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ver the last 15 years, interest in strategies to promote health and prevent disease
among elderly people has grown substantially. This trend has at least partially
resulted from the desire to moderate rising health care costs among this seg-
ment of the population. As it has done in the case of this background paper, the
House Committee on Ways and Means has periodically asked the Office of

: Technology Assessment to analyze the costs and effectiveness of providing selected pre-
. ventive health services to elderly men under the Medicare program. The Senate Committee
* on Labor and Human Resources had earlier requested that OTA provide information on the
- value of preventive services to the American people.

Past work by OTA on prevention for elderly people has focused on studies of the costs

- and effectiveness of pneumococcal and influenza vaccines, and screening for breast, cervi-
- cal, and colorectal cancer and for glaucoma and elevated cholesterol. This background pa-
: per focuses on the procedures of digital rectal examination and the more recently devel-
~ oped, less-invasive prostate-specific antigen blood test—both used to help detect prostate
* cancer.

The background paper summarizes the evidence on the effectiveness and costs of pros-

. tate cancer screening and treatment in elderly men and explores the implications for Medi-
* care of offering this preventive technology as a Medicare benefit. This analysis illustrates
- the hard policy choices in deciding whether to expend federal resources for screening and
. treatment as well as risk their attendant complications before scientific research has defini-
© tively established the effectiveness of different technologies attempting to cure disease de-
- tected in varying stages and circumstances.
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Summary?!

rostate cancer is a common and serious matermine whether systematic, early screening for pros-
lignancy among Medicare-age menin  tate cancer extends livesThe evidence of benefit for
1995, 244,000 new cases and 40,400 deathsther preventive services already covered by Medicare
are anticipated from this disease; men age 6%e.g., breast and cervical cancer screening, influenza and
and older bear most of the burden of illness.pneumoccocal vaccines) is substantially more devel-
In recent years, the prostate cancer diagnosis rate has ghed and stronger than for prostate cancer scredgng.
creased dramatically, with a slower increase in age-spgause scientific knowledge is limited, but the conse-
cific mortality. At least in part, the increasing incidencequences of prostate cancer and its treatment are
undoubtedly reflects more aggressive efforts at earl)éerious, an informed and reasonable patient could
detection of prostate cancer, particularly through the usgqually well decide to have screening or forgo it.

of a new blood test, prostate-specific antigen (PSA). Hence, each patient, in consultation with his physician,

This background paper examines the implications . . . .
9 pap P must use his own values to weigh the potential benefits

of a potential Medicare benefit to cover prostate cancer . . . : . .
i ) o ~of screening against the risks of incontinence, impo-
screening using a combination of the PSA and digital
. _ tence, and other adverse outcomes that may result from
rectal examination (DRE), a time-honored test per-

. - , treating cancers uncovered by screening.
formed in the physician’s office. .
Given the state of current knowledge about pros-
tate cancer, it may be reasonable for Medicare to con-
KEY FINDINGS sider reimbursement of the screening test. Reim-
The Office of Technology Assessment (OTA) con- bursement could be seen as ensuring that
cludes that research has not yet been completed to de- out-of-pocket screening expenses (however small) not

The literature review and quantitative analyses discussed in this background paper are drawn from a paper prepared under contract for OTA (27). OTA’s analysis
also benefited from another contract paper that reviewed the epidemiology of prostate cancerin the United States (277), and a third contract paper that provided
the estimates of resources used and costs associated with prostate cancer screening and treatment for Medicare-age men in the United States (121). However, the
conclusions and, in some cases, the analysis are solely those of OTA and do not represent those of the authors of these contract papers.

Chapter 1 is a summary of the detailed literature reviews and quantitative analyses that follow in the subsequent chapters. References to support statements in
this chapter are noted in the relevant sections of the chapters. The structure of this chapter closely parallels the organization of the remainder of the document.
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impede well-informed discussion and decisionmak- ment. Indeed, evidence shows that patients with cancers
ing between physician and patientSuch a Medicare discovered by screening tend to do well. Furthermore,
screening benefit could be unrestricted as are similamost men who have a positive PSA test followed by sur-
benefits for cervical and breast cancer screening. Howgery that reveals the cancer has not yet spread beyond the
ever, an unrestricted, permanent benefit might implyrostate gland strongly believe that early detection and
that science actually has established the benefit of eartyeatment have saved their lives. One of the factors that
detection. An alternative would be to offer screening ormay act to strengthen this belief is the fairly large num-
a temporary basis subject to reconsideration as evidenger of men who become impotent or incontinent as a re-
from clinical trials about the effectiveness of screeningsult of surgery. The belief that surgery was necessary to
and treatment becomes available. Such a benefit coulgloid a fatal illness could be an important means of ac-
also be coupled with efforts by the federal governmengepting these troublesome symptoms.
to involve as many patients as possible in effectiveness However, it is not clear that these outcomes are the
research and to ensure patients and physicians are wgdlsult of screening and subsequent treatment. Good out-
informed about potential benefits and risks of treatingdcomes may reflect the fact that screening advances the
cancers discovered by screening. point of diagnosis, without changing the destined course
The technical analysis in this background papebf the cancer (lead-time bias); or that screening may
shows that in terms of the expected cost per life-yeagreferentially find slower-growing cancers already des-
saved, prostate cancer screening could indeed be as cG§led to do well (length bias). Because of these biases,

effective as other disease screening services already CQ¥%rly diagnosis wouldppearto improve survival, even
ered by Medicare. However, this conclusion is extremes (raatment were worthless (or harmful).

ly sensitive to assumptions about: 1) the effectiveness of These problems are compounded by the fact that in

treating prostate cancer, and 2) the rate at which ur?T]ost cases, prostate cancer is a slow-growing disease.
treated cancers spread to other parts of the body and ul&'/l_ost men whose localized prostate cancers are discov-

mately cause death. Relatively small changes in theseered by screening might never suffer any effects of their

assumptions make the same prostate cancer screenin% . .
disease, ultimately dying from some other cause. Hence,

benefit appear very expensive without any health bene- , | . -

i ) even if treatment is ultimately proven to be beneficial for

fit, and the true values for these assumptions are un- . . . .
} L .men with very aggressive localized prostate cancers, it

known to medical scientists due to the lack of appropri- _ _

would still be unnecessary for most. The dilemma for po-

ate research noted above. As also indicated above, . . ]
. . __licymakers arises from the fact that current diagnostic
treatment of detected cancers would result in complica-

tions including death, substantial rates of impotence angeasures are not sufficient to deternaniori and pre-
cisely which cancers are likely to cause harm. Were there

incontinence, and heart disease.
no risks or costs associated with treatment, it might more

Why Might Screening Not Be Beneficial? clearly make sense to treat all cancers found. However,
Intuitively, one would expect that early detection ef-in light of these treatment risks and the current uncertain-
forts should find more prostate cancers before they hawy about treatment benefit, the decision about screening
spread outside of the prostate gland, which should in turand any subsequent treatment must currently rest with

lead to more prostate cancer cures with aggressive tredhe patient in consultation with his physician. As our un
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derstanding of this disease and of our ability to intervenémes of two years or more. The future course of prostate
in it grows, science will be able to provide more defini-cancer is predicted by tumor grade (the extent to which

tive guidance to both clinical and policy decisions. cancerous cells are different from normal cells) and
stage (extent of cancer spread); patient age does not
PROSTATE CANCER IN OLDER MEN seem to influence the rate at which tumors spread and be-

Screening Recommendations come life-threatening. Determining the stage of prostate
While the American Cancer Society (ACS) and thecancer without surgery is unreliaBi@nce prostate can-

. , i . __cer spreads to bones or other organs, hormonal treat-
American Urological Association recommend adding P 9

PSA to annual digital rectal examination for early detec™ ents can only achieve temporary remissions often

tion of prostate cancer, the U.S. Preventive Servicersneasured in montffs.

Task Force and Canadian Task Force on the Periodic Those most at risk for prostate cancer are African

Health Examination, citing lack of evidence of beneﬁtAmencan men and men with a family history of prostate

from controlled studies, do ndtAll of these groups cancer. Recently, prior vasectomy and a high-fat diet

agree that research has yet to document that on a popuﬁ]a?-ve been proposed as possible additional risk factors.

tion-wide basis, PSA testing reduces the risk of dyingIn addition, the probability of harboring an asymptomat-

: . IC prostate cancer increases as men age: about 22 percent
from prostate cancer. The differences in recommenda-

tions reflect different philosophies about whether clini-Of men in their 60s and 39 percent of men in their 70s.

cal medicine and public policy should encourage the usléor those cancers greater than 0.5 mL in volume (which

of potentially beneficial, but unproven, cancer preven-are more likely to cause future problems), the age-spe-

tion strategies before controlled studies definitively es-CIfIC probabilities of having prostate cancer are about 9

tablish that they do more good than harm. and 15 percent, respectively.

Prostate Cancer Biology and Risk Factors TECHNOLOGIES TO DETECT
The prostate is a golf-ball-sized gland that helpPROSTATE CANCER

produce semen, the fluid ejaculated with sperm. It is DRE and PSA are both feasible tests for early detec-
found below the bladder and surrounds the urethréion of prostate cancer. Transrectal ultrasound (TRUS)
through which urine passes as it is voided. Most earhand transrectal needle biopsy (TRNB) are followup tests
prostate cancers seem to be slow-growing, with doublingsed to further investigate suspicious results on DRE or

2The National Cancer Institute (NCI) previously recommended that men over age 50 receive a digital rectal examination, but not a prostate-specific antigen test.
Recently, however, NCI has decided not to make any recommendations concerning cancer screening, deferring instead to the evidence-based policy guideline
development processes used by the U.S. Preventive Services Task Force and the U.S. Agency for Health Care Policy and Research (AHCPR). AHCPR has not issued
any guidelines concerning prostate cancer screening. NCl does summarize evidence on prostate screening effectiveness in its Physicians Data Query (PDQ) data-
base, noting the existence of only one, negative case-control study of DRE and the lack of evidence from well-controlled research concerning the use of PSA for
early detection (199). The College of American Pathologists recommends that PSA not be used for screening among the general asymptomatic male population,
reserving its use in cases where prostate cancer is suspected (200).The American Association of Family Physicians and American Society of Preventive Oncologists
currently have no guidelines or recommendations concerning prostate cancer screening (31, 43). The College of American Physiciansis currently developing such
guidelines (26).

3Many cancers felt to be confined to the prostate preoperatively will be found to have already spread through the prostate capsule once surgery is performed.

4However, a significant minority (about 15 percent) of men with advanced prostate cancer have long-term survival measured in years (199).
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PSA. The true false-negative rate$ DRE and PSA are ter (ng/mL) of blood are often considered abnormal.
unknown, because studies have generally not detefvailable data suggest that a PSA elevation from 4.1 to
mined what proportion of men with nonsuspicious DRE10.0 nanograms per milliliter (ng/mL) of blood raises the
and PSA results in fact harbor cancer. likelihood that a man harbors an intracapsular prostate
cancer one and one-half to threefold above the average
risk for men his age. Methods to improve the ability of

) L PSA to discriminate between men with and without can-
less likely to detect small and probably insignificant can- o . )

. ) cer are under active investigation; at present, there is no
cers than PSA, but it is more likely to detect cancers that i ,

i consensus on an optimal method. PSA does a particular-

have already spread beyond the prostate. Available data ) . ) ) )
o . ) o I%/ poor job at separating men with benign prostatic hy-
indicate that a suspicious DRE raises the likelihood tha . ) )
perplasia (BPH), a common nonfatal disease of aging,

a patient has intracapsular (and possibly curable) pro?fom men with intracapsular, possibly curable prostate

tate cancer 1 1/2- to 2-fold above the average risk faced
cancer.

by men of the same age. In a recent large study, DRE was

suspicious in 15 percent of male volunteers over age 5(&20mbined DRE and PSA Screening
and 21 percent of men with a suspicious DRE had pros-

Digital Rectal Examinations
Among older men, digital rectal examinations are

) i What is gained by doing both DRE and PSA rather
tate cancer at biopsy. However, these high percentages . oo .
L than just DRE? Research indicates that by adding PSA
were dependent upon a low threshold for considering the ) . .
~testing to DRE in a one-time screening program, and by
DRE abnormal, and upon the performance of multiple ) ) ) :
adopting an aggressive strategy of systematic prostatic

o biopsies for suspicious results on either test, prostate
about half the cancers found by TRNB in this study were .

i cancers can be found in about 4.2 percent of men age 65
found elsewhere in the prostate than the palpably suspj- )

(as opposed to about 2.4 percent with DRE alone), at a
cost of performing multiple biopsies in 19 percent. At
Prostate-Specific Antigen age 75, cancer would be found in about 7.2 percent of

The prostate-specific antigen is a protein producednen (as opposed to 3.5 percent with DRE alone), with
by prostate tissue and measurable in blood. It can be el27 percent of men requiring biopsy. Some of the cancers
vated in men both with and without prostate cancer, anthat are found in screening programs are discovered be-
the level at which a PSA measurement should be considause of the high percentage of men who undergo multi-

ered suspicious is controversial. On the two most comple systematic biopsies, rather than because of the dis-

biopsies on volunteers with a suspicious DRE. In fact

cious ared.

monly used assays, levels above 4 nanograms per millilcriminating capacity of the tests themselves.

