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Background: The rate of interval cancers is an established indicator for the performance of a cancer-screening programme.

Methods: We examined the incidence, tumour characteristics and risk factors of melanoma interval cancers that occurred in
participants of the SCREEN project, which was carried out 2003/2004 in Schleswig-Holstein, Germany. Data from 350 306 SCREEN
participants, who had been screened negative for melanoma, were linked to data of the state cancer registry. Melanoma interval
cancers were defined as melanomas diagnosed within 4–24 months after SCREEN examination. Results were compared with
melanomas of the pre-SCREEN era (1999–2002), extracted from the cancer registry.

Results: The overall relative incidence of melanoma interval cancers in terms of observed/expected ratio was 0.93 (95% CI: 0.82–
1.05; in situ: 1.61 (1.32–1.95), invasive: 0.71 (0.60–0.84)). Compared with melanomas of the pre-SCREEN era, the interval melanomas
were thinner and had a slightly greater proportion of lentigo maligna melanomas whereas nodular melanomas were less frequent.

Interpretation: The results indicate a moderate performance of the SCREEN intervention with an excess of in situ melanomas. In
part, the findings might be due to specifics of the SCREEN project, in particular a short-term follow-up of patients at high risk for
melanoma.

Cutaneous melanoma (CM) causes around 90% of deaths from
skin cancer (Garbe et al, 2012). The incidence has risen steadily
worldwide over the last decades. As the tumour stage at diagnosis
has a significant impact on the course of the disease, systematic
skin cancer-screening programmes aimed at the early detection of

melanomas might be a promising way to reduce melanoma
mortality. However, conclusive evidence, as randomised controlled
trials might provide, is lacking. A trial in Queensland, Australia, in
which 9 of 18 communities were randomised to receive a
melanoma screening programme (Lowe et al, 2004), was not
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completed due to low funding. An updated systematic evidence
review from the US Preventive Services Task Force (USPSTF)
recently found only limited evidence for skin cancer screening,
particularly on melanoma mortality (Wernli et al, 2016). On the
basis of the review, the USPSTF does not recommend visual skin
examination by a clinician to screen for skin cancer in
asymptomatic adults (US Preventive Services Task Force, 2016).
In Germany, a nationwide skin cancer early detection programme
with whole-body skin examinations was implemented in 2008. The
decision was based on the results of a preceding pilot project,
which had been conducted in Schleswig-Holstein, Germany
(SCREEN project: Skin Cancer Research to provide Evidence for
Effectiveness in Northern Germany), between 2003 and 2004
(Breitbart et al, 2012). Following this project, a significant decline
in melanoma mortality was observed in Schleswig-Holstein,
whereas in the adjacent regions mortality rates were
stable (Katalinic et al, 2012). Another registry-based study showed
that after implementation of the SCREEN project, the regional
incidence of advanced melanomas (TNM stages T2, T3 and for
women also T4) decreased slightly, whereas thinner lesions (in situ
and T1) occurred more frequently (Eisemann et al, 2014). On the
other hand, within 5 years after implementation of the aforemen-
tioned German nationwide screening programme, no decline in
melanoma mortality could be observed. In Schleswig-Holstein, the
disease-specific mortality even rose between 2009 and 2013. It is
unclear whether these observations data reflect an actual ineffec-
tiveness of the current programme, which differs in some ways
from the SCREEN project, or whether they are caused by too brief
an observation period (Katalinic et al, 2015).

Following from these mixed findings, additional research is
needed to gain more evidence for or against the value of
population-based melanoma screening in view of its effect on
mortality rates. In view of other cancer-screening programmes,
such as breast cancer screening, a well-established performance
indicator are cancers that are diagnosed in screened participants
during the interval between a negative screening examination and
the subsequent regular screening (Perry et al, 2006). These so-
called interval cancers comprise both malignancies that were
present at the time of the preceding screening examination but
were not detected, and those that have developed during the
interval (‘true’ interval cancers). An effective screening programme
should result in fewer interval cancers than to be expected in the
absence of screening.

The objective of this study was to evaluate the performance of a
population-based melanoma screening by applying the concept of
interval cancers to the SCREEN project. There is a unique
opportunity to study interval cancers since the SCREEN partici-
pants agreed to the linkage of their individual data to the
population-based cancer registry.

