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ABSTRACT—ODbjectives. Androgen deprivation therapy before and during radiation ther-
apy could, by reducing tumor volume, increase local tumor control, disease-free survival,
and overall survival in patients with locally advanced adenocarcinomas of the prostate.

Methods. In a randomized controiled clinical trial, patients with large T2, T3, and T4
prostate tumors, but no evidence of osseous metastasis, were randomized to receive
goserelin 3.6 mg subcutaneously every 4 weeks and flutamide 250 mg orally three times
daily 2 months before and during the radiation therapy course (Arm [) compared with ra-
diation therapy alone (Arm H). Pelvic irradiation was administered with 1.8 to 2.0 Gy per
day to a total dose of 45 + 1 Gy followed by a boost to the prostate target volume to a
total dose of 65 to 70 Gy.

Results. Of 471 randomized patients, 456 were evaluable, 226 on Arm | and 230 on
Arm ll. With a median potential follow-up of 4.5 years, the cumulative incidence of local
progression at 5 years was 46% in Arm [ and 71% in Arm Il (P <0.001). The 5-year in-
cidence of distant metastasis on Arms | and Il was 34% and 4 1%, respectively (P = 0.09).
Progression-free survival rates including normal prostate-specific antigen (PSA) levels for
396 patients with at least one PSA recorded were 36% in Arm | and 15% in Arm Il at 5
years (P <0.001). At this time, no significant difference in overall survival could be detected
P =0.7.

Conclusions. Short-term androgen deprivation with radiation therapy results in a
marked increase in local control and disease-free survival compared with pelvic irradia-
tion alone in patients with locally advanced carcinoma of the prostate. Long-term sur-
veillance is required to assess effects on overall survival.

*Supported by Public Health Service grants CA-21661 and CA-
32115 from the National Cancer Institute, National Institutes of
Health, Department of Health and Human Services.

Radiation therapy is a well-established modality
in the curative management of carcinoma of the
prostate. In patients with small tumors and no evi-
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control rates and long-term survival rates compara-
ble to those achieved with radical surgery.! The
probability of locoregional recurrence, however, in-
creases with increasing size of the primary tumor as
reflected in T stage.? Despite the subjectivity and
lesser accuracy than transrectal ultrasonography,
large tumor size defined by the product of palpable
tumor dimensions in centimeters at digital rectal
examination, correlated strongly, even within stage,
with locoregional failure in patients treated on prior
studies of the Radiation Therapy Oncology Group
(RTOG).? More than 50% of patients in whom the
product of tumor dimensions exceeded 25 cm? had
locoregional failure by the sixth year after comple-
tion of treatment.*

Androgen deprivation therapy in patients with
disseminated carcinoma of the prostate is associ-
ated with a high response rate. The traditional
methods of androgen deprivation include or-
chiectomy and estrogen administration. Newer
approaches consist of administration of luteiniz-
ing hormone-releasing hormone (LHRH) agonists
and androgen receptor blockers.

Investigators of the RTOG have studied the po-
tential value of androgen deprivation therapy as
an adjuvant to definitive radiation therapy since
the early 1980s. One of the tested treatment regi-
mens’ used androgen deprivation therapy prior to
and during irradiation, based on the hypothesis
that reduction in the tumor volume prior to radi-
ation therapy could lead to increased control of
the primary tumor at a specific level of radiation
dose. Current concepts of apoptotic regressions
associated with reductions of dihydrotestosterone®
suggest that adjuvant androgen deprivation could
enhance the cell killing of radiation therapy. Early
RTOG studies of hormonal cytoreduction via an-
drogen deprivation established the tolerance of
short-term hormonal alterations in regard to acute
reactions from pelvic irradiation and the preser-
vation of potency postirradiation.>’ A Phase 111
trial was developed to compare standard radiation
therapy alone with short-term use of an LHRH
analogue plus an androgen receptor blocking
agent before and during radiation therapy.

