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DNA image cytometry on biopsies can help the detection of localized Gleason 3+3 prostate cancers.

Lorenzato M, Rey D, Durlach A, Bouttens D, Birembaut P, Staerman F.

Laboratoire Pol Bouin, Pathologie Cellulaire et Moleculaire, CHU Maison Blanche, Reims, France.

PURPOSE: In spite of classifications based on digital rectal examination, prostate specific antigen (PSA), transrectal echography and histological analysis, 20% to 40% of operated prostate adenocarcinomas are not yet organ confined. New diagnostic features to predict extracapsular invasion before treatment are needed to avoid surgical extraction within positive margins. MATERIALS AND METHODS: A retrospective study was performed for 74 prostate adenocarcinomas with Gleason 3+3. A total of 54 organ confined tumors (T1T2) at digital rectal examination were compared with 20 nonorgan confined tumors (T3T4). Image cytometric DNA analysis was performed on prostate initial biopsies. DNA ploidy results were compared in both groups for values of PSA greater than 15, less than 15 and less than 10 ng/ml. RESULTS: For a PSA rate less than 15 ng/ml, 83.8% of T1T2 were diploid vs 33% T3T4 (p = 0.042). For a PSA rate less than 10 ng/ml, 96% of T1T2 were diploid vs 33% T3T4 (p = 0.025). CONCLUSIONS: DNA ploidy appears to be an interesting feature at diagnosis. When in doubt about the localized character of a tumor, DNA ploidy it makes it possible to predict a nonorgan confined tumor. Gleason 3+3 prostate cancers that are organ confined at digital rectal examination are more often diploid than T3T4 tumors. The prognostic interest in DNA ploidy is more reserved because of its correlation with PSA level.
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[Prognostic value of DNA ploidy and nuclear morphometry in metastatic prostate cancer]

[Article in Spanish]

Martinez Jabaloyas JM, Jimenez Sanchez A, Ruiz Cerda JL, Sanz Chinesta S, Sempere A, Jimenez Cruz JF.

Servicio de Urologia, Hospital Universitario La Fe, Valencia.

PURPOSE: To assess the prognostic value of DNA ploidy and nuclear morphometry in metastatic prostate cancer after androgenic deprivation treatment. METHODS: Fifty four patients with prostate cancer and bone metastases who had undergone androgenic suppression treatment were retrospectively studied. The deoxyribonucleic acid (DNA) content was analysed by flow cytometry. Nuclear morphometry characterized 14 nuclear descriptors. The study also included age, Gleason score, T classification, haematocrite, serum albumin, serum alkaline phosphatase, serum prostatic acid phosphatase and the amount of metastatic foci detected during radioisotope bone scan. Univariate survival analyses were performed and Cox's proportional hazards model was used to identify significant prognostic factors. To assess how the experimental factors improve the capacity of the classical factors for predicting the patients who reach median survival, logistic regression multivariate analysis was performed for the classical prognostic factors only and after added experimental variables (DNA content and Nuclear Area). RESULTS: The univariate survival analyses assigned a prognostic value to T category, level of albumin, alkaline phosphatase, Gleason score, bone scan, DNA ploidy and mean nuclear area. In the case of the Cox regression model only Gleason score, bone scan, mean nuclear area and DNA ploidy provided independent prognostic information. In logistic regression for classic prognostic factors only Gleason score is significant (sensibility 89.3%, specificity 64%). However, when the experimental factors are added, in addition to Gleason score, radioisotope bone scan and DNA ploidy are of prognostic value (sensibility 90% and specificity 72%). CONCLUSIONS: The study of DNA content and nuclear morphometry in the primitive tumor provides independent prognostic information in survival analysis for patients with metastatic prostate cancer. However, there is limited improvement with respect to the classical factors in predicting survival. This questions its utility in the daily clinical usage.
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In treating localized prostate cancer the efficacy of cryoablation is independent of DNA ploidy type.

Bahn DK, Silverman P, Lee F Sr, Badalament R, Bahn ED, Rewcastle JC.

Prostate Institute, Community Memorial Hospital, 168 N. Brent, Suite 402, Ventura, CA 93003, USA. dbahn@cmhhospital.org

While the prognostic value of DNA ploidy has been well established for radical prostatectomy, external beam radiation, brachytherapy and androgen deprivation therapy its role as a survival outcome predictor for prostate cancer patients treated with cryoablation has not yet been examined. Anecdotal evidence suggesting that cryoablation may be independent of DNA ploidy type led to the implementation of the current study. Retrospective analysis of data including flow digital cytometry was performed on 447 archival specimens taken from patients who had undergone cryosurgical ablation of primary prostate cancer. Five-year biochemical disease free survivals (bDFS) (defined as PSA thresholds of 0.5 and 1.0 ng/ml) were determined with Kaplan-Meier analysis. Patients were grouped according to DNA ploidy types then stratified by Gleason grade, risk group, pre-surgical PSA level, and disease stage. Mean and median age of the cohort was 65 and 64.6 years. Mean follow-up was 65.7 months. The DNA ploidy status of the population was found to be 59% diploid, 13% tetraploid, and 28% aneuploid. Using PSA < 1.0 ng/ml criterion, the bDFS rates for diploid, tetraploid, and aneuploid were 78%, 75%, and 79% respectively. The bDFS rates using a PSA < 0.5 ng/ml criterion were 67%, 59%, and 69% for diploid, tetraploid, and aneuploid groups. No significant outcome differences were found in stratified analysis. This investigation demonstrates that the efficacy of cryoablation is independent of DNA ploidy type.
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[Precancerous conditions of the prostate--histologic and morphometric investigation]

[Article in Russian]

Gundorova LV.

Academy of Further Medical Training, Ministry of Health of the RF, Moscow.

The nuclear ploidy of epithelial cells in biopsy specimens from precancerous prostatic tissues was investigated in 80 patients. Histological specimens stained after Felgen were examined using an Imager-CG computer analyzer (Avtan-Sun protocol). The study compared interphase nuclei of intact prostate epithelial cells, low-grade prostatic intraepithelial neoplasia, high-grade prostatic intraepithelial hyperplasia (PIH) and atypical small acinar proliferation. Nuclear ploidy was shown to vary with said conditions: high-grade (PIH) should be considered an obligatory precursor of cancer while the other two conditions--potential precursors. These correlations may be used to improve the accuracy of morphological examination of biopsy specimens.
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[Morphometric diagnostics of the prostate precancer and cancer by examination of ploidy]

[Article in Russian]

Gundorova LV, Avtandilov GG, Saniev KB, Zairat'iants OV.

Hospital N 2 for War Veterans, 109472, Moscow.

Prostatic biopsies at different stages of carcinogenesis from 75 patients were studied. Increase of ploidy indices was established as carcinogenesis progressed. Characteristics of ploidy found in this investigation may be used for improvement of biopsy morphological studies.

PMID: 14518195 [PubMed - indexed for MEDLINE] 
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The prognostic value of p53 and DNA ploidy following radical prostatectomy.

Deliveliotis C, Skolarikos A, Karayannis A, Tzelepis V, Trakas N, Alargof E, Protogerou V.

University of Athens, Sismanoglio Hospital, Athens. Greece. nikistra@hol.gr

This study assesses the correlation of p53 immunoreactivity and DNA ploidy status with biochemical recurrence after radical prostatectomy. p53 protein expression and DNA ploidy were evaluated on 84 archival paraffin-embedded radical prostatectomy specimens. Patients were divided into two groups: those with low (38/84, 45%) and those with high (46/84, 55%) p53 immunoreactivity. The results were correlated with Gleason score, stage and serum PSA. Kaplan-Meier biochemical recurrence free survival and the Cox hazard-regression model were used for analysis. Multivariate analysis revealed p53, DNA ploidy, Gleason score, PSA and stage to be independent prognostic factors in this order. Kaplan-Meier analysis showed a significant difference in biochemical recurrence when p53 high expression and DNA aneuploidy were combined. The results of this study suggest that stratification for p53 expression and DNA ploidy status can provide additional prognostic information for patients with prostate carcinoma after radical prostatectomy.
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Biological factors and therapeutic modulation in prostate cancer radiotherapy.

Cellini N, Luzi S, Morganit AG, Smaniotto D, Mattiucci GC, Digesu C, Mangiacotti MG, Cellini F, Valentini V.

Cattedra di Radioterapia, Istituto di Radiologia, Universita Cattolica del S. Cuore, Policlinico A. Gemelli, Largo A. Gemelli, 8, 00168 Roma, Italy. ncellini@rm.unicatt.it

Biologic factors affect the ability of radiation to effectively treat all patients with prostate cancer. The use of prognostic and genetic markers (12 lipoxygenase, p53, bc1-2 genes, ploidy) may aid in the development of treatments for these patients. Particularly, several studies have shown that p53 tumor suppressor gene mutations are infrequent in prostate cancer and are associated with advanced disease. Recent efforts have been directed toward novel therapeutic modalities, especially in combination with standard irradiation of prostate carcinoma. These modalities are based on an improved knowledge of these biological factors involved in the progression and diffusion of the tumor, especially p53. Several authors evaluated the predictive and prognostic role of p53 in patients with prostatic cancer treated with radiotherapy. An extensive review of international reports on the subject is provided.
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Prostate cancer DNA ploidy and response to salvage hormone therapy after radiotherapy with or without short-term total androgen blockade: an analysis of RTOG 8610.

Pollack A, Grignon DJ, Heydon KH, Hammond EH, Lawton CA, Mesic JB, Fu KK, Porter AT, Abrams RA, Shipley WU.

