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Purpose: The ability to test for and detect prostate cancer with minimal invasiveness has the 

potential to reduce unnecessary prostate biopsies. This study was conducted as part of a clinical 

investigation for the development of an OligoFISH® probe panel for more accurate detection 

of prostate cancer.

Materials and methods: One hundred eligible male patients undergoing transrectal ultrasound 

biopsies were enrolled in the study. After undergoing digital rectal examination with pressure, voided 

urine was collected in sufficient volume to prepare at least two slides using ThinPrep. Probe panels 

were tested on the slides, and 500 cells were scored when possible. From the 100 patients recruited, 

85 had more than 300 cells scored and were included in the clinical performance calculations.

Results: Chromosomes Y, 7, 10, 20, 6, 8, 16, and 18 were polysomic in most prostate carcinoma 

cases. Of these eight chromosomes, chromosomes 7, 16, 18, and 20 were identified as having the 

highest clinical performance as a fluorescence in situ hybridization test and used to manufacture 

the fluorescence in situ hybridization probe panels. The OligoFISH® probes performed with 

100% analytical specificity. When the OligoFISH® probes were compared with the biopsy results 

for each individual, the test results highly correlated with positive and negative prostate biopsy 

pathology findings, supporting their high specificity and accuracy. Probes for chromosomes 7, 

16, 18, and 20 showed in the receiver operator characteristics analysis an area under the curve 

of 0.83, with an accuracy of 81% in predicting the biopsy result.

Conclusion: This investigation demonstrates the ease of use with high specificity, high predictive 

value, and accuracy in identifying prostate cancer in voided urine after digital rectal examina-

tion with pressure. The test is likely to have positive impact on clinical practice and advance 

approaches to the detection of prostate cancer. Further evaluation is warranted.
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Introduction
Prostate cancer is the most common nondermatologic malignancy of males in the 

United States. In 2015, there were approximately 221,000 new cases of prostate can-

cer, and more than 27,000 of the men died.1 Approximately 2.9 million American men 

are living with prostate cancer.2 Lifetime risk of developing prostate cancer is 14% 

(2010–2012 data1), while lifetime risk of dying from the disease is 2.8% or 1 in 38.3 

Risk factors include age (>75% of prostate cancer diagnosed in men >65); African-

American and Caribbean-African ancestry (1.6 times more likely to develop prostate 

cancer; 2.4 times more likely to die compared to Caucasians); geography; positive 

family history for prostate cancer; mutations of BRCA1 or BRCA2 genes and pres-

ence of hereditary nonpolyposis colorectal cancer, or HNPCC/Lynd Syndrome; high 
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red meat or high-fat dairy consumption; obesity; smoking, 

workplace exposures; and prostatitis.4–7

Prostate-specific antigen (PSA) testing with risk stratifica-

tion based on serum levels forms the basis for early detection 

of prostate cancer.8 However, given falsely elevated PSA levels 

occurring in common clinical conditions9 and that transrectal 

biopsies, which only sample a small part of the gland, result 

in a high rate of false negatives,4,10,11 considerable debate and 

disagreement exist around PSA screening. The most recent 

American Urological Association (AUA) guidelines state 

that PSA screening should be done every 2 years or more 

with greatest benefit for men aged 55–69 years, whereas the 

US Prevention Services Task Force position is that mortal-

ity reduction is marginal, even in the “optimal age range of 

55–69 years”12 and that the “potential harms do not outweigh 

the benefits.”12 In addition, these interventions are associated 

with significant health care costs. For the Medicare population 

aged >65 years, PSA screening expenditures and follow-up 

associated interventions, including prostate biopsy, were $125 

Billions in 2010, and estimated to exceed $158 Billions (in 

2010 dollars) annually by 2020.13,14 Expanding health care 

expenditures and on-going uncertainties related to available 

early prostate cancer screening approaches support evaluation 

of new methods including DNA analyses, molecular urine 

testing, and fluorescence in situ hybridization (FISH).15–17

FISH uses principles of high affinity molecular or bio-

logical targets, minimizing nonspecific cellular uptake and 

retention where tumor cell levels are low or difficult to detect 

by standard methodologies.18–23 Whole chromosome gains 

are the most frequently identified change in malignant cells, 

and extensive research validates aneuploidy as a biomarker 

of cancer.23 Research on these OligoFISH® probes is enabled 

through the use of the Mitelman Database of Chromosome 

Aberrations and Gene Fusions in Cancer, whereby highly 

sensitive and specific probes for both high- and low-grade 

tumors can be developed.24,25

The goal of this study was to develop a noninvasive prostate 

cancer detection method that would predict the findings from 

prostate cancer using OligoFISH® probes for aneuploidy detec-

tion in male volunteers undergoing prostate evaluation in voided 

urine after a digital rectal examination (DRE) with pressure.

