
From the Depar

Medical Cente

Research, Net

Utrechtb; and

Cancer Institut

Funding sources:

Disclosure: Dr van

Amsen, Nova

Merck-Pfizer. D

have no confli
Treatment and survival of Merkel cell
carcinoma since 1993: A population-

based cohort study in The Netherlands
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and Marcel W. Bekkenk, MD, PhDa

Amsterdam and Utrecht, The Netherlands
Background: Merkel cell carcinoma (MCC) is a rare and potentially lethal skin cancer. MCC is known for
its potential rapid growth and its propensity to metastasize.
Objective: To describe the incidence, treatment, and survival of MCC in a population-based setting.
Methods: All MCCs diagnosed in The Netherlands between 1993 and 2016 were selected from the
Netherlands Cancer Registry. Patient and tumor characteristics, therapy, and vital status were obtained. Cox
proportional hazards were computed, and relative survival analyses were performed.
Results: Our cohort included 1977 patients with MCC. Incidence increased from 0.17 per 100,000 person-
years in 1993 to 0.59 per 100,000 in 2016. The mean age at diagnosis was 75.5. Most MCCs (59.8%) were
treated with surgery alone. Relative 5-year survival was low (63.0%) and did not improve. Mortality was
higher among males (hazard ratio [HR], 1.24; 95% confidence interval [CI], 1.11-1.39), higher age (HR, 1.07;
95% CI, 1.06-1.07), and nodal (HR, 1.26; 95% CI, 1.08-1.48) and distant spread of disease (HR, 2.44; 95% CI,
1.99-2.99).
Limitations: We lacked data on cause of death, comorbidity, and pathologic margins, which may have led
to misinterpretation of the data.
Conclusion: This study shows continuously increasing incidence rates of MCC in The Netherlands.
Survival after a diagnosis of MCC remained low. Our results emphasize the need for implementation of new
therapies. ( J Am Acad Dermatol 2019;81:977-83.)
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M
erkel cell carcinoma (MCC) is a rare and
potentially lethal nonmelanoma skin can-
cer with a neuroendocrine origin; it was

first described by Toker in 1972.1 The worldwide
annual incidence rates are reported to be between
0.19 and 0.82 per 100.000 person-years and are
increasing.2-6

Compared with the better-known nonmelanoma
skin cancers such as basal cell carcinoma and
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squamous cell carcinoma, MCC is known for its
potentially rapid growth and its propensity to metas-
tasize.2 The 5-year survival rate is low, and world-
wide reported values are around 60%.2,4,5 Factors
that have been described to negatively influence the
survival are tumor size, staging, male sex, location in
the head and neck area, and immunosuppres-
sion.2,4,7-10 MCC is predominantly localized on the
head and neck area and the extremities, most likely
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because of the relationship with ultraviolet radiance,
which is a risk factor for development of MCC.11

Treatment modalities for MCC may vary and
comprise surgery, radiotherapy, immunotherapy,
and (less commonly) chemotherapy. Multiple
studies have shown that locoregional radiotherapy
could be beneficial as an adjuvant therapy
CAPSULE SUMMARY

d Merkel cell carcinoma is a potentially
lethal skin cancer with a rapidly
increasing incidence in The Netherlands.
The 5-year survival of 63% did not
improve over time and is worse for
males, elderly individuals, and those with
advanced disease.

d Our results emphasize need for
implementation of new therapies and
research in this field.
after primary excision.12-15

Depending on the staging
and the outcome of a sentinel
node procedure, lymph
node dissection can be per-
formed.16 Furthermore, mul-
tiple trials assessing different
immunotherapies and tar-
geted molecular therapies as
possible treatments for MCC
are currently ongoing.17

The Netherlands Cancer
Registry (NCR) registers all
pathologically diagnosed
MCCs. Previously, these
data were evaluated up until

2007,4 but trends in the most recent years are
important to provide additional insights about the
characteristics of MCC in The Netherlands, especially
in light of new treatment modalities that are
becoming available. Therefore, the aim of this study
was to give an update including the MCCs newly
registered after 2007. Our objective was to describe
the incidence, characteristics, treatment, and survival
of MCC in The Netherlands between 1993 and 2016.
Fig 1. Merkel cell carcinoma. Incidence in T
METHODS
Patients

All patients with pathologically confirmed MCC in
the NCR between 1993 and 2015 were included in
this prospective cohort study. The NCR registers in all
hospitals in The Netherlands and includes items such
as age at diagnosis, sex, localization of the tumor,
he Netherlands per 100,00
tumor staging, therapy, vital
status (death), and time from
diagnosis until death or
censoring. Information on
sentinel node (yes vs no
and positive vs negative re-
sults) was collected for the
more recent years.

