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Abstract. Androgen-deprivation therapy is an extremely
effective treatment for progressive prostate cancer. Previously,
the first-line treatment for progressive prostate cancer was
combined androgen blockade (CAB). If the disease progressed
to castration-resistant prostate cancer, the administration
of androgen receptor signaling inhibitors (ARSIs) was
recommended. When elevated serum prostate-specific antigen
(PSA) levels are seen during CAB treatment, it is important to
suspect antiandrogen withdrawal syndrome (AWS), discontinue
CAB, and monitor the changes in the serum PSA levels. If a
reduction in the patient’s PSA levels is subsequently observed,
antiandrogens should be discontinued and the patient should
be followed, but if their PSA level rises they should be
transitioned to ARSI treatment. Recently, there have been
reports of withdrawal syndrome (WS) after ARSI treatment.
With the increased use of ARSIs, such as abiraterone acetate,
enzalutamide, apalutamide, and dalorutamide, it is necessary
to consider ARSI WS when a patient’s serum PSA level
increases during ARSI treatment. Unnecessary treatment can
be avoided if the confirmation of ARSI WS is prioritized.
Conversely, if it is not confirmed there is a risk that second-
line treatment will be delayed. This is a review of recent studies
of ARSI WS. It also discusses future prospects in this field.

Correspondence to: Hiroshi Masuda, MD, Ph.D., Department of
Urology, Chiba Rosai Hospital, 2-16 Tatsumidaihigashi, Ichihara,
Chiba, 299-0003, Japan. Tel: +81 436741111, Fax: +81 436741151,
e-mail: hrsmasuda@yahoo.co.jp

Key Words: Androgen-deprivation therapy, combined androgen
blockade, androgen receptor signaling inhibitor, castration-resistant
prostate cancer, prostate-specific antigen, review.

©2024 The Author(s). Published by the International Institute of
Anticancer Research.

@0¢0

This article is an open access article distributed under the terms and
conditions of the Creative Commons Attribution (CC BY-NC-ND) 4.0

international license (https://creativecommons.org/licenses/by-nc-nd/4.0).

684

Androgen-deprivation therapy (ADT) has become the standard
treatment for recurrent or advanced prostate cancer (PCa).
Furthermore, first-generation antiandrogens, such as
bicalutamide, flutamide, and chlormadinone acetate, are used
in combination with castration, which is called "combined
androgen blockade (CAB)". Labrie et al. reported that CAB
sufficiently suppressed androgens derived from the testes and
adrenal glands (1). In a comparative study performed in Japan,
it was reported that the overall survival of patients with PCa
treated with CAB involving bicalutamide was significantly
longer than that of patients treated with castration alone (2-4).
In addition, Matsuoka et al. reported in an overall analysis of
metastatic PCa that although CAB did not significantly
prolong overall survival or cancer-specific survival compared
with castration alone, there was a significant prolongation of
overall survival in the high-risk group with Japan Cancer of
the Prostate Risk Assessment scores of =10 (5). It is widely
known that CAB is used more frequently in Japan than in
Western countries, and CAB therapy has been performed as a
first-line hormonal therapy for metastatic PCa in Japan.
However, in recent years the standard treatment for metastatic
PCa has included the combined use of CAB with docetaxel or
androgen receptor signaling inhibitors (ARSIs). Even in the
era of availability of ARSIs, CAB is a treatment option
suitable for selected patients with metastatic hormone-
sensitive prostate cancer (HSPC). Furthermore, CAB may be
economically beneficial (6).

