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        Abstract


        Design, setting


        From the clinical reality of a private consultation, a non-interventional, parallel, two-armed, non-randomized study was started in close cooperation with the Regional Clinical Cancer Register Dresden for the period 1996-2016, in order to objectively define the allocation algorithms for the primary therapy decision RPE vs. ERBT retrospectively in the curative setting for clinically, localized to locally advanced tumor. Furthermore, the implications of this decision on the result should be reviewed retrospectively in terms of multiple factors. For this purpose, univariate and multivariate models were sought based on clinically relevant predictors (variables), which from a large practice's perspective could have a different prognostic significance for the two alternative therapy options.


        A total of 742 patients were included in the study chronologically after biopsy confirmation/staging. At the follow-up, the study participants were only subject to guideline-compliant [1,2], routine-based, diagnostic and course-based individual therapeutic regulations in accordance with GCP. The patients' written consent to participate in the study, data storage and anonymized scientific processing was obtained immediately after the diagnosis before enrollment.


        Results


        Variable for the allocation of therapy alternatives RPE (n 465) vs. EBRT (n 234) are age (p < 0.0001), PSA (p 0.43390), Gleason score total (p < 0.001), D'Amico index (p < 0.001), Charlson index (p < 0.001), biopsy score (p 0.4612) and the volume (p < 0.0001) - here in a univariate comparison. The prediction precision at 89.6% is a good argument against a non-evidence decision.


        Overall survival (n 734 Patients, 20 years/all risks): RPE 56.8% and EBRT 19.2%. Relapses defined as per [2] in PSA/local/systemic situation in the RPE file 25.87%/4.48%/0.61%, - and in the EBRT file 18.15%/4.03%/4.03%.


        In the competing risk analysis for cancer-specific death (CMR), on the other hand, between the two files (RPE 16.2%/EBRT 20.5%) post 20 years, there was no significant difference (p = 0.2122) - in contrast to the comorbidity-specific risk analysis with a Pepe-Mori test of p < 0.0001 to the disadvantage of the RTx file (EBRT 60.4%/27.1% RPE). For the subgroup of high-risk tumors, a more effective local tumor control based on RPE can be found in comparison to EBRT, without being able to show a significant difference.


        Conclusions


        It was possible to prove that the therapy decision between two guideline-covered, alternative therapy recommendations for the localized and locally advanced PCA can be made rationally based on defined variables and categories in a private consultation. Based on our results in the RPE arm at lower PSA, among younger patients, with a rather low D'Amico score, lower Charlson score, higher Gleason score and higher prostate volume. This means our outcome comparisons are permissible and are not falsified by subjective allocations. The analysis of prognosis risks in the variables may underpin the value of the clinical view with a high level of evidence.


        Patient summary


        In this observation trial, it was possible to provide proof that the worse outcome of the EBRT file in overall survival for all risks is also decisive due to the higher comorbidity risk; For tumor-specific survival no significant difference between the two therapy arms could be proven. For the subgroup of high-risk tumors, however, we were able to demonstrate a survival advantage for the RPE file, but without reaching the level of significance in the process.
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        Abbreviations


        RPE: Radical Prostatectomy; EBRT(RTx): External Beam Radiotherapy; DES: Diethylstilbestrol; GCP: Good Clinical Practice, OS: Overall Survival


        Introduction


        With localized prostate cancer [3], external beam radiotherapy conforms to the guidelines as an equivalent recommended option for prostatectomy for the initial therapy [1,2]. With regard to the multivariable of prostate cancer and the comorbidity of older patients, this recommendation continues to be active, although sometimes controversial [1,4,5]. In addition, regionally divergent indications can be further demonstrated [6,7]. "To date, there is no level 1 evidence comparing the efficacy of RPE and radiotherapy for patients for clinically-localized prostate cancer" [8].


        The different weighting of the variables that determine the indication in daily practice, such as the risks included for a bias depending on the design and stratification of controlled studies, turns out to be problematic, in particular for the direct comparison of the RPE ad-hoc therapy with EBRT in combination with temporary androgen deprivation. Also, because it is very difficult to assess the radiation in EBRT monitoring biopsies based on a therapeutic principle primarily intended to be retarded due to histopathological distinctions of treatment effects in the regression trend, with regard to residual/recurrent areas, as well as in change of grading [9,10].


        Patients and Methods


        Description of the clientele


        During the observation period from 1996-2016, at a private consultation for urology 1,166 patients were diagnosed with prostate cancer and the primary treatment option was decided on based on grading and staging. As such, 47.7% were assigned to radical prostatectomy, 22.0% to external beam radiotherapy, 5.1% to active surveillance from 2008 and only 0.5% to alternative procedures with a curative intention. The proportion of patients who could only be assigned to a primarily palliative setting was 21.3% (Figure 1).


