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BACKGROUND: Accurate estimation of life expectancy is essential for men deciding between aggressive and con-

servative treatment of prostate cancer. The authors sought to assess the competing risks of nonprostate cancer

and prostate cancer mortality among men with differing Charlson comorbidity index scores and tumor risks.

METHODS: The authors conducted a retrospective study of 1482 men with nonmetastatic prostate cancer diagnosed

from 1997 to 2004 at the Greater Los Angeles and Long Beach Veterans Affairs Medical Centers. They performed

Kaplan-Meier and competing risks regression analyses to assess survival outcomes. RESULTS: After a mean follow-up

of 6.0 years, 370 (25%) men died from other causes, whereas 44 (3%) died of prostate cancer. At 10 years after diag-

nosis, men with Charlson scores 0, 1, 2, and 3þ had nonprostate cancer mortality rates of 17%, 34%, 52%, and 74%,

respectively. In competing risks regression analysis, each point increase in Charlson score was associated with a 2-

fold increase in hazard of nonprostate mortality. Men with Charlson 3þ had 8.5� the hazard of death from other

causes, compared with men with the lowest scores (subhazard ratio, 8.5; 95% confidence interval, 6.2-11.7). After

stratification by tumor risk, nonprostate mortality rates remained markedly elevated among men with higher Charlson

scores, whereas prostate cancer mortality was rare, especially among low-risk and intermediate-risk groups (0.4%,

3%, and 8% for low, intermediate, and high risk, respectively). CONCLUSIONS: Men with the highest Charlson scores

should consider conservative management of low-risk and intermediate-risk tumors, given their exceedingly high risk

of death from other causes and low risk of prostate cancer mortality. Cancer 2011;117:4642–50. VC 2011 American

Cancer Society.
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The first decision facing a man with a new diagnosis of clinically localized prostate cancer is whether to pursue aggressive
treatment. Level I evidence shows that significant survival benefits do not develop until 8 to 10 years after treatment.1

Because definitive local therapy risks morbidities that may significantly affect quality of life,2-5 it is widely accepted that
most men whose comorbidity gives them a low probability of long-term survival should not be aggressively treated. As
such, the American Urological Association and National Comprehensive Cancer Network treatment guidelines recom-
mend using life expectancy to help triage patients with clinically localized disease between aggressive and nonaggressive
management.6,7

Despite the recognized role of life expectancy in medical decision making for men with prostate cancer, the determi-
nation of who is too ill to benefit from aggressive treatment remains ill-defined. This is largely because of the absence of a
widely accepted method of assessing prognosis that incorporates an individual’s health status. The American Urological
Association suggests that clinicians use life tables to estimate prognosis, but because life tables are population-based, they
fail to account for the individual’s health; they overestimate 10-year life expectancy by as much as 22% in men undergoing
prostatectomy.8 The National Comprehensive Cancer Network guidelines recommend adjusting life table estimates for
the individual by adding or subtracting 50% of projected years based on whether the patient is in the highest or lowest
quartile of health. Yet the National Comprehensive Cancer Network guidelines offer no method for categorizing patients
as such.7
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Comorbidity indexes, such as that popularized by
Charlson, offer an empirical method to incorporate an
individual’s health status into the estimation of prognosis.
Her eponymous index estimates risk of mortality based on
the presence of certain comorbidities.9 It is a strong pre-
dictor of overall and nonprostate cancer survival in men
with prostate cancer10-12 and has been incorporated into
several nomograms for predicting overall survival.13-15

Unfortunately, all but 1 of these nomograms fail to isolate
nonprostate cancer mortality as the outcome of interest.
The remaining study was developed using only men who
were aggressively treated, which may underestimate the
true risks of comorbidity. For these reasons, the impact of
comorbidity on nonprostate cancer mortality remains
unclear.

