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Abstract

Over the past few decades, the incidence of skin melanoma has been rising in almost all developed countries. We examined trends
in the incidence of skin melanoma in the former German Democratic Republic (GDR) from 1961 to 1989. Incidence rates per
100000 person years were age-adjusted (World Standard Population). We estimated the effects of age, period, and cohort on the
overall and site-specific incidence of skin melanoma. From 1961 to 1989, the incidence of melanoma increased from 1.8 to 5.0 for
males and from 1.8 to 5.4 per 100 000 for females. Incidence was best explained by age, cohort and period effects. Incidence trends
by anatomical site showed varying degrees of increases with the exception of melanomas of the eyelid that showed a decrease over
time. Cohort effects differed by gender and anatomical site indicating that the circumstances leading to increasing site-specific

incidences may have come into effect earlier for some sites than those for other sites.
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1. Introduction

Over the past few decades, the incidence of skin mel-
anoma (International Classification of Diseases, 10th
revision [1] code C43) has been rising in both sexes in
almost all western civilised, developed countries, espe-
cially in predominantly white populations [2]. One of
the most established risk factors for skin melanoma is
ultraviolet radiation [3].

Site-specific analyses of the incidence of skin mela-
noma show marked differences between men and
women. It has been frequently observed that besides the
head, incidence rates are highest on the trunks of men
and legs of women [4-10]. The different gender-specific
site distributions of skin melanomas are often explained
by clothing differences and the differing sun-bathing
behaviours of men and women [7,8,11].
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Time trends can be produced by three mechanisms, a
period effect, a birth-cohort effect and an age effect.
Examination of these effects can help elucidate the
aetiological implications of the observed time trends. In
many countries, an age-cohort pattern was observed in
both sexes. In some countries, however, the time trends
were best explained by an age-cohort-period or an age-
period pattern [2].

A cohort effect means that, starting with some specific
birth cohort, the incidence is increasing for successive
cohorts rather than for successive time periods. A per-
iod effect means that the incidence rates for all age
groups changes by the calendar period. The observation
of a birth cohort effect supports the idea that the rise in
incidence of skin melanoma is real and not the result of
better diagnostic detection, changes in the classification
of skin melanoma, changes in the histopathological cri-
teria, or better registration techniques.

Body site-specific age, cohort and period analyses of the
incidence of skin melanomas are often not informative
because the population at risk in many population-based
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cancer registries is usually too small to reveal precise
estimates of the site-specific effects. We therefore ana-
lysed the skin melanoma incidence data (19351 cases)
from the former German Democratic Republic (GDR)
from 1961 to 1989 to study differences in the magnitude
of the age, cohort and period effects between men and
women and by site.

2. Patients and methods

The former National Cancer Registry of the GDR
covered the entire territory of the GDR including a
population at risk of approximately 17 million people.
It was established in 1953 and had a compulsory system
of cancer case reporting resulting in an estimated regis-
tration completeness of approximately 95% until 1989.
The cancer registry was an integral element in a network
of medical and social services for cancer patients and
was coordinated by a Cancer Control Agency (CCA). A
physician who diagnosed a cancer case had to send a
report to the CCA in the patient’s county of residence.
The form was reviewed and a copy was forwarded to
the registry. Reporting physicians included pathologists,
surgeons, dermatologists, oncologists, radiooncologists
and others [12]. Electronic data for cancer cases were
available only for the period of 1961-1989. Between
1961 and 1989, 19 351 skin melanoma cases were repor-
ted to the registry. Overall, approximately 99.4% of the
skin melanomas were histologically verified. The annual
proportion of histologically verified skin melanomas
varied between 97.1 and 100%. Between 1961 and 1989,
only three melanoma cases were defined based on Death
Certificate only (DCO).

The staging for invasive melanomas (and for all other
invasive tumours, with a few exceptions) consisted of
four stages: (I) tumour localised (n=1099, 5.7%); (II)
tumour invades surrounding tissue without penetrating
the organ border, early lymph node metastases (n= 13 542,
70%); (IIT) tumour penetrates the organ border, several
lymph node metastases (n=2949, 15.2%); (IV) tumour
penetrates neighbouring organs, several lymph node or
distant metastases (n=1063, 5.5%) and missing stage
(n=1698, 3.6%).

In addition, we analysed age-specific mortality rates
of skin melanoma in the GDR for the period of 1971-
1989 that was provided by the Robert Koch-Institute
[13]. Mortality data for earlier periods of the former
GDR are not available electronically. Overall, approxi-
mately 5296 people died from skin melanoma in the
GDR between 1971 and 1989.

