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Background: Differences in relative survival (RS) of melanoma between histologic subtypes were
discussed to be mainly caused by tumor thickness.
Objective: To investigate RS of melanoma, stratified by tumor thickness for each histologic subtype, and
identify survival trends.
Methods: With use of cancer registry data on melanoma cases (International Classification of Diseases,
10th Revision, codes C43.0eC43.9) diagnosed in Germany in 1997e2013, 5- and 10-year age-standardized
RS stratified by histologic subtype and stratified or standardized by T stage was estimated by standard and
modeled period analyses. We restricted 10-year RS analyses to patients younger than 75 years.
Results: We analyzed 82,901 cases. Overall, the 5- and 10-year RS rates were 91.7% and 90.8%, respectively.
Prognosis worsened with increasing T stage for all histologic subtypes, but T-stage distribution varied
substantially. Survival differences by histologic subtype were strongly alleviated after adjustment for T stage
but remained significant. Overall, 5-year RS increased significantly (by 3.8 percentage points) between the
periods 2002e2005 and 2010e2013. This increase was no longer seen after adjustment for T stage.
Limitations: Exclusion of cases on account of missing information on T stages, changes in the definition of
T stages, and lack of information on screening and treatment limit our analyses.
Conclusion: Differences in RS between histologic subtypes were strongly mediated by tumor thickness.
Over time, RS of melanoma increased as a result of changes in T-stage distribution. ( J Am Acad Dermatol
2019;80:938-46.)
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Worldwide, nearly 55,500 deaths from melanoma
occurred in 2012.1 In Germany, about 2900 patients
died of melanoma.2 Age-standardized mortality per
100,000 (old European standard population) was 1.7
for women and 3.0 for men.2 In 2008, a nationwide
skin cancer screening program was implemented in
Germany.3 Novel immunotherapies and targeted
CAPSULE SUMMARY

d Relative survival of melanoma varies by
histologic subtype. However, differences
were strongly alleviated after adjustment
for tumor thickness.

d Increased 5-year relative survival
between the periods 2002e2005 and
2010e2013 is explained by a decrease in
tumor thickness. Prevention and
awareness should be encouraged, as the
prognosis of thick melanoma is still poor.
therapies such as ipilimumab
and vemurafenib were autho-
rized in 20114 and 2012,5

respectively. In 2014, mela-
noma was newly diagnosed
in 16.6 women and 18.9 men
per 100,000 in Germany (age-
standardized incidence with
the old European standard
population).2

The most frequent histo-
logic subtype is superficial
spreading melanoma (SSM),
followed by nodular mela-
noma (NM), lentigo maligna
melanoma (LMM), and acral

lentiginous melanoma (ALM). Other rarer histologic
subtypes account for the remainder of the diagno-
ses.6,7 Growth of melanoma varies by histologic
subtype. SSM grow laterally before vertical infiltra-
tion develops, whereas NM is the most aggressive
type, growing rapidly.8,9 Though prognosis is good
overall, relative survival (RS) for certain histologic
subtypes and advanced stages is low.6 Differences in
RS according to histologic subtype were previously
discussed to be mediated by tumor thickness.8,10,11

However, little is known about the stage-
standardized RS differences between histologic sub-
types or the stage-specific RS stratified by histologic
subtype. These estimates are important because of the
controversies surrounding the benefits of screening,
particularly if earlierdiagnosisof SSM(whichusuallyhas
a good prognosis) could have an impact on melanoma
mortality.12,13 Thus, whether thick SSMs also have a
poor prognosis has to be examined. Furthermore, the
extent to which the overall high RS for SSM and
LMM and the low RS for NM and ALM result from
differences in stage distributions needs to be assessed.6

Therefore, the aim of this study was to estimate 5-
and 10-year RS stratified by T stage for each histologic
subtype. Furthermore, we sought to identify recent
trends in prognosis and compare histologic subtypes
with and without standardization for T stage.

