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The Agency for Healthcare Research and 
Quality (AHRQ), through its Evidence-
based Practice Centers (EPCs), sponsors 
the development of evidence reports and 
technology assessments to assist public- 
and private-sector organizations in their 
efforts to improve the quality of health 
care in the United States. The reports 
and assessments provide organizations 
with comprehensive, science-based 
information on common, costly 
medical conditions and new health care 
technologies. The EPCs systematically 
review the relevant scientific literature 
on topics assigned to them by AHRQ 
and conduct additional analyses when 
appropriate prior to developing their 
reports and assessments.
AHRQ expects that the EPC evidence 
reports and technology assessments will 
inform individual health plans, providers, 
and purchasers as well as the health care 
system as a whole by providing important 
information to help improve health care 
quality.
The full report and this summary are 
available at www.effectivehealthcare.
ahrq.gov/reports/final.cfm.

Background

Prostate cancer is the fifth most common 
malignancy in the world,1 with a large 
variation in incidence rates. In 2010, it was 
estimated that almost a quarter of a million 
new cases were diagnosed in North America, 
and more than 36,000 men died from the 
disease.2,3 These numbers are likely to increase 
with the aging of the population.4 In data from 
the Surveillance, Epidemiology, and End 
Results Program, more men were diagnosed 
with prostate cancer at a younger age and 
earlier stage in 2004–2005 than in the mid- 
to late 1990s, and disparity between ethnic 
groups in cancer stage at diagnosis decreased.5 

Apart from age, ethnic group, and family 
history, the risk factors associated with 
prostate cancer are unclear,6 making primary 
prevention difficult.

Striking differences in incidence have been 
observed for different ethnic groups and 
populations. A high incidence has been 
observed in populations of African descent 
in several countries.7 First-degree relatives 
of men with prostate cancer have a twofold 
to threefold increased risk for developing the 
disease,6,8,9 and its estimated heritability is 
high.10 Some patterns of familial aggregation 
have been observed that are consistent with 
an autosomal dominant mode of inheritance 
of a susceptibility gene, but this accounts for 
no more than 15 percent of cases.11,12 Prostate 
cancer is currently considered to be a complex, 
multifactorial disease with the vast majority of 
familial clustering attributed to the interaction 
of multiple shared moderate to low penetrance 
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susceptibility genes and shared environmental factors 
within these families. Many epidemiological studies have 
suggested a wide range of other risk factors for prostate 
cancer, but these have not been confirmed in controlled 
trials.

The natural history of prostate cancer is highly variable.13 
In a large proportion of men, the disease is indolent, and 
it is difficult to predict which tumors will be aggressive. 
African-American men have a poorer prognosis than 
other groups, independent of comorbidity or access to 
health services.7 The value of aggressive management for 
localized prostate cancer is also debated, and only a small 
proportion of men with early stage prostate cancer die from 
the disease within 10 to 15 years of diagnosis. 

Prostate-specific antigen (PSA) was approved by the US 
Food and Drug Administration in 1986 for monitoring 
progression in patients with prostate cancer, and later 
approved for the detection of the disease in symptomatic 
men (but not for screening asymptomatic men).14 A meta-
analysis of seven randomized controlled trials of screening 
using PSA testing alone, or in combination with digital 
rectal examination, suggested no evidence of benefit 
in reducing mortality,15,16 and some evidence of harms 
from overdiagnosis.16 Amidst substantial debate,17-23 the 
argument has been made for developing more accurate 
screening tests, including possible genetic markers.

Single nucleotide polymorphisms (SNPs) are minute 
inherited variations in the DNA sequence. SNPs occur 
about once in every 800 base pairs24 and are the most 
common type of genetic variation in humans. Since 2001, 
there have been about 1,000 published studies reporting 
associations between prostate cancer, SNPs, and other 
genetic variants. To date, genome-wide association 
(GWA) studies have identified replicated associations 
between prostate cancer and almost 40 specific SNPs.25-34 
The magnitude of the odds ratios (ORs) in these studies 
was in the range of 1.1 to 2.1, that is, of low penetrance. 
It is generally accepted that information on single low-
penetrance alleles has no value in screening,35-38 but a small 
to moderate number of common, low-penetrance variants, 
in combination, may account for a high proportion of a 
disease36,39,40 and may be useful in predicting the risk for 
disease.41 The aim of this review is to assess the evidence 
on the possible value of SNP panels in the detection of and 
prediction of risk for prostate cancer, and their value in 
predicting disease prognosis in affected men.

