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Abstract

Purpose We evaluated the influence of age and comorbid-
ity (Charlson score assessment) on localized prostate can-
cer therapeutic management and the risk of prostate cancer
over- and under-treatment.

Methods Among the 2571 prostate cancer cases diag-
nosed in 2011, a subset of 633 patients was randomly
selected from the prospectively accrued cohort of the
Regional Cancer Registry, among the 17 participating
institutions. Treatment distributions were examined for
patients at each individual prostate cancer risk, age and
comorbidity level and analyzed by multivariate logistic
regression analysis.

Results Treatments with curative intent were observed
less often when age increased (p < 0.001). We found no
impact of the Charlson score on the selection of a cura-
tive treatment [HR 0.89, 95 % CI (0.70-1.15)]. A 20 %
overtreatment rate was reported in low-risk prostate can-
cer patients. For younger patients (65-75 years) with
high comorbidity score, a 14 % overtreatment rate was
observed. Conversely, a 16 % undertreatment rate was
reported in older patients >75 years without any signifi-
cant comorbidity.

Conclusion A better consideration of comorbidities could
significantly reduce overtreatment in patients <75 year and
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promote curative treatment in aggressive prostate cancer
for older patients without any significant comorbidity.
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Introduction

The objectives of modern screening and diagnostic strate-
gies in prostate cancer (PCa) are to detect disease within
the window of curability and avoid over- and under-treat-
ment [1, 2]. While there is ample literature on the risks and
harms of overdiagnosis and overtreatment, limited data
are available regarding undertreatment. Given the demo-
graphics of PCa, which mostly impact elderly patients with
competitive morbidities, undertreatment might typically
be observed in fit patients diagnosed with cancers showing
aggressive features. Individualization in care is therefore
promoted by the recent updates in guidelines of the Ameri-
can Urological Association (AUA) [3, 4] and the European
Association of Urology (EAU) [5], which both emphasize
the value of considering simultaneously cancer character-
istics and patients’ life expectancy or comorbidities. Sev-
eral studies have yet identified evidence of considering
age-adjusted life expectancy with comorbidity assessment
[6-8]. However, in a recent study using data from the Can-
cer of the Prostate Strategic Urologic Research Endeavor
(CaPSURE) registry, Cooperberg et al. [9] showed regional
practice-level variation not explained by disease case-mix
variability.

We analyzed a large regional registry to determine the
influence of age and comorbidities on localized PCa thera-
peutic management and to evaluate the risk of PCa over-
and under-treatment according to these factors.
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Materials and methods

PCa cases detected in 2011 were identified within the
Midi-Pyrénées regional cancer registry that covers PCa
treated within seventeen institutions of various patients’
volumes (1 Teaching hospital, 2 Non-teaching government
hospitals, 14 Private hospitals). The study population was
randomly selected (1:3) from the database after stratifi-
cation to take into account centers’ Pca patient volumes
(Fig. 1). Randomization was made to reduce selection
bias and differences in PCa management resulting in cent-
ers’ activity. Indeed, the number of PCa cases managed
by each center over a year is extremely different, reach-
ing from >150 to <10 cases. Figure 1 shows that patients’
selection was stratified according to centers activity, to
obtain a coherent and statistically equivalent repartition of

Fig. 1 Selection of the popula-
tion study

PCa Cases registred in the Regional Cancer Registry in 2011 among
17 participating institutions

selected cases from each patient volume center category
(<150, 50-149, 11-49) and to exclude centers with very
low patient volume (>10 cases). After randomization, 33
patients were excluded because of unavailable file, lost
follow-up or PCa recidive. Finally, 633 patients were ran-
domly selected and analyzed.

Patients’ files were reviewed on site by trained research
assistants to document patients demographics, cancer and
treatment characteristics. Following AUA/EAU guidelines,
cancers were stratified as of low, intermediate and high risk
according to d’Amico [10]. Treatments were classified as
with curative intent (TCI: Radical Prostatectomy—RP or
External-Beam Radiation Therapy—EBRT or Brachy-
therapy) or with non-curative intent (TnCI: surveillance/
watchful waiting/primary androgen deprivation therapy—
ADT). Treatment distributions according to d’Amico risk

N=2571

Yes No

Diagnosis really made in 2011 2183 388

Number of Pca cases managed in 2011

Number of eligible cases after

randomisation stratified on
center’s activity

Number of cases excluded a posteriori

- Unavailable patient’s file
- Lost follow up
- PCa Recidive

Number of included cases
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Annual Institution activity for PCa management

