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Assessing the accurate Grade Group of a prostate needle biopsy specimen is essential for choosing the adequate therapeutic modality for prostate cancer patients. However, it is well-known that biopsy Grade Group tends to up- or downgrade significantly at radical prostatectomy. We aimed to investigate the correlation between accuracy and biopsy core number, performed immunohistochemical staining (IHC) or prostatectomy specimen sampling, with the latest also being correlated with higher detection rates of adverse pathological features, e.g., positive surgical margins, higher pathological stage or presence of perineural invasion (PnI status). The study cohort consisted of 315 consecutive patients diagnosed with prostate adenocarcinoma via transrectal ultrasound-guided needle biopsy who later underwent radical prostatectomy. We grouped and compared patients based on Grade Group accuracy, presence of IHC on biopsy, margin status, pathological stage, and PnI status. Inter-observer reproducibility was also calculated. Statistical analyzes included ANOVA, Tukey’s multiple comparisons post hoc test, Chi-squared test, and Fleiss kappa statistics. Undergraded cases harboured a significantly lower number of biopsy cores (p < 0.05), than accurately graded cases. Using IHC did not affect grading accuracy significantly, nor did the number of slides from prostatectomy specimens. The mean number of slides was virtually identical when margin status, pathological stage and PnI status of prostatectomy specimens were compared. Inter-observer reproducibility at our institute was calculated as fair (overall kappa = 0.29). Grade Group accuracy is significantly improved by obtaining more cores at biopsy but is unrelated to performed IHC. The extent of sampling prostatectomy specimens, however, did not affect accuracy and failed to significantly improve detection of adverse pathological features.
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INTRODUCTION
In 2020, prostate cancer was the second most commonly diagnosed malignancy of males; with the repertoire of screening and treating modalities available today, 375,304 deaths were still reported worldwide [1]. Nowadays, diagnoses are almost exclusively made early, following the revolutionary introduction of prostate-specific antigen screening in the late eighties. Treatment options for localized or locally advanced prostate cancer include hormonal ablation therapy, radiotherapy and radical prostatectomy (RP). Guidelines indicate choosing a treatment modality based on the patient’s risk for disease progression: RP is the gold standard for high-risk patients, while it is most beneficial for low- or very low-risk patients to choose active surveillance. Besides clinical stage, PSA level and comorbidity-adjusted life expectancy, the pathological grade is a primary determinant of patient risk [2]. For the assessment of pathological grade, the Gleason score-based Grade Group system established at the 2014 International Society of Urological Pathology (ISUP) Consensus Conference is used, primarily on needle biopsy specimens [3]. Recent papers suggest that Grade Group (GG) is likely to be a static parameter set early in tumorigenesis, and grade progression is uncommon [4, 5]. However, the question of grade progression has remained controversial [6, 7].
It is beneficial, if not essential, to perform immunohistochemical staining on biopsy samples to ensure the spotting of malignant glands. The most commonly used target antigens are basal cell markers p63 and 34βE12 and neoplastic acinar cell marker α-methylacyl-CoA racemase (AMACR) [8]. For patients undergoing RP, post-RP treatment depends on various clinical and pathological data, including pathological stage, surgical margin status, and final GG.
In the present study, we aimed to see whether an extended number of cores obtained at biopsy, extended RP specimen sampling or performing AMACR/34βE12/p63 IHC on biopsy specimens improves concordance between biopsy and RP GGs. In addition, we hypothesized that extended specimen sampling at pathology results in a higher detection rate of adverse features, e.g., positive surgical margins, perineural invasion, and higher pathological stage (presence of extraprostatic extension or seminal vesicle invasion).
At our institute and in most community settings, biopsy samples are taken by several urologists and evaluated by numerous general pathologists; thus, inter-observer reproducibility frequently biases the accurate grading of biopsy or RP samples. That is why our aims included calculating the inter-observer reproducibility at our institute and identifying morphological pitfalls that could lead to over- or undergrading different prostate samples.
MATERIALS AND METHODS
Study settings
In this retrospective study, we analyzed data of men diagnosed with prostatic adenocarcinoma via transrectal ultrasound-guided needle biopsy who later underwent RP at our institute during the period from January 2016 to November 2021. Cases with pre-RP neoadjuvant treatment and more than 1 year between biopsy and RP were excluded. Eventually, a total of 315 consecutive cases met the inclusion criteria. These cases were then grouped based on the concordance between biopsy and RP GGs into accurately graded (n = 143), undergraded (n = 153) and overgraded (n = 19) groups. We compared the number of obtained biopsy cores, presence of IHC on biopsy and multiple factors regarding RP specimens (e.g., slide number, specimen weight, slide/weight ratio, largest tumor diameter) in these three groups. The number of slides was also correlated with adverse pathological features, e.g., presence of positive surgical margin, perineural invasion and higher pT stage. The correction factor for whole-mount slides was 3 (the mean area of tissue embedded in a whole-mount slide equaled three standard slides).
