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Background and Objective: Patients with metastatic castration-resistant prostate cancer (mCRPC) treated with abiraterone acetate (AA) have co-morbidities treated with different drugs. The aim was to quantify the potential effect of co-medications on AA treatment duration (TD) and overall survival (OS).
Methods: A new parameter, called “individual drug score” (IDS) was calculated by summing the “drug score”-s (DS) of all co-medications for each patient. The DS was determined by quantifying the effect of a given co-drug on enzymes involved in steroidogenesis and metabolism of AA. The correlation between log (IDS) and TD was tested by non-linear curve fit. Kaplan-Meier method and multivariate Cox regression was used for analysis of TD and OS.
Results: The IDS and TD of AA+prednisolone showed a dose-response correlation (n = 166). Patients with high IDS had significantly longer TD and OS (p <0.001). In multivariate analysis IDS proved to be an independent marker of TD and OS. The same analysis was performed in a separate group of 81 patients receiving AA+dexamethasone treatment. The previously observed relationships were observed again between IDS and TD or OS. After combining the AA+prednisolone and AA+dexamethasone groups, analysis of the IDS composition showed that patients in the high IDS group not only used more drugs (p <0.001), but their drugs also had a higher mean DS (p = 0.001).
Conclusion: The more co-drugs with high DS, the longer the duration of AA treatment and OS, emphasizing the need for careful co-medication planning in patients with mCRPC treated with AA. It is recommended that, where possible, co-medication should be modified to minimize the number of drugs with negative DS and increase the number of drugs with high DS. Our new model can presumably be adapted to other drugs and other cancer types (or other diseases).
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1 INTRODUCTION
According to the WHO statistics in Hungary the incidence of prostate cancer (PC) is the first among all malignancies in men (6,234 new cases identified in 2020) and the age-adjusted mortality of prostate cancer is the third highest among malignant diseases in men (Sung et al., 2021). For almost all men who die of PC, mCRPC will be the cause of death. A variety of therapies have been approved for treatment of mCRPC by the European Medicines Agency, with the goal of improved efficacy outcomes. Abiraterone, cabazitaxel, enzalutamide, 223Ra dichloride, olaparib and 177Lu-PSMA-617 are administered to mCRPC patients (Biró et al., 2018; Tombal, 2023). The mean age of patients with mCRPC is 70 years, and more than 75% of these patients have at least one comorbid condition, but more than 30% have moderate or severe comorbidity (Zist et al., 2015). The comorbidities require additional pharmacological treatments which increase the chances of drug-drug interactions (DDI). Such interactions may occur in mCRPC patients due to the inhibitory effect of abiraterone acetate (AA) on liver cytochrome P450 (CYP)-dependent enzymes, which are also involved in the metabolism of other drugs (Del Re et al., 2017).
The AA is converted to abiraterone through hydrolysis. Thereafter, abiraterone is extensively metabolized primarily by sulfotransferase 2A1, and by CYP3A4 to inactive metabolites. The inhibited CYP enzimes are the followings: 1A2 (strong); 2C8 (weak); 2C9 (moderate); 2C19 (moderate); 2D6 (strong); 3A4 (moderate) (Benoist et al., 2016).
The level of steroidogenesis can determine the amount of ligand for androgen receptors (AR), and thus the inhibitory effect of AA on the synthesis of AR-ligand can be competitively increased or decreased by some drugs.
We hypothesized that besides AA, any co-administered drugs involved in the above described DDI and/or steroidogenesis could modify the efficacy of AA treatment.
There are some reports about DDIs involving AA. Statins can increase the efficacy of AA treatment (Harshman et al., 2017; Gordon et al., 2018; Wilson et al., 2022). Carbamazepine has an inverse effect, decreases the exposure to AA (Benoist et al., 2018). Indomethacin reduces prostate cancer cell growth and improves the response to AA (Liu et al., 2017). The use of angiotensin system inhibitors (ASI) may enhance and prolong AA therapy (Wilk et al., 2021). Rifampicin decreased AA exposure by half (Bernard et al., 2015).
