Proton Therapy for HCC
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Fig 1. Case presentation: 70-year-old woman wha received proton radio-
therapy of 76 Gy in 20 fractions for 37 days from April 2, 2001, for her tumor
located at the right posterior segment of the liver (left upper panel). Dese
distribution was demenstrated in the right upper panel. Two portals from
posterior and right lateral directions were used.

related to functional reserve of the liver and tumor size had
significant influences on overall survival (P < .05). Liver
function was the only independent and significant prognos-
tic factor by multivariate analysis, as presented in Table 3.
When clinical stage or Child-Pugh classification was substi-
tuted for JCG RI15 as a covariate for liver function, the
results of multivariate analyses were unchanged (data not

shown). Overall survival according to pretreatment ICG.

R15 is shown in Figure 3.

Estimation of the Risk of Proton-Inducing
Hepatie Insufficiency by Dose-Volume
Histogram Analysis

Eight patients developed PHI and presented with as-
cites and/or asterixis at 1 to 4 months after completion of
PRT, without elevation of serum bilirubin and transami-
nases in the range of more than 3X the upper limit of
normal. Of these, four died without evidence of intrahe-
patic tumor recurrence at 6 to 9 months; three died with
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Fig 2. Kaplan-Meier estimate of focal progression-free, overall, and
disease-free sunvival rates for all 30 patients enrolled.
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recurrences of HCC at 4, 8, and 22 months; and one was
alive at 41 months without tumor tecurrence. DVH for
hepatic noncancerous portions (entire liver volume minus
gross tumor volume) was drawn according to pretreatment
ICG R15 values (Fig 4A to C). The results showed that all of
the nine patients with ICG R15 less than 20% were free from
PHI and alive at 14 to 54 months, Three of the four patients
with pretreatment ICG R15 = 50% experienced fatal PHI
without evidence of HCC recurrence, and another patient
died of PHI with intrahepatic and systemic dissemination of
HCC at 4 months. Among patients whose ICG RI5 values
ranged from 20% to 50%, all of the four patients whose
percentage of hepatic noncancerous portions receiving
= 30 Gyg (V3p%) exceeded 25% developed PHI. On the
other hand, none of the patients whose V;,% was less than
25% experienced PHI, as shown in Figure 4B (P = 044,
Mann-Whitney U test). Three-year overall survival for pa-
tients with either the V;,% = 25% or ICG R15 = 50%
(n = 9) was 22% (95% CI, 0% to 50%), whereas it was 79%
(95% CI, 60% to 98%) for the remaining 21 patients with
favorable risk (P = .001).

The principal advantage of PRT lies in its possibility of
aggressive dose escalation without prolongation of treat-
ment duration in order to improve local control rate. The
liver will be the most appropriate organ for this approach
because it has a unique characteristic of developing com-
pensatory hypertrophy when a part of this organ suffers
from permanent damage. This study showed that the local
control rate of PRT alone for patients with advanced HCC
was consistent, as previously reported.* Slow regression of
tumor volumes associated with gradual atrophy of sur-
rounding noncancerous liver tissue was also in agreement
with a previous report.® No serious gastrointestinal toxic-
ity occurred, with careful patient selection performed in
order to exclude these structures from PTV receiving high
PRT dose. Eligibility criteria as to blood cell count in this
study were eased up considerably in order to test the safety
of PRT for patients with cirrhosis associated with portal
hypertension. Nevertheless, no patients experienced serious
sequelae relating to leukopenia or thrombocytopenia,
which were the most frequently observed adverse events
during PRT. All patients were able to complete their PRT
basically in an outpatient clinic. Therefore we submit that
the safety, accuracy, and efficacy of PRT administering 76
Gyg/5 weeks using our newly installed Proton Therapy Sys-
tem and ReGIS for selected patients with advanced HCC
has been confirmed.

