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Although there have been several advances in prostate cancer
Background: The prostate-specific antigen test was approved control over the past decade, the development that has generated
by the U.S. Food and Drug Administration in 1986 to moni- the most publicity and controversy is undoubtedly the prostate-
tor the disease status in patients with prostate cancer and, in specific antigen (PSA) test. The U.S. Food and Drug Adminis-
1994, to aid in prostate cancer detection. However, after tration (FDA) approved the PSA test for the purpose of moni-
1986, the test was performed on many men who had not beentoring disease status in prostate cancer patients in 1986 and for
previously diagnosed with prostate cancer, apparently re- aiding in the detection of prostate cancer in men 50 years and
sulting in the diagnosis of a substantial number of early olderin 1994 (FDA Press Release P94-16 dated 8/29/94). How-
tumors. Our purpose is to provide insight into the effect of ever, the use of the PSA test for the diagnosis of prostate cancer,
screening on prostate cancer rates. Detailed data are pre- either in response to symptoms or for screening, increased dra-
sented for whites because the size of the population allowsmatically beginning in 19882,3). The use of the PSA test was
for calculating statistically reliable rates; however, similar associated with a substantial increase in the reported incidence
overall trends are seen for African-Americans and other Of prostate cancer in men 65 years and older during the late
races.Methods:Prostate cancer incidence data from the Na- 1980s and early 1990s for geographic areas covered by the Sur-
tional Cancer Institute’s Surveillance, Epidemiology, and Veillance, Epidemiology, and End Results (SEER) Prodri@h

End Results Program and mortality data from the National ~SPeculation is rife that PSA screening may be responsible for the
Center for Health Statistics were analyzed.Results/ recent mortality decline, even thom_Jgh the ability of the PSA test
Conclusions: The following findings are consistent with a O reduce prostate cancer mortality has not as yet been estab-
screening effect: 1) the recent decrease since 1991 in thdiShed by ongoing randomized controlled trig!s5). In the ab-
incidence of distant stage disease, after not having been per-S€nce of confirmatory data on efficacy, some medical organiza-
turbed by screening; 2) the decline in the incidence of earlier 10Ns have questioned the value of using the PSA test for
stage disease beginning the following year (i.e., 1992): 3) theScr€ening, whereas others have endors¢8)it

recent increases and decreases in prostate cancer incidence and There have peen a ”“'”_”ber of StUd(ésﬂ) that have at- .
mortality by age that appear to indicate a calendar period tempted to provide insight mto the ca'usallty of recent trends in
effect; and 4) trends in the incidence of distant stage disease byprostate cancer rates, partlcularly with regard to the pOSS|_bIe
tumor grade and trends in the survival of patients with distant effects of PSA tesiing on mortality. In g?‘”e.fa" these studies
stage disease by calendar year that provide suggestive evidencgave focused_on ”ef?ds In prostate cancer |nC|dgnce b_y stage and
of the tendency of screening to detect slower growing tumors. grade, mortality, patlent_survwal, and age at d|ggn03|s In a va-
Implications: The decline in the incidence of distant stage dis- ”?ty of attempt; o prhqwde _e\|/|d¢ncr<la f(f).r or afgamst .the t}er;]eflts
ease holds the promise that testing for prostate-specific antigen gagesr? [;]Ceresirzgga ;alse;a(g)zr'; tth(; tlr:?rtj ? s(fgiecglr?sre?:ergt ree
mg\)//v;\eléel? E)oguslgt?g::nse(xjt;z?gngoﬂgkra?(Stztrf dcﬁlr;ge(;if?&:rf Itl(t;)y trends in prostate cancer incidence and mortality, all of which ad-

confidently attribute relatively small changes in mortality to dress some aspect of their possible cause, and are, in general,

a0 5 complementary to previously published studies, although some of
any one cause. [J Natl Cancer Inst 1999,91:1017-24] the same observations are made to provide an overall perspective.

