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Objective

To investigate differences in cardiovascular disease (CVD) morbidity and mortality after radical prostatectomy or definitive radiotherapy with or without androgen deprivation therapy (ADT).



Materials and methods

We used population-based data from the Cancer Registry of Norway, the Norwegian Patient Registry and the Norwegian Cause of Death Registry including 19 289 men ≤80 years diagnosed with non-metastatic prostate cancer during 2010-2019. Patients were treated with radical prostatectomy or definitive radiotherapy. We used competing risk models to compare morbidity from overall CVD, acute myocardial infarction (AMI), cerebral infarction, thromboembolism, and CVD-specific mortality for the overall cohort and stratified by prognostic risk groups.



Results

After a median follow-up time of 5.4 years (IQR 4.6 years), there were no differences in adjusted rates of AMI, cerebral infarction, and CVD-specific death between radical prostatectomy and definitive radiotherapy in any of the prognostic risk groups. Rates of overall CVD (0.82; 95% CI 0.76-0.89) and thromboembolism (0.30; 95% CI 0.20-0.44) were lower for definitive radiotherapy than radical prostatectomy during the first year of follow-up. After this overall CVD rates (1.19; 95% CI 1.11-1.28) were consistently higher across all risk groups in patients treated with definitive radiotherapy, but there were no differences regarding thromboembolism.



Conclusions

During the first years after treatment, no differences were found in rates of AMI, cerebral infarction, and CVD-specific death between radiotherapy and radical prostatectomy in any of the prognostic risk groups. This suggests that ADT use in combination with radiotherapy may not increase the risks of these outcomes in a curative setting. The increased overall CVD rate for definitive radiotherapy after the first year indicates a possible relationship between definitive radiotherapy and other CVDs than AMI and cerebral infarction.
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1 Introduction

Prostate cancer patients diagnosed today have comparable survival to the general population (1). Many of them have cardiovascular comorbidity at time of diagnosis or may develop cardiovascular disease (CVD) after being diagnosed with prostate cancer (2–4). Cancer itself may increase the risk of CVD, and the diseases share many risk factors (5, 6). Additionally, both non-cardiac surgery and radiotherapy may increase the risk of CVD through complex mechanisms, for example by inducing systemic inflammation and immune modulation (7–9).

Radical prostatectomy and definitive radiotherapy with or without androgen deprivation therapy (ADT) are the main curative treatment options for prostate cancer (10). Previous observational studies have found an association between ADT and increased risk of CVD and death, which is not fully corroborated in secondary analyses from randomized controlled trials (11–15). ADT is provided in combination with radiotherapy in prostate cancer patients with intermediate and high risk of disease relapse, while patients with low risk of relapse treated with radiotherapy and those treated with radical prostatectomy do not receive ADT (10). Adherence to guidelines for curative treatment of prostate cancer is generally high in Norway (16, 17), providing an opportunity to use prognostic risk groups to compare influence of ADT use in non-metastatic prostate cancer when detailed prescription data is not fully available.

Few studies have compared CVD morbidity and mortality between patients treated with radical prostatectomy or definitive radiotherapy in non-metastatic prostate cancer exclusively. Wallis et al. found that treatment with radiotherapy and ADT each independently increased risks of ischemic cardiac disease and CVD-specific mortality in non-metastatic prostate cancer patients ≥65 years compared to radical prostatectomy (18, 19). Guo et al. also found increased CVD-specific mortality in radiotherapy patients (20). Neither analyzed dosage or duration of radiotherapy nor included patients from the last decade.

More recently, we have seen increased use of curative treatment for high risk prostate cancer and older patients, and more use of active surveillance in lower risk disease (21). Simultaneously, CVD risk factors, -morbidity, and -mortality have decreased in the general population (22, 23). Additionally, improvements in prostate cancer treatment have been introduced, such as intensity-modulated-, volumetric arc- and image-guided radiation therapy as well as dose escalation, moderate hypofractionation and robot-assisted surgery (10). These changes warrant an updated comparison of CVD after curative treatment for non-metastatic prostate cancer.

We hypothesized that there are no differences in CVD morbidity or mortality following radical prostatectomy or definitive radiotherapy in non-metastatic prostate cancer after adjusting for known confounders, such as age and comorbidity. The aims of the current study were i) to compare CVD morbidity after radical prostatectomy with CVD morbidity after definitive radiotherapy stratified by prostate cancer prognostic risk group and ii) to investigate if there are differences in cardiovascular mortality between patients treated with radical prostatectomy or definitive radiotherapy with or without ADT.



2 Materials and methods

All men ≤80 years diagnosed with prostate adenocarcinomas during 2010-2019 were identified from the Cancer Registry of Norway (CRN) and linked with data from the Norwegian Patient Registry (NPR) and the Norwegian Cause of Death Registry (NCoDR). We excluded patients with distant metastases, PSA >100, or missing information on PSA, clinical T-category (cT) or Gleason score. Patients diagnosed after cystoprostatectomy or fulfilling criteria for active surveillance (≤cT2a, M0, Gleason score ≤7a and PSA <10 ng/ml), not treated with radical prostatectomy within six months or definitive radiotherapy within 12 months after diagnosis were also excluded, due to missing information about possible ADT treatment in this group. 19 289 patients with complete information for risk grouping (European Association of Urology (EAU) guidelines) who underwent definitive radiotherapy or radical prostatectomy were included (Figure 1) (10).




Figure 1 | Study population flow chart.



CRN provided information about the patients’ age at diagnosis, date of diagnosis, cTNM, Gleason score in biopsy, PSA at diagnosis, date of prostatectomy or start of definitive radiotherapy, target site and radiation dose, WHO performance status and Norwegian health care region (24). Curative treatment was defined as radical prostatectomy within six months after diagnosis or definitive radiotherapy with a target dose of ≥74 Gy in 2 Gy units with treatment start within 14 months after diagnosis.

