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Objective: To examine the effects of apalutamide on endocrine function and flare
prevention in metastatic hormone-sensitive prostate cancer (mHSPC) patients
administered GnRH agonists.

Methods: The first newly diagnosed mHSPC patient took apalutamide for 2 weeks
followed by combination with GnRH agonist, as recommended by clinical guidelines.
Serum luteinizing hormone (LH), testosterone, and PSA were detected during the oral
administration of apalutamide before and after ADT. Eight newly diagnosed mHSPC
patients innovatively took apalutamide 1 hour before GnRH agonist administration; LH,
testosterone and PSA were detected before and after ADT.

Results: In the first patient, LH and testosterone levels were increased during
apalutamide monotherapy, and serum PSA levels decreased rapidly, demonstrating
apalutamide effectively blocked AR signaling. In patients on the 1-hour regimen,
combined treatment with apalutamide and GnRH agonists led to peak level of
testosterone on day 3 and castration level on day 28, while PSA decreased
continuously. No one experienced dysuria or bone pain worsen after ADT.

Conclusion: Taking apalutamide 1 hour in advance may effectively prevent the flare-up
effect in prostate cancer patients treated with GnRH agonists. Compared with the 2-week
regimen, the 1-hour regimen could simplify the treatment process and bring testosterone
to castration levels in advance.

Keywords: hormone-sensitive prostate cancer, ADT, GnRH agonist, flare, apalutamide
INTRODUCTION

For metastatic hormone-sensitive prostate cancer (mHSPC), androgen deprivation therapy (ADT)
is the cornerstone of systemic therapy, while GnRH agonists are the mainstream choice for ADT
(1, 2). Several guidelines recommend the use of androgen receptor (AR) antagonists for 1 to 4 weeks
prior to GnRH agonist injection to prevent initial flare effects (3–5). Apalutamide is a new
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generation of AR antagonists. Compared with first-generation
AR blockers such as bicalutamide, apalutamide can block AR
more efficiently and should have more advantages in preventing
the ignition effect of GnRH agonists (6–8).However, the effects of
apalutamide monotherapy on hormone secretion and the
prevention of ignition effects have not been fully studied in
clinical studies. Among the 9 newly diagnosed mHSPC patients,
1 took apalutamide for 2 weeks, then injected GnRH agonist,
while 8 took apalutamide 1 hour before GnRH agonist
administration. The report is as follows.
CASE PRESENTATION

The baseline data of all patients were shown in Table 1. This
study was approved by the Ethics Committee of Tongji Hospital,
Tongji Medical College, Huazhong University of Science and
Technology (TJH-IRB20211246).

2-Week Regimen
Patient 1
A 55-year-old man was hospitalized for lower extremity deep vein
thrombosis and pulmonary embolism in December 2020.
Screening for tumor markers found that serum PSA was
269.5ng/ml. Abdominal CT scan: Slightly enhancing low-
density nodule in the left lobe of the prostate, enlarged lymph
nodes adjacent to the iliac vessels on both sides (the largest one
34*30mm). Bone scan showing increased activity in right scapula,
the axillary side of the right sixth rib, and the left fifth anterior rib.
Prostate biopsy showed: prostate adenocarcinoma, Gleason score
4 + 3 = 7. TNM staging was considered as T2cN1M1b, stage IV.
The patient had dysuria and frequent urination. Referring to the
AUA guidelines and NCCN guidelines, the patient received
GnRH agonist injections after 2 weeks of apalutamide
treatment and continued oral apalutamide. Serum luteinizing
hormone (LH) and testosterone levels at admission were
6.9mIU/ml and 3.43ng/ml, respectively. When apalutamide
monotherapy for 3 days, PSA decreased by 34%. Taking into
account the half-life of PSA (about 3 days), newly generated PSA
in the third day is only about 16% of the original (Supplementary
Figure 1). After 2 weeks of apalutamide treatment, LH and
testosterone levels increased to 14.67 mIU/ml and 4.98 ng/ml,
and PSA level decreased from 269.5 ng/mL at admission to 27.649
ng/mL (see Figures 1–3 and Supplementary Table 1). The
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significant effects of apalutamide on LH, testosterone, and PSA
demonstrate the high AR-binding affinity of apalutamide. After
GnRH agonist (Goserelin) treatment in this patient, PSA declined
steadily, while testosterone reached castration levels (41 ng/dl)
after 28 days of ADT. The testosterone reached the lowest value
(22 ng/dl) after 40 days of ADT. The delay in the decline of
testosterone is associated with the increase in LH during
apalutamide administration. Dysuria and bone pain resolved
during treatment.
TABLE 1 | Basic patient information.