> 150 cases 51-149 cases 11-50 cases <10 cases
1301 755 115 12
300 251 115 0
1 3 29
1 3 22
0 0 5
0 0 2
299 248 86

633
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Table 1 Evaluation criteria for overtreatment and undertreatment

D’Amico’s risk group

Patient’s characteristics

Adapted from

Overtreatment Any
Low risk
Undertreatment Intermediate or

High risk

Age <75+ CCI>2
Age>75+ CCI > 1
Age 65-75+CCI < 1

Age<15+CCI <1
Age 75-85 + CCI 0

[11-14]

(High probability of comorbidity-related death)
[4-6]

(Low probability of Overall Death)

[11-14]

(Low probability of comorbidity-related death)

stratification, age and comorbidity assessment (Charlson
Comorbidity Index, CCI) [11] were then obtained.

We considered age, tumor stage and grade, and comor-
bidity-adjusted life expectancy to define over- and under-
treatments per protocol, using a threshold value of 10 years
for life expectancy. Individual 10-year life expectancies
were estimated from age using French National Demo-
graphic statistics [12] and from CCI using the current lit-
erature [13-16]. Briefly, patients of any age with CCI > 2
or older than 85 years of age were assumed to have a life
expectancy <10 years, while patients younger than 85 years
of age and with CCI < 1 belonged to a group whose mean
life expectancy reached or exceeded 10 years.

Overtreatment was characterized in patients who under-
went curative treatment despite a high probability of
comorbidity-related death within 10 years following diag-
nosis. To be even more restrictive with patients > 75 years,
we only considered for overtreatment those with CCI > 1
and not > 2:

Regardless disease stage or grade

e Age<75+ CCI=>2.
e Age>75+ CCI> 1.

Furthermore, there is a matter of judgment between
active surveillance and curative treatment for young fit
patients with low-risk PCa. Following actual recommenda-
tions, we deemed that patients <65 years treated with cura-
tive intent could not be considered as overtreated. That’s
why we put aside a 3rd category of «potential overtreat-
ment», defined by:

e Age 65-75 4 CCI < 1 + low-risk PCa.

Undertreatment was characterized in patients with aggres-
sive PCa features (intermediate or high-risk PCa) who
received TnCI despite >10 years comorbidity-adjusted life
expectancy (low probability of comorbidity-related death
within 10 years). To be even more restrictive with patients
75-85 years, we only considered for undertreatment the fit-
test one (those with CCI = 0 and not < 1):

Only intermediate or high-risk PCa

o Age</5+CCI<1.
e Age75-85+ CCI=0.

Table 1 explains definitions of over- and under-treatment.

Demographic and clinical data are summarized using
descriptive statistics. For qualitative data, comparison
between groups was made using the Pearson’s correla-
tion coefficient (r) and the nonparametric Mann—Whitney
test. The Kruskal-Wallis test was used for quantitative
variables. All tests were two-sided using Stata version 11.0
(College Station, Texas: Stata Corporation).

Results

Out of the 2571 new cases of PCa registered in 2011, 666
were randomly selected. Thirty-three patients with missing
data or lost to follow-up were not considered for analysis
(Fig. 1). Patients’ age, CCI and cancer characteristics are
presented in Table 2. More aggressive localized PCa in the
d’Amico risk stratification were observed with increment in
age (p <0.001) and CCI (p = 0.016).

Localized prostate cancer, as defined by a clinical
stage < T3bNOMO, was evidenced in 511/633 patients
(80.7 %), 440/633 (69.5 %) elected TCI. Univariate
analysis showed that TCI was positively impacted by
younger age (p < 0.001) and by d’Amico risk stratifica-
tion (p < 0.001), while CCI was of no influence on treat-
ment decision (Table 3). On multivariate analysis, TCI was
less frequently selected with increasing age, as shown by
a 12 % decrease in 5-year increments (HR 0.88, 95 % CI
0.85-0.91), and confirmed to be independent of CCI (HR
0.89, 95 % CI 0.70-1.15). Subgroup analyses (<65, 65-75,
>75 years of age) confirmed that whatever the age, comor-
bidity evaluation was not taken into account in the deci-
sion process. Compared to low risk patients, TCI was three
times more likely to be selected in patients showing inter-
mediate-risk PCa (HR 3.02 (95 % CI, p < 0.001). A nonsig-
nificant trend toward higher use of TCI was also observed
in high-risk PCa patients (HR 1.47,95 % CI, p = 0.23, n.s.)

