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Several case-control studies identified common and atypical
melanocytic nevi as major risk indicators for the develop-
ment of cutaneous melanoma. The present investigation was
planned to detect factors associated with the prevalence of
these melanoma risk markers. Whole-body examination
findings and interview data of 513 melanoma patients and
498 age- and sex-matched control subjects were analyzed.
Existence of more than 50 common melanocytic nevi and the
presence of atypical melanocytic nevi were significantly re-
lated to age and gender, with significantly elevated relative
risk for their prevalence before the age of 60 and in males.
Additionally, sunburns before the age of 20 were signifi-
cantly associated with both more than 50 common melano-
cytic nevi (relative risk = 1.7) and the presence of atypical

melanocytic nevi (relative risk = 1.5). Actinic lentigines
were found more frequently with increasing age, and the
presence of actinic lentigines was significantly related to a
tendency of freckling in adolescence (relative risk = 2.0) and
to two or more sunburns after the age of 20 (relative risk =
1.6). In conclusion, sunburns before the age of 20 contribute
to the development of multiple melanocytic nevi and atypical
melanocytic nevi. In adulthood, this type of sun exposure is
associated with the development of actinic lentigines. The
relative risk of developing cutaneous melanoma increases in
association with the development of these benign melanocy-
tic lesions. Key words: melanocytic nevi/atypical melanocytic

nevi/actinic lentigines/freckles/sunburn/melanoma. J Invest Der-
matol 102:700-705, 1994

ommon melanocytic nevi (MN) were identified as a
major risk indicator for the development of cutane-
ous melanoma (CM) in a number of case-control
studies [1-6]. The relative risk (RR) of CM develop-
ment increased almost steadily with an increasing
number of MN over the entire body [6 - 10]. The number of atypical
MN was found to be an additional significant independent risk
factor [7-11]. Furthermore, the number of actinic lentigines is an-
other significant risk factor for the development of CM, whose
importance is independent of the number of MN [8,9,12,13].
These benign melanocytic lesions have to be regarded as both
markers for an elevated CM risk and possible precursors in a consid-
erable percentage of CM cases. According to recent investigations,
about 22-32.5% of all CMs were tumors with histologically de-
tectable associated MN remnants [14-17] and about 7-9% of all
CM s occurred in continuity with a dysplastic MN [16,18].
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So far, in case-control studies on risk factors for the development
of CM, exogeneous factors like ultraviolet (UV) radiation and host
factors like the prevalence of melanocytic lesions were simulta-
neously evaluated in the same multivariate statistical model [4,5,7-
9,12]. The problem here is that both exogeneous factors and host
factors compete for a significant status in the multivariate analysis,
and that a superiority of the host factors may be due to their better
assessibility (physical examination) in comparison to the exo-
geneous factors (case history data). For example, the influence of
UV radiation on the development of MN [19] and thus on an in-
creased risk of CM development could be obscured in that the num-
bers of MN are more accessible as a CM risk indicator than is case
history data on UV exposure.

It was therefore the aim of the present study to find possible
factors that are related to the prevalence of CM risk-associated me-
lanocytic lesions. The most important risk indicators for subjects
with an increased CM risk in the preceding evaluation of this study
were greater than 50 MN on the entire body, one or more atypical
MN, and the presence of actinic lentigines. This is the first case-
control study on CM risk in which factors significantly associated
with each of the aforementioned melanocytic lesions were deter-
mined utilizing both multivariate regression and classification and

regression tree analysis to identify relevant combinations of asso-
ciated factors.
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Table I.  Criteria for Diagnosis of Common Melanocytic Nevi, Atypical Melanocytic Nevi, Congenital Nevus-like Melanocytic Nevi,
' and Actinic Lentigines

Common Melanocytic Nevi
(diameter plus at least three criteria)

Atypical Melanocytic Nevi
(at least three criteria)

Congenital Nevus-Like
Melanocytic Nevi (diameter
plus at least three criteria)

Actinic Lentigines
(all five criteria)

<1to>10 mm

Well defined

Even or finely irregular
Light brown to grey brown

=10 mm (obligatory)

