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EXTERNAL BEAM RADIOTHERAPY FOR CLINICALLY LOCALIZED HORMONE-
REFRACTORY PROSTATE CANCER: CLINICAL SIGNIFICANCE OF NADIR
PROSTATE-SPECIFIC ANTIGEN VALUE WITHIN 12 MONTHS

Kazuiko Ocawa, M.D.,* KaTsumasa NAKAMURA, M.D.,! TomoNar: Sasaki, M.D.,}
Hmrost Onistr, M.D.,¥ Masaniko Korzum, M.D.,! Yosuryukr Smiovama, M.D.,*
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: To analyze retrospectively the results of external beam radiotherapy for clinically localized hormone-
prostate cancer and investigate the clinical significance of nadir prostate-specific antigen (PSA) value
within 12 months (nPSA12) as an early estimate of clinical outcomes after radiotherapy.

Methods and Materials: Eighty-four patients with localized hormone-refractory prostate cancer treated with
external beam radiotherapy were retrospectively reviewed. The total radiation doses ranged from 30 to 76 Gy
(median, 66 Gy), and the median follow-up period for all 84 patients was 26.9 months (range, 2.7-77.3 months).
Results: The 3-year actuarial overall survival, progression-free survival (PFS), and local control rates in all 84 pa-
tlents alter radiotherapy were 67%, 61%, and 93%, respectively. Although distant metastases and/or regional
lymph node metastases developed in 34 patients (40%) after radiotherapy, local progression was observed in
only 5 patients (6%). Of all 84 patients, the median nPSA 12 in patients with clinical failure and in patients without
clinical failure was 3.1 ng/mL and 0.5 ng/mL, respectively. When dividing patients according to low (<0.5 ng/mL)
and high (=0.5 ng/mL) nPSA12 levels, the 3-year PFS rate in patients with low nPSA12 and in those with high
nPSA12 was 96% and 44%, respectively (p < 0.0001). In univariate analysis, nPSA12 and pretreatment PSA value
had a significant impact on PFS, and in multivariate analysis nPSA12 alone was an independent prognostic factor
for PFS after radiotherapy.

Conclusions: External beam radiotherapy had an excellent local control rate for clinically localized hormone-
refractory prostate cancer, and nPSA12 was predictive of clinical outcomes after radiotherapy. © 2008 Elsevier
Inc.

Hormone-refractory, Prostate cancer, nPSA12, Radiotherapy, Prognostic factor.

INTRODUCTION

Androgen ablation is an effective treatment approach for
prostate cancer and has been used as one of the primary treat-
ments for localized disease or palliative treatment for
systemic disease (1, 2). In Japan in particular, androgen abla-

tion has frequently been used because most Japanese patients
with prostate cancer have had high-risk disease and hormonal
therapy is frequently preferred as the primary therapy (3, 4).
Although almost all prostate cancers initially respond well to
hormonal therapy, the majority eventually lose their hormone
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Table 1. Panent charactenisucs

Age (y) (median, 73.3)

<75 51

=75 3
KPS (%)

=80 45

>80 35

Unknown 4
T stage (1997 UICC)

TO-2 18

T34 56
N stage (1997 UICC)

NO ) 58

N1 10

Unknown 16
Pretreatment PSA (ng/mL)

Median (range) 9.7 (0.06-760.3)

<4 14 '

=4 62

Unknown 1
Gleason combined score

=6 5

>6 13

Unknown 66
Differentiation

Well/moderately 38

Poorly 51

Unknown 15

Abbreviations: KPS = Kamofsky performance stats; UICC = In-
ternational Union Against Cancer; PSA = prostate-specific antigen.

sensitivity and progress (5). In the absence of an effective
therapy for hormone-refractory prostate cancer, patients
will die within approximately 12-18 months after the diagno-
sis of hormone-refractory prostate cancer (6). Among these
patients, however, some will develop local progression with-
out systemic diseases. Although the optimal treatment ap-
proach for clinically localized hormone-refractory prostate
cancer has not yet been established, radiotherapy may be con-
sidered the treatment of choice to treat local progression with
curative intent or to release urinary obstructive symptoms as
a palliative treatment (7-9). However, little information ex-
ists on the efficacy of radiotherapy for localized hormone-re-
fractory disease. Moreover, there is also minimal information
regarding the clinically useful markers of recurrence nisk for
localized hormone-refractory prostate cancer treated with ra-
diotherapy.

