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                  Merkel cell carcinoma is a relatively rare neuroectodermal car-
cinoma that arises from the mechanoreceptor Merkel cells in the 
skin, with an annual incidence rate of approximately four cases per 
million ( 1 ). According to Surveillance, Epidemiology, and End 
Results data, the age-adjusted incidence of Merkel cell carcinoma 
in the United States tripled between 1986 and 2001 ( 1 ). Merkel 
cell carcinoma affects mainly the white population with a median 
age at presentation of approximately 70 years, and it manifests 
more often in men than in women ( 1  –  4 ). It tends to recur locally 
and to give rise to regional nodal and distant metastases. Merkel 
cell carcinoma is usually treated surgically, either with or without 
postoperative radiation therapy. The reported 5-year relative and 
disease-specifi c survival rates are approximately 70% ( 2 , 3 ). 

 Results of several studies suggest that multiple factors contri-
bute to the etiology of Merkel cell carcinoma. For example, expo-
sure to ultraviolet radiation is associated with Merkel cell carcinoma 
( 5  –  7 ). Like Kaposi sarcoma, Merkel cell carcinoma occurs more 
often than expected in immunocompromised individuals, such as 
those diagnosed with chronic lymphocytic leukemia, lymphoma, 
or a human immunodefi ciency virus infection, and among organ 
transplant recipients ( 8  –  11 ). 

 The recent identifi cation of a small novel polyomavirus with a 
genome consisting of double-stranded DNA, provisionally named 
Merkel cell polyomavirus (MCPyV), in Merkel cell carcinoma 
tumor tissue suggested a role for this virus in the pathogenesis of 

the disease ( 12 ). MCPyV DNA was found to be clonally integrated 
in the genomes of Merkel cell carcinoma tumors, suggesting that 
viral infection may be an early event in Merkel cell carcinoma 
pathogenesis ( 12 ). In fi ve recent studies ( 12  –  16 ), MCPyV DNA 
was found in 24% – 89% of the Merkel cell carcinomas examined. 
One study suggested that the prevalence of MCPyV DNA in 
Merkel cell carcinomas may vary in different populations ( 16 ). 
However, little is known about whether the frequency with which 
MCPyV DNA is detectable in Merkel cell carcinomas varies with 
the age or sex of the patient, the size or histological subtype of 
carcinoma, or the time period during which the cancer was 
detected. To our knowledge, it is also not known whether integra-
tion of MCPyV DNA into the tumor genome is associated with 
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   Background   Merkel cell carcinoma is a rare malignancy of the skin. Integration of Merkel cell polyomavirus (MCPyV) 
DNA to the tumor genome is frequent in these cancers. The clinical consequences of MCPyV infection are 
unknown.  

   Methods   We analyzed formalin-fixed paraffin-embedded Merkel cell carcinoma tissue samples from 114 of 207 
patients diagnosed with Merkel cell carcinoma in Finland from 1979 to 2004 for the presence of MCPyV 
DNA with the use of polymerase chain reaction (PCR), quantitative PCR, and DNA sequencing and exam-
ined associations between tumor MCPyV DNA status and histopathologic factors and survival. The median 
follow-up time after Merkel cell carcinoma diagnosis for subjects who were alive was 9.9 years (range = 
4.9 – 21.9 years). All  P  values are two-sided.  

   Results   MCPyV DNA was present in 91 carcinomas (79.8%). Compared with MCPyV DNA – negative cancers, 
MCPyV DNA – positive cancers were more often located in a limb (40.7% vs 8.7%,  P  = .015) and less fre-
quent in patients who had regional nodal metastases at diagnosis (6.6% vs 21.7%,  P  = .043). Patients with 
MCPyV DNA – positive tumors had better overall survival than those with MCPyV DNA – negative tumors 
(5-year survival: 45.0% vs 13.0%, respectively;  P  < .001, two-sided log-rank test).  

