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Abstract

BACKGROUND—Previously, the patient-reported Total Illness Burden Index for Prostate 

Cancer (TIBI-CaP) questionnaire and/or the physician-reported Charlson Comorbidity Index 

(CCI) have provided assessments of competing comorbidity during treatment decisions for 

patients with prostate cancer. In the current study, the authors used these assessments to determine 

comorbidity and prognosis before prostate biopsy and the subsequent diagnosis of prostate cancer 

to identify those patients least likely to benefit from treatment.

METHODS—A prospective observational cohort study was performed of 104 participants aged 

64.0 years ± 6.5 years from 3 institutions representing different health care delivery systems. 

Patients were identified before undergoing transrectal ultrasound-guided prostate biopsy and 

followed for a median of 28 months. Associations between the comorbidity scores and nonelective 

hospital admissions were investigated using logistic regression and Cox proportional hazards 

models.

RESULTS—Among the 104 patients who underwent prostate biopsy, 2 died during the follow-up 

period. The overall hospital admission rate was 20% (21 of 104 patients). Higher scores on both 

the TIBI-CaP (≥ 9) and CCI (≥ 3) were found to be significantly associated with an increased odds 

for hospital admission (odds ratio, 11.3 [95% confidence interval (95% CI), 2.4–53.6] and OR, 5.7 

[95% CI, 1.4–22.4]) and hazards ratios (HRs) for time to hospital admission (HR, 3.8 [95% CI, 

1.3–11.2] and HR, 3.2 [95% CI, 1.1–9.1]), respectively.

CONCLUSIONS—TIBI-CaP and CCI scores were found to successfully predict which patients 

were at high risk for nonelective hospital admission. These patients are likely to have poorer health 
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and a potentially shortened lifespan. Therefore, comorbidity analysis using these tools may help to 

identify those patients who are least likely to benefit from prostate cancer therapy and should 

avoid prostate biopsy.
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INTRODUCTION

The usually long course and relatively late age of onset of the majority of cases of prostate 

cancer result in the maxim that most patients die with but not of prostate cancer. This fact 

engenders increased concern about the likelihood of overtreatment, especially in patients 

with comorbidities.1,2 Multiple studies have suggested that comorbidity assessment is an 

especially important factor in stratifying the risk of dying of prostate cancer.3,4 Risk 

stratification would be useful before proceeding with prostate-specific antigen (PSA) testing 

and subsequent biopsy to identify those patients who may not benefit from treatment. In 

addition, avoiding biopsy in patients with high levels of comorbidity could minimize the 

consequences of treatment-related harms, particularly those that compromise quality of life 

and impose unnecessary costs to the health care system.1 Therefore, distinguishing those 

patients who are more likely to benefit from prostate biopsy and subsequent therapy is a 

priority.

Although the American Urological Association guidelines for the management of clinically 

localized prostate cancer encourage the use of population-based life tables, these tables may 

poorly estimate survival in men with multiple comorbidities.5 However, prognostic indices 

that assess and account for comorbidities may supplement the resources needed to assist 

physicians in determining a patient’s potential lifespan within the context of clinical 

decision-making.6

Prior studies have shown the Total Illness Burden Index for Prostate Cancer (TIBI-CaP) to 

be useful in deciding on a particular therapy after prostate biopsy was performed.7,8 

However, to the best of our knowledge, the current study represents the first use of the TIBI-

CaP patient-reported questionnaire in a prospective patient population without a previously 

established diagnosis of prostate cancer.

Therefore, we examined the ability of the TIBI-CaP patient-reported comorbidity 

questionnaire and the physician-reported Charlson Comorbidity Index (CCI) to predict 

subsequent morbidity (acute hospitalizations) and mortality in men undergoing prostate 

biopsy. Acute hospital admission was used as a surrogate metric for the patient’s overall 

health status.9,10 In particular, we believe comorbidity assessment before prostate biopsy 

may be helpful in deciding whether to perform a prostate biopsy.
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MATERIALS AND METHODS

Setting/Sample

We obtained Institutional Review Board approval from 3 participating medical centers: the 

University of California at Irvine, the Long Beach Veterans Affairs Medical Center, and the 

Kaiser Permanente Orange County. These 3 centers represent different health care delivery 

systems and were used to broaden the characteristics of the study population. Participants 

had been previously selected to undergo a prostate biopsy after discussion with their treating 

urologist. The urologist performing the prostate biopsy obtained informed consent from the 

patient for study enrollment.

