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Purpose: We report the treatment results and complications of externatl beam radiation mono-
therapy for localized or locally advanced prostate cancer patients.

Methods: Fifty-four patients with T, 5,Ny(pNgIM, prostate cancer were treated with external
beam radiation monotherapy between 1989 and 2001 at four institutes.

Results: During the 4-122 month follow-up period (median: 25 months), 11 (20%) patients
experienced bicchemical failure, including cne with simultaneous local recurrence. The 2-year
actuarial biochemical control rate was 85%. Univariate analysis showed that the clinical T clas-
sification (P = 0.01}, Gleason score (P = 0.006), pretreatment PSA {P = 0.02) and PSA nadir
value (P = 0.01) were associated with a higher probability of biochemical failure. Multivariate
analysis using the Cox proportional hazards model demonstrated that only the PSA nadir value
was a strong predictor of PSA recurrence (P < 0.01). Adverse events were mild and tolerable,
No severe urinary or bowel complications were observed.

Conclusions: External beam radiation monotherapy is effective for clinically organ-confined
prostate cancer with a low incidence of severe complications in a mean follow-up period of

2 years.

Key words: external beam radiation — localized or locally advanced prostate cancer

INTRODUCTION

Definitive radiation therapy and radical prostatectomy have
been considered the standard curative treatment for localized
prostate cancer in the USA and Europe (1}). In Japan, much
attention has also recently been paid to radiation therapy as an
alternative primary treatment. This may be due in part to the
high success rate and limited adverse effects with recent inno-
vations in radiation techniques. New strategies such as three-
dimensional (3-D) conformal therapy and intensity modulated
radiation therapy (IMRT) allow conformation to the shape of

the prostate and minimize radiation exposure to normal tissue, -

resulting in a lower incidence of radiation-induced complica-
tions (2). In addition, these techniques are expected to permit
radiation dose escalation in order to improve local control.
Another reason for the attention may be the recent advances in
and prevalence of transmission systems such as the Internet,

For reprints and all correspondence: Atsushi Takahashi, Department of
Urology, Sapporo Medical University School of Medicine, §-1, W-16, Chuo-
ku, Sapporo 060-8543, Japan. E-mail: atakahas(@sapmed.ac.jp

which can allow patients easily to obtain information about the
treatment of prostate cancer around the world. In Japan, there
are few reports about radical radiotherapy for localized
prostate cancer (3,4). In this paper, we report on the efficacy
and adverse effects of external beam radiation therapy alone in
localized or locally advanced prostate cancer patients.

PATIENTS AND METHODS

Between 1989 and 2001, 54 patients with T, _;, prostate cancer
were treated with external beam radiation alone at Sapporo
Medical University Hospital, Hokkaido University Hospital,
Sunagawa City Medical Center and Muroran City General
Hospital. No patients received necadjuvant or adjuvant hormo-
nal therapy before biochemical failure or clinical failure. In prin-
ciple, patients selected this modality based as their preference.
The external beamn radiotherapy was delivered to the prostate
using the conventional four-field box (anterior, posterior and
right and left laterals) technique in 24 patients. The total dose
ranged from 60 to 70 Gy (median, 65 Gy) in 24-30 fractions
within 6=7.5 weeks. Thirty patients (56%) were treated with

© 2003 Foundation for Promotion of Cancer Research

.—85_



74 . Radiation therapy for prostale cancer

Table 1. Paticnts’ characteristics

Characleristic No. of patients (%)
Age (years) 4]1-81 (mean: 71.3)
Clinical T classification

TIb/e 22 (41)

T2a/2b 23 {42)

T3a 9(17)
Pretreatment PSA (ng/ml)

<10.0 16 (30}

>10.0 38(70)
Gleason score

<6 40 (74)

>6 14 (26)
Lymph node dissection

Yes 32(59)

No 22 (41)
Type of radiotherapy

Conventional 24 (44)

Conformal 30 (56)
PSA nadir level

1.0 25 (46)

>1.0 ‘ 26 (54)
Time to PSA nadir 3.1-55.1 (median: 14.4)

PSA half-life (M) 0.7-9.3 (median: 2.1)

conformal techniques. Of these patients, 26 received a total
dose of 70 Gy within 7 weeks with 10 MV X-rays in daily frac-
tions of 2 Gy. For four other patients, radiotherapy was per-
formed with 2.5 daily fractions for 6.5 weeks to give a total
dose of 65 Gy.

Serum PSA was measured by the Hybritech assay, with a
lower limit of detection of 0.2 ng/ml. Biochemical failure was
defined according to the American Socicty for Therapeutic
Radiology and Oncology (ASTRQ) Consensus Panel state-
ment (5}, Thus, three consecutive rises in PSA after reaching
the PSA nadir were regarded as biochemical failure. The date
of failure was the midpoint between the nadir and the first of
the three rises in PSA. If hormonal therapy was given to
patients prior to meeting the above criteria for failure, the
patients were considered to suffer from biochemical failure at
the time of initiation of hormonal therapy.

Late complications induced by radiation were scored using
the Radiation Therapy Oncology Group (RTOG) toxicity
scoring system, with grade 1 for minimal symptoms with no
requirement of medication, grade 2 for slightly more severe
symptoms with a need for medication, grade 3 for complica-
tions requiring minor surgical intervention such as transure-
thral resection, laser coagulation or blood transfusion and
grade 4 for requirement of hospitalization and major inter-
vention.

