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Background: Real-world data on treatment patterns and survival outcomes in metastatic hormone-sensitive prostate cancer (mHSPC) 
remain limited. This study aims to characterize treatment sequencing, duration across lines of therapy, and survival outcomes in 
patients with mHSPC.
Methods: This single-center, retrospective, non-interventional study included men newly diagnosed with mHSPC at King Abdullah 
Medical City Cancer Center between 2016 and 2023. Treatment patterns, including sequencing and duration of therapy, were 
described. Kaplan–Meier methods were used to estimate overall survival (OS) from mHSPC diagnosis to death or censoring at the 
end of follow-up.
Results: Among 102 patients, the mean age was 70 years, BMI of 26, with 53% having a performance status of 2. Comorbidities 
included hypertension (51%), diabetes (45%), and cardiovascular disease (20.6%). Nearly half (48%) had a Gleason score of nine, with 
62.7% presenting with bone metastases. Novel hormonal therapy (NHT) was the predominant first-line treatment (86%), with 
abiraterone used in 43% of cases. Second- and third-line treatments were received by 34% and 13% of patients, respectively. The 
median durations of first-, second-, and third-line therapies were 21, 5, and 2.6 months, respectively. Median OS from diagnosis was 
24 months.
Conclusion: Despite the predominant use of novel hormonal therapy (NHT), patients in this cohort exhibited aggressive disease and 
poor survival outcomes. These findings highlight a critical need for more intensive and tailored treatment strategies for mHSPC.
Keywords: chemotherapy, metastatic hormone-sensitive prostate cancer, novel hormonal agents, overall survival, pattern, Prostate 
cancer

Introduction
Globally, the most common cancer in men is prostate cancer (PC), with an estimated 1.6 million cases and 366,000 
deaths annually.1 According to the WHO Globocan Report, an estimated 693 new cases and 204 deaths were reported in 
Saudi Arabia in 2020.2 Saudi Arabia’s population exhibits unique demographic and lifestyle characteristics, including 
a relatively younger age distribution and increased genetic predispositions to certain cancers. Moreover, lifestyle factors 
such as dietary habits, physical activity levels, and smoking prevalence in Saudi Arabia may differ significantly from 
those in Western countries, potentially influencing both prostate cancer incidence and treatment outcomes.3 Age, family 
history, genetic predisposition, smoking, diet, and physical inactivity are risk factors for PC development.4 Despite an 
increase in incidence, not all mechanisms of onset have been elucidated.

Prostate cancer exhibits a wide spectrum of clinical behaviors, ranging from localized disease to advanced metastatic 
states, and treatment strategies have evolved significantly over time as treatments may include active surveillance, 
surgery, radiotherapy, hormone therapy, chemotherapy, targeted therapy, or bone health agents.

Our previous work provided a comprehensive analysis of treatment patterns and outcomes across the entire prostate 
cancer journey, including localized, advanced, and metastatic cases, irrespective of prior therapies or lines of treatment.5 
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However, mHSPC represents a distinct and aggressive subset of PC that warrants focused investigation due to its poor 
prognosis and unique therapeutic challenges. Building on the foundation of our prior study, the current work highlights 
the knowledge gap in real-world treatment patterns and survival outcomes specifically in patients with mHSPC.

Before 2015, the options for treating mHSPC were limited. Since 2015, numerous pivotal Phase III clinical trials have 
been published, with sufficient impact to change clinical practice because of the statistically significant improvements in 
survival in mHSPC, as clearly highlighted by Barata et al.6 These trials provided clinical evidence for docetaxel 
(CHAARTED7 and STAMPEDE8), abiraterone (LATITUDE9 and STAMPEDE10), apalutamide (TITAN11), and enzalu
tamide (ARCHES12 and ENZAMET13). Consequently, PC guidelines recommend the use of chemotherapy or novel 
hormonal therapy (NHT) for mHSPC.14,15

Recently, triplet therapy and intensified androgen deprivation therapy (ADT) combined with chemotherapy and 
hormonal therapy (abiraterone or darolutamide) proved to be effective and safe in the gold standard clinical trials 
PEACE-116 and ARASENS.17 International guidelines now recommend these two strategies as standard treatments for 
mHSPC.

