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In Part Three of this review, we begin with an 
analysis of prevention strategies for prostate cancer 
fo l lowed 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) 

Key word,w prostate cancer, prevention, radiotherapy, chemotherapy 

7. PREVENTION AND TREATMENT 
OF PROSTATE CANCER 

Z 1. Preven t ion  Strategies  f o r  Pros ta te  Cancer 

In general, cancer prevention strategies can be defined 
as primary, secondary, and tertiary prevention. The target 
populations for primary and secondary prevention are 
subjects at normal or high risk. Unlike pritnary and scc 
ondary prevention+ which are aimed at uninitiated and 
already initiated cells during the promotiorml phase of 

O tumorigenesis+ tertiary prevention is aimed to reverse 
precancerous lesions or to prevent the precancerous 
lesions from devch>ping into cancer. Therefore, individu- 
als with precancerous conditions are the large! for tort a y  
ptevention. As the incidence and tnortality of PCa risc at 
alarniing rates, Pea has become an important public heahh 
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problem. Accunnihlting studies on risk factors (both envi- 
ronmental and genetic) and the biology of the PCa allow 
the development of potential preventional strategies for 
PCa. Risk factors lk)r PCa such as age, race, and family 
history do not lend themselves well to prevention efforts. 
There are, howcver, lil'e-slyle and dietary 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 focus on chemoprevention. 

Clnemoprevcntion is defined as the administration of 
natural or synthetic agents to prevent the initiation and/or 
promotion of events during tumorigenesis. ] Prcventional 
intervention should decrease the incidence of PCa or 
suppress or reverse prectlrsor lesions. Any  agent that can 
<ucce';qully inbibi! !he prngre,aqnn nf indolenl hu'aliTed 
disease also would be wtluablc. However, in order to be 
practical, the intervention must bc sali: and easily toler- 
ated. So far, a x, ariety of potential chemoprcvention agents 
have been investigated in in vilro and i#7 vM'o PCa models. 

Dil]uorolnethylomithine (DFMO) is a suicide inhibitor 
of ornithinc dccarboxylase (ODC), a key enzyme that 
catalyzes ornithine to polyainincs which are important in 
the synthesis and slabilization of DNA and thus ccll prolif 
eration, e Since the prt)st,:lte has very high conccntrations of 
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polyamines and of polyamine synthetic enzymes including 
ODC, DFMO hlts been investigated for its potential role in 
the cbcmoprevcntion of PCa. <4 It was found that the ODC 
activity of the Dunning R3327 rat prostatic carcinomas i~ 
as sensitive to inhibition by DFMO as the normal rat pros- 
tgttc. It 41s~;' has been demonstrated that DFMO is inhibi- 
tory to the growth of PCa both in vitro and in vivo. ,'.a Nov- 
oral hnman phase I trials of DFMO showed that the dose- 
limiting toxicity wlts thrombocytopenia and reversible 
ototoxicity at 9 g/me/day. Mild leukopenia and anemia 
were also noted with DFMO." In a pbase II study, Meys- 
kcns et al ~' found that reversible sensorineural hearing loss 
occurred in 30-70c,; of patients with long-term, high-dose 
therapy. For chemoprevention, the optimal oral dose has 
yet to be identified. Due to its toxicity, DFMO is currently 
unacceptable for use in the chemoprevention target popu- 
hition which are heahhy individulds. 

,An acctnllulating body of evidence sLipporl the concept 
that androgens stimulate cell proliferation and inhibit 
prostate cell death arid suggest that androgenic stimulation 
promotes prostate carcinogenesis, r Since the side effects 
associated with LHRH agonists and aniiandrogcns in 
tl-ierapeutic regimens are unacceptable among healthy 
populations, viidespread chemoprevenfion usage of these 
agents is very unlikely. 

Tcstosterorie in the dtnninant stimulus fin prostatic 
growth and dihydrotestoslerone (DHT), which is a tact> 
bolic product o[ lestoslerone calalyzed by 5a-reductase, in 
tile most active intracellular androgen, lnhibitors of 5c~.- 
reductase uiay inhibit PCa occurrence and growth while 
causing very few side eflk'cts, s Tile potential utility of 50:- 
reductitse inhibitors its chcmoprevention agents came from 
thc sludy of an inherited dc[iciency of 5a-reductase, a 
forin ot male psendohermaphroditisnl characterized by 
mild external secondary sexual anomalies and an underde 
ycleped prostate. It wlis lkmnd that individuals with 5(x- 
reductase deficiency do not develop BPII or PCa) 't" A 
nurnbcr of 5c,~-reductase inhibitors have been syuihesized. 
Finasteride (Proscar, 5 mglday, orally) was the first 5C~ 
rednctase inhibitor to enter clinical trials. Finasteridc 
selectively' inhibits 5(,-reductase, thereby blocking the 
metabolism of testosterone to DHT. It has been invesli- 
gated extensively for the management of BPH [~ and it was 
apprnvcd by the FDA in 1992 lot that indication. In Octo- 
bet 19951, tbe PCa prevcntion trial t PCPT) was designed to 
dclci-illine '~hclhcr [iilli~,tClitlc ict.ltit.cx PC~t inc;idciit_c. In 
the PCPI', 18,000 healthy illeil ages 55 iind older, with it() 
e~idence of Pea. wi l l  be enrolled. The participants wil l  be 
randonfized it) receive either finasteride (5 mglday, orally) 
or placebo i.tnd cvaiualcd for seven years. T]-ie pri l l l i iry 
objective in to denlonstrale ii decreased incidence of PCa 
in the Ircatment group compared to the placebo group. The 
secondary objectives inchide evaluatirig the stoic cliects 
arid toxicities of fmasteride, the grade and stage of prostate 
and other diagnosed cancers, cancer mortality rates, inci- 

dence of BPH. effectiveness of PSA and digital rectal 
exanfination (DRE) screening, and quality of-life issues. 
This large randomized trial is expected to yield ~aluablc 
information on: i) the epidenfiology, risk factors for. and 
natural history of Pea: it} the screening and diagnosis of 
PCa: iii) finasteridc's ability to prevcnt BPH and PCa. 

A number of chemotherapeutic agents, such i.ts estra- 
muslinc, etoposide, vinbhtstine, tamoxifcn, and colchicine. 
have been shown to inhibit the growlh of the established 
PCa and of the cultured PCa cells. ~el<14 Phase I and II 
clinical trials have been carried otil It;. examine the eftoct 
of chemotherapeutic agents in patients with metastatic 
hormone-refi-actory PCa. ~ j ~  However. the potential 
value of these agents in PCa chemoprevention in the gen- 
eral popuhition is yet to be elucidated. Pentosan polysul- 
tiite, a highly negatively charged polysaccharide, has been 
dcmonstrated to inhibit arlgiogencsis fll vitro and suppress 
prostate tumor growth i#1 rive. ~s Recently, it has been 
shown that oral administration of modified citrus pectin, a 
soluble component of plant fiber derived from citl'tls fruit, 
can inhibit spontaneous metastasis in a rat PCa modch 
Siricc cilrus pectin has no effects ori primary tumor growth 
or blood vessel endothelial cell growth, it seems to act as 
an antiadhesive agent in the early stages of metastasis. 
Citrus pectin is thought to interfere with cell-cell imerac- 
lion mediated by cell surface carbohydrate-binding galec- 
tin-3 molecules." Studies of the toxicity, dose, and effi- 
cacy of modified citrus pectin in preventing metastasis of 
hucnan PCa are warranted. 

In summary, although a large number of agents show 
activity against tumor cell growth or progression/metasta- 
sis, none of them has been proven to prevent tumor initi- 
ation or to reverse the process of prostate carcinogenesis. 
Finasteride has a denlonstrable role in nlanagemcrlt of 
BPtt. Its role in prevention of IBPH and PCa is currently 
being investigated in the PCPT tria]. Due to its low loxic- 
iiy, finastcride inay prove to be tile first agent to be used 
for prevention of PCa in general as well as in high risk 
populations. 

Z2. Clinical Use Of  el/hffecular Techlliques 
111 The Evaluation And  TreaOnent O f  Patients' With 
Clbucally Localized Prostate Cancer 

Coinpletc surgical removal of the prostate has been an 
upl)on I'tu the treatment e l  clinically localized l't;a lor 
over 70 years. Beginning in 1980, iml~mvenlents in surgi- 
cal lechmqne and a better understanding of tbe anatonlical 
relationship of tbe prostate to the d(;'rsal venous complex 
and the corpora ca~ernosal nerves have elew~ted radical 
prosmtcctomy to become the treatment of choice for men 
with clinically localized PCa who have a life expectancy 
of greater than ten years. "File best surgical candidates arc 
those tllat have patholooically organ confined disease. 
(_)nforturmtely, currently available staging techniques 
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understage approximately 3()<,:~ of pafienls with clinically 
localized PCa. ~ 

Althougll n-iany patients with extraprostatic disease Call 
be effectively treated bv a combination of radical 
prostatectomy, hom/onal therapy and radiation therapy. 
the percentage of patients in this group who are cured is 
much lower than for those with path~logically t)lgan- 
confined disease. As discussed aho'~e, novel nlethods are 
needed to determine the biological aggressiveness of PCa 
and identify new staging techniques to decide which 
patient will benefit from definitive local therapy. 

In this section 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 generate hybridization (CGH) can deter- 
mine the biological aggressiveness of PCa. 