There are several types of drug-drug interactions. The main pharmacokinetic interactions involve drug metabolism by the CYP enzyme system. This system has several enzymes, including CYP3A4, which is most often involved in drug metabolism. Other CYP enzymes (2D6, 1A2, 2C8, 2C9, 2C19, etc.) can also participate in this system. The pharmacokinetic interaction between two drugs may involve different mechanisms: 1) Drugs A and B are metabolized by the same CYP enzyme and thus compete, resulting in a reduction or slowdown of the metabolism of A, B, or both. 2) Drug A inhibits the metabolism of drug B, leading to the risk of an overdose by drug B due to the reduction of its metabolism. 3) Drug A induces the metabolism of drug B causing subtherapeutic concentrations of drug B by its accelerated metabolism. It is also important to note that the cytochrome P450 enzymes are present in most body tissues (Tsoukalas et al., 2022).
While AA inhibits androgen synthesis by blocking CYP17A1 activity, androgen production is not completely abrogated. Intratumoral androgens are hypothesized to originate from multiple sources. De novo dihydrotestosterone (DHT), the main androgen, is synthesized from cholesterol through to testosterone, which is the classical biosynthesis pathway, but it can also be synthesized through a “backdoor pathway” that does not require testosterone as a precursor. Here androsterone serves as the main substrate. As both of these pathways utilize cholesterol as a starting substrate, increased levels of cholesterol could promote androgen synthesis. Another potential source contributing to intracrine androgen synthesis is the presence of DHEA sulfate (DHEA-S). DHEA-S is present at plasma concentrations up to 500 times higher than testosterone. Conversion of circulating DHEA-S into DHEA is an alternate source of androgen. In prostate cancer patients treated with AA, a significant circulating DHEA-S concentration is still present (Armstrong and Gao, 2021).
We hypothesized that besides AA, any co-administered drugs involved in the above described drug-drug interaction and/or androgenesis could modify the efficacy of AA treatment. The aim of this study was to test whether consequent co-medication of patients receiving AA treatment has any effect on disease progression, which is reflected by the duration of AA treatment. The overall survival was also investigated. During AA treatment, patients also receive a corticosteroid, typically prednisone/prednisolone or dexamethasone (Yang et al., 2021). Therefore, two separate groups treated with AA were studied: those who received only prednisolone, and those who received dexamethasone.
As the literature reported that neutrophil-to-lymphocyte ratio (NLR) (Guan et al., 2020; Nieblas-Toscano et al., 2020), platelet-to-lymphocyte ratio (PLR) (Lolli et al., 2016; Guan et al., 2020), systemic immune-inflammation index (SII) (Lolli et al., 2016), prognostic nutritional index (PNI) (Fan et al., 2017; Küçükarda et al., 2022) and prostate-specific antigen (PSA) dynamics (Cindolo et al., 2017; Iacovelli et al., 2022) can be predictive factors of AA treatment, we also aimed to study the effect of these derived parameters on TD and OS.
2 PATIENTS AND METHODS
2.1 Patients
All consecutive patients with mCRPC treated between 2011 May and 2022 January were enrolled and their data were retrospectively analyzed. Patients were sorted into two groups depending on corticosteroid (prednisolone or dexamethasone) supplementation. The exploration group included patients treated with AA+prednisolone, while in the validation group the patients were treated with AA+dexamethasone, or during the AA therapy a switch from prednisolone to dexamethasone was applied. Optimally, this second group should only include the AA+dexamethasone receiving patients, but such cases were few, therefore, we included those who switched from prednisolone to dexamethasone at the first PSA elevation. These groups are further referred to as AA+prednisolone and AA+dexamethasone groups, respectively.
Inclusion criteria: presence of mCRPC; pre-chemotherapy or post-chemotherapy AA treatment. Exclusion criteria: treatment cessation because of non AA-related adverse events or patients’ request; brain metastases; other parallel malignancies; insufficient data regarding co-medications or follow-up; ongoing AA treatment.
In case of co-morbidities, the criteria for starting AA treatment included: adequate liver, kidney and heart functions.
The Institutional Ethical Committee and the Hungarian Medical Research Council approved the study (323-101/2005-1018EKU). All patients signed an informed consent.
2.2 Treatment
AA+prednisolone was administered according to the treatment protocol including 1,000 mg AA and 10 mg prednisolone daily. The prednisolone can be changed to 0.5 mg dexamethasone when serum level of PSA increased and no other progression was present (Yang et al., 2021). A few patients to whom dexamethasone was administered before the AA treatment (Venkitaraman et al., 2008) started with the AA+dexamethasone combination (Attard et al., 2019). The AA treatment was covered until 2 of the 3 progressions (PSA, imaging, clinical) appeared.