Radiotherapy (RT) is gaining recognition as a potential treatment for mHSPC, particularly in patients with a low 
metastatic burden. The HORRAD and STAMPEDE trials demonstrated improved failure-free survival with RT, with the 
latter also showing an overall survival benefit in low-burden cases.18,19 The STOPCAP meta-analysis and real-world data 
by Morgan et al confirm RT’s efficacy, showing improved failure-free survival and survival rates in low-burden mHSPC 
when combined with ADT.20,21 These findings highlight RT as a promising adjunct in carefully selected patients with 
mHSPC.

Patients enrolled in clinical trials have better performance scores and organ function, as well as fewer comorbidities, 
than those in real-world practice, which can lead to some challenges when clinically applying these findings. Cohort 
studies have been conducted to address these limitations. However, the published literature on survival outcomes and 
current treatment patterns in patients with mHSPC is scarce outside the United States and Europe. Saudi Arabia’s 
healthcare system is a hybrid model, with a significant reliance on government-funded services, which influences access 
to care and treatment protocols. In contrast, Western healthcare systems often have a more diverse mix of public and 
private services. This study, focusing on prostate cancer, aims to address these differences and provide insights that could 
improve clinical outcomes and personalize treatment approaches, aligning with the goals of Saudi Vision 2030 to 
enhance healthcare services, standardize practices, and improve accessibility across the Kingdom of Saudi Arabia.22 

Therefore, generating data on survival and treatment patterns across Saudi Arabia is imperative. This single-center, non- 
interventional study in patients with mHSPC to characterize treatment patterns, including treatment sequencing and 
duration of therapy across lines of therapy, as well as survival outcomes.

Materials and Methods
Study Design
This was a single institution, retrospective, non-interventional cohort study that included men diagnosed with mHSPC 
between January 1, 2016, and June 1, 2023, who had received at least one LOT, such as chemotherapy (docetaxel or 
cabazitaxel), NHT (abiraterone, enzalutamide, or apalutamide), or ADT, and had 12 months of follow-up data available.

Data Sources
This non-interventional study involved the retrospective collection of data from paper or electronic medical records 
(EMRs) of patients diagnosed with mHSPC. Data were collected retrospectively from the date of mHSPC diagnosis 
(index date) to the end of follow-up, that is, until death, the last medical record entry, or the date of data extraction, 
whichever was earliest. Data on the different types of treatment received by the patients and demographic and 
clinicopathological characteristics were extracted from the EMR of patients (alive or deceased) into a centrally designed 
electronic data capture system. The system underwent thorough validation for accuracy and reliability, with audits and 
cross-referencing of paper records to ensure data integrity.
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Study Population
This study included men diagnosed with mHSPC between January 1, 2016, and June 1, 2023, as confirmed by pathology 
and/or imaging, and with at least 12 months of follow-up data available.

Inclusion Criteria
The inclusion criteria were: (1) mHSPC confirmed by biopsy, (2) evidence of metastatic disease on imaging studies, (3) 
availability of medical records with at least one LOT received in the mHSPC setting, and (4) at least 12 months of 
follow-up data from the index date (unless the patient died within the first 12 months after diagnosis).

Exclusion Criteria
Patients with a diagnosis of mHRPC or non-metastatic PC were excluded.