Statistical analysis
Age-standardized inci-

dence was calculated by us-
ing the European Standard
Population18 and is presented
per 100,000 person-years.
Both univariate (including
log-log curves to check for proportionality) and
multivariate Cox regression analyses were performed
using the the following covariates: sex, age, tumor
location, staging, and treatment. Relative survival was
calculated to estimate disease-specific survival and
correct for age- and sex-specific background mortal-
ity.19 Statistical analyses were performed with IBM
SPSS software (version 24, IBM, Armonk, NY) and SAS
software (version 9.4, SAS Institute Inc, Cary, NC).
0 inhabitants.



Table I. Characteristics of MCC diagnosed in The
Netherlands in 1993-2016

Characteristic Value

N 1977 (100%)
Mean age at diagnosis 6 SD, y 75.5 6 11.4
Age #70 y, n (%) 591 (29.9%)
Age[70 y, n (%) 1386 (70.1%)
Sex, n (%)
Female 1114 (56.3%)
Male 863 (43.7%)

Site of onset, n (%)
Head and/or neck 844 (42.7%)
Trunk 197 (10.0%)
Upper extremity 412 (20.8%)
Lower extremity 382 (19.3%)
Skin location unspecified 22 (1.1%)
Non skin 18 (0.9%)
Primary tumor location unknown 102 (5.2%)

Staging, n (%)
Localized, #2 cm 909 (46.0%)
Localized,[2 cm 412 (20.8%)
nodal 295 (14.9%)
Distant 135 (6.8%)
Stage unknown 226 (11.4%)

MCC, Merkel cell carcinoma; SD, standard deviation.

Abbreviations used:

CI: confidence interval
HR: hazard ratio
MCC: Merkel cell carcinoma
NCR: Netherlands Cancer Registry
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Results
In total, 1977 MCCs were registered in the NCR

database between 1993 and 2016, resulting in about
145 new cases annually in the recent years. The
incidence of MCC in The Netherlands has been
growing. Age-standardized rates have more than
tripled since 1993, from 0.17 per 100,000 person
years (European standardized rate) to 0.59 per
100,000 in 2016 (Fig 1). The estimated annual
percentage change in incidence over this time period
was 5.5% (P\ .0001). The incidences for males and
females were comparable.

General characteristics are described in Table I.
The mean age at diagnosis was 75.5 years. MCC
most often occurred in the head and neck re-
gion (42.7%) and on the extremities (20.8% and
19.3% on the upper and lower extremities,
respectively).

Most MCCs (59.8%), were treated with surgery
alone. For MCCs with nodal metastasis, surgery
was most frequently combined with radiotherapy
(45.8%) (Table II). A sentinel node procedure was
performed on 249 patients, with a positive
sentinel node found in 62 patients (24.9%)
(Table III).

The relative 5-year survival after diagnosis of MCC
was 63.0%. This rate has not changed much between
1993 and 2016, with relative 5-years survival rates of
62.1% for patients in whom MCC was diagnosed
between 1993 and 2000 and 64.9% for those in whom
MCC was diagnosed between 2011 and 2016. The
relative 5-year survival values for different age
groups were 0.74 (\70 years), 0.58 (70-74 years),
0.67 (75-79 years), 0.53 (80-84 years), 0.54
(85-89 years), and 0.65 ($90 years).

The crude 5-year survival rate of patients with
MCC in The Netherlands was 46.0%. Localized
tumors 2 cm or smaller had an absolute 5-year
survival rate of 53.8%. For localized tumors larger
than 2 cm, nodal metastasized tumors, and distant
metastasized tumors, the absolute 5-year survival
rates were 40.4%, 41.6%, and 19.2%, respectively.
Figure 2 shows the survival of MCC for different
stages of disease.