Prostate cancer incidence has undergone some of the most
dramatic swings that we have ever observed in cancer statisticaffiliations of authors:B. F. Hankey, E. J. Feuer, L. X. Clegg, J. M. Legler,
Prostate cancer incidence had been increasing for some tiés Ries (Division of Cancer Control and Population Sciences), R. B. Hayes
however, from 1989 to 1992, itincreased, on average, 20% per yg4fision of Cancer Epidemiology and Genetics), P. C. Prorok (Division of
and then swung dramatically downward at a rate of 10.8% per ye%z?pcer Prevention), R. S. Kaplan (Division of Cancer Treatment), National

. o ancer Institute, Bethesda, MD; R. M. Merrill, Health Sciences Department,
Age-adjusted prostate cancer mortality increased over the last 8 P

) e - e igham Young University, Provo, UT.

eral decades, with an acceleration in the increase beginning in th€rrespondence t@enjamin F. Hankey, Sc.D., National Institutes of Health,
mid-1980s, but it started to decline in 1991. In relation to thexecutive Plaza North, Rm. 343J, Bethesda, MD 20892 (e-mail: bh43a@
dramatic swings in incidence, the magnitude of the mortality de.gov).

cline has been small, from 26.7 deaths per 100000 men in 1991 teee"Notes” following “References.”

24.9 deaths per 100000 men in 1995, a decrease of @Y%  © Oxford University Press
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The goal of this article is to go beyond examining associgeyond the limits of the prostatic capsule into surrounding organs or tissues.
tions in prostate cancer data for the purpose of supporting staistant refers to a cancer that has spread to parts of the body remote from the

ments about the possible benefits of PSA Screening This is doH®ary tumor. Unstaged indicates that there was insufficient information in the

b . . . .medical record to stage the cancer. The staging is based on pathologic informa-
y_ analyzing SeleCte_d In_CIdence a_nd survival rates to provi from surgery if available; otherwise clinical findings are used.

evidence that screening is responsible for some of the observefle grade or degree of differentiation of a tumor was coded from the final
patterns based on the known effects of the introduction ofpathologic diagnosis in the pathology report as obtained from the hospital medi-
screening test. Other possible explanations for some of the o#-record or, if not available from the final diagnosis, from the microscopic
served patterns in prostate cancer rates are discussed. THesggption. Gleason's score was converted to grade as follows: A Gleason’s
include the possibility that changes in the prevalence of risgore of 2, 3, or 4 was converted to grade 1 (well dlfferent!ated); a Gleason'’s
factors in the population are also affecting trends in recent pr ore of 5, 6, or 7 was converted to grade 2 (moderately differentiated); and a

d th h . e?son’s score of 8, 9, or 10 was converted to grade 3 (poorly differentiated or
tate cancer rates and that changes In treatment patterns aref fferentiated). When only Gleason’s pattern was giver or 2 was con-

fecting incidence trends by tumor grade. verted to grade 1, 3 was converted to grade 2, and 4 or 5 was converted to grade
We begin by using join point regression to describe the trenglsata on grade are presented from 1977 to 1995.

and to establish the statistical significance of the recent change&ancer mortality data for the total United States from 1969 to 1995 are from

in incidence and mortality by racial group and age at diagnoswb”c use file_s obtgined from the Nation_al Center for Health Statistics. Deaths

Subsequent ana|yses focus on whites because of the Consila%lr_ded in this article are those for which prostate cancer was coded as the

il . - erlying cause. The site code for prostate cancer as the underlying cause of
able variability in the subgroup analyses for African Amencarg% th from the International Classification of Diseases, Ninth Reviga) is

and for other racos be(?aljlse of the”. relatively small size a%g From 1969 to 1995, there were 678 396 prostate cancer deaths in the total
because of a desire to limit confounding. Also, rates calculatggited States. The distribution over race is 83.5% white, 15.8% African-

for the relatively large white population have less variabilityamerican, and 0.7% other.
which is illustrated by the decrease in prostate cancer mortality‘\ge-adjusted and age-specific rates per 100 000 men are presented. The 1970
for whites since 1991. This pattern is similar to that for the oth&¥S- standard is used for age adjustment.

