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Abstract
Study objective—In many countries, can-
cer registries cover only a small part of the
national population. Cancer incidence for
the rest of the country has therefore to be
estimated. This can be done from mor-
tality data using the relation between inci-
dence and mortality observed in the
cancer registry areas. Such an approach
was used to study geographical variation
and trend of colorectal and breast cancer
incidence in France where 10% of the
national population is covered by cancer
registries.
Design—This study applies the incidence/
mortality ratios of cancer registry areas to
regional mortality data to obtain an
estimation of cancer incidence at a given
point in time. Age and period eVects are
included in the statistical models.
Main results—The incidence estimations
are given for 21 administrative regions and
three time points (1985, 1990, 1995). The
European standardised incidence rates for
breast cancer ranged from 86.8 to 128.8.
For colorectal cancer, these rates ranged
from 48.2 to 79.6 for men, and from 32.5 to
48.8 for women. Breast cancer incidence
has increased considerably between 1985
and 1995 with a higher increase in the north
than in the south of France. The incidence
of colorectal cancer has also increased,
albeit to a lesser extent.
Conclusion—The incidence estimation
method proposed leads to regional inci-
dence rates that are useful for planning
health care services on a regional basis
and may also be used to study regional
diVerences in incidence. This method is
useful when only partial incidence data
are available.
(J Epidemiol Community Health 1999;53:558–564)

Cancer is responsible for over 130 000 deaths
per annum in France, representing about a
quarter of the total mortality.1 Although
mortality statistics give an overview of the
extent of cancer, they do not provide infor-
mation on the incidence of the diVerent cancer
sites, being unaware of curable cancer types
and of other mortality causes of incidents and
prevalent cancer cases. Only cancer registries,
which record exhaustively incident cases in a
given geographical area, can establish reliable
morbidity statistics that are essential to health

care planning, aetiological or trend studies. As
cancer registries do not cover the whole coun-
try in many countries, incidence rates have
often to be estimated. An estimation method
that has been previously applied in France to
estimate national incidence2 3 used mortality
data from an area without a cancer registry and
the incidence and mortality relation observed
in the regional cancer registries. In this paper,
this method has been extended to provide
regional incidence estimates. Results of breast
and colorectal cancer incidence estimation are
provided and clearly illustrate the geographical
heterogeneity that exists in cancer incidence.

Methods
DATA COLLECTION

The data were obtained from the FRANCIM
French cancer registries network, which covers
10% of the French population for breast cancer
in women and for colorectal cancer in both
sexes. Data were obtained from nine French
administrative départements: Bas-Rhin (1975–
92), Calvados (1978–92), Côte d’Or (1976–
1992 for colorectal cancer, 1982–1992 for
breast cancer), Doubs (1978–92), Haut-Rhin
(1988–1992), Herault (1986–92), Isère (1979–
92), Somme (1982–92), and Tarn (1982–
1992).

The data on mortality in each region, year of
death, age group, sex and site of the tumour
were available for the 1975–1992 period. They
are provided by the Institut National de la
Santé et de Recherche Médicale (INSERM).
As practically no incident cases are observed
before the 20–24 years age group for both
breast and colorectal cancer, the age range
starts at 20 years.

The population data estimated with respect
to age, year, sex, and region were supplied by
the Institut National de la Statistique et des
Etudes Economiques (INSEE). Table 1 gives
the breakdown of the population by sex and
region for 1992. In table 1, the percentage of
persons aged 75 years and over is also
mentioned. It can be seen that there was
considerable diversity in the age structures of
the regional populations.