Regarding the RP specimen, the method of processing (total versus partial embedding) was correlated with the weight of the RP specimen and the greatest diameter of the largest tumor nodule. Despite the small number of totally processed cases (n = 14), significant differences were found between the two processing methods regarding both parameters. Due to these findings, totally embedded cases were excluded from the statistics regarding specimen sampling, and statistics were done only on partially embedded cases (n = 301) to prevent bias of the processing method. As a pre-test analysis to assess whether slide number can be considered an independent variable, it was correlated with the weight of the RP specimen and the greatest diameter of the largest tumor nodule, as one can assume that the extent of the embedding is biased by these two parameters. R2 values from both tests indicated no significant correlation with either parameter (Supplementary Figure S1).
Biopsy procedure
Transrectal ultrasound-guided biopsies were taken using DP-8800 Plus ultrasound machine (Mindray, Shenzhen, Guangdong, China) with an end-fired 7.5 MHz ultrasound probe. The spring-loaded core biopsy gun was equipped with an 18 G needle and notch length of 15 mm. Prior to the procedure, antibiotic prophylaxis with ciprofloxacin was given.
Pathological processing
Biopsy samples were received in 4% phosphate-buffered formaldehyde solution (cat. no.: HT501640-19L, Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany) mainly in two containers per patient, with cores from each prostate lobe. Cores were transferred into two cassettes and underwent routine formalin-fixed paraffin-embedded processing. 3 μm sections were then made on silanized slides from the selected blocks, stained with hematoxylin and eosin and microscopically evaluated by one of ten general pathologists. Ancillary testing was optional. Histopathological report included the diagnosis, number of cores sent, number of cores containing tumor, GG, estimated percentage of tumor volume in the biopsy specimen, and adverse features, if present. When both lobes were tumorous, the highest GG was reported.
RP specimens were fixed in 4% phosphate-buffered formaldehyde solution overnight, measured and inked. The prostate was sliced in the plane perpendicular to the urethra. Apical and basal (bladder neck) resection margin was then sliced in the sagittal plane and embedded entirely. From this point there was no departmental protocol for further processing of RP specimens, however only 14 RP specimens were totally and 301 partially embedded. Vast majority of partially processed specimens were embedded at least in 50%. Slides were then submitted for further histopathological evaluation. 3 μm sections were hematoxylin and eosin-stained and microscopically evaluated by one of ten general pathologists. Pathological report included size of prostate, the number and location of tissue blocks, tumor focality, localization and size, the estimated percentage of tumor volume in the specimen, histological diagnosis, GG, presence or absence of adverse features (intraductal carcinoma, capsule infiltration, extraprostatic extension and its localization, bladder neck, seminal vesicle, lymphovascular and perineural invasion), surgical margin status and pathological stage.
Immunohistochemistry
We also analyzed the effect of IHC on GG accuracy. Either single AMACR, 34βE12, p63 staining or a dual or triple cocktail of those was performed. For simplicity purposes, the triple staining protocol is described herein. Routine formalin-fixed paraffin-embedded processing of biopsy samples was done as detailed earlier. Immunohistochemical staining was performed in a BenchMark Ultra immunostaining machine (Roche Diagnostics GmbH, Penzberg, Germany). The deparaffinization of the sections was automated. Antigen retrieval was performed in Cell Conditioning Solution (ULTRA CC1) Tris-based buffer (pH 8.5, cat. no.: 950-224, Roche Diagnostics GmbH, Penzberg, Germany) for 48 min at 100°C. IHC staining started with p63 mouse monoclonal antibody (clone: DAK-p63, cat. no.: M731701-2, Dako, an Agilent Technologies Company, Glostrup, Denmark) and 34βE12 mouse monoclonal antibody (clone: 34βE12, cat. no.: M063001-2, Dako, an Agilent Technologies Company, Glostrup, Denmark) cocktail at a dilution of 1/200 for both p63 and 34βE12. The incubation lasted for 48 min at 37°C. The immunohistochemical reaction was detected with OptiView DAB IHC Detection kit (cat. no.: 760–700, Roche Diagnostics GmbH, Penzberg, Germany). After the first IHC staining, incubation was continued with AMACR mouse monoclonal antibody (clone: 13H4, cat. no.: M361601-2, Dako, an Agilent Technologies Company, Glostrup, Denmark) at a dilution of 1/200. The sections were detected using the ultraView Universal Alkaline Phosphatase Red Detection Kit (cat. no.: 05269814001, Roche Diagnostics GmbH, Penzberg, Germany), and overstaining was done using Hematoxylin II solution (cat. no.: 790–2208, Roche Diagnostics GmbH, Penzberg, Germany) according to the manufacturer’s instructions.
Inter-observer reproducibility
To assess inter-observer reproducibility, three pathologists evaluated GGs of 20 consecutive prostate biopsies with 12 cores from the study cohort. Only the final given GG of each case was considered. The degree of agreement was defined as Landis et Koch described: a kappa value of <0 indicates no agreement, 0–0.20 indicates slight, 0.21–0.40 indicates fair agreement, while a kappa value of 0.41–0.60 means moderate, 0.61–0.80 means substantial, and 0.81–1 means near-perfect agreement [9].
Visualization
Ten random cases were chosen from the undergraded and overgraded groups and examined thoroughly, looking for possible pitfalls for misgrading. Examples were then photographed using Nikon Eclipse E200 light microscope (Nikon Corporation, Tokyo, Japan), TrueChrome Metrics camera and TCapture 5.1.1 software (Tucsen Photonics Co., Ltd., Fujian, China).
Statistical analyses
One-way ANOVA with Tukey’s multiple comparisons post hoc test were used to calculate the significance of difference among accurately graded, under-, and overgraded groups. To assess the difference between groups of adverse features, unpaired t-test was used. Chi-squared and Fisher’s exact test was the test of choice when comparison of stained and unstained groups. Interobserver reproducibility was calculated using Fleiss kappa. All statistical analyses were performed using GraphPad Prism 9.4.1 (GraphPad Software, Inc., San Diego, CA, United States) and p < 0.05 was considered significant.
