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Abstract
Objective: To evaluate the efficacy and safety of apalutamide prostate cancer 
compared to the pivotal trials patients and to identify the first subsequent therapy 
in a real- world setting.
Methods: The study is prospective and observational based on real- world evi-
dence, performed by different medical disciplines and eight academics centres 
around Barcelona, Spain. It included all patients with metastatic hormone- 
sensitive prostate cancer (mHSPC) and high- risk non- metastatic castration- 
resistant prostate cancer (nmCRPC) treated with apalutamide from June 2018 to 
December 2022.
Results: Of 227 patients treated with apalutamide, 10% had ECOG- PS 2, and 
41% were diagnosed with new- generation imaging. In the mHSPC group (209 pa-
tients), 75 years was the median age, 53% had synchronous metastases, and 22% 
were M1a. In the nmCRPC (18 patients), 82 years was the median age, and 81% 
≤6 months had PSA doubling time. Patients achieved PSA90 in 92% of mHSPC 
and 50% of nmCRPC and PSA ≤0.2 in 71% of mHSPC and 39% of nmCRPC. 
Treatment- related adverse events occurred in 40.1% of mHSPC and 44.4% of nm-
CRPC. After discontinuation of apalutamide due to disease progression, 54.5% in 
mHSPC and 75% in nmCRPC started chemotherapy, while after discontinuation 
because of adverse events, 73.3% in mHSPC and 100% in nmCRPC continued 
with other hormonal- therapies.
Conclusions: The efficacy and safety of apalutamide were similar to that de-
scribed in the pivotal trials, despite including an older and more comorbid popu-
lation. Usually, subsequent therapies after apalutamide differed depending on 
the reason for discontinuation: by disease progression started chemotherapy and 
by adverse events hormonal sequencing.
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1  |  INTRODUCTION

Prostate cancer (PC) is the second most frequent can-
cer in men worldwide, with an estimated incidence of 
1.4 million and a mortality of 375,000 patients in 2020.1 
In Catalunya, 5227 new cases and 910 deaths were reg-
istered in 2020.2 Apalutamide is an oral non- steroidal 
anti- androgen that binds directly to the ligand- binding 
domain of the androgen receptor (AR) and prevents 
AR translocation, DNA binding, and AR- mediated 
transcription.3 It has now been shown that direct in-
hibition of the AR with ADT plus treatment intensifi-
cation with apalutamide can provide a more complete 
blockade of signalling and have better oncologic out-
comes in patients with metastatic hormone- sensitive 
prostate cancer (mHSPC) and high- risk non- metastatic 
castration- resistant prostate cancer (nmCRPC).4,5

In 2018, the SPARTAN phase 3 trial showed that apalut-
amide increased metastasis- free survival and other onco-
logic outcomes including overall survival (OS) in high- risk 
nmCRPC patients compared to placebo. Participants in that 
pivotal trial were diagnosed with conventional imaging (CT 
scan and bone scan).4 However, the use of next- generation 
imaging (NGI) has been shown to be able to identify me-
tastasis in 58% of patients previously diagnosed with non- 
metastasic high- risk disease by conventional imaging.6

In 2019, the TITAN phase 3 trial reported increased 
radiographic progression- free survival and OS with an 
acceptable safety profile in patients with mHSPC treated 
with apalutamide compared to placebo. Similarly, the 
population included in this pivotal trial were only diag-
nosed with conventional imaging and excluded patients 
with only nodal metastases (M1a) or patients with signifi-
cant cardiovascular comorbidities.5

In 2021, the final analysis of SPARTAN and TITAN tri-
als confirmed and broadened the superior oncologic bene-
fits of apalutamide group compared to the placebo group.7,8 
Furthermore, a post- hoc analysis of SPARTAN trial showed 
that PSA response with apalutamide is associated with 
short-  and long- term oncological benefits, supporting the 
use of prostate- specific antigen (PSA) monitoring in rou-
tine clinical practice.9 Similarly, a post- hoc analysis from the 
TITAN trial reported an association between PSA response 
and better oncologic outcomes, confirming its role as a sur-
rogate marker of benefit and survival.10

Although randomized clinical trials (RCTs) achieve 
the highest level of evidence due to its great power to infer 

causality and prove the efficacy of a medical intervention 
in patients11 they have some limitations. One of the most 
common limitations in prostate cancer studies is the under-
representation of some group populations, such as elderly or 
comorbid patients, which are very common in this disease. 
Therefore, real- world analysis generates important data that 
complement and/or amplify the information obtained from 
RCTs.12–15 The aim of our study is to evaluate the efficacy 
and safety of apalutamide among patients treated in a real- 
world setting with broader inclusion criteria compared to 
the pivotal trials population and to identify the first subse-
quent therapy, in order to gain insight into the most com-
mon treatment sequences in daily practice.

