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In Part Three of this review, we begin with an
analysis of prevention strategies for prostate cancer
followed by a discussion of the clinical use of mol-
ecular techniques for the evaluation and treatment
of patients with clinically localized prostate cancer.
New developments in neutron and photon therapy
of prostate cancer are addressed as well as the use

of systemic radiotherapy for the treatment of bone
metastases. Finally, we conclude with the role of
hormonal therapy in the treatment of prostate can-
cer and the current status of development of chemo
therapeutic regimens for the treatment of prostate
cancer. (Pathology Oncology Research Vol 2, No 4,
276-292, 1996)
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7. PREVENTION AND TREATMENT
OF PROSTATE CANCER

7.1. Prevention Strategies for Prostate Cancer

In general. cancer prevention strategies can be defined
as primary, secondary. and tertiary prevention. The target
populations for primury and secondary prevention are
subjects at normal or high risk. Unlike primary and scc-
ondary prevention, which are aimed at uninitiated and
already initiated cells during the promotional phase of
tumorigenesis, tertiary prevention is aimed to reverse
precancerous lesions or o prevent the precancerous
lesions from developing into cancer. Therefore, individu-
als with precancerous conditions are the target for tertiary
prevention. As the incidence and mortality of PCu rise at
alarming rates. PCa has become an important public health
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problem. Accumulating studies on risk factors (both envi-
ronmental and genetic) and the biology of the PCa allow
the development of potential preventional strategies for
PCua. Risk factors lor PCa such as age, race, and family
history do not lend themselves well to prevention efforts.
There are, however, life-style and dictary factors that if
modified, may lead to a lower PCa risk. Earlier sections
have extensively discussed the risk factors for PCa. Here
we choose to [ocus on chemoprevention.
Chemoprevention is defined as the administration of
natural or synthetic agents to prevent the initiation and/or
promotion of events during tumorigenesis. Preventional
intervention should decrease the incidence of PCa or
suppress or reverse precursor lesions. Any agent that can
cuccessfully inhibit the progressinn of indolent localived
disease also would be valuable. However. 1n order to be
practical. the intervention must be sale and casily toler-
ated. So far. a variety of potential chemoprevention agents
have been investigated in in vitvo and in vive PCa models.
Difluoromethylornithine (DIFMO) is a suicide inhibitor
ol ornithine decarboxylase (ODC), a key enzyme that
catalyzes ornithine to polyamines which are important in
the synthesis and stabilization of DNA and thus cell prolif-
eration.” Since the prostate has very high concentrations of
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polyamines and of polyamine synthetic enzymes including
ODC. DFMO has been investigated for its potential role in
the chemoprevention of PCa.™' 1t was found that the ODC
activity of the Dunning R3327 rat prostatic carcinomas is
as sensitive to inhibition by DFMO as the normal rat pros-
tate. It also has been demonstrated that DFMO s inhibi-
tory o the growth of PCa both in vitro and in vivo.™" Sev-
eral human phase I trials of DEMO showed that the dose-
limiting toxicity was thrombocytopenia and reversible
ototoxicity at 9 g/m¥/day. Mild leukopenia and anemia
were also noted with DEMO. [n a phase 1 study. Meys-
kens et al® found that reversible sensorineural hearing loss
occurred in 30-70% of patients with long-term. high-dose
therapy. For chemoprevention, the optimal oral dose has
yet ta be identilied. Due to its toxicity. DFMO is currently
unacceptable for usc in the chemoprevention target popu-
lution which are healthy individuals.

An accumulating body of evidence support the concepl
that androgens stimulate cell proliferation and inhibit
prostate cell death and suggest that androgenic stimulation
promoles prostale carcinogenesis.” Since the side effects
associated with LHRH agonists and antiandrogens in
therapeutic regimens are unacceptable among healthy
populations. widespread chemoprevention usage of these
agents is very unlikely.

Testosterone is the dominant stimulus for prostatic
growth and dihydrotestosterone (DHT). which is a meta-
bolic product of testosterone catalyzed by Sa-reductase, is
the most active intracellular androgen. Inhibitors of 5a-
reductase may inhibit PCa occurrence and growth while
causing very few side effects.” The potential utility of Sct-
reductase inhibitors as chemoprevention agents came from
the study of an inherited deficiency of Sa-reductase, a
form of male pseudohermaphroditism characterized by
mild external secondary sexual anomalies and an underde-
veloped prostate. It was found that individuals with 5So-
reductase deficiency do not develop BPH or PCa.”" A
number of Se-reductase inhibitors have been synthesized.
Finasteride (Proscar, 5 mg/day. orally) was the first So-
reductase inhibitor to enter clinical trials. Finasteride
selectively inhibits Sa-reductase. thereby blocking the
metabolism of (estosterone to DHT. It has been investi-
gated extensively for the management of BPH' and it was
approved by the FDA in 1992 tor that indication. In Octo-
ber 1993, the PCa preveation trial (PCPT) was designed to
determine whether finasteride reduces PCa incidence. 1n
the PCPT. 18.000 healthy men ages 55 and older, with no
evidence of PCu. will be enrolled. The participants will be
rundomized Lo receive either finasteride (5 mg/day., orally)
or placebo and cvaluated for seven years. The primary
objective is to demonstrate a decreased incidence of PCa
in the treatment group compared to the placebo group. The
secondary objectives include evaluating the side cffects
and toxicities of finasteride, the grade and stage of prostate
and other dingnosed cancers. cancer mortality rates, inci-
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dence of BPH. ctfectiveness of PSA and digital rectal
examination (DRE) screening, and quality-of-life issues.
This large randomized trial is expected to yield valuable
information on: i) the epidemiology. risk factors for. and
natural history of PCa: i) the screening and diagnosis of
PCut i) finasteride’s ability to prevent BPH and PCa.

A number ol chemotherapeutic agents, such as estra-
mustine. ctoposide, vinblastine. tamoxifen. and colchicine.
have been shown to inhibit the growth of the established
PCa and of the cultured PCa cells.'>'*" Phase 1 and II
clinical trials have been carried oul 1o examine the cffect
of chemotherapeutic agents in patients with metastatic
hormone-refractory PCa.™'*'* However. the potential
value of these agents in PCa chemoprevention in the gen-
eral population is yet to be elucidated. Pentosan polysul-
fate, u highly negatively charged polysaccharide. has been
demonstrated to inhibit angiogencsis i vitro and suppress
prostate tumor growth in vive.” Recently, it has been
shown that oral administration of moditied citrus pectin, a
soluble component of plant fiber derived from citrus Iruit,
can inhibit spontancous metastasis in a rat PCa modcl
Since citrus pectin has no effects on primary tumor growth
or blood vessel endothelial cell growth, it seems to act as
an antiadhesive agent in the ecarly stages of metastasis.
Citrus pectin is thought o interfere with cell-cell interac-
tion mediated by cell surface carbohydrate-binding galec-
tin-3 molecules.'® Studies of the toxicity, dose, and efli-
~acy of modified citrus pectin in preventing metastasis of
human PCa are warranted.

In summary, although a large number of agents show
activity against tumor cell growth or progression/metasta-
sis, none ol them has been proven to prevent tumor initi-
ation or to reverse the process of prostale carcinogencsis.
Finasteride has a demonstrable role in management of
BPH. Its role in prevention of BPH and PCa is currently
being investigated in the PCPT trial. Due to its low toxic-
ity, finasteride may prove 1o be the first agent to be used
tor prevention of PCa in general as well as in high risk
populations.

7.2. Clinical Use Of Molecular Techniques
In The Evaluation And Treatmment Of Patients With
Clinically Localized Prostate Cancer

Complete surgical removal of the prostate has been an
option Tor the treaument oi* chinicaily iocalized PCa tor
over 70 years. Beginning in 1980, improvements in surgi-
cal technique and a better understanding of the anatomical
relationship ot the prostate to the dorsal venous complex
and the corpora cavernosal nerves have elevated radical
prostatectomy to become the treatment of choice for men
with clinically localized PCa who have a life expectancy
of greater than ten years. The best surgical candidates are
those that have pathologically organ-confined disease.
available staging

Unfortunately. currently techniques



278

HONN et al

understage approximately 30% of patients with clinically
localized PCa.'™"

Although many patients with extraprostatic disease can
be effectively treated by a combination of radical
prostatectomy. hormonal therapy and radiation therapy.
the percentage of patients in this group who are cured is
much lower than for those with pathologically organ-
confined diseasc. As discussed above. novel methods are
necded to determine the biologicul uggressiveness of PCa
and identity new staging techniques to decide which
patient will benetit from definitive local therapy.