@ Springer



590

World J Urol (2017) 35:587-593

Table 2 Population

o Patients  Cancer characteristics (D’ Amico risk)
characteristics
Total Low Intermediate High Locally advanced =~ Metastatic
N (%) 633 146 (23 %) 289 (46 %) 116(18 %) 48 (8 %) 34 (5 %)
Age p <0.001
0-54 28 (4 %) 9 (32 %) 14 (50 %) 2 (7 %) 2 (7 %) 14 %)
55-59 5709 %) 13 (23 %) 32 (56 %) 9 (16 %) 0 (0 %) 3(5 %)
60-64 122 (19 %) 39 (32 %) 54 (44 %) 16 (13 %) 54 %) 8 (7 %)
65-69 124 (19 %) 39 (31.5 %) 49 (40 %) 19 (15 %) 8 (6.5 %) 9 (7 %)
70-74 111 (18 %) 17 (15 %) 68 (61.5 %) 16 (14.5 %) 6 (5 %) 4 (4 %)
75-79 114 (18 %) 28 (24 %) 49 (43 %) 25 (22 %) 10 (9 %) 2 (2 %)
80-84 559 %) 12 %) 21 (38 %) 24 (44 %) 7 (13 %) 2 (3 %)
>85 22 (4 %) 0(0 %) 29 %) 523 %) 10 (45 %) 523 %)
CCI p=0.016
0 414 (66 %) 104 (25 %) 192 (46.5 %) 68 (16.5 %) 30 (7 %) 20 (5 %)
1 11518 %) 21 (18 %) 55 (48 %) 27 (24 %) 6 (5 %) 6 (5 %)
2 65 (10 %) 17 (26 %) 30 (46 %) 11 (17 %) 4 (6 %) 3(5 %)
>3 39 (6 %) 4 (10 %) 12 (31 %) 10 (26 %) 8 (20 %) 513 %)
Table 3 Treatment modality Patients  TnCI TCI RP Irradiation
n =551 n=111 n =440 n=285 n=152
CCI
0 364 (66 %) 67 (18 %) 297(82%) p=0.213 205(69 %) 92(31%) p=0.011
1 103 (19 %) 20 (19 %) 83 (81 %) 43 (52 %) 40 (48 %)
58 (10.5 %) 17 (29 %) 41 (71 %) 28 (68 %) 13 (32 %)
3 26 (4.5 %) 727 %) 19 (73 %) 947 %) 10 (53 %)
Age
0-54 25 (5 %) 14 %) 24 (96 %) p<0.001 21@87.5%) 3(12.5%) p<0.001
55-59 5410 %) 47 %) 50 (93 %) 4386 %) 7(14 %)
60-64 109 (20 %) 15 (14 %) 94 (86 %) 76 (81 %) 18 (19 %)
65-69 107 (19 %) 17 (16 %) 90 (84 %) 72 (80 %) 18 (20 %)
70-74 101 (18 %)  9(9 %) 92 (91 %) 53 (58 %) 39 (42 %)
75-79 102 (19 %) 24 (23.5%) 78 (76.5 %) 19 24 %) 59 (76 %)
80-84 46 (8 %) 34 (74 %) 12 (26 %) 18%) 1192 %)
>85 71 %) 7 (100 %) 0 (0 %) 0(0 %) 0 (0 %)
PCa risk stratification
Low 146 27 %) 35024 %) 111(76%) p=0.001 80(72%) 31128 %) p=0.026
Intermedi- 289 (52 %) 39 (13.5 %) 250 (86.5 %) 163 (65 %) 87 (35 %)
ate
High 116 (21 %) 37 (32 %) 79 (68 %) 42 (53 %) 37 (47 %)

On the other hand, CCI had a significant impact on the
choice of treatment modalities in patients electing TCI as
showed by a 60 % reduction in the proportion of surgical
treatment observed with increasing CCI scores (HR 0.384,
95 % CI 0.15-0.95) when radiation therapy was taken as
reference.