Kelly et al. reported that in cases in which patients exhibited
elevated prostate-specific antigen (PSA) levels after CAB and
conversion to castration-resistant prostate cancer (CRPC), the
PSA level was reduced after the discontinuation of an
antiandrogen (flutamide) (7). This is indicative of so-called
antiandrogen withdrawal syndrome (AWS). AWS is defined as
a decline in the patient’s PSA level of >50% after the
discontinuation of antiandrogenic therapy, in the context of
CAB treatment. Suzuki et al. demonstrated that the incidence
of AWS upon CAB treatment ranged from 12.8% to 15.5% in
Japan (8). Moreover, they found no significant difference in the
PSA level in response to treatment with a second-line, first-
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generation antiandrogen between men who did and did not
exhibit AWS after being treated with a first-line antiandrogen.
In another study, it was found that approximately 15-30% of
patients exhibited a PSA level reduction of >50% after the
discontinuation of antiandrogens (9). The observed response
rates, which were as high as 30%, may have been directly
related to the duration of treatment with androgen receptor
(AR) blockers (10). AWS is a specific phenomenon that is
observed during the treatment of PCa. Prior to the advent of
the new generation of hormonal therapies, AWS was used to
justify delaying the start of docetaxel-based chemotherapy in
patients who continued receiving ADT without bicalutamide,
providing only serological progression was seen (11). If the
patient’s PSA level subsequently declines, antiandrogens are
discontinued and the patient is followed, whereas if their PSA
level increases the patient is switched to ARSI. Similar to the
AWS seen in CAB, recently there have been several reports of
withdrawal syndrome (WS) occurring after the discontinuation
of ARSI treatment (12-14). Also, there is a trend toward the
use of ARSISs as first-line treatments for metastatic HSPC, and
there has been an increase in the frequency at which ARSIs are
administered. It has been reported that abiraterone acetate WS
was observed after the initiation of up-front therapy for high-
risk PCa (15). Up-front therapy in combination with an ARSI
is the first-line treatment for metastatic HSPC. If an elevated
PSA level is observed during ARSI treatment, ARSI WS
should be considered. Many authors have questioned whether
WS occurs with these newer hormonal therapies, such as
enzalutamide and abiraterone acetate. Based on recent studies,
I review ARSI WS and discuss future prospects in this field.

Enzalutamide Withdrawal Syndrome (EWS)

Enzalutamide was the first second-generation antiandrogenic
drug approved for use in the treatment of CRPC. There have
been two retrospective studies of enzalutamide withdrawal
syndrome (EWS), a phenomenon in which a reduction in PSA
levels is observed after the discontinuation of enzalutamide
(12, 13). In the first study, Rodriguez-Vida et al. investigated
30 patients with metastatic CRPC who were administered
enzalutamide (12). Three patients showed reduced PSA levels
after the discontinuation of enzalutamide. However, only one
of these cases met the criteria for the classical definition of
AWS (a >50% reduction in the PSA level). Regrettably, no
predictors of the treatment response were identified. In another
study, von Klot et al. reported that EWS was observed in 31
cases from six different centers in Germany (13). Although 31
cases of EWS were examined, there was no reduction in the
PSA level in any of them. von Klot ef al. concluded that, if it
exists, EWS is very rare when enzalutamide is administered
for metastatic CRPC after taxane-based chemotherapy and that
it has no clinical impact in this setting. This was attributed to
differences in the pharmacokinetics of enzalutamide, although
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it was suggested that further investigations should be
performed in different settings. These retrospective analyses
involved patients who had already been treated with
docetaxel-based chemotherapy. There was also a case report
of a patient who developed EWS 40 days after the
discontinuation of enzalutamide (16). Mosca et al. suggested
that EWS may occur in the early phase of CRPC (17).
Recently, Poole et al. described PSA reductions occurring in
five of 47 metastatic CRPC patients after the discontinuation
of enzalutamide (18). They concluded that the frequency of
EWS was low and that the condition had a short duration.
Moreover, they suggested that the occurrence of WS after
enzalutamide treatment was not clinically meaningful.
Therefore, it may not be necessary to consider this
phenomenon in clinical practice. Poole et al. also conducted
the largest study from a single institution (19). The latter study
showed PSA reductions in five of 72 (7%) patients with
metastatic CRPC after the discontinuation of enzalutamide.
Only one case met the definition for WS. However, the
median EWS response time (until subsequent PSA
progression) was six weeks, which was very short. The
mechanism underlying EWS has not been fully investigated.
Poole et al. concluded that EWS is not very common; has a
short duration; and cannot be predicted using patient, disease,
or treatment-related characteristics.

