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There are three separate, but not independent, tem- 
poral factors influencing disease incidence and mortal- 
ity: age, birth cohort and period of death. These three 
factors are usually analysed separately (i.e., cross-sec- 
tional presentations of age and period effect), although 
the estimates obtained are often distorted by the con- 
founding effect of the third factor (i.e., cohort) [1, 2]. 
To overcome these difficulties, over the last years for- 
mal log-linear models have been proposed for disen- 
tangling the effect of cohort of birth, period of death 
and age on cancer mortality [3]. These models have 
been applied to the analysis of cancer incidence and 
mortality data from various countries (including Swit- 
zerland) [4], as well as to sociological and demographi- 
cal research [5, 6]. 
The major conceptual problem of any such model is its 
inherent non-identifiability property, since there is an 
exact linear relationship between the three factors. 
Although various solutions to bypass this difficulty 
have been proposed, in terms for instance of analysis 
of identifiable linear slopes or use of various con- 
straints on the parameters, and although some of these 
models can offer a simplified framework for reading 
and interpreting mortality data, they implicate, 
nonetheless, a loss of information in comparison with 
careful analysis of single age-specific rates (for 
reviews, see refs [7 and 8]). 
The latter on the other hand, although by definition 
fully informative, are complex and difficult to read and 
interpret. In this paper, therefore, we present and 
discuss a method of representation of temporal effects 
in mortality based on a series of graphical rather than 
numerical representations of the whole matrix of age- 
specific rates. 
Further, smoothing and modelling techniques are 
applied to the age/period and cohort surfaces, in order 
to obtain simplified pictures of the major underlying 
general patterns. 

Material and Methods 
Death Certification Data 
Numbers of cancer death certifications by cause, 
stratified for sex and age in five-year groups for the 
period 1950--1984 were abstracted from files kindly 
provided by the Swiss Federal Office of Statistics. 

From 1951 to 1968, the Swiss Classification of Causes 
of Deaths, 1951 Edition, was utilized for coding causes 
of death in details [9]. Thereafter, causes of death were 
coded according to the standard International Classifi- 
cation of Diseases (ICD), Eighth Revision [10]. 
To obtain internal comparability of the data, all can- 
cers or groups of cancers were recoded according to 
the Eighth Revision of the ICD and grouped in 30 
categories, besides total cancer mortality and a broadly 
heterogeneous group of "others or unspecified". Reli- 
able distinction between some sites or histotypes is not 
possible on the basis of death certification alone. In 
particular, we had to group all intestinal sites (colon 
and rectum), melanoma and non-melanomatous skin 
neoplasms, all uterine cancers (cervix and endome- 
trium), all non-Hodgkin's lymphomas, all leukaemias, 
and all neoplasms of the brain or nerves, ben!gn and 
malignant. 
Estimates of the resident population for the corre- 
sponding calendar period were provided by the Swiss 
Federal Office of Statistics (unpublished). From these 
numerators and denominators, age-specific death cer- 
tification rates were computed for each calendar year 
and quinquennium of age (from 30--34 to 75--79). 
Deaths at age 80 or over were not considered on 
account of the low reliability of death certification and 
population estimates at older ages [11], and those 
below age 30 because of small absolute numbers, 
which introduce serious problems of random variation 
and hence instability of rates. Consequently, the cen- 
tral years of cohorts for which at least some point was 
available were between 1873 and 1952. 