STUDY DESIGN

Modelisation
The previous studies2 3 5–7 applied the
incidence/mortality ratios of cancer registry
areas to national (for example, France) mor-
tality data to obtain an estimation of cancer
incidence at a given point in time. In a recent
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study, the mortality trend, the trends in
mortality and in incidence/mortality ratios in
the total registered population were used to
estimate national incidence rates over a 20 year
period and therefore an estimate of incidence
trend. This method has been extended to
regional incidence. The procedure was divided
into four main stages:
(1) For each combinations of sex and site, we

fitted a log-linear model for the age
(subscript i), population (subscript j) and
period (subscript t) specific mortality rates
ëijt, in the national and pooled registry
populations expressed by the following
relation:

log(ëijt) = ái + pj + âit + ãit
2

i=1,...,14 (1)
j=1, 2

where ái, âi, ãi and pj are categorial variables
coding for age groups (20–24, 25–29,... 80–84
and 85+) and populations (national and regis-
try), t is coding for the single years 1975–92. The
model was fitted to obtain smoothed values for
national and pooled registries mortalities. The
model allows rates to diVer in both populations,

subject to the constraint of a common rate ratio
for all age groups and identical age specific time
trends. The eVect of the larger national popula-
tion is to smooth the sparse age specific data of
the registry populations. The inclusion of
second degree polynomial term allows curvature
in the age specific time trends. This seemed to
be adequate for representing the slight and
slowly changing trends observed in cancer mor-
tality in large populations.
(2) For each combination of sex and site, we

fitted log-linear models for the age (sub-
script i), population (subscript j) and
period (subscript t) specific mortality rates
ëijt in the 21 French areas, expressed by the
relation:

log(ëijt) = ái + âit + ãit
2 + pj + qjt + rjt

2

i=1..14 (2)
j=1..21

where the parameters have the same mean-
ing as in model (1) except that j codes now for
the 21 diVerent French areas. The model was
fitted to obtain smoothed values for the local
mortalities on the same assumptions as in
model (1) with a possible area specific time
trend.

(3) The observed incidence and mortality
data from the pooled registries seemed unsuit-
able for estimating age and year specific
incidence/mortality ratios as these observations
may be sparse for some age groups. Models were
therefore fitted to estimate trends in the age spe-
cific incidence/mortality ratios in the pooled
registry populations, expressed by the relation:

log(cit) = log(d̂it) + ái + âit (3)

where cit is the number of observed incident
cases in the pooled registry populations at age i
and year t and d̂it is the estimated deaths in
these populations from model (1). The model
assumes a log-linear relation between inci-
dence and mortality. A quadratic term may be
included for some particular sites when sudden
changes in diagnostic or treatment techniques
appeared, as it has been shown for prostatic
carcinoma.

(4) Finally, for each cancer site, local
incidence estimates were obtained by applying
the estimated incidence/mortality ratios from
model (3):

to the fitted values for local mortality from
model (2). Fitted values for the age and year
specific local area mortality are required
instead of the observed values to avoid extreme
variability because of the small number of
observed deaths in age groups for some sites.
Estimated number of incident cases ĉijt in the
age group i, area j and year t are:

where d̂ijt is the number of estimated
mortality cases from model (2).

Table 1 Breakdown of total population by sex and regions in 1992. Percentages of men
and women over 75 years old

1992
Whole population
(men)

Whole population
(women)

% 75+
(men)

% 75+
(women)

Alsace 805 028 844 141 3.4 7.3
Aquitaine 1 366 365 1 461 691 5.7 9.9
Auvergne 641 997 676 429 5.6 10.1
Basse Normandie 681 460 717 718 4.1 8.2
Bourgogne 789 167 826 975 5.7 10.0
Bretagne 1 366 641 1 446 451 4.5 8.9
Centre 1 174 379 1 224 403 5.6 9.3
Champagne 662 033 686 686 4.3 8.0
Franche Comté 544 828 558 154 4.4 8.0
Haute Normandie 857 736 898 086 3.8 7.3
Languedoc R 1 045 453 1 113 210 6.1 9.7
Limousin 349 105 372 456 7.6 12.7
Lorraine 1 130 878 1 175 224 3.7 7.3
Midi Pyrénées 1 201 232 1 260 054 6.2 10.1
Nord 1 929 205 2 045 053 3.2 6.8
Pays de Loire 1 506 920 1 580 311 4.5 8.3
Picardie 902 701 927 298 3.7 7.0
Poitou Charente 784 460 820 529 6.3 10.1
PACA 2 088 994 2 246 857 5.6 9.5
Ile de France 5 242 685 5 561 017 3.4 6.8
Rhône Alpes 2 668 829 2 782 482 4.0 7.7

Figure 1 Plot of observed incidence and mortality European age standardised ratio
against time for the French départements covered by a cancer registry—breast cancer.
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Assessment of the reliability of the method
To check the reliability of the estimations, we
have used some form of cross validation. We
have dropped each cancer registry data from
the analysis in turn and estimated its incidence
from the others. Then we have compared
observed and estimated incidence from
each of the nine modelisations we have
performed.

