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Purpose  In men with metastatic castration-resistant prostate cancer (mCRPC), new bone lesions are sometimes not properly catego-
rized through a confirmatory bone scan, and clinical significance of the test itself remains unclear. This study aimed to demonstrate 
the performance rate of confirmatory bone scans in a real-world setting and their prognostic impact in enzalutamide-treated mCRPC. 
Materials and Methods  Patients who received oral enzalutamide for mCRPC during 2014-2017 at 14 tertiary centers in Korea were 
included. Patients lacking imaging assessment data or insufficient drug exposure were excluded. The primary outcome was overall 
survival (OS). Secondary outcomes included performance rate of confirmatory bone scans in a real-world setting. Kaplan-Meier analy-
sis and multivariate Cox regression analysis were performed. 
Results  Overall, 520 patients with mCRPC were enrolled (240 [26.2%] chemotherapy-naïve and 280 [53.2%] after chemotherapy). 
Among 352 responders, 92 patients (26.1%) showed new bone lesions in their early bone scan. Confirmatory bone scan was per-
formed in 41 patients (44.6%), and it was associated with prolonged OS in the entire population (median, 30.9 vs. 19.7 months; p < 
0.001), as well as in the chemotherapy-naïve (median, 47.2 vs. 20.5 months; p=0.011) and post-chemotherapy sub-groups (median, 
25.5 vs. 18.0 months; p=0.006). Multivariate Cox regression showed that confirmatory bone scan performance was an independent 
prognostic factor for OS (hazard ratio 0.35, 95% confidence interval, 0.18 to 0.69; p=0.002).   
Conclusion  Confirmatory bone scan performance was associated with prolonged OS. Thus, the premature discontinuation of enza-
lutamide without confirmatory bone scans should be discouraged.
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Oncological Outcomes in Men with Metastatic Castration-Resistant Prostate 
Cancer Treated with Enzalutamide with versus without Confirmatory Bone Scan

Introduction

Metastatic castration-resistant prostate cancer (mCRPC) 
rates are increasing worldwide. This cancer has a dismal 
prognosis, with a 5-year survival of approximately 30% [1]. 
After docetaxel was first approved as treatment with sur-
vival benefit for mCRPC, many drugs were actively devel-
oped, such as abiraterone, enzalutamide, cabazitaxel, and 
radium-223 [2,3]. Enzalutamide is one of the approved drugs 
that inhibit androgen-receptor signaling. The PREVAIL and 
AFFIRM randomized clinical trials have demonstrated the 
safety and efficacy of enzalutamide in men with mCRPC, 
both those who are chemotherapy-naïve and post-chemo-
therapy [4-6].

Due to the innate bone tropism of prostate cancer (PCa), 
approximately 90% of mCRPC patients have detectable 
bone metastases on imaging studies [7]. The Prostate Cancer 
Working Group (PCWG)-2 established specific assessment 

criteria for bone lesion evaluation [8]. They took into account 
the bone scan flare phenomenon, which is defined as uncon-
firmed new bone scan lesions with stable or responding dis-
ease, based on prostate-specific antigen (PSA) changes or 
soft-tissue imaging in PCa [6,9-11]. This indicates a favorable 
osteoblastic reaction, representing a healing process. How-
ever, without confirmatory bone scans performed at specific 
intervals after initial assessment, this can easily be mistaken 
for progression, and is termed pseudoprogression, which 
occurs in 10%-50% during various PCa treatments (androgen- 
deprivation therapy [ADT], abiraterone, radium-223, and 
enzalutamide) [12]. Accordingly, pivotal randomized trials  
(PREVAIL and AFFIRM) clearly protocolized mandatory 
confirmatory bone scans when new bone lesions were enco- 
untered during enzalutamide treatment [4,5]. A post-hoc, 
secondary analysis of the trial data indeed supported the 
favorable treatment response in the pseudoprogression 
group [13]. Nevertheless, clinical data in a real practice set- 
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ting on whether a confirmatory bone scan is appropriately 
performed to distinguish pseudoprogression from the true 
progression, or whether the performance of confirmatory 
bone scan itself affects survival outcome, are lacking.