The names of all drugs taken by patients during the entire AA treatment duration (including oncologic and other co-medications) were extracted from the electronic database of the health informatics system.
The locations of metastases were recorded before the AA treatment.
Follow-up of all patients was performed every 3 months and included physical examination, abdominal ultrasonography, CT, MRI or PET-CT, and laboratory evaluation of hematological parameters, liver and kidney functions and PSA determination. The systemic treatments after AA were also recorded.
2.3 Calculation of drug score (DS) and individual drug score (IDS)
A database of taken drugs was constructed in Microsoft Excel. All drugs have been screened for interactions with CYP1A2, CYP2C8, CYP2C9, CYP2C19, CYP2D6 and CYP3A4 enzymes, which may interact with AA according to the data of Drug Categories section of Drugbank (Wishart et al., 2018) (https://go.drugbank.com/drugs/DB05812). For a given drug, taking into account the data provided in the Drug Categories section of Drugbank Interaction Checker (https://go.drugbank.com/drug-interaction-checker) for that drug, a positive score is given for each enzyme if the drug is metabolized or inhibited by the enzymes listed. If a drug induces any enzyme, then will receive a negative score for each involved enzyme. If the strength of the interaction is weak, moderate (or unknown) or strong, the score is considered to be 1, 2 or 4. This score was summed for each drug.
The influence of drugs on steroidogenesis was extracted from the literature (see Supplementary Table S1) including human trials using the drug name and the following keywords: testosterone, dehydroepiandrosterone and cholesterol. An inhibitory effect was scored as 1 point, increased steroidogenesis was scored as −1 point, and 0 points were scored for no effect or no data. This score was added to the sum calculated above.
The duration of drug administration was also considered and a multiplier (af) was applied to the final score. If a drug was used continuously, intermittently, or rarely, the af of 1, 0.5, and 0.25 were used. The final DS of each drug is presented in the Supplementary Table S1. A representative part of the Supplementary Table S1 and the DS calculation is presented in Figure 1. For each patient the final IDS, which was used for further analysis, was calculated by summing the DS of each taken drug.
[image: Figure 1]FIGURE 1 | Drug score (DS) for medicines used during the abiraterone acetate (AA) treatment (a representative part of Supplementary Table S1). DS calculation method: the scores from the grey cells are summed, then multiplied by the drug administration factor (af) (see more details in the Methods section). CYP, cytochrome P450; sg, steroidogenesis.
For each patient a sum of DS was calculated based on every taken medicine resulting in the final IDS value, which was used for further analyses.
2.4 Laboratory measurements
Blood tests were taken at the start of AA therapy. PSA was also tested 1 month and 3 months after the start of AA. Plasma levels of lymphocytes, neutrophils, platelet count and albumin concentration were registered to calculate the NLR, PLR, SII (platelet count*NLR), PNI (albumin*lymphocyte). Serum PSA level was determined using LIAISON® PSA ILMA kit (DiaSorin S.p.A., Saluggia, Italy).
2.5 Statistics
The primary objective was the TD of AA. The secondary objective was the OS calculated from the start of AA until prostate cancer-related death or the last follow-up. A further objective was to assess the predictive role of some derived laboratory parameters.
The IDS was considered as a pseudo AA concentration, thus the log (IDS) was tested for fit with a non-linear dose-response curve with variable slope (four parameters) using the GraphPad Prism 6 software. The response in this case was the TD. The threshold for dichotomization of IDS was the lowest effective IDS calculated according to (EFSA et al., 2017) considering 10% benchmark response for non-continuous data.
The median was the cut-off for dichotomization of parameters, except Gleason score. The PSA change was defined as a ≥50% decrease at 3 months in the PSA level relative to the starting level (Cindolo et al., 2017). For univariate analysis of TD and OS Kaplan-Meier method and the log-rank test was used. Significant (p <0.05) variables in the univariate analysis were included in multivariate Cox regression analyses; in order to avoid multicollinearity, separate analyses were performed and if necessary some variables were excluded. The NCSS 2019 Statistical Software (NCSS, LLC. Kaysville, Utah, United States, ncss.com/software/ncss) was used for statistical analyses.