For patients with untreated prostate cancer, prostate-spe-
cific antigen (PSA) has been used as an important tool for
prostate cancer screening and as a marker for treatment re-
sponse and disease recurrence (10, 11). The PSA nadir
(nPSA) after radiotherapy has been shown to predict bio-
chemical failure (12, 13), distant metastases (14, 15),
cause-specific mortality (16, 17), and overall mortality (17).
However, the nPSA usually takes several years to occur,
even as long as 8-10 years in some patients, and as a conse-
quence nPSA has little practical clinical value. It would be
ideal to identify a surrogate nPSA that describes the lowest
PSA value achieved during a well-defined, relatively short
interval after completion of radiotherapy. Recently, time-

Volume M, Number W, 2008

limited survey of PSA, such as nPSA value within 12 months
(nPSA12), has been reported to be an early predictor of bio-
chemical failure, distant metastases, and mortality that is in-
dependent of radiotherapy dose and other determinants of
outcome after radiotherapy for previously untreated localized
prostate cancer (10, 11).

Because nPSA12 has been shown to be a useful predictor
of treatment outcome for untreated localized prostate cancer
treated with radical radiotherapy, we hypothesized that
nPSA12 may also have potential applications in the monitor-
ing of localized hormone-refractory prostate cancer treated
with radiotherapy. In the present study we analyzed the treat-
ment results of external beam radiotherapy for localized hor-
mone-refractory prostate cancer. Next, we examined the
nPSA12 in patients with hormone-refractory prostate cancer
treated with radiotherapy and investigated whether nPSA12
could be a prognostic factor of clinical outcomes for these
patients.

METHODS AND MATERIALS

We used detailed data from patients with clinically localized hor-
mone-refractory prostate cancer who were included in the Japanese
Patterns of Care Study (PCS). The PCS, which has been developed
in the United States as a quality assurance program, was conducted
in Japan in an attempt to obtain data on the national standards of ra-
diotherapy for several diseases, including prostate cancer (18). The
Japanese PCS Working Subgroup of Prostate Cancer initiated a na-
tionwide process survey for patients who underwent radiotherapy
berween 1996 and 1998. Subsequently, a second PCS of Japanese
patients treated between 1999 and 2001 was conducted. We have
previously reported the results of the first and second PCS surveys
with respect to extemnal beam radiotherapy for prostate cancer
patients (19-24),

The PCS methodology has been described previously (18, 25,
26). In brief, the PCS surveys were extramural audits that used
a stratified two-stage cluster sampling design. The PCS surveyors
consisted of 20 radiation oncologists from academic institutions,
and one radiation oncologist collected data by reviewing patients”
charts from each institution. Patients with a diagnosis of adenocar-
cinoma of the prostate were eligible for inclusion in the present
study unless they had one or more of the following: evidence of
distant metastasis, concurrent or prior diagnosis of any other malig-
nancy, or prior radiotherapy. The PCS data used in the present
study are from two Japanese national surveys conducted to evalu-
ate prostate cancer patients treated with radiotherapy in the 1996
1998 and 1999-2001 PCS surveys. Of the 839 patients constituting
the 1996-1998 and 1999-2001 PCS survey populations, a total of
154 patients with regionally localized hormone-refractory prostate
cancer were identified. Of these, 70 patients with insufficient
nPSA12 data were excluded; a total of 84 patients with measurable
nPSA12 were subjected to this analysis. The disease charactenistics
of these 84 patients, such as tumor stage and pretreatment PSA
levels, were not significantly different compared with those of
the 70 patients having insufficient data for nPSA12. All 84 patients
received androgen ablation alone initially, followed by radiother-
apy for local or biological progression in the absence of distant
melastases.