MATERIALS AND METHODS

Data from the SCREEN project. The protocol of the SCREEN
project has been reported in detail elsewhere (Breitbart et al, 2012).
Within the project, residents of Schleswig-Holstein, the northern-
most state of Germany, aged X20 years and holding a statutory
health insurance were offered a whole-body skin examination
between July 2003 and June 2004. Participants were free to visit any
physician who had qualified for the programme by completing a
one-day training course. Of 1.88 million eligible residents, 360 288
(19.1%) participated in the SCREEN project. Part of the
examination was the assessment of the following known risk
factors for melanoma: personal or (first-degree) family history of
CM, X40 common nevi (X2mm diameter), X1 clinically atypical
nevi and X1 congenital moles. In case of a non-dermatologist
physician conducting the initial examination, the screenee was
referred to a dermatologist if any risk factor was assessed or if a
suspicious lesion was detected. Taking biopsy specimens for
further histopathological work-up was reserved to dermatologists.
Furthermore, dermatologists had the option to invite screenees for
a follow-up examination within 3–36 months if they deemed
surveillance to be advisable. Only the first CM per person was
counted and included in the analysis.

Data from the population-based cancer registry of Schleswig-
Holstein. Since 1998, all physicians in Schleswig-Holstein report
incident malignancies to the state cancer registry. Registration of
invasive melanomas is assumed to be complete (that is, X95%) in
Schleswig-Holstein since 1999 (Katalinic et al, 2003). Data include
person-related information (for example, date and place of
residence) and information on the tumour (for example, date of
diagnosis, ICD-code, histological type, tumour stage and body
site).

Study population. Within the SCREEN cohort comprising
360 288 participants, 585 persons had been diagnosed with

360 288 SCREEN participants 

9982 screenees stepwise excluded for the
following reasons:  

Melanoma detected in SCREEN (585)

Ambiguous record-linkage (91) 

Recorded or possible CM in personal
history (3904)  

Ambiguous SCREEN result (5402) 

350 306 SCREEN participants meeting the inclusion criteria 

258 Melanoma interval cancers (4–24 months after SCREEN participation) 

Figure 1. Flow chart of the study population.
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melanoma. These persons were not included in the analysis since,
by definition, interval cancers occur only in participants with
negative screen results. The remaining subpopulation was linked to
cancer registry data using a probabilistic record linkage, which has
been described in detail elsewhere (Obi et al, 2010). In principle,
the matching uses any personal information, which is contained in
both the SCREEN data and the cancer registry. In contrast to a
deterministic linkage that postulates exact correspondence of these
data, the probabilistic approach tolerates small differences taking
into account their statistical significance. Uncertain matches, which
failed to be confirmed manually (ambiguous linkage results), were
excluded. For this analysis, we also excluded persons with a prior
history of melanoma as the cancer registry usually only registers
the first incident melanoma. Furthermore, participants without
definite screening results were excluded from the analysis, that is,
screenees with clinical suspicion of skin cancer for whom no
histopathological report was documented. The remaining 350 306
participants with a negative initial screening result were deemed at
risk for a melanoma interval cancer (Figure 1).

Melanoma interval cancers and screening interval. Melanoma
interval cancers were defined as in situ or invasive CM (ICD-10:
D03 and C43) that were diagnosed during a follow-up time of 4–24
months after an initial negative screening and were recorded in the
cancer registry. Melanomas that were diagnosed within 0–3
months after screening were not classified as interval cancers as,
in these cases, diagnoses have likely been triggered by the SCREEN
procedure even if histopathological confirmed findings were not
documented as part of the SCREEN project. The SCREEN project
was a one-off screening, with examinations scheduled generally
only once for each participant during the one-year project period.
In accordance with the current nationwide skin cancer-screening
programme (Choudhury et al, 2012), we set 24 months as an
applicable interval length.