RESULTS
The distribution of ISUP GGs is demonstrated in Table 1. The majority of biopsy samples were graded as GG 1 (64.4%), while in the case of RP specimens, the most commonly given GG was 2 (42.9%).
TABLE 1 | Grade Group distribution among biopsy and radical prostatectomy specimens (n = 315).
[image: Table 1]As presented in Table 2, 45.4% of all cases were graded accurately at biopsy, whereas 48.6% were under-, and 6.0% were overgraded. 81.6% of all cases were graded accurately or within one GG.
TABLE 2 | Concordance of biopsy and radical prostatectomy Grade Groups in our study (n = 315).
[image: Table 2]The mean number of cores obtained at biopsy was 12.58 ± 2.84, 11.84 ± 1.97 and 13.11 ± 3.41 (range 7–25) in accurately, under-, and overgraded groups, respectively. The difference between these three groups appeared to be significant (p = 0.0132). In cases with concordant biopsy and RP GGs, the number of cores obtained at biopsy was significantly higher than in undergraded cases (p = 0.0313). The mean number of biopsy cores in the overgraded group was higher than in the other two groups, however, it did not reach statistical significance (Figure 1A). The tendency of overgraded cases harbouring higher and undergraded cases harbouring lower biopsy core numbers than accurately graded cases can be viewed in Figure 1B.
[image: Figure 1]FIGURE 1 | Accuracy of biopsy and radical prostatectomy Grade Groups—biopsy core numbers. (A) Statistical comparison of biopsy core numbers in accurately, under-, and overgraded groups. (n = 315; mean ± SD; ANOVA, Tukey’s multiple comparisons test; *p < 0.05) (B) Mean number of biopsy cores plotted against Grade Group differences (calculated as [prostatectomy Grade Group]—[biopsy Grade Group]) (n = 315; blue line: linear fit; R2 = 0.74).
As far as the extent of RP specimen processing is concerned, pre-test analyzes needed to be run to assess whether total versus partial processing depends on the size of the RP specimen and the greatest diameter of the largest tumor nodule. Totally embedded specimens were significantly less of weight, than those embedded partially (p = 0.0094), and the largest diameter of the tumor was significantly smaller (p = 0.0424) in the group of totally embedded specimens. Due to these findings, and the relatively small number of cases in the totally embedded group (n = 14), we decided to exclude these cases from further statistics and focused only on the group of partially embedded specimens (n = 301). The extent of partial RP specimen processing was also correlated with the parameters mentioned above. R2 values from both tests indicated no significant correlation with either parameter (Supplementary Figure S1). The mean number of slides was 17.79 ± 4.31, 17.88 ± 4.50 and 18.37 ± 3.37 (range 11–37) in accurately, under-, and overgraded groups, respectively. In terms of accuracy, the number of slides, weight of the specimen and weight/slide ratio indicated no differences between the groups and so did the greatest diameter of the largest tumor nodule (Figure 2).
[image: Figure 2]FIGURE 2 | Accuracy of biopsy and radical prostatectomy Grade Groups—radical prostatectomy specimens. (A) Statistical comparison of specimen weight, (B) number of slides made from prostatectomy specimens, (C) specimen weight/slide number ratio and (D) greatest diameter of tumor in accurately, under-, and overgraded groups (n = 301; mean ± SD).
An annual breakdown of biopsy core and RP slide numbers were also performed. Biopsy core numbers did not change significantly between 2016 and 2021, but had a temporary setback in 2019. In contrast, the number of slides made from prostatectomy specimens showed an increasing tendency between 2016 and 2021 (Figures 3A, B). The annual trend of the fraction of accurately graded biopsies follows the annual trend of biopsy core numbers: the latter reached a nadir in 2019, while the fraction of accurately graded cases had a setback in the same and following year (Figure 3C).
[image: Figure 3]FIGURE 3 | The annual breakdown of biopsy core numbers, prostatectomy specimen slide numbers and fraction of accurately graded cases. (A) The annual trend of biopsy core numbers between 2016 and 2021. (B) The annual trend of number of slides made from prostatectomy specimens between 2016 and 2021. (C) The annual trend of the fraction of accurately graded biopsies between 2016 and 2021.
Using AMACR/p63/34βE12 IHC on biopsy samples did not affect grading accuracy significantly (p = 0.1976). We found, however, a slightly larger proportion of accurately graded biopsies when IHC was performed. Another tendency revealed was the diminished ratio of overgraded cases in the IHC-performed group (4.8% vs. 10.8%; p = 0.0823) (Figure 4).
[image: Figure 4]FIGURE 4 | Effect of immunohistochemical staining on Grade Group accuracy—percentages of accurately, under- and overgraded cases in IHC groups.
Detailed data regarding adverse pathological features of RP specimens in partially embedded group (n = 301) are shown in Table 3. The mean number of slides was virtually identical in the case of surgical margin status and pathological stage. Similarly, an extended number of slides did not result in significant difference regarding perineural invasion.
TABLE 3 | Adverse features evaluated in radical prostatectomy specimens (n = 301).
[image: Table 3]Among the three pathologists involved in this study, consensus on GGs of biopsy samples was reached in 35%, and the overall Fleiss kappa was calculated as 0.29, which indicates only fair agreement. Of cases with perfect agreement among all three pathologists, the majority was GG 1 (4/7; 57%).
After evaluating 10 randomly chosen samples, we identified the following five morphological patterns that might be misleading when grading prostate needle biopsy or RP specimens:
