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Abstract
Background—Epidemiological studies of prostate cancer (PCA) which are based on case control
comparisons may be effected by verification bias. Verification bias exists when the experimental
group has verified PCA, while the control group is presumed to be cancer free, but this is not
histologically verified. Materials and

Methods—Review of the literature and our recent experience with case control studies of PCA in
an autopsy model. Results: When autopsied prostates were evaluated for cancer based on prostatic
specific antigen <4 ng/ml, negative biopsy or both criteria, the contamination rate was 22%, 15% or
12%, respectively. The effect of contamination by occult PCA alters the odds ratio and p-value of
the results.

Conclusion—It is important to recognize that contamination of the control population by occult
carcinomas reduces the reliability of the results. Rigorous characterization of the experimental and
control groups is needed in order to preserve the integrity of the conclusions.
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Verification bias is the result of identifying experimental groups by histological confirmation
of a disease or condition (such as cancer) while the control group is presumed to be free of this
condition, but not histologically verified (1,2). Prostate cancer (PCA) case control studies
suffer from this bias because all of the men in the study population have been confirmed to
have PCA, but the control group is presumed to be free of cancer, but lacks histological
confirmation. It is well known that the prevalence of occult PCA is high and dependent on age,
race, national origin, family history and prostate specific antigen (PSA) levels (3–5).

The carcinogenesis of PCA is not known at this time. Many environmental, dietary and
chemical causes have been studied (6), however most efforts to find positive associations have
been unsuccessful. A family history of PCA may be involved in about 10% of PCA cases (7).
Evidence has been presented that environmental factors may also be involved in these
carcinomas (6). DNA adducts derived from the exposure to carcinogens present in cooked meat
as well as the exposure of prostatic glands to urine suggest the involvement of urine-borne
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aromatic and heterocyclic amines in the carcinogenesis of the prostate (8). Recently several
epidemiological studies of PCA have reported that obese men and smokers are more likely to
develop aggressive and fatal PCA (9–11). Many nutritional factors have also been associated
with aggressive and fatal PCA (9). We have recently identified evidence that statistical flaws
effecting the design of case control studies may inadvertently mask existing associations
(12). The confounding factor appears to be the presence of occult, unsuspected PCA in the
control population.

Manganese superoxide dismutase (MnSOD) is an enzyme responsible for the detoxification
of reactive oxygen species by converting the super oxide radical to hydrogen peroxide.
However, genetic polymorphism of the enzyme has been identified in the malignant
transformation of PCA. Unfortunately, many case control studies have reported no (13), or
only weak association (14–16). When we tested the association in an autopsy study, variable
association was found depending upon the extent of our effort to exclude occult PCA (12).
Only when complete step sectioning and histological confirmation of the absence of PCA in
the control group was carried out, was the association of MnSOD polymorphism and PCA
identified. Therefore, verification bias and the failure to account for occult PCA in the control
group of case control studies could have an adverse effect on the accuracy of identifying
associations (12).

PCA is the most prevalent non-skin malignancy in the US male and it is estimated that 1 in 6
males probably will develop invasive PCA in his lifetime (17). Unlike other malignancies,
occult cancer of the prostate is present in men as young as 30 years and its prevalence is above
30% in men older than 50 years and 60% to 70% in men older than 80 years (18). The prevalence
increases with advancing age. When men with normal digital rectal examination and PSA <4
ng/ml were sextant biopsied as part of the Prostate Cancer Prevention Trial, 15.2% were found
to have unsuspected cancer (3). A 12-core biopsy regimen could have identified even more
carcinomas (4). Clinical data suggest that more than 30% of men without a history of PCA
have occult PCA (4,18), however most case control studies are not large enough to be able to
overcome a 30 % occult cancer inclusion rate in the control population Traditional
epidemiology studies do not take into account the possibility of occult cancer in the control
group and therefore may result in false negative results.

High grade prostatic intraepithelial neoplasia has been associated with the presence and
development of PCA (19). Clinical data suggest that occult cancer can develop into significant
cancer because nearly half of localized low-grade PCA cases may progress to clinically
significant cancer over the next 20 years (20,21). Although there are large variations in the
incidence and mortality of PCA among various geographical and ethnic groups, the prevalence
of PCA appears similar among the groups. When Japanese men immigrated to the United
States, their incidence and mortality started to approximate that of the local population (22).
It is possible that exposure to environmental factors promotes occult cancer to significant
cancer and PCA etiology must encompass the steps leading to both the initiation of histological
cancer and the progression to clinically significant cancer.

Materials and Methods
This study utilized 194 consecutive prostate glands from deceased men over the age of 45,
collected as part of a larger study of the prevalence of PCA (4). The deceased had no known
history of PCA. Total PSA levels were measured in the sera collected within 24 hours from
the time of death (23). All the prostate glands were subjected to 12-core biopsy regimens
performed as previously described (4). Briefly, biopsies were taken ex-vivo by an experienced
urologist (GPH) in a manner similar to how clinical transrectal ultrasound guided biopsies are
performed. The biopsies were taken from both sides of the glands in a symmetrical fashion
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from the mid-peripheral, lateral-peripheral and central zones at the level of the apex, mid-gland
and base. The entire prostate was fixed, step sectioned at 5-mm intervals and each section was
embedded in paraffin, cut into 5 μm sections, and stained with hematoxylin-eosin. Histological
evaluation was performed and the presence or absence of PCA on the biopsies and final
pathology was compared. The specimens were then studied for MnSOD polymorphism (V16A)
as previously described (12). Briefly, DNA was extracted from the prostate tissues using
QIAamp DNA Blood Mini Kits (Qiagen, Valencia, CA, USA). The MnSOD gene was PCR-
amplified and then digested with BsaWI (60°C, 1 hour; New England BioLabs, Beverly, MA,
USA). The fragment patterns specific for the three MnSOD genotypes were VV (GTT; 176
bp, 37 bp), VA (GTT/GCT; 213 bp, 176 bp, 37 bp), and AA (GCT; 213 bp). The frequency of
the various MnSOD genotypes were compared between the experimental group of
histologically confirmed carcinomas and the control groups set by PSA cut-off values of 4 ng/
ml, negative biopsy results or both.