5The false-negative rate is the probability that someone with a negative screening test actually has prostate cancer. See box 3-1 for fuller description of concepts
used to describe the accuracy of screening technologies.

6Given the inaccuracies of DRE (and PSA) along with these results, screening may behave something like a lottery in determining who receives the more accurate
detection technology, TRNB.

7Alternatively, some experts recommend age-specific reference ranges, which take into account the rise in PSA levels seen with aging. For example, one study
suggests a PSA should be considered abnormal if it is above 4.5 ng/mL for men in their 60s or 6.5 ng/mL for men in their 70s.
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Followup Testing Controversy about treatment effectiveness exists

TRUS is not accurate enough to serve as a primaryecause of a lack of well-controlled studies comparing
screening test. TRNB is the test usually used to confirfhe main strategies for managing localized prostate can-
whether cancer is present, and TRUS is often used ®&£!- To date, the only completed studies are based on ob-
help direct where tissue samples are taken during biopsyervational studies. To the extent that any of these studies
Many experts now recommend that patients with a suspfihow that patients receiving a particular treatment op-
cious DRE or PSA undergo multiple (four to six) prostat-tion do better than those receiving another treatment,
ic biopsies (usually done in a single session). TRNB i€ne cannot definitively conclude that the observed result

uncomfortable and has a low but finite risk of bleedingvas due only to treatment and not due to other differ-
and infection. ences between the patient groups.

Determining Cancer Stage

THE EFFECTIVENESS OF TREATMENT Before men begin treatment for a prostate cancer

For the early detection of prostate cancer to improvejiscovered by DRE or PSA, they would often undergo
outcomes, treatment for cancers found at screenin§ome staging tests to help determine the best treatment
needs to be effective. In other words, knowledge of thgtrategy. Patients with cancers that have already spread
presence of cancer will not save any lives unless treatingutside the capsule of the prostate gland, and particularly
those cancers makes a difference. There is consideraligncers that have spread to lymph nodes in the pelvic
controversy regarding optimal treatment for cancer thagrea or to bones are much less likely to be helped by
does not appear to have spread beyond the prostaiggressive treatments with curative intent. Computer-
gland. Urologists generally argue that radical prostatecGzed tomography (CT) or magnetic resonance imaging
tomy, a procedure to remove the entire prostate gland, révRI) scans and surgical examination of pelvic lymph
sults in the best outcomes for these men. As a result, ratgrinds, commonly employed to determine if the cancer
of this procedure have risen dramatically in recent yearshas spread, are not particularly accurate for this purpose.
in response to the precipitous increase in diagnosis ¢fs a result, even if a CT or MRI scan suggests spread,
early prostate cancer. However, expectant managemegiinicians often proceed to treatment out of fear of with-
(also called “watchful waiting”), in which the clinician holding a potential cure. Despite some substantial mis-
treats symptoms and complications without attempting|assification rates, recent mathematical models de-

a cure, and radiation therapy are two other commonl¥jgned to predict cancer spread suggest clinicians could
used treatment strategies. Prostate cancer managemest some staging tests more sparifigly.

tends to be more conservative in Western European

countries than in the United States. No trial that show&Xpectant Management

which of the various treatment strategies saves the most Expectant management is a strategy of reserving
lives (if any) has yet been completed. treatment for symptoms or complications related to

8For example, some patients with prostate cancers discovered by screening have a low enough risk of metastasis that they do not need bone scans or surgical
removal of their pelvic lymph glands before proceeding with curative treatment.
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prostate cancer, without necessarily attempting a cure. ftot been well studied. The medical literature suggests
is commonly used in Western Europe, and until recentlyyworse outcomes for patients with localized prostate can-
for many men with cancers found incidentally duringcer treated with radiotherapy compared with these other
surgery for BPH. Men treated expectantly risk developiwo strategies, but results are confounded by radiothera-
ing symptoms due to local progression of their cancepy series including more older patients whose tumors
(such as bladder outflow obstruction) or from spread ohave less favorable prognostic characteristics. While
the prostate cancer to other parts of the body (which mayrologists have raised concerns about the high propor-
lead to death.The prognosis for men with clinically lo- tion of patients treated with radiotherapy having subse-
calized prostate cancer depends on the aggressivenes$lBgntly positive biopsies for cancer or rising PSA levels
the cancer, particularly its grade. A recent synthesis dpost-treatment, selected series suggest very good out-
data from several studies of expectant management sugR™Mes in terms of rate of future metastatic disease and

gests a 10-year cancer-specific death rate of 13 percefRNCer death. Although radiation therapy is more likely

for men with well and moderately differentiated prostatet0 result in bowel injury than is radical prostatectomy,

cancer (the most common types found by early detectio
with DRE and PSA) compared with a 66 percent deatN‘"th prostatectomy.
rate for men with poorly differentiated cancé?s.

ﬂther side effects are less common than those associated

Radical Prostatectomy

Radiation Therapy Radical prostatectomy entails removing the entire
Radiation therapy for prostate cancer, most comprostate with its fascial coverings and the seminal vesi-
monly delivered as external beam x-irradiation, at-cles. More aggressive early detection efforts for prostate
tempts to deliver a maximal dose of radiation to the tucancer in recent years have been accompanied by precip-
mor while minimizing the side effects from exposure toitous rises in population-based rates of radical prostatec-
other, nearby radiation-sensitive tissues. Patients usualtpmy. Recent modifications in surgical technique, result-
receive five weekday treatments over six or seven weeksg in an *“anatomic” radical prostatectomy, have
(i.e. 30 to 35 treatments total). Although much recent litteduced the risk of surgical complications in some cen-
erature has focused on surgical treatment of prostate caters. While some men with prostate cancer treated surgi-
cer (radical prostatectomy), as late as 1990 radiotheramally have done extremely well, the benefit of radical
was the most common treatment administered for evengrostatectomy is unclear; only one controlled study has
stage of prostate cancer in the United Sthkes. compared its outcomes against other treatment strate-
The comparative effectiveness of radiotherapy vergies. This single randomized trial, which showed no dif-
sus radical prostatectomy or expectant management héerence in mortality between radical prostatectomy and

90bstructions of the bladder or urinary tract may require surgery, and distant spread of the canceris usually treated with hormonal therapy ("androgen deprivation”).

10The data did not stratify men by age, but the estimates do adjust for other potential causes of death that do vary by age. The mean age in the sample was 70.
Age was not predictive of cancer-specific survival in this study.

11Recent data suggest that this trend reversed in 1991 with radical prostatectomy become the more common treatment strategy.
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expectant management, was too small to detect a clinfhan harm, this analysis used a quantitative decision
cally important benefit from surgery, if it really existed. model to estimate risks, benefits, and costs of an early
The risks of radical prostatectomy include operativedetection program under different sets of assumptions.
death, perioperative medical complications, inconti-lt examined the implications of aitlustrative, one-
nence, impotence, and urethral stricture formation. In #ime screening programfor three cohorts of 100,000
recent survey of a random sample of all Medicare pamen, ages 65, 70, and 75, respectively.
tients who underwent this procedure in the United States Realistically, a Medicare benefit would most likely
between 1988 and 1990, 31 percent of men were wearirgpver periodic screening, for example, a DRE and PSA
pads to help deal with wetness, 60 percent reported revery year as the ACS currently recommends, or every
full or partial erections since the surgery, and 20 perceriwvo or three years as Medicare currently does for breast
indicated they had been treated for a stricture. The attritRnd cervical cancer screening respectively. Understand-
utablé'2 30-day postsurgical death rate was 0.6 percenting the true effects of an actual Medicare benefit would
also require accounting for the fact that some men would
Followup Treatment have already received screening before their 65th birth-
Men whose initial cancer has spread to other partgay. However, as this analysis demonstrates, current un-
of the body, or men who are found to have cancer that hagrstanding does not allow a definitive assessment of the
spread postoperatively can be treated with hormonajost-effectiveness of even a one-time benefit with its rel-
(androgen deprivatidr) therapy. After initial treatment  atively simplified set of assumptions, much less a more
by radical prostatectomy, clinicians also often considetomplex, but realistic periodic benefit. The uncertainty
adjuvant radiation or androgen deprivation therapy fokconcerning treatment effectiveness and the true rate at
men considered at higher risk of harboring residual canwhich smaller cancers eventually spread and cause death
cer. Cancers that have spread to other parts of the bodyerwhelm other assumptions in the model.
tend to be responsive initially to hormonal treatment, but
then become unresponsive (“refractory”). There are ndlodeling an lllustrative Screening Benefit
data from well-controlled studies that indicate that any =~ The model employs a guantitative tool known as a

adjuvant therapies improve survival. Markov proces¥ to calculate what happens to men in
each of the three age groups examined once they are

BENEFITS, RISKS, AND COSTS screened for prostate cancer. It initially incorporates

OF SCREENING many assumptions favorable to early detection and treat-

In the absence of controlled studies documentingnent, including: 1) relatively high metastatic rates (that
that early detection of prostate cancer does more goqaredict a higher-than-actually-observed lifetime proba-

127he “attributable” death rate is the total death rate minus deaths that would have been expected to occur during the 30 days even if patients had not received
surgery.

13Clinicians can accomplish androgen deprivation through drugs or by orchiectomy (surgical removal of the testes).

l4Chapter 5 provides more detail about the model and Markov processes.
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bility of prostate cancer death in the cohotsind 2)  cohort, and 1,415 life-years in the 75-year-old colort.
a 100-percent cure rate by surgery for cancers that havée benefits diminish considerably as the assumption of
not spread beyond the prostate (resulting in overall cuneelatively high rates of metastasis and treatment effec-
rates of 97, 70, and 56 percent for all well-, moderatelytiveness are relaxed.
and poorly differentiated cancers respectively). The
analysis estimates the impacts of a one-time screenirfgost-Effectiveness
program under these assumptions, and then examines The analysis also estimates the cost-effectiveness of
how relaxing the favorable assumptions about treatmenhis illustrative, one-time DRE/PSA screening benefit.
efficacy changes the results. Adopting a Medicare perspective to estimate costs
associated with screening and subsequent treatment, the
Health Effects of Screening model incorporates charges for physician services using
Using the baseline assumptions, the model predictthe 1992 Medicare fee schedule and appropriate diagno-
a very favorable mix of potentially curable cancerssis related group (DRG) reimbursements for hospital ser-
would be discovered by early detection efforts with DREvices. The analysis discounts both future costs and health
and PSA. A large number of prostate biopsies would bbeenefits at 5 percent annually.
performed as a result of this program; a much higher pro- The costs per year of life saved with the favorable
portion of patients would require further invasive evalu-assumptions (compared to doing no screening at all) was
ation as a result of their initial testing than for other com-competitive with other commonly-used early detection
monly used cancer screening strategies, such as guaimaneuvers ranging from $14,200 per year of life saved
testing for colorectal cancer or mammography for breasit age 65 to $51,290 per year of life saved at age 75.
cancer. The proportion of men screened who undergblowever, these results are extremely sensitive to the as-
biopsy would range from 19 percent at age 65 to 27 pesumptions made about the effectiveness of treatment and
cent at age 75. Treating cases of clinically localizedhe rate at which intracapsular cancers spread and cause
prostate cancer with radical prostatectomy would rendedeath. Reducing the estimates of future risk of metasta-
about 300 out of every 100,000 meereenednconti-  ses modestly to levels found elsewhere in the published
nent, about 1,400 to 1,600 out of every 100,000 meliterature and assuming treatment cures only half of all
screenedmpotent, and an additional 400 to 500 out ev-intracapsular cancers greater than 0.5 mL in volume sub-
ery 100,000 both incontinent and impotent. Aboutstantially raises the estimated costs per year of life saved,;
another 20 out of every 100,000 screenees would diender these assumptions, these estimates would range
from biopsy or treatment complications. from $94,458 at age 65 to $506,909 at age 75.
However, at the same time, early detection might  As indicated earlier, current scientific evidence is
save as many as 4,353 life-years in the 65-year-old carsufficient to know the true risk of metastasis or wheth-
hort of 100,000 men, 2,774 life-years in the 70-year-olcer treatment actually enhances survival, and hence,

157his includes making the assumption that metastatic rates for intracapsular (and possibly curable) cancers were as high as metastatic rates for cancers that have
spread outside the prostate.

