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Introduction

Life expectancy is a key component in clinical decision-making
for management of men with prostate cancer (Pca). Accurate
assessment of life expectancy is therefore crucial in observa-
tional studies of adherence to guidelines and pattern of care [1].
Life expectancy is determined by age and comorbidities and
there are several indices in use for quantifying comorbidities.
The commonly used Charlson comorbidity index (CCl) [2] relies
on the presence (Yes/No) of International Classification of
Diseases (ICD) codes for a predefined set of diagnoses. One limi-
tation of the CCl is that a large proportion of men with localized
Pca have CCl =0.The Prostate Cancer Comorbidity Index (PCCI) is
a development of the CCl intended to improve the performance
of CCl in men with Pca, and it has recently been combined with
age to estimate life expectancy [3].

We have previously developed two comorbidity indices that
both outperform CClin men with Pca and we have used them to
estimate life expectancy [4-6].

The aim of this study was to compare the discriminatory ability
of these comorbidity indices and estimates of life expectancy
based on register data and to assess their performance in a
population-based cohort of men with Pca.

Methods

We conducted a population-based cohort study of men with
Pca registered in the National Prostate Cancer Register (NPCR) of
Sweden, which captures 98% of all incident Pca cases compared
to the Cancer Register to which reporting is mandated by law
[7]. The aim of NPCR is to ensure optimal care for men with Pca
and to this end NPCR registers and reports data on cancer char-
acteristics, diagnostic work-up, primary treatment, and adher-
ence to national guidelines [8]. In Prostate Cancer data Base
Sweden (PCBase), NPCR has been linked to other national
healthcare registers and demographic databases. We extracted
data from PCBase 5 on men with Pca diagnosed at age 50-90
years between 2012 and 2020 [6]. Follow-up started at date of
Pca diagnosis.
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Comorbidity was measured using CCl, PCCl, our new
multidimensional diagnosis-based comorbidity index (MDCI), and
our new drug comorbidity index (DCI). The CCl, PCCI, and MDCI
were computed based on ICD-10 codes registered for the
individual in The National Patient Register during a 10-year
lookback period preceding the date of diagnosis [5, 9]. We adapted
the PCCI to ICD-10 codes (Supplementary methods). The MDCI
captures occurrence, recency, and frequency of included ICD-10
codes, as well as total duration of hospital stays with each code.
The DCl is calculated based on Anatomical Therapeutic Chemical
(ATC) codes (five digits) for fillings in the Prescribed Drug Register
during the 365-day period preceding the index date [4].

We computed an age-adjusted PCCl (AAPCCI) where an
additional point was given for each 6-year increase in age at
diagnosis above 60 years [3], and used it to estimate life
expectancy similarly as in Daskivich TJ, Luu M, Heard J, et al [10]
(AAPCCI 0-4: above 10 years; 5-9: 5-10 years; >10: below 5
years). We also estimated life expectancy using the previously
described PCBase method for estimate of life expectancy
(PCBase method) based on MDCI, DCl and age [6].

Date and cause of death were extracted from The Cause of
Death Register. Follow-up ended on December 31%, 2023, or at
date of death or migration, whichever event came first.

We estimated the discrimination of risk of death from any
cause and from causes other than Pca using the concordance
index (C index) after 1, 5, and 10 years of follow-up, overall and
according to age (50-59, 60-69, 70-79, and 80-90 years). We
described the distribution of life expectancy by use of the
PCBase method, the AAPCCI, and by use of the life expectancy
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categories based on AAPCCI. The Swedish Research Ethics
Authority approved the study.

Results

The study included 90,319 men with Pca. CCl = 0 was found in
57,030 (63%) men. Almost 50% (n = 44,593) had PCCl = 0. Within
all age groups discrimination of death from any cause at 1 year
was highest using the MDCI and life expectancy based on the
PCBase method and PCCl, AAPCCI, DCl, and CCl all had lower
discrimination (Figure 1). For example, in men aged 60-69 the C
index was 0.79 (95% Cl: 0.77-0.81) for MDCl, 0.79 (95% Cl: 0.77-
0.82) for life expectancy based on the PCBase method, 0.68 (95%
Cl: 0.66-0.71) for PCCl, 0.70 (95% ClI: 0.67-0.72) for AAPCCI, and
0.65 (95% Cl: 0.62-0.67) for CCl. The pattern was similar for death
from other causes than Pca and when using longer follow-up
(data not shown). The overlap of men with similar life expec-
tancy based on the PCBase method and AAPCCI was overall
72%. The AAPCCI failed to identify 37% of 3,856 men with life
expectancy <5 years according to the PCBase method, 49% of
14,857 men with life expectancy between 5 and 10 years, and
13% of 71,606 men with life expectancy >10 years (Table 1).

