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Abstract: Merkel cell carcinoma (MCC) is a rare and aggressive skin cancer that may be associated with multiple pri-
mary carcinomas (MPCs). However, there are few studies proving whether MCC can increase the risk of MPCs. Here,
the literature was searched on Medline, Web of Science, EMBASE, Cochrane, Ovid, and Science Direct databases
systematically for reports on the incidence of MPCs in patients with MCC before June 2018. Five cohort studies
provided primary data for the analysis, which were derived from 504 papers. A random-effects meta-analysis for
the pooled prevalence of MPCs in patients with MCC was performed. A total of 3,356 patients with MCC from 1978
to 2010 in different countries were selected for the meta-analysis. The pooled prevalence of all trials combined
was 12.06% (95% confidence interval (Cl), 0.0856-0.1673), but heterogeneity was found in these prevalence esti-
mates (1?=91.4%). After sensitivity analysis, they were divided into two subgroups. The pooled prevalence of MPCs
in patients with MCC in the first subgroup (<27 years) was 9.44% (95% Cl, 0.0833-0.1068). The incidence in the
second subgroup (all investigated times (=27 years)) was 17.64% (95% Cl, 0.1536-0.2019). The total standardized
incidence ratio of MPCs in patients with MCC compared with the general population in different places from where
these studies were extracted was about 1.10 to 2.34. In these studies, MPCs of the digestive system (8.89%-
22.13%), integumentary system (3.28%-50.63%), and hematological system (5.07%-29.17%) accounted for a large
proportion. The prevalence of MPCs in patients with MCC was high. MCC has a strong connection with MPCs. Organs
of the digestive system and integumentary systems were prone to second tumors after MCC. Particular attention
should be paid to patients with MCC, which might cause MPCs, in clinics.
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Introduction Besides, it has a high incidence in different
regions, like Australia and Europe [6-10]. Lip
cancer and lymphoid leukemia in Queensland,

Australia in patients with MCC showed a high

Merkel cell carcinoma (MCC) is not only a rare
kind of neuroendocrine carcinoma, but also a

highly malignant carcinoma of the skin. It was
first reported in 1972 [1]. MCC is more common
among elderly people [2]. The approximate inci-
dence of MCC in France was 0.57 to 0.74 per
100,000 persons from 2006 to 2010 [3]. By
2011, the incidence of MCC was about 0.79
per 100,000 years in the United States. How-
ever, Queensland, Australia had an even higher
incidence of MCC: 1.6 per 100,000 persons in
2000, for example [4, 5]. Although MCC is rare,
according to recent records, it is always fol-
lowed by multiple primary carcinomas (MPCs).

correlation (standardized incidence ratio (SIR)
>8) [9]. In addition, 27 patients with MCC in one
hospital comprised 19 patients (70%) with
MPCs after MCC [11]. The incidence of MCC
increased steadily in the last few decades and
so was that of MPCs. In 1975, 4,805 (7.2%)
cases of MPCs from the International Agency
for Research on Cancer (IARC)/International
Association of Cancer Registries (IACR) data-
base, and 5,222 (7.8%) MPC cases among
62,136 cases of first primary MCCs from the
Surveillance, Epidemiology, and End Results
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Identified by search of 6 databases
(Medline n=231, Web of Science n=43, EMBASE n=35,
Cochrane n= 13, Ovid n= 107, Science Direct n=75)
(n=504)

Figure 1. Literature search
and selection.

cer cells [17]. Immunother-
apy and its related mecha-
nisms are a current area of
research.

v

481 non relevant or repeat studies excluded

Methods

Screened on basis of title and abstract
(n=23)

Search strategy and selec-
tion criteria

v

2 reviews
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11 studies excluded

9 case reports

Medline, Web of Science,
EMBASE, Cochrane, Ovid,
and Science Direct data-
bases were searched. All

Full-text articles assessed for eligibility
(n=12)

literature was searched
until June 2018 for spatial
distributions of MPCs and

A

One excluded
The full text does not exist

MCC in the world. For the
research, “Merkel Cell Car-

cinoma” or “MCC” were us-

Articles included (n=11)

ed. The second group of

6 studies excluded
Presented same or old data search words were “multi-
o] Insufficient data plicity carcinomas”, “multi-
Search limitation ple primary Cancers”, “sec-
v Research for only one kind of second ond cancers”, “second tu-
Independent studies included in malignancies mors”, “second neoplasm”,
(Meta-analysis) “second carcinomas” or
(n=5) “second malignancies” An-

(SEER) database were reported in the world.
Meanwhile, in 2011, there were 16.7% and
19.7% of MPCs among all carcinomas [12, 13].