16These results do not discount future health benefits or adjust for quality of life.
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whether or not prostate screening (even under the simpliandomized trials of adequate size to address this issue.
fied assumptions needed to analyze a one-time progranjials comparing expectant management versus aggres-
is similar to other early detection programs for Medicaresive treatment with radical prostatectomy or radiation
in its cost per life-year saved, or substantially more extherapy for men with known clinically localized prostate
pensive. Regardless of whether screening and subseancer are underway or about to start in Scandinavia, the
guent treatment extend life and regardless of the cost @fnited Kingdom, and the United States. Trials compar-
any such health benefit, it is certain that populationing intensive screening with DRE and PSA versus no
based screening would subject men to the risks of impascreening or “usual care” are being initiated in both Eu-
tence, incontinence, and other health problems causedpe and the United States. Unfortunately, from the per-

by screening and treatment. spective of policymakers, the relatively indolent nature
of many prostate cancers means that 10 to 15 years may

RESEARCH TO RESOLVE be required to see enough prostate cancer deaths among

UNCERTAINTIES men in these studies to obtain adequate comparisons of

Very little data from controlled studies are availablethe strategies being tested.

to determine whether the benefits of early detection and ~ 1his analysis of the estimated risks, benefits, and
treatment of prostate cancer outweigh the risks. On€OStS of early detection of prostate cancer highlights the
case-control study suggested that digital rectal exams d§'certainty surrounding this topic. Any decision in the
not reduce the risk of developing late-stage prostate caflortterm about whether Medicare should cover (and,
cer. And one trial of inadequate size showed no differN€NCe, encourage) prostate cancer screening must weigh
ence in the survival of men treated with expectant marthe resources required and the known complications that
agement versus radical prostatectomy. HoweveMill result from screening and treatment against an un-

researchers are now initiating a number of well-designegertain health benefit.



Prostate Cancer in Older Men

rostate cancer is a major health problem insimple clinical procedure calledigital rectal examina-

the United States. In 1995, 244,000 newtion (DRE) and a blood test callpdbstate-specific anti-

cases (up 44,000 from 1994) of prostate cangen (PSA) measurement would seem to be a common-

cer and 40,400 deaths (up 2,400 from 1994)5ense strategy for reducing the morbidity and mortality

due to this disease are expected among afrom prostate cancer in the United States. This back-
American men (199). However, most cases of prostatground paper examines the validity of this conclusion.
cancer and deaths from the disease occur in older mehhis chapter gives an overview of the rationale for
Of the 32,378 U.S. prostate cancer deaths observed §¢reening and provides background on the nature of
1990, 12,423 (38 percent) occurred in men ages 55 to Fgostate cancer. Chapter 3 discusses technologies for the
and 19,622 (61 percent) in men ages 75 and above. S&ereening and diagnosis of prostate cancer, and chapter
table 2-1 for a comparison of the number of prostate carf: reviews evidence on the effectiveness of treating the
cer deaths with other causes of death for older men (40isease. Chapter 5 presents some illustrative analyses of
The lifelong probability of dying of prostate cancer for the potential costs and effectiveness of a one-time pros-
men in the United States is 2.5 to 3 percent (308, B14).tate cancer screening program and considers its implica-

Patients who are diagnosed because they repdtiens for a potential Medicare screening benefit.
symptoms (such as bone pain or difficulty urinating)
generally have cancer spread outside of the prosta@CREENING VERSUS DIAGNOSIS
gland, and are incurable. Although these patients may Before proceeding, it is useful to consider what is
initially show some improvement through treatment,meant by the ternscreeningand how it differs from
these responses often do not last, and followup treagliagnosis While screening is an attempt to identify a
ments have been disappointing (131). condition in the absence of symptoms, diagnosis is per-
Given this burden of illness and the difficulty in formed in response to a patient’'s symptoms. This distinc-

treating symptomatic disease, early detection using #on has important public policy implications since the

1By comparison, in 1985 the lifelong probability of dying of other cancers were: 3.37 percent for breast cancer (among women), 0.96 percent for uterine cancer
(among women), 2.8 percent for colorectal cancer, and 5.42 percent for lung cancer (308, 345).



@ CosTs AND EFFECTIVENESS OF PROSTATE CANCER SCREENING IN ELDERLY MEN

TABLE 2-1: NUMBERS OF DEATHS BY LEADING CAUSES, U.S. MEN AGES 55 TO 74 AND 75+, 1990

Ages 55to 74 Ages 75+

All causes 430,713 All causes 447,303
Heart disease 152,323 Heart disease 173,558
Cancer (other than prostate) 129,364 Cancer (other than prostate) 75,117
Chronic obstructive lung disease 21,964 Cerebrovascular disease 33,594
Cerebrovascular disease 18,602 Chronic obstructive lung disease 25,580
Prostate cancer 12,423 Pneumonia, influenza 24,897
Prostate cancer 19,622

Source: Office of Technology Assessment, 1995. Data from C.C. Boring, T.S. Squires, Tong, T., et al. “Cancer Statistics, 1994,” CA-A Cancer Journal for Clinicians
(44):7-26, 1994.

federal Medicare program that provides health insuranceften localized to the prostatic capsule than would be the
to almost all Americans over age 65 pays for outpatientase among men presenting with symptoms. Therefore,
diagnosis, but it only pays for limited types of diseasat is tempting to conclude that screening for prostate can-
screening. Currently, prostate cancer screening is nager will result in the curative treatment of pre-symptom-

among the services covered by Medicare. In this bakatic cancers destined to cause future morbidity and
ground paper, the use of prostate cancer detectiomortality, reducing the burden of illness among older

technologies in mass screening programs as well as igen (95, 295). However, this hypothesis has not yet been
clinicians in their offices are considered together as “earested in well-controlled scientific research and, despite

ly detection.2 its attractiveness, might not be correct.

Why might screening fail to result in reducing pros-
RATIONALE FOR EARLY DETECTION tate cancer mortality and morbidity? These potential
AND TREATMENT problems are both general to screening for any cancer,

Theoretically, surgical removal of the entire pros-and relatively specific to prostate cancer. Data from un-
tate (radical prostatectomy) or radiation therapy (curacontrolled screening studies that report the probability of
tive radiotherapy) should cure prostate cancer that idetected cancers progressing to more serious stages
confined within the prostate capsule. The survival prob{stage shift data) do not necessarily predict long-term re-
abilities for patients with early-stage prostate cancer arductions in cancer mortality. This is because le&d-
clearly and dramatically better than for patients withtime bias,” the phenomenon of a screening test finding
late-stage disease, such as is commonly seen in the aancers earlier in their courses without changing their ul-
sence of screening. Screening tests are currently avatimate outcomes, and becauselehfjth bias” in which
able that result in the detection of disease that is mora test may preferentially find low-risk, slow-growing

2some experts have suggested that, since many men over age 50 have at least some lower urinary tract voiding symptoms, most office-based DREs and PSA tests are
done fordiagnosis, rather than case finding (361). However, despite traditional wisdom to the contrary, recent screening studies have not suggested thatlower urinary
tractsymptomatology consistent with benign prostatic hyperplasia (prostatism) confers a higherrisk for prostate cancer (72, 235). If symptoms of prostatism are indeed
unrelated to the presence or absence of prostate cancer, looking for cancers in these men would be considered part of early detection as well.
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cancers (81, 136). As described by Sackett and CORFABLE 2-2: LIFE EXPECTANCY FOR U.S. MEN BY AGE
leagues (292), on the basis of stage shift data, *“...earf)\D RACE (Years)
diagnosis will always appear to improve survival, even

when therapy is worthless!”

Life expectancy

African American

Prostate cancer screening, in particular, presentgge White men men
some additional conceptual challenges. Prostate cancerg 6.7 o5
are commonly discovered by chance at autopsy and durss 2255 19.0
ing a surgical procedure callédinsrectal resection of & i; 122
the prostatd TURP) performed for symptoms of a com- 121 107
mon, noncancerous enlargement of the prostate, benigm® 9.4 8.6
prostatic hyperplasia (BPH). Many of these cancerszg Z_); g:g

would never have caused any symptoms, and would net
- . - - URCE: U.S. Bureau of the Census, Statistical Abstract of the United States:
place the patlent at Increased fUtU re ”Sk Of more Serlouisgs, 113th Ed.,) (Washington, DC: U.S. Government Printing Office, 1993).

cancer. Advocates of screening believe that the screen-

ing tests currently available for prostate cancer cannot .
9 y P nence, and a small chance of surgical death, must be

generally detect these small, harmless cancers (12, 29E;:'/?/-éighed against evidence of reductions in mortality to
however, aggressive strategies of performing SyStemaﬁr%ake screening worthwhile.
biopsies of the prostate following suspicious screening
tests will increase their detection (338).

The true, untreated, natural history of cancers disSPECIAL ISSUES IN SCREENING
covered by screening (i.e., whether they would uItimateMEDK:ARE'AGE MEN
ly cause any harm to the patient) is unknown. Because This report focuses on screening Medicare-age
many prostate cancers grow relatively slowly, the truénen, 65 and older. Because prostate cancer prevalence
benefit of treating cancers detected by screening remaid mortality increases substantially with age, Medicare
unknown. The fact that many prostate cancers, evebeneficiaries would appear especially likely to benefit
those detected by screening, have already spredtPm screening (assuming treatment works). However,
through the prostate capsule, further dilute any benefthese men also have a higher risk of dying from medical
of screening. Furthermore, according to one theoryproblems other than prostate cancer, and they have fewer
drawn from observations of breast cancer (and untesteggars of life expectancy during which to reap the poten-
for prostate cancer), prostate cancers destined to cauka! benefits of screening (see table 2-2). Furthermore,
mortality may actually spread outside the prostate earlgpome of the risks of aggressive prostate cancer treatment
on, even when they appear to be confined to the prostaadso increase with age, making these men pay a higher
upon examination of tissue removed in a prostatectomiprice” for any expected benefit of screening. The diffi-
(17, 240). And finally, aggressive curative treatment ofculty of current screening technology in distinguishing
prostate cancer carries risk itself; these risks, which inbetween potentially curable prostate cancer and the non-
clude post-operative heart disease, impotence, incontéancerous condition BPH, whose prevalence increases
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with age, also reduces the value of screediRmally, The 1993 U.S. Preventive Services Task Force up-
older men are also at higher risk of harboring large candate (352) and the 1991 Canadian Task Force on the Peri-
cers and cancers with a poor prognosis that have alreaddic Health Examination (57) found evidence insuffi-

spread outside the prostate (233). cient to recommend for or against DRE, and fair
evidence to exclude PSA, from the periodic health ex-

CONFLICTING GUIDELINES amination. The College of American Pathologists rec-

ON EARLY DETECTION ommends that PSA not be used for screening among the

At present, the American Cancer Society (ACS) andJeneral asymptomatic male population, reserving its use
the American Urological Association (AUA) recom- for cases where prostate cancer is suspected (200).
mend DRE and PSA determinations to evaluate the pros- The National Cancer Institute (NCI) used to recom-
tate gland for cancer starting at age 50 (age 40 for mgnend that men over age 50 receive a DRE, but not a PSA
at increased risk), although ACS acknowledges that, “retest. Recently, however, NCI has decided not to make
duction in mortality from screening has not yet been docany recommendations concerning cancer screening, def-
umented” (11, 237). ACS recommends annual exams. I@rring instead to the evidence-based policy guideline de-
addition, the American Medical Association (AMA) velopment processes used by the U.S. Preventive Ser-
recommends that PSA should be covered every thredces Task Force and the U.S. Agency for Health Care
years for men over age 50 as part of standard insuran&®licy and Research (AHCPR) (199).
benefits package (10).