Patients were divided into four prognostic risk groups according to EAU guidelines, which define low risk prostate cancer as PSA <10 ng/ml and Gleason score <7 and cT1-2a; intermediate risk as PSA 10-20 ng/ml or Gleason score 7 or cT2b; high risk localized as PSA >20 ng/ml or Gleason score >7 or cT2c; and high risk locally advanced as cT3-4 or N1 with any PSA and Gleason score (10).

Norwegian treatment guidelines for prostate cancer generally follow EAU guidelines, recommending curative treatment with radical prostatectomy or definitive radiotherapy (10, 25). ADT is provided in combination with definitive radiotherapy according to prognostic risk group at diagnosis, which we used as a proxy for ADT duration: 1) low risk: no ADT; 2) intermediate risk: six months ADT; 3) high risk localized: 18-24 months ADT and 4) high risk locally advanced: ≥24 months ADT (10, 25). Since actual treatment may deviate from guidelines e.g., due to drug side effects or patient preferences, our use of ADT proxy should be interpreted as an intention-to-treat.

NPR provided information about diagnoses from hospital visits and private specialist outpatient visits based on International Classification of Diseases (ICD)-10 codes. NPR hospital diagnoses were used for morbidity outcomes, which were overall CVD, acute myocardial infarction (AMI), cerebral infarction and thromboembolism (see Supplemental File). Previous CVD was based on all available diagnoses in NPR within two years before the prostate cancer diagnosis. The NCoDR provided information about underlying cause and date of death used for CVD-specific mortality.

Charlson comorbidity index was based on hospital diagnoses within two years before the prostate cancer diagnosis, excluding the prostate cancer diagnosis. A higher score indicated more comorbidity and was categorized as 0, 1, 2 or ≥3. WHO performance status was categorized as 0, 1 or ≥2; a higher score indicates poorer functional status (24). Previous cancer included any cancer diagnosis prior to the prostate cancer diagnosis, except non-melanoma skin cancer. Place of treatment was divided into four health care regions within Norway (West, South-East, Central and North).



2.1 Statistical analyses

Baseline characteristics were described as median and interquartile range (IQR) for continuous variables and counts and percentages for categorical variables. Differences between treatment groups were tested with Wilcoxon rank sum test for continuous variables and Chi square test for categorical variables. Follow-up time was calculated from time of treatment until death or censoring on December 31, 2020.

Survival time was defined from start of treatment with radical prostatectomy or definitive radiotherapy until patients experienced an event: overall CVD, AMI, cerebral infarction, thromboembolism, death, or censoring on December 31, 2020. We calculated cumulative incidence of overall CVD, AMI, cerebral infarction, thromboembolism, and CVD-specific death by treatment group using the Aalen-Johansen estimator. We estimated Cox proportional hazard models and Fine and Gray competing risk models, accounting for death as a competing risk in morbidity outcomes and deaths from all other causes for CVD-specific mortality. The proportional hazards assumption was examined using Schoenfeld residuals. An interaction term between time and treatment and/or previous CVD was used when the proportional hazards assumption was found to be invalid. Covariates in adjusted analyses were age, cT, Gleason score in biopsy, PSA, previous CVD, Charlson comorbidity index, WHO performance status, previous cancer, health care region and prostate cancer diagnosis year. Analyses were performed for the entire cohort and stratified by EAU risk group.

For sensitivity analysis, we repeated all analyses starting follow-up from 14 months after diagnosis, due to differences in time from diagnosis to treatment. We performed stratified analyses based on previous CVD status to check whether this influenced our results in the overall cohort and in the high risk groups. We assessed whether postoperative radiotherapy (adjuvant or salvage) influenced all outcomes in the entire cohort or was an independent risk factor for CVD. For CVD in the entire cohort, we repeated the analysis starting follow-up one month after treatment. We did not perform a separate subgroup analysis in the low risk group for CVD-specific deaths, due to a low number of deaths.

Results are presented as unadjusted cumulative incidence plots and adjusted cause-specific hazard ratios (aCSHR) with 95% CI from Cox regression models. Subdistribution hazard ratios are presented in Supplementary Tables. Two-sided p-values <0.05 were considered statistically significant in all analyses. Analyses were conducted with Stata version 17.0.




3 Results

Overall, 12 326 (63.9%) patients underwent radical prostatectomy and 6963 (36.1%) definitive radiotherapy (Figure 1). Median follow-up time after treatment was 5.4 years (IQR 4.6, range 0.0-11.0 years), 5.5 years (IQR 4.7) for radical prostatectomy and 4.6 years (IQR 4.6) for definitive radiotherapy. In total, 2333 patients initially treated with radical prostatectomy later received postoperative radiotherapy (adjuvant or salvage) and 25 definitive radiotherapy patients later underwent radical prostatectomy. The number of patients diagnosed were relatively stable over time, but the percentage of definitive radiotherapy patients decreased from 40.1% of all patients in 2010-2011 to 31.5% in 2018-2019 (Supplementary Figure 1). As expected, radical prostatectomy patients were younger than definitive radiotherapy patients (median 64 years vs. 71 years), had a higher proportion of lower risk disease, less comorbidity and better functional status (Table 1).


Table 1 | Baseline characteristics1.



Before their prostate cancer diagnosis, 29.1% of definitive radiotherapy patients had previous CVD, compared to 15.4% of radical prostatectomy patients (Table 2). A higher proportion of definitive radiotherapy patients had previous AMI (1.9% vs 0.8%), cerebral infarction (1.5% vs 0.5%) or thromboembolism (1.0% vs 0.6%).


Table 2 | Cardiovascular disease before diagnosis of prostate cancer (baseline) and after treatment with prostatectomy or radiation.



After treatment, a higher proportion of definitive radiotherapy patients had a new CVD event (54.0% vs 38.9%), including AMI (5.7% vs 3.7%) and cerebral infarction (4.7% vs 2.6%). Thromboembolic events were similar in the two treatment groups (3.2% vs 2.9%).