   Conclusions   MCPyV infection is associated with clinical outcomes in patients with Merkel cell carcinoma. These find-
ings lend support to the hypothesis that viral infection is frequently associated with the pathogenesis of 
Merkel cell carcinoma.  
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the prognosis of subjects who are diagnosed with Merkel cell 
carcinoma. 

 In this study, we investigated the clinical features of MCPyV 
DNA – positive Merkel cell carcinomas that were diagnosed in a 
population-based series of individuals. To our knowledge, this is 
the fi rst study to examine the clinical course of this disease accord-
ing to tumor MCPyV DNA status. 

  Subjects and Methods 
  Subjects 

 Individuals who were diagnosed with Merkel cell carcinoma in 
Finland from January 1, 1979, to October 24, 2004, were identified 
from the files of the Finnish Cancer Registry. The Finnish Cancer 
Registry was founded in 1952 and has coverage of more than 90% 
of all malignancies diagnosed in Finland ( 17 ). In addition, we 
searched the files of the largest hospital of Finland, the Helsinki 
University Central Hospital, to identify patients who had been 
diagnosed with Merkel cell carcinoma during this time but were 
not included in the registry. These efforts identified 207 individu-
als who had been diagnosed with Merkel cell carcinoma. 

 We excluded 93 (44.9%) of the 207 subjects from this study for 
the following reasons: 37 subjects had no formalin-fi xed paraffi n-
embedded archival tumor tissue available for review; 13 subjects 
were found not to have Merkel cell carcinoma upon histopatho-
logic review of the diagnosis by a pathologist with a special interest 
in Merkel cell carcinoma pathology (T. Böhling); for eight sub-
jects, the site of the primary tumor was not known; for 16 subjects, 
clinical information was not available; for 17 subjects, DNA of 
adequate quality could not be obtained from the archival tumor 
tissue; and for two subjects, the quantitative polymerase chain 
reaction (PCR) assay we used to detect MCPyV DNA was not 
informative. The remaining 114 subjects with confi rmed Merkel 
cell carcinoma and with adequate tumor tissue DNA and clinical 
information available were included in this study ( Figure 1 ).     

 For histopathologic confi rmation of the diagnosis, we required 
that the tumor morphology was consistent with Merkel cell carci-
noma on hematoxylin – eosin-stained tissue sections and that tumor 
sections were positive by immunostaining for cytokeratin 20 
(Merkel cell carcinomas usually have paranuclear intermediate 
fi laments that are immunopositive for cytokeratin 20) or, when 
cytokeratin 20 was not expressed (three cancers), positive by 
immunostaining for both synaptophysin and chromogranin A 
[markers of neuroendocrine differentiation ( 18 )]. Negative immu-
nostaining for thyroid transcription factor 1 was also required to 
exclude metastatic small cell lung carcinoma (another type of neu-
roendocrine tumor) from the differential diagnosis. Tumor histol-
ogy was classifi ed according to World Health Organization criteria 
( 18 ) and as described elsewhere ( 19  –  21 ). Tumors with mixed mor-
phology that contained regions of the trabecular subtype were 
included in the trabecular subtype in statistical analyses; tumors 
with both small cell and intermediate cell morphology were classi-
fi ed as tumors with intermediate cell morphology. 

 Clinical data were extracted from hospital case records and 
records of the primary care centers. Data on the date and cause of 
death were also obtained from the Finnish Cancer Registry and the 
Register Offi ce of Helsinki. The longest diameter of the tumor was 

measured from the hematoxylin – eosin-stained slides whenever 
feasible; otherwise, we used the diameter that was reported in the 
case records. All patients were treated with surgical excision of the 
primary tumor. Eighteen patients received postoperative radiation 
therapy; none received systemic adjuvant chemotherapy. In addi-
tion, as control samples, we obtained 22 formalin-fi xed paraffi n-
embedded tissue samples from the archives of the Department of 
Pathology (Helsinki University Central Hospital) comprising glio-
blastoma (n = 8), skin melanoma (n = 7), or histologically normal 
tissue (n = 7; one each of skin, stomach, colon, skeletal muscle, and 
lymph node, and two bone marrow samples); samples within each 
category were selected at random. 