(%)
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E 80 4
[
o
]
g 60
g
a 40
]
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8
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g 1 2 3 4 5
Years since rediation
No.atrisk 54 45 27 8 5 1

Figure 1. Biochemical progression-free survival rate after external beam
radiation for 54 patients with T, ,N,(pNg)M, prostate cancer.

The time to biochemical failure was calculated from the date
of completion of radiation to the date of PSA relapse. The bio-
chemical progression-free rate was calculated by the Kaplan—
Meier method. The statistical significance of differences was
determined by the log rank test. A P-value of <0.05 was con-
sidered statistically significant. Multivariate analysis by Cox’s
proportional hazards model was performed to determine
whether any variables independently affected biochemical fail-
ure, The variables studied were (1) patient age, (2) clinical T
classification (T 1b-2b or T3}, (3) biopsy Gleason score (3-6 or
7-9), (4) pretreatment PSA (10 or >10), (5) total radiation
dose, (6) PSA nadir value (£1.0 or >1.0) and (7) PSA half-life.
All analyses were performed using StatView 5.0 for Macintosh
(SAS Institute, Cary, NC).

RESULTS

PATIENTS” CHARACTERISTICS

Patients’ characteristics are shown in Table 1, The mean age at
diagnosis was 71.3 years (range, 41-81 years). Of the 54
patients, 45 (83%) were diagnosed as having clinically local-
ized prostate cancer (T1b-2b). Of all patients, 32 (59%)
teceived staging lymphadenectomy, by which they were
proved to be pathologically free of lymph node metastasis, The
median pretreatment PSA level was 14.9 ng/ml (range, 1.4-
80.5 ng/ml). The median Gleason score was 5 (range, 2-9).
The follow-up period ranged from 4 to 122 months with a
median of 25 months.

OUTCOME

During the follow-up period, 11 (20%) patients experienced
biochemical failure. Of these, one had simultaneous local
recurrence. The patient who experienced local recurrence had
T3a with Gleason score 7. He received a total dose of 65 Gy in
a conventional four-field box. Sixteen months after radiation,
he had two consecutive PSA elevations and suffered from a

.._86..



Table 2. Univariate and multivariate analyses for factors associated with
biochemical failure

Variable Univariate Multivariate
PSA-free P value Hazards P value
survival (%) ratio
T classification
T1-2 89.0 0.01 415 0.09
T3a 64.8

Gleason score
<6 90.8 0.005 1.62 0.52
>6 69.8

Pretreatment PSA
£10.0 929 0.02 kXS 0.25
>10.0 81.0

PSA nadir leve!

1.0 955 0.01 17.79 0.02
>1.0 3.7
AL 2 years,

weak urinary stream due to {ocal recurrence. He received
transurethral resection of the prostate and then hormeonal
therapy. No patients developed distant metastasis.

Of the 11 patients, seven met the criteria of ASTRO and the
others underwent hormonal therapy before meeting the criteria
because of rapid PSA elevation.

The 2-year actuarial biochemical control rate was 85% (Fig.
1). Of these patients with PSA failure, nine had bicchemical
failure within 25 months and the other two at 38 and 4]
months, respectively. No death due to prostate cancer was
observed during the follow-up period.

FACTORS AFFECTING BIOCHEMICAL RECURRENCE

By univariate analysis, the clinical T classification (P = 0.01),
Gleason score (P = 0.006), pretreatment PSA (P = 0.02) and
PSA nadir value (P = 0.01) were associated with a higher
probability of biochemical failure (Table 2). Neither the total
radiation dose nor PSA half-life predicted PSA failure in this
study.

First, to identify if parameters before radiation can predict
PSA failure, multivariate analysis by the Cox proportionai

hazards model was performed using age, preoperative PSA, -

clinical T classification and biopsy Gleason score. However, no
parameter could predict biochemical failure. Next, when PSA
nadir and PSA half-life were included in the multivariate anal-
ysis, the PSA nadir value was independently a strong predictor
of PSA recurrence (P < 0.01). The 2-year actuarial biochemical
contro) rates in patients with PSA nadir values <1.0 and PSA
nadir values >1.0 were 95.5 and 73.7%, respectively.

Jpn J Clin Oncol 2003;33(2) 75

Table 3. Complication rates of radiation therapy

Grade
0 1 2 3 4

Gastrointestinal

Conventional (7= 24) 12(500 5(21) 729 0O

Conformal (n = 30) 20(79) B(27) 24(6) 0 1]
Genitourinary

Conventional (7= 24) 19(79) 3{(13) 2(8) 0. 0

Conformal (n=30) 27(87) 2(7) 1(6) 0 0

WNumber of patients (%).

ADVERSE EVENTS

Bowel and urinary toxicities were generally mild and tolerable
(Table 3). There was a trend towards reduced toxicity with
regard to gastrointestinal toxicity in the conformal radiation
group when compared with the conventional radiation group.
No grade 3 or higher toxicity was observed in either group.

DISCUSSION

Radiation therapy already occupies an important position as a
curative treatment for organ-confined prostate cancer through-
out the world (1), although there have been no prospective
randomized trials that directly compared the clinical efficacy
of radiation with radical surgery for the disease.