Data analysis. Descriptive statistics of the study population are
presented using frequencies and percentages by sex and in total
regarding age, risk factors and recommendation for follow-up. The
number of observed interval cancers by time, sex and invasive
status was calculated. In addition, the corresponding number of
expected melanomas in absence of screening was estimated using
age- and sex-specific background incidence for melanoma from the
pre-SCREEN era 1999–2002, following the European guidelines for
breast cancer screening (Perry et al, 2006). An alternative way
would have been to extract background incidence from other
German states where no screening has been offered. That method

was not chosen because a regional characteristic of Schleswig-
Holstein would have been passed over. Long-term data demon-
strate that the melanoma incidence in Schleswig-Holstein is higher
than in other German states from early times of cancer registration
(Association of Population-based Cancer Registries in Germany
(GEKID), 2016). We calculated the relative incidence in terms of
observed/expected ratio with 95% confidence intervals (CI) (Sahai
and Khurshid, 1993), with a result of o1 indicating fewer
melanomas than expected. Absolute and relative frequencies of
interval melanomas and melanomas of the pre-SCREEN era are
displayed by sex and in total regarding age, histological type,
tumour size (T-category of TNM classification), anatomic site and
risk factors (the latter for interval melanomas only). The relative
incidence of large tumours (defined as T3 or T4) was calculated as
described above.

We used logistic regression to identify risk factors for interval
melanomas. Crude as well as sex- and age-adjusted odds ratios
(OR) with 95% CI were calculated for aforementioned melanoma
risk factors. A fully adjusted model was fitted to identify
independent risk factors. To explore the influence of the follow-
up recommendation on the occurrence of interval melanomas, we
conducted a post-hoc regression analysis using sex, age, risk status
and the recommendation for follow-up (given/not given) as
independent variables.

RESULTS

The characteristics of the 350 306 participants who were defined at
risk for a melanoma interval cancer are summarised in Table 1.
Younger women are considerably overrepresented. Risk factors for
CM were present in 23.4% of all cases. One-fifth of the study
population (21.5%) was recommended to reappear for a follow-up
examination within 24 months after screening.

Frequency of melanoma interval cancers. Melanoma interval
cancers were observed in 258 participants with a negative screen
result (150 invasive and 108 in situ melanomas), giving an interval
cancer rate of 73.6 per 100 000 (invasive: 42.8 per 100 000; in situ:
30.8 per 100 000). Within 2 years after negative screening, 277.1
melanomas would be expected using the pre-SCREEN incidence
(1999–2002), giving an observed/expected ratio of 0.93 (95% CI:
0.82–1.05), whereas considerable differences resulted for in situ
melanoma (1.61 (95% CI: 1.32–1.95)) and invasive melanoma (0.71
(95% CI: 0.60–0.84)) respectively. Within the 2 years, the incidence
of both invasive and in situ melanoma increased with time.

Table 1. Description of participants of the SCREEN project with negative screening result

Women (n¼258660) Men (n¼91646) Total (n¼350306)
Mean age, years (s.d.) 482 (16.1) 538 (15.7) 496 (16.2)

Age group
20–34 years 58 216 (22.5%) 11 596 (12.7%) 69 812 (19.9%)
35–49 years 84 358 (32.6%) 24 467 (26.7%) 108 825 (31.1%)
50–64 years 68 395 (26.4%) 28 790 (31.4%) 97 185 (27.7%)
X65 years 47 691 (18.4%) 26 793 (29.2%) 74 484 (21.3%)

Risk factors
No risk factor for CM 199534 (77.1%) 68 967 (75.3%) 268 501 (76.6%)

Any risk factor for CM 59126 (22.9%) 22 679 (24.7%) 81 805 (23.4%)
Family history (first-degree) of CM 4782 (1.8%) 1133 (1.2%) 5915 (1.7%)
Multiple common nevi 31 207 (12.1%) 13 514 (14.7%) 44 721 (12.8%)
Clinically atypical nevi 27 414 (10.6%) 11 282 (12.3%) 38 696 (11.0%)
Congenital moles 15 100 (5.8%) 4744 (5.2%) 19 844 (5.7%)

Recommendation for follow-up (p24 months)
Recommendation given 49706 (19.2%) 25 528 (27.9%) 75 234 (21.5%)
Mean scheduled follow-up interval, months (s.d.) 130 (5.1) 125 (5.0) 128 (5.1)

Abbreviations: CM¼ cutaneous mealanoma; s.d.¼ standard deviation.
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The overall relative incidence in the second year after the screening
was approximately twice as high as in the first year (Table 2).