Variance estimation of the estimates
To estimate the variance of the estimated
number of cases, we used the formulation (5).
We have computed the variance of ĉijt using a
combination of the variance of the predicted
values d̂ijt from model (2) and of the variance of

the ratio ĉit

d̂it

. The variance of d̂ijt was obtained

using the classic variance of predicted value;

the variance of ĉit

d̂it

is the empirical variance of

the estimated values of this ratio obtained for
the registry in turn in the reliability assessment.
The combination takes the following form:

The GLIM statistical package8 was used for
calculations and to set up the models. Euro-
pean age standardised incidence rates were
computed to take into account the diVerences
in age structure between French areas.

Results
INCIDENCE/MORTALITY

Our estimations of incidence are based essen-
tially on the incidence/mortality ratios. Figures
1 and 2 show the plots of the components of
these ratios over the period 1980–1992 for the
two cancer sites and for the nine French dépar-
tements covered by a cancer registry. For each
cancer site, the comparison between age stand-
ardised mortality rates and age standardised
incidence rates shows a definite increase in the
incidence/mortality ratio over this 12 year
period. The most distinct increase was for
breast cancer. The underlying hypothesis of a
log-linear trend of the observed incidence/
mortality thus appeared to be verified for the
two studied sites.

REGIONAL INCIDENCE OF BREAST AND

COLORECTAL CANCER IN 1992
Tables 2, 3, and 4 list the estimated number of
cases of breast cancer in women and of colorec-
tal cancer in both men and women for 1992 for
each age group in each region. The standard
deviation of estimated number of cases for each

Figure 2 Plot of observed incidence and mortality European age standardised ratio
against time for the French départements covered by a cancer registry—colorectal cancer for
women.
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Table 2 Number of cases of breast cancer in women in the diVerent age groups with European age standardised incidence and mortality rates in 1992.
Number of cases and European standardised incidence rates in 1985, 1990, and 1995

1992 1985 1990 1995

20–44* 45–64* 65–74* 75–84* 85+* all ages* EASIR EASMR all ages* EASIR all ages* EASIR all ages* EASIR