ACS and AUA do not specify a definite “stopping Réasons for Conflicting Recommendations
age” for screening, although ACS recommendation ac- In the absence of well-controlled studies that estab-
knowledges that, “generally, men with a life expectancylish the risks and benefits of screening for prostate can-
of at least ten years after detection may benefit from excer, or even large, controlled trials that document the
amination.” These guidelines, which were adopted aftebenefit of aggressive curative treatment for cancer that
the introduction of PSA into usual urologic practice, arehas not spread beyond the prostate, it is possible to inter-
consistent with recent published reviews that suggegiret the nonexperimental data that do exist to support
physicians reserve early detection and aggressive treany of these guidelines. However, differences in per-
ment for men with a life expectancy of more than terspectives among policymakers, clinicians, and patients
years (50, 204); in the United States, for men with averalso contribute to the current controversy about prostate
age comorbidity, this threshold would come at about ageancer screening. For example, Adami and colleagues
73. AMA recommends coverage of PSA testing up(2) recently concluded that, given the possibility that
through age 70 (10). early detection of prostate cancer does more harm than

3 According to one estimate, BPH is found in 40 percent of men over age 60 (133).

4 NCI does summarize evidence on prostate screening effectiveness in its Physicians Data Query (PDQ) database, noting the existence of only one, negative case-
control study of DRE and the lack of evidence from well-controlled research concerning the use of PSA for early detection (199). AHCPR has notissued any guidelines
concerning prostate cancer screening. The American Association of Family Physicians and American Society of Preventive Oncologists currently have no guidelines
or recommendations concerning prostate cancer screening (31, 43). The College of American Physicians is currently developing such guidelines (26).
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good, even a randomized trial of screening for prostat FIGURE 2-1: CROSS-SECTIONAL ILLUSTRATION
cancer might be unethical OF NORMAL MALE PELVIC REGION

From a policy perspective, some experts emphasize

an ethical imperative to avoid the harms of early detec- Bladder
tion efforts in general, and mass screening in particular,
unless there is definitive proof of a net benefit from clini-
cal trials (34, 80, 167, 302, 322). Others emphasize the
need to do everything possible to lower the risk of cancer
until the results of those studies are available (12, 13, 68,
131, 217, 258). Sackett (291) has referred to the protago-
nists represented in these basic ideological disputes as
either advocates of the scientific method ("snails”), or
advocates of screening (“evangelists”). The former per- Spine - Rectum
spective is incorporated into sets of criteria used by

many groups for determining the net benefit of preven-
tive maneuvers in general and cancer screening in partif:ciURCE: e American Frostate society. Ine
ular, including the Canadian Task Force on the Periodic

Health Examination (56), the U.S. Preventive Services

Task Force (351), and the World Health Organizationdetecuon’ none of the guidelines described above direct-

Iry took these costs into account.

Prostate

Urethra

Testicle

(368). No matter what expert groups recommend fo
populations, on the level of individual patients and clini-
cians, differences of opinion and variations in actuaBASIC BIOLOGY OF
practice will exist (219, 238, 247). PROSTATE CANCER

The rapid increase in medical care costs in recent The prostate is a golf-ball-sized gland whose prima-
years has placed greater scrutiny on the effectiveness of function is the manufacture of semen, the fluid ejacu-
medical interventions. In the past, medical interventiongated with sperm. It is found below a man’s bladder and
that seemed conceptually sound were often administeresiirrounds the urethra through which urine passes on its
until clinical trials proved they did not work (111). More way from the bladder (see figure 2-1). Prostatic carcino-
recently, the burden of proof for some interventions hasna (prostate cancer) is a relatively slow-growing malig-
begun to shift to those who want to use the treatmentancy, with the potential for spread related to both vol-
suggesting that these interventions be withheld untibme of the tumor and degree of cell differentiation (the
clinical trials establish that they work (112). Although extent to which the cancerous cells are different from the
recommendations may also vary depending on whetherormal cells from which they arosgjyhich themselves
they consider the health care costs associated with eardye related.

5 The greater the differentiation, the less likely it is to spread and the better the prognosis for the patient.
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In careful studies of autopsy material, McNeal and  The two predominant staging systems for prostate
colleagues have documented that tumors less tharancer are the Whitmore (A-D) system and the Tumor-
approximately 0.5 mL are commonly found among oldemNode-Metastasis (TNM) system (245)able 2-3 de-
men, and are rarely associated with penetration of thscribes the two predominant systems. Although increas-
prostate capsule (called capsular penetration) (233)ng stages of prostate cancer generally indicate a poorer
Above 0.5 mL, penetration of the prostatic capsule beprognosis, different stages can behave similarly (i.e.,
gins to be seen, and overt metastases (spread of the c@tage T1b/A2 and T2/B1 (340)As will be discussed
cer) begin to be seen with tumors above 1 mL, and partidater, clinicians’ attempts to stage patients’ cancers are
ularly above 3 mL, along with more frequent capsulatunreliable, and many cancers thought to be localized to
penetration and invasion of the surrounding tissue. Oldehe prostate are found to be more advanced upon surgery.
patients have larger tumors, and larger tumors are moi@ addition, the grade of a tumor evaluated from a biopsy
likely to be less well differentiated. Clinically localized (a procedure for removing a small sample of tumor to de-
cancers are estimated to have a doubling time of tweermine if it is cancerous) may diverge from the grade de-
years or more (299, 325, 328). Based on epidemiologigrmined from an examination of the surgically removed
observations, Stamey and colleagues (328) doubt th@kostate (7). These phenomena make it difficult to
cancers less than 0.5 mL in volume are likely to causgompare the prognosis of prostate cancer patients staged
future morbidity and mortality given this long doubling and treated by different methods.
time; however, all large prostate cancers were undoubt-
edly small at some point.

Prostate cancers are described by tumor grade (thl:\éISK FACTORS FOR PROSTATE CANCER
extent of cell differentiation) and stage (how advanced
the cancer has become). In studies of the natural histoﬁ}'idence points to both genetics and environment as
of prostate cancer, grade and stage are used to predri}ﬁ\’ing roles (62, 85, 273, 310):
malignant behavior. The most common grading systent Age is the most important risk factor, with the inci-
is the Gleason score, which yields a sum of 2 to10 based dencé of both prostate cancer diagnosis and death in-
on the two most common patterns of cell differentiation creasing sharply with age (table 294).
in the tissue sample. Tumors assigned scores of 2 to 4 areFamily history is also a determinant of risk. Men with
considered “well differentiated”; 5 to 7, “moderately  one immediate relative with prostate cancer have a
differentiated”; and 8 to 10, “poorly differentiated.” twofold increased risk, which increases to roughly

The cause of prostate cancer is not known, although

6 Other variants of these systems have been proposed (41, 42, 146, 336).

7 In these descriptions of cancer stage, the notations before the slash (T1b and T2) refer to the TNM system, and the notations after the slash (A2 and B1) refer to the
Whitmore system.

8|ncidence refers to the number of new cases of a condition found in a population during a period of time. Itis distinguished from prevalence, which refers to the total
number of cases (discovered or undiscovered) of the condition in a population at a given point in time.

9 Even though prostate cancer risk rises with age, recent research has found small areas of prostate cancer in about 30 percent of men in their 30s and 40s (293).
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TABLE 2-3: STAGING SYSTEMS FOR PROSTATE CANCER

Clinical stage

Whitmore (A-D) TNM system?@

1. Clinically nonpalpable cancers

Definition

Incidental finding of cancer in < 5% resected (removed) tissue from TURP.

Incidental cancer finding > 5% resected tissue. Moderately or poorly
differentiated grade with < 5% resected tissue from TURP.P

Cancer detected by needle biopsy (e.g., following elevated PSA).

Involves one-half of one lobe of the prostate or less.
Involves more than one-half of one lobe, but not both lobes.

Ay Tia
Az Tip
Bo Tic
2. Palpable cancers apparently confined within prostate capsule
Bl Tza
By Tob
B2 Toc

3. Local extra-capsular penetration

Cy T3a-30
C, Tac
T4a—4b

4. Metastatic Disease
Nx
Dy Ny
N
N3

D, My
Mla
Mip
Mlc

Involves both lobes of gland but apparently confined (B,, but not T,. cancers
can be greater than 1.5 cm but still involve only one lobe).

Penetration of the prostate capsule palpable without evidence of invasion
of the seminal vesicles outside the prostate.

Palpable invasion of seminal vesicles. Invasion of the bladder neck, external
sphincter, rectum, or pelvic muscles.

Cannot assess; ho apparent nodal involvement.

Metastasis in a single lymph node 2 cm, metastasis single
nodes 2-5 cm, or multiple nodes (all >5 cm), metastasis in
node >5cm.

Distant metastasis.

Lymph nodes outside the region of the prostate.
Bone.

Other site(s).

a|n the “TNM” system, “T” refers to characteristics of the tumor, “N” refers to the extent cancerous cells are found in lymph nodes, and “M” refers to the extent of

metastasis (spread of the cancer).

bCriteria for cancer grade (well-, moderately-, or poorly-differentiated) and percentage of resected volume for defining stage A, varies across different studies.

KEY: PSA = prostate-specific antigen blood test.

TURP = Transurethral resection of the prostate, a procedure for treating benign prostatic hypertrophy (BPH), a noncancerous enlargement of the prostate, by

surgically removing parts of the gland.

Source: Office of Technology Assessment, 1995. Based on information presented in M.J. Barry, C.M. Coley, C. Fleming, et. al, “The Safety, Effectiveness, and Cost of
Early Detection and Treatment of Prostate Cancer Among Older Men: A Report to the Congressional Office of Technology Assessment,” OTA contract paper no.
K3-0546.0, Massachusetts General Hospital, Boston, MA, June 30, 1994.

fivefold with two affected family members (323, = African American men, who have generally been

332). A recently described hereditary clustering of unrepresented in voluntary prostate cancer screening
prostate cancer in families may be responsible for programs (104), have a 1.3 to 1.6 fold higher risk of
about 40 percent of cases in men under age 55 and 10 prostate cancer than do non-African-American men

percent of prostate cancer cases overall (59, 60).
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TABLE 2-4: AGE-SPECIFIC INCIDENCE AND MORTALITY
FROM PROSTATE CANCER FOR ALL U.S. MEN

THE PREVALENCE OF
PROSTATE CANCER

In order to analyze the potential impact of a screen-

Age Incidence per Deaths per . . . o

100,000 man-year 100,000 man-years ing program as is attempted in chapter 5, it is necessary
s0.54 i A to know the age-specific prevalence of latent prostate
55-50 105 14 cancer in the population. Table 2-5 presents estimates for
60-64 259 36 prostate cancer prevalence derived from a synthesis of
65-69 525 81 autopsy studies (24, 113, 128, 134, 159, 222, 293, 305)
70-74 799 157
75.79 1,024 268 together with McNeal's analysis of the volume of can-
80-84 1,186 437 cers found at autopsy (233). It presents estimates of the
85+ 1,182 662

Sourck: Office of Technology Assessment, 1995. Based on data from SEER,

1992.

probabilities of men age 65 and older falling into one of
the four following states of health: no cancer, cancers 0.5
mL or less in volume, cancers greater than 0.5 mL still

(21). In the 50 to 54 year age group, the risk is twofolonfined to the prostate, and cancers greater than 0.5 mL
higher (73). spread beyond the prostate capsule.