In this study of 1482 men with newly diagnosed
prostate cancer, we first sought to define the long-term
risks of nonprostate cancer mortality amongmen with dif-
fering Charlson scores. To accomplish this, we calculated
longitudinal mortality rates and created Kaplan-Meier
survival curves for Charlson comorbidity groups. We then
used competing risks regression analysis to further charac-
terize the impact of comorbidity on nonprostate cancer
mortality while accounting for prostate cancer mortality
as a competing risk. Second, we sought to directly com-
pare the risks of nonprostate cancer mortality with pros-
tate cancer mortality among men with differing Charlson
scores and low, intermediate, and high tumor risk. To this
end, we created smoothed regression curves depicting
long-term nonprostate and prostate cancer mortality, after
stratification by Charlson score and tumor risk. We hoped
to identify populations at considerable risk of short-term
nonprostate cancer mortality but low risk of prostate can-
cer mortality; conservative management may better serve
such men.

MATERIALS AND METHODS

Data Sources

We used the California Cancer Registry to identify men
newly diagnosed with prostate cancer at the Greater Los
Angeles and Long Beach Veterans Affairs (VA) Medical
Centers from 1997 to 2004. We reviewed medical records
to determine age, race, tumor characteristics, type of pri-
mary treatment, and comorbidities at diagnosis. We
excluded men with no prostate cancer diagnosis (n¼ 40),
histology other than adenocarcinoma (n¼ 46), incidental
diagnosis at cystoprostatectomy (n ¼ 25), insufficient
data to determine comorbidities (n ¼ 206), and meta-

static disease (clinical stage N1 or M1) (n ¼ 115).
Approval was granted by the institutional review boards
at University of California, Los Angeles and the VA. The
final analytic sample was 1482.

Outcome Assessment

Comorbidity

We assessed comorbidity using the age-unadjusted
Charlson Comorbidity Index,9 the most extensively stud-
ied instrument for measuring comorbidity.16 The Charl-
son index estimates life expectancy based on the presence
or absence of specific comorbidities; each comorbidity is
weighted by its risk of mortality, and these weights are
summed into a total score that is proportional to an indi-
vidual’s overall mortality risk. Comorbidities are weighted
as follows: metastatic solid tumor (6), human immunode-
ficiency virus/acquired immunodeficiency syndrome (6),
moderate-to-severe liver disease (3), hemiplegia (2), mod-
erate-to-severe renal disease (2), diabetes with end-organ
damage (2), any solid tumor (2), leukemia/lymphoma
(2), myocardial infarction (1), congestive heart failure (1),
peripheral vascular disease (1), cerebrovascular disease (1),
dementia (1), chronic pulmonary disease(1), connective
tissue disease (1), peptic ulcer disease (1), mild liver dis-
ease (1), and diabetes (1). We collected comorbidities
at diagnosis by review of the interdisciplinary medical
record. Comorbidities had to have been present at the
time of treatment decision. For this study, we stratified
men into 4 groups: Charlson scores 0, 1, 2, and 3þ.

Tumor risk

Tumors were risk-stratified using the widely
accepted D’Amico criteria, which use prostate-specific
antigen (PSA), Gleason score, and clinical stage at diagno-
sis to predict risk of progression, overall mortality, and
cancer-specific mortality. Tumors are classified as low,
intermediate, or high risk.17,18

Mortality

Survival was measured from date of diagnosis until
date of death. We determined date of death using the
medical record and the Social Security Death Index.
Cause of death was determined using the medical record
by the following algorithm. Men were considered to have
died from prostate cancer based on: enrollment in hospice
or palliative care for prostate cancer, advancing PSA de-
spite secondary hormonal therapy or chemotherapy, or
death as a sequela of metastatic disease (bony fracture or
organ failure related to metastasis). Nonprostate cancer
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mortality was defined as death from other causes as noted
in the medical record. If cause of death could not be deter-
mined from the medical record, subjects were considered
to have died from other causes if: PSA was stable 5 years
after local treatment; PSA was stable 1 year before death
after local treatment for D’Amico intermediate/high-risk
disease or 2 years before death for low-risk disease; PSA
was stable 6 months before death while on hormonal
therapy for locally advanced or recurrent disease; or
primary hormonal therapy, secondary hormonal therapy,
or chemotherapy was not initiated within 6 months before
death for locally advanced or recurrent disease.