Department of Radiation Oncology, Fox Chase Cancer Center, and Radiation Therapy Oncology Group, Philadelphia, PA 19111, USA. A_Pollack@FCCC.edu

PURPOSE: DNA ploidy has consistently been found to be a correlate of prostate cancer patient outcome. However, a minority of studies have used pretreatment diagnostic material and have involved radiotherapy (RT)-treated patients. In this retrospective study, the predictive value of DNA ploidy was evaluated in patients entered into Radiation Therapy Oncology Group protocol 8610. The protocol treatment randomization was RT alone versus RT plus short-course (approximately 4 months) neoadjuvant and concurrent total androgen blockade (RT+TAB). PATIENTS AND METHODS: The study population consisted of 149 patients, of whom 74 received RT alone and 75 received RT+TAB. DNA content was determined by image analysis of Feulgen stained tissue sections; 94 patients were diploid and 55 patients were nondiploid. Kaplan-Meier univariate survival, the cumulative incidence method, and Cox proportional hazards multivariate analyses were used to evaluate the relationship of DNA ploidy to distant metastasis and overall survival. RESULTS: DNA nondiploidy was not associated with any of the other prognostic factors in univariate analyses. In Kaplan-Meier analyses, 5-year overall survival was 70% for those with diploid tumors and 42% for nondiploid tumors. Cox proportional hazards regression revealed that nondiploidy was independently associated with reduced overall survival. No correlation was observed between DNA ploidy and distant metastasis. The diminished survival in the absence of an increase in distant metastasis was related to a reduction in the effect of salvage androgen ablation; patients treated initially with RT+TAB and who had nondiploid tumors had reduced survival after salvage androgen ablation. CONCLUSIONS: Nondiploidy was associated with shorter survival, which seemed to be related to reduced response to salvage hormone therapy for those previously exposed to short-term TAB.
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Effectiveness and cost-effectiveness of prognostic markers in prostate cancer.

Calvert NW, Morgan AB, Catto JW, Hamdy FC, Akehurst RL, Mouncey P, Paisley S.

Fourth Hurdle Consulting Ltd, 2 Fisher Street, London, UK. neillcalvert@fourthhurdle.com

This paper demonstrates how economic modelling can be used to derive estimates of the cost-effectiveness of prognostic markers in the management of clinically localised and moderately graded prostate cancer. The model uses a Markov process and is populated using published evidence and local data. The robustness of the results has been tested using sensitivity analysis. Three treatment policies of 'monitoring' (observation), radical prostatectomy, or a selection-based management policy using DNA-ploidy as an experimental marker, have been evaluated. Modelling indicates that a policy of managing these tumours utilising experimental markers has an estimated cost per quality-adjusted life year (QALY) of pound 12 068. Sensitivity analysis shows the results to be relatively sensitive to quality-of-life variables. If novel and experimental markers can achieve specificity in excess of 80%, then a policy of radical surgery for those identified as being at high risk and conservative treatment for the remainder would be both better for patients and cost-effective. The analysis suggests that a radical prostatectomy treatment policy for the moderately graded tumours (Gleason grades -7) modelled in this paper may be inferior to a conservative approach in the absence of reliable prognostic markers, being both more costly and yielding fewer QALYs.
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[Differential-diagnostic value of changes in nuclear ploidy of prostate epithelial cells during the carcinogenesis process]

[Article in Russian]

Avtandilov GG, Gundorova LV, Saniev KB.

Ploidometry of prostatic cell nuclei at different stages of carcinogenesis was made in 80 patients using 8 mcm histological sections stained by Felgen. Ploidy of 1332 nuclei of prostatic epithelial cells and 396 lymphocytes (tissue ploidy standard) was studied on computer image analyser "Imager-CG (computer program version Avtan-San). The study covered interphasic nuclei of the cells of the germinative zones of normal and hyperplastic structures, areas of intraepithelial neoplasia and adenocarcinoma with various disdifferentiation degree. Significant differences in ploidy and proliferative activity of prostatic cells at different carcinogenesis stages were revealed. Ploidometry data may help to take decision in differential histopathological diagnosis of benign and malignant tumors of the prostate.
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[Differential-diagnostic value of changes in nuclear ploidy of prostate epithelial cells during the carcinogenesis process]

[Article in Russian]

Avtandilov GG, Gundorova LV, Saniev KB.

Ploidometry of prostatic cell nuclei at different stages of carcinogenesis was made in 80 patients using 8 mcm histological sections stained by Felgen. Ploidy of 1332 nuclei of prostatic epithelial cells and 396 lymphocytes (tissue ploidy standard) was studied on computer image analyser "Imager-CG (computer program version Avtan-San). The study covered interphasic nuclei of the cells of the germinative zones of normal and hyperplastic structures, areas of intraepithelial neoplasia and adenocarcinoma with various disdifferentiation degree. Significant differences in ploidy and proliferative activity of prostatic cells at different carcinogenesis stages were revealed. Ploidometry data may help to take decision in differential histopathological diagnosis of benign and malignant tumors of the prostate.
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[Prognostic value of DNA ploidy in prostatic cancer]

[Article in Spanish]

Martinez Jabaloyas JM, Ruiz Cerda JL, Sanz Chinesta S, Jimenez A, Hernandez M, Jimenez Cruz JF.

Servicio de Urologia, Hospital Universitario La Fe, Valencia.

OBJECTIVE: To asses the prognostic value of deoxyribonucleic acid (DNA) ploidy in a group of patients with prostate cancer treated with adrogenic blockade. MATERIALS AND METHODS: A retrospective study on 136 patients with prostatic cancer having undergone androgenic blockade was carried out. The prognostic influence of age, T and M categories, Gleason score and flow cytometry-determined DNA ploidy from survival analyses. Univariate survival analysis was carried out following Kaplan-Meier's method, while for multivariate survival analysis Cox's proportional hazard model was used. RESULTS: The univariante analysis showed that T and M categories, Gleason score and DNA ploidy have prognostic value. The Cox's regression analysis identified DNA ploidy, metastasis and Gleason score as independent variables having prognostic potential. CONCLUSIONS: DNA ploidy has independent prognostic value in prostate cancer treated with androgenic blockade and improves the predictive potential of classical prognostic factors.
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A DNA cytometric proliferation index improves the value of the DNA ploidy pattern as a prognosticating tool in patients with carcinoma of the prostate.

Ahlgren G, Lindholm K, Falkmer U, Abrahamsson PA.

Department of Urology, University of Lund, University Hospital, Malmo, Sweden.

OBJECTIVES: A still controversial issue is whether the results of a cytometric assessment of the DNA distribution pattern of the nuclei of the neoplastic parenchymal cells of a prostatic adenocarcinoma has additional prognostic value to that of the stage and grade of the disease. To increase the accuracy of the DNA ploidy assessments. Image cytometry (ICM) has been used and combined with the determination of an ICM proliferation index (PI) to increase its value as an additional prognosticating tool. METHODS: We investigated 96 patients, followed up since diagnosis in 1980/1981 until death or, in 11 surviving patients, for an average of 14.5 years. Survival analysis was made by the conventional Kaplan-Meier method. Fine-needle aspiration biopsy was used as the major diagnostic tool. The neoplastic cell nuclei were classified as ICM DNA diploid, tetraploid, or aneuploid by means of the ploidy-establishing peak in the ICM DNA histograms, as well as the fraction of tumor cells in the S-phase. Scattered cells to the right of the ploidy-establishing peak, the S-phase fraction, and those in the G2M area of the ICM DNA histograms were counted as percent of the total number of tumor cells; this percentage was defined as the PI. Arbitrarily, tumors with a PI less than 5% were classified as having a low proliferation rate, those with a PI greater than 10% were considered highly proliferating, and those with a PI between 5% and 10% as carcinomas with an intermediate proliferation potency. RESULTS: By univariate analyses, clinical stage, cytodiagnostic grade, cytometric DNA ploidy pattern and PI all had significant prognostic value. By multivariate analyses, the PI was found to add prognostic information to that of the ICM DNA ploidy pattern variable, giving it an increase in its statistical P value from 0.002 to 0.0005. As a consequence, the combination of these two variables was found to give rise to three new patient groups with regards to their prognosis: DNA group I had tumors with a diploid ICM DNA pattern with a low PI; DNA group II had tumors with a diploid or tetraploid ICM DNA tumor cell nuclei pattern with an intermediate PI; and DNA group III had a diploid or tetraploid ICM DNA pattern with high PI and all tumors with an aneuploid pattern. By multivariate analysis, including tumor grade and clinical stage, these new DNA groups (P = 0.0004) and M stage disease (P = 0.0006) were the only significant prognostic variables. CONCLUSIONS: A DNA cytometric PI improves the prognosticating value of DNA ploidy. Patients with prostatic adenocarcinomas, classified as DNA group I, have a low risk of death from their neoplastic disease with deferred or hormonal treatment only.
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Quantitative nuclear morphometry, Markovian texture descriptors, and DNA content captured on a CAS-200 Image analysis system, combined with PCNA and HER-2/neu immunohistochemistry for prediction of prostate cancer progression.

Veltri RW, Partin AW, Epstein JE, Marley GM, Miller CM, Singer DS, Patton KP, Criley SR, Coffey DS.

CytoDiagnostics, Inc., Oklahoma City, OK 73112.