Table IV shows hazard ratios (HRs) for different
variables along with their 95% confidence intervals
(CIs). Log-log curves for test proportionality
showed no reason to reject the proportionality
assumption.

Survival was worse for males than for females,
with the HRs varying between 1.24 (95% CI, 1.11-
1.39) without adjustment and 1.42 (95% CI, 1.26-
1.59) with adjustment for age, location, stage, and
treatment.

MCCs located on the upper extremity had a
significantly lower mortality than did MCCs located
on the head and neck, but this difference disap-
peared when adjusted for other variables. With
adjustment for sex, age, staging, and treatment,
only the mortality of MCCs located on the trunk
differed significantly compared with that of MCCs in
the head and neck area. MCCs on the trunk had a
higher mortality, with an HR of 1.40.

Nodal and distant spread of disease was associ-
ated with a significantly higher mortality than local
disease was. The HRs for mortality of nodal and
distant disease were 1.36 and 2.23, respectively, with
adjustment for other factors (sex, age, location, and
treatment).

Patients treated with surgery combined with
radiotherapy had a significantly lower mortality
than did patients treated with surgery alone, but
with adjustment for other variables, this difference
was no longer significant. With adjustment for sex,
age, location, and staging, patients treated with
radiotherapy alone, chemotherapy alone, and no



Table II. Treatment and stage of MCC in The Netherlands in 1993-2016

Treatment

Stage

Total, Localized, Nodal, Distant,

n (%) n (%) n (%) n (%)

Surgery alone* 1182 (59.8) 927 (70.2) 95 (32.2) 34 (25.2)
Surgery* 1 RT 539 (27.3) 323 (24.5) 135 (45.8) 24 (17.8)
Surgery* 1 CT 18 (0.9) 3 (0.2) 4 (1.4) 11 (8.1)
Surgery 1 RT 1 CT 26 (1.3) 6 (0.5) 15 (5.1) 2 (1.5)
RT alone 84 (4.3) 37 (2.8) 21 (7.1) 17 (12.6)
RT 1 CT 18 (0.9) 0 (0.0) 4 (1.4) 9 (6.7)
CT alone 26 (1.3) 1 (0.1) 6 (2.0) 17 (12.6)
No treatment 75 (3.8) 23 (1.7) 13 (4.4) 18 (13.3)
Unknown 9 (0.5) 1 (0.1) 2 (0.7) 3 (2.2)
Total 1977 1321 295 135

CT, Chemotherapy; RT, radiotherapy.

*Surgery sometimes includes lymph node dissection (n = 183).

Table III. Outcomes of the sentinel node
procedures (n = 249) for MCC in The Netherlands in
1993-2016

Outcome n %

Negative 181 72.2%
Positive 62 24.9%
Unknown 6 2.4%
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treatment had a significantly higher mortality than
did patients treated with surgery alone.
DISCUSSION
Findings

This study shows a continuously increasing inci-
dence rate of MCC in The Netherlands, with the
numbers more than tripling since 1993. The total
number of registered MCCs in The Netherlands
between 1993 and 2015 is 1977, which is more than
double the amount of the previous study, in which
808 MCCs were analyzed.4 The mean age at diag-
nosis was 75.5 years, and MCC was predominantly
located on the head and neck area (42.7%) and the
extremities (40.1%). Most often, MCCs were treated
with surgery alone (59.8%). Relative 5-year survival
was low: 63.0%, and this number has not improved
in the past 25 years.

Males had a significantly higher mortality
than females did (HR, 1.24), and the chance of dying
increased with age, with an increase of around 7%
per additional year of age at the time of diagnosis;
these findings held up when adjusted for other
characteristics. The increasing mortality with age is
likely due to aging, for relative 5-year survival does
not evidently decrease for higher age groups.
Nodal (HR, 1.26) and distant (HR, 2.44) spread of
disease were associated with a significantly higher
mortality when compared with local disease, and
also when adjusted for other factors. Patients
treated with surgery combined with radiotherapy
had a significantly lower mortality than did patients
treated with surgery alone (HR, 0.87), but this
finding did not hold up upon adjustment for other
characteristics.