To date, retrospective studies have demonstrated that the
5-year biochemical progression-free rate in external beam
radiotherapy alone ranges from 40 to 65% (6-9). A possible
explanation for the wide variation in biochemical control may
be the selection of different risk groups (i.e. pretreatment PSA,
clinical T stage, Gleason score). Indeed, in a multi-institutional
analysis of a total of 1765 patients with T1-2, the 5-year bio-
chemical progression-free rate was as high as 65% (6). On the
other hand, studies containing higher stage (T3) patients had
tower biochemical control rates (7-9). In this study, 11 of the
54 patients (20%) experienced biochemical failure, with the 2-
year biochenical control rate being 85%. Of the patients with
PSA failure, nine (82%) failed within 25 months, suggesting
that biochemical failure occurs relatively soon afier treatment.
Several studies with longer follow-up periods have also shown
that most patients have an increasing risk of biochemical fail-
ure within 36 months, but few fail beyond 4 years (7,8). There-
fore, despite the short follow-up in this study, cur results are
likely not to be overestimated. Of the 11 patients with PSA
relapse, five had T3a (one with T,,pNM, and four T, N;M,).
If T3 patients were excluded from analysis, the 2-year
biochemical progression-free rate became higher (89%). This
finding is consistent with other workers’ data (6-9), suggesting
that radiation monotherapy for the treatment of clinical T3
prostate cancer does not represent a satisfactory modality.
Since recent reports have demonstrated that the combination of
androgen deprivation and radiation produced a significant
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benefit for locally advanced prostate cancer (10,11), combin-
ing the two modalities may seem to be the standard approach
for clinical T3 prostate cancer patients. However, at present,
when and how long hormonal therapy should be added to radi-
ation therapy remains unclear.

Several studies have demonstrated that the pretreatment PSA
level, Gleason score, clinical T stage and PSA nadir level are
significantly associated with biochemicali failure (12-16). Our
study showed that only the PSA nadir level was an independent
predictor for PSA recurrence among the several parameters
examined. While the importance of the PSA nadir is clear, in
the clinical setting it is inconvenient to predict the outcome by
the PSA nadir, because it usually takes a long time to deter-
mine it {mean: 14 months in this study). Therefore, we tried to
examine whether the PSA half-life was a good parameter for
predicting PSA recurrence. However, we failed to obtain 2
positive agsociation between the PSA half-life and biochemical
failure. This finding is in agreement with those of Ritter et al,
(17) and Zagars and Pollack (18). The latter reported that the
PSA half-life was correlated with the pretreatment PSA level,
but did not predict disease outcome.

Since the survival outcome and biochemical control for radi-
ation therapy and radical surgery seem to be comparable in
locatized prostate cancer (19,20), complications have increas-
ingly become an important factor for decision making for
treatment selection, Cur study showed that radiation-induced
complications were generally mild and acceptable. Conformal
radiotherapy, especially, had a trend towards less toxicity when
compared with conventional therapy. Several other studies
support this result (21,22). Recently, investigators at the
Memorial Sloan-Kettering Cancer Center reported that high-
dose radictherapy (75 Gy or higher) by 3-D conformal therapy
and IMRT could be administered effectively in localized pros-
tate cancer patients without increasing complications (23). In
particular, IMRT allowed dose escalation to 81 Gy or higher
with a lower incidence of rectal toxicity (grade 2: 2%) than
3-D conformal therapy (grade 2: 14%). Moreover, such ultra-
high-dose radiation produced excellent results. Taken together
with these results, we expect that these conformal techniques
may become the gold standard for treating localized prostate
cancer.

In summary, external beam radiation monotherapy is an
effective and safe modality for managing clinically localized
prostate cancer in Japan. Accumulating data on this medality
with regard to survival outcome, complications and assessment
of quality of life will help Japanese patients to select appropri-
ate treatment,
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OBJECTIVE

To evaluate the effect of primary hormonal
therapy for patients with localized and locally
advanced prostate cancer,

PATIENTS AND METHQDS

Patients with stage T1b-T3 prostate cancer
who were not scheduled for radical
prostatectomy were allocated into two
groups: group 1 (73 men) received luteinizing
hormone-releasing hormone (LHRH) agonist
monotherapy and group 2 {78 men) received
LHRH agonist and chiormadinone acetate.
Patients were followed using serum prostate
specific antigen fevels, prostate size and the
detection of distant metastasis for 5 years,

INTRODUCTION

Radical prostatectomy is considered the ‘gold
standard’ for treating localized and some
cases of locally advanced prostate cancer.
However, there are patients for whom radical
prostatectomy is not an option for various
reasons, ¢.9. those who are a poor risk

for surgery, have a relatively short life-
expectancy of who do not wish to undergo
surgery. Primary hormonal therapy might be
an option for such patients.

Since 1933 we have conducted a prospective
randomized study of the effect of primary
harmonal therapy on patients with Tib-T3
prostate cancer who were not scheduled for
radical prostatectomy. We compared the
effect of LHRH agonist monotherapy {group
1) with the concomitant use of an LHRH
agonist and the steroidal antiandrogenic

RESULTS

The median (range) follow-up was 78 (63~
87) months. The 5-year progression-free
survival rate was significantly higher in group
2 [68%) than in group 1 (47%). However, the
overall and cause-specific survival rate at

5 years were similar in both groups, at 72%
and 93% in group 1, and 64% and 898 in
group 2, respectively.

CONCLUSION

The overall survival rates of the both groups
were no different from that of the normal
Japanese population of the same age group.
Although this study did not include an
untreated group, i.e. watchful waiting, these

results might indicate the usefulness of
primary hormonal therapy in controlling
localized and locally advanced prostate
cancer. The 5-year observation period is stil!
short and the study is continuing to
determine the 10-year survival.

KEYWOQRDS

primary hormonal therapy, LHRH agonist,
localized, locally advanced prostate cancer

agent chlormadinone acetate (CMA) (group
2). In our initial report [1], the 2-year
progression-free survival (PFS) of group 2 was
significantly higher than that of group 1,
which suggested an additive effect of CMA
with LHRH aganist. In this report, we present
the S-year follow-up results.