Graphic Representations 
The surface defined by the matrix of various age- 
specific rates can be graphically represented using dif- 
ferent tones of grey according to the value of each 
single rate. 
This graphic representation was based on the 
logarithm of rates, after appropriate smoothing using 
moving averages of rates of each age group across 
calendar years, to reduce changes of tone due to ran- 
dom variation alone. 
Giving the values of the area to which each rate is 
related to its geometrical central point (or "centroid"), 
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continuous surfaces named  "contour"  maps were 
defined by a "smoothing" function which takes into 
account not only contiguous points, but also a defined 
number  of  other  points in inverse relation with their 
distance. 
In the present  work,  "contour"  maps are represented 
using eight tones of  grey, f rom light (lowest values of  
the rates) to dark (highest values),  each including one 
eighth of the overall  range of rates. 
Further,  various regression surfaces were defined on 
the basis of two independent  variables (x = age, y = 
cohort) ,  and fitted by the method of least squares to 
the matrix of age-specific rates of  each disease con- 
sidered. Progressively more  complex models f rom first 
to third order  were fitted, corresponding to polyno- 
mials including each term and their interactions. The  
number  of  parameters  is 3 for the first order  model ,  6 
for the second order  and 10 for the third order  one. 
As in any regression analysis [12], the total variability, 
that explained by the model  and the residual one were 
computed.  The ratio between variance explained and 
total variance is the coefficient of  determinat ion,  
whose values range f rom zero for a model  which does 
not explain anything of the variability of  the rates to 
one when all the data lie on the regression surface. 
Trend surface maps were plotted using the same eight 
tones of  grey of the "contour"  maps,  plus two extreme 
classes for expected values beyond the range of varia- 
tion of observed values. 
The map  of residuals was produced by the simple 
algebraic difference between the original "contour"  
map  and that obtained from the model  chosen. Dark  
areas indicate positive residuals and signs "minus" 
negative ones. The presence of diffuse areas of  positive 
or  negative residuals may indicate an unsatisfactory 
fitting, which leaves auto-correlated residuals, while 
scattered residuals indicate a good fitting. 
The methods are more  thoroughly presented and dis- 
cussed in a separate  paper  [13], and the whole graphic 
procedure  was implemented  by means of the SYMAP 
system [14], and appropr ia te  ad hoc developed rou- 
tines. The whole set of data utilised for the present  
analyses (number  of certified deaths, populat ion 
estimates,  age-specific rates) have been published in a 
technical volume [15]. 

Results and Comments 
Table  1 gives the coefficients of  determinat ion for 
major  cancer sites in the two sexes. In general,  first or 
second order  surfaces offered excellent fitting to the 
data, although there were a few neoplasms whose fit- 
ting was appreciably improved by the third order  
model.  
In particular,  a determinat ion coefficient near  to unity 
for the first order  model  indicates that there is no 
interaction between age and cohort (or that there are 
symmetrical  interactions between period and age and 
period and cohort which compensate  each other  [13]). 
For selected cancer sites and sexes, three graphs are 

Tab. 1. Determination coefficients for first to third deg- 
ree models applied to Swiss mortality data from various 
cancers or groups of  cancers, 1950-84. 

Cancer Sex Determination coefficient for 
site polynomials of: 

1st 2nd 3rd 
degree degree degree 

Mouth or pharynx M 0.94 0.98 0.98 
F 0.92 0.92 0.93 

Oesophagus M 0.96 0.98 0.99 
F 0.91 0.96 0.98 

Stomach M 0.99 0.99 1.00 
F 0.98 0.99 0.99 

Intestines M 0.99 0.99 1.00 
F 0.99 0.99 0.99 

Liver M 0.98 0.98 0.98 
F 0.93 0.95 0.96 

Gallbladder and bile ducts M 0.96 0.97 0.98 
F 0.97 0.97 0.99 

Pancreas M 0.96 0.98 0.99 
F 0.97 0.97 0.99 

Larynx M 0.94 0.96 0.98 
F 0.64 0.67 0.68 

Lung M 0.89 0.99 0.99 
F 0.95 0.97 0.98 

Pleura M 0.76 0.83 0.86 
F 0.61 0.62 0.64 

Bone M 0.83 0.90 0.92 
F 0.73 0.88 0.88 

Connective and M 0.72 0.75 0.76 
soft tissue sarcoma F 0.68 0.76 0.78 
Skin, including melanoma M 0.91 0.92 0.93 

F 0.82 0.85 0.91 
Breast F 0.89 0.98 0.99 
Uterus, cervix and corpus F 0.95 0.99 0.99 
Ovary F 0.88 0.98 0.98 
Prostate M 0.95 0.98 0.99 
Testis M 0.04 0.46 0.49 
Bladder M 0.95 0.97 0.98 

F 0.94 0.95 0.96 
Kidney M 0.97 0.98 0.99 

F 0.95 0.97 0.97 
Brain or nerves, M 0.53 0.86 0.89 
benign or malignant F 0.59 0.84 0.88 
Thyroid M 0.93 0.94 0.96 