Outcomes
The outcome variables assessed included demographic characteristics, such as age; body mass index (BMI); comorbid
ities, including cardiovascular disease (CVS), hypertension (HTN), diabetes mellitus (DM), and osteoporosis; and the 
clinicopathological profile (at initial diagnosis or index date of mHSPC diagnosis, as applicable), including Eastern 
Cooperative Oncology Group (ECOG) performance status, Gleason score, and sites of metastases. We also assessed the 
proportion of patients receiving each LOT and its duration. An LOT was defined as one regimen administered from either 
the index diagnosis or disease progression until treatment failure or intolerance, disease progression, or death. Therapies 
that were paused and then restarted, including those at reduced doses without disease progression, were considered part 
of the same LOT rather than a new one. Overall survival (OS) was defined as the time from the index date until death 
from any cause or loss to follow-up.

Statistical Analysis
Data analysis was conducted using SPSS Statistics Software (version 25; IBM, Chicago, Illinois, USA). Categorical 
variables are presented as counts and percentages, and continuous variables as mean ± standard deviation. Overall 
survival was defined as the time from mHSPC diagnosis to death or censoring at the end of follow-up. Survival 
probabilities and curves were estimated using the Kaplan–Meier method, with the Log rank test employed to compare 
survival between groups. Patients lost to follow-up, comprising less than 1% of the cohort, were censored at their last 
known contact date. The significance level for the Log rank test was set to α = 0.05, and all tests were two-tailed. Given 
the study design, no multivariate models such as Cox proportional hazards regression were applied. Missing data were 
managed using a complete-case analysis.

Results
Baseline Characteristics
Data were collected from 102 patients. The patient demographics and clinical characteristics are shown in Table 1. At 
initial diagnosis, the mean age was 70 years, and the median BMI was 26.2. More than half of the participants (54 
[52.9%]) had a performance status of two. In terms of comorbidities, 52 (51%) had HTN, 46 (45%) had DM, and 21 
(20.6%) had CVS. Most patients (49 [48%]) had a Gleason score of nine, and 64 (62.7%) had bone metastases.

mHSPC Treatment, LOTs, and Duration
The mHSPC treatments are listed by LOT in Table 2. As first-line treatment, 88 (86.2%) patients received NHTs 
(abiraterone, enzalutamide, or apalutamide), 2 (1.9%) received docetaxel, and 12 (11.8%) received ADT alone due to 
advanced age or multiple comorbidities. The most common first-line treatments were abiraterone (44 [43.1%]), 
enzalutamide (24 [23.5%]), apalutamide (20 [19.6%]), and docetaxel (2 [1.9%]). The most common second-line 
treatments were enzalutamide (20 [19.6%]) and abiraterone (14 [13.7%]). The most common third-line treatments 
were docetaxel (13 [10.8%]), enzalutamide (1 [1%]), and abiraterone (1 [1%]).
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Table 1 Baseline Demographic and Clinical 
Characteristics

Characteristic N (%)

Age years, mean (SD) 70.19 ± 10.78

BMI median (min-max) 26.25 ± 4.64

Performance Status
0–1 32 (31.4)

2 54 (52.9)

3 14 (13.7)
4 2 (2)

Comorbidities
HTN
Yes 52 (51)

No 50 (49)
DM
Yes 46 (45.1)

No 56 (54.9)
CVS
Yes 21 (20.6)

No 81 (79.4)
Gleason score at initial diagnosis
7 11 (10.7)

8 29 (28.4)
9 49 (48)

10 13 (12.7)

Site of metastases
Bone 64 (62.7)

LN 29 (28.4)

Lung 6 (5.9)
Liver 3 (2.90)

Note: Values are presented as numbers (%) unless otherwise noted. 
Abbreviations: BMI, body mass index; CVS, cardiovascular dis
ease; DM, diabetes mellitus; HTN, hypertension; LN, lymph node; 
max, maximum; min, minimum; SD, standard deviation.