One hundred and twenty-four localized prostate cancer patients operated on at Johns Hopkins Hospital (JHH) since 1975 were identified. The sample was optimized for evaluation of prostate cancer progression. Based upon accurate clinical histories, these radical prostatectomy patients included 50 progressors and 74 non-progressors using appearance of serum PSA as an indication of recurrence (mean follow-up = 8.6 +/- 1.8 years, range 7-15 years). All patients included in the study had no involvement of their seminal vesicles or lymph nodes at the time of prostatectomy. Average time to progression was 3.6 +/- 2 years, range of 1-8 years. Using paraffin-embedded specimens, several five micron sections were cut and placed on Probe-On slides; one slide was H&E-stained and the other was Feulgen-stained. The H&E and Feulgen-stained slides were screened and "dotted" by pathologists at JHH and CytoDynostics, Inc. A CAS-200 Image analysis system (Cell Image Systems, Elmhurst, IL) equipped with a Cell Measurement Program version 1.2 beta, was used to capture the Feulgen-stained images and to perform the calculations. From the "dotted" areas, 150 cancer cells were selected for measurement of DNA content and 27 nuclear morphometric shape and size factors, including 21 Markovian chromatin texture variables. Additional sections were used for immunochemistry staining with an alkaline phosphatase streptavidin-biotin complex stain to detect and quantitate cancer cells binding monoclonal antibodies directed against proliferating cell nuclear antigen (PCNA) and HER-2/neu antigen. All data were entered into a statistical program (STATA) for further analysis and univariate and multivariate statistical analysis was performed using logistic regression and its stepwise variant. The biomarkers of greatest utility to detect progressors when analyzed univariately included post-operative Gleason score (p = < 0.0001), HER-2/neu antigenicity (p = 0.0147), CAS-200 DNA ploidy (p = 0.008), and twelve Markovian nuclear texture and shape features (p = < 0.0001), whereas PCNA (p = 0.160) failed. The optimal set of nuclear morphometry progression tumor features were selected using backward stepwise logistic regression estimate analysis which drops variables due to collinearity. Although post-operative Gleason score is a strong univariate predictor of progression, DNA ploidy and HER-2/neu contributed significantly to further stratification of higher risk groups within the low Gleason score subpopulation. The best Markovian features combined with post-operative Gleason score generated sensitivity = 90%, specificity = 96%, positive predictive value = 94%, negative predictive value = 93% and the area under the receiver operator curve was 0.975.
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Progression and survival in prostatic adenocarcinoma: a comparison of clinical stage, Gleason grade, S-phase fraction and DNA ploidy.

Vesalainen S, Nordling S, Lipponen P, Talja M, Syrjanen K.

Department of Surgery, University of Kuopio, Finland.

Clinical data were reviewed in 325 patients with prostatic adenocarcinoma followed up for a mean of 13 years. Paraffin-embedded tumour biopsy specimens from the primary tumours were available for flow cytometry (FCM) in 273 cases. Intra-tumour heterogeneity in DNA index (DI) was found in 4% of the tumours (54 cases were analysed). S-phase fraction (SPF) and DNA ploidy were significantly interrelated. Aneuploidy and high SPF were significantly related to both a high T category and high Gleason score. The progression in T1-2M0 tumours was related to Gleason score (P = 0.009), DNA ploidy (P = 0.006) and SPF (P = 0.007), while the Gleason score (P = 0.0013), DNA ploidy (P = 0.002) and SPF (P < 0.001) had prognostic value in univariate survival analysis. In the entire cohort, the T category (P < 0.001), M category (P < 0.001), Gleason score (P < 0.001), DNA ploidy (P < 0.001) and SPF (P < 0.001) were significant prognostic factors. In Cox's analysis, the M category (P < 0.001), Gleason score (P < 0.001), T category (P = 0.003), age (P = 0.001) and SPF (P = 0.087) were independently related to prognosis. In the T1-2M0 tumours, Gleason score (P < 0.001), T category (P = 0.022) and SPF (P = 0.058) were independent predictors. A novel classification system in which the DNA ploidy or SPF and the Gleason score were combined was found to be of significant prognostic value in all M0 tumours (P < 0.001). The results suggest that FCM can be used as an adjunct to conventional histological assessments for determination of the correct prognostic category in prostatic adenocarcinoma.
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Nuclear deoxyribonucleic acid content measured by static cytometry: important prognostic association for patients with clinically localized prostate carcinoma treated by external beam radiotherapy.

Song J, Cheng WS, Cupps RE, Earle JD, Farrow GM, Lieber MM.

Department of Urology, Mayo Clinic, Rochester, Minnesota 55905.

To determine if relative nuclear deoxyribonucleic acid (DNA) content is an important prognostic parameter for patients with clinically localized prostate carcinoma treated by external beam radiotherapy, we performed static DNA cytometry on archival paraffin embedded prostate needle biopsy specimens obtained before treatment. DNA content was measured with the Zeiss IBAS 2000 Image Analyzer and the Feulgen staining method. Tumor samples from 65 patients with clinically localized carcinoma of the prostate treated with at least 6,000 cGy. from 1974 to 1980 were studied. Patients and tumors were divided into 2 groups: group 1 - 31 patients with relative DNA content less than 1.5 times normal and group 2 - 34 patients with relative DNA content greater than 1.5 times normal. The prostate cancer nonprogression rate at 10 years was 64% for group 1 and 11% for group 2. Prostate cancer cause specific survival at 10 years was 73% for group 1 and 20% for group 2. These differences are highly significant (p less than 0.0001). By contrast, stratification and analysis according to tumor clinical stage, Mayo histological nuclear grade or Gleason score proved not to be as significant. Cox multivariate analysis also identified DNA content as the most important independent variable for cancer specific survival and progression. Nuclear DNA content measured by static cytometry appears useful in identifying those patients with clinically localized prostate carcinoma who may have a favorable probability of long-term disease control by external beam radiotherapy.
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Evaluation of DNA ploidy combined with a cytometric proliferation index of imprints from core needle biopsies in prostate cancer.

Ahlgren G, Falkmer U, Gadaleanu V, Abrahamsson PA.

Department of Urology at the University of Lund, University Hospital, Malmo, Sweden. fam.ahlgren@telia.com

OBJECTIVE: To evaluate if DNA ploidy analysis with a proliferation index (PI) derived from DNA cytometry of imprints from core needle biopsies predicts disease progression in patients with prostate cancer. METHODS: Touch imprints were done on a consecutive series of core needle biopsies taken by the same urologist from 240 patients with suspected prostate cancer, 137 (46%) of whom were found to have prostate cancer and included in the study. Scattered cells to the right of the image cytometry (ICM) ploidy-establishing peak, the S-phase fraction, and those in the G2M area of the ICM DNA histograms, were counted in percent of the total number of tumor cells, this value being designated the ICM PI. Based on previous results in archival fine needle aspiration material, the following classification was used: DNA group I, diploid tumor with a low PI; DNA group II, diploid tumor with an intermediate PI and tetraploid tumor with a low or intermediate PI, and DNA group III, diploid or tetraploid tumor with high PI and all tumors with an aneuploid pattern. RESULTS: Correlation was found to exist between DNA groups I-III and Gleason score (GS) (p < 0.0001), T-stage (p = 0.006), M-stage (p = 0.009) and disease progression (p < 0.0001). Among the 39 patients who had curative treatment and GS 5-7, the progression-free survival rate was 100% in DNA group I, as compared with only 38% in DNA group II and 55% in DNA group III within the follow-up period (p = 0.008). CONCLUSION: DNA ploidy combined with a PI derived from image cytometry of imprints from core needle biopsies yields additional prognostic information in patients with GS 5-7. Diploid tumors with a low PI (DNA group I) are associated with a low risk of disease progression.
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Can ploidy of prostate carcinoma diagnosed on needle biopsy predict radical prostatectomy stage and grade?

Brinker DA, Ross JS, Tran TA, Jones DM, Epstein JI.

Department of Pathology and the James Buchanan Brady Urological Institute, The Johns Hopkins Medical Institutions, Baltimore, Maryland, USA.

PURPOSE: Deoxyribonucleic acid ploidy correlates with the biological behavior of prostate carcinoma. However, the usefulness of ploidy on needle biopsies that show prostate cancer has not been established to our knowledge. MATERIALS AND METHODS: We retrospectively determined ploidy on needle biopsies of 159 men with prostate carcinoma treated surgically at Johns Hopkins Hospital. Ploidy was determined by image analysis of Feulgen stained slides. Needle ploidy and Gleason score were compared as prognostic tools in the prediction of grade and stage of subsequent prostatectomy. RESULTS: Of the 159 cases 98 (62%) were diploid, 16 (10%) tetraploid and 45 (28%) aneuploid. Of the diploid, tetraploid and aneuploid tumors 69, 50 and 44%, respectively, proved to be organ confined. Tetraploid and aneuploid tumors were grouped for the remaining analysis. Needle ploidy correlated significantly with pathological stage (p = 0.003). However, needle Gleason score correlated even more strongly (p <0.001), and on multivariate analysis ploidy was not further predictive of pathological stage once Gleason score was considered. Needle ploidy and Gleason score were predictive of prostatectomy Gleason score (6 or less versus 7 or greater), and on multivariate analysis ploidy was an independently significant predictor of this parameter (p = 0.04). In 13 cases (8%) there was an important grading discrepancy, in which needle ploidy would have accurately predicted prostatectomy grade. However, in 33 cases (21%) needle and prostatectomy Gleason scores were congruent, and needle ploidy did not accurately predict prostatectomy Gleason score. CONCLUSIONS: With accurate needle Gleason grading, ploidy is not helpful in predicting prostatectomy findings. However, ploidy correlates with prostatectomy stage and grade, and may be useful if accurate Gleason grading is a concern.
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Factors that influence the measurement of prostate cancer DNA ploidy and proliferation in paraffin embedded tissue evaluated by flow cytometry.

So MJ, Cheville JC, Katzmann JA, Riehle DL, Lohse CM, Pankratz VS, Sebo TJ.

Swarthmore College, Swarthmore, Pennsylvania, USA.

