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Abstract
Treatment guidelines recommend that curative radiation treatment of prostate cancer be offered
only to men whose life expectancy is greater than 10 years. The average life expectancy of North
American males is less than 10 years after age 75, yet many men older than 75 years receive
curative radiation treatment for prostate cancer. This study used the provincial cancer registry in
British Columbia, Canada, to determine median non-prostate cancer survival for men who were
aged 75 to 82 years at start of radiation treatment. Median survival was found to be greater than
10 years in men aged up to 80 years at the start of their radiation treatment. This finding suggests
that radiation oncologists are able to appropriately select elderly men with greater than average
life expectancy to receive curative radiation treatment.

Background
It is generally accepted that men with low and intermedi-
ate risk for prostate cancer should be treated with curative
intent only if their life expectancy exceeds 10 years [1].
The average life expectancy of North American males is
less than 10 years after age 75 [2], yet recent reports from
the U.S. indicate that more than 35% of men with prostate
cancer who are older than 75 are treated with radiation
therapy [3]. Are these elderly men being treated inappro-
priately, or are radiation oncologists able to appropriately
select for radiation treatment elderly men whose life
expectancy is better than the average for their age?

The objectives of this study were to determine the life
expectancy from non-prostate cancer death for men aged
75 and older who are treated with curative radiotherapy

for prostate cancer, and to compare their life expectancy
with that of the general male population.

Methods
The study included men who started curative radiotherapy
for prostate cancer between 1984 and 2004, who were age
75 to 82 at the date of starting the therapy. Data was taken
from the British Columbia Cancer Registry, which records
all cancer diagnoses and treatments in the province of
British Columbia (BC), Canada [4,5]. Mortality was deter-
mined from death certificates recorded in the Cancer Reg-
istry. Death certificates were available up to December 31,
2004.

Results
Between 1984 and 2004, 4,005 men aged 75 to 82 started
radiation treatment for prostate cancer in BC. According
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to the risk criteria of the Canadian Consensus Guidelines
[6], 56% of the men had high-risk prostate cancer, 33%
had intermediate risk, and 11% had low risk. The median
radiotherapy dose and fractionation was 66 Gy in 33 frac-
tions (Range: 50 Gy in 16 fractions to 74 Gy in 37 frac-
tions). One hundred and ten men were treated with
brachytherapy.

Figure 1 shows the Kaplan-Meier (K-M) survival curves for
deaths from prostate cancer, non-prostate cancer deaths,
and deaths from all causes. Survival is measured from the
start date of radiation treatment. The K-M prostate cancer
survival censors deaths from non-prostate cancer and men
who are still alive at the end of the study period. The K-M
non-prostate cancer survival censors deaths from prostate
cancer and men who are still alive at the end of the study
period.

Figure 2 shows the K-M median non-prostate cancer sur-
vival by age at start of radiation treatment and the median
all-cause survival for all men of the same age in the BC
population. The median non-prostate cancer survival is
greater than 10 years for men aged up to 80 years at start
of radiation treatment. The non-prostate cancer survival
of men selected for radiation treatment is consistently
longer than the all-cause survival of men of the same age
in the BC population.

Figure 3 shows the cumulative incidence of non-prostate
cancer mortality unadjusted and adjusted for prostate can-
cer mortality. Deaths from prostate cancer are a compet-
ing cause of mortality with non-prostate cancer deaths.
Figure 3 shows that the cumulative incidence of non-pros-
tate cancer mortality is reduced by adjusting for prostate
cancer mortality.

Discussion
We have shown that the median survival from non-pros-
tate-cancer deaths for men who are treated with radiation
for prostate cancer is more than ten years, up to age 80 at
the time of starting radiation treatment. Our results sug-
gest that radiation oncologists are successful in selecting
for curative treatment men whose life expectancy is greater
than would be estimated from their age alone.

An important limitation of our analysis is that we are una-
ble to know the life expectancy from non-prostate causes
for all of the men who received radiation treatment,
because of the competing cause of death from prostate

Cumulative incidence of death functionsFigure 3
Cumulative incidence of death functions. The top line shows 
the cumulative incidence of non-prostate cancer death calcu-
lated using the Kaplan-Meier method without accounting for 
competing deaths from prostate cancer. The middle line 
shows the cumulative incidence after adjusting for the com-
peting risk of death from prostate cancer. The bottom line 
shows the cumulative incidence of prostate cancer death.
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Kaplan-Meier survival functionsFigure 1
Kaplan-Meier survival functions. The top curve is prostate 
specific survival, the middle curve is non-prostate cancer sur-
vival and the bottom curve is all-cause survival.
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Median survival at age of starting radiation treatmentFigure 2
Median survival at age of starting radiation treatment. The 
top line is the median survival from non-prostate cancer 
death for men treated with radiation treatment. The bottom 
line is the median survival at the same age for the male popu-
lation of British Columbia, Canada.
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cancer. However, there is no a-priori reason to believe that
those men who died from prostate cancer were less
healthy, and would have had a non-prostate cancer death,
sooner than those men who did not die from prostate can-
cer. Kaplan-Meier curves cannot be adjusted for compet-
ing risks [7]. However, cumulative incidence of mortality
can be adjusted for competing risks [7]. Our finding that
the cumulative mortality risk is lowered after adjustment
for competing risks is in accordance with the findings of
Satagopan et al, who reported that the cumulative inci-
dence of breast cancer mortality is reduced, compared to
Kaplan-Meier estimates, after adjusting for death due to
other causes [8].