Table 2 mHSPC Treatments by Lines of 
Therapies

Treatment N (%) Duration 
Mean ± SD

First LOT 102 (100) 21.28 ± 19.24

Abiraterone 44 (43.1) –

Enzalutamide 24 (23.5) –
Apalutamide 20 (19.6) –

ADT alone 12 (11.8) –

Docetaxel 2 (1.9) –
Disease progression 58 (56.8) –

Second LOT 35 (34) 5.01 ± 8.51

Enzalutamide 20 (19.6) –
Abiraterone 14 (13.7) –

Docetaxel 1 (0.9) –

Disease progression 31 (88.5) –

(Continued)
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Among those who received first-line treatment, 35 (34%) subsequently received a second LOT, and 13 (12.7%) 
received a third LOT. The average duration of first-, second-, and third-line treatments was 21.2, 5, and 2.6 months, 
respectively.

Survival
The overall mortality rate was 41% (N=42). Median survival from mHSPC diagnosis was 24 months (95% confidence 
interval, 21.6–32.2 months) (Figure 1).

Figure 1 Overall survival from mHSPC diagnosis. 
Abbreviation: CI, confidence interval.

Table 2 (Continued). 

Treatment N (%) Duration 
Mean ± SD

Third LOT 13 (12.7) 2.62 ± 6.81
Docetaxel 11 (10.8) –

Enzalutamide 1 (0.9) –

Abiraterone 1 (0.9) –
Disease progression 12 (92) –

Note: The duration of treatment for each LOT was measured 
as the time from LOT initiation to the end of treatment 
(earliest last treatment, start of the next LOT, death, or 
data cut-off). 
Abbreviations: LOT, line of therapy; mHSPC, metastatic 
hormone-sensitive prostate cancer; SD, standard deviation.
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Discussion
In this analysis, the average age at diagnosis was 70 years, which is younger than the 73 years reported by two large 
cohorts, the USA SEER program and the Danish Prostate Cancer Registry.23 This discrepancy may be explained by the 
higher BMI in our cohort, as Popovici et al observed that the median diagnostic age decreases with increasing BMI.24

Our study found that more than half of the patients had a performance status score of two, which is associated with 
a higher mortality risk.25 This may be attributed to the presence of comorbidities: more than half had HTN, close to half 
had DM, and a quarter had CVS. Moreover, we observed that almost half of the patients had a Gleason score of nine, 
indicating a poor prognosis.26 Notably, the presence of comorbidities and poor performance status are associated with 
poorer OS.27

Bone is the most common site of distant metastasis in prostate cancer, aligning with global trends;28 therefore, early 
detection and tailored treatment plans for bone health are imperative. Bone metastases in prostate cancer lead to skeletal- 
related events (SREs) such as pain, fractures, and spinal cord compression, severely impacting patients’ quality of life. 
Bone-modifying agents (BMAs) like zoledronic acid and denosumab are used to reduce SREs and improve bone health. 
Zoledronic acid helps alleviate pain and improve bone mineral density (BMD), but its impact on overall survival is 
inconsistent. Denosumab, which targets RANKL, has shown superior efficacy in reducing SREs compared to zoledronic 
acid in clinical trials.29 Although BMAs are well-established in metastatic castration-resistant prostate cancer (mCRPC), 
their role in metastatic hormone-sensitive prostate cancer (mHSPC) is less clear. Emerging treatments like OsteoDex, 
a polybisphosphonate with cytotoxic properties, offer potential in targeting bone metastases more effectively. 
Furthermore, extending BMA dosing intervals may reduce adverse effects like osteonecrosis of the jaw while maintain
ing efficacy. Advances in understanding bone metastasis mechanisms are driving the development of novel therapies, 
enhancing management strategies for prostate cancer patients with bone metastases.