METHODS
Database

This population-based study used routinely
collected observational data from 12 cancer registries
that were provided by the Cancer Survival Working
Group of the Gesellschaft der epidemiologischen
Krebsregister in Deutschland e.V. (Network of
Epidemiologic Cancer Registries in Germany).14

Cancer registries were selected on the basis of the
quality of their data regarding the proportion of
death certificateeonly (DCO) cases. Methods and
quality requirements have
been outlined in detail
before.14 Our data set covers
a population of 28.2 million
inhabitants of Germany
(34.9%). We included more
than 80,000 patients age
15 years or older with a
primary cutaneous malig-
nant melanoma
(International Classification
of Diseases, 10th Revision
(ICD-10), codes C43.0eC43.9)
that was diagnosed in
1997e2013. DCO cases
were excluded. Survival ana-
lyses were stratified by tumor thickness operational-
ized in accordance with the tumor, node, and
metastasis (TNM) staging system15 as T0, T1, T2,
T3, T4, and TX (cases with unknown or missing
tumor thickness) and by histologic subtype. The
histologic subtypes SSM, NM, LMM, ALM, and
‘‘other’’ (including amelanotic melanoma, malignant
melanoma in junctional nevus, desmoplastic mela-
noma, and spindle cell melanoma) were analyzed.

Statistical methods
To quantify the excess mortality due to melanoma

we estimated RS as the ratio of the observed survival
rate in patients with melanoma and the expected
survival rates in the general population.16,17 RS
estimates higher than 100% were possible and
indicatedif incomplete registration of deaths is not
an issuedhigher survival rates in patients than in the
general population.18 Using population life tables
stratified by age, sex, and calendar year, we
calculated the expected numbers of deaths
according to the Ederer II method.19 The 5- and
10-year RS rates were estimated by conventional and
model-based period analysis.20,21 All survival
estimates were age-standardized according to the
International Cancer Survival Standards.22

For comparison of histologic subtypes, we
calculated RS adjusted for age and T stage by
model-based period analysis. The distribution of
stages T1 to T4 in the whole data set was used as a
standard for weighting T stages in the histologic
subtype groups. Cases with T0 melanoma or



Abbreviations used:

ALM: acral lentiginous melanoma
DCO: death certificate only
LMM: lentigo maligna melanoma
NM: nodular melanoma
RS: relative survival
SE: standard error
SSM: superficial spreading melanoma
TNM: tumor node and metastasis
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unknown tumor thickness were excluded from all T-
stageeadjusted analyses. Statistical significance of
differences in RS between histologic subtypes was
tested with SSM as a reference category. For this
model-based histologic comparison, the number of
excess deaths was modeled as a function of year of
follow-up, age group, and T stage by Poisson
regression with the logarithm of the person-years at
risk as offset. Trends in 5-year RS by histologic
subtype were examined with and without
adjustment for T stage for the periods 2002e2005,
2006e2009, and 2010e2013 from January to
December, respectively. For this trend analysis, we
included the factor calendar period in the model
instead of T stage as compared with in the model
described earlier. For the T-stageeadjusted trend
analyses, we used the distribution of T stages in the
first period 2002e2005 as a standard. In sensitivity
analyses, we assessed the effect of excluding cases
involving patients age 75 years or older. The 10-year
RS analyses were restricted to cases of patients with
melanoma who were younger than 75 years at
diagnosis to prevent potential biases due to a
suspected incomplete registration of deaths and a
higher proportion of DCO cases in this age group.

The SAS statistical software package (version 9.2,
SAS Institute Inc, Cary, NC) was used, and we
applied the SAS marco period23 to carry out
conventional period analysis.20,24 A significance
level of 0.05 was used in 2-sided testing for statistical
significance. We did not report RS when estimates
were too imprecise (standard error [SE][5.0%).
RESULTS
In total, we included 82,901 melanoma cases

with a balanced sex ratio (51.0% women) and a
median patient age of 62 years at diagnosis (Table I).
Median age at diagnosis ranged between 58 and
64 years in the different regions. The percentage of
histologically confirmed cancer diagnosis was
greater than 98.7% in all registries and was 99.6%
overall. In 2002e2013, the percentage of excluded
DCO cases was 2.2%. All together, 16,335 patients
(19.7%) had melanoma of stage T0 or with an
unknown or missing tumor thickness (TX).