Alsace 144 411 210 118 38 921 (13.44) 107.7 27.3 760 95.1 875 104.8 1009 111.4
Aquitaine 229 721 427 249 94 1720 (20.41) 101.2 27.5 1244 77.9 1557 93.3 2059 115.7
Auvergne 109 356 209 123 45 842 (12.46) 105.5 29.9 635 81.8 777 98.6 978 117.8
Basse Normandie 112 345 198 107 37 799 (12.21) 104.2 29.8 595 82.5 731 97.4 948 117.4
Bourgogne 122 383 228 136 54 923 (13.02) 97.9 26.8 773 85.6 888 95.8 974 99.1
Bretagne 195 622 379 209 63 1468 (18.47) 90.5 26.5 1141 74.8 1371 86.2 1652 96.5
Centre 185 547 309 188 72 1301 (16.57) 97.1 26.4 1057 84.6 1230 94.0 1420 100.8
Champagne 106 298 159 92 34 689 (11.08) 97.7 26.8 532 78.9 635 91.8 794 107.3
Franche Comté 78 237 125 71 24 535 (9.51) 91.5 26.5 453 82.6 515 90.2 579 93.8
Haute Normandie 159 433 224 125 45 986 (14.15) 110.8 32.7 783 95.2 925 106.6 1093 116.8
Languedoc Roussillon 155 513 313 172 62 1215 (15.95) 92.9 25.6 1035 85.9 1175 92.2 1273 92.2
Limousin 52 182 121 77 30 462 (8.43) 95.6 25.7 345 71.6 418 87.3 549 110.5
Lorraine 193 573 294 160 52 1272 (17.09) 105.0 28.4 981 85.3 1176 99.0 1476 115.8
Midi Pyrénées 167 542 315 189 70 1283 (16.36) 86.8 21.8 1064 75.9 1224 84.3 1384 89.7
Nord 405 1131 609 321 102 2568 (28.74) 128.8 37.2 1979 103.6 2362 120.5 3008 143.8
Pays de Loire 246 718 396 226 83 1669 (20.23) 100.8 29.2 1314 85.8 1553 96.4 1902 108.0
Picardie 166 448 231 125 45 1015 (14.69) 112.0 29.7 759 89.9 929 105.1 1191 124.7
Poitou Charente 118 377 224 133 50 902 (12.93) 94.5 28.8 708 78.8 846 90.5 1000 99.4
PACA 337 1098 630 363 125 2553 (27.89) 97.8 25.1 1979 82.5 2386 93.7 2839 103.8
Ile de France 1093 2814 1199 718 292 6116 (61.00) 114.0 32.2 4832 95.4 5732 108.7 6807 122.4
Rhône Alpes 457 1322 657 376 139 2951 (31.75) 102.9 27.9 2385 91.3 2802 100.6 3186 105.3
Total 4828 14071 7457 4278 1556 32190 103.7 28.7 25354 87.1 30107 99.1 36121 111.0

*Estimated number of new cases. EASIR : European Age Standardised Incidence Rate. EASMR : European Age Standardised Mortality Rate. Numbers in parentheses
are estimated standard deviation of total number of estimated incidence cases.
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area is given. The three tables also show the
standardised incidence and mortality rates
derived from the European standard population.

There was some disparity in incidence
between regions for breast cancer. An inci-
dence above national average was noted in the
Nord département, while Bretagne and Midi-
Pyrenees had below average incidences. Over-
all, the estimated number of new cases in 1992
was a slightly over 32 000. The proportion of
cases diagnosed before 45 years of age is 15%,
44% between 45 and 64 years, 23% between
65 and 74 years, 13% between 75 and 84 years,
and 5% after 84 years. These proportions var-
ied little from region to region. The European
standardised mortality rates for breast cancer
were almost four times lower than the Euro-
pean standardised incidence rates.

There was less regional disparity in incidence
of colorectal cancer for women than for men. In

this lastest group, the incidence rates were 10%
above national average in Alsace, Nord, Lorraine
and Bretagne, but 10% under in Provence Alpes
Côte d’Azur, Midi-Pyrenees, Languedoc Rous-
sillon and Franche Comté.

The incidence of colorectal cancer was
slightly higher in men than in women (16 401
estimated cases versus 14 836 in 1992). The
sex ratio calculated from the incidence rates
ranged from 1.3 to 2 depending on the region.
Colorectal cancer was sparse before 45 years
with 3% of cases in both men and women. The
proportion of cases diagnosed at 85 years and
over was 7% in men and 15% the women.

TREND OF REGIONAL INCIDENCE OF COLORECTAL

AND BREAST CANCER

In an attempt to evaluate the trends in
cancer incidence, we have indicated in tables
2, 3, and 4 the number of estimated cases and

Table 3 Number of cases of colorectal cancer in women in the diVerent age groups with European standardised incidence and mortality rates in 1992.
Number of cases and European standardised incidence rates in 1985, 1990, and 1995

1992 1985 1990 1995

20–44* 45–64* 65–74* 75–84* 85+* all ages* EASIR EASMR all ages* EASIR all ages* EASIR all ages* EASIR