3 RESULTS
In total 351 patients were enrolled, but after critical review of available data 104 were excluded for the following reasons: 34 ongoing AA treatment, 32 treatment cessations because of non AA-related adverse events or patients’ request, 18 insufficient data regarding co-medications or follow-up, 11 brain metastases, 9 with other parallel malignancies. The remaining 247 patients were separated in the AA+prednisolone (n = 166) and AA+dexamethasone (n = 81) groups.
The correlation between the IDS and TD of AA+prednisolone is presented in Figure 2A.
[image: Figure 2]FIGURE 2 | Influence of individual drug score (IDS) on treatment duration (TD) of abiraterone acetate (AA)+prednisolone (A) and AA+dexamethasone (B). The curve (black line) was calculated with a non-linear dose-response fit. The dotted curves represent the 95% confidence range for the fitted curve. The cut-off level of IDS was determined (dashed lines) at no observed effect level (bottom plateau) + 10%, resulting in an IDS cut-off level of 23.4 for AA+prednisolone (A) and 20.5 for AA+dexamethasone (B)
The characteristics of patients on AA+prednisolone are presented in Table 1.
TABLE 1 | Clinico-pathologic characteristics of patients on abiraterone acetate+prednisolone treatment and univariate analysis of treatment duration (TD) and of overall survival (OS).
[image: Table 1]In univariate analysis, the median TD of AA+prednisolone was significantly influenced by 4 parameters, which were included in the multivariate Cox model. Besides the “PSA change” and NLR, the IDS proved to be an independent marker of TD (Table 2).
TABLE 2 | Multivariate analysis of treatment duration (TD) and overall survival (OS).
[image: Table 2]In the case of OS, there were more significant parameters in the univariate analysis (Table 1). In order to avoid multicollinearity, IDS and “further lines” were tested separately (Cox1, Cox2) and PLR and PNI were excluded. Besides “PSA change”, LDH, NLR and “further lines”, the IDS was an independent marker of OS (Table 2).
In order to check our model, we analyzed the AA+dexamethasone group who received dexamethasone (n = 20) or changed prednisolone to dexamethasone (n = 61). The TD and OS did not differ between these 2 subgroups (data not shown). The correlation between the IDS and TD of AA+dexamethasone is presented in Figure 2B.
The characteristics of patients on AA+dexamethasone are presented in Table 3.
TABLE 3 | Clinico-pathologic characteristics of patients on abiraterone acetate+dexamethasone treatment and univariate analysis of treatment duration (TD) and overall survival (OS).
[image: Table 3]In univariate analysis, the TD of AA+dexamethasone was significantly influenced by 3 parameters, which were included in the multivariate Cox model. “PSA change” and IDS proved to be independent markers of TD (Table 3). There were more significant parameters in the univariate analysis of OS (Table 3). In order to avoid multicollinearity “PSA change” and IDS were tested in separate Cox regression models (Cox1, Cox2). Besides “PSA change”, “Gleason score”, age, PLR and “further lines”, the IDS was an independent marker of OS (Table 2).
Beyond the threshold, the higher the IDS score is, the longer the TD lasts. The terciles of median TD in the low and high IDS groups were 6.3, 6.7, 6.4 months (p = 0.547) and 9.3, 15.7, 18.6 months (p = 0.043), respectively. This effect can also be observed in Figure 2.
The high IDS proved to be an independent marker of longer TD and OS regardless of the corticosteroid used, therefore, the two groups were combined (Figure 3).
[image: Figure 3]FIGURE 3 | Effect of individual drug score (IDS) on treatment duration of abiraterone acetate (AA) (A,B,E) and overall survival (OS) (C,D,F) according to the used corticosteroid: prednisolone (A,C), dexamethasone (B,D) and the combined group (E,F)
Hereinafter, we analyzed the composition of IDS. Patients used 225 different drugs (Supplementary Table S1). Figure 4 shows the prevalence of drugs in the high and low IDS groups according to their DS values. Patients in the high IDS group used more drugs (prevalence >50%, p <0.001) in all DS categories presented. Drugs with high DS (>12) were used mainly by patients in the high IDS group (prevalence >90%, p <0.001). The prevalence of drugs with negative DS was not different in the high and low IDS groups (p = 0.9). Patients in the high IDS group not only used more drugs, but their drugs also had a higher mean DS (mean ± SD = 18.8 ± 48 vs. 12.7 ± 41 in the low IDS group, p = 0.001).