Several studies using population health data have sug-
gested that a significant number of elderly men diagnosed
with prostate cancer are treated with radiation, versus
undergoing watchful waiting or expectant management.
Lu-Yao and colleagues found that Medicare beneficiaries
aged 65 to 79 in Seattle had a 2.3-fold higher rate of radi-
ation treatment during 1987 to 1990 compared to Medi-
care beneficiaries aged 65 to 79 in Connecticut. However,
men in Seattle had the same survival from prostate cancer
as men in Connecticut, despite the higher rate of radiation
treatment. [9]. Using data from the Surveillance, Epidemi-
ology and End Results (SEER) cancer registry linked to
Medicare claims data, Miller et al. reported that 45% of
men with low-risk prostate cancer were over-treated with
radiation between 2000 and 2002, with the greatest bur-
den of over-treatment falling on men over the age of 70
years [3].

The 2007 National Cancer Network Guidelines (NCNG)
for prostate cancer state that "life expectancy estimation is
critical to informed decision-making in prostate cancer,
early detection and treatment". The NCNG guidelines for
curative treatment are categorized according to life expect-
ancy above and below a median survival of 10 years [10].
This 10-year rule has become accepted in medical deci-
sion-making, but while such estimation for groups is pos-
sible, it is recognized to be a challenge for individuals
[11].

A decision-analytic Markov model [12] explored the life
expectancy and quality of life gain (QALG) following cur-
ative radiation treatment in those aged greater than 65
years. The study concluded that "potentially curative ther-
apy (surgery or radiotherapy) may lead to significant gains
in health outcomes for men up to at least age 75 or 80
years with moderately or poorly differentiated localized
prostate cancer." These gains depended on patient comor-
bidities.

It is clear therefore that, rather than universally applying a
specific age cut-off, radiation oncologists must decide

whether to recommend curative radiation treatment on a
patient-by-patient basis. That decision will consider not
only tumor-risk grouping based upon initial PSA test
results, Gleason score and stage, but must also consider an
assessment of life expectancy, as well as respecting the
patient's own preferences.

Although the clinical practice upon which the current
study is based did not employ a formal comorbidity scor-
ing system, comorbidity clearly influenced the selection of
patients for therapy. The impact of comorbidity on life
expectancy in men with prostate cancer has been assessed:
Post et al. [13] found that younger men (aged 60) with
comorbidity were twice as likely to die compared to those
without such comorbidity; whereas at age 74 years,
comorbidity was no longer a significant factor in life
expectancy. These results must be interpreted with some
caution, as the mean follow-up was only 2.9 years; how-
ever, they do reinforce the importance of patient selection
for curative intervention. A review of comorbidity assess-
ment in prostate cancer [14] suggests that comorbidity
assessments should be used more frequently. An elec-
tronic application for calculating a Charlson comorbidity
score is available at no cost to facilitate this in daily prac-
tice [15]. Kastner and colleagues found that the Charlson
comorbidity score is easy to use in everyday practice and
is a significant predictor of survival for men with localised
prostate cancer [16]. The present study did not employ a
formal comorbidity score, but the results suggest radiation
oncologists are able to appropriately judge the health and
potential life expectancy of their patients.

The current study is limited by reliance on administrative
data not collected for answering the study question. A
potential bias may exist in the determination of cause of
death: men who are followed after treatment for prostate
cancer are more likely to have their death attributed to
prostate cancer. In this study, this bias could lead to over-
estimation of survival from non-cancer causes in men
treated for prostate cancer. Penson and colleagues have
assessed the accuracy of death certification for prostate
cancer deaths [17]. They found that the Kappa statistic was
0.91 for agreement between the death certificate cause of
death and physician assessment of the cause of death from
medical records.

Conclusion
This study suggests that radiation oncologists in British
Columbia are selecting elderly patients appropriately for
curative therapy, and that median non-prostate cancer
survival exceeded the survival of the general population.
Formal comorbidity assessments were not employed in
patient assessments, but could provide additional infor-
mation to guide the treatment decision-making process.
Page 3 of 4
(page number not for citation purposes)



Radiation Oncology 2007, 2:17 http://www.ro-journal.com/content/2/1/17
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions
Both authors made substantial contributions to concep-
tion and design, acquisition, analysis and interpretation
of data, have been involved in drafting the manuscript,
and have given final approval of the version to be pub-
lished.

Acknowledgements
The authors acknowledge the BC Cancer Agency for their support of this 
research and the reviewers, whose suggestions have improved this report. 
The authors thank the reviewers for their helpful comments.