In this study, we investigated the performance rate of con-
firmatory bone scans in real clinical practice for patients with 
mCRPC receiving enzalutamide, using a multicenter cohort. 
We hypothesized that not performing a confirmatory bone 
scan may be associated with worse oncological outcomes 
in chemotherapy-naïve or post-docetaxel settings. We also 
hypothesized that the pseudoprogression group would have 
similar oncological outcomes to those who responded to 
treatment as assessed by other means.

Materials and Methods

1. Study design and patients
This study included 627 patients who received oral enzalu-

tamide between 2014 and 2017 at 14 tertiary centers in Korea. 
The inclusion criteria were histologically confirmed prostate 
adenocarcinoma, treated with enzalutamide between 2014 

and 2017 due to mCRPC. Our cohort included both chem-
otherapy-naïve and post-chemotherapy groups. Unlike the 
AFFIRM or PREVAIL trials, our trial did not use particularly 
stringent eligibility criteria, in order to reflect a real-life clini-
cal environment better [14,15]. The exclusion criteria were as 
follows: (1) metastases in the brain or active epidural disease 
(patients treated for epidural disease were allowed), (2) enza-
lutamide used in clinical trials or combined with other active 
drugs. Enzalutamide was administered daily at an initial 
dose of 160 mg and ADT was administered in a conventional 
manner. 

We followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guide-
line [16].

2. Final cohort for the analysis of confirmatory bone scan 
efficacy

Of the 627 patients who received enzalutamide, 107 were 
excluded due to lack of imaging assessment data or insuf-
ficient drug exposure (treatment discontinuation within less 
than 1 month for various causes, such as drug side effects 
and high drug costs) (S1 Fig.), resulting in final inclusion 

Table 1.  Characteristics of pre- and post-docetaxel enzalutamide

 Pre-docetaxel (n=240) Post-docetaxel (n=280) p-value

Age (yr) 72.4±8.5 69.8±8.4 0.001
BMI (kg/m2) 23.6±3.4 24.1±3.4 0.141
PSA (pre-ENZA) (ng/dL)  34.9 (9.7-117.1) 48.0 (15.7-158.8) 0.029
ECOG score 0-1  217 (90.8) 237 (84.9) 0.043
HTN  102 (42.5) 112 (40.0) 0.460
DM  49 (20.4) 56 (20.0) 0.822
Cardiovascular disease  21 (8.8) 27 (9.6) 0.768
Primary treatment    
    Radical prostatectomy 46 (19.2) 51 (18.2) 0.764
    Radiotherapy 60 (25.0) 123 (43.9) < 0.01
Metastasis type    
    Bone metastasis only 156 (69.6) 186 (67.4) 0.191
    Visceral metastasis only 5 (2.2) 6 (2.2) 0.960
    Both bone and visceral metastasis 23 (10.3) 52 (18.8) < 0.01
No. of bone metastases   
    < 10 120 (70.2) 157 (64.1) 0.405
    10-20 30 (17.5) 49 (20.0) 
    > 20 21 (12.3) 39 (15.9) 
ISUP GG    
    1-3 51 (23.1) 51 (19.8) 0.390
    4-5 170 (76.9) 206 (80.2) 
Cycle of enzalutamide    11.2±11.1   10.1±10.3 0.232

Values are presented as mean±SD, median (IQR), or number (%). BMI, body mass index; DM, diabetes mellitus; ECOG, Eastern Coopera-
tive Oncology Group; ENZA, enzalutamide; HTN, hypertension; ISUP GG, International Society of Urological Pathology Grade Group; 
IQR, interquartile range; PSA, prostate-specific antigen; SD, standard deviation.
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of 520 patients in the analysis. For the present analysis, we 
focused on men with stable disease or disease responding to 
therapy according to non-bone disease manifestations, inclu-
ding PSA levels and soft-tissue criteria. Overall, 260 patients 
(50.0%) showed stable disease without new bone lesions, 
while 92 patients (17.7%) showed new bone lesions. These 
were further divided into those who underwent confirma-
tory bone scan and those who did not.  