DNA ploidy and proliferation have been shown in several studies to be prognostic markers for prostate cancer. Flow cytometry (FCM) is often used in the determination of ploidy and proliferation. However, FCM cannot readily distinguish among benign epithelium, stromal and inflammatory cells, high grade prostatic intraepithelial neoplasia (HGPIN), and cancer cells. In this study, we evaluated H&E histologic features of 322 radical prostatectomy formalin-fixed, paraffin-embedded tissue blocks used for determining DNA ploidy, percent S-phase (%S), and %S + %G2M by FCM. The microscopic findings included Gleason score, extent of cancer and HGPIN in the tissue block, and presence of a needle track. The amount of cancer in the block was expressed as a percentage of the total tissue surface area in quartiles: < or =25%, 26-50%, 51-75%, and > or =76%. The extent of HGPIN was recorded in rough 5% intervals. Needle track effect was defined as a combination of fibrohistiocytic reaction, fibrin clot, granuloma formation, and chronic inflammation. The associations between these histologic features and DNA ploidy and proliferation (%S and %S + %G2M) were assessed. In multivariate analyses, Gleason score, the amount of tumor in the tissue block, and the extent of HGPIN were significantly associated with ploidy. Gleason score was the only parameter significantly associated with the proliferation measure of %S. If we included %G2M as part of the proliferative fraction of the histogram, however, both Gleason score and the amount of tumor in the block were significantly associated with this measure of proliferation. The presence of a needle track was not significantly associated with DNA ploidy, %S, or %S + %G2M. In summary, prostate cancer DNA ploidy and proliferation results assessed by FCM in paraffin-embedded tissue blocks were associated with the Gleason score, amount of cancer in the tissue block, and extent of HGPIN. However, the presence of a needle track was not associated with the FCM results.
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Nuclear/Nucleolar morphometry and DNA image cytometry as a combined diagnostic tool in pathology of prostatic carcinoma.

Kavantzas N, Agapitos E, Lazaris AC, Pavlopoulos PM, Sofikitis N, Davaris P.

Dept. of Pathology, Medical School, National University of Athens, Greece. nkavan@cc.uoa.gr

Paraffin tissue sections from 50 patients with prostate adenocarcinoma were used to study nuclear and nucleolar morphometric features by image analysis. The results were compared to DNA ploidy and Gleason grade. In the examined histological samples nuclear and nucleolar areas were positively interrelated. It was also noticed that the higher the percentage of nucleolated nuclei, the bigger the nuclear and nucleolar areas. The morphometric characteristics did not differ significantly among the four grades of the examined specimens. In well-differentiated carcinomas the DNA index was lower than in the rest at a statistically significant level. Hypodiploid carcinomas were found to possess significantly bigger nuclear areas than any other DNA index group. Morphonuclear evidence of anaplasia and DNA aneuploidy may be used as diagnostic tools in prostate cancer in addition to Gleason grade.
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Comparison of quantitative histomorphometry and DNA ploidy in tissue sections of prostate carcinoma.

Kay PA, Riehle DL, Cheville JC, Lohse CM, Pankratz VS, Hill EM, Sebo TJ.

Department of Laboratory Medicine and Pathology, Mayo Clinic, Rochester, Minnesota 55905, USA.

OBJECTIVE: To examine the ability of quantitative histomorphometry to predict DNA ploidy of prostate carcinoma in biopsy tissue sections assigned after quantitation by nuclear digital image analysis. STUDY DESIGN: Thirty-five diploid, 35 tetraploid and 35 aneuploid prostatic carcinomas in biopsies, assessed by the CAS 200 image analyzer (Bacus Laboratories, Lombard, Illinois, U.S.A.), were reevaluated by the Bacus Laboratories Incorporated Slide Scanner, a microscope that quantifies histologic images. Thirty-one histomorphometric features from cancer cells were captured at 40 x magnification, averaged across tilesfor each case and incorporated into a multivariate discriminant model to determine which features predicted ploidy interpretation by nuclear image analysis using the CAS 200. RESULTS: On average, 60 and 15 minutes were required to perform nuclear image analysis and histomorphometry, respectively. The multivariate discriminant model identified configurable run length, difference variance, contrast, inverse difference moment, sum entropy and diagonal variance as histomorphometry features capable of distinguishing diploid from nondiploid tumors (P < .05). Cross-validation studies showed the model correctly classified 74.3% of the diploid and 57.1% of the nondiploid cases. CONCLUSION: Quantitative histomorphometry can predict the ploidy of prostate carcinoma in biopsy tissue sections. Quantitative histomorphometry has potential as a method of rapidly assessing DNA ploidy otherwise earmarked for nuclear image analysis, resulting in savings of time and expense.
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The consequences of chromosomal aneuploidy on gene expression profiles in a cell line model for prostate carcinogenesis.

Phillips JL, Hayward SW, Wang Y, Vasselli J, Pavlovich C, Padilla-Nash H, Pezullo JR, Ghadimi BM, Grossfeld GD, Rivera A, Linehan WM, Cunha GR, Ried T.

Urologic Oncology Branch, Center for Cancer Research, National Cancer Institute, NIH, 10 Center Drive, Bethesda, MD 20817, USA. phillipj@mail.nih.gov

Here we report the genetic characterization of immortalized prostate epithelial cells before and after conversion to tumorigenicity using molecular cytogenetics and microarray technology. We were particularly interested to analyze the consequences of acquired chromosomal aneuploidies with respect to modifications of gene expression profiles. Compared with nontumorigenic but immortalized prostate epithelium, prostate tumor cell lines showed high levels of chromosomal rearrangements that led to gains of 1p, 5, 11q, 12p, 16q, and 20q and losses of 1pter, 11p, 17, 20p, 21, 22, and Y. Of 5700 unique targets on a 6.5K cDNA microarray, approximately 3% were subject to modification in expression levels; these included GRO-1, -2, IAP-1,- 2, MMP-9, and cyclin D1, which showed increased expression, and TRAIL, BRCA1, and CTNNA, which showed decreased expression. Thirty % of expression changes occurred in regions the genomic copy number of which remained balanced. Of the remainder, 42% of down-regulated and 51% of up-regulated genes mapped to regions present in decreased or increased genomic copy numbers, respectively. A relative gain or loss of a chromosome or chromosomal arm usually resulted in a statistically significant increase or decrease, respectively, in the average expression level of all of the genes on the chromosome. However, of these genes, very few (e.g., 5 of 101 genes on chromosome 11q), and in some instances only two genes (MMP-9 and PROCR on chromosome 20q), were overexpressed by > or =1.7-fold when scored individually. Cluster analysis by gene function suggests that prostate tumorigenesis in these cell line models involves alterations in gene expression that may favor invasion, prevent apoptosis, and promote growth.
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Bcl-2 correlates with tumor ploidy and nuclear morphology in early stage prostate carcinoma. A fine needle aspiration biopsy study.

Maffini MV, Ortega HH, Stoker C, Giardina RH, Luque EH, Munoz de Toro MM.

Department of Human Physiology, Faculty of Biochemistry and Biological Sciences, Universidad Nacional del Litoral, Santa Fe, Argentina.

We evaluated the nuclear morphology, ploidy, bcl-2 expression and in situ apoptosis in sections of fine-needle aspiration (FNA) biopsy specimens of thirty-one randomly selected Stage B prostate carcinomas. Sections of paraffin-embedded pelleted cells obtained from FNA biopsy specimens were studied. Nuclear grade was determined according to the WHO system. Nuclear morphometry and DNA ploidy were carried out using an automated image analyzer. We used immunostaining and the TUNEL method to evaluate bcl-2 expression and in situ apoptosis. The median nuclear area increased with increasing nuclear grade. Ploidy analysis showed that 54.8% of tumors were diploid, 3.2% tetraploid and 41.9% aneuploid. Bcl-2 overexpression was found in 10 of 31 tumors. There was a significant positive correlation between bcl-2 expression and nuclear area (r(s): 0.45 p < 0.01). Nine of ten bcl-2-positive tumors had a nuclear area larger than the median of the series, and 70% of bcl-2-positive tumors were of the aneuploid type. The apoptotic index had a negative correlation with nuclear area, and the lowest indexes were found in aneuploid tumors. Bcl-2 expression showed a highly significant association with both parameters of high aggressiveness: nuclear size and aneuploidy. The combined evaluation of nuclear morphology, ploidy and cell survival parameters might better identify patients with poor prognosis among early stage prostate carcinomas diagnosed by FNA biopsies.
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Clinical applications of image cytometry to human tumour analysis.

Millot C, Dufer J.

Laboratory of Cell Physiology and Hematology, UFR of Pharmacy, Reims, France. christine.millot@univ-reims.fr

Image cytometry (ICM) is widely applied to the automated screening, the detection, the diagnosis, the classification, the prognosis and the therapeutic follow-up of different types of cancers (breast, bladder, cervix,...). This review describes the analysis methods and the applications of nuclear image analysis, the determination of DNA content and the analysis of morphometry and of nuclear texture. DNA content analysis can contribute to a prognostic information in addition to other prognostic factors for breast, renal and prostate cancers. For ovarian cancer, aneuploidy seems to be related to prognosis. Bladder tumours with DNA aneuploidy were frequently of high malignancy while ploidy was significantly correlated to relapse risk. For digestive cancers, patients presenting DNA diploid tumours show a better survival than patients with aneuploid ones. Morphometry seems to be a more important criterion than other conventional prognostic factors of invasive breast and digestive carcinomas. A differential diagnosis between normal and neoplastic thyroids is more precise when based on a quantitative evaluation of texture associated to morphometry. Textural parameters permit the discrimination of two populations of patients having a different prognosis and could thus be an aid for prognosis in prostatic cancers. Morphonuclear parameters contribute to separate low and high grade bladder carcinomas. Although ICM was frequently reported, results from the reported examples were not always obvious. In conclusion, the measurements obtained with ICM could be helpful for a decision in several cancers but could not be a substitute for the classical approach of the pathologist.
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Prognostic factors in prostate cancer. College of American Pathologists Consensus Statement 1999.

Bostwick DG, Grignon DJ, Hammond ME, Amin MB, Cohen M, Crawford D, Gospadarowicz M, Kaplan RS, Miller DS, Montironi R, Pajak TF, Pollack A, Srigley JR, Yarbro JW.