Alsace 15 104 125 129 57 430 (8.99) 40.7 16.4 378 39.0 415 40.4 455 40.6
Aquitaine 24 177 246 262 135 844 (14.78) 36.7 15.7 656 31.3 767 34.3 1024 42.4
Auvergne 9 81 110 119 59 378 (8.13) 35.0 17.4 331 32.4 361 34.0 421 37.1
Basse Normandie 9 76 103 102 48 338 (7.71) 33.8 16.0 288 31.8 320 33.1 390 36.7
Bourgogne 12 101 140 152 82 487 (9.81) 37.7 17.2 365 30.3 434 34.4 612 45.3
Bretagne 23 179 249 250 104 805 (14.59) 37.6 15.5 659 34.1 753 36.4 920 40.3
Centre 20 142 189 209 110 670 (12.79) 37.3 16.9 528 32.4 615 35.5 795 42.0
Champagne 10 73 92 98 49 322 (7.39) 35.6 16.7 282 33.5 306 34.8 357 37.5
Franche Comté 8 56 70 73 34 241 (5.93) 32.5 12.9 226 33.3 237 33.0 251 31.6
Haute Normandie 16 111 137 139 69 472 (9.96) 42.6 17.6 333 33.4 417 38.9 604 51.7
Languedoc Roussillon 15 127 181 182 90 595 (11.54) 33.8 16.1 455 28.6 547 32.1 694 37.2
Limousin 4 47 70 83 43 247 (6.08) 35.0 16.7 208 30.4 227 32.7 297 40.3
Lorraine 22 158 188 187 83 638 (12.55) 42.7 19.7 472 34.5 565 39.0 816 51.3
Midi Pyrénées 17 140 189 207 105 658 (12.13) 32.9 15.1 533 29.0 605 31.0 776 36.8
Nord 44 292 363 351 152 1202 (21.32) 48.8 20.5 963 41.9 1106 46.1 1440 55.2
Pays de Loire 25 171 220 229 115 760 (13.76) 35.5 15.8 636 33.1 720 34.9 841 36.6
Picardie 16 103 126 125 61 431 (9.38) 38.6 17.0 349 33.6 399 36.7 504 42.9
Poitou Charente 12 104 144 156 80 496 (9.93) 37.9 17.9 383 32.2 450 35.6 604 43.6
PACA 32 251 342 356 168 1149 (19.78) 33.4 15.4 889 29.0 1058 31.8 1331 36.6
Ile de France 108 593 622 677 375 2375 (41.92) 37.5 16.6 2072 34.9 2269 36.5 2594 39.4
Rhône Alpes 47 308 367 383 193 1298 (22.47) 36.4 15.7 1067 33.6 1218 35.3 1460 38.6
Total 488 3394 4273 4469 2212 14836 37.3 16.5 12073 33.2 13789 35.7 17186 41.0

*Estimated number of new cases. EASIR : European Age Standardised Incidence Rate. EASMR : European Age Standardised Mortality Rate. Numbers in parentheses
are estimated standard deviation of total number of estimated incidence cases.

Table 4 Number of cases of colorectal cancer in men in the diVerent age groups European standardised incidence and mortality rates in 1992. Number of
cases and European standardised incidence rates in 1985, 1990, and 1995

1992 1985 1990 1995

20–44* 45–64* 65–74* 75–84* 85+* all ages* EASIR EASMR all ages* EASIR all ages* EASIR all ages* EASIR