F 0.94 0.95 0.97 
Hodgkin's disease M 0.46 0.64 0.73 

F 0.33 0.58 0.65 
All other lymphomas M 0.91 0.93 0.96 

F 0.91 0.93 0.94 
Multiple myeloma M 0.92 0.95 0.97 

F 0.91 0.93 0.96 
Leukaemias M 0.93 0.96 0.97 

F 0.92 0.95 0.96 

Total, all sites, all 
histologies, benign and M 0.98 1.00 1.00 
malignant F 0.98 1.00 1.00 

presented,  including respectively "contour"  maps,  an 
arbitrarily selected trend surface, and the correspond- 
ing residual map.  To  assist reading and interpretat ion 
of these graphs, the legend in the upper  left indicates 
that the age effect should be read across the abscissa, 
the cohort  effect across the ordinate,  and the period 
effect across the diagonal. Further ,  a brief  description 
and comment  is given of major  findings for selected 
cancer sites. 
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Mouth or pharynx (Figure la). Among older males, 
the "contour" map shows some tendency toward 
decreasing mortality for more recent cohorts, whereas 
the pattern is, if anything, opposite at younger ages, 
although random variability makes the interpretation 
of trends at younger ages extremely difficult. Thus, in 
the second order surface, besides a major impact of 
age, there is a diverging cohort/period effect. Second 
order residuals are scattered, thus indirectly confirm- 
ing the excellent fitting of the model. The pattern is 
similar for females, although less consistent in conse- 
quence of smaller absolute numbers of deaths (data 
not shown). 
Oesophagus (Figure lb). In the "proximal" map for 
males there are clear cohort and period effects mostly 
in older ages, which are apparently diverging from the 
effects observed at younger ages. These effects are 
evident on the second and, mostly, on the third order 
surfaces, which show a major cohort component in 
older males and a substantial interaction with age. The 
overall trends are similar for females (data not shown), 
although based on substantially lower numbers of cer- 
tified deaths, and constitute a confirmation of the dif- 
ferent impact of the major risk factors for oesophageal 
cancer (tobacco and alcohol) in subsequent Swiss gen- 
erations [16]. In particular, the decreasing cohort 
pattern among older generations may well reflect the 
downward trends in alcohol consumption in Switzer- 
land in the first half of the century [17]. 
Stomach. In both sexes (Figure 2a given for females 
only) there were substantial decreases over period 
and, chiefly, over cohort (mostly in older generations), 
which are clearly evident in the second degree surface 
whose residuals are extremely limited and scattered. 
Similar decreases for gastric cancer mortality have 
been observed in most developed countries, but the 
levels reached by Swiss females are among the lowest 
in Western Europe [18]. No defined factor has been 
linked to such major decreases, althoug it is likely that 
diet has played an important role [11]. 

Intestines, chiefly colon and rectum. Besides the obvi- 
ous age effect, there was a suggestion of downward 
trend chiefly on a period basis, which was somewhat 
greater in females (Figure 2b). The first order coeffi- 
cient was already extremely close to unity (Table 1), 
indicating the absence of major age/cohort interaction, 
at least in terms of graphical representation. 
Liver (Figures 3a and 3b). The pattern of trends in the 
"contour" as well as in subsequent degree surfaces was 
largely heterogeneous in the two sexes, since there was 
a major period and, chiefly, cohort increase in older 
males, but a substantial decrease in older females. The 
data for the two sexes are more similar at younger 
ages, where an earlier increase was followed by a sub- 
sequent stabilization. There is no obvious explanation 
for the diverging pattern in the two sexes, although it is 
conceivable that these trends are, at least in part, 
influenced by misclassification of secondaries, since 