Table | shows the patient characteristics for all 84 patients. Most @
patients had advanced disease at initial treatment. Pretreatment PSA
value was defined as the PSA value before initial hormonal
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Table 2. Treatment characteristics

Treatment n (%)
Hommonal therapy
Orchiectomy 19 (12)
Estrogen agent 24 (28)
LHRH agonist 78 (92)
Antiandrogen 60 (71)
Chemotherapy
Yes 23(27)
No 58 (69)
Unknown i)
Radiotherapy
Radiation ficld
WP plus boost 34 (40)
Prostate only 50 (60)
Total radiation dose (Gy)
<60 12 (14)
>60 72 (86)
CT-based treatment planning
Yes 17 (20)
No 49 (59)
Unknown 18 (21)
Conformal therapy
Yes 23 (27)
No 44 (53)
Unknown 17 (20)

Abbreviations: LHRH = luteinizing hormone-releasing hormone;
WP = whole pelvis.

treatment, and preradiotherapy PSA value was defined as the PSA
value just before radiotherapy.

Methods of treatment are shown in Table 2. Hormonal therapy
was administered alone or in combination with orchiectomy, estro-
gen agent, luteinizing hormone-releasing hormone agonist, or anti-
androgen. The median duration of hormonal therapy before
radiotherapy was 34.4 months (range, 0.2-164.8 months). Regard-
ing chemotherapy, 23 patients (28%) were also treated with chemo-
therapy, such as estramustine and 5-fluorouracil, but no patients
received docetaxel or paclitaxel-containing chemotherapy.

Regarding radiotherapy, most of the patients were treated with
=10 MV linear accelerator and also treated with four or more por-
tals. The median radiation dose delivered to the prostate was 66 Gy
(range, 30-76 Gy), and the median dose per fraction was 2.0 Gy
(range, 1.5-3.0 Gy). In the present study there were no definitive
treatment policies for hormone-refractory prostate cancer, and radi-
ation field was determined by the respective physicians at each insti-
tution. Thirty-four patients (40%) received treatment to the pelvic
nodes in addition to prostate, and the remaining 50 patients (60%)
received imadiation only to the prostate. Regarding lymph node
status, 8 of 10 patients (80%) with clinically positive lymph nodes
received treatment to the pelvic nodes in addition to prostate.

The nPSA12 was defined as the lowest PSA level achieved during
the first year after completion of radiotherapy. The median number
of PSA cvaluations within 12 months after radiotherapy was 4
(range, 1-12) in all 84 patients. Median follow-up of all patients
was 26.9 months (range, 2.7-77.3 months), and all patients without
clinical failure had at least | year of follow-up. Patients were cate-
gorized as having progression after radiotherapy if they developed
local, pelvic nodal, or distant failure.

Statistical analyses were performed using the Statistical Analysis
System (SAS Institute, Tokyo, Japan) at the PCS statistical center
(27). Overall and progression-free survival (PFS) rates were calcu-

— Overall survival

Peroent (%)
o 8 ¥ 8 8 8 233 8 8 ¥

H 3 ' 3
Years alter RT (Years)
Fig. 1. Actuanial overall survival curves for 84 patients with clini-
cally localized hormone-refractory prostate cancer treated with
radiotherapy (RT).

o
=

lated actuarially according to the Kaplan-Meier method (28) and
were measured from the start of radiotherapy. Differences between
groups were estimated using the x” test, the Student’s 7 test, and the
log—rank test (29). Multivariate analysis was performed using the
Cox regression model (30). A probability level of 0.05 was chosen
for statistical significance. The Radiotherapy Oncology Group
(RTOG) late toxicity scales were used to assess the late morbidity
310).

RESULTS

Of 84 patients, 27 (32%) died during the period of this
analysis. Of these 27 patients, 24 died of prostate cancer,
and the remaining 3 died without any sign of clinical recur-
rence (2 died of intercurrent disease, 1 died of unknown
cause). The 3-year actuarial overall survival rate for all 84 pa-
tients was 67% (Fig. 1). With regard to the site of recurrence,
37 patients had clinical failure (local only in 3 patients, local
with regional in 1 patient, local with distant metastases in 1
patient, regional in 3 patients, distant metastases in 24 pa-
tients, and regional and distant metastases in 5 patients).
The 3-year actuarial PFS and local control rates in all 84 pa-
tients after radiotherapy were 61% and 93%, respectively
(Figs. 2 and 3). Although distant metastases and/or regional
lymph node metastases were seen in 34 patients (40%), local
progression was observed in only 5 patients (6%), including 2
patients with simultaneous regional/distant metastases. The
total dose and radiation field treated were tested for comela-
tion with local control (Table 3). Ten of 12 patients (83%)
treated with <60 Gy achieved local control, whereas 54 of
55 patients (98%) treated with =66 Gy achieved local control
(p = 0.024). Thirty-three of 34 patients (97%) treated with
whole-pelvis irradiation with boost and 46 of 50 patients
(92%) ureated with local-field irradiation achieved local con-
trol; this difference was not statistically significant (p = 0.34).
Table 4 indicates regional control according to N stage and
radiation field. Twenty-cight of 34 patients (82%) treated
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Fig. 2. Actuarial progression-free survival and local control curves
for 84 patients with clinically localized hormone-refractory prostate
cancer treated with radiotherapy (RT).