racial groups but was found to be statistically significant on the’™ Point regression techniques (joined linear segments on a logarithmic
cale) were used to characterize incidence and mortality trends by use of at most

basis of the join point regression anaIySIS' Incidence rates tsRMee join pointg(22). The statistics derived from these models are the annual

stage and grade are a|5_0 d_escribed b)_’ use of join F_Jomt regisetcent change (APC) in the rates associated with each line segment, confidence
sion. The decline in the incidence of distant stage disease frg#arvals (Cls) for the APCs, and the join points (calendar years) at which there

1991 to 1995 is analyzed to determine whether the cases isex change in the trends. The models were estimated by use of weighted least
moved from the distant stage pool exhibit characteristics ofsauares, with the weights proportional to the inverse of the variance of the
screen-detected group, in particular, the tendency of screening4gadiusted rates. A series of permutation §&yare performed, first testing
detect slower growing tumors. Finally we enumerate seve (no join points) versud, (three join points). The testing then proceeds

. . L uentially and increases the number of join points ukiddsy one if the null
alternative eXplanat'ons for the observed incidence and mortaﬁ othesis is rejected and decreases the number of join points under the alter-

trends, one of which is explored in detail in the second paper Qfive hypothesis by one otherwise. For each hypothesized model, the best fitting
the serieq18). The third paper19) considers data on the dis-join points are found by use of a grid search algoritt2#). By performing each
semination of the PSA test in the population from 1988 througgst at thex/3 level, we ensure that the probability of concluding that there are
1994 and uses a computer model to address whether the reeapgr more join points, when there are in fact none, is at mpsthich in this
declines in mortality plausibly associate with population use gfse is 0.05. An overview of the application of these methods to analyzing trends

. In_cancer rates is presented by Kim et(@5).
the PSA test. Thus, the three papers represent a munﬁaceﬂ%@nety-five percent Cls are given for estimates of the APCs. They are not

approach to .provide addi.tion_al inSight into the question of tI“lcl%justed for multiple comparisons because this is an observational study and the
extent to which PSA testing is affecting recent prostate canggdus of the study is on analyzing data for whites. This was done to minimize

mortality trends. confounding that could result from the inclusion of other racial groups. Analyses
of prostate cancer trends will be done in the future for other racial groups when
MATERIALS AND METHODS more data become available.

Relative survival rates provide an estimate of the likelihood that a prostate

Cancer incidence data from 1973 through 1995 are from the SEER Prograliacer patient will not die of his disease within a specific period after diagnosis.
based at the National Cancer Institute. The coverage areas of SEER regisffigs relative survival rate is obtained by correcting the observed survival rate for
contributing data to this study include the states of Connecticut, lowa, N%&pected mortality26). In computing relative survival rates, we excluded pa-
Mexico, Utah, and Hawaii and the metropolitan areas of Atlanta, GA; Detroffents with a prostate cancer diagnosed as a second or later cancer, patients

MI; Seattle, WA; and San Francisco, CA. These areas include roughly 10%@fiose cancer was identified only by a death certificate or autopsy report, and
the total U.S. population. Data are collected on all cancers diagnosed in residgjifents with unknown survival time.

of the coverage areas and include demographics, primary site, extent of disease
(stage)‘, morphology, diagnostic confirmation, first course of treatment, and VIQESULTS
status including cause of death.