the liver is a frequent site of secondaries, particularly 
from cancer of the lung [11]. 
Gallbladder and bile ducts. In males, no clear pattern 
was evident, besides the obvious age effect (data not 
shown). In females (Figure 4a), whose rates are about 
twice that of males, there was a rather complex and 
unstable "contour" map, which could be summarized 
in the third order surface map in terms of a modest 
downward trend over period. The reasons for this 
decline are not defined, nor it is known how much the 
trends observed are influenced by the recent increases 
in cholecystectomy rates. 
Pancreas. In both sexes (Figure 4b given for males 
only) the "contour" as well as the second and third 
order surfaces show an effect of age only at younger 
ages, but a substantial increase (chiefly on a cohort 
basis) at older ones. Since the upward trends are 
restricted to the older age groups, it is difficult to state 
how much of the increase is real and how much influ- 
enced by improved certification, considering that 
cancer of the pancreas is particularly difficult to diag- 
nose [11]. There are nonetheless important similarities 
between the pattern observed in pancreatic cancer 
mortality and that of lung cancer, which may reflect 
the influence of the aetiologic factor in common, i.e., 
tobacco [19]. 
Larynx. For males (Figure 5a), there was a substantial 
decrease on a period/cohort basis at older ages, and a 
general stability at younger ones. The overall pattern is 
thus similar to that previously described for cancers of 
the mouth or pharynx and oesophagus, and further 
underlines the similarity in risk factors for all neo- 
plasms of upper digestive and respiratory tract 
(chiefly, alcohol and tobacco, although their relative 
importance may well be quantitatively different for 
various sites). Mortality rates were extremely low in 
females (data not shown) and, consequently, the 
pattern was largely inconsistent. 
Pleura. The pattern in mortality from cancer of the 
pleura, even in males (Figure 5b), is difficult to inter- 
pret on account of the limited numbers of certified 
deaths and, chiefly, of changes in the International 
Classification of the Diseases, which may well have 
introduced spurious trends in certified mortality. Thus, 
the interpretation of the "contour" map is extremely 
difficult on account of problems of random variability, 
but the pattern emerging from the third order surface 
indicates important period and cohort effects, which 
however should be considered with due caution on 
account of the previously mentioned certification 
problems. 
Lung. For males (Figure 6a), both the "contour" and 
the second order surface show an age effect only at 
younger ages, with a cohort component progressively 
stronger with advancing age. The picture is different in 
fermales (Figure 6b), since for the first calendar period 
there is an effect of age only, whereas in more recent 
years the dominant pattern is the upward cohort one. 
Thus, lung cancer patterns well reflect the different 
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trends in smoking for the two sexes, since smoking 
rates increased in males during the first half of the 
century and then stabilized, whereas the increase of 
smoking among females was a more recent phenome- 
non [20]. 
Bone. In both sexes (Figure 7a given for males only) 
there were substantial decreases on a period and, 
chiefly, cohort basis. It is not known, nonetheless, how 
much of the decrease is real (and attributable, for 
instance, to improved survival), and how much is due 
to improved diagnoses and hence progressive elimina- 
tion of misclassification and certification of secon- 
daries [11]. 
Connective and soft tissue sarcomas. Although, on 
account of small numbers of certified deaths, the "con- 
tour" maps are largely inconsistent in both sexes (data 
shown in Figure 7b for males only), the general 
pattern emerging from the third degree surface sug- 
gests a major cohort/period increase at older ages, but 
not in younger middle age. In this case, too, it is 
difficult to state how much of the increase is due to 
improved diagnosis and certification, and how much is 
real. Although the causes of these neoplasms are 
largely undefined, in fact, some recent evidence sug- 
gested that soft tissue sarcomas are associated to expo- 
sure to phenoxyacids and other herbicides [21], whose 
utilization has largely increased over the last decades. 
Skin, including melanoma. In both sexes (data shown 
for females only, Figure 8a) the "contour" maps show 
a major increase at younger ages, chiefly on a cohort 
basis. At older ages, the pattern is scattered and 
largely inconsistent. The third order surface shows 
very clearly the major cohort increases at younger 
ages, whereas at older ages the pattern is different 
across periods, with some (period) decrease in earlier 
years considered, and some increase over more recent 
years. This composite pattern is likely due to the 
heterogeneous trends in the different histotypes, since 
the substantial increases at younger ages are chiefly 
attributable to the rise in melanoma common to most 
developed countries and believed to be related to 
intermittent exposure to sunbathing and, perhaps, 
changes in clothing [22]. In contrast, the earlier decline 
at older ages may be attributable to decreasing mortal- 
ity from squamous cell cancer, on account of improved 
treatment and, perhaps, more accurate certification, 
with progressive elimination of secondaries [11]. 
Breast, females (Figure 8b). In the "contour" map, 
little systematic effect is evident at younger ages, but 
there is some tendency toward increasing mortality 
over period from older middle age onwards. This 
pattern is clearly evident in the third degree surface 
map, with some moderate upward trend in the period 
effect. Corresponding residuals were scattered, thus 
confirming the excellent fitting of the model. 
Uterus, cervix and corpus (Figure 9a). The "contour", 
as well as the subsequent degree trend surface models, 
show a clear downward trend over period, and some 
decrease in the cohort effect (or some age/period 