Five-year RS
The age-standardized 5-year RS for the period

2002e2013 was 91.7% (SE, 0.2%) overall. As shown
in Table II, RS differed by histologic subtype. Survival
of patients with SSM (99.7% [SE, 0.2%]) and LMM
(100.9% [SE, 0.5%]) was similar to that of the general
population. NM (76.9% [SE, 0.6%]), ALM (83.4%
[SE, 1.4%]), and melanoma of other histologic
subtypes (84.5% [SE, 0.3%]) were associated with a
lower RS. In all histologic subtypes, prognosis
worsened with increasing T stage. The strongest
gradients were observed for LMM and other
melanoma, with the RS of both being
48 percentage points lower in stage T4 than in stage
T1. Distribution of T stages differed substantially.
The proportion of advanced melanoma of stage T3
or T4 was low in SSM (9.2%) and LMM (8.2%). In
contrast, NM (67.6%), ALM (49.4%), and other
melanoma (28.1%) were diagnosed at stage T3 or
T4 more frequently.

Ten-year RS
Overall, the 10-year RS of patients with melanoma

who were younger than 75 years at diagnosis was
90.8% (SE, 0.3%) in the period 2007e2013 (Table III).
When 16,239 cases involving patients 75 years or
older (20%) were excluded, the overall 10-year RS
decreased by 1.2 percentage points (data not
shown). Exclusion of cases involving patients
75 years or older especially decreased the RS of
patients with SSM and LMM and the RS of patients
with T1-melanoma of all histologic subtypes.
Compared with the 5-year RS, the 10-year RS of
cases involving patients younger than 75 years
differed even slightly more clearly between the
histologic subtypes (by up to 27.3 percentage points
[LMM vs NM]) (Table III). The decline of 10-year RS
with increasing tumor thickness from stage T1 to T4
wasmore pronounced thanwas the decline of 5-year
RS. This decline was strongest in other melanoma
(60.9 percentage points).

Comparison of histologic subtypes
As a result of standardization for age and T stage,

the differences in 5-year RS between the histologic
subtypes diminished from a range between
77.3% (SE, 0.6%) and 100.5% (SE, 0.5%) to a range
between 89.5% (SE, 0.8%) and 95.3% (SE, 0.4%)
(Table IV). However, some differences remained,
and the difference between SSM as a reference
compared with NM, ALM, and other melanoma was
statistically significant in the model-based histologic



Table I. Characteristics of melanoma cases (ICD-10 codes C43.0eC43.9) diagnosed in Germany, 1997e2013

Federal state registry

Calendar

years with

available

data

Population

covered

in 2013,

million

Covered

proportion of

population, % Cases, n (%)*

Sex,

% female*

Median

age, y*

Histologically

confirmed, %*

Death

certificate

only, %y

Brandenburg 1997-2013 2.45 100.0 6275 (7.6) 48.7 63 99.7 1.4
Bremen 1998-2013 0.66 100.0 1859 (2.2) 50.2 64 99.7 1.8
Hamburg 1997-2013 1.75 100.0 5340 (6.4) 52.2 63 99.9 3.1
Mecklenburg-Western
Pomerania

1997-2013 1.60 100.0 4292 (5.2) 52.5 63 99.8 1.6

Lower Saxony 2003-2013 7.79 100.0 21,653 (26.1) 52.1 62 98.7 2.8
North Rhine-Westphaliaz 1997-2013 2.57 14.6 7837 (9.5) 54.0 58 99.7 1.6
Rhineland-Palatinatez 1998-2013 2.16 54.1 7696 (9.3) 50.6 61 99.9 1.4
Saarland 1997-2013 0.99 100.0 2961 (3.6) 49.6 62 99.8 1.4
Saxony 1997-2013 4.05 100.0 11,964 (14.4) 48.2 64 99.8 1.2
Saxony-Anhaltz 1997-2013 0.67 29.8 1856 (2.2) 51.2 64 99.8 1.8
Schleswig-Holsteinz 1999-2013 1.35 48.0 4843 (5.8) 52.5 61 100.0 4.8
Thuringia 1997-2013 2.16 100.0 6325 (7.6) 49.7 61 99.9 1.8
Total d 28.20 35.0 82,901 (100.0) 51.0 62 99.6 2.2

ICD-10, International Classification of Diseases, 10th Revision.