Design

A prospective observational cohort of 107 participants who were being evaluated for 

clinically localized prostate cancer were enrolled between January 2009 and March 2010 

and reviewed after 3 years from the time the last patient was enrolled for the occurrence of 

nonelective hospital admissions. A total of 3 subjects who had < 6 months of follow-up were 

excluded, leaving 104 patients without a previous diagnosis of prostate cancer at the time of 

the biopsy for the analysis.

Study Measures

Participants were asked to complete the TIBI-CaP questionnaire before undergoing a 

transrectal ultrasound-guided prostate biopsy. The TIBI is a previously validated patient-

reported comorbidity measure of 12 health domains including severity that was later 

modified for patients with prostate cancer (TIBI-P or TIBI-CaP).7,11 TIBI scores measured 

at baseline have been used to empirically identify subgroups of patients with a differential 

likelihood of experiencing subsequent outcomes including mortality and cardiovascular 

events over follow-up periods of ≥ 5 years.12,13 The CCI was completed for each patient by 

the physician before the prostate biopsy was performed.14

Data Collection and Outcomes

In addition to the TIBI-CaP and CCI, demographic information (ie, age, race, body mass 

index [BMI] in kg/m2, and PSA) was collected. The follow-up end date used was the date of 

the last documented note in the medical record as of December 30, 2011 (3 years from the 

time of initiation of the study). Outcomes consisted of nonelective hospital admissions and 

mortality. Hospital admission was defined as admittance through the emergency department, 

a direct admission, an inpatient transfer from an outside hospital, documentation of 

hospitalization at an outside facility, or required observation within the emergency 

department for a period of time. Patients admitted for prostate biopsy complications, 

planned outpatient/ inpatient surgical procedures, or surgical complications were excluded. 

The Veterans Affairs Medical Center and Kaiser Permanente are nearly fully captured health 

systems, which minimized missed events. The biopsy results and the subsequent therapy 

chosen were documented.
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Statistical Analysis

Hospitalized patients were compared with nonhospitalized patients with respect to age, BMI, 

PSA, race, TIBI-CaP, and CCI using 2-group Student t tests. A Spearman rank correlation 

was used to assess agreement between TIBI-CaP and CCI scores. Associations between 

patient characteristics including age, BMI, TIBI-CaP, and CCI and hospital admissions were 

investigated using univariate and multivariate logistic regression. Time to hospital admission 

was investigated using Kaplan-Meier analysis and Cox proportional hazards regression. 

Because of the small numbers of nonelective admissions, comorbidity scores were 

dichotomized using cutpoints (TIBI-CaP ≥ 9 and CCI ≥ 3) that represented the upper 10% 

for each of the TIBI-CaP and CCI distributions. These cutpoint values are consistent with 

values reported in previous studies.8,15 A P value < .05 was considered to be statistically 

significant.

RESULTS

The characteristics of the participants are shown in Table 1. The mean age of the patients at 

the time of study enrollment was 64.0 years (standard deviation, 6.5 years). The majority of 

patients were white/non-Hispanic (72%) and the remaining patients were 13% black, 8% 

Hispanic, and 8% Asian. The median follow-up time was 28 months (range, 6 months–35 

months). Patients who underwent biopsy were found to have either a prostate nodule or an 

elevated PSA level (mean, 8.1 ng/mL [range, 0.5 ng/mL–80 ng/mL]), with 88% of patients 

(91 of 104 patients) having a PSA level ≥ 4 ng/mL. The median TIBI-CaP score was 3.0 

(range, 0–19); 10% of patients (10 of 98 patients) had a score of ≥ 9. The median CCI score 

was 0 (range, 0–12) and 12% of patients (12 of 104 patients) had a score of ≥ 3.0.

Of the 104 men in the screening population, 30 (29%) were diagnosed with cancer based on 

the enrollment prostate biopsy (data not shown). The most common treatments were radical 

prostatectomy (47%), external beam radiotherapy (27%), or active surveillance (13%). The 

majority of men (20 of 30 patients [67%]) were diagnosed with Gleason score 6 prostate 

cancer. The numbers were too small to detect a demonstrable difference among admission 

rates between the cancer treatment groups.

