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Abstract
Background  Routine use of neoadjuvant hormonal therapy (NHT) before radical prostatectomy (RP) is not recommended, 
but it is sometimes performed to reduce the prostate size and tumor volume or to prevent tumor progression during the wait 
times for surgery in clinical practice. On the other hand, the impact of NHT on the pattern of biochemical recurrence (BCR) 
is unknown.
Methods  We retrospectively examined 1749 consecutive patients who underwent RP between 1996 and 2017. Among the 
patients who met the inclusion criteria, BCR developed in 240 of non-NHT patients and in 120 of NHT patients during the 
mean follow-up period of 6.9 years. We examined the impact of NHT on the PSA-doubling time (DT) following BCR at 
different times after RP.
Results  The median PSA-DTs in non-NHT patients who experienced BCR in the first year after surgery, between 1 and 
2 years, between 2 and 3 years, between 3 and 4 years, between 4 and 5 years, and at > 5 years were 5.5, 8.8, 11.3, 17.7, 18.2, 
and 18.4 months, respectively. On the other hand, those in NHT patients were 1.4, 4.1, 9.1, 13.4, 27.2, and 19.3 months, 
respectively. The differences of PSA-DTs in the first year after surgery (p < 0.001) and between 1 and 2 years (p = 0.005) 
were significant between non-NHT and NHT patients.
Conclusion  Patients who received NHT had a higher risk of a rapid PSA increase when they experienced BCR, especially 
within 2 years after RP. In order to not miss the optimal timing of salvage treatment for BCR, intensive PSA follow-up is 
necessary.

Keywords  Radical prostatectomy · Biochemical recurrence · Neoadjuvant androgen deprivation therapy · PSA · PSA-
doubling time

Introduction

Since the introduction of serum prostate-specific antigen 
(PSA) testing, the incidence of clinically localized prostate 
cancer has markedly increased and radical prostatectomy 
(RP) is now a mainstream of curative therapy [1]. RP is 
considered oncologically successful when the serum level 
of PSA decreases to < 0.2 ng/mL after surgery. Biochemi-
cal recurrence (BCR) after RP is commonly diagnosed by 
detecting an increase in the PSA level without clinical or 

radiographic evidence of disease, and generally defined 
as two successive PSA levels of > 0.2 ng/mL [2]. Not all 
patients who have BCR after RP have a poor prognosis [3], 
but conversely, all patients who develop distant metasta-
sis and die due to prostate cancer later inevitably develop 
BCR in advance. Therefore, PSA monitoring is essential for 
surveillance after RP. As early salvage therapy for BCR is 
advantageous [4–7], it is important to detect the increase in 
PSA without delay. Patients should be followed up closely 
during the early phase after RP when aggressive disease 
recurrence can develop. The risk of rapid BCR gradually 
decreases over time and the follow-up frequency can be 
reduced in the late phase [8–10].

Routine use of neoadjuvant hormonal therapy (NHT) 
before RP is not recommended due to its cost, side effects 
[11], and no clear evidence of improved prognosis [12–14]. 
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However, it is sometimes performed to reduce the prostate 
size and tumor volume or to prevent tumor progression 
during the wait times for surgery in clinical practice. Fur-
thermore, the worldwide COVID-19 pandemic from 2020 
caused RP to be postponed as a non-priority surgery, and 
overuse of NHT to stall for time until surgery is performed 
[15]. However, NHT may mask the PSA increase by residual 
prostate cancer after RP because it can cause the PSA to 
decrease for a certain period. Therefore, we must be care-
ful when setting the interval of PSA follow-up after RP for 
patients with NHT in order not to miss the rapid increase 
in PSA.

For NHT, a luteinizing hormone releasing hormone 
(LHRH) agonist/antagonist and/or antiandrogen drug are 
usually selected. Several previous studies demonstrated 
that testosterone recovery to the normal level after hormonal 
therapy took several months [16–23]. On the other hand, the 
duration that NHT affects the pattern of BCR after RP has 
not been examined.