3.1 Overall cardiovascular disease

Radical prostatectomy patients had a higher unadjusted cumulative incidence of overall CVD immediately after treatment but were surpassed by CVD events in the definitive radiotherapy group within six months of treatment (Figure 2). Definitive radiotherapy patients had a lower adjusted rate of CVD events in the first year compared to radical prostatectomy patients in the entire cohort (aCSHR 0.82; 95% CI 0.76-0.89), and similarly in intermediate, high risk localized and, locally advanced risk groups (Figure 3). Postponing the start of follow-up one month after treatment start, led to more CVD events for definitive radiotherapy in the entire cohort during the first year in adjusted analyses (Supplementary Table 1). After the first year, definitive radiotherapy patients had a higher adjusted rate of CVD events in the entire cohort and across all risk groups. Post-hoc analyses indicated a possible relationship with definitive radiotherapy and peripheral arterial disease. Radiotherapy was associated with increased risk of peripheral arterial disease after treatment compared to surgery (HR 1.70, 95% CI 1.39-2.07) with no major differences across risk groups or in stratified analyses based on previous CVD status. Increasing age was associated with a 17% increase in the CVD rate per 5-year increase in age (Supplementary Table 2). Previous CVD was associated with a new CVD event (total cohort 1st year aCSHR 3.14; 95% CI 2.90-3.39 and after 1st year aCSHR 1.19; 95% CI 1.11-1.28), following the same pattern in stratified analyses. No clear differences in rates of overall or specific CVDs were found when comparing people with previous CVD to those without previous CVD in the entire cohort, or in the higher risk groups (Supplementary Table 3).




Figure 2 | Unadjusted cumulative incidence of overall cardiovascular disease (CVD), acute myocardial infarction (AMI), cerebral infarction and thromboembolism in total cohort and by risk groups. Risk groups defined according to the European Association of Urology (EAU) Guidelines. Years correspond to years since date of radical prostatectomy or start date of definitive radiotherapy.






Figure 3 | Adjusted cause-specific hazard ratios (aCSHR) for cardiovascular event (A) CVD; (B) Thromboembolism; (C) AMI; and (D) Cerebral infarction, comparing treatment radiotherapy to prostatectomy. Adjusted for age, previous cardiovascular disease, cT stage, cN stage, Gleason score, PSA, Charlson comorbidity index, WHO performance status, healthcare region, diagnosis year. Risk groups defined according to the European Association of Urology (EAU) Guidelines.*1st year and after 1st year combined. **Intermediate risk divided into two time periods due to proportional hazards assumption found to be invalid.





3.2 Acute myocardial infarction

The unadjusted cumulative incidence of AMI was higher for definitive radiotherapy patients (Figure 2). We found no differences in the aCSHR of AMIs comparing radical prostatectomy and definitive radiotherapy in the whole cohort or in stratified analyses (Figure 3). Previous CVD was associated with an increased aCSHR of AMI (aCSHR 1.35; 95% CI 1.13-1.61) in the entire cohort (Supplementary Table 2).



3.3 Cerebral infarction

The unadjusted cumulative incidence of cerebral infarction was higher for definitive radiotherapy patients (Figure 2). There were no differences in aCSHR of cerebral infarction in the total cohort or in stratified analyses, except for intermediate disease (Figure 3). Intermediate risk definitive radiotherapy patients had a lower rate of cerebral infarction in the first year of follow-up (aCSHR 0.40; 95% CI 0.18-0.91). In the entire cohort, previous CVD was associated with an increased aCSHR of cerebral infarction, with similar findings in stratified analyses (Supplementary Table 2).



3.4 Thromboembolism

The unadjusted cumulative incidence of thromboembolism increased immediately after radical prostatectomy and remained higher than for definitive radiotherapy for nearly four years (Figure 2). Later, definitive radiotherapy patients had a higher unadjusted cumulative incidence of thromboembolism. The aCSHR of thromboembolism was consistently lower for definitive radiotherapy patients in the first year of follow-up, apart from low risk disease (Figure 3). Previous CVD was associated with thromboembolism the first year after treatment (Supplementary Table 2).



3.5 Mortality

Overall, 1235 (6.4% of all) patients died during follow-up, of which 241 (19.5% of all deaths) were from CVD and 252 (20.4%) from prostate cancer. Unadjusted cumulative incidence of CVD-specific death was higher for definitive radiotherapy patients (Figure 4). There were no statistically significant differences in aCSHR for the entire cohort or in stratified analyses (Table 3). Postoperative radiotherapy did not influence our finding of no difference between treatment groups regarding CVD-specific deaths. Previous CVD was associated increased risk (aCSHR (CI): 1.56 (1.13-2.14)) of CVD specific mortality in the total study population (Supplementary Table 2).




Figure 4 | Cumulative incidence of cardiovascular-specific death in total cohort and by risk groups. Risk groups defined according to the European Association of Urology (EAU) Guidelines: 1) intermediate risk: PSA 10-20 ng/ml or Gleason score 7 or cT2b; 2) high risk localized: PSA >20 ng/ml or Gleason score >7 or cT2c; 3) high risk locally advanced: cT3-4 or N1 with any PSA and Gleason score. Years correspond to years since date of radical prostatectomy or start date of definitive radiotherapy.




Table 3 | Cardiovascular deaths and cause-specific hazard ratios (aCSHR) comparing radiotherapy to prostatectomy (reference). .






4 Discussion

We found that patients treated with definitive radiotherapy had a higher unadjusted cumulative incidence of AMI, cerebral infarction, and CVD-specific death than patients treated with radical prostatectomy. During the first year, unadjusted cumulative incidence and adjusted rates of CVD and thromboembolism were higher after radical prostatectomy. After the first year, definitive radiotherapy was associated with a higher adjusted rate of overall CVD across all prognostic risk groups, but there were no differences between treatment groups regarding thromboembolism. There were no consistent differences in adjusted rates of AMI or cerebral infarction after definitive radiotherapy or radical prostatectomy, also none in the intermediate or high risk groups, where patients treated with definitive radiotherapy receive ADT. During follow-up, 20% of deaths were from CVD and 20% from prostate cancer and there were no differences in CVD-specific mortality rates between treatment groups.