  CONTEXT AND CAVEATS 

  Prior knowledge 

 Merkel cell carcinoma is a rare malignancy of the skin in which 
Merkel cell polyomavirus (MCPyV) DNA is frequently found to be 
integrated into the tumor genome.  

  Study design 

 Histopathologic and molecular biological analyses of tumor tissue 
and DNA from Finnish patients who were diagnosed with Merkel 
cell carcinoma.  

  Contribution 

 MCPyV DNA – positive Merkel cell cancers tended to be located in a 
limb, have less frequent nodal metastases at the time of the diagno-
sis, and were associated with better Merkel cell carcinoma – specific 
and overall survival compared with MCPyV DNA – negative cancers.  

  Implications 

 MCPyV may have a role in the molecular pathogenesis of many 
Merkel cell carcinomas.  

  Limitations 

 Approximately 45% of the identified Merkel cell carcinoma patients 
were excluded from the analysis for various reasons, which might 
have resulted in selection bias. 

 From the Editors   
   

 

207 subjects diagnosed with Merkel cell carcinoma
(MCC) in Finland, 1979–2004

Excluded

Excluded

Tumor tissue not available
(n = 37)

Diagnosis not confirmed
(n = 13)
Primary tumor site
unknown (n = 8)
Clinical data not available
(n = 16)

 Merkel cell polyomavirus DNA
absent, n = 23
–21 overall survival events
–7 deaths from MCC–18 deaths from MCC

–66 overall survival events

Quantitative PCR not
informative (n = 2)

Insufficient amount or
quality of extracted
tumor DNA (n = 17)

Merkel cell polyomavirus DNA
present, n = 91

 
  Figure 1  .    Subjects included in this study. PCR = polymerase chain 
reaction.     
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 This study was approved by the ethics committee of the 
Department of Surgery of the Helsinki University Central 
Hospital. The Ministry of Social Affairs and Health in Finland 
granted permission for us to collect tumor tissue for this study.  

  MCPyV DNA Detection 

 Five tissue sections (10  µ m thick) cut from each tumor were depar-
affinized in xylene, rehydrated in an ethanol series, and subjected 
to DNA extraction with the use of a QIAamp DNA Mini kit 
(QIAGEN GmbH, Hilden, Germany) according to the manufac-
turer ’ s instructions. The resulting genomic DNA (50 ng) was 
amplified for intron 2 of the protein tyrosine phosphatase gamma 
receptor gene ( PTPRG ) to ascertain that DNA quality was ade-
quate for MCPyV DNA detection by using a FastStart Taq DNA 
Polymerase dNTPack kit (catalog number 04738381001; Roche 
Diagnostics GmbH, Mannheim, Germany) in a 20- µ L PCR mix-
ture that contained 1× PCR buffer, 2 mmol/L of MgCl 2 , 200 
 µ mol/L of deoxynucleotide 5 ′ -triphosphate solution, 1 U of 
FastStart DNA polymerase, and 0.3  µ mol/L of forward and 
reverse primers (5 ′ -TATGGGAGTGTGGGATGGTT-3 ′  and 
5 ′ -TAA GCTGGGAGGATCGCTTA-3 ′ , respectively). Intron 2 
of  PTPRG  (located on chromosome 3p14.2) is 20   000 bp down-
stream from the 3 ′  end of  PTPRG  intron 1, which has been 
reported to contain one MCPyV DNA genomic integration site in 
Merkel cell carcinoma ( 12 ). The PCR cycling conditions consisted 
of an initial denaturation step at 95°C for 4 minutes, followed by 
50 cycles with denaturation at 95°C for 30 seconds, annealing at 
60°C for 30 seconds, and elongation at 72°C for 45 seconds. The 
final elongation step was performed at 72°C for 7 minutes. 