Alsace 22 180 186 124 32 544 (11.30) 79.6 38.1 422 68.3 496 75.6 654 88.4
Aquitaine 27 248 376 261 73 985 (16.15) 59.9 27.7 780 52.4 902 56.8 1164 66.4
Auvergne 12 121 177 123 35 468 (9.42) 60.8 30.7 380 52.1 429 57.2 560 68.5
Basse Normandie 12 116 168 100 24 420 (9.18) 61.0 29.9 299 49.2 368 56.0 551 73.6
Bourgogne 15 146 213 156 47 577 (10.72) 62.2 30.8 469 53.8 531 58.8 682 69.1
Bretagne 28 259 374 237 51 949 (16.27) 65.2 30.5 732 56.5 858 61.4 1157 72.9
Centre 23 202 290 218 67 800 (14.10) 60.0 29.0 635 52.2 736 57.2 927 65.0
Champagne 12 110 142 100 28 392 (8.47) 61.4 31.6 318 53.0 362 58.5 462 67.8
Franche Comté 8 79 102 70 19 278 (6.45) 51.7 27.3 253 52.1 267 51.7 304 52.6
Haute Normandie 15 122 157 101 26 421 (8.94) 54.7 26.2 354 51.4 396 53.7 461 55.8
Languedoc Roussillon 16 167 270 186 53 692 (12.07) 52.2 25.1 557 47.2 642 50.6 791 55.5
Limousin 4 64 105 81 25 279 (6.43) 54.9 29.9 262 52.7 272 54.4 296 55.4
Lorraine 23 213 248 156 38 678 (13.40) 65.4 32.3 538 57.2 614 61.6 824 73.7
Midi Pyrénées 20 191 289 217 64 781 (13.35) 51.9 25.8 653 47.1 726 49.8 911 57.0
Nord 44 341 428 244 62 1119 (20.11) 69.4 32.8 910 60.5 1028 65.9 1327 77.2
Pays de Loire 29 250 348 237 63 927 (16.44) 61.0 31.1 716 53.7 851 58.7 1086 65.1
Picardie 18 143 184 115 33 493 (10.29) 61.1 29.9 397 53.2 455 58.5 581 67.1
Poitou Charente 14 147 227 170 50 608 (11.05) 61.1 34.0 492 54.5 564 58.9 690 64.3
PACA 32 307 451 321 87 1198 (19.33) 48.2 24.4 981 44.7 1129 47.4 1307 49.0
Ile de France 108 755 752 529 175 2319 (41.66) 55.4 29.0 1966 51.0 2174 53.6 2608 59.3
Rhône Alpes 53 432 536 354 98 1473 (24.54) 58.7 28.0 1198 54.4 1373 57.2 1673 61.7
Total 535 4593 6023 4100 1150 16401 58.6 29.0 13312 52.4 15173 56.2 19016 63.5

*Estimated number of new cases. EASIR : European Age Standardised Incidence Rate. EASMR : European Age Standardised Mortality Rate. Numbers in parentheses
are estimated standard deviation of total number of estimated incidence cases.
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standardised incidence rates based on the
European populations for 1985, 1990, and
1995.

In 10 years, the incidence of breast cancer
has increased considerably but with regional
diVerences. Increases of more than a third were
noted in Aquitaine, Auvergne, Basse Nor-
mandie, Champagne, Limousin, Lorraine,
Nord and Picardie. Smaller increases were
observed in the other regions.

The increases in incidence of colorectal can-
cer in both men and women have been
relatively modest, with a mean increase in inci-
dence of 20%. Incidence remained stable over
this decade in: Franche Comté, Haute Nor-
mandie, Limousin and Provence Alpes Côte
d’Azur for men, and in Alsace, Franche Comté
and Pays de Loire for women.

RELIABILITY ASSESSMENT

In tables 5, 6, and 7, the number of observed
and estimated cases in each cancer registry are
presented. Each cancer registry estimations are
computed without taking into account its own
observations. The confidence intervals of
observed cases are provided. The ratio number
of observed cases/number of estimated cases
are computed. Except for cancer registry
number 8 for the three cancer sites and for
cancer registry number 6 for breast cancer,

these ratio lie between 0.9 and 1.1. Apart from
those two previous situations, the number of
estimated cases are inside the corresponding
confidence intervals computed according to
the number of observed cases.

Discussion
We provide in this study the first ever
estimation of the incidence of cancers in diVer-
ent regions in France. The incidences of breast
and colorectal cancer were used as typical
examples as they are common sites.