- Evaluating necrosis within malignant glands with cribriform patterns may be challenging due to the resemblance of necrotic debris to actual glandular secretions. Cribriform pattern with necrosis is Gleason pattern 5, whereas without necrosis, it is Gleason pattern 4 (Figures 5A, B).
- Differentiating between cribriform high-grade prostatic intraepithelial neoplasia and invasive glands with cribriform patterns can be hard, especially when the basal cell layer shows focal integrity deficits. This can lead to invalid reported percentages of pattern 4 glands and may change the final GG (Figure 5C).
- Small lumina may be overlooked in areas with closely packed glands. A solid sheet of cells is Gleason pattern 5, while the presence of abortive glands is Gleason pattern 4 (Figure 5D).
- Gleason pattern 4-equivalent glomeruloid structures are also not easy to identify, especially at low power magnification, when intermixed with Gleason pattern 3 glands (Figure 5E).
- Cohesive cells containing intracellular mucin are frequently encountered in prostate samples. In nested or glandular patterns, they can mimic small cribriform glands. Invasive glands harbouring cribriform pattern equals Gleason pattern 4, whereas non-cribriform structures are considered Gleason pattern 3 or less (Figure 5F).
[image: Figure 5]FIGURE 5 | Hematoxylin and eosin-stained sections demonstrating morphologic pitfalls for misgrading prostate adenocarcinoma samples. (A,B) Necrotic debris and secretion in a gland with cribriform pattern may be hard to distinguish. (C) High-grade prostatic intraepithelial neoplasia may mimic invasive pattern 4 glands, especially with inconsistent basal cell layer and no immunohistochemical stains. (D) Closely-packed glands with small lumina can be hard to differentiate from a solid sheet of cells. (E) Glomeruloid structures may not be easy to identify when intermixed with pattern 3 glands. (F) Cells containing intracellular mucin in a nested or glandular pattern may give the impression of a cribriform gland.
DISCUSSION
Accurately grading prostate biopsy samples is essential for choosing the best treatment option for prostate cancer. It saves patients eligible for active surveillance from RP and its side effects and also from undertreatment and progressing into locally advanced or metastatic disease.
Undergrading and overgrading prostate needle biopsies is a well-known phenomenon. A meta-analysis of 16 studies with nearly fifteen thousand patients by Cohen et al. demonstrated an overall accuracy of 63% (range 53%–74%). Undergrading occurred in 30% (range 6%–36%), and overgrading was found in 7% (range 4%–28%) of the cases [10]. In the present study, overall accuracy was found to be 45%, which is markedly inferior to the meta-analysis results; samples were undergraded in 49% and overgraded in 6% of all cases. This may be due to the fact that at our institute—similarly to other minor academic or community centres—mainly general pathologists evaluate and grade prostate samples instead of specified urogenital pathologists. In addition, as Danneman et al. suggested, the newly introduced GG system, in which Gleason score 7 is divided into GG 2 (3 + 4) and 3 (4 + 3), plays a role in poorer accuracy [11].
We found a significant difference in the number of biopsy cores between accurately, under-, and overgraded cases. The group of accurately graded cases harboured a significantly higher mean number of cores than the group of undergraded cases, but interestingly had a lower mean number of cores than the group of overgraded cases. The current prostate biopsy evaluation protocol could be one possible explanation for why overgraded cases harbour higher core numbers: besides the most common Gleason pattern in the sample, the highest-graded pattern also needs to be considered to calculate the GG of each case. When a high number of biopsy cores are taken, the chances of sampling a small focal high-grade pattern are greater. Since the generally poor accuracy of biopsy GG to predict RP GG, several studies have addressed the question of extended biopsy schemes and their effects on concordance. Many of them reported findings consistent with ours [12–15]. However, other studies have failed to show significant improvement in accuracy when using extended biopsy schemes [16, 17]. Miyake et al. grouped cases based on the biopsy core number and found significantly more concordant cases in the group with 10 or more cores, than in the group with less than 10 cores. When subdividing the groups according to initial Gleason scores, this correlation proved to be significant only in specimens with Gleason score of 6 and below (equivalent to GG 1), but the core number did not affect accuracy significantly in cases with higher GGs [18]. A prostate volume-controlled study conducted by Antunes et al. also reported significantly better concordance in the group of 10 or more cores than in groups with 6 or 8 cores, but only in cases of prostates below 50 cm3 [19].
Immunohistochemical staining of prostate carcinoma marker AMACR and basal cell markers p63 and 34βE12 are widely-used tools in detecting neoplastic prostate glands lacking basal cell layer. Detection rates have been reported higher when a double or triple cocktail was used, but single staining is also accepted when encountering small foci of suspicious glands, according to the 2014 ISUP recommendations [8, 20–22]. While several studies have addressed the role of IHC in detecting prostate cancer and its mimickers, there are no studies, to date, that have investigated the effects of IHC on the grading accuracy of biopsy samples. Since cribriform pattern equals Gleason pattern 4, noting areas of cribriform high-grade prostatic intraepithelial neoplasia as invasive malignant glands or vice versa can lead to over- and underestimating Gleason pattern 4 percentage, resulting in potential under- or overgrading of biopsy samples. In the present study, we failed to demonstrate significantly improved accuracy when IHC was performed. However, a slightly larger proportion of accurately graded cases were found in the group with IHC. A more noticeable finding was the diminished ratio of overgraded cases in the IHC-performed group, which leads to the assumption that not performing IHC is more likely to result in evaluating a suspicious cribriform area rather invasive than non-invasive, thus calculating its pattern into the GG.