Contemporary methods of staging PCa involve radiologic 
techniques, biochemical assays, clinical examination of the 
prostate, and histological evaluation of PCa biopsy speci- 
nlens (see above). The serum prostatic specific antigen 
(PSA) value increases proportionally with the clinical and 
pathologic stages of the disease. However, the overlap 
between stages is too great lbr PSA to accurately stage PCa. 
Even for PCa patients with a PSA in the normal range (less 
than 4.0 ng/nfl) 25e~ will have extraprostalic 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 signilicancc 
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 nverstaged, 
when compared with the pathologic " 'J specimen.- Most of 
the grading differences between the needle biopsy and the 
pathologic specimen are within one point. Despite this 
limitation, patients with a Glcason 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 prostate are poor deternlinants of 
cxtraprostatic disease. This is because these modalities 
cannot detect microscopic tumor extension. Through the 
widespread use of the PSA blood test in the screening for 
PCa, 40 to 50% of newly diagnosed PCa are stage Tic 
IPSA elevation only). By definition, these tumors are 
impalpable and cannot be imaged, therefore tile DRE and 
transrectal ultrasonography have assumed a lesser role in 
the staging of the disease. 

None of the above tests can accurately identify, 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 905~ of patients. We are using molecular 
biology techniques to better select those patients who will 
benefit from local tumor treatment. 

The rationale for complete surgical removal of the pros- 
late in tile treatnlent of localized Pea are multifaceted. 
Clearly a radical prostatectomy and bilateral pelvic lynlph 
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-teliU risk lol disease lecurlellcr as well as the poss- 
ible need for adjuvant therapy can be determined. Identifi- 
cation of minimal residual disease early in a patient's 
treatment course may allow less toxic systemic therapies 
to be instituted with the goal of curing the disease. 

We have recently analyzed our radical prostatectomy 
data lot years 1991 and 1992. A total of 307 patients are 
evaluable that had a thlcc month or longer follow-up 
(ran<,e 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'~7~ had 
pathologically organ-confined disease and 63<,7~ had extra- 
prosiatic disease (Table 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 

Nzmlber Perceizf of 
Pathologic stagy ~( PotieHts 

Organ confined 114 / 307 37 
Extraprostatic extension only 16/307 5 
Positive surgical margins 89/307 29 
Seminal vesicle invasion 53/307 17 
Positive nodes 35/3(/7 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 extraprostafic disease (Tabh, 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 positive 
margim; and no; evidence 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 extraprosiatic tissue. For 
these patients all tumor may have been resected despite 
the presence of a positive surgical margin. 

At our institution, 75% of patients undergoing radical 
prosiatectomy for clinically localized disease are disease- 
free three to five years after surgery.. Although this is an 
excellent disease-free survival rate for patients with clini- 
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tal ly localized PCa, it is our goal that through better 
patient sclection, earlier diagnosis, and a better ullder- 
standing o[ the biological aggressiveness ~l the disease. 
we will be able to decreasc lhc morbidity al3d inoriality 
from PCa even further. 

Table 2. N u m b e r  of patients  w i t h  recurrent disease  after 
radical prostatectomy according to the pathologic  stage 
of  d isease  

.%~t;~t&>r Palietits 
[~atholq,~ic 5to F" ot t~;7 - wi th  PS,4<0..1 

;if:l~ls PSA>().4 

Organ confined 114 ~ (5',~ J 
/!xtraprostatic extension only ! 6 2 (13(;~) 
Positive surgical without  48 6 ( 13~ ) 

extraprostatic extension 
Positive margins  with 41 16 ((/7) 

extraprostatic extension 
Semiilal vesicle i~wasion 53 31 ('};) 
Positive nodes  35 24 (g)  

108 (95!,~ ; 
14 (875";) 
42 (87~::;) 

25 (61 </~ ) 

22 (42q 1 
11 (3Iq)  

To accomplish this goal we ,'ne utilizing PCR amplifica 
lieu of the PSA mRNA sequence (RTPCR) to identify PCa 
cells in the bone lliarrow of patients with PCa. We have 
shown thai this technique can identil}, i,)lle PCa cell in a 
background of 10 <' lymphocytcs. ~ Thc presence of circu- 
!a ing  PCa cells in the bone marrow ix strongly correlated 
with the pati~ologic sta<ge of disease. > We have evaluated 
~he bone illarrow of 79 patients with ciinically localized 
PCa undergoing radical prostateetomy ior the presence of 
circulating prostate cclls. None of thesc preterits had pre'<i- 
{}tislv been treated with honnonal or radiation lherapy. 
Fifty-two percent of patients had pTI-2  and 4 8 q  had pT3- 
.,t/N+ ttlillOfS. The loilow-up ranged from I to 43 months 
(median 12 n~onths). Ten oi the 70 patients had recnrrenl 
disease idefined as a serufn PSA >0.4). RTPCR for the 
?SA :.lnd actin InRNA was perlorn~ed on gill samples. The 
Jctin RTPOR, which served as a positive control, was 
> s i t i v e  for :ill of these saml-~les. 

Thirty-eigtlt (li 79 (48%) I~aiienis were RTPCR PSA 
/;ositive: 32{4 of the pT1-2 and 665~: of the pT3-4/N+ were 
RTPCR PSA positive (p=0.01) ( l a b i c  d). "I'v~.o of  the 41 
(5c,/~ "l RTPCR PSA negative and <,4, of  the 38 (219~ i RTPCR 
PSA positive patients have recurred. Patients who were 
RTPCR PSA positive i3ad a sigrlificanily shorter discase- 
!roe !;urvival than tho:,c paticllts fllat wcrc RTPCR PSA 
=;cgalive !p=0.0126). The median disease-tree survival for 
P, TPCR PSA negative patientx has not been reaci3ed con> 
pared to 19.1 months lot RTPCR PSA positive patents.  

Becausc RTPCR detection of circulating PCa cells 
@pears to be aft excellenl prediclor of disease-fi-ec sur- 
vival in patients witil clinically localized PCa undcrgoin.~ 
:adica]  prost~ltectomv wc are investigating the presence cq 
~.ircuhlting prostate cells ill patients trealed with definitive 
ratiatlon tilcrapy, hornit)nal therap'r', or watchiul waitiil~. 

We are now e,,alualing individual raetasb'ttic l 'Ca cells for 
phenoLx, pic and genotypic properties th,'tt may help deter- 
mine their clinical s ign i f i cance .  

T{3 determine the biological aggressiveness of I)Ca, wc 

are screening individual tumors for the extent and pattern 
of chroniosomal alterations. This inMrna t ion  can be tised 
to compare the unique genetic alterations in PCa bel,<veen 
Aft'lean American and Caucasian m c n  (~omparative 
gcnomic hybridization (CGHI is a new and pow.erM 
methodology for mapping DNA sequence deletions and 
an~plificaion,, s the gcnome of a tumor in a 
singlc experiment. "a This procedure involves simul- 
taneous, dual color fluorescence in si~u hybridi;,ation of 
Iunlor genomic [)NA anti normal genomic DNA to normal 
hunlan metaphase chromosome spreads. The ratio of the 
intensities of the two colors along the nictaphase chromo- 
seines <,z, ives thc relative copy number  of ltllllor DNA Io 
normal DN:X at each location. Thus deleti()ns and amplifi- 
cation are simtllianeously detected and mapped along all 
chronlosome atIlls. Analysis of a series of tumors reveals 
generate regions of recurrent or consistent deletions or 
antplifications. Thesc regions likely harbor tumor sup- 
prcssor gene(s) {deletions) or oncogenc(s) (amplifications) 
iml)oriarit to the development and progression of that type 
of [Uillor. This technique is unbiased in tl3at it does not rely 
on previous knowledge of genes important to the develop- 
fllent and progression of particular types o1 canccr--tllcrc 
are l>  specific probes, and the entire gcnome is screened. 
Furlher, tilis technique is likely to yield prognostic infor- 
mation superior to that achieved by DNA content ploidy 
analysis for two feasons. {qisl, {tll31ors may actually have 
higo portions e l  the genome deleted and gained hut if the 
o\erall  DNA content is balanced, ttlc ploidy rcsult will bc 
normal. Second, tllc biological aggrcssivcncss of a tumor 
is likely Io be related to gain or loss of specific chromo- 
somal regions detectable only hy CGH. 

[o date. we ha,<'e used CGII  in two PCa studies. In the 
lirst <,tudy, w,e assessed the abili ty of (2Gfl to detect 
Llllerations in cl inically localized PCa and found it to be 
highly' sensit ive and specific in comparison with PCR- 
based loss (31 hetero;,ygosity measurements  on chromo- 
~,oine h; t . We created the first generate-wide mat~ of 
regional chronlosomal  alterations in PCa. :5 In ti~e second 
study, vv'e studied tunlors fronl 31 patients with ineta- 
static disease. Five of the 31 men were African Ameri-  
cal,. Ovcraii. the i rcqucncy anti pattern el genetic alter- 
ations was similar bei,,veen Afr ican- i \mer icans  and 
(Taucas ians .  [n lpof taf l l iy .  we f o u n d  prelinl inary evidence 
of nlore frequent gains in the region of  4q25-q3I) in 
IUlllOrS I'f(Ifil African Americans.  