with whole-pelvis irradiation with boost and 47 of 50 patients
(94%) treated with local-field irradiation achieved regional
control; this difference was not statistically significant (p =
0.09).

Of all 84 patients, the median nPSA12 in patients with
clinical failure after radiotherapy and in those without clinical
failure was 3.10 ng/mL (range, 0.36—1400 ng/mL) and 0.50
ng/mL (range, 0-50.39 ng/mL), respectively. Figure 4 shows
the distribution of nPSA12 according to the achievement of
clinical control. More than half of patients with clinical con-
trol (27 of 52 patients, 52%) had nPSA12 of <0.5 ng/mL,
whereas only 1 of 32 patients (3%) with clinical failure had
nPSA of <0.5 ng/mL (p < 0.0001). For the 27 patients who
achieved an nPSA 12 <0.5 ng/mL and who did not experience
clinical failure, the median time from the completion of ra-
diotherapy to achievement of nPSA12 <0.5 ng/mL was 6.4
months (range, 0.07-11.7 months).

Jo

sl | :
£ 20—
£ s ;
k3
£ 10—
s B
0< <05 085= <1 1= <2
nPSA12 (ng/mi)

Fig. 3. Distribution of nPSA12 according to clinical control. More
than half of patients with clinical control had a prostate-specific
antigen nadir at 12 months (nPSA12) <0.5 ng/mL, whereas only 1
of 32 patients who experienced clinical failure had an nPSA12
<0.5 ng/mL.
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Table 3. Local control according to radiation dose and field

Incidence of LC

Total dose (Gy) n PaueniswithLC WP +B Local

<60 12 10 (83) 5/5 5n
60-<62 15 15 (100) 10/10 5/5
62—<64 2 0 0 02
64—<66 2 2 1/1 1/1
66—<68 17 16 (94) 78 99
68-—<70 14 14 (100) 2 12/12
=70 22 22 (100) 8/8 14/14
Total 84 79 (94) 3334 (97) 46/50 (92)

Abbreviations: LC = Jocal control; WP = whole pelvis; B = boost.
Values in parentheses are percentages.

In the present study, patients with nPSA12 <0.5 ng/mL
were assigned to the low nPSA12 group (n = 28), whereas
those with nPSA12 =0.5 ng/mL were assigned to the high
nPSA12 group (n = 56). The 3-year actuarial PFS rate in pa-
tients with high nPSA12 and in patients with low nPSA12
was 96.4% and 43.9%, respectively (Fig. 5). The difference
between these two groups was statistically significant (p <
0.0001). In a univariate analysis, nPSA12 and pretreatment
PSA value had a stanstically significant impact on PFS (Ta-
ble 5). No significant differences in PFS were seen with re-
spect to other factors. In a multivanate analysis, nPSA12
alone was a significant prognostic factor for PFS (Table 6).

Late morbidity of RTOG Grade 2-3 was observed in 11
patients (13%). A total of 8 patients experienced late rectal
toxicity, 3 patients had late urinary toxicity, and 1 patient
had multiple late rectal and urinary toxicities (Grade 3 rectal
stricture, Grade 2 incontinence, and Grade 2 urethral stric-
ture). There were no cases of Grade 4 toxicity (Table 7).
Regarding 7 patients who had Grade 3 late complications,
CT-based treatment planning was done in only 1 patient
(14%), and conformal therapy was supplemented in 2 pa-
!ients (29%).