Abiraterone Acetate Withdrawal
Syndrome (AbAWS)

Abiraterone acetate (AbA) is an androgen synthesis inhibitor,
which has been approved for use in the treatment of CRPC,
in both the pre- and post-docetaxel settings (20, 21). In 2012,
Gauthier er al. first reported AbAWS in patients with
metastatic CRPC (14). In the latter study, they reported that
the patients’ PSA levels continued to decline for at least three
months after the discontinuation of AbA. Witjes et al. have
also described the same response (22). Caffo et al.
demonstrated that three of 19 patients in whom AbA was
discontinued due to disease progression exhibited PSA level
reductions of >50%. In the two patients who were observed
long-term, positron emission tomography scans performed
three months after the discontinuation of AbA showed a
significant reduction in uptake (SUVmax) values (23).
Another study retrospectively evaluated 66 of 218 patients in
whom AbA was discontinued owing to disease progression
(24). Of the 66 patients, 21 (32%) had reduced PSA levels,
and there were four patients (6%) whose PSA levels were
reduced by >50%. For the other patients, new treatment was
started immediately after the discontinuation of AbA.
Regarding predictors of ARSI WS, a retrospective study
examining predictors of AbAWS in 70 patients with CRPC
was reported (25). Among the 70 patients in whom AbA was
discontinued due to elevated PSA levels, 11 experienced
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Table 1. Retrospective studies of androgen receptor signaling inhibitor (ARSI) withdrawal syndrome.

Drug Patients (N) Withdrawal syndrome (N) Frequency (%) Half-life Authors (Ref)
Enzalutamide 31 0 0 4.7~8.4 days Von Klot et al. (13)
30 3 10 Rodriguez-Vida et al. (12)
72 5 7 Poole et al. (18)
47 5 11 Poole er al. (19)
Abiraterone acetate 19 3 16 16.6 h Caffo et al. (23)
70 11 16 Almendros et al. (25)
66 4 6 Albiges et al. (24)
Apalutamide No reports 5.4 days

AbAWS. The median duration of observation after AbAWS
was 8.2 months. A PSA level of 30 ng/ml or higher at the
time of AbA induction, an ISUP Gleason grade of group 4 or
higher, and the presence of stage 4 disease at diagnosis were
considered to be predictors of AbAWS. In the latter study, it
was stated that the frequency of AbAWS is not negligible and
that AbAWS results in an extended response after the
discontinuation of AbA, which results in prolonged overall
survival. These results may provide a new option for the
treatment of metastatic CRPC. Suzuki et al. reported that
although the presence/absence of AWS was not a predictor of
the outcomes of secondary hormone therapy, it was a
prognostic factor for advanced PCa (8). In the southwest
oncology group prospective study, predictors of the
development of AWS were more common in patients who
had been using antiandrogenic agents for longer (26). While
the pathophysiological mechanisms underlying AbAWS are
not fully understood, several hypotheses have been proposed.
It is possible that a mutant AR is activated by an alternative
ligand and that the ligand-binding domain contributes to
AbAWS (9, 27). Regarding the mechanism of AbAWS
development, there is speculation that the discontinuation of
AbA reduces serum progesterone levels and activates mutant
AR, resulting in the development of AbAWS. It is speculated
that the discontinuation of AbA causes the downregulation of
multiple sites of the AR signaling pathway, resulting in the
development of AbAWS (15). AbA is usually administered in
combination with prednisone to avoid hypocortisolemia and
the consequent elevated adrenocorticotropic hormone levels
(28). The glucocorticoid receptor (GR) gene is one of the
most upregulated genes in antiandrogen-resistant PCa and
shares many target genes with AR (29). Therefore, prednisone
may bypass AR blockade and dihydrotestosterone deficiency
through the GR. When the PSA level rises after the
administration of AbA, both AbA and prednisolone are
stopped simultaneously. Prednisolone is known to act as a
specific alternative ligand for certain mutant ARs (9).
AbAWS may be partly influenced by prednisolone
discontinuation rather than AbA discontinuation. However, it
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has been reported that AbAWS has been documented even in
patients who continued receiving steroids after the
discontinuation of AbA (30). Marin et al. reported that it was
possible to confirm long-term AbAWS and delay docetaxel
treatment for eight months without discontinuing
prednisolone (31). They noted that prednisone was not
associated with AbAWS, although the details were not
reported. In addition, Kato et al. reported that the frequency
of AbAWS did not correlate with prednisolone use and that
AbAWS was mainly associated with AbA discontinuation
(27). According to a recent case report, even spironolactone
withdrawal was associated with a dramatic response in a
patient with metastatic CRPC (32). Therefore, it is
recommended that when PSA values are elevated after AbA
administration, AbA alone should be discontinued, and
prednisolone should be continued.