Materials and methods
Sample collection and OligoFISH® 
procedure
Patients undergoing prostate cancer surveillance by sched-

uled DRE with pressure and biopsy were recruited for the 

study. The study protocol was approved by the Western 

Independent Review Board. All subjects were informed of 

the procedures and risks of the study and provided informed 

consent.

On the day of biopsy, the urologist performed a DRE with 

pressure. Prostate lobes were stroked through the rectum three 

times with approximately 1 cm depression. The lobes were 

stroked from base to apex and from lateral to median line 

including a final stroke on median line from base to apex to 

empty prostatic fluid into the urethra. Subjects were asked 

to provide 40–80 mL of voided urine, including first stream. 

Preservative was added to the urine (2:1 urine:preservative) 

to prevent bacterial growth and preserve cells and DNA 

( PreservCyt; Hologic, Inc., Bedford, MA, USA). Samples 

were stored at 4°C for no longer than 48 hours before uro-

thelial cells were washed in CytoLyt (Hologic, Inc. Bedford, 

MA, USA.), and the slides were prepared. Urothelial slides 

were prepared using ThinPrep machines (Hologic, Inc.) 

following manufacturer’s instructions. Slides were partially 

digested in IsoThermal Protease (Cellay, Inc., Cambridge, 

MA, USA) at room temperature for 15 minutes, followed 

by 5-minute incubation in Detergent Solution (Cellay, Inc.). 

Cells were lightly fixed for 5 minutes in 1% formaldehyde 

and rinsed in phosphate-buffered saline. Cellular DNA was 

denatured in IsoThermal Denaturing Solution (Cellay, Inc.) 

at room temperature for 10 minutes. Slides were dehydrated 

in 85% and 100% alcohol for 1 minute each and air dried. 

Slides were hybridized with 3 µL of OligoFISH® probe 

mix (chromosomes Y. 6, 8 and 10), coverslips applied, and 

incubated for 10 minutes at 37°C. Slides were washed in 2× 

SSC (saline sodium citrate) under agitation to float off the 

coverslips and then incubated in IsoThermal Wash Solution 

(2× SSC and Isothermal Denaturing Reagent) for 5 minutes 

at room temperature to remove unbound or nonspecifically 

hybridized probes. Slides were rinsed in 2× SSC and mounted 

with Antifade with 4′,6-diamidino-2-phenylindole dihydro-

chloride and analyzed with an epifluorescence microscope. 

Each specimen was scored for 500 cells. The only cells 

excluded from analysis were the easily recognizable poly-

morph nucleated white blood cells and sperm cells.

Once the slides were scored, they were washed in 2× 

SSC 0.1% sodium dodecyl sulfate to remove coverslips 

and Antifade and denatured again for 5 minutes to strip the 

probes. Slides were then hybridized with the second probe 

panel for the detection of chromosomes 7, 16, 18, and 20. 

Five hundred cells were scored for each sample.

Determining the number of prostate cells 
in urine samples
Proportion of prostatic cells in urine samples of the first 

ten subjects was obtained through cytology to determine 
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the  percentage of prostate cells. Up to 500 cells were 

scored and categorized as prostatic or urothelial using 

nuclear:cytoplasmic ratio. Potential prostate cells were iden-

tified by their small size compared to urothelial, high ratio 

nucleus/cytoplasm, and eccentric position of the nucleus. 

Cells with polylobulated nucleus, presumed to be white 

blood cells, were excluded as were identifiable sperm cells.

The samples were processed using this methodology, 

and following these morphological criteria, 500 cells were 

classified as belonging to the urothelium or to the prostate.

Analytical performance of the four 
chromosome OligoFISH® probe panel
Analytical performance of the OligoFISH® panels was vali-

dated based on schema previously described for hybridizing 

probes.18 In brief, the probe panel was validated against 

normal blood cells in metaphase from five chromosomally 

normal individuals to determine analytical specificity and 

sensitivity.