We \,vere :.t]so able to iinprove tile techniqi.ie of CGH 
significant y A nc,s statistical analysis ,a, as dcveloped to 
:lilo'a for the objective alld standardized interpretation (31 
tluorcscence intensity ratfos both 'aithin the gcnome of 
hktixidual {tllllt)rs :_lfld i~etwecn the gel'lOincs of sc\.eral 
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Figure 1. Reg, imt specific hequvnc.t! qf s (above ceJttral axis) alzd dHatious (bHow l:eHlral axis) on chromosomos 6 (h'ft) trod 
8 (riytt) iit 31 metastatic prostate cancers. For example, lhe 8p22 region was deleted in 19/3i (61q:+) oftmnors. 

tumors. Summary data obtained in this study for chromo- 
somcs 6 and 8 are shown in FiA,.9. 

In addition to the genetic analysis of tumors, we examined 
the tumor cellular proliferative fraction. We and others have 
shown that tumor celMar proliferative fraction, as deter- 
mined by any of several immunocytochemical tcchniques, 
shows excellent promise as a marker of prognosis in PCa. > 
Recently, we have measured the cellular proliferative fi'ac- 
tion within a single pathologic stage of PCa using an anti- 
body to the Ki67 antigen. We found that the proliferative 
fraction predicted survival better than the histological grade. 
Thus, we believe that measurement of cellular kinetics 
provides inlbrmation on the biological aggressiveness of 
tumors beyond that achieved by standard clinicopatho- 
logical parametcrs. By combining molecular technktues 
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. 

T 7.3. Conjbrmal ,~eutron attd Photon Irradiation in Non- 
metastatic Prostate Cancer 

In the management of locally, advanced PCa fast neutron 
irradiation has demonstrated a statistically significant imp 
rovemcnt in local tumor control and disease-fi'ee survival 
compared with conventional photon radiotherapy. -~r-~s 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 neumm arm/:  

In 1986, this trial was retesled using the ncwcr 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%)7 's However, the 
rate of severe complications was significantly higher for 
the neutron-treated patients. In total, 24c~ of neutron- 
treated patients experienced Grade 3 or 4 chronic toxicity 

compared to 8% of photon-treated patients. 2~ Analysis of 
these complications suggested that differences in the 
capability of beam collimation among different neutron 
facilities were responsible for the obscrved differences in 
late rectal and bladder complication rates. > 

In view of 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 neutron irradiation would 
allow for the safe delivery of fast-neutron irradiation in 
patients with localized and locally advanced adenocarci- 
noma of thc prostate. 

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

,%'umber Circttlatin g Percent 
Stage of patients cells present 

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 h)cally advanced disease (Stage 
_> T3 and/or Gleason Score > 8) received 15 NGy + 18 
PhGy. One hundred four patients with localized PCA (Stage 
< T2C and G!eason Score <" 71 received either 9 NGy + 38 
PhGy (51 patients) or 10 NGy + 38 PhGy (53 patients). 
Prior to lrcatment, patients either underwent conventional x- 
ray simulation followcd by treatment-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, imravesicle and urethral contrast 
according to a previously reported technique. 3~' 

Thc outline of the prostate, seminal vesicles, pelvic 
lymph nodes, pclvic bones, femoral heads, urethra, 
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Table 4. Summary of radiation fields and doses 

Lo~ ,&t 
~?]Ztthl/l t'Olll[)Ollt'lI{ L~cdizd Droshlh' Ctlllt-t'r Ad~,tm~ cd 

PCTo 

Daily dose PSV* 2 Gy 2 Gy 1.8 Gy 
Pl N - - 1.S Gy 

Total dose I}SV 38 (;y 38 (;y 18 GV 
I'I,N 0Gy# 

Field arrangement Ap/PA/  Ap/PA/  Ap/PA/  
RL/LL RL/LL R I / I I  

Nt'tttfOll COtH~Ollt'llt 

Daily dose PSV 0.9 N (;y 1.0 N (;y l .t) N (;V 
PLN 0.6 N Gv 

Total dose PSV 9N( ;y  10NGy 15NGy 
PLN - 9 N Gy 

Fields RL/LL RL/LL AP/PA 
RAISe/ RAISe/ P,I/LI 
LA1SO I,AISO 

Neutron Schedule I0 consecu- 10 consccu- every other 
rive days tive days day alter- 

hate with 
(M F) (M-F) photon 

Total dose 9N+38  9N+38  15N+18 
It7 Gy Ph Gy Ph Gy 

* PSV prostate and senTinal vesicles 
PSA + PLN prostate, seminal vesicles and pelvic lymph 
nodes 

# using partial transmission through ml.lltirod 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 f i h>  by aligning the bony pelvic anatomy. 
Thcse lihns served as templates for the ccrrobend block 
fabrication and port film verification for the photon 
[realnlent. For neutron field shaping of patients under 
going virtual sinlulation, block fabricalion was directly 
accomplished tisiilg the BIZV aild digitally reconstructed 
radiographs. 

The neutrons were produced by rising a superconducting 
cyclotron with a 48.5 MeV deuteron bcaln incident on an 
internal beryll iunl t;irgel ~ resulting in depth dose cbargtc- 
teristics similar to that of a 4MV photon beam) 2 The mul 
tired collimating systeni ~; of the cyclotron lJrocluced irregu- 
larly shaped ;+illd partial I la l l ,~ l i l i>>ioi l  fields. A >>i.lnnilarY' t ) [  
the doses, fields and volumes irradiated is showli in Table 4. 
Dose vdumc histograms comparing the neutron and photon 
dose distribulion to lhe prostate, seminal vesicles, rectum. 
and bladder demonstrated no significant difl)rcllces. ;(~;; /\-u 
isodose curve for the noiHleutron beam is show, n in Fiq,.2. 
At each follow tip visit, there was a symptom assessment, 
physical exam including digital rectal exandnatioi1 (DRE). 
complete bbod count, blood chemistries, scruin PAP and 
PSA levels. 

Biopsies were obtained at 6 and 18, or 12 and 24 lllOnths 
posttreatment. Toxicity was graded according to the 
RTOG morbidity grading system. (Tcble 5 ) )  A complete 
biochemical response was scored if a patient without 
lmrmone therapy reached a PSA level _< lng/ml. Whereas 
a biochemical failure if the PSA level rose on two success- 
ire follow-up visits. Postradiation biopsies were per- 
formed with lransreclul ultrasound guidance. Six 18-gauge 
cores wcre obtained flom the dominant hypochoic or color 
Doppler regions of suspicion in each sextant. All posiradi- 
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- 
menl 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. 3~' 
Estimates of cumulative incidence probabilities were done 
lk)r complete biochemical responses and complication, and 
comparisons for categorical variables used the Fisher's 
exact test. ~' ]'he median follow-up was 16 months (range: 
3-30 months). 

I. To,ricitv Two patients (19~) reported acute Grade 3 
GU (genitourinary/ toxicity during radiation treatment. 
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 acute toxicity was recorded. 

No chronic Grade 3-5 GI or GU (gastrointestinal) comp- 
licalions have been reported. The actuarial rates of Grade 
2 GI morbidity tit 20 months were 6% b r  the low dose and 
299;, for the high dose neutron arm (P=0.(}7). 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 l]exing 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. A.fiol co,ltmted toa~g'oph!l ~,D'-a, ~Tt the h'~,el ot the 
t~t'4 qm'c" ',,'hTld shlm'itl<'~ the isodose distribtctiou # the nouiTxial 
Jtel#roH b~'mtls (RI.i'I L/RA 150/I~AI50). 
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Table 5. RTOG Chronic morbidity grading scale 

Grade 0 
Grade l 
Grade 2 

Grade 3 

Grade 4 

( . rade 5 

I l L ) l i e  

minor  sv117p{onls, 11o t reatment required 
syrup tOl17S resp t )n  d i ng to o t l t pa  tien t trea tmen t 
no change in performance status 
distressing symptoms  altering a pat ient ' s  life- 
style a n d / o r  requir ing hospitalization ior minor  
surgical intervent ion 
major surgical intervent ion or prolonged hospi- 
talization 
fatal complications 

was sccn in 0 and 269'+ of  patients, re~pcctively (P<O.()5). 

Three high dose (15 NGy) patients had painful peh,'ic bone 
necrosis iderllified on magnetic resonance in/aging. Po- 
tency was maintained in 65+/< of patients with no signifi- 
Callt effect s e c o n d a r y  to neutr()ll dose or  lhe use o f  l leoad-  

juwmt hornloncs. Chronic colnplieations as a t+unction {iF 
dose are listed in 7bbh, 0. No Gradc 3 5 skin or subcu 
taneous tissue toxicity has been reported. 

Table 6. Grade 2 late treatment complications fo l lowing 
conformal mixed neutron and photon irradiation 

9-10NGy+ J 5 N G y +  /Jvo/m' 
38 Ph Gy 7,S' Ph Cy 

rectal 6 C,:{ 29 5{ 0.07 
bladder  4 9~ 16 <;'~ 0+08 
potency 07 +,; 6(.) <k NS 
hip stiffness 20 +,,'~ 42 5~ 0.01 
(moderate to severe) 

N~ not significant (p>0.05) 

2. K.//kacy- A~ 12 months, 919~ of  all patients had a 
Seltll l l PSk < 4, 7g(/~ < 2, aild 57<,,{ ' < ingtml .  AlllOtlg_ 
patients ,with an hfit iul pretrealinent PS/\ level < 10 ngtml, 
1009,: had a l Z-month PSA _< 2 tag/nil and 8()t,/} _< l ngtnll. 
By 18 months, the cumulative probability of achieving a 
PSA _< 4 nglml was c)5~4 lor tile low dose, localized 
patients and 93~,4 for the high close, locally adwlnced 
patients (P = .81 ). The actuarial probability of reaching a 
PSA _< 1 ng/ml was gl and 57%. for localized and locally 
advanced patients, respectively (P - 0.001 ). 