Table 4 reports overtreatment and undertreatment
according to the PCa risk group, age and the comorbidity
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status. Among the 440 patients who underwent TCI, 76
presented high probability of non-specific PCa (comor-
bidity related) death. Furthermore, 36 young patients with
low-risk PCa, eligible to active surveillance, were also
overtreated. Globally, 112 patients (25.5 %) were in a situa-
tion of overtreatment. Conversely, a 37.8 % undertreatment
rate (42/111) was observed among patients who underwent
TnCI.
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Table 4 Rates of over- and Treatment modality D’Amico’s risk group Patient’s characteristics N (%) Total (%)
under-treatment according
to PCa group risks, age and Overtreatment
comorbidity status TCI Any Age <75 + CCI > 2 442 112 (25.5 %)
n =440
Age>75+CCI> 1 32
Low risk Age 65-75+CCI < 1 36
Undertreatment
TnCI Intermediate or Age<75+CCI<1 17 42 (37.8 %)
n=111
High Risk Age 75-85 + CCI 0 25

% Of whom, 15 were < 65 years

Discussion

The National Comprehensive Cancer Network guidelines
for prostate cancer suggest that curative treatment should
be proposed only for men whose overall life expectancy is
over 10 years [17]. According to these guidelines, urolo-
gists have to make decisions based on both patient’s life
expectancy and PCa characteristics. In this prospectively
accrued cohort of men with PCa, we observed that the
comorbidity status as defined by the Charlson score only
marginally modified curative treatment decision-mak-
ing. Thus, overtreatment rate remains non-negligible for
patients with high comorbidity score and who had a great
risk of death not attributable to PCa. Conversely, a non-
negligible proportion of men with intermediate or high-risk
PCa did not receive curative treatment in spite of a clini-
cally localized disease and a low comorbidity burden. The
potential undertreatment rate appears to be a growing con-
cern, estimated in this study at almost 37.8 %.

Previous findings demonstrated that management of local-
ized PCa shows substantial variations in practice patterns
across clinicians and clinical sites [9, 18]. A growing body
of evidence suggests that individual comorbidity assessment
is a key factor to reduce overdiagnosis and overtreatment. In
the large series of Guzzo [15], Albertsen [17] and Daskivich
[19], men with CCI > 2 have a subsequent risk of non-spe-
cific PCa death compared to those with CCI < 1 with a rela-
tive risk of 2, and life expectancy was <10 years regardless
age or progression risk according to d’Amico. Conversely,
men less than 80 years old with CCI < 1 had a 52 % of at
least 10 years overall survival [16].

Randomly selected population was made to reduce
selection bias. This population was representative in terms
of age, tumor grade and stage, and comorbidity level com-
pared to non-selected population. Furthermore, we com-
pared our population with those of precedent large Euro-
pean and American studies. Thus, the rate of patients with
CCI 0 was similar in our study (65.4 %) and in those of
Delpierre et al. [20] carried out in France in 2001 (64.5 %)

and Vulto et al. [21] in the Netherlands in 2006 (60 %). The
proportion of patients with CCI > 3 in our study (6.16 %)
corresponded to those found in studies of Mohan and
Daskivich (4.4 and 11 %, respectively) [22, 23].

In this study, 70 % of patients underwent curative treat-
ment. As expected, the PCa risk was strongly correlated
with curative treatment decision. Multivariate analysis
showed that the type of chosen curative treatment modality
was influenced by both age and comorbidities, as shown by
a significant reduction in RP practice compared to EBRT
or Brachytherapy when age and comorbidities increased.
These trends are explained by the will to avoid surgical
complications for unfit patients [24]. Therefore, comparing
Pca overall survival following RP or EBRT remains diffi-
cult. Retrospective studies might lead to biased conclusions
when not considering comorbidity burden [25].

Conversely, even after age adjustment in multivariable anal-
yses, no statistically significant impact of CCI was found on
treatment decision-making regarding TCI versus TnCI. Thus,
age remains the main treatment decision-making factor. These
findings emphasized that the comorbidity is not sufficiently
taken into account in pre-treatment life-expectancy assess-
ment. These results are similar to those found in recent series
of Daskivich et al. [19], Berglund et al. [26] and Loeb et al.
[27]. Although guidelines recommend the use of population-
based scales such as mortality tables to estimate life expec-
tancy, chronological age should not be considered as the main
decisive factor. These measures do not consider individual
health status and may overestimate life expectancy for patients
with competitive morbidities [17, 28]. Similarly, it may also
be underestimated for patients without comorbidity whose
life expectancy is greater than general population. It therefore
appears that the lack of individual comorbidities assessment
may expose to overtreatment or undertreatment risks.