Scope and Purpose of the Systematic 
Review

This report addresses the evidence on the validity and 
utility of using SNP panels in the detection, diagnosis, and 
clinical management of prostate cancer. It is intended to 

Table A. Elements and key components of evaluation framework for SNP-based panels  
in prostate cancer risk assessment42

Element Strategies Components

Analytic validity An indicator of how well a test or tool 
measures the property or characteristic  
(e.g., genomic variations) that it is intended 
to measure

Analytical sensitivity 
Analytical specificity 
Reliability (e.g., repeatability of test results)  
Assay robustness (e.g., resistance to small changes in 
pre-analytic or analytic variables)43

Clinical validity A measurement of the accuracy with which 
a test or tool identifies or predicts a clinical 
condition

Clinical sensitivity 
Clinical specificity 
Positive predictive value 
Negative predictive value

Clinical utility Degree to which benefits are provided by 
positive and negative test results 

Availability and impact of effective interventions 
Health risks and benefits 
Economic assessment

Ethical, legal, and social 
implications

Issues affecting use of SNP-based panels 
that might negatively impact individuals, 
families, and society

Stigmatization 
Discrimination 
Psychological harms 
Risks to privacy and confidentiality

Note: Reprinted from Amer Jour Prev Med 24(2), Yoon PW, Scheuner MT, and Khoury MJ., Research Priorities for Evaluating 
Family History in the Prevention of Common Chronic Diseases. pp 128-35, 2003, with permission from Elsevier.
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encompass all relevant areas of test evaluation as proposed 
by the ACCE framework (see Table A).

The specific Key Questions (KQs) are:

1.	 What is the analytic validity of currently available 
SNP-based panels designed for prostate cancer risk 
assessment? (KQ1)

2.	 What is the clinical validity of currently available 
SNP-based panels designed for prostate cancer risk 
assessment? (KQ2)

3.	 What is the clinical utility of currently available 
SNP-based panels for prostate cancer risk 
assessment, in terms of the process of care, health 
outcomes, harms, and economic considerations? 
(KQ3)

These questions represent the links in the chain between 
using an SNP-based panel to assess a person’s genotype 
and producing benefit in terms of reduction in mortality: 
do currently available SNP panels actually assess genotype 
accurately, and, if so, do they predict or stratify a person’s 
risk accurately? Does such risk prediction or stratification 
lead to altered clinical decisionmaking and/or change in 
personal behavior sufficient to alter important disease 
outcomes? Are there any direct harms of a SNP-based 
approach? How do SNP-based strategies (alone or in 
combination with PSA) compare with current practice?

This review’s focus is firmly on the potential value of 
applying SNP-based genotype panels in clinical practice 
as a supplement to, or substitute for, current PSA-based 
strategies.

Methods

Standard systematic review methodology was employed. 
MEDLINE®, Cochrane CENTRAL, Cochrane Database of 
Systematic Reviews, and Embase databases were searched 
from their inception to October 2011 inclusive. 

The commercial availability of a test panel was defined 
as a clinical test offered (or soon to be offered) by a 
certified laboratory, or licensed or certified kit reagent test 
panels sold for use by clinical service laboratories within 
continental North America. 

The Web sites of relevant specialty societies and 
organizations were searched, as well as the reference lists 
of eligible studies. 

On behalf of the authors, the Scientific Resource Center 
directly contacted 40 companies known to provide either 
test services or diagnostic reagents potentially relevant 
to the KQs, in an effort to elicit unpublished sources of 
information. 

Eligibility criteria included English language studies 
evaluating SNP analysis of human populations, or samples 
derived from human populations. The SNP analysis had to 
be across more than one gene, commercially available (or 
close to this), and at least one of the gene variants included 
in the panel must have been validated in a GWA study. 
Study designs varied by question. 

Quality assessment was performed using The Newcastle 
Ottawa Scale (NOS)44 supplemented by selected items for 
the QUADAS tool.45

Results 

Our comprehensive search yielded 1,998 unique citations. 
In total, 1,303 (65 percent) were excluded from further 
review following the initial level of title and abstract 
screening. The remaining 695 citations were screened 
at full text and from these a total of 14 articles46-59 were 
eligible. All were considered primarily relevant to KQ2, 
but they also provided data that permitted extrapolation to 
address KQ1.

KQ1. What is the analytic validity of currently 
available SNP-based panels designed for prostate 
cancer risk assessment?