Well defined

Regular

Uniform, dark brown to black

Papular or papillomatous, hy- ~ Completely macular

Diameter =2 mm (obligatory) =5 mm
Border Well defined 11l defined
Margin Regular Irregular o _ .
Color Uniformly light to dark brown or Varying within the lesion, different
skin colored brown shades, partially on ery-
thematous ground
Surface Macular or papular Papular and macular components

pertrichosis

SUBJECTS AND METHODS

Study Subjects The present study, designed as a case-control study, in-
cluded newly diagnosed CM patients and age (& 5 years) and sex-matched
control subjects without CM. The CM patients presented between January
1990 and June 1991 and at the nine cooperating centers for first diagnosis. A
total of 513 CM patients (44.8% men, 55.2% women) were included in the
study. Histopathologic CM diagnosis was carried out by derma.tohxstop‘ath-
ologists from the participating centers. Four hundred ninety-eight patients
from the participating dermatologic clinics were chosen as controls.

Diagnostic Criteria for Pigmented Lesions The clinical characteris-
tics of pigmented lesions were defined before the start of the study by all
participants in a consensus workshop according to the criteria of previous
investigations [7,9,20] and illustrated by photodocumentation serving as a
diagnostic guideline for the examiners (HPS, CG). The diagnostic criteria
are given in Table L. The differentiation of scborrhic keratoses and other
pigmented lesions like Becker’s nevi, nevi spili, cafe-au-lait spots, and halo
nevi was done on the basis of their typical morphology.

Dermatologic Examinations and Interviews All subjects undcrw_ent a
whole-body examination and exact documentation of all pigmented lesions.
Common and atypical MN were counted separately according to 12 body
regions excluding the scalp and genitoanal region. The number of actinic
lentigines was classified as none, few, or many according to a graphic chart.
Interviews were conducted using a standardized questionnaire prior to phys-
ical examination. The data recorded included the type and duration of occu-
pational and recreational sun exposure as well as sunburns, differentiating
between those before and after the age of 20 and during the last 5 years.
Additionally, patients were asked to record the presence and density of facial
freckles in adolescence (ages 10-20) using a graphic chart.

Statistical Analysis Differences in the frequencies of variables between
subjects with more than 50 MN, atypical MN, and actinic lentigines, and
those without these pigmented lesions were initially checked bivariately by
the »* test. All p values calculated were two-sided. Factors with p < 0.1 were
entered in a multifactorial stepwise logistic regression analysis, which was
performed using the EGRET statistical package [21]. Odds ratios and their
95% confidence intervals were calculated and interpreted in this context as
relative risk for the development of pigmented lesions. Furthermore, the
importance of associated factors was assessed by classification and regression
tree (CART) analysis [22].
RESULTS

Prevalence of More Than 50 Melanocytic Nevi Age was the
most important factor associated with the total number of MN.
Whereas the proportion of subjects with 50 or more common MN
over the entire body was still 29% in those under 40, it was less than
7% in those over 60; this corresponded to an elevated RR for the
presence of more than 50 common MN by a factor of 5 in subjects
under 40, as compared to those over 60. The second important
associated factor was gender. Twenty-two percent of the men, com-
pared to only 14% of the women, had a prevalence of more than 50
MN. Additionally, the data on sunburns were significantly asso-
ciated with the presence of more than 50 MN. Two or more sun-
burns before the age of 20 increased the RR by a factor 1.7. An
increased risk for the prevalence of more than 50 MN was also
observed in patients with one or more painful sunburns lifelong.
Interestingly, the CM risk was higher f};r only one in contrast to
two or more painful sunburns (Table IT). When analyzing the risk

Table II.  Associated Factors in the Prevalence of More Than 50 Common Melanocytic Nevi (MN) Over the Entire Body:
Results of Multiple Logistic Regression Analysis (815 Subjects with Complete Data)

Common Melanocytic Nevi

Relative Risk

=50 MN >50 MN Unadjusted Adjusted®
Associated Factors (n=670) (n=145) [95% CI)* [95% CI1]*
Age (years
g< ‘s)(,) . 119 48 1 1
40-59 242 75 0.77 [0.50,1.2] 0.73 [0.47,1.1]
NS¢ NS¢
=60 309 22 0.18 [0.10,0.3] 0.18 [0.10,0.3]
Gender
Women 385 63 1 1
Men 285 82 1.8 [1.2,2.5] 1.9 [1.3,2.8]
Sunburns before the age of 20
<2 397 66 1 1
=2 273 79 1.7 [1.2,2.5] 1.7 [1.1,2.6]
Lifelong painful sunburns
None 251 33 1 1
1 136 45 25 [1.54.1] 22 [1.33.8]
=2 283 67 1.8 [1.2,2.8] 1.0 [0.6,1.7]
NS¢

= [95% CI] = 95% confidence interval.