Patient and tumour characteristics of interval cancers. In
comparison to population-based incident melanoma cases in the
pre-SCREEN period (Table 3), there were more in situ cancers

among the interval cancers (41.9% vs 22.5%). Information on
tumour size (T-category of TNM) was available in 64.0% of the
invasive interval cancers as opposed to 57.6% of the invasive
melanomas recorded during the pre-SCREEN era. The distribution
of the tumour sizes was more favourable in interval cancers
(proportion of larger (that is, T3/T4) melanomas: 10/96¼ 10.4% vs

Table 2. Relative melanoma interval cancer incidence (in situ and invasive) and 95% confidence intervals in terms of observed/
expected ratios

In situ Invasive Total

Women Men Total Women Men Total Women Men Total
Year 1 24/26.0¼ 0.92

(0.59–1.37)
10/7.5¼ 1.34
(0.64–2.45)

34/33.5¼ 1.02
(0.70–1.42)

29/73.6¼ 0.39
(0.26–0.57)

24/31.4¼ 0.76
(0.49–1.14)

53/105.1¼ 0.50
(0.38–0.66)

53/99.6¼ 0.53
(0.40–0.70)

34/38.9¼ 0.87
(0.61–1.22)

87/138.5¼ 0.63
(0.50–0.77)

Year 2 58/26.0¼ 2.23
(1.69–2.88)

16/7.5¼ 2.14
(1.22–3.46)

74/33.5¼ 2.21
(1.73–2.77)

58/73.6¼ 0.79
(0.60–1.02)

39/31.4¼ 1.24
(0.88–1.70)

97/105.1¼ 0.92
(0.75–1.13)

116/99.6¼ 1.16
(0.96–1.40)

55/38.9¼ 1.41
(1.07–1.84)

171/138.5¼ 1.23
(1.06–1.43)

Total 82/52.0¼ 1.58
(1.25–1.96)

26/15.0¼ 1.74
(1.13–2.54)

108/67.0¼ 1.61
(1.32–1.95)

87/147.3¼ 0.59
(0.47–0.73)

63/62,9¼ 1.00
(0.77–1.28)

150/210.2¼ 0.71
(0.60–0.84)

169/199.2¼ 0.85
(0.73–0.99)

89/77.9¼ 1.14
(0.92–1.41)

258/277.1¼ 0.93
(0.82–1.05)

Expected number is based on melanoma incidence in the pre-SCREEN period (1999–2002).

Table 3. Patient and tumour characteristics in interval melanomas and cases of the pre-SCREEN era

Interval melanomas Melanomas 1999–2002

Women
(n¼169)

Men
(n¼89)

Total
(n¼258)

Women
(n¼1832)

Men
(n¼1443)

Total
(n¼3275)

Mean age, years (s.d.) 50.2 (16.2) 64.2 (14.6) 55.1 (17.0) 55.6 (18.4) 57.9 (15.7) 56.6 (17.3)

Age group
20–34 years 31 (18.3%) 5 (5.6%) 36 (14.0%) 284 (15.5%) 142 (9.8%) 426 (13.0%)
35–49 years 60 (35.5%) 8 (9.0%) 68 (26.4%) 438 (23.9%) 278 (19.3%) 716 (21.9%)
50–64 years 38 (22.5%) 22 (24.7%) 60 (23.3%) 480 (26.2%) 495 (34.3%) 975 (29.8%)
X65 years 40 (23.7%) 54 (60.7%) 94 (36.4%) 630 (34.4%) 528 (36.6%) 1158 (35.4%)

Risk factors
No risk factor for CM 95 (56.2%) 57 (64.0%) 152 (58.9%) N/A N/A N/A

Any risk factor for CM 74 (43.8%) 32 (36.0%) 106 (41.1%) N/A N/A N/A
Family history (first-degree) of CM 4 (2.4%) 1 (1.1%) 5 (1.9%) N/A N/A N/A
Multiple common nevi 49 (29.0%) 20 (22.5%) 69 (26.7%) N/A N/A N/A
Clinically atypical nevi 48 (28.4%) 22 (24.7%) 70 (27.1%) N/A N/A N/A
Congenital moles 13 (7.7%) 3 (3.4%) 16 (6.2%) N/A N/A N/A