Statistical Analysis

We first compared clinical and demographic characteris-
tics of our population across Charlson groups using chi-
square and Fisher exact tests. To define the unadjusted
risks of nonprostate cancer mortality across Charlson
groups over time, we created survival tables. We calculated
nonprostate cancer mortality rates at each time point
using life table analysis, after censoring those who were
lost to follow-up or died of prostate cancer or unknown
causes at each time point.

We then assessed the adjusted risks of nonprostate
cancer mortality across Charlson groups using a compet-
ing risks regression model, correcting for age, race, tumor
risk, and type of treatment. We used a maximum likeli-
hood, competing-risks regression model as described
by Fine and Gray.19 Our failure event was defined as
nonprostate cancer mortality; the competing risk was
prostate cancer mortality. Our predictor was Charlson
group (0 ¼ referent, 1, 2, and 3þ). We adjusted for age,
race, D’Amico risk strata, and treatment type. We chose
model covariates a priori based on known correlation with
comorbidity and survival outcomes. We elected to use a
competing risks model rather than a Cox proportional
hazards model, because the latter treats competing risks
of the event of interest as censored observations, and
its cause-specific hazard function does not have a direct
interpretation in terms of survival probability.20,21 Results
are reported as subhazard ratios (SHR) with 95% confi-
dence intervals (CIs).

We then separately modeled nonprostate cancer,
prostate cancer, and overall survival using Kaplan-Meier
analysis, adjusting for age, race, tumor risk, and type of
treatment. Additional covariates were included if they
were unevenly distributed across Charlson groups.
Because the addition of Gleason score did not affect the

significance of Charlson score in predicting survival
outcomes, we omitted it from the final model.

For the 67 subjects who had an unknown cause of
death, we conducted a sensitivity analysis to determine
whether redistribution of these patients would signifi-
cantly change our results. Whether unknowns were
recoded as nonprostate deaths or prostate cancer deaths,
or were excluded entirely, no Charlson group had a
significant change in risk of prostate or nonprostate cancer
mortality in Kaplan-Meier analysis. For this reason, we
censored these men at the time of death in all survival
analyses.

To characterize the risks of mortality across tumor
risk and comorbidity, we stratified our cohort by
D’Amico tumor risk and Charlson score. We then used
competing risks regression analysis to determine the risks
of prostate cancer and nonprostate cancer mortality over
time for each group, while correcting for age, race, and
type of treatment. A Lowess line smoother was applied to
the Kaplan-Meier model to depict competing risks curves
for each tumor risk/comorbidity-paired group. We used
P< .05 to denote statistical significance, and all tests were
2-sided. Statistical analyses were performed in SAS 9.2
(SAS Institute Inc., Cary, NC) or Stata 11.0 (Stata Inc.,
College Station, Tex).

RESULTS
After reviewing all 1914 new cases, we identified 1482
men who satisfied the inclusion and exclusion criteria for
the study. Of the 481 (32%) men who died during the
observation period, 44 (3%) died of prostate cancer, and
370 (25%) died of other causes. Cause of death was
unknown in 67 (5%) men. Mean follow-up for the entire
cohort was 6.0 years (range, 0-13.3 years)—6.9 years
(range, 0.1-13.3 years) among those living at the end of
follow-up and 4.1 years (range, 0-11.9 years) among those
deceased.

Table 1 summarizes the clinical and demographic
features across Charlson groups. Older men and those
who were given immediate androgen deprivation therapy
were more likely to have higher Charlson scores. D’Amico
tumor risk, clinical TNM classification, and PSA at
diagnosis were not associated with comorbidity status,
but there was a significant positive association between
Gleason and Charlson scores.