PATIENTS AND METHODS

Patients with T1b, Tic, 723, T2b or T3 prostate
cancer (1997 TNM classification [2]) who were
not scheduled for radical prostatectomy for
various reasons [1) were enrotled. Cancer
stages were determined using biopsy,
ultrasonography and/or CT. Bone scintigraphy
andfor CT were used to determine the absence
of distant metastasis before enrolment.
Examinations before treatment confirmed a
serum testosterone level of 21 ngfml. and a
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_90_

performance status of grade 0-3 [3]. Written
consent to participate in the study was
obtained from all patients before initiating
treatment.

Between February 1993 and March 1995, 178
patients were enrolled at the participating
institutions; they were randomly allocated to
two groups using the dynamic balancing
method to ensure equal distributions of
cancer stage and grade of histological
differentiation among the groups. Patients
in group 1 were given LHRH agonist
monotherapy {leuprorelin acetate depot,
3.75 mq monthly) and those in group 2 LHRH
agonist plus CMA (100 mg/fday} for the first
2 years. Treatment after the 2-year follow-up
was subject to change according to physician
or patient preference. Of the 90 patients
allocated to group 1 and of the 88 allocated
to group 2, 17 and 10 were excluded from
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analysis because of ineligibility or protocol
violation, respectively, as previously reported
{1). Thus the analysis included 73 patients in
group 1 and 78 in group 2.

In the initial 2 years serum leve’s of PSA
and testosterone were measured using the
Delfia PSA (Waltac Qy, Finland) and a
radicimmunaassay, respectively, before and
after 12 weeks of treatment, and then at 3-
month intervals, After 2-years of follow-up,
PSA was measured at each institution using
the individual assay kit chosen. Prostate size
was measured using TRUS or CT, and bone
scintigraphy andjor CT was used to detect
distant metastasis.

Recurrence was defined as the identification
of any of three clinical features, i.e. imaging
findings confirming distant metastasis, an
increase of PSA level by 225% of nadir values,
or an increase in prostate size by 225% of
nadir values fram bidimensional
measurements.

Student’s t-test or the Mann-Whitney U-test
was used, depending on data type, 10 assess
differences. Survival and PFS were analysed
using the Kaplan-Meier method, and the
results assessed using the fog-rank test and
the generalized Wilcoxon test; P < 0.05 was
considered to indicate significance.

RESULTS

The median {range) follow-up was 78 [63-
87) months; the characteristics of the
patients are shown in Table 1. Over 40% of
patients were staged T3 in both groups, and
11% and 17% of patients were diagnosed as
poorly differentiated in group 1 and 2,
respectively.

There was recurrence in 39 and 23 patientsin
group 1 and 2, respectively; among these
patients, distant metastasis was confirmed in
12 and 11 in group T and 2, respectively
{Table 1). The 5-year PFS rate was 47% in
group 1 and 68% in group 2; there was a
significant difference between the groups
(Fig. 12). Twenty-four patients in group 1 and
26 in group 2 died during the follow-up; of
these, four in group 1 and six in group 2 died
from prostate cancer (Table 1). The overall
survival rate at 5 years was 720% and 64%
{Fig. 1) and the cause-specific survival rate
a3% and 89%, respectively (Fig. 1c}. The
overall survival rate of both groups was no
different from that of the normal Japanese
population of the same age group {Fig. 1b).
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Group TABLE 1
Variable 1 2 The charactaristics of the
Number 73 78 patients ond the 5-year
Age, years (s0) 761 {67} 75.2 (6.4) outcome
Clinical stage, n
Tibe 9 1
T2a 13 14
2% 20 16
K] 3t 37
Histatogical differentiation, n
Well 26 27
Moderate 39 38
Poor 8 13
Pretreatment PSA level, ngfml
mean (SD) 52.41103.5) 151.5{742.4)

median {range) 227 (0.6-711)

S=-year outcome, n

Alive 49
Dead 24
Prostate cancer death 4
Other cancer death 7
Not cancer death 13
Recurrence 39
Distant metastasis 12

Elevation of PSA level or increase 27
in prostate size

The serum testosterone levels of group 2 were
significantly lower than those of group 1 in
first 2 years (Fig. 2).

DISCUSSION

In Japan, primary hormonal therapy is
commonly chosen for treating focalized
prostate cancer; even in the USA, 12.70% of
2216 patients with T2 prostate cancer
received hormenal therapy alone [4].
However, because there is no clear evidence
that it is effective, the use of primary
kormonal therapy for localized prostate
cancer is controversial. In the European
Association of Urology Guidelines for Prostate
Cancer, hormonal therapy is listed as an
option for patients with T1b-T2b disease [5].
However, other Practice Guidelines for
prostate cancer do not recommend
hormonal therapy for patients with T1-T2
cancers [6].

The present study was conducted to clarify
the effect of primary hormonal therapy on
patients with T1b-T3 disease for whom
radical treatment, e.g. surgery or radiation,
was not indicated. At the S-year follow-up, 10
of 151 patients died from prostate cancer, and

22.4 [0.8-6350)

52
26

6

3
17
23
n
12

the 5-year cause-specific survival rate was
90%. Even though 45% of patients had T3
disease, this survival rate seems very high.
However, because the mean age of the
patients at enrolment was 76 years, 40
patients died from other causes, ¢.g. other
cancers, pneumaonia or cardiovascular disease.
This may be one of the reasons why there
were so few deaths from prostate cancer. The
overall survival rate at 5 years was = 700%; this
rate was na different from that of the normal
Japanese population of the same age group
[7] (Figs 1b.c). Although the present study did
not include an untreated group, i.e. watchful
waiting, these results might indicate the
utility of primary hormonal therapy in
contralling localized and locafly advanced
prostate cancer.