Research has shown a statistical association between APPendix A describes the methods used to derive

dietary fat, particularly animal fat from red meat table 2-5. These probabilities can only be considered es-

and prostate cancer (142, 286). Although fat may noimates because patients coming to autopsy may not be

directly cause prostate cancer, it may contribute indi_representatlve of the general population, and because

. . . scarce data exist describing distributions of autopsy can-
rectly by affecting certain hormone levels in men

(272) cers by host age, and tumor volume and extent. However,
' i L .autopsy studies were excluded from this analysis unless

Several studies have found a weak statistical associa- . .
patients with cancers suspected before death were spe-

cifically excluded.
(140, 141, 288). However, because the association is

weak, because contradictory data exist (14), and beROSTATE CANCER MORTALITY

cause there is no convincing biological explanation  The discussion of treatment effectiveness in chapter

for this result, causality cannot be considered proven reviews epidemiologic data on the natural history of

(153, 169). untreated, clinically-significant prostate cancer. The
The lack of data on risk factors that could changeage-standardized mortality rate for prostate cancer in-

tion betweenprior vasectomy and prostate cancer

(except perhaps reductions in dietary fat intake) makesreased from about 21 to 25 per 100,000 males in the
the potential for preventing prostate cancer before it deJnited States between 1960 and 1988 (39); meanwhile,
velops modest at this point. However, considerable inthe incidence of prostate cancer in the United States has
terest has arisen in trying to prevent prostate cancer withcreased much more dramatically, at first due in part to

drugs. A randomized clinical trial of prostate cancer prewider use of the surgical procedure, transurethral resec-
vention using finasteride, a drug employed in treatingion of the prostate, for symptoms of BPH (274). Increas-

some cases of BPH, is just getting underway (343).

ing early detection efforts have sustained this trend in re-
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TABLE 2-5: PREVALENCE OF PROSTATE CANCER BY TUMOR VOLUME AND AGE SYNTHESIZED FROM EIGHT AUTOPSY STUDIES2

Overall Cancer Cancer Cancer
Age prevalence b <0.5mL¢ > 0.5 mL, intracapsulard > 0.5 mL, extracapsulare
40-49 12% 7.2% 3.5% 1.3%
50-59 15 9.0 4.4 1.6
60-69 22 13.2 6.4 2.4
70-79 39 23.4 11.4 4.2
80 + 43 25.8 12.6 4.6

aAppendix A describes the methods used to derive this table.

bNumbers rounded to the nearest whole. Weighted average for men over age 50 is 30% (547/1811).

CEstimated weighted mean prevalence of prostate cancers less than O.5 mL in men over age 50 is 18%.

destimated weighted mean prevalence of intracapsular prostate cancers exceeding 0.5 mL for men over age 50 years is 8.8%.
CEstimated weighted mean prevalence of extracapsular prostate cancer exceeding 0.5 mL in men over age 50 years is 3.2%.

Source: Office of Technology Assessment, 1995. Data sources described in appendix A.

cent years (105). These trends are reflected in ayears has actually been accompanied by a sncadlase
increased tendency to diagnose cancer at less advandadhe rate of prostate cancer mortality, from a national
stages, and improved stage-specific five-year survivgberspective. However, since aggressive early detection
rates (238, 330). efforts are a relatively new phenomenon, some years
These statistics also emphasize the danger of usingay be required before this strategy results in any de-
“stage shift” data to make conclusions about underlyingrease in population-based rates of prostate cancer
cancer mortality; a shift toward more localized cancersnortality.
and better outcomes for individual patients in recent
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Technologies To
Detect Prostate Cancer

he most commonly used technologies for detectelinically-significant prostate cancer is known. The fact
ing and diagnosing prostate cancer are digitathat small volume, well-differentiated cancers should be
rectal examination (DRE), prostate-specific an-considered as “nondisease” and that it is relatively easy
tigen (PSA) measurement, transrectal ultra-to detect advanced cancer which may offer no therapeu-
sound (TRUS), and transrectal needle biopsy ofic benefit further complicates the design and analysis of
the prostate (TRNB). For primary-care based case-fincthese studies.
ing and mass screening, TRUS and TRNB would be lo- What are usually available are studies of the “positive
gistically difficult to include as primary screening testspredictive value” of tests, the proportion of positive or
given their relative complexity and invasive nature.suspicious test results that ultimately turn out to be can-
Moreover, the marginal value of TRUS above DRE andcer (see box 3-1); in these studies, patients with “nega-
PSA seems to be small (18, 91, 215), and the risk and diive” test results do not receive followup TRNB (even
comfort of TRNB would seem to obviate its use as a prithough they may harbor significant prostate cancers that
mary screening test. Therefore, this chapter considetthe screening test did not find). Furthermore, these stud-
the use of DRE and/or PSA as primary screening testges use different combinations of primary screening tests
and TRUS and TRNB as followup, confirmatory tests. and different strategies of followup evaluation. Finally,
To analyze the impact of screening, it is necessary tthe studies do not uniformly provide age-specific predic-
know the “operating characteristics” of each screeningive values, which are important to an analysis of screen-
technology. In general, the operating characteristicing older men.
which refer to the ability of a test to find all cancers that To overcome these problems, this analysis presents
would cause harm and to find only those cancers, are esikelihood ratios” of disease (292) for DRE and for
pressed in terms of the sensitivity and specificity of the®SA. These likelihood ratios are estimates of how many
test. (Box 3-1 describes these concepts.) Unfortunatelyimes more likely a patient with a particular test result is
the “true” operating characteristics of DRE and PSAto have a given type of cancer than if the patient did not
cannot be defined since few studies have evaluated thelmave the test. The probabilities of cancer with no test are
in populations where the true underlying prevalence ofthe prevalence estimates found in table 2-5. Appendix C
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BOX 3-1: DESCRIBING THE ACCURACY OF SCREENING TESTS

To analyze the impact of a screening program, it is necessary to understand the accuracy of each screening technolo-
gy, sometimes referred to as the “operating characteristics” of the test. These operating characteristics, which include the
ability of a test to find all existing disease and to find only disease, are usually expressed in terms of the test’s sensitivity and
specificity. Sensitivity is the percentage of all screened people with disease who test positive, while specificity is the percent-
age of all healthy screened people who test negative. In other words, sensitivity is the ability of a test to find people with
disease, while specificity represents the test’s ability to label healthy people correctly. These characteristics relate inversely to
the false-positive rate (the percentage of people free of disease who test positive) and the false-negative rate (the percent-
age of people afflicted by the disease whose screening results are negative). For example, a test with sensitivity between 70
and 95 percent would have a false-negative rate of 5 to 30 percent. The figure below displays the calculation of sensitivity
and specificity and the relationship of these indicators to false-positive and false-negative rates.

Calculating sensitivity and specificity requires
that one know the true underlying prevalence of dis-
ease in the screened population, regardless of
screening test results. In other words, it would require
Calculation of Sensitivity and Specificity performing definitive followup tests on all screenees,
even those whose screening test is negative. This is
Disease usually not done in studies of prostate cancer screen-
ing because of the invasiveness, costs, and risks of
such followup procedures (usually transrectal needle

CALCULATION OF SENSITIVITY AND SPECIFITY

Present  Not present

Test Positive a b biopsies). Hence, mgst studies report a less useful
result: measure of a screening technology’s accuracy, the
Negative c d positive predictive value (PPV). The PPV is the per-
centage of people with positive test results who ulti-

a+c b+d

mately turn out to have cancer. Conversely, the neg-
a+b+c+d = Total number of tests administered ative predictive value (NPV), is the percentage of
people with negative test results who ultimately turn
out to be free of disease. Calculation of PPV does not

Sensitivity = Specificity = d require knowing the true underlying prevalence of
a+c b+d disease among all people screened. The PPV for a

specific condition is directly related to the preva-

False-negative rate = 1-sensitivity = ¢ lence of the condition being screened for and, all
else being equal, is inversely related to the false-posi-

axe tive rate. A low PPV usually indicates a high false-posi-

. e tive rate, although it is sometimes possible to have
False-positive rate = 1-specificity = b both a low PPV and a low false-positive rate. This oc-
b+d curs if the disease is rare. With rare conditions, be-

cause the prevalence of a previously undetected dis-

ease would decrease as the frequency of testing in-
creases, prolonged studies implementing periodic re-
screening normally yield declining PPVs as the studies
progress.

Source: Office of Technology Assessment, 1990.

The PPV is a limited measure of screening accuracy. In most circumstances a low PPV indicates that for every cancer
detected a substantial number of individuals undergo the risks and costs associated with followup testing. However, policy-
makers or clinicians may decide that reductions in mortality and morbidity associated with screening in a population are
large enough to justify the risks and costs associated with screening and followup among healthy individuals. The uncertainty
concerning whether this is true for prostate cancer screening is a major issue in the analysis presented in this background
paper.

Source: Office of Technology Assessment, 1995.
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discusses the methods used in making these estimat€3|GITAL RECTAL EXAMINATION
The estimates themselves are presented in the sectionsThe digital rectal examination, in which the clinician
on DRE and PSA respectively beldw. attempts to feel abnormalities in the size or shape of the
A potential problem with these estimates is that thgyrostate gland through the rectum, is a time-honored test
positive predictive value in different studies dependsgy the early detection of prostate cancer despite very
heavily on the aggressiveness of the followup strategy,eak agreement among published guidelines about its
employed for a suspicious test. Studies tend to find morgg e (100). The DRE is limited in sensitivity because of
cancer by performing multiple systematic biopsies (andy, inapility to detect tumors deep within the prostate

even repeated sets of multiple systematic biopsies) in r§jand. Because larger tumors are easier to feel, DRE is

sponse to a suspicious primary test (70). Using this methyikely to detect insignificant cancers (although this

odology, a test that has poor sensitivity and specificity;s wil increase if a suspicious DRE triggers a set of

but is “positive” in a large proportion of the population gy giematic biopsies in addition to a biopsy of the suspi-

cious area). The detection of larger cancers also means

dictive value of the strategy. For example, a strategy %hat a relatively high percentage of DRE-detected tu-
performing multiple sets of biopsies on all men with

will appear to perform well if one examines only the pre-

mors (half or more) will have already spread beyond the
confines of the prostatic capsule (139, 279, 271). Many
terms of the number of prostate cancers detected, deSpﬁﬁ/estigators have been concerned about variation

eye color having no information value as a test for prosémong physicians in their ability to detect cancers by

tate cancer. Eye color, in essence, becomes a lottery fBrRE (271), especially the possibility that DRES per-
receiving the more accurate diagnostic test, TRNB. A re; . - .

_ formed by primary care physicians may not be as dis-
cent study of _DRE and PSA suggests that this phenom((azfiminating as urologists’ exams. However, little empir-
non occurs with -pr-ostate cancer scree.n.mg (72, ]923) _ical evidence exists to address this concern (354).
though the predictive value of a suspicious DRE in this Appendix C lists studies of primary DRE screening
study was about 22 percent (72), the percentage of palPdr prostate cancer, with brief descriptions of study

ably suspicious quadrants of the prostate that yleldeanethods and results. Comparisons are difficult given dif-

cancer was only about 11 percent, |mply|ng that r_oughl)ferent patient populations, different thresholds for call-
half the cancers found as a result of selecting patients fcl)rqg a DRE “suspicious,” and different strategies of fol-

biopsy based on a suspicious DRE were actually foun%Wup testing. One study by Chodak and colleagues (79)

elsewhere in the prostate as a result of the syStema%(%ovides the most detailed presentation, and allows es-
biopsy.

brown eyes would probably have a rather high “yield” in

1This method is methodologically inferior to knowing the underlying disease state of all individuals in each study, but probably superior to the alternative methods
used in the screening literature, such as screening a population with multiple modalities (often DRE, PSA, and TRUS) and assuming all clinically significant cancers
have been detected, or testing only patients with documented clinical disease status (e.g., men scheduled forradical prostatectomy for known cancer). The former
method overestimatessensitivity and specificity since some clinically significant cancerswould likely be undetected by allmodalities; the latter method overestimates
sensitivity if cancersin the tested population are more advanced than those that would be identified by screening, or if the screening test were actually used in the
process of identifying them in the first place.
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TABLE 3-1: ESTIMATED LIKELIHOOD RATIOS FOR RESULTS OF DIGITAL RECTAL EXAMINATION CHANGING THE ODDS OF
SIGNIFICANT2 PROSTATE CANCER (>0.5mL) OF DIFFERENT PATHOLOGIC EXTENTSP

Likelihood Ratio

DRE result Intracapsular cancer Extracapsular cancer
”Suspicious”

Chodak (1989)¢ 15 8.6

Richie (1993)d 2.0 2.7
“Nonsuspicious”

Chodak (1989) 0.96 0.53

Richie (1993) 0.83 0.72

a Probability of prostate cancer <0.5mL = 11% based on J.E. Oesterling, V.J. Suman, H. Zincke et al., “PSA-Detected (Clinical Stage T1lc or BO) Prostate Cancer:
Pathologically Significant Tumors,” Urologic Clinics of North America 17:719-737, 1990.

b see appendix C for methods deriving these estimates.

