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distribution of colors. In the published atlas, the deciles for each
Background: Mapping techniques can highlight the spatial map are determined from the deciles of the rates for the particu-
or temporal variations in rates of cancer mortality. In map- lar time interval being considered; i.e., ranging takes place
ping geographic patterns of cancer mortality, spatial units withintime intervals. Thus, for each map, 10% of the geographic
are grouped into categories defined by specified rate ranges, units have the color corresponding to the highest rate category
and then the units in each category are assigned a particular (100% red), and 10% have the color corresponding to the lowest
color in the map. We examined the consequences of usingrate category (100% blue), so that regions of the country with
different ranging methods when comparing maps over sev- particularly high or low rates can easily be identified by the
eral time intervals. Methods: Maps of mortality rates for presence of a particular color and its shades.

cancers of the breast, lung (including the lung, trachea, Page limitations impose constraints on an atlas published as
bronchus, and pleura), and cervix uteri in the United States a book, but an atlas on a Web site enables considerable flexibil-
by county or state economic area are created for different ity. Accordingly, the National Cancer Institute (Bethesda, MD)
time intervals between 1950 and 1994. Two ranging methods iS providing a dynamic Web site calleGustomizable Maps
are employed: 1) Ranges are defined for individual time (URL: http://www.nci.nih.gov/atlas/) for U.S. cancer mortality
interval by the deciles of rates in that interval (ranging Maps that will allow the creation of maps by state, state eco-
within intervals), and 2) constant ranges for all time intervals NOMic area, or county, with several options available to the
are defined by the deciles of rates for the entire 45-year Viewer. This Web site currently enables the user to view the
period from 1950 through 1994 (rangingacrossintervals). Maps for the entire time period, from 1950 through 1994, as well
The time intervals from 1950 through 1969 and from 1970 aS t_he two time intervals cc_JnS|d.ered in the published gtlas. In the
through 1994 were chosen to accommodate the availability SPFN9 of 2000, the Web site will also allow the creation of one

of detailed county-level population estimates specifically for O MOre maps by 5- to 45-year intervals (in 5-year increments)
blacks starting in 1970. Results: The ranging method has for the period from 1950 through 1994. The user will be able to

little impact on maps for breast cancer mortality, which control certain mapping parameters from options available on
changed little over time. For lung cancer, which increased drpp-down menus. Among t'he parameters under user control
over time. and cervix uteri cancer. which decreased over will be the number of mortality rate categories, the percentiles
time ranéing Within time intervals’ shows the geographic used to define ranges for the categories, and the colors assigned
varie'lbility but does not convey the temporal trends. Trends to diffe.rent categories. When more tha_n one map_is creqted, the
are evident when rangingacrosstime intervals is employed; user will also h_ave the option of qhoosmg categories deﬂned_ by
however, geographic variability is partially obscured by thé ranges dgtermmed from _percentlles of rates fpr the entire time

i, : L . .~ period being mapped. This method of ranging is termed ranging
5:?22%'22253;2Siﬁ?;'rsglusnllg’r 'Izr:hecg'ngcrgs;:gtﬁ] ct:ﬁ'éegg::es acrosstime intervals. In this special article, maps of mortality
Lo . . 9 . MY for cancers of the breast, lung, and cervix uteri will be used to
time intervals for cervix uteri cancer. Conclusions:Ranging

ithin G it Is displ hi tt d compare the interpretation of maps created by ranging within
within time intérvals dispiays geograpnic patterns and e jntervals with those created by ranging across time inter-
changes in geographic patterns, regardless of time trends in

rates. Rangingacrosstime intervals shows temporal changes
in rates but with some loss of information about geographic M ATERIALS AND METHODS
variability. [J Natl Cancer Inst 2000;92:534—43]

Data on all deaths among males and females from 1950 through 1994 with
cancer as the underlying cause of death according to age, sex, and race were

Mapping techniques can highlight the spatial or temporgiovided for the 3055 U.S. counties by the National Center for Health Statistics
variations in rates of cancer mortality. The néwlas of Cancer (Hyattsville, MD). For this analysis, we selected all deaths due to breast cancer

P : - . or cervix uteri cancer for white women and lung cancer (including the lung,
Mortallty in the United States, 1950-94 (m):|UdeS more than trachea, bronchus, and pleura) for white men. The International Classification of