2.1. Statistical methods

Incidence rates per 100 000 person years are age-adjus-
ted using the World Standard Population [12]. Estimated

annual percent changes (EAPCs) of age-adjusted gen-
der-specific overall and site-specific incidence rates
(ICD10: C43.0-4: head, n=3987, 20.6%; C43.5: trunk,
n=>5620, 29.0%; C43.6: arms and shoulders, n=3345,
17.3%; C43.7: legs and hips, n=6197, 32.0%; C43.8-9:
overlapping or unspecified sites, n=202, 1.0%) were
calculated by fitting regression lines to the natural loga-
rithm of age-adjusted rates for the calendar periods
(1961-1964, 1965-1969, 1970-1974, 1975-1979, 1980-
1984, 1985-1989), weighted by the inverse of the esti-
mated variance of the logarithm of age-adjusted rates,
by use of calendar years (midpoint of periods) as the
predictor variable; i.e., Y=bx+¢, where Y=In(rate)
and x = calendar year, and EAPC = 100*(eP—1). We also
estimated the EAPC of the age-specific mortality rates.
We used a median/average smoothing process to dam-
pen the roughness of the age-specific skin melanoma
mortality rates so that any underlying pattern is more
clearly seen [14]. We assessed whether these models
showed a reasonable fit by visual inspection of the log of
the incidence rate by calendar year.

We chose a graphical approach to visually detect age,
period and cohort effects of the incidence of skin mela-
noma. We tabulated the data into 13 5-year age groups
(2024 to 80-84 years), five S-year calendar periods
(1965-1969 to 1985-1989) and 17 10-year birth cohorts
(18811889 to 1961-1969), identified by the central year
of birth from 1885 to 1965 and thereafter plotted as age-
specific rates by year of diagnosis (period), and year of
birth (cohort) for men and women separately. Age
effects were identified whenever age-specific rates were
consistently different for an age group over a range of
periods or birth cohorts. Period effects were observed if
rates for all age groups changed by period. Cohort
effects were observed if age-specific rates were not para-
llel across periods, or were elevated for all ages of the
same birth cohort.

In addition, we estimated the effects of age, period
and cohort on the skin melanoma incidence rates
among cases aged 20-84 years by using a Poisson
regression model, with the age group 20-24 years,
calendar period 1965-1969, and birth cohort 1881-1889
as the reference group. This model assumes that the
number of incident cases is a variable with a Poisson
distribution that has a mean depending multiplicatively
on the number of person-years and the explanatory
variables age, time period and birth cohort [15,16]. We
evaluated the goodness-of-fit of models and compar-
isons between nested models by means of the deviance.
For models with the deviance close to its degrees of
freedom, we considered the fit as adequate. We assumed
changes in deviance between two models to be Chi-
square distributed with degrees of freedom equal to the
difference in the number of parameters in the two mod-
els. We denoted models (including age) in which the
effect of period or cohort on the logarithmic rates were
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assumed to be linear as ‘drift models’ [15,16]. In this
special situation, it is impossible to distinguish between
period effects and cohort effects. We performed all ana-
lyses with the SAS using PROC GENMOD that allows
to do poisson regression modelling [17].

3. Results

Fig. 1 shows the annual age-standardised melanoma
incidence and mortality rates for men and women.
From 1961 to 1989, the incidence of melanoma
increased from 1.8 to 5.0 per 100 000 for males and from
1.8 to 5.4 per 100000 for females. Between 1971 and
1989, the estimated annual percent change (EAPC) of
the skin melanoma mortality rate was 1.8% (95% Con-
fidence Interval (CI): 1.0-2.6) for men and 1.2% (95%
CI: 0.7-1.7) for women.

Table 1 presents the EAPC of the skin melanoma
incidence rates. Between 1961 and 1989, the EAPC was
+3.4% (95% CI: 2.5-4.3) for men and +3.7% (95%
CI: 3.0-4.3) for women. The upward trend was the least
pronounced, in each gender, when the head was the site
of disease. The incidence rates of melanomas on the lips
and face, ears and scalp and neck showed an increase
whereas the incidence rate for melanomas on the the eye
lids tended to decrease from 1961 to 1989 (EAPC: men
—2.2%, 95% CI: —5.8 to +1.6; women: —2.8, 95% ClI:
—5.2t0 0.3). The gender-specific EAPCs for melanomas
on the arms were approximately the same, whereas they
differed in particular for those on the legs. Men had a
lower EAPC for melanomas on the legs (+2.1%, 95%