In recent decades, multiple studies with numerous approaches have investigated different sampling and processing methods (various partial versus total embedding, standard versus whole-mount slides) for RP specimens. The need for cost-effectiveness and decreased workload at pathology laboratories opposes the need for as little loss of essential information as possible. In most reports, the extent of lost important information, e.g., adverse pathological features, was in primary focus. In a recent paper by Collette et al., the findings of a dozen studies have been summed [23]. Seven of them reported no significant information loss when using partial or alternate slice sampling, thus favouring this RP handling method; [24–30]. The rest promoted total embedding [31–35]. Of those, Desai et al. reported poorer patient outcomes with partial embedding [31]. Inconsistent results from these studies have contributed to the fact that an overall consensus has failed to be made; however, most guidelines recommend total embedding with large-format histology [36, 37]. In our study, specimens were either totally or partially embedded, because there was no departmental protocol for RP specimen handling. However, the former group contained only a small number of cases and the processing type appeared to be biased by the weight of the specimen and the greatest diameter of the largest tumor nodule. Because of these factors we chose not to include totally embedded cases into further statistical analyses and focused only on the partially embedded group. Since the number of slides made from RP specimens acted as an independent variable in our settings, we used this parameter for comparison and found virtually no difference between groups of pT2 and pT3 cases, positive and negative surgical margin cases or Pn0 and Pn1 cases. Furthermore, we found no significant difference in the number of slides in accurately, under- or overgraded groups. These findings suggest that generally when a relatively large specimen and/or tumor is partially embedded (preferably alternating slices), the extent of sampling and processing does not necessarily affect detection rates of adverse pathological features or GG accuracy.
Subjectivity is an intrinsic feature of grading systems, and the Grade Group system is no exception. In centres where numerous general, non-specialized pathologists evaluate specimens of all kinds, inter-observer variability is an inevitable phenomenon that applies to all types of samples. In an optimal case, pathologists work with perfect intra- and inter-observer reproducibility; however, in reality, inter-observer reproducibility of most centres leans towards being moderate. In a publication by Ozkan et al., 407 slides from 34 consecutive cases were evaluated and scored by two general pathologists, who both were trained on the 2005 ISUP Gleason grading system and Epstein’s modification; inter-observer reproducibility was found moderate (overall kappa value of 0.39) [38]. Similarly, another study where 23 general pathologists scored biopsy samples from 37 patients also reported moderate reproducibility of the Gleason grading system (overall kappa = 0.49) [39]. Singh et al. conducted a study in which 20 biopsy/transurethral prostate resection samples were evaluated by 21 general pathologists and showed fair to moderate reproducibility among professionals [40]. Substantial reproducibility (overall kappa = 0.68) was found among six specialised urogenital pathologists, whereas reproducibility among eight general pathologists was moderate (overall kappa = 0.44) in a study by Oyama et al. [41] With a conclusion of tutorials and training being highly beneficial, Mulay et al. showed that reproducibility between four pathologists improved after completing a web-based tutorial session; the original kappa value of 0.459 increased to 0.538 [42]. In the current study, three general pathologists evaluated 20 biopsy samples, and the overall kappa value was 0.29, which indicated only fair agreement.
LIMITATIONS
A final comment should be made on the limitations of the present study. When testing accuracy, only the number of obtained biopsy cores was taken into consideration instead of their summed length. In addition, we corrected the number of slides in cases of whole-mount sectioning, as 1 whole-mount slide equaled 3 standard slides, since most—although not all—pathologists claimed using this ratio when doing large-format histology at our institute. Furthermore, as mentioned earlier, our inter-observer reproducibility in Gleason grading was fair, which may bias the results on improved accuracy. Finally, IHC was not performed uniformly: in some cases, only AMACR or one of the basal cell-specific markers was used, whereas in other cases, a cocktail of two or three of them was applied.
CONCLUSION
In conclusion, this study reveals that obtaining more cores (at least 6-6 from both lobes) at prostate needle biopsy of men with high serum PSA levels or lesions suspicious for malignancy results in a better concordance between biopsy and RP GGs. The importance lies in the fact that with accurate grading at biopsy, patients eligible for active surveillance are saved from RP and its side effects, and patients with actual high-grade cancer are saved from potential insufficient treatment and progressing into locally advanced or metastatic disease.
We recommend to use a departmental protocol for handling RP specimens. Small specimens (e.g., below 30 g) should not be processed partially. For higher cost-effectivity, larger specimens could be processed partially, with the acclaimed risk of information being lost, since it is questionably essential for further therapeutic decisions. Alternating slice sampling (with additional sampling of basal and apical slices) can decrease this risk.