Table 2 shows unadjusted nonprostate cancer mor-
tality rates over time across Charlson groups. Nonprostate
cancer mortality was significantly higher among men with
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Table 1. Sample Characteristics (N¼1482)

Characteristic Total Charlson
Score 0

Charlson
Score 1

Charlson
Score 2

Charlson
Score 31

P

No. of patients 1482 641 424 237 180 <.0001

Age, No. (%)
<56 years 148 (10.0) 80 (12.5) 47 (11.1) 13 (5.5) 8 (4.4)

56-65 years 543 (36.6) 274 (42.7) 143 (33.7) 72 (30.4) 54 (30.0)

66-75 years 533 (36.0) 206 (32.1) 156 (36.8) 101 (42.6) 70 (38.9)

76-85 years 242 (16.3) 77 (12.0) 72 (17.0) 48 (20.3) 45 (25.0)

>85 years 16 (1.1) 4 (0.6) 6 (1.4) 3 (1.3) 3 (1.7)

Race/ethnicity, No. (%) .3

White 661 (44.6) 287 (44.8) 179 (42.2) 121 (51.1) 74 (41.1)

Black 543 (36.6) 230 (35.9) 158 (37.3) 81 (34.2) 74 (41.1)

Hispanic 112 (7.6) 49 (7.6) 38 (9.0) 15 (6.3) 10 (5.6)

Other 37 (2.5) 17 (2.7) 9 (2.1) 8 (3.4) 3 (1.7)

Not disclosed 129 (8.7) 58 (9.0) 40 (9.4) 12 (5.1) 19 (10.6)

PSA at diagnosis, No. (%) .5

<10 902 (61.0) 404 (63.0) 247 (58.4) 149 (63.4) 102 (57.0)

10-20 339 (22.9) 134 (20.9) 107 (25.3) 54 (23.0) 44 (24.6)

>20 237 (16.0) 103 (16.1) 69 (16.3) 32 (13.6) 33 (18.4)

Clinical T stage, No. (%) .7

cT1 691 (46.6) 288 (44.9) 207 (48.8) 111 (46.8) 85 (47.2)

cT2 642 (43.3) 286 (44.6) 178 (42.0) 106 (44.7) 72 (40.0)

cT3, cT4 58 (3.9) 25 (3.9) 13 (3.1) 11 (4.6) 9 (5.0)

cTx 91 (6.1) 42 (6.6) 26 (6.1) 9 (3.8) 14 (7.8)

Gleason score at diagnosis, No. (%) .008

£6 860 (58.6) 404 (63.1) 247 (58.5) 122 (52.6) 87 (50.0)

7 430 (29.3) 172 (26.9) 127 (30.1) 75 (32.3) 56 (32.2)

‡8 178 (12.1) 64 (10.0) 48 (11.4) 35 (15.1) 31 (17.8)

D’Amico tumor risk, No. (%) .3

Low 516 (36.3) 234 (38.0) 140 (34.4) 85 (37.0) 57 (33.3)

Intermediate 475 (33.4) 202 (32.8) 146 (35.9) 78 (33.9) 49 (28.7)

High 432 (30.4) 179 (29.1) 121 (29.7) 67 (29.1) 65 (38.0)

Treatment, No. (%) <.0001

Aggressive 946 (65.0) 444 (70.4) 279 (67.1) 141 (59.7) 82 (47.4)

Immediate ADT 188 (12.9) 66 (10.5) 56 (13.5) 35 (14.8) 31 (17.9)

Delayed ADT/WW 322 (22.1) 121 (19.2) 81 (19.5) 60 (25.4) 60 (34.7)

Abbreviations: ADT, androgen deprivation therapy; PSA, prostate-specific antigen; WW, watchful waiting.

Table 2. Subhazard Ratios and Longitudinal Mortality Rates for Nonprostate Cancer Mortality by Charlson Score

Charlson
Score

Total No.
of Patients

Nonprostate
Cancer Deaths
at End of
Follow-up

SHR for
NPCM
(95% CI)

NPCM at
2 Years,
%

4 Years,
%

6 Years,
%

8 Years,
%

10 Years,
%

0 636 69 1.0 (Ref ) 2 5 7 13 17

1 424 100 2.2 (1.6-3.0) 5 12 18 27 34

2 237 92 3.9 (2.8-5.5) 9 21 34 46 52

3 þ 180 108 8.5 (6.2-11.7) 23 41 54 66 74

Abbreviations: CI, confidence interval; NPCM, nonprostate cancer mortality; Ref, reference; SHR, subhazard ratio.