Although there was no significant difference
between the groups in survival, the S-year PFS
rate in group 2 was significantly higher than
that of group 1. Serum testosterone levels
after treatment were significantly lower in
group 2 than in group 1, indicating that CMA
enhances the testosterone-decreasing effect
of the LHRH agonist. The LHRH agonist
suppresses LH secretion from the pituitary
gland by down-regulating LHRH receptors [8].
Steroidal antiandrogen suppresses LHRH

© 2003 BJU INTERNATIONAL
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secretion from the hypothalamus and LH
secretion from the pituitary gfand by negative
feedback via progesterone receptors [8]. Thus,
the combination of LHRH agonist and CMA
right have a more potent effect in decreasing
testosterone than LHRH agenist
monatherapy. Kotake et ol [10] reported no
significant difference in PFS between LHRH
agonist monotherapy and a LHRH agonist
plus CMA in patients with advanced prostate
cancer. These results might indicate that a
reduced testosterane level enhanced by
combined CMA and LHRH agonist is
insufficient to improve the survival of
patients with advanced cancer. Such disease
might require maximum androgen blockade
to prevent adrenal androgenic action [11,12],

& 2003 BJU INTEANATIONAL

Months

The bicalutamide Early Prostate Cancer
Program [13), which is investigating the
efficacy of hormone therapy for localized
prostate cancer, is currently underway. in the
near future, the use of primary hormona!
therapy for localized prostate cancer may
become established.

The present results suggest that primary
hormonal therapy is useful in patients with
T1b-T3 prostrate cancer who are unsuitable
for radical therapy. However, the 5-year
follow-up is still short, and the effect of
combined therapy using LHRH agonist znd
CMA on survival remains unclear; the study is
continuing to determine the 10-year survival
rate.
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ADULT UROLOGY

NATURAL HISTORY OF PSA INCREASE WITH AND
WITHOUT PROSTATE CANCER

KAZUTO 1TO, TAKUMI YAMAMOTO, MASARU OHI, HIROYUKI TAKECHI, KOHEI KUROKAWA,
KAZUHIRO SUZUKI, ano HIDETOSHI YAMANAKA

ABSTRACT
Objectives. To investigate the natural history of prostate-specific antigen (PSA) increase in men with and
without prostate cancer to clarify the probability of cancer-related PSA increase.
Methods. Between 1986 and 2001, 504 men aged 79 years or younger with baseline PSA levels of 4.0
ng/mL or less and a PSA increase greater than 4.0 ng/mL on consecutive screening were enrolled in this
study. The types of PSA increase were classified as “non-cancer-related PSA increase,” “suspicious cancer-
related PSA increase,” and “cancer-related PSA increase.” The probability of a “cancer-related PSA in-
crease” was investigated and stratified by baseline PSA levels and elapsed years until the PSA level
increased to greater than 4.0 ng/mL.
Results. The probability of a “non-cancer-retated increase,” “suspicious cancer-related PSA increase,” and
“cancer-related PSA increase” was 57%, 15%, and 28%, respectively. The PSA velocity before the PSA
increase was not significantly different between those with and without prostate cancer. A “non-cancer-
related PSA increase” was observed in 92% of those with a PSA increase within 2 years of baseline PSA
ranges of 2.0 ng/mL or less. Regardiess of elapsed years until a PSA increase to greater than 4.0 ng/ml, a
“suspicious cancer-related PSA increase” or “cancer-related PSA increase” was observed in almost one half
of those with baseline PSA levels of 2.1 to 4.0 ng/mL.
Conclusions. intensive serial observations should be recommended before undergoing biopsy for those
with a PSA increase within 2 years of a baseline PSA range of 0.0 to 2.0 ng/mL. It may be difficult to
distinguish between those with and without cancer using only subsequent tota! PSA measurements for the
remaining cases, and prostate biopsy should be recommended at present. UROLOGY 62: 64-62, 2003. ©
2003 Elsevier Inc.

Prostate-speciﬁc antigen (PSA) velocity (PSAV)
has not been used in clinical settings, because
of uncertainties concerning the physiologic and
non-cancer-related variability. Several studies have
demonstrated that various physiologic conditions
and subclinical prostatic inflammatory diseases
can cause rapid PSA fluctuations in the short
term.}~* However, no study has investigated the
natural history of PSA increase with and without
prostate cancer during long-term observation. Re-
cently, two large population-based screening stud-
ies demonstrated that the possibility of PSA pro-
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gression was strongly related to the baseline PSA
range.>¢ Therefore, it would be very important to
clarify what percentage of cases that show increas-
ing PSA levels greater than 4.0 ng/mlL may notbe a
result of prostate cancer, and how and when a can-
cer-related PSA increase would occur.