The International Classification of Diseases for Oncology, Second Editigu tate C Incid d Mortality T d
(20), is used by the SEER Program to code site, histology, and behavior for fostate Lancer Incidence an ortality Trends

cancers. The site code for prostate cancer cases used in this article is C61.9. . . . . .
Prostate cancers with histology codes 9590-9989 (lymphomas) were excluded!ncidence trends for African-Americans and whites increased

Only prostate cancer cases considered to be invasive (malignant; i.e., witAtavery similar rates (Fig. 1), with the APCs from 1975 to 1985
behavior code of 3) are included in this article. From 1975 to 1995 in SEHfeing 2.3 and 2.4, respectively. For whites, there was an accel-
areas, there were a total of 229 556 prostate cancers diagnosed in patients Waps¢ion in the trend beginning in 1985, with the APC increasing
race was known. These cancers are used to calculate incidence rates, a”dt‘@%’_g_ The APC for whites further increased to 18.4 in 1989. In
distribution over race is 85.9% white, 10.3% African-American, and 3.8% othef.. . . . P -

The following definitions of stage of disease are used in this article. Localizé{”can_Amen.cans’ a,” acceleration I,n incidence began n 198,9’
refers to an invasive cancer confined to the prostate with no penetration of Wgh the APC mcroasmg to 17.0. Inudenco has been decreasmg
capsule. Regional indicates a cancer that has involved the regional lymipiic€ 1992 for whites (APG= -12.8) and since 1993 for Afri-
nodes and/or penetrated the prostatic capsule with or without direct extensean-Americans (APG= -14.0).
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Fig. 1. Age-adjusted (1970 U.S. standard) prostate cancer incidence for Surveillance, Epidemiology, and End Results (SEER) areas and prostatalitgncer mort
for the total United States. The line segments from the fits of the join point regression models are graphed along with the observed rates (paimisdintae
and annual percent changes (APCs), with 95% confidence intervals in parentheses, are given in the tables below.

From 1969 until the late 1980s, the rate of increase in prostéteidence and Mortality Trends by Age
cancer mortality in African-Americans (APG= 1.6) was . o . .
roughly twice that for whites (APG= 0.7) (Fig. 1). There was _ Age'-adjysted incidence and mortality rates for whites are
an acceleration in the trend in mortality rates for whites arfiven in Fig. 2 for selected age groups. The annual rates of
African-Americans during the 1980s, with the APC increasing tg€r€ase in incidence by age that occurred after the introduction
3.1 for whites beginning in 1987 and to 3.2 for African-Of the PSA test are inversely related to age, whereas the recent
Americans beginning in 1988. In 1991, the trend for white%””ual rates of decrease after 1992 are directly related to age. In
began to decrease with an APC of —1.9, which is statisticaff)® @9€ group 50-59 years, the incidence rates have not de-
significantly different from zero. For African-Americans, the-réased, although there is a clear break in the trend after 1992.
mortality trend began to decrease in 1992 with an APC of —1.7, Prostate cancer mortality trends by age generally begin to
which is not statistically significantly different from zero. decrease sometime around 1990. This pattern suggests that

For the “other” group, both prostate cancer incidence aNyhatever affectt_ad the trends was associated with r.oughly the
mortality rates are substantially lower than those for eith6@Me calendar time for all age groups. Such an effect s generally
whites or African-Americans (Fig. 1). An acceleration in th&eferred to as a calendar period effect.
!ncidenpe trend for this group t_)egan in 1987, with the AP{cidence Trends by Stage
increasing to 16.2 . In 1992, incidence began to decrease at an
annual rate of 7.5%, which was half the rate of decrease forProstate cancer incidence trends for whites by stage are given
whites and African-Americans. Prostate cancer mortality for this Fig. 3. The decrease and subsequence increase in unstaged
group increased at an annual rate of 2.6% from 1973 throuigicidence and compensating increase and subsequent decrease in
1992. There is no evidence of an acceleration in the trend duriogalized and regional incidence before the mid-1980s are due to
this latter period as was observed for whites and Africama-coding artifact that resulted in unstaged cases being classified
Americans. There is evidence that the trend changed directioraglocalized or regional because of a misinterpretation of coding
1992 to an APC of —1.8, which is not statistically significantlynstructions that were in effect during this period. The problem
different from zero. was subsequently corrected. The cases added to the localized
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Fig. 2. Age-adjusted (1970 U.S. standard) prostate cancer incidence in whites for Surveillance, Epidemiology, and End Results (SEER) areas antterostate ca
mortality in whites for the total United States by selected age groups (for incidence, 50-59 years, 60—69 years, 70—79 years, and 80 yearsramdidiey; fo