¢ G.W. Chodak, P. Keller, and H.W. Schoenberg, “Assessment of Screening for Prostate Cancer Using the Digital Rectal Examination,” Journal of Urology
141:1136-1138, 1989.

dJ.P.Richie, W.J. Catalona, F.R. Ahmann, et al., “Effect of Patient Age on Early Detection of Prostate Cancer with Serum Prostate-Specific Antigen and Digital Rectal
Examination,” Urology 42:365-374, 1993.

Source: Office of Technology Assessment, 1995. Based on information from M.J. Barry, C.M. Coley, C. Fleming et. al, “The Safety, Effectiveness, and Cost of Early
Detection and Treatment of Prostate Cancer Among Older Men: AReport to the Congressional Office of Technology Assessment” OTA contract paper no. K3-0546.0
Massachusetts General Hospital, Boston, MA June 30, 1994.

timation of the likelihood of cancers with and without of semen. Because cancerous prostate tissue, gram for
capsular penetration (table 3-1) for each DRE test regram, produces greater quantities of PSA than does nor-
sult? Appendix B discusses the methods used to produamal or benignly enlarged tissue, and because prostate
these estimates. No clinical trials of the use of DRE aloneancer may increase the likelihood that PSA “leaks” into

for the early detection of prostate cancer are availabléhe general circulatory system, serum (blood) PSA lev-

However, neither a case-control study (129) nor a deciels appear to have some discriminating capacity for pros-
sion model (241) has suggested an important survivdhte cancer (99, 257). Preliminary evidence suggests

benefit for men screened with DRE. prostate cancers need to be greater than 1 mL in volume
before they cause an increase in serum PSA (49).
PROSTATE-SPECIFIC ANTIGEN Three PSA assays have been commonly used clinical-

Prostate-specific antigen is a glycoprotein producedy and described in the literature (172). Hybritech’s Tan-
in the prostate gland with a probable role in the transpodem PSA assays detect PSA with monoclonal antibody

21n a more recent study, with a policy of systematic biopsy for abnormal DRE results, 15 percent of 6,630 male volunteers over age 50 had an abnormal DRE, and
21 percent of the men with an abnormal DRE had cancer at biopsy; the overall detection rate of cancer for DRE in this series was 3.2 percent, reflecting the more
aggressive use of biopsies (72). A new followup study has suggested better outcomes for men diagnosed at initial rather than followup screening with DRE (139);
this finding may represent the effect of length bias with one-time screening (discussed in chapter 2).
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probes; these assays use radioactive antibodies and eBLE 3-2: PROPOSED AGE-SPECIFIC NORMAL
zymatic reactions to perform the measurement. The TaREFERENCE RANGES FOR PROSTATE-SPECIFIC ANTIGEN
dem PSA tests are currently the only assays approved WASUREMENTS
the U.S. Food and Drug Administration (FDA) for use in

conjunction with DRE as an aid in the detection of pros-

Normal reference range (ng/mL)

tate cancer in men over age38bbott's IMx PSA assay “9° Oesterling, 1993¢ = Dalkin, 1093°
uses a microparticle enzyme immunoassay techniqugo-49 0-25 ;
Yang's Pros-Check PSA assay uses a polyclonal anto-59 0-35 0-35
body probe to measure PSA (356). The levels of Pségjz g:::? 82:

measured by the Hybritech and Abbott assays appear
r0U9h|y Sim”ar (1901 355)1 Wh”e the pOIyCIOnal assayaJ.EOesterling,S.J.Jacobsen,C.G.Chute,etal.,“SerumProstate-SpecificAn-
runs ValueS about 1 6-f0|d hlgher (148 339) However tigen in a Community-Based Population of Healthy Men: Establishment of

’ Age-Specific Reference Ranges,” Journal of the American Medical Associa-

investigators have recently raised concerns about theon. 270:860-864, 1993.

. . . b B.L. Dalkin, F.R. Ahmann, and J.B. Kopp, “Prostate Specific Antigen Levels in
Callbratlon Of the HybrItECh and Abett assays (48’ 149' Men Older Than 50 Years Without Clinical Evidence of Prostatic Carcinoma,”

226, 266), which together dominate the PSA assay mar2oumnal of Urology 150:1857-1839, 1993.
ket. Clinicians need to know which test their laboratory

) . . i " Source: Office of Technology Assessment, 1995. Based on information from M.J.
uses, and to COﬂSIder a SWltCh n aSS&yS n the d|ﬁ:ere@érry,C.M.Coley, C.Fleming et. al, “The Safety, Effectiveness, and Cost of Early
: H ) . . . . Detection and Treatment of Prostate Cancer Among Older Men: A Report to
tlal dlagnOSIS Of a Changlng PSA Ina glven patlent' the Congressional Office of Technology Assessment”, OTA contract paper no.

One potent|a| dlfnculty Wlth thls Screen|ng test |S thatK3-0546.0, Massachusetts General Hospital, Boston, MA June 30, 1994.

factors other than prostate cancer can temporarily ele-

vate PSA levels for several weeks: acute inflammation Most studies consider an Abbott or Hybritech PSA

of the prostate (prostatitis), acute urinary retention, devel up to 4.0 nanograms per milliliter of serum (ng/
diagnostic medical procedure called rigid cystoscopymL) (equivalent to a Yang PSA level up to 7 ng/mL) as
TRUS, TRNB, or prostate surgery (193, 262). A recennonsuspicious (148, 339However, “normal” PSA val-
study has also found temporary elevations in PSA folues increase as a man ages, reflecting the increasing size
lowing ejaculation (250). However, several studies havef the prostate with age (88). Two recent articles have
now documented that there is no clinically importantproposed age-specific reference ranges for normal PSA
elevation in PSA values following routine DRE (95, values (table 3-2). One study used the 95th percentile of
371), an important finding since physicians often perserum PSA among men without evidence of prostate
form DRE and PSA at the same visit. cancer as the upper boundary of the reference range

3The FDA approved the Tandem PSA assays for detection on August 25, 1994. The Tandem tests, the Abbott IMx, the Toschmedix, AIA pack, and the Ciba-Corning
ACS assays are all approved for monitoring men with previous prostate problems (228).

4 Ssome investigators prefer a lower threshold on the Abbott or Hybritech assays of 3.0 ng/mL to improve test sensitivity (201). For a given underlying prevalence of
true cancer, lowering the threshold increases the proportion of all true cancers found by screening, but at the cost of having to do more biopsies (which, as described
later in this paper carries cost and risk in itself) and an increased number of false-positive screening results. In other words, in setting the threshold for conducting
a biopsy, there is a tradeoff between false-negative and false-positive test results.
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(260, 261), while the other used a slightly different, buthe volume of the prostate, as measured by TRUS (32,
methodologically similar approaeho define the upper 33, 284); 2) sredicted PSApPSA) based on gland vol-
limit (101).5 Another recent study compared the perfor-ume against which measured PSA is compared to make
mances of several PSA test kits as part of an internationglcisions about proceeding to biopsy (206); andS)
PSA standardization conference (329). velocity the rate of change of PSA over time (63, $4).
Appendix D lists published studies that use PSA as thBesearch currently underway may lead to a test for more

primary screening tool to detect prostate cancer (DRBPecific types of PSA (36, 37, 106, 211, 212, 213) or oth-
er types of biological substances (171, 298) that more

dprecisely identify men with prostate cancer.

used only to followup a suspicious PSAAIthough
these studies generally have a somewhat higher prop

tion of subjects with a cancer detected than do the studig§ne_Time Versus Repeated PSA Screening
of primary DRE, these proportions are likely underesti- Much less is known about the results of repeated
mates of the maximal attainable yield since patientycreening with PSA than about one-time screening. This
were often not biopsied unless a followup DRE orTRUSgap in our knowledge is significant since a Medicare
was also suspicious. Using data from the Catalona angostate cancer screening benefit would most likely cov-
Brawer studies, likelihood ratios for Hybritech PSA re-er periodic screenings, not one screening per lifetime.
sults of different categories were calculated as described The few studies that are available suggest a decrease in
appendix B and are provided in table 3-3 (44, 66870). the proportion of screenees with cancer over repeated
Variations in the use of PSA for screening have beescreenings (46, 47), while the proportion of patients with
proposed to improve the operating characteristics of thisancer confined to the prostate capsule appears to in-
test for prostate cancer (96, 182). These variations, eadhnease: 71 percent as opposed to 63 percent in one series
of which has its own drawbacks, includePBA density (13, 70), and 87 percent versus 56 percent in another se-
(PSAD), a method of correcting the raw PSA value byries (46). Appendix E summarizes these studies.

5 Dalkin and colleagues (101) selected two standard deviations above the mean of the distribution of log-transformed age-specific PSA values to define the upper
limit of the reference range.

61fthe referencesrangesin table 3-2 are interpreted as age-dependent thresholds for conducting followup tests, they implicitly assume that the costs of a false-posi-
tive relative to a false-negative test increase with age. This assumption makes conceptual sense, as older men have a greater risk of treatment complications, and
fewer years of life expectancy over which to reap the benefits of screening (on the other hand, younger men also have more years of life to live with any complica-
tions engendered by treatment). However, some clinicians are unwilling to trade sensitivity for specificity, regardless of age (255).

7In addition, asingle, recent case-control study published just prior to publication of this report suggests that PSA may actually preferentially identify aggressive can-
cers early with relatively high sensitivity and specificity (130).

81n arecentstudy, a group of 72 men underwent systematic sextant biopsies despite a PSA less than 4 ng/mL and a normal digital rectal exam; these men had lung
masses on chest radiography and were being evaluated to rule out metastatic prostate cancer as a cause. Prostate cancer was discovered in 3 out of 72 men (4
percent), compared to 9 out of 77 men (12 percent) with a normal digital rectal examination but an elevated PSA (160). This data yields a likelihood ratio of 0.51
for a normal PSA and 1.51 for an elevated PSA (assuming these cases were consecutive), not inconsistent with the likelihood ratios presented in table 3-3.
9Because of normalfluctuationsin PSA values within a given patient, a PSA velocity based on only two measurements probably has little value in clinical decisionmak-
ing (280). Most recently, the concept of adjusting serum PSA by transition zone volume, rather than whole prostate volume, has been introduced (181).
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TABLE 3-3: ESTIMATED LIKELIHOOD RATIOS FOR DIFFERENT RESULTS OF PROSTATE-SPECIFIC ANTIGEN TESTING CHANGING THE

ODDS OF SIGNIFICANT (>0.5 mL)2 PROSTATE CANCERP
S ——

Likelihood ratio

PSA result® Intracapsular cancer Extracapsular cancer

Pooled Catalona, 19919 and Brawer, 1992¢

<4.0 ng/mL 0.98 0.09

4.1-10 ng/mL 1.4 5.1

>10 ng/mL 0.4 49.6
Richie, 1993f

<4.0 ng/mL 0.7 0.4

>4.1 ng/mL 3.0 4.6
Catalona, 1993c9

<4.0 ng/mL 0.8 0.5

4.1-10 ng/mL 2.8 3.2

>10 ng/mL 3.0h 23.7

2 As described in appendix C, probability of a detected cancer <0.5 mLis assumed to be 11% based on J.E. Oesterling, V.J. Suman, H. Zincke, et al., “PSA-Detected
(Clinical Stage T1c or BO) Prostate Cancer: Pathologically Significant Tumors,” Urologic Clinics of North America 17:719-737, 1990.

b see appendix C for methods of deriving these estimates.
C Results based on Hybritech assay.

dw.J. Catalona, D.S. Smith, T.L.. Ratliff, et al., “Measurement of Prostate-Specific Antigen in Serum as a Screening Test for Prostate Cancer,” New England Journal of
Medicine 324:1156-1161, 1991.

€ M.K. Brawer, M.P Chetner,, J. Beatie, et al., “Screening for Prostatic Carcinoma with Prostate Specific Antigen,” Journal of Urology 147:841-845, 1992.

fJ.PRichie, W.J. Catalona, F.R. Ahmann, et al., “Effect of Patient Age on Early Detection of Prostate Cancer with Serum Prostate-Specific Antigen and Digital Rectall
Examination,” Urology 42:365-374, 1993.