No. Age Gleason score TNM stage PSA (ng/ml) LH (mIU/ml) Testosterone (ng/ml) Timein advance

1 55 4+3 = 7 T2cN1M1b 269.541 3.43 2 week
2 64 4+5 = 9 T4N1M1b 437.42 4.9 3.43 1h-1
3 65 4+5 = 9 T3bN1M1b 269.26 6.36 4.48 1h-2
4 65 5+4 = 9 T4N1M1b 897.51 11.45 2.45 1h-3
5 79 4+5 = 9 T3bNxM1b 77.534 3.53 3.89 1h-4
6 68 4+5 = 9 T4NxM1b 86.732 8.2 2.35 1h-5
7 75 5+4 = 9 T3bNxM1b 200.71 10.86 5.56 1h-6
8 55 4+5 = 9 T4N1M1b 98.062 2.2 2.25 1h-7
9 68 4+5 = 9 T3bN1M1b 132.22 10.85 5.1 1h-8
May 2022 | Volume 12
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FIGURE 1 | Patient’s PSA level. (A) The level of PSA reduction in each patient.
The black line is the 2-week regimen; Red, green and blue are patients with 1H
regimen. (B) Median reduction of PSA levels in patients with 1H regimen. The
black line is the 2-week regimen; The red line is the patients with 1h regimen;
The yellow areas are interquartile spacing.
A B

FIGURE 2 | Patient’s LH level. (A) The level of LH change in each patient.
The black line is the 2-week regimen; Red, green and blue are patients with
1H regimen. (B) Median changes of LH levels in patients with 1H regimen.
The black line is the 2-week regimen; The red line is the patients with 1h
regimen; The yellow areas are interquartile spacing.
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1-Hour Regimen
The baseline data of Patient 2-9 were shown in Table 1. Given
the higher AR-binding affinity of apalutamide, 1 hour after
receiving apalutamide monotherapy, the patient was injected
with GnRH agonist (Goserelin or Leuprorelin) (Supplementary
Tables 2–9). The serum PSA, LH and testosterone levels were
detected on day 0 (before treatment), 1, 3, 7, 14, and 28
(Figures 1–3 and Supplementary Tables for details). PSA
decreased steadily after ADT, while LH and testosterone rose
to their peaks on day 1 and day 3, respectively. Testosterone
reached the castration level on day 28, which was earlier than the
two-week regimen. Two patients had dysuria, and four had bone
pain, all of which were prostate cancer involvement. The patients
had no biochemical or clinical “flare” during treatment.
Symptoms such as bone pain and dysuria significantly
improved in the first week of intervention.

Methods
2-week regimen: Patient was treated with apalutamide 240 mg on
days 0-14; combined with a GnRH agonist from day 15.
1-hour regimen: GnRH agonist was given combined with oral
apalutamide 240 mg for 1 hour. Then, apalutamide 240mg daily
and GnRH agonist once monthly as usual.

All patients were hospitalized.
DISCUSSION

In 2020, the number of new prostate cancer cases in the world has
reached 1.4 million, ranking second among men (9). About 30% of
Chinese prostate cancer patients are in a metastatic state when
firstly diagnosed.ADTcombinedwithARantagonist therapy is one
of the main treatment options (10). Apalutamide, as a synthetic
biaryl thiohydantoin compound, can inhibit AR nuclear
translocation, DNA binding and transcription of AR target genes
(11). The SPARTAN study (12) included 1207 nmCRPC patients,
and the median metastasis-free survival (MFS) after apalutamide
treatment increased from 16.2 months to 40.5 months. TITAN
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study (6) included 1052mHSPC patients, and showed significantly
advanced in OS when taking apalutamide. Moreover, apalutamide
has been approved by the FDA and CFDA for the treatment of
nmCRPC and mHSPC.