Histological type
Nodular melanoma (8721/3a) 12 (7.1%) 5 (5.6%) 17 (6.6%) 149 (8.1%) 130 (9.0%) 279 (8.5%)
Lentigo maligna melanoma (8742/2 & 8742/3a) 18 (10.7%) 15 (16.9%) 33 (12.8%) 157 (8.6%) 116 (8.0%) 273 (8.3%)
Superficial spreading melanoma (8743/2 & 8743/3a) 47 (27.8%) 27 (30.3%) 74 (28.7%) 536 (29.3%) 421 (29.2%) 957 (29.2%)
Acral lentiginous melanoma (8744/3a) 0 (0.0%) 1 (1.1%) 1 (0.4%) 19 (1.0%) 10 (0.7%) 29 (0.9%)
Melanoma, NOS (8720/2 & 8720/3a) 84 (49.7%) 38 (42.7%) 122 (47.3%) 891 (48.6%) 687 (47.6%) 1578 (48.2%)
Others 8 (4.7%) 3 (3.4%) 11 (4.3%) 80 (4.4%) 79 (5.5%) 159 (4.9%)

Tumour size
In situ melanoma 82 (48.5%) 26 (29.2%) 108 (41.9%) 448 (24.5%) 288 (20.0%) 736 (22.5%)
T1 45 (26.6%) 26 (29.2%) 71 (27.5%) 408 (22.3%) 325 (22.5%) 733 (22.4%)
T2 8 (4.7%) 7 (7.9%) 15 (5.8%) 204 (11.1%) 163 (11.3%) 367 (11.2%)
T3 2 (1.2%) 3 (3.4%) 5 (1.9%) 129 (7.0%) 124 (8.6%) 253 (7.7%)
T4 2 (1.2%) 3 (3.4%) 5 (1.9%) 64 (3.5%) 46 (3.2%) 110 (3.4%)
Tx 30 (17.8%) 24 (27.0%) 54 (20.9%) 579 (31.6%) 497 (34.4%) 1076 (32.9%)

Anatomic siteb

Lip 0 (0.0%) 0 (0.0%) 0 (0.0%) 4 (0.2%) 2 (0.1%) 6 (0.2%)
Eyelid, including canthus 3 (1.8%) 3 (3.4%) 6 (2.3%) 13 (0.7%) 5 (0.3%) 18 (0.6%)
Ear and external auricular canal 0 (0.0%) 3 (3.4%) 3 (1.2%) 15 (0.8%) 19 (1.3%) 34 (1.0%)
Other and unspecified parts of face 17 (10.1%) 18 (20.2%) 35 (13.6%) 193 (10.5%) 155 (10.7%) 348 (10.6%)
Scalp and neck 2 (1.2%) 3 (3.4%) 5 (1.9%) 36 (2.0%) 88 (6.1%) 124 (3.8%)
Trunk 35 (20.7%) 27 (30.3%) 62 (24.0%) 371 (20.3%) 590 (40.9%) 961 (29.3%)
Upper limb, including shoulder 35 (20.7%) 16 (18.0%) 51 (19.8%) 364 (19.9%) 194 (13.4%) 558 (17.0%)
Lower limb, including hip 67 (39.6%) 13 (14.6%) 80 (31.0%) 677 (37.0%) 212 (14.7%) 889 (27.2%)
Other sites/overlapping 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.1%) 1 (0.1%) 2 (0.1%)
Unspecified 10 (5.9%) 6 (6.7%) 16 (6.2%) 158 (8.6%) 177 (12.3%) 335 (10.2%)

Abbreviations: CM¼ cutaneous melanoma; N/A¼not available; NOS¼not otherwise specified.
aCodes according to the International Classification of Diseases for Oncology, 3rd revision (ICD-O-3).
bAccording to the fourth character of the International Statistical Classification of Diseases and Related Health Problems, 10th revision (ICD-10).

BRITISH JOURNAL OF CANCER Interval cancers after skin cancer screening

256 www.bjcancer.com |DOI:10.1038/bjc.2016.390

http://www.bjcancer.com


363/1463¼ 24.8%). The relative incidence of larger tumours
(observed/expected ratio) was 0.33 (95% CI: 0.18–0.62).