References
1. Heidenreich A, Aus G, Abbou CC, Bolla M, Joniau S, Matveev V,

Schmid HP, Zattoni F: European Association of Urology Guide-
lines on Prostate Cancer.   [http://www.uroweb.org/fileadmin/
user_upload/Guidelines/07_Prostate_Cancer_2007.pdf].

2. Statistics Canada: Statistics Canada. Life Tables, Canada, Prov-
inces and Territories. 2000 to 2002.  Life Tables, Canada, Provinces
and Territories 2000 to 2002  [http://www.statcan.ca/english/freepub/
84-537-XIE/tables.htm].

3. Miller DC, Gruber SB, Hollenbeck BK, Montie JE, Wei JT: Incidence
of Initial Local Therapy Among Men With Lower-Risk Pros-
tate Cancer in the United States.  J Natl Cancer Inst 2006,
98(16):1134-1141.

4. Band PR, Gaudette LA, Hill GB, Holowaty EJ, Huchcroft SA, Johnston
GM, Illing EMM, Mao Y, Semenciw RM: The making of the Cana-
dian cancer registry: cancer incidence in Canada and its
regions, 1969 to 1988.  Ottawa , Minister of Supply and Services;
1993:Catalogue Number C52-42/1992. 

5. McBride ML, Donaldson L: Ascertainment and data collection
for a cancer registry.  BC Med J 1987, 29:30-40.

6. Lukka H: Prostate cancer: risk categories and role of hor-
mones and radiotherapy.  Can J Urol 2002, 9 Suppl 1:26-29.

7. Pepe MS, Mori M: Kaplan-Meier, marginal or conditional prob-
ability curves in summarizing competing risks failure time
data?  Stat Med 1993, 12(8):737-751.

8. Satagopan JM, Ben-Porat L, Berwick M, Robson M, Kutler D, Auer-
bach AD: A note on competing risks in survival data analysis.
Br J Cancer 2004, 91(7):1229-1235.

9. Lu-Yao G, Albertsen PC, Stanford JL, Stukel TA, Walker-Corkery ES,
Barry MJ: Natural experiment examining impact of aggressive
screening and treatment on prostate cancer mortality in
two fixed cohorts from Seattle area and Connecticut.  Bmj
2002, 325(7367):740.

10. National Comprehensive Cancer Network (NCCN): National
Comprehensive Cancer Network Practice Guidelines in
Oncology.   [http://www.nccn.org/professionals/physician_gls/PDF/
prostate.pdf].

11. Royal College of Radiologists Clinical Oncology Information Network
& The British Association of Urological Surgeons: Royal College of
Radiologists Guidelines on the Management of Prostate
Cancer.   [http://www.rcr.ac.uk/docs/oncology/other/prostate.htm].

12. Alibhai SM, Naglie G, Nam R, Trachtenberg J, Krahn MD: Do older
men benefit from curative therapy of localized prostate can-
cer?  J Clin Oncol 2003, 21(17):3318-3327.

13. Post PN, Hansen BE, Kil PJ, Janssen-Heijnen ML, Coebergh JW: The
independent prognostic value of comorbidity among men
aged < 75 years with localized prostate cancer: a population-
based study.  BJU Int 2001, 87(9):821-826.

14. Singh R, O'Brien TS: Comorbidity assessment in localized pros-
tate cancer: a review of currently available techniques.  Euro-
pean Urology 2004, 46(1):28-41; discussion 41.

15. Hall WH, Ramachandran R, Narayan S, Jani AB, Vijayakumar S: An
electronic application for rapidly calculating Charlson
comorbidity score.  BMC Cancer 2004, 4:94.

16. Kastner C, Armitage J, Kimble A, Rawal J, Carter PG, Venn S: The
Charlson comorbidity score: a superior comorbidity assess-
ment tool for the prostate cancer multidisciplinary meeting.
Prostate Cancer Prostatic Dis 9(3):270-4 2006, 9(3):270-274.

17. Penson DF, Albertsen PC, Nelson PS, Barry M, Stanford JL: Deter-
mining cause of death in prostate cancer: are death certifi-
cates valid?  J Natl Cancer Inst 93(23):1822-3 2001,
93(23):1822-1823.
Page 4 of 4
(page number not for citation purposes)

http://www.uroweb.org/fileadmin/user_upload/Guidelines/07_Prostate_Cancer_2007.pdf
http://www.uroweb.org/fileadmin/user_upload/Guidelines/07_Prostate_Cancer_2007.pdf
http://www.statcan.ca/english/freepub/84-537-XIE/tables.htm
http://www.statcan.ca/english/freepub/84-537-XIE/tables.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16912266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16912266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16912266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12121592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12121592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8516591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8516591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8516591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15305188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12364300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12364300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12364300
http://www.nccn.org/professionals/physician_gls/PDF/prostate.pdf
http://www.nccn.org/professionals/physician_gls/PDF/prostate.pdf
http://www.rcr.ac.uk/docs/oncology/other/prostate.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12947068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12947068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12947068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11412219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11412219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11412219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15183545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15183545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15610554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15610554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15610554
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References