MATERIAL AND METHODS

The study was designed to test the potential
value of a combination of goserelin acetate, an
LHRH analogue, and flutamide, an antiandrogen,
used as cytoreductive agents prior to and during
radiation therapy in locally advanced (bulky) car-
cinoma of the prostate without radionuclide evi-
dence of osseous metastasis. Patients on the con-
trol arm received radiation therapy only.
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The endpoints of the study included local control
rates, progression-free survival, and survival. The
primary endpoint was the local control rate. Al-
though the study was designed before prostate-
specific antigen (PSA) determinations were avail-
able, their widespread use for determining outcome
mandated their consideration in the analysis 312

ELIGIBILITY AND STUDY DESIGN

The criterion for enrollment was histologic evi-
dence of adenocarcinoma of the prostate, either
confined to the prostate (clinical Stage T2b, T2c,
or B2)!3 or extending beyond the capsule (clinical
Stage T3, T4, or C), with no evidence of dissemi-
nation beyond regional lymph nodes. The tumors
were required to be 25 cm? or more as measured
by the surface area palpable by digital rectal ex-
amination. Patients with regional lymph nodes
were eligible provided the involved nodes were be-
low the common iliac chain. Patients with involved
common iliac or periaortic lymph node involve-
ment were not eligible. The lymph node evalua-
tion was carried out by either computed tomogra-
phy (CT), lymphography, or lymphadenectomy.
Karnofsky performance status!* had to be equal to
or greater than 60. Pretreatment evaluation in-
cluded medical history, including sexual function,
and physical examination. The required studies
included chest roentgenograms and radionuclide
bone scans, complete blood count (CBC), serum
aspartate transaminase, and alanine transaminase
(only on patients who were to receive goserelin
and flutamide). Serum prostatic acid phosphatase
(PAP) and testosterone levels were mandatory for
all patients. During the early years of the study,
PSA was not available, but the protocol was later
revised to include PSA determinations.

The study protocol was approved by the Na-
tional Institutes of Health, the review boards of
the RTOG, and all the participating institutions.
All the patients gave informed written consent be-
fore they were enrolled.

The randomization scheme described by Zelen!>
was used to achieve balance among the institu-
tions, with two stratification variables: clinical
Stage (T2, T3-4) and histopathologic differentia-
tion (well, moderate, poor).

TECHNIQUES OF TREATMENT

RADIATION THERAPY

Megavoltage radiation therapy units were used
with a minimal distance of 80 cm from the source
to the axis of treatment. Patients with no evidence
of tumor spread to the pelvic lymphatic system
were treated to a target volume that extended up
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to L5-S1 interspace. In patients with evidence of
pelvic lymph node involvement, the superior bor-
der was extended to include the lower para-aortic
lymph nodes to the level of the L2-L3 interspace.
The inferior margin of the field was at or immedi-
ately above the ischial tuberosity. The lateral mar-
gins were 1 cm lateral to the maximum width of
the bony pelvis. A “boost” target volume included
the prostate with margins sufficiently wide to en-
compass all of the tumor extensions into the sur-
rounding tissues. Multiple fields were used to limit
the total dose to the surrounding normal tissues.
The large field, including the regional lymphatics,
received a minimum total dose of 45 + 1 Gy. The
small boost volume received an additional 20 to
25 Gy, bringing the minimum total dose to the
tumor-containing volume from 65 to 70 Gy. The
daily doses were 1.8 to 2.0 Gy, 5 days per week.

HORMONE THERAPY

Goserelin acetate (Zoladex), 3.6 mg, was ad-
ministered subcutaneously every 4 weeks starting
2 months prior to initiation of radiotherapy. It was
continued during radiation therapy for a total of
four injections. Flutamide (Eulexin), 250 mg orally
three times daily was also started 2 months prior
to initiation of radiotherapy and was continued
throughout the radiotherapy course.

A central review of the radiation therapy de-
livered for each case was performed by the study
chair. The calibration of every machine on which
a patient was treated was obtained from the
Radiologic Physics Center at The University of
Texas M.D. Anderson Cancer Center. Individual
treatment parameters, such as total dose, field
borders, and elapsed treatment days, were re-
viewed relative to protocol specifications. Re-
port forms for compliance with drug adminis-
tration were reviewed by headquarters staff and
the study chair.

Radiation-induced effects on normal tissue!®
were assessed as either acute or late phenomena.
Toxicity related to treatment was considered to be
acute if it occurred within the first 90 days from
the start of treatment. Toxicity was considered to
be late if it occurred after 90 days or an acute tox-
icity persisted beyond day 90. The toxicities were
scored from O (none) to 5 (fatal), with grades 3,
4, and 5 considered as major.