interaction) at older ages, too. Although it is difficult, 
on the basis of death certificate alone, to reliably dis- 
tinguish between cancers of the cervix and corpus 
uteri, most of the decreases observed (chiefly at 
younger ages) are attributable to declines in mortality 
from cervical cancer [4, 16]. The pattern observed at 
older ages, if not due to a real cohort effect, could be 
explained in terms of period interaction on the age 
curve, possibly on account of the later start of the 
decline in cervical cancer mortality for older women, 
or to the increased hysterectomy rate over the most 
recent calendar years [23]. 
Ovary (Figure 9b). The "contour" map shows some 
systematic decrease over more recent periods in the 
younger age groups, and an inconsistent pattern at 
older ages. This age/period interaction is reflected in 
the large improvement in model fitting from the first to 
the second degree. In the second order surface, 
besides a period/cohort decline at younger ages, some 
increase was evident at older ages, chiefly on a cohort 
basis. Second order residuals were scattered, further 
confirming the excellent fitting of the model. It is 
difficult to define how much the rise at older ages is 
attributable to improved diagnosis and certification 
[11], and how much of the decline at younger ages 
reflects the favourable impact of oral contraceptive use 
[24], or some therapeutic improvement. 
Prostate (Figure lOa). In the "contour" map, the age 
effect is overwhelming, in the absence of major sys- 
tematic patterns in period and cohort effects. In the 
second order surface, some moderate period increase 
is evident at older ages, probably explainable in terms 
of better diagnosis and certification [11, 25]. 
Testis (Figure lOb). The "contour" map, although 
largely scattered on account of small absolute num- 
bers, shows clear excess mortality at younger and older 
ages, and a minimum in middle age, Not surprisingly, 
therefore, the fitting of the first order surface is 
extremely poor, and, although somewhat improved, it 
is largely unsatisfactory even for higher order models. 
The third order surface shows a period increase in 
earlier calendar years (probably attributable to 
increased incidence), followed by a substantial decline 
(probably due to improved therapy [26]). There were 
systematic declines over period in the older age 
groups, too, and no clear pattern in middle age, where 
most of the residuals were concentrated. 
Bladder. In the "contour" map (Figure l l a  given for 
males only), no consistent trend was observed in 
younger and middle age, but substantial rises were 
evident at older ages, chiefly on a cohort basis. This 
pattern is comparable in the two sexes, well reflected 
in the third order surface, and is similar to those 
observed for cancer of the lung and other tobacco- 
related neoplasms, such as pancreas and kidney [19]. 
Kidney. In both sexes, there was no consistent trend at 
younger ages but substantial rises, chiefly in terms of 
cohort effect, at older ones, which are clearly apparent 
on the third order surface (Figure 11b given for males 
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only). Thus, this pattern is again consistent with that of 
most other tobacco-related neoplasms [19]. 
Brain or nerves, benign and malignant. In both sexes 
(data presented for females only, Figure 12a) no dis- 
tinct pattern was evident at younger ages, but substan- 
tial rises, on a period and, chiefly, cohort basis were 
observed at older ages. The absence of trends at 
younger ages but the major increases at older ones is 
consistent with an important influence of improved 
diagnosis and certification on these trends, following 
the introduction of computerized transaxial tomogra- 
phy and other diagnostic techniques [11]. Third order 
residuals were rather concentrated in older middle 
age, indicating the non optimal fitting of the model. 
Thyroid. The important feature in thyroid cancer mor- 
tality in both sexes (data presented in Figure 12b for 
females only, since rates for this neoplasms are higher 
in women) was the substantial decline, rather scattered 
in the "contour" map, but with a major period compo- 
nent in the trend surface models. The third surface 
order shows an age/period interaction at older ages 
since rates were not declining in earlier periods, and 
provides an excellent fitting, as confirmed by the 
largely scattered residuals. These steady declines 
should be related to the fact that Swiss thyroid cancer 
rates were exceedingly high early this century, and 
have been decreasing since then [16], probably follow- 
ing the reduced prevalence of iodine deficiency [27, 
28], although generalized improvements in diet and 
advances in treatment of the disease may have had 
some impact, too. 
Hodgkin's disease. The "contour" maps are similar in 
the two sexes (data shown for males only, Figure 13a), 
with a rather scattered pattern, although it is possible 
to identify a tendency toward declining rates over time 
at younger ages, and increasing rates at older ones. 
Consequently, the fitting of trend surface models was 
relatively unsatisfactory. In terms of reading and 
interpretation, the clearest picture is offered by the 
second order model, which shows earlier increases 
followed by clear declines over period/cohort at 
younger ages, and increases at older ones. This could 
be explained in terms of improvements in diagnosis 
and, subsequently, treatment at younger ages, and 
more accurate diagnosis and certification in the old. 
Further, biased trends may have been introduced by 
some systematic misclassification in the distinction be- 
tween Hodgkin's and non Hodgkin's lymphoma [29]. 
All other lymphomas. As for Hodgkin's disease, it is 
evident from the "contour" maps some recent ten- 
dency toward decreasing rates over time in the 
younger age groups, but steady increasing mortality in 
older ages. In the second order surfaces (shown for 
males only, Figure 13b) this different pattern at vari- 
ous ages is clearly apparent, although there is a defined 
area of elevated residuals in middle and older middle 
age for earlier calendar periods. The interpretation of 
these trends is similar to that given for Hodgkin's 
disease, i.e., improved treatment at younger ages and 