DISCUSSION

The present study indicated that external beam radiother-
apy had an excellent local control rate for clinically localized
hormone-refractory prostate cancer. Several reports have also
indicated that radical radiotherapy had an excellent local con-
trol rate for these tumors (20, 32). Akimoto et al. (32) treated

Table 4. Regional control according to N stage and radiation

field
Incidence of LC
N stage n Patients with LC WP+B Local
NO 74 68 (92) 23126 45/48
N1 10 7(70) 5/8
Total 84 75 (89) 28/34 (82) 47/50 (94)

Abbreviations as in Table 3.
Values in parentheses are percentages.
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Fig. 4. Actuarial progression-free survival (PFS) curves according
to the level of prostate-specific antigen nadir at 12 months
(nPSA12). There were significant differences in PFS between pa-
tients with a low nPSA12 (<05 ng/mL) and those with a high
nPSA12 (=0.5 ng/mL).

53 patients with localized hormone-refractory prostate cancer
with external beam radiotherapy, and only 2 patients (4%)
had local failure as the first site of recurrence (32). Similarly,
our initial report indicated that local progression was ob-
served in only 1.6% of patients with hormone-refractory
prostate cancer when treated with radiotherapy (20). In the
present study, only 5 of 84 patients (6%) developed local fail-
ure after radiotherapy. These results indicate that external
beam radiotherapy is effective in preventing local recurrence
of these tumors.

Although the dose—response relationship in patients who
undergo irradiation for localized hormone-refractory prostate
cancer has not yet been clearly established, higher doses with
curative intent can result in fairly prolonged survival in some
patients. Furuya er al. (8) treated 11 patients with local pro-
gression by external radiotherapy at a dose of 50-66.6 Gy,
and no patients suffered from local progression. Lankford
et al. (9) examined 29 patients with localized hormone-re-
fractory prostate cancer treated with radiotherapy and
showed that the 3-year local control rate after irradiation of
>60 Gy was 90%, compared with only 29% for those receiv-
ing =60 Gy. In the present study, the 3-year local control in
84 patients treated with a median dose of 66 Gy was 93%, and
52 of 53 patients (98%) treated with =66 Gy achieved local
control. Therefore, radiation doses of =66 Gy seem to be ap-
propriate for localized hormone-refractory prostate cancer
patients when treated with external beam radiotherapy. How-
ever, it is important to note that in the present study almost all
patients who had Grade 3 late complications were treated
without CT-based treatment planning and/or conformal ther-
apy. Therefore, CT-based treatment planning and/or confor-
mal therapy should be required to reduce late complications.
Concerning radiation field, we did not find significant differ-
ences in both local and regional control between patients
treated with whole-pelvis irradiation with boost and localized

Table 5. Univariate analysis of various potential prognostic
factors for PFS in patients with hormone-refractory prostate
cancer freated with external beam radiotherapy

Univariate analysis
Vanable n 3-y PFS (%) P
nPSA12 (ng/mL) 0.0029*
<05 28 96
=05 56 44
Pretreatment PSA (ng/mL) 0.0260*
<5 19 93
=5 62 47
N stage 0.0737
NO 58 67
NI 10 50
Preradiotherapy PSA (ng/mL) 0.0997
<4 14 86
=4 69 57
Age (y) 0.1102
<75 51 54
=75 33 74
Differentiation 0.1398
Well/moderately 38 51
Poor 31 70
KPS (%) 0.4603
=80 45 60
>80 35 62
Pelvic irradiation 0.6006
Yes 34 60
No 50 63
T stage - 0.6886
TO-2 18 60
T34 56 63
Total radiation dose (Gy) 0.6939
<60 12 53
=60 72 62
Use of chemotherapy 0.7089
Yes 23 64 i
No 58 62
Gleason combined score 0.9972
=6 5 100
>6 13 69

Abbreviation: PFS = progression-free survival; nPSA12 = pros-
tate-specific antigen nadir within 12 months. Other abbreviations
as in Table 1.

*p <005

field only. Therefore, localized filed irradiation may be suffi-
cient in this patient population. Further studies are required to
determine whether localized field irradiation can be sufficient
for these patients.