[,oca[ control at the histological level was assessed by 
postradiation biopsies in 73 patients. Overall. 635~ of 
patients (46) were negative, 3% (2) showed a marked thera- 
peutic response, 45J< (3) a modcrate response, and 30c',,'~ (22) 
were positive. At six Inonths, 2()Q} of biopsies w'ere nega- 
tive, 7097 at 12 months, and g59~ at [8 months. The nega- 
tive biopsy rate was not affected by clinical stage, Gleason 
score, pretreatment PSA volume or neutron dose. 

The data fronl these three prospective studies of  differ- 
ent netitron-photon dose COll/hhlLiliOtlS Ct) l l fh l l l  that CO0- 

lkwmally designed fast nCtllrCill il+radiation can [)C delivered 
with acceptable levels el + chronic toxicity. The ~ates el + 

complete response at tile biochemical  and histological 
levels also suggest that the previously demonstrated super- 
iority of netttt-()n irradiation has been inaintained with 
these nlixtures of ilCtltron :.ttld photon irt+adiation. '~ -~* 

The ttsc of  IlCkllrOI1 irradiation in patients with localizcct 
Pea  (low stage, Io',~ to intermediate grade) was justified 
based on lower than expecled rates of COml)lctc rc~,ponsc 
ut the histological and biochemical levels reported in 
patients v<ith Stage T I or T2 disease treated with photons 
alone. ~x In this group of patients, high rates of  chronic 
morbidity wouM not he ',lcccptablc and often thcrapcutic 
decisions are based on qttality of  life considerations. ~'~ The 
rates o f  chronic G1 and GU morbid i ty  seen in the low 
ileLttron dose arlllS arc not statistically dlffclent than tlk)se 
achieved tlsii lg 3D conior lnal  pllotOlt i rradiat ion :+lone. :c 
Because of the enhanced rate of  chronic tox ic i ty  seen with 
I5NGy, the Ctlrrcnt dose level for locally advanced Pea  is 
1 I NGy + 46 PhGy twice daily with equates to 2 Gy/fiac- 
tion photon cquiwllent dose of 82 Gy. 

Based on Ihe preliminary observations that ncoadjuvant 
hornlonal therapy increased the complete histological 
response rate. the role o f  neoadjuvant hormonal therapy in 
conjunction with conl~.)lnlttl i l e t l t ro l l -photo t l  i rradiat ion is 
being assessed. In addition, tile optJnla[ sequence of lnixed 
neutron photon irradiatioll is unkn(Iwn and this is being 
assessed in an ongoing randomizcd trial at Wayne State 
University. 

7.4. Palliative Radiatio#t ?'herapy ,/or Bone Metastasis 
Seconda O, ta Prostate ('ancer 

Despite some dramatic improvements in the u eatment 
of cancer ill young people, the overall mortality and cura- 
bility of solid tumors has changed little in the DiM half 
century)  i The in~liority of cancer patients \viii eventual ly 
succtln]b to their cancer, and more than half of these 
patients will l-cquh+c some form of palliative therapy dur- 
ing chert lilethne. Thus, the indications, techniques, and 
restl[lS of  non-ctlFative, bLIl synlplonl relieving Ihcrapy is 
hecoming increasingly important. 

In the United States, despile improvements in radical 
sur,~ery+ radiatkm, and chemotherapy, the PCa c.leafll rates 
have not decreased. The fact renlains that a substantial 
IlUlllhCr of patients will eventually fail definitive therapy, 

Palliation shnply defined is the alleviation of symptoms 
I11 ~| patlellt  tlSUal[), 'Aitll d t t i \C ,  pr,}g.rc<dvc dbae:,>:e !or 
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 harn/, and foster patient Ltutononly. 
Due consideratiun is given to the condit iou of the patient, 
to the chances of cffccting palliation, and. of course, to the 
patietll 's wishes. Palliative radiotherapy can bc highly 
effective, delivered hl a relatively short time frame, and 
cause IL'V,: side ellfec[s when tile tolerance of normal ti s~,ues 
are respected. The ability of radizlti(m It) decrease pain, 
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Prostale ('anccr I Parl I l l  ] 283 

prevent henlorrhagc and ohstruction, and tn imprtwe organ 
funclJoi) has been ~cl l  documented. Treainienl can usually 
he c'umplciud Jn ]-3 v,'ceks or less. 

7.4./. ,,\"allwalHi,~lorv 

To administer effective palliaticm, a thorough under- 
standin,g of the eailcer is required. At diaMlosis. 5(1% of 
Pea patients have disease contined to the [lrtislate gland or 
vicini ly (T1-4). 20(.4 ilave lymph node metastasis and 309;; 
have distant inclaslasis. ~-' 

Regiorlal lympl-i i-lode involvemei9 follows a predeler- 
lnined pattern. Periprostatic and obturalor nodes are 
involved first, followed by external lilac, hypogastric. 
colntllon iliac, and pcriaortic nodes, a~ The number and 
nmgnilude of lymph node Mvoh, ement correlatcs well 
with prognosis. Prout el al. has demonstrated that patienls 
with solitary lymph node involvement developed prog- 
ression of their disease in 2097: of cases as conlpared It) 
75% for patients with tnuhiple lyntph node involvctnent. ~a 

Of all patients diagnosed with PCa, more than 5()(k will 
(tie fronl their disease and nlore than two-thirds wil l  suffer 
local and/or svstemic progression prior to their terrninal 
event. Prostate carciuoilKi lnetastasizes distantly to skel- 
ctorl, liver, lungs, and occasionally to the brain and other 
sites. About 50of of the patients will expericncc horie 
metastases al some lime during their lifetime. The mecll- 
anism of preferential dissenlination to the spine and pelvic 
bones by the vertebral veins was initially proposed by 
Batstm. +  ̀ Reccntly. this concept has been disputed and tin 
equal distribution of skeletal nletastases frt)tii Pea  us 
uontpared to nonprostatic cancers was described. The 
mcchanisnt of dissemination to spine, pelvic bone. aM 
Iorlg bones is ;,l functicm of lhe regicmal arterial blood 

venous draulage. supply rather than the ' 

7.4.2. Born, MelaMa<sc.v 

Boric meta>lases represents a common problem. 50 70% 
of PCa patients are estimated lO develop osseous 
metastases) '  Many therapic<~ are available for bone 
metastases, including surgery, medical nmnagement,  aud 
radiation. Radiation therapy can treat most patients with 
highly effcclivc symptom relief. 

The hallmark of osseous metastases is localized pain 
which i,+ n.m O. liriic:~ CIIIililltt',Itl', dl |d uurclcntiitg icgaud- 
less of the site. The pain caused by bone mctaslases is no! 
well understood. Some investigators have hypothesized 
that irritation of tit<_' periosteal membrane ot + the release of 
biologic mediators is responsible for bony pain. The most 
serious COnlplication of osscc.us nlctast;,tses ih spinal cord 
compression wllich is discussed in the riext section. 

Most bony metastases calf be diagnosed by physical 
exam, plain radi~graphs, and a bone scan. Plain ractk> 
graphs are highly accurate in delccting metastatic lesions 

particularly when associated with pain, however the sensi- 
t ivity is poor. Tile radiographic pattern is typically blastic 
fur PCu and ahnosl always Ivlic for renal cancer. Bone 
scanning is a useful adjunct to plain films. 99mTc-di,~- 
phosphonate is taken up in areas of bone prc~duction and 
can be usecl bu used for detection of bony metastases and 
fifth)wing response to therapy, Bone scintigraphy is appro 
ximatelv 50-8(Y;,; tn<+rr ,;cn+;ili~c than plain radiograplns. +>" 
It can frequently show metastatic lesions long before 
changes on plain films are apprcciated. Several invesliga- 
tots have estimated thal this may be 2-6 monlhs.~<'~ Plain 
films and bone scans are frequently used to plan radiation 
fields and define tcchniquc. CT and MRI ure snntetilnes 
required if there is suspicion of bone involvement,  but x- 
ray and bone scan are ne<gative, or if there is soft tissue 
involvement.  

Most clinical sittuttit~ns includino pain manngen~et+t and 
prcservation of btmc integrity, can be mamwed~ by the 
judicious use e l  + radiatiori thcrapy. Planning radiation 
requires a clear understanding of the patient 's disease and 
the intent of treatment. Although radiation has been shown 
to he highly effective, actuttl treatment delivery, dose, 
fractionution, and volunle  can vary greatly frotn center to 
COllier. Therclbrc, trcatnaent can bc customized to the 
patients needs. Cerlainly, patients with a painful bony 
lesion and a poor prognosis will nnost likely have a differ- 
ent treatment regimen than a patient with a good prognt)- 
sis+ hi Gl_i cancer patients, it is trot unlikely for patieuts 
with bonc nletasl;.tscs, especially prostate, to have tnany 
useful ycars of life. 