9 W.J. Catalona, D.S. Smith, T.L. Ratliff, et al., “Detection of Organ-Confined Prostate Cancer Is Increased Through Prostate-Specific Antigen-Based Screening,”
Journal of the American Medical Association 270:948-954, 1993.

hThe discrepancy between this value and the corresponding derivation (0.4) from the pooled earlier studies is explained by the observed difference in probability
of pathological localization for cancers (>0.5 mL) detected by PSA >10 ng/mL (32% vs. 5%).

Source: Office of Technology Assessment, 1995. Based on information from M.J. Barry, C.M. Coley, C. Fleming, et. al, “The Safety, Effectiveness, and Cost of Early
Detection and Treatment of Prostate Cancer Among Older Men: A Report to the Congressional Office of Technology Assessment,” OTA contract paper no.
K3-0546.0, Massachusetts General Hospital, Boston, MA June 30, 1994.

PSA Screening Among Men with cept as conferred by their age) (235) and in one large
Symptoms of BPH study, when controlling for age, men with symptoms of
As noted earlier, benign prostatic hyperplasia (BPH)prostatism actually hadlewer chance of being found to
can raise PSA levels complicating PSA measuremenhave cancer through DRE and PSA screening (72). In ad-
Given the widespread prevalence of urinary symptomslition, because BPH and prostate cancer share symp-
indicative of BPH among older men, PSA screening fotoms and the likelihood of elevated PSA levels, the spec-
prostate cancer among this large group may vyield littléficity of PSA deteriorates to 50 to 79 percent among
useful information. Men with symptoms of BPH do not men with clinical evidence of BPH (173, 309). Further-
appear to be at much greater risk of harboring cancer (exiore, there appears to be a great degree of overlap
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among men withocalized(intracapsular) prostate can-  The newest studies where DRE and PSA are per-
cer and BPH, further limiting the value of PSA testingformed in the same men make it clear that PSA is a better

among men with these symptoms (389). single test than DRE in terms of detecting cancers and of
detecting cancers still confined within the prostatic cap-
COMBINATION OF DRE AND PSA sule (28, 72, 119, 263, 279).

Although combination screening with both DRE and
PSA may currently, be the most popular strategy ofQ| | OWUP TESTING
aggressive office-based early detection of prostate can-
cer among U.S. urologists, studies of the predictive vaI—D

Increasingly, followup strategies for a suspicious
RE or PSA include both TRUS and TRNB. Most inves-

ue Of. this S”atef-w are only just becoming available fOIiigators use TRUS to guide biopsies of areas determined
low-risk populations. DRE and PSA each detect SOM% be suspicious by DRE or TRUS. Many clinicians now

cancers not identified by the other modality; thereforeberform multiple systematic (four to six) biopsies of the

the yield of a screening program (the percentage of . . . . S
y . g prog ( P . g prostate (in a single procedure) in addition to biopsies of
screenees who ultimately have a cancer confirmed) can . | . . )
. L suspicious areas, since a patient with a normal TRUS
be increased (to roughly 4 percent) by combining both )
. _ o _ may actually harbor cancer 12 to 33 percent of the time
tests. In addition, the studies of combination testing re-

d di the PSA level) (157). Others b deci-
ported recently have generally performed a set of sys(- epending on the evel) (157) ers base ded

Y . . sions about whether to perform systematic biopsies on
tematic biopsies if either test is suspicious, as well as P y P

biopsies of suspicious lesions noted on followup TRUS;raW PSA values or PSAD values (29, 99, 306). Although

this more aggressive use of TRNB also contributes to the?me investigators advocate simply following men with

higher yield seen in these studies mild PSA elevations (i.e., in the 4.1 to 10.0 ng/mL range)

However, these more aggressive strategies result f
performing biopsies on up to a third of all screenees; thgvaluated, this group yields the highest percentage of in-

additional cancers detected must be weighed against tif@capsular cancers, the real targets of screening.

cost and risk of biopsy. Furthermore, these studies were There is also variability in how clinicians follow men
conducted among volunteers, and some data suggest thi1o have a negative set of biopsies after a suspicious
volunteers may have a higher “prior probability” of pros-PSA test. Some urologists recommend repeating the sys-
tate cancer than unselected men in the communitiematic biopsies at least once (particularly for a PSA

f,the DRE and TRUS are negative, when aggressively

(261)11 greater than 10 ng/mL); others perform followup PSA

10 As mentioned in chapter 2, the FDA has approved the drug finasteride for treatment of BPH. It reduces PSA levels through its intended physiological effects. How-
ever, itis not clear, given the need to expect lower PSA levels when screening men on finasteride for prostate cancer, that this drug reduces the (already fairly low)
information value of PSA among men with BPH (145, 154, 155, 289). Because of a trend toward less invasive management of BPH, the issue of adequate pretreatment
screening of men with a diagnosis of BPH for coexistent prostate cancer is becoming a hotly debated issue (179).

11when Oesterling (261) applied the same screening strategy to randomly selected men in the community, only 1 percent were found to have prostate cancer
compared with 4 percent in the volunteer studies.
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tests more frequently than annually and rebiopsy for eitomy for cancer or BPH. The study on men scheduled for
ther persistent elevations or a rising PSA value. Oftemprostatectomy for cancer showed a TRUS sensitivity of
then, a suspicious screening test, even if followed by &2 percent and a specificity of 68 percent (61), and the
negative biopsy, will lead to heightened surveillance forstudy of men with BPH showed a sensitivity of 30 per-
prostate cancer and further tests and biopsies in the fgent (315). These relatively low sensitivity estimates for
ture. On the other hand, this more intensive surveillancéRUS are a major reason for the increasing tendency to

in turn increases the yield of screening to some degreeperform systematic biopsies for suspicious DRE or PSA
results, even if TRUS does not indicate anything suspi-

Transrectal Ultrasound cious. Furthermore, these and other studies (337) sug-

TRUS has much better sensitivity for cancers found iff€rs that are detected, making it a problematic
certain parts of the prostate than for others (334). Appert€chnology for identifying men with small cancers who

dix F lists studies that use TRUS as a primary means fgpay not need aggressive treatment. Finally, evidence
e%Iso suggests that BPH may also erode the ability of

a demonstration project of the American Cancer SometTRUS 0 dete;::jcancer (74). »
- TRUS itself does not appear to pose any risk for pa-
about 14 percent of men had a suspicious TRUS, and 15 i PP P y P )
- tients, although it does pose costs to patients or their
percent of these men had cancer, a lower predictive value ) ] )
, . health insurers. In 1992, Medicare reimbursements were
than studies of DRE or PSA alone (Mettlin, 1991). In the , ) ,
. $89 for a diagnostic TRUS by itself and $189 for a
absence of a suspicious DRE or elevated PSA, the prg?_- . :
RUS-guided biopsy.

dictive value in this series dropped to 5.4 percent (19,

early prostate cancer detection. In one of these studi

215). In a study based in a urologic practice where the,gnsrectal Needle Biopsy

prevalence of cancer was especially high (detection rate Modern transrectal needle biopsies (TRNBs) are usu-

of 14.6 percent), and where about half of the men werg”y done with ultrasound guidance using a needle

biopsied based on results of combined screening (DRE,ounted in a spring-loaded biopsy “gun.” Biopsies can

PSA, and TRUS), Cooner and associates found that §g girected toward areas deemed suspicious by DRE or
men had a PSA less than 4 ng/mL and a nonsuspicioyRUS, or performed systematically to sample the entire
rectal exam, the yield of ultrasonographic screening wagrostate; often six biopsies are taken in a sextant pattern
about 2 percent. Put in another way, the overall yield ofrom different parts of the prostate gland (326). TRNB
the testing strategy only increased from 13.5 to 14.6 peis uncomfortable and can be complicated by infection or
cent through the performance of TRUS in addition tobleeding (89). Complications of biopsy include urinary
DRE and PSA (91). tract infections in 0.5 to 5 percent of patients and urosep-

Several studies provide more direct evidence abowgis in an estimated 0.5 percent (no deaths), despite rou-
the true sensitivity and specificity of TRUS than is avail-tine antibiotic prophylaxis (16, 91, 109, 160). Some pa-
able for DRE and PSA. Two studies were able to estimatigents also experience bleeding (less than 1 percent) with
the operating characteristics of preoperative TRUS peery few (one out of 835 biopsies in one study) requiring
formed on men already scheduled for radical prostatedransfusion (91, 109).
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TRNB is often considered the “gold standard” test forthe population have greater amounts of BPH. Richie and
the diagnosis of prostate cancer; however, it is increagolleagues (279) present the net effect of these factors
ingly clear that the gold standard is “tarnished” to somg;sing data from their large, six-center study of screening:
degree. In terms of the sensitivity of TRNB, investiga-
tors from Washington University have found that when
men are found to have a persistent mild elevation in PSA
(4 to 9.9 ng/mL), repeated biopsies find a large number
of cancers presumably missed by previous biopsies. In
one preliminary report, 25 percent of these men with one
previously negative biopsy had cancer, as well as 14 per-
cent with two previously negative biopsies and 10 per-"
cent with three previously negative biopsies (187). Al- dictive value relatively constant, so that cancer was
though many of these patients had original biopsies that detected in 2, 4, and 7 percent of these age groups, re-
were directed by abnormal DRE or TRUS results instead spectively.
of multiple, systematic biopsies, simulation modeling® Among men whose cancers were pathologically
has also suggested systematic biopsies may be relatively staged, the percentages that were organ confined
insensitive (103). (definition not specified) by age groups were 74, 76,

In terms of specificity, TRNB can detect “incidental”  and 60 percent.
cancers of less than 0.5 mL in volume, which (as dis= |n this study, for men ages 60 to 69, adding PSA in-
cussed in chapter 2) may likely pose no threat to the pa- creased the percentage of men with a suspicious
tient’s health, making them conceptually equivalent to screening evaluation from 16 percent (with DRE

“false positives.” This risk increases as more biopsies are alone) to 28 percent; interestingly, the percentage of
performed, and particularly with repeated systematic

biopsies. Terris and colleagues recently estimated that
the probability of finding an incidental cancer on a set of
six biopsies was approximately 4 percent (338).

= The deteriorating specificity of the tests with age re-
sulted in a steeply increasing number of patients with
suspicious results on either DRE or PSA that would
generate a recommendation for biopsy: 15 percent at
ages 50 to 59, 28 percent at ages 60 to 69, and 40 per-

cent at ages 70 to 79.
The rising prevalence of cancer maintained the pre-

patients with pathologically localized cancer did not

decrease with the addition of PSA in this age group.
For men ages 70 to 79, adding PSA to DRE increased
the percentage of suspicious evaluations from 20 41
percent, with an increase in the resulting percentage

SCREENING THE MEDICARE
POPULATION of organ- confined cancers detected from 45 to 60 per-

Age has a complex effect on the results of screening cent!?
for prostate cancer. The prior probability of cancer in- All of these data suggest that as screening programs,
creases with age, but the percentage of organ-confinezspecially those employing PSA as one screening
cancers decreases. Furthermore, the specificity of PSAgchnology, are directed toward older populations, the
and probably DRE as well, deteriorates as more men inumber of patients requiring more costly, invasive, and

12 The proportion of men with organ-confined cancers in this study is much higher than in previous studies, presumably because of the performance of systematic
biopsies in all patients, rather than only screenees with an abnormal DRE or TRUS. The high proportion of screenees with an abnormal DRE in this study also suggests
a very low threshold for considering this exam suspicious.
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riskier followup also increases, with a larger number otests and incidental cancers they are willing to endure in
the cancers ultimately found being confined within the order to find more cancers that may threaten patients’
prostate and quite possibly not destined to cause healttealth or lives. This balance may depend on medicine’s
problems. For policymakers, the decision about whetheability to cure more aggressive prostate cancers, the
to support screening depends on the number of followuguestion addressed in chapter 4.



