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Abstract

Objective: To investigate the use of 5α-reductase inhibitors (5ARIs) and α-blockers among men 

with benign prostatic hyperplasia (BPH) in relation to prostate cancer (PC) incidence, severity, and 

mortality.

Patients and Methods: A retrospective 20-year cohort study in Saskatchewan men aged 40–89 

years with a BPH-coded medical claim between 1995 and 2014 was conducted. Cox proportional 

hazards regression was used to compare incidence of a PC diagnosis, metastatic PC, Gleason score 

8–10 PC, and PC mortality among 5ARI users (n=4,571), α-blocker users (n=7,764), and non-

users (n=11,677).

Results: In comparison with both non-users and α-blocker users, 5ARI users had approximately 

40% lower risk of a PC diagnosis (11.0% and 11.4% vs. 5.8%, respectively); α-blocker users had 

11% lower risk of a PC diagnosis compared with non-users. Overall, there was no significant 

increase in metastatic PC or PC mortality among 5ARI or α-blocker users (metastatic PC: 0.8% 

and 1.5% vs. 1.4% [non-users]; PC mortality: 1.2% and 2.4% vs. 2.2% [non-users], respectively, 

P>0.05 for both drugs) but there was approximately 30% higher risk of Gleason score 8–10 cancer 
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(1.4% and 1.8% vs. 2.0% [non-users], aHR: 1.37, 95% CI: 1.03–1.82, P=0.03 and aHR: 1.28, 95% 

CI: 1.03–1.59, P=0.02, respectively) compared with non-users.

Conclusion: 5ARI use was associated with lower risk of a PC diagnosis, regardless of 

comparison group. Risk of high-grade PC was higher among both 5ARI users and α-blocker users 

compared with non-users; however, this did not translate into higher risk of PC mortality.
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Introduction

Mortality from prostate cancer (PC) (20.7 per 100,000 men per year) is markedly lower than 

incidence (age-adjusted rate of 129 per 100,000) [1]. Because of its common occurrence, 

and disease attributes such as long latency and late age at diagnosis, PC may be an ideal 

target for chemoprevention [2]. Landmark randomized placebo-controlled trials examining 

5α-reductase inhibitors (5ARIs), finasteride and dutasteride, have reported 25% lower 

incidence of diagnosed PC among both healthy [3, 4] and high-risk [5, 6] men randomized 

to 5ARIs, a risk reduction substantiated by a 2010 systematic review [7]. However, PC 

chemoprevention by 5ARIs is not currently recommended due to evidence from the 

Reduction by Dutasteride of Prostate Cancer Events (REDUCE) and Prostate Cancer 

Prevention Trial (PCPT) studies that 5ARI users had a higher incidence of high-grade 

Gleason score 8–10 cancers [1, 3–5, 8].

For PC outcomes in BPH populations, use of dutasteride with or without tamsulosin was 

associated with a 40% relative risk reduction of a PC diagnosis in the Combination of 

Avodart and Tamsulosin (CombAT) trial [9] and a 34% risk reduction in a meta-analysis 

[10]. Observational data investigating use of an α-blocker alone have shown both no 

association with PC risk in comparison with non-users [11, 12] as well as 3.6 times the risk 

of PC compared with general population controls [13]. In regard to Gleason score 8–10 

cancer and PC metastases at diagnosis, data on pre-diagnostic 5ARI use suggest no 

difference in risk between 5ARI users and non-users in a UK population [14]. A lack of 

association in relation to PC mortality for 5ARI therapy is relatively consistent [4, 11, 14–

16], except for a Danish population study in which both 5ARIs and α-blockers were 

associated with increased risk in men with BPH compared with general population controls 

[13]. In the Finnish Prostate Cancer Screening Trial, men who used α-blockers either before 

or after a PC diagnosis had increased risk of PC mortality; however, this increased risk 

diminished with longer-term α-blocker use [16].

