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Background: The American Cancer Society, the National

Cancer Institute (NCI), the North American Association of

Central Cancer Registries, and the Centers for Disease Con-

trol and Prevention, including the National Center for

Health Statistics (NCHS), collaborate to provide an annual

update on cancer occurrence and trends in the United States.

This year’s report contains a special feature that focuses on

cancers with recent increasing trends. Methods: From 1992

through 1998, age-adjusted rates and annual percent

changes are calculated for cancer incidence and underlying

cause of death with the use of NCI incidence and NCHS

mortality data. Joinpoint analysis, a model of joined line

segments, is used to examine long-term trends for the four

most common cancers and for those cancers with recent

increasing trends in incidence or mortality. Statistically sig-

nificant findings are based on a P value of .05 by use of a

two-sided test. State-specific incidence and death rates for

1994 through 1998 are reported for major cancers. Results:

From 1992 through 1998, total cancer death rates declined in

males and females, while cancer incidence rates declined

only in males. Incidence rates in females increased slightly,

largely because of breast cancer increases that occurred in

some older age groups, possibly as a result of increased early

detection. Female lung cancer mortality, a major cause of

death in women, continued to increase but more slowly than

in earlier years. In addition, the incidence or mortality rate

increased in 10 other sites, accounting for about 13% of total

cancer incidence and mortality in the United States. Conclu-

sions: Overall cancer incidence and death rates continued to

decline in the United States. Future progress will require

sustained improvements in cancer prevention, screening,

and treatment. [J Natl Cancer Inst 2001;93:824–42]

The American Cancer Society (ACS), the National Cancer

Institute (NCI), the North American Association of Central Can-

cer Registries (NAACCR), and the Centers for Disease Control

and Prevention (CDC), including the National Center for Health

Statistics (NCHS) and the Center for Chronic Disease Preven-

tion and Health Promotion, collaborate to produce an annual

report on the current burden of cancer in the United States. Four

years ago, the initial report documented the first sustained de-

cline in cancer death rates, a notable reversal in the increases

documented since national record keeping was instituted in the

1930s (1). The second and third reports updated and confirmed

these declines in both cancer incidence and death rates (2,3).

Special features in these reports highlighted lung cancer and the

tobacco epidemic (2) and opportunities to improve the preven-

tion, early detection, and treatment of colorectal cancer (3). The

current report examines trends from 1973 through 1998 in the

incidence and death rates for the four most common cancers

(breast, prostate, lung, and colon–rectum cancers), which com-

prise more than half the cancer burden. This report also features

specific cancers for which incidence or death rates increased in

one or more population subgroups during the period from 1992

through 1998.

SUBJECTS AND METHODS

All statistics plus additional data and information on cancer incidence,

mortality, and survival are available from the following Internet addresses:

URL, www.seer.cancer.gov (NCI); www.naaccr.org/CINAPlus/index.html

(NAACCR); www.cdc.gov/cancer/NPCR (CDC); www.cdc.gov/nchs/about/

major/dvs/mortdata.htm (NCHS); and www.cancer.org (ACS). More detailed

information, figures, and methodology pertaining to this report are available at

the NCI Internet address.

Cancer Cases and Deaths

Information on newly diagnosed cancer cases in the United States is based on

data collected by registries in the NCI’s Surveillance, Epidemiology, and End

Results (SEER) Program (4) and the CDC’s National Program of Cancer Reg-

istries (NPCR) (5). NAACCR evaluates and publishes data annually from

registries in both programs (6).

For the long-term trend analyses, SEER incidence data for 1973 through 1998

were used. (These data are based on 10% of the U.S. population.) For the

analyses of more recent trends, the SEER incidence data for 1992 through 1998

were used; these data are based on 14% of the U.S. population. For estimates of

the proportion of cases and deaths contributed by each cancer, 1998 incidence

data from SEER (covering 14% of the U.S. population) and 1998 U.S. mortality

data were used. State incidence rates are provided for the four most common

cancers from 30 registries that meet NAACCR criteria for highest quality data

for 1994 through 1998 (6–8). Approximately 53% of the U.S. population is

included in the NAACCR combined cancer incidence rates. All information on

primary site and histology for incidence is converted to the International Clas-

sification of Diseases for Oncology, 2nd edition (9), with the use of site groups

published previously (4).
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Cancer deaths in the United States are reported to state vital statistics offices

and are consolidated into a national database by NCHS through the National

Vital Statistics System (NVSS) (10). NVSS codes the underlying cause of death

according to the version of the International Classification of Diseases (ICD) in

use in the United States at the time (11,12). A conversion algorithm ensures

comparability between versions of ICD codes, and they are categorized accord-

ing to SEER site groups (4).

Cancer Incidence and Death Rates

Age-adjusted cancer incidence and death rates were computed by use of

aggregated annual county resident population estimates from the U.S. Bureau

of the Census. Population data for Hawaii were adjusted slightly for an over-

count of white persons.

All rates were expressed per 100 000 population and were age-adjusted by the

direct method to the 1970 U.S. standard million population. For this report, a rate

was calculated when at least 20 cases or deaths occur in the category of interest.

The term “all sites” refers to all sites combined (except basal and squamous cell

carcinoma of the skin), including those not shown in the tables or figures.

This year’s report features 12 cancers for which incidence or death rates

increased from 1992 through 1998, in contrast to the decreasing trends noted for

most cancers and for all cancer sites combined. For these cancers, either the

SEER incidence rate (based on 14% of the population) or the U.S. death rate

increased in either sex among the total, white, or black population. Age-specific

trends were not used in the selection of the cancers with increasing trends. The

interval of 1992 through 1998 was chosen because the decline in cancer inci-

dence rates began in 1992 (1) and 1998 was the most recent year for which

incidence and mortality data were available. Combining all data from 1992

through 1998 also improved the precision of point estimates and the data inter-

pretability for all populations in the analyses (Hispanic, black, American Indian/

Alaska Native [AI/AN], Asian/Pacific Islander [API], and white). State cancer

incidence and death data for 1994 through 1998 were provided to maximize

geographic coverage (for incidence data) and to include the most recent 5 years

of available data.

Statistical Analyses

Annual percent change (APC) (4) was used to describe the recent trends from

1992 through 1998, with statistical significance assessed with the use of a two-

sided P � .05. The APC for the recent trends is the best measure for compari-

sons among groups because both the beginning and ending years are the same

(3).

Long-term trends are better described by joinpoint analysis (JPA), a model of

joined lines (straight lines on a log scale). JPA chooses a model of line segments,

such that each is joined at points called a “joinpoint.” Each joinpoint denotes a

statistically significant change in trend (13). For JPA, the overall statistical

significance level was set to P � .05, with a maximum of three joinpoints and

four line segments allowed. An APC was used to describe the trend for each line

segment. On the figures, lines represent predicted trends and symbols represent

observed rates.

RESULTS

General Update on Overall Trends: All Sites Combined

Cancer incidence rates for all sites combined decreased from

1992 through 1998 among all persons in the United States (Fig.

1), primarily because of a decline of 2.9% per year in white

males and 3.1% per year in black males (Table 1). Among

females, cancer incidence rates increased 0.3% per year. During

1992 through 1998, overall cancer death rates declined 1.1% per

year (Table 2; Fig. 1). The change was greater among males than

among females (declines of 1.6% and 0.8% annually, respec-

tively), with the greatest decrease in black males (decline of

2.0% per year).

Long-term trends in incidence and mortality were analyzed

(Fig. 1; Table 1) both with and without the inclusion of prostate

cancer to assess the effects of the sudden increase in diagnosis of

prostate cancer on the overall cancer incidence and to help put

recent trends in context. JPA revealed three trends in overall

cancer incidence rates from 1973 through 1998 for all sites, both

sexes, and all races combined: Rates increased from 1973

through 1982, accelerated from 1982 through 1992, and declined

from 1992 through 19981 (Fig. 1; Table 1). The exclusion of

prostate cancer eliminates the sharp increase in cancer incidence

that peaked in 1992 and suggests that the decrease in all other

cancers actually began 5 years earlier (in 1987). The recent

decline in cancer incidence is evident both with and without the

inclusion of prostate cancer. Long-term mortality trends were

similar regardless of the inclusion or exclusion of prostate can-

cer. When all sites are combined, death rates increased from

1973 through 1991, were level from 1991 through 1994, and

declined 1.4% per year from 1994 through 1998 (Fig. 1; Table

2). The trends in cancer incidence and death rates varied by sex

and race (Tables 1 and 2).

Update on the Most Common Cancer Sites

Cancers of the breast, prostate, lung, and colon–rectum ac-

counted for 55.9% of all 1998 SEER cases and 52.7% of all 1998

cancer deaths in the United States. Changes in the rates for these

sites, therefore, have a strong influence on overall cancer trends.

Results from incidence and mortality trend analyses for the top

10 cancers are provided on the NCI Internet site. The 1992

through 1998 trends in incidence rates for these cancers were

level or were declining, with the exception of increasing trends

in melanoma and in female breast cancer. Death rates decreased

for all of the top 10 sites, except non-Hodgkin’s lymphoma

(NHL) and female lung cancer, both of which were increasing.