50-59 years, 60-69 years, 70-79 years, 80—84 years, and 85 years and older). The line segments from the fits of the join point regression mbedislarggrap
with the observed rates (points). The join points and annual percent changes (APCs), with 95% confidence intervals in parentheses, are giueidw table

and regional categories are not relatively large enough to redliktant stage disease is decreasing in whites at the dramatic
in the identification of a join point during this period; howeverannual rate of 17.9% since 1991. The incidence of distant stage
the rates for this group do reflect the added cases (Fig. 3).disease is also decreasing in African-Americans and other racial
looking for the effects of screening with PSA, it is the trendgroups (data not shown). Distant stage incidence for all races
after 1985 that are of interest. combined is currently decreasing in all age groups and in all
Because SEER uses either clinical or pathologic findings BEER areas (data not shown).
assigning stage of disease at diagnosis with priority given
pathologic findings, the proportion of patients treated with
radical prostatectomy will influence the localized and regional Fig. 4 presents trends in incidence by tumor grade for whites.
stage trends. This is because surgery and pathologic findingappears that the increase in the incidence of moderately dif-
lead to upstaging; i.e., clinically localized tumors were substerentiated tumors is driving the overall incidence trend. Similar
quently classified as regional. Consequently, the stage distrilieends by grade are seen for African-Americans and the “other”
tion of all patients in a given year will be related to the percengtroup (data not shown). The incidence of moderately differen-
age of patients who were surgically treated. The percent of &lited tumors increased from 1977 to 1988, with an APC of 9.1.
prostate cancer patients treated with a radical prostatectomyBeginning in 1988, there was an acceleration in the trend, with
creased from 7% in 1983 to 32% in 1992, when it leveled ofthe APC increasing to 26.9. In 1992, the trend began to decrease.
Because of the temporal confounding of surgery and stage, @ poorly differentiated and undifferentiated tumors, the pattern
have combined patients with localized disease and regional dsssomewhat similar to that for moderately differentiated tumors,
ease into one group. but the rates of increase were smaller and the recent decreases
Of particular note is the observation that the incidence wfere larger. In contrast, the incidence of well-differentiated tu-

I;r?cidence Trends by Tumor Grade
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Fig. 3. Age-adjusted (1970 U.S. standard) prostate cancer incidence in whiteshiy. 4. Age-adjusted (1970 U.S. standard) prostate cancer incidence in whites by
stage. The line segments from the fits of the join point regression models &meor grade. The line segments from the fits of the join point regression models

graphed along with the observed rates (points). The join points and annaeg graphed along with the observed rates (points). The join points and annual
percent changes (APCs), with 95% confidence intervals in parentheses, are gp@eent changes (APCs), with 95% confidence intervals in parentheses, are given
in the table below. in the table below.