It is generally believed that Merkel cell poly-
oma-virus (MCPyV) is the cause of MCC, and
ultraviolet ray exposure may be involved in
virus-mediated and non-viral carcinogenic pro-
cesses by promoting immunosuppression or
DNA damage [14]. Surgery, chemotherapy, ra-
diotherapy, and recently emerging immunother-
apy are the main treatments for MCC. For ex-
ample, avelumab (an anti-programmed death-
ligand 1 drug) was approved by the United
States Food and Drug Administration in 2017
as a drug for the treatment of advanced MCC
[15, 16]. The mechanism of MPCs caused by
MCC is not clear. The secondary diseases might
be caused by chemotherapy, radiotherapy, or
immunodepression. Reports have suggested
that several patients with MCC were able to
achieve complete remission on their own, or
they may relapse after a period of remission.
Researchers believe that MCPyV provides an
inherent immune-stimulatory signal to the can-
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other group was “inciden-
ce”, “occurrence”, “risk” or
“prevalence”. All the cohorts were from popula-

tion-based cancer registries.

Articles were required to meet the inclusion cri-
teria: (1) cohort studies or large-scale epidemi-
ological studies, (2) data searched by the
National Cancer Registry of countries or cancer
registries of the SEER, (3) studies of more than
one kind of second malignancy, (4) details of
baseline information for patients and complete
data collection, (5) recent data for epidemio-
logical studies, and (6) definite diagnosis of
MPCs and SIRs between different carcinomas.
When related messages were updated, old
data were replaced with the most recent data
for the same studies. The overall diagram of the
literature search is described in Figure 1.

Quality assessment and data extraction

For the entire study, quality was assessed inde-
pendently by two investigators according to the
inclusion criteria above. One reviewer extracted
data for the study setting and samples (num-
ber, age, sex, carcinoma types, countries, data
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Study Events Total
Howard RA(2015) 122 1306 =}
Tadmor T(2012) 24 335 —+— |
Bzhalava D(2011) 79 756 =3
- |
Youiden DR(2014) 135 787
Koljonen V(2010) 34 172
Fixed effect model 3356 RS
Random effects model —

W

Weight Weight
Proportion 95%-Cl (fixed) (random)

0.09 [0.08:0.11] 323%  214%
007 [0.05:0.10] 65%  17.8%
0.10 [0.08;0.13] 206%  208%

017 [0.15,020] 326%  214%
020 [0.14,027] 80%  185%

0.12 [0.11; 0.13] 100.0% -
0.12 [0.09; 0.17] - 100.0%

Heterogeneity: 12 = 91%, 12 = 0.1684, p < 0.01 ! '

Residual heterogeneity: 2= 17%, p=031005 01 015

02 025

Figure 2. Pooled analysis with summary estimates (random-effects meta-analysis) for the prevalence of multiple

primary carcinomas in patients with Merkel cell carcinoma.

sources, SIRs), while the other reviewer verified
the accuracy.

Statistical analysis

The prevalence rates and their 95% confidence
intervals (Cls) were determined using the ex-
tracted raw data. The I test (ranges from 0% to
100%) was used to quantify the effects of het-
erogeneity, which represented the proportion
of inter-study variability that can be contributed
to heterogeneity. While 1>>50% and P<0.05 in
the forest plot (Figure 2), showed the heteroge-
neity of the data. Thus, it was divded into two
subgroups by study time (all investigated times
were greater than 27 years or not). At the same
time, a random-effects meta-analysis was con-
sidered to estimate the pooled proportions,
and a fixed-effect meta-analysis was selected
for each subgroup. Moreover, SIRs were col-
lected to evaluate the risk of MPCs in MCC. In
this meta-analysis, all statistical analyses were
performed using R software version 3.5.1.

Results

Of the total of 504 articles collected, we scr-
eened 5 papers for the prevalence rate of MP-
Cs, as shown in Figure 1 [6-10]. All studies were
cohort studies. Across 5 cohorts, the total num-
ber of patients ranged from 172 to 1,306. The
results of the meta-analysis showed that the
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prevalence of MPCs in patients with MCC was
especially high. Because 1°=91.4% (P<0.001)
was based on the forest plots, a bias between
the cohorts was found. The cohort studies were
then divided into two subgroups, as shown in
Figure 2. The sample size of the first subgroup
was 2,397, and that of the other was 959. In
the first subgroup, 1°=31.7% (P=0.2311), and in
the second subgroup, 1?=0% (P=0.4155). Thus,
no obvious heterogeneity appeared in the co-
hort studies. Furthermore, P=0.0944 (95% Cl,
0.0833-0.1068) in the first subgroup, and P=
0.1764 (95% Cl, 0.1536-0.2019) in the other
group. A fixed-effect model of meta-analysis
was used for each subgroup.

