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Purpose: We analyzed results of conformal proton radiation therapy for localized prostate cancer, with emphasis

on biochemical freedom from relapse. .

Methods and Materials: Analyses were performed for 1255 patients treated between October 1991 and December
1997. Outcomes were measured on primarily in terms of biochemical relapse and toxicity.

Results: The overall biochemical disease-free survival rate was 73%, and was 90% in patients with initial PSA
=4.0; it was 87% in patients with posttreatment PSA nadirs <0.50. Rates dropped with rises in initial and nadir
PSA values. Long-term survival outcomes were comparable with those reported for other modalities intended for
cure.

Conclusions: Conformal proton radiation therapy at the reported dose levels yielded disease-free survival rates
comparable with other forms of local therapy, and with minimal morbidity. Dese-escalation strategies are being

implemented to further improve long-term resulis,
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INTRODUCTION

Proton radiation therapy (PRT) has been used since 1991
at Loma Linda University Medical Center (LLUMC) to
treat prostate cancer. The ability of any form of radiation
therapy to eradicate localized disease depends upon
such factors as initial prostate-specific antigen (PSA)
status, extent and virulence of disease, and the ability to
deliver effective doses without causing unacceptable
treatment-related complications. PRT has demonstrated
the ability to do the latter, as LLUMC’s earlier results
have shown (1). Herein we update data offered in that
previous report.

Conformal PRT exploits the physical depth-dose char-
acteristics of heavy charged particles, enabling the phy-
sician to create three-dimensional high-dose regions that
can be shaped to conform to irregular target volumes. In
contrast to X-ray beams of any energy, a single proton
beam has a low entrance dose, a maximal dose at a
user-defined depth (the “Bragg peak”), and no exit dose.
These characteristics make possible a substantial reduc-
tion in integral dose (i.e., dose delivered to normal tis-
sue), and an inherent dose-distribution advantage over
conformal photon therapy (2).

METHODS AND MATERIALS

Between October 1991 and December 1997, 1961 pa-
tients with localized prostate cancer (Stages Ia-1il) were
treated with conformal PRT alone or with a combination of
proton- and photon-beam radiation therapy. This study re-
views 1255 patients who had received no prior surgery or
hormonal therapy and had no evidence of distant metastases
at time of treatment. Before treatment, all patients received
physical examinations; pretreatment serum PSA values
were obtained and pathology slides were reviewed when-
ever possible. Additional imaging studies, such as bone
scans and endorectal magnetic resonance imaging scans,
were ordered only if judged to be appropriate (i.e., if bone
pain was present or if physical examination demonstrated
substantial extracapsular spread of disease).

Patient preparation for treatment was similar to that de-
scribed previously (1, 3). In the early years of treatment, all
patients were freated in a combined fashion with protons
and photons. A conformal “boost” of 30 CGE in 15 frac-
tions was delivered to the prostate and seminal vesicles,
followed by 45 Gy of photon radiation therapy to a volume
that included the first- and second-echelon lymphatics. All
X-ray therapy was delivered via a three-dimensional con-
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formal technique, using a four-field setup with all fields
treated daily. Because treatment capacity increased during
the first few years of operation, patients were put into two
treatment groups. Based on the Partin nomogram, patients
with a risk of 15% or greater for micrometastases in pelvic
Iymph nodes continued with the combined photon-proton
treatment, whereas those at lesser risk were treated by
protons alone.

All patients were treated with protons using the LLUMC
70-250 MeV synchrotron (4). PRT was delivered by means
of opposed lateral beams; in most cases one field was
treated each day with energies ranging from 225-250 MeV.
The planning target volume included the prostate, seminal
vesicles with a 5-mm margin for setup uncertainty. The
prescribed dose for patients receiving protons only was 74
CGE to the isocenter (cobalt-gray equivalent, using a rela-
tive biologic equivalence factor of 1.1), given in daily
fractions of 2 CGE. A water balloon was inserted into the
rectum, as described previously (1, 3). Patient position was
verified before each treatment, by means of digital images.

Patients were monitored weekly during treatment to as-
sess acute effects. Posttherapy monitoring included serum
PSA determinations and rectal examination 4 months after
therapy, then every 3 to 6 months thereafter until 5 years
had elapsed after treatment, then annually. Additional stud-
ies were obtained for patients who subsequently developed
rising PSA, a clinically palpable prostate nodule, or signs or
symptoms of metastasis.