better diagnosis and certification at older ones, 
although due caution is required on account of prob- 
lems of misclassification in general and within various 
lymphomas [29]. 
Multiple myeloma. The "contour" maps are largely 
inconsistent in younger and middle ages, but show 
substantial increases at older ages over most recent 
calendar periods. This is well reflected in the third 
order surface (Figure 14a given for males only), which 
shows major increases over period and, mostly, cohort 
at older ages. It is possible that the cohort effect seen 
at older ages is largely due to an age/period interac- 
tion, and essentially reflects progressive improvements 
in certification at older ages over most recent periods, 
following the introduction of serum electrophoresis 
and other enzymatic techniques, in whose absence sev- 
eral deaths from multiple myeloma were incorrectly 
attributed to infections or renal insufficiency [11]. 
Leukaemias. The pattern observed for leukaemias is 
similar to that previously described for other lympho- 
reticular neoplasms, i.e., recent substantial decreases 
at younger ages but consistent increases at older ones, 
chiefly in earlier calendar periods. This is reflected in 
the third order surface for males (Figure 14b), whose 
excellent fitting is confirmed by the corresponding 
scattered residuals. As in the case of multiple 
myeloma, it is conceivable that the apparent cohort 
effect at older ages is the product on an age/period 
interaction and, in fact, only an age effect is evident in 
more recent periods. The interpretation of these 
trends should again be considered in terms of 
improved treatments in the young and diagnosis/cer- 
tification in the old. 
Total, all sites, all histologies (benign and malignanO. 
For total cancer mortality in males (Figure 15a) there 
is clearly a major impact of age, and the minor effects 
of cohort or period are restricted to some decrease in 
the young, mostly over more recent periods, and some 
increase at older ages, with a substantial stability in 
middle age. This is well illustrated by the second order 
surface, which covers practically the whole of the vari- 
ability. For females (Figure 15b), the declines are 
observed in all subsequent age groups, principally on a 
period basis. The different pattern of trends for the 
two sexes are largely due to the greater and earlier 
impact of increasing mortality for lung and other 
tobacco-related neoplasms in males, which counterbal- 
anced the favourable trends of stomach, intestines and 
other minor sites (e.g., thyroid, lymphomas and 
leukaemias). Further, the downward trends in mortal- 
ity from cancer of the (cervix) uteri have contributed 
to the overall encouraging trends for females, too [30]. 

Discussion and Conclusions 
The methods of graphic representation described and 
applied in this work to the analysis of Swiss cancer 
mortality provide a synthetic and original tool for 
analysing and interpreting the role of different tem- 
poral components in mortality rates. There is, in fact, a 
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conceptua l  non- ident i f iab i l i ty  p roper ty  wi thin  any  age/ 
per iod/cohor t  mode l ,  due to the fact that  the three  
factors are no t  i n d e p e n d e n t ,  and  hence  def in i t ion  of 
any two implies  knowledge  of the thi rd  [7, 8]. 
O n  the o ther  side, a l though it is clear that  the whole  of 
in fo rmat ion  is con t a ined  in the matr ix  of age-specific 
rates,  their  accura te  read ing  and  in t e rp re t a t ion  is of ten  

complex  and  t ime-consuming .  
Thus ,  the simplif ied r ep resen ta t ion  of the matr ices  in 
graphic form represen ts  a useful  i n s t r u m e n t  for 
descript ive purposes .  Fu r the r ,  it allows fi t t ing of t rend  
surface models ,  which assist in the ident i f ica t ion of 
genera l  pa t t e rns  and  ma jo r  unde r ly ing  c o m p o n e n t s  
[13]. In  fact, even  the lower  o rder  models  uti l ized 
( inc luding  three  to ten  pa ramete r s )  provided ,  for most  
cancer  sites, an excel lent  fi t t ing to the data.  Fu r the r ,  
they al lowed immed ia t e  ident i f ica t ion  of residuals  
( i .e . ,  high or low mor ta l i ty  points) ,  which are of ten  
obscured  within the overall  variabi l i ty  of the or iginal  
data ,  as well as es t imates  of f i rs t-order  in te rac t ions  
be tween  the three  factors (a l though the p a r a m e t e r  of 
the ma in  effects r e m a i n e d  still u n d e t e r m i n e d ) .  
In  conclus ion ,  we would  like to stress that  these 
me thods  should  be essent ial ly in t e rp re ted  and  ut i l ized 
as a s u m m a r y  guide to i l lustrate  and  u n d e r s t a n d  gen- 
eral  pa t te rns  of age, per iod  and  cohort  c o m p o n e n t s  in 
(cancer)  mor ta l i ty ,  and  they offer the possibil i ty of 
immedia t e  examina t i on  of single age-specific rates,  
a l though of course  they canno t  conceptua l ly  solve the 
i nhe ren t  p rob l em of ident i f iabi l i ty  of the three  compo-  

nents .  