The overall objective of our study was to investigate the use of these prescribed drugs in 

routine clinical practice and their potential to impact the risk of PC incidence, severity, and 

mortality in a large community-dwelling population-based sample. Specific objectives were 

to use a cohort study design to estimate the risk of incident PC, metastatic PC, and PC 

mortality among 5ARI users, α-blocker users, and non-users in men with a physician claim 

reporting BPH in a large community-based sample with 10–20 years of follow-up time.
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Patients and Methods

Data Source and Population

The Saskatchewan Ministry of Health compiled de-identified data for 249,986 men aged ≥40 

years covered by Saskatchewan Health (SH) and eligible for provincial outpatient 

prescription drug benefits between January 1, 1995 and December 31, 2014. Based on pre-

defined criteria, the dataset included a subset of the men’s outpatient prescription drug, 

medical services, and health insurance registration records, as well as cancer records from 

the Saskatchewan Cancer Agency (SCA) cancer registry. The study was approved by the 

institutional review board of HealthCore/NERI, Watertown, MA, and the University of 

Saskatchewan Biomedical Research Ethics Board.

Drug Exposure Groups

We identified male new users of finasteride (5 mg daily), dutasteride (0.5 mg daily), and/or 

α-blockers, including alfuzosin, doxazosin, prazosin, tamsulosin or terazosin. Index date 

was defined as dispensing date of the first prescription on or after the man’s 40th birthday. 

For each finasteride and dutasteride user, at least two non-users were selected and matched 

on age (up to ± 2 years). Non-users were assigned the same index date as their matched 

users, and users were eligible to serve as non-users prior to their first index prescription. 

Men with a history of cancer prior to the index date were excluded, as well as those with 

<365 days of SH coverage prior to index, as the first prescription could not reliably be 

determined. For the present analyses, exposure groups were defined as having ever used the 

drug, as of the index date, and α-blocker users had a BPH medical claim within 12 months 

prior to index (n=7,764), 5ARI users had a BPH medical claim within 12 months pre-index 

through 3 months post-index (n=4,571) [17], and non-users had a BPH medical claim 

anytime during follow-up (n=11,677).

Outcomes

Incident PCs were identified from SCA registry data using first occurrence date of ICD-O-3 

code C61.9 for primary prostate carcinoma, focusing on adenocarcinomas. Information on 

PC mortality was obtained from SCA registry data on cause of death. To define more 

advanced PC, evidence of metastases at diagnosis was used. While the Gleason classification 

system has previously been widely used, we did not rely upon these data due to considerable 

variability in assigning Gleason scores among pathologists and over time [18–20]. However, 

for comparison with previous research, we present results of secondary analyses using 

Gleason score 8–10 cancers (versus lower grades). Reasons for missing Gleason score data 

include changes in the coding of cancer severity data over time by the SCA. Specific data on 

screening methods and/or diagnostic medical procedures associated with PC diagnoses 

evolved over time during the 20-year follow-up period, without sufficient consistency to 

enable proper characterization. Nonetheless, the study’s outcomes derive from valid, 

concrete parameters documented in the SCA database, including PC diagnosis, metastatic 

PC, mortality, and, for a subpopulation with Gleason score data, tumor grade.
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Covariates

Covariates included age at index date, index (calendar) year, baseline use of lipid-lowering 

medications, and baseline diagnosis of cardiometabolic conditions including diabetes, 

hypertension, heart disease, and hyperlipidemia; “baseline” was defined as within 12 months 

prior to index through index date. Physician services records provided data on certain 

medical diagnoses of interest; however, only one diagnosis was reported for a medical visit. 

Further, some physicians in Saskatchewan were on alternative payment plans with the health 

region or province and may have prescribed a drug without record of a physician visit. For 

analysis, index year was initially categorized into quartiles, but due to small numbers in the 

first two categories, tertiles were used: 1995–2004 (reference), 2005–2009, and 2010–2014.

Statistical Analyses

Demographic and clinical characteristics of new users of 5ARIs, α-blockers, and non-users 

of both drugs with a BPH-coded medical claim were compared. A modified case-cohort 

design using survival analysis methods, including log rank statistics and Cox proportional 

hazards models, were used to quantify differences in incident PC, metastatic PC, Gleason 

score 8–10 PC, and PC mortality, between exposure groups. Because combination therapy 

was common, 5ARI users could have also used α-blockers or other drugs of interest, and 

these were included as covariates in fully-adjusted multivariable models. Exit date (i.e., 

censoring date) was defined as the earliest of date of cancer diagnosis, coverage termination 

with SH, death, or December 31, 2014, in that order. Follow-up time comprised the number 

of days between index and exit date.