Biochemical measurements were the primary means of
assessing patient response. Freedom from biochemical evi-
dence of disease (bNED) was estimated using the consensus
definition of the American Society for Therapeutic Radiol-
ogy and Oncology: failure was defined as three consecutive
rises in PSA levels with the date of failure being midway
between the nadir and first rise (5).

Estimates of bNED were made using the Kaplan-Meier
methodology with multivariate analysis using the Cox re-
gression model. bNED was assessed in terms of inifial PSA,
stage, Gleason grade, and PSA nadir. Kaplan-Meier esti-
mates were not extended beyond the time when fewer than
9 patients were at risk (6, 7).

RESULTS

The mean duration of follow-up was 63 months; median
duration was 62 months (range, 1-132 months). Patient age
ranged from 44 to 90 years (median, 69 years). Pretreatment
patient characteristics are shown in Table 1. A total of 731
patients received a combination of protons and photons to
the prostate and pelvic lymph nodes, and 524 received all of
their treatment with protons to the prostate and seminal
vesicle only.

The overall 5-year and 8-year actuarial biochemical dis-
ease-free survival rates were 75% and 73%, respectively

(Fig. 1).

Table 1. Stage, initial prostate-specific antigen, and Gleason
grade characteristics of studied population

Patients % of Total
TNM Stage
Tla/b 35 3
Tlc 314 26
T2a 291 24
T2b 248 20
T2¢ 283 23
T3 50 4
Initial PSA
0-4.0 106 9
4.1-10.0 606 51
10.1-20.0 339 29
>20.0 133 11
Gleason
2-4 204 18
5-7 868 75
8-10 86 7

Effect of initial PSA orn biochemical freedom from relapse

The effect of initial PSA on actuarial bBNED is illustrated
(Fig. 2). Pretreatment PSA strongly predicted ultimate bio-
chemical success or failure; patients whose initial PSA was
=4.0 exhibited a 90% chance of being biochemically free of
disease at 5 years. This contrasts with rates of 84% (4.1-
10.0), 65% (10.1-20.0), and 48% (>20.0) for patients with
higher PSA values (p = 0.0001).

Effect of grade on biochemical freedom from relapse

Gleason grade (Fig. 3) was related to bNED outcome.
Patients whose Gleason scores were 8 or higher had a
significantly poorer outcome (p < 0.0001), but low (2-4)
and moderate (5-7) scores did not differentiate outcome in
terms of bNED survival (p = 0.08).

Effect of PSA nadir on biochemical freedom from relapse
PSA nadir was employed as a surrogate endpoint for
tfreatment success or failure. The impact of PSA nadir on
bNED survival was evaluated in 1143 patients who had
been followed for at least 24 months. The influence of PSA
nadir on ultimate disease-free survival is shown (Fig. 4).
Patients whose PSA levels reached a nadir at or below 0.50
ng/mL exhibited the highest 5-year and 8-year survival rates
of 88% and 87%, respectively. This contrasts with rates of
72% at S years in those whose nadir levels were between
0.51 and 1.00, and 31% at 5 years for those nadirs above

1.00 ng/mL (p = 0.0001).

Summation of significant outcomes

Multivariate analyses indicate that initial PSA (p =
0.0001), Gleason grade (p = 0.001), and PSA nadir (p =
0.0001) were all independent predictors of treatment out-

come.

Treatmeni-related morbidity
In general, conformal proton beam radiation therapy was
well tolerated; the rate of Radiation Therapy Oncology
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Fig. 1. Biochemical disease-free survival. The numbers represent number of patients at risk.

Group Grade 3 or greater acuie gastrointestinal (GI) or
genitourinary (GU) morbidity was less than 1%. Radiation
Therapy Oncology Group Grade 3 late morbidity was seen
in 16 patients (1%) and Grade 4 in 2 patients (0.2%). Late
gastrointestinal toxicity included Grade 3 bleeding and pain
in 2 patients, and a bowel obstruction requiring diverting
colostomy in 1 patient. All severe GI toxicity initially pre-
sented within the first 2.5 years after ireatment. The actu-
_ arial 5-year and 10-year rates for freedom from Grade 3 and

4 GI toxicity were both 99%.

Late GU morbidity was seen more frequently than GI
morbidity. Fourteen patients developed Grade 3 late toxic-
ity, with 8 of them having urethral strictures, followed by
hematuria (4 patients) and dysuria (2 patients). The actuarial
5- and 10-year rates for freedom from Grade 3 and 4 GU
toxicity were both 99%. One other patient developed ne-
crosis of the symphysis, which was partially included in the
treatment field.