 MCPyV DNA was next detected by subjecting the tumor 
genomic DNA to standard PCR and quantitative PCR. In the 
standard PCR analyses, we used two sets of primers that were 
designed to amplify the predicted coding regions for the viral large 
T antigen (LT1 primer pair [forward and reverse]: 5 ′ -TAC-
AAGCACACTCCACCAAAGC-3 ′  and 5 ′ -TCCAATTACAG-
CTGGCCTCT-3 ′ , respectively, and LT3 primer pair [forward 
and reverse]: 5 ′ -TTGTCTCGCCAGCATTGTAG-3 ′  and 5 ′ -
ATATAGGGGCCTCGTCAACC-3 ′ , respectively) and one 
primer set for amplifying the viral capsid protein 1 (VP1; VP1 
primer pair [forward and reverse]: 5 ′ -TTTGCCAGCTTACA-
GTGTGG-3 ′  and 5 ′ -TGGATCTAGGCCCTGATTTTT-3 ′ , 
respectively   ) ( 12 ). Each PCR assay included one pair of primers 
and used the cycling conditions described above. The PCR prod-
ucts were resolved by agarose gel electrophoresis and detected 
with ethidium bromide staining. 

 Quantitation of MCPyV DNA was carried out by performing 
real-time PCR with hydrolysis probes (ie, hybridization probes 
labeled with a reporter dye and a quenching dye) in a LightCycler 
480 instrument (Roche Diagnostics GmbH). Genomic DNA (50 ng) 
was amplifi ed in a 20- µ L PCR mixture by using LightCycler 480 
Probes Master reagents (Roche Diagnostics GmbH) and fl uorescein-
labeled locked nucleic acid (LNA) hydrolysis probe 6 (5 ′ -TTC-
CTCTG-3 ′ ) or LNA hydrolysis probe 65 (5 ′ -CTGGAGGA-3 ′ ) from 
a Universal ProbeLibrary Set (Roche Diagnostics GmbH). The 
PCR mixture contained 1× PCR buffer, 100 nmol/L of probe 
(probe 6 for viral DNA detection or probe 65 for  PTPRG  DNA 
detection), and 200 nmol/L of each primer specifi c for the viral 

LT3 coding region (forward: 5 ′ -GCATCTGCACCTTTTC-
TAGACTC-3 ′ ; reverse: 5 ′ -TTTTGCCTTATAGACTTTT-
CCATATCT-3 ′ ) or for  PTPRG  exon 19 sequence as a reference 
DNA (forward: 5 ′ -CTACATTGCCACCCAAGGA-3 ′ ; reverse: 
5 ′ -TCCAGTGTTTTGTTCCCAAAT-3 ′ ). The primers and 
the probes were designed by using the ProbeFinder program at 
Assay Design Center of Universal ProbeLibrary ( www.universal-
probelibrary.com ; Roche Diagnostics GmbH). 

 The cycling conditions consisted of an initial denaturation step 
at 95°C for 10 minutes, followed by 45 cycles with denaturation at 
95°C for 10 seconds, annealing at 60°C for 30 seconds, and elon-
gation at 72°C for 45 seconds. The collected data were analyzed by 
using E-Method software (Roche Diagnostics GmbH), which 
takes into consideration the difference in amplifi cation effi ciency 
between the target gene and the reference gene when quantifying 
their relative DNA sequence copy number ( 22 ). The relative DNA 
sequence copy number for each tissue sample was expressed as a 
ratio of MCPyV DNA to  PTPRG  DNA. An MCPyV DNA to 
 PTPRG  DNA ratio of 0.01 (an arbitrary cutoff value) denotes the 
presence of one MCPyV DNA sequence per 100  PTPRG  DNA 
sequences, a ratio of 0.1 denotes the presence of one MCPyV 
DNA sequence per 10  PTPRG  DNA sequences, and a ratio of 1.0 
denotes the presence of one MCPyV DNA sequence per one 
 PTPRG  DNA sequence. PCR amplifi cation of LT3 was analyzed 
in 88 randomly selected Merkel cell carcinomas in a preliminary 
series of real-time PCR assays; one Merkel cell carcinoma DNA 
sample that contained MCPyV based on DNA sequencing and had 
a crossing point (Cp) value near the median Cp of the series was 
selected as the calibrator sample for further analyses and was sub-
sequently used to construct the standard curve for the target and 
the reference gene ( 22 ). Whenever MCPyV DNA was detected 
(ie, when the MCPyV DNA to  PTPRG  DNA ratio was >0), the 
sample was considered positive. 