MATERIAL AND METHODS

Between April 1986 and December 2001, 21,324 men aged
79 years or younger underwent PSA measurements in a pop-
ulation-based study of screening for prostate cancer in Gunma
Prefecture, Japan. All men were invited by letter, including a
fact sheet on screening for prostate cancer from the local gov-
ernment, and decided to participate in this screening on the
basis of this information. A total of 19,792 men (92.8%) had
initial PSA levels of 4.0 ng/mL or less. Of these 19,792 men,
8576 participants (43.3%) screened twice or more were can-
didates for this study. All PSA measurements were performed
using E-test Tosoh 11 assay by AIA-600 machine {Tosoh, To-
kyo, Japan) at one center. Serum PSA levels were measured
using frozen serum (—70°C) between 1986 and 1991. Digital

0090-4295/03/520.00
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rectal examination-guided four-core biopsy was recom-
mended belore 1991 for men with abnormal findings on dig-
ital rectal examination and/or with prostatic acid phosphatase
levels greater than 3.0 ng/mL. Transrectal ultrasound-guided
systematic sextant biopsy and two sets of transition zone bi-
opsies were usually recommended in 1992 and 1993 for men
with PSA levels greater than 6.0 ng/mL and/or abnormal find-
ings on the digital rectal examination or transrectal ultra-
sonography, in 1994 through 1999 for men with PSA levels
greater than 4.0 ng/mL, and in 2000 and 2001 according to
age-specific reference ranges (greater than 3.0 ng/mL for 64
years or younger, 3.5 ng/mL for 65 to 69 years old, and 4.0
ng/ml for 70 to 79 years old). Alternarively, men wheo did not
have any additional examinatiens, including prostate biopsy
after informed consent on the probability of having prostate
cancer, were followed up by annual or 3-month PSA measure-
ments.

Of the 8576 men, 573 (6.7%) with PSA levels greater than '

4.0 ng/mL at least once in subsequent screenings were en-
rolled in this study. The follow-up period ranged from 1 to 14
years (mean * SD 6.0 % 3.3, median 6).

We classified the types of PSA increase as “non-cancer-re-
lated PSA increase,” “suspicious cancer-related PSA increase,”
and “cancer-related PSA increase,” according to the patterns of
PSA change, the presence or absence of histologically con-
firmed prostate cancer, biopsy status, and various types of
PSAV (Fig. 1 and Table I). The types of PSAV calculated in this
study were the PSA change between the baseline PSA measure-
ment and the last follow-up measurement (PSAV,. . ..0.
the PSA change between immediately before and at the
first instance of a PSA increase to greater than 4.0 ng/mL

UROLOGY 62 (1), 2003

(PSAV, 5.0, the PSA change between the baseline PSA mea-
surement and the PSA increase to greater than 4.0 ng/mL for
the first time (PSAV,,...), and the PSA change between the
most recent biopsy and the last follow-up (PSAVy, 1.0

The baseline PSA ranges were divided into three groups: 0.0
101.0,1.1t02.0,and 2.1 to 4.0 ng/mL. We defined individuals
whose PSA levels increased gradually from a lower to a higher
PSA range but less than 4.0 ng/mlL as different cases. For ex-
ample, if a man had a PSA level of 0.0 to 1.0 ng/mL at the first
measurement, 1.1 to 2.0 ng/ml. at the second measurement 3
years after the initial screening, and greater than 4.0 ng/ml at
a third measurement 5 years after the initial screening, he
would be defined as two different cases as follows: a case with
baseline PSA levels of 0.0 and 1.0 ng/mL and with a PSA
increase to greater than 4.0 ng/mL at a 5-year interval and a
case with baseline PSA levels of 1.1 to 2.0 ng/mL and a PSA
increase greater than 4.0 ng/ml at a 2-year interval. Men who
had a two-phase PSA increase with interval PSA levels of 4.0
ng/mL or less for more than 4 years were also defined as two
different cases. Thus, 714 cases were classified into types of
PSA increase. Of these, 504 (70.6%) could be classified as
having a “non-cancer-related PSA increase,” “suspicious can-
cer-related PSA increase,” and “cancer-related PSA increase,”
according to the criteria (Fig. 1 and Table 1).

If the screening interval between immediately belore and at
the time of the P5A increase to greater than 4.0 ng/mL for the
firse time was more than 1 year, the interval PSA levels were
calculated on the assumption that the PSA leveis had changed
over lime in a simple exponential fashion to estimate the
elapsed years until a PSA increase to greater than 4.0 ng/mlL.
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TABLE . Classiflcation of type of PSA increase according to the pattern of PSA change, biopsy
status, presence of cancer, and PSAV
Pattern of PSAV
PSA Change Biopsy at PSA Cancer Cutoff
Type of PSA Increase in Figure 1 Increase Detection Type (ng/mLiyr}
Cancer-related increase A-D Yes Yes — —
Suspicious cancer-related increase B Yes No Bx-last =1.0
No — Base-last =0.2
C Yes No Bx-last =1.0
No — Base-last =0.2
b No — Base-last =1.0
Non-cancer-related increase A-C Yes {at last follow-up) No ‘ e —
B Yes No Bx-last <1.0
No — Base-last* <0.2
C Yes No Bx-last <1.0
No — Base-last' <0.2
D - Yes No —_ —
No —_ Base-last <1.0
Not classified A No — — —

Kev: PSA = prostate-specific antigen; PSAV = PSA velocity; Bx-last = between screening at most recent biopsy and last follow-up; Base-last = between baseline PSA

measurement and last follow-up,

* Continuous PSA decrease must have been observed after having the highest PSA level.

T Last PSA level must have decreased compared with most recent PSA increase.

Differences were considered significant when P was <0.05
using Student's t test, Welch's t test, or the chi-square test.