Moultivariate analysis suggested that the the functional
reserve of the liver had significant influence on overall sur-
vival. Recent prospective series of untreated patients with
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advanced HCC and underlying cirthosis showed that over-
all survival rate at 3 years ranged from 13% to 38%, and
rarely exceeded 50% even for those with most favorable
prognostic factors.’ In this study, actuarial overall survival
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Fig 3. Overall survival {OAS) rates according to pretreatment indacyanine
green clearance at 15 minutes {ICG R15),
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rate at 3 years for all 30 patients including those who had
HCC with vascular invasion and/or severe cirrhosis was
62%. Furthermore, 21 patients with initial ICG R15 of
= 50% and V,,% of = 259% achieved 79% of overall sur-
vival rate at 3 years. All of the eight patients with favorable
liver functional reserve (ICG R15, 15% to 209%) were alive at
20 to 54 months as shown in Figure 3. This suggests that
adequate local control with PRT provides survival benefit
for selected patients with HCC and moderate cirrhosis. On
the other hand, prognoses of aggressive PRT were disap-
pointing for patients, with poor functional liver reserve
showing an ICG R15 of 50% or worse, and, therefore,
indication of PRT for such patients was thought to be
extrernely limited.

A part of noncancerous liver suffering from PRT-
inducing hepatitis gradually developed dense fibrosis and
resulted in almost complete atrophy,”® whereas the ab-
sorbed dose in alarge proportion of the remaining liver was
0 Gyg, as shown in Figures 1 and 4. This change is similar to
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Fig 4, Dose-volume histogram (DVH) for all patients according to their
pretreatment ICG R15 values, as noted in panels A, B, and C, Thick line with
rhomnbi represents DVH for patients suffering from hepatic insufficiency
within 6 months after completion of proton beam radiotherapy.

that seen in partial liver resection, rather than after
3-dimensional conformal or intensity-modulated radiother-
apy delivering a low-dose of x-ray to a large proportion of
noncancerous liver. Therefore, estimation of the risk of PRT-
inducing hepatic insufficiency should be done with similar
guidelines to evaluate liver tolerance to surgery, rather than
that with normal tissue complication probability model using
a mean dose administered to the entire liver.” Remnant liver
volume and ICG R15 have been preferred indicators for that
estimation, especially in Japan.'* DVH analyses (Figs 44 to C)
suggested that V3,9 in combination with ICG R15 may be a
usefud indicator for estimation of liver tolerance to PRT, but no
definite quantitative criteria emerged with the limited data
obtained at present because of the small number of patients

www.jco.org

evaluated. The current staging system for HCC is based on
survival data obtained in surgical series.”* There is no reliable
system to stratify the prognosis of patients with solitary but
unresectable HCC on the assumption that they achieve good
local control after PRT. Because of the limited availability of
PRT at present, the establishment of particular criteria for
patient selection using quantitative parameters of he-
patic function such as ICG R15, and volume parameter
like V34%, is needed to maximize the cost-effectiveness
of PRT.

Applicability of PRT instead of surgery for patients
with early-stage disease shiould be considered with caution.
Intraoperative ultrasonography (IOUS) has an important
role in detecting small metastatic lesions, which could not
be demonstrated in preoperative examinations. The high
incidence of intrahepatic recurrences seen outside the PTV
might be partly ascribable to the limit of pretreatment im-
aging studies. Infiltration of HCC to the portal vein and
spread via portal blood flow is one of the mechanisms for
the development of intrahepatic recurrence.'® Actually, five
recurrences occurred within the same segment of the pri-
mary tumor in this study. Although anatomic resection
according to the architecture of the portal vein using IQUS
offered a better chance of cure only for patients with non-
cirthotic livers,®® systematic segmental PRT based on mul-
timodal imagings such as CT during arterial portography or
MRI as well as image fusion technique®* has a theoretical
advantage compared with nonanatomic PRT confined to
GTV only. Because there were few potentially curative ap-
proaches other than surgery for patients with HCC showing
vascular invasion, further study is warranted to scrutinize
an efficacy of PRT for patients with HCC of = 5 ¢m in
diameter, of which a large majority will demonstrate vascu-
lar invasion around the periphery of the tumor,? while
giving attention to their V;,% values.

The risk of this aggressive dose-fractionation for sites
such as the gastrointestinal loop, hepatic hilum, skin, or
subcutanous tissues must be carefully considered, and more
conventional fractionation must be adopted when these
structures are critically involved in the PTV.