Earlier studies have mainly focused on ADT and risk of CVDs, with wide variation in outcome measures, ADT types, prostate cancer stages and comparator groups (11, 26, 27). The relationship between ADT and overall CVD, AMI and stroke is still unresolved, although results from previous studies lean towards ADT increasing the risk of these outcomes (11, 26, 27). Our findings partly contradict this for curatively treated patients, where ADT is combined with definitive radiotherapy. We found an increased rate of overall CVD for definitive radiotherapy starting after the first year of follow-up, and no consistent difference by treatment type in the rate of AMI or cerebral infarction. This is also partly in contrast to two previous studies of older, non-metastatic prostate cancer patients that found increased risk of CVD and AMI for definitive radiotherapy compared to radical prostatectomy (18, 19). Systemic inflammation caused by radiotherapy may have contributed to the increased risk of CVD (8, 9) and pelvic radiotherapy may, based on case reports, lead to peripheral arterial disease (8). Our results indicated higher risk of peripheral arterial disease among patients treated with radiotherapy compared to surgery across all risk groups. However, as numbers were relatively small and details regarding radiotherapy techniques (prostate only versus whole pelvic radiotherapy) were lacking, we cannot conclude whether the observed increased risk can be explained by side effects of radiation. We may also have residual confounding if baseline characteristics are insufficiently accounted for.

We found no differences in rates of overall or specific CVDs across risk groups. In addition, there were no clear differences between treatment groups for these outcomes when comparing people with previous CVD to those without previous CVD overall, or in the higher risk groups. These results may indicate that ADT duration up to two years does not increase risk of CVD when treated in a curative setting. However, deviation from guidelines e.g. after clinical judgement of the individual patient may occur. Caution is therefore needed when interpreting the results based on risk groups as proxy for ADT duration. Better CVD prevention in more recent years may also have mitigated a potential relationship between ADT use and later CVD (22, 23).

The risk of thromboembolism increased immediately after radical prostatectomy, and these patients were at higher risk of thromboembolism compared to definitive radiotherapy patients until one year post-treatment. Similar findings for overall CVD disappeared when start of follow-up was postponed one month, indicating thromboembolic complications after radical prostatectomy may be a possible explanatory factor. In accordance with our findings, Van Hemelrijck et al. proposed increased risk of thromboembolism after radical prostatectomy versus definitive radiotherapy (28). Other studies have found increased risk of thromboembolism in prostate cancer patients in general, especially with ADT treatment, and longer duration of ADT (11, 28, 29).

Risk of thromboembolism is higher with open radical prostatectomy compared to robot-assisted and laparoscopic surgery, more extended lymph node dissection and increased patient baseline risk, which is generally reflected in thromboprophylaxis guidelines (25, 30, 31). Adherence to guidelines varies within and between countries (30). In our study, robot-assisted radical prostatectomy increased from roughly half of prostatectomies performed in 2010-2011 to nearly all in 2018-2019. Risk of thromboembolism did not decrease in recent years as would be expected with less invasive treatment. While this emphasizes a need to focus on thromboprophylaxis for people undergoing radical prostatectomy, only 140 of 12 326 (1.1%) prostatectomized patients experienced a thromboembolic event within 90 days of surgery.

Prostate cancer patients have good prognosis, which increases chances of dying from CVD (5). The proportion of people who died from CVD and prostate cancer was similar in our population, both 20% of all deaths. A large US study had comparable findings with 17% prostate cancer-specific deaths and 23% CVD-specific deaths (2), but varied in other studies (32, 33). The patients with previous CVD had around 50% higher risk of CVD-specific mortality. These patients may benefit from more intensive CVD prevention measures.

We found no association between treatment type and CVD-specific mortality overall or across risk groups. The few studies specifically comparing radical prostatectomy to definitive radiotherapy found an increased risk of CVD-specific deaths with definitive radiotherapy but are not directly comparable as the data were older and the study populations were different in terms of age composition and disease characteristics (18–20). Other recent studies found that non-metastatic prostate cancer patients treated with ADT were not at higher risk of dying from CVD compared to non-ADT treatment, while older reviews have mixed results (11, 12, 14, 32–34).

Limitations of our study include lack of specific information about type, timing, or duration of ADT. Further information about factors such as socioeconomic factors, risk-modifying treatment for CVD or complete information about CVD risk factors, which are highly prevalent in the prostate cancer population (35) are also lacking. Traditionally, older patients and those with more comorbidities are treated with definitive radiotherapy, while younger patients with less comorbidity are more often treated with radical prostatectomy. We adjusted for age, comorbidity from hospital and private specialist diagnoses and functional status, which should account for much of this selection mechanism, but we may still have residual confounding. However, we propose that lack of sufficient information would affect the older patients with comorbidities more, which makes a null finding of no difference in outcomes between treatment groups more convincing.

Considering effects of postoperative radiotherapy did not change our conclusions for any of the outcomes, but we could not account for other secondary treatments. Follow-up time differed for the treatment groups because radical prostatectomies are generally performed closer to diagnosis than definitive radiotherapy. We could not specify ADT timing further as it varied during the study period and between Norwegian hospitals. Sensitivity analysis performed by starting follow-up 14 months from diagnosis for everyone did not influence our findings. Generally, results in stratified analyses follow the overall cohort, but were often not statistically significant. This may be explained by lack of power due to small group sizes. This is evident in the low risk group, where only 181 of 1190 patients were treated with definitive radiotherapy. Ideally, we should have a longer follow-up time than a median of five years, especially for CVD-specific mortality.