We found an increasing incidence of MCC, which
is in line with the findings of studies in other
countries.3,5,6 A recent study by Paulson et al in the
United States even showed an increase in incidence
of 95% between 2000 and 2013.3 In our study, the
increase between 2000 and 2013 was 84%.
Explanations for this increasing incidence could
include increasing exposure to known risk factors
such as ultraviolet radiance, more use of immuno-
suppressants, anddprobably most importantlydthe
aging of society,3,11 but it might also be due to better
detection or more specific diagnosis by physicians.
However, the most substantial improvement in the
diagnosis of MCC came with the introduction of
the cytokeratin 20 immunohistochemical staining in
the 1990s,20,21 which does not explain the contin-
uous increase of incidence in recent years.
Furthermore, we calculated age-standardized inci-
dence, excluding the aging of society as a possible
factor. Patient characteristics are mostly comparable
with those in other countries; MCC is known for
developing at an older age, and it predominantly
develops in the head and neck area and extrem-
ities.2,3,5 We did find that MCC is diagnosed in more
females than males, but this is due to the higher
proportion of females in general in older age: the
difference disappears when looking at standardized
incidence rates.



Fig 2. Merkel cell carcinoma (MCC). Survival per stage of MCC in The Netherlands 1993-2016.

Table IV. Survival analysis of MCC in The Netherlands in 1993-2016

Covariate

Univariate

Multivariate without

treatment (N = 1976)

Multivariate with

treatment (N = 1976)

HR 95% CI HR 95% CI HR 95% CI

Sex
Female 1 (ref) 1 (ref) 1 (ref)
Male 1.24 1.11-1.39* 1.37 1.22-1.54* 1.42 1.26-1.59*

Age (per year) 1.07 1.06-1.07* 1.08 1.07-1.08* 1.07 1.07-1.08*
Location
Head and/or neck 1 (ref) 1 (ref) 1 (ref)
Trunk 0.98 0.81-1.19 1.45 1.19-1.77* 1.40 1.14-1.71*
Upper extremity 0.75 0.64-0.88* 1.06 0.91-1.25 1.06 0.90-1.24
Lower extremity 0.89 0.76-1.03 1.11 0.96-1.29 1.10 0.94-1.28
Skin location unspecified 1.47 0.88-2.46 0.97 0.58-1.64 0.66 0.39-1.12
Nonskin 1.06 0.60-1.87 0.83 0.46-1.49 0.90 0.50-1.61
PLU 1.02 0.79-1.31 1.22 0.92-1.61 1.05 0.79-1.40

Staging
Localized 1 (ref) 1 (ref) 1 (ref)
Nodal 1.26 1.08-1.48* 1.43 1.22-1.67* 1.36 1.15-1.61*
Distant 2.44 1.99-2.99* 2.63 2.11-3.26* 2.23 1.75-2.84*
Unknown 1.08 0.92-1.28 1.24 1.04-1.48* 1.17 0.98-1.40

Treatment
Surgery alone 1 (ref)
Surgery 1 RT 0.87 0.76-0.99* 0.89 0.77-1.02
Surgery 1 CT 2.13 1.27-3.55* 1.20 0.70-2.07
Surgery 1 RT 1 CT 0.88 0.54-1.45 1.15 0.69-1.92
RT alone 2.25 1.76-2.87* 1.63 1.26-2.10*
RT 1 CT 1.01 0.57-1.79 1.23 0.68-2.22
CT alone 2.28 1.49-3.49* 2.98 1.88-4.73*
No treatment 5.04 3.94-6.45* 3.45 2.67-4.47*
Unknown 1.65 0.79-3.49 1.30 0.61-2.79

CI, Confidence interval; CT, chemotherapy; HR, hazard ratio; PLU, primary location unknown; ref, reference value; RT, radiotherapy.

*Significant.
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We found a low survival rate in general and a
significantly lower survival rate for male patients,
older patients, and MCCs located on the trunk with
adjustment for other characteristics. These findings
are comparable with the findings of other
studies.2,5,22 The worse prognosis for MCC located
on the trunk is difficult to explain. One explanation
could be that lesions on the trunk are less notable
and therefore might be detected at a later stage,
when they are more difficult to treat.

