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Background

Orchiectomy has been replaced by medication represented by luteinizing hormone-releasing hormone (LHRH) agonist as the first-line therapy for androgen deprivation therapy (ADT). After the wide application of LHRH agonist, the side-effects of long-term ADT were noticed. It is time to reconsider the role of medication and surgeries in the treatment of prostate cancer.



Methods

Embase, Pubmed, Web of science and Cochrane library were searched for relevant trials. Quality of the studies and risk of bias were assessed by using the Newcastle-Ottawa Scale (NOS). Therapeutic and adverse effects, as well as long-term metabolic adverse effects were extracted from the selected studies. The data synthesized in meta-analyses were performed with R software (4.2.1). Risk ratio (RR) with its 95% confidence interval (CI) was calculated by combining outcome data including complete and partial response rate, progression rate, death rate and adverse effects such as hot flash and increase in pain. Descriptive analysis was performed among the prostate specific antigen (PSA), testosterone and metabolic adverse effects due to a lack of homogeneity of frailty measures.



Results

1,711 participants from 11 studies were included in our systematic review. 1,258 patients from six studies were included in the meta-analysis. Based on the meta-analysis, the therapeutic and adverse outcomes included overall response rate, complete response rate, partial response rate, stable rate, progression rate, death rate and hot flashes. No statistical significance was observed between LHRH agonists and orchiectomy. Compared with surgery, LHRH agonist elevated the risk of the increase in pain. In descriptive analysis, it was shown that the therapeutic effects between PSA and testosterone also showed no significant difference. Both groups had lipid and glucose metabolic disorders, and a few studies reported worse lipid metabolic performance in orchiectomy group and worse insulin resistance in LHRH agonist group.



Conclusion

We found that the therapeutic outcomes were similar between the two options. The results of lipid and glucose metabolic abnormality were controversial in existing studies. The direct comparison studies on metabolic adverse effects should be performed in the future. The therapeutic, metabolic, psychological and economical effects should be considered before applying ADT methods.



Systematic review registration

https://www.crd.york.ac.uk/prospero/, identifier CRD42022365891.
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1 Introduction

Androgen deprivation therapy (ADT) has become the first-line therapy for advanced prostate cancer (PCa) since the relationship between prostate cancer and hormonal dependence was interpreted. Before medication approach was developed, castration was achieved by surgical approach (1). With similar response rates, 1-year survival and adverse effects, LHRH agonists represented by goserelin have been widely used as a substitute of surgeries for 2 decades (2). The long-term adverse effects related with cardiovascular system and glucose tolerance were noticed by investigators. This systematic review aimed to compare the therapeutic and adverse effects of the two options review the metabolic adverse effects (AEs) of medical endocrine therapy reported in the latest studies, and reconsider the role of medication and surgeries in ADT for prostate cancer.



2 Methods

This systematic review was conducted following the PRISMA statement (3) and was registered on PROSPERO. (Registration No. CRD42022365891) (4). The PRISMA checklist is provided in Additional file 4.


2.1 Information sources and search strategy

PubMed, Embase, Web of Science and Cochrane library were searched for Randomized Controlled Trials (RCTs) or cohort studies comparing the therapeutic effects and AEs between the LHRH agonist and orchiectomy from inception to October 1, 2022. Two investigators independently reviewed all titles and abstracts. Subject terms mainly included ‘Prostate cancer’, ‘Luteinizing Hormone-Releasing Hormone Agonists’ and ‘orchiectomy’. Detailed search strategy is provided in Additional file 1.



2.2 Inclusion and exclusion criteria

Studies meeting the following criteria were included:

	Types of Participants (P): Patients diagnosed with prostate cancer without previous ADT history.

	Types of interventions (I): Patients treated with LHRH agonist.

	Types of comparisons (C): Patients treated with orchiectomy.

	Outcome measures (O): Therapeutic effects: PSA, serum testosterone, objective response rate and other therapeutic measurements. Adverse effects: hot flash, increase in pain, lipid or glucose metabolic AEs.

	Types of Study(S): Published RCTs or cohort studies.



Literature review, animal study, conference summary, repeated publication, studies not in English, and studies with incomplete or unavailable data were excluded.