mors increased at an annual rate of 3.2% from 1975 to 19%®yvival rates were computed by histologic grade for distant
when the trend began to decrease at an annual rate of 20.4%tage cases diagnosed from 1987 through 1991. The 5-year rela-
tive survival rates for distant stage patients with well-
differentiated tumors, moderately differentiated tumors, poorly
Cancers detected by a screening test tend to be relatively sitifferentiated and undifferentiated tumors combined, and tumors
growing and, therefore, have a relatively good prognosis. Thugth unknown grade were 59%, 43%, 26%, and 24%, respec-
if the decrease in distant stage incidence is due to screening,tively. The poor prognosis of those patients whose tumor grade
would expect that many patients with a relatively good progneras unknown indicates that these cases tend to be in the poorly
sis are being diagnosed at an earlier stage, whereas those witliffarentiated and undifferentiated group.
poorer prognosis would tend to continue to be diagnosed with After 1991, the incidence of well-differentiated tumors is
distant stage disease. decreasing faster than tumors with higher grades (Fig. 5), which
There were a total of 24046 distant stage prostate cancersonsistent with a screening effect. However, the incidence of
diagnosed in whites from 1975 through 1995, and these data aedl-differentiated tumors and the relative frequency of such
used to calculate incidence rates. Of these, survival could toenors were decreasing for distant stage cases in calendar years
calculated for 22 131 patients (92%) whose prostate cancer viea$ore 1991 (Fig. 5). This suggests that other factors, such as
diagnosed as the only cancer or the first of more than one canotranges in criteria for grading tumors, are contributing to the
This percent varied between 90% and 95% by calendar year arahds.
was not associated with calendar year. The number of patientOne-, 2-, 3-, and 4-year relative survival rates were calculated
available for survival analysis in each calendar year increadeyl calendar year of diagnosis for white patients with distant
from 858 in 1975 to a maximum of 1267 in 1990 and subsetage disease (Fig. 6). The median age and the 25th and 75th
quently declined to 639 in 1995. percentiles of the age distribution for each calendar year are also
The magnitude of a screening effect in distant stage casd®wn in Fig. 6. The diagnosis at an earlier stage of some cases
would be expected to be related to heterogeneity in patient swith a relatively good prognosis should result in the survival of
vival. Because histologic grade is a prognostic factor, relatitiee distant stage group getting progressively worse as the deficit

Evidence of the Effects of Screening
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associated with these cases becomes manifest. It can be seeratt@ition of this therapeutic approach could have contributed to
the effect on the age distribution of screening has been minimidle recent decline in mortality rates for prostate cancer.

To further explore the possible confounding effects of age, we Changes in the use of established therapies may have had an
calculated by calendar year age-adjusted relative survival raii@pact on prostate cancer incidence by tumor grades. The sur-
using four age groups (<60 years, 60-69 years, 70-79 years, gitgl removal of the prostate gland (i.e., radical prostatectomy
=80 years and older) and found them to be in very good agregenerally with dissection of regional lymph nodes) was modified
ment with the unadjusted rates shown in Fig. 6; therefore, onlythe early 1980s to preserve regional innervation and potency.
the unadjusted rates are shown. There appears to be a drop-offtia resulting increase in radical prostatectomy rates through the
the rates for calendar years of diagnosis since 1991. Thus, #¥80s and into the 1990s could have contributed to the shift in
survival data available to this point appear to be consistent withe grade distribution toward higher grades during the period of
this expected effect of screening; however, data for additionakreasing incidence before 1992. This would have been due to
calendar years will be necessary to more reliably demonstrgi@ reported tumor grade being related to the amount of tissue

this effect. available for review by the pathologist. In SEER data, it has been
observed that, among patients with localized disease, the grade
DiscussioN distribution of patients surgically treated tends to be higher than

that of patients receiving other treatments. Thus, it is possible

This analysis provides evidence of a role of PSA testing that, during the period of increasing incidence, relatively more
recent prostate cancer incidence and mortality trends. The dtimors were classified as moderately differentiated or higher
matic acceleration in prostate cancer incidence that occurred gcause of the larger amount of tissue available as the result of
whites beginning in 1989, the peaking of the rates in 1992 aadadical prostatectomy. The extent to which the increase in the
subsequent decline, the dramatic decrease in distant stage [eiscentage of surgically treated patients explains the incidence
ease that began in 1991 (which was consistent with the tendetrends by grade will require further study.
of screening to detect slower growing tumors), the subsequentOther factors that likely contributed to a shift toward higher
decrease in localized and regional stage disease that begatuinor grades during the period of increasing incidence include
1992, and the evidence of a period effect in regard to the recantincrease in the number of biopsies performed (SEER coding
decrease in the age-specific mortality rates for the total Unitedles call for taking the highest tumor grade from multiple bi-
States are consistent with a screening effect. opsy specimens that include cancer) and a decline in the rates of