Fig. 1. All cancers and all cancers except prostate, incidence and death rates,

joinpoint analyses for 1973 through 1998, all races, both sexes. Incidence data

are from Surveillance, Epidemiology, and End Results Program areas covering

10% of the U.S. population. Death data are from the National Center for Health

Statistics covering the entire U.S. population. Rates are per 100 000 persons and

are age-adjusted to the 1970 U.S. standard million population.
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Table 1. Cancer incidence rates and trends for 1992 through 1998 and joinpoint analyses for 1973 through 1998 for the most common

cancers and the 12 cancers with recent increasing rates by site, sex, and race*

Site

Average
annual rate

(1992–1998)
APC†

(1992–1998)

Joinpoint analyses (1973–1998)

Trend 1 Trend 2 Trend 3 Trend 4

Range of years APC† Range of years APC† Range of years APC† Range of years APC†

All sites 397.8 −1.1‡ 1973–1982 0.8‡ 1982–1992 1.7‡ 1992–1998 −1.0‡
Male 473.3 −2.7‡ 1973–1989 1.4‡ 1989–1992 5.2‡ 1992–1995 −4.3‡ 1995–1998 −0.8

White 470.4 −2.9‡ 1973–1989 1.4‡ 1989–1992 5.2‡ 1992–1995 −4.8‡ 1995–1998 −0.8
Black 596.8 −3.1‡ 1973–1981 2.6‡ 1981–1989 0.8‡ 1989–1993 5.4‡ 1993–1998 −4.2‡

Female 345.2 0.3‡ 1973–1980 0.1 1980–1987 1.6‡ 1987–1998 0.3‡
White 354.4 0.3 1973–1980 0.2 1980–1987 1.7‡ 1987–1998 0.3‡
Black 337.6 −0.1 1973–1991 1.2‡ 1991–1998 −0.2

Female breast 111.2 1.2‡ 1973–1980 −0.7 1980–1987 3.8‡ 1987–1998 0.5
White 115.5 1.1‡ 1973–1980 −0.6 1980–1987 3.9‡ 1987–1998 0.4
Black 101.5 0.1 1973–1979 −0.8 1979–1986 4.0‡ 1986–1998 0.9‡

Prostate 149.7 −5.1‡ 1973–1988 2.9‡ 1988–1992 17.5‡ 1992–1995 −10.0‡ 1995–1998 0.3
White 144.6 −5.7‡ 1973–1988 3.1‡ 1988–1992 17.4‡ 1992–1995 −11.3‡ 1995–1998 0.4
Black 234.2 −4.0‡ 1973–1989 2.2‡ 1989–1992 22.0‡ 1992–1998 −4.0‡

Lung 54.4 −1.6‡ 1973–1981 3.0‡ 1981–1991 0.9‡ 1991–1998 −1.2‡
Male 71.1 −2.7‡ 1973–1981 1.9‡ 1981–1991 −0.4‡ 1991–1998 −2.4‡

White 69.6 −2.7‡ 1973–1981 1.7‡ 1981–1991 −0.4‡ 1991–1998 −2.5‡
Black 107.2 −3.2‡ 1973–1984 3.0‡ 1984–1998 −1.8‡

Female 41.8 −0.2 1973–1976 9.1‡ 1976–1983 5.2‡ 1983–1991 3.1‡ 1991–1998 0.2
White 43.6 −0.1 1973–1982 6.5‡ 1982–1991 3.2‡ 1991–1998 0.4
Black 45.7 −0.3 1973–1990 4.7‡ 1990–1998 −0.7

Colon–rectum 43.3 −0.7 1973–1985 0.8‡ 1985–1995 −1.8‡ 1995–1998 0.5
Male 51.8 −1.1 1973–1986 1.1‡ 1986–1995 −2.1‡ 1995–1998 0.1

White 51.4 −1.3‡ 1973–1986 1.0‡ 1986–1995 −2.2‡ 1995–1998 0.1
Black 57.7 −1.1 1973–1980 4.6‡ 1980–1998 −0.1

Female 36.7 −0.4 1973–1984 0.5‡ 1984–1996 −1.6‡ 1996–1998 2.5
White 36.3 −0.4 1973–1984 0.5‡ 1984–1995 −1.9‡ 1995–1998 1.1
Black 44.7 −0.3 1973–1980 2.9‡ 1980–1998 −0.3

Non-Hodgkin’s lymphoma 15.7 0.1 1973–1991 3.5‡ 1991–1998 0.4
Male 19.5 −0.5 1973–1990 4.0‡ 1990–1995 2.0 1995–1998 −3.3

White 20.2 −0.8 1973–1979 2.4‡ 1979–1988 5.0‡ 1988–1995 1.7‡ 1995–1998 −3.3‡
Black 16.0 −0.1 1973–1998 4.1‡

Female 12.5 1.0‡ 1973–1988 2.9‡ 1988–1998 1.4‡
White 13.0 0.7 1973–1988 3.0‡ 1988–1998 1.3‡
Black 8.7 4.9‡ 1973–1998 3.0‡

Liver and IBD† 4.3 4.4‡ 1973–1983 0.8 1983–1998 4.4‡
Male 6.6 4.0‡ 1973–1984 1.7‡ 1984–1998 4.4‡

White 5.2 4.0‡ 1973–1984 0.8 1984–1998 4.7‡
Black 8.0 1.1 1973–1998 2.4‡

Female 2.5 4.7‡ 1973–1980 −1.8 1980–1998 3.9‡
White 2.0 5.5‡ 1973–1978 −4.8 1978–1998 3.1‡
Black 2.8 4.1 §

Esophagus 3.7 −0.3 1973–1998 0.5‡
Male 6.2 −0.2 1973–1998 0.7‡

White 5.9 0.9 1973–1981 −0.4 1981–1998 1.8‡
Black 11.8 −6.7‡ 1973–1986 1.5 1986–1998 −4.9‡

Female 1.7 −0.9 1973–1998 −0.2
White 1.6 −0.7 1973–1998 0.0
Black 4.0 −3.6 1973–1981 4.3 1981–1998 −2.3‡

Melanoma 12.9 2.8‡ 1973–1981 6.1‡ 1981–1998 2.8‡
Male 16.0 2.8‡ 1973–1985 5.7‡ 1985–1998 3.0‡

White 18.2 2.7‡ 1973–1980 7.7‡ 1980–1996 3.9‡ 1996–1998 −2.1
Black 1.1 § §

Female 10.6 2.8‡ 1973–1980 6.1‡ 1980–1998 2.1‡
White 12.3 2.9‡ 1973–1980 6.7‡ 1980–1998 2.3‡
Black 0.7 § §

Acute myeloid leukemia 2.7 1.1 1973–1987 −0.9‡ 1987–1998 2.1‡
Male 3.3 1.8‡ 1973–1988 −0.5 1988–1998 1.9‡

White 3.5 1.7 1973–1988 −0.7‡ 1988–1998 2.2‡
Black 2.4 2.7 §

Female 2.3 0.4 1973–1987 −1.1‡ 1987–1998 2.4‡
White 2.3 0.9 1973–1986 −1.4‡ 1986–1998 2.3‡
Black 2.1 −1.8 §

(Table continues)
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Breast (7.8% of 1998 deaths; 16.3% of 1998 cases). During

the period from 1973 through 1998, female breast cancer inci-

dence rates increased by more than 40%, from 82.6 in 1973

to 118.1 in 1998. Rates increased differentially by age and race.

For white women, breast cancer incidence rates increased

by 3.9% per year between 1980 and 1987 (Table 1; Fig. 2) and

by 0.4% per year between 1987 and 1998. Breast cancer inci-

dence rates for black women were lower than for white women;

however, the increase for black women was similar to that for

white women from 1979 through 1986 and larger for black

women from 1986 through 1998 (Fig. 2; Table 1). Among white

women and black women, trends in incidence rates varied by age

(Fig. 3). Since the late 1980s, the increase in breast cancer in-

cidence rates in white women was seen primarily in women

50–74 years old. Among black women 50 years old or older,

incidence rates increased from 1973 through 1998, although it

was more difficult to distinguish changes in the age-specific

trends because of variability in annual rates resulting from small

numbers of cases. The increases in incidence rates were limited

to early-stage breast cancer [American Joint Committee on Can-

cer stages I and II (14)] in both black women and white women,

as well as in situ disease (data not shown). Increases from 1994

through 1998 in the incidence of stage II lymph node-positive

breast cancer among white women 50–64 years old were seen, in

contrast to the decline observed from 1984 through 1994. No

increases in breast cancer incidence were apparent in either

black or white women less than 50 years old. During 1992

through 1998, incidence rates increased in API women, while

trends for AI/AN and Hispanic women were difficult to interpret

because of small numbers of cases (data not shown).

Death rates from breast cancer decreased by 1.6% annually

for all races combined from 1989 through 1995; the decrease

then accelerated to a decline of 3.4% annually from 1995

through 1998 (Table 2). The breast cancer death rates declined

among white women (Fig. 2), and the decrease was proportion-

ately greater in women younger than 50 years of age than in

older women (Fig. 4). For black women, the most recent death

rates did not continue to increase, in contrast to the 1.3% annual

Table 1 (continued). Cancer incidence rates and trends for 1992 through 1998 and joinpoint analyses for 1973 through 1998 for the most

common cancers and the 12 cancers with recent increasing rates by site, sex, and race*

Site

Average
annual rate

(1992–1998)
APC†

(1992–1998)

Joinpoint analyses (1973–1998)

Trend 1 Trend 2 Trend 3 Trend 4

Range of years APC† Range of years APC† Range of years APC† Range of years APC†

Soft tissue
(including heart)

2.4 2.0 1973–1990 0.5‡ 1990–1998 2.4‡

Male 2.8 1.0 1973–1998 0.9‡
White 2.8 0.8 1973–1998 0.8‡
Black 2.9 −0.1 §

Female 2.1 3.2 1973–1992 0.5 1992–1998 3.9‡
White 2.1 3.3‡ 1973–1998 1.2‡
Black 2.3 2.1 §

Thyroid 5.3 2.7‡ 1973–1977 5.3‡ 1977–1980 −6.4 1980–1998 2.5‡
Male 2.9 0.1 1973–1977 6.5 1977–1980 −8.4 1980–1998 2.1‡

White 3.0 0.5 1973–1977 7.6‡ 1977–1980 −8.5 1980–1998 2.6‡
Black 1.6 § §

Female 7.7 3.7‡ 1973–1977 5.0 1977–1980 −5.6 1980–1998 2.7‡
White 7.8 3.9‡ 1973–1988 1.1‡ 1988–1998 3.6‡
Black 4.2 2.8‡ 1973–1988 −1.1 1988–1998 4.1‡

Small intestine 1.3 0.9 1973–1998 2.6‡
Male 1.6 −0.8 1973–1998 2.7‡

White 1.5 −1.2 1973–1998 2.4‡
Black 2.7 1.8 §

Female 1.1 2.8‡ 1973–1998 2.4‡
White 1.1 1.8‡ 1973–1998 2.2‡
Black 1.8 § §

Vulva 1.7 2.4‡ 1973–1998 0.6‡
White 1.8 2.5‡ 1973–1998 0.7‡
Black 1.6 2.3 §

Peritoneum, omentum,
and mesentery

0.4 11.2‡ 1973–1988 2.3‡ 1988–1998 11.0‡

Male 0.2 −3.4 §
White 0.2 § §
Black § § §

Female 0.6 15.1‡ §
White 0.7 14.9‡ §
Black 0.4 § §

*Incidence rates and trends for 1992–1998 are based on Surveillance, Epidemiology, and End Results (SEER) registries covering 14% of the U.S. population.