        
          [image: ] Figure 1: Spectrum of total primary treatment decisions at our private consultation over 20 years*.

          *Deferred and defensive treatment strategies in the strict sense of active surveillance were not yet accepted in Germany as a curative option for localized PCA in 1996 and only gained an initial national response in 2008 through Lothar Weissbach with the HAROW study he initiated [16] plus the S3 guideline 2009, version 1.00 of the DGU [17]. View Figure 1

        


        From the pool of all the recorded prostate cancers at the private consultation (Figure 1) we selected for this examination in the period 1996-2016, following their instruction and written consent for the scientific use and storage of data, those 465 patients, who were cumulatively enrolled chronologically in the RPE file following the initial consultation, as well as a further 234 patients in the EBRT file who were diagnosed with a localized tumor.


        We found the median ages for the RPE arm were 67.00 years (standard deviation 6.52) and for the EBRT arm 73.00 years (standard deviation 6.56). Retrospectively, even in advance of conditions in practice, a prioritized coincidence between the therapy decision and the patients' ages at diagnosis was recognizable (Figure 2).


        
          [image: ] Figure 2: Age at diagnosis stratified for the option of therapy. View Figure 2

        


        In terms of surgery, the open RPE was retrospectively dominant as expected before the robot-assisted retropubic radical prostatovesiculectomy, which was introduced later on 90.1% of these interventions took place at the university's high-volume center in Dresden. The primarily curative intended percutaneous radiotherapy was administered with total dosages of 70-78 Gy, in individual doses of 1.8 to 2.0 Gy 3D-conform/IMRT and CT-planned at two centers. The total doses applied increased in line with the guidelines during the study period.


        Based on the D'Amico classification, 4% of the patients from the low-risk group (24.1%) were treated neoadjuvant with a classic antiandrogen for three months, 47.2% of the intermediate risk group (33.7%) and all the patients in the high-risk group (42.2%) adjuvant with the GnRH analog leuprorelin for two or three years. In 29 cases, the histopathological assessment of the WHO grading system still practiced in the 1990s had to be merged with the Gleason grading system. WHO grade 1a/1b tumors to Gleason score 6, WHO grade 2a/2b tumors to Gleason 7a/7b and WHO grade 3 tumors to Gleason 8/10. Comorbidity was recorded and classified in accordance with the Charlson comorbidity index [11].


        The collected data were sent anonymized to the Regional Clinic Cancer Registry, cross-checked there and made partially available to the Common Epidemiology Cancer Registry in Berlin. Fifty-five clinically specific items in the EBRT file and 42 items in the RPE file were documented continuously in the inpatient registry. End of the following on December 31, 2016.


        Purpose of this study


        The data analysis should answer the question whether the individualized RPE versus EBRT therapy decision can be retrospectively justified in the case of localized or locally advanced PCA without ideal, selective limitations. It was particularly important to us primarily to investigate in addition to the univariate survival analyses the confounder-adjusted comparison of the tumor-specific and comorbidity-specific mortality rates between the RPE and EBRT. An associated retrospective consideration of the known side-effects was not a subject of this work.


        Statistical methods


        Univariate comparisons of both therapy arms: Covariables that were used to characterize the therapy alternatives were examined using Mann-Whitney-U tests and chi square tests. The outcome was determined by Kaplan-Meier estimates for total mortality (OS) and the cumulative mortality rates (CMR) of the two competing risks-tumor specificity and comorbidity. In addition, Mantel-Haenszel estimates of hazard ratios (HR), log-rank tests (OS) and Pepe-Mori tests were used for comparison. The same methodology was used for estimating the cumulative incidence rates for relapse. As such, death from the tumor was also considered a relapse and death from another cause a competing event.


        Objectivation of the therapy allocation: Multivariate logistical regression models with step-by-step model selection were used in order to be able to more objectively assess the separability of the two forms of therapy based on the covariables.


        Confounder-adjusted comparison of survival times: Stratified estimates of hazard ratios in multivariate proportional hazard models (PH models) are based on strata that result from propensity matching with regard to the allocation of patients to the two therapy alternatives RPE vs. EBRT. As such, the logit of the propensity score was used, which arises from the second resulting multivariate logit model (Figure 3) for therapy allocation. Optimal variable rating was used as a match strategy and the logit of the propensity score as a distance measure. These multivariate analyses were carried out for both the OS as well as for CMRs of the competing risks.


        
          [image: ] Figure 3: Receiver operating curve of the logit model. View Figure 3

        


        All the analyses were completed with the statistical software SAS V9.4 [12].