3. Radiographic assessment
Tc 99m-labeled methylene diphosphonate bone scans were 

performed at each participating center, interpreted locally at 
each center, and analyzed centrally for confirmation. Uncon-
firmed bone lesions were defined as the detection of two 
or more new lesions on post-baseline bone scans within 6 
months of enzalutamide initiation, without subsequent new 
lesions detected on later scans (≥ 4-week intervals), accord-
ing to the PCWG2 criteria.

The assessment of soft tissue progression was based on 
the Response Evaluation Criteria in Solid Tumors ver. 1.1 
(RECIST v1.1). This was largely classified into complete res-
ponse, partial response, stable disease, or progressive dis-
ease.

4. Study endpoints
We used modified study endpoints to reflect a real clinical 

situation. The primary endpoint was overall survival (OS), 
defined as the time from the start of enzalutamide treatment 
to death from any cause. Secondary endpoints included time 
to PSA progression, radiographic progression-free survival 
(rPFS), and performance rate of confirmatory bone scans in 
a real-world setting. Radiographic progression was defined 
according to RECIST 1.1, as soft tissue disease or the appear-
ance of ≥ 2 new lesions on a bone scan. 

Table 2.  Characteristics of patients with/without confirmatory bone scan

 Without confirmatory With confirmatory 
p-value

 bone scan (n=51) bone scan (n=41)

Age (yr) 70.3±8.1 68.8±8.1 0.387
BMI (kg/m2) 24.6±3.0 24.4±2.8 0.708
PSA (pre-treatment) (ng/dL)  52.5 (13.8-182.4) 60.0 (11.4-238.6) 0.780
ECOG score 0-1  38 (74.5) 36 (77.8) 0.110
HTN  22 (43.1) 17 (41.5) 0.957
DM  7 (13.7) 10 (24.4) 0.391
Cardiovascular disease  7 (13.7) 5 (12.2) 0.423
Primary treatment    
    Radical prostatectomy 11 (21.6) 10 (24.4) 0.749
    Radiotherapy 16 (31.4) 18 (43.9) 0.216
Timing of Enzalutamide    
    Pre-docetaxel 22 (43.1) 20 (48.8)  0.589
    Post-docetaxel  29 (56.9) 21 (51.2) 
Metastasis type    
    Bone metastasis only 35 (85.4) 34 (97.1) 0.077
    Visceral metastasis only 0 ( 1 (2.5) 0.266
    Both bone and visceral metastasis 8 (16.3) 5 (12.5) 0.611
No. of bone metastases   
    < 10 25 (61.0) 18 (52.9) 0.388
    10-20 10 (24.4) 13 (38.2) 
    > 20 6 (14.6) 3 (8.8) 
ISUP GG    
    1-3 7 (15.6) 6 (16.2) 0.935
    4-5 38 (84.8) 31 (83.8) 
Cycle of enzalutamide   6.8±4.7   15.0±13.8 0.001
Values are presented as mean±SD, median (IQR), or number (%). BMI, body mass index; DM, diabetes mellitus; ECOG, Eastern Coopera-
tive Oncology Group; HTN, hypertension; ISUP GG, International Society of Urological Pathology Grade Group; IQR, interquartile range; 
PSA, prostate-specific antigen; SD, standard deviation.

Cancer Res Treat. 2024;56(2):634-641



VOLUME 56 NUMBER 2 APRIL 2024     637

5. Data collection and statistical analysis
Study data were collected online using the Research Ele-

ctronic Data Capture (REDCap) program hosted by the 
Department of Urology at Seoul National University Hospi-
tal. REDCap is a secure, web-based application designed to 
support data capture for research studies [16]. For secondary 
verification, all the bone scan images from each center were 
also uploaded to the database.

Estimates of the median and 95% confidence intervals 
(CIs) for the time-to-event analyses were determined using 
the Kaplan-Meier method. The hazard ratio (HR) was deter-
mined using a Cox proportional hazards regression model. 
Statistical analyses were mainly performed in the following 
subgroup analyses: (1) groups without (–) and with (+) con-
firmatory bone scans in both the chemotherapy-naïve and 
post-docetaxel groups; (2) patients with stable disease vs. 
those confirmed to have undergone pseudoprogression.