There was an overall mortality rate of 2% (2 of 104 patients). One 63-year-old patient died 

of a metastatic squamous cell carcinoma of the mastoid and a 76-year-old patient died of a 

stroke. The overall hospital admission rate during follow-up was 20% (21 of 104 patients), 

which included both of the patients who died. Patients admitted to the hospital were older 

(aged 66.1 years vs 63.4 years; P = .09) and had a significantly higher BMI (30.9 kg/m2 vs 

28.1 kg/m2; P = .046) and more comorbidities (6.9 vs 3.1 [P = .002] for TIBI-CaP and 2.5 vs 

0.7 [P = .02] for CCI) compared with patients who were not admitted to the hospital during 

follow-up (Table 1).

The most common reasons for hospital admission were problems with the cardiovascular, 

gastrointestinal, or respiratory systems (Table 2). In particular, the cardiovascular system 

was responsible for the majority of hospital admissions (14 of 21 admissions [67%]).
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Because TIBI-CaP and CCI scores showed a significant Spearman correlation of 0.5 (P < .

001), separate multivariate models were performed using each comorbidity measure (Table 

3). After adjusting for age and BMI using multivariate logistic regression, higher 

comorbidity scores as measured by both the TIBI-CaP and CCI were associated with an 

increased odds ratio (OR) for hospital admission during the follow-up period. TIBI-CaP 

scores of ≥ 9 were found to be significantly associated with an increased adjusted OR of 

11.3 (95% confidence interval [95% CI], 2.4–53.6; P = .002). The CCI scores of ≥ 3 were 

found to be significantly associated with an increased adjusted OR of 5.7 for hospitalization 

during follow-up (95% CI, 1.4–22.4; P = .01) (Table 3).

Higher comorbidity scores were also associated with a greater likelihood of hospitalization 

during the follow-up period as evidenced by an increased hazards ratio (HR) after adjusting 

for age and BMI (Table 3). Those patients with TIBI-CaP scores ≥ 9 had an HR of 3.8 (95% 

CI, 1.3–11.2) compared with those with scores of 0 to 8 (Fig. 1). CCI scores of ≥ 3 were also 

found to be associated with an increased HR of 3.2 (95% CI, 1.1–9.1) compared with a CCI 

score of < 3 after adjusting for age and BMI (Fig. 2).

DISCUSSION

Concerns regarding the overtreatment of prostate cancer have contributed to the U.S. 

Preventive Services Task Force delivering a grade D recommendation regarding PSA 

screening.16 Although controversial, this recommendation will compel physicians to 

scrutinize the selection of candidates for prostate cancer screening and diagnosis. It is 

interesting to note that the PIVOT (Prostate Cancer Intervention Versus Observation Trial) 

study demonstrated little benefit for the surgical treatment of patients with prostate cancer 

and the potential for a profound impact on quality of life related to incontinence and 

impotence; however, patients in the analysis with a PSA level ≥ 10 ng/mL and classified as 

being of intermediate or high risk according to the D’Amico risk group classification17 

experienced a benefit in all-cause and prostate cancer-specific mortality, respectively. The 

results suggest benefits for select patients and indicate the need for improved screening 

criteria. Although the PIVOT study did not demonstrate a significant association between 

comorbidity and mortality at a median of 10 years, the results of the current study suggest 

that comorbidity does predict subsequent morbidity as reflected by nonelective hospital 

admissions.9,10 Therefore, we suggest that incorporating an accurate comorbidity assessment 

into candidate selection may not only be useful at the time of treatment but should be 

considered even earlier in the decision-making process for PSA screening and prostate 

biopsy.

One of the most widely used tools to assess 10-year survival using information about a 

patient’s comorbid conditions is the CCI, also referred to as the Charlson score.14 The CCI 

is physician-reported and usually retrospective, but does not assess the severity of disease. A 

CCI ≥ 3 is considered to be an indication of high comorbidity and has previously been 

shown to predict higher mortality for causes other than prostate cancer in patients already 

diagnosed with localized prostate cancer.15,18–20 In the current study, patients with a CCI ≥ 

3 were found to have an increased risk of hospital admissions (OR, 5.7).