2.3 Data extraction and quality assessment

Two reviewers extracted data by using a pre-designed form which included first author, publication date, nation, baseline characteristics of participants (mean age, gender, body mass index, etc.), grouping, and treatment to patients. Cohort studies were assessed using Newcastle-Ottawa Scale (NOS). Funnel plots was created to visually assess the degree of publication bias and its effect on the study finding. The NOS and funnel plots are provided in Supplementary material 2. Data extraction and quality assessment were conducted by two reviewers independently. Disagreements were resolved via discussion or by consulting a third reviewer.



2.4 Data synthesis

A cumulative meta-analysis was conducted using Meta package of R software (version 4.1.2). Weighted mean difference was used to compare continuous variables and odd ratio. Risk ratio and hazard ratio were used to compare dichotomous variables, respectively. All results were reported with 95% CIs. Statistical heterogeneity between studies was tested using the I² statistic. The random-effects model was applied if there was significant heterogeneity among the included studies (I² > 50%), otherwise (I² <50%), the fixed-effects model was adopted. Forest plots were also created. P < 0.05 indicated a statistically significant effect. The original data and R code are presented in Additional file 3.




3 Results


3.1 Characteristics of included studies

A total of 690 articles were found and assessed according to inclusion criteria (64 from Pubmed, 224 from Embase, 118 from Web of Science and 284 from the Cochrane library). The titles, abstracts and the full texts of the articles were reviewed. Articles were selected based on inclusion and exclusion criteria. The references of selected articles were searched for further eligible articles. There were 11 articles involving 1,711 participants included in the systematic review (5–15). The study selection process and the reasons for exclusion are shown in Figure 1. The characteristics of the included studies are shown in Table 1.




Figure 1 | Study selection process and the reasons for exclusion.




Table 1 | Characteristics of included studies.



This systematic review included 10 cohorts from 11 articles. All studies were prospective cohort design with sample sizes ranging from 57 to 358. The included studies were conducted in different countries, including USA (7, 8, 13, 15), UK (6, 9–11), Brazil (14), Turkey (12), and India (5). The studies could be divided into 2 groups according to publication years, with 6 published before 2000 (6, 9–11, 13, 15) and another 5 after 2015 (5, 7, 8, 12, 14).

Ten studies focused on therapeutic effects on prostate cancer, among which 6 published before 2000 reported objective response (6, 9–11, 13, 15), 2 reported PSA and testosterone decline, 1 reported nadir PSA and time to progression (TTP) (5), and 1 only reported testosterone decline (7). One of these studies also measured health and emotional status (12). The other two studies focused on metabolic AEs including lipid and glucose metabolism (8, 14).

According to the characteristics of the outcomes data, a meta-analysis was conducted among the articles published before 2000 Descriptive analysis was performed among all the studies due to a lack of homogeneity of frailty measures the studies published in recent years. Among the six studies included in the meta-analysis, 642 patients were treated with LHRH agonist and 616 were treated with orchiectomy. Forest plots of outcomes are presented in Figure 2. The criteria of objective clinical response were displayed in Additional file 2.




Figure 2 | Forest plots of outcomes.





3.2 Result of meta-analysis

Objective response was analyzed in six studies, and there was no difference between LHRH agonist treatment and orchiectomy (RR, 0.96; 95%CI, 0.86-1.09; P=0.85).

Complete objective response was analyzed in three studies, and there was no difference between LHRH agonist treatment and orchiectomy (RR, 0.93; 95%CI, 0.36-2.36; P=0.69).

Partial objective response was analyzed in five studies, and there was no difference between LHRH agonist treatment and orchiectomy (RR, 0.97; 95%CI, 0.84-1.11; P=0.74).

Stable status was analyzed in six studies, and there was no difference between LHRH agonist treatment and orchiectomy (RR, 1.03; 95%CI, 0.90-1.18; P=0.57).

Progression rate was analyzed in six studies, and there was no difference between LHRH agonist treatment and orchiectomy (RR, 1.17; 95%CI, 0.83-1.66; P=0.58).

Death rate was analyzed in five studies, and there was no difference between LHRH agonist treatment and orchiectomy (RR, 0.92; 95%CI, 0.84-1.02; P=0.31).