Discussion

The PCBase method based on age, MDCl, and DCI provided bet-
ter discrimination of death from any cause in men with Pca than
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the age-adjusted version of PCCI (AAPCCI), which is a modifica-
tion of the CCl and predicted death better than CCI.

Across all age groups, the C index for death from any cause
and other causes than Pca was consistently higher for MDCl and
the PCBase method compared to AAPCCI, PCCl, and CCI. In
addition, the PCBase method produced a wide range of survival
estimates within each AAPCCI category, reflecting substantial
remaining heterogeneity within the AAPCCI categories. While
there was overall 72% agreement between AAPCCl-based and
PCBase method categories, substantial discordance was
observed.

Strengths and limitations

The strengths of our study include the large number of men in
a population-based cohort, comprehensive data on codes in
high-quality national healthcare registers used to create the
comorbidity indices. A limitation of the comparison is that the
PCCI was specifically developed on men with Pca, while the
MDCI was developed on a broader population of Pca-free con-
trol men [7]. Of note, there is a potential influence of Pca on
the risk of death when an index is created based on men with
Pca. Differences in comorbidity and performance of health-
care systems in the United States and Sweden may influence
these indices. For example, in a previous comparison of CCl
and PCCl using U.S. Veteran Affairs data [9] these indices
demonstrated high and virtually similar C-index (0.802 vs.
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+ PCBase method for estimation of life expectacy: based on age, MDCI and DCI
—&— MDCI: Multidimensional Diagnosis-based Comorbidity Index based on ICD-codes
@ DCI: Drug Comorbidity Index based on ATC-codes

#- AAPCCI: Age-adjusted PCCI

—8— PCCI: Prostate Cancer Comorbidity Index based on ICD-codes
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Figure 1. Discrimination (C index) using 1 year of follow-up for death. Stars indicate that the index also included age. In analysis of death from other causes

men who died of prostate cancer were censored at that date.



Table 1. Concordance between two methods for estimation of life expectancy.
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Life expectancy based on the PCBase method

Below 5 years 5-10 years Above 10 years
N (%) N (%) N (%)
Life expectancy categories Below 5 years 2,437 (63) 1,320 (34) 99 (3)
based on age-adjusted PCCl  5_10 years 2,470 (17) 7,697 (52) 4,690 (32)
Above 10 years 718(1) 8,498 (12) 62,390 (87)

PCBase method based on MDCI, a multidimensional diagnosis-based comorbidity index based on diagnoses in The Patient Register (ICD codes), and DCl; a
drug comorbidity index based on fillings in The Prescribed Drug Registry (ATC codes, references 4, 5 and 6).

PCCI: prostate cancer comorbidity index (ICD codes, references 3 and 9); ATC: Anatomical Therapeutic Chemical.
Life expectancy categories based on age-adjusted PCCI (AAPCCI) 0-4: >10 years; AAPCCI 5-9: 5-10 years; AAPCCI >10: <5 years.

0.816) in predicting death from causes other than Pca, i.e. sub-
stantially higher than in our comparison. Of note, the methods
in this study are intended to be used in register-based non-in-
terventional studies and not in clinical practice.

Interpretation

Men with a limited life expectancy below 10 years have little
benefit from radical Pca treatment as stated in guidelines, so life
expectancy should inform decision-making in men with Pca [7].
In order to assess adherence to guideline recommendations,
accurate assessment of life expectancy is therefore needed in
observational studies. Recently, we reported overuse of radical
treatment in men with short life expectancy, and this was more
pronounced in the VA system in the US than in Sweden [1].

MDCI had a better discrimination of death when compared
with the other comorbidity indices, including PCCI, across all
age groups. Within specific categories of life expectancy based
on the PCBase method - selected to align with key clinical
decision points in Pca management - life expectancy based on
AAPCCI assign 13%-49% of men to the same category as the
PCBase method.

Conclusion

The PCBase method to estimate of life expectancy in men with
Pca showed superior discrimination compared to other comor-
bidity indices. Reliable methods for assessing comorbidity and
life expectancy are crucial for reducing bias and enhancing the
interpretation of observational studies.
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