The PSA-doubling time (PSA-DT) is defined as the num-
ber of months it takes for the PSA level to double from the 
baseline value [24]. The increase in PSA after surgery is 
thought to reflect growth of the residual tumor and the PSA-
DT remains relatively constant over time after BCR [25]. In 
the present study, we focused on the PSA-DT following BCR 
at different times after RP. We compared PSA-DTs between 
patients with and without NHT to elucidate the impact of 
NHT on the pattern of BCR.

Materials and methods

After institutional review board approval, we retrospec-
tively examined 1749 consecutive patients who underwent 
RP between 1996 and 2017. We excluded patients who 
received adjuvant therapy and those without a nadir PSA 
level < 0.2 ng/mL. All patients who had pathological lymph 
node metastasis received adjuvant therapy and they were 
not included in this study. In total, 1283 (73%) patients did 
not receive NHT and 466 (27%) patients did. Both open 
and laparoscopic RPs were performed by the retroperitoneal 
approach. Robot-assisted RP was basically performed by the 
transperitoneal approach.

BCR was defined as two successive PSA levels 
of > 0.2 ng/mL after RP. PSA has been measured by an 
ultrasensitive assay (detection limit of 0.01 ng/mL) since 
2002 and the conventional PSA assay (detection limit of 
0.1 ng/mL) was performed before that. To detect BCR, 
PSA was generally measured at 3-month intervals for the 
first 2 years after surgery, at 6-month intervals for the next 
3 years, and annually thereafter, but the schedule was often 
modified according to several clinicopathological param-
eters during follow-up. During the mean follow-up period 

of 6.9  years, BCR developed in 240 (19%) non-NHT 
patients, and in 131 (28%) NHT patients. To reduce the 
heterogeneity in the type of NHT agents, we excluded 11 
patients who received antiandrogen monotherapy as NHT. 
Finally, 240 non-NHT patients and 120 NHT patients who 
experienced BCR were the subjects of this study.

Prior to RP, all NHT patients received at least 3 months 
of hormonal therapy, including a LHRH agonist (leu-
prorelin acetate or goserelin acetate), or the combination 
of LHRH agonist and antiandrogen drug (bicalutamide, 
flutamide, or chlormadinone acetate), which was termed 
combined antiandrogen blockade (CAB). The choice of 
hormonal therapy and duration of NHT mainly depended 
on the physician and patient’s preference.

The pathological diagnosis by needle biopsy and RP 
specimen, and clinicopathologic parameters was deter-
mined by review of the medical records. Based on the PSA 
increase from BCR to the initiation of salvage treatment, 
we calculated the PSA-DT. The PSA-DT was calculated 
using a formula that employs the natural logarithm of 2 
divided by the slope obtained from fitting linear regres-
sion of the natural log of PSA to time [24]. Patients were 
divided into 6 groups by setting multiple cut-off points 
for the timing of BCR at clinically convenient times of 
1, 2, 3, 4, and 5 years after surgery. We confirmed that 
the PSA-DTs exhibited a log-normal distribution, and the 
Shapiro–Wilk normality test gave a p value of 0.881 for 
non-NHT patients (Fig. 1a) and 0.086 for NHT patients 
(Fig. 1b). All of the individual p values were also higher 
than 0.05 in non-NHT patients who experienced BCR in 
the first year after surgery, between 1 and 2 years, between 
2 and 3  years, between 3 and 4  years, between 4 and 
5 years, and at > 5 years (0.767, 0.910, 0.937, 0.379, 0.093, 
and 0.813, respectively), and in NHT patients (0.104, 
0.084, 0.755, 0.095, 0.648, and 0.205, respectively). In this 
study, the minimum (fastest) PSA-DT was set as the one-
sided lower 95% confidence limit, which we considered 
essential to detect an increase in PSA without delay [9].