Rates are per 100 000. Joinpoint analysis of trends for 1973–1998 allowed for up to three joinpoints and are based on data from SEER registries covering 10% of

the U.S. population.

†APC � annual percent change; IBD � intrahepatic bile duct.

‡APC is statistically significantly different from zero (two-sided P<.05).

§No trend analysis was performed when there were too few cases in any year.
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Table 2. Cancer death rates and trends for 1992 through 1998 and joinpoint analyses for 1973 through 1998 for the most common

cancers and the 12 cancers with recent increasing rates by site, sex, and race*

Site

Average
annual rate

(1992–1998)
APC†

(1992–1998)

Joinpoint analyses (1973–1998)

Trend 1 Trend 2 Trend 3 Trend 4

Range of years APC† Range of years APC† Range of years APC† Range of years APC†

All sites 167.8 −1.1‡ 1973–1985 0.5‡ 1985–1991 0.2‡ 1991–1994 −0.5 1994–1998 −1.4‡
Male 209.0 −1.6‡ 1973–1980 0.7‡ 1980–1990 0.2‡ 1990–1994 −0.8‡ 1994–1998 −1.9‡

White 203.2 −1.5‡ 1973–1979 0.7‡ 1979–1990 0.2‡ 1990–1994 −0.7‡ 1994–1998 −1.8‡
Black 297.7 −2.0‡ 1973–1983 1.7‡ 1983–1990 0.7‡ 1990–1994 −0.9 1994–1998 −2.5‡

Female 139.4 −0.8‡ 1973–1990 0.5‡ 1990–1995 −0.2 1995–1998 −1.3‡
White 138.0 −0.8‡ 1973–1990 0.5‡ 1990–1995 −0.2 1995–1998 −1.4‡
Black 166.6 −0.6‡ 1973–1975 −1.2 1975–1991 0.9‡ 1991–1998 −0.6‡

Female breast 24.7 −2.4‡ 1973–1979 −0.3 1979–1989 0.5‡ 1989–1995 −1.6‡ 1995–1998 −3.4‡
White 24.3 −2.7‡ 1973–1990 0.2‡ 1990–1995 −2.0‡ 1995–1998 −3.6‡
Black 31.0 −0.6 1973–1991 1.3‡ 1991–1998 −0.6

Prostate 24.5 −3.5‡ 1973–1987 0.8‡ 1987–1991 2.8‡ 1991–1994 −1.2 1994–1998 −4.5‡
White 22.4 −3.7‡ 1973–1987 0.7‡ 1987–1991 2.9‡ 1991–1994 −1.4 1994–1998 −4.7‡
Black 53.1 −2.3‡ 1973–1988 1.7‡ 1988–1993 2.6‡ 1993–1998 −3.0‡

Lung 49.1 −0.8‡ 1973–1980 2.9‡ 1980–1990 1.7‡ 1990–1993 −0.2 1993–1998 −0.8‡
Male 69.3 −1.9‡ 1973–1980 2.0‡ 1980–1990 0.5‡ 1990–1998 −1.8‡

White 67.8 −1.8‡ 1973–1980 1.8‡ 1980–1990 0.5‡ 1990–1998 −1.7‡
Black 96.2 −2.5‡ 1973–1982 2.9‡ 1982–1990 1.1‡ 1990–1998 −2.2‡

Female 34.0 0.8‡ 1973–1983 6.1‡ 1983–1991 3.7‡ 1991–1998 0.9‡
White 34.6 0.8‡ 1973–1982 6.3‡ 1982–1989 4.1‡ 1989–1993 2.4‡ 1993–1998 0.6‡
Black 33.6 0.9‡ 1973–1981 6.6‡ 1981–1990 4.1‡ 1990–1998 1.1‡

Colon–rectum 17.1 −1.8‡ 1973–1984 −0.6‡ 1984–1998 −1.8‡
Male 20.9 −2.1‡ 1973–1979 0.4 1979–1987 −0.6‡ 1987–1998 −2.0‡

White 20.6 −2.3‡ 1973–1978 0.4 1978–1986 −0.6‡ 1986–1998 −2.1‡
Black 27.3 −0.9‡ 1973–1990 1.2‡ 1990–1998 −0.9‡

Female 14.3 −1.7‡ 1973–1984 −1.1‡ 1984–1998 −1.9‡
White 13.9 −1.9‡ 1973–1984 −1.2‡ 1984–1998 −2.1‡
Black 19.6 −0.6 1973–1985 0.5‡ 1985–1998 −0.6‡

Non-Hodgkin’s lymphoma 6.8 1.1‡ 1973–1977 −0.2 1977–1995 2.2‡ 1995–1998 −0.2
Male 8.4 1.1‡ 1973–1977 −0.9 1977–1991 2.5‡ 1991–1998 1.2‡

White 8.7 1.1‡ 1973–1977 −0.5 1977–1994 2.4‡ 1994–1998 0.3
Black 6.3 2.0 1973–1976 −3.7 1976–1998 2.5‡

Female 5.5 1.0‡ 1973–1975 −1.8 1975–1995 2.0‡ 1995–1998 −0.1
White 5.8 0.9 1973–1975 −1.9 1975–1995 2.0‡ 1995–1998 −0.3
Black 3.8 2.0‡ 1973–1998 2.4‡

Liver and IBD† 3.5 2.9‡ 1973–1978 −1.4‡ 1978–1987 1.7‡ 1987–1995 4.0‡ 1995–1998 2.1‡
Male 5.1 3.0‡ 1973–1978 −0.9 1978–1986 2.0‡ 1986–1998 3.6‡

White 4.6 3.0‡ 1973–1977 −1.7 1977–1985 1.6‡ 1985–1998 3.6‡
Black 7.5 2.8‡ 1973–1988 0.5 1988–1998 2.8‡

Female 2.3 2.2‡ 1973–1977 −2.7‡ 1977–1988 1.2‡ 1988–1995 4.2‡ 1995–1998 0.3
White 2.1 2.2‡ 1973–1978 −2.1‡ 1978–1988 1.1‡ 1988–1995 4.0‡ 1995–1998 0.5
Black 3.0 1.8 1973–1998 1.6‡

Esophagus 3.6 0.5‡ 1973–1998 0.7‡
Male 6.3 0.5‡ 1973–1975 2.9 1975–1983 0.6‡ 1983–1994 1.1‡ 1994–1998 0.2

White 5.8 1.6‡ 1973–1982 0.6‡ 1982–1998 1.9‡
Black 12.4 −4.3‡ 1973–1979 2.7‡ 1979–1989 −0.6 1989–1998 −3.8‡

Female 1.5 0.0 1973–1980 1.0‡ 1980–1998 −0.2‡
White 1.3 0.9 1973–1998 0.3‡
Black 3.3 −3.4‡ 1973–1984 1.1‡ 1984–1998 −2.1‡

Melanoma 2.2 0.4 1973–1977 4.1‡ 1977–1989 1.3‡ 1989–1998 0.2
Male 3.2 0.8‡ 1973–1987 2.4‡ 1987–1998 0.7‡

White 3.6 1.0‡ 1973–1987 2.6‡ 1987–1998 0.8‡
Black 0.4 −2.8 1973–1998 −1.2‡

Female 1.5 −0.3 1973–1979 3.1‡ 1979–1998 0.0
White 1.7 −0.3 1973–1979 3.2‡ 1979–1998 0.1
Black 0.4 2.2 1973–1998 0.3

Soft tissue (including heart) 1.3 1.0 1973–1976 −3.9 1976–1979 12.7‡ 1979–1998 1.3‡
Male 1.4 1.0 1973–1976 −5.4‡ 1976–1979 12.8‡ 1979–1998 1.1‡

White 1.4 0.7 1973–1976 −5.6‡ 1976–1979 12.8‡ 1979–1998 1.1‡
Black 1.4 3.7‡ 1973–1982 5.4‡ 1982–1998 0.8

Female 1.2 0.8 1973–1976 −2.2 1976–1979 12.6 1979–1998 1.5‡
White 1.1 1.3‡ 1973–1976 −2.7 1976–1979 12.7‡ 1979–1998 1.4‡
Black 1.7 −2.1 1973–1994 3.6‡ 1994–1998 −3.4

(Table continues)
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increase between 1973 and 1991 (Fig. 2). Among black women,

age-specific declines in death rates occurred among women

younger than 75 years of age and were statistically significant

only among women younger than 50 years of age.

Breast cancer was the most common cancer diagnosed among

women in all five racial and ethnic populations studied (Fig. 5).

It was the leading cause of cancer death among Hispanic women

and was second to lung cancer among all other racial and ethnic

female groups (Fig. 5). Across these populations, the breast can-

cer death rate was highest among black women. State-specific

breast cancer incidence rates varied among white women (from

95.8 in West Virginia to 130.8 in Hawaii) and among black

women (from 71.2 in New Mexico to 120.0 in the Atlanta met-

ropolitan area) (Table 3). Breast cancer death rates for white

women ranged from 20.1 in Colorado to 27.1 in New Jersey,

while rates for black women were higher, ranging from 23.2 in

Nevada to 38.9 in Washington, DC (Table 4).

Prostate (5.9% of deaths; 14.8% of cases). After a 2.9%

annual increase in prostate cancer since 1973, a steeper increase

began in 1988 with the introduction of serologic screening for

prostate-specific antigen (PSA). Subsequently, incidence rates

declined by 5.7% per year in white males from 1992 through

1998 (Table 1). Analysis of long-term trends suggested that the

recent decline was not monotonic; there was an 11.3% annual

decrease from 1992 through 1995 and a leveling of rates be-

tween 1995 and 1998. In black males, incidence declined by

4.0% per year throughout the 7-year period. Among the five

racial and ethnic populations, the incidence rate was highest

among black males and lowest among AI/AN males (Fig. 5).

Death rates from prostate cancer have varied over time (Table

2). Among white men, prostate cancer death rates increased by

0.7% per year from 1973 through 1987, climbed by 2.9% per

year between 1987 and 1991, stabilized between 1991 and 1994,

and then declined by 4.7% per year through 1998. Among black

men, death rates increased by 1.7% per year from 1973 to 1988

and 2.6% per year from 1988 to 1993, then declined by 3.0% per

year through 1998 (Table 2).