Central review of materials on which the diag-
nosis was based was performed for consistency in
assigning degree of differentiation and Gleason
scores. If central review data were not available,
interpretations by the institutional pathologist
were used.
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DATA COLLECTION AND STATISTICAL ANALYSIS

Local progression was defined as a PSA level
more than 4 at 1 year or more from randomization
or additional hormonal therapy in the absence of
metastatic disease, an increase of more than 50%
in tumor size (cross-sectional area), recurrence of
a palpable tumor after initial clearance, or biopsy
specimen revealing adenocarcinoma of the prostate
2 years or more after study entry. Regional metas-
tasis was defined as clinical or radiographic evi-
dence of tumor in the pelvis with or without pal-
pable tumor in the prostate by digital rectal
examination. Distant metastasis was defined as
clinical or radiographic evidence of disease be-
yond the pelvis. A failure in progression-free sur-
vival is defined as a failure in either survival, local
progression, or regional or distant metastasis.

Survival was measured from the date of ran-
domization to the date of death or the most recent
follow-up. Time to a distant metastasis or a local
progression (after reported tumor clearance by
palpation) was measured from the date of ran-
domization to the occurrence of either event or to
the date of the most recent follow-up. Progression-
free survival was measured from the date of ran-
domization to the earliest occurrence of either
death, local progression, or metastasis or to the
date of the most recent follow-up. Estimates of
survival and progression-free survival were de-
rived by the Kaplan-Meier!” method. The cumula-
tive incidence of local progression and metastasis
was estimated.!® Statistical comparisons for sur-
vival and progression-free survival were made by
the log-rank statistic in the case of censored data
or by the proportional-hazards analysis to control
for prognostic factors. Statistical comparisons for
the cumulative incidence of local progression or
distant metastases were made using Gray’s test.!?
All the statistical comparisons were made with
two-tailed tests. Assessment of sexual functions
was based on patients’ answers to the question,
“Able to have an erection? No, Yes, or Unknown,”
which was ascertained at baseline and at every fol-
low-up visit.

RESULTS

From April 15, 1987, through June 1, 1991,
when the study was closed, 471 patients were en-
rolled. Central pathology review was completed
for 98% (461 of 471) of the patients. Fifteen pa-
tients were excluded, leaving 456 analyzable pa-
tients, 226 on the treatment and 230 on the con-
trol arm. The reasons for exclusion were no
follow-up (4), tumor too small (5), refused all
treatment and follow-up (3), lung primary (1),
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TABLE I.  Pretreatment characteristics

All Patients Patients With One or More PSA Reading
Goserelin Goserelin
+ Flutamide Radiation + Flutamide Radiation
+ Radiation Therapy Therapy Alone + Radiation Therapy Therapy Alone
(n =226} (n = 230) (n=196) (n=200)

Age

Median 70 71 70 71

Range 50-88 49-84 53-88 49-84
Performance status (KPS)

100 87 (38%) 96 (42%)

90 121 (54%) 124 (54%)

80 15 (7%) 10 (4%)

70 2 {1%) 0 (0%)

60 1(<1%) 0 (0%)
Differentiation

Crade 1 34 (15%) 35 (15%) 31 (16%) 30 (15%)

Crade 2 84 (37 %) 80 (35%) 75 (38%) 70 (35%)

Crade 3 63 (28%) 78 (34%) 55 (28%) 69 (35%)

Crade 4 29 (13%) 20 (9%) 21 {11%) 16 (8%)

Unknown/missing 16 (7%) 17 (7%) 14 (7%) 15 (8%)
Cleason score

2-5 33 (15%) 34 (15%) 31 (16%) 30 (15%)

6-7 131 (58%) 123 (53%) 112 (57%) 109 (55%)

8-10 59 (26%) 69 (30%) 51 {26%) 57 (29%)

Missing 3(1%) 4 {2%) 2(1%) 4 (2%)
Nodal status

Positive 16 (7%) 21 (9%) 14 (7%) 19 {10%)

Negative 207 {92%) 209 (91%) 179 (91%) 181 (91%)

Missing 3(1%) 0 (0%) 3 (2%) 0 (0%)
Serum acid phosphatase

Normal 130 (58%) 126 (55%) 115 (59%) 105 (53%)

Abnormal 87 (38%) 87 (38%) 74 (38%) 81 (41%)

Unknown 9 (4%) 17 (7%) 7 (4%) 14 (7%)
Clinical stage

T2 (B2) 67 (30%) 70 (30%) 61 (31%) 59 (30%)

T3-4 (Q) 159 (70%) 160 (70%) 135 (69%) 141 (71%)

bone metastasis (1), and benign disease (1). As of
April, 1994, the median potential follow-up was
4.5 years and the median period of observation
was 3.3 years (mean, 3.4 years).