Clinical performance
Comparison of OligoFISH® prostate test and the 
pathology results
By comparing biopsy pathology results for the presence of 

cancer to the OligoFISH® results, the true positives, true 

negatives, false positives, and false negatives were deter-

mined, and the clinical performance of the OligoFISH® assay 

was calculated. Because the data do not follow a Gaussian 

distribution, the interval at 95% confidence was calculated 

using the Clopper–Pearson method.26

Receiver operator characteristics (ROC) curves
By varying the normal cut-off (NCO) from zero polysomic 

cells to the maximum percentage observed, we were able 

to calculate true positives, true negatives, false positives, 

false negatives, sensitivity, specificity, 1-specificity, positive 

predictive value (PPV), negative predictive value (NPV), 

accuracy, and Youden’s index (J) on every cut-off value. This 

calculation was performed at every cut-off value for each one 

of the two 4 chromosome panels, as well as for the individual 

chromosomes. Sensitivity against 1– specificity was plotted, 

and the area under the curve (AUC) was calculated using 

Prism 6 for Windows (version 6.02; GraphPad Software, 

Inc., La Jolla, CA, USA). For every probe panel as well as 

the individual chromosomes, the Youden’s index was used 

to determine the best NCO. AUC was used to determine the 

power of differentiating between benign and cancer of each 

one of the probe panels and the chromosomes.

Results
One hundred subjects were enrolled in the study. Mean age 

was 68.8 years (standard deviation [SD] ±8.4); 21% were 

African American, non-Hispanic and the remainder were 

Caucasian, non-Hispanic. Voided urine samples after DRE 

with pressure were collected from each patient, and 500 cells 

were scored in each sample when possible.

Analytical performance of the four 
chromosome OligoFISH® probe panel
OligoFISH® probes performed with 100% analytical specificity 

and >98% analytical sensitivity (Table 1), consistent with what 

the probes are designed to provide as a rapid test that targets 

only specific parts of the chromosome and exceeding the rec-

ommendations by the American College of Genetic Medicine27 

as well as most traditional FISH probes. Figure 1 illustrates the 

correct location of both OligoFISH® probe panels.

Presence of prostate cells in urine 
samples
Urine samples were successfully collected after DRE with 

pressure. When 500 cells were scored and classified as 

prostatic or not according to their morphology, an aver-

age of 65%±9.1% prostatic cells was found; the range was 

40.0%–83%. Urine samples collected without DRE with 

pressure were found to contain almost no prostatic epithelial 

cells (results not shown), demonstrating that DRE with pres-

sure is crucial for performing the test.

Clinical performance
When possible, 500 cells were scored on each slide after the 

first hybridization and again after the second hybridization. If 

less than 300 cells were scored, the subject was excluded from 

the calculations; this reduced our sample from 100 subjects 

to 85. The results for each kit were combined for each subject 

to determine the clinical validity of the eight chromosomes 

together.

Table 1 Analytical sensitivity of OligoFISH® probes

Chromosome 
probe

Fluorochrome Analytical 
sensitivity (%)

Margin of error, 
95% (%)

Yq12 Green 99.5 0.95
6 Aqua 99.5 0.95
8 Gold 99.5 0.95
10 Red 99.1 1.30
7 Aqua 99.0 1.38
16 Green 99.0 1.38
18 Red 98.5 1.7
20 Gold 98.0 1.9

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Research and Reports in Urology 2016:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

108

Tinawi-Aljundi et al

The clinical performance and ROC data are listed in 

Table 2. ROC curves were calculated by varying the cut-off 

value from clinical specificity =1 (100%) and sensitivity =0 

to specificity =0 and sensitivity =1. The values of true positive 

rates (clinical sensitivity) were plotted against false-positive 

rates (1– specificity), and the AUC was calculated using 

GraphPad Prism 6 software. The highest AUC was obtained 

when the combination of chromosomes 7, 16, 18, and 20 was 

used with a value of 0.83, corresponding to a very good test 

for discriminating between benign and cancerous pathologi-

cal result (Figure 2 and Table 3).

Best cut-off was determined by plotting sensitivity and 

specificity at all the possible cut-offs. The best cut-off point 

was defined as the cut-off where sensitivity and specificity 

intersect. Clinical sensitivity, clinical specificity, PPV, NPV, 

and accuracy were calculated as previously described.

The OligoFISH® probe panels showed high specificity 

(92%), PPV (92%), and accuracy (81%) for the detection of 

chromosomes 7, 16, 18, and 20, which are associated with 

prostate cancer.