Prostate cancer incidence and mortality varied widely by

race/ethnicity and geographic region (Tables 3 and 4). Prostate

cancer ranked first in incidence and second to lung cancer as the

most common cause of cancer death among men across all five

racial and ethnic populations (Fig. 5). The incidence rates ranged

from 101.0 among white males in Kentucky to 262.6 among

black males in the Atlanta metropolitan area (Table 3). For mor-

tality, the U.S. rate was 21.7 in white males, ranging from 18.7

in Alaska to 25.9 in Wyoming (Table 4). Many states with the

highest rates in white males clustered in the north central part of

the United States (Wyoming, Wisconsin, Minnesota, Montana,

Idaho, North Dakota, and South Dakota). Among black men, the

death rates ranged from a low of 34.1 in Nevada to 64.2 in

Delaware (Table 4). Most of the states with the highest death

rates in black men were in the southeastern part of the United

States (Alabama, Florida, Georgia, Mississippi, Tennessee, Vir-

ginia, North Carolina, and South Carolina).

Table 2 (continued). Cancer death rates and trends for 1992 through 1998 and joinpoint analyses for 1973 through 1998 for the most

common cancers and the 12 cancers with recent increasing rates by site, sex, and race*

Site

Average
annual rate

(1992–1998)
APC†

(1992–1998)

Joinpoint analyses (1973–1998)

Trend 1 Trend 2 Trend 3 Trend 4

Range of years APC† Range of years APC† Range of years APC† Range of years APC†

Thyroid 0.3 −0.2 1973–1985 −2.4‡ 1985–1998 0.1
Male 0.3 1.1 1973–1984 −1.5‡ 1984–1998 0.6

White 0.3 1.2 1973–1977 4.2 1977–1983 −3.6 1983–1998 0.8‡
Black 0.2 § 1973–1998 −1.4‡

Female 0.4 −0.8 1973–1988 −2.6‡ 1988–1998 0.3
White 0.3 −0.9 1973–1988 −2.8‡ 1988–1998 0.3
Black 0.4 0.9 1973–1998 −1.3‡

Small intestine 0.3 −0.2 1973–1998 0.5‡
Male 0.4 0.7 1973–1998 0.7‡

White 0.4 1.0 1973–1998 0.6‡
Black 0.6 −2.0 1973–1998 1.5‡

Female 0.3 −1.2‡ 1973–1998 0.2‡
White 0.3 −1.8‡ 1973–1998 0.1
Black 0.4 2.8 1973–1998 1.3‡

Vulva 0.3 −1.2 1973–1984 −2.4‡ 1984–1998 0.3
White 0.3 −0.8 1973–1987 −2.0‡ 1987–1998 1.3‡
Black 0.3 −5.8 1973–1979 −8.8‡ 1979–1983 10.1 1983–1998 −3.6‡

Peritoneum, omentum,
and mesentery

0.1 8.2‡ 1973–1977 −0.5 1977–1980 −16.5 1980–1988 0.6 1988–1998 7.3‡

Male 0.1 −3.8 1973–1998 −2.2‡
White 0.1 −4.0 1973–1998 −2.0‡
Black 0.1 § §

Female 0.2 13.0‡ 1973–1977 −0.6 1977–1980 −18.9 1980–1988 0.9 1988–1998 12.0‡
White 0.2 13.5‡ 1973–1977 −0.4 1977–1980 −19.8 1980–1988 1.8 1988–1998 12.2‡
Black 0.1 § §

*Rates are per 100 000 persons and are age-adjusted to the 1970 U.S. standard million population. Joinpoint analysis of trends allowed for up to three joinpoints.

Death data are from the National Vital Statistics System of the National Center for Health Statistics; the data cover the entire U.S. population.

†APC � annual percent change; IBD � intrahepatic bile duct.

‡APC is statistically significantly different from zero (two-sided P<.05).

§No trend analysis was performed when there were too few cases in any year.
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Lung (28.5% of deaths; 13.2% of cases). Overall, lung

cancer incidence decreased 1.6% per year between 1992 and

1998 (Table 1), because of a decline in incidence among men

(2.7% per year) and a leveling off of the rates among women.

Long-term trends illustrate that women have lagged behind men

in lung cancer incidence (Table 1) and mortality (Table 2). Lung

cancer incidence rates began to decrease in 1981 in men but

continued to increase until 1991 in women. Lung cancer mor-

tality began to decrease in 1990 in men, but it continued to

increase to at least 1998 in women. For 1992 through 1998, the

death rate decreased by 1.9% per year among men, but it in-

creased by 0.8% per year among women (Table 2). Lung cancer

incidence and mortality in women showed a gradual slowing in

the rates of increase over the past three decades.

Among men, the death rate from lung cancer for 1992

through 1998 exceeded that from other cancers in all five racial

and ethnic populations (Fig. 5). The death rates ranged from 30.5

in Hispanic males and 33.8 in API males to 96.2 in black males.

Among women, lung cancer was the leading cause of cancer

mortality, except among Hispanics. The death rates ranged from

10.9 in Hispanic females to 34.6 in white females (Fig. 5). Sex-

and race-specific lung cancer incidence and death rates also

varied widely across states (Tables 3 and 4). Incidence rates

were lowest among white females in Utah (19.2) and highest

among black males in Wisconsin (149.0) (Table 3). Death rates

ranged from 14.1 among white females in Utah to 123.4 among

black males in Wisconsin (Table 4).

Colon–rectum (10.5% of deaths; 11.6% of cases). Colo-

rectal cancer was among the top four cancers in five racial/ethnic

populations during 1992 through 1998 (Fig. 5). Colorectal can-

cer rates ranged from 22.8 in the black population to 10.2 in the

Hispanic population. Incidence rates for white males declined by

1.3% per year from 1992 through 1998 and remained constant

for black males, black females, and white females over this time

(Table 1). The long-term incidence rates of colorectal cancer in

all persons increased until 1985, decreased 1.8% per year

through 1995, and then stabilized through 1998 (Table 1). The

ascending colon was the only colon subsite with increasing in-

cidence rates during 1992 through 1998, primarily because of a

1.5% annual increase in females (data not shown). Death rates

from colorectal cancer decreased from 1992 through 1998

in white males, white females, and black males, whereas rates in

black females were stable. In the long-term trends, the decrease

in death rates began earlier in women than in men and was larger

in white than in black populations (Table 2).

Other Sites With Increasing Trends

In addition to the recent rise in female breast cancer incidence

rates and in the long-term increase in female lung cancer death

rates, an increase in either incidence or mortality rates has been

observed for 10 other cancer sites. These include NHL, mela-

noma, and cancer of the liver and intrahepatic bile duct (IBD), as

well as relatively rare tumor types, such as cancers of the vulva

and of the peritoneum, omentum, and mesentery. The results for

each cancer are described in descending order of their contribu-

tion to total cancer deaths.

NHL (4.3% of deaths; 4.0% of cases). From 1992 through

1998, NHL incidence rates increased among black females

(Table 1), primarily among those younger than 65 years old

(data not shown). For all males, incidence rates were stable

during the 7-year period (Table 1). The long-term trends in

incidence rates increased from 1973 through 1998 by 3.0% per

year for black females; incidence rates for white females in-

creased by the same APC through 1988 but then slowed to an

increase of 1.3% per year for the next 10 years. Incidence rates

in black males increased 4.1% annually from 1973 through

1998; those in white males increased 2.4% per year in the 1970s,

accelerated to an increase of 5.0% per year in the 1980s, and

slowed to a 1.7% annual increase from 1988 through 1995, when

the trend reversed to a decline of 3.3% per year from 1995

through 1998 (Table 1). During 1992 through 1998, death rates

increased for white males and black females (Table 2). Analysis

of long-term death rates in white males suggested that rates

increased from 1977 through 1994 and were stable from 1994

through 1998 (Table 2).

Liver and IBD (2.3% of deaths; 1.2% of cases). From 1992

through 1998, the incidence rates of liver and IBD cancer in-

creased among all males and females, and the magnitude of the

rates was consistently higher in males than in females and in

black populations than in white populations (Table 1). Death

rates during this time also increased in males (all, white, and

black) and in females (all and white) (Table 2). The recent

increases in both incidence rates and death rates were part of a

long-term pattern of increasing rates for this cancer (Tables 1

and 2). The incidence rates of cancer of the liver and IBD were

11.5 among API, 6.1 among Hispanic, 5.6 among AI/AN, 5.1

among blacks, and 3.4 among whites populations (Fig. 5).

Esophagus (2.2% of deaths; 0.9% of cases). The overall

death rate from cancer of the esophagus increased from 1992

through 1998 because of a 1.6% annual increase in white men;

however, rates in black men and in black women decreased over

this period (Table 2). Trends in the incidence rates of esophageal

Fig. 2. Female breast cancer incidence and death rates by race, 1973 through

1998. Incidence data are from Surveillance, Epidemiology, and End Results

Program areas covering 10% of the U.S. population. Death data are from the

National Center for Health Statistics covering the entire U.S. population. Rates

are per 100 000 females and are age-adjusted to the 1970 U.S. standard million

population.
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cancer during 1992 through 1998 differed by sex and race, with

incidence rates decreasing among black men and remaining

stable among other groups (Table 1). The incidence rates and

death rates in black persons were nearly twice those in white

persons (Fig. 5). The rates among API, AI/AN, and Hispanic

populations were lower than the rate in the white population and

were nearly the same among the three groups. Similar racial and

ethnic patterns were observed in death rates (Fig. 5).

The histologic distribution of esophageal cancer has also

changed, influencing the overall trends of this cancer (data avail-

Fig. 3. Female breast cancer

incidence by age and race,

1973 through 1998. Inci-

dence data are from Surveil-

lance, Epidemiology, and

End Results Program areas

covering 10% of the U.S.

population. Rates are per

100 000 females and are

age-adjusted to the 1970

U.S. standard million popu-

lation.