2  |  METHODS

2.1 | Study design

The study is a prospective observational cohort based on 
real- world evidence. Subsequently, every patient who 
started apalutamide was added and followed synchronously 
from January 2021 until December 2022. It was performed 
by different medical disciplines in eight academic centres 
around Barcelona, Spain. The ethics and clinical research 
committee of the Hospital Clínic de Barcelona approved this 
study (HCB/2019/0919), and the institutional review board 
of each centre validated it. The patient data collection was 
conducted in compliance with the Helsinki Declaration and 
the good clinical practices established in the international 
regulations on medical ethics.

2.2 | Study patients

This study included all patients with mHSPC or high- 
risk nmCRPC treated with apalutamide from June 2018 
to December 2022, diagnosed by either standard or new- 
generation imaging. Patients were classified into two 
groups according to disease stage in mHSPC or nmCRPC.

2.3 | Study variables

Patients' characteristics variables included age, follow-
 up time, ECOG PS classification, initial diagnostic imag-
ing classification, Gleason and ISUP grades, classification 

K E Y W O R D S

apalutamide, high- risk non- metastatic castration- resistant prostate cancer, metastatic 
hormone- sensitive prostate cancer, prostate cancer, real- world
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of mHSPC by volume and risk of disease and moment 
of appearance of metastases. In nmCRPC, the classifica-
tion of risk was done according to the PSA doubling time 
(PSADT). The imaging method for the diagnosis of the 
disease was also reviewed. Data on pharmacological inter-
actions (PI) with apalutamide were collected.

Efficacy variables included PSA levels at baseline, at 1, 
3, 6 and 12 months of treatment, nadir PSA (which was 
defined as the lowest PSA level obtained by patients with 
a minimum of two tests and one of them at 6 months or 
with only one test at any time with an undetectable PSA 
level), time to nadir PSA and discontinuation of treatment 
because of disease progression, time to discontinuation 
and subsequent treatment. PSA50, PSA90 and PSA≤0.2 
and time to response were calculated.

Safety variables were the type of adverse events (AE) 
and their respective grades, time to onset of the AE, time 
to resolution of the AE, need for dose reduction, inter-
ruption or discontinuation of apalutamide due to AE and 
their respective times. Furthermore, the dates and reason 
for starting a subsequent line of therapy after the apalut-
amide discontinuation was collected.

2.4 | Statistical analysis

This study was predominantly descriptive. The types of 
metrics used for the pivotal trials were estimated. The 
number of valid data for each variable is described in 
Tables S1–S3. The data analysis was estimated using JMP 
Trial Software, version 17.

3  |  RESULTS

3.1 | Patients and efficacy

A total of 227 patients were treated with apalutamide be-
tween June 2018 and December 2022 among these eight 
medical centres. All patients started therapy at a full dose 
of 240 mg daily. The observation time was of 24 months 
from 1 January 2021 to 31 December 2022. The median 
duration of apalutamide was 9.3 months in the mHSPC 
group and 19.8 months in the nmCRPC group. Patient and 
disease characteristics at baseline and oncological out-
comes are described in Table 1, together with the results 
of the respective pivotal trials population.4,5,9,10

With respect to PSA kinetics, a satisfactory response 
was observed at all time points, except at the 6- month 
measurement in patients with nmCRPC, due to disease 
progression. Figure 1 represents the median PSA evolu-
tion of the whole cohort. Figure  2 represents the PSA 
kinetics (PSA50, PSA90 and PSA ≤0.2) of our cohort.

3.2 | Safety

Table 2 presents a summary of AE and the most frequent 
types of AE observed in this study together with the AE 
described in the pivotal population.4,5 In addition, 8.1% of 
patients in the mHSPC group and 16.6% of patients in the 
nmCRPC group presented one or more PI with apaluta-
mide. Two patients in the mHSPC group presented serious 
adverse events because of PI with acenocumarol (stroke) 
and larcosamide (seizures), requiring hospitalizations and 
discontinuation of apalutamide.