Flush rate was analyzed in six studies, and there was no difference between LHRH agonist treatment and orchiectomy (RR, 0.92; 95%CI, 0.84-1.02; P=0.22).

Increase in pain rate was analyzed in five studies. Compared with orchiectomy, LHRH agonist treatment elevated the risk of increase in pain (RR, 1.83; 95%CI, 1.37-2.46; P=0.24).



3.3 PSA and testosterone

PSA was evaluated in two studies. One study provided 3-month PSA, and the other provided the nadir PSA value. The mean PSA varied from 4.7 to 9.8 ng/ml. No statistical difference was observed between groups.

Testosterone was evaluated in four studies. The serum testosterone level in 3-24 months were provided by these studies. All groups reached a castration level. Among all checkpoints in each group, no significant difference was found between LHRH agonist and orchiectomy groups.



3.4 Metabolic side effects

Lipid metabolic side effects were evaluated in two studies. One study evaluated the total cholesterol (TC), low density lipoprotein (LDL) cholesterol and triglycerides. The other study evaluated total fat mass, subcutaneous adipose tissue volume (SAT), visceral adipose tissue volume (VAT) and body fat percentage. No significant difference was observed in TC, LDL cholesterol and triglycerides between groups, however, there was a time-dependent difference among these indicators. Additionally, mean total fat mass, SAT and increase in body fat percentage were observed in those who underwent orchiectomy compared with LHRH agonist.

Fast plasma glucose and homeostasis model assessment-insulin resistance (HOMA-IR) were measured to assess glucose metabolism in two studies. One study indicated that there was no treatment-related difference in fast plasma glucose and HOMA-IR between groups. The other study revealed that the HOMA-IR (p = 0.044) was poorer among the patients using LHRH agonists compared with the patients treated with bilateral orchiectomy (BO).




4 Discussion

After the wide application of medical castration, the overall trend in the utilization of surgical castration declined from 8.4% to 3.1% in one decade according to National Cancer Database. The orchiectomy has the advantage of high patients’ compliance and cost-effectiveness. A real-world study identified 33,585 patients’ data and concluded that surgical castration was preferred among patients of non-Caucasian race, with lower median income levels, without private insurance, and diagnosed at an earlier age (16). Besides, the long-term medical castration leads to long-term adverse effects, which makes patients tend to use surgical approach. After we systematically searched the eligible articles, we noticed that the studies performed in recent years evaluated the outcomes in various levels which could not be synthesized, and studies with same evaluations were included in meta-analysis.


4.1 Surgical castration

Efficacy of BO in prostate cancer was first reported in 1941 (17). It is a simple surgery under regional, intrathecal or spermatic cord anesthesia, with an operation time less than one hour in outpatient department. The surgical techniques included bilateral total orchiectomy (BTO) and bilateral subcapsular orchiectomy (BSO) with similar difficulties in procedures. The study by Selvi et al. compared the efficacy of BTO and BSO and concluded an adequate castration level, however, the patients’ emotional satisfaction was better in BSO group than BTO group (12). There were also studies suggesting that BSO showed no psychological benefit compared to BTO (18, 19). Issa et al. reported the epididymal sparing bilateral simple orchiectomy as an alternative surgical approach which aimed at maintaining the esthetic appearance of the scrotum and improving patient satisfaction (20).

The castration effects of BO are exact and instant. Maatman et al. reported a castration serum testosterone level within 2 to 6 hours (mean 3 hours) after surgery (21). The result of our meta-analysis also suggested similar effects of LHRH agonist in various therapeutic response measurements. The studies we excluded from the data synthesis also suggested similar PSA and testosterone decline between surgical and medical approach (5, 12, 22). In terms of AEs, except for minor complications such as wound infection and hematoma, severe complications were rare (23). A survey on PCa patients reported that 22% of patients preferred surgical options and 78% of patients preferred medical castration, and the main reason was the avoidance of surgery (24). The choice can be attributed to the emotional impact under the condition that surgery and medical approach had similar effects.