Pretreatment prognostic factors are well-balanced
between the two groups (Table I). Of the 37 (8.1%)
patients considered to have pelvic lymph node
metastasis, 23 had histologic confirmation and 14
had abnormal CT scans. There was no interaction
between treatments and any of the prognostic fac-
tors, that is, treatment effect was similar in each of
these subgroups: grade, Gleason score, stage, and
initial PAP level. Of the 225 patients in Arm I with
compliance information, 211 (94%) completed
goserelin treatment and 188 (84%) completed flu-
tamide treatment as planned. Treatment was ter-
minated for flutamide toxicity in 23 patients. Rea-
sons for termination were diarrhea (11), hot
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flushes (3), liver function abnormalities (3), and
other various reasons (rash, nausea, syncope). Two
patients refused goserelin, 1 of whom also refused
flutamide, but they are included in analyses. Thus,
186 patients completed both goserelin and flu-
tamide treatment as planned.

No patient was reported to have acute grade 4 or
5 toxicities from radiation therapy. Three patients
were reported with grade 4 toxicities in follow-up,
1 with hematuria in Arm I and 1 each with hema-
turia and hematochezia in Arm II. Grade 3 toxici-
ties were reported in 7.1% (16/226) and 7.4%
(17/230) of patients in Arms I and II, respectively.

There was no difference in frequency or time of
return of sexual potency in the treatment groups;
81 of 102 of the radiation therapy plus hormone
group and 74 of 102 of the radiation therapy
alone group reported return of sexual function
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FIGURE 1. Cumulative incidence
of local progression by treatment
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Il is radiation therapy alone.
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dence of distant metastasis by
treatment group. Arm [ is
goserelin and flutamide plus
radiation therapy; Arm Il is ra-
diation therapy alone.
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(denominator in each group was number of pa-
tients reporting potency at time of enrollment).
There was no difference between the treatment
groups in respect to development of second pri-
mary malignant tumors; 9 of the radiation therapy
plus hormone treatment group and 11 of the radi-
ation therapy alone developed second primaries.

Biopsy result alone was the only evidence of
failure in 1 patient; all other patients with posi-
tive biopsy results either had rising PSA or clini-
cal progression. Of the patients who had biopsies
taken more than 2 years, 8 of 19 (42%) in the ra-
diation therapy plus hormone group and 11 of 19
(58%) in the radiation therapy alone group had
positive biopsy results.
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A subset of the study cohort was used for the
analysis of progression-free survival and local pro-
gression consisting of patients with at least one
PSA level recorded. The total subset size was 396,
with 196 and 200 patients in Arm I and Arm II,
respectively. Among patients included in the
analysis of progression, the median time from the
end of radiation therapy to the first PSA mea-
surement was 9.6 months. After the first PSA mea-
surement, patients had an average of 2.1 PSA de-
terminations per year until progression, death, or
last event-free follow-up visit.

There was a significant decrease in local pro-
gression for patients in Arm I (Fig. 1) (P <0.001):
70 treated patients versus 125 control patients
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had local progression. The 5-year cumulative in-
cidence of local progression was 46% on Arm 1
and 71% on Arm II, respectively. A decrease in the
incidence of metastasis was observed for patients
in Arm I (Fig. 2) (P = 0.09): 59 treated patients
developed metastasis compared with 75 control
patients. The 5-year incidence of metastasis was
34% in Arm I and 41% in Arm II. There was a sig-
nificant improvement in progression-free survival
for patients in Arm 1 (Fig. 3) (P <0.001) (5-year
rates of 36% for Arm 1, 15% for Arm 1I). There
was no significant difference in survival between
the two treatment groups (P = 0.7) (Fig. 4).

COMMENT

Radiation therapy has for 3 decades been con-
sidered one of the gold standards of treatment for
both early and locally advanced prostatic carci-
noma. In recent years, the long-term success of
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both radiation therapy and radical surgery has
come under significant challenge with the use of
more stringent criteria for local control and for re-
lapse-free existence. For instance, a number of se-
ries have been published in which a biopsy of the
prostate glands was redone 18 months or more
following irradiation.?%-23 Although in none of
these series was it clear that the patients selected
to have a re-biopsy were in any way representa-
tive of the entire irradiated population, it is dis-
quieting that in these series from 18% to 90% of
re-biopsy specimens showed viable tumor.

The likelihood of obtaining a positive re-biopsy
is low when the serum PSA is low, but it is more
than 80% when PSA is elevated following treat-
ment. This is consistent with the now wide use of
serum PSA to detect persistent or recurrent dis-
ease.1011:24 These data show that recurrence-free
survival figures are approximately 20% worse
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when using an abnormal serum PSA as a defini-
tion of recurrence compared with those obtained
historically using purely clinical endpoints. With
the use of these two new yardsticks, pathologic
local control and a serum PSA in the normal range
as tumor control endpoints, it is evident that both
radiation therapy!'®?! and surgery!? are consider-
ably less effective than was previously presumed.