Competing risks regression model adjusted for age, race, D’Amico tumor risk, and type of treatment.
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higher Charlson scores. At 10 years after treatment, men
with Charlson scores of 0, 1, 2, and 3þ had nonprostate
cancer mortality rates of 17%, 34%, 52%, and 74%,
respectively.

Competing risks regression analysis revealed an
approximately 2-fold increased hazard of nonprostate
cancer mortality for each point increase in Charlson score
(Table 2). Men with Charlson scores of 3þ had an 8-fold
increased risk of nonprostate cancer mortality, compared
with men with Charlson scores of 0 (SHR, 8.5; 95% CI,
6.2-11.7). Intermediate (SHR, 1.4; 95% CI, 1.1-1.9) and
high tumor risk (SHR, 1.6; 95% CI, 1.2-2.2) and age
(SHR, 1.05; 95%CI, 1.04-1.07) were also significant pre-
dictors of nonprostate cancer mortality. These data sug-
gest that a man would need to live 19 additional years to
double his risk of nonprostate cancer mortality, which is
roughly equivalent to an increase of 1 Charlson point.
When age was reconsidered as a categorical variable
grouped by decades of life beyond 55 years (56-65, 66-75,
and >75), respective decades were associated with SHR
of 1.6 (95% CI, 0.9-2.7), 2.1 (95% CI, 1.2-3.6), and
4.0 (95% CI, 2.2-7.1), whereas risks associated with
Charlson scores remained the same.

Figure 1 depicts Kaplan-Meier curves showing long-
term nonprostate cancer, prostate cancer, and overall
survival by Charlson score. In Kaplan-Meier analysis,
nonprostate and overall survival differed significantly
across Charlson groups (P< .0001).

Table 3 lists survival outcomes after cohort stratifi-
cation by Charlson score and D’Amico tumor risk. Pros-
tate cancer mortality was extremely rare in the low-risk
and intermediate-risk groups, regardless of whether men
were treated aggressively or conservatively (Table 3). We
identified 2 (<1%) prostate cancer deaths in the 252 men
with low-risk tumors and only 9 (3%) among the 311
subjects with intermediate-risk tumors. Among 435 men
with high-risk tumors, we identified 33 (8%) prostate
cancer deaths.

Figure 2 presents smoothed regression curves show-
ing competing risks of prostate cancer and nonprostate
cancer mortality over time, among men with different
Charlson scores and tumor risks. Regardless of tumor risk,
higher Charlson scores were associated with significantly
higher nonprostate cancer mortality rates. Prostate cancer
mortality was a competitor for overall mortality only in
the D’Amico high-risk group. Men with high-risk tumors
and Charlson scores of 0 had nearly equal risk of prostate
and nonprostate mortality at the end of follow-up
(Fig. 2). However, in the Charlson 2 and 3þ groups, non-

prostate cancer mortality still dwarfed prostate cancer
mortality over the period of follow-up.

DISCUSSION
This study attempts to simplify comorbidity’s role in deci-
sion making by better defining the risks of nonprostate
cancer mortality associated with different comorbidity
states. In our cohort, men with Charlson scores 0, 1, 2,
and 3þ had nonprostate cancer mortality rates of 17%,
34%, 52%, and 74%, respectively, at 10 years after treat-
ment. Furthermore, in a competing risks regression
model, men with Charlson scores 3þ had an 8.5�
increased hazard of nonprostate mortality, compared with
men having scores of 0. The prediction of long-term
other-cause mortality is particularly relevant to men with
prostate cancer, because randomized trials have shown
that significant survival benefits of aggressive local treat-
ment in men with low-risk and intermediate-risk tumors
do not manifest until 8 to 10 years after treatment.1 Men
with higher Charlson scores may therefore wish to con-
sider conservative management of such disease, because
they are unlikely to live long enough to reap survival bene-
fits of aggressive treatment.