We did not see any improvements in survival
despite recent advances in MCC treatment with the
successful introduction of immune checkpoint
blockade for metastatic MCC.23,24 These drugs were
approved only recently (in November 2017) in The
Netherlands, and therefore, it is logical that this effect
is not yet visible.

Our study suggests that surgery combined with
radiotherapy might be more valuable than surgery
alone. This finding is in line with those of other
studies that showed higher survival for patients
treated with surgery combined with adjuvant radio-
therapy.12-15

On the basis of introduction of immune check-
point blockade, the observed heterogeneous treat-
ment pattern, and the lack of a national guideline for
MCC in The Netherlands, we believe that the quality
of care and survival can be improved by centraliza-
tion of care for this rare disease, development of
guidelines, quick introduction of effective systemic
therapy, and participation in clinical trials to further
improve the future of patients with MCC. The
introduction of immune checkpoint inhibitors could
make a difference in survival in the future. This
analysis has captured a snapshot of the survival
statistics with no improvement of survival for many
years. This snapshot could be used as a comparison
for survival statistics in the future, when possible
effects of the new therapies become visible.

Limitations
We did not register data on cause of death, so we

were unable to calculate the disease-specific sur-
vival. To obtain an estimation of disease-specific
survival, we calculated relative survival rates, strati-
fied by period of diagnosis and sex. Even though we
found that patients with MCC have a lower relative
survival than the average population of their age, we
do not know whether they died because of MCC.
Furthermore, data on whether lymphadenectomy
was performed were lacking for too many patients to
include this in our analysis. Also, we lacked sufficient
data on comorbidity, and therefore, we could not
adjust for other diseases or risk factors in our
analysis.
CONCLUSION
This study shows a continuously increasing inci-

dence rate of MCC in The Netherlands. Survival after
diagnosis of MCC is low and has not been improving
over time. The results of this study emphasize the
need for centralization of expertise for this rare
cancer in The Netherlands.

REFERENCES

1. Toker C. Trabecular carcinoma of the skin. Arch Dermatol.

1972;105(1):107-110.

2. Albores-Saavedra J, Batich K, Chable-Montero F, et al. Merkel cell

carcinoma demographics, morphology, and survival based on

3870 cases: a population based study. J Cutan Pathol. 2010;37(1):

20-27.

3. Paulson KG, Park SY, Vandeven NA, et al. Merkel cell

carcinoma: current United States incidence and projected

increases based on changing demographics. J Am Acad

Dermatol. 2017;78(3):457-463.e2.

4. Reichgelt BA, Visser O. Epidemiology and survival of Merkel

cell carcinoma in The Netherlands. A population-based study

of 808 cases in 1993-2007. Eur J Cancer. 2011;47(4):579-585.

5. Youlden DR, Soyer HP, Youl PH, et al. Incidence and survival

for Merkel cell carcinoma in Queensland, Australia, 1993-2010.

JAMA Dermatol. 2014;150(8):864-872.

6. Zaar O, Gillstedt M, Lindelof B, et al. Merkel cell carcinoma

incidence is increasing in Sweden. J Eur Acad Dermatol

Venereol. 2016;30(10):1708-1713.

7. AgelliM, Clegg LX. Epidemiology of primaryMerkel cell carcinoma

in the United States. J Am Acad Dermatol. 2003;49(5):832-841.

8. Eich HT, Eich D, Staar S, et al. Role of postoperative

radiotherapy in the management of Merkel cell carcinoma.

Am J Clin Oncol. 2002;25(1):50-56.

9. Morand GB, Madana J, Da Silva SD, et al. Merkel cell carcinoma

of the head and neck: poorer prognosis than non-head and

neck sites. J Laryngol Otol. 2016;130(4):393-397.

10. Tarantola TI, Vallow LA, Halyard MY, et al. Prognostic factors in

Merkel cell carcinoma: analysis of 240 cases. J Am Acad

Dermatol. 2013;68(3):425-432.

11. Heath M, Jaimes N, Lemos B, et al. Clinical characteristics of

Merkel cell carcinoma at diagnosis in 195 patients: the AEIOU

features. J Am Acad Dermatol. 2008;58(3):375-381.