Bostwick Laboratories, Richmond, VA, USA.

BACKGROUND: Under the auspices of the College of American Pathologists, a multidisciplinary group of clinicians, pathologists, and statisticians considered prognostic and predictive factors in prostate cancer and stratified them into categories reflecting the strength of published evidence and taking into account the expert opinions of the Prostate Working Group members. MATERIALS AND METHODS: Factors were ranked according to the previous College of American Pathologists categorical rankings: category I, factors proven to be of prognostic importance and useful in clinical patient management; category II, factors that have been extensively studied biologically and clinically but whose importance remains to be validated in statistically robust studies; and category III, all other factors not sufficiently studied to demonstrate their prognostic value. Factors in categories I and II were considered with respect to variations in methods of analysis, interpretation of findings, reporting of data, and statistical evaluation. For each factor, detailed recommendations for improvement were made. Recommendations were based on the following aims: (1) increasing uniformity and completeness of pathologic evaluation of tumor specimens, (2) enhancing the quality of data collected pertaining to existing prognostic factors, and (3) improving patient care. RESULTS AND CONCLUSIONS: Factors ranked in category I included preoperative serum prostate-specific antigen level, TNM stage grouping, histologic grade as Gleason score, and surgical margin status. Category II factors included tumor volume, histologic type, and DNA ploidy. Factors in category III included perineural invasion, neuroendocrine differentiation, microvessel density, nuclear roundness, chromatin texture, other karyometric factors, proliferation markers, prostate-specific antigen derivatives, and other factors (oncogenes, tumor suppressor genes, apoptosis genes, etc).
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[Digital image analysis in pathology--exemplified in prostatic cancer]

[Article in Norwegian]

Danielsen HE, Kildal W, Sudbo J.

Seksjon for digital patologi Avdeling for patologi Det Norske Radiumhospital, Oslo.

Digital image analysis is increasingly used in medicine. This paper reviews image analysis methods currently used in pathology. To exemplify established and future use of these methods, we present our own research and available literature on prostate cancer. DNA ploidy examinations mean measuring nuclear DNA content. A review of available literature shows that DNA ploidy is a very good prognostic marker in early and localized prostate cancer. Nevertheless, request for such examinations is sparse, in contrast to what is the case for gynecological cancers. In addition to assessing nuclear DNA content, we have today the means of quantitatively assessing the chromatin organisation. Such nucleotyping and texture analysis of chromatin has been shown to give significant diagnostic and prognostic information both in localized and advanced prostate cancer. DNA ploidy and nucleotyping are methods that analyze features of single cells. New methods for describing tissue architecture in an objective and reproducible way have been developed in our department. Preliminary results demonstrate the ability of these methods to discriminate between groups of prostate cancer patients with good or poor diagnosis. Digital techniques in combination with new methods from molecular biology have a potential for reducing workload, with parallel assessment of a large number of markers on large populations. The combination of traditional, molecular and digital pathology already offers the possibility of improved diagnostic and prognostic activity. However, there is the challenge of actually employing these methods. DNA ploidy for localized prostate cancer is only one example of a reliable prognostic marker that is not used to its full potential.
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Stage B Prostate Cancer: Correlation of DNA Ploidy Analysis With Histological and Clinical Parameters.

Mora LB, Moscinski LC, Diaz JI, Blair P, Cantor AB, Pow-Sang JM.

Department of Pathology, H. Lee Moffitt Cancer Center and Research Institute, Tampa, Florida 33612, USA.

BACKGROUND: The ability to accurately predict tumor behavior and patient survival is a problem in managing patients with prostate cancer. Prognostic variables in predicting death from tumor include prostate-specific antigen (PSA) level, histological grade, and clinical stage. Observer subjectivity is inherent in determining grade and stage; thus, criteria that are more objective are needed to identify patients for appropriate treatment. METHODS: The authors correlated flow cytometric nuclear DNA ploidy with Gleason score, PSA level, and recurrence risk in patients who underwent radical retropubic prostatectomy and bilateral pelvic lymphadenectomy between 1987 and 1993 for histopathologic stage B prostate cancer (T2, N0, M0). RESULTS: Of the tumors analyzed, 64% were DNA diploid with a low proliferative fraction, 25% were DNA diploid with a high proliferative fraction, and 11% were DNA aneuploid. DNA aneuploidy was associated with high Gleason grade (7-10). All Gleason grade 10 tumors were DNA aneuploid. Both DNA aneuploidy and high proliferative fraction (S+G2M) were statistically correlated with high Gleason grade and adverse prognosis but not with PSA level or patient age. CONCLUSIONS: A direct relationship is shown between both DNA aneuploidy and a high proliferation index with aggressive biological behavior in stage B prostatic cancer. Objective tumor criteria are needed to choose treatment more selectively for individual patients.
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Relationship of Ki-67 labeling index to DNA-ploidy, S-phase fraction, and outcome in prostate cancer treated with radiotherapy.

Khoo VS, Pollack A, Cowen D, Joon DL, Patel N, Terry NH, Zagars GK, von Eschenbach AC, Meistrich ML, Troncoso P.

Department of Clinical Radiation Oncology, U.T. M.D. Anderson Cancer Center, Houston, Texas 77030, USA.

BACKGROUND: Our purpose was to evaluate the relationship of Ki-67 labeling index (Ki67-LI) to deoxyribonucleic acid (DNA) ploidy, S phase fraction (SPF), other clinical prognostic factors, and clinical outcome for patients with prostate cancer treated by external beam radiotherapy. METHODS: Tissue was retrieved from 42 patients who underwent transurethral resection of the prostate before treatment with external beam radiotherapy between 1987-1993. DNA histogram profiles were classified as diploid (diploid + near-diploid) and nondiploid (tetraploid + aneuploid). Immunohistochemical staining of Ki-67 by the MIB-1 monoclonal antibody was used to calculate Ki67-LI. Median patient follow-up was 62 months. Treatment failure was defined as two consecutive rises in serum prostate-specific antigen (PSA) or clinical evidence of disease recurrence. RESULTS: The mean and median Ki67-LIs were 3.1 and 2.4, respectively (range, 0-12.4). Mean Ki67-LI values were significantly associated with higher stage, Gleason score, and pretreatment PSA. Nondiploid tumors had significantly higher Ki67-LIs, as did patients who failed radiotherapy over the follow-up period. SPF was not significantly correlated with Ki67-LI. As a categorical variable, the most significant relationships were seen when Ki67-LI was subdivided into thirds around the median (Ki67-LI </=1.5%, Ki67-LI >1.5-3.5%, and Ki67-LI >3.5%). This trichotomous variable correlated significantly with pretreatment PSA (P = 0.0008), tumor stage (P = 0.016), Gleason score (P = 0.024), and treatment failure (P = 0.0015), but not with DNA-ploidy (P = 0.15). In actuarial univariate analyses, Ki67-LI appeared to be a more significant predictor of patient outcome (P = 0.003) than DNA-ploidy (P = 0.035). CONCLUSIONS: The Ki67-LI correlated with known prognostic factors such as pretreatment PSA, tumor stage, and Gleason score, and was also weakly related to DNA-ploidy. In comparison to DNA-ploidy, Ki67 LI seems to be a better correlate of treatment outcome. Copyright 1999 Wiley-Liss, Inc.
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Pathology of prostate cancer. Old problems and new facts.

Mikuz G.

Institute of Pathology, University of Innsbruck, Innsbruck, A6020, Austria.

Based on autopsy and epidemiologic data the lifetime risk of developing prostate cancer for a 50-year-old man is 42%, but only 9.5% will develop a clinically manifest disease and only 2.9% will die from this disease. The actual rate of carcinoma detection using PSA, digital rectal examination and transrectal ultrasound is 1%-3%. The majority of prostate carcinoma never progress to clinically significant disease, a minor portion remains confined to the prostate for many years and other carcinomas progress rapidly to a life threatening disease. The dilemma for clinicians and pathologists dealing with this tumor is how to distinguish these three biologically different types. Pathologists play an important role in preoperative diagnosis and in the postoperative prognosis oriented evaluation of the prostatectomy material. Volunteer PSA screening trials have led to an enormous increase in core-needle biopsies of the prostate. Since biopsies are often performed in men without palpable or ultrasound-visible nodules, are now faced with an increasing number of equivocal morphological features which can not be clearly defined, even with standardized criteria. Further investigations are also required to elucidate the clinical importance of PIN detection in biopsies. The heterogeneous histomorphology of prostate carcinoma can not be used as a prognostic factor. Therefore the histological grading is a very important factor for the assessment of prognosis. Carcinoma grading in biopsies is also of limited value in predicting tumor stage. Currently, several different grading systems are in use. Gleason's grading is the most favored, although its reproducibility is very low. The stage of the prostate carcinoma is still the best prognostic factor. In order to accurately assess the pTNM stage, TUR or prostatectomy material must be subject to extensive and standardized processing. Additionally, the volume of the tumor, the vascular invasion, the amount of extension of the tumor through the prostate capsule and perhaps the neoangiogenesis might be valid prognostic factors for disease progress and for survival. The value of novel methods (p53, bcl-2, apoptosis, microvessel density, interphase cytogenetics, androgen receptor mutation, neuroendocrine cells, E-Cadherin) remains to be proved. DNA ploidy is a good prognostic factor after prostatectomy and can be used to plan adjuvant hormone therapy.
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Needle biopsy DNA ploidy status predicts grade shifting in prostate cancer.

Ross JS, Sheehan CE, Ambros RA, Nazeer T, Jennings TA, Kaufman RP Jr, Fisher HA, Rifkin MD, Kallakury BV.

Department of Pathology and Laboratory Medicine, Albany Medical College, New York 12208, USA.