Fig. 4. Female breast cancer

death rates by age and race,

1973 through 1998. Death

data are from the National

Center for Health Statistics

covering the entire U.S.

population. Rates are per

100 000 females and are

age-adjusted to the 1970

U.S. standard million popu-

lation.
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able on the Internet; see “Subjects and Methods” section). The

incidence rates of squamous cell carcinoma of the upper esopha-

gus have decreased gradually since the late 1970s, although they

are higher in black than in white Americans and in men than in

women. In contrast, the incidence rates of adenocarcinoma,

which occurs in the lower esophagus near the gastroesophageal

junction, have increased more steeply than those of any other

cancer among men of both races (15).

Melanoma (1.4% of deaths; 3.5% of cases). From 1992

through 1998, the incidence rates of melanoma increased an

average of 2.7% per year and 2.9% per year for both white males

and white females, respectively (Table 1). The death rates during

this period increased more slowly for white males (1.0% annu-

ally) and were stable for white females (Table 2). Melanoma is

rare among black, API, AI/AN, and Hispanic populations.

Analyses of long-term trends in the incidence rates of mela-

noma indicated that sharp increases occurred in white males and

white females from 1973 until the 1980s that were then followed

by slower increases (Table 1). The rates of death from melanoma

among white males rose by 2.6% per year from 1973 through

1987 and then by 0.8% annually from 1987 through 1998.

Among white females, death rates increased by 3.2% per year in

the 1970s and then stabilized through 1998 (Table 2).

Acute myeloid leukemia (AML) (1.3% of deaths; 0.8% of

cases). From 1992 through 1998, the incidence of AML in-

creased by 1.8% per year for all males (Table 1), with most of

Fig. 5. Cancer incidence and death rates by site and race/ethnicity, 1992 through

1998. Rates are per 100 000 persons and are age-adjusted to the 1970 U.S.

standard million population. Incidence data are from Surveillance, Epidemiol-

ogy, and End Results Program areas covering 14% of the U.S. population. Death

data are from the National Center for Health Statistics covering the entire U.S.

population. A) Whites. B) Blacks. C) Asian and Pacific Islanders. D) American

Indians and Alaska Natives. E) Hispanics. Hispanic is not mutually exclusive

from whites, blacks, American Indians/Alaska Natives, and Asian/Pacific Is-

landers. #Rates are based on sex-specific data. NOS � not otherwise specified;

ONS � other nervous system; IBD � intrahepatic bile duct.
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Fig. 5. (Continued).
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the increase occurring in males who were 65 years old or older

(data not shown). This recent pattern was part of a longer trend

of increasing rates since the late 1980s in white males. Data were

insufficient to assess trends in death rates because of the lack of

specificity of leukemias on the death certificate.

Soft (connective) tissue including heart (0.7% of deaths;

0.6% of cases). The designation of soft tissue refers to the

anatomic site and not to the type of tumor. Although more than

90% of soft-tissue tumors are soft-tissue sarcomas, sarcomas of

specific sites are classified to the specific anatomic site and not

to soft tissue. The incidence rate of cancers of the soft tissue,

including heart, increased 3.3% per year among white females

from 1992 through 1998, while that for the other race–sex

groups were stable (Table 1). Death rates increased during this

period for white females (1.3% annually) and black males (3.7%

annually) (Table 2). The long-term incidence trend in all persons

increased 0.5% annually from 1973 through 1990 and acceler-

ated to increase by 2.4% per year from 1990 through 1998. In

contrast, the long-term mortality trend increased by 12.7% an-

nually in all persons from 1976 through 1979 and then slowed to

a 1.3% annual increase through 1998.

Thyroid (0.4% of deaths; 1.5% of cases). The incidence

rates for thyroid cancer for 1992 through 1998 were 2.5 times

higher in women than in men. The overall incidence rate of

thyroid cancer increased 2.7% per year during 1992 through

1998, reflecting annual increases in white (3.9%) and black

(2.8%) women (Table 1). The increases occurred among 20- to

54-year-old females of both races and older white females (data

not shown). Long-term trends of incidence rates in white women

increased 1.1% per year from 1973 through 1988 and then ac-

celerated to increase by 3.6% per year through 1998. Rates for

black females were stable through 1988, at which time the rates

began to increase by 4.1% per year through 1998. Death rates

remained level during the recent 7-year period (Table 2); how-

ever, among white males, long-term death rates have increased

by 0.8% annually from 1983 through 1998. The lowest inci-

dence rates occurred in black persons (3.0) and in AI/AN popu-

lations (3.1), the highest rate was among the API population

Table 3. Average annual cancer incidence rates for selected cancer sites by sex, race, and selected states and geographic areas, 1994 through 1998*

States and areas

Female breast Prostate

Lung Colon and rectum

Male Female Male Female

White Black White Black White Black White Black White Black White Black

Arizona 105.7 77.3 113.2 138.9 67.7 78.9 43.0 38.9 45.5 41.7 31.9 31.6
California 117.2 97.1 124.3 198.7 65.8 93.8 45.6 45.8 48.0 54.8 33.9 42.4

Greater Bay Area 130.6 92.4 130.6 180.4 62.0 92.9 45.8 45.6 49.8 52.8 35.6 36.8
Los Angeles 110.0 99.4 124.6 205.3 57.6 93.9 39.0 43.8 46.6 56.5 32.5 44.7

Colorado 110.5 83.4 131.1 163.4 56.9 70.1 35.1 41.8 44.5 47.7 32.6 36.7
Connecticut 123.6 94.1 134.6 218.1 74.2 99.4 49.5 38.5 56.8 60.1 40.7 45.3
Delaware 118.8 106.3 132.4 237.2 92.9 117.5 56.8 63.4 57.7 60.6 40.2 45.3
Florida 112.1 88.0 124.9 201.5 90.1 101.3 54.6 36.7 58.4 56.9 41.4 45.0
Georgia: Atlanta metropolitan area 117.1 120.0 147.4 262.6 79.8 117.6 46.6 40.1 45.7 56.7 34.2 49.9
Hawaii 130.8 72.2 136.4 102.7 68.7 45.9 58.1 34.6
Idaho 105.8 127.9 61.0 36.5 43.7 32.3
Illinois 110.9 102.3 119.1 198.7 81.0 121.4 45.5 53.9 55.0 62.6 39.7 48.1
Iowa 108.8 116.2 125.5 208.7 80.5 113.6 40.2 56.0 59.2 57.3 43.0 49.0
Kentucky 101.4 103.0 101.0 151.3 120.7 140.3 58.0 67.0 55.5 65.5 40.1 50.3
Louisiana 101.0 89.7 131.0 184.0 95.2 123.5 47.6 39.0 55.9 55.8 36.3 41.3
Michigan: Detroit metropolitan area 111.6 102.8 149.2 256.3 85.1 118.5 51.8 52.1 55.7 59.1 36.9 46.3
Montana 101.8 124.3 69.8 44.0 45.5 33.0
Nebraska 108.6 103.0 127.4 175.4 72.9 107.9 36.4 57.2 56.0 48.0 38.0 41.1
New Hampshire 115.1 127.4 76.5 49.3 57.1 40.1
New Jersey 120.4 96.5 147.3 227.6 77.2 102.1 47.4 45.5 63.1 62.5 43.4 47.0
New Mexico 104.5 71.2 127.1 121.3 54.2 58.0 32.7 31.3 41.8 42.2 30.0 32.8
North Carolina 103.8 92.9 112.8 182.7 91.8 106.8 43.5 30.5 47.3 47.2 32.0 39.9
Pennsylvania 108.2 101.4 129.5 238.2 79.5 122.0 41.7 58.6 60.5 63.4 42.0 44.5
Rhode Island 117.0 86.8 143.8 167.8 92.2 88.2 53.8 57.6 62.7 45.6 44.0 45.2
Utah 99.5 146.8 179.9 35.6 19.2 39.2 29.4
Washington 121.0 99.0 132.8 186.6 73.4 91.3 51.4 44.6 47.8 56.0 35.3 38.9

Seattle–Puget Sound, WA 127.4 105.3 134.0 200.2 73.4 98.7 53.2 47.4 48.9 59.3 35.2 40.5
West Virginia 95.8 91.2 107.0 174.4 104.3 94.0 54.8 45.2 53.1 72.3 39.7 48.7
Wisconsin 110.1 95.9 134.2 231.0 72.0 149.0 42.2 60.7 57.9 64.2 41.4 46.0
Wyoming 98.7 146.6 61.6 39.8 45.1 33.4

SEER Program† 116.6 102.0 133.4 222.9 67.7 103.7 43.7 45.6 50.5 56.7 35.9 44.6
NPCR‡ 111.4 95.1 125.3 200.4 78.8 108.7 46.6 44.9 53.7 57.2 38.0 43.8
NAACCR combined§ 111.6 96.6 126.7 206.7 78.0 109.3 46.2 45.1 53.6 57.3 37.9 44.3

*Rates are per 100 000 and are age-adjusted to the 1970 U.S. standard million population. Rates are suppressed when incidence counts are fewer than 20 in a 5-year

period.

†SEER (Surveillance, Epidemiology, and End Results) Program rates are based on data from Greater Bay Area (California), Los Angeles (California), Atlanta

metropolitan area (Georgia), Connecticut, Hawaii, Iowa, Detroit metropolitan area (Michigan), New Mexico, Utah, and Seattle–Puget Sound (Washington).

‡NPCR (National Program of Cancer Registries) rates are based on data from Arizona, California, Colorado, Delaware, Florida, Idaho, Illinois, Kentucky,

Louisiana, Montana, Nebraska, New Hampshire, New Jersey, North Carolina, Pennsylvania, Rhode Island, Washington, West Virginia, Wisconsin, and Wyoming.

§NAACCR (North American Association of Central Cancer Registries) rates are based on data from 30 states and areas that meet standards of highest quality

for 1994–1998. (SEER metropolitan areas within included states are not duplicated in rates.) These states/areas cover approximately 53% of the U.S. population.
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(6.7), and white persons had intermediate rates (5.4). All of the

racial and ethnic groups had low mortality rates.

Small intestine (0.2% of deaths; 0.3% of cases). The inci-

dence rates of cancer of the small intestine increased, whereas

the death rate decreased, in women from 1992 through 1998

(Tables 1 and 2). Long-term increases in both incidence and

death rates were evident among men and women from 1973

through 1998, with the average annual increase in incidence

rates more than five times larger than the increase in death rates.

Long-term incidence rates increased for men and women (Table

1) and for both adenocarcinoma and carcinoid neoplasms (his-

tologic data not shown).