Although performing IHC on biopsy cores does not affect GG accuracy, it is well known, that IHC improves detection of prostate cancer. Therefore, we recommend including IHC in the biopsy processing protocols.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
I declare that the study meets general ethical standards (Helsinki Declaration), since it doesn't include any identifiable personal data, statements or macroscopic photographs of the patients. This is a retrospective analysis not requiring any new examinations run on the preexisting samples.
AUTHOR CONTRIBUTIONS
KK: data collection, methodology, statistical analyses, figure and table preparation, literature review, manuscript writing; LBe and DV: methodology; LBi: contribution to calculating inter-observer reproducibility; GM: supervision; SM: study design and direction, methodology, visualization. All authors contributed to the article and approved the submitted version.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.por-journal.com/articles/10.3389/pore.2023.1611157/full#supplementary-material
SUPPLEMENTARY FIGURE S1 | Correlations to assess whether slide number is independent of the weight of the specimen and the greatest diameter of the tumor. (A) Correlation between number of slides from radical prostatectomy specimens and weight of specimens (n = 301; blue line: linear fit; R2 is noted). (B) Correlation between number of slides from radical prostatectomy specimens and greatest diameter of the tumor (n = 185; blue line: linear fit; R2 is noted).
ABBREVIATIONS
AMACR, α-methylacyl-CoA racemase; GG, Grade Group; IHC, immunohistochemistry; ISUP, International Society of Urological Pathologists; RP, radical prostatectomy.
REFERENCES
 1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi:10.3322/caac.21660
 2. Brawley, S, Mohan, R, and Nein, CD. Localized prostate cancer: Treatment options. Am Fam Physician (2018) 97(12):798–805.
 3. Epstein, JI, Egevad, L, Amin, MB, Delahunt, B, Srigley, JR, Humphrey, PA, et al. The 2014 international society of urological pathology (ISUP) consensus conference on Gleason grading of prostatic carcinoma: Definition of grading patterns and proposal for a new grading system. Am J Surg Pathol (2016) 40(2):244–52. doi:10.1097/PAS.0000000000000530
 4. Penney, KL, Stampfer, MJ, Jahn, JL, Sinnott, JA, Flavin, R, Rider, JR, et al. Gleason grade progression is uncommon. Cancer Res (2013) 73(16):5163–8. doi:10.1158/0008-5472.CAN-13-0427
 5. Freedland, SJ, Kane, CJ, Amling, CL, Aronson, WJ, Presti, JC, Terris, MK, et al. Delay of radical prostatectomy and risk of biochemical progression in men with low risk prostate cancer. J Urol (2006) 175(4):1298–302. doi:10.1016/S0022-5347(05)00646-4
 6. Sampurno, F, Earnest, A, Millar, J, Frydenberg, M, Murphy, D, Delprado, W, et al. Population-based study of grade progression in patients who harboured Gleason 3 + 3. World J Urol (2017) 35(11):1689–99. doi:10.1007/s00345-017-2047-z
 7. Inoue, LY, Trock, BJ, Partin, AW, Carter, HB, and Etzioni, R. Modeling grade progression in an active surveillance study. Stat Med (2014) 33(6):930–9. doi:10.1002/sim.6003
 8. Epstein, JI, Egevad, L, Humphrey, PA, Montironi, R, and Group MotIIiDUP, . Best practices recommendations in the application of immunohistochemistry in the prostate: Report from the international society of urologic pathology consensus conference. Am J Surg Pathol (2014) 38(8):e6–e19. doi:10.1097/PAS.0000000000000238
 9. Landis, JR, and Koch, GG. The measurement of observer agreement for categorical data. Biometrics (1977) 33(1):159–74. doi:10.2307/2529310
 10. Cohen, MS, Hanley, RS, Kurteva, T, Ruthazer, R, Silverman, ML, Sorcini, A, et al. Comparing the Gleason prostate biopsy and Gleason prostatectomy grading system: The lahey clinic medical center experience and an international meta-analysis. Eur Urol (2008) 54(2):371–81. doi:10.1016/j.eururo.2008.03.049
 11. Danneman, D, Drevin, L, Delahunt, B, Samaratunga, H, Robinson, D, Bratt, O, et al. Accuracy of prostate biopsies for predicting Gleason score in radical prostatectomy specimens: Nationwide trends 2000-2012. BJU Int (2017) 119(1):50–6. doi:10.1111/bju.13458
 12. San Francisco, IF, DeWolf, WC, Rosen, S, Upton, M, and Olumi, AF. Extended prostate needle biopsy improves concordance of Gleason grading between prostate needle biopsy and radical prostatectomy. J Urol (2003) 169(1):136–40. doi:10.1097/01.ju.0000042811.83736.04
 13. Mian, BM, Lehr, DJ, Moore, CK, Fisher, HA, Kaufman, RP, Ross, JS, et al. Role of prostate biopsy schemes in accurate prediction of Gleason scores. Urology (2006) 67(2):379–83. doi:10.1016/j.urology.2005.08.018
 14. Coogan, CL, Latchamsetty, KC, Greenfield, J, Corman, JM, Lynch, B, and Porter, CR. Increasing the number of biopsy cores improves the concordance of biopsy Gleason score to prostatectomy Gleason score. BJU Int (2005) 96(3):324–7. doi:10.1111/j.1464-410X.2005.05624.x
 15. Athanazio, D, Gotto, G, Shea-Budgell, M, Yilmaz, A, and Trpkov, K. Global Gleason grade groups in prostate cancer: Concordance of biopsy and radical prostatectomy grades and predictors of upgrade and downgrade. Histopathology (2017) 70(7):1098–106. doi:10.1111/his.13179
 16. Chun, FK, Briganti, A, Shariat, SF, Graefen, M, Montorsi, F, Erbersdobler, A, et al. Significant upgrading affects a third of men diagnosed with prostate cancer: Predictive nomogram and internal validation. BJU Int (2006) 98(2):329–34. doi:10.1111/j.1464-410X.2006.06262.x
 17. Egevad, L, Norlén, BJ, and Norberg, M. The value of multiple core biopsies for predicting the Gleason score of prostate cancer. BJU Int (2001) 88(7):716–21. doi:10.1046/j.1464-4096.2001.02419.x
 18. Miyake, H, Kurahashi, T, Takenaka, A, Hara, I, and Fujisawa, M. Improved accuracy for predicting the Gleason score of prostate cancer by increasing the number of transrectal biopsy cores. Urol Int (2007) 79(4):302–6. doi:10.1159/000109713
 19. Antunes, AA, Leite, KR, Dall'Oglio, MF, Cury, J, and Srougi, M. The effect of the number of biopsy cores on the concordance between prostate biopsy and prostatectomy Gleason score: A prostate volume-controlled study. Arch Pathol Lab Med (2008) 132(6):989–92. doi:10.1043/1543-2165(2008)132[989:TEOTNO]2.0.CO;2