In conclusion, PRT for localized HCC using an aggres-
sive dose-fractionation scheme (76 Gyg for 5 weeks)
achieved excellent local control rate regardless of vascular
invasion or tumor size, if =10 cm, without devastating
acute toxicity. Further study is warranted to scrutinize ade-
quate patient selection according to quantitative parameter
of hepatic function, such as ICG R15, and irradiated non-
cancerous liver volume in order to maximize survival ben-
efit of this promising modality.
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Summary
Particle Beam Therapy
Takashi Ogino*
Particle beam therapy{(PBT) makes it possible to

deliver a higher concentration of radiation to tumors by
utilizing Bragg peak. Proton beams are easy to utilize



due to their identical biological characteristics with X-
rays. Carbon-ion beams are expected to be effective for
radio resistant tumors, due to their highly effective
biological characteristics. PBT has a half century his-
tory, and more than 40,000 patients have been reported
as having received treatments with particle beams
worldwide. A historic change in this therapy occurred
in the 1990s, when the Loma Linda University Medical
Center began utilizing clinical procedures to become the
first hospital in the world to utilize a medically dedicat-
ed proton therapy facility. Since then, similar hospital
based medically dedicated facilities have been con-
structed. Results from around the world have shown the

therapeutic superiority of PBT over alternative treat-
ment options for ocular melanoma, skull base sarcoma,
head and neck cancer, lung cancer, esophageal carncer,
hepatocellular carcinoma, and prostate cancer. PBT is
expected to be further advanced hoth clinically -and
technologically.

Key words : particle beam therapy, protons, carbon
jons, radiotherapy, neoplasms

*Nipision of Radiation Oncology, National Cancer
Center Hospital East, 6-5-1 Kashiwanoha, Kashiwa,
Chiba 277-8577, Japan

/= & Ajf—

BS{HERf - MES T ¥R T v (T 160-8330
RIads 1 & 15 B RESFER

FEiEAZHE B

F15E BAERRAERRE

WEHEE A &S GREARHEEAR 00

& g EREIBFE6H1H H)~6B2H (&)

EREE RS 2-2-1)
T [HRED SEERADIRS, BRD >EREAORES]

T 959-1193 /R FRETEES
w15 | QABREARETIRS HEEEA £BRT

Tel : 0463-96-6163 FAX : 0463-96-4120
e-mail ; ogoshi@q-life.org,jsct @g-life.org

Btk {keEAR Vol.21 No.3 2006 281



Jpn J Clin Onceol 2005,;35(12)745-752
doi: 10.1093/jjcolhyil 93

Phase il Feasibility Study of High-Dose Radiotherapy for Prostate
Cancer Using Proton Boost Therapy: First Clinical Trial of
Proton Beam Therapy for Prostate Cancer in Japan

Keiji Nihel, Takashi Ooino, Satoshi Ishikura, Mitsuhiko Kawashima, Hideki Nishimura, Satoko Arahira and

Masakatsu Onozawa

Radiation Oncology Division, National Cancer Center Hospital East, Kashiwa, Chiba, Japan
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Objective: To assess the feasibility of high-dose radictherapy for prostate cancer using proton
boost therapy following photon radiotherapy.

Methods: The primary endpoeint was acute grade 3 or greater genitourinary (GU) and gastrointest-
inal (G1) toxicities. The siudy included patients with clinical stage T1-3NOMO prostate cancer.
Radiotherapy consisted of 50 Gy/25 fx photon irradiation to the prostate and the bilateral seminal
vesicles followed by proton boost of 26 Gyg/13 ix to the prostate alone. Hormonal therapy was
allowed before and during the radiation therapy.

Resuiis: Between January 2001 and January 2003, 30 patients were enrolled in this study.
Acute grade 1/2 GU and Gl toxicities were chserved in 20/4 and 17/0 patients, respectively.
With the median follow-up period of 30 months {range 20-45), late grade 1/2 GU and Gl toxicities
occurred in 2/3 and 8/3 patients, respectively. No grade 3 or greater acute or late toxicities were
observed. All patients were alive, but six patients relapsed biochemically afte*7-24 months.
Conclusions: Proton boost therapy foliowing photon radictherapy.for prostate canceris feasible.
To evaluate the efficacy and safety of proton beam therapy, a multi-institutionaf phase |l trial is in

progresgs in Japan.

Key words: profon beam therapy — prostate cancer — clinical trial

INTRODUCTION

The age-adjusted prostate cancer incidence rate per 100000
Japanese men has doubled during the last two decades from
9.8 to 19.9, and the incidence increases exponentially as age
rises above 50 years. This is cansed by more Westernized
dietary habits, the advancing aging of society and the more
widespread use of screening tests for prostate-specific antigen
(PSA). It is also expected that the sitnation will continue to
approach that of Western countries in the near future. The issue

of how to manage this disease has thus become an important:

topic in Japan as well as in Western countries.