DNA ploidy analysis of prostate needle biopsy specimens was performed to determine whether ploidy status could predict tumor grade shifting at radical prostatectomy. The paired needle biopsy and radical prostatectomy specimens from 111 randomly selected men with prostate cancer were obtained from the surgical pathology files of the Albany Medical Center Hospital. The original tumor grades were assigned by a staff of 12 surgical pathologists according to the Gleason system. Tumors with original Gleason scores < or = 6 were classified as low grade, and tumors with scores of > or = 7 were considered high grade. DNA ploidy analysis was performed on the needle biopsy specimens using the CAS 200 image analyzer (Becton Dickinson Immunocytometry Systems, Mountain View, CA, USA) on Feulgen stained 5-microm tissue sections. There were 88 diploid and 23 nondiploid cases. Thirty-eight of 111 (34%) of cases had grade shifting from needle biopsy to radical prostatectomy specimens. Of 89 low-grade needle biopsy cases, 28 (31%) were upgraded at radical prostatectomy. Of 22 high-grade needle biopsy cases, 10 (45%) were downgraded to low grade at radical prostatectomy. Of the 28 low-grade needle biopsy specimens that were upgraded at radical prostatectomy, 19 (68%) featured an aneuploid histogram and 9 (32%) were diploid. Nineteen of 28 (68%) of aneuploid low-grade tumors on needle biopsy became high-grade at radical prostatectomy. Nine of 10 (90%) diploid high-grade tumors at needle biopsy became low-grade at radical prostatectomy. Of the 38 cases in which ploidy and grade were incongruous, 28 (74%) had grade shifting. In a multivariate regression analysis, a high-grade Gleason score on radical prostatectomy specimens correlated significantly with needle biopsy ploidy (p = 0.0001) but not with needle biopsy grade (p = 0.15). The sensitivity of the needle biopsy grade in the detection of high-grade tumors on radical prostatectomy was 30%, and the specificity was 86%. The sensitivity of ploidy status in the prediction of high grade at radical prostatectomy was 78%, and the specificity was 96%. With a prostate-specific antigen (PSA) level of >0.4 ng/ml as the indicator of post-radical prostatectomy disease recurrence on a subset of 106 patients, on univariate analysis, disease recurrence was predicted by needle biopsy ploidy (p = 0.001) and radical prostatectomy grade (p = 0.04) but not by needle biopsy grade (p = 0.39). On multivariate analysis, needle biopsy DNA ploidy status independently predicted disease recurrence (p = 0.002), whereas needle biopsy and prostatectomy grade did not. These results indicate that DNA ploidy analysis of needle biopsy specimens of prostate cancer predicts grade shifting, that it is a more sensitive and specific indicator of final tumor grade at radical prostatectomy than is the original needle biopsy grade, and that ploidy status independently predicts postoperative disease recurrence.
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Deoxyribonucleic acid ploidy and serum prostate specific antigen predict outcome following salvage prostatectomy for radiation refractory prostate cancer.

Amling CL, Lerner SE, Martin SK, Slezak JM, Blute ML, Zincke H.

Department of Urology, Mayo Clinic and Mayo Foundation, Rochester, Minnesota 55905, USA.

PURPOSE: We assessed clinical and pathological variables for the ability to predict improved outcome following salvage prostatectomy for radiation refractory prostate cancer. We identify factors that might assist in selection of candidates for this procedure. MATERIALS AND METHODS: Between 1966 and 1996, 108 patients (mean age 64.7 years) underwent salvage radical retropubic prostatectomy for radiation refractory prostate cancer. Preoperative serum prostate specific antigen (PSA), available in 70 patients treated since 1987, was less than 4 in 19, 4 to 10 in 31 and greater than 10 ng./ml. in 20. Serum PSA before radiotherapy was available in 37 patients. Serum PSA before radiotherapy and salvage surgery, tumor grade, deoxyribonucleic acid (DNA) ploidy and margin status were analyzed for the ability to predict cancer specific and progression-free survival (local, systemic and PSA 0.2 ng./ml. or greater). Complication rates were compared between early (before 1990) and late (1990 to 1996) salvage prostatectomy groups. RESULTS: Overall cancer specific and progression-free survival at 10 years was 70 and 44%, respectively. The pathological stage was pT2N0 in 39%, pT3-4N0 in 42% and pTxN+ in 19% of cases. DNA ploidy was predominately nondiploid, that is diploid in 25%, tetraploid in 64% and aneuploid in 11% of tumors. Although preoperative serum PSA was not predictive of pathological stage, patients with preoperative PSA less than 10 ng./ml. had better progression-free survival than those with higher levels (p = 0.05). DNA ploidy was the strongest predictor of cancer specific (p = 0.002) and progression-free (p = 0.002) survival. Controlling for grade and PSA using the Cox proportional hazards model, DNA ploidy remained a significant predictor of prostate cancer death (p <0.001) and disease progression (p <0.001). Complication rates improved somewhat in more recently treated patients but incontinence and bladder neck contracture rates remained significant. CONCLUSIONS: DNA ploidy and preoperative serum PSA appear to be the most important predictors of outcome following salvage prostatectomy for radiation refractory prostate cancer. Preoperative consideration of these factors may be helpful in selecting candidates for this procedure.
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Analysis of fibrinolytic proteins in relation to DNA ploidy in prostate cancer.

Plas E, Carroll VA, Jilch R, Mihaly J, Vesely M, Ulrich W, Pfluger H, Binder BR.

Department of Urology and Ludwig Boltzmann Institute for Urology and Andrology, Lainz Hospital Vienna, Austria.

The tissue concentrations of urokinase-type plasminogen activator (u-PA), urokinase-type plasminogen activator receptor (u-PAR), plasminogen activator inhibitor type 1 (PAI-1) and tissue-type plasminogen activator (t-PA) were investigated by an ELISA technique in normal and malignant samples of the prostate from 24 patients undergoing radical prostatectomy for organ-confined prostate cancer. The median concentration of u-PA was significantly higher in cancerous than in normal prostate tissue (p = 0.006). No significant increase of u-PAR, PAI-1 and t-PA was found in cancer tissue in comparison with the benign samples (p > 0.05). Assessment of the relationship between fibrinolytic proteins and DNA ploidy revealed an increased u-PA, u-PAR and PAI-1 in diploid prostate cancer as compared with the normal controls. However, in aneuploid cancer u-PA remained high but u-PAR and PAI-1 were decreased. This led to a higher local concentration of u-PA in aneuploid samples than in normal prostate and in diploid prostate cancer. No alteration of median t-PA was found in benign prostate or in diploid or aneuploid prostate cancer. The altered expression of u-PA, u-PAR and PAI-1 in diploid and aneuploid prostate cancer suggests a possible role of fibrinolytic proteins in the different biologic behavior of tumors, and may be one explanation for the higher metastatic potential of aneuploid tumors.

PDF
	J Urol. 1998 Oct;160(4):1533-9.
	Related Articles, [image: image79.png]


[image: image80.png]


Links 




  
Telomerase activity, telomere length, and DNA ploidy in prostatic intraepithelial neoplasia (PIN).

Koeneman KS, Pan CX, Jin JK, Pyle JM 3rd, Flanigan RC, Shankey TV, Diaz MO.

Department of Urology, Loyola University Medical Center and Cardinal Bernardin Cancer Center, Maywood, Illinois, USA.

PURPOSE: To investigate the relationship of telomerase activity, telomere length, and DNA ploidy in high grade prostatic intraepithelial neoplasia (PIN). MATERIALS AND METHODS: Tissue samples were carefully microdissected to obtain adenocarcinoma or PIN-containing tissue free of cancer. Telomerase activity was measured using the PCR-based telomeric repeat amplification protocol (TRAP). Telomere length was estimated from Southern blots of telomere restriction fragments (TRFs). DNA ploidy of PIN and carcinoma was determined by image analysis of adjacent Feulgen stained tissue sections. RESULTS: Telomerase activity was found in 4 of 25 samples (16%) of high grade PIN. All telomerase positive PIN foci had a diploid DNA content. Although 5 of 25 samples (25%) of high grade PIN foci analyzed were DNA aneuploid, none of these demonstrated telomerase activity. Telomerase positive foci of prostate carcinoma (69% of all cancer foci analyzed) displayed heterogeneity in TRF length, with a mean TRF length two kilobase pairs shorter than that of telomerase negative specimens. CONCLUSIONS: Telomerase activity is present in a low percentage of high-grade PIN foci, which are diploid by DNA content measurements.
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DNA ploidy and survival of patients with clinically localized prostate cancer treated without intent to cure.

Borre M, Hoyer M, Nerstrom B, Overgaard J.

Department of Experimental Clinical Oncology, Danish Cancer Society, Aarhus. deco@onko.aau.dk

BACKGROUND: The optimal approach to diagnosis and treatment of localized prostate cancer remains controversial. Deoxyribonucleic acid (DNA) ploidy has been suggested as an important predictor for outcome in prostate cancer. The purpose of this study was to correlate DNA ploidy with disease-specific survival in patients with clinically localized prostate cancer treated with no intent to cure. METHODS: DNA ploidy was determined by flow cytometry in archival formalin fixed, paraffin embedded tumor tissue obtained at diagnosis in 120 patients with clinically localized prostate cancer with a nearly complete follow-up. RESULTS: Ninety (75%) of the tumors were diploid, while only 11 (9%) tumors were categorized as tetraploid. Tumor DNA ploidy (diploid versus nondiploid) significantly associated with histopathological grade (P=0.002) and disease-specific survival (P=0.011), while there was no association with tumor stage (P=0.054). In a multivariate Cox analysis, histopathological grade (P=0.005) was the only significant predictor of disease-specific death, while analyzing the 96 low-grade tumors separately, DNA ploidy became significant (P= 0.024). CONCLUSIONS: Flow cytometric determined nondiploidy was associated with disease-specific death in patients with clinically localized prostate cancer, but DNA ploidy provided additional prognostic information in patients with low-grade tumors only.
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The significance of DNA-ploidy and S-phase fraction in node-positive (stage D1) prostate cancer treated with androgen ablation.