SIRs in the cohort studies ranged from 1.10 to
2.34 for total samples or sample of sex [6-10].
Five studies were extracted from the United
States, Israel, Denmark, Norway, Sweden, Aus-
tralia, and Finland. Older patients had a higher
risk of MPCs in the study, especially among
those older than 60 years. Skin carcinomas
were one kind of high-occurrence disease after
MCC (3.28%-50.63%), as well as hematological
malignancies (5.07%-29.17%), carcinomas of
digestive organs (8.89%-22.13%), carcinomas
of the genital tract (16.40%), and other malig-
nancies, like lung cancer (6.33%-15.57%), pro-
state carcinoma (3.80%-11.11%), or breast
cancer (5.74%-11.76%). All data are listed in
Tables 1-3.
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Table 1. Characteristics of patients among the included studies

) No. of first .
o Diagnosed ) All carcinomas
Publication ) Study  Data diagnosed No. of
Study Population
Year type  source . Cancer MPCs
Age (%) or Median SIR (95% Cl)
(MCC)
Howard RA 2015 US (1986-2002) Cohort  SEER <60 72(13.2) 1306 122 1.22 (1.01-1.45)
Studies 60-69 246 (18.8)
70+ 888 (68.0)
Tadmor T 2012 Israeli (1989-2010)  Cohort  INCR 72 8(35.2-86.4) 335 24 Male 1.15 (053-1.78)
Studies Female 1.10 (0.45-1.76)
Bzhalava D 2011 Denmark (1980-2007) Cohort  Cancer <60 45 (5.95) 756 79 1.4 (1.1-1.72)
Norway (1990-2007) ~Studies registries  g0.74 181 (23.94)
Sweden (1990-2007) 75+  30(70.11)
Youlden DR 2014 Australia (1982-2010)  Cohort QCR 75 (29-104) 787 135 2.19 (1.84-2.60)
Studies
Koljonen V 2010 Finland (1979-2006)  Cohort FCR <60  18(10.47) 172 34 2.34(1.62-3.27)
Studies 60-74 50 (29.1)

75+ 104 (60.5)

SIR: standardized incidence ratio; SEER: cancer registries of the Surveillance, Epidemiology, and End Results; NCR: Israeli National Cancer Registry; QCR: Queensland
Cancer Registry; FCR: Finnish Cancer Registry.

Table 2. Numbers of patients with multiple primary carcinomas after the diagnoses of MCC and types
of carcinoma

Digestive Femlale Malle . . S.kin,

Study organs Lung Breast genital genital Prostate  Bladder Kidney Brain malignant
tract tract melanoma

Howard RA 27 (22.13%) 19 (15.57%) 7 (5.74%) 6 (4.92%) 14 (11.48%) - 7 (5.74%) 3(2.46%) 3(2.46%) 4 (3.28%)

Tadmor T

BzhalavaD 9 (11.39%) 5(6.33%) 6 (7.59%) - - 3(3.80%) 3(3.80%) 1(1.27%) 1(1.27%) 40 (50.63%)

Youlden DR 12 (8.89%) 13(9.63%) 9 (6.67%) - - 15 (11.11%) - 5 (3.70%) - 29 (21.48%)

KoljonenV 7 (20.59%) - 4 (11.76%) - - - - - - 11 (32.35%)

Table 3. Numbers of patients with multiple primary carcinomas after the diagnoses of MCC and types
of carcinoma

Study Non-Hodgkin Multiple CLL ALL Hairy ce!l Other Total
lymphoma myeloma leukaemia cancers

Howard RA 10 (8.20%) 1(0.82%) 3 (2.46%) - - 18 (14.75%) 122 (100%)

Tadmor T 7 (29.17%) 17 (70.83%) 24 (100%)

Bzhalava D 1(1.27%) - 3 (3.80%) - 7 (8.86%) 79 (100%)

Youlden DR 5 (3.7%) - - - - 47 (34.81%) 135 (100%)

Koljonen V 2 (5.88%) - 2 (5.88%) - - 8(23.53%) 34 (100%)

CLL: Chronic lymphocytic leukemia; ALL: Acute lymphoblastic leukemia.