 Each PCR product generated using primers designed to detect 
MCPyV DNA was treated with an ExoSAP-IT enzyme mix (prod-
uct number 78201; USB Corporation, Cleveland, OH) according 
to the manufacturer’s protocol and then sequenced by using 
BigDye3 termination chemistry and an ABI 3100 Genetic Analyzer 
(both from Applied Biosystems, Foster City, CA). The sequences 
were compared with the reference sequences of MCPyV isolates 
MCC350 (gb|EU375803.1) and MCC339 (gb|EU375804.1) 
obtained from the National Center for Biotechnology Information 
Entrez Nucleotide database by using LaserGene 7.2 software 
(DNASTAR, Inc., Madison, WI).  

  Statistical Analysis 

 Associations between tumor MCPyV DNA status and the clinical 
variables and tumor histopathologic types were examined by using 
the  �  2  test or Fisher exact test. Distributions of age, tumor size, and 
viral DNA to control DNA ratio between MCPyV DNA – positive 
and MCPyV DNA – negative cancers were compared with the 
Mann – Whitney  U  test. The cumulative survival rates of subjects 
with MCPyV DNA – positive and MCPyV DNA – negative carcino-
mas were estimated by the Kaplan – Meier method and compared 
by using the Mantel – Cox log-rank test. Overall survival was calcu-
lated from the date of diagnosis to the date of death, with censor-
ing of subjects who were alive on August 1, 2008, when data 
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collection for the study was closed. Merkel cell carcinoma – specific 
survival was calculated from the date of diagnosis to the date of 
death due to Merkel cell carcinoma, with censoring of subjects 
who, on the date of data collection closure, were still alive as well 
as of subjects who had died from another cause as determined by 
clinical or autopsy evidence or from an unknown cause. Subjects 
who had died with advanced Merkel cell carcinoma were consid-
ered to have died from Merkel cell carcinoma. Multivariable sur-
vival analysis was done by using a stepwise Cox proportional 
hazards model that used forward covariate entry to the model. 
Deviations from the proportional hazards assumption were assessed 
using qualitative graphical methods, which confirmed the propor-
tional hazards assumption. All  P  values are two-sided, and  P  values 
less than .05 were considered statistically significant.   

  Results 
 A total of 91 (79.8%) of the 114 carcinomas had MCPyV DNA 
as detected by quantitative PCR. In all of these 91 cancers, the 
presence of MCPyV DNA was confirmed by DNA sequencing of 
the quantitative PCR products. The MCPyV DNA to control 
( PTPRG ) DNA ratio among the 91 carcinomas classified as MCPyV 
DNA positive ranged from 0.0003 to 4224, whereas 23 carcinomas 
(20.2%) were entirely negative for MCPyV DNA (the MCPyV 
DNA to control DNA ratio was 0). Three tumors (2.6%) had a very 
small MCPyV DNA to control DNA ratio (ie, >0 but <0.01; range = 
0.0003 – 0.008), six tumors (5.3%) had ratios that ranged from 0.01 
to 0.10, 25 tumors (21.9%) had ratios that ranged from 0.11 to 0.99, 
and 57 tumors (50.0%) had ratios that ranged from 1.0 to 4224. 
Quantitative PCR analysis of all 22 control tissue samples was 
negative for MCPyV DNA, suggesting that presence of viral DNA 
is restricted to Merkel cell carcinomas and that there was no cross-
contamination between the samples. 