The present study also indicated that patients with a high
nPSA12 had a significantly lower PFS rate than patients
with a low nPSA12. Moreover, nPSA12 was an independent
prognostic factor for PFS in patients with localized hormone-
refractory prostate cancer treated with radiotherapy. To our
knowledge, this is the first report to demonstrate the utility
of nPSA12 in determining prognosis in patients with local-
ized hormone-refractory prostate cancer treated with radio-
therapy. Concemning previously untreated prostate cancer,
Alcabtare ef al. (10) indicate that nPSA12 is independent
of radiation dose, T stage, Gleason score, pretreatment initial
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Table 6. Multivariate analysis of potential prognostic factors
for PFS in patients with hormone-refractory prostate cancer

treated with extemal beam radiotherapy
Variable RR (95% CI) P
nPSA12 10.965 0.0202+
(<0.5 vs. =0.5 ng/mL) (1.454-82.671)
Pretreatment PSA 6.489 0.0706
(<5 vs. =5 ng/mL) (0.854-49.430)

Abbreviations: RR = relatve risk; CI = confidence interval. Other
abbreviations as in Tables 1 and 5.
*p<0.05.

PSA value, age, and PSA doubling time, and dichotomized
nPSA12 (=2 vs. >2 ng/mL) was independently related to dis-
tant metastases and cause-specific mortality. Ray et al, (11)
indicated that patients with nPSA12 =2.0 ng/mL had signif-
icantly higher 8-year PSA failure-free survival and overall
survival rates than patients with nPSA12 >2.0 ng/mL, and
nPSA12 was an independent prognostic factor for prostate
cancer patients treated with radiotherapy alone. These results
suggest that nPSA12 may be a useful marker for localized
hormone-refractory prostate cancer patients treated with ra-
diotherapy, as well as for patients with previously untreated
prostate cancer treated with radiotherapy. Because nearly
all of the patients in the present study achieved local control,
nPSA12 levels may largely reflect the recurrence risk for both
regional and distant metastases.

Several previous studies have suggested other potential fac-
tors associated with the risk of prostate cancer recurrence, such
as preradiotherapy PSA value, PSA doubling time, and Glea-
son score (9, 32, 33). Our results indicated that pretreatment
PSA value has a significant impact on PFS, although multivar-
iate analyses failed to confirm the significance (Table 4).
Further studies are required to evaluate the influence of addi-
tional factors, such as pretreatment PSA value, on clinical out-
comes for localized hormone-refractory patients treated with
radiotherapy.

Patients with hormone-refractory prostate cancer generally
have poor prognoses, even if the disease is regionally local-
ized. The most common cause of failure in patients treated
with radiotherapy is distant metastases (9, 20, 32). Akimoto
et al. (32) indicated that 15 of 53 patients (28%) showed

Volume B, Number ll, 2008

Table 7. Late complications (n = 84)

Toxicity grade
Total dose (Gy)

Complication 2 3 4 (Grade 3)
Rectal

Bleeding 3 5 0 60-71*

Stricture 0 1 0 66
Uninary

Incontinence 1 0 0

Stricture 2 1 0 50

* Median total dose, 70 Gy.

locoregional and/or distant metastases; the sites of the first re-
currence were bone metastasis in 10, lymph node in 3, and
local failure in 2 patients (32). Lankford er al. (9) demon-
strated that there were 6 local and 14 regional or distant fail-
ures after locoregional radiotherapy in 29 patients with
localized hormone-refractory prostate cancer, with a 4-year
survival rate of 39%. In the present study, 34 of 84 patients
(40%) developed distant metastases with or without local/re-
gional recurrence after radiotherapy. Therefore, new treat-
ment approaches for preventing distant metastases should
be explored. Recently, a survival benefit of treatment with
docetaxel-containing chemotherapy for patients with ad-
vanced prostate cancer was demonstrated in two large Phase
IMI clinical trials (34, 35). Therefore, optimal adjuvant chemo-
therapy combined with radiotherapy may be a treatment of
choice for high-risk patients.

In conclusion, our results indicated that external beam ra-
diotherapy had an excellent local control rate for localized
hormone-refractory prostate cancer and should be considered
the treatment of choice for these tumors. Our results also in-
dicate that nPSA12 is an early predictor of clinical failure that
is independent of radiotherapy dose and other determinants
of outcome after radiotherapy for patients with localized hor-
mone-refractory prostate cancer. Because the majority of
clinical failures are distant metastases, nPSA12 could poten-
tially help identify patients at high risk who might benefit
from earlier application of adjuvant systemic therapy. How-
ever, this study is a retrospective study with various treatment
modalities, and further prospective studies are required to
confirm our results.
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