The Chi-square test was used to examine differences in 
categorical variables. Differences in normally distributed 
continuous variables between two groups were analyzed 
using the Student’s t test. Propensity score (PS) match-
ing analysis was performed to adjust for the difference 
in baseline clinical characteristics between the non-NHT 
cohort and the NHT cohort. The PS was estimated by a 
logistic regression model that included PSA at diagno-
sis, Grade Group of needle biopsy specimen, and clinical 
stage. PS matching was performed using the nearest neigh-
bor method, with a caliper of 0.20. In all analyses, p < 0.05 
was considered significant. Statistical analysis was per-
formed using R software (version 3.0.2) and Microsoft 
Excel (version 2019).
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Results

Patient characteristics

The clinicopathological differences of 240 non-NHT 
patients and 120 NHT patients are summarized in Table 1. 
In the NHT cohort, the PSA level, Grade Group, and clinical 
stage at the diagnosis of prostate cancer were significantly 
higher than those in the non-NHT cohort. Regarding the 
type of NHT, more patients (62%) received LHRH agonist 
than CAB. The duration of NHT was 3–6 months in 90% of 
patients and the other 10% received NHT for 7–12 months. 
Histological results of prostatectomy specimens revealed 
that organ-confined disease and negative margin status were 
more frequent in the NHT cohort than the non-NHT patients.

In the non-NHT cohort, 97 (40.4%) and 82 (34.2%) 
patients received salvage RT and ADT, respectively. On 
the other hand, 61 (25.4%) received no treatment. In the 
NHT cohorts, 51 (42.5%) and 40 (33.3%) patients received 
salvage RT and ADT, respectively. In contrast, 29 (24.2%) 
received no treatment. There was no significant difference 
in treatment selection against BCR between the two cohorts 
(p = 0.927). During the median follow-up period of 6.8 years 
after BCR, 2 (0.8%) patients in the non-NHT cohort and 
8 (6.7%) patients in the NHT cohort died due to prostate 
cancer.

The difference in PSA‑DT following BCR

The median PSA-DTs in non-NHT patients who experienced 
BCR in the first year after surgery, between 1 and 2 years, 
between 2 and 3 years, between 3 and 4 years, between 4 
and 5 years, and at > 5 years were 5.5, 8.8, 11.3, 17.7, 18.2, 

and 18.4 months, respectively (Fig. 2a). On the other hand, 
those in NHT patients were 1.4, 4.1, 9.1, 13.4, 27.2, and 
19.3 months, respectively (Fig. 2b). The differences in PSA-
DTs in the first year after surgery (p < 0.001) and between 1 
and 2 years (p = 0.005) were significant between non-NHT 
and NHT patients. On the other hand, the minimum (fast-
est) PSA-DTs in non-NHT patients were 1.7, 2.5, 2.9, 5.2, 
7.1, and 6.2 months, respectively (Fig. 2a). Those in NHT 
patients were all faster than those in non-NHT patients, 
except for the patient who experienced BCR more than 
5 years after surgery (PSA-DTs in NHT patients were 0.3, 
1.4, 1.8, 3.2, 5.8, and 7.0 months, respectively) (Fig. 2b).

After PS matching, 103 NHT patients were matched with 
103 non-NHT patients, and differences in the clinicopatho-
logical background were adjusted (Supplementary Table 1). 
Then, a similar PSA-DT was obtained, as shown in Sup-
plementary Fig. 1.

Discussion

The indication of hormonal therapy is generally limited to 
patients with metastasis, or unfavorable intermediate- or 
high-risk localized disease undergoing radiation therapy. In 
patients who receive RP, previous randomized studies dem-
onstrated that NHT is associated with a lower positive surgi-
cal margin rate, but they failed to confirm an improved BCR-
free survival or overall survival [12–14]. For these reasons, 
and concern about the significant side effects of hormonal 
therapy [11], NHT for patients who receive RP is not rec-
ommended in any guidelines [26, 27]. However, in clinical 
practice, there is a modest trend towards increased utilization 
of NHT before RP [28]. Furthermore, in this COVID-19 era, 