Strengths of the study include a universal healthcare setting providing equal access to services for all residents and using population-based high-quality registry data. This provides high coverage and data completeness reducing selection bias and increasing generalizability of the findings. To our knowledge, this is the only recent study investigating differences in CVD comparing curatively treated patients.

In conclusion, rates of AMI, cerebral infarction, and CVD death did not differ by treatment group the first years after treatment, indicating that ADT use in combination with radiotherapy may not increase the risk of these outcomes in a “real-world” curative setting. Further studies with individual data on ADT type and duration are needed to evaluate the effects of ADT duration on the risk of CVD. Increased overall CVD rate for definitive radiotherapy after the first year indicated a possible relationship between definitive radiotherapy and other CVDs, which should be further investigated.



Data availability statement

The data analyzed in this study is subject to the following licenses/restrictions: Data in this study was accessed through linkage of data from official registers. Restrictions apply to the availability of these data, which were used under license for the current study, and they are as such not publicly available. Data are however available from the authors upon request and with permission from the Regional Committee for Medical Research and the respective registries. Requests to access these datasets should be directed to rachel.forster@fhi.no.



Ethics statement

The studies involving human participants were reviewed and approved by The Regional Committee for Medical Research South-East approved the study (130363). Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

RK obtained funding for the study. CK, RK, SH and TM arrived at the study concept and design. RK, RF and CK obtained the data. CK, RK and TM analyzed and interpreted the data. CK and RK drafted the manuscript. All authors contributed to the article and approved the submitted version.




Funding

This study was supported by the Norwegian Cancer Society (208154-2019) and the Norwegian Institute of Public Health. The funding agency provided funding but had no role in the research conducted.



Acknowledgments

This study has used data from the Cancer Registry of Norway (the Norwegian Prostate Cancer Registry and a national radiotherapy database), the Norwegian Patient Registry and the Norwegian Cause of Death Registry. The interpretation and reporting of these data are the sole responsibility of the authors, and no endorsement by the registers is intended nor should be inferred.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1121872/full#supplementary-material



References

1. Larsen, IK, Møller, B, Johannesen, TB, Robsahm, TE, Grimsrud, TK, and Larønningen, S. Cancer registry of Norway. In: Cancer in Norway 2020 - cancer incidence, mortality, survival and prevalence in Norway. Oslo: Cancer Registry of Norway.

2. Weiner, AB, Li, EV, Desai, AS, Press, DJ, and Schaeffer, EM. Cause of death during prostate cancer survivorship: A contemporary, us population-based analysis. Cancer (2021) 127(16):2895–904. doi: 10.1002/cncr.33584

3. Elmehrath, AO, Afifi, AM, Al-Husseini, MJ, Saad, AM, Wilson, N, Shohdy, KS, et al. Causes of death among patients with metastatic prostate cancer in the us from 2000 to 2016. JAMA Netw Open (2021) 4(8):e2119568. doi: 10.1001/jamanetworkopen.2021.19568

4. Van Hemelrijck, M, Garmo, H, Holmberg, L, Ingelsson, E, Bratt, O, Bill-Axelson, A, et al. Absolute and relative risk of cardiovascular disease in men with prostate cancer: Results from the population-based pcbase Sweden. J Clin Oncol (2010) 28(21):3448–56. doi: 10.1200/jco.2010.29.1567

5. Sturgeon, KM, Deng, L, Bluethmann, SM, Zhou, S, Trifiletti, DM, Jiang, C, et al. A population-based study of cardiovascular disease mortality risk in us cancer patients. Eur Heart J (2019) 40(48):3889–97. doi: 10.1093/eurheartj/ehz766

6. Koene, RJ, Prizment, AE, Blaes, A, and Konety, SH. Shared risk factors in cardiovascular disease and cancer. Circulation (2016) 133(11):1104–14. doi: 10.1161/CIRCULATIONAHA.115.020406

7. Sazgary, L, Puelacher, C, Lurati Buse, G, Glarner, N, Lampart, A, Bolliger, D, et al. Incidence of major adverse cardiac events following non-cardiac surgery. Eur Heart J Acute Cardiovasc Care (2020) 10(5):550–8. doi: 10.1093/ehjacc/zuaa008

8. Mitchell, JD, Cehic, DA, Morgia, M, Bergom, C, Toohey, J, Guerrero, PA, et al. Cardiovascular manifestations from therapeutic radiation. JACC: CardioOncol (2021) 3(3):360–80. doi: 10.1016/j.jaccao.2021.06.003

9. Lumniczky, K, and Sáfrány, G. The impact of radiation therapy on the antitumor immunity: Local effects and systemic consequences. Cancer Lett (2015) 356(1):114–25. doi: 10.1016/j.canlet.2013.08.024

10. Mottet, N, Cornford, P, van den Bergh, RCN, Briers, E, De Santis, M, Gillessen, S, et al. Eau guidelines. In: Edn. presented at the eau annual congress Milan 2021. Arnhem, the Netherlands: EAU Guidelines Office (2020).

11. Edmunds, K, Tuffaha, H, Galvão, DA, Scuffham, P, and Newton, RU. Incidence of the adverse effects of androgen deprivation therapy for prostate cancer: A systematic literature review. Supportive Care Cancer (2020) 28(5):2079–93. doi: 10.1007/s00520-019-05255-5

12. Bosco, C, Bosnyak, Z, Malmberg, A, Adolfsson, J, Keating, NL, and Van Hemelrijck, M. Quantifying observational evidence for risk of fatal and nonfatal cardiovascular disease following androgen deprivation therapy for prostate cancer: A meta-analysis. Eur Urol (2015) 68(3):386–96. doi: 10.1016/j.eururo.2014.11.039

13. Cereda, V, Falbo, PT, Manna, G, Iannace, A, Menghi, A, Corona, M, et al. Hormonal prostate cancer therapies and cardiovascular disease: A systematic review. Heart Fail Rev (2022) 27(1):119–34. doi: 10.1007/s10741-020-09984-2