Results

1. Entire cohort of enzalutamide treatment
In total, 520 patients with mCRPC were included in this 

study, of whom 240 patients (46.2%) were chemotherapy-
naive, and 280 patients (53.8%) received enzalutamide after 
chemotherapy. Patients received a mean of 10.8 cycles of 
enzalutamide (S2 Table). Among them, 168 patients (32.3%) 
showed no decrease in PSA or soft-tissue progression, dem-
onstrating non-responsiveness. Baseline patient demograph-
ics, treatment history before enzalutamide administration, 
and primary and metastatic characteristic differences were 
recorded between chemotherapy-naïve and post-chemother-
apy treatment types (Table 1). 

2. Association of confirmatory bone scan with oncological 
outcomes

Among the 352 enzalutamide responders, 92 patients (26. 
1%) showed new bone lesions during the course of enzaluta-

Table 3.  Multivariate Cox regression analysis of overall survival

Variable HR 95% CI p-value

ISUP GG > 3 1.78 0.74-4.31 0.199
Visceral metastasis 1.01 0.41-2.53 0.977
Post-docetaxel 1.71 0.91-3.21 0.097
Concomitant ADT 0.66 0.36-1.21 0.177
Confirmatory BS 0.35 0.18-0.69 0.002
ADT, androgen-deprivation therapy; BS, bone scan; CI, confi-
dence interval; HR, hazard ratio; ISUP GG, International Society 
of Urological Pathology Grade Group.

Fig. 1.  Kaplan-Meier curve of groups with (red) and without 
(blue) confirmatory bone scan (BS) for overall survival (A), 
radiographic progression-free survival (B), and prostate-specific 
antigen (PSA) progression-free survival (C) in cases with enza-
lutamide-treated metastatic castration-resistant prostate cancer.
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mide treatment. Confirmatory bone scans were performed in 
44.6% (41 patients). All baseline clinical characteristics were 
comparable between the groups with and without confirma-
tory bone scans (Table 2). 

Multivariate Cox regression analysis showed that confirm-
atory bone scan performance was an independent prognostic 
factor (OS) (HR, 0.35; 95% CI, 0.18 to 0.69; p=0.002) (Table 3). 
Confirmatory bone scan performance was associated with a 
significantly prolonged OS (median, 30.9 vs. 19.7 months; p < 
0.001), time to PSA progression (median, 10.0 vs. 5.8 months; 
p < 0.001), and rPFS (median, 11.7 vs. 6.1 months; p < 0.001) 
(Fig. 1). In subgroup analysis, the group with confirmatory 
bone scans demonstrated OS benefit in both the chemo-
therapy naïve group (median survival, 47.2 vs. 20.5 months; 
p=0.011) and the post-chemotherapy group (median surviv-
al, 25.5 vs. 18.0 months; p=0.006) (Fig. 2). 

To exclude situations where PSA increase occurred at the 
time of observing unconfirmed bone lesions, additional anal-
ysis was conducted on patients who demonstrated consistent 
PSA responses to enzalutamide over the permissible period 
defined as six months in the definition of unconfirmed bone 
lesions. All baseline clinical characteristics were comparable 
between the groups with and without confirmatory bone 
scans (Table 2). All baseline clinical characteristics were com-
parable between the groups with and without confirmatory 
bone scans (S3 Table). Confirmatory bone scan performance 
was still associated with a significantly prolonged OS (medi-
an, 33.5 vs. 21.4 months; p < 0.001) (S4 Fig.).

 

3. Association of bone scan pseudoprogression with effi-
cacy

Among the 352 enzalutamide responders, 260 patients 
(73.9%) were classified as a “stable disease” group, whose 
disease was responding to treatment by both PSA and soft-
tissue standards, with no new bone lesions detected on fol-
low-up bone scans for at least the first 6 months. The num-
ber of pseudoprogression group was 17 patients, out of 41 
patients who underwent confirmatory bone scan. This group 
was considered to show the bone flare phenomenon tem-
porarily in response to enzalutamide. There were no differ-
ences in clinical characteristics between the two groups (sta-
ble disease group and pseudoprogression group) (S5 Table). 
Kaplan-Meier survival analysis revealed no difference in OS 
(median 52.0 months [stable disease] vs. not reached [pseu-
doprogression], p=0.195) (S6 Fig.).