        Results


        Of the 742 enrolled patients at our practice, 28 patients from the RPE therapy group and 15 patients from the EBRT therapy group EBRT were excluded, as in one or more of the variables used MAR (missing at random) was noticed - assumed by the author without further justification. The examined characteristics (variables) are presented in Table 1.


        
          Table 1: Characteristics of study group before therapy in a univariate comparison. View Table 1

        


        We encountered the conceivable deficit of the non-initiated randomization when checking the allocations made to the two alternative therapy arms for objectivity and reproducibility by developing a multivariate logit model (Figure 3). Satisfactory traceability of the retrospective allocation (c-statistic = 0.868, p = 0.0711 in the Hosmer-Lemeshow adaptation test) was therefore achieved.


        In order to rule out an instinctive momentum, which would have a decisive influence on the applied allocation of patients to therapy group RPE or EBRT, a statistically valid logistical regression model was developed (Table 2), both including and without the variables considered in Table 1 as univariate.


        
          Table 2: Logit model for the allocation to EBRT group (OR < means, RPE preferred). View Table 2

        


        The odds ratios of the logit model (Figure 4) allow for the following conclusions.


        
          [image: ] Figure 4: Forest plot of the odds ratios of the logit model (ORs and 95% confidence intervals). View Figure 4

        


        • The allocation in this study was carried out objectively and comprehensibly.


        • The EBRT group was more likely to be allocated with higher PSA, lower prostate volume, a higher Gleason score, a usually lower D'Amico score, a higher Charlson score and at clinical stage cT3a-cT3b as well as patients over the age of 70. In contrast to the univariate test, the variable PSA was now statistically relevant.


        Overall survival (OS) and cumulative mortality rates (CMR) for the two competing therapy options are stated in Table 3.1 and Table 3.2. The non-parametric estimate of the allocation system's hazard ratio at HR = 3.81 (95% CI: 2.74-5.31, p = 0.0001) also shows a clear advantage for the RPE therapy option.


        
          Table 3.1: Overall survival (OS) and cumulative mortality rates (CMR) for both competing risks concerning. View Table 3.1

        

        

        
          Table 3.2: Overall survival (OS) and cumulative mortality rates (CMR) for both competing risks concerning therapy group EBRT. View Table 3.2

        


        The further breakdown of the total and therefore the mortality rates also dependent on comorbidity shows comorbidity clearly as a cause of the discrepancy (Pepe-Mori test p = 0.0001), in contrast to the analysis of tumor-specific mortality (Pepe-Mori test p = 0.2122). The comparison of the models therefore allows these conclusions to be made.


        In the multivariate analysis, there are no tumor-specific differences between both therapy groups either. Instead, the differences are only caused by age, the Charlson score, and due to the rate of the positive biopsy cylinders. The Charlson comorbidity score determines the diametral hazard ratio for the tumor-specific and comorbidity-specific mortality rates. Further explanatory variables for the comorbidity CMRs are the age and the therapy group; the latter are considerably less favorable for the EBRT compared to the RPE.


        Furthermore, the multivariate models for the two alternative therapy arms were analyzed separately. We are well aware of the relatively lower number of cases that result as a risk in the assessment. On the other hand, it is also apparent from the separate analyses (Table 4.1) that several of the explanatory variables are only specifically important in one of the two groups - such as age only in the EBRT group.


        
          Table 4.1: Proportional hazard models for overall survival. View Table 4.1

        


        The tumor-specific mortality is predicted solely by the D'Amico risk classes in accordance with the confounder adjustment in the RPE arm, in the RTx arm solely by the age group. This consequence confirms the clinically exercised procedure in practice. Only when the two therapy arms are merged do the Charlson categories appear more substantial (Table 4.2).


        
          Table 4.2: Proportional hazard models for tumor-specific survival. View Table 4.2

        


        The comorbidity-specific mortality is predicted, in accordance with the confounder adjustment in the RPE arm, solely by age on the other hand; in the EBRT arm in addition by the Gleason and Charlson score. By merging the two groups, a clearly elevated PSA value also becomes significant, whereas the Gleason classification appears less important. As such, the confounder-adjusted superiority of the RPE over the EBRT is clearly demonstrated by the HR = 2.2 (Table 4.3).


        
          Table 4.3: Proportional hazard models for comorbidity specific survival. View Table 4.3

        


        From the propensity-matched therapy comparisons, it is clear that the confounder-adjusted superiority of the RPE is clearly confirmed both in terms of overall survival as well as in tumor-specific mortality rates. In addition, the D'Amico score is significant from this perspective both in terms of overall survival as well as in specific mortality rates. This applies in the same way for the Gleason as well as the Charlson score. The influence of age on the specific mortality rates can no longer be proven (Table 4.4). This could be an indication that the obviously age-dependent allocation on the results has an impact with a simpler methodology.