For each outcome, two regression models were run: basic models adjusted only for age at 

index (as a covariate), and multivariable models adjusted for age at index, index year, and 

baseline use of lipid-lowering medications and cardiometabolic conditions. In sensitivity 

analyses, Cox proportional hazards models accounting for competing risks were run [21]. As 

a proxy for drug duration, effect measure modification by index year was evaluated by 

including an interaction term with drug user group in Cox regression models. Thus, index 

year was used as a surrogate measure of a drug user’s time on drug treatment, with earlier 

index year representing longer exposure to the drug. Statistical analyses were performed 

using SAS 9.4 software (SAS Institute, Inc.), with 2-tailed tests and P values < 0.05 

representing statistical significance. The proportional hazards assumption was tested with 

PROC PHREG.

Results

On average, α-blocker users were younger at index and had a longer median follow-up time 

than 5ARI users and non-users of either drug (Table 1). 5ARI user and non-user groups had 

similar amounts of missing data on Gleason score (21% [56/264] and 22% [288/1287] 

within each group, respectively), but more α-blocker users had missing data (36% 

[316/882]). Distributions of the number of prescriptions filled among 5ARI users and α-

blocker users with at least 2 prescriptions during study follow-up are provided as a 

supplemental figure (Fig S1). When comparing 5ARI users with non-users using Cox 

proportional hazards regression, 5ARI use was associated with a 40% lower relative risk of 
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diagnosed PC in age-adjusted analyses, with the multivariable-adjusted relative risk virtually 

identical (aHR: 0.61, 95% CI: 0.53–0.70, P<0.0001) (Table 2). Occurrence of metastatic PC 

at diagnosis and PC mortality were not significantly different between 5ARI users and non-

users (P=0.54 and P=0.49, respectively); however, both endpoints showed a significant 

interaction with index year, such that 5ARI users with the most recent index years (2010–

2014) had 2.94 times the risk of metastatic PC and 2.22 times the risk of PC mortality 

compared with non-users, while null associations were observed for earlier index years 

(Table S1). While there are intrinsic limitations to the use of Gleason score, we did find that 

among men with Gleason score data, 5ARI use was associated with a 37% higher risk of 

Gleason score 8–10 cancer as compared to non-users (aHR:1.37, 95% CI: 1.03–1.82, 

P=0.03). For all models, the proportional hazards assumption was met, and accounting for 

competing risks yielded identical results.

Comparing α-blocker users with non-users, α-blocker users had an 11% lower risk of 

diagnosed PC (aHR: 0.89, 95% CI: 0.81–0.97, P=0.01), no association with metastatic PC or 

PC mortality (P=0.35 and P=0.10, respectively), but a 28% higher risk of Gleason score 8–

10 cancer than non-users (aHR: 1.28, 95% CI: 1.03–1.59, P=0.02). Furthermore, an 

interaction between α-blocker use vs. non-use and index year suggested that protection 

against a PC diagnosis did not exist among men with later index years (2005–2009 or 2010–

2014, Table S1). When 5ARI users were compared with α-blocker users, 5ARI users 

showed a 37% lower risk of diagnosed PC (aHR: 0.63, 95% CI: 0.54–0.73, P<0.0001), but 

no significant differences for other PC outcomes (P=0.54 for metastatic PC, P=0.98 for 

Gleason score 8–10 PC, and P=0.26 for PC mortality, Table 2). Kaplan-Meier curves for 

diagnosed PC and PC mortality are shown as Fig. 1 and 2.