3.3 | Second- line therapy

After discontinuation of apalutamide due to disease pro-
gression, 54.5% of patients with mHSPC and 75% with 
nmCRPC started chemotherapy. Conversely, following 
discontinuation of apalutamide due to AE, 73.3% of pa-
tients with mHSPC and 100% with nmCRPC continued 
with other hormonal agents. Table 3 describes the types 
of therapy modification because of disease progression or 
AE, times to modification and subsequent therapy in our 
cohort together with data from pivotal studies.4,5

3.4 | Analyzed by subgroups

In the older age groups, a lower frequency of patients 
achieving PSA90 was observed. In the mHSPC group, 
PSA90 was achieved in 100% of patients <65 years, 94.2% 
of 65–74 years and 88.8% of >75 years. In the nmCRPC 
group, PSA90 was achieved in 100% of patients <65 years, 
100% of 65–74 years and 25% of >75 years. In addition, 
the nadir PSA was higher in ≥75 years. When stratified by 
ECOG- PS functional status, in the mHSPC group, we ob-
served that the higher the ECOG- PS score, the lower the 
frequency of patients achieving PSA90 or PSA ≤0.2 and 
the longer the time to achieve PSA endpoints. However, 
in the nmCRPC group, an adequate assessment could not 
be made due to the lack of data. When results were strati-
fied by diagnostic imaging technique the results were in-
conclusive when analyzed by PSA endpoints. Subgroup 
analysis of primary endpoints of pivotal trials was not 
performed due to the low number of patients with disease 
progression. Table  4 in the supplementary appendix de-
scribes the data from the subgroup analyses.

4  |  DISCUSSION

Apalutamide is one of the most frequently used first- 
line therapies for patients with high- risk nmCRPC and 
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T A B L E  1  Characteristics of the patients and oncological outcomes.

mHSPC TITAN nmCRPC SPARTAN

Total of patients, n 209 525 18 806

Median follow- up, month 12 22.7 21 20.3

Median age 75 69 82 74

Range 50–95 45–94 57–97 52–97

ECOG PS (%)

0 58 62.5 73 77.3

1 32 37.5 9 22.7

2 10 0 18 0

Diagnostic technique (%)

Conventional Imaging 58 100 72 100

New Generation Imaging 42 0 28 0

Gleason score (%)

<7 0.5 7.8 6 19.4

7 32 25.3 34 37.1

>7 68 66.9 60 43.5

Metastatic disease, (%)

Synchronous 53 78.3 - - 

Metachronous 47 16.2 - - 

Metastatic stage, (%)

M1a 22 0 - - 

M1b–c 78 100 - - 

Disease volume, (%)

Low 65 38.1 - - 

High 35 61.9 - - 

Disease risk (%)

Low 61 44.9 - - 

High 39 55.1 - - 

PSA doubling time

Median—month - - 5 4.4

≤6 months (%) - - 81 71.5

>6 months (%) - - 19 28.5

PSA baseline (ng/mL). median 11.74 5.97 12.2 7.78

(Q1–Q3) (2.36–46.10) (1.10–26.03) (4.35–25.98) (3.8–17.0)

Patients achieving PSA response in any time (%)

Any decrease 100 - 100 - 

PSA50 98 90 89 90

PSA90 92 73 50 62

PSA ≤ 0.2 71 68 39 38

Time to achieve PSA response—month

Any decrease, median 1 - 1 - 

(Q1–Q3) (1.0–1.0) - (1.0–1.0) - 

PSA50, median 1 1 1 1

(Q1–Q3) (1.0–1.0) (1.0–1.0) (1.0–1.5) (1.0–1.0)

PSA90, median 1 1.9 1 1.9
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mHSPC.16 Therefore, it is important to understand if the 
outcomes in real- world patients reflect the efficacy data 
described in pivotal trials.15 In this real- world study, an 
important and heterogeneous population representation 
was obtained, due to the diversity of patients collected 
from multiple medical disciplines and medical centres.

In our study, there are several important baseline de-
mographic differences compared to the SPARTAN and 
TITAN trials. For instance, patients treated in our real- 
world cohort were older, with higher ECOG PS (includ-
ing grade 2), a higher proportion of high- grade Gleason 
and higher median baseline PSA.4,5 On the other hand, 
mHSPC patients in our study had a higher proportion of 
metachronous metastatic disease, and a higher proportion 
of low- volume, low- risk disease compared to the TITAN 
trial.5 The latter is due to the inclusion in our study of 

patients with lymph node- only metastases, a patient pop-
ulation that was not included in TITAN trial, in whom 
the use of apalutamide is approved by the Spanish public 
health system.17

The nmCRPC population included in our series should 
be considered more advanced compared to SPARTAN, as 
analysis by disease stage showed that our patients had a 
higher proportion of PSADT ≤6 months compared to the 
SPARTAN trial.4 Of note, the Spanish public health sys-
tem does not reimburse apalutamide for nmCRPC with 
PSADT >6 months.18