Our study demonstrated the prevalent use of NHTs and ADT alone, which is comparable to findings from the recent 
large Ipsos Global Oncology Monitor database in the USA, Europe, and Asia.30 These results deviate from the current 
guidelines31 recommending the use of triplet therapy or intensified strategies. The most common first-line treatments 
were abiraterone, enzalutamide, and apalutamide, which suggests an increased use of NHTs and a decline in the use of 
chemotherapy, likely because of patient preferences and frailty in this population. These findings are consistent with 
those of Yang et al.32

Our study revealed that 34% of patients received a second-line therapy, and 13% received a third, which is less than 
the recently published 46% and 15%, respectively, in a community oncology practice setting.33 In addition, the mean 
duration of first-, second-, and third-line treatments were 21, 5, and 2.6 months, respectively. In contrast, Conner et al 
found that the mean durations of first- and second-line treatments were 12 (11.8%) and 10 (11.1%) months, respectively. 
This may be explained by the fact that our population was older, had worse performance, multiple comorbidities, and 
declined chemotherapy until the third line; thus, cross-resistance may have occurred when using NHTs as first- 
and second-line treatments.34

In our study, the median survival was 24 months, which is lower than the 31.6 months reported by Geynisman et al35 

in a similar real-world study. These conflicting results may be because they only included abiraterone and docetaxel, 
unlike this study which included all NHTs. Additionally, our population had more aggressive disease and poorer 
prognosis. While our earlier research,5 provided a comprehensive overview of prostate cancer across all stages and 
treatment histories, the current study offers a focused analysis of mHSPC, highlighting real-world survival outcomes and 
treatment patterns specific to this aggressive subset. This distinction is critical, as mHSPC patients present unique 
therapeutic challenges that are under-represented in broader studies. This study has several strengths, including its robust 
data collection that allowed us to address the current real-world treatment patterns and survival outcomes in Saudi 
Arabia, which can serve as a guide and benchmark for future treatment decision making. However, this study was limited 
by its retrospective, single-center design and small sample size. Furthermore, the EMR may have missing information, 
affecting the quality of our data. Therefore, the findings should be interpreted with caution, as unmeasured confounding 
variables may exist. Moreover, the treatments captured in our study were limited to those available at our center, as other 
therapies, such as cabazitaxel, theranostics, and Poly (ADP-ribose) polymerase (PARP) inhibitors, were not accessible 
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during the data collection period. Over the past decade, significant advances in prostate cancer genomics have 
emphasized the critical role of genetic testing, particularly in mHSPC. A broad genetic panel, including BRCA1, 
BRCA2, mismatch repair (MMR) genes, and potentially ATM, plays an essential role in guiding treatment and predicting 
prognosis.36 Germline mutations, particularly in BRCA1/2, have been shown to predict better responses to PARP 
inhibitors.37 Germline testing is vital not only for optimizing therapy, but also for assessing familial cancer risks, and 
current guidelines recommend it for high-risk localized and metastatic prostate cancer to improve patient care and inform 
early detection strategies in relatives.

Raising awareness to emphasize early diagnosis, treatment, and prevention of chronic comorbidities with timely 
interventions is imperative in populations with more aggressive disease and poorer prognoses. Furthermore, effective 
management of the most common comorbidities is important because NHTs and ADTs can induce and exacerbate 
existing comorbidities, leading to a poorer prognosis. Additionally, potential targets for the prevention and treatment of 
bone metastases may be identified via osteoporosis evaluation during ADTs, as neglected awareness of bone health leads 
to serious skeletal-related events.

Recent evidence highlights the emerging role of radiotherapy (RT) in the management of oligometastatic HSPC. The 
HORRAD trial,19 one of the pioneering RCTs, demonstrated the feasibility of adding RT to ADT in mHSPC, though no 
significant OS benefit was observed. Importantly, the trial suggested that patients with a low metastatic burden might 
derive the greatest benefit from this approach. Supporting these findings, the STAMPEDE trial,18 a larger RCT, showed 
that RT improved failure-free survival and demonstrated an OS benefit in patients with a low metastatic burden, without 
significant adverse effects. These results underscore the potential of RT as a valuable addition to systemic therapies in 
selected subgroups of patients, particularly those with limited metastatic disease.38,39 Further research is needed to refine 
patient selection criteria and to assess the impact of advanced imaging modalities in better defining oligometastatic 
disease, which could expand the applicability of RT in this setting.