Previous reports have shown that there is a dose-response
relationship in irradiating prostate cancer, and a higher dose
>70 Gy is potentially beneficial for prostate cancer (1,2).
However, other reports have revealed that, with conventional
radiotherapy techniques, rectal complications increase drastic-
ally at >70 Gy (3,4). Several techniques to deliver higher doses
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to the prostate have been developed and have become wide-
spread, such as three-dimensional conformal radiotherapy
(3D-CRT), intensity-modulated radiotherapy IMRT), charged
particle therapy (heavy ion and proton) and brachytherapy.
These techniques can allow good target dose coverage with
a minimal dose to the surrounding normal tissue to improve
tumor control with acceptable toxicity. To evaluate the effi-
cacy and safety of high-dose irradiation for prostate cancer,
dose escalation studies using 3D-CRT or IMRT were conduc-
ted by the Radiation Therapy Oncology Group (RTOG) and
many institutions (5—11). Large series of brachytherapy or
implantation of radioactive sources into the prostate are also
reported, and there are ongoing RTOG trials using brachyther-
apy with or without external beam radiotherapy (12-16).

Charged particles have a physical depth-dose characteristic
called the ‘Bragg peak’. A single proton beam has a low
entrance dose, a maximal dose at a user-defined depth and
no exit dose. The ‘Bragg peak’ can be spread out and shaped
to conform to the depth and volume of an irregular target.
Proton beam therapy (PBT) can thus create an inherently
three-dimensional conformal dose distribution without extra
dose to the surrounding normal tissue compared with con-
formal photon radiotherapy (17).

© 2005 Foundation for Promotion of Cancer Research
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In National Cancer Center Hospital East (NCCHE), proton
facilities were introduced and applied to clinical use in 1998,
and we started to conduct a feasibility study of proton boost
therapy following photon therapy for prostate cancer in 2001.
The purpose of this study was to assess the feasibility of high-
dose radiotherapy for prostate cancer employing proton boost
therapy following photon radiotherapy. The institutional
review board reviewed and approved the trial protocol.

There were three reasons why we adopted the photon/proton
combined treatment. First, we followed the experiences of
Loma Linda University Medical Center (LLUMC) and
Massachusetts General Hospital (MGH) who also used com-
bination therapy at the beginning (18,19). Second, it was our
first experience of using the proton beam for prostate cancer
and the safety was not confirmed. Third, the proton
machine was unfortunately unstable at the beginning and a
longer schedule of proton treatment was considered to be
impractical.

PATIENTS AND METHODS
ENDPOINTS

The primary endpoint was acute grade 3 or greater genitour-
inary (GU) and gastrointestinal (GI) toxicities. The secondary
endpoints were to evaluate the other toxicities, the PSA-failure
free survival and the overall survival.

Late toxicities are often regarded as an important issue after
high-dose radiotherapy. Although the relationship between
acute and late toxicities is not clear, we decided to use
acnte toxicities as the primary endpoint of the current study,
so that safety of the treatment could be ensured as soon as
possible. Late toxicity was also monitored afterwards and if
severe late toxicity was observed, the study would be suspen-
ded for evaluation of the safety by the study committee.

Acute toxicities were evaluated by National Cancer Insti-
tute-Common Toxicity Criteria (NCI-CTC) ver2.0 within
90 days from the beginning of radiotherapy. Thereafter, late
toxicities were evaluated by the RTOG/EORTC (European
Organisation for Research and Treatment of Cancer) late radi-
ation morbidity scoring schema. PSA failure was defined using
the American Society for Therapentic Radiology and Onco-
logy (ASTRO) consensus definition based on three consecut-
ive PSA rises, and the date of the failure was backdated to
the midpoint between the nadir and the first rise (20). The
Kaplan-Meier method was used to evaluate the PSA-failure
free survival and the overall survival. The base date for
reckoning a period of time was the day on which the radio-
therapy started.

PATIENT ELIGIBILITY CRITERIA

The eligibility criteria of this study were (i) pathologically
proven adenocarcinoma; (i) clinical stage T1-3NOMO
(1997UICCY; (iil) performance status 0-2; {iv) no serious com-
plications; (v) appropriate organ functions; (vi) no previous

history of pelvic radiotherapy; (vii) no previous surgery; and
(viii) written informed consent. Hormonal therapy was allowed
before and during the radiation therapy, but was stopped after
the radiation therapy.