[image: Figure 4]FIGURE 4 | Prevalence of drugs in high and low individual drug score (IDS) groups. The width of the columns is proportional to the total prevalence of drugs in the group. Drug score (DS) values were rounded according to rounding rules, except ± 0.25, which was rounded to ± 1. The background colors were also used in Table 4 to aid co-medication planning.
Based on these data it is suggested that the co-medication could be modified, if possible, to minimize the number of drugs with negative DS and to increase the number of drugs with high DS. Based on these considerations Table 4 has been prepared to assist the co-medication planning. In this table, comments from experts in different specialties for some group of drugs have been included. There are some groups of medicines where suggestions such as those given in Table 4 cannot be made because the co-morbidity requires the use of specific medicines, such as antibiotics, antidepressants and mood stabilizers. Even for these, the high DS medication should be preferred if there is an option. For groups of medicines not included in Table 4, some suggestions can be made: the choice of angiotensin II receptor blockers with high DS can be an alternative instead of angiotensin-converting-enzyme inhibitors (DS = 0–1); instead of rilmenidine (0) and moxonidine (0), calcium channel blockers with high DS or doxazosin (9) can be an option; zolpidem (10) is a suggested sleeping pill; for antihistamines, loratidine has a high DS (8.5); among non-opioid pain killers, diclofenac (5.5) is the best, most frequently chosen drug; budesonide (−6) should be avoided; vitamin D (5) was used many times, whereas the majority of other dietary supplements like vitamins, minerals and other bioactive components had little impact on IDS.
TABLE 4 | Drug score (DS) for different drug types and remarks for co-medication planning. Involvement of co-specialists in planning should be considered.
[image: Table 4]4 DISCUSSION
In this study the additive effect of multiple co-medications on AA treatment efficacy was studied. Each taken drug, which modifies the androgenesis or interacts with CYP enzymes involved in the metabolism of AA, was scored (DS) and by summing the DS of all taken drugs during AA treatment, a final IDS for each patient was determined. The IDS varied in a wide range and after dichotomization the high IDS proved to predict a significantly longer AA treatment and OS compared to the low IDS. In case of patients treated with AA, the IDS is a mirror of DDI, which was the main subject of some reports (Graff and Beer, 2014; Benoist et al., 2016; Jamani et al., 2016; Bonnet et al., 2017; Del Re et al., 2017; Dubinsky et al., 2019; Escudero-Vilaplana et al., 2020; Vicente-Valor et al., 2021). However, none of these studies analyzed the impact of DDI on the outcome of AA treatment.
Four publications have retrospectively investigated the DDI in 72 (Escudero-Vilaplana et al., 2020), 95 (Bonnet et al., 2016), 84 (Jamani et al., 2016) and 87 (Vicente-Valor et al., 2021) mCRPC patients on AA treatment. They used search software of DDI databases (e.g., Lexicomp, Micromedex, etc.) to find potential DDI. According to a study of interactions between oral antineoplastic agents and concomitant medications (Escudero-Vilaplana et al., 2020) tamsulosin (18%) was the most frequent drug with potential DDI for prostate cancer. In our study tamsulosin (DS = 4) was the 19th in the frequency list and was used by 12% of all patients. In a study about DDI of AA (Bonnet et al., 2017), the most frequently used drug types were opioid pain killers (44%), beta-blockers (17%), and antiarrhythmics (9%). The most frequently used drugs having potential DDI with AA were nebivolol and tramadol (14%–14%). Opioid pain killers occurred in 43%, beta-blockers in 41% and antiarrhythmics in 11% of our patients. Nebivolol (DS = 8) frequency was 10% and was the 22nd in our frequency list, while tramadol (DS = 4) occurred in 24% of patients, which is the fifth in the list. A similar study (Jamani et al., 2016) reported the following drugs responsible for the most frequent DDI: oxycodon (15%), metoprolol (14%), clopidogrel (8%) and morphine (6%). These drugs were present in the second half of our frequency list and their frequencies were 6%, 9%, 4% and 2%, respectively. The difference between the two studies may be due to the fact that the above study only included drugs used before AA treatment. In a study about AA and enzalutamide (Vicente-Valor et al., 2021), tamsulosin (17%), tramadol (9%), duloxetine (6%) were the most likely involved medicines in possible DDI with AA. The occurrence of tamsulosin and tramadol in our case has been described above, while the frequency of duloxetine was 1%. The other publications (Graff and Beer, 2014; Benoist et al., 2016; Del Re et al., 2017; Dubinsky et al., 2019) evaluated the potential DDI based on theoretical considerations from the literature. A list of drugs was given with different grades of DDI (Del Re et al., 2017) (drugs not present in our study are in italics and the DS is indicated for other drugs): increased DDI [amiodarone (DS = 23), flecainide, hydrocodone and propafenone (13)] or moderate (amitriptyline (16), aripiprazole, carbamazepine (−5), carvedilol (8), codeine (2.5), donepezil, duloxetine (13), fluoxetine, fosamprenavir, galantamine, metoprolol (7), mexiletine, nicardipine, oxycodone (5), pioglitazone, propranolol, paroxetine (16), pimozide, risperidone, ritonavir, trazodone and venlafaxine (8)]. The grouping is mostly in line with our DS values, but duloxetine and paroxetine could be placed in the “increased” DDI group. The management of anticoagulation in mCRPC patients treated with AA+prednisolone (Dubinsky et al., 2019) was discussed with the emphasis of interactions of AA with warfarin (DS = 13), rivaroxaban (2), endoxaban (0), apixaban (10), dabigatran (0), and low-molecular-weight heparin (1).