Discussion

5ARI therapy is now established as an evidence-based standard of care for the treatment of 

selected men with BPH [22]. However, despite multiple studies confirming a lower risk of 

diagnosed PC in men treated with 5ARIs for BPH [23–25], as well as in populations of men 

considered as low risk [3] and high risk [5] for development of PC, the use of this strategy 

for chemoprevention of PC has not become standard of care. The primary reasons for this 

general disregard for 5ARI PC chemoprevention use in clinical practice was the observation 

in the REDUCE and PCPT studies [3–5] of a higher risk of high-grade (Gleason 8–10) PC 

in the 5ARI treated group and the absence of data demonstrating that 5ARIs decrease PC 

mortality. Many re-analyses [4, 6, 20, 26, 27] have shown that this perceived risk of high-

grade cancer with 5ARI therapy may be a pathologic artifact; however, despite these 

considerations, the controversies related to this issue have led to a general reluctance to 

recommend a 5ARI chemoprevention strategy in men. Physicians who prescribe 5ARI 

therapy for men with BPH struggle with the dilemma of potentially subjecting their patients 

to an increased risk of developing high-grade cancer [20] and its consequences. Reassuring 

long-term follow-up data from PCPT showed no difference in overall survival with the use 

of finasteride [4].

The present longitudinal, population-based pharmacoepidemiologic analyses using SH data 

to examine the use of currently prescribed drugs, 5ARIs and α-blockers, in relation to PC 
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risk, contributes to the evidence that can be used to counsel BPH patients considering 

medical therapy. Among men with a physician claim reporting BPH, we observed a 40% 

reduced risk of PC diagnosis among 5ARI (with or without α-blockers) users compared with 

non-users and α-blocker (alone) users, which was consistent with the literature predictions 

[3, 5, 24, 25]. Similarly, the hypothesis, based on REDUCE and PCPT findings [3–5], that 

we would observe more high-grade PC in the 5ARI group, was confirmed with more 

Gleason score 8–10 cancer in 5ARI users vs. non-users but also in α-blocker users vs. non-

users. Most importantly, the results showed null findings for mortality outcomes. 

Furthermore, later drug initiation was associated with higher risk of metastatic PC and PC 

mortality among 5ARI users vs. non-users, while earlier drug initiation showed null 

associations with these outcomes.

The implications for BPH patients presently being treated with 5ARI therapy and both 

patients and physicians considering 5ARI therapy for symptomatic BPH are profound. 

Based on our study, the longitudinal evaluation of some PCPT subjects [4], as well as other 

epidemiological studies [4, 11, 14–16], we can counsel our patients with “true” BPH (an 

enlarged prostate) that they can consider the evidence-based benefits of 5ARI therapy 

without being exposed to a higher risk of dying of PC. Furthermore, they can expect to have 

a lower risk of actually being diagnosed with PC. The increased risk of having a higher 

Gleason grade PC identified at time of PC diagnosis, potentially due to 5ARI-induced 

increased biopsy sensitivity [27], did not translate into an increased risk of dying from PC. 

In fact, earlier exposure to 5ARI therapy did not show higher risk of metastatic PC and PC 

mortality, as suggested with the latest exposure (i.e., index years 2010–2014). Men entering 

the study earlier were likely to be exposed to the drug longer than those entering later. While 

our data cannot be used for confirmation, it could be hypothesized that actual diagnosis of 

higher grade cancer at time of diagnosis could presumably lead to more appropriate, 

potentially curative therapy. Nonetheless, because the causal relationship driving higher 

Gleason grade PC diagnosis among 5ARI patients has not been determined, a certain level 

of caution is still warranted. With respect to α-blocker therapy for BPH, the use (or addition) 

of α-blockers similarly resulted in a reduced risk of PC diagnosis, increased risk of high-

grade PC but no significant effect on PC metastatic disease or PC mortality.

From a rich dataset of linked de-identified administrative health claims data, electronic 

prescription records, and cancer registry data on over 200,000 men, a large subset with a 

BPH-coded medical claim comprised the present analysis. Moreover, this study’s long 

follow-up time (up to 20 years) is sparse in prior studies [11, 14, 16]. With a large sample 

and extended follow-up, the study database included relatively large numbers of events for 

the main outcomes of interest, improving statistical power compared with prior studies. 