Cancer vs benign
Pathological results of the OligoFISH® test are listed in 

Table 4. The test correlated highly with positive and nega-

tive pathological results. Out of 37 positive OligoFISH® 

tests, 34 (92%) were cancerous by pathology testing. Of the 

1 2 3 1 2 3

6

13

19 20 19 20 21 2221 22 X Y X Y

14 15 13 14 1516 17 18 16 17 18

7 8 9 10 11 12 6 7 8 9 10 11 12

4 5 4 5

Figure 1 Examples of the metaphases fully karyotyped using reverse DAPI.
Notes: Left karyotype: chromosome 6 centromere labeled in aqua, chromosome 8 centromere labeled in gold, chromosome 10 centromere labeled in red and chromosome 
Y heterochromatin labeled in green. Right karyotype: chromosome 7 centromere labeled in aqua, chromosome 16 centromere labeled in green, chromosome 18 centromere 
labeled in red and chromosome 20 centromere labeled in gold.
Abbreviation: DAPI, diamidino-2-phenylindole dihydrochloride.

Table 2 OligoFISH® panel performance results

Performance measure % Margin of error 95%

Sensitivity 72 53–86
Specificity 92 74–99
PPV 92 74–99
NPV 72 53–86
Accuracy 81 68–90

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.

0.8355

0.0
0.0

0.5

1.0

0.5 1.0

1– Specificity

S
en

si
tiv

ity

Chromosomes 7, 16, 18, and 20

Figure 2 ROC and AUC for chromosome panel for chromosomes 7, 16, 18, and 20.
Abbreviations: ROC, receiver operator characteristics; AUC, area under the curve.

Table 3 ROC AUC for each chromosome and chromosome 
panels

Chromosomes AUC

6, Y, 10 and 8 0.79
6 0.69
Y 0.70
10 0.75
8 0.73
7, 16, 18, and 20 0.83
7 0.76
16 0.74
18 0.75
20 0.74

Abbreviations: ROC, receiver operator characteristics; AUC, area under the 
curve.

48 negative OligoFISH® tests, 13 (27%) were cancerous by 

pathology testing. These data demonstrate the high correla-

tion of the test with pathology findings. As shown in Figure 3, 

the collection of prostate cells in urine following DRE with 

pressure resulted in markedly increased average percentage 

of cells with chromosome gains in cancer patients compared 
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to those with benign and low-grade lesions, increasing cel-

lular material for testing and improving test validity through 

sufficient sample size collection. Figure 3 depicts prostatic 

cells using the OligoFISH® probe. Arrows show cells with 

trisomy and tetrasomy 6 signals in Aqua.

Discussion
Despite decades of surveillance, research, and outreach, 

screening for prostate cancer remains a significant public 

health priority as well as an ongoing debate. There is agree-

ment among urologists and other health care groups that 

epidemiologic, clinical, and economic data support the need 

for more effective, noninvasive, or minimally invasive screen-

ing and diagnostic approaches.8,12 This study demonstrated 

that OligoFISH® has the appropriate level of reproducible 

specificity and sensitivity needed for accurate early detec-

tion of prostate cancer using minimally invasive procedures. 

Prostate cell collection in urine collected following DRE with 

pressure significantly increased the prostate cell harvest that 

allowed for sufficient cell collection to test the OligoFISH® 

probe panel. The proportion of prostate cells found in the 

urine samples tested varied from 40% to 83% after DRE 

with pressure. This allowed for the collection of a sufficient 

number of high-quality prostate cells to perform the test. 

Urine samples collected without prior DRE with pressure 

were found to contain almost no prostate cells, demonstrat-

ing that DRE with pressure is crucial for performing the test. 

These probe panels were developed based on chromosomes 

identified through the use of Mitelman’s database for aneu-

ploidy as a biomarker of prostate cancer.24 This enables the 

creation of a very powerful probe panel for prostate cancer 

detection. Specifically, chromosomes 7, 16, 18, and 20 were 

definitively found to be most correlated with prostate cancer. 

Since we looked to score between 300 and 500 cells, 15 

patients had to be excluded in this exploratory phase. With an 

NCO value at 3%, all positive patients became positive in the 

first 100 cells scored. In the final test, probably 100 cells will 

be enough and would avoid test failure from low cellularity.

The protocol for the OligoFISH® probes was relatively 

uncomplicated and streamlined. Most of the OligoFISH® 

tests were conducted at room temperature, with minimal 

methodological complexity, in a single day. Tissue samples 

were voided urine and can be obtained with minimal invasive-

ness, as DRE with pressure can reliably produce the needed 

concentration of prostate cells, both cancerous and benign. 