The RTOG randomized trial that is reported
here has tested one of the important strategies
available to oncologists in urologic cancer to im-
prove local control, namely, an attempt to reduce
the tumor volume prior to irradiation, which, if it
is accompanied by a decrease in the number of tu-
mor clonogens, should improve local cure. This
strategy has the advantage of not requiring radia-
tion dose escalation with the attendant risks of
morbidity. The goal is to reduce safely local re-
currence, which is accompanied by substantial lo-
cal morbidity?®> and possibly by a second wave of
metastases.?®

Androgen dependence of human prostate carci-
noma was first observed by Huggins and Hodges
in 1941%7 with the cytotoxic effect of androgen
suppression recently becoming understood as ge-
netically controlled apoptosis.® The possible long-
term benefits of androgen deprivation by both an
LHRH analogue and an androgen receptor blocker
that we report here have recently been shown to
be of survival benefit in men with minimal bony
metastatic disease.?®

The patients enrolled in this study had the most
advanced carcinoma of the prostate still treated
with curative intent: 70% were classified as T3 or
T4 and could extend from one pelvic side wall to
the other. Even the 30% with T2b-c tumors had a
minimum size by palpation of 5 by 5 cm. Ap-
proximately 40% of the patients had elevated PAP
levels. In the group treated with radiation alone,
almost two thirds of the patients are estimated to
be alive at 5 years. A 4-month course of goserelin
and flutamide (costing $2168 to the pharmacist)?
before and during radiation therapy, markedly re-
duced the incidence of treatment failures with no
increase in major toxicity. A relationship has been
shown between control of the tumor in the
prostate by radiation therapy and a decreased risk
of metastasis.?6 If this is confirmed in long-term
observations of the men included in this study, an
eventual survival benefit would be expected. It
may take several additional years of observation
to assess the effect of this brief hormonal treat-
ment on overall survival. In the interim, the indi-
vidual patient and his physician will have to weigh
the cost of the treatment with the potential for in-
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creased months and years free of new manifesta-
tions of prostate cancer.

Miljenko V. Pilepich, M.D.
C. McAuley Health System
P.O. Box 995

Ann Arbor, MI 48106
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EDITORIAL COMMENT

1 am pleased that the RTOG chose to publish the results
of this prospective randomized trial in Urology for several
reasons. First, urologists, in general, have the perception that
radiation therapy is of limited value in the treatment of Stages
T1-T3 prostate cancer. Second, we realize the importance of
performing a properly conducted trial to answer therapeutic
questions and, 1 believe, are likely to adopt the conclusions
of such a study.

Realizing the relatively poor progression-free survival with
radiation therapy alone in clinical T2b-T4 prostate cancer,
the RTOG embarked on a study to evaluate the efficacy of
the luteinizing hormone-releasing hormone analogue gosere-
lin in combination with flutamide for 2 months before and 2
months during radiation therapy in an attempt to improve
local control and both progression-free as well as overall sur-
vival. At a median potential follow-up of 4.5 years, patients
not receiving androgen deprivation had a significantly greater
incidence of local progression (71% versus 46%) and a lower
progression-free survival (15% versus 36%). Importantly, the
definition of progression-free survival included a PSA level
of 4 or less.

Was the study perfect? Of course not. A few concerns are:

1. All patients did not have a PSA performed, since its im-
portance as an indicator of tumor control was not fully ap-
preciated in 1987 when the study was initiated.

2. A PSA level of 4 is probably too high to use as the up-
per limit of normal following radiation therapy.

3. Few patients had a biopsy done and thus the rectal ex-
amination (and PSA) were the primary criteria for local con-
trol. We know all too well how inaccurate the digital rectal
examination is after radiation therapy.

Despite these and other limitations, the group should be
complimented on designing and completing a prospective
randomized trial in locally advanced prostate cancer. The
study indicates that 3 months of androgen deprivation is
beneficial in men with T2b-T4 prostate cancer who receive
external beam radiation therapy. It is likely that the mecha-
nism has something to do with an increase in tumor cell
death before and during radiation, since the benefit is evi-
dent many months following the discontinuation of andro-
gen deprivation. Unfortunately, the relapse rate is still above
50%, indicating substantial room for improvement.
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