14. Nguyen, PL, Je, Y, Schutz, FA, Hoffman, KE, Hu, JC, Parekh, A, et al. Association of androgen deprivation therapy with cardiovascular death in patients with prostate cancer: A meta-analysis of randomized trials. Jama (2011) 306(21):2359–66. doi: 10.1001/jama.2011.1745

15. Albertsen, PC, Klotz, L, Tombal, B, Grady, J, Olesen, TK, and Nilsson, J. Cardiovascular morbidity associated with gonadotropin releasing hormone agonists and an antagonist. Eur Urol (2014) 65(3):565–73. doi: 10.1016/j.eururo.2013.10.032

16. Hernes, E, Kyrdalen, A, Kvåle, R, Hem, E, Klepp, O, Axcrona, K, et al. Initial management of prostate cancer: First year experience with the Norwegian national prostate cancer registry. BJU Int (2010) 105(6):805–11. doi: 10.1111/j.1464-410X.2009.08834.x

17.Cancer registry of Norway. In: Årsrapport 2021 med resultater og forbedringstiltak fra nasjonalt kvalitetsregister for prostatakreft. Oslo, Norway: Cancer Registry of Norway.

18. Wallis, CJD, Satkunasivam, R, Herschorn, S, Law, C, Seth, A, Kodama, RT, et al. Association between primary local treatment and non-prostate cancer mortality in men with nonmetastatic prostate cancer. Urology (2018) 114:147–54. doi: 10.1016/j.urology.2017.12.013

19. Wallis, CJ, Mahar, AL, Satkunasivam, R, Herschorn, S, Kodama, RT, Lee, Y, et al. Cardiovascular and skeletal-related events following localized prostate cancer treatment: Role of surgery, radiotherapy, and androgen deprivation. Urology (2016) 97:145–52. doi: 10.1016/j.urology.2016.08.002

20. Guo, Y, Dong, X, Yang, F, Yu, Y, Wang, R, Kadier, A, et al. Effects of radiotherapy or radical prostatectomy on the risk of long-term heart-specific death in patients with prostate cancer. Front Oncol (2020) 10:592746. doi: 10.3389/fonc.2020.592746

21. Aas, K, Dorothea Fosså, S, Åge Myklebust, T, Møller, B, Kvåle, R, Vlatkovic, L, et al. Increased curative treatment is associated with decreased prostate cancer-specific and overall mortality in senior adults with high-risk prostate cancer; results from a national registry-based cohort study. Cancer Med (2020) 9(18):6646–57. doi: 10.1002/cam4.3297

22. Mannsverk, J, Wilsgaard, T, Mathiesen, EB, Løchen, ML, Rasmussen, K, Thelle, DS, et al. Trends in modifiable risk factors are associated with declining incidence of hospitalized and nonhospitalized acute coronary heart disease in a population. Circulation (2016) 133(1):74–81. doi: 10.1161/circulationaha.115.016960

23. Townsend, N, Nichols, M, Scarborough, P, and Rayner, M. Cardiovascular disease in Europe–epidemiological update 2015. Eur Heart J (2015) 36(40):2696–705. doi: 10.1093/eurheartj/ehv428

24. Oken, MM, Creech, RH, Tormey, DC, Horton, J, Davis, TE, McFadden, ET, et al. Toxicity and response criteria of the Eastern cooperative oncology group. Am J Clin Oncol (1982) 5(6):649–56. doi: 10.1097/00000421-198212000-00014

25.Norwegian Directorate of health. In: Nasjonalt handlingsprogram med retningslinjer for diagnostikk, behandling og oppfølging av prostatakreft, 11. Oslo, Norway: Norwegian Directorate of Health.

26. Liang, Z, Zhu, J, Chen, L, Xu, Y, Yang, Y, Hu, R, et al. Is androgen deprivation therapy for prostate cancer associated with cardiovascular disease? a meta-analysis and systematic review. Andrology (2020) 8(3):559–74. doi: 10.1111/andr.12731

27. Hu, JR, Duncan, MS, Morgans, AK, Brown, JD, Meijers, WC, Freiberg, MS, et al. Cardiovascular effects of androgen deprivation therapy in prostate cancer: Contemporary meta-analyses. Arterioscler Thromb Vasc Biol (2020) 40(3):e55–64. doi: 10.1161/atvbaha.119.313046

28. Van Hemelrijck, M, Adolfsson, J, Garmo, H, Bill-Axelson, A, Bratt, O, Ingelsson, E, et al. Risk of thromboembolic diseases in men with prostate cancer: Results from the population-based pcbase Sweden. Lancet Oncol (2010) 11(5):450–8. doi: 10.1016/s1470-2045(10)70038-3

29. O'Farrell, S, Sandström, K, Garmo, H, Stattin, P, Holmberg, L, Adolfsson, J, et al. Risk of thromboembolic disease in men with prostate cancer undergoing androgen deprivation therapy. BJU Int (2016) 118(3):391–8. doi: 10.1111/bju.13360

30. Tikkinen, KAO, Craigie, S, Agarwal, A, Violette, PD, Novara, G, Cartwright, R, et al. Procedure-specific risks of thrombosis and bleeding in urological cancer surgery: Systematic review and meta-analysis. Eur Urol (2018) 73(2):242–51. doi: 10.1016/j.eururo.2017.03.008

31. Tikkinen, KAO, Cartwright, R, Gould, MK, Naspro, R, Novara, G, Sandset, PM, et al. EAU guidelines on thromboprophylaxis in urological surgery. Arnhem, The Netherlands: EAU Guidelines Office (2022).