Summary 
To study different temporal components on cancer mortality (age, 
period and cohort) methods of graphic representation were applied 
to Swiss mortality data from 1950 to 1984. Maps using continuous 
slopes ("contour maps") and based on eight tones of grey according 
to the absolute distribution of rates were used to represent the 
surfaces defined by the matrix of various age-specific rates. Further, 
progressively more complex regression surface equations were 
defined, on the basis of two independent variables (age/cohort) and 
a dependent one (each age-specific mortality rate). General patterns 
of trends in cancer mortality were thus identified, permitting defini- 
tion of important cohort (e.g., upwards for lung and other tobacco- 
related neoplasms, or downwards for stomach) or period (e.g., 
downwards for intestines or thyroid cancers) effects, besides the 
major underlying age component. For most cancer sites, even the 
lower order (1st to 3rd) models utilised provided excellent fitting, 
allowing immediate identification of the residuals (e.g., high or low 
mortality points) as well as estimates of first-order interactions be- 
tween the three factors, although the parameters of the main effects 
remained still undetermined. Thus, the method should be essentially 
used as summary guide to illustrate and understand the general 
patterns of age, period and cohort effects in (cancer) mortality, 
although they cannot conceptually solve the inherent problem of 
identifiability of the three components. 

R6sum6 
Les modules de r6gression spatiale pour ranalyse des tendances 
de la mortalit6 suisse par cancer 
Les diff6rentes composantes chronologiques (age, p6riode et g6n~- 
ration) de la mortalit6 canc6reuse suisse 1950-1984 ont 6t6 6tudi6es 

l'aide de m6thodes de repr6sentation graphique. On pr6sente, 
d'abord, une s6rie de cartes dites <~contour,~, d6finies par des pentes 
continues et bas6es sur huit tonalit6s de gris en fonction de la 
distribution absolue des taux; ces cartes fournissent une repr6senta- 
tion des surfaces d6termin6es par la matrice des diff6rents taux 
sp6cifiques pour l'hge. Ensuite, des 6quations de r6gression spatiale 
de degr6s de complexit6 progressivement croissants ont 6t6 d6finies, 
incluant deux variables ind6pendantes (age et g6n6ration) et une 
d~pendante (chaque taux de mortalit6 sp6cifique pour l'~ge). Des 
structures g6n6rales de la mortalit6 par cancer ont 6t6 ainsi identi- 
fi6es; elle permettent de mettre en 6vidence, ~ c6t6 du r61e pr6pon- 
d6rant de l',~ge, d'importants effets de g6n6ration (par exemple: 
croissants dans le cas du poumon et des autres n6oplasies associ6es 
au tabac, ou en diminution pour l'estomac) ou de p6riode (par 
exempte: en diminution pour les cancers intestinaux et thyro'~diens). 
Pour la plupart des localisations canc6reuses, mSme les modules 
d'ordre inf6rieur utilis6s (du 1 ~' au 3 ') ont fourni une adaptation tr~s 
satisfaisante aux donn6es, permettant ainsi l'identification imm6- 
diate des r6sidus (par exemple: des points de haute ou faible morta- 
lit6) et l'estimation des interactions de premier ordre entre les trois 
facteurs (bien que les param~tres des effets principaux restent ind6- 
termin6s). Cette m6thode devrait principalement permettre d'illus- 
trer et d'interpr6ter de mani~re synth6tique des effets d'hge, de 
p~riode et de g6n6ration sur la mortalit6 (canc6reuse), bien qu'elle 
ne puisse r6soudre conceptuellement les probl~mes d'identification 
des trois composantes, inh6rents/~ la m6thode. 