Liss et al. Page 5

Cancer. Author manuscript; available in PMC 2016 November 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conversely, a point-of-care patient-reported measure of comorbidity could provide more 

timely and possibly more accurate information regarding the presence and severity of 

comorbid conditions to be used in discussions regarding medical decisions.21 In the initial 

validation study by Litwin et al assessing mortality after 3.5 years, the authors found that 

patients with TIBI-CaP scores ≥ 9 were significantly more likely to die of other causes 

compared with those with TIBI-CaP scores of 0 to 2.8 We found that a TIBI-CaP score of ≥ 

9 was associated with an 11-times higher risk of hospital admission after adjusting for BMI 

compared with a TIBI-CaP score of < 9.

The most common causes of admission to an acute care hospital identified in the current 

study were cardiovascular-related (67% of non–prostate-related hospital admissions), which 

is consistent with national trends.22 Cardiovascular disease remains the leading cause of 

mortality.23 Specifically, those patients who are admitted to the hospital with congestive 

heart failure in particular tend to have more comorbidities (≥ 5 in approximately 40% of men 

with congestive heart failure), as well as higher mortality rates.24

To the best of our knowledge, the current study represents the first use of the TIBI-CaP 

patient-reported questionnaire in a prospective patient population without a previously 

established diagnosis of prostate cancer. Additional studies are needed to investigate the use 

of comorbidity assessment along with prostate cancer risk stratification to determine which 

patients should receive a prostate biopsy and ensuing therapy. Although the study was 

limited by a small sample size, patient diversity was strengthened by enrolling patients from 

3 different institutions comprised of different patient populations (University of California at 

Irvine, Long Beach Veterans Affairs Medical Center, and Kaiser Permanente Orange 

County), in addition to its prospective design.

Several other limitations should be considered when interpreting the results of the current 

study. First, because follow-up consisted of chart review and documentation of the last note 

in the chart, this study may underrepresent the number of admissions to the hospital because 

some patients may have presented to hospitals outside of this study for subsequent medical 

care. In addition, the current study population technically represented a pre-screened cohort 

because the physicians and patients already decided to pursue prostate biopsy. Thus, patients 

with even higher comorbidity levels may have already been excluded.

Comorbidity assessment is useful, but must be done in a way that minimizes the burden to 

the patient and the physician. We developed an electronic version of the TIBI-CaP that 

patients may complete outside of the clinic setting before their appointment with their 

physician to provide an objective measure of the patient’s health status to enrich the 

discussion between the patient and physician when making health care decisions.

Conclusions

Prostate cancer screening and use of the PSA test continues to be controversial given the 

longevity of the disease and the side effects of screening and therapy. Both physician-

reported (CCI) and patient-reported (TIBI-CaP) measures of comorbidity have identified 

patients at high risk for nonelective hospital admission and may aid medical decision-

making, specifically among patients considering prostate biopsy. Before prostate biopsy, 
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providers should assess the number and severity of the patient’s comorbid conditions to 

discuss whether proceeding with biopsy and/or therapy is likely to be beneficial.
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Figure 1. 
A Kaplan-Meier curve for hospital admission by Total Illness Burden Index for Prostate 

Cancer (TIBI-CaP) score is shown that demonstrates the time to hospitalization comparing 

patients split between 2 comorbidity groups (those with a TIBI-CaP score of ≥ 9 and those 

with a TIBI-CaP score of < 9). The group with a score of ≥ 9 previously was described in the 

validation of the TIBI-CaP score.
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Figure 2. 
A Kaplan-Meier curve for hospital admission by Charlson Comorbidity Index (CCI) is 

shown that demonstrates the time to hospitalization comparing patients by CCI score group 

(≥ 3 or < 3). Previous studies have confirmed that a CCI score of ≥ 3 is considered to be 

significant.
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TABLE 2

Cause of Hospital Admissiona

Reason for Admission (n=21) No. (%)

Cardiovascular 14 (67)

 Chest pain/CHF 8 (38)

 Stroke 4 (19)

 DVT 2 (10)

Gastrointestinal 2 (10)

Pulmonary 2 (10)

Renal 1 (5)

Other 2 (10)

Abbreviations: CHF, congestive heart failure; DVT, deep venous thrombosis.

a
Cause of hospitalization is shown by organ system.
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