PRETREATMENT EVALUATION

To estimate the local disease extension and distant metastasis,
all patients received physical examinations, bone scans, and
pelvic CT and/or MRI. All biopsy slides were reviewed by
institutional pathologists to confirm Gleason scores {GS) as
a pathological grade, Pretreatment serum PSA values were
obtained before both radioctherapy and hormonal therapy.

Initial PSA value and GS were not included in the eligibility
criteria, because the primary endpoint was to assess the
feasibility.

RADIATION THERAPY

Radiotherapy consisted of 50 Gy/25 fx photon irradiation to the
prostate and the bilateral seminal vesicles followed by proton
boost therapy of 26 Gyg/13 fx to the prostate alone. The unit of
‘Gyg’ means the photon equivalent dose calculated from the
physical dose and the relative biological effectiveness (RBE).
The RBE in our institution was defined as 1.1 from previous
biological experiments (21).

In the photon treatment, the clinical target volume (CTV)
was defined as the prostate and the bilateral seminal vesicles,
and the planning target volume (PTV) was defined as the CTV

‘plus 10 mm margins for interfraction prostate motion and set-

up error in all directions and 5 mri was added to the PTV for
penumbra margin. The photon beam was delivered by 240° arc
dynamic conformal technique (Fig. 1a). The patient position
was aligned with laser markers in the usual manner, and veri-
fication of patient positioning was performed at the beginning
of the treatment and whenever necessary thereafter.

In the proton boost therapy, the CTV was defined as the
prostate alone and the treated volume was defined as the CTV
plus 5 mm margin for PTV margin in all directions, and 5 mm
was added to the PTV for penumbra margin. Daily verification
of patient positioning was performed by the image subtraction
method using digital radiography (22). The daily actual images
were compared orthogonally with the reference images and the
subtracted images were adjusted so that the pelvic bone struc-
ture disappeared (Fig. 2). Since daily verification of patient
positioning was performed, the PTV margin in the proton
boost therapy took only the interfraction prostate motion
into account. The proton beam was delivered by lateral
opposed portals (Fig. 1b).

Although the eligibility criteria included patients from low-
risk to high-risk, the same target volume definition was applied
to all cases to assess the fegisibility of the treatment. The
dose—volume histograms (DVHs) of the rectum and the urinary
bladder were all checked while planning each of the photon
and the proton treatments, but no DVH constraints were used
in the current study.




Figure L. (a) Dose distribution of dynamic conformal photon therapy. (b) Dose
distribution of proton boost therapy. Lateral opposed portals using proton beam
can provide good dose coverage to the prostate and reduce the unnecessary
irradiated volume of both the ventral and dorsal postion of the body. Isodoss
lines: orange, 105%; magenta, 100%; yellow, 95%; light green, 90%; light blue,
80%; light purple, 50%; purple, 20%. Red line shows the plamning target
volume.

To control rectum and bladder filling, ali patients were
instructed to urinate and drink half a liter of water 30 min
before each freatment and were encouraged to have a regular
bowel movement to empty their rectums. Both legs were fixed
by a vacuum cushion in the supine position for patient immob-
ilization. Using our way of patient positioning and rectal/
bladder filling, we previously analysed the interfraction pro-
state motion and set-up error quantitatively (23) and confirmed
that the PTV margin in the current study described above was
necessary and sufficient.

FOLLOW-UP STUDY

All patients were seen by radiation oncologists once or twice
a week during the radiation therapy to assess subjective
symptoms including urinary frequency, urgency, retention,
painful urination, rectal discomfort, diarrhea, anal pain, rectal
bleeding and so on. Afier the completion of radiation therapy,
subjective symptoms and biochemical data were followed up
every 3 months during the first 2 years and every 6 months
thereafter. Radiographic examinations and biopsy were not
performed unless clinical disease progression was suspected.
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SAMPLE SIZE

We determined <15% grade 3 GU/GI toxicities as acceptance
of feasibility. Initially, 15 evaluable patients were to be
accrued to assess the feasibility of this study. If no acute
grade 3 or greater GU/GI toxicities were observed, the feas-
ibility of this study would be approved and further 15 evaluable
patienis would be accrued to assess the efficacy. This would
provide at least 90% confidence (0/15) that the true toxicity
raie was <15%. However, if one grade 3 or greater GU/GI
toxicity was observed, then an additional evaluable 10 patients
would be accrued. If no further grade 3 or greater GU/GI
toxicities were observed, the feasibility of this study would
be approved and five evaluable patients would be accrued to
assess the efficacy. This would provide at least 90% confid-
ence (1/25) that the true toxicity rate was <15%. If two or

- more grade 3 or greater toxicities were observed in the first

15 patients, then accrual would be suspended and the events
will be reviewed by the Assessment Committee of the study.
This study design has a detection power of 73% when the true
acute grade 3 or greater GU/GI toxicities are <10%. In total,
30 patients were to be accrued.