CI: 1.0-3.3) than women (+4.0, 95% CI: 3.6-4.4). In
contrast, men (+4.3%, 95% CI: 3.3-5.3) had a slightly
higher EAPC for the trunk as a site than women
(+3.5%, 95% CI: 2.2-4.8). The increase in incidence of
skin melanomas with an unknown or overlapping sites
was larger for women than men. The EAPCs differed
only slightly by the stage of disease. Age-specific EAPCs

10

Cases per 100 000

0.1 T T T T T T 171 T 1 T 1
61 65 70 75 80 85 89
Calendar year

=< Men (IR) =% Women (IR) ==~ Men (MR) =% Women (MR)

Fig. 1. Age-standardised skin melanoma incidence rates (1961-1989)
and mortality rates (1971-1989) of the German Democratic Republic
(GDR). IR, age-standardised incidence rate; MR, age-standardised
mortality rate.

Table 1
Estimated annual percentage change (EAPC) in melanoma incidence in the German Democratic Republic by gender and anatomical site (1961-1989)
Men Women
N EAPC (%) 95% CI N EAPC (%) 95% CI
All skin sites* (C43.0-C43.9) 7534 34 2.5-4.3 11817 3.7 3.0-4.3
EAPC by anatomical site
Head (C43.0-C43.4) 1534 1.4 0.6-2.2 2453 1.8 1.1-2.6
Lips and face (C43.0, C43.3) 791 1.1 0.4-1.8 1560 2.1 1.0-3.2
Eyelids (C43.1) 82 2.2 —58to +1.6 101 —-2.8 —521t00.3
Ears (C43.2) 143 2.4 —0.5t0 +5.3 296 2.3 —0.4to0 +5.1
Scalp and neck (C43.4) 518 2.2 0.6-3.7 496 1.9 0.0-3.8
Trunk (C43.5) 3302 4.3 33-53 2318 3.5 2.2-4.8
Arms and shoulders (C43.6) 1149 4.9 4.2-5.6 2196 4.9 4.1-5.6
Legs and hips (C43.7) 1451 2.1 1.0-3.3 4746 4.0 3.64.4
Overlapping or unspecified sites (C43.8, C43.9) 98 29 1.7-4.1 104 6.4 3.9-9.0
EAPC by stage
1 420 3.6 2.6-4.5 679 3.6 2.9-4.3
I1 5025 2.3 1.7-2.9 8517 3.0 2.6-3.5
11 1255 33 2.2-4.3 1694 3.3 2.2-4.5
v 501 2.3 1.3-34 562 4.2 3.5-5.0
Unknown 333 4.9 2.5-7.5 365 6.5 2.8-10.4

95% CI, 95% Confidence Interval.
2 ICD10 code in parentheses.
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(059 years, 60+ years) by stage also did not differ
markedly (data not shown).

Fig. 2 shows the age-specific incidence rates by anato-
mical site and calendar period (1961-1969, 1970-1979,
1980-1989). The rates of all anatomical sites combined
showed a steep increase between the age of 20 and
approximately 50 years and a plateau thereafter until
the age of 80 years and more within each period. Inci-
dence rates for melanoma on the head showed a con-
stant rate of increase with increasing age, until the
highest age group of 80 years and more. This age-spe-
cific pattern is unique to melanomas of the head. Inci-
dence rates of melanomas of the trunk, legs and arms
showed an early peak followed by a decline.

Fig. 3 presents age-specific trends in skin melanoma
incidence rates from 1961 to 1989 by birth cohort. The
points vertically above each cohort year portray the
cohort’s age-specific incidence experience. Age-specific
incidence rates among both men and women increased in
each successive birth cohort born between 1900 approxi-
mately 1955. Thereafter, the age-specific incidence rates

All sites

appeared to stabilise until the most recent birth cohort
of 1965.

The results of the Poisson regression modelling of the
overall incidence of skin melanoma indicated that the
incidence rate change was best explained by age, cohort
and period effects (degrees of freedom 33; men: deviance
41.9, women: deviance 37.1). To estimate the site-specific
age, cohort and period effects, we used the same age,
cohort and period model as for the combined sites that
allowed us to compare the effect estimates between sites.

Fig. 4 presents the estimated overall and site-specific
age, cohort and period effects. Although the overall
period effects significantly contributed to the regression
models, their magnitudes of effect (RRs ranged from 1.0
to 2.0) were small compared with the overall age- (RR
ranged from 1.8 to 105) and birth-cohort effects (RRs
ranged from 1.1 to 16.1). The estimated risk by age,
cohort and period differed by site and gender in magni-
tude and the rate of increase.