Pollack A, Troncoso P, Zagars GK, von Eschenbach AC, Mak AC, Wu CS, Terry NH.

Department of Radiotherapy, University of Texas, Houston, Texas.

BACKGROUND: The prognostic significance of primary tumor DNA-ploidy and S-phase fraction (SPF) was evaluated in patients treated with androgen ablation for regionally localized node-positive prostate cancer. METHODS: All patients were diagnosed with lymph node involvement by pelvic lymphadenectomy between 1984 and 1992 and were treated only with androgen ablation. Median follow-up was 45 months. Adequate material for DNA/nuclear protein flow cytometric analysis was available in 33 patients. RESULTS: The tumors were classified as diploid in 11, near-diploid in 4, tetraploid in 10, and aneuploid in 8 cases. Grouping the patients by nonaneuploidy (diploid and near-diploid and tetraploid) and aneuploidy revealed actuarial 4-year disease progression rates of 14 and 48% (log-rank, P = 0.04), and overall survival rates of 100 and 61% (P = 0.008); however, biochemical progression (rising prostate-specific antigen profile) rates were similar at around 70%. In contrast, SPF was not significantly related to any of the endpoints tested. Several other potential prognostic factors were examined and none correlated significantly with disease progression or survival. CONCLUSIONS: The biochemical progression rates for patients with nonaneuploid and aneuploid tumors were comparable and high, while the disease progression rates were higher and survival rates lower for those with aneuploid tumors. These data indicate that the lead time from biochemical to disease progression and death was shorter with aneuploidy. That these relationships were observed in such a small patient population attest to the strength of DNA-ploidy as a prognostic factor in this cohort.
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[Influence of DNA ploidy and grading on survival in primary metastatic prostate carcinoma]

[Article in German]

Kugler A, Gross AJ, Zoller G, Hemmerlein B, Kallerhoff M, Ringert RH.

Abteilung Urologie, Georg August Universitat Gottingen.

An aneuploid pattern of prostatic cancer defined by flow cytometry was shown to be of value in predicting progression rates and patient survival times. We evaluated the long-term value of DNA analysis in prostatic cancer in 61 patients with advanced disease. We performed flow cytometry on 61 fresh prostate specimens obtained-from a transrectal needle biopsy or a transurethral resection. All patients received antihormonal therapy. Time until death was evaluated in all patients. Of the DNA histograms analyzed, 37% showed a diploid pattern, 63% an non-diploid pattern, and 37% a tetraploid or hypertetraploid pattern. Kaplan-Meier plots were generated for analysis of the probability of survival. Mean survival time was 44 months for patients with diploid (range 1-126 months) and 40 months for patients with non-diploid tumors (range 1-96 months). This difference is not statistically significant. However, the combination of non-diploid and low-differentiated (G3) tumors reduced survival time significantly (mean 20 months, range 1-62 months). There was no patient with combination of a diploid and highly differentiated tumor.
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Prostate cancer: indicators of aggressiveness.

Sakr WA, Grignon DJ.

Department of Pathology, Harper Hospital, Karmanos Cancer Institute, Detroit, MI 48201, USA.

In spite of the slow progression rates common to most prostate cancers, it is well recognized that a subset of patients will experience a more aggressive course with many losing their lives to this malignancy. As the number of patients diagnosed with prostate cancer continues to increase, there is a growing pressure to refine and supplement the three most important prognostic parameters for this disease (tumor pathologic stage, its histologic differentiation (Gleason score) and the level of prostate specific antigen). While this review emphasizes the value of these factors in stratifying patients into risk groups, it also explores the prognostic significance of additional commonly used and evolving non-traditional markers (DNA ploidy, proliferation, tumor angiogenesis, and the status of tumor suppressor genes).
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Relationship between DNA ploidy and functional estrogen receptors in operable prostate cancer.

Nativ O, Umehara T, Colvard DS, Therneau TM, Farrow GM, Spelsberg TC, Lieber MM.

Department of Urology, Mayo Clinic, Rochester, Minn, USA.

OBJECTIVE: To evaluate the relationship between the nuclear DNA content and the tissue estrogen receptor (ER) level in patients with operable adenocarcinoma of the prostate. METHOD: Surgical specimens taken from 73 patients with clinically localized prostate cancer were studied. Tumor DNA ploidy pattern as measured by flow cytometry was correlated with the level of functional ER using the nuclear biopsy assay. RESULTS: Forty-five percent of the tumors were DNA diploid, and 55% had an abnormal ploidy pattern (DNA tetraploid or DNA aneuploid). The ER level ranged from 0 to 6,475 fmol/mg DNA (mean 839 fmol/mg DNA). Twenty-two percent had no functional receptors. Marked association was noted between ER and nuclear DNA content. Seventy-five percent of the tumors with no ER had abnormal ploidy patterns. The mean receptor level for DNA diploid prostate cancer was 1,034 fmol/mg DNA versus 661 fmol/mg DNA for DNA nondiploid tumors (p < 0.008). An inverse correlation was found between ER values and histologic grade or pathologic stage. High-grade and high-stage tumors had lower levels of ER compared to low-grade and early-stage carcinomas. CONCLUSION: Our results demonstrate an association between ER values and variables that predict prognosis in prostate cancer. It is possible that this parameter may be helpful in identification of prognostic groups in patients with prostate cancer.
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Proliferative index determination in prostatic carcinoma tissue: is there any additional prognostic value greater than that of Gleason score, ploidy and pathological stage?

Coetzee LJ, Layfield LJ, Hars V, Paulson DF.

Department of Surgery, Duke University Medical Center, Durham, North Carolina, USA.

PURPOSE: The proliferative index was evaluated as an additional prognostic variable in 244 radical prostatectomy specimens from patients with prostate cancer. This study was done on the grounds that this variable has shown some promise as a prognostic tool in some other carcinomas, for example breast cancer. MATERIALS AND METHODS: The proliferative index was evaluated in 244 patients undergoing radical prostatectomy for clinically localized disease between January 1988 and August 1994. Proliferative index was determined using the Ki-67 antibody on fresh frozen tissue and MIB-1 on paraffin embedded tissues. Patients were divided into 2 groups based on a proliferative index of less than 1 (185) or 1 or greater (59). Of the patients 49 (20%) had biochemical failure (median 23 months to progressive prostate specific antigen elevation of 0.5 ng./ml. or more). Those whose treatment failed were also divided into 2 groups according to proliferative index: 32 of 185 (18%) with an index of less than 1 and 17 of 59 (27%) with an index of 1 or more. Gleason score and deoxyribonucleic acid ploidy status were also evaluated in all patients and compared in multivariate regression analysis. Operative specimens were categorized as organ confined, specimen confined or margin positive. RESULTS: The distribution according to margin status in the 2 groups (proliferative index less than 1 and 1 or more) was 40 versus 60% for organ confined, 67 versus 33% for specimen confined and 72 versus 28% for margin positive disease, respectively. The distribution of time to treatment failure in the 2 groups was not markedly different: 7.2 versus 9.4 months for margin positive, 10 versus 14.5 months for specimen confined and 8.5 versus 12 months for organ confined cancer, respectively. CONCLUSIONS: Multivariate analysis demonstrated that, although deoxyribonucleic acid ploidy seemed to correlate with more advanced disease, only Gleason sum and pathological T stage reached statistical significance when evaluated against time to treatment failure. A high proliferative index added little above the more traditional prognostic indicators of Gleason score, pathological stage and ploidy. Therefore, we question the value of proliferative index as a prognostic indicator using the aforementioned methodology in prostate cancer.
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[Determination of cellular DNA content in the diagnosis and prognosis of mesenchymal tumors]

[Article in Hungarian]

Toth E, Szentirmay Z.

Orszagos Onkologiai Intezet, Budapest.

The authors present examples on how to use cellular DNA distribution in support of diagnosis, and also to predict biological behavior of mesenchymal tumours. In cases of smooth muscle tumours of the prostate and the uterus, on the basis of histological pattern, it was not possible to distinguish between bizarre cell (pleomorph) leiomyoma and leiomyosarcoma. The prostate tumour showed an euploid polyploid cellular DNA distribution pattern, supporting the diagnosis of benign pleomorph leiomyoma. On the other hand, the uterus tumour showed an aneuploid DNA content with a high S-phase fraction that is characteristic of malignant lesions. Cellular DNA content analysis has helped to estimate the biological behavior of a gastrointestinal stromal tumour originating from the stomach and a retroperitoneal dedifferentiated type of a well differentiated liposarcoma. Small, diploid tumours (< 5 cm in diameter) with a low S-phase fraction behave like benign tumour or malignant tumour with a low malignant potential. The gastrointestinal stromal tumour was diploid with 8% S-phase ratio, therefore we could predict favorable outcome. It means that control examination is required less frequently. Prognostically, the dedifferentiated type of well-differentiated liposarcoma differs from the common well differentiated liposarcomas; the well differentiated part of this tumour consisted of only one diploid subpopulation with a low S-phase ratio, while the poorly differentiated areas contained a diploid and an aneuploid cell population with a significantly higher S-phase fraction than that of diploid one. Aneuploidy and rapid proliferation rate refer to increasing genetic instability, with a clonal selection for development of a more aggressive cell population, thus control examination is required more frequently.
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Near tetraploid prostate carcinoma. Methodologic and prognostic aspects.

Forsslund G, Nilsson B, Zetterberg A.

Department of Oncology-Pathology, Unit of Tumor Pathology, Karolinska Institute, Stockholm, Sweden.