The most widely quolcd hone metustascs study utilizing 
radiation is the RTOG trial 74-02 repotqcd by Tong et al. 5' 
This study analyzed 1016 patients. All patients had at least 
one painful bony site, ulosI required narcotic medications. 
artd 56~,)~ , described their pain as being constant attd severe. 
Thcsc patients were randotnizcd to receive several different 
radiation therapy t+cgimcns. Therc were 83G of patients who 
received a partial response and 54% obtained a complete 
response usually within 2-4 weeks of treatnteni. Pain relief 
was influenced by the site and pain status prior to irradi- 
ation. More th;m 709,:: of patients who experienced some 
pain rclief did not t-elapse bolero dcath. There were no sig- 
nificant diftcrcnces il'l the frequency of pain relief among the 
variotls treatnlent arms. A reanalysis of this RTOG study 
however, conchtded thal the two high dose protracted pro- 
gr;.ttlls t27t; CGV X 15 and 3tit) cGy x [(I) had significantly 
belier coinplete responses attd decreased llarcotic I.ise, and 
patients treated to higher doses required fewer ivtrcal- 
ntcnls, se Reviewing lhc dala fronl currently avaihiblc pros- 
pcctivc studies has show'n o\,erall response rates ranging 
lrom 85-10()9~ using various treatment sclledules. ~5~ Single 
fraction regimens (8()0 cGy x I ) appears to be as effective as 
lhe other more protracted regimens, hi.it is also associated 
with increased acute matb]dily particularly to the abdominal 
organs. A I]equenlly used regimen in the U.S. is 3000 cGy 
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given in I0 divided fractions. This dose is adequate for most 
GU cancers including prostate. 

A metastasis to a weight bearing region raises many 
concerns. A pathok)gic fracture can bc painful and disabl- 
ing both functionally and psychologically. Certain radio- 
graphic and clinical factors that wammt consideration of 
prophylactic surgical fixation include: 

1. An intramcdullary Ivtic lesion equal to or greater than 
50% of the cross sectional diameter of the bone. 

2. A lytic lesion involving a length of cortex equal to or 
greater than the cross sectional diameter of the bone 
or greater than 2.5 cm in axial length. 55 

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 lnetastases, pathologic fracture is corre- 
spondingly infrequcnt. 

7.4.3. &~inal Cord Compres'sion 

Spinal cord compression is a medical emergency. Fail- 
ure to diagnosc and promptly treat can lead to significant 
m o r b i d i t y  i nc lud ing  p a r a p l e g i a  and a u t o n o m i c  
dysfunction. In general. GU turnors, especially prostate 
and kidney, account for 13% of spinal cord cornpres 
sions, s~' Approximately 18,000 cases of spinal cord com- 
pression occur in the United States every y e a r s  

The predominant symptom of cord compression is that 
of pain in about 95% of patients. ~ Pain usually precedes a 
diagnosis of spinal cord compression by' about 4 months. 
Symptoms however can progress rapidly to neurological 
dysfunction in a matter of hours to days. When a patien! 
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% of patients 
with epidural compression, but is neither specific or sensi- 
tive. 5'~ A major limitation of plain films is that the bone 
requircs at least 5()9~ decalcification before radiologic 
cham~es~, can be appreciated. Bone scans as mentioned 
earlier are more sensitive but not specific. Plain fihns and 
bone scans with physical examination can detect most spi 
nal cord compressions (85-9()5~))~ Thc gold standard ik)r 

diagnosis has traditionally been the myelogram. The sensi- 
tivity and specificity are approximately 95~;f and 889~. < 
However, this test is invasive and several investigators have 
shown MRI to be of similar if not superior accuracy) -'~'~ 
MRI has the added benefit of imaging the entire spine. 

Once the diagnosis of spinal cord comprcssion 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 

resuhs bctwccn radiation alone and laminectomy, plus radi- 
ation hi ternls olpain control and functional improvement. 

The most widely quoted study evaluating this issue is 
that of Gilbert et al. ~s In general, despite the therapy insti- 
tuted, if a patient is ambulatory, there is an 859} chance 
that he will remain ambulatory. If nonambulatory, there is 
less than a 509, ~ 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 lor other bone metastases/s 

Radiation therapy can he instituted quickly and effi- 
ciently. Results of MRI or other diagnostic tests togcther 
with physical examination can help determine the appro 
priate t,eatmcut w)lume. Multiple epidural lesions can be 
Ireated in one continuous field or by multiple treatment 
fields. The vohmm treated is usually the level of cord 
involvement together with two vertebral bodies above and 
two below thc epidural lesion. With the accuracy of MRI, 
many centers use one vcrtebral 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 
mctastascs, the goal is not only' pain relief but also minor 
reduction. It is flit this reason that protracted fractionation 
for spinal cord compression is recommcndcd. 

Friedman et al demonstrated a good response in 719~ of 
patients who received more than 2500 cGy for epidural 
compression versus 349~ for patients receiving less than 
2500 cGy)  ~ The patients in this study had the diagnosis of 
lymphoma which is usually more radiosensitive than other 
tumor histologies. Con-n-nonly employed doses tire 3000- 
4000 cGy over 2-4 weeks. In all cases, spinal cord toler- 
ance to radiation should be respected. Often, initial doses 
of 300-500 cGy are given for the first two to three treat- 
meats to attempt quicker symptom palliation, but there is 
no firm data to support this. 

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

Once the diagnosis of cord compression is r~l,:.tde or 
even suspected, all patients should be placcd on steroid 
therapy. Steroids can decrea~;e ;'a!~ogenic edema "rod 

provide striking analgesic benefit. The loading dose of 
Dccadron is 4 100 mg followed by mainlenance dose of 
4-24 mg q 6 hours. 

4. Palliative Svvtemic RadiodteralO: 

Hemibodv Irradiation - The concept of palliative sys 
temic radiation therapy has interested physicians since 
1905) ~ Over the ycars, the techniques and applications of 
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this form of treatment has cuntinucd Io progress. Prior to 
tile 197(Ys. experience in systemic radiothcrapy wa:, pri- 
marily in the form of total body irradiation (TB[). Its use 
wa~, mostly in the treatment of henmtoh)gic discascs. The 
main lilnilations of this form of treatment was [3()lie nlar- 
row organ toxicity, which limited the maximal dose which 
cau be given, 225-300 cGy. 

Fitzpatrick and Ridcr began using hemibody irradi- 
ation (HBI) to circumvent tint shortcomings associated 
witl~ TBI in the early 1970"s. In 1976, they published a 
landmark paper on their experiences with HBI."' Using 
single fractions of 500-10()0 cGy, they treated 140 
patients with symptomatic bone metastases and reported 
the results of 82 patients. HBI wax tolcrablc and effec- 
tive in achieving palliation of pain, in many cases within 
48 hours of treatment.  Deaths from radiation 
pneumonitis and hematopoietic failure were few. The 
study also showed that systemic tadiotherapy can bc 
effective in treating solid tumors. Fallowing this publica- 
tion, several articles evaluating their retrospective data 
on HBI for palliation of bony metastases were report- 
eel/:"~ Results were encouraging and prompted the 
RTOG to evaluate this modality. 

The final analysis of RTOG 78-10 was published in 
1986 by Salazar et al)" The protocol explored increasing 
single doses of half body irradiation in patients with mul- 
tiple symplomatic osseous metastases, The doses used 
were 600 800 cGy in the upper hemibody and 801)-I000 
eGy in file lower or middle hemibody. The most common 
histologies treated were prostate (409,~). breast (29%), and 
lung (18%). Pain relief was experienced in 73% of 
patients. Fifty percent of patients achieved pain relief 
within 48 hours and 8(E4 within one week. There were no 
fatalities and treatment was considered tolerable. Most 
effective and sali:st dosages were 600 cGy for the upper 
hemibody and 800 cGy for the Iowcr and middle hemi- 
body. When compared to RTOG 74-02, (local irradiation 
for palliation of bone melastases). HB1 achieved similar 
number of patients experiencing pain relieL however, 
local irradiation achieved twice the number of complete 
responses. Another important finding was that recurrences 
of pain wilhin irradiated ficId were four times h)wer with 
Hgl than with local irradiation. This indicated that pro- 
phylactic irradiation to bones can decrcasc the rate of 
disease involvement. Studies by .lacohsson and Kaplan 
showed that PCa patients who received pcriaortic irradi- 
ation developed significantly less lumbar metastases than 
those who had whole pel\is irradiation z lone.: ~' 

Based on the results of RTOG 78-10 and on the prelinli- 
nary data on prophylactic irradiation, RTOG 82 06 was 
designed. This prospective randomized study, evaluated at 
tile effect of adjuvant systemic radiotherapy (HBb in 
delaying the onset of bony lnetastases, ve A total of 499 
patients with painful bony metastases were randonfizect to 
cithcr local radiation or local radiating and HBI 8()1) cGy. 

Those patients who received I IBI had an increased pro- 
gression frec survival. 12.6 111o vs. 6.3 too, and fewer 
rctreatmcnts. Overall, the incidence of toxicities were 5- 
15%. There were no fatalities or radiating pneumonitis 
since lung shields were used. The authors of the study 
concluded that 800 cGy of HBI can cause micrometa~tases 
to regress and that HB! has the potential to be used to treat 
systemic and occuh metastases and improve quality of life 
for these patients. 

HBI is delivered by external beam irr;lct.iation. The field 
arrangements have changed little +,,lace the conception of 
this treatrncnl. Becausc of 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. 
t,ung blocks are used to reduce hmg close to 600 cGy 
corrected for lung transmission. The typical dose is 600 
cGy to upper hemibody and 800 cGy to the middle and 
Iowcr hemibody given in a single fraction. 