In a study of elderly mCRPC patients (Graff and Beer, 2014) the drugs are listed according to the CYP enzyme responsible for DDI with AA: 2D6 substrates [amiodarone (DS = 23), carvedilol (8), donepezil, fentanyl (2), flecainide, fluoxetine, haloperidol, hydrocodone, metoprolol (7), paroxetine (16), propranolol, tamsulosin (4), tramadol (4), vardenafil and venlafaxine (8)] and 3A4 inducers [St John’s Wort and carbamazepine (−5)]. In another study (Benoist et al., 2016) flecainide, haloperidol, ketoconazole (4.75), metoprolol (7), oxycodone (5), paroxetine (16), repaglinide and rifampicin (−4.25) were mentioned as examples for DDI with AA. In our model, the drugs listed in the two studies above have relatively high or negative DS and may indeed influence the pharmacological characteristics of AA.
Few clinical studies have been conducted on the interaction between individual drugs and AA. One study (Benoist et al., 2018) strongly recommended to replace carbamazepine (DS = −5) during AA treatment. In addition, among the other drugs with negative DS, insulin (−3) and spironolactone (−1) have also been shown to impair the efficacy of AA treatment (Serrano Domingo et al., 2021; Vicente-Valor et al., 2021). The positive effect present in our study of frequently used drugs with positive DS, like vitamin D (5) and pantoprazole (5), which is a proton pump inhibitor (PPI), should be emphasized. The other PPIs, except esomeprazole (4), also possess high DS (9–14) (Table 4). Until now, no interactions are known between AA and PPIs (Uchiyama et al., 2021). Based on our findings, the use of PPIs with high DS may enhances the efficacy of AA. The use of vitamin D (5) plus statins (5–15) was associated with improved OS in mCRPC patients (Carretero-González et al., 2020), but the true role of vitamin D remained unclear, as statins alone improved the survival of patients on AA (Harshman et al., 2017; Gordon et al., 2018; Wilson et al., 2022). The reported role of statins, indomethacin (2.5) (Liu et al., 2017) and leuprorelin (1, but significantly more patients used it in high IDS than in the low IDS group, p = 0.028) (Efstathiou et al., 2019) during AA treatment was strengthened by our study. Metformin (1, no difference in frequency in high and low IDS groups) had no effect on efficacy of AA (Mark et al., 2019; Wilson et al., 2022). The results reported for patients using ASI (Wilk et al., 2021) were also found in our study (data not shown), but the longer AA treatment duration was a consequence of significantly more drugs administered (median 10 vs. 7 in our study; p = 4.2 × 10−8, and (Wilk et al., 2021): 5 vs. 1; p <0.01, respectively). On the other hand, ASI includes angiotensin-converting enzyme inhibitors (ACEIs), which have low DS values (0–1, see Table 4), and angiotensin II receptor blockers (ARBs), which have higher DS values (4–13), with the exception of telmisartan (−1). In our study, if ACEIs and ARBs were excluded, the IDS classification (high or low) would change for only 2 and 6 patients, respectively. These data have no statistical significant impact on the final result. Therefore, we conclude that ASIs not per se, but high IDS, which is the result of multiple co-medications, influenced TD in our study and probably in the Wilk’s study (Wilk et al., 2021) too. There seems to be a contradiction here, but the deeper analysis presented above showed that the presence of ASI alone does not significantly change the results. In addition, experience in internal medicine or cardiology suggests that ASI users often have ischemic heart disease requiring four to five different types of medication (including statins, diuretics, antiplatelets, proton pump inhibitors, beta-blockers, etc.). This fact may explain the significantly higher number of medications used by ASI users in both studies.