 Standard PCR performed with any of the three viral primer 
pairs (ie, LT1, LT3, or VP1) was less sensitive for the detection of 
MCPyV DNA than quantitative PCR with the LT3 primer pair 
(which was designed to amplify a short fragment). The LT3 
primer set detected MCPyV DNA in 54 cancers (49.5%), whereas 
the VP1 and LT1 primer sets detected MCPyV DNA in only 12 
(11.1%) and 32 (29.6%) cancers, respectively ( Table 1 ). The LT1 

and VP1 primer pairs tended to detect MCPyV infection when the 
tumor contained a large amount of MCPyV DNA relative to the 
control DNA (ie, when the median MCPyV DNA to control DNA 
ratio determined by quantitative PCR was >4.9). Regardless of the 
primer pair used for viral DNA amplifi cation, the tumors deemed 
MCPyV DNA positive by standard PCR had a higher MCPyV 
DNA to control DNA ratio in a quantitative PCR analysis than 
those classifi ed as MCPyV DNA negative by standard PCR 
( P  < .001 for all three viral primer pairs; Mann – Whitney  U  test), 
indicating that standard PCR is not sensitive enough for MCPyV 
DNA detection.     

 MCPyV DNA – positive cancers were located in either the 
upper or the lower limb more often than MCPyV DNA – negative 
cancers (40.7% vs 8.7%, respectively;  P  = .015) ( Figure 2 ,  Table 2 ). 
Most of the MCPyV DNA – positive cancers (71%) had intermedi-
ate morphology; the remainder had trabecular or small cell mor-
phology. Only six (6.6%) of the 91 subjects with MCPyV 
DNA – positive cancer had regional nodal metastases at diagnosis 
compared with fi ve (21.7%) of the 23 subjects with MCPyV 
DNA – negative cancer ( P  = .043). There was no statistically signifi -
cant difference between subjects with MCPyV DNA – positive 
tumors and those with MCPyV DNA – negative tumors with regard 
to sex, median age at diagnosis, tumor histological subtype, or the 
primary tumor size.         

 Eight subjects were considered to be immunocompromised 
because they had undergone a kidney transplant (three subjects), 
had chronic lymphocytic leukemia (two subjects), or used corticos-
teroid medication for rheumatoid arthritis (three subjects). MCPyV 
DNA was detected by quantitative PCR in the tumors of fi ve 
(62.5%) of these eight subjects. The rate of viral DNA positivity of 
the cancers that were diagnosed during the 1980s or 1990s (n = 62) 
was similar to that of the cancers that were diagnosed after 1999 
(n = 52; 82.2% vs 76.9%,  P  = .48). 

 The median follow-up time after Merkel cell carcinoma dia-
gnosis for subjects who were alive was 9.9 years (range = 4.9 – 21.9 
years). A total of 87 subjects (76.3%) died during follow-up; of 
those, 25 (28.7%) were considered to have died from Merkel cell 
carcinoma, 45 (51.7%) died from other causes, and for 17 (19.5%) 
subjects the cause of death was not specifi ed or was unknown. 
Subjects with MCPyV DNA – positive cancer had better overall 

 Table 1  .    Influence of the PCR method on the detection rate of MCPyV and the associated hazard for death *   

  PCR primers or method PCR product length (bp)

No. of MCPyV DNA – positive 

tumors/Total no. of 

tumors (%)  †  

Median MCPyV DNA to 

control DNA ratio in 

qPCR (range)  ‡  HR for death (95% CI) §   

  LT1 440 32/108 (29.6) 7.1 (0 – 4224) 0.66 (0.40 to 1.08) 
 LT3 309 54/109 (49.5) 2.0 (0 – 4224) 0.75 (0.49 to 1.16) 
 VP1 352 12/108 (11.1) 4.9 (0 – 4224) 0.65 (0.30 to 1.42) 
 qPCR 74 91/114 (79.8) 1.6 (0.0003 – 4224) 0.39 (0.24 to 0.65)  

  *   PCR = polymerase chain reaction; MCPyV = Merkel cell polyomavirus; qPCR = quantitative PCR; HR = hazard ratio; CI = confidence interval; LT1 = large T anti-
gen region 1; LT3 = large T antigen region 3; VP1 = viral capsid protein 1.  