Conclusions this study, and this might be linked to their
immune systems. The United States, Israel, De-

This mlght be the first meta-anaIySiS to describe nmark’ Norway’ Sweden' Austra”a’ and Finland

the prevalence of MPCs in patients with MCC. comprised the main population with these dis-

In this study, MCC and MPCs were strongly eases, which may be related to their lifestyle,

associated and that MCC can increase the risk geographical conditions or genes.

of MPCs. The included studies showed that the

prevalence of MPCs was increasing rapidly in There was a related report of carcinomas of the

recent times for unknown reasons. Older pa- salivary gland (SIR, 11.55) and biliary sites ot-

tients were at high risk of developing MPCs in her than the liver and gallbladder (SIR, 7.24) in
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1,306 patients with first primary MCC [18].
These tumors were analyzed for association
with the digestive system and this system was
determined to be at high risk of harboring sec-
ond primary cancers in countries. Additionally,
the risk of developing carcinomas in other sys-
tems were not the same. Hematological malig-
nancies, carcinomas of the urinary system, and
other cancers like skin malignancies, lung can-
cers, and female breast cancers also had high
levels of risk.

The use of population-based data is appropri-
ate for assessing the relative risk of being diag-
nosed with a second primary cancer. While the
research for MCC and MPCs were likely to be
published as case reports, the overall inci-
dence of populations in different regions was
difficult to determine [19-21]. In contrast, de-
tails can be systematically obtained through
national databases or related institutions, but
few data exist currently. Most reports also origi-
nated from developed countries, and they mi-
ght have some limitations. Through all the in-
vestigations of populations across the world, it
was hypothesized that MCC-associated diseas-
es are related to race, chemotherapy, radio-
therapy, and immunosuppression.

There are several limitations in the study. First,
there has been little research of the relation
between MCC and MPCs. Only several coun-
tries had reported detailed information of the
prevalence of MCC and MPCs, although case
reports originated from many countries. These
studies may have regional limitations in the
global context. Second, the mechanism behind
the studies was not yet clear, and a consider-
able number of theories were hypothetical. Th-
erefore, more research must be conducted to
further substantiate these hypotheses. Last, in
this meta-analysis, all studies together had
great heterogeneity. Heterogeneity might have
been derived from regions or the investigated
time period.

As described above, the results of this analy-
sis showed that MCC can increase the risk of
MPCs, the prevalence of which was high. More
attention should be paid to patients with MCC
who might develop second primary cancers in
clinics. The conclusion of the theories above
still need more multi-center research, large
samples, and prospective research to prove
them.

6583

Acknowledgements

This study was funded by the “Reform of Clinical
Teaching in 2017” Project of Guangdong Pro-
vince (2017JD053), Project of Guangzhou Uni-
versity of Traditional Chinese Medicine, the Fir-
st-Class Discipline Research (A1-AFD018181-
A29).

Disclosure of conflict of interest
None.

Address correspondence to: Daihan Zhou, Depart-
ment of Tumor Center, Guangzhou University of
Traditional Chinese Medicine, No 12 Jichang Road,
Guangzhou 510405, China. E-mail: 13602776166@
139.com

References

[1] Toker C. Trabecular carcinoma of the skin. Arch
Dermatol 1972; 105: 107-110.

[2]  AscoliV, Minelli G, Kanieff M, Frova L and Conti
S. Merkel cell carcinoma: a population-based
study on mortality and the association with
other cancers. Cancer Causes Control 2011;
22:1521-1527.

[3] Fondain M, Dereure O, Uhry Z, Guizard AV,
Woronoff AS, Colonna M, Molinie F, Bara S,
Velten M, Marrer E, Grosclaude P, Lapdtre-
Ledoux B, Tretarre B and Guillot B. Merkel cell
carcinoma in France: a registries-based, com-
prehensive epidemiological survey. J Eur Acad
Dermatol Venereol 2018; [Epub ahead of
print].

[4] Fitzgerald TL, Dennis S, Kachare SD, Vohra NA,
Wong JH and Zervos EE. Dramatic increase in
the incidence and mortality from Merkel cell
carcinoma in the united states. Am Surg 2015;
81: 802-6.

