class (2 vs. 3) (6). The distribution of these factors is shown in Table
I. Univariate analyses of local control and survival were carried out
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with the Kaplan–Meier method and the log-rank test (7). Thereafter,
the significant (p<0.05) and borderline significant (p<0.06) clinical
factors were evaluated for independence with the Cox proportional
hazards model.

Results 

The median follow-up was 4 months (range=1-13 months) for
the whole series and 12 months (range=10-13 months) in
patients still alive at their last follow-up. The local control rates
at 3 and 6 months were 48% and 35%. On univariate
evaluation, a longer time interval from prostate cancer
diagnosis to WBI showed a strong trend towards improved
local control (p=0.057, Table II). On the Cox proportional
hazards analysis, this trend was confirmed (hazard ratio=2.77,
95% confidence interval=0.83-10.75, p=0.098). 

The survival rates recorded at 3 and 6 months were 67%
and 22%. On univariate evaluation, a better KPS (p=0.027)
and a longer time interval from prostate cancer diagnosis to
WBI (p=0.009) were significantly correlated with better
survival (Table III). On Cox proportional hazards analysis,
both KPS (hazard ratio=5.64, 95% confidence interval=1.27-
43.48, p=0.021) and the interval from prostate cancer
diagnosis to WBI (hazard ratio=5.64, 95% confidence
interval=1.39-24.39, p=0.013) remained significant
predictors. The 6-month survival rate for the seven patients
with a KPS of ≤70% and an interval from prostate cancer
diagnosis to WBI of ≤28 months was 0%. In contrast, the 6-
month survival rate of the three patients with a KPS of 80%
and an interval from prostate cancer diagnosis to WBI of >28
months was 100%.  

Discussion

Since prostate cancer is the most common type of cancer in
men, considerable research is performed in order to improve
the outcomes of these patients, including preclinical studies
and clinical investigations of new systemic treatments,
surgical approaches and radiation techniques (8-13). In
contrast to metastatic spread to the bone, metastases to the
brain are very rare. Although prostate cancer is one of the
most common types of cancer, patients with brain metastases
from this tumor entity account for fewer than 1% of patients
presenting with metastases to the brain (1-3). Therefore, little
is known about this particular patent group in this regard. In
order to provide additional information, the present study was
carried out. It investigated potential associations between
clinical factors and outcomes in terms of local control and
survival in order to identify independent prognostic factors.

According to the results of this study, the time interval
from prostate cancer diagnosis to WBI was an important
prognostic factor. On multivariate analysis, an interval of
more than 28 months showed a trend towards association

with improved local control and a significant association
with improved survival. In addition, a KPS of 80% (when
compared to ≤70%) was an independent predictor of better
survival. The performance status has been identified as an
independent predictor of survival in previous studies
including patients with brain metastases from different tumor
entities (6, 14-16). The most widely used tool for estimating
the survival of patients with metastases to the brain is the
RPA classification, published in 1997 (6). This classification
includes three prognostic groups with median survival times
of 7.1 months (RPA class 1), 4.2 months (RPA class 2) and
2.3 moths (RPA class 3), respectively. It was mainly based
on the KPS (<70% vs. ≥70%) but additionally on age (<65
vs. ≥65 years) and extracranial disease. The prognostic value
of the RPA classification for patients with brain metastases
from prostate cancer was investigated in the present study.
However, the RPA classification did not achieve significance
on univariate analysis. This may be explained by the fact that
the vast majority of patients with prostate cancer are 65 years
or older, which means that discrimination by age will not be
important for these patients. Furthermore, the RPA
classification does not consider the time interval from
prostate cancer diagnosis to WBI, which proved to be an
important prognostic factor in the present study particularly
focusing on prostate cancer (6). Similar limitations could be
expected for the graded prognostic assessment tool, another
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Table I. Clinical factors and their distribution.