RESULTS

The percentage of cases with a “non-cancer-re-
lated increase,” “suspicious cancer-related PSA in-
crease,” and “cancer-related PSA increase” was
56.9%, 14.9%, and 28.2%, respectively. Prostate
biopsies were performed at least once in 60.6%
(174 of 287) and 16% (12 of 75) of cases classified
as “non-cancer-related PSA increase” and “suspi-
cious cancer-related PSA increase,” respectively.
Table 11 shows the detailed clinical findings
for those with the different types of PSA in-
crease. The PSA levels at the last follow-up and the
PSAV, ....1. Were significantly greater in the fol-
lowing order: “cancer-related PSA increase,” “sus-
picious cancer-related PSA increase,” and “non-
cancer-related PSA increase” (P <0.05). The
PSAVy,.... and PSAV_,,  were not significantly
different between “non-cancer-related PSA in-
crease” and “cancer-related PSA increase.”

Of the 193 cases with a screening interval be-
tween immediately before and at the time of PSA
increase to greater than 4.0 ng/mL of more than 1
year, 117 (61%) may have increased their interval
PSA levels to greater than 4.0 ng/mL 1 or more
years before their PSA increase to greater than 4.0
ng/mL at the actual screening. The correlation of
the three types of PSA increase with the baseline
PSA levels was investigated, stratified by the
elapsed years until the PSA level was expected to
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increase to greater than 4.0 ng/mL (Table 111). Of
the 189 cases with a PSA increase within 2 years,
the percentage with a “non-cancer-related PSA in-
crease” increased if the baseline PSA range was
lower (P = 0.0002, chi-square test). In cases with a
PSA increase to greater than 4.0 ng/mL aftera 3 1o
4-year interval, the probability of a “cancer-related
PSA increase” was not significantly different
among cases with baseline PSA levels of 0.0 to 1.0,
1.1 to 2.0, and 2.1 t0 4.0 ng/mL. Regardless of the
baseline PSA level, the probability of a “cancer-
related PSA increase™ or “suspicious cancer-related
PSA increase” was relatively high (between 41%
and 45%) in cases with a PSA increase greater than
4.0 ng/mL after 5 or more years.

COMMENT

Some studies have reported on PSA fluctuations
in men without prostate cancer. Komatsu et al.!
reported that 36% of cases with baseline PSA levels
less than 4.0 ng/mL had a 20% or more PSA in-
crease after an average of 80 days. Riehmann et al.®
investigated the effects of biologic and intra-assay
variation on the PSA change in cases without pros-
tate cancer and demonstrated that the biologic
variation was 55%, about fourfold higher than the
inter-assay variation. Prestigiacomo and Stamey*
also demonstrated the possibility of intra-individ-
ual physiologic variation after 2 to 3 weeks in men
with PSA levels of 4.0 t0 10.0 ng/mL. They demon-
strated that the mean coefficient of variation was
low at 10.5% between assays compared with that of
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TABLE II.

Clinical findings in men with different types of PSA increase

Type of PSA Increase

“Non-Cancer- “Suspicious Cancer- “Cancer-
Related PSA Related PSA Related PSA Statistical
Variahle Increase” Increase” Increase” Significance!
Patients (n} 287 75 142
Age at baseline PSA measurement (yr)
Range 49-75 54-717 44-T7 SCPI > NCP}
Mean * SD 645+ 5.1 65.9 + 4.8 65455 '
Median 64 66 65
Baseline PSA level (ng/mL)
Range 0.35-4.04 0.98-4.02 0.02-4.09  SCPi > NCP), CP!
Mean + SD 231 0596 276 = 0.79 2,40 % 0,93 - '
Median 2.33 ‘ 2.83 2.51
PSA levels at increase (ng/mL)
Range 4.10-35.1 4.10-9.54 4£10-645  CPl > NCPI > SUSP
Mean % SD 5.87 > 326 5.20 = 1.31 743 £ B43
Median 4.83 471 511
PSA level at jast-follow-up (ng/mL)
Range 0.40-14.8 4.15-23.2 3.75-73.5 CPl > SCPI > NCPI
Mean = SD 4.02 * 225 6.31 = 3.16 950 * 109
Median 391 5.53 6.27
Screening interval (yr}
Range 1-12 1-12 -1 SCPI, CPl > NCPI
Mean = SD 1411 1\ 7217 1.7+ 1.4
Median 1 1
Elapsed time until PSA increase
>4.0 ng/mL* (yr}
Range 1-13 1-12 1-13 CPi > NCPI
Mean & SD 4126 41 *30 47+30
Median 3 3 4
PSAVpq5e-1a5t {nE/MLIYI)
Range -0.61-4.80 0.09-2.49 0.08-12.24 CPl > SCPI1 > NCPi
Mean = SD 0.38 = 0.66 0.59 x 0.48 1.42 = 1.97
Median 0.19 0.45 0.81
PSAVpase.r (ng/mliyr]
Range 0.04-10.80 0.13-3.00 0.16-12.24 NCPI, CPI > SCPI
Mean = SD 1.35 =174 0.86 = 0.68 1.28 * 1.63
Median 0.77 0.64 0.78
PSAV,..1). (ng/mLiyr)
Range 0.06-16.3 0.13-6.2 0.09-17.6  NCPI, CPI > SCPI
Mean = SD 2.40 = 2,63 1.22 = 0.97 2122 275
Median 1.40 1.09 1.32

Kev: PSA = prostate-specific antigen; PSAV = PSA velocity; PSAV e tane = PSAV between baseline PSA measurement and last follow-up; PSAV,,,, = PSAV between baseline
PSA measurement and PSA levels > 4.0 ng/ml for first time; PSAV ;). = PSAV between immediately before and at the time of PSA Tevel >4.0 ng/ml for first time; NCPI =

non-cancer-related PSA increase; SCP1 = suspicious cancer-related PSA increase; CPI = cancer-related PSA increase.

* Years beiween baseline PSA measurement and PSA level >4.0 ng/ml for first time.