Discussion

Since a Tc 99m–labeled methylene diphosphonate bone 
scan demonstrates osteoblastic activity derived from both 
the healing response and from cancer lesions, the PCWG 
(2-3) guidelines [17] recommend performing a confirmatory 
bone scan when new, unconfirmed bone lesions are detected 
on a first follow-up scan in mCRPC patients. This allows cli-
nicians to distinguish true progression from pseudoprogres-
sion easily. This is clinically important because, without a con-
firmatory bone scan, patients showing a transient bone flare 
may be misdiagnosed as harboring resistance to an androgen 
receptor–targeting agent. Two global enzalutamide clinical 
trials, PREVAIL and AFFIRM, were thoroughly designed in 

Fig. 2.  Kaplan-Meier curve of groups with (red) and without (blue) confirmatory bone scan (BS) for overall survival in cases with pre-
docetaxel (A), and post-docetaxel (B) enzalutamide-treated metastatic castration-resistant prostate cancer.
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accordance with these PCWG2 guidelines [18], so that only 
16 men in the PREVAIL and no men in the AFFIRM study 
discontinued enzalutamide treatment for unconfirmed bone 
lesions, i.e., without first obtaining confirmatory bone scans. 
Such trial study results may not fully reflect real-world data. 
In support of this, a recent retrospective study presented by 
the Memorial Sloan Kettering Cancer Center group showed 
that 42 of 257 patients who received androgen receptor–
axis–targeted drugs did not undergo a confirmatory bone 
scan [19]. Thus, in this study, we attempted to assess the per-
formance rate of confirmatory bone scans for the new bone 
lesions and their survival outcomes in enzalutamide-treated 
mCRPC using multicenter real-world data. The novelty of 
this study is that we provided clinical evidence bolstered 
by a multicenter setting with regard to the clinical impact of 
confirmatory bone scans in enzalutamide-treated mCRPC, 
which is strikingly underperformed. 

Essentially, we found no clinicopathological differences 
between patients with or without confirmatory bone scans, 
indicating that a confirmatory bone scan is somewhat ran-
domly performed in a multicenter (14 tertiary centers) real-
world setting. Nevertheless, performance of a confirmatory 
bone scan significantly extended the enzalutamide mainte-
nance duration by approximately 8 months, which ultimate-
ly led to prolonged OS, rPFS, and time to PSA progression. 
On the other hand, the pseudoprogression group showed 
similar oncological outcomes to the stable disease group, in 
agreement with the PREVAIL and AFFIRM results. We next 
compared the incidence of unconfirmed bone lesions with 
the previous post-hoc analysis of the PREVAIL and AFFIRM 
data [13]. The new bone lesions were observed in 17.7% 
(92/520) of all patients in this study, which was comparable 
to the frequencies in previous trials. In subgroup analyses, 
pre-chemotherapy and post-chemotherapy settings showed 
a similar prevalence, i.e., 17.1% (41/240) and 17.9% (50/280), 
respectively. Through analysis of the multicenter-based real-
world data, we revealed that only about 44.6% of patients 
underwent confirmatory bone scans when clinicians encou-
ntered the newly developed bone lesions. This indicates 
that, although the PCWG3 guidelines emphasize the clini-
cal importance of the bone flare phenomenon and the neces-
sity of a confirmatory bone scan, the confirmatory bone scan 
performance rate remains far from expected in real clinical 
practice. 

Our patient cohort harbored different clinical character-
istics from those in the AFFIRM and PREVAIL trials. First, 
for the pre-chemotherapy group, compared with the PRE-
VAIL trial, the incidence of bone metastasis only group was 
higher (69.9% vs. 39.9%), and the ratio of the International 
Society of Urological Pathology (ISUP) grade group (GG) 
≥ 4 was also markedly higher (76.9% vs. 50.6%). The group 