The risks for both men and women increased in each
successive birth cohort born between 1885 and
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Fig. 2. Age-specific incidence rates (20 years and older) by site and calendar periods of the GDR.



1614 A. Stang et al. | European Journal of Cancer 39 (2003) 16101618

Men Trunk (C43.5)

Cases per 100 000

0.1 T T T T T 1
20-29 30-39 40-49 50-59 60-69 70-79 80+

Age at diagnosis (years)

Women

Cases per 100 000

01 T T T T T 1
20-29 30-39 40-49 50-59 60-69 70-79 80+

Age at diagnosis (years)

Arms and shoulders (C43.6)
10

Cases per 100 000

4

20-29 30-39 40-49 50-59 60-69 70-79 80+
Age at diagnosis (years)

Legs and hips (C43.7)
10

10
o
o
o
o
o
-
» 1.0
[
Q
12}
Q
12}
ol
(6]
0.1 T T T T T !
20-29 30-39 40-49 50-59 60-69 70-79 80+
Age at diagnosis (years)
10

Cases per 100 000
5

0.1 T T T T T
20-29 30-39 40-49 50-59 60-69 70-79 80+

Age at diagnosis (years)

Cases per 100000

0.1 T T T T T |
20-29 30-39 40-49 50-59 60-69 70-79 80+

Age at diagnosis (years)

<< 1961-1969 = 1970-1979 <9 1980-1989

Fig. 2. (continued.)

approximately 1950. Thereafter, the increase of risk by
birth cohort was less for those born in the most recent
birth cohort of 1965. The cohort effects were stronger
for melanomas of the trunk and arms for both men and
women compared with those on the head and legs. The
estimated risks of skin melanoma on the legs differed
between men and women. Among men, the risks by
birth cohort increased between 1885 and 1940 and

decreased thereafter. Among women, the risks by birth
cohort increased in each successive birth cohort until
1965. The increases by birth cohort were most pro-
nounced for women for melanomas on the arms and for
men for melanomas on the trunk and arms.

The smallest age effects for men occurred for mela-
nomas on the legs. The site-specific risk increases by age
were less among elderly men and women, with the
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Fig. 3. Age-specific skin melanoma incidence rates by birth cohort of the GDR from 1965 to 1989.

exception of the head, which showed such decreased
effect in the elderly. Among women, the strongest age
effects occurred for melanomas of the arms. The smal-
lest age effects occurred for melanomas of the trunk for
women. The site-specific relative risk estimates for the
period effects varied between 0.8 and 3.2. The strongest
period effects occurred for melanomas of the arms and
trunk.

4. Discussion

As in many countries [7,8,10,18,19,20-23], we observed
an approximate 2-fold increase in the incidence of skin
melanomas in the GDR from 1961 to 1989. Analyses of
the age-specific mortality rates from 1971 to 1989
showed an increase of the skin melanoma mortality,
especially in the elderly (60 years and more).

Risks by birth Cohort

Men
100
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0.1 T T T 7
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T T T
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Women
100

10
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1885 1895 1905 1915 1725 1935 1945 1955 1965
Year of birth

w= Al S< Head T Trunk =% Arms = Legs

Fig. 4. Estimated age, cohort and period effects of the overall and site-specific skin melanoma incidence rate of the former GDR from 1965 to 1989.
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Recent incidence trend analyses by age, cohort and
period suggest that these changes may be accounted for,
at least in part, by real incidence changes as well as by
increased awareness and/or surveillance [24-26]. If the
increased awareness and/or surveillance was the only
reason for the incidence increase in the GDR, we would
not expect to find incidence rates for all stages of skin
melanoma rising, with a similar rate of increase and to

observe cohort effects that reflect changes in the causal
factors to which each birth cohort in the population is
exposed [27]. The graphical visualisation and the age-
cohort-period modelling of skin melanoma incidence
suggest a deceleration in the rate of increase in mela-
noma risk among the most recent birth cohorts born in
1950-1965. Since cohort effects had a major influence
on the incidence of skin melanoma in our analyses, this
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favourable recent birth cohort trend is an important
indicator of a likely stagnation in the incidence increase
in the most recent years in the territory of the former
GDR. A similar deceleration in the rise of incidence
among cohorts has also been observed in predominantly
white populations across the United States of America
(USA), as well as in New South Wales (Australia),
Switzerland, Italy and the Nordic countries [2]. The
marked flattening of the increase in incidence for
cohorts born in 1950-1965 in the GDR parallels the
recent cohort pattern of the skin melanoma mortality in
West Germany [28]. However, estimates of the most
recent birth cohort effects of the GDR are not stable
because only the youngest age groups are included in
these analyses.