If screening is primarily responsible for the decline in incitransurethral resection of the prostate since around 1988 in age
dence, then a certain stage-specific pattern should emerge. Lgamlips 65 years and oldé29) as treatment for benign prostatic
time, the amount of time diagnosis is advanced because hypertrophy. Transurethral resections of the prostate frequently
screening, is probably shorter for patients who present clinicalgad to the incidental diagnosis of low-grade prostate cancer.
with distant disease than for patients who present clinically with Finally, in the analysis of the recent decrease in prostate
localized or regional disease. This means that the incidencecahcer mortality, the antecedent acceleration in the trend merits
distant disease should decline sooner than that for earlier stagesne attention (Fig. 1). If this observation is an artifact associ-
In fact, localized and regional stage incidence did begin to dated with the rising and falling pool of newly diagnosed cases
cline roughly 1 year after the decrease in distant stage incidereay., a certain proportion of the pool could have a misclassified
occurred (Fig. 3). Thus, lead-time effects are apparent in thause of death), then it would have implications for establishing
incidence data since 1990, supporting the impression that P&#& importance of the recent mortality decrease. It may be that
screening is playing some role in the observed trends. the rates are returning to some background trend after having

However, there are other possible explanations for the dieen perturbed by such an artifact. This possibility is explored in
served trends. For example, incidence in recent years coulddatail in the second paper in this series by Feuer e{l1d),
going down because of a decrease in exposure to a risk factanjch concludes that misclassification of cause of death is con-
and this, in turn, could be driving down mortality. This seemibuting to some extent to the increase and subsequent decline
unlikely because risk factors usually affect incidence data by prostate cancer mortality.
birth cohort, and the declines in both incidence and mortality In addressing the various possible effects of PSA testing on
appear to be period effects. Another possibility is that changesarostate cancer incidence and mortality, it is necessary to pro-
treatment practices may be confounding our view of mortalityide evidence of the extent to which PSA testing has been done
In the late 1980s and early 1990s, new pharmaceutical agentshe general population. Data on PSA testing rates based on
(the gonadotropin-releasing hormone analogues and antiandviedicare data for a cohort of men who were 65 years or older
genic agents) made the treatment of recurrent or advanced @s1988 have been reported elsewhere for the SEER &8as
ease more attractive to patients and clinicié?ig,28). The an- The percent of white men receiving a PSA test in a given cal-
drogen blockade approach to hormonal therapy rapidgndar year increased from 1.2% in 1988 to nearly 40% of those
superceded the use of surgical castration or estrogen therdipyng in 1994. The percent of white men receiving a first PSA
Hormonal therapy for patients with advanced disease has best peaked in 1992 at 19% and subsequently declined, tracking
come essentially universal. Although it is unlikely that androgesith the increase and decrease in the prostate cancer incidence
blockade in such settings has much genuine biologic curatirend. Thus, the rapid increase and subsequent slowdown in
potential, the greater utilization of this treatment for patienfgst-time PSA testing may also be contributing to the increase
with minimal metastatic disease, or only biochemical (PSA) eviellowed by the recent decrease in prostate cancer incidence in
dence of disease, could be expected to delay disease progresSIER areas.
or postpone recognition of progression for several years or until To fully explore whether the patterns of PSA testing plausibly
some patients die of unrelated illnesses. Thus, the widespreadrelate with the recent mortality decline requires consideration
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of the natural history of the disease and the plausible surviv&) Stephenson RA, Smart CR, Mineau GP, James BC, Janerich DT, Dibble
benefit, i.e., the amount by which screening reduces the likeli- RL- The fall in incidence of prostate carcinoma. On the down side of a
hood that a person with the disease will die of prostate cancer. In prostate spepific antigen induced peak in incidence—data from the Utah
the third paper of this series, Etzioni et é19) present a com- Cancer Registry. Cancer 1996;77:1342-8.