The probes are designed to provide a rapid test that targets 

only specific chromosomal regions. This was validated, as 

the OligoFISH® probes performed with 100% analytical 

specificity and high sensitivity.

In addition, one of the most important outcomes of this 

study was high correlation between the OligoFISH® results 

and pathology findings. This demonstrates that a chromo-

somal target within malignant cells, isolated from voided 

urine and not from a prostate biopsy, can detect the presence 

or absence of malignancy with high sensitivity and specific-

ity. Thus, OligoFISH® probe prostate cancer screening could 

be done as part of routine DREs with minimal invasiveness, 

making routine screening more accessible, more accepted 

by patients and clinicians, and cost-effective. In addition, if 

OligoFISH® was used periodically to monitor patients with 

indolent prostate cancer, changes in percentage of abnormal 

cells could signal progression in the disease.

Table 5 compares available data for currently available 

tests: tissue biopsy-based epigenetic multiplex polymerase 

chain reaction (PCR) (ConfirmMDx; MDxHealth, Irvine, 

CA, USA), and PCA3 gene assay (Progensa; Hologic, Inc.), 

with those for the OligoFISH® probe. ConfirmMDx has 

high NPV, which means it is most reliable if the patient has 

a negative biopsy. However, despite having an excellent NPV, 

Table 4 Pathological results of OligoFISH® probes

Results of OligoFISH® 
test

Pathological results

Cancer Benign Total

Positive 34 3 37
Negative 13 34 48
Total 47 37 85

Figure 3 Prostatic cells released in the urine.
Note: Arrows show cells with trisomy and tetrasomy 6 signal in aqua.
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ConfirmMDx’s PPV is only 33%, resulting in high false posi-

tives. Similar tradeoffs occur with the Progensa test. Although 

PCA3 shows a high specificity, its sensitivity is 41%, which 

means it is the NPV that assists physicians in deciding if a 

new biopsy is required after initial negative biopsy. In con-

trast, OligoFISH® test possesses both high specificity and 

high sensitivity, maximizing the test’s accuracy.

Most urologists have been trained in prostate massages 

or DRE with pressure. The use of the OligoFISH® test is 

extremely easy compared to other FISH tests. The probes 

hybridize in 10 minutes, allowing results in a record time; 

most pathologists are trained in scoring FISH results. Most 

of the pathology laboratories already offer FISH tests, and 

incorporating a new one should be very easy. Regarding the 

cost of the test in Michigan, the full procedure of a transrectal 

ultrasound needle biopsy is being reimbursed by Centers 

for Medicare and Medicate Services at $1,377, while the 

OligoFISH® procedure is reimbursed at $700. Since a high 

number of prostate biopsies result in a benign diagnosis, this 

test could avoid these procedures, which results not only in 

an economical benefit but also improved clinical outcomes, 

since biopsies can result in extra complications, due to the 

procedure.

One limitation of a FISH test scoring polysomic cells to 

detect cancer is that aneuploidy is a very general marker for 

human carcinomas. When obtaining the urine, cells from 

other organs can be collected as well (including bladder 

or kidneys). If a patient suspected for prostate cancer has 

bladder or kidney cancer, this could result in a positive test 

independent of prostate cancer status.

Conclusion
The OligoFISH® probes used in this study showed high 

clinical performance. Larger clinical trials are warranted to 

demonstrate that the use of this rapid, simple, and minimally 

invasive OligoFISH® test could significantly improve prostate 

cancer detection, avoiding unnecessary prostate biopsies.
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Tissue Biopsy-Based 
Epigenetic Multiplex 
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(ConfirmMDxa)

PCA3 Gene 
Assay 
(Progensab)

Tissue Source Urine Prostate Tissue via 
Biopsy

Urine

Sensitivity %
(CI 95%)

72
(53–86)

95
(76–100)

42
(36–48)

Specificity %
(CI 95%)

92
(74–99)

38
(27–51)

91
(87–94)

PPV %
(CI 95%)

92
(74–99)

33
(22–47)

80
(72–86)

NPV %
(CI 95%)

72
(53–86)

96
(80–100)

N/A

Notes: aData from Trock et al28. bData from Wei et al29.
Abbreviations: CI, confidence interval; PCR, polymerase chain reaction; PPV, 
positive predictive value; NPV, negative predictive value; FISH, fluorescence in situ 
hybridization; N/A, not available.
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