During the first week after GnRH agonist injection, due to its
agonistic effect on the pituitary gland, the serum LH rebounded,
followed by an increase in testosterone secretion. Some patientsmay
experience aggravation of clinical symptoms such as bone pain,
spinal cord compression, anddysuria (13). Testosterone can activate
AR in prostate cancer cells (14) and promote its entry into the
nucleus to regulatePSA transcription, eventually causing an increase
in serumPSA levels, which is called PSA flare phenomenon (15, 16).
Testosterone reduces to the castration level after 4 weeks of GnRH
agonist injection (3). For hormone-sensitive prostate cancer, anti-
androgen drugs should be used over 1 week before the initial
application of GnRH agonists to fully block AR receptors and
prevent the “flare” phenomenon (4). In a number of clinical trials,
different anti-androgen drugs such as nilutamide (17), estramustine
phosphate (ECT) (18), chlormadinone acetate or diethylstilbestrol
diphosphate (19) etc. taken 1-4 weeks in advance are effective in
preventingPSAflare. This is comparable to the result of apalutamide
taken1hour inadvance inour study. Inanother study,patientsusing
both Long-termECT and goserelin acetate depot showed a slow rise
in PSA levels for at least 8 weeks. Furthermore, when treated with
long-term and short-term chlormadinone acetate or
diethylstilbestrol diphosphate, the PSA decreased by about 70% by
the end of 2 weeks, slower than 1-hour regimen.

For newly diagnosed mHSPC patients, in order to avoid PSA
flare, The AUA guidelines recommend 4 weeks of antiandrogen
therapy to reduce the clinical riskof “testosterone surge”; theNCCN
guidelines also suggest that antiandrogen therapy should be
administered prior to or concurrently with LHRH agonists and
continued for at least 7 days. The effect of single use of bicalutamide
on endocrine in vivo has been reported: LH, FSH, testosterone and
dihydrotestosterone all increased to varying degrees (20). After oral
administration offlutamide and bicalutamide for 4 weeks (21), the
testosterone level remained high, and the PSA level decreased by
about 70%,whichwas comparable to that of apalutamide for 1week
(Supplementary Table 1), suggesting that the time can be
shortened when apalutamide is used to prevent the flare-up effect
of GnRH agonist. Taking into account the half-life of PSA (about 3
days), newly generatedPSA in the third day is only about 16%of the
original (Supplementary Figure 1), lower than administration of
flutamide and bicalutamide for 4 weeks. Moreover, after oral
administration, the serum concentration of apalutamide was close
to the peak concentration at 1 hour and reached the peak at 2 hours
in CRPC patients (22). Similar results were seen in another study
(23). This is why the GnRH agonist is applied one hour after oral
administration of apalutamide in Patient 2-9.

In study LACOG 0415, the patients were divided into
goserelin + abiraterone acetate + prednisone group (ADT +
AAP group), apalutamide + abiraterone acetate + prednisone
group (APA + AAP group) and apalutamide alone group (APA
group) (24). During the 25-week follow-up period, testosterone
levels in the APA group continued to rise while the other two
groups remained low. This may be related to the negative
A B

FIGURE 3 | Patient’s Testosterone level. (A) The level of Testosterone
change in each patient. The black line is the 2-week regimen; Red, green and
blue are patients with 1H regimen. (B) Median changes of Testosterone levels
in patients with 1H regimen. The black line is the 2-week regimen; The red
line is the patients with 1h regimen; The yellow areas are interquartile spacing.
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feedback inhibition of testosterone on the hypothalamus and
pituitary in vivo after the antagonist blocks AR (20). Similarly, it
is shown that apalutamide can increase testosterone lastingly, but
the effect on PSA and LH is still unclear, especially the changes of
PSA and hormone levels within first week.

The results of a multicenter study aimed at investigating the
efficacy of goserelin with or without antiandrogen drugs showed
that patients on concomitant anti-androgen drugs had slower
disease progression, better prognosis, and fewer PSA flares in
early stages (25). Another clinical trial of leuprolide with or
without nilutamide showed that patients had lower levels of
prostatic acid phosphatase and lower levels of LH and
testosterone elevations in combination with nilutamide (26).
The above results show that GnRH agonists combined with
anti-androgen drugs are more effective in controlling the levels of
PSA, LH, and testosterone. As a new generation of anti-androgen
drugs, apalutamide is more efficient in blocking AR receptors.