While previous research has been conducted in specific target populations with limited 

external validity, the study’s large community-based sample provides more generalizable 

findings. Further, because the population under study has universal health care, 

socioeconomic biases related to access to care may have been diminished.

As with use of all extant datasets, the study had some unavoidable limitations. For example, 

a necessary assumption was that a dispensed prescription was a consumed prescription. 

Missing data, including Gleason score among 21–36% of drug exposure groups, potentially 
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informative behavioral information such as body composition measures, dietary intake 

and/or dietary supplements, other comorbidities, and family history data, posed analytic 

challenges. Although unavailable in our dataset, race/ethnicity data from the Saskatchewan 

census [28] suggest a relatively homogeneous non-minority population, which limits 

generalizability to other racial/ethnic groups. Moreover, we had somewhat limited data on 

cancer progression and treatment.

Conclusions

We observed >30% reduced risk of PC diagnosis and no difference in PC mortality among 

5ARI users compared with non-users and α-blocker users with a BPH-coded medical claim. 

More advanced PC (e.g., more Gleason score 8–10 cancer) in 5ARI users vs. non-users and 

α-blocker users vs. non-users merits continued caution and further investigation. The most 

important message to our BPH patients is that the present study indicated that medical 

therapy, specifically 5ARI therapy (and particularly those taking these drugs for longer 

periods of time), is associated with a potential of reduced risk of being diagnosed with PC 

that does not appreciably change the risk of developing metastatic PC or dying of PC. Our 

data cannot be used to justify a PC chemoprevention strategy for men with or without BPH.
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Fig. 1. 
Multivariable-adjusted Kaplan-Meier curves for prostate cancer incidence among male new 

users of 5α-reductase inhibitors (5ARI, n=4,571), α-blockers (n=7,764), and non-users 

(11,677) with a BPH-coded medical claim. Kaplan-Meier curves and hazard ratios were 

adjusted for age at index, index year, baseline cardiometabolic conditions (diabetes, 

hypertension, heart disease, and/or hyperlipidemia), and baseline use of lipid-lowering drugs 

(statins and/or non-statin lipid-lowering medications): (A) 5ARI users vs. non-users HR 0.61 
(95% CI: 0.53–0.70), P<0.0001; (B) α-blocker users vs. non-users HR 0.89 (95% CI: 0.81–

0.97), P=0.01; (C) 5ARI users vs. α-blocker users HR 0.63 (95% CI: 0.54–0.73), P<0.0001.
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Fig. 2. 
Multivariable-adjusted Kaplan-Meier curves for prostate cancer mortality among male new 

users of 5α-reductase inhibitors (5ARI, n=4,571), α-blockers (n=7,764), and non-users 

(11,677) with a BPH-coded medical claim. Kaplan-Meier curves and hazard ratios were 

adjusted for age at index, index year, baseline cardiometabolic conditions (diabetes, 

hypertension, heart disease, and/or hyperlipidemia), and baseline use of lipid-lowering drugs 

(statins and/or non-statin lipid-lowering medications): (A) 5ARI users vs. non-users HR 1.11 
(95% CI: 0.82–1.50), P=0.49; (B) α-blocker users vs. non-users HR 1.18 (95% CI: 0.97–

1.44) P=0.10; (C) 5ARI users vs. α-blocker users HR 0.84 (95% CI: 0.61–1.14), P=0.26.
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Table 1.

Characteristics of 5α-reductase inhibitor (5ARI) users, α-blocker users, and non-users with a BPH-coded 

medical claim

5ARI users* α-blocker users Non-users

N 4571 7764 11677

Age at index (yrs), Mean (SD) 70.0 (9.3) 66.7 (9.7) 71.0 (8.5)

Year of index, n (%)

    1995–2004 964 (21.1%) 4011 (51.7%) 3913 (33.5%)

    2005–2009 1367 (29.9%) 1941 (25.0%) 3408 (29.2%)

    2010–2014 2240 (49.0%) 1812 (23.3%) 4356 (37.3%)

Follow-up time (yrs)

    Median (IQR) 4.1 (5.1) 6.3 (8.0) 5.0 (6.2)