Using criteria adapted from literature’s data [13-16],
regardless of PCa risk, we observed a 16.4 % rate (72/440)
of overtreatment in patients with a high probability of
comorbidity-related 10-year death. Considering the sub-
group of 65-75 years fit patients with low CCI and low-risk
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PCa, potential overtreatment concerned 36 of them. Even for
those patients, limit between overtreatment and appropri-
ate management can be discussed. Indeed, patients detected
with low-risk PCa are both eligible to initial curative treat-
ment and active surveillance as recommended options. Klotz
et al [29] in a recent updated long-term follow-up of a large
active surveillance cohort showed a 9.2:1 cumulative haz-
ard ratio for non-prostate-to-prostate cancer mortality, sug-
gesting a potential overtreatment of this selected population.
That’s why we considered these patients as «potentially
overtreated». Daskivich et al. [22] found an overtreatment
rate of 48 % in their retrospective series from 1991 to 2007,
with the same endpoints. In a French cohort of patients in
2001, Delpierre et al. [20] reported an overtreatment rate of
34.6 % for patients with localized PCa and a CCI > 2. The
25.5 % overtreatment rate found in our cohort seems to show
an improvement in treatment decision-making over time.
Conversely, our results did not show any correlation between
comorbidity score and curative treatment selection. This
contradiction might be explained by an efficient upstream
diagnosis to a selected fit population, as shown by an overall
84 % of men presenting CCI < 1 (Table 2).

Overall, 37.8 % (42/111) of the TnCI decisions were
potentially undertreatment situations when consider-
ing comorbidity-adjusted life expectancy in this study. In
a recent large nationwide register study, Bratt et al. [16]
observed a 10 % rate of men aged 75-80 year with Charl-
son score O receiving radical treatment, compared with
approximately half of the men younger than 70 year with
a similar life expectancy. Similarly, in our series, 16 %
(25/156) of patients aged 75-85 year had untreated inter-
mediate or high-risk disease and no comorbidity and were
therefore in a potential undertreatment situation. Moreover,
undertreatment concept is only here developed in terms
of specific survival but could also usefully be analyzed in
terms of disease-free survival or life quality-adjusted sur-
vival. Using theses endpoints, a greater rate of potential
undertreatment should be retrieved.

Compared to the literature, results found in our cohort
seem to show a decrement in overtreatment, whereas
undertreatment is a growing concern for elderly patients.
“Preference-Sensitive” management tends to select aggres-
sive treatments when PCa risk increases in younger
patients, and surveillance, watchful waiting or ADT for
older patients. We deem these trends should be better con-
trolled with earlier consideration of comorbidity assess-
ment in therapeutic decisions [16, 30].

Conclusion

Overtreatment of low-risk PCa is a major public health
issue. Nevertheless, the present series confirms a
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continuous decrease in overtreatment rate over time. Age
remains the main factor affecting the treatment choice,
whereas the comorbidity does not significantly influence
overall curative treatment decision-making. However, a
better consideration of comorbidities could significantly
reduce overtreatment in patients <75 year and promote
curative treatment in aggressive PCa for older patients
without any significant comorbidity. A life-expectancy
evaluation based on both age and comorbidity status should
help physician to improve management at an individual
patient basis.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Authors’ contribution Lunardi P.: Data collection or management,
Data analysis, Manuscript writing/editing, Ploussard G.: Content’s
review, Grosclaude P.: Data analysis, Roumiguié M.: Protocol/project
development, Soulié M.: Protocol/project development, Beauval JB.:
Protocol/project development, Content’s review. Malavaud B.: Proto-
col/project development, Manuscript writing, Content’s review.

References

1. van den Bergh RC et al (2013) Timing of curative treatment for
prostate cancer: a systematic review. Eur Urol 64(2):204-215

2. Loeb S et al (2014) Overdiagnosis and overtreatment of prostate
cancer. Eur Urol 65(6):1046-1055

3. Moyer VA, U.S.PS.T. Force (2012) Screening for prostate can-
cer: US preventive services task force recommendation state-
ment. Ann Intern Med 157(2):120-134

4. Andriole GL et al (2012) Prostate cancer screening in the rand-
omized Prostate, Lung, Colorectal, and Ovarian Cancer Screen-
ing Trial: mortality results after 13 years of follow-up. J Natl
Cancer Inst 104(2):125-132

5. Heidenreich A et al (2014) EAU guidelines on prostate cancer.
Part 1: screening, diagnosis, and local treatment with curative
intent-update 2013. Eur Urol 65(1):124—137