Fig. 1   Histogram of the PSA-
doubling time distribution a in 
patients without neoadjuvant 
hormonal therapy (NHT) and 
in patients with NHT. PSA-
doubling time exhibited a 
log-normal distribution both a 
in patients without NHT and 
b in patients with NHT. The 
Shapiro–Wilk normality test 
gave a p value of 0.881 for 
non-NHT patients and 0.086 for 
NHT patients
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RP for localized prostate cancer is regarded as a non-pri-
ority surgery, and many surgeries are postponed until after 
the pandemic. Consequently, the number of patients who 
receive NHT will increase due to the fear of cancer progres-
sion during the wait times [15], although the guidelines do 

not recommend NHT even during the COVID-19 era [29]. 
Therefore, an increase in postoperative patients with NHT 
is of concern in the near future and the establishment of an 
optimal follow-up schedule for NHT patients is an urgent 
issue.

Table 1   Demographic 
and clinicopathological 
characteristics of 240 non-NHT 
patients and 109 NHT patients 
who experienced biochemical 
recurrence after surgery

NHT neoadjuvant hormonal therapy, PSA prostate-specific antigen, LHRH luteinizing hormone releasing 
hormone, CAB combined antiandrogen blockade

Patients without NHT Patients with NHT
N = 240 N = 120

PSA at diagnosis (ng/mL) p < 0.001
 < 10 134 (56%) 60 (53%)
 10–20 85 (36%) 28 (25%)
 > 20 19 (8%) 26 (23%)
 Unknown 2 6

Grade group (needle biopsy) p = 0.004
 1 52 (35%) 19 (16%)
 2 43 (29%) 34 (29%)
 3 22 (15%) 24 (18%)
 4 18 (12%) 19 (16%)
 5 13 (9%) 22 (19%)
 Unknown 92 2

Clinical stage p = 0.007
 cT1c 38 (16%) 11 (9%)
 cT2 175 (74%) 78 (67%)
 cT3a 23 (10%) 26 (22%)
 cT3b 1 1 (1%)
 Unknown 3 4

Type of NHT –
 LHRH agonist – 74 (62%)
 CAB – 46 (38%)

Duration of NHT (months) –
 3 – 58 (48%)
 4–6 – 50 (42%)
 7–12 – 12 (10%)

Grade group (prostatectomy) –
 1 53 (22%) –
 2 53 (22%) –
 3 82 (34%) –
 4 20 (8%) –
 5 31 (13%) –
 Unknown 1 –

Pathological stage p < 0.001
 pT2 99 (41%) 74 (62%)
 pT3a 108 (45%) 33 (28%)
 pT3b 33 (14%) 12 (10%)
 Undeterminable 1

Margin status p < 0.001
 Negative 91 (38%) 71 (60%)
 Positive 148 (62%) 48 (40%)
 Undeterminable 1 1
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Several previous studies examined the time course and 
extent of testosterone recovery after the discontinuation 
of androgen deprivation therapy [16–23]. In half of the 
patients, the testosterone level recovered to a supracastrate 
level around 1 year after cessation of hormonal therapy, but 
it took an additional 1–12 months to recover to a baseline 

level [16–23]. Furthermore, delayed testosterone recovery is 
significantly associated with high age [16, 18–22], hyperten-
sion [21], diabetes [22], low baseline testosterone level [16, 
18, 20–22], low serum sex hormone-binding globulin level 
[21], and the long duration of hormonal therapy [18–22]. 
However, the duration that NHT masks the increase in PSA 

Fig. 2   PSA-doubling time 
after biochemical recurrence 
at each time after surgery a in 
patients without neoadjuvant 
hormonal therapy (NHT) and b 
in patients with NHT. The bot-
tom and top of the box indicate 
the first and third quartiles, 
and the band inside the box 
is the median. The end of the 
whisker represents the lower 
95% confidence limit, which is 
defined as the minimum (fast-
est) PSA-doubling time. The 
differences in PSA-doubling 
times in the first year after 
surgery (p < 0.001) and between 
1–2 years (p = 0.005) were 
significant between non-NHT 
and NHT patients
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due to BCR has not been examined sufficiently. In the pre-
sent study, we found that NHT can conceal BCR and induce 
the subsequent rapid PSA increase for at least 2 years, which 
may prevent salvage treatment at the optimal timing.