1. What is the accuracy of assay results for individual 
SNPs in current panels?

No direct assessment of the analytic validity of any 
SNP-based panels was identified in the literature search. 
Companies known to offer testing for the risk of prostate 
cancer based on SNP panels were approached in May of 
2011, as were companies known to offer genetic testing 
more generally. As of September 1, 2011, no response had 
been received. From the articles that were identified as 
providing information relevant to the assessment of the 
clinical validity of SNP panels, no data on the analytic 
validity of individual SNPs that were components of the 
panels were presented.

2. What is the analytical validity of current panels 
whose purpose is, or includes, predicting risk of 
prostate cancer? 

Reports concerning 15 test panels were considered eligible 
for KQ2, and data were available, with overlaps from 
different sources, for most of these. Reported accuracy 
rates ranged up to >99.9 percent; SNP call rates were 
usually reported in the range of 98 to 99 percent (with 
a low of 90 percent), and reported concordance on 
retesting was usually greater than 99 percent. However, 
the methodologies described as the basis for determining 
analytical validity were not uniform across all analytes 
for some panels; in multiple cases, the SNP call rate of a 
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given test panel was reported on the basis of data from two 
or more different chip platforms or analytical techniques. 
(For the purpose of this report, call rate was defined as the 
proportion of samples for which genotypes are called for a 
converted marker).

3. What are the sources of variation in accuracy or 
analytical validity across different test platforms? 

No evidence to address this question was identified.

KQ2. What is the clinical validity of currently 
available SNP-based panels designed for prostate 
cancer risk assessment?

Fourteen articles, describing 15 distinct SNP-based 
panels, were identified as eligible for KQ2. The properties 
of a 5-SNP panel were investigated in six articles, four 
of which also considered family history. The other 14 
panels included between 2 and 35 SNPs, but each was 
investigated in a single study only; several of these 
considered family history and age in the risk prediction 
model. All but two evaluations were case-control 
(association) studies, and were heterogeneous in terms 
of the composition of each panel (specific SNPs and the 
number included), the inclusion of other risk factor data, 
the populations in which they were evaluated, and the 
metrics used to judge the performance of the panel as a 
“test.” One evaluation was a cross-sectional study, and one 
was a cohort study of survival in men with prostate cancer. 
None of the studies were performed in routine clinical 
settings. 

1. How well do available SNP-based genotyping panels 
predict the risk of prostate cancer in terms of:

a. stratifying future risk and/or screening for current 
disease? 

Across six studies, the range of observed diagnostic ORs 
for the 5-SNP panel was 2.4 to 4.5. Receiver-operator 
characteristic curves were computed in two of these 
studies, with the reported figures for area under the curve 
(AUC) ranging from 58 to 73 percent, depending on the 
study and inclusion of other variables. AUCs across all 
panels ranged between 58 and 74 percent. In general, 
proposed tests with an AUC of 75 percent or less are 
unlikely to be clinically useful.60,61 Moreover, within 
individual studies, the incremental gain in AUC observed 
when the predictive model including the SNP data was 
compared against the best alternative non-SNPs model 
(i.e., the absolute improvement in AUC) ranged from 
+0.025 to +0.04.

b. distinguishing between clinically important and 
latent/asymptomatic prostate cancer?

Data pertaining to this question were available for the 
5-SNP panel,48,62 the 14-SNP panel,51 the 11-SNP panel,50 
and the 35-SNP panel.58 Regardless of the operational 
definition of “clinically important” prostate cancer, none 
of the evaluations suggested that any of these panels 
performed well in distinguishing between more and less 
aggressive disease.

2. How well do available SNP-based genotyping panels 
predict prognosis in individuals with a clinical diagnosis 
of prostate cancer?

Prediction of prostate cancer mortality in affected men was 
evaluated for the 5-SNP panel, with and without inclusion 
of family history,47 the 6-SNP panel,55 and the 16-SNP 
panel.59 Followup periods ranged from 3.7 to 10 years. 
There was no association between risk alleles and prostate 
cancer mortality for any of the panels,47,55,59 and no increase 
in the AUC of a model based on age, PSA, Gleason score, 
and tumor stage when SNPs panel data were added.47

No data were identified to address the questions of risk 
reclassification or predicted performance in simulation 
analyses.

3. What other factors (e.g., race/ethnicity, gene-gene 
interaction, gene-environment interaction) affect 
the predictive value of available panels and/or the 
interpretation of their results?