t del that licitly link |t . beh .éll) Stanford JL, Wicklund KG, Blumenstein BA, Brawer MK. The changing
puter model that explicitly links population screening behavior epidemiology of prostate cancer in Seattle-Puget sound region, 1974-1993

and expected mortality declines under specified assumptions. [apstract]. J Urol 1995;153:504A.
The model identifies values for mean lead time and survivab) merrill RM, Potosky AL, Feuer EJ. Changing trends in U.S. prostate cancer
benefit under which utilization of the test at levels similar to incidence rates. J Natl Cancer Inst 1996;88:1683-5.
those recorded in the population could explain the decline (B) Polednak AP. Trends in prostate carcinoma incidence in Connecticut
population mortality observed through 1994. Even if we assume (1988-1994) by age and race. Cancer 1997;79:99-103.
quite substantial improvements in survival due to screening, tHé f‘l"_‘t”” P d"_'t' "_“frpéet_'(;‘g r.e‘fem t;zg‘fé,nli’;osztgte cancer incidence and mor-
model suggests that mortality declines of the order of thogﬂ%) ality [editorial]. Epidemiology 1997;8:117-20.

y

. Smart CR. The results of prostate carcinoma screening in the U.S. as
observed by 1994 would be ant|C|pated Only under extrem reflected in the Surveillance, Epidemiology, and End Results Program.

short lead times. Cancer 1997;80:1835-44.

In conclusion, there is little uncertainty that PSA testing hass) Farkas A, Schneider D, Perrotti M, Cummings KB, Ward WS. National
left its mark on the vital statistics for prostate cancer. Several trends in the epidemiology of prostate cancer, 1973 to 1994: evidence for
factors, especially the decline in the incidence of and mortality the effectiveness of prostate-specific antigen screening. Urology 1998;52:
from distant stage disease, hold out the promise that PSA testing 444-8.

may lead to a sustained decline in prostate cancer mortali(tjy? Mettlin CJ , Murphy GP. Why is the prostate cancer death rate declining in

: : : he United States? [published erratum appears in Cancer 1998;82:1802].
However, as the preceding discussion and the subsequent paper%ancer 1008:82.249.51.

in th.IS. Serle.s clearly d?monStrate_" populatlpn data are compla>§,) Feuer EJ, Merrill RM, Hankey BF. Cancer surveillance series: Interpreting
and it is difficult to confidently attribute relatively small changes ~ yends in prostate cancer—part Ii: Cause of death misclassification and the
in mortality to any one cause. Thus, extreme caution should be recent rise and fall in prostate cancer mortality. 1998. J Natl Cancer Inst
exercised when making inferences about the effects of screening 1999;91:1025-32.
on prostate cancer morta"ty from these data. (19) Etzioni R, Legler M, Feuer EJ, Merrill RM, Cronin K, Hankey BF. Cancer

It is important to consider the implications of a continued surveillance series: Interpreting trends in prostate cancer—part Ill: Quan-

: . . . tifying the link between population prostate-specific antigen testing and
sustained decline in prostate cancer morta“ty that appears to be recent declines in prostate cancer mortality. 1998. J Natl Cancer Inst 1999;

due to screening. Some might question the need for obtaining g;.1933_g

final results from ongoing trials for testing the efficacy of PSApq) percy ¢, van Holten Vv, Muir C, editors. International Classification of

screening. It is important to point out that these trials are nec- Diseases for Oncology. Second Edition. Geneva (Switzerland): World

essary to better understand the relationship of a specified con- Health Organization; 1990.

trolled intervention' the potentia' for Overdiagnosis and tredgl) Ir\tgrnational .(':Ias'sificatior? of Diseass—:'s:. manual of the International $ta-

ment, and any resultant mortality decline. tlstlc_a_l Classification of Diseases, Inj_urlgs, and Causes of Death. Ninth
Revision, Vol. 1. World Health Organization, 1977.
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