The quality of the estimation of incidence
depends on the fit of the models, which in turn
relies on the underlying hypotheses. A feature of
our methodology was the procedure for smooth-
ing mortality data in the départements covered
by a cancer registry. With the assumption of a
parallelism in the trend of adjusted mortality
rates (model (1)), the data in pooled registries
areas were considered as being representative of
national data. This actually may not be the case
because of geographical diVerences in the catch-
ment areas of the regional cancer registries. This
can be resolved by modelling only the mortality
data of the départements covered by a regional
cancer registry in the model (1), although it may
not be valid when mortality is relatively low.
Using this latter method for breast and colorec-
tal cancer, we obtained similar estimations.
Model (2) contained parameters for modelling
the spatio-temporal trends in regional mortality.
Model (3) could be improved by the inclusion of
a second degree term in the time variable. This
correction is not statistically useful for the cancer
sites studied here, although it could be used for
other sites, such as the prostate, which has
presented rapid changes in incidence over the
past decades. As each of the estimated models
leads to a good statistical fit, we considered that
this methodology is one possible approach for
the estimation of regional incidence rates.

Our reliability assessments confirm that the
method leads to reasonably good results. An
internal study of French cancer registry seems
to conclude that the discrepancy showed for
cancer registry number 8 is attributable to a
cancer registration problem. For breast cancer
in cancer registry number 6, we found that
incidence level is the highest of the nine French
cancer registries and cancer mortality is at the
same level as in other cancer registries so that
no clear reason can be given to explain the dis-
crepancy between observation and estimation
in that area.

Table 5 Number of observed cases with confidence intervals in each cancer registry in
1992, breast cancer in women, number of estimated cases from cross validation method, and
number of observed cases and estimated cases ratios

Registry
number

Number of
observed cases

Confidence intervals of
observed number of cases

Number of
estimated cases

observed/
estimated

1 546 502, 594 539 1.01
2 351 316, 390 325 1.08
3 252 223, 285 232 1.09
4 214 187, 245 234 0.91
5 384 347, 424 377 1.02
6 588 542, 638 495 1.19
7 602 556, 652 582 1.03
8 249 220, 282 317 0.79
9 197 171, 227 179 1.10

Table 6 Number of observed cases with confidence intervals in each cancer registry in
1992, colorectal cancer in women, number of estimated cases from cross validation method,
and number of observed cases and estimated cases ratios

Registry
number

Number of
observed cases

Confidence intervals of
observed number of cases

Number of
estimated cases

observed/
estimated

1 240 211, 272 241 1.00
2 153 131, 179 143 1.07
3 108 89, 130 110 0.98
4 99 81, 121 91 1.09
5 192 167, 221 179 1.07
6 184 159, 213 202 0.91
7 255 226, 288 232 1.10
8 106 88, 128 135 0.79
9 87 71, 107 94 0.93

Table 7 Number of observed cases with confidence intervals in each cancer registry in
1992, colorectal cancer in men, number of estimated cases from cross validation method,
and number of observed cases and estimated cases ratios

Registry
number

Number of
observed cases

Confidence intervals of
observed number of cases

Number of
estimated cases

observed/
estimated

1 304 272, 340 294 1.03
2 168 144, 195 155 1.08
3 150 128, 176 148 1.01
4 88 71, 108 98 0.90
5 227 199, 259 238 0.95
6 255 226, 288 235 1.08
7 261 231, 295 250 1.04
8 131 110, 155 158 0.83
9 127 107, 151 128 0.99

KEY POINTS

+ Incidence/mortality ratio, taking into
account age and period efects, is used to
estimate regional cancer incidence.

+ The method is useful for countries
lacking nationwide coverage by cancer
registries.

+ There are some regional variations in the
incidence of breast and colorectal cancer.

+ There is an increase in incidence for both
cancer sites, with regional diVerences.
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The data presented in table 1 show that the
estimations involved regions with considerable
diVerences in population size. This means that
the variability in the estimations is not constant
from region to region, which may lead to a bias
in classifying the least populated regions. Fur-
ther analysis using Bayesian methods would
perhaps aid comparison between regions dif-
fering in population size. It may be useful too to
give confidence intervals of estimated numbers
of cases and standardised rate estimates. These
estimates were obtained from successive mod-
els so that the analytic expression of their con-
fidence intervals are not readily defined. To
evaluate the variability of our estimations, we
have provided a variance estimation of the total
number of estimated cases in each areas.