RESULTS

‘When the first 15 patients were followed up for 90 days from
the beginning of the radiotherapy, no acute grade 3 or greater
GU/GI toxicities occuired. Therefore, the feasibility of this
study was approved and fusther 15 patients were accrued.

In total, 30 patients were enrolled in this study between
Janvary 2001 and Jannary 2003. The patient and tumor char-
acteristics (Table 1) were as follows: median age, 73 (range
54-87); T1c¢/T2a/T2b/T3a, 4/8/11/7; median initial PSA value,
19.2 (range 4.7-66.9); Gleason score 4-5/6/7/8-10, 4/15/8/3;
and previous hormonal therapy Yes/No, 21/9. The median
duration of hormonal therapy was 7 months, ranging from
1 to 23 months. Three prognostic risk groups were defined
as follows: low-risk group, iPSA <10, GS =6 and T1-2; high-
risk group, iPSA >20, GS =8 or T3; and intermediate-risk
group, -all others except for the above. There were 5/11/14
patients in the low/intermediate/high-risk groups, respectively.

Acute grades 1 and 2 GU toxicities were observed in 20 and
4 patients, respectively. The four grade 2 cases were all urinary
frequency and urgency. There were 17 grade 1 GI toxicities.
No patient experienced grade 3 or greater acute toxicity
(Table 2).

With a median follow-up period of 30 months (range 2045},
late grades 1 and 2 GU and GI toxicities occurred in 2 and 3,
and 8 and 3 patients, respectively. The three grade 2 GU tox-
icities were two urinary frequency and one gross hematuria,
and the three grade 2 GI toxicities were all rectal bleeding
(Table 3). No patient experienced grade 3 or greater laie
toxicity. In 10 patients who experienced grade 1 or 2 rectal
bleeding, the events occurred at 8-17 months with a median of
14 months after the radiation therapy.
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Reference Image

Daily image

Figure 2. Image subtraction method for verification of patient positioning.

Table 1. Patient and tumor characteristics {n = 30

Median age (range) (years) 73 (54-87)
Clinical T category {UICC 1997}

Tle 4

T2a

T2b 1

T3a 7
Initial PSA

Median (range) {ng/mb) 19.2 (4,7-66.9)

=10 10

>10, =20 9

>20 1
(Gleason score

4-5 4

6 15

7 g

8-10 3
Previous hormonal therapy

Yes/no 219

Duration (range) {months) 7 (1-23)
Prognostic risk group

Low-risk 5

Intermediate-risk 11

High-risk 14

Between those who received hormonal therapy and those
who did not, there was no difference in the acute toxi-
cities, but the latter group experienced more late toxicities
(5/9, 55%) than the former (9/21, 43%). One patient who

Subtracted Image

Before adjustment

After adjustment

Table 2. Acute genitourinary and gastrointestinal toxicities

Grade

0 1 2

Genitourinary G 20 4
Frequency/urgency 8 18 4
Urinary retention 23 . 7 0
Painful urination 25 0
Hematuria 27 3 0
Gastrointestinal 13 17 0
Proctitis 23 0
Rectal bleeding 23 2 0
Proctalgia 20 10 0

had previously received transurethral resection of the prostate
did not suffer any late toxicity at 20 months after the
radiotherapy.

All patients were alive, but six patients relapsed biochem-
ically after 7-24 months. The PSA-failure free survivals for
all patients are shown in Fig. 3. The PSA-failure free survivals
at 1 year and 2 years were 93% (95% confidence interval
(CD) = 84-100%) and 77% (95% CI = 63-94%), respectively,
by ASTRO definition.

DISCUSSIONS
HiGH-DOSE RADIOTHERAPY FOR PROSTATE CANCER

The dose-response relationship in irradiating prostate
cancer was demonstrated by Patterns of Care Study and
other institutional studies in the 1980s (1,2). A higher local