Treating Prostate Cancer

here is controversy about the optimal treatmenSTRATEGIES TO DETERMINE

for clinically localized prostate cancer (i.e., can-CANCER STAGE

cer that appears not to have spread beyond the One problem with current strategies for early detec-

prostate based on information available withouttion of prostate cancer is that screening will detect some

performing surgery}.In the United States, the cancers that are not destined to cause morbidity or
preference is for aggressive treatment, with urologistsnortality and do not need treatment, as well as some can-
generally preferring radical prostatectomy (203, 318)cers that have already spread through the prostate cap-
However, recent research has revealed considerable vasile and are less likely to be cured or slowed by treat-
ability in stage-specific treatments actually administerednent. Unfortunately, many patients may need to undergo
(219, 238, 247). In other developed countries, urologista surgical staging procedure such as pelvic lymphade-
have tended to be more conservative regarding both earectomy, or even radical prostatectomy itself, to estab-
ly detection (78, 302, 303) and treatment (5, 175, 364).lish the true stage of their cancer. Better, less invasive

Although observational studies exist to determinestaging tests might allow physicians to withhold treat-

the outcomes of men who receive different treatmentment from patients unlikely to benefit, sparing both the
and to measure their risks of adverse outcomes, fevisks and costs of these procedures.
well-designed trials exist to determine whether observed In terms of determining preoperatively whether
outcomes are actually the result of the treatment or dueancers are likely to be insignificant (which this back-
to some other uncontrolled and unmeasured factor. Aground paper defines as well-differentiated and less than
shown in chapter 5, this uncertainty about treatment .5 mL in volume), clinicians have developed some al-
fectiveness is the greatest impediment to evaluating thgorithms using data from systematic biopsies, and if nec-
cost-effectiveness of a potential Medicare prostatessary, rebiopsies (338). Unfortunately, however, other
screening benefit. investigators have documented that these algorithms

1Aasdiscussed in the preceding chapters, unless otherwise indicated, cancers that are confined within the prostate, less than 0.5 mLin volume, and well differentiated
are assumed not to pose any threat to a patient’s health and would not require treatment unless they grow or change in grade.
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predict incorrectly in a quarter to a third of cases (98, Many patients with negative bone scans undergo a
191, 192). dissection of the pelvic lymph nodes to determine if the
As far as predicting preoperatively which tumorscancer has spread in the region of the prostate prior to a
have spread to other parts of the body, detection of meadical prostatectomy, one type of treatment with cura-
tastasis to bone by using radiographic bone scans is relive intent2 Most clinicians would not proceed with a
tively straightforward, and algorithms do exist to helpradical prostatectomy in light of the discovery of in-
identify low-risk subsets of men in whom bone scans argolved pelvic nodes, although a minority feel that
unlikely to be helpful (84, 357). However, the use of oth-aggressive surgical treatment of node positive disease
er diagnostic technologies (e.g., computerized tomogrdamproves outcomes (254, 375). Recently, some urolo-
phy (CT), magnetic resonance imaging (MRI), transrecgists have begun to question the need for a pelvic lymph
tal ultrasound (TRUS)) have not yet replaced operativéiode examination prior to radical prostatectomy among
pathological examinations to determine if the cancer hagien with better differentiated tumors, or in men with
spread to the pelvic lymph nodes (76, 164, 281) or to dgower prostate-specific antigen (PSA) values (38, 102,
termine if the cancer is extracapsular (97, 137, 285)126, 138).
Models that use the results of multiple tests to assess the another new strategy sometimes employed before
probability of organ confinement and lymph node in-yadical prostatectomy is the use of hormonal drugs to de-
volvement also result in substantial misclassificationcregse the likelihood that the cancer is found to extend
rates for most patient groups (1, 191, 192, 267, 283, 369)eyond the outside of the prostate capsule or beyond the
While better staging techniques, such as moleculagyrface of the surgically removed specimen (known as
staging strategies currently under active investigatiorgurgicw margin positivity Controversy exists about
(185), may allow better prediction of which tumors areyhether this treatment (known amdrogen ablation
likely to be dangerous enough to threaten a patient’s loRherapy actually causes a shrinking of the tumme- (
gevity but still potentially curable, selective treatment Ofgressioo as opposed to only decreasing PSA levels (223,
only those tumors most likely to benefit may still be 259, 321). Although a recently presented clinical trial
practically difficult. As shown later in this chapter, evi- suggests that preoperative androgen ablation therapy ac-
dence establishing the effectiveness of treatment is cutually does cause some regression (202), there is no evi-
rently weak. Once a clinician finds cancer, in the absencgence such treatment improves patient outcomes with
of data that there is not at least some net benefit frorprolonged followup.
treating even apparently inconsequential or unconfined
cancers, patients and physicians may have difficulty iTHE EFFECTIVENESS OF TREATMENT
forgoing therapy, even when the expected net benefits This chapter examines three strategies for treating
are clearly less than for other types of cancers. prostate cancer: 1) expectant management (or “watchful

2This examination can be done as a traditional, open surgical procedure or less invasively using a laproscope that requires only a small incision (188, 290, 304). It can
be done as a separate procedure, or as the first stage of a combined pelvic lymph node examination and radical prostatectomy.
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waiting”), 2) radiation therapy, and 3) radical prostatec-cal means with other hormones or drugs (301). The latter

tomy. option is more common despite considerably higher
costs and the risk of patient noncompliance, at least par-

Expectant Management tially because of patient preference (53, 65, 314}

Expectant management, a commonly used strategy,,qh the initial response to hormonal therapy for ad-

for clinically localized cancer worldwide (367), can takevanced prostate cancer is often gratifying, it is also

two basic forms: 1) only monitoring the patient for ooy ently short-lived, with the results of subsequent

symptoms related to cancer progression and treatin&emotherapy generally disappointing (94, 108).
these symptoms as necessary or 2) monitoring for dis-

ease progression and attempting cure with radiatiolvhat Is the Effect of Expectant Management?
treatment or prostatectomy in that circumstance. Evenin  Although the outcomes of expectant management
the United States, where the approach to prostate candsve been studied around the world (3, 4, 114, 135, 175,
is much more aggressive, a 1990 study by the Americah76, 249), few investigators in the United States have
College of Surgeons Commission on Cancer found thatone so (178, 366).
almost two-thirds of Stage A cancers were not actively A number of case series of men with clinically local-
treated (238). ized prostate cancer in “watchful waiting” strategies
Many men with prostate cancer treated expectanthjrave been reported from around the world. As shown in
will have evidence of local progression by digital rectaltable 4-1, a recent structured literature review and syn-
examination (DRE) over time (342). Local progressionthesis of 23 nonexperimental studies showed that receiv-
of prostate cancer can cause symptoms from bladder outg expectant management for localized prostate cancer
let obstruction or invasion of surrounding tissues. Bladhad rates of metastasis and death no different from radi-
der outlet obstruction can be treated mechanically (bgal prostatectomy and lower than radiation therapy
transrectal resection of the prostate (TURB), less (362). However, these comparisons are inferior to well-
commonly, stenting). controlled, experimental results (333, 362). This litera-
Treatment involving deprivation of the male hor- ture synthesis has been criticized for the inclusion of se-
mone testosterone (an androgen) is often used as partr@s describing predominantly the outcomes of early,
an expectant management therapy when the disease leconsequential Stage T1a/Al cancers, and for includ-
comes symptomatic (168) or, more recently, for evi-ing series using early androgen deprivation therapy
dence of cancer progression in asymptomatic #@iir. (132, 360). In addition, patients receiving radiation ther-
nicians can accomplish androgen deprivation therapy bgpy had more poorly differentiated patients than those
orchiectomy (surgical removal of the testes) or by medireceiving other treatment options.

3TURP does not seem to have an unfavorable impact on the prognosis of prostate cancer (372).

4The effect of early androgen deprivation on the natural history of clinically localized prostate cancer is not well defined; some nonexperimental studies demon-
strated little effect (23, 114).

5Recently, clinicians have increasingly used combination therapy involving two agents, a GnRH agonist and an androgen blocker (flutamide), with some evidence
from clinical trials that this approach increases median survival time to a degree (94, 108).
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TABLE 4-1: PATIENT CHARACTERISTICS AND OUTCOMES OF LOCALIZED PROSTATE CANCER TREATMENT

Watchful waiting Radiation therapy Radical prostatectomy
Median (CI) n Median (ClI) n Median (CI) n
Patient characteristics
Age 71 66 63
(69-73) 27 (64-66) 49 (61-64) 33
Percent of cancers poorly
differentiated 7 21 11
(6-11) 19 (13-24) 45 (6-25) 22
Outcomes
Annual mortality rate
All causes .060 045 .032
(.050-.04) 27 (.040-.052) 45 (.020-.044) 27
Cancer-specific .009 .023 009
(.006-.012) 23 (.010-.030) 22 (.007-.013) 23
Metastatic rate .017 .050 .023
(.011-.043) 15 (.030-.095) 17 (.014-.025) 18

KEY: Cl = 95% confidence interval; n = number of studies, which varies since not all studies supply all data of interest.

Sourcek: Office of Technology Assessment, 1995. Data from J.H. Wasson, C.C. Cushman, R.C. Bruskewitz, et al, “A Structured Literature Review of Treatment for Local-
ized Prostate Cancer,” Archives of Family Medicine 2:487-493, 1993.

A literature synthesis of seven studies (586 patients) One of these expectant management studies en-
of outcomes of men witpalpable clinically localized rolled men with localized prostate cancer from a well-
cancers (Stage T2) reported since 1980 yielded rates défined geographic area in Sweden between 1977 and
metastasis, overall mortality, and prostate cancer-specift984 and has an unusually long duration of followup
ic mortality higher than those presented in the Wassofil75, 176, 177). It excluded men with moderately or
review described above (6). However, one would exped?oorly differentiated cancer or a few men receiving cura-
these higher rates in an analysis restricted to palpabf&/e treatment, leaving a sample of 223 with a mean age
cancers. Only two studies provided data on cancer-sp&f 72. At 12.5 years of average followup, there have been
cific survival at 10 years among men treated expectantlg3 Prostate cancer deaths in the cohort (10 percent), and
with a mean of 84 percent. In this analysis, the results of48 deaths from other causes (66 percent). Ten-year me-

studies reporting outcomes of radical prostatectom)t,astasis—free survival (corrected for deaths from other

were better, while studies reporting outcomes for radi2Uses) was 83 percent. Tumor grade was the dominant

ation therapy were worse. predictor of prognosi§.

6Although this study has been criticized for enrolling too many older men and too many with insignificant cancers discovered during TURP and for having insufficient
followup to detect a late upsurge in hazard of prostate cancer death, neither age nor stage (controlling for grade) was an independent predictor of the prostate
cancer death rate in this study. In addition, the study’s “T0I” tumors (a unique stage different from T1a or Al) included tumors encompassing up to 25 percent of the
volume of the TURP specimen (as opposed to up to 5 percent for T1la or Al tumors in the United States), and there has been no increase in hazard rate noted with
followup to 12.5years. Moreover, asubset analysis formenwho would be considered candidates forradical prostatectomy yielded similar results. Concerns have also
been raised about identification of prostate cancer by means of aspiration cytology, as was generally the mode of diagnosis in this study (214, 296); however, this
method had similar results to core biopsy in one Scandinavian study (358).
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Another recent study with long-term followup prostatectomy; however, the clinical significance and
showed similar results. It presented data from men diagyuality-of-life implications of local cancer progression
nosed with clinically localized prostate cancer in Con-have not been well studied (343). Johansson reported
necticut between 1971 and 1980, and treated with imthat 22 percent of the men in his study developed evi-
mediate or delayed hormonal therapy when necessargence of progression by DRE to Stage T3 over 10 years;
Again, grade, but not age, predicted cancer-specific suhowever, he recently reported that in only six cases were
vival. For men over 65, cause-specific 15-yaawvivals local problems “substantial” and resistant to treatment
were: well differentiated, 82 to 93 percent; moderately(176)9
differentiated, 67 to 78 percent; and poorly differen-
tiated, 46 to 53 percent (194). Radiation Therapy

Chodak and colleagues have recently conducted a Radiation therapy administered for cure (also
meta-analysis including 828 men (mean age 70) enrollefiown as radiotherapy) usually involves x-rays from an
in expectant management studies from six centers witgxternal source delivered in maximal doses to the pros-
10-year adjusted cancer survival rates: well differeniate, lesser doses to the seminal vesicle (located above
tiated, 87 percent; moderately differentiated, 87 percentn€ prostate), and minimal radiation to the small bowel,
and poorly differentiated, 34 percent (82, 83). Grade wa&ectum, anal canal, and urethra (270). Adjustments are
once again the dominant independent determinant of tfgade in the dose and targets based on the specific tumor
rate of prostate cancer mortality. The predicted metast&nd host. Much less commonly, radioactive “seeds” are
sis-free survival at 10 years was lower than the survivaplaced in the prostate as primary therapy, or in combina-
statistics would indicate: 8