Differences in guideline evolution and adoption, access to care, availability of novel drugs, and regulatory approval 
can be optimized, which may explain some of the differences found in our study. Moreover, larger multicenter 
international studies can provide more applicable data to empower the current results and practices. At present, 
oncologists extrapolate from international clinical results; thus, we propose initiating or enrolling patients in multicenter 
national and international studies to better understand the effectiveness and safety of NHTs in our population.

Cancer care is expensive, and the intensification of treatment through triplet therapy compounds both the financial 
burden and potential for increased toxicity. Careful patient selection is critical, as triplet therapy demonstrates the greatest 
efficacy and safety in patients with high metastatic burdens.16,17 With the availability of multiple LOTs, oncologists must 
balance clinical factors, such as disease burden and comorbidities, with practical considerations like cost, treatment 
availability, and safety—especially in resource-limited settings where healthcare constraints often restrict access to 
advanced therapies.

The financial burden of treating mHSPC necessitates evaluation within a health economics framework. While triplet 
therapies combining ADT, NHT, and chemotherapy provide substantial survival benefits (eg, PEACE-1, ARASENS), 
they are not cost-effective when analyzed through quality-adjusted survival metrics.40 Chemotherapy is substantially 
more cost-effective than NHT,41 and cost-effectiveness varies significantly depending on drug pricing and country- 
specific payer perspectives.42 High-income countries with universal healthcare systems incorporate metrics like quality- 
adjusted life years (QALYs) in cost-effectiveness analyses, enabling broader access to these therapies. However, middle- 
income regions face financial constraints and competing healthcare priorities, limiting the adoption of intensive regimens.

The high cost of agents such as abiraterone and darolutamide remains a significant barrier despite their efficacy. 
Patient selection is critical for optimizing outcomes and managing costs, as triplet therapies are most effective in patients 
with high metastatic burdens but carry risks of toxicity and financial strain. Tailored cost-effectiveness analyses can help 
balance efficacy and affordability, particularly in resource-constrained settings. Strategies such as staggered therapy 
initiation or extended treatment intervals may offer cost-efficient alternatives without compromising outcomes.

This study highlights the urgent need for region-specific health economics research in Saudi Arabia and similar 
settings to evaluate the feasibility of triplet therapies. Such efforts can inform evidence-based policymaking, optimize 
resource allocation, and enhance access to life-extending treatments. Addressing these challenges is essential to 
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translating clinical trial success into real-world benefits while ensuring equitable access to advanced therapies. 
Streamlining regulatory approvals and reimbursement for innovative treatments, such as triplet therapy and PARP 
inhibitors, alongside developing localized, evidence-based guidelines, would enable consistent, context-specific decision- 
making in Saudi oncology care. Given the high prevalence of comorbidities like hypertension, diabetes, and cardiovas
cular diseases, integrating routine comorbidity management into mHSPC treatment plans is vital to reduce toxicities and 
improve survival outcomes. Collaborative multicenter and global clinical trials should be prioritized to evaluate newer 
therapies while generating region-specific data. Additionally, cost-effectiveness analyses tailored to the Saudi healthcare 
system are essential to optimize resource allocation and support the adoption of high-value treatments.

In conclusion, this study highlights the treatment patterns and survival outcomes of mHSPC patients in Saudi Arabia, 
revealing gaps in adopting intensified strategies and addressing unique challenges such as aggressive disease and high 
comorbidity rates. Optimizing care requires region-specific policies to improve access to novel therapies, streamline 
regulatory processes, and develop localized guidelines.

Future efforts should prioritize collaborative clinical trials, health economics research, and the integration of genetic 
testing and advanced imaging to refine treatment strategies. Addressing these gaps through targeted initiatives and 
resource optimization can improve survival outcomes and set a model for enhancing cancer care in similar resource- 
constrained settings.
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