*Excluding DCO cases.
yIn 2002e2013.
zAdministrative areas with a low proportion of death certificate only cases were selected.
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comparison with adjustment for age and T stage
(all P\ .05).

Trends in prognosis
Age-standardized 5-year RS improved signifi-

cantly from 89.6% (SE, 0.4%) in 2002e2005 to
93.4% (SE, 0.2%) in 2010e2013 (P\ .001 [data not
shown]) (Fig 1). With stratification by histologic
subtype, significant improvements were seen only
for patients with other melanoma: from 82.0%
(SE, 0.7%) to 87.1% (SE, 0.5%) (P \ .001). In the
trend analysis adjusted for age and T stage, prognosis
worsened overall (e0.5 percentage points [P = .032]),
with the 5-year RS decreasing significantly for
patients with SSM (e2.1 percentage points
[P \ .001]) and the trend in other melanoma
disappearing.

Sensitivity analysis
Restricting analyses to cases involving patients

younger than 75 years would have increased overall
5-year RS by 0.7 percentage points (data not shown).

DISCUSSION
This population-based registry study focused on

the mediating effect of T stage on differences in RS
between the histologic subtypes of melanoma. For
all histologic subtypes, we found that patients with
thicker tumors had a lower RS. Survival differences
by histologic subtype were mediated largely,
but not completely, by the T-stage distribution. The
remaining differences may have been due either
to distinct disease processes25 or to residual
confounding. Residual confounding could have
occurred because the adjustment for age group and
T stage was rather crude and the distribution of
tumor thickness within the T stages and within the
age groups may have differed further between the
histologic subtypes. In some subgroups, survival
rates were higher than in the general population,
possibly because of the selection effects of screening
or a bias toward healthy survivors (ie, change to a
healthier lifestyle, intensified medical monitoring,
etc).26,27

We found the prognosis of patients with
melanoma in Germany to be quite similar to that
in other Western countries.28,29 In our study,
age-standardized 5-year RS increased significantly
in the decade examined. From a rate of 89.6%
(SE, 0.4%) in the period 2002e2005, 5-year RS rose
to 93.4% (SE, 0.2%) in 2010e2013. Prognosis
was especially improved for patients with other
melanoma (15.1% [P \ .001]). A previous study
from Germany found no significant change in 5-year
RS and only a slight decline for men, possibly
because the investigated period of 2002e2006
was very short.6 Prognosis also improved in
other European countries, especially in Eastern
Europe.29-31 In the past, RS increased in the United
States as well,32 but not in Australia.33

To understand the changes in RS, some possible
causes and also sources of confounding must be
considered. The improvement in RS is strongly
driven by a stage shift (ie, a shift over time to a



Table II. Age-standardized 5-year relative survival of melanoma cases (ICD-10 codes C43.0eC43.9) for the
period 2002e2013 by T stage for each histologic subtype

Histologic subtype n (%) RS SE

Overall* 82,901 91.7 0.2
Superficial spreading (total)y 37,379 99.7 0.2
TX 4303 (11.5)z 99.7 0.6
Superficial spreading with known stage 33,070 (100.0)
T1 24,611 (74.4) 103.6 0.3
T2 5410 (16.4) 97.2 0.6
T3 2298 (6.9) 84.8 1.1
T4 751 (2.3) 57.2 2.7