To underscore our argument, we also compared the
relative contributions of prostate cancer and nonprostate
cancer mortality to overall mortality in the setting of dif-
fering comorbidity and tumor risk. Men with low and in-
termediate tumor risk and higher Charlson scores
undoubtedly stand to benefit least from aggressive treat-
ment, given high short-term risk of nonprostate cancer
mortality and exceedingly low risk of death from prostate
cancer. It is unlikely that our rates of prostate cancer mor-
tality are low solely because the majority of our sample
was aggressively treated. Large retrospective studies of
conservatively managed populations22,23 have shown that
low-risk and intermediate-risk tumors pose little threat to
survival over the first 8 to 10 years after diagnosis, and
randomized controlled trial evidence indicates that there
is no significant survival difference between men who are
aggressively or conservatively managed for such tumors in
the short term.1 Conversely, men with high-risk tumors
have considerable short-term risk of prostate cancer mor-
tality and therefore should consider aggressive treatment,
even in the setting of a high Charlson score.

Other groups have created nomograms for predict-
ing 10-year life expectancy incorporating Charlson score,
but the impact of comorbidity on nonprostate cancer
mortality in these studies may be obscured because of
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Figure 1. Kaplan-Meier curves for overall, nonprostate cancer-specific mortality, and prostate cancer-specific mortality by Charl-
son score are shown: (Top) overall mortality; (Middle) nonprostate mortality; (Bottom) prostate cancer mortality. Abbreviation:
Prob, probability.



limitations associated with patient and outcome selection.
Tewari et al analyzed 1611 men with clinical T1-2 pros-
tate cancer to create life tables predicting overall survival,
based on age, race, Gleason score, PSA, treatment type,
and Charlson score.14 However, because comorbidity was
stratified dichotomously—Charlson score �1 versus
>1—their data lack sufficient granularity to allow for
broader comparisons of survival among men with various
degrees of comorbidity. Walz et al analyzed 9131 men
treated with radical prostatectomy or radiation therapy
without secondary therapy and created a nomogram pre-
dicting 10-year survival, based on age, Charlson score,
and type of treatment.15 Although their nomogram was
internally accurate, it may have underestimated the
impact of comorbidity, because it was developed using
only men who were aggressively treated. Because these
men were deemed well enough to receive aggressive treat-
ment, they were likely to have been healthier in both
measured and unmeasured factors. Our inclusion of men
on watchful waiting and androgen deprivation therapy

may be 1 reason that the impact of comorbidity on non-
prostate cancer mortality appears more pronounced. To
test this hypothesis, we excluded men treated with
watchful waiting or immediate hormonal therapy from
our competing risks regression analysis; as expected, we
found that the SHR for nonprostate cancer mortality
associated with a Charlson score 3þ decreased to 7.1
(95% CI, 4.5-11.3). Other unmeasured factors specific to
our VA population (eg, alcoholism, smoking status,
homelessness) may also amplify the risks of comorbidity
on nonprostate cancer survival in our cohort.

The measurement of comorbidity has room for
improvement. Unlike other measures, the Charlson index
primarily focuses on disease presence and not severity.24

Therefore, it is unable to capture the spectrum of severity
within a given comorbid condition. This is particularly
relevant for men with comorbidities that are either few in
number but life threatening in severity or many in num-
ber but mild in severity. Furthermore, the Charlson
index’s applicability to prostate cancer may not be

Table 3. Competing Risks for Survival by Comorbidity and Tumor Risk

Mortality Charlson
Score 0

Charlson
Score 1

Charlson
Score 2

Charlson
Score 31

Total

Low D’Amico tumor risk
Total patients 234 140 85 57 516

Men alive at end of follow-up 212 105 56 32 405

Overall mortality 22 35 29 25 111

Prostate cancer mortality 2 0 0 0 2

Other cause mortality 17 34 26 24 101

Unknown cause mortality 3 1 3 1 8

Intermediate D’Amico tumor risk
Total patients 202 146 78 49 475

Men alive at end of follow-up 168 109 44 13 334

Overall mortality 34 37 34 36 141

Prostate cancer mortality 5 0 4 0 9

Other cause mortality 22 29 27 35 113

Unknown cause mortality 7 8 3 1 19

High D’Amico tumor risk
Total patients 179 121 69 66 435

Men alive at end of follow-up 125 75 22 12 234

Overall mortality 54 46 47 54 201

Prostate cancer mortality 21 6 4 2 33

Other cause mortality 27 28 36 44 135

Unknown cause mortality 6 12 7 8 33

Unknown D’Amico tumor risk
Total patients 26 17 5 8 56

Men alive at end of follow-up 20 4 2 2 28

Overall mortality 6 13 3 6 28

Prostate cancer mortality 0 0 0 0 0

Other cause mortality 4 9 3 5 21

Unknown cause mortality 2 4 0 1 7
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optimized, because its weighting is based on an endpoint
of 1-year rather than 10-year mortality, a population of
medical inpatients rather than outpatients with prostate
cancer, and outdated data from the 1980s.