[5] Youlden DR, Soyer HP, Youl PH, Fritschi L and
Baade PD. Incidence and survival for Merkel
cell carcinoma in Queensland, Australia, 1993-
2010. JAMA Dermatol 2014; 150: 864-872.

[6] Howard RA, Dores GM, Curtis RE, Anderson WF
and Travis LB. Merkel cell carcinoma and mul-
tiple primary cancers. Cancer Epidemiol Bio-
markers Prev 2006; 15: 1545-1549.

[7]1 Tadmor T, Liphshitz I, Aviv A, Landgren O, Bar-
chana M and Polliack A. Increased incidence
of chronic lymphocytic leukaemia and lympho-
mas in patients with Merkel cell carcinoma - a
population based study of 335 cases with neu-
roendocrine skin tumour. Br J Haematol 2012;
157: 457-462.

[8] Bzhalava D, Bray F, Storm H and Dillner J. Risk
of second cancers after the diagnosis of

Int J Clin Exp Med 2019;12(6):6579-6584



(9]

[10]

(11]

[12]

[13]

[14]

[15]

Prevalence of MPCs in MCC: a meta-analysis

Merkel cell carcinoma in Scandinavia. Br J
Cancer 2011; 104: 178-180.

Youlden DR, Youl PH, Peter Soyer H, Fritschi L
and Baade PD. Multiple primary cancers asso-
ciated with Merkel cell carcinoma in Queen-
sland, Australia, 1982-2011. J Invest Dermatol
2014; 134: 2883-2889.

Koljonen V, Kukko H, Tukiainen E, Bohling T,
Sankila R, Joensuu H and Pukkala E. Second
cancers following the diagnosis of Merkel cell
carcinoma: a nationwide cohort study. Cancer
Epidemiol 2010; 34: 62-65.

Gass JK, Chan SK, Rytina E, Greenberg DC and
Burrows NP. Multiple primary malignancies in
patients with Merkel cell carcinoma. J Eur Acad
Dermatol Venereol 2010; 24: 601-603.
Reichgelt BA and Visser O. Epidemiology and
survival of Merkel cell carcinoma in the Ne-
therlands. A population-based study of 808
cases in 1993-2007. Eur J Cancer 2011; 47:
579-585.

Weir HK, Johnson CJ, Ward KC and Coleman
MP. The effect of multiple primary rules on
cancer incidence rates and trends. Cancer
Causes Control 2016; 27: 377-390.

Becker JC, Stang A, DeCaprio JA, Cerroni L,
Lebbé C, Veness M and Nghiem P. Merkel cell
carcinoma. Nat Rev Dis Primers 2017; 3:
17077.

Schrama D, Ugurel S and Becker JC. Merkel
cell carcinoma: recent insights and new treat-
ment options. Curr Opin Oncol 2012; 24: 141-
149.

6584

(16]

[17]

(18]

(19]

[20]

Kaufman HL, Russell JS, Hamid O, Bhatia S,
Terheyden P, D’Angelo SP, Shih KC, Lebbé C,
Milella M, Brownell |, Lewis KD, Lorch JH, von
Heydebreck A, Hennessy M and Nghiem P.
Updated efficacy of avelumab in patients with
previously treated metastatic Merkel cell carci-
noma after 21 year of follow-up: JAVELIN Mer-
kel 200, a phase 2 clinical trial. J Immunother
Cancer 2018; 6: 7.

Walsh NM. Complete spontaneous regression
of Merkel cell carcinoma (1986-2016): a 30
year perspective. J Cutan Pathol 2016; 43:
1150-1154.

Howard RA, Dores GM, Curtis RE, Anderson WF
and Travis LB. Merkel cell carcinoma and mul-
tiple primary cancers. Cancer Epidemiol Bio-
markers Prev 2006; 15: 1545-1549.

Wollina U, Hansel G, Zimmermann F, Schonlebe
J and Nowak A. Merkel cell carcinoma of the
lower leg with retroperitoneal GIST: a very rare
association. Wien Klin Wochenschr 2015; 127:
402-405.

Yu KK and Dasanu CA. Rapidly fatal dissemi-
nation of Merkel cell carcinoma in a patient
treated with alemtuzumab for chronic lympho-
cytic leukemia. Conn Med 2016; 80: 353-358.
Shattuck TM, Waugh MS and Jones CK. Coin-
cident Merkel cell carcinoma and B-cell lym-
phoma: a report of two cases evaluated by cy-
tology. Diagn Cytopathol 2014; 42: 819-822.

Int J Clin Exp Med 2019;12(6):6579-6584