The major chronic toxicily associated with HBI is radi 
alton pneumonitis. Without lung correction, the incidence 
of radiation pnetunonitis is estimated to be 18-35% for 
doses of 600 1000 cGy, and less than 1()~,:4 if corrected for 
lung transmlssmn." " "~ Approximately 505~ of patients will 
have depression of their hematological profile and 105~ of 
patients may require transient hematological support. 
hradiation of the head can cause xerostomia and cataract 
formation. If the head and brain has a low incidence of 
metastatic involvement, then exclusion of the head from 
the upper hemibody ~s acceptable. The most troublesome 
acute complication in nausea and vomiting that occurs in 
8054 of patients particularly with upper and middlc hemi- 
body irradiation. With the use of premeditation programs 
using prednisone, odansetron, and hydration, the incidence 
of emesis is less than 5%. TM HBI should be considered in 
any patient with inultiple bony disease sizes that are not 
responsive to hormot~e or chemotherapy maneuvers and 
have adequate bone marrow function. 

Slr(mliuJJ>,'~9 - In 1941. a new lool in the treatment of 
skeletal metastases was introduced: the radionuclide. 
Strontium-89. Strontium-89 is a calciun+t analog that emits 
beta irradiation. It has a half life of 5(1.6 days and the aver- 
zOc beta energy is 1.46 Mev. Because of strontium's phy- 
sical and chemical characteristics, it has the Iollowing 
advantages: 

1. It selectively uptakes in areas of activc bone forrna- 
lion. 

2. Irradiation of normal tissues is limited and therefore 
tolerance is high. 

3. Stromium-89 can be administered quickly and easily. 
4. The patient is not a radiation hazard to family men> 

bers or hospital staff. 

Strontium-89 has sc;eral advantaoes over hernibodv 
irradiation including better patient tolerance and ease of 
administration, with similar efficacy at least lot PCa. 
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Pecher was first It) delnonstrale lhc cffcclivcncss of Stlon 
tium 89 for the pallialion of painful bone metaslascs iri lhe 
early 1940"s. > Over the proceeding years, ntilller()us studies 
have conlirnled the cfl]cac,/and sal~_'l}, of tills l])rin or treat- 
n/ell[ in palliating painful hen} illCU.istases particularl}, 
blastic illetastascs. > " Sc~cial phase 11 trials have sllowi1 
coinpletc pain rd icr  in 6-505~: of patients and a reduction of 
analgesic use by 5()97. Overall resporlse Fates in prostate 
patients is apl~roximalely 80<77. Prospective randomized 
studies looking ai this isstle have also been colnpleled. 

Porler el al reporlett lhe fii~dings of a phase III (Trans- 
Canadian) trial evaluating itle erficacy of pall iative Stron 
tiuin 89 therapy in the i/1;,lnaooillenl of horll lonc resislanl 
iilclaslatic PCa. '~ There were 126 patients randt)lnized to 
stroniiuil? lherar)y versus placebo allot local field r:.idiation 
for symplomalic lesions. Those patients who leccivcd 
Sirontiul l l  Ilad significant reduction in analgesic intake at 3 
inonills. (17~k ~,s. 2.49~ riot requiring analgesics), pro- 
glcssion t)l" uew paillfU] sites (58.797 vs. 34% / free of nero, 
painful sites at 3 nlonths), and need for retreatineut (51 
weeks vs. 23 weeks time to rctrcatmcnt). The Icvels of 
PSA were also significanlly reduced with Strontium-g9 
therapy. The results of" this study are provocative. 

The UK Mctastron Investigators' Group Study is 
anothcr prospective sttidy evaluating the efficacy of Stron- 
tium-89 afier exiernal beam radiotherapy. 7<j Entry criteria 
were similar to ihe TransCanadian ,~tudy. External bcaln 
irradiation consisted of eilher local field or hemihody 
irradiation. The dose of  Stlontium-89 was 5.4 mOi. A total 
of 284 patients were treated accordiilg to protocol, Median 
tollow tip was 12 weeks_ There were no significant differ- 
ences in survival or overall pare relief with Stronliun>89, 
local field, or hclnibody therapy. However. patieuts rece- 
iving Strontium-g9 were significantly less likely' to devcl 
op ncx\, sites of pain or require rctreatmcnl. 

Pain relief wilh Strontium-89 usually begins at 10-2(} 
days aflcr treallllelll, and the response lasts about 4-15 
months. Son~e patients experience a pain flare l-2 weeks 
after SLrolltiuill iujection, and lhis usu:llly indicates a 
better OLltCOlllO. The icc()riii l iendcd dosage of Slrontiuui- 
89 is 4 nlCi or 40-60 mCi/kg. The drug is adnlinistcrcd by 
slow IV injection. Slrontium 89 is cleared hy the kidncys 
( iwo-thiMs) aud by the e l  tracl (one-lhird). A l l  patienl 
e.xcretitms can be flushed away without special monitor- 
ing. StrolltiUlli lhcrap'r, is well tolerated. The major toxicity 
is heln,'lloloUic:~,l, espechtil,, lhr,)mboc-t,,)penic. Me>! 
paticnls show a 24-500{ decrease in ph_ltcicl count froni 
plCtlcalnlent levels, s" The plaiclct iladir occtlrs 4-g weeks 
altcr therapy, however medical inlcrvcniion or hematolo- 
gical support in rarely t]eeded. Phitelei recovery is gr,:idual 
arid expected. Strtmtiuui sllould bt_. used with c~lulioi~ in 
patients with plalelets <100,000 and Wkl(" <2400. Repeat- 
ed admiifistrations of  slroi l l iui i l  in possible based on indi 
vidual patient response, hut arc generally not rccom- 
Iilcnded al illterva]s of lens Ihan 90 days. 

In cnnclLision, whi lc  il in inlportanl Io contintic to dcvel 
op alld refine our ctlralive slialegie <, ill tile 111allagelllell[ of 
patienls with PCa it is also ilOCessar\, to I].)CtlS Oll effeciivc 
l l lauagcnleii[ options for that StlbSet i l l  patients hi whom 
cure is nol possible bul x,vhclC the rapid aiid suslaiued 
reduction of synlptoms in our goal. 

7.5. Tile Evoh, i~tg Role Of  Hormonal Therapy In The 
Treatment Of  l'rostate ('ancer 

In 1941. Charles Huggins showed that surgical castr~.l- 
lion dramatically improved the condition of patients with 
melastalic PCa, alleviating their bone pain and reducing 
serum acid phosphatase levels) ~ Synlhctic estrogen ther- 
apy subsequently achieved silnilar results. Since then. 
andn)gen deprivation therapy has been "the mainstay of 
trealment For nlelaslalic adenocarcinoma of the prostate. 
Despite an initial faw)rable response of about g()cA, most 
patients ~ill develop predictable ;.ind irreversible resis- 
lallce to andro,gen deprivation. '~ The basic therapeutic 
approach for melastatic PCa is focused on suppression of 
teslicuhu function, either medically or surgically. These 
therapies have resulled in a median fwogression-flee sur- 
v iwi l  time of 12 to 18 niollths and an overall surviwll  time 
of 24 to 30 months. <~ ~,~4 

The recognition of the role of adrenal androcrens in the 
Ik)rmalion of prostatic dihydrolestoslcrone led to the devel- 
opment of the concept of combined androgen blockade, 
acconlplished by using an antiandrogen, fhitanlide, ill 
COillbinatioll with prilllary gonadal supprcssiou 1o I.real 
patients with newly diagnosed metastatic prostatic can- 
e'er. '~+' Suveral randomized, double-I~lind sludies have 
shown that the progression-free and overall survival rates 
for palients with metastatic POt trcalcd with combined 
androgen hlockadc are longer than those aclfieved by 
leuprolide treatment or orchidectomy alone, s4s5 However, 
hornlonal therapy for metastatic PCa is not curative, and 
ilewer melhods or trealing lnetastalic PCa are required. 

Ne~ basic science reseatoh has momeied on underqaild- 
ill 7 ht)w androgen dcprh, ation resuhs in P(Ts, i cell death and 
on preventing the de~,eh)pinent of cellular mechanisms 
thai render tl~e cell resistant Io '<lndrogen-del)rivation thor- 
apy. Recent studies h;lvo shown thai andfo~oil-receplor 
nlulutions and allerations in lho apoplosis pathway occur 
in hurnionally insensitive P('a cells (see Rif t  ll).S~ ~s Exp- 
!,,;itati,,n ,,;f thc~;c genetic 0,,',c;zt:; in the fc'rmation and pro 
grcssion of l-lormonc insensitive PCa may lead to novel 
methods for treating lhis disease. Unti l  Ihese newer thor 
apies are avaihlblc, emphasis is being phiced on the coil l- 
binaiion of  holUloual tl leiapy alld chemottlerapy, ;is well 
as Ol/ii~lernlil lent :.llldlOOell blockade. 

()lie persistcut lacl abotll httrllltlnal tllcrapy 1];)1 I1]L'U.i 
static POa is thai such therapy is not curative. Because 
809;: of patients respond eilher conlplelely or parl ial ly to 
this tllerapy, many clinicians are tempted to use hOrlllCJilal 
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l h e r a p y  :is ~.l f i rM-l i l le  t l ea t l l l en l ,  t l o w e \ e F ,  b e c a u s e  I/l(),,[ 

mcn who dcvclup mcta:,tatic Pea are relati\,._'ly old bv the 
lime Ihc disease beCOlllCS I-Cfl'actoFy {(,) hol'IllOl]C t le41mell t ,  
Ihcv often cannot tolerate treat|nest with in\estigational 
chemotherapeutic agents. Ncvclthclc>~,, several treatments 
arc being in\cstigated, iltcluding the withdrawal o1 tltllam 
idc. the u>e of ,t combination ~t l'~MrallltlMil]C al'ld 
Vinbh.tstine OI" VP 16. and the admilnstralitm of  irncrrnit 
tent androgen therapy {see below). 