 20. Jiang, Z, Li, C, Fischer, A, Dresser, K, and Woda, BA. Using an AMACR (P504S)/34betaE12/p63 cocktail for the detection of small focal prostate carcinoma in needle biopsy specimens. Am J Clin Pathol (2005) 123(2):231–6. doi:10.1309/1g1nk9dbgfnb792l
 21. Yu, T, Zhu, SX, Zheng, S, and Chen, SP. Detection of AMACR (P504S), P63 and 34betaE12 cocktail in the early diagnosis of prostate cancer. Zhonghua Nan Ke Xue (2007) 13(3):222–5.
 22. Paner, GP, Luthringer, DJ, and Amin, MB. Best practice in diagnostic immunohistochemistry: Prostate carcinoma and its mimics in needle core biopsies. Arch Pathol Lab Med (2008) 132(9):1388–96. doi:10.1043/1543-2165(2008)132[1388:BPIDIP]2.0.CO;2
 23. Collette, ERP, den Bakker, MA, Klaver, SO, Vis, AN, and Kliffen, M. Partial versus complete prostatectomy specimen sampling: Prospective non-inferiority study for pT3a tumours and surgical margin involvement. BMJ Open (2019) 9(4):e024524. doi:10.1136/bmjopen-2018-024524
 24. Hall, GS, Kramer, CE, and Epstein, JI. Evaluation of radical prostatectomy specimens. A comparative analysis of sampling methods. Am J Surg Pathol (1992) 16(4):315–24. doi:10.1097/00000478-199204000-00001
 25. Cohen, MB, Soloway, MS, and Murphy, WM. Sampling of radical prostatectomy specimens. How much is adequate?Am J Clin Pathol (1994) 101(3):250–2. doi:10.1093/ajcp/101.3.250
 26. Hollenbeck, BK, Bassily, N, Wei, JT, Montie, JE, Hayasaka, S, Taylor, JM, et al. Whole mounted radical prostatectomy specimens do not increase detection of adverse pathological features. J Urol (2000) 164(5):1583–6. doi:10.1016/s0022-5347(05)67033-4
 27. Sehdev, AE, Pan, CC, and Epstein, JI. Comparative analysis of sampling methods for grossing radical prostatectomy specimens performed for nonpalpable (stage T1c) prostatic adenocarcinoma. Hum Pathol (2001) 32(5):494–9. doi:10.1053/hupa.2001.24322
 28. Vainer, B, Toft, BG, Olsen, KE, Jacobsen, GK, and Marcussen, N. Handling of radical prostatectomy specimens: Total or partial embedding?Histopathology (2011) 58(2):211–6. doi:10.1111/j.1365-2559.2011.03741.x
 29. Llanos, CA, Blieden, C, and Vernon, SE. Processing radical prostatectomies: An alternate-slice method is comparable with total embedding. Ann Diagn Pathol (2012) 16(4):284–7. doi:10.1016/j.anndiagpath.2011.10.004
 30. Kim, K, Pak, PJ, Ro, JY, Shin, D, Huh, SJ, and Cho, YM. Limited sampling of radical prostatectomy specimens with excellent preservation of prognostic parameters of prostate cancer. Arch Pathol Lab Med (2009) 133(8):1278–84. doi:10.1043/1543-2165-133.8.1278
 31. Desai, A, Wu, H, Sun, L, Sesterhenn, IA, Mostofi, FK, McLeod, D, et al. Complete embedding and close step-sectioning of radical prostatectomy specimens both increase detection of extra-prostatic extension, and correlate with increased disease-free survival by stage of prostate cancer patients. Prostate Cancer Prostatic Dis (2002) 5(3):212–8. doi:10.1038/sj.pcan.4500600
 32. Fadul, LC, da Silva, MT, de Freitas, LA, and Athanazio, DA. Assessment of the circumferential margins, extraprostatic extension and Gleason score in radical prostatectomy specimens: Comparison of a partial embedding method with supplemental total inclusion of peripheral tissues. Pathol Res Pract (2016) 212(3):217–21. doi:10.1016/j.prp.2015.12.014
 33. Grossfeld, GD, Chang, JJ, Broering, JM, Miller, DP, Yu, J, Flanders, SC, et al. Does the completeness of prostate sampling predict outcome for patients undergoing radical prostatectomy?: Data from the CAPSURE database. Urology (2000) 56(3):430–5. doi:10.1016/s0090-4295(00)00705-6
 34. Iremashvili, V, Lokeshwar, SD, Jorda, M, Pelaez, L, and Soloway, MS. Prognostic implications of partial sampling of radical prostatectomy specimens: Comparison of 3 methods. J Urol (2013) 190(1):84–90. doi:10.1016/j.juro.2012.12.021
 35. Iremashvili, V, Lokeshwar, SD, Soloway, MS, Pelaez, L, Umar, SA, Manoharan, M, et al. Partial sampling of radical prostatectomy specimens: Detection of positive margins and extraprostatic extension. Am J Surg Pathol (2013) 37(2):219–25. doi:10.1097/PAS.0b013e318268ccc1
 36. Mottet, N, Bellmunt, J, Bolla, M, Briers, E, Cumberbatch, MG, De Santis, M, et al. EAU-ESTRO-SIOG guidelines on prostate cancer. Part 1: Screening, diagnosis, and local treatment with curative intent. Eur Urol (2017) 71(4):618–29. doi:10.1016/j.eururo.2016.08.003
 37. Samaratunga, H, Montironi, R, True, L, Epstein, JI, Griffiths, DF, Humphrey, PA, et al. International society of urological pathology (ISUP) consensus conference on handling and staging of radical prostatectomy specimens. Working group 1: Specimen handling. Mod Pathol (2011) 24(1):6–15. doi:10.1038/modpathol.2010.178
 38. Ozkan, TA, Eruyar, AT, Cebeci, OO, Memik, O, Ozcan, L, and Kuskonmaz, I. Interobserver variability in Gleason histological grading of prostate cancer. Scand J Urol (2016) 50(6):420–4. doi:10.1080/21681805.2016.1206619
 39. Bori, R, Salamon, F, Móczár, C, and Cserni, G. Interobserver reproducibility of Gleason grading in prostate biopsy samples. Orv Hetil (2013) 154(31):1219–25. doi:10.1556/OH.2013.29659
 40. Singh, RV, Agashe, SR, Gosavi, AV, and Sulhyan, KR. Interobserver reproducibility of Gleason grading of prostatic adenocarcinoma among general pathologists. Indian J Cancer (2011) 48(4):488–95. doi:10.4103/0019-509X.92277
 41. Oyama, T, Allsbrook, WC, Kurokawa, K, Matsuda, H, Segawa, A, Sano, T, et al. A comparison of interobserver reproducibility of Gleason grading of prostatic carcinoma in Japan and the United States. Arch Pathol Lab Med (2005) 129(8):1004–10. doi:10.1043/1543-2165(2005)129[1004:ACOIRO]2.0.CO;2
 42. Mulay, K, Swain, M, Jaiman, S, and Gowrishankar, S. Gleason scoring of prostatic carcinoma: Impact of a web-based tutorial on inter- and intra-observer variability. Indian J Pathol Microbiol (2008) 51(1):22–5. doi:10.4103/0377-4929.40385
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Korpás, Beke, Varga, Bidiga, Méhes and Molnár. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/pore-29-1611157-g005.gif