The important role of PSA kinetics in the follow- up 
of apalutamide treatment in pivotal trials is well docu-
mented.9,10 However, there are no studies that widely ex-
trapolate these results to the real- world clinical setting. 
Therefore, in our study, the times and end points of PSA 

mHSPC TITAN nmCRPC SPARTAN

(Q1–Q3) (1.0–3.0) (1.0–2.8) (1.0–3.0) (1.0–3.1)

PSA ≤ 0.2, median 3 1.9 3 2.8

(Q1–Q3) (1.0–3.0) (1.0–3.5) (1.0–4.5) (1.9–4.6)

PSA nadir (ng/mL), median 0.04 0.02 0.5 0.38

(Q1–Q3) (0.04–0.15) (0.02–0.32) (0.1–11.8) (0.1–1.6)

Time to PSA nadir, median—month 3 5.6 6 7.4

(Q1–Q3) (3.0–6.0) (3.7–12.9) (3.0–12.0) (4.5–11.9)

Note: The numerators and denominators per variable adjusted according to the amount of valid data in this study are described in Table S1.

T A B L E  1  (Continued)

F I G U R E  1  PSA evolution represents a rapid, profound and 
durability reduction of PSA in most patients.

F I G U R E  2  Kinetics of PSA describes the variations of 
proportions of patients who achieved decreased PSA of 50%, 90% or 
lower than 0.2 ng/dL for each month analysed.
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response were analyzed, with a successful PSA response 
observed in all patients, and with more than half of the 
patients obtaining a PSA reduction greater than 90%. The 
median time to PSA response endpoints (PSA50, PSA90 and 
PSA ≤0.2) was <3 months. The median time to PSA nadir 
was 3 months in mHSPC and 6 months in nmCRPC. The 
median nadir PSA in mHSPC was 0.04, similar to 0.02 in 
the TITAN trial population and 0.5 in nmCRPC, higher than 
the 0.38 reported in the SPARTAN trial population.9,10 This 
difference in the non- metastatic population may be due to a 
higher median baseline PSA reported in our study.

Regarding safety, an overall lower percentage of AE 
was observed in our cohort compared to the pivotal tri-
als. Indeed, this is not surprising as the evaluation and 
reporting of AE are more strict within a clinical trial and 
patients in real- world practice may only refer to the most 
severe symptoms or these may be underreported if already 
managed by family doctors or other specialities.19,20 Our 
results are similar to the lower frequency of AE found in a 
similar real- world study by Hussain and colleagues.21

When analyzing the first therapy administered 
after apalutamide discontinuation, a predominance of 

mHSPC TITAN nmCRPC SPARTAN

Patients with AE, (%)

Any AE and all grades 40.1 96.8 44.4 96.5

Any AE and grade ≥3 11.5 42.2 16.6 45.1

Any AE leading to death 0 1.9 0 1.2

Time to AE, days 84 - 79 - 

Median (Q1–Q3) (35–161) - (77–119) - 

Time to AE resolution, days 70 - 42.5 - 

Median (Q1–Q3) (35–112) - (20–77) - 

Most frequent adverse events

Rash

All grades, (%) 15.8 27.1 16.7 23.8

Grade ≥ 3, (%) 5.7 6.3 11.1 5.2

Asthenia or Fatigue

All grades, (%) 18.2 26.8 0 30.4

Grade ≥ 3, (%) 2.9 3.2 0 0.9

Arthralgia

All grades, (%) 2.4 17.4 5.6 15.9

Grade ≥ 3, (%) 1 0.4 0 0

Hypertension

All grades, (%) 2.4 17.7 5.6 24.8

Grade ≥ 3, (%) 1.4 8.4 0 14.3

Weight alteration

All grades, (%) 1 10.3 0 16.1

Grade ≥ 3, (%) 0.5 1.1 0 1.1

Diarrhea or constipation

All grades, (%) 1.4 9 11.1 20.3

Grade ≥ 3, (%) 0 0 0 1

Hypothyroidism

All grades, (%) 1.4 6.5 5.6 8.1

Grade ≥ 3, (%) 0 0 0 0

Blood alkaline phosphatase 
increased

All grades, (%) 1 3.1 0 0.2

Grade ≥ 3, (%) 0 0.4 0 0

Note: The numerators and denominators per variable adjusted according to the amount of valid data in 
this study are described in Table S2.