The PSA changes of the patients who underwent the 2-week
regimen and the 1-h regimen are shown in Figure 1, and the
specific values are shown in Supplementary Tables 1–9. It is
seen that PSA decreased continuously in every patient. Taking
apalutamide 1 hour in advance could efficiently prevent the PSA
flare effect in prostate cancer patients treated with GnRH
agonists. The declines on the third day are approximately 32%
(the 2-week regimen) and 34% (the 1-h regimen), while on the
7th day, it was about 72% and 66%. The decrease in PSA on day 7
was consistent with 4 weeks of bicalutamide treatment (21),
indicating a strong blocking effect of apalutamide. The half-life of
PSA in human serum is approximately 3 days (27, 28). The
serum PSA of the first patient on apalutamide alone for 3 days
was about two-thirds of that before treatment. Given that the
PSA at the beginning of treatment was reduced by half after 3
days, therefore, prostate cancer cells secrete PSA only one-sixth
of the pre-treatment level after three days of oral administration
of apalutamide (Supplementary Figure 1). This suggests that
apalutamide can block AR and exert biological effects before
peak serum concentration.

The LH changes of these three patients are shown in Figure 2,
and the specific values are shown in Supplementary Tables 1–9.
The LHof the patients in the 2-week regimen continued to rise after
oral apalutamide monotherapy. One experiment showed peak LH
concentrations (200% increase from baseline) on day 1 of GnRH
agonist application and peak testosterone concentrations on day 3
(13). In Figure 2, every patient of the 1h regimen had a peak LH on
day 1, which was mainly caused by the initial application of GnRH
agonists; peak concentrations in 8 patients increased by
approximately 408%, higher than 200%, suggesting the
involvement of apalutamide. LH levels subsequently declined, and
it was significantly faster for the patients of 1h regmen.

Changes in testosterone in patients who underwent the 2-week
regimen and the 1-h regimen are shown in Figure 3, and the
specific values are shown in Supplementary Tables 1–9. Similar
to the LACOG 0415 study, patients on the 2-week regimen
showed an overall upward trend within the first 14 days of
apalutamide alone. But LACOG 0415 was studied on a weekly
basis, ignoring data from the 3 days before the start of treatment.
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Patients in the 2-week regimen experienced a rapid decline in
testosterone following combined GnRH agonists, reaching
castration level (41 ng/dl) at day 28, then reached the lowest
value (22 ng/dl) on day 40 day of ADT, showing the delay in the
decline of testosterone. Meanwhile, testosterone in the 1h
regimen reached castration levels on day 28 (34 ng/dl in
average), indicating that the decline of testosterone was not
significantly affect during ADT. Thus, the 1-hour regimen bring
testosterone to castration levels in advance, compared with 2
weeks regimen.

Basic research shows that apalutamide can exert a strong AR
receptor antagonistic effect in a short time, thereby reducing PSA
levels. It has been reported in the literature that apalutamide can
significantly inhibit the transcription level of PSA mRNA in
prostate cancer cells for 16 hours in vitro (29). Apalutamide can
effectively kill prostate tumor cells in 1 day (30). Adding excess
testosterone to the 22Rv1 cell linemimics the “testosterone rebound
phenomenon”, apalutamide can significantly enhance the lethality
of radiotherapy and has a concentration-dependent property (31),
and also significantly up-regulate the expression of AR, PSA,
TMPRSS2, etc., while there is no obvious response in CRPC cell
lines such as PC3 and DU145 (14). Chris Tran, the inventor of
apalutamide, has already reported (11): In vitro cell experiments,
apalutamide significantly reducedPSAmRNA levels in LNCaP/AR
cells for 8 hours. In in vitro animal experiments, the concentration
of apalutamide in the serum reached the blocking effect of AR 24
hours after oral administration of mice. The strong AR blocking
ability of apalutamide was demonstrated in the 1-hour regimen
cases. One hour after oral administration of apalutamide, GnRH
agonistwasused, and thePSAdecreased steadily, indicating that the
use of apalutamide for one hour can effectively block AR receptors
and avoid the flare effect caused by subsequent increases in LH
and testosterone.

This study revealed for the first time that apalutamide
monotherapy can rapidly lower serum PSA levels, while raise
LH and testosterone in mHSPC patients. Absence of PSA flare
with apalutamide administered 1 hour in advance in mHSPC
patients treated with GnRH agonists. Furthermore, compared
with the 2-week regimen, the 1-hour regimen can bring
testosterone to castration levels earlier. This may have certain
reference significance for simplifying the treatment process.
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