250 computer-generated, color-coded thematic maps Showﬁ?&aases codes included were as follows: breast cancer—170 for the 6th and 7th

mortality rates for 39 cancers during two time intervals, fro.rﬂevisions (deaths occurring from 1950 through 19@73) and 174 for the 8th
1950 through 1969 and from 1970 through 1994. For the perig@évision (deaths from 1968 through 1978) and the 9th Revision (deaths from

from 1950 through 1969, when detailed county-level populatid®79 through 1994§5); cervix uteri cancer—171 for the 6th and 7th Revisions
estimates were not available for blacks, maps are presented for

whites only. In each map, the cancer mortality rates for 3055 o o _
counties or 508 state economic areas are divided into 10 eq{uéi:;'ggzze‘:fls:&[‘i:-g;‘;ﬁ'ec;’(‘j;f’wc;”cer Epidemiology and Genetics, Na-
cate_gorles, with ranges for the Catego”es. dete.rmm.ed. by %orrespondence toDan J. Grauman, M.A., National Institutes of Health,
deciles of all mapped rates. The geographic units within eagfby executive Bivd., MSC 7244, Rm. 8050, Bethesda, MD 20892 (e-mail:
category are assigned a specific color in the creation of the magh_grauman@nih.gov).

and geographic variability in rates is conveyed by the resultingsee‘Note” following “References.”
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and 180 for the 8th and 9th Revisions; and lung cancer—162-3 for the 6th ghdand for the nine 5-year time intervals in Fig, 1, B. The choice
7th Revisionsl, 162 and 163.0 for the ciith Revisionf, andd162—3 for tr|1e 9th Rgr ranging method has little effect on the overall appearance of
vision. Annual county-, age-, sex-, and race-specific mid-year population esji- . . - :
mates on the basis of data from the U.S. Bureau of the Census (Suitland, hjh maps. With either method, the maps show hlgh rates in
were aggregated to form the person-years at risk. Death counts and rates [atheaSt states, some north central states, and scattered areas_ of
produced at the county level and at the level of state economic areas, whichth@ far-western states as well as low rates across the south and in
508 individual counties or groups of counties defined by the U.S. Bureau of ttee Rocky Mountain states. Both sets of maps indicate that the
Census to be relatively homogeneous in 1960 with respect to various demg@gional pattern, like the magnitude of rates, has changed little
graphic, economic, and cultural factd6. Data for all 50 states and the District over the 45-year period, although the north/south gradient has

of Columbia are presented, with Alaska and Hawaii each being considere . . .
single unit for both county- and state economic area-based maps. %gcome less pronounced recently, especially in the maps with

The published atlas adopted rules for determining those rates for countied 39ING across time intervals.
state economic areas that were unstable on the basis of sparg @atareas Because of the availability of large numbers of deaths, the
deemed to have unstable rates were shaded gray in the published mapsm¥ps for Iung cancer mortality are shown at the county level for
stability criteria are utilized in creating the maps presented in this special artiqpe two longer time intervals in Fig. 2, A. Maps are shown at the
The spring 2000 enhancement Gistomizable Mapsvill allow the user to state economic area level for the nine 5-year time intervals in

choose whether or not to invoke criteria for rate stability in creating cancer. . . . .
mortality maps y g Elg. 2, B. The choice of ranging method makes a dramatic dif-

All maps in this special article utilize 10 categories for mortality rates in ead@r€nce in the appearance of the lung cancer mortality maps. The
time interval. For each cancer being considered, maps are presented for the3Wift in geographic pattern leading to a concentration of the
time intervals considered in the published atlas (i.e., from 1950 through 1969 em'ghest rates in the southeastern quadrant of the country is
from 1970 through 1994) as well as for nine consecutive 5-year time interv@{;ea”y apparent in the maps that use ranging within time inter-

(i.e., from 1950-1954 through 1990-1994). The time intervals from 19 ; ; :
through 1969 and from 1970 through 1994 were chosen to accommodate r?'els' These maps adJUSt for the increase in Iung cancer rates over

availability of detailed county-level population estimates specifically for blaclgme’ e”SU“”Q that approxmately equa! numbers of counties or
starting in 1970. Two methods are used to choose the ranges defining theSidte economic areas are represented in each category (note the
categories for each set of maps: 1) ranging within time intervals (i.e., for ea€@unts in Fig. 2, A). Thus, ranging within time intervals reveals
time interval, the ranges are the deciles of rates for that particular interval) aife changing geographic pattern but not the increase in rates over
2) ranging across time intervals (i.e., the ranges are the same for all intervals
are equal to the deciles of rates for the entire 45-year time period [i.e., from 1950
through 1994]).

The lung cancer mortality maps that use ranging across time
intervals illustrate the large increase in rates over time, changing
RESULTS from predominantly blue in the early time intervals to predomi-
nantly red in later time intervals. The geographic patterns are not
The temporal trends for the selected cancers varied congi@- apparent, however, in the maps using ranging across time
erably over the 45-year period (Table 1). Maps are presented iftervals. The recent concentration of highest rates in the south-
cancers with relatively stable mortality rates over time (femagastern quadrant, for example, is largely obscured by the overall
breast cancer), with dramatic increases over most of the peribarease in lung cancer rates, resulting in a predominance of red
(male lung cancer), and with sharp decreases over most of théhe northeastern, midwestern, and far-western states in maps
period (cervix uteri cancer). for later time intervals. Nonetheless, extreme geographic varia-
The maps for breast cancer mortality are shown at the stéi@ is still evident, even when using ranging across time inter-
economic area level for the two longer time intervals in Fig. ¥als. Despite the overwhelming predominance of blue in Fig. 2,
A, for the period from 1950 through 1969 in the map with
ranging across time intervals, there are indications of elevated
Table 1.U.S. mortality rates* and percent change in U.S. mortality rates rates for lung cancer, e.g., in the coastal regions of the southeast
for cancers of the breast, lung (Igng, tn_a\chea, bronchus, and pleura), gnd in part of Montana. Similarly, the scarcity of blue in Fig. 2,
and cervix uteri B, in the later maps with ranging across time intervals accentu-
ates the low rates observed in Utah, southern Texas, and in a
diagonal band from northwestern New Mexico through southern