Nodular (total)x 10,699 76.9 0.6
TX 957 (8.9)z 72.8 2.0
Nodular with known stage 9739 (100.0)
T1 1050 (10.8) 97.5 1.3
T2 2108 (21.6) 90.9 1.1
T3 3433 (35.3) 78.3 1.0
T4 3148 (32.3) 55.2 1.4

Lentigo maligna (total)k 6942 100.9 0.5
TX 1167 (16.8)z 103.2 0.7
Lentigo maligna with known stage 5770 (100.0)
T1 4590 (79.5) 102.5 0.5
T2 705 (12.2) 98.2 1.4
T3 331 (5.7) d{ d{

T4 144 (2.5) 54.3 4.5
Acral lentiginous (total) 1616 83.4 1.4
TX 184 (11.4)z 82.5 3.8
Acral lentiginous with known stage 1432 (100.0)
T1 427 (29.8) 97.7 2.0
T2 297 (20.7) 94.2 2.3
T3/T4 708 (49.4) 66.7 3.2

Other (total)# 26,233 84.5 0.3
TX 9511 (36.3)z 74.4 0.6
Other with known stage 16,555 (100.0)
T1 8747 (52.8) 101.7 0.5
T2 3154 (19.1) 94.9 0.8
T3 2490 (15.0) 80.4 1.2
T4 2164 (13.1) 53.4 1.7

ICD-10, International Classification of Diseases, 10th Revision; RS, point estimate of relative survival (%); SE, standard error (%); TX, cases with

unknown or missing tumor thickness.

*Including cases with missing values in histologic subtype (n = 32 in 1997e2013).
yExcluding T0-superficial spreading melanoma (n = 6 in 1997e2013).
zPercentage of the total number of cases with melanoma of the respective histologic subtype.
xExcluding T0-nodular melanoma (n = 3 in 1997e2013).
kExcluding T0-lentigo maligna melanoma (n = 5 in 1997e2013).
{Relative survival estimates with standard errors greater than 5.0% are not reported.
#Excluding T0-other melanoma (n = 167 in 1997e2013).
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more favorable distribution of tumor thickness). This
can be seen from the trend analyses that additionally
adjust for T stage. With T-stage adjustment, the
previously positive overall trend (13.8 percentage
points [P\ .001]) turned into a significant negative
trend (e0.5 percentage point [P = .032]). This
decrease was seen especially for patients with SSM
(e2.1 percentage points [P\ .001]). The previously
observed increase in age-standardized 5-year RS for
patients with other melanoma vanished after
adjustment for T stage. These trends suggest that
implementation of the German nationwide skin
cancer screening in 2008 mainly improved early
detection of the generally slow-growing, less
aggressive SSM and other melanoma, whereas
more aggressive tumors with a poorer prognosis still
tended to be diagnosed in later stages.

Effective screening should reduce the incidence
of thick melanoma for all histologic subtypes. The
possible impact of earlier diagnosis of SSM on



Table III. Age-standardized 10-year relative survival of patients with melanoma (ICD-10 codes C43.0eC43.9)
younger than 75 years for the period 2007e2013 by T stage for each histologic subtype

Histologic subtype n (%) RS SE

Overall* 66,662 90.8 0.3
Superficial spreading (total)y 32,549 98.6 0.4
TX 3778 (11.6)z 99.7 0.9
Superficial spreading with known stage 28,765 (100.0)
T1 21,820 (75.9) 103.0 0.4
T2 4683 (16.3) 92.2 1.0
T3 1775 (6.2) 77.1 1.9
T4 487 (1.7) 45.1 4.1

Nodular (total) 7735 72.6 0.9
TXx 671 (8.7)z 68.2 3.4
Nodular with known stage 7062 (100.0)
T1 911 (12.9) 96.5 2.2
T2 1754 (24.8) 85.2 1.8
T3 2487 (35.2) 72.3 1.7
T4 1910 (27.0) 45.0 2.2

Lentigo maligna (total) 4159 99.9 1.0
TX 698 (16.8)z 103.2 2.2
Lentigo maligna with known stage 3456 (100.0)
T1 2897 (83.8) 101.4 1.0
T2 387 (11.2) 91.9 3.2
T3/T4 172 (5.0) dk dk