Vulva (0.1% of deaths; 0.3% of cases). The incidence rates

for cancer of the vulva increased 2.4% per year from 1992

through 1998 (Table 1). The increase occurred predominantly

among females younger than age 65 years (data not shown) and

involved both squamous cell tumors and tumors of other epithe-

lial origin. Trends in the death rates from vulvar cancer were

more variable than incidence trends (Table 2); death rates de-

creased from the mid-1970s to the mid-1980s and then remained

Table 4. Average annual cancer death rates for selected cancer sites by sex, race, and state, 1994 through 1998*

State

Female breast Prostate

Lung Colon and rectum

Male Female Male Female

White Black White Black White Black White Black White Black White Black

Alabama 20.6 28.2 21.2 58.3 83.6 90.4 34.3 24.4 17.5 24.7 11.7 16.9
Alaska 21.3 18.7 56.1 41.0 17.4 10.9
Arizona 21.8 27.3 21.1 42.3 58.0 81.5 33.0 31.4 17.5 21.9 11.9 17.8
Arkansas 21.1 29.3 22.1 53.8 91.2 115.4 37.9 28.9 19.1 26.6 13.3 20.2
California 24.2 30.5 20.7 43.0 53.3 79.3 34.8 37.2 17.6 24.0 12.2 18.1
Colorado 20.1 28.6 21.2 40.8 46.6 59.4 26.0 29.0 17.2 19.2 11.8 15.3
Connecticut 24.8 31.7 20.1 49.0 57.2 76.6 34.4 29.5 19.8 22.9 13.3 15.3
Delaware 26.2 30.1 22.6 64.2 77.6 97.1 42.2 50.3 21.2 24.8 15.8 24.5
Washington, DC 21.6 38.9 20.4 50.5 44.6 94.8 23.3 41.3 13.9 29.7 12.6 19.7
Florida 22.8 27.7 19.7 55.2 66.9 86.2 37.2 27.4 18.7 23.9 12.8 18.5
Georgia 21.9 30.3 22.4 59.8 80.9 95.9 35.8 24.2 17.1 24.5 11.6 18.3
Hawaii 25.5 23.7 55.9 34.9 19.6 11.8
Idaho 21.9 24.4 51.4 27.9 17.1 11.8
Illinois 25.1 33.7 21.6 51.5 66.3 106.7 34.1 44.1 22.0 31.1 14.3 21.8
Indiana 24.2 33.1 22.7 49.9 77.9 102.9 37.2 45.3 21.3 30.8 14.9 25.9
Iowa 23.1 29.7 22.9 46.3 64.2 106.4 30.6 35.5 21.3 33.9 15.4
Kansas 22.2 33.3 21.0 52.4 64.7 84.0 31.8 31.8 18.7 34.5 12.7 20.1
Kentucky 23.2 34.0 22.6 49.6 98.8 117.0 43.8 53.0 22.6 29.7 15.3 20.6
Louisiana 23.4 31.7 22.6 51.5 80.8 113.0 38.0 34.4 21.3 29.6 13.8 19.3
Maine 23.9 23.5 74.0 41.6 22.1 16.0
Maryland 25.1 32.2 21.7 56.0 68.4 95.2 39.4 38.6 22.3 30.7 14.9 21.2
Massachusetts 25.8 28.9 22.2 46.0 64.2 68.7 37.2 33.3 23.0 29.4 15.5 18.0
Michigan 23.9 31.4 21.8 44.0 66.1 94.1 35.3 36.8 20.7 25.9 13.1 20.0
Minnesota 23.2 28.7 24.5 57.2 52.6 92.8 29.7 35.2 18.9 26.9 12.7
Mississippi 20.5 30.3 21.0 58.3 87.7 106.7 35.1 27.0 18.9 25.0 11.6 18.4
Missouri 23.1 32.7 20.4 50.6 77.1 106.0 37.8 44.1 20.5 29.3 14.1 21.3
Montana 22.0 24.3 55.7 32.7 18.7 11.7
Nebraska 23.2 29.7 19.9 41.2 60.4 90.7 28.0 41.7 22.1 35.1 14.1 21.0
Nevada 23.2 23.2 22.9 34.1 69.0 79.0 48.4 36.9 21.5 27.6 13.9 18.9
New Hampshire 24.7 22.8 65.9 40.3 21.8 16.6
New Jersey 27.1 32.3 22.0 52.5 61.4 88.0 35.7 36.8 23.9 27.1 15.8 20.7
New Mexico 22.5 23.3 23.4 47.1 45.9 26.8 24.6 17.7 11.5
New York 26.8 28.6 21.1 43.5 59.7 66.8 33.4 27.0 22.8 23.8 15.5 16.7
North Carolina 21.9 32.5 21.9 62.5 80.4 102.0 33.9 26.1 19.1 25.2 12.8 20.6
North Dakota 22.5 25.4 54.7 26.1 20.9 12.9
Ohio 25.2 31.2 22.4 48.6 73.1 101.1 37.0 43.6 22.4 28.8 15.1 20.2
Oklahoma 23.9 31.5 20.5 47.6 83.3 87.0 38.5 34.8 19.0 32.2 13.5 16.5
Oregon 23.3 27.2 23.7 53.3 63.0 83.1 39.5 29.2 18.5 12.6 18.0
Pennsylvania 25.3 32.6 22.3 53.8 66.8 107.0 32.2 47.0 23.0 29.9 15.6 20.8
Rhode Island 26.3 27.6 23.4 50.1 74.3 81.9 37.9 48.8 24.7 14.7 23.8
South Carolina 21.3 30.9 22.1 62.0 76.7 91.8 34.0 24.2 19.5 28.3 12.5 18.6
South Dakota 20.8 24.1 57.1 26.0 20.7 14.5
Tennessee 23.0 33.1 21.5 55.5 90.5 115.3 36.3 36.9 19.7 34.4 13.2 23.5
Texas 21.8 30.8 21.7 52.0 68.7 105.8 33.5 34.4 19.0 29.8 12.3 20.2
Utah 20.8 25.3 28.2 94.1 14.1 14.3 11.2
Vermont 23.5 23.7 66.1 35.6 22.2 16.5
Virginia 23.5 33.3 22.4 55.8 73.0 99.6 35.9 34.8 19.1 29.3 13.7 21.6
Washington 23.1 29.9 21.2 43.8 59.6 78.5 38.8 35.2 17.7 29.5 12.6 14.6
West Virginia 22.9 25.8 21.8 52.4 87.0 88.5 42.0 33.4 21.1 36.1 15.4 24.6
Wisconsin 22.9 26.4 24.4 51.6 55.3 123.4 29.6 43.1 20.1 25.4 13.4 18.3
Wyoming 23.2 25.9 53.2 31.6 18.5 15.6

United States 23.8 30.9 21.7 52.1 66.6 94.0 34.9 33.9 20.1 27.2 13.7 19.5

*Death data are from the National Vital Statistics System of the National Center for Health Statistics; the data cover the entire U.S. population. Rates are per

100 000 persons and are age-adjusted to the 1970 U.S. standard million population. Rates are suppressed when death counts are fewer than 20 in a 5-year period.
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stable through 1998. Examination of the trend from the mid-

1980s to 1998 by race revealed death rates increasing in white

women and decreasing in black women.

Peritoneum, omentum, and mesentery (0.1% of deaths;

0.1% of cases). The incidence rates for cancers of the perito-

neum, omentum, and mesentery increased in white women by

14.9% per year from 1992 through 1998 (Table 1). Data were

insufficient to assess incidence trends during 1992 through 1998

in black females, white males, and black males. An increase of

similar magnitude was seen in the death rates for white females

for this same 7-year period (Table 2). The recent increases in

both incidence rates and death rates were part of long-term in-

creases since 1973 that accelerated after 1988 (Tables 1 and 2).

DISCUSSION

Major Cancer Sites

Breast. Reasons for the recent (1992 through 1998) increase

in breast cancer incidence rates may signify increased screening

and early detection, since the increase was limited to early-stage

disease. The increase was greatest among white women who

were 50–64 years old, the population in whom mammography

has been used most effectively to detect early-stage tumors

(16,17). The increase in stage II lymph node-positive disease

that began in 1994 may reflect changes in surgical examination

of axillary lymph nodes and pathologic techniques. It is not

known whether any of the increase in incidence was due to age

and birth cohort changes in reproductive patterns (delayed child-

bearing and having fewer children) (18–20), recent hormone use

(21–23), increases in obesity (24,25), or other, as yet unknown,

risk factors.

The death rate from breast cancer continues to decline be-

cause of improvements in early detection and treatment. Regular

mammography screening, which can detect early-stage breast

cancers, reduces cancer mortality by about 16% for women 40–

49 years old and 25%–30% for women 50–69 years old (26).

Clinical trials have demonstrated that 5-year treatment with

tamoxifen reduces regional recurrence and the occurrence of

contralateral tumors by about 50% (27). Tamoxifen is also ben-

eficial as adjuvant therapy for estrogen receptor-positive tumors

(28). Adjuvant therapy with polychemotherapy improves sur-

vival, particularly if it includes anthracycline-containing regi-

mens (28). Clinical trials (29–32) have also shown that adjuvant

radiotherapy reduces local recurrence and improves survival

among breast cancer patients with four or more axillary lymph

nodes involved.

Prostate. Following large increases in prostate cancer inci-

dence due to the introduction of PSA screening in the late 1980s,

the incidence trend has been stable from 1995 through 1998,

while death rates have continued to decline for both white males

and black males. Much of the geographic variation in prostate

cancer incidence rates reflects differences in PSA screening

(33,34), with regions of high PSA screening penetration having

higher incidence rates, often because of the discovery of clini-

cally insignificant tumors. The correlation between prostate can-

cer incidence and death rates across states is low (r � .32; P �

.11, not statistically significant) in white men, illustrating the

probable influence that PSA screening has on the magnitude of

the prostate cancer incidence rate (34–36).

The impact of PSA screening on mortality is not yet known

because other changes have occurred concurrently, such as the

shift to earlier stages of disease at diagnosis and the concomitant

revised recommendations to treat early-stage disease more ag-

gressively, including with both hormone therapy and surgery or

radiation therapy. Clinical trials conducted during the past 10

years have demonstrated the efficacy of hormones in extending

disease-free survival, despite the competing risks for mortality

from other diseases in the older aged population of men with

prostate cancer (37–40).