# The logistic model included age, gender, sunburns before the age of 20, and lifelong painful sunburns.

¢ NS, not significant.
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Men

n=117 (40.2%)
Women

n=109 (22.9%)

>1 sunburns before 20
n=226 (31.9%)

< 40 years

n=42 (33%)
> 39 years
n=67 (16.4%)

0-59 years
n=583 (25.9%)

<2 sunburns before 20
n=357 (22.1%)
Entire collactive
n=965 (1B.5%)

Men
n=176 (17.6%)

> 59 years
n=385 (7.3%)

Women
Nn=209 (4.3%)

Figure 1. CART analysis of risk factors for the prevalence of more than 50
common melanocytic nevi. In brackets, the percentage of subjects with this
feature in each subgroup.

for the presence of more than 10 melanocytic nevi with restriction
to the control group, similar results were obtained and age and
sunburns before the age of 20 were identified as independent risk
factors (age = 60 versus < 60:RR = 0.3 [0.2,0.5]; =2 sunburns
before the age of 20: RR = 2.1 [1.2,3.6]).

CART analysis confirmed that the most significant factor asso-
ciated with the prevalence of more than 50 common MN over the
entire body was young age. In subjects under 60, two or more
sunburns before the age of 20 were the most significant risk factor.
Those over 60 differed in their risk of presenting with more than 50

THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

MN only by sex. In the present study population, the CART analy-
sis revealed that the presence of more than 50 MN was most fre-
quently found in men before the age of 60 with two or more sun-
burns before 20 (40.2%) and least often in women age 60 or older
(4.3%) (Fig 1).

Prevalence of Atypical Melanocytic Nevi In the logistic re-
gression analysis, age and gender were the most significant risk
factors. In the present study population, atypical MN occurred less
frequently in older patients (age 60 years or older) or in women
(20.4%) than in men (33.7%). Another significant associated factor
was again the occurrence of two or more sunburns before the age of
20. In the adjusted analysis, this was associated with an increase in
the RR for developing atyical MN by the factor of 1.5 (Table III).
When analyzing the risk for the presence of atypical nevi with
restriction to the control group, the same factors were identified as
independent risk indicators (age = 60 versus < 60, RR = 0.5
[0.3,0.9]; gender men versus women, RR = 1.7 [1.0,2.8]; = two
sunburns before the age of 20, RR = 1.6 [1.0,2.7]). Likewise, when
analyzing the risk for developing five or more atypical melanocytic
nevi for the entire collective the same risk factors revealed to be
independent in multivariate regression analysis.

In the CART analysis, age and gender were again associated with
the highest significance for the occurrence of atypical MN. After
the age of 60, they occurred markedly less frequently and signifi-
cantly more often in men than in women. In male patients under 60
years of age, two or more sunburns before the age of 20 were signifi-
cantly associated with the occurrence of atypical MN; there was a
49% prevalance in this group. On the other hand, they were found
most rarely in female patients over 60 (14.4%) (Fig 2).

Prevalence of Actinic Lentigines The occurrence of actinic
lentigines was highly significantly associated with age in our study
population. In subjects older than 60, the RR for the occurrence of
actinic lentigines increased by the factor of 12 compared to those
under 40 years old. Other significant associated factors were freckles
in adolescence and two or more sunburns after the age of 20. The
presence of many freckles in adolescence increased the RR for de-
veloping actinic lentigines in adulthood by a factor of 2.5; patients
who reported having had two or more sunburns after the age of 20
had an RR increased by a factor of 1.6 (Table IV). When analyzing
the risk for the presence of actinic lentigines with restriction to the
control group similar results were obtained and age, gender, freckles
in adolescence, and sunburns after the age of 20 were identified as
significant risk factors (age = 60 versus < 40, RR = 18.0 [9.3,34.9];
gender, men versus women, RR = 0.6 [0.4,0.9]; freckles in adoles-
cence, many versus none, RR = 2.9 [1.3,6.9]; = 2 sunburns after the
age of 20, RR = 1.6 [1.0,2.5]).