12. Bhatia S, Iyer JG, Storer B, et al. Adjuvant radiation therapy and

chemotherapy inMerkel cell carcinoma: survival analysis of 6,908

cases from the National Cancer Data Base. J Clin Oncol. 2014;1.

13. Chen MM, Roman SA, Sosa JA, et al. The role of adjuvant

therapy in the management of head and neck merkel cell

carcinoma: an analysis of 4815 patients. JAMA Otolaryngol

Head Neck Surg. 2015;141(2):137-141.

14. Lewis KG, Weinstock MA, Weaver AL, et al. Adjuvant local

irradiation for Merkel cell carcinoma. Arch Dermatol. 2006;

142(6):693-700.

15. Veness MJ, Perera L, McCourt J, et al. Merkel cell carcinoma:

improved outcome with adjuvant radiotherapy. ANZ J Surg.

2005;75(5):275-281.

16. Gunaratne DA, Howle JR, Veness MJ. Sentinel lymph node

biopsy in Merkel cell carcinoma: a 15-year institutional

experience and statistical analysis of 721 reported cases. Br J

Dermatol. 2016;174(2):273-281.

17. Tello TL, Coggshall K, Yom SS, et al. Merkel cell carcinoma: an

update and review: current and future therapy. J Am Acad

Dermatol. 2018;78(3):445-454.

18. Waterhouse J, Muir CS, Correa P, et al. Cancer Incidence in Five

Continents. Lyon: IARC; 1976.

http://refhub.elsevier.com/S0190-9622(19)30149-5/sref1
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref1
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref2
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref2
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref2
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref2
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref3
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref3
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref3
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref3
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref4
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref4
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref4
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref5
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref5
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref5
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref6
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref6
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref6
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref7
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref7
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref8
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref8
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref8
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref9
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref9
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref9
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref10
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref10
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref10
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref11
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref11
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref11
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref12
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref12
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref12
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref13
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref13
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref13
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref13
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref14
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref14
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref14
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref15
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref15
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref15
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref16
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref16
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref16
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref16
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref17
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref17
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref17
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref18
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref18


J AM ACAD DERMATOL

VOLUME 81, NUMBER 4
Uitentuis et al 983
19. Dickman PW, Sloggett A, Hills M, et al. Regression models for

relative survival. Stat Med. 2004;23(1):51-64.

20. Moll R, Lowe A, Laufer J, et al. Cytokeratin 20 in human

carcinomas. A new histodiagnostic marker detected by mono-

clonal antibodies. Am J Pathol. 1992;140(2):427-447.

21. Chan JK, Suster S, Wenig BM, et al. Cytokeratin 20 immuno-

reactivity distinguishes Merkel cell (primary cutaneous neuro-

endocrine) carcinomas and salivary gland small cell

carcinomas from small cell carcinomas of various sites. Am J

Surg Pathol. 1997;21(2):226-234.
22. van Veenendaal LM, van Akkooi ACJ, Verhoef C, et al. Merkel

cell carcinoma: clinical outcome and prognostic factors in 351

patients. J Surg Oncol. 2018;117(8):1768-1775.

23. Kaufman HL, Russell J, Hamid O, et al. Avelumab in patients

with chemotherapy-refractory metastatic Merkel cell carci-

noma: a multicentre, single-group, open-label, phase 2 trial.

Lancet Oncol. 2016;17(10):1374-1385.

24. Nghiem PT, Bhatia S, Lipson EJ, et al. PD-1 blockade with

pembrolizumab in advanced Merkel-cell carcinoma. N Engl J

Med. 2016;374(26):2542-2552.

http://refhub.elsevier.com/S0190-9622(19)30149-5/sref19
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref19
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref20
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref20
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref20
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref21
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref21
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref21
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref21
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref21
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref22
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref22
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref22
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref23
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref23
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref23
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref23
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref24
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref24
http://refhub.elsevier.com/S0190-9622(19)30149-5/sref24

	Treatment and survival of Merkel cell carcinoma since 1993: A population-based cohort study in The Netherlands
	Methods
	Patients
	Statistical analysis
	Results

	Discussion
	Findings
	Limitations

	Conclusion
	References