The use of incidence/mortality ratios to esti-
mate regional incidence is based on the
assumption of comparable survival rates in the
diVerent regions. This assumption is largely
validated by the data from the EUROCARE
study. The survival rates in the French
départements that participated in this study
were comparable and have provided the overall
data for France.9 One should bear in mind,
however, that targeted public health measures
such as screening may aVect the validity of this
assumption in the future. The fact that the
estimates of regional incidence rates for cancer
rely on certain simplifying assumptions means
that the values obtained should be viewed as
orders of magnitude. The extrapolations to
1995 for the regions considered here produced
values that were slightly higher than those of a
previous national evaluation.4 This was attrib-
uted to the fact that the data in this study were
obtained over a longer period of time, espe-
cially for the Bas-Rhin département. The
extrapolations should thus be interpreted with
due caution and may need regular updating.

Estimations of incidence are crucial for
health care planning. Knowledge of the ex-
pected number of cases in each region, the
available data on care facilities, taking the age
factor into account, can provide an estimate of
needs for surgical beds or of the number of
people likely to require chemotherapy and
radiotherapy. Estimations of regional incidence
produce objective data on which health care
needs in oncology may be relied on.

The estimations of incidence also highlight
the limitations of mortality statistics for deter-
mining the magnitude of the problems repre-
sented by the two types of cancer studied here.
For breast cancer, the incidence rates were four
times higher than mortality rates, and even for
colorectal cancer, incidence rates were double
those of mortality. The statistics of incidence
and mortality were also complementary. The
increase in the incidence/mortality ratio is
indicative of an improved prognosis for the two
types of cancer studied. The increase was more
pronounced for breast than for colorectal can-
cer. This trend has also been reported recently
in Sweden for breast cancer10 and in the USA
for colorectal cancer.11 The improved progno-
sis may stem from an earlier diagnosis or the
advent of more eVective treatments, or both.

Further analysis of registry data could provide
more information on this point.

The results of this study indicate that there
were some regional variations in the incidence
of breast cancer in France, the incidence ratio
of the highest risk region to the lowest is only
1.5. In general, the incidence of breast cancer is
lower than average in the south and above
average in the north. A same ratio is estimated
for colorectal cancer for women. For men, we
found a ratio of highest to lowest risk
incidences of 1.7. Incidence was particularly
high in Alsace, and above average in Lorraine
and Nord regions. The lowest incidences were
found in Provence Alpes Côte d’Azur. The role
of the Mediterranean diet has been proposed to
account for the lower incidence in the south
than in the north of France. A diet rich in fruit
and vegetables has been shown to reduce the
risks of both types of cancer studied.

The analysis of time trends is expected to
provide valuable information, although more
detailed analysis will require data collected
over a longer period of time. Already it seems
that there are regional diVerences in such
trends. The changes in incidence of breast can-
cer were found to be more pronounced in the
north than in the south of France. The
incidence of colorectal cancer has also in-
creased but to a smaller extent than for breast
cancer. In certain regions the incidence has
remained stable.

Our study shows that there is a heterogeneity
both in spatial distribution and in time trends
of breast and colorectal cancer incidence. The
results of this study are therefore helpful to
plan regional health care needs when no
national cancer incidence registration exists.
The method we propose uses the empirical
relation between incidence and mortality for
each period and age class. This method is use-
ful for countries lacking nationwide coverage
by cancer registries when no great heterogen-
eity exists between areas in survival. It is an
interesting alternative method to that used by
Verdecchia et al12 when no reliable survival data
are available. Of course, our method may be
improved. Firstly, our method uses observed
correlation between incidence and mortality in
areas covered by cancer registries at each time
point where observations are avalailable so that
no time lag between incidence and mortality is
taken into account; it may be interesting to
evaluate the eVect of including such a lag. Sec-
ondly, our mortality smoothing does not
include any spatial dependence; perhaps such
information may improve smoothed mortality
rates. Lastly, no mortality variance is included
in our model (3), where each estimated
mortality case is an oVset.
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