T A B L E  2  Adverse events (AE).
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chemotherapy use was observed when discontinuation 
was due to disease progression in comparison to patients 
in the pivotal trials who were treated equally with chemo-
therapy or a new hormonal agent (TITAN trial), or mostly 
with abiraterone acetate plus prednisone (SPARTAN 
trial).4,5 One of the most probable reasons for that differ-
ence is the fact that abiraterone was provided cost- free 
within the SPARTAN trial. In contrast, when the discon-
tinuation was attributed to AEs, a second hormonal agent 
was preferred, allowing delayed initiation of chemother-
apy similar to hormone- based pivotal trials.4,5,7,8

To our knowledge, this is the first extensive and de-
tailed real- world study including all patients treated with 
apalutamide either in the mHSPC and nmCRPC setting 
evaluating oncological outcomes, adverse events, and 
subsequent treatment lines at apalutamide discontinua-
tion. In addition, a strength of our study is the fact that 
our cohort contains patients not included in the pivotal 
studies such as patients with lymph node metastases only, 
ECOG performance status of 2, or diagnosed with new- 
generation imaging. The use of molecular imaging is in-
creasing in the real- world setting, thus having information 

T A B L E  3  Modification of treatment and subsequent therapy.

mHSPC TITAN nmCRPC SPARTAN

Patients who discontinued apalutamide for any reason (%) 13.9 32.4 44.4 39.1

Patients who discontinued apalutamide because of disease 
progression (%)

5.7 18.9 33.3 19.3

Time to discontinue apalutamide because of disease 
progression. Median (IQR)—month

12 - 19.5 - 

(9–13) - (12.5–35.5) - 

Patients with AE leading to discontinuation of apalutamide (%) 7.2 8 11.1 10.6

Time to discontinuation of apalutamide because AE. Median 
(IQR)—month

2 - 4.5 - 

(1.5–4) - (3.75–5.25) a

Deaths from any cause (%) 1 15.8 0

Patients with AE leading to treatment interruption (%) 5.3 19.8 5.5

Patients with AE leading to dose reduction (%) 5.7 7.1 0

First subsequent therapy

Abiraterone (%) 27 24.1 17 75.7

Enzalutamide (%) 23 3.4 0 12.1

Darolutamide (%) - - 33 0

Docetaxel (%) 23 17.1 50 9.1

Cabazitaxel (%) 0 1.1 0 0.6

Radium- 223 (%) 4 2.3 0 0

Othersa (%) 23 52 0 2.5

First subsequent therapy because of disease progression

Abiraterone (%) 18.2 - 25 - 

Enzalutamide (%) 0 - 0 - 

Darolutamide (%) 0 - 0 - 

Docetaxel (%) 54.5 - 75 - 

Radium- 223 (%) 9.1 - 0 - 

Othersa (%) 18.2 - 0 - 

First subsequent therapy because AE

Abiraterone (%) 33.3 - 0 - 

Enzalutamide (%) 40 - 0 - 

Darolutamide (%) 0 - 100 - 

Docetaxel (%) 0 - 0 - 

Radium- 223 (%) 0 - 0 - 

Othersa (%) 26.7 - 0 - 

Note: The numerators and denominators per variable adjusted according to the amount of valid data in this study are described in Table S3.
aIncludes: new clinical trials, androgen depletion therapy only, other types of therapy, other types of chemotherapies and other types of hormonal therapies.
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on these patients is another strength of our study, as pa-
tients in the pivotal studies are underdiagnosed by using 
only conventional imaging.6,22–25

Although the results of our investigation are consistent 
with the successful therapy responses described by the 
pivotal studies, we also recognize that this is still a small 
population with short follow- up. Consequently, this study 
is limited in the power of the conclusions drawn from the 
results analysed. We remark on the inherent limitations 
of real- world studies based on medical records (treatment 
adherence by the patient, coding inaccuracies by medical 
staff, etc.).12,14,15 Therefore, because we did not have the 
necessary data to perform statistical tests, we could not 
assess the significance of the differences between our re-
cords and the pivotal studies. In addition, our study is a 
real- world multi- centre. Thus, the heterogeneity and lack 
of data were unavoidable, leading to variation in denomi-
nators when performing descriptive statistics.

In conclusion, although including an older and more 
comorbid patient population, the efficacy and safety pro-
file of apalutamide was similar to that described in the 
pivotal trials. Subsequent therapies after apalutamide 
differ depending on the reason for the discontinuation, 
chemotherapy is more common after disease progression, 
and hormonal sequencing is more common after severe 
adverse events.
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