In the CART analysis, age was also the most significant associated

Table III. Associated Factors in the Prevalence of Atypical Melanocytic Nevi Over the Entire Body:
Results of Multiple Logistic Regression Analysis (825 Subjects with Complete Data)

Atypical Melanocytic Nevi

Relative Risk

Absent Present Unadjusted Adjusted®
Associated Factors (n=607) (n=218) [95% CI1J [95% C1]
Age (years)
<40 108 60 1 1
40-59 223 97 0.78 [0.53,1.2] 0.72[0.48,1.1]
NS¢ NS¢
=60 276 61 0.40 [0.26,0.61] 0.39 [0.25,0.6]
Gender
‘Women 359 92 1 1
Men 248 126 20 [1.52.7] 2.0 [1.4,27)
Sunburns before the age of 20
<2 366 ~ 100 1 1
=2 241 118 1.8 [1.3,2.5] 1.5 [1.1,2.1]

*[95% CI] = 95% confidence interval.
b The logistic model included age, gender, and sunburns before the age of 20.
¢ NS, not significant.
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> 1 sunburn before 20
n=117 (49%)

Men
n=249 (38.6%)

< 2 sunburns before 20
n=132 (29%)

0-59 years

n=583 (32.6%)

< 40 years
n=125 (38.4%)

Women
n=334 (28%)

40-59 years
n=209 (22%)

Entira collactive
n=970 (27.3%)

Men
n=178 (25.0%)

> 59 years
n=387 (19.4%)

Women
n=203 (14.4%)

Figure 2. CART analysis of risk factors for the prevalence of atypic.al
melanocytic nevi. In brackets, the percentage of subjects with this feature in

each subgroup.

factor. In the present study group, actinic lentigines were docu-
mented in 75% of the subjects over 40, in contrast to only 33.5% of
those younger than 40. In those over 60, freckles in adolescence
were the most significant associated factor. In the 40-50-year-old
age group, the occurrence of five or more lifelong painful sunburns
was significantly associated with the development of actinic lenti-
gines. In subjects younger than 40, two or more sunburns after the
age of 20 was a significant associated factor. Altogether, the preva-
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lence of actinic lentigines varied between 26% in subjects younger
than 40 with less than two sunburns after the age of 20 and 93% in
those older than 60 with freckles in adolescence (Fig 3).

Prevalence of Melanocytic Lesions and Their Relation to
Skin Type, Hair Color, and Freckles in Adolescence The
bivariate analysis of the relation between skin type, hair color, and
freckling tendency on the one hand, and the prevalence of risk-asso-
ciated pigmented lesions on the other revealed no significant rela-
tion between skin type and common MN or actinic lentigines.
There was an increased odds ratio for the presence of five or more
atypical MN in individuals with skin type 1 or 2 (Table V). Hair
color was not significantly related to the number of common MN in
bivariate analysis, but a significant association with the number of
atypical MN (p < 0.05) and the frequency of actinic lentigines (p <
0.001) was detected. However, hair color was no longer a signifi-
cant factor in the multivariate analysis in terms of any of the pig-
mented lesions analyzed. A highly significant association was found
between freckles in adolescence and actinic lentigines in adulthood
(p <0.0001). This relation was also significant in the multivariate
analysis (see above). Less significant in bivariate analysis was the
association between freckles in adolescence and the number of atyp-
ical MN (p < 0.05) in adulthood (Table V). This was no longer
significant in the multivariate analysis.

DISCUSSION

In the present study, the prevalence of common and atypical MN
and actinic lentigines has been carefully documented in 513 CM
patients and 498 control subjects matched for age and sex. The
prevalence of the different pigmented lesions found here is not
representative for the general population. The study subjects evalu-
ated here were documented in a case-control study design to deter-
mine RR for developing CM and 50% of the entire collective were
CM patients. On an average, markedly larger numbers of all three
types of pigmented lesions were found in CM patients than in con-
trol subjects. In the present investigation, the attempt was made to
identify possible exogeneous factors associated with the prevalence
of common and atypical MN as well as actinic lentigines.