' Results of pairwise comparisons by Student’s 1 test or Welch's ¢ test.

23.5% for physiologic variation.* In the present
study, 97.2% (279 of 287) and 86.8% (249 of 287)
of cases with a “non-cancer-related PSA increase”
had a more than 20% and a more than 40% PSA
increase, respectively (data notshown). Therefore,
inter-assay variation and physiologic variation may
not be the main causes of non-cancer-related PSA
increases. Nadler et al.” investigated the prevalence
of inflammation and benign prostatic hyperplasia
in men with a serum PSA increase in their large-
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scale screening study. They demonstrated that the
prevalence of acute prostatic inflammation was
greater in cases with a PSA increase than in those
without a PSA increase. In the present study, 59%
(169 of 287) of the “non-cancer-related PSA in-
crease” cases may have been caused by prostatic
inflammation, because a spontaneous PSA de-
crease to less than 4.1 ng/mL at the last follow-up
or prostatic inflammation on the biopsy specimen
was found.
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TABLE Iit.

Relationship between types of PSA Increase and baseline PSA levels according to

estimated elapsed years until PSA level increased to greater than 4.0 ng/mlL for first time

Estimated Elapsed Years Until PSA Level Increased to >4.0 ng/mL for First Time

1-2 34 5+
Non- Non- Non-

Baseline Cancer- Suspicious Cancer- Cancer- Suspicious Cancer- Cancer- Suspicious Cancer-

PSA Related Cancer- Related Related Cancer- Related Related Cancer- Related

Range PSA Related PSA  PSA PSA  Related PSA  PSA PSA  Related PSA PSA

(ng/mL) Increase Increase Increase Increase Increase Increase Increase  Increase  Increase

0.0-1.0 14 (100) 0 {0) 0 (0) 4 (80} 00 1(20) 19 (56} 2 (6) 13 (38)
- 1.1=2.0 19 (86) 2(9) 1(5) 20 (56) 4(11) 12({33) 36 (55) 9 (14) 20 (31)

2.1-4.0 75 [49) 32 (21) 46 (30] 62 (56) 14 (13} 35(32) 38 (59) 12(19) 14 (22)

Total 108 {57) 34 (18) 47 (25) B6(57) 18 {12} 48 (32) 93 (57) 23 (14) 47 [29)

KFY; PSA = prostaie-specific antigen.
Data presented as number of cases, with the percentage in parentheses.

We demonstrated that a PSA increase within 2
years from baseline PSA levels of 0.0 to 2.0 ng/mL
may be a “non-cancer-related PSA increase” with
high probability. On the other hand, almost one
half of the PSA increase from baseline PSA levels of
2.1 to 4.0 ng/mL may be a “cancer-related PSA
increase” or “suspicious cancer-related PSA in-
crease,” regardless of the elapsed time. The
PSAVy,.... and PSAV(, ,,, were not significantly
different between a “cancer-related PSA increase”
and “non-cancer-related PSA increase,” so it would
be difficult to distinguish between cases with and
without prostate cancer by the findings on serial
PSA changes.

There are some flaws in the classification of PSA
increase types in this study. First, only 61% of cases
classified as having a “non-cancer-related PSA in-
crease” had prostate biopsy performed. However,
the median PSAV, ... was low at (.19 ng/mLfyr.
Furthermore, almost one half of cases had a spon-
taneous decrease to less than 4.0 ng/mL and most
of the remaining cases with PSA levels of 4.0 ng/mL
or greater at last follow-up had a PSAVy,. .. of
less than 0.5 ng/mL/yr. Therefore, the validity of
cases classified into “non-cancer-related PSA in-
crease” should be high.

Second, 14.9% (75 of 504) of cases were classi-
fied as having a “suspicious cancer-related PSA in-
crease.” The PSA levels at last follow-up and the
PSAV ccaas I cases with a “suspicious cancer-
related PSA increase” were significantly lower than
those in cases with a “cancer-related PSA increase”
and significantly greater than those in cases with a
“non-cancer-related PSA increase.” The clinical
characteristics were intermediate between “non-
cancer” and “cancer-related PSA increase.” There-
fore, this classification may be admitted in such an
observation study.

Finally, 29.4% (210 of 714) of cases could not be
classified as any type of PSA increase according to

€8

the criteria indicated in Table 1. The PSA levels at
increase in those eliminated cases were not signil-
icantly different from those classified as “non-can-
cer-related PSA increase” and “suspicious cancer-
related PSA increase,” but were significantly lower
than those classified as “cancer-related PSA in-
crease.” The mean PSAV,, ., and PSAV,, ;,  were
significantly lower than those in cases classified as
having a “non-cancer-related PSA increase” (data
not shown). No specific features were found for
their PSA and PSAV, therefore, excluding those
210 cases likely did not lead to bias in this study.

We could demonstrate the natural history of PSA
increases with and without prostate cancer. Cur-
rently, there are a number of cases that have had
their own PSA history; therefore, these findings
would be very useful to determine the risk of hav-
ing prostate cancer in combination with the data
on PSA progression.>8

CONCLUSIONS

A PSA increase to greater than 4.0 ng/mL within
2 years may be a “non-cancer PSA increase” in -
those with baseline PSA levels of 2.0 ng/mL or less.
Therefore, careful observations should be recom-
mended before undergoing biopsy. The possibility
of a “cancer-related PSA increase” may be rela-
tively high in those with a PSA increase after 3 or
more years of measurements or with a baseline PSA
range of 2.1 to 4.0 ng/mL. Therefore, prostate bi-
opsy should be recommended at that time.
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