No data were found which directly addressed this question. 
For one of the panels,54 we noted the development of 
separate tests for SNPs in steroid hormone pathway genes 
for non-Hispanic Whites and Hispanic Whites. Also, the 
deCODE ProstateCancer test includes different subsets 
of variants for assessing risk in men of European, African 
American, and East Asian descent.63

KQ3. What is the clinical utility of currently 
available SNP-based panels for prostate cancer 
risk assessment, in terms of the process of 
care, health outcomes, harms, and economic 
considerations?

No eligible studies addressing any component of clinical 
utility were identified.  

Quality Assessment of Individual Studies

We considered that all the included studies had at least a 
moderate risk of bias.
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Rating the Body of Evidence

We considered the domains of risk of bias, consistency 
of findings, directness, and precision. As indicated above, 
all included studies were considered to have at least a 
moderate risk of bias. We could not assess consistency of 
results for panels assessed in single studies only. For one 
panel (Focus 5), evaluated in multiple studies, consistency 
could not be assessed quantitatively. For directness, all 
included studies were conducted in a research context, and 
none of the panels were applied in settings that might be 
considered close to routine clinical practice. In particular, 
there was no meaningful comparison of any SNP panel 
against a routine clinical alternative “test.”

Finally, the assessment of precision requires a clear idea of 
clinically meaningful differences between different levels 
of sensitivity, specificity, AUC, and other accuracy metrics. 
This area of evaluation is underdeveloped in the clinical 
literature, and we were unable to offer a valid assessment 
of this domain. 

We were unable to assess the extent of publication bias 
in this review. We contacted a comprehensive list of 
companies we considered most likely to be developing 
SNP panels for commercial application, and received no 
responses.

Overall, it is unlikely that any of the biases identified 
would be sufficient to alter the interpretation of the findings 
from (at best) inadequacy of evidence to clearly positive 
supporting evidence for any of the SNPs panels reviewed.

Discussion

We identified a number of evaluations of SNP panels 
that varied in their composition. We could not draw 
robust conclusions regarding their analytic validity. 
These studies showed statistically significant associations 
between combinations of SNPs and risk of prostate cancer. 
However, when assessed using test evaluation designs, 
the risk models based on SNP panels improved the AUC 
only marginally compared with non–SNP-based tests in 
distinguishing cases from noncases, clinically meaningful 
from latent or asymptomatic cancer, or in stratifying the 
prognosis of confirmed cases. These evaluations were not 
conducted in routine clinical settings. No evidence was 
identified to address the question of clinical utility. 

Future research should focus on evaluating clinical 
validity more extensively and robustly in participants 
more representative of general clinical populations, and 

on comparing SNP-based panels directly with the existing 
standard of care. There would be value in applying decision 
analysis methods. In the development of new panels, there 
is also a need to characterize further the regions in which 
genetic markers have so far been identified and validated, 
as well as to identify and validate further genetic markers 
to enable a greater proportion of the genetic variation to 
be considered in stratifying risk. More emphasis needs 
to be placed on distinguishing between aggressive and 
nonaggressive disease, and investigators should consider 
the possibility for subgroup analyses at the planning stage 
of studies.

Conclusion

The potential value of using SNP-based panels in prostate 
cancer risk assessment includes risk stratification, 
screening for undiagnosed disease, and assessing 
prognosis. We identified 15 SNP panels that we considered 
fulfilled the definition of “close to commercially available.” 
They were widely variable in their makeup, containing 
2-35 different SNPs, many combined with other risk factor 
data in predictive algorithms. 

With regard to stratifying future risk and/or screening 
for current disease, a 5-SNP panel was evaluated in six 
articles. The other 14 panels were investigated in single 
studies only. AUCs across all panels ranged between 58 
and 74 percent. Thus, all of the panels had AUCs below 
75 percent, the threshold below which tests are in general 
considered unlikely to be clinically useful. Any increase 
in AUC compared with models not incorporating the 
SNP combinations was small. In the few studies that 
investigated the distinction between clinically important 
and latent/asymptomatic prostate cancer or prognosis, no 
associations were observed with risk scores derived from 
the SNP panels. Thus, currently available or documented 
SNP panels proposed for prediction of risk for prostate 
cancer have poor discriminative ability.

No evidence was found which addressed the important 
questions of clinical utility. However, even if the review 
had identified more compelling evidence to support 
clinical utility, this would not in itself provide any direct 
evidence of the value of SNP-based test panels in reducing 
morbidity and mortality. Any benefit from improvements in 
prostate cancer risk prediction, screening, and prognostic 
stratification will depend to a large extent on clearer 
evidence that surveillance, diagnostic, and treatment 
strategies in themselves lead to reductions in morbidity  
and mortality.
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