   †    Analysis was not successful in six cancers using primers for LT1 or VP1 and in five cancers using primers for LT3 for the 114 cancers that were successfully 
analyzed with qPCR.  

   ‡    Among tumors positive for MCPyV DNA by qPCR. The control DNA was a sequence in exon 19 of the protein tyrosine phosphatase gamma receptor gene.  

  §   For MCPyV DNA positive vs MCPyV DNA negative. Calculated using univariate Cox proportional hazards regression analysis, with presence of MCPyV DNA 
as the covariate.   

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/101/13/938/2581328 by guest on 21 August 2022



942   Articles | JNCI Vol. 101, Issue 13  |  July 1, 2009

survival than those with MCPyV DNA – negative cancer (5-year 
survival: 45.0% vs 13.0%,  P  < .001). Subjects with MCPyV DNA –
 positive cancer also had better Merkel cell carcinoma – specifi c 
survival than those with MCPyV DNA – negative cancer (5-year 
survival: 75.9% vs 41.1%;  P  = .022) ( Figure 3 ).     

 Because some cancers contained a small amount of MCPyV 
DNA, in a sensitivity analysis, we repeated the survival analysis by 
using MCPyV DNA to control DNA ratios that were greater than 
0 as cutoff values for tumor MCPyV DNA positivity. When we 
used an MCPyV DNA to control DNA ratio of 0.01 as the cutoff 
for MCPyV DNA positivity instead of the presence of any MCPyV 
DNA in the sample, subjects with MCPyV DNA – positive cancer 
(n = 88) had better overall survival than those with MCPyV 
DNA – negative cancer (n = 26; 5-year survival: 45% vs 15%, 
 P  = .001). However, there was no statistically signifi cant difference 
between these groups in terms of Merkel cell cancer – specifi c sur-
vival ( P  = .09). When we used an MCPyV DNA to control DNA 
ratio of 0.1 as the cutoff, subjects with MCPyV DNA – positive 
cancer (n = 82) had better overall survival and Merkel cell cancer –
 specifi c survival than those with MCPyV DNA – negative cancer 
( P  < .001 and  P  = .029, respectively). There were no statistically 
signifi cant differences in the distributions of sex, median age at 
diagnosis, or survival between the 37 patients who were excluded 
from the study because of lack of tumor tissue for testing and the 
subjects who were included in the study. 

 To examine whether the presence of MCPyV DNA in the 
tumors was independently associated with survival, we entered this 
parameter as a covariable into a Cox multivariable proportional 
hazards model together with the two factors that were most 
strongly associated with outcome in the univariate survival analyses, 

that is, presence of regional lymph node metastases and sex (four 
patients with distant metastases at the time of the diagnosis were 
excluded from this analysis, leaving 110 patients with 83 survival 
events). The presence of regional nodal metastases (hazard ratio 
[HR] of death = 3.10, 95% confi dence interval [CI] = 1.54 to 6.24, 
 P  = .002) and male sex (HR of death = 1.67, 95% CI = 1.04 to 2.68, 
 P  = .032) were independently associated with worse overall sur-
vival, whereas the presence of MCPyV DNA in the cancer was 
associated with better overall survival in the multivariable ana-
lysis (HR of death for MCPyV DNA positive vs MCPyV DNA 
negative = 0.42, 95% CI = 0.25 to 0.71,  P  = .001) ( Table 3 ).      

  Discussion 
 We analyzed 114 Merkel cell carcinomas and found that the 
MCPyV DNA – positive cancers