BACKGROUND: The clinical value of DNA ploidy analysis in prostate carcinoma has been an issue for investigation for more than 2 decades. In general, diploid or pseudodiploid tumors are associated with a favorable prognosis and aneuploid tumors with an unfavorable prognosis, irrespective of type of treatment. Tumors with DNA values in the tetraploid region (around 4c) present a diagnostic problem. Such DNA distributions may clearly represent aneuploid tumors with an unfavorable prognosis. However, a 4c distribution may conversely represent a tetraploid tumor (possibly a polyploid variant of the diploid tumor) with a favorable prognosis. Previous data from our laboratory indicate the existence of such a tetraploid subgroup. The goal of the current study was to investigate the diagnostic problem of 4c tumors in greater detail. METHODS: Ploidy classification of cytologic smears by image cytometry was performed in a retrospective study of 334 patients with hormonally treated prostate carcinoma. Follow-up time was 30 years or until death. RESULTS: Three ploidy types were defined: near-diploid (D type), near-tetraploid (T type), and highly aneuploid (A type). Tumors with a modal value within the tetraploid region were found in 27% (92 cases) of the total material. Of these, 9% were defined as T type and 18% as A type. Overall, 37% of the tumors were classified as D type, 9% as T type, and 54% as A type. Of the A type tumors, one-third had modal DNA values in the tetraploid (4c) region. Multivariate analysis showed a statistically significant difference between A type tumors and D and T type, but not between D type and T type. Both D and T type tumors progressed slowly and killed the patients 5 to 30 years after diagnosis, whereas A type tumors progressed rapidly and killed the patients within 6 years of diagnosis. CONCLUSIONS: By image cytometry, prostate carcinoma can be divided into three ploidy types: D, T, and A type. Biologically, however, the tumors fall into only two groups: low grade malignant, pseudodiploid tumors of D or T type, and high grade malignant, highly aneuploid tumors of A type.

	J Surg Oncol. 1996 Sep;63(1):41-5.
	Related Articles, [image: image101.png]


[image: image102.png]


Links 



Correlation of DNA ploidy and histologic diagnosis from prostate core-needle biopsies: is DNA ploidy more sensitive than histology for the diagnosis of carcinoma in small specimens?

Lo J, Kerns BJ, Amling CL, Robertson CN, Layfield LJ.

Department of Pathology, Duke University Medical Center, Durham, North Carolina 27710, USA.

DNA ploidy has been shown to have prognostic value in adenocarcinoma of the prostate. While occasional benign lesions of the prostate may be associated with a DNA aneuploid status, most aneuploid epithelial proliferations of the prostate are carcinomas. Because of the relationship between aneuploidy and malignancy, DNA ploidy analysis might improve detection of adenocarcinoma in small core-needle biopsy specimens. In this study, DNA ploidy analysis was performed on 186 fresh core biopsies from 32 patients who had undergone transrectal, ultrasonographically directed core-needle biopsies. Ploidy level was determined by Feulgen staining and image analysis with a CAS 200 image analyzer (Becton Dickinson-Cellular Imaging Systems, San Jose, CA). The resultant DNA ploidy levels were compared with the initial histologic diagnosis and subsequent clinical and pathologic follow-up. Nondiploid DNA patterns correlated with a diagnosis of carcinoma on core biopsy in 11 of 16 nondiploid cases and with a final diagnosis of malignancy in 13 of 16 nondiploid cases. Two patients with biopsy proven carcinoma had DNA diploid tumor patterns. Ploidy analysis had a sensitivity of 86.6% and a specificity of 73.7% in predicting the final diagnosis of malignancy. One case interpreted as DNA tetraploid by image analysis revealed seminal vesicle tissue on both the cytologic preparations and the core biopsy. Two DNA aneuploid specimen associated with cores initially read as benign or atypical demonstrated adenocarcinoma either on review of the original core biopsy or the prostatectomy specimen. The final DNA aneuploid specimen revealed acute prostatitis in the core biopsy. DNA ploidy analysis of core biopsy specimens appears to have relatively good specificity and sensitivity for the detection of prostatic carcinoma. Sampling errors appear to be the major cause of false negative results. Inappropriate measurement of seminal vesicle tissue and acute prostatitis can result in false positive results.
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Transrectal fine needle aspiration biopsy of the prostate combining cytomorphologic, DNA ploidy status and cell cycle distribution studies.

Paz-Bouza JI, Orfao A, Abad M, Ciudad J, Garcia MC, Lopez A, Bullon A.

Department of Pathology, University Hospital, Faculty of Medicine, University of Salamanca, Spain.

Fine needle aspiration (FNA) cytology of the prostate is becoming a common diagnostic procedure, and DNA flow cytometry (FCM) data have been shown to correlate with the pattern of evolution of prostatic carcinoma, thus emphasizing the importance of assessing both parameters together. The aim of the present paper is to analyze the presence of DNA aneuploidy, cell cycle distribution and their relationship with the cytologic grade in transrectal fine needle aspiration prostate biopsies from 78 consecutive patients. Herein we studied the DNA ploidy status, the cell cycle distribution and their relationship with cytologic grade in transrectal FNA biopsies of the prostate from 78 consecutive patients -47 benign hyperplasias and 31 carcinomas- as analyzed by a reproducible FCM method for single cell suspension preparations, data acquisition and analysis. The presence of DNA aneuploidy was detected in 39% of the carcinomas and it was found to be a specific marker for prostatic carcinoma since all benign hyperplasia cases were diploid. Moreover, the incidence of DNA aneuploidy increased progressively from well-differentiated to moderately-differentiated and poorly-differentiated carcinomas (p = 0.005). Regarding cell cycle distribution, carcinomas displayed a higher proportion of both S-phase (p = 0.0003) and G2/M-phase (p = 0.0006) cells with respect to benign hyperplasias. Aneuploid cases also showed a greater proliferation rate as compared to the diploid carcinomas, regardless of their cytopathologic grade (p = 0.00001). Despite the fore-mentioned results, these correlations were far from being absolute, suggesting that combined assessment of these parameters should give additional information for the clinical management of prostatic disease.(ABSTRACT TRUNCATED AT 250 WORDS)
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Transrectal fine needle aspiration biopsy of the prostate combining cytomorphologic, DNA ploidy status and cell cycle distribution studies.

Paz-Bouza JI, Orfao A, Abad M, Ciudad J, Garcia MC, Lopez A, Bullon A.

Department of Pathology, University Hospital, Faculty of Medicine, University of Salamanca, Spain.

Fine needle aspiration (FNA) cytology of the prostate is becoming a common diagnostic procedure, and DNA flow cytometry (FCM) data have been shown to correlate with the pattern of evolution of prostatic carcinoma, thus emphasizing the importance of assessing both parameters together. The aim of the present paper is to analyze the presence of DNA aneuploidy, cell cycle distribution and their relationship with the cytologic grade in transrectal fine needle aspiration prostate biopsies from 78 consecutive patients. Herein we studied the DNA ploidy status, the cell cycle distribution and their relationship with cytologic grade in transrectal FNA biopsies of the prostate from 78 consecutive patients -47 benign hyperplasias and 31 carcinomas- as analyzed by a reproducible FCM method for single cell suspension preparations, data acquisition and analysis. The presence of DNA aneuploidy was detected in 39% of the carcinomas and it was found to be a specific marker for prostatic carcinoma since all benign hyperplasia cases were diploid. Moreover, the incidence of DNA aneuploidy increased progressively from well-differentiated to moderately-differentiated and poorly-differentiated carcinomas (p = 0.005). Regarding cell cycle distribution, carcinomas displayed a higher proportion of both S-phase (p = 0.0003) and G2/M-phase (p = 0.0006) cells with respect to benign hyperplasias. Aneuploid cases also showed a greater proliferation rate as compared to the diploid carcinomas, regardless of their cytopathologic grade (p = 0.00001). Despite the fore-mentioned results, these correlations were far from being absolute, suggesting that combined assessment of these parameters should give additional information for the clinical management of prostatic disease.(ABSTRACT TRUNCATED AT 250 WORDS)
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Evaluation of tumor heterogeneity of prostate carcinoma by flow- and image DNA cytometry and histopathological grading.

Wang N, Wilkin C, Bocking A, Tribukait B.

Department of Medical Radiobiology, Karolinska Institute, Stockholm, Sweden.

BACKGROUND: Heterogeneity of prostate carcinoma is one of the reasons for pretreatment underestimation of tumor aggressiveness. We studied tumor heterogeneity and the probability of finding the highest tumor grade and DNA aneuploidy with relation to the number of biopsies. MATERIAL AND METHODS: Specimens simulating core biopsies from five randomly selected tumor areas from each of 16 Bocking's grade II and 23 grade III prostate carcinomas were analyzed for tumor grade and DNA ploidy by flow- and fluorescence image cytometry (FCM, FICM). Cell cycle composition was measured by FCM. RESULTS: By determination of ploidy and cell cycle composition, morphologically defined tumors can further be subdivided. Heterogeneity of tumor grade and DNA ploidy (FCM) was 54% and 50%. Coexistence of diploid tumor cells in aneuploid specimens represents another form of tumor heterogeneity. The proportion of diploid tumor cells decreased significantly with tumor grade and with increase in the fraction of proliferating cell of the aneuploid tumor part. The probability of estimating the highest tumor grade or aneuploidy increased from 40% for one biopsy to 95% for 5 biopsies studied. By combining the tumor grade with DNA ploidy, the probability of detecting a highly aggressive tumor increased from 40% to 70% and 90% for one and two biopsies, respectively. CONCLUSION: Specimens of the size of core biopsies can be used for evaluation of DNA ploidy and cell cycle composition. Underestimation of aggressiveness of prostate carcinoma due to tumor heterogeneity is minimized by simultaneous study of the tumor grade and DNA ploidy more than by increasing the number of biopsies. The biological significance of coexistent diploid tumor cell in aneuploid lesions remains to be evaluated.