Information on histological types was registered in slightly
more than half of the interval melanomas as well as in melanomas
of the pre-SCREEN era (Table 3). Relative frequency of lentigo
maligna melanomas was higher in interval melanomas than in
those registered before the SCREEN project (12.8% vs 8.3%),
whereas nodular melanomas were slightly underrepresented
(6.6% vs 8.5%). The percentage of superficial spreading
melanomas was similar in both groups. Compared with the
pre-SCREEN melanomas, interval melanomas were more fre-
quently located at the eyelid, including canthus, whereas other
anatomic sites were similar.

In 41.1% of all patients with an interval cancer, at least one risk
factor for CM was present, whereas this only applied to 23.4% of
the total SCREEN population as reported above. Clinically atypical
nevi and multiple common nevi were the most frequently reported
risk factors (27.1% and 26.7%, respectively). Univariate and
multivariate OR for receiving a diagnosis of interval cancer within
24 months for the assessed risk factors are shown in Table 4.
Clinically atypical nevi increased the risk for interval cancer by 2.7
(95% CI: 2.0–3.7) and multiple common nevi by 2.2 (95% CI: 1.6–
3.1) in the fully adjusted model. Family history of melanoma and
congenital moles were not associated with melanoma interval
cancer. The influence of male sex lost significance in the
multivariate analysis. Elderly participants were more likely to be
diagnosed with interval melanomas than younger ones (age group
X65 years: OR 3.4 (95% CI: 2.3–5.1), reference: age group 20–34
years). Considering assessment of risk for any reason, the OR was
2.8 (95% CI: 2.2–4.0) when adjusted for sex and age. An analogous
analysis for interval melanomas of the second year after screening
resulted in very similar OR, compared with those for the interval
melanomas in total (not shown).

The proportion of screenees who had been recommended for
follow-up within 24 months was 41.5% in the interval melanoma
group and 21.5% in other screenees. The association between
recommendation for follow-up and diagnosis of an interval
melanoma was significant (OR 1.8 (95% CI: 1.3–2.4)). The
scheduled follow-up intervals were shorter in the interval
melanoma group (10.1 months (±4.1) vs 12.8 months (±5.1)).
Two-thirds (67.8%) of the screenees with a recommendation for
follow-up had at least one risk factor (vs 11.2% in others).

DISCUSSION

In an effective screening programme, the number of diagnosed
cancers after negative screening should be lower than could be
expected in the absence of screening. As regards breast cancer
screening, the European Guidelines for Quality Assurance in Breast
Cancer Screening and Diagnosis state a relative incidence of 0.4 as
reference for a two-year interval (Perry et al, 2006). This means
that in breast cancer screening, the observed incidence rate should
be 60% lower than could be expected without screening. The
observed incidence after the one-off skin cancer screening as part
of the SCREEN project was only 7% lower than expected
(observed/expected ratio 0.93). However, taking the invasiveness
of interval melanomas into account, respective rates differ
substantially. While invasive melanomas occurred less frequently
by 29% (relative incidence: 0.71), indicating a moderate perfor-
mance of SCREEN, the incidence of in situ melanomas was 61%
higher than could be expected without screening. What are the
most likely reasons for these unexpected results?