Lung. The decrease in lung cancer incidence and death rates

in men and the slowing of the increase in women reflect reduc-

tions in tobacco smoking since the 1960s (41,42). During the

period from 1991 through 1998, lung cancer death rates in

women increased less rapidly than during earlier periods. Trends

in incidence and death rates from lung cancer in women have

followed the same patterns observed among men: Rates declined

first among young women, remained level in women aged 60–69

years, and increased among older women (2). These trends fol-

low the onset of regular cigarette smoking (and later, lung can-

cer) at younger ages, with progression of the lung cancer epi-

demic as birth cohorts age (43).

Colon–rectum. Following a long-term decline that began in

the mid-1980s, incidence rates of colon–rectum cancer were

essentially stable from 1995 through 1998. Increased use of

effective early-detection methods, such as fecal occult blood

test, sigmoidoscopy, colonoscopy, and barium enema, increases

incidence in the short run and subsequently decreases mortality.

However, because these tests can detect precancerous polyps

and early-stage carcinomas, it is difficult to separate the effects

of screening from true changes in the incidence of colorectal

cancer. The full benefit of effective screening for colorectal

cancer will only be realized if existing screening tools are widely

used; currently, they are underutilized (44).

Whereas from 1992 through 1998, the incidence rate for all

cancers of the colon–rectum were stable, rates for cancer of the

ascending colon increased. These tumors are beyond the reach of

sigmoidoscopy. A shift toward more colon carcinomas of the

ascending and transverse colon has been observed in the United

States (45) and internationally (46,47). The change in anatomic

distribution of colorectal tumors may indicate improvements in

diagnosis of these tumors, combined with increased screening by

sigmoidoscopy and removal of adenomatous polyps in the de-

scending colon, rather than a true increase in the incidence of

ascending colon cancers (47,48).

Colorectal cancer death rates continued to decline, a trend

that began in the mid-1980s. For many years, the standard treat-

ment for colorectal cancer after definitive surgery previously

was single-agent 5-fluorouracil (5-FU); however, within the past

10 years, survival has improved with the combination of 5-FU

and leucovorin (49). Detection of earlier stages of disease and

more effective treatments have led to the decline in death rates.

Other Sites With Increasing Trends

NHL. The etiology of most NHL cases is unknown. Recent

analyses (50) describe the biologic and clinical heterogeneity

within the NHLs according to histology, suggesting that future

epidemiologic investigations focus on NHL risks and causal

factors according to subtype. Suspected risk factors include

chronic antigenic stimulation of the immune system and immu-

nosuppression, primary or acquired immunodeficiency diseases,

and immunosuppression following transplantation. In the 1980s,

increases in NHL incidence and mortality in males were asso-
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ciated with the AIDS epidemic. Individuals occupationally ex-

posed to chemicals, and perhaps phenoxy herbicides, also appear

to be at increased risk (51). Recent increases in incidence and

mortality among women cannot be explained.

Liver and IBD. While liver cancer ranks as the fifth most

common cancer in the world (52), it is not a common tumor

within the United States. Chronic infection with hepatitis B virus

(HBV) increases the risk of developing liver cancer; this rela-

tionship is so strong that it has been determined to be causal.

Liver cancer has one of the widest international variations in

incidence of any cancer, and this variation correlates with geo-

graphic differences in the prevalence of chronic HBV infection

(53). For example, immigrants to the United States from Asia

have a high prevalence of chronic HBV infection and incidence

of liver cancer (53). Hepatitis C virus (HCV) infection is reputed

to be the major cause of liver cancer in areas with low preva-

lence of chronic HBV infection (53). Some proportion of the

increase in liver cancer may also be attributed to HCV infection.

Other risk factors for liver cancer include cirrhosis (a conse-

quence of chronic HBV and HCV infections), chronic alcohol-

ism, smoking, aflatoxin exposure, occupational vinyl chloride

exposure (causing angiosarcoma of the liver), and oral contra-

ceptive use (53).

Esophagus. The major risk factors for squamous cell carci-

noma of the esophagus in the United States are tobacco and

alcohol consumption, especially in combination (54). Risk fac-

tors for adenocarcinoma of the esophagus (55), usually preceded

by the precursor lesion Barrett’s esophagus (56), are obesity

(15), gastroesophageal reflux (57), tobacco smoking (58,59),

and perhaps the decreasing prevalence of Helicobacter pylori

infection (60). Compared with other risk factors, the relative

importance of obesity and its increasing prevalence in the U.S.

population on the increasing rates of adenocarcinoma of the

esophagus is not well understood (61,62). Most esophageal car-

cinomas are detected when the cancer can no longer be resected,

which may account for the average survival of less than 1 year

from the time of diagnosis (4).

Melanoma. Sunburn at any age is associated with an in-

creased risk of melanoma (63), as is sporadic overexposure to

the sun (64). Incidence rates are also higher among persons of

higher socioeconomic status, most likely reflecting the associa-

tion of sun exposure and socioeconomic status (64). A recent

analysis (65) shows that, in the 1990s, age-specific incidence

rates in women stabilized or declined for tumors at an advanced

stage and increased more slowly, compared with rates in the

1970s and 1980s, for tumors of local stage. Earlier detection of

melanoma in younger populations could be contributing to the

increasing incidence trends.

AML. AML is the most common leukemia and occurs most

frequently in young children and in the elderly (66). Cigarette

smoking is associated with an increased risk of many types of

leukemia (66,67). Exposure to benzene, an established carcino-

gen in cigarette smoke, is associated with an increased risk

of AML (67), as are occupational and environmental exposures

to ionizing radiation. Patients treated for multiple myeloma,

various lymphomas, and breast and ovarian cancers have an

increased risk of AML as a second malignancy, although no

increased risk has been reported in cohort studies of children

treated for acute lymphocytic leukemia (66). Other less well-

known risk factors may include hair dye use in both men and

women and infection with human herpesvirus 6 (68).

The increasing trend in incidence observed in this study could

be attributable to a residual cohort effect of cigarette smoking in

older men. Changes in coding practice and the clinical ability to

identify this specific leukemia may also contribute to some of

the increase.

Soft (connective) tissue, including heart. Ninety different

morphologic types are included in soft-tissue cancers, with

nearly all of them sarcomas. These tumors are rare, and it has

been difficult to identify risks for any factors other than common

etiologic agents, such as genetic susceptibility, ionizing radia-

tion, occupational exposures to certain chemicals, and immuno-

suppression (69). Some sarcomas, particularly those occurring

early in life, are strongly influenced by genetic factors. Still

others, such as neural sheath sarcomas, fibrosarcomas, and rhab-

domyosarcomas, have both genetic and environmental etiologies

(69). Exposure to phenoxy herbicides and related chlorophenols

used for wood preservation has been associated with an in-

creased risk of soft-tissue sarcomas (70–72). The reasons for

incidence increases since 1992 are unknown.

Small intestine. Cancers of the small intestine make up ap-

proximately 2% of digestive tract cancers in the United States

(73). Their rarity is surprising, given that the small intestine

contributes 75% of the length and 90% of the absorptive area of

the entire gastrointestinal tract and is one of the most rapidly

proliferating tissues in the body (74). It is not known why the

incidence rates and rates of death from cancers of the small

intestine increased from 1973 through 1998. The long-term

trends could partly reflect improved diagnosis, because inci-

dence increased much more steeply than mortality and similar

proportional increases occurred in adenocarcinomas of intestinal

epithelial cells and enteroendocrine cells (also called carcinoid

tumors).

Thyroid. Cancer of the thyroid is relatively uncommon. Five-

year relative survival rates are higher than 90%, and death from

thyroid cancer is rare. Risk is linked to ionizing radiation (75),

to radiation treatment to the head or neck for benign conditions

(75) and for Hodgkin’s disease in children (76,77), and to ra-

diation exposure among atomic bomb survivors (78). Other pos-

sible risk factors include certain benign thyroid diseases (76) and

being a Filipino-born person living in the United States (79).

Current smokers and alcohol consumers have lower risk than

former or never users (80). A recent study (81) suggests that

thyroid stimulation during both pregnancy and lactation is asso-

ciated with a transient increase in the risk of papillary thyroid

cancer among younger women.

Long-term survival for thyroid cancer patients is very good;

however, it worsens with increasing age at diagnosis. Follicular

and papillary carcinomas have the highest incidence in young

women but have low mortality; they represent a different disease

than anaplastic types or undifferentiated carcinomas, both of

which occur among older patients and have high death rates

(75). Thus, incidence and mortality statistics may measure these

differences. A cause for the recent trend is unknown.

Vulva. The majority of vulva cancers are squamous cell in

origin and occur in older women and women of low socioeco-

nomic status (82). Epidemiologic study of this rare tumor is

limited and has identified few consistent risk factors, although

some evidence exists for a possible role of human papillomavi-

rus and cigarette smoking. Although in situ disease was not the

focus of the present report, increasing trends of in situ tumors

and level rates of invasive disease for the 1970s and 1980s have

Journal of the National Cancer Institute, Vol. 93, No. 11, June 6, 2001 SPECIAL ARTICLE 837

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jn
c
i/a

rtic
le

/9
3
/1

1
/8

2
4
/2

9
0
6
1
4
7
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



been noted by other investigators (82). In the present study, rates

of in situ squamous cell tumors in white women increased from

1973 through 1996 and then leveled off. Among black women,

rates of in situ squamous cell tumors increased by 7.9% per year

from 1973 through 1998. Possible explanations for the observed

trends include increased use of biopsy for suspicious vulva

lesions, temporal changes in sexual behaviors, or a reporting

artifact (83).

Peritoneum, omentum, and mesentery. Primary tumors of

the peritoneum, omentum, and mesentery are rare, since cancers

in these sites result largely from metastases from other sites

(84,85). In females, accurate classification of a peritoneal tumor

requires good visualization during surgery to distinguish tumors

of the ovary from those of the peritoneum (86). Misclassification

of these tumors has been reported (87–89). Thus, the increasing

incidence trend in females could reflect better classification

practices due to a gradual realization and greater understanding

of the characterization of primary peritoneal serous tumors and

better identification of borderline ovarian and primary mucinous

tumors compared with metastatic tumors (86).