Zusammenfassung 
Riiumliche Regressionsmodellc zur Analyse der Entwicldung 
der schweizerischen Krebssterblichkeit 
Mit Hilfe graphischer Darstellungsmethoden wurden die verschiede- 
nen zeitlichen Komponenten (Alter, Geburtskohorte und Periode) 
der schweizerischen Krebssterblichkeit von 1950 bis 1984 unter- 
sucht. Zuerst werden sogenannte Isolinien-Karten (,<contour maps,,) 
vorgestellt mit stufenlosem 13bergang von acht Graut6nen entspre- 
chend der absoluten Verteilung der Raten. Diese Karten stellen 
graphisch die Matrix der verschiedenen alterspeziflschen Raten dar. 
Anschliessend wurden r~iumliche Regressionsgleichungen mit 
zunehmender Komplexit/it definiert mit den zwei unabh~ingigen 
Variablen Alter und Geburtskohorte, und als abh~ingiges Merkmal, 
jede einzelne Sterberate pro Alter. Das auf diese Weise dargestellte, 
generalisierte Muster der Entwicklung der Krebssterblichkeit zeigt 
neben dem hohen Einfluss des Alters auch einen deutlichen Kohor- 
teneffekt (z. B. zunehmend bei Lungenkrebs und bei anderen tabak- 
bedingten Neubildungen oder abnehmend bei Magenkrebs). Auch 
der Einfluss der zeitlichen Periode wird deutlich (z.B. bei Darm- 
und Schilddriisenkrebs). Bei den meisten Tumorlokalisationen 
wurde alas Datenmaterial bereits mit Modellen niedriger (d. h. erster 
bis dritter) Ordnung befriedigend abgedeckt. Dies erlaubt eine 
rasche Identifizierung der Residuen (z. B. der Punkte mit hoher oder 
niedriger Mortalit~t) sowie eine Sch~itzung der Interaktion erster 
Ordnung zwischen den drei erw~ihnten Faktoren. (Die Parameter 
der Haupteinfiussfaktoren bleiben jedoch undefiniert). Das hier vor- 
gestellte Verfahren ermOglicht es, in einer visuatisierten Synthese 
die Effekte yon Alter, Periode und Geburtskoborte auf die Krebs- 
sterblichkeit zu verdeutlichen. Es kann jedoch - methodenbedingt - 
das Problem der Identifizierung dieser drei Einflussfaktoren nicht 
lOsen. 
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Fig. 1. Age, period and cohort surfaces for a) oro- 
pharyngeal and b) oesophageal cancer in males aged 

30-79. Switzerland, 1950-84. 

Fig. 2. Age, period and cohort surfaces for a) gastric 
and b) intestinal cancer in females aged 3 0 -  79. Switzer- 

land, 1950-84. 
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Fig. 3. Age, period and cohort surfaces for liver cancer 
in a) males and b) females aged 30-79. Switzerland, 

1950-84. 

Fig. 4. Age, period and cohort surfaces for a) gallblad- 
der in females and b) pancreatic cancer in males aged 

30-79. Switzerland, 1950-84. 
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Fig. 5. Age, period and cohort surfaces for a) laryngeal 
and b) pleural cancer in males aged 30-79. Switzer- 

land, 1950-84. 

Fig. 6. Age, period and cohort surfaces for lung cancer 
in a) males and b) females aged 30--79. Switzerland, 

1950-84. 
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Fig. 7. Age, period and cohort surfaces for a) bone and 
b) connective and soft tissue sarcomas in males aged 

30-79. Switzerland, 1950-84. 

Fig. 8. Age, period and cohort surfaces for a) skin 
(including melanoma) and b) breast cancers in females 

aged30-79. Switzerland, 1950-84. 
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Fig. 9. Age, period and cohort surfaces for a) uterine 
and b) ovarian cancer in females aged 30-79. Switzer- 

land, 1950--84. 

Fig. 10. Age, period and cohort surfaces for a) prostatic 
and b) testicular cancer in males aged 30-79. Switzer- 

land, 1950-84. 

369 



Sozial- und Priiventivmedizin M6decine sociale et pr6ventive 1988; 33:359-373 

Fig. 11. Age, period and cohort surfaces for a) bladder 
and b) kidney cancer in males aged 30-79. Switzer- 

land, 1950-84. 

Fig. 12. Age, period and cohort surfaces for a) brain or 
nerves (benign and malignant) and b) thyroid cancer in 

females aged 30-79. Switzerland, 1950-84. 
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Fig. 13. Age, period and cohort surfaces for a) Hodg- 
kin's disease and b) all other lymphomas in males aged 

30-79. Switzerland, 1950-84. 

Fig. 14. Age, period and cohort surfaces for a) multiple 
myeloma and b) leukaemias in males aged 30-- 79. Swit- 

zerland, 1950-84. 
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Fig. 15. Age,  per iod  and cohort  surfaces f o r  all cancer 
sites in a) males and b) females  aged 3 0 - 7 9 .  Switzer- 

land, 1 9 5 0 - 8 4 .  
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