If the increase in melanoma has been caused pre-
dominantly by societal changes in clothing and recrea-
tional sun exposure, these changes can be assessed by
examination of site-specific incidence trends. Our
examination of melanoma sites by birth cohorts sug-
gests that the circumstances leading to increasing inci-
dences of melanomas of the trunk among men and of
the legs among women (e.g. changes in clothing fashions
and outdoor leisure activities) may have come into effect
earlier than those for other sites, as has been observed
by others [5]. The increase in incidence was least marked
for melanomas on the head, a skin area that is most
often sun-exposed, and thus unlikely to be considerably
altered by changes in sun exposure patterns. It is inter-
esting to note that the risk of skin melanoma of the
eyelid tended to decrease over the years in the GDR and
may be associated with the gradual use of eye or sun
glasses. However, the small overall number of skin
melanomas of the eyelid (0.9% of all registered skin
melanomas between 1961 and 1989) prevents us from
drawing any firm conclusions.

The comparison of the incidence time trends in the
GDR, a former Eastern block state, with the Federal
State of Saarland, West Germany [18] reveals that the
increases observed in the 1970s and 1980s are very
similar. Our age-cohort-period analyses give some clues
with respect to this finding. The major increase of risk
by birth cohort may have occurred long before Ger-
many separated into two different states in 1961 and
indicates either uniform changes in sun-bathing and/or
dressing habits before the separation of Germany.
Alternatively, similar gradual changes in sun bathing
and/or dressing behaviours in West and East Germany
from 1961 to 1989 may have contributed to the cohort
pattern.

The site-specific analyses show patterns that are con-
sistent with melanoma being associated with factors
affecting the body areas left uncovered by clothing in
the summer. Although journeys abroad to sunny places
in the summer, and therefore intermittent sun expo-
sures, were more prevalent in West than East Germany,

we observed very similar incidence trends in both parts
of Germany which may reveal that dressing behaviour
before the separation of Germany is the more important
factor contributing to the incidence increase than holi-
days in very sunny areas.

Skin melanomas of the head showed a different inci-
dence pattern than skin melanomas of the other body
areas. Firstly, for the head, rates increased exponentially
with age in both sexes. In contrast, the age pattern for
melanomas of the trunk and legs in both sexes and for
melanomas of the legs in women showed an early peak
followed by a levelling off. Second of all, incidence
increases were lowest for melanomas of the head which
Houghton and colleagues described as resistance of the
head area to changing incidence trends [5,7,29]. Thirdly,
histologically-specific analyses reveal that most lentigo
maligna melanomas (LMM) are located on the head
and neck and LMM patients are, on average, sub-
stantially older than those with superficial spreading or
nodular melanomas [10,30]. In contrast to the inter-
mittent sun exposure pattern that may explain incidence
trends of skin melanoma at the other sites, the epide-
miological features of skin melanomas of the head are
more consistent with the cumulative effects of a long-
term sun exposure [11,31].

There are several factors that may have affected our
results. Firstly, inherent in the age-cohort-period model
is a non-identifiability problem: parameters for age,
period and cohort are not uniquely estimable because of
the exact linear dependence of the regressor variables
(birth cohort=period — age). Although several methods
for dealing with this non-identifiability problem have
been proposed, there is no consensus in the literature as
to which method is optimal [15,16,32-34]. In this study,
we chose the approach suggested by Clayton and Schif-
flers who focused on estimable functions of the para-
meters [15,16]. This is accomplished by partitioning
each of the three effects into two components: the
overall slope (linear trend), and the departure from
linear trend (curvature). While the curvature compo-
nents are estimable, the slopes are indeterminate.
However, certain linear combinations of the slopes can
be determined by this approach. Specifically, the sum
of the period and cohort slopes, termed the ‘net drift’
by Clayton and Schifflers, is a useful measure of the
overall time trend.

Second of all, the staging of skin melanomas in the
GDR differed compared with the international wide-
spread staging used at that time (only primary tumour,
lymph node metastases, distant metastases) and cannot
be simply derived from the staging of the former GDR.
Although the arbitrary definition of the stage of dis-
ease will have varied greatly among the physicians
reporting melanoma cases, it is difficult to speculate
how this misclassification may have biased the time
trends by stage. Thirdly, we could not analyse time
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trends by histological type which may differ from
those by anatomical site [6].
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