Acral lentiginous (total) 1129 76.1 2.4
TX{ 127 (11.2)z dk dk

Acral lentiginous with known stage 1002 (100.0)
T1/T2 557 (55.6) 89.5 3.3
T3/T4 445 (44.4) 53.2 4.7

Other (total) 21,073 83.7 0.5
TX# 7497 (35.6)z 73.9 0.9
Other with known stage 13,439 (100.0)
T1 7603 (56.6) 101.2 0.7
T2 2629 (19.6) 89.6 1.4
T3 1860 (13.8) 74.5 1.9
T4 1347 (10.0) 40.3 2.6

ICD-10, International Classification of Diseases, 10th Revision; RS, point estimate of relative survival (%); SE, standard error (%).

*Including cases with missing values in histology (n = 32 in 1997e2013).
yExcluding T0-superficial spreading melanoma (n = 6 in 1997e2013).
zPercentage of the total number of cases with melanoma of the respective histologic subtype.
xExcluding T0-nodular melanoma (n = 3 in 1997e2013).
kRelative survival estimates with standard errors greater than 5.0% are not reported.
{Excluding T0-lentigo maligna melanoma (n = 5 in 1997e2013).
#Excluding T0-other melanoma (n = 167 in 1997e2013).
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melanoma mortality might be limited though. The
number of thick SSMs is already small, and whether a
relevant reduction could be reached by screening is
unclear. Moreover, screening could induce over-
diagnosis and lead-time bias by increasing RS
without significantly reducing mortality.29 In
addition, a more frequent classification of benign
lesions as early-stage melanoma (ie, diagnostic drift)
was previously discussed.34 Therefore, the survival
trends do not imply trends in melanoma mortality.

As we have already addressed, we found a shift to
less thick tumors. This is a continuous phenomenon
that is not restricted to a shift between T stages but
also happens within T stages. In contrast to the stage
shift between T stages, this within-stage shift cannot
be adjusted for by T-stage standardization. Hence,
smaller tumors increase the stage-specific RS.
Consequently, the small negative trend in the model
with adjustment for T stage could be expected to be
actually stronger if the model were able to adjust
completely for differences in the distribution of
tumor thickness over time.

However, the negative trend should not be
interpreted without considering that the TNM



Table IV. Five-year relative survival of melanoma cases (ICD-10 codes C43.0eC43.9) in Germany in the period
2002e2013 by histologic subtype standardized for age and standardized or adjusted for age and T stage

Histologic subtype

Standardized for age Standardized or adjusted for age and T stage

n (%) RS* SE RSy SE Relative excess riskz P valuex

Overallk 66,566 (100.0) 93.7 0.2
Superficial spreading 33,070 (49.7) 99.7 0.2 95.3 0.4 1 (reference)
Nodular 9739 (14.6) 77.3 0.6 89.5 0.8 1.38 \.001{

Lentigo maligna 5770 (8.7) 100.5 0.5 93.9 1.1 0.80# .183
Acral lentiginous 1432 (2.2) 83.5 1.5 89.7 1.4 1.28 .013{

Other 16,555 (24.9) 90.5 0.4 92.8 0.4 1.35 \.001{

ICD-10, International Classification of Diseases, 10th Revision; RS, point estimate of relative survival (%); SE, standard error (%).

*Standardized for age.
yStandardized for age and T stage.
zRelative excess risk was calculated by model-based period analysis and adjusted for age and T stage.
xDifferences of relative survival estimates between each histologic subtype and superficial spreading melanoma as reference histologic

subtype adjusted for age and T stage were tested by using model-based period analysis.
kExcluding cases with T0-melanoma and unknown or missing T stage (TX) (n = 16335 in 1997e2013).
{P values less than .05.
#The model-based estimate of relative survival for lentigo maligna melanoma was even larger than for superficial spreading melanoma but