In this scction we will discuss the role of surgery in the
treatment of PCa, the use of PCR amplification of the PSA
mRNA sequence (RTPCR) in bone marrow aspirates to
better stage patients with clinically localized PCa. and
how comparative genomic hybridization (CGH) can deter-
mine the biological aggressiveness of PCa.

Contemporary methods ol staging PCa involve radiologic
techniques, biochemical assays, clinical examination of the
prostate, and histological evaluation of PCa biopsy speci-
mens (see above). The serum prostatic specific antigen
(PSA) vulue increases proportionally with the clinical and
pathologic stages of the disease. However. the overlap
between stages is too great for PSA o accurately stage PCa.
Even for PCa patients with a PSA in the normal range (less
than 4.0 ng/ml) 25% will have extraprostatic disease.”

As discussed above, the Gleason score from the patho-
logical specimen is a powerful predictor of disease-free
survival in patients with PCa.™ However. the significance
of the Gleason score in the needle biopsy specimen is less
clear. This is because 42% of Gleason scores from the
needle biopsy specimen will be under- or overstaged,
when compared with the pathologic specimen.’’ Most of
the grading differences between the needle biopsy and the
pathologic specimen are within one point. Despite this
limitation, patients with a Gleason score of less than 7 and
7 or greater have a 63%, and 26% incidence of organ-
confined disease, respectively."”

The Digital Rectal Examination (DRE) and transrectal
ultrasonography of the prostute are poor determinants of
extraprostatic discasc. This is because these modalities
cannot detect microscopic tumor cxtension. Through the
widespread use of the PSA blood test in the screcning for
PCa, 40 to 50% of newly diagnosed PCa are stage Tlc
(PSA elevation only). By definition. these tumors are
impalpable and cannot be imaged. therefore the DRE and
transrectal ultrasonography have assumed a lesser role in
the staging of the discasc.

None of the above tests can accurately identity the indi-
vidual patient that will ultimately relapse after definitive
local therapy. For patients that have pathologically organ-
confined disease, a radical prostatectomy can be curative
in upwards of 90% of patients. We are using molecular
biology techniques to better select those patients who will
benetit tfrom local tumor treatment.

The rationale for complete surgical removal of the pros-
tate in the treatment of localized PCa are multifaceted.
Clearly a rudical prostatectomy and bilateral pelvic lymph
node dissection provides the most complete tumor staging.
By accurately identifying the full extent of the patient’s
disease, a more accurate determination of the patient’s
long-terin risk for disease recurrence as well as the poss-
ible need for adjuvant therapy can be determined. Ideniifi-
cation of minimal residual discase early in a patient’s
treatment course may allow less toxic systemic therapies
to be instituted with the goal of curing the discase.

We have recently analyzed our radical prostatectomy
data for years 1991 and 1992, A total of 307 patients are
cvaluable that had a three month or longer follow-up
(range 4 to 56 months, mean 30.8 months). There were a
total of 10 deaths in this series. 2 from PCa and the other 8
from unrelated illnesses. Of the 307 patients. 37% had
pathologically organ-confined disease and 63% had extra-
prostatic diseasc (Tuble [1). Twenty-eight percent of the
patients have a detectable serum PSA level and 2.3% have
clinical evidence of metastatic disease.

Table 1. Pathological stage of 307 consecutive radical
prostatectomy speciemens from 1991-1992

o Number Percent of
Pathologic stage of patients Paticnts
Organ confined 114/307 37
Extraprostatic extension only 16/307 3
Positive surgical margins 89/307 29
Seminal vesicle invasion 53/307 17
Positive nodes 35/307 11

Only 6 out of 114 (5%) patients with organ confined
PCa had a detectable PSA. This compares to 41% of
patients with extraprostatic disease. To further refine the
pathologic stages that are most predictive of disease re-
currence, we subdivided our patients with positive surgi-
cal margins or extraprostatic discase (Table 2). Patients
with positive nodes or seminal vesicle invasion have a 58
and 69% risk of disease recurrence, respectively. For
patients with extraprostatic extension and positive mar-
gins 39% of these patients will eventually fail. Most
interestingly, patients with extraprostatic extension alone
with negative margins or thosc patients with posilive
marging and no ecvidence of extraprostatic extension
have only a 13% chance of disease recurrence. This
latter group of patients have disease at the apex or
anteriorly where there is no extraprostatic tissue. For
these patients all tumor may have been resected despite
the presence of a positive surgical margin.

At our institution, 75% ol paticnts undergoing radical
prostatectomy for clinically localized disease are discase-
free three to five years after surgery. Although this is an
excellent disease-tree survival rate for patients with clini-
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cally localized PCa. it is our goal that through hetter
patient selection, earlier diagnosis. und a better under-
standing of the biological aggressiveness of the disease.
we will be able to decrease the morbidity and mortality
from PCa even further.

Table 2. Number of patients with recurrent disease after
radical prostatectomy according to the pathologic stage
of disease

Nionber Palients

Pathologic stage ofpa-  with  PSA<0A
tieints  PSA>0.4

Organ confined 114 6 (5% 108 (95%)

Iixtraprostatic extension only 16 2(13%) 14(879%)

Positive surgical without 48 6(13%) 42(87%)
extraprostatic extension

Positive margins with 41 le (%) 25(61%)
extraprostatic extension

Seminal vesicle invasion 53 3%y 2242%)

Positive nodes 35 24 (%) 11(314%)

o accomplish this goal we are utilizing PCR amplifica-
tion of the PSA mRNA sequence (RTPCR) to identity PCa
cells in the bone marrow of patients with PCu. We have
shown that this technique can identify one PCa cell in a
hackground of 10° lymphocytes.™ The presence of cireu-
lating PCa cells in the bone marrow 1s strongly correlated
with the pathologic stage of disease.”™ We have evaluated
the bone marrow of 79 patients with ciinically localized
PCa undergoing radical prostatectomy for the presence of
circulating prostate cells. None ol these patients had previ-
susly been treated with hormonal or radiation therapy.
Fifty-two percent of patients had pT1-2 and 48% had pT3-
AN+ tumors. The foillow-up ranged from | to 43 months
(median 12 months). Ten of the 79 patients had recurrent
diseuse (delined as a scrum PSA >0.4). RTPCR for the
PSA and uctin mRNA was performed on all samples. The
actin RTPCR. which served as o posiive control, was
positive for all of these samples.

Thirtv-gight ol 79 (48%) patients were RTPCR PSA
positive: 32% of the pT1-2 and 66%: of the pT3-4/N+ were
RTPCR PSA positive (p=0.01) (Tuble 5} Two ol the 4l
{5%) RTPCR PSA negative and 8 ol the 38 (21%1 RTPCR
PSA positive patients have recurred. Patients who were
RTPCR PSA positive had a significantly shorier discase-
free survival than those patients that weie RTPCR PSA
negative (p=0.0126). The median disease-free survival for
RTPCR PSA negative patients has not been reached com-
pared w 19,1 months for RTPCR PSA positive patients.

Because RTPCR detection ol circulating PCa cells
appears to be an excellent predictor ol disease-Iree sur-
vival in panients with clinicaily focalized PCa undergoing
radical prostatectomy we are mvestigating the presence of
circulating prostate ceils in patients treated with definitive
radiation therapy. hormonal therapy. or watchiul waiting.
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We are now evaluating individual metastutic PCa cells for
phenotypic and genotypic properties that may help deter-
mine their clinical significance.

To determine the biological aggressivencess ol PCa, we
are screening individual tumors for the extent and pattern
of chromosomal alterations. This information can be used
to compare the unique genctic alterations in PCa between
African-American  and  Caucasian  men. Comparative
genomic hybnidization (CGH) is « new and powerful
methodology for mapping DNA sequence deletions and
amplifications throughout the genome of a tumeor in a
single experiment.™ This  procedure  involves  simul-
tancous. dual color fluorcscence in situ hvbridization of
tumor genomic DNA and normal genomic DNA to normal
human metaphase chromosome spreads. The ratio of the
intensities of the two colors along the metaphase chromo-
somes gives the relative copy number of tumor DNA 10
normal DNA at each location. Thus deletions and amplifi-
cation are simuitaneously detected and mapped along ail
chromosome arms. Analysis of a series of tumors reveals
genomic regions of recurrent or consistent deletions or
amplifications. These regions likely harbor tumor sup-
pressor geneis) (deletions) or oncogenc(s) (amplifications)
important to the development and progression of that type
of tumor. This technique is unbiased in that it does not rely
on previous knowledge of genes important to the develop-
ment and progression of particular types of cancer--there
are no specific probes, and the entire genome is screened.
Further, this technique is likely to vield prognostic infor-
mation superior to that achieved by DNA content ploidy
analysis for two reasons. First. tumors may actually bave
large portions of the genome deleted and gained but if the
overall DNA content is balanced, the ploidy result will be
normal. Second. the biological aggressiveness of a tumor
is likely 1o be related to g or loss of specific chromo-
somal regions detectable only by CGH.