Our study is limited by several factors. First, because
our population was drawn from the VA, both measured
(eg, race) and unmeasured (eg, alcoholism, homelessness)
risk factors may not be representative of the US popula-
tion and may thus limit the generalizability of our find-
ings. Second, because patients with severe comorbidity
may have more frequent office/hospital visits and more
thorough documentation of comorbidities compared
with men with mild comorbidity, this may exaggerate the
difference in comorbidity scores between these groups.
Third, because the majority of our population was treated,
rates of prostate cancer mortality may be lower than those
in a watchful waiting population. However, contempo-

rary data suggest that these differences would be slight for
low-risk and intermediate-risk groups observed >10
years.22,23 Lastly, because some men were lost to follow-
up before death, we needed to create ad hoc definitions
for cancer-specific and other-cause mortality for these
men. We therefore defined both prostate and nonprostate
cancer mortality conservatively, based on historical sur-
vival estimates of untreated,23 recurrent,25,26 and castrate-
resistant disease.27,28

For men with newly diagnosed prostate cancer, the
decision of whether to pursue aggressive treatment hinges
on comorbidity. This study provides a foundation for
clinical decision making based on comorbidity by stand-
ardizing the risks of nonprostate cancer mortality associ-
ated with Charlson scores in a modern prostate cancer
population. We contend that men with higher Charlson
scores should strongly consider conservative management

Figure 2. Competing risks for mortality are shown by Charlson score and D’Amico tumor risk.
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of low-risk and intermediate-risk tumors, given the high
likelihood of death from other causes before survival bene-
fits of aggressive treatment can be realized.

FUNDING SOURCES
No specific funding was disclosed.

CONFLICT OF INTEREST DISCLOSURES
The authors made no disclosures.

REFERENCES
1. Bill-Axelson AHL, Ruutu M, Haggman M, et al. Radical

prostatectomy versus watchful waiting in early prostate can-
cer. N Engl J Med. 2005;352:1977-1984.

2. Gore JL, Kwan L, Lee SP, Reiter RE, Litwin MS. Survivor-
ship beyond convalescence: 48-month quality-of-life out-
comes after treatment for localized prostate cancer. J Natl
Cancer Inst. 2009;101:888-892.

3. Stanford JL, Feng Z, Hamilton AS, et al. Urinary and sex-
ual function after radical prostatectomy for clinically local-
ized prostate cancer: the Prostate Cancer Outcomes Study.
JAMA. 2000;283:354-360.

4. Wei JT, Dunn RL, Sandler HM, et al. Comprehensive
comparison of health-related quality of life after contempo-
rary therapies for localized prostate cancer. J Clin Oncol.
2002;20:557-566.

5. Talcott JA, Manola J, Clark JA, et al. Time course and
predictors of symptoms after primary prostate cancer ther-
apy. J Clin Oncol. 2003;21:3979-3986.

6. Thompson I, Thrasher JB, Aus G, et al. Guideline for the
management of clinically localized prostate cancer: 2007
update. J Urol. 2007;177:2106-2131.

7. Mohler J, Bahnson RR, Boston B, et al. NCCN Clinical
Practice Guidelines in Oncology: Prostate Cancer. J Natl
Compr Canc Netw. 2010;8:162-200.

8. Walz J, Suardi N, Shariat SF, et al. Accuracy of life tables
in predicting overall survival in patients after radical prosta-
tectomy. BJU Int. 2008;102:33-38.

9. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chron Dis. 1987;40:
373-383.