        
          Table 4.4: Proportional hazard models basing on propensity matching. View Table 4.4

        


        Ultimately, however, age is only significant for mortality due to comorbidity but not for tumor-specific mortality and overall survival.


        Discussion


        The heterogeneous tumor biology of the PCA is accepted today as much as the superior dynamic of the variables that determine the prognosis - up to the prostate volume [13]. In the pre-therapeutic risk classification, the navigational use of the nomograms first published by Kattan [14] in 1997 prove to be clinically interesting; even more clearly in the later, updated version [15] but without being regularly used in practice later on. On the other hand, the discussion of the ideal therapy option for localized tumors in a curative setting in the area of debate between tumor aggressiveness and the patient's survival probability persists [16]. In particular, there is still no confirmed reproducible proof of which therapy option should be favored in the event of a high-risk tumor without excluding comorbidity [5,8,17-19]. Especially as there is also a high risk of allocating older-but still healthy for their age - high-risk patients to less than adequate treatment [6]. In our study, we found for the > 70 age group 29.12% of patients were allocated to the RPE arm (median age 67.00) and 78.15% to the EBRT arm (median age 73.00). A very comparable distribution of the two therapy arms across these ages is also found by Bechis SK, et al. In an evaluation of the Capsure database, they demonstrated that in a careful stratification of older patients and consideration of comorbidity and risk, this group had a 48% reduction in mortality compared with those treated conservatively [20].


        Even under the conditions of a private practice with a close personal connection with patients, the weighting of relevant variables in individual consultations and the recommendation to determine one of the competing therapies remains difficult; even though in the course of the study in addition to the improvement in oncological therapy quality, the adverse events have also gradually proven to be regressive.


        Observation as well as registration studies are an attempt to map inter alia the safety and clinical effectiveness of the RPE in a direct comparison with the EBRT under conditions in practice. Thereby dispensing with any adjustment and any design in the formulation of inclusion and exclusion criteria, as is regularly practiced in the course of major randomized clinical trials and meta-analyses [5,8,17,18].


        The individualized initial determination of therapy is crucial for the patient's tumor-specific outcome. In order to counter arbitrary courses of treatment, this recommendation is also made in Germany more often by the interdisciplinary pretherapeutic board of a regional prostate cancer center. The recommendation should be based primarily on the complex evaluation of the different variables and the inclusion of objective study data and be less eminence-based. This is why tumor board decisions are not always reproducible [5].


        In a univariate comparison as well as retrospectively in our observation trial, a stringent allocation to the alternative, competing therapy option for the variables of age, comorbidity, Gleason, clinical stage and prostate volume is also convincingly proven. PSA (p 0.4339), D'Amico score (p 0.0004), relation of pos. probes in biopsy (p 0.4612) did not achieve this level of allocation (Table 1).


        The qualitative assessment for the evidence of this procedure was made possible due to the following observations on survival: For overall survival (OS) as well as for the cumulative mortality rate we found - with all levels of risk included in the variables - highly significant differences to the disadvantage of the EBRT arm (Figure 5a, Figure 5b, Table 3.1 and Table 3.2). In this, we also agree wholeheartedly with the systematic review and the meta-analysis of JD Wallis, et al. [8]. The probability of registering for a secondary remote metastasis after the RPE was in our study at the 20-year follow-up stage at 0.61%, and after the EBRT at 4.03%. These figures correlate positively with the findings from the HAROW study and the Memorial Sloan Kettering [8,21,22].


        
          [image: ] Figure 5: a) Overall survival in all risks; b) Cumulative overall mortality; c) Tumor specific survival (CMR); d) Comorbidity survival rate (CMR); e) Overall mortality high risk vs. low-/intermed. risk vs. low/intermed. risk in the radical prostatectomy trial; f) Overall mortality high risk vs. low/intermed. risk in the radiotherapy trial. View Figure 5

        


        Our own further investigations comparing the high-risk with the low/intermediate risk patients according to D'Amico in the two RPE vs. EBRT files also show that the high-risk is under much better control due to radical prostatectomy in the OS (Figure 5e and Figure 5f). We agree very much with Tritschler, et al. here [23].