In recent years, it has become possible to administer AbA
as a first-line treatment for metastatic HSPC. Tani et al.
reported a case in which AbAWS occurred after the
administration of AbA for the first time (15). After the
discontinuation of AbA, the patient’s PSA levels decreased
and were maintained at low levels for five months. They stated
that if patients with metastatic HSPC who were treated with
up-front AbA were found to have elevated PSA levels, they
should not be immediately moved to the next treatment.
Moreover, they said that if the patient's condition permitted it
was clinically acceptable to discontinue AbA for
approximately one month and follow the patient’s PSA levels.

In the future, it is anticipated that the use of AbA as an
initial treatment may increase, and hence, the opportunity to
evaluate AbAWS may also increase. It would be extremely
useful if it were possible to predict AbAWS prior to its
occurrence. It may be concluded that AbAWS is not a rare
clinical phenomenon, and it may be possible to evaluate its
clinical impact better in the near future. When PSA levels
rise during the administration of AbA, it is acceptable to stop
the AbA treatment and wait until after the patient’s PSA
levels have been verified before moving on to the next stage
of treatment.
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Apalutamide Withdrawal Syndrome (ApWS)

Although it has been reported that the discontinuation of
apalutamide should be considered when severe dermatological
symptoms occur (33), WS has not been reported after the
discontinuation of apalutamide. Apalutamide has almost the
same chemical formulation as enzalutamide, but it causes
different adverse events. While there have not been any previous
reports of ApWS, considering the rarity of EWS, it is highly
possible that ApWS will not be observed in the future.
Apalutamide has a relatively long half-life, similar to
enzalutamide. Therefore, when patients treated with apalutamide
exhibit elevated PSA levels, it is necessary to consider switching
them to other ARSIs after a period of time (Table I).

Dalorutamide (DaWS)

Similar to apalutamide, WS has not been reported after the
discontinuation of dalorutamide.

Future Perspectives

It was found that there are different predictors of AWS for
antiandrogens and ARSIs. However, it is necessary to
accumulate further data to gain a full understanding of the
predictors of WS. To summarize the findings of previous
studies, if patients with advanced PCa are treated with first-
generation antiandrogens and develop CRPC, WS should be
considered. It was thought that if a patient was initially
treated with ARSIs, ARSI WS was unlikely to occur, and it
would be better to transition to second-line treatment. While
it is important to be ready to consider WS in patients treated
with ARSIs, clinicians should always pay careful attention
to patients’ medical conditions and the state of their cancer,
and provide appropriate treatment.

Therefore, how long should ARSIs be discontinued to
confirm that a patient is experiencing ARSI WS? Although it
has been reported that the optimal withdrawal period for AbA
discontinuation is one month, (15) as the half-lives of
enzalutamide and apalutamide are long and equivalent to the
half-life of bicalutamide, it would seem that two months would
be an appropriate discontinuation period for these drugs.

Conclusion

In conclusion, it seems that second-generation antiandrogens
cause WS less frequently, and such WS is of less clinical
significance than that caused by first-generation antiandrogens.
Therefore, there may be a temptation to ignore such WS.
However, in some cases it may have a clinically relevant
impact, and hence, should not be completely ignored.

In this review article, we have omitted molecular
pathophysiological studies and focused on real-world clinical

687

practice when reviewing the literature. This review may be
of use in daily clinical practice.
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