A major goal of the present study was the investigation of the role
of sun exposure in the development of CM as well as of CM-asso-
ciated melanocytic lesions. Retrospective assessment of sun expo-
sure may be subject to recall bias [23,24]. Recall bias of sun exposure
may be particularly increased in older study subjects. Interestingly,
childhood blistering sunburns proved to correlate nicely with the
minimal erythema dose of UV-B also in adults [24]. Sunburns are

Table IV. Associated Factors in the Prevalence of Actinic Lentigines: Results of Multiple Logistic Regression Analysis
(922 Subjects with Complete Data)

Actinic Lentigines Relative Risk
Absent Present Unadjusted Adjusted®
Associated Factors (n=313) (n=609) [95% CI]J* [95% CI]
Age (years
g< ‘?(l) ) 125 63 1 1
40-59 128 244 3.8[2.6,5.5] 4.0[2.7,5.8]
=60 60 302 10.0 [6.6,15.1] 12.0 [7.8,18.4]
Freckles in adolescence
None 194 316 1 1
Few 94 207 1.4[1.0,1.8] 1.6 [1.2,2.3]
NS¢
Many 25 86 2.1[1.3,3.4] 2.5[1.5,4.2]
Sunburns before the age of 20
<2 181 306 1 1
=2 132 303 1.4 [1.0,1.8] 1.6 [1.2,2.2]

# [95% CI] = 95% confidence interval.

¢ The logistic model included age, gender, freckles in adolescence, sunburns before the age of 20, and lifelong painful sunburns.

< NS, not significant.



704 GARBE ET AL

> 59 years
Nn=380 (84%)

No freckles In adolescence
n=221 (76%)

Freckles In adolscence
n=159 (93%)

> 39 years

nN=763 (75%)
> 4 paintul sunburns lifelong
n=95 (77%)

40 - 59 years

n=383 (66%)
< 5 palnfule sunbums lifelong
n=269 (69%)

Entire collective
n=054 (67%)

> 1 sunburns after 20
n=01 (42%)

< 40 years
n=191 (33.5%)

< 2 sunbums after 20
n=100 (26%)

Figure 3. CART analysis of risk factors for the prevalence of actinic lenti-
gines. In brackets, the percentage of subjects with this feature in each sub-

group.

probably the most reliable parameter in retrospective assessment of
sun exposure.

Sunburns at various periods of life indicated the significant asso-
ciation of intense intermittent UV radiation as an exogeneous factor
with the presence of large numbers of common MN, the prevalence
of atypical MN, as well as the occurrence of actinic lentigines.

THE JOURNAL OF INVESTIGATIVE DERMATOLOGY

Sunburns before the age of 20 were significantly related to the
number of common MN and the presence of atypical MN in this
study. A correlation between sun exposure and the development of
common or atypical MN has already been suggested by other inves-
tigators [19,25,26].

The number of lifelong painful sunburns was also significantly
associated with the number of common MN over the entire body in
this study. However, there was an unexpected finding in this con-
text: subjects with only one painful sunburn had not only a mark-
edly increased risk compared to those without sunburns but also to
those with two or more sunburns. It is conceivable that this group of
patients had experienced one extremely intensive sunburn. This
event could, on the one hand, be responsible for the induction of a
larger number of MN and, on the other hand, have served as stimu-
lus for subjects to better protect themselves against the sun in the
future.

A history of sunburns after the age of 20 was significantly related
to the prevalence of actinic lentigines in this investigation. The
CART analysis showed that besides sunburns after 20 in the group
of those under 40, the prevalence of actinic lentigines in study
subjects 40-59 years old was also influenced by the number of
lifelong painful sunburns. In those 60 years old or older, freckles in
adolescence were related to the prevalence of actinic lentigines.
Factors responsible for the development of actinic lentigines have
been previously analyzed, particularly within studies on psoralen
plus UVA treatment. Besides the skin type, signs of actinic damage
were associated with their development [27].

The association between UV exposure, prevalence of MN, and
CM development is also suggested by other observations. A consid-
erably higher mean number of MN was reported in geographical
areas with strong insolation (California: 97 MN in CM patients and
36 in control subjects [7]) than in Central Europe (Germany: 53 MN
in CM patients and 18 in control subjects [9]) or Northern Europe
(Scotland: <35 MN in CM patients and <15 in control subjects
[6]). Simultaneously with the change in sun exposure habits and the
increased CM incidence in the last decades, an increased number of
MN over the entire body has also been observed [28]. Interestingly,
the anatomic distribution of acquired melanocytic nevi in German
CM patients as well as in Canadian white children closely matched
that of CM in the respective populations [29,30].