32. Butler, SS, Mahal, BA, Moslehi, JJ, Nohria, A, Dee, EC, Makkar, R, et al. Risk of cardiovascular mortality with androgen deprivation therapy in prostate cancer: A secondary analysis of the prostate, lung, colorectal, and ovarian (Plco) randomized controlled trial. Cancer (2021) 127(13):2213–21. doi: 10.1002/cncr.33486

33. Matthes, KL, Pestoni, G, Korol, D, Van Hemelrijck, M, and Rohrmann, S. The risk of prostate cancer mortality and cardiovascular mortality of nonmetastatic prostate cancer patients: A population-based retrospective cohort study. Urol Oncol (2018) 36(6):309.e15–.e23. doi: 10.1016/j.urolonc.2018.02.016

34. Wallis, CJD, Satkunasivam, R, Herschorn, S, Law, C, Seth, A, Kodama, RT, et al. Null association between androgen-deprivation therapy and nonprostate cancer mortality among older men with nonmetastatic prostate cancer. Urol Oncol (2018) 36(5):241.e1–6. doi: 10.1016/j.urolonc.2018.02.001

35. Leong, DP, Fradet, V, Shayegan, B, Duceppe, E, Siemens, R, Niazi, T, et al. Cardiovascular risk in men with prostate cancer: Insights from the radical pc study. J Urol (2020) 203(6):1109–16. doi: 10.1097/ju.0000000000000714



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Kjellstadli, Forster, Myklebust, Bjørge, Bønaa, Helle and Kvåle. 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.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Cardiovascular outcomes after curative prostate cancer treatment: A population-based cohort study

      

        		

          Objective

        



        		

          Materials and methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Statistical analyses

          



        



        



        		

          3 Results

        

          		

            3.1 Overall cardiovascular disease

          



          		

            3.2 Acute myocardial infarction

          



          		

            3.3 Cerebral infarction

          



          		

            3.4 Thromboembolism

          



          		

            3.5 Mortality

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc.2023.1121872_cover.jpg
& frontiers | Frontiers in Oncology

Cardiovascular outcomes after curative
prostate cancer treatment: A population-
based cohort study





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-13-1121872-g003.jpg
A: CVD
1st year

Overall

Low risk

Intermediaterisk
Highrisk, localzed

High risk, locally advanced
After 1st year

Overall

Low risk

Intermediaterisk
Highrisk, localized

High risk, locally advanced

C: AMI
Whole period
Overall
Low risk

Intermediaterisk
High risk, localized
Highrisk, locally advanced

00 05 10 15 20 25 3.0 35 40 45 50 55
Adjusted cause-specific hazard ratio

00 05 10 15 2.0 25 3.0 35 40 45 5.0 55
Adjusted cause-specific hazard ratio

B: Thromboembolism

aCSHR (95% Cl) 1st year
Overall

0.82 (0.76-0.89)
Low risk*

0.93 (0.60-1.43)

0.86 (0.76-0.98) Intermediate risk
0.79 (0.69-0.92) High risk, localized
0.80 (0.68-0.93) High risk, locally advanced
1.19 (1.11-1.28) After 1st year
1.37 (1.01-1.85) Overall
1.22 (1.09-1.37) Intermediaterisk

1.18 (1.04-1.34)
1.13 (0.99-1.30)

High risk, localized
Highrisk, locally advanced

D: Cerebral infarction

aCSHR (95% (1) Whole period
0.99 (0.83-1.19) Overall
Low risk
1.19 (0.58-2.45)
Intermediaterisk, 1styear*®*
020100550 After 1styear**®

1.10 (0.79-1.52)
0.96 (0.68-1.35)

High risk, localized
Highrisk, locally advanced

00 05 10 15 2.0 25 3.0 35 40 45 5.0 55
Adjusted cause-specific hazard ratio

00 05 10 15 2.0 25 3.0 35 40 45 5.0 55
Adjusted cause-specific hazard ratio

aCSHR (95% Cl)

0.30 (0.20-0.44)
1.87 (0.67-5.17)
0.30 (0.13-0.68)
0.20 (0.09-0.44)
0.42 (0.22-0.78)

1.18 (0.92-1.52)
1.06 (0.67-1.68)
1.17 (0.76-1.81)
1.18 (0.73-1.90)

aCSHR (95% Cl)

0.77 (0.50-1.20)
1.56 (0.60-4.10)
0.40 (0.18-0.91)
1.15 (0.80-1.66)
0.96 (0.66-1.39)
1.12 (0.75-1.66)





OEBPS/Images/table2.jpg
Baseline’ Follow-up

Total Prostatectomy Radiotherapy p- Prostatectomy Radiotherapy p-
(n=19289)  (n=12326) (n=6963) ¢ (n=12326) (n=6963) °

CVD, n (%) ‘ 3918 (20.3) 1895 (15.4) 2023 (29.1) <0.001 8554 (44.4) 4797 (38.9) 3757 (54.0) <0.001
AM], n (%) ‘ 236 (1.2) 103 (0.8) 133 (1.9) <0.001 850 (4.4) 456 (3.7) 394 (5.7) <0.001
Cerebral infarction, 159 (0.8) 58 (0.5) 101 (1.5) <0.001 643 (3.3) 314 (2.6) 329 (4.7) <0.001
n (%)

Thromboembolism, 0227
n (%) 135 (0.7) 68 (0.6) 67 (1.0) 0.001 578 (3.0) 357 (2.9) 221(32)

"Based on information until 2 years prior to PCa diagnosis. Pearson chi-square test.