4.2 Medical castration

Most testosterone is synthesized and secreted by testis, which is controlled by pituitary gland via the luteinizing hormone (LH) regulated by the hypothalamic hormone LHRH. This hypothalamic–pituitary axis coordinates the androgen hormone that stimulates the PCa. The estrogen, androgen receptor inhibitors (ARIs), LHRH agonists and antagonists target on the hypothalamic-pituitary axis. Estrogen affects various hormone-related cancer such as prostate cancer and breast cancer. Estrogen was found to play a key role in some disorders which were previously considered as having no relationship with estrogen (25–28). With the fast development of endocrine medication, estrogen was excluded from first-line therapy. Bicalutamide and flutamide were representative agents of ARIs. They are widely used in combined therapy of ADT with LHRH agonists in recent years. LHRH agonist was first approved for treatment of PCa in 1986. Studies in humans indicated that treatment with LHRH agonists could result in inhibition of ovulation in women and decreased testicular steroidogenesis in men, which led to the investigation of potential uses of LHRH agonists in the treatment of androgen-dependent PCa (29). Our systematic review suggested the equivalence of therapeutic effects between LHRH agonists and orchiectomy. However, more research is required to investigate the AEs associated with orchiectomy and LHRH agonists. Main AEs include hot flashes, lipid and glucose metabolic disorder.



4.3 ADT related adverse effects

Hot flash is a sudden rush of warmth in the face, neck, upper chest, and back lasting for a few seconds to an hour (30), which is reported as the most common AE. The incidence of hot flash has been estimated over 50%, but most cases are mild (31). In some rare cases, severe hot flash may influence patients’ daily life. Estrogens such as diethylstilbestrol bring the relief to hot flash (32). The difference in the incidence of hot flash between LHRH agonists and orchiectomy was not observed.

Lipid metabolic disorder and insulin resistance were observed in patients receiving ADT, which likely result in the risks of diabetes, coronary artery disease, myocardial infarction and sudden death (33). Testosterone is important in regulating energy utilization and cellular metabolism, including regulation of adipogenesis. There is a significant inverse correlation between testosterone and fasting glucose and insulin levels as well as glucose intolerance (34, 35). Galvão’s et al. reported that after 36 weeks of ADT, there was a significant decrease in lean mass and increase in fat mass in PCa patients (36). Our study suggested that both approaches contributed to the increase of TC, LDL cholesterol, triglycerides, fat mass, body fat percentages and HOMA-IR over time. Orchiectomy benefits more in SAT increases compared with LHRH agonists. Although no statistical significance was observed, the mean value of testosterone in orchiectomy group was higher than that in the LHRH agonist group. The progression of HOMA-IR was poorer among patients receiving LHRH agonists compared to the patients who underwent BO. This might be attributed to a greater reduction in adrenal androgens in the LHRH agonist group. A statistically significant reduction (p<0.01) in dehydroepiandrosterone level was observed in the group of medication treatment but not in the orchiectomy group. We may conclude that LHRH agonists cause a remarkable reduction in adrenal androgens, thus resulting in poorer glucose metabolism (14). These symptoms could be ameliorated, prevented, or even reversed by exercise and nutrition supplementation (37). Further feasible and effective strategy of specific exercise and nutrition supplementation should be investigated in future studies.

Therapeutic effects comparisons were mostly discussed in current studies, while metabolic disorder differences were only evaluated in three studies. This systematic review concluded several important gaps in current studies. Firstly, the choice of ADT approach was associated with various factors, and an assessment scale should be made for decision. Secondly, further studies directly comparing metabolic disorder between medication and surgical ADT are required. Thirdly, long-term follow-up studies should be performed among patients undergoing ADT to investigate related complications. Furthermore, studies on the treatment for adverse effects should be conducted in the future.




5 Conclusion

LHRH agonists and orchiectomy shared similar therapeutic effects for castration in PCa patients. Regarding adverse effects, both approaches had similar incidence of hot flash and lipid or glucose metabolic disorders. The metabolic disorder of LHRH agonists might be worse than that of the surgical approach, which might be attributed to the marked reduction of testosterone produced in the adrenal. Further studies directly comparing the long-term metabolic disorders should be performed. The therapeutic effects, adverse events, psychological and economical effects should be comprehensively considered when applying ADT methods.
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