Factor Number of  Proportion 
patients (N)        (%)

Fractionation program of WBI
    4 Gy × 5 fractions 11                61
    3 Gy × 10 fractions 7                39
Age at WBI
    <75 years 9                50
    ≥75 years 9                50
Karnofsky performance score
    ≤70% 13               72
    80% 5               28
Number of metastases to the brain
    <4 8                44
    ≥4 10                56
Involvement of extra-cerebral metastatic sites 
    None 3                17
    Bone metastasis only 10                56
    Sites other than bone 5                28
Time from prostate cancer diagnosis to WBI
    ≤28 months 9                50
    >28 months 9                50
Recursive partitioning analysis class
    Class 2 12                67
    Class 3 6                33

WBI: Whole-brain irradiation.



commonly used survival score for patients with brain
metastases (16). This tool was based on four factors,
including age (>60 vs. 50-59 vs. <50 years), but not on the
interval from prostate cancer diagnosis to WBI. These
considerations demonstrate the importance of looking
separately at different tumor entities, as performed in the
current study. Bearing in mind its limitations due to the
retrospective design and the small number of patients
included, one may suggest choosing a WBI program for an
individual patient based on the two independent predictors
of survival identified in this study. Patients with an interval
from prostate cancer diagnosis to WBI of ≤28 months and a
KPS of ≤70% have a very poor prognosis and might be
considered for a short WBI program, or even best supportive
care alone. A previous study suggested that 4 Gy × 5 was not
inferior to 3 Gy × 10 in a large cohort of patients with
metastases to the brain from different tumor entities (4). The
survival rates at 6 months were 24% and 27%, respectively
(p=0.29). In contrast, those patients with an interval from
prostate cancer diagnosis to WBI of >28 months and a KPS
of >70%, who have a more favorable prognosis, would likely
benefit from WBI with higher total doses and lower doses

per fraction such as 2.5 Gy ×14 or 2 Gy × 20. A previous
study of long-term surviving patients with brain metastases
from various tumor entities suggested that WBI with 2 Gy ×
20 led to significantly better local control and survival than
3 Gy × 10 (5); the survival rates at 12 months were 61% and
50%, respectively (p=0.008). 

In conclusion, this study identified two independent
predictors of survival. These two clinical factors should be
considered when assigning personalized treatment regimens
for individual patients and when designing prospective
clinical trials.

Conflicts of Interest
On behalf of all Authors, the corresponding Author states that there
is no conflict of interest related to this study.

References

1 Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL,
Rowland JH, Stein KD, Alteri R and Jemal A: Cancer treatment
and survivorship statistics, 2016. CA Cancer J Clin 66: 271-289.
2016.

Dziggel et al: Whole-brain Irradiation for Metastases from Prostate Cancer 

37

Table II. Local control rates at 3 and 6 months.

Factor At 3           At 6        p-Value
months      months 

(%)             (%)

Fractionation program of WBI
    4 Gy × 5 fractions 42               42
    3 Gy × 10 fractions 57               29             0.94
Age at WBI
    <75 years 33              n.a.
    ≥75 years 65               65             0.07
Karnofsky performance score
    ≤70% 34               26
    80% 80               60             0.24
Number of metastases to the brain
    <4 50               38
    ≥4 47               35             0.75
Involvement of extra-cerebral 
metastatic sites 
    None 33               33
    Bone metastasis only 60               38
    Sites other than bone 27              n.a.            0.96
Time from prostate cancer 
diagnosis to WBI
    ≤28 months 27                0
    >28 months 67               56             0.057
Recursive partitioning 
analysis class
    Class 2 50               40
    Class 3 44              n.a.            0.41

WBI: Whole-brain irradiation, n.a.: not available.

Table III. Survival rates at 3 and 6 months.

Factor At 3           At 6        p-Value
months      months 

(%)             (%)

Fractionation program of WBI
    4 Gy × 5 fractions 55               18
    3 Gy × 10 fractions 86               29             0.22
Age at WBI
    <75 years 67                0
    ≥75 years 67               44             0.18
Karnofsky performance score
    ≤70% 62                8
    80% 80               60             0.027
Number of metastases to the brain
    <4 75               38
    ≥4 60               10             0.18
Involvement of extra-cerebral 
metastatic sites 
    None 67               33
    Bone metastasis only 70               30
    Sites other than bone 60                0              0.42
Time from prostate cancer 
diagnosis to WBI
    ≤28 months 56                0
    >28 months 78               44             0.009
Recursive partitioning analysis class
    Class 2 75               33
    Class 3 50                0              0.11

WBI: Whole-brain irradiation, bold values represent significant p-
values.