First, it has to be considered that the number of observed
melanomas was calculated on the basis of melanoma incidence
observed between 1999 and 2002, that is, a period of 4–5 years
before the period during which the interval cancer melanomas
occurred. This approach leads to a conservative estimate of the
observed/expected ratio as from 1990 to 2007 the incidence rates
for melanoma rose throughout Europe with estimated annual
percentage changes of 3.8% (±1.9% s.d.) in women and 4.2%
(±1.8%) in men (Germany: 3.9% in women, 3.0% in men)
(Arnold et al, 2014). We refrained from adjusting the expected
number of interval melanomas by the increase in incidence because
one reason, that might contribute to the apparent trend, is a
growing completeness of registration (de Vries et al, 2003)—a
development that supposedly does not come into effect in our
data due to the given completeness of cancer registration in
Schleswig-Holstein since 1999. Other possible reasons, however,
such as a true increase of melanoma incidence, a raised awareness
and improved diagnostic accuracy (Swerlick and Chen, 1997;
Weyers, 2012), might well take effect in the SCREEN cohort.
Second, individual risk factors for skin cancer and melanoma in
particular, such as exposure to the sun, sunburns in childhood, use
of tanning beds, skin type and nevi phenotype are subject to
personal knowledge. The SCREEN project was accompanied by a
communication intervention informing the general public about
these factors (Anders et al, 2015). It can be assumed that
individuals with such risk factors were more inclined to participate
in the SCREEN project than others, making melanomas in
SCREEN attendees more likely than in the general population
(Breitbart et al, 2012). Third and most importantly, regular
screening programmes provide examinations at fixed intervals;
they generally do not allow for shortening of these intervals with
respect to individual risk. In the SCREEN project, however, there
was no routine follow up. Instead, dermatologists had the option to
schedule a follow-up examination when they deemed surveillance
to be advisable, for example, due to risk factors. We found that
interval melanomas were more likely in screenees who had
received a recommendation for follow up than in others.
Additional re-examinations might have been self-initiated by
individuals who may not have had any symptoms or signs, yet they
were alerted to the risk of melanoma which had been triggered by
their participation in SCREEN. Finally, a number of health
insurances continued reimbursement of whole-body skin exam-
inations after the SCREEN project—in some cases the minimal
interval might have been shorter than 24 months. Thus, it can be
assumed that, within 2 years after the SCREEN examination, a
considerable number of examinations were induced, which would
have been left to the subsequent regular screening in case of a

Table 4. OR and 95% CI for interval melanoma

Predictive factor

OR
(95% CI)
crude

OR
(95% CI)
sex and
age

adjusted
OR (95% CI)
full modela

Sex
Women 1 1 1
Men 1.5 (1.2–1.9) 1.3 (1.0–1.8) 1.2 (0.9–1.6)

Age group
20–34 years 1 1 1
35–49 years 1.2 (0.8–1.8) 1.2 (0.8–1.8) 1.2 (0.8–1.9)
50–64 years 1.2 (0.8–1.9) 1.1 (0.8–1.7) 1.5 (1.0–2.2)
X65 years 2.4 (1.7–3.6) 2.3 (1.6–3.4) 3.4 (2.3–5.1)

Risk factors
Family history (first-degree) of CM 1.2 (0.5–2.8) 1.3 (0.5–3.1) 1.1 (0.4–2.6)
Multiple common nevi 2.5 (1.9–3.3) 3.1 (2.3–4.2) 2.2 (1.6–3.1)
Clinically atypical nevi 3.0 (2.3–4.0) 3.6 (2.7–4.7) 2.7 (2.0–3.7)
Congenital moles 1.1 (0.7–1.8) 1.3 (0.8–2.1) 0.9 (0.5–1.5)
Any risk factorb 2.3 (1.8–2.9) 2.8 (2.2–4.0) N/A

Abbreviations: CI¼ confidence interval; CM¼ cutaneous melanoma; N/A¼ not applicable;
OR¼odds ratio.
aAdjusted for sex, age and all single risk factors.
bSeparate model.
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continuous biennial programme. In other words, some of the
‘interval melanomas’ we observed were detected under circum-
stances that resemble a screening with focus on high risk persons.

The assumption of a hidden screening effect is strongly
supported by the unexpectedly high incidence of in situ interval
melanomas. An excess of in situ lesions is a common consequence
of melanoma screening and cancer screening in general and may
suggest a tendency toward overdiagnosis (Welch and Black, 2010).
Some diagnoses of invasive interval melanomas, too, might be due
to increased attention. Aitken et al report corresponding results of
an Australian case–control study, investigating the impact of
screening on subsequent invasive melanoma incidence. The
proportion of cases who reported to have had a clinical skin
examination within 3 years before the melanoma was first noticed
(35.3%) was higher than that of controls (28.3%; based on a
reference date) (Aitken et al, 2010). Taking these points into
account, we assume that the incidence of both in situ and invasive
melanoma interval cancers that we calculated clearly overestimates
the occurrence of interval melanomas that might be expected in a
long-lasting regular screening programme. Thus, a relative
incidence of 0.71 for invasive melanoma interval cancers may be
less discouraging as it appears at first glance. Furthermore, it
should be noted that any effect of screening is necessarily limited in
time. Looking at the frequency of interval melanomas in year 1 and
year 2 after screening, it is possible that positive effects of
participation in the SCREEN project disappear after only 12
months. Projected to a hypothesised annual screening, the relative
incidence for invasive melanoma interval cancers improves to an
estimated value of 0.50.