OPS/images/pore-29-1611157-t001.jpg
Biopsy specimens
Grade Group 1
Grade Group 2
Grade Group 3
Grade Group 4
Grade Group 5
Radical prostatectomy specimens
Grade Group 1
Grade Group 2
Grade Group 3
Grade Group 4
Grade Group 5

Ttalic refers to percentage (%) of the total

n (%)

203 (64.4%)
75 (23.8%)
8(2.5%)

24 (7.6%)

5 (1.6%)

91 (28.9%)
135 (42.9%)
32 (10.2%)
33 (10.5%)
24 (7.6%)





OPS/images/pore-29-1611157-g003.gif





OPS/images/pore-29-1611157-g004.gif
performed

=250

bt

- wot periarmed

BAccurate






OPS/images/pore-29-1611157-t002.jpg
Concordance

Accurately graded
Undergraded total

Overgraded total

Undergraded by 1 Grade Group
Undergraded by 2 Grade Groups
Undergraded by 3 Grade Groups
Undergraded by 4 Grade Groups

Overgraded by 1 Grade Group
Overgraded by 2 Grade Groups
Overgraded by 3 Grade Groups

Italic refers to percentage (%) of the total

n (%)

143 (45.4%)
153 (48.6%)
103 (32.7%)
22 (7.0%)
20 (64%)

8 (2.5%)

19 (6.0%)
11 (3.5%)

7 (2.2%)
1(0.3%)





OPS/images/pore-29-1611157-t003.jpg
Feature

Margin status
Positive
Negative
*Pathological stage
pT3
pT2
Perineural invasion
Pn0
Pnl

SD, standard deviation.

n (%)

73 (24.3%)
228 (75.7%)

120 (39.9%)
181 (60.1%)

36 (12.0%)
265 (88.0%)

Italic refers to percentage (%) of the total
*Means of the number of slides in each subgroup are shown.
bAll cases were of stage pT2 or pT3.

“mean + SD

17.78 + 4315
17.58 + 4.127

17.80 + 4428
17.51 + 3.990

18.31 + 4.006
17.54 + 4.188

p-value

07218

0.5627

0.3000





OPS/xhtml/nav.xhtml
Contents

		Cover

		Grade Group accuracy is improved by extensive prostate biopsy sampling, but unrelated to prostatectomy specimen sampling or use of immunohistochemistry		Introduction

		Materials and methods		Study settings

		Biopsy procedure

		Pathological processing

		Immunohistochemistry

		Inter-observer reproducibility

		Visualization

		Statistical analyses





		Results

		Discussion

		Limitations

		Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Supplementary material

		Abbreviations

		References









OPS/images/cover.jpg
Pathology &

Oncolo 2y Research ,frontiers Publishing Partnerships

Grade Group accuracy is
improved by extensive prostate
biopsy sampling, but unrelated
to prostatectomy specimen
sampling or use of
immunohistochemistry





OPS/images/pore-29-1611157-g001.gif





OPS/images/pore-29-1611157-g002.gif
= T TR
BIREE i:}‘ P
54 .; i 5.

Ll at s









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
Pathology & R
Oncology Research frontiers