2 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: 210-25, 2012.

3 Khuntia D, Brown P, Li J and Mehta MP: Whole-brain
radiotherapy in the management of brain metastasis. J Clin
Oncol 24: 1295-1304, 2006.

4 Rades D, Kieckebusch S, Lohynska R, Veninga T, Stalpers LJ,
Dunst J and Schild SE: Reduction of overall treatment time in
patients irradiated for more than three brain metastases. Int J
Radiat Oncol Biol Phys 69: 1509-1513, 2007.

5 Rades D, Panzner A, Dziggel L, Haatanen T, Lohynska R and
Schild SE: Dose-escalation of whole-brain radiotherapy for brain
metastasis in patients with a favorable survival prognosis,
Cancer 118: 3853-3859, 2012.

6 Gaspar L, Scott C, Rotman M, Asbell S, Phillips T, Wasserman
T, McKenna WG and Byhardt R: Recursive partitioning analysis
(RPA) of prognostic factors in three Radiation Therapy
Oncology Group (RTOG) brain metastases trials. Int J Radiat
Oncol Biol Phys 37: 745-751, 1997.

7 Kaplan EL and Meier P: Non parametric estimation from
incomplete observations. J Am Stat Assoc 53: 457-481, 1958.

8 Buroni FE, Persico MG, Pasi F, Lodola L, Nano R and Aprile
C: Radium-223: Insight and perspectives in bone-metastatic
castration-resistant prostate cancer. Anticancer Res 36: 5719-
5730, 2016.

9 Caspar A, Mostertz J, Leymann M, Ziegler P, Evert K, Evert M,
Zimmermann U, Brandenburg LO, Burchardt M and Stope MB:
In vitro cultivation of primary prostate cancer cells alters the
molecular biomarker pattern. In Vivo 30: 573-579, 2016.

10 Lao L, Shen J, Tian H, Yao Q, Li Y, Qian L, Murray SS and
Wang JC: Secreted Phosphoprotein 24 kD Inhibits Growth of
Human Prostate Cancer Cells Stimulated by BMP-2. Anticancer
Res 36: 5773-5780, 2016.

11 Weiss M, Gümbel D, Gelbrich N, Brandenburg LO, Mandelkow
R, Zimmermann U, Ziegler P, Burchardt M and Stope MB:
Inhibition of cell growth of the prostate cancer cell model
LNCaP by cold atmospheric plasma. In Vivo 29: 611-616, 2015.

12 Ou YC, Weng WC, Chang KS, Mei CE, Yang CK, Hung SW,
Wang J and Tung MC: Prophylactic robotic-assisted laparoscopic
radical prostatectomy for preoperative suspicion of prostate
cancer: Experience with 55 cases. Anticancer Res 36: 4895-4901,
2016.

13 Maki S, Itoh Y, Kubota S, Okada T, Nakahara R, Ito J,
Kawamura M, Kamomae T, Naganawa S, Yoshino Y, Gotoh M
and Ikeda M: Late rectal toxicity from image-guided intensity
modulated radiotherapy for prostate cancer. Anticancer Res 36:
2967-2973, 2016.

14 Rades D, Dziggel L, Nagy V, Segedin B, Lohynska R, Veninga
T, Khoa MT, Trang NT and Schild SE: A new survival score for
patients with brain metastases who received whole-brain
radiotherapy (WBRT) alone. Radiother Oncol 108: 123-127,
2013. 

15 Dziggel L, Segedin B, Podvrsnik NH, Oblak I, Schild SE and
Rades D: Validation of a survival score for patients treated with
whole-brain radiotherapy for brain metastases. Strahlenther
Onkol 189: 364-366, 2013.

16 Sperduto PW, Berkey B, Gaspar LE, Mehta M and Curran W: A
new prognostic index and comparison to three other indices for
patients with brain metastases: an analysis of 1,960 patients in
the RTOG database. Int J Radiat Oncol Biol Phys 70: 510-514,
2008.

Received November 12, 2016
Revised December 6, 2016
Accepted December 7, 2016

in vivo 31: 35-38 (2017)

38