        In the multivariate analysis, on the other hand, clinically relevant differences are no longer found in the tumor-specific survival between the RPE vs. EBRT therapy arms (Figure 5c). This finding has already been presented by Bechis SK, et al. and Hamdy, et al. [20,24]. Only when considering comorbidity-specific survival (CMR) in the two therapy arms does the finding become clear that the apparently therapeutic inferiority of the EBRT in OS (all risks) in this study is also proportionally due to the competing comorbidity/age and does not seem to be at the expense of the radiation effectiveness (Figure 5d). The oncologically established temporary adjuvant ADT for EBRT over 6-12 months in the intermediate and 24-36 months in the high-risk group includes conceivable cardiovascular risks at the follow-up on the other hand [25].


        P Rajan, et al. also shared this view after analyzing a major observational study in Sweden for the period 1998 to 2012 [26], as well as M Fröhner and MP Wirth, who also explicitly referred to the problems in the clinical application of various comorbidity scores (ASA classification, Charlson score, CISR-G) for the therapy decision of RPE vs. RTx [27].


        This observation is further supported by Berglund, et al. who investigated the complex relationship between Charlson comorbidity index, treatment and mortality in 77,536 men in the PCBaSe Sweden. In men with high-risk prostate cancer [28], radiotherapy was more common (range 7.7% to 21.3%) than radical prostatectomy (range 3.0 to 11.2%) regardless of comorbidity burden. The authors conclude that the cumulative probability of prostate cancer death given no death from competing causes was significantly higher in men with severe comorbidity in all risk groups (p < 0.01). This observation would ultimately mean that in this constellation a less aggressive, conservative therapy option is also chosen to help with poor general health and quality of life [17].


        This clinical trend was also reflected in the reports on primary treatment of clinically localized tumors in a national cohort of the US Veterans Health Administration from 1995 to 2001 [29]. Overall survival in this cohort is also noticeably low in comparison with our findings. We can confirm mortality of over 30% after 10 years of follow-up in our analyses for the EBRT file in cumulative overall mortality (Figure 5b). The analyzed cohort (cT1/cT2 tumors, PSA < 20, age < 75) is characterized by a broad-based therapeutic procedure in the initial decision (surgery, radiotherapy, ADT, conservative); the authors causally excluded poor quality care as unlikely, however.


        In summary, they as we do also tend to see more substantial comorbidity as the reason for the poor result in overall survival.


        Barbosa, et al. conclude that the better Pivot results cannot be applied generally to the clinical reality in practice [29].


        In a meta-analysis in 2016, a group led by CJD Wallis critically reviewed 19 international studies with high statistical power. Finally, the authors found an elevated risk of overall and prostate cancer-specific mortality in the EBRT group compared to surgery with lower to moderate risk - similar to our findings. At the same time, however, they also referred to underpowered randomized controlled trials, potential areas of bias and methodological limitations of observational studies [8].


        In 2006, Atakura, et al. presented an initial randomized multicenter study for the clinical stage cT2b/cT3; 105 patients with a median follow-up of 102 months. In the process, all the patients were subject to neoadjuvant intended eight-week DES therapy before randomization. In the EBRT trial, adjuvant androgen deprivation continued with LHRH agonists vs. bilateral orchiectomy, or optionally with antiandrogens or reduced dose DES until progress. The authors found no significant differences between the two files for biochemical and clinical progression-free survival. In general, improved tumor-specific survival could be shown for the RPE trial but without achieving significance at p = 0.06. However, an indirect cross-check with our similarly impressive data is excluded due to the diverse formulation of provisos in the study design and in the therapy program [30].


        Summary


        Careful pretherapeutic grading and staging, with the always critical assessment of variable comorbidity and age, enable a largely reliable allocation to be made to the individually ideal therapy option. The results of our study prove furthermore assured local tumor control both through RPE as well as EBRT in the normal mix of prostate cancer in the real clinical situation of a private urology consultation.


        However, the study also shows that the primary referral of patients to the alternative therapy arms may obviously be done regularly in accordance with evidence-based preferences. To the RPE arm therefore the younger patients with lower PSA, lower Charlson index and usually but not significantly higher Gleason score with significantly increased prostate volume. However, we definitely do not see any methodological limitation here in the context of the objectives of this study.


        In this observation trial, the age is in the median range (RPE 67.00 - ERBT 73.00 before the therapy decision is significantly above the statistics of randomized prospective trials [13,18,20,22,30]. After stratification, the inclusion of comorbidity also proves to be a decisive variable that determines overall survival.


        The considered and evidence-based decision in the therapy choice of RPE vs. EBRT opens up for the patient an individualized perspective for a stage-appropriate curative procedure with an oncologically highly satisfactory outcome. In the clinically monitored follow-up, even after the allowance of salvage interventions, there were no significant differences in tumor-specific mortality between the two files after 20 years of observation.
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