Limitations

Some of the statistically significant findings in analyses that

test multiple comparisons may be due to chance alone. The

analyses in this report examined site-specific trends among all

nine combinations of race (all, black, and white) and sex (all,

females, and males) and for both incidence (>100 cancers) and

mortality (>70 causes of cancer death) and thus could include

results that are statistically spurious.

Limitations in the trend statistics must also be considered.

The APC assumes that rates increase or decrease at a constant

rate over a time interval, an assumption that may not be true.

Moreover, results of the JPA are not necessarily comparable to

those in last year’s annual report (3) because the addition of the

1998 data point may have altered the joinpoints, the direction or

magnitude of the APC, or both. The JPA complicates compari-

sons across different groups that have different joinpoints and

years of inflection. Moreover, the JPA is less able to discern

changes in trends in the black population because rates are based

on fewer cases or deaths than for the white population. However,

the JPA is a flexible, and perhaps more accurate, approach than

APC in identifying the years in which significant changes in

trends occurred.

Another limitation is that, although the NAACCR combined

rate covers more than 50% of the U.S. population, it may not

reflect the United States as a whole. Progress in achieving na-

tionwide coverage of the U.S. population has been substantial in

the last 5 years. It is anticipated that at least 90% of the U.S.

population will be covered within the next 5 years by popula-

tion-based registries meeting quality standards.

Finally, our assessment of long-term cancer trends is limited

to white and black populations only. While changing trends for

other race and ethnic groups may exist, annual population counts

before 1990 for these other populations are not available; thus,

annual rates could not be calculated for these years. Further-

more, cancer incidence and death rates for some racial and eth-

nic populations may be limited by problems in ascertaining race

and by the misreporting of race and ethnicity on the basic re-

cords from which information is collected on cancer incidence,

deaths, and the population at risk (90–93). Studies (91,93) sug-

gest that reporting race for the white and black population is

generally reliable, but biases are more serious for some smaller

populations, particularly American Indians. These biases can

affect trends and comparisons among groups.

Strategies for the Future

Although it is encouraging that overall cancer incidence and

death rates continue to decline in the United States, measures to

sustain this progress must address the entire spectrum of pre-

vention, early detection, and improved treatment and quality of

life and must be aimed at reducing mortality among all popula-

tions. Except for breast and lung cancers in women, the other 10

cancers that increased in incidence or mortality from 1992

through 1998 are relatively uncommon, making up about 13% of

the total cancer incidence and mortality in the United States.

Prevention is a key strategy for reducing the national cancer

burden. In particular, the single most critical determinant of

future cancer incidence and mortality will be the ability to re-

duce tobacco use in all segments of the population. Effective

tobacco reduction requires 1) full-scale, well-funded, sustained

efforts to stop smoking initiation in young people and 2) appli-

cation of effective and state-of-the-art smoking-cessation pro-

grams that combine behavioral and pharmacologic approaches

to increase the quit rate of tobacco-addicted adults (94,95). To-

bacco smoking causes an estimated 30% of cancer deaths (96).

Both the avoidance and cessation of smoking effectively reduce

the risk of many cancers.

Additional prevention opportunities could substantially re-

duce the burden from other cancers. For example, although

melanoma rates in Australia remain the highest in the world,

prevention programs in that country have been conducted for

more than 20 years and have been effective in reducing mela-

noma incidence rates (97). The multistrategy programs address

not only individual behaviors (use of protective clothing and

sunscreen to limit sun exposure) and social norms (desirability

of a suntan), but also social policies that increase sun protection

and modify the environment. These social policies include in-

creasing shade in public spaces, planting trees and constructing

canopies on playgrounds, reducing workplace exposure, avoid-

ing mid-day scheduling of sport activities, and providing inex-

pensive sunscreen without sales tax. Protective behavior is en-

couraged by media depictions of popular role models who

demonstrate the recommended behaviors.

Childhood immunization against hepatitis B prevents chronic

HBV infection and reduces the incidence of liver cancer (98–

100). Chronic HBV infection beginning in childhood poses the

highest risk of liver cancer. In the United States, most HBV

infections occur in adults, yet the small proportion of infections

that begin in childhood account for a high proportion of chronic

HBV infections. Hepatitis B vaccination has been successfully

incorporated into early childhood and adolescent immunizations

in the United States. In addition, screening for carriers of �-fe-

toprotein has been effective in detecting early-stage liver tumors

and in improving survival in an HBV-infected AI/AN popula-

tion (101). It remains unclear whether screening of other popu-

lations would be as effective (102). However, HBV infection is

a significant global health problem.

A vaccine to prevent chronic HCV infection is needed, but its

development poses major technical challenges due to viral com-

plexity. The illness, mortality, and economic impact associated

with HCV infection is projected to be substantial in the next

10–20 years (103). A randomized clinical trial is in progress to

838 SPECIAL ARTICLE Journal of the National Cancer Institute, Vol. 93, No. 11, June 6, 2001

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jn
c
i/a

rtic
le

/9
3
/1

1
/8

2
4
/2

9
0
6
1
4
7
 b

y
 g

u
e
s
t o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



evaluate the impact of ribavirin and interferon on reducing pro-

gression to cirrhosis and ultimately to liver cancer in individuals

infected with hepatitis C.

A second strategy to reduce the cancer burden is to improve

use of currently effective but underutilized cancer screening and

to develop more effective screening technologies. For example,

among the more common cancers, established procedures for

early detection of colorectal cancers are underused in all popu-

lation groups (44). Routine regular screening by mammography

should also be increased, especially in women aged 65 years and

older. Evidence from successful intervention projects demon-

strates that they can be used to achieve higher rates of routine

screening; however, the interventions must be more widely ap-

plied. A large, randomized clinical trial is currently testing

whether digital mammography improves detection over screen-

film mammography. New colon cancer-detection technologies

now in trials include novel fecal tests to detect cancer markers

and virtual or computed tomography (CT)–colonography. Stud-

ies are in progress to determine the impact of PSA screening on

survival and to clarify clinical guidelines for screening and treat-

ment of prostate cancer. Spiral CT scanning is under evaluation

as a screening tool for lung cancer. Information on these and

on other clinical trials is available on the Internet (http://

cancernet.gov).

Improved early-detection approaches are also needed for less

common cancers. Moreover, for many cancers, no effective

screening tools are available. For example, early-stage cancers

of the ovary are not reliably detected by existing screening tests.

Populations at high risk for particular cancers might benefit from

screening approaches beyond those recommended for the gen-

eral population, such as improved approaches to detect adeno-

carcinoma of the esophagus among persons with Barrett’s

esophagus. Changes in the anatomic location of certain cancers

should be considered in the periodic evaluation of screening

practices. The NCI Cancer Genome Anatomy Project has un-

covered molecules, proteins, genes, and other biologic sub-

stances that may be the earliest warning signs of normal cells

turning cancerous. Research priorities are focusing on molecular

targets and cancer imaging to identify treatments and early-

detection tools that are more effective.

A third strategy is to continue development of state-of-the-art

diagnostic procedures and treatment. For breast cancer, trials are

in progress of new preventive agents, such as raloxifene, and

new therapeutics, such as the taxanes, her-2 neu, and angiogen-

esis inhibitors. For prostate cancer, a major challenge is to de-

velop imaging techniques and biomarkers that will distinguish

the aggressive tumors requiring treatment from those that are

clinically insignificant. Techniques, such as cryosurgery,

brachytherapy, and three-dimensional conformal radiotherapy,

and new drugs for prostate cancer are under active investigation

in clinical trials. For colorectal cancer, clinical studies are testing

the use of cyclooxygenase 2 inhibitors for prevention and adju-

vant treatment; other new treatments, such as oxaliplatin, mono-

clonal antibodies, angiogenesis inhibitors, and vaccines, also

show promise. Irinotecan has been approved by the U.S. Food

and Drug Administration for the treatment of patients with meta-

static colorectal cancer (104) and is being evaluated in clinical

trials for earlier stage disease. Information on these clinical trials

is available on the Internet (http://cancernet.gov).

A fourth strategy is to identify and reduce disparities across

diverse populations through dissemination of state-of-the-art

cancer care to all populations in order to increase survival, im-

prove quality of life, and decrease mortality. Disparities in

health and health care can result from socioeconomic factors,

in conjunction with factors such as race, ethnicity, culture, and

geography (urban–rural), among others. Widespread recognition

of the existence of disparities and of the complexities involved

in understanding their relation to health has led to more re-

sources and programs to improve prevention, early detection,

and treatment in all populations. From a clinical perspective,

when diverse populations are included in clinical trials, all par-

ticipants with equivalent stage of disease and state-of-the-art

therapy have similar outcomes, regardless of their sociodemo-

graphic characteristics. The challenge is to improve access and

use of cancer control measures across diverse populations, goals

that have existed for a long time but for which new multifocused

approaches are needed. Several national efforts have been initi-

ated to broaden access of diverse patient populations to cancer

information and clinical trials. Some examples include the

Special Populations Networks for Cancer Awareness Research

and Training, a network of institutions that will create and

implement cancer control, prevention, treatment, research, and

training programs in minority and underserved communities;

a revamped national clinical trials program designed to facilitate

enrolling patients into clinical trials; and a new national cover-

age decision from Medicare to cover routine care costs for pa-

tients enrolled in clinical trials. Major steps are being taken to

make clinical trials more broadly accessible to physicians and

patients. Training programs have also begun to increase the di-

versity of scientists in biomedical research and to enhance ex-

isting careers.

Coverage of cancer incidence data has expanded dramatically

in the United States in the last decade, and completeness, accu-

racy, and timeliness have improved since 1995 (5,6,105–107).

Cancer incidence data are becoming both national (in that they

include a greater percentage of the U.S. population) and nation-

wide (in that local data are increasingly more available for all

U.S. locations). A national cancer surveillance system can be

more comprehensive, embracing the entire life cycle from birth

to death. This surveillance system will be used to address the

cancer information needs for healthy populations, newly diag-

nosed patients, patients receiving treatment, and those living

with and dying of the disease. The goal is to use surveillance

data in targeting and prioritizing populations so that prevention

initiatives, early-detection programs, and research can be effec-

tively focused and so that access to state-of-the-art treatment,

quality of life, and palliative care for cancer patients and survi-

vors can be improved.
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