Paradoxically. approximately 2()q o1' patienls who have 
laces Ircatcd with maximal androgen deprivatitm will 
cxpcricnce a decrease ii1 PSA level,, and a parlial lesol 
uthm of bony and >eli-tissue disease when I]utamide 
trcatmenl is withdrawn after the PCa become~ refiacto|y 
to hormone therapy.*" This :esponnc is not durable; the 
median resl-,~mse time is six montlls. The mechaltiSm of 
this phenomenon may be related to alterations in file 
androgen receptor, which can bc stiinuhttcd by lIltltan]idc 
instead of hcin~ blocked by flutamide. Currcnt studies 
suggest that androgen rCCCl)tOr tnutalions occur in move 
than 3()t~{ of hormone-reflactory PCa (see abe\c),  a7 
Whether such slut|at|ells arc tile reason lot the flulanlidc 
withdrawal effect is tlilkllOWil. 

Finally, several grt)Llp:s of  researchers are invcstigating 
intcrlniltent androgen deprivation. The theory behind this 
tlCallllelll method was pioneered by Bruchovsl<y alld his 
colleagues from Oal/ada, uu who studied androgen-sct>itix.c 
I]l:.ll]llllal'y LLIIIIOI'S i11 tuule Shionogi t]udc In|CO. Attcr the 
tutl]Ol-S ilad gl-OWll to approximately I cm in size. the am- 
reals were C;.lstratcd and Fnorc Ihall 9()Q} of lhe ltlmor cells 
were eradicated. However. androgcn-ul:responsive tumors 
eventually began to grow. By trm>planting the ILinl(}r to 
:.lP4Kher i l lale trade mouse before aI+drt;gctl-t+tllre'+,pt~tlsive 
ll.ltll()l'S began to ,~IOW, the investigators were able Lo pro 
vide cii-culatmg scruln alldr,agel/s /.tlld to reinstate LII] 

androgen responsive ccll t.vpc. This c).clc of androgen 

add|lion t,.)IIcw.,++oA by deprivalion could continue for a total 
o1 six cycles before the growth of an andmgen-unrespot> 
sixc tumor occurred. Clinically mtermiltenl androgen 
stq?pression has been used successfully to tl-eal :..i small 
~ of { . )at | t i l ts .  ul Thi:, ntethod is being invcstigalcd 
clinically by the Southwcsl ()neology Group. altholtgtl ru:, 
lindin~s will be available for several years. 

The ~rcatcst advance in the treatment of Pea w;ls the 
|dentil'it',it ion el' :u]drogcn respt)nsivcnesn b> Hugging, ct 
~][Ot]~e',;. sl [[~)'J,'C\'Ct', :II]d}-*,~.~et] rc~:pon,;ivcne,.~ '~yt) ;t!<< , 
present the greatest problcln in lhc tleatlllent o1 Pea. 
Although a large pcl-ccntagc o1 patients \~ill experience a 
partial rcspousc L:) alldl-()gcil dcpliV;atitm [l+e~_L[IllCI'tI, I1011C 
will experience a complcte response. The prescncc o1 
good pul l iat ivc tYe',lllllelll h',ls inhibi ted tl~c search for CUla- 
i ivc therapy. No \e l  d~Clapcutic measm-cs, including corn- 
hi nations of hol-IltOlKll therapy \,~ith chel~t~ll~ctap)' oi ~elle 
therapy, will be required if the treatment of mclashttic PCa 
is :c, bc sig:lific:tt41y illtplo\cd. 

7. 6. Chemotherapy a . d  Prostate ('altcer 

As clisctisscd above. SLil?prcssitm of androgenic ~,timuli 
has bccn tl]c main therapeutic sticitcgy for patients wilh 
newly diagnosed systemic mctaslascs. Despite an initial 
,,ignificant response rate and pulliation. ~irtuallv all 
pulicnls progrc:-,n in a pl-Ctiiclablc aJld ir:-cxc:siblc rll;.lllllci- 
h) atldrogen independence/holmone rcfraclory slatl_ls 
reflecting the inability of androgen dcpri\ation lo eradi 
catc all cancer cell popuhtlions. '~ 

Biologically. androgen-|l/dependent PCu patients arc a 

heterogcncous group with a rchtlively variable clinical 
cotlrse. Clinical observations would suggest that prog- 
ression lollowin~ lirst-linc androgen clepri\ation therapy 
does not uni,..ersallx., mean a~dro,,ene independence as 
Mwne of these palients may still respond to second line 
hormonal therapy indicating some level o1 androgen sensi 
tivity, l lowcvcr, these responses arc sh()rt lived and vir 
tually all patients will ultimately progress. 

7.6.1. Chemo#u'ralU qlumhrtq, cn-indel~C',de,l P('u 

The conventional approach to trcating audrogcn-indc 
pendent P(Ta has bccn palliati;'c owing to the flcqucruly 
poor general condition of these patients, presence of  co- 
morbid diseases, and tile luck of "'effective systemic" 
thentpy. Chcmothcrapy trials have been conducted mostly 
in p;ttienis with end-stage hormone refractory PCTa with 
muhiplc prior hormonal m:mipuhttions with less than a 
10g ob.iectivc response Ialc:< and a median survival of 6-9 
months. '~; l)csphc the current lack of standard chemother- 
apy. advances in systemic therapy have occurred as a 
rcsuh or the translaticmal application of basic science 
>hscrvation. 

S, romi, -. A polysulphonated ilaphthylurca that has 
multiple effects including the induction of tnmsionaling 
growth facLor-alpha, the abili b to block receptor Ifinding 
of platclebdcrivcd growth Iact('n. llan~;fomlillg growlh 
factor-beta, alld insulin-like growth i:aclor. The interest in 
evaluating V.tLr:.lll/ill ill PCa stems f rom its abilily to ii]hibit 
responses to a variety of growth faclors which huve been 
i,,olaled From prostatic tissues as well as it', growdl inhihi 
tory effect on Pea cell lines in Yitro. ''~ Suran]in has a long 
half life (30-50 daysl and a wide spectrum of toxicitics 
including a syndrome of inalaisc and fatigue, neurological 
"!!-n,.w,]]:~.!i:ic,. :v.hen:!l h>u!licie+wy t-equi,-h~ !tydr, w,;!- 
lisOlle rephlcemcnl, c()aguh)pathy, lellal dysfunction and 
mtlhiplc metabolic disturbances. These toxic|ties, cspc 
cially the nccu+ological symptoms, appear to bc rchttcd h) 
chug concetmation and duration o i  tlacrapy since Ihc dlug 
po~;scsscs u narrow Iherapeutic window. While the appro- 
priate dose/schedule of sttramin continues to be explored. 
CtltTen[ dahl vv,atHd indicate that suramin ea|n be safely 
adi]]inislcred oil at] otltl)alicnt basis u>,iilg |.Ill mtcrlllittcnt 
il]II':I\'CIY)VlS schcdutc with either lh:lilcd ~n lit', pharmaco- 



288 HONN et al 

kinetic innnitorine. 'j~ Since the initial NCI trial reporting a 
359~ objective response rate."* several investigators cwilu- 
atcd suramin in phase I/I1 trials primarily in hormone 
refractory PCa using a variety of doses and schedules 
(7ahle 7). u~><n Although most of the studies indicate sig- 
nificant response rates in nieasurable disease sites ranoing 
from 18-509} arid a >_ 5091 drop in PSA in approximately 
half the patients, suranlins' efficacy has been questioned. 
This relates to the possible role of llutamidc withdrawal 
and the potenlial contribution of co-administered hydro- 
cortisone required to negate the adrenal inhibitory effects 
(.)f ELl IallI i n .<~s 

Table Z Suramin  in h o r m o n e  refractory prostate cancer 

Author (rot) PaticIlts >50% PSA fifll Response 

Myers et al ~4 38 21/38 (55~;;) 6/17 (35%) 
Eisenberger et aF '' 67 40/67 (60%) 7/18 (40%) 
Mendoza et al l> 21 9/21 (43 v~) 2/11 (18%) 
l'etrylak et aF': 28 13/28 (46%) 2/11 (18%) 

l/.,,lrc.'<;nu,s'tine ph,.;.',7~hale c<),'nbinali,:,,.,rs - I~straniustine 
phosphate is a nitrogen nlustard derivative of estradiol 17- 
B- phosphate thai has only modest activity in hormone 
refractory PCa. Recent ly  the in vitro addit ive 
ef fect ls l ,  nergy  of estramustine and a variety of 
microtubule and topoisomerase I1 inhibitory agents has 
been investigated clinically in patients hormone refractory 
PCa. Three such combinations have been reported as 
single illstitcHi<>nal trials and include: 

i. Estramu.vli~e + vinblast ine Tile first of tile estramus- 
fine combinations Io be evaluated in lhree separate trials 
( ~ d d e  8). "vu"'tu~ The response, based on > 50<,/< decrease 
in PSA, was similar in the three trials and was approxi 
mately 509{. This trial tised relatively stringent criteria for 
a partial remission requiring a _>50% 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%. ()verall this combination is well toler 
ated. In the study that used a higher vinblastine dose, 
heniatological toxicitics were more fi~equcnily observed. 