No difference was seen in toxicity between those treated
with combined protons and photons (11 of 731) and those
with protons alone (6 of 524; p = 0.52). Because of the very
small incidence of Grade 3 and 4 side effects, no statistically
significant prognostic variables for toxicity could be found.
These results, when accounting for length of follow-up,
compare favorably with conformal photon therapy and in-
tensity-modulated photon therapy (8, 9).

DISCUSSION

This series represents one of the largest groups of indi-
viduals treated with a three-dimensional conformal tech-
nique for prostate cancer at a single institution. All patients
received essentially the same radiation dose and were
treated with identical margins around the fumos, providing
a large standardized database with which to assess treatment
response and treatment-related morbidity. These data demon-
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Fig. 2. Effect of initial prostate-specific antigen on biochemical disease-free survival.
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Fig. 3. Gleason grade in relation to biochemical disease-free survival.

strate that conformal proton beam radiation therapy at the
reported dose levels can achieve bNED rates equivalent to
those obtained with other treatment methods (10-13). As
others have reported, pretreatment prognostic factors were
significant for late treatment outcome, and posttreatment nadir
was also shown to be associated with long-term PSA control.

These data also support the concept that PSA nadir is a
useful “early endpoint” for prostate cancer treatment. In our
series, patients whose PSA nadirs were <C1.00 ng/mL had a
statistically significant difference in their bNED rate as
compared with those whose PSA nadirs never dropped to
such levels. Whether PSA nadir will eventually supplant the
current consensus definition of biochemical failure remains
to be seen; however, our results suggest that it should be
considered as a tool to assess patient response.

Although many patients continue to do well, further in-
vestigations are under way to coniinue to improve the

100 «
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outcomes of patients treated for localized prostate cancer.
Numerous studies have shown that by localizing the dose to
the target and minimizing normal tissues irradiated, higher
doses can be delivered without a significant increase in
toxicity (14—16). New trials have been completed; these
trials evaluate the effects of higher doses on patients with
early prostate cancer. One such trial, undertaken by
LLUMC and Massachusetts General Hospital, was a ran-
domized dose-escalation study using protons with photons
for early prostate cancer. The trial began in 1995; it ran-
domized 390 patients with T1-T2N0-XMO prostate cancer
and a pretreatment PSA level <15 ng/ml fo receive a dose
of 70.2 or 79.2 Gy. Accrual was completed in 1999; pre-
liminary analysis of toxicity revealed that combined Grade
3 GU and GI toxicity was seen n 6.6% of those receiving
70.2 Gy and 2.5% of those randomized to 79.2 Gy (unpub-
lished data).
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Fig. 4. Effect of prostate-specific antigen nadir levels on biochemical disease-free survival.
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Other dose-escalation Phase I/II protocols using protons
are presently being activated at LLUMC and Massachusetts
General Hospital. One study will be delivering 84.6 Gy with
protons alone for early prostate cancer, whereas patients
with locally advanced prostate carcinoma will be treated
with in a Phase /Il dose-escalation trial with protons to the
prostate in conjunction with irradiation to the pelvic lymph
nodes and androgen deprivation therapy.

The use of topical radiation proteciors as a means of
protecting the anterior rectal wall holds potential signifi-
cance for minimizing late rectal injury. Biologic studies are
presently under way at LLUMC to evaluate the use of
topical radiation protectors in conjunction with a rectal
balloon fo move the posterior rectum out of the treatment
field. The combined use of rectal distention and topical
protectors may increase the tolerance of the rectal mucosa
as well as minimizing the volume of rectum treated.

Volume 59, Number 2, 2004

Recent technological developments in proton therapy will
allow the use of intensity-modulated protons in the very
near future. Cella et al. have reported on the potential
benefit of this modality in prostate cancer. They found that
intensity-modulated protons reduced the integral dose to
nontarget tissue by a factor of 1.7 compared with intensity-
modulated photons (17).

CONCLUSION

Conformal proton beam radiation therapy of prostate
cancer can achieve excellent biochemical freedom-from-
relapse rates with minimal treatment-related morbidity at
the doses reported. Additional studies of dose escalation are
under way to define further the role of proton therapy in
management of this disease.
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