    Min-Max 0.003–20 0.003–20 0.003–20

Age at exit (yrs), Mean (SD) 74.9 (9.4) 73.7 (10.1) 77.1 (8.1)

Baseline lipid-lowering drug use, n (%)
† 1879 (41.1%) 2242 (28.9%) 4469 (38.3%)

Baseline cardiometabolic conditions, n (%)
‡ 3790 (82.9%) 5658 (72.9%) 9593 (82.1%)

Outcomes during follow-up, n (%)

    Prostate cancer 264 (5.8%) 882 (11.4%) 1287 (11.0%)

    Advanced prostate cancer

        Metastases at diagnosis 37 (0.8%) 113 (1.5%) 162 (1.4%)

        Gleason score 8–10 66 (1.4%) 139 (1.8%) 232 (2.0%)

            Complete Gleason score data 208 (78.8%) 566 (64.2%) 999 (77.6%)

    Mortality among men with PC

        Prostate cancer 53 (1.2%) 188 (2.4%) 257 (2.2%)

        Other cancer 16 (0.4%) 48 (0.6%) 72 (0.6%)

        Non-cancer 41 (0.9%) 186 (2.4%) 236 (2.0%)

        Missing 154 (3.4%) 460 (5.9%) 722 (6.2%)

*
”5ARI users” could have also used α-blockers, but “α-blocker users” used α-blockers only

†
Includes statins and non-statin lipid-lowering medications

‡
Includes diabetes, hypertension, heart disease, and hyperlipidemia
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Table 2.

Risk of prostate cancer outcomes among 5α-reductase inhibitor users (5ARI, n=4,571), α-blocker users 

(n=7,764), and non-users (n=11,677) with a BPH-coded medical claim

No. of events Age-adjusted HR
(95% CI)

P value Fully-adjusted HR (95% CI)* P value

5ARI users
†
 vs. non-users

    Total prostate cancer 1551 0.60 (0.52–0.68) <0.0001 0.61 (0.53–0.70) <0.0001

    Metastatic prostate cancer 199 1.13 (0.79–1.62) 0.50 1.12 (0.78–1.61) 0.54

    Gleason score 8–10 cancer 298 1.51 (1.14–2.00) 0.005 1.37 (1.03–1.82) 0.03

    Prostate cancer mortality 310 1.13 (0.83–1.53) 0.44 1.11 (0.82–1.50) 0.49

α-blocker users vs. non-users

    Total prostate cancer 2169 0.94 (0.86–1.03) 0.21 0.89 (0.81–0.97) 0.01

    Metastatic prostate cancer 275 1.04 (0.82–1.33) 0.75 1.13 (0.88–1.45) 0.35

    Gleason score 8–10 cancer 371 1.14 (0.93–1.42) 0.21 1.28 (1.03–1.59) 0.02

    Prostate cancer mortality 445 1.14 (0.94–1.38) 0.19 1.18 (0.97–1.44) 0.10

5ARI users vs. α-blocker users

    Total prostate cancer 1146 0.56 (0.49–0.65) <0.0001 0.63 (0.54–0.73) <0.0001

    Metastatic prostate cancer 150 1.09 (0.76–1.57) 0.63 0.89 (0.61–1.30) 0.54

    Gleason score 8–10 cancer 205 1.32 (0.98–1.76) 0.06 1.00 (0.75–1.35) 0.98

    Prostate cancer mortality 241 0.94 (0.69–1.28) 0.69 0.84 (0.61–1.14) 0.26

*
HR adjusted for age at index, index year, baseline use of lipid-lowering drugs (statins and/or non-statin lipid-lowering medications), and baseline 

cardiometabolic conditions (diagnosed diabetes, hypertension, heart disease, and/or hyperlipidemia).

†
”5ARI users” could have also used α-blockers, but “α-blocker users” used α-blockers only

BJU Int. Author manuscript; available in PMC 2020 March 01.


	Abstract
	Introduction
	Patients and Methods
	Data Source and Population
	Drug Exposure Groups
	Outcomes
	Covariates
	Statistical Analyses

	Results
	Discussion
	Conclusions
	References
	Fig. 1.
	Fig. 2.
	Table 1.
	Table 2.