Recently published animal experiments support the view that
MN may play an important role in the development of CM. CM
growth could be induced in hairless mice by UVA and UVB irradia-

tion after previous induction of dermal melanocytic nevus-like le-

Table V. Relation of Skin Type, Hair Color, and a Freckling Tendency to the Prevalence of Common and Atypical MN
and Actinic Lentigines

Skin type: Hair color: Freckles:
1 or 2 versus 3 or 4 Red versus Dark or Blond Many versus None or Few
RR [95% CI]* RR [95% CI1]J RR [95% CIJ*
Common melanocytic nevi
0-10 1 1 1
11-50 1.2 [0.9,1.6] 1.0 [0.5,1.7) 1.1 [0.7,1.7)
51-100 1.6 [1.0,2.4] 1.5 [0.7,3.4] 1.8 [0.97,3.2]
>100 1.0 [0.6,1.6] 0.8 [0.3,2.5] 1.2 [0.6,2.4]
Atypical melanocytic nevi
1 1 1
1-4 1.1 [0.8,1.5] 1.1 [0.5,2.1] 1.1 [0.7,1.7]
=5 1.8 [1.1,2.9] 2.8 [1.3,6.0] 2.1 [1.1,3.9]
Actinic lentigines
None 1 1 1
Few 1.0 [0.8,1.3] 1.2 [0.6,2.3] 1.3 [0.8,2.2]
Many 1.2 [0.8,1.7] 3.4¢ [1.6,7.0] 4.44 [2.5,8.6]
*[95% CI] = 95% confidence interval. e
b 2 test, p < 0.05.
¢p < 0.001.

4p < 0.0001.
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i using 7,12-dimethylbenz(a)anthracene as an initiator [31].
STl’%r;Sonly zrgnodosl in whicl}; CM could be induced by UV radiation
alone is the South American opossum [32]. o

Age and gender were the major host factors significantly asso-

ciated with the prevalence of common and atypical MN over the
entire body in this study. These factors have also been described by
other investigators. Whereas in children the number of MN in-
creased with age [19], it decreased in adults older than 35-40 [33]
All investigators found a markedly greater prevalence of MN in

Caucasian males than in females [33-36]. In the present study,
there was no significant association between the number of MN and
the skin type. Other investigators observed larger numbers of MN
in light-skinned, UV-sensitive subjects [34-36] and,laddlt.lonally,
an increased development of atypical MN was described in these
subjects [37,38]. On the other hand, a study from Scotland reported
a highly significant relation between large numbers of common
MN over the entire body and skin types 3 and 4, brown eyes, and
brown or black hair color [39]. Associations between skin type and
the number of MN may vary in different populations.

In conclusion, intermittent intensive UV radiation with induc-
tion of sunburns may be responsible for the development of com-
mon and atypical MN as well as actinic lentigines. Intermittent
intensive sun exposure with sunburns in childhood and adolescence
is related to the induction of common and atypical MN. In adult-
hood, on the other hand, this is associated with the development of
actinic lentigines. Persons with a freckling tendency in adolescence
seem to be particularly prone to the development of actinic lenti-
gines. The melanocytic system is apparently only capable of devel-
oping MN up to a certain age, whereas later it produces only s;mplc
melanocytic hyperplasia with the clinical appearance of actinic len-
tigines. The presence and number of common and atypical MN and
actinic lentigines are the most important risk factors for the devel-
opment of CM. The present findings confirm that the development
of these CM risk-associated pigmented lesions is clearly related to
UV exposure. Nevertheless, association is not necessarily causation
and the role of genetic factors remains to be investigated in more
detail in future studies. The present results may elucidate the com-
plexity of the relationship between UV exposure and CM develop-

ment.

This study was supported by the German Dermatological Society (GDS). It was
planned and conducted by the Central Malignant Melanoma Registry of the GDS in
cooperation with the University Departments of Dermatology in Mannheim (Direc-
tor: Dr. E.G. Jung), Graz (Director: Dr. H. Kresbach), Liibeck (Director: Dr.
H.H. Wolff), Berlin-Steglitz (Director: Dr. C.E. Orfanos), Hamburg (Director:
Dr. J. Ring), Bonn (Director: Dr. H.W. Kreysel), Ziirich (Director: Dr. G. Burg),
Homburg (Director: Dr. H. Zaun), and Heidelberg (Director: Dr. D. Petzoldt).
The order of citation refers to the quantity of cases submitted by the cooperating centers.
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