had a large variance.
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classification changed from version 5 to version 6 in
2004, which was during the first period (2002e2005)
of the trend analyses.35,36 In TNM version 5, the
stages T1, T2, and T3 comprised thinner tumors than
in version 6 of the classification system. Thus, these
tumors have been more advanced since implemen-
tation of TNM version 6. It can be suspected that the
recently lower T-stageeadjusted RS is due not to
worse treatment but rather to this artifact of a
modified T-stage classification. On the contrary,
novel drugs that enhance treatment of advanced
melanoma have been approved in recent years. Our
T-stageeadjusted trend analysis did not indicate first
population-based effects of new treatments on
overall RS. It is not possible to know whether this
is due to an as-yet limited impact of the treatment
or simply to data noise and difficulties in the
incorporation of stage information.

Limitations and strengths
The main limitation of this study is the coarse

resolution of tumor thickness. The use of T stage
instead of a precise measurement of tumor thickness
makes the analyses susceptible to problems such as
residual confounding due to within-stage differences
or confounding due to changes in TNM classifica-
tion. Additionally, the T stage was missing or
unknown for 16,154 patients with melanoma
(19.5%). If these patients systematically differ from
the other patients with regard to survival, our
analyses will be not representative for the whole
population of patients with melanoma. Further, the
routinely collected data from cancer registries do not
include sufficient information on covariates such as
treatment, awareness, and self-examination, nor do
they include information on screening participation.
Thus, changes in those factors could not be
considered explicitly in the trend analysis.

Despite these limitations, our study has several
noteworthy strengths. The large representative data
set facilitated stratification of age-standardized RS by
both histologic subtype and T stage, and it allowed
adjustment for age and T stage in trend analysis.
High-quality, population-level data starting in 1997
and reflecting long follow-up were used. For
evaluation of the most recent survival estimates, we
conducted both conventional and model-based
period analysis. To avoid overestimation of
long-term RS because of a suspected incomplete
mortality follow-up, we excluded cases involving
patients 75 years or older from the 10-year RS
analysis.

In conclusion, our study indicated that patients
with thick melanoma had a low RS irrespective of
histologic subtype. Differences in RS between
histologic subtypes seemed to result mostly from
differences in stage distributions. RS of melanoma
increased significantly due to a more favorable stage
distribution. Screening most likely achieved this
stage shift by allowing earlier diagnosis of
SSM. Because overdiagnosis, lead-time bias, and
diagnostic drift34 cannot be ruled out, this increase
in RS does not imply that mortality was also reduced.
Hence, there is considerable uncertainty regarding
how far prognosis of patients with melanoma truly
improved. Therefore, trends of population-based
stage-specific incidence and mortality stratified
by histologic subtype need to be additionally



Fig 1. Analysis of trends in age-standardized 5-year relative survival of patients with melanoma
(International Classification of Diseases, 10th Revision, code C43.0-C43.9) in Germany
between the periods 2002e2005, 2006e2009, and 2010e2013 overall (A) and by histologic
subtype (B to F) with and without standardization for T stage. (Statistically significant trends are
designated with one asterisk for P less than .05 and two asterisks for P less than .001.)
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investigated in future research. Screening parti-
cipation and use of novel treatments should
therefore be considered. Because the prognosis of
thick melanoma is still poor, prevention and
awareness should be encouraged.

Additional members of the Cancer Survival Working
Group of the Gesellschaft der epidemiologischen
Krebsregister in Deutschland e.V. are as follows: Karla
Geiss and Martin Meyer (Cancer Registry of Bavaria),
Sabine Luttmann (Cancer Registry of Bremen), Roland
Stabenow (Cancer Registry of Berlin and the New Federal
States), Stefan Hentschel and Alice Nennecke (Cancer
Registry of Hamburg), Joachim Kieschke and Eunice Sirri
(Cancer Registry of Lower Saxony), Katharina Emrich
(Cancer Registry of Rhineland-Palatinate), and Hiltraud
Kaj€uter and Volkmar Mattauch (Cancer Registry of North
Rhine-Westphalia).
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