The predictive role of NLR and PLR of mCRPC patients receiving AA was reported in a meta-analysis (Guan et al., 2020) demonstrating significantly (p <0.001) longer OS for low NLR and low PLR. In other studies, the progression-free survival was significantly (p = 0.008) longer for patients with low NLR (Nieblas-Toscano et al., 2020), but not PLR (Pisano et al., 2021). Our results for AA+prednisolone are consistent with the above findings. However, in the case of AA+dexamethasone the NLR was not predictive, but the high PLR was associated with both the longer TD and OS. In our study, the predictive role of SII, found besides NLR and PLR (Lolli et al., 2016), was not proven. The different results may be caused by the different patient groups (26% of patients had >1 lines chemotherapy and 75% had bone metastases (Lolli et al., 2016) vs. none and 95%, respectively, in our study; etc.) and/or different cut-off level. The effect of PNI on OS (Fan et al., 2017; Küçükarda et al., 2022) was also demonstrated in our study for patients on AA+prednisolone, but no effect of PNI on TD was found. In agreement with the previous findings (Cindolo et al., 2017; Iacovelli et al., 2022), in our study the ≥50% PSA decline was a significant predictor of longer TD and OS.
Since co-medication, which is an independent predictive marker alongside other known predictive markers, it is strongly recommended that co-medication should be considered in all abiraterone studies.
The limitations of our study consist in its retrospective nature, the unknown role of some drugs in steroidogenesis or interaction with CYP450 enzymes, and the arbitrarily-considered scores. Although only a third objective was to investigate the predictive role of hematological markers, a limitation in this case was the lack of data in some patients. It would also be useful to know how different comorbidities affect patients’ survival ab ovo and how AA affects the effectiveness of co-medication. As these are unknown, we suggest that optimization of AA treatment in a personalized way would result in the best clinical outcome.
Despite these limitations, our initial hypothesis proved to be true and our model proved to be useful in demonstrating a strong relationship between IDS and AA efficacy. We found that the higher the IDS (i.e., the more drugs competed with AA for several CYP450 enzyme binding sites), the more AA remained to block androgen synthesis, which ultimately led to an increase in AA efficacy, as reflected in longer TD and OS. This was demonstrated in two different patient groups. Involving physicians from partner specialties, within a given class of drugs, if professionally possible, the drug with the higher DS should be chosen or switched to.
The choice of co-medication should be made in the light of co-morbidities and individual characteristics, and in our study we suggest that for drugs with similar or nearly similar mechanisms of action, the choice of co-medication should be made according to which is more likely to optimize AA treatment. Based on our current data a prospective study aiming to compare the effect of co-medication on survival in AA-treated patients is planned.
In summary we calculated a novel score, called IDS which summarizes all effects of co-medication on AA availability and its biological effects. We hypothesized that if AA binding sites are occupied by the co-drugs, hence more AA would remain to inhibit tumor growth. This assumption was confirmed by our results and in patients who take more drugs representing by high IDS, AA has a better effect and the good pharmacological treatment caused the longer AA treatment. Patients who take few medications deserve special attention. The lack of co-medication may be due to the patient not having co-morbidities, which is less common, or the medication being rejected, not considered important enough or neglected by the patient, so explaining the dual purpose of co-medication is strongly recommended.
5 CONCLUSION
Commonly used drugs in AA-treated mCRPC patients significantly influences the therapeutic effect and OS. The more co-drugs with high DS, the longer the duration of AA treatment and OS. Therefore, a careful medication plan of co-medications is advisable. Prospective studies focusing on commonly used drugs in addition to AA would shed light on the best co-medication strategy. Our model proved to be correct for the drugs used in this cohort confirming the importance of multiple DDI. The model can presumably be generalized to other drugs and other cancer types (or other diseases), but further studies are needed to confirm this.
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