{o date, we have used CGH in two PCa studics. In the
tirst study. we assessed the ability of CGH 1o detect
alterations i ¢linically localized PCa and found it 1o be
highly sensitive and specitic in comparison with PCR-
based loss of heterozygosity measurements on chromo-
some 8p. We created the first genome-wide map of
regional chromosomal alterations in PCa.” In the second
study. we studied tumors from 31 patents with meta-
static discase. Five of the 31 men were Alrican-Ameri-
van. Overadl. the frequency and pattern ol genetie alter-
was similar between African-Americans and
Caucasians. importantly. we found preliminary evidence
of more trequent gains in the region of 4g25-430 in
tumors from African Americans.

We were also able to improve the technique of CGH
wignificantly. A new statistical analysis was developed to
allow for the objective and standardized interpretation of
{luorescence ntensity ranos both within the genome of
individual wumors and between the genomes of scveral

ations



280 HONN et al

SAHLTIEETL BRI

Chré

Chr8

Figure 1. Region specific frequency of gains (above central nxis) and delations (belote central axis) on chromosomes 6 (left) and
8 (right) in 31 metastatic prostate cancers. Tor example, the 8p22 region was deleted in 19/31 (61%) of turors.

tumors. Summary data obtained in this study for chromo-
somes 6 and 8 are shown in Fig.9.

In addition to the genetic analysis of tumors, we examined
the tumor cellular proliferative [raction. We and others have
shown that tumor cellular proliferative [raction, as deter-
mined by any of several immunocytochemical techniques,
shows excellent promise as a marker of prognosis in PCa™
Recently, we have measured the cellular proliferative frac-
tion within a single pathologic stage of PCa using an anti-
body to the Ki67 antigen. We tound that the proliferative
fraction predicted survival better than the histological grade.
Thus, we believe that measurement of cellular kinetics
provides information on the biological aggressiveness of
tumors beyond that achicved by standard clinicopatho-
logical parameters. By combining molecular techniques
with earlier diagnosis of PCa, we hopefully will be able to
identify patients who have PCa at a curable stage. If PCa
can be identified before it has grown outside the prostate,
radical prostatectomy is potentially curable.

7.3. Conformal Neutron and Photon Irradiation in Non-
metastatic Prostate Cancer

In the management of locally advanced PCa last neutron
irradiation has demonstrated a statistically significant imp-
rovement in local tumor control and disease-free survival
compared with conventional photon radiotherapy.” At 10
years follow-up. there was a significant improvement in
clinically assessed local control (70 vs. 58%) and survival
(53 vs. 29%) in favor of the neutron arm.”

In 1986, this trial was retested using the ncewer neutron
therapy facilities that had been sponsored by the National
Cancer Institute. The rate of biochemical relapse (elev-
ation of the serum PSA levels) was significantly lower in
the neutron treated patients (17 vs. 45%).” However, the
rate of severe complications was signilicantly higher for
the neutron-treated patients. In total. 24% of ncutron-
treated patients experienced Grade 3 or 4 chronic toxicity

compared to 8% of photon-treated patients.™ Analysis of
these complications suggested that differences in the
capability of beam collimalion among different neutron
facilities were responsible for the obscrved dilferences in
late rectal and bladder complication rates.™

In view ol the benefits of neutron irradiation for local
control in PCA, a series of three Phase II studies were
conducted at Wayne Statc University to study whether the
use of 3 Dimensional conformal ncutron irradiation would
allow for the safe delivery of fast-neutron irradiation in
patients with localized and locally advanced adenocarci-
noma of the prostate.

Table 3. Presence of circulating prostate cells according
to pathologic stage

Number  Circulating

Stage of paticuts cells present Percent
Organ confined 41 13 32
Capsular penetration 10 5 50
Positive margins 12 7 58
Seminal vesicle invasion 6 5 83
Bladder neck invasion 1 1 100
Positive pelvic nodes 9 7 77
Total 79 38 48

Forty-seven patients with locally advanced disease (Stage
> T3 and/or Gleason Score = 8) received 15 NGy + 18
PhGy. One hundred four patients with localized PCA (Stage
< T2C and Gleason Score < 7) received cither 9 NGy + 38
PhGy (51 patients) or 10 NGy + 38 PhGy (53 patients).
Prior to treatment, patients either underwent conventional x-
ray simulation followed by (reatment-planning CT or virtual
CT simulation, alone. All patients were immobilized in the
supine position with a custom-made alpha cradle cast. Si-
mulation included oral, intravesicle and urethral contrast
according (o a previously reported technique.™

The outline of the prostate. seminal vesicles. pelvic
lymph nodes. pelvic bones. femoral heads. urethra,

PATHOLOGY ONCOLOGY RESEARCH
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Table 4. Summary of radiation fields and doses

Locull Y

Photon component Localized Prostate Cancer Advanced
PCa
Daily dose PSV*  2CGy 2Gy 1.8 Gy
PIN - - 1.8Cy
Total dose PSV 38 Gy 38Gy 18 Gy
PN - -- OGy#
Ficld arrangement  Ap/PA/ Ap/PA/ Ap/PA/
RL/LL RL/LL RL./LL
Netuitron component
Daily dose PSV 09N Gy 1L.ON Gy LON Gy
PLN - - 0.6 N Gy
Total dose PSV 9N Gy 10N Gy 15N Gy
PLN - - 9N Gy
Fields RL/LL RL/LL AP/PA
RAISO/ RAISO/ RL/LL
LAISO LAISO

10 consecu-
tive days

every other
day alter-
nate with

10 consecu-
tive days

Neutron Schedule

(M-F) (M-F) photon
Total dose 9N +38 9N +38 15N +18
Ph Gy Ph Gy Ph Gy

* DSV prostate and seminal vesicles

+ PSA + PLN prostate, seminal vesicles and pelvic lymph
nodes

# using partial transmission through multirod collimator

bladder. rectum, and skin were digitized into the 3D
planning system. The tumor volume., normal tissues and
block outline were displayed with the beam’s eye view
(BEV) technique. The BEVs were registered to the
simulation films by aligning the bony pelvic anatomy.
These films served as templates for the cerrobend block
fabrication and port film verification for the photon
treatment. For neutron field shaping of patients under-
going virtual simulation. block fabrication was directly
accomplished using the BEV and digitally reconstructed
radiographs.

The neutrons were produced by using a superconductling
cyclotron with a 48.5 MeV deuteron beam incident on an
internal beryllium target’ resulting in depth dose charac-
teristics similar to that of a 4MV photon heam.* The mul-
tirod collimating system* ol the cyclotron produced irregu-

larly shaped and partial transmission fields. A sunmary of

the doses. ticlds and volumes irradiated is shown in Table 4.
Dose volume histograms comparing the neutron and photon
dose distribution to the prostate, seminal vesicles, rectum,
and bladder demonstrated no significant differences. ™ An
isodose curve for the non-neutron beam is shown in /7g.2.
Al euch ollow-up visil, there was a symptom assessment,
physical exam including digital rectal examination (DRE).
complete blood count. blood chemistries. serum PAP and
PSA levels.

Vol 2. No 4, 1996

Biopsies were obtained at 6 and 18, or 12 and 24 months
postireatment.  Toxicity was graded according to the
RTOG morbidity grading system. (Tuble 5.7 A complete
biochemical response was scored il a patient without
hormone therapy reached a PSA level £ Ing/ml. Whereas
a biochemical failure if the PSA level rose on two success-
ive follow-up visits. Postradiation biopsies were per-
tormed with transrectal ultrusound guidance. Six 18-gauge
cores were obtained from the dominant hypochoic or color
Doppler regions of suspicion in each sextant. All postradi-
ation biopsies were reviewed by a single pathologist.
Biopsies were scored as negative, marked. moderate,
minimal therapeutic effect. or positive.

The times to last follow-up. to recurrence, to develop-
ment of a radiation complication, or to death were calcu-
lated from the date of last treatment. Estimates of survival
probabilities were derived by the Kaplan-Meier method.™
Estimates of cumulative incidence probabilities were done
for complete biochemical responses and complication, and
comparisons for categorical variables used the Fisher's
exact test.” The median follow-up was 16 months (range:
3-30 months).