OEBPS/Images/fonc-13-1121872-g001.jpg
Adenocarcinoma prostate cancer
patients (C61) <80 years

(n = 42 418)

M+ (n = 2550)
PSA>100 (n = 404)
Missing PSA (n=3692)

Missing cT (n = 14006)
Missing Gleason score (n = 668)

EAU risk group population
(n =33 698)

Cystoprostatectomy (n = 39)
Active survelillance (n = 7665)

Not primary Prostatectomy or
Radiotherapy

(n =67095)

Primary Prostatectomy Primary Radiotherapy +/- ADT
(n =12 326) (n =6963)
Low (n = 1009) Low (n = 181)
Intermediate (n = 5468) Intermediate (n = 2011)
High (n = 3527) High (n = 2016)
Locally advanced (n = 2322) Locally advanced (n = 27595)






OEBPS/Images/table3.jpg
No of CVD deaths/total no patients (%)

Risk group Prostatectomy Radiotherapy Adjusted CSHR (95% Cl)
Total 95/12326 (0.8) 146/6963 (2.1) 1.12 (0.79-1.59)

Low risk 7/1009 (0.7) 3/181 (1.7) -

Intermediate risk 43/5468 (0.8) 40/2011 (2.0) 1.19 (0.68-2.10)

High risk, localized 32/3527 (0.9) 47/2016 (2.3) 0.92 (0.50-1.69)

High risk, locally advanced 13/2322 (0.6) 56/2755 (2.0) 1.17 (0.57-2.41)

Adjusted for age, previous cardiovascular disease, T stage, cN stage, Gleason score, PSA, Charlson comorbidity index, WHO performance status, healthcare region, diagnosis year. Risk groups
defined according to the European Association of Urology (EAU) Guidelines.





OEBPS/Images/fonc-13-1121872-g004.jpg
Cumulative Incidence

Cumulative Incidence

All Intermeaqiate risK

Cumulative Incidence

0 2 4 6
Years Years
High risk localized High risk locally advanced

Cumulative Incidence

0 2 4 6
Years Years

— Prostatectomy — Radiotherapy





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1121872-g002.jpg
Cumulative Incidence

Cumulative Incidence

Cumulative Incidence

Cumulative Incidence

Cardiovascular disease

All Low risk
8 d
5]
=
6 S .
o
£
4 =
s
=
2 E .
p=
O
0
0 2 4 6 8 10 0 2 4 6 8 10
Years Years
High risk localized High risk locally advanced
8 8
]
=
6 S 6
£
4 24
®
-
2 E 2
=4
(@]
0 0
0 2 4 6 8 10 0 2 4 6 8 10
Years Years

Cerebral infarction
All Low risk

Cumulative Incidence

0 2 4 6 8 10 0 2 4 6 8 10
Years Years
High risk localized High risk locally advanced

Cumulative Incidence

4 6 S 2 4 6
Years Years

Cumulative Incidence

Cumulative Incidence

Acute myocardial Infarction

Intermediate risk All Low risk Intermediate risk
2 2 2
3 3 ]
§ 15 g 15 g 15
Q [} Q
£ £ =
g A & = 4
< = =
2 .05 2 .05 2 05
= = 3 =
(&) o (&)
0 0 0
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
Years Years Years
High risk localized High risk locally advanced
2
3 3
S . & .15
= =
(&} (&)
£ I
2 2 4
© <
E 2 05
— ¢ =
O O
0
4 6 8 0 2 4 6 8 10
Years Years
Thromboembolism
Intermediate risk All Low risk Intermediate risk
3 3 3
= = c
Y] D D
b= b=/ b=/
Q Q Q
£ £ =
[+3) [} [}
= = =
= s s
= = S -
£ = =
= = e
Q (&) (&)
0 2 4 6 8 10
Years Years
High risk localized High risk locally advanced
3 3
= =
Q Q
= =
(&} (&)
£ £
[ QD
2> >
s K
- -
£ =
e | -
(&) &

By 6
Years

—— Prostatectomy =~ —— Radiotherapy





OEBPS/Images/table1.jpg
Prostatectomy (n=12326) Radiotherapy (

Diagnosis year, n (%)

2010-2011 2193 (17.8) 1471 (21.1)

2012-2013 2571 (20.9) 1538 (22.1)

2014-2015 2608 (21.2) 1486 (21.3)

2016-2017 2491 (20.2) 1336 (19.2)

2018-2019 2463 (20.0) 1132 (16.3)
Age y, median (IQR) 64 (8) 71 (8)

EAU Risk group?, n (%)

Low 1009 (8.2) 181 (2.6)

Intermediate 5468 (44.4) 2011 (28.9)
High, localized 3527 (28.6) 2016 (29.0)
High, locally advanced 2322 (18.8) 2755 (39.6)

cT stage, n (%)

Ti-2a 7163 (58.1) 2887 (41.5)
T2b 1146 (9.3) 569 (8.2)
T2c 1763 (14.3) 793 (114)
T3-4 2254 (18.3) 2714 (39.0)

N stage, n (%)

No 5902 (47.9) 3548 (51.0)
N1 175 (1.4) 288 (4.1)
NX 6249 (50.7) 3127 (44.9)

Gleason score, n (%)

<6 1888 (15.3) 664 (9.5)

7a 4950 (40.2) 2023 (29.1)
7b 2831 (23.0) 1599 (23.0)
8 1787 (14.5) 1498 (21.5)
9-10 870 (7.1) 1179 (16.9)

PSA (ng/ml), n (%)

0-99 8079 (65.5) 2957 (42.5)
10.0-20.0 3247 (26.3) 2450 (35.2)
20.1-100.0 1000 (8.1) 1556 (22.4)

WHO performance status, n (%)

0 9744 (79.1) 4707 (67.6)
1 782 (6.3) 1293 (18.6)
=2 106 (0.9) 283 (4.1)
Missing 1694 (13.7) 680 (9.8)

Charlson comorbidity index?, n (%)

0 10472 (85.0) 4871 (70.0)
1 1213 (9.8) 1218 (17.5)
2 502 (4.1) 583 (8.4)
>3 139 (1.1) 291 (4.2)

Previous other cancer, n (%)
Yes 689 (5.6) 655 (9.4)

No 11637 (94.4) 6308 (90.6)

!Chi square test for categorical variables and Wilcoxon rank sum test for continuous variables were performed to test for differences in distribution. For all differences, p-value was below 0.0001.
*Risk groups defined according to the European Association of Urology (EAU) Guidelines.