As all patients who develop distant metastasis and 
die due to prostate cancer inevitably experience BCR in 
advance, PSA monitoring is essential for surveillance after 
RP. Prompt initiation of salvage therapy may prevent sub-
sequent clinical progression and prostate cancer-specific 
mortality. Therefore, early detection of BCR without delay 
is the key in PSA follow-up after RP. We considered the 
ideal PSA range for the detection of BCR to be 0.2–0.4 ng/
mL, at which we can start salvage treatment before the PSA 
level exceeds 0.5 ng/mL [4]. In our previous studies [8–10], 
we calculated the PSA-DT in patients who underwent RP 
between 1995 and 2017 and experienced BCR. The majority 
of the cohort did not undergo NHT. According to their PSA-
DTs, we proposed the “optimal PSA follow-up schedule 
after RP in non-NHT patients” (the upper half of Table 2). 
In brief, we considered the ideal PSA range for detecting 
BCR to be 0.2–0.4 ng/mL to start salvage treatment before 
the PSA exceeds 0.5 ng/mL. Therefore, the optimal PSA 
follow-up interval was determined to detect BCR before 
the PSA exceeds 0.4 ng/mL. The optimal (safe) follow-up 
interval was calculated by estimating the timing when the 
PSA would reach 0.4 ng/mL based on the minimum (fast-
est) PSA-DT. In the present study, we found that PSA-DTs 
in NHT patients who experienced BCR in the first year and 
between 1 and 2 years after surgery were one-third and half 
of those in non-NHT patients, respectively. Therefore, we 
propose the “optimal PSA follow-up schedule after RP in 
NHT patients”, as shown in the lower half of Table 2.

The present study has several limitations, including 
its retrospective design at a single institution, and limited 
number of patients, especially in NHT cohorts. The most 

important limitation of this study is that sufficient monitor-
ing of serum testosterone was not performed in the majority, 
which may be a predictor for the timing of PSA increase 
after testosterone recovery. Simultaneous follow-up of PSA 
and serum testosterone is required to elucidate the impact 
of NHT on BCR after radical therapy. Meanwhile, it takes a 
few days to get the serum testosterone level after blood test-
ing, and determining the next follow-up timing according to 
its result is not clinically practical. This retrospective study 
was conducted using PSA data for which the measurement 
interval in each patient was decided according to the physi-
cian’s and patient’s preferences, which reduces the evidence 
level of our study. Although our study had these limitations, 
our study demonstrated that patients who received NHT had 
a higher risk of a rapid PSA increase when they experienced 
BCR, especially within 2 years after RP. In order to not miss 
the optimal timing of salvage treatment for BCR, intensive 
PSA follow-up is necessary. We believe that our “optimal 
follow-up schedule after RP in NHT patients” may reduce 
the overlooking of a rapid PSA increase due to BCR. In 
the future, external validation with an independent data set 
containing a sufficient number of NHT patients is needed to 
confirm the safety and clinical usefulness of our follow-up 
schedule for PSA.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10147-​021-​01942-8.
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Table 2   Optimal PSA 
follow-up schedule after radical 
prostatectomy

The first column values are the PSA at any timing after surgery, and each box indicates the optimal interval 
of the next PSA measurement according to the timing after surgery
*PSA monitoring was stopped for patients who had continuously undetectable PSA levels (< 0.01 ng/mL) 
for 5 years

Timing after surgery

< 1 year 1–2 years 2–3 years > 3 years

Patients without neoadjuvant hormonal therapy
 PSA value (ng/mL)
  − 0.05 6-month interval 8-month interval Annually Annually*
  0.06–0.10 3-month interval 4-month interval 6-month interval Annually
  0.11–0.20 1- or 2-month interval 2-month interval 3-month interval 6-month interval

Patients with neoadjuvant hormonal therapy
 PSA value (ng/mL)
  − 0.05 2-month interval 4-month interval Annually Annually*
  0.06–0.10 1-month interval 2-month interval 6-month interval Annually
  0.11–0.20 1-month interval 1-month interval 3-month interval 6-month interval
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