Results
Out of the 194 cases of autopsied prostates, 57 carcinomas (29.4%) were found. Out of the 135
cases with PSA <4 ng/ml, 30 carcinomas (22.2%) were found. Despite 161 cases with negative
biopsies, 25 carcinomas were found (15.5%). Finally, there were 118 cases with PSA <4 ng/
ml and a negative biopsy, and out of these 14 carcinomas were found (11.9%). Thus, the
percentage of cancer varied and was inversely proportional to the intensity of the effort to
exclude it (Figure 1).

The association between MnSOD polymorphism and PCA was then investigated. The
frequency of MnSOD AA genotype was 30% and 42% in the cancer-free and the PCA group,
respectively. When the MnSOD AA genotype prevalence was compared between the
histologically verified cancer cases (n=57) versus those glands with no cancer (n=137), the
results demonstrated an association of MnSOD AA genotype and PCA (p=0.049). However if
the control group was selected based on negative biopsy (occult cancer rate: 15.5%), there was
no association (p=0.115). When the control group was selected based on PSA <4 ng/ml and
negative biopsy (occult cancer rate: 11.9%), there was still no association (p=0.131). The
increase of occult cancer miscategorized in the control group decreased the odds ratio and the
power of analysis as shown in a hypothetical case control study with 200 subjects in each group
(Figure 2).

Discussion
In most PCA case control studies, control subjects are selected on the basis of an absent history
of PCA and/or a low PSA level (<4 ng/ml). Biopsies are not usually done to verify the absence
of cancer and the inclusion of 15 to 30% of occult carcinomas in the control group would reduce
the power of analysis and might result in false negative results. How can control subjects be
selected in a case control study of PCA in order to exclude occult PCA? If the control population
is based on an absent history of PCA, the practicality is high, but the accuracy of being cancer-
free is low. Normal digital rectal examination does not improve the accuracy. If the control is
selected based on low PSA, it improves the accuracy. Biopsy would greatly improve the
accuracy, but the practicality is low because fewer volunteers would be willing to participate
in the clinical trial. However the influence of the contamination of occult cancer may be
minimized in a study consisting of a larger number of samples. The only way to confirm that
the control population does not contain occult PCA is to examine the entire prostate gland
histologically by thin step sections, but this is possible only for autopsy studies and not for
case control studies.
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PSA cut-off values of <4 ng/ml can reduce the number of occult carcinomas by approximately
20% and biopsy can detect approximately 50% of occult cancers in the control group. These
data are consistent with reports that prostate biopsy has high specificity, but low sensitivity
and PSA screening with cut-off values of 4 ng/ml has high specificity (94%), but low sensitivity
(21%) for detecting PCA (24). Because it has been reported that PSA cut-off values of 1, 2 and
3 ng/ml yielded sensitivities of 83%, 53% and 32%, and specificities of 39%, 73% and 87%,
respectively (24), it may be possible to exclude 50% of occult carcinomas from the control
group by using the PSA cut-off values of 2 ng/ml. However, many cancer free subjects would
be rejected. Therefore, the control groups should be selected by as low PSA as possible and/
or negative biopsy. Increased restrictions in the selection of control subjects, such as requiring
a negative biopsy to participate, may diminish participation, thereby leading to a selection bias.

Contamination by occult cancer in a control group can yield a false negative result. For
example, MnSOD polymorphism (V16A) has been reported as a risk factor for PCA (14–16),
but some studies have reported negative results (13). Certainly, MnSOD polymorphism as a
risk for PCA was borderline significant in some case control studies, which used control groups
contaminated by occult cancer. In the present study, it was possible to demonstrate their
association when the presence of cancer in the study group and the absence of cancer in the
control group were histologically verified.

Autopsy studies, which can eliminate occult cancer from the control group, are important for
studying the association between genetic polymorphism and PCA. It is important to recognize
that contamination of the control population by PCA reduces the reliability of the results.
Rigorous characterization of the experimental and control groups is urged in order to preserve
the integrity of the conclusions.
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Figure 1.
Reduction of the contamination of occult cancer in control group by various selection criteria.
This is a schematic illustration; the circles do not represent the actual number of cases in each
group.
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Figure 2.
The influence on odds ratio and p-value by contamination of occult cancer in control group.
In a hypothetical study consisting of 200 each of controls and PCA, the odds ratio for MnSOD
AA genotpe is 1.6 with a p-value of 0.02 when the control group is free from occult cancer.
As the contamination of occult cancer in the control group is increased, the odds ratio is
decreased and p-value is increased.
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