I. Toxicity — Two paticents (1%) reported acute Grade 3
GU (genitourinary) toxicity during radiation (rcatment.
Both experienced bladder spasms requiring brief hospital-
ization for narcotics and antispasmodic medication. One
patient was in the 9 NGy arm and 1 received 15 NGy. No
other Grade 3-5 aculte toxicity was recorded.

No chronic Grade 3-5 Gl or GU (gastrointestinal) comp-
lications have been reported. The actuarial rates of Grade
2 GI morbidity at 20 months were 6% for the low dosc and
29% for the high dose neutron arm (P=0.07). The actuarial
rates of Grade 2 GU morbidity were 4 and 16% for the low
and high neutron dose arms, respectively (P=0.08).

Stiffness in {lexing or abducting the hips was seen in 20
and 42% of the patients receiving 9-10 NGy and 15 NGy,
respectively (P=0.01). Severe Grade 3 or 4 hip stiffness

Figure 2. Axial computed tomograply vieto at the level of the
prostate gland showing the isedose distribution of the nonaxial
itentron beams (RIJLLIRAISO/LAISO).
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Table 5. RTOG Chronic morbidity grading scale

Grade 0 none

Grade 1 minor symptoms, no treatment required

Grade 2 symptoms responding to outpatient treatment
no change in performance status

Grade 3 distressing symptoms altering a patient’s life-
style and /or requiring hospitalization for minor
surgical intervention

Grade 4 major surgical intervention or prolonged hospi-
talization

Grade 5 fatal complications

was seen in O and 26% ol patients. respectively (P<0.05).
Three high dose (15 NGy) paticnts had painful pelvic bone
necrosis identified on magnetic resonunce imaging. Po-
tency was maintained in 65% of patients with no signifi-
cant eftect secondary 10 neutron dose or the use of neoad-
juvant hormones. Chronic complications as a function of
dose are listed in Tuble 6. No Grade 3-5 skin or subcu-
taneous tissue toxicity has been reported.

Table 6. Grade 2 late treatment complications following
conformal mixed neutron and photon irradiation

9-TONGy+ I5NGy+ oalne

WPLGy  18PRGy PO
rectal 6 Y 29 % 0.07
bladder 4% 16 % 0.08
potency 67 % 60 % NS
hip stitfness 20 % 42 % 0.01

(moderate to severe)

NS - not significant (p>0.03)

2. Efficacy — At 12 months, 91% of all patients had a
serum PSA < 4. 78% < 2, and 57% < Ing/ml. Among
putients with an initial pretreatment PSA level < 10 ng/ml.
100% had a 12-month PSA < 2 ng/ml und 80% < 1 ng/ml.
By I8 months, the cumulative probubility ol achicving a
PSA < 4 ng/ml was 95% for the low-dose, localized
patients and 93% for the high dose. locally advanced
patients (P = .81). The actuarial probability of reaching a
PSA < | ng/ml was 81 and 57%. for localized and locally
advanced patients. respectively (P =0.001).

Local control at the histological Tevel
postradiation  biopsics in 73 patients. Overall. 63% of
patients (46) were negative, 3% (2) showed a marked thera-
peutic response. 4% (3) a moderate response. and 30%: (22)
were positive. AL six months, 20% of biopsies were nega-
tive, 70% at 12 months, and 85% at 18 months. The nega-
tive biopsy rate was not affected by clinical stage. Gleason
score. pretreatment PSA volume or neutron dose.

The data from these three prospective studies of differ-
ent neutron-photon dose combinations confirm that con-
formally designed fast-neutron irradiation can be delivered
with acceptable levels ol chronic toxicity. The rates of

ras assessed by
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complete response at the biochemical and histological
levels also suggest that the previously demonstrated super-
tority of neutron irradiation has been maintained with
these mixtures of neutron and photon irradiation.”

The use of neutron irradiation in patients with localized
PCa (low stage. low to intermediate grade) was justified
bascd on lower than expected rates of complete response
at the histological and biochemical levels reported in
patients with Stage T1 or T2 disease treated with photons
alone.™ In this group of patients, high rates ol chronic
morbidity would not be acceptable and often therapeutic
decisions are based on quality of life considerations.™ The
rates of chronic GI and GU morbidity seen in the low
neutron dose arms are not statistically different than those
achicved using 3D conformal photon irradiation alone,™
Because of the enhanced rate of chronic toxicity seen with
ISNGy. the current dose level for locally advanced PCa is
11 NGy + 46 PhGy twice daily with equates to 2 Gy/frac-
tion photon cquivalent dose of 82 Gy.

Based on the preliminary observations that neoadjuvant
hormonal therapy increased the complete histological
response rate. the role of neoadjuvant hormonal therapy in
conjunction with conformal neutron-photon irradiation is
being assessed. In addition. the optimal sequence of mixed
neutron-photon irradiation is unknown and this is being
assessed inan ongoing randomized trial at Wayne State
University.

7.4. Palliative Radiation Therapy for Bone Metastasis
Secondary to Prostate Cancer

Despite some dramatic improvements in the treatment
ol cancer in young people. the overall mortality and cura-
bility of solid tumors has changed little in the past half
century.* The majority of cancer patients will eventually
succumb w their cancer. and more than halt’ of these
patients will require some form ol palliative therapy dur-
ing their lifetime. Thus, the indications. technigues, and
results of non-curative. but symptom relicving therapy is
becoming increasingly important.

In the United States. despite improvements in radical
surgery, radiation, and chemotherapy, the PCa death rates
have not decreased. The tuct remains that a substantial
number of patients will eventually fail definitive therapy.

Palhaton simply defined is the alleviation of symptoms
1 d pattent usuadly with active, progressive discase for
whom the prognosis is limited and the focus of care is to
preserve quality of life. The basic tenets of palliation is to
do good. minimize hann. and foster patient autonomy.
Due consideration is given to the condition of the patient.
to the chances of ctfecting palliation, and. of course. to the
patient’s wishes. Palliative radiotherapy can be highly
effective. delivered in a relatively short time frame. and
cause few side elfects when the tolerance of normal tissues
are respected. The ability of radiation to decrease pain,
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prevent henmorrhage and obstruction. and to improve organ
function has been well documented. Treatment can usually
be completed in 1-3 weeks or less.

741 Natural History

To administer eftective palliation, a rhorough under-
standing of the cancer is required. At diagnosis. 50% of
PCa patients have discase contined to the prostate gland or
vicinity (11-4). 204 have lymph node metastasis and 30%
have distant metastasis. ™

Regional lymph node involvement follows a predeter-
mined pattern. Periprostatic and obturator nodes  are
involved first. tollowed by externul iliac, hypogastric,
common iliac. und periaortic nodes.** The number and
magnitude of lymph node involvement corrclates well
with progsiosis. Prout et al. has demonstrated that patients
with solitary lymph node involvement developed prog-
ression of their disease in 20% of cases as compared 1o
75% for paticnts with multiple lymph node involvement.™

Of all patients diagnosed with PCa. more than 50% will
die from their disease and more than two-thirds will sutfer
local and/or systemic progression prior to their terminal
event, Prostate carcinoma metastasizes distantly to skel-
cton, liver, lungs, and occasionally 1o the brain and other
sites. About 50% of the patients will expericnee bone
metastases al some time during their lifetime. The mech-
anism of preferential dissemination to the spine and pelvic
bones by the vertebral veins was initially proposed by
Batson.” Recently. this concepl hus been disputed and an
cqual distribution of skeletal metastases Irom PCa as
compuared o nonprostatic cancers was described. The
mechanism of dissemination to spince, pelvie bone. and
long bones is a function of the regional arterial blood
supply rather than the venous drainage.*

7.4.2. Bone Meltastases

Bone metastases represents a common problem. 50-70%
of PCa patents are estimated to develop
metastases.”” Many therapics are available for bone
metastases. including surgery, medical management, and
radiation. Radiation therapy can treat most patients with
highly cflective symptom reliel.

The hallmuark of osseous melastases is localized pain

0ssecous

which is many lines continuous and unreleniing regard-
less of the site. The pain caused by bone mctastases is not
well understood. Some investigators have hypothesized
that irritation ol the periosteal membrane or the release of
biologic mediators is responsible for bony pain. The most
serious complication of” osscous metastases is spinal cord
compression which is discussed in the next section.

Most bony metastases can be diagnosed by physical
exam, plan radiographs, and a bone scan. Plain radio-
araphs are highly accurate in detecting metastatic lesions
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particularly when associated with pain, however the sensi-
tivity is poor. The radiographic pattern is typically blastic
for PCa and almost always Iylic Tor renal cancer. Bone
scanning is a usefol adjunct to plain films. 99mTe-dis-
phosphonate is taken up in areas of bone production und
can be used be used for detection of bony metastases and
following response to therapy. Bone scintigraphy is uppro-
ximately 50-80% maore sensitive than plain radiographs, ™
It can frequenty show metastatic lesions long before
changes on plain films are appreciated. Several investiga-
tors have estimated that this may be 2-6 months. ™™ Plain
films and bone scans are frequently used to plan radiation
fields and deline cchnigue. CT and MRI are sometimes
required if there is suspicion of bone involvement, but x-
ray and bone scan are negative, or if there is soft tissue
involvement.

Most ¢linical situations including pain management and
preservation of bone integrity can be managed by the
judicious use ol radiation therapy. Planning radiation
requires a clear understanding of the patient’s disease and
the intent of treatment. Although radiation has been shown
to be highly effective. actual treatment delivery, dose.
tractionation, and volume can vary greatly from center to
center. Thercfore. treatment can be customized to the
patients nceds. Certainly, patients with a painful bony
lesion and a poor prognosis will most likely have a difter-
ent treatment regimen than a patient with a good progno-
sis. In GU cancer patients. it is not unlikely for patients
with bone metastascs, especially prostate, o have many
useful years of life.

The most widely quoted bone metastases study utilizing
vadiation is the RTOG rial 74-02 reported by Tong et al.™
This study analyzed 1016 patients. All patients had at least
one painful bony site, most required narcotic medications.
and 56% described their pain as being constant and severe.
These patients were randomized to receive several different
radiation therapy regimens. There were 83% of patients who
received a partial response and 54% obtained a complete
response usually within 2-4 weeks of treatment. Pain reliel
was influenced by the site and pain status prior to irradi-
ation. More than 70%: of patients who experienced some
pain reliel did not relapse betore death. There were no sig-
nilicunt differences in the frequency of pain relicf among the
various trewtment arms. A reanalysis ot this RTOG study
however, concluded that the two high dose protracted pro-
crams (270 ¢Gy X 15 and 300 ¢Gy x 10) had significantly
better complete responses and decreased narcotic use, and
patients  treated (o higher doses required fewer retreat-
ments.” Reviewing the data from currently available pros-
pective studies has shown overall response rates ranging
from 85-100% using various treatment schedules.™ " Single
fraction regimens (800 ¢Gy x ) appears to be as effective as
the other more protracted regimens, but is also associated
with increased acute morbidity particutarly to the abdominal
organs. A lrequently used regimen in the ULS. is 3000 ¢Gy
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given in 10 divided fractions. This dose is adequate for most
GU cancers including prostale.

A metastasis to a weight bearing region raises many
concerns, A pathologic fracture can be painful and disabl-
ing both functionally and psychologically. Certain radio-
graphic and clinical factors that warrant consideration of
prophylactic surgical lixation include:

. An intramedullary Iytic lesion equal to or greater than
50% of the cross sectional diameter of the bone.

. A lytic lesion involving a length of cortex equal to or
greater than the cross sectional diamcter ol the bone
or greater than 2.5 cm in axial length.”™

|7

These patients should be evaluated by an orthopedic sur-
geon, If a pathologic fracture has occurred in a weight
bearing region. surgical fixation is required for pain con-
trol and to promote adequate healing. In all situations,
postoperative radiation is required. Since PCa produces
primarily blastic metastases, pathologic tracture is corre-
spondingly intrequent.

7.4.3. Spinal Cord Compression

Spinal cord compression is a medical emergency. Fail-
ure to diagnose and promptly treat can lead to significant
morbidity including paraplegia and autonomic
dysfunction. In general. GU tumors. cspecially prostale
and kidney, account for 13% of spinal cord compres-
sions.™ Approximately 18,000 cases of spinal cord com-
pression oceur in the United States every year.”’

The predominant symptom of cord compression is that
of pain in about 95% of paticnts.™ Pain usually precedes a
diagnosis of spinal cord compression by about 4 months.
Symptoms however can progress rapidly to ncurological
dystunction in a matter of hours to days. When a patient
has progressed to paraplegia. return of function is infre-
quent. Therefore, carly diagnosis and therapy are critical.

Diagnostic tools include x-rays. bone scan, CT, MRI, and
myelogram. Plain films are positive in about 80% ol patients
with epidural compression, but is neither specific or sensi-
tive.” A major limitation of plain films is that the bone
requires at least 50% decalcification before radiologic
changes can be appreciated. Bone scans as mentioned
earlier are more sensitive but not specific. Plain films and
bone scans with physical examination can detect most spi-
nal cord compressions (85-90%)."" The gold standard for
diagnosis has traditionally been the myelogram. The sensi-
livity und specilicily are approximately 95% and 88%."
However, this test is invasive and several investigators have
shown MRI to be of similar if’ nol supericr accuracy.™*
MRI has the added benefit of imaging the entire spine.

Once the diagnosis of spinal cord compression is made,
treatment can include surgery. radiation, or both. In most
instances, radiation therapy suffices and obviates the need for
surgery. Several retrospective series have shown equivalent

results between radiation ulone and laminectomy. plus radi-
ationin terms of pain control. and [unctional improvement.

The most widely quoted study evaluating this issuc is
that of Gilbert et al.™ In general. despite the therapy insti-
tuted, if a patient is ambulatory, there is an 85% chance
that he will remain ambulatory. If nonambulatory, there is
less than a 50% chance of regaining ambulation. and if
paraplegic, less than 5% of becoming ambulatory. Again.
this emphasizes the need for early diagnosis and treatment.
Improvement of pain is similar to those results obtained
with radiotherapy for other bone metastases.™

Radiation therapy can be instituted quickly and effi-
ciently. Results of MRI or other diagnostic tests together
with physicul examination can help determine the appro-
priate treatment volume. Multiple epidural lesions can be
treated in one continuous ficld or by multiple treatment
fields. The volume treated is usually the level of cord
involvement together with two vertebral bodies above and
two below the epidural lesion. With the accuracy of MRI,
many centers use one vertebral body above and one below
the area of cord compression. The optimal radiation dose
and fractionation scheme has not been firmly established.
However, different from the treatment of other bony
metastascs, the goal is not only pain relief but also tumor
reduction. [t is for this rcason that protracted fractionation
for spinal cord compression is recommended.

Friedman et al demonstrated a good response in 71% ol
patients who received more than 2500 ¢Gy for epidural
compression versus 34% for patients receiving less than
2500 ¢Gv.®' The patients in this study had the diagnosis of
lymphoma which is usually more radiosensitive than other
tumor histologies. Commonly employed doses are 3000-
4000 ¢Gy over 2-4 weeks. In all cases, spinal cord loler-
ance to radiation should be respected. Often, initial doses
of 300-500 c¢Gy are given for the first two to three treal-
ments to attempt quicker symptom palliation. but there is
no firm data to support this.

There are a few instances where surgery should be con-
sidered as an option before radiation. They include
pathologic fracture with spine instability or compression
of the spinal cord by bone, unknown tissue diagnosis, a
history of previous radiation to the same arca, and a radi-
ation resistant tumor with nceurological deficits.

Once the diagnosis of cord compression is made or
even suspected. all patients should be placed on steroid
therapy. Steroids can decrease vasogenic edema and
provide striking analgesic benefit. The loading dose of
Decudron is 4-100 myg lollowed by maintenance dose ol
4-24 mg g 6 hours.

4. Palliative Svstemic Radiotherapy

Hemibody Irradiation — The concept of palliative sys-
temic radiation therapy has interested physicians since
1905.”> Over the years, the technigues and applications of
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this form of treatment has continued 1o progress. Prior o
the 1970°s. experience in systemic radiotherapy was pri-
narily in the form of total body irradiation (TBD). Hs use
was mostly in the treatment of hematologic discases. The
main hmitations of this form of treatment was bone mar-
row organ toxicity which limited the maximal dose which
can be given, 225-300 ¢Gy.

Fitzpatrick and Rider began using hemibody irradi-
ation (HBI) to circumvent the shortcomings associated
with TBI in the early 1970°s. In 1976, they published a
fandmark paper on their experiences with HBL®™ Using
single [racnions of 500-1000 c¢Gy, they treated 140
paticnts with symptomatic bone metastases and reported
the results of 82 patients. HBI was tolerable and etfec-
tive in achicving palliation of pain. in many cascs within
48 hours of treatment. Deaths from radiation
pneumonitis and hematopoietic failure were few. The
study also showed that systemic radiotherapy can be
effective in treating solid tumors. Following this publica-
tion. several articles evaluating their retrospective data
on HBI for palhation of bony metastases were report-
¢d " Results were encouraging and prompted the
RTOG to cvaluate this modality.

The final analysis of RTOG 78-10 was published in
1986 by Salazar et al.”” The protocol explored increasing
single doses of halt body irradiation in patients with mul-
tiple symptomatic osseous melastases. The doses used
were 600-800 ¢Gy in the upper hemibody and 300-1000
¢Gy in the lower or middle hemibody. The most common
histologies treated were prostate (40%:). breast (29%:). and
lung (18%). Pain reliet was experienced in 73% of
patients. Fifty percent of patients achieved pain rclief
within 48 hours and 80% within one week. There were no
fatalitics und treatment was considered tolerable. Most
cffective and safest dosages were 600 c¢Gy for the upper
hemibody and 800 ¢Gy lor the lower and middle hemi-
body. When compared to RTOG 74-02. (local irradiation
for palliation of bone metastases). HBI achieved similar
number of patients experiencing pain relief, however,
local irradiation achieved twice the number of complete
responscs. Another important finding was that recurrences
of pain within irradiated ficld were (our times lower with
HBI than with local irradiation. This indicated that pro-
phylactic irradiation to bones can decrcasce the rate of
disease involvement. Studies by Jacobsson and Kaplan
showed that PCu patients who received periaortic irradi-
ation developed significantly less lumbar metastases than
those who had whole pelvis irradiation alone, ™!

Based on the results of RTOG 78-10 and on the prelimi-
nary data on prophylactic treadiation. RTOG 82-06 was
designed. This prospective randomized study cvaluated at
the effect of adjuvant systemic radiotherapy (HBI) in
delaying the onsel of bony metastases.” A total of 499
patients with painful bony metastases were randomized 10
cither Jocal radiation or locul radiating and HBI 800 ¢Gy.

Vol 2. No 4. 1990

Those patients who received HBI had an increased pro-
aression [ree survival. 12.6 mo vs. 6.3 mo. and fewer
retreatments. Overall. the incidence of toxicities were 3-
15%. There were no fatalities or radiating pneumonitis
since lung shields were used. The authors of the study
concluded that 800 ¢Gy of HBI can cause micrometastases
to regress und that HBI has the potential to be used to treat
systemic and occult metastases and improve quality of life
for these patients.

HB! is delivered by external beam irradiation. The field
arrangements have changed little since the conception of
this treatment. Because ol the long treatment fields, the
source to skin distance is usually > 180 cm. Shielding is
used for the oral cavity and all sites of previous irradiation.
Lung blocks are used to reduce lung dose to 600 ¢Gy
corrected for lung transmission. The typical dose is 600
¢Gy to upper hemibody and 800 ¢Gy to the middle and
lower hemibody given in u single fraction.

The major chronic toxicity associated with HBI is radi-
ation preumonitis. Without lung correction, the incidence
of radiation pneumonitis is estimated to be 18-35% for
doses of 600-1000 c¢Gy, and less than 10% if corrected for
lung transmission.” Approximately 50% of patients will
have depression of their hematological profile and 10% ol
patients may require transient hematological support.
Irradiation of the head can cause xerostomia and cataract
formation. If the head and brain has a low incidence of
mietastatic involvement. then exclusion of the head from
the upper hemibody 1s acceplable. The most troublesome
acute complication is nausea and vomiting that occurs in
80% of patients particularly with upper and middic hemi-
body irradiation. With the use of premedication programs
using prednisone, odansctron, and hydration, the incidence
of emesis is less than 5%.™ HBI should be considered in
any patient with multiple bony disease sites that are not
responsive to hormone or chemotherupy maneuvers and
have adequate bone marrow function.

Strontium-89 — In 1841, a new tool in the treatment of
skeletal metastases was  introduced:  the radionuclide.
Strontium-89. Strontium-89 is a calcium analog that emits
beta irradiation. It has a half life of 50.6 days and the aver-
age beta energy is .46 Mev. Because of strontium’s phy-
sical and chemical characteristics, it has the lollowing
advantages:

I. Tt selectively uptakes in arcus of active bone torma-

tion.

. Irradiation of normal tissues is limited and therefore

to

tolerance is high.
3. Strontiun-89 can be administered quickly and easily.
4, The patient is not a radiation hazard to family mem-
bers or hospital statt’
Strontium-89 has sceveral advantages over hemibody
irradiation including beter patient tolerance and ease of
administration, with similar efficacy at least for PCa.
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Pecher was first to demonstrate the effectiveness of Stron-
tium-89 for the palliation of painful bone metastases in the
carly 194077 Over the proceeding years, numerous studies
have conlirmed the cfficacy and safety of this form ol treat-
ment in palliating painful bony nictastuses  particularly
blastic metastuses.”” Several phase 11 trials have shown

complele pain reliel in 6-50% of patients and a reduction of

analgesic use by 50%. Overall response rates in prostate
patients is approximately  80% . Prospective randomized
studies fooking at this issue have also been completed.
Porter et al reported the findings of w phase I (Trans-
Canadian) trial evaluating the cfficacy of palliative Stron-
tium-89 therapy in the management of hormone resistant
metastatic PCa.™ There were 126 patients randomized o
strontium therapy versus placebo after local field radiation
for symptomatic lesions. Those palients who received
Strontium had significant reduction in analgesic intake at 3
months, (17% vs. 2.4% not requiring analgesics). pro-
eression of new painful sites (58.7% vs. 349% free of new
painful sites ar 3 months). and need for retreatment (51

weeks v, 23 weeks tme to retreatment). The levels of

PSA were also significantly reduced with Strontium-89
therapy. The results of this study are provocative.

The UK Metastron Group Study s
another prospective study evaluating the efficacy of Stron-
lium-89 after external beam radiotherapy.” Entry criteria
were similar to the TransCanadian Study. External heam
trradiation consisted ol ¢ither locul field or hemibody
irradiation. The dose of Strontium-89 was 5.4 mCi. A total
of 284 putients were treated according to protocol. Median
follow up was 12 weeks. There were no signiticant ditfer-
ences in survival or overall pain relief with Strontium-89,
local ficld. or hemibody therapy. However. patients rece-
iving Strontium-89 were signilicantly less likely Lo devel-
op new sites of pain or require retreatment.

Pain relief with Strontium-89 usually begins at 10-20
days after treatment. und the response lasts about 4-15
months. Some patients experience a pain flare 1-2 weeks
after Strontium injection. and this usually indicates a
better outcome. The recommended dosage of Strontium-
89 is 4 mCi or 40-60 mCi/kg. The drug is administered by
slow [V injection. Strontium-89 is clearcd by the kidneys
(two-thirds) and by the GI tract (one-third). All patient
excretions can be flushed away without special monitor-
ing. Strontium therapy is well tolerated. The major toxicity
is hematological, Most
paticnts show a 24-50% decrease i platelet count from
pretreatment levels.™ The platclet nadir occurs 4-8 wecks
after therapy. however medical intervention or hematolo-
gical support is rarely needed. Platelet recovery is gradual
and expected. Strontium should be used with caution in
patients with platelets <100.000 and WBC <2400 Repeat-
ed administrations of strontium is possible based on indi-
vidual patient response. but arc gencrally not recom-
mended at intervals of less than 90 days.

[nvestigators’

especially  thrombocytopenic.

In conclusion, while it is important to continue to devel-
op and refine our curative strategies in the management of
patients with PCu it is also necessury o focus on elfective
management options for that subset ol patients in whom
cure is not possible but where the rapid and sustained
reduction of symptoms is our goul.

7.5. The Evolving Role Of Hormonal Therapy In The
Treatment Of Prostate Cancer

[n 1941. Charles Huggins showed that surgical castra-
tion dramatically improved the condition of patients with
metastatic PCa, alleviating their bone pain and reducing
serum acid phosphatase levels.™ Synthetic estrogen ther-
apy subscequently achieved similar results. Since then.
androgen deprivation therapy has been the mainstay of
treatment for metastatic adenocarcinoma of the prostate.
Despite an initial favorable response of about 80%. most
patients will develop predictable and irreversible resis-
lance to androgen deprivation™ The basic therapeutic
approach for metastatic PCu is focused on suppression of
testicular function, either medically or surgically. These
therapies have resulted in a median progression-tree sur-
vival time of 12 o 18 months and an overall survival time
ol 24 (o 30 months.* ™

The recognition of the role of adrenal androgens in the
lormation of prostatic dihydrotestosterone led to the devel-
opment of the concept of combined androgen blockade.
accomplished by using an antiandrogen. flutamide, in
combination with primary gonadal suppression (o treat
patients with newly diagnosed metastatic prostatic can-
cer.™ Several rundomized. double-blind have
shown that the progression-free and overall survival rates
for patients with metastatic PCa treated with combined
androgen blockade are longer than those uchieved by
leuprolide treatment or orchidectomy alone. ™ However.
hormonal therapy for metastatic PCa is not curative, and
newer methods of treuting metastatic PCu are required.

New basic science research hus centered on understand-
ing how androgen deprivation results in PCa cell death and
on preventing the development ol cellular mechanisms
that render the cell resistant to androgen-deprivation ther-
apy. Recent studies have shown that androgen-receptor
mutations and ulterations in the apoptosis pathway occur
n hormonally inscnsitive PCa cells (see Part 1. " Exp-

i
loitation of these senctic events in the formation and

studies

aression ol hormone-insensitive PCa may lead to novel
methods for treating this disease. Until these newer ther-
apies are available, emphasis 18 being placed on the com-
bination of hormonal therapy and chemotherapy. as well
as on intermittent androgen blockade.

One persistent fact about hormonal therapy for meta-
static PCu is that such therapy is not curative. Because
80% ol patients respond either completely or partially to
this therapy, many clinicians are tempted to use hormonal
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therapy as a first-line treatment. However. because most
men who develop metastatic PCa are relatively old by the
time the discase becomes refractory 1o hormone treatiment,
they often cannot tolerate treatment with investigational
chemotherapeutic agents. Nevertheless, several treatments
are being investigated, including the withdrawal of flutam-
e, the use of a combination of  Estramustine and
Vinblasting or VP-16, and the administration of intermit-
tent androgen therapy (see below).

Paradoxically, approximately 20% of patients who have
been treated  with maximal androgen deprivation will
experience a decrease in PSA levels and a partial resol-
ution of bony and soft-tissue discase when [lutamide
treatment is withdrawn after the PCa becomes refractory
to hormone therapy.™ This response is not durable: the

median response time is six months. The mechanism of

this phenomenon may be reluted to alterations in the
androgen receptor, which can be stimulated by flutamide
instead of being blocked by flutamide. Current studies
suggest that androgen receptor Mutations occur in niore
than 30% of hormone-refractory PCa above).t
Whether such mutations are the reason lor the flutamide
withdrawal effect is unknown.

Finally, several groups of rescarchers are investigating
intermittent androgen deprivation. The theory behind this
treatment method was pioneered by Bruchovsky and his
colleagues trom Canada,” who studied androgen-sensitive

(sce

mammary lwmors in wale Shionogt nude mice. After the
tumors had grown to approximately 1 em in size. the ani-
mals were castrated and more than 90% of the twmor cells
were eradicated. However, androgen-unresponsive tumors
eventuadly began to grow. By transplanting the tumor to
another male nude mouse before androgen-unresponsive
tumors began to grow. the investigators were able Lo pro-
vide circulating scrum androgens and (o reinslate an
androgen-responsive ¢l type. This cycle ol androgen
addition tollowed by deprivation could continue tor a total
ol six cycles betore the growth of an androgen-unrespon-
sive tamor occurred. Clinically  intermittent androgen
suppression has been vsed successtully o treat @ small

"' This method 1s being investigated

oroup of paticnts.
climically by the Southwest Oncology Group. although no
findings will be available lor several years.

The grcatest advance in the treatment of PCa was the
identification of androgen responsiveness by Huggins et
Hodges ™ However, androgen responsivencss muay also
present the greatest problem in the treatment ol PCa,
Although a large percentage ol patients will experience a
partial response 1o androgen deprivation treatment. none
will expericnce a complete response. The presence of
vood palliative treatment has inhibited the scarch Tor cura-
iive therapy. Novel therapeutic measures, including com-
binations of hormonal therapy with chemotherapy or gene
therapy. will be required if the treatment of metastatic PCa
is 1o be significantly inproved.
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7.6. Chemotherapy and Prostate Cancer

As discussed above, suppression of androgenic stimuli
has been the main therapeutic strategy for patients with
newly diagnosed systemic metastases. Despite an initial
significant response rate and  patliation. virtually all
puticnts progress i a predictable and irreversible manner
to androgen independence/hormone  relractory  status
reflecting the inability of androgen deprivation 1o eradi-
cate all cuncer cell populations.”

Biologically. androgen-independent PCa patients are a
heterogencous group with a relatively variable clinical
course. Clinical observations would suggest thal prog-
ression Jollowing first-line androgen deprivation therapy
does not universally mean androgen independence  as
some of these patients may still respond (o sccond line
hormonal therapy indicating some level ol androgen sensi-
tivity. However, these responses are short lived and vir-
tually all patients will ultimately progress.

7.6.1. Chemotherapy of androgen-independent PCu

The conventional approach 1o treating androgen-inde-
pendent PCa has been palliative owing to the frequently
poor general condition of these patients. presence ol co-
morbid diseases, and the lack of “effective systemic”
therapy. Chemotherapy trials have been conducted mostly
in paticnts with end-stage hormone refractory PCa with
multiple prior hormonal manipulations with less than a
10% objective response rates and a median survival of 6-9
months.”” Despite the current lack of standard chemother-
apy. advances in systemic therapy have occurred as a
result of the manslational application of basic science
obscrvation.

Suramin - A polysulphonated naphthylurca that has
multiple effects including the induction of transforming
growth tactor-alpha, the ability o block receptor binding
ol platelet-derived growth lactor. transtorming  growth
factor-beta. and insulin-like growth factor. The interest in
evaluating suramin in PCa stems from its ability to inhibit
responses to a variety of growth factors which have been
isolated Trom prostatic tissues as well as s growth inhibi-
tory elfect on PCa cell lines in vitro." Suramin has o long
hall lile (30-30 days) and & wide spectrum ot toxicities
including & syndrome of malaise and fatigue. neurological
abnormalities . adreanl insalficiency requicing hvdrocor-
tisone replacement. coagulopathy. renal dysfunction and
multiple metabolic disturbances. These toxicities. espe
cially the neorelogical symptoms, appear to be related 1o
drug concentration and duration ot therapy since the drug
possesses @ narrow therapeutic window. While the appro-
priate dose/schedule of suramin continues to be explored.
current data would indicate that suramin can be safely
administered on an outpaticnt basis using an internittent
intravenous schedule with either limited o no phannaco-
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Kinctic monitoring.” Since the initial NCT1 trial reporting a
35% objective response rate.™ several investigators evalu-
ated suramin in phase VI trials primarily in hormone
refractory PCa using a variety of doses and schedules
(Tuble 7). Although most of the studies indicate sig-
nificant response rates in measurable disease sites ranging
from 18-50% and a = 50% drop in PSA in approximately
half the patients. suramins’ efficacy has been questioned.
This relates to the possible role of [Mutamide withdrawal
and the potential contribution of co-administered hydro-
cortisone required to negate the adrenal inhibitory effects
of suramin,”

Table 7. Suramin in hormone refractory prostate cancer

Patients >50% PSAfall  Response

Author (ref)

Myers et al* 38 21/38 (55%)  6/17 (35%)
Eisenberger et al”“ 67 40/67 (60%) 7718 (40%)
Mendoza et al' 21 9/21(43 % 2/11 (18%)
Petrylak et al” 28 13/28 (46%)  2/11 (18%)

Estramustine phosphate combinations — Listramusting
phosphule is a nitrogen mustard derivative of estradiol-17-
B- phosphate that has only maodest activity in hormone

refractory PCa. Recently the in vitro additive
effect/synergy  of estramustine and a variety of

microtubule and topoisomerase Il inhibitory agents has
been investigated clinically in patients hormone refractory
PCa. Three such combinations have been reported as
single institutional trials and include:

i. Estramusiine + vinblastine The first of the cstramus-
tinc combinations to be evaluated in three separate trials
(Tuble 8).°%'""'"" The response. based on > 50% decrease
in PSA, was similar in the three trials and was approxi-
mately 50%. This trial used relatively stringent criteria for
a partial remission requiring a 250% PSA decline sus-
tained for 6 weeks. an improved or stable performance
status and pain score, and measurable soft tissue response
if applicable. Their overall response rate based on these
criteria was 30%. Overall this combination is well toler-
ated. In the study thut used a higher vinblastine dosc.
hematological toxicitics were more {requently observed.

it. Oral etoposide, estramustine + oral etoposide (VP-16)
{Table 8) — Recent results were reported using oral VP-16
only and a combination of estramustine and oral VP-16.
Oral VP-16 alone had minimal activity." The rationale
for the combination of estramustine and oral VP-16 iy
based on the in vitro and in vive synergistic action
between the two agents to inhibit PCa cell growth by
interacting at the level of the nuclear matrix." Forty two
patients (18 with measurable disease and 24 with bone-
only disease) were treated.'"” Using standard solid tumor
response  criteria,  9/18  measurable patients
achieved a response (3 complete. 6 partial). All ol the
responders had a PSA decline. but only 6/9 had a >50%

diseuse

drop in PSA. Approximately 50% (5/9) of the patients
with & meuasurable discase response also had a response by
bone scan. Of the 24 patients with bone-only disease, 6
had improvement on bone scan and 14 (58%) had a >50%
decline in PSA. The overall response rate was 36%:. The
primary Loxicity was myclosuppression. This protocol was
extended 1o u series ol 93 patients with similar results.

i, Tuxol, estramustine + taxol (Table 8) Taxol induces
of tubulin polymerization resulting in the formation of
excessive and  dystunctional microtubules. Taxol has
cained a great deal of interest due to its activily in a variety
ol solid wmors. Clinically, the most appropriate taxol dose
and schedule for PCa is still evolving. Given as a 24 hour
infusion every 21 days, taxol as a single agent had mini-
mal activity in 23 patients with hormone refractory PCa.'"
At our institution taxol was investigated in the LNCaP
tumor model in SCID mice. Given in multiple doses over a
9 day period significant antitumor activity was demon-
strated."™ The difference in schedule of administration
may explain the apparent lack of activity clinically. Taxol
and estramustine, however produced synergistic cylotoxi-
city in cstramustine-sensitive and  resistant DU45
(androgen independent PCa cell line).""* Preliminary clini-
cal evaluation of this combination suggests an encourag-
ing level of activity with both objective responses seen in
measurable disease sites (3/6) and signilicant PSA reduc-
tions (2 50% and = 80% in 58.8% and 35% of patients.
respectively).'™

Mitoxantrone + prednisone — Mitoxantrone is a semi-
synthetic anthracenedione with some structural similarities
to doxorubicin. Symplomatic hmprovement using single
agent mitoxantrone has been reported.'” Prednisone has
been combined with mitoxantrone since the former agent
has demonstrated a palliative effect. This combination was
found to be well tolerated and resulted in a palliative
response in 9/25 (36%) assessable patients (response assess-
ment is based on analgesic requirement, present pain inten-
sity record. and visual analog scale).'”” Mitosantrone +
prednisone were the subject of a recently reported phase HI
study and a recently closed phase T trial conducted by
CALGB. The first trial randomized symptomatic hormone

Table 8. Estramustine combination therapy

Dose >50%  Response Ref

Agents Patienis

PSA fall
Estramustine 10mg/kg, 25 544 2/5 99
Vinblastine 4 mg/m-
Estramustine 600 mg/ m’ 36 61% /7 100
Vinblastine 4 mg/m:
Estramustine 420mg/day 29 504 3/7 101
Vinblastine 6 mg/m:
Estramustine 15mg/kg 42 54% 9/18 102
oral VI>-16 30 mg/m2
Estramustine 600 mg/ m’ 17 9% 3/6 104
Taxol 120-140 mg/nf
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refractory PCa patients to receive 10 mg ol prednisone/day
or prednisone + mitoxantrone at 12 mg/m” intravenously
every 3 weeks."™ The primary end point was a 2 point
decrease in pain assessed by a validated 6-point pain scale
without increase in analgesic medication maintained for 6
weeks. A total of 161 patients were randomized. The
response by these criteria was 27.5% vs. [3.6% . in favor of
the combination arm (p=0.033). Longer palliation was
observed in the combination arm, 43+ weeks vs. 19 wecks.,
(p<0.0001). There were no difterences in the overall sur-
vival. The treatment was well tolerated with 9 episodes of
neutropenic sepsis and three episodes of possible cardiac
toxicily in the mitoxantrone arm.

7.6.4. Other considerations and controversies

Response Assessment — Due (o the nature of the
metastases of PCa, optimal asscssment ol response to
therapy has been difficult. Historically, the Nafional
Prostatic Cancer Project (NPCP) criteria were used but
abandoned as they included non-objective response
crileria. Standard solid tumor criteria are useful in the
presence of hidimensionaly measurable diseasc which is
only present in 10-15% of metastatic PCa patients. In
oncology, tumor markers have long been used as indica-
tors ol the discases” response (o therapy and recurrence.
Normalization of PSA has been a powerful tool to pre-
dict response and survival in hormonally treated meta-
static PCa. In the hormone refractory setting. PSA nor-
malization is not a frequent occurrence. A > 50% reduc-
tion in response to therapy has been reported to correlate
with a longer median survival.'” Although the concepl
ol using PSA (o gauge responsiveness to chemotherapy
is attractive, there are sevcral concerns in this regard
including: 1) uncertainty as to the extent and the duration
of a meaningful decrease 2) the heterogeneous nature of
PSA cxpression, 3) the possibility of drug effects on PSA
levels without signilicant cell death, 4) no consistent
rclationship exists between the extent of PSA reduction
and response in measurable/evaluable discase and 35)
validated data from trials controlling for other prognos-
tically significant variables are lacking. A recent report
on 103 hormone refractory PCa patients treated with
suramin demonstrated no differences in survival when
using PSA decreases of less than 50% or =2 50% and less
than 753% or 275% illustraung the rcason tor caution in
interpreting PSA reductions.'"

While improvement in survival is clearly the most
desired abjective of therapy. its absence must not be
equated with lack of benefit. In line with this thinking is
the use of improvements in quality of life (QOL) and pain
score as primary end points of therapy. Although QOL
improvements ure extremely important in a diseasc that
has not been signtficantly improved by current treatments,
it remains to be seen whether “soft” endpoints will play a
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role as a measure of therapeutic response in the develop-
ment of new treatment strategies for this disease.

Vidlue of Continned Androgen Deprivation — Continued
androgen deprivation therapy for patients with hormone
refractory PCa has been advocated, however, no prospec-
tive data is available to justify it. We analyzed data on
patients with hormone refractory PCa cnrolled on several
phase 11 Southwest Oncology Group (SWOG) studies.”™
No response or survival differences were observed
between orchidectomized and non-orchidectomized
patients who were required 1o discontinue exogenous
androgen deprivation. This is in contrast to the experi-
ences of the Eastern Cooperative Oncology Group
(ECOG).™ The SWOG analysis indicated an association
between longer duration of response to primary endocrine
therapy and ultimate overall survival implying the possi-
bility of a more indolent disease process. This factor was
not evaluated in the ECOG review.

7.6.5. Lurure Directions

Conventional cytotoxic chemotherapy has been disap-
pointing though recently developed combination therapy
give reason for optimism. The complexity of PCa biology
is just now unfolding, as interest in this disease is increas-
ing."'" Of purticular clinical significance is the evidence
that progression 1o androgen-independence results in part
from the lack of androgen-induced differentiation of the
tumorigenic stem cells, thus resulting in an inability to
undergo apoptosis.''’ Progression to androgen indepen-
dence is also associated with the expression of previously
androgen-repressed genes some of which are apoptosis
inhibitors and some of which code for autocrine/paracrine
growth factors that substitute for androgens in maintaining
the viability of the cancer cells.'""'’* Moreover, PCa is
recognized for iU's low proliferative fraction. This
ogether with the documented expression of apoptosis
inhibiting genes such as bel2 (which has also been associ-
ated with ¢hemoresistance in other tumor cell lines) may
explain the apparent failure of conventional cytotoxic
chemotherapy in inducing significant responses. There-
fore, as discussed above, alternative. biologically based,
therapies must be pursued. Novel ugents, growth factors
inhibitors, antiangiogenic agents. nmmunotherapy and
gene therapy are examples of current and future treatment
strategies.

CONCLUSION

PCa, like most other solid tumors such as colon and lung
cancers is a multistep discase that progresses from a prene-
oplastic lesion 10 a metastatic stage. Although a multistep
tumorigenesis model has not been proposed for human
PCa, as it has for colon cancer. the complex nature of the
disease warrants a multifaceted approach cncompassing
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developmental, translational. and clinical research. The
accomplishment of this research will deepen our under-
standing of the molecular mechanisms of PCa
tumorigenesis. result in the identification of better diag-
nostic and prognostic markers and lead to preclinical and
clinical trials of novel therapeutic regimens.
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