The sole fact that the incidence of invasive melanoma decreased
subsequent to screening is of limited value as this crude
quantitative effect might potentially be thwarted by a bad
prognosis of the interval cancers. Concerning SCREEN-detected
lesions, it is a necessary consequence of early detection that their
prognosis is systematically better than that of otherwise detected
melanomas. However, this logic generally does not apply to
interval cancers. Conceptually, they are likely to be fast growing
tumours, passing from a state without detectable lesions at
screening to a symptomatic disease within a relatively short time.
In case of breast cancer screening, studies suggest that ‘true’
interval cancers are particularly large, biologically aggressive, and
thus prognostically unfavourable cancers (van der Vegt et al, 2010;
Heidinger et al, 2012). Tumour thickness is the most important
prognostic factor in invasive melanoma. Compared with melano-
mas of the pre-SCREEN era, we observed a considerable shift to
thinner tumours. Similar results were found in the aforementioned
Australian case–control study. Therein screening reduced the risk
of being diagnosed with a thick melanoma (40.75mm) by B14%.
For melanomas X3mm, the risk reduction was B40% (Aitken
et al, 2010). Histologic type is another well-described prognostic
factor in melanoma. A population-based study, covering 40% of
Germany, found the most favourable 5-year relative survival in
lentigo maligna melanoma (100.6% in women and 100.0% in men),
followed by superficial spreading melanoma (99.9% in women and
98.7% in men), acral lentiginous melanoma (95.0% in women
and 82.2% in men) and nodular melanoma (81.0% in women and
70.9% in men). Five-year relative survival in all melanomas was
91.1% in women and 87.0% in men (Eisemann et al, 2012).
Applying these results, the prognoses of the interval melanomas
appear to be better than those registered in the pre-SCREEN era.

Not surprisingly, occurrence of interval melanoma was
significantly associated with older age. Age is a well-known risk
factor for melanoma in both women and men, and the effect
estimators we found are similar to those for SCREEN-detected
melanomas (the authors, unpublished data). Multiple common
nevi and presence of clinically atypical nevi, too, are well-known
predictive features. Respective OR from our data are in good

accordance with estimates that have been reported for melanoma
in general (Gandini et al, 2005a; Chang et al, 2009; Olsen et al,
2010a). There is sufficient evidence regarding the predictive
relevance of both family history and congenital moles (Rutter
et al, 2004; Watt et al, 2004; Gandini et al, 2005b; Olsen et al,
2010b). In our data, however, an independent association between
these factors and interval melanoma could not be shown. We
suspect that both selection bias and statistically significant
although weak correlations between these factors and the
confirmed predictors (multiple common nevi and clinically
atypical nevi) might have led to this lack of an association.

To the best of our knowledge, this is the first study to evaluate
the effectiveness of a population-based skin cancer-screening
project applying the concept of interval cancer. A major strength of
this study derives from the size of the negative screening cohort
comprising more than 350 000 screenees, documentation of
potential risk factors and data linkage to a cancer registry with
high completeness. The results indicate a moderate performance of
the SCREEN project with an excess incidence of in situ melanomas
following the initial examination. However, these observations
have to be interpreted with caution. As discussed in detail, the
number of interval melanomas is influenced by the particularities
of the one-off SCREEN project. Therefore, generalisations, in
particular projections to continuous screening programmes, are
limited. Furthermore, frequency and characteristics of interval
cancers are merely performance indicators of a screening
programme; they cannot provide conclusive evidence for the
effectiveness of a screening programme, which depends foremost
on its capability to reduce mortality. Keeping these limitations in
mind, the reduced incidence of invasive melanomas after the
SCREEN project and the trend to favourable characteristics suggest
a benefit rather than no effect, although this may be limited to the
first year after screening. Further research is needed to confirm the
results within the context of a continuous screening programme
and to define adequate interval lengths according to risk status.
Regulatory conditions that permit routine linkage of information
on screening participation and epidemiological data are highly
desirable.
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