Cancer (race, sex)t

Breast (W, F) Lung (W, M)  Cervix uteri (W, F) Minnesota and central North Dakota.
Time Mortality % Mortality %  Mortality % The maps for cervix uteri cancer mortality are shown at the
interval rate changet rate  change rate change state economic area level for the two longer time intervals in Fig.
19501969  26.43 _ 39.25 _ 787 _ 3, A and for the nine 5-year time intervals in Fig. 3, B. Because
1970-1994  26.89 1.7 69.40 76.8 3.22 _5g 1 0f the striking decline in cervix uteri cancer rates over the 45-
1950-1954  26.42 - 2551 - 956 __year period, the ranging method makes a dramatic difference in
1955-1959  26.47 0.2 34.07 336 8.67 -g9.3the appearance of the maps. The maps that use ranging within
1960-1964  26.22 -0.9 42.15 23.7 7.62 -12.1time intervals show regional patterns of elevated rates in south-
1965-1969  26.77 2.1 5181 229 6.16  -19.2\yastern Texas, in Appalachia, in the deep south, and in a north-
1970-1974  26.92 0.6 60.79 17.3 4.74 -23. . X
1975-1979  26.68 09 6711 10.4 360 _o4 1€astern area, including New York and northern New England.
1980-1984  26.90 0.8 71.30 6.2 2.95 -18.1 There is some change in the geographic pattern over time, with
1985-1989  27.39 18 73.05 2.5 2.60 -119an increasing concentration of high rates in the Appalachian
1990-1994  26.19 -4.4 71.71 -1.8 2.51

35 regions of Ohio, West Virginia, Kentucky, and Tennessee in

*Age-adjusted (direct method, 1970 U.S. population standard) mortality ratleaster intervals and CorreSpondmg decreases in hlgh_rate areas

per 100 000 person-years. across the Qeep S.OUth- _ _ .
tW = white; F = female; M = male. The cervix uteri cancer mortality maps using ranging across
tCompared with the preceding time interval. time intervals illustrate a dramatic temporal decrease in rates,
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changing from predominantly red in the early time intervals tconcentration of elevated rates in Appalachia, which is evident
predominantly blue in later time intervals. An increase in thi@a the maps using both ranging methods, appears to be associ-
percentage of blue state economic areas is apparent in Fig. 3atd with indices of poverty and reduced access to health care,
beginning with the 1965 through 1969 map (compared with tlrcluding screening program@9). The low rates evident in
maps for the three earlier 5-year time intervals) and continuitjah and in certain parts of the upper midwestern states in earlier
in the later intervals. On the other hand, regional variation time intervals, even for maps with ranging across time intervals,
rates is largely obscured in the maps using ranging across timay reflect cultural or religious influences on sexual practices,
intervals. Nonetheless, areas with low rates are apparent in tasulting in reduced transmission of human papillomavi8@y.
northern plains states and in Utah, even in the early time inter- The variety of options available on ti@ustomizable Maps
vals, while high-rate areas are seen in southern Texas, soMfeb site should provide investigators with increased flexibility
eastern Missouri, and the Appalachian regions of Ohio, Wasttheir use of cancer mortality maps. Among options currently

Virginia, and Kentucky, even in the later time intervals. or soon to be available are the following: choice of ranging
method (within time intervals or across time intervals), maps for
DiscussioN 5- to 45-year time intervals (in increments of 5 years), smoothed

As illustrated for breast, lung, and cervix uteri cancers 2P> by use of Bayesian methods, and multiple maps on one
. . , lung, . creen with animation to display time trends. Data used for map
mapping techniques can highlight the spatial or tempor eation will be available for downloading by the user. New

vanapons 'nththg partécull\jllr motr;aléty rates, depec?dllng don m ortality data will be added as they become available, and fur-
ranging mewod used. Maps that use ranges derived Witgil, . o \poncements will be made to the Web site as new methods
time intervals provide no information about temporal chang 2

. . . ; e developed.

in the magnitude of rates, but they are important in assessing
spatial variability, including changes in the geographic patte
of rates over time. In contrast, maps that use ranges deri\FgBFERENCES
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