6. Gwede CK et al (2005) Treatment decision-making strategies
and influences in patients with localized prostate carcinoma.
Cancer 104(7):1381-1390

7. Davison BJ, So Al, Goldenberg SL (2007) Quality of life, sexual
function and decisional regret at 1 year after surgical treatment
for localized prostate cancer. BJU Int 100(4):780-785

8. Droz JP et al (2014) Management of prostate cancer in older
patients: updated recommendations of a working group of the
International Society of Geriatric Oncology. Lancet Oncol
15(9):e404—414

9. Cooperberg MR, Broering JM, Carroll PR (2010) Time trends
and local variation in primary treatment of localized prostate
cancer. J Clin Oncol 28(7):1117-1123

10. D’Amico AV et al (1998) Biochemical outcome after radical
prostatectomy, external beam radiation therapy, or interstitial
radiation therapy for clinically localized prostate cancer. JAMA
280(11):969-974



World J Urol (2017) 35:587-593

593

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Charlson ME et al (1987) A new method of classifying prognos-
tic comorbidity in longitudinal studies: development and valida-
tion. J Chronic Dis 40(5):373-383

Soulie M et al (2001) Competitive morbidity ant its impact
on life expectancy: evaluation and inclusion in the therapeu-
tic decision regarding localized prostatic cancer. Prog Urol
11(6):1195-1204

Albertsen PC et al (2011) Impact of comorbidity on sur-
vival among men with localized prostate cancer. J Clin Oncol
29(10):1335-1341

Daskivich TJ et al (2011) Comorbidity and compet-
ing risks for mortality in men with prostate cancer. Cancer
117(20):4642-4650

Guzzo TJ et al (2010) Prediction of mortality after radical prosta-
tectomy by Charlson comorbidity index. Urology 76(3):553-557
Bratt O et al (2015) Undertreatment of men in their seven-
ties with high-risk nonmetastatic prostate cancer. Eur Urol
68(1):53-58

Albertsen PC et al (1996) The impact of co-morbidity on life
expectancy among men with localized prostate cancer. J Urol
156(1):127-132

O’Connor AM, Llewellyn-Thomas HA, Flood AB (2004) Modi-
fying unwarranted variations in health care: shared decision
making using patient decision aids. Health Aff (Millwood) Suppl
Variation: VAR63-72

Daskivich TJ et al (2014) Variation in treatment associated with
life expectancy in a population-based cohort of men with early-
stage prostate cancer. Cancer 120:3642

Delpierre C et al (2013) Life expectancy estimates as a key fac-
tor in over-treatment: the case of prostate cancer. Cancer Epide-
miol 37(4):462-468

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Vulto AJ et al (2006) The influence of age and comorbidity on
receiving radiotherapy as part of primary treatment for cancer in
South Netherlands, 1995 to 2002. Cancer 106(12):2734-2742
Mohan R et al (2009) Patients’ survival expectations before
localized prostate cancer treatment by treatment status. J Am
Board Fam Med 22(3):247-256

Daskivich TJ et al (2011) Overtreatment of men with low-
risk prostate cancer and significant comorbidity. Cancer
117(10):2058-2066

Payne HA, Gillatt DA (2007) Differences and commonalities
in the management of locally advanced prostate cancer: results
from a survey of oncologists and urologists in the UK. BJU Int
99(3):545-553

Sooriakumaran P et al (2014) Comparative effectiveness of radi-
cal prostatectomy and radiotherapy in prostate cancer: observa-
tional study of mortality outcomes. BMJ 348:21502

Berglund A et al (2011) Comorbidity, treatment and mortality:
a population based cohort study of prostate cancer in PCBaSe
Sweden. J Urol 185(3):833-839

Loeb S, Berglund A, Stattin P (2013) Population based study
of use and determinants of active surveillance and watchful
waiting for low and intermediate risk prostate cancer. J Urol
190(5):1742-1749

Walz J et al (2008) Accuracy of life tables in predicting over-
all survival in patients after radical prostatectomy. BJU Int
102(1):33-38

Klotz L et al (2015) Long-term follow-up of a large active sur-
veillance cohort of patients with prostate cancer. J Clin Oncol
33(3):272-277

Ploussard G et al (2014) Challenging treatment decision-making
in older urologic cancer patients. World J Urol 32(2):299-308

@ Springer



	Current impact of age and comorbidity assessment on prostate cancer treatment choice and overundertreatment risk
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References