10. Albertsen PC, Fryback DG, Storer BE, Kolon TF, Fine J.
The impact of co-morbidity on life expectancy among men
with localized prostate cancer. J Urol. 1996;156:127-132.

11. Fowler JE Jr, Terrell FL, Renfroe DL. Co-morbidities and
survival of men with localized prostate cancer treated with
surgery or radiation therapy. J Urol. 1996;156:1714-1718.

12. Albertsen PC, Fryback DG, Storer BE, Kolon TF, Fine J.
Long-term survival among men with conservatively treated
localized prostate cancer. JAMA. 1995;274:626-631.

13. Cowen ME, Halasyamani LK, Kattan MW. Predicting life
expectancy in men with clinically localized prostate cancer.
J Urol. 2006;175:99-103.

14. Tewari AJC, Divine G, Crawford ED, Gamito EJ, Demers
R, Menon M. Long-term survival probability in men with
clinically localized prostate cancer: a case-control, propensity
modeling study stratified by race, age, treatment and comor-
bidities. J Urol. 2004;171:1513-1519.

15. Walz J, Gallina A, Saad F, et al. A nomogram predicting
10-year life expectancy in candidates for radical prostatec-
tomy or radiotherapy for prostate cancer. J Clin Oncol. 2007;
25:3576-3581.

16. de Groot V, Beckerman H, Lankhorst GJ, Bouter LM. How
to measure comorbidity: a critical review of available methods.
J Clin Epidemiol. 2003;56:221-229.

17. D’Amico AV, Whittington R, Malkowicz SB, et al. Bio-
chemical outcome after radical prostatectomy, external beam
radiation therapy, or interstitial radiation therapy for clini-
cally localized prostate cancer. JAMA. 1998;280:969-974.

18. Boorjian SA, Karnes RJ, Rangel LJ, Bergstralh EJ, Blute
ML. Mayo Clinic validation of the D’amico risk group clas-
sification for predicting survival following radical prostatec-
tomy. J Urol. 2008;179:1354-1360; discussion 60-61.

19. Fine JP, Gray RJ. A proportional hazards model for the subdis-
tribution of a competing risk. J Am Stat Assoc. 1999;94:496-509.

20. Kim HT. Cumulative incidence in competing risk data and com-
peting risks regression analysis.Clin Cancer Res. 2007;13:559-565.

21. Satagopan J, Ben-Porat L, Berwick M, Robson M, Kutler
D, Auerbach AD. A note on competing risks in survival
data analysis. Br J Cancer. 2004;91:1229-1235.

22. Albertsen PC, Hanley JA, Gleason DF, Barry MJ. Compet-
ing risk analysis of men aged 55 to 74 years at diagnosis
managed conservatively for clinically localized prostate cancer.
JAMA. 1998;280:975-980.

23. Lu-Yao GL, Albertsen PC, Moore DF, et al. Outcomes of
localized prostate cancer following conservative management.
JAMA. 2009;302:1202-1209.

24. Litwin MS, Greenfield S, Elkin EP, Lubeck DP, Broering
JM, Kaplan SH. Assessment of prognosis with the total illness
burden index for prostate cancer: aiding clinicians in treat-
ment choice. Cancer. 2007;109:1777-1783.

25. Amling CL, Blute ML, Bergstralh EJ, Seay TM, Slezak J, Zincke
H. Long-term hazard of progression after radical prostatectomy
for clinically localized prostate cancer: continued risk of bio-
chemical failure after 5 years. J Urol. 2000;164:101-105.

26. Freedland SJ, Humphreys EB, Mangold LA, et al. Risk of
prostate cancer-specific mortality following biochemical recur-
rence after radical prostatectomy. JAMA. 2005;294:433-439.

27. Oefelein MG, Agarwal PK, Resnick MI. Survival of patients
with hormone refractory prostate cancer in the prostate spe-
cific antigen era. J Urol. 2004;171:1525-1528.

28. Smaletz O, Scher HI, Small EJ, et al. Nomogram for overall
survival of patients with progressive metastatic prostate
cancer after castration. J Clin Oncol. 2002;20:3972-3982.

Original Article

4650 Cancer October 15, 2011