using two or more types of prior ADT accounted for 62.9%, 
which was almost triple of that (21.4%) in the PREVAIL trial, 
indicating that our cohort showed more aggressive mCRPC 
with a higher disease burden. In fact, this trend was similar 
to the distribution in an East Asian subpopulation shown in 
the post-hoc analysis results of the PREVAIL study [20]. Com-
pared with the overall study population, a higher percentage 
of East Asian patients had a Gleason score ≥ 8 and a greater 
percentage had bone disease (East Asian vs. overall: 80% vs. 
50.6%), suggesting a higher disease burden [20]. Addition-
ally, this study was timely, given the current trend of increas-
ingly advanced stages and an aggressive PCa, as well as 
increasing prevalence of bone-metastatic mCRPC [21-23]. 
This shift has been primarily driven by increased diagnosis 
of high-grade disease [24]. The same trend was observed in 
the post-chemotherapy group. Patients with ISUP GG 4-5 
were 80.2% in our cohort, which was more than one and a 
half times that in the AFFIRM trial (50.4%). 

In our comparison of OS between those with and those 
without new bone lesions, the former group showed signifi-
cantly shorter survival than the pre-docetaxel (30.9 vs. 63.1 
months, p < 0.001) and post-docetaxel (21.4 vs. 37.9 months, 
p < 0.001) values. This was in stark contrast to the results of 
previous studies (PREVAIL and AFFIRM), which consistent-
ly performed confirmatory bone scans. In short, the AFFIRM 
trial showed shortened OS, but no difference in rPFS in men 
with unconfirmed bone lesions, while the PREVAIL trial did 
not show differences in any oncological outcome, regardless 
of whether newly developed unconfirmed bone lesions were 
present. Approximately 40% of patients who underwent con-
firmatory bone scans revealed that the lesions represented 
pseudoprogression. This emphasizes that patients with new 
bone lesions who have not undergone confirmatory bone 
scans (55.4%) should be strongly recommended to undergo 
confirmatory bone scans to categorize their oncological risk 
appropriately and decide whether enzalutamide treatment 
should be maintained or switched to the next sequential 
drug. Our results may raise awareness of these new bone 
lesions among the community healthcare network and con-
vey the necessity of a confirmatory bone scan when these 
lesions are encountered. At present, men who are likely to 
develop pseudoprogression rather than true progression 
cannot be identified prospectively, and thus, all patients with 
mCRPC who are receiving enzalutamide should be carefully 
observed for this phenomenon. 

This study had some limitations. The first is the retro-
spective nature of the analysis, possibly because of inherent 
patient selection biases. A second limitation is the relatively 
small number of patients with pseudoprogressive lesions 
compared to the PREVAIL and AFFIRM trials. The third 
limitation is the lack of information on accompanying bone 
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pain related to bone metastasis, which could have provided 
a more accurate clinical context. Fourth, this study did not 
suggest any useful clinical biomarkers for predicting pseu-
doprogression. Although the pre-enzalutamide laboratory 
test revealed that hemoglobin (11.7±1.6 [true progression] 
vs. 12.9±1.0 [pseudoprogression], p=0.008) was significantly 
different and lactate dehydrogenase (333±249 vs. 112±103, 
p=0.076) and alkaline phosphatase (305±454 vs. 129±62, 
p=0.072) demonstrated borderline significance, no sequen-
tial laboratory data could be obtained. Improved functional 
imaging, such as prostate-specific membrane antigen posi-
tron emission tomography–computed tomography [25], or 
automated bone scan index [19] may provide useful informa-
tion for equivocal lesions that cannot be fully discriminated 
with confirmatory bone scans. 

In our multicenter study using real-world data of enzalu-
tamide-treated mCRPC, a confirmatory bone scan was not 
performed in a considerable number of patients showing 
new bone lesions in their early scan (< 6 months after treat-
ment), contrary to the recommended guidelines. The perfor-
mance of a confirmatory bone scan itself may be associated 
with prolonged OS in chemotherapy-naïve or post-chem-
otherapy subpopulations. Pseudoprogression occurred in 
approximately 40% of patients who underwent a confirmato-
ry bone scan, and their OS was not different from that of men 
responding to treatment without new bone lesions. Based on 
these findings, we suggest that premature discontinuation of 
enzalutamide without a confirmatory bone scan should be 
discouraged to improve oncological outcomes.
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