ii. Oral etrq~oside, e,rlranurvtiHe + oral etop<+vide ( VP- It>) 
(Table 8) Recent results were reported using oral VP-16 
only and a conlbinalion of estranlusiine and oral VP-16. 
Oral VP 16 alone had Il l i i l i inal acti',ity. '<~-' The ration;tic 
for the combination of estrainustine and oral VP 16 is 
based on Ihc in vitro and in i,i/'o synergistic action 
between the two agents to inhilfit PCa cell growth by 
iIHClacting Lit tile level of tile nuclear [llatlix. j~ Forty two 
patients (18 with measurable disease and 24 with bone- 
only disease) were treated. >~ Using standard solid tumor 
response criteria, 9/18 nleasurable disease patients 
achieved a response (3 con/plete. 6 partial). All of the 
responders had a PSA decline, but only 6t9 had a >50% 

drop in PSA. Approxinmtely 50% (5t9) of the patients 
with a nieasurable disease response also had a response by 
bone scan. Of the 24 patients witln bone only disease, 6 
had inlprovenlent on bone scan and 14 (SgV}) had a >509; 
decline ill PSA. The overall response rate was 369{. The 
priniary toxicity was myclosuppression. This protocol was 
extended to a series of 95 patients with siHlilar resuhs. 

iii. ~LVO/, e.~'tramH.stim? + tavol (~d~h' 8 ) T a x o l  induces 
of tubulin i)olymerizafion restllting in the formation of 
excessive and dysfunctional microtubules. Taxol has 
gabled a great deal of interest due to its activity in a variety 
of solid tumors. Clinically, thc most appropriate Iaxol dose 
and schedule for PCa is still evolvhlg. Given as a 24 hour 
infusion every 21 days, taxol as a single agent had mini- 
real activity in 23 patients with hornione refractory PCa. "ja 
At our institution taxol was investigated in the LNCaP 
tumor model in SCID mice. Given in multiple doses over a 
9 day period significant antilumor activity was demon- 
strated, a~'5 The ditTerence in schedule of administration 
may exphtin the apparent hick of activity clinically. Taxol 
and estrainustine, however produced synergistic cytoloxi- 
city in estramustine-sensitivc and resistant DUI45 
(androgen independent PCa cell line). >" Preliminary clini- 
cal evaluation of this conlbination suggests an encourag- 
ing level of activity with both objective responses seen in 
measurable disease sites (3/6) and significant PSA redtlc- 
tions (_> 50% and _> 80% in 58.8% and 35% of patients, 
respectively), i~, ,  

/Vlito.w.alDolte + i~red,,u.<>r,w Mitoxantrone is a senti- 
synthetic ailthracenedione with SOliie structural shnilarilies 
to doxorubicin. Sympioniatic ilnprovement using single 
ageilt nlitoxantrone has beeli reported, m7 Prednisonc has 
been combined with miloxanlrone since the former agent 
has deillonslraled a palliative effect. This combination was 
found to be well loleraled and resulted in a palliative 
response i.1 9t25 (36<~) assessable patients (response assess- 

ment is based on analgesic requirement, present pare inten- 
sity rotor& and visual analog scale). ~~ Mitoxanlrone + 
prednisone were lhe subject of a rcccnlly reporlcd phase 11[ 
sludy and a rcccndy closed phase II1 trial conducted by 
CALGB. The first trial randomized symptomatic hormone 

Table 8. Estramustine combination therapy 

A,~eenls Dosr Palirni~ >509; Response Rot 
PSA ~711 

Estramustine lOmg/k~ 25 54q 2/5 9L~ 
Vinhlastme 4 mg / m-  
Estramustine 600 m s / i l l  2 36 el {', I / 7  It)l) 
Vinhlastine 4 n lg /m  2 
EstralllLIStille 420 nlo/"d<ly 2g 7~0C~ ] / 7  ]()1 
Vinhlastine 6 m g / m  ~ 
EstranmMine ]5 mg/kg  42 5497 9/18 102 
oral \"P-16 50 rag/m:  
Estranetlstill.e 600 171g I'D12 17 59~;; 3/6 104 
Taxol 12 )-140 mg/'m > 
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refractory PCa palients to receive 10 mg ol prednisune/day 
or prednisone + mitoxantronc at 12 mg/m e intravenously 
every 3 weeks, u~s The primary end poinl was a 2 point 
decrease in pain assessed by a validated 6-point pain scale 
withoul increase in analgesic medication maintained for 6 
weeks. A total of 161 patients were randomized. The 
lvsponse by lhese criteria was 27.5()~ vs. 13.6~../~, in favor of 
the combination arm (p=(1.0331. Ixmgcr palliation was 
obserx.ed in the combination arm, 43+ weeks vs. 19 wecks, 
(p<0.0001). There were no differences m the overall sur- 
vival. The u'eatment was well tolerated with 9 episodes of 
net.tropenic sepsis and three episodes of possible cardiac 
toxicity in the mitoxantrone arm. 

7.6.4. (_)tlwr considerarion.s' and contro~,ersie.s 

Re,v)onse A,v.se,v,sment - Due to the nature of the 
metastases of PCa, optimal assessment of response to 
lherapy has been difficult. Historically, the National 
Prostatic Cancer Project (NPCP) criteria were used but 
abandoned as they included non-objective response 
critcria, Standard solid tumor criteria are useful in the 
presence of bidimensionaly measurable diseasc which is 
only present in 10-15% of metastatic PCa patients. In 
oncology, minor markers have long been used as indica- 
tors o1 the diseases ~ response to therapy and recurrence. 
Normalization of PSA has been a powcrt'ul tool to pre- 
dict response and surviwll in hormonally treated meta- 
static PCa. In the hormone refractory setting, PSA nor- 
malization is not a frequent occurrence. A > 50c/r reduc- 
tion in response to therapy has been reported to correlate 
with a lom,er median survival. '~ Although the concept 
o1 using PSA to gauge responsiveness to chemotherapy 
is attractive, there me 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 expression, 3) the possibility of drug effects on PSA 
levels without significant cell death, 4) no consistent 
relationship exists bctwccn the extent of PSA reduction 
and response in measurablc/ewtluablc disease and 5) 
validated data fl'om trials controlling for other prognos- 
lical ly 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_> 50% and less 
than 75% or --'75% illustrating the reason lor caution in 
interpreting PSA reductions.~':' 

While improvement in survival is clearly the mos! 
desired objective 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. Ahhough QOL 
improvemcnts arc extremely important in a disease that 
has not bcen significantly improved by, current treatments, 
it remains to be seen whether "'soft" endpoints will play a 

role as a measure of therapeutic response in the develop- 
nlent of new treatment strategies for this disease. 

Ddl~e qt' Cocsrbtued Andrr,,gci~ l)q~rirati~m - C o n t i n u c d  
androgen deprivalion therapy for patienls with hormone 
reflactory PCa has been advocated, however, no prospec- 
tive data is available to .justify, it. We analyzed data on 
patients with hormone refractory PCa enrolled on several 
phase lI Southwest Oncology Group (SWOG) studies. '~ 
No response or survival differences were observed 
between orchidectomized and non-orchidectomized 
patients who were required to discontinue exogenous 
androgen deprivation. This is in contrast to the experi- 
ences of the Eastern Cooperative Ontology 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 indolenl disease process. This factor was 
not evaluated m the ECOG review. 

7. 6.5. l"utu re Diret'tion.r 

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 particular clinical significance is the evidence 
that progression to androgen-independence results in parl 
flom the lack of androgen-induced differentiation of the 
tumorigenic stem cells, thus resulting in an inability to 
unden, o~. apoptosis. ''~ Progression to androgen indepen- 
dence is also associated with the expression of previously 
androgen-repressed genes some of which are apoplosis 
inhibitors and some of which code for autocrine/paracrine 
growth factors that substitute for androgens in maintaining 
|he viability of the cancer cells. ~ ~ z  Moreover, PCa is 
recognized lot it's low proliferative flaction. This 
together with the documented expression o1" apoptosis 
inhibiting genes such as bcl2 (which has also been associ- 
ated with chemoresistance in other tumor cell lines) may 
explain the apparent failure of conventional cytotoxic 
chemotherapy in inducing significant responses. There- 
lore, as discussed above, alternative, biologically based, 
therapies must be pursued. Novel agents, growth factors 
inhibitors, antiangiogenic agents, immunotherapy and 
gene therapy are examples of current and future treatment 
slralegies. 

CONCLUSION 

PCa, likc most other solid tumors such as colon and lung 
cancers is a mulfislcp disease that progresses from a prene 
oplastic lesion to a metaslatic stage. Although a maltistcp 
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 encompassing 
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d e v e l o p m e n t a l ,  t r ansh i t i ona l ,  and c l i n i ca l  research.  T h e  

a c c o m p l i s h n / c n t  o f  this  r e s e a r c h  will  d e e p e n  ou r  tllldcr- 

s t a n d i n g  o f  i h e  molccLih. i r  t n c c h a n i s m s  o f  P C a  

tunnor igenes i s ,  resu l t  in the  i den t i f i ca t i on  o f  be t te r  d i a g -  

nos l i c  and  p r o g n o s t i c  m a r k e r s  a n d  lead  to p rec l in ica l  and  

c l in ica l  t r ia ls  o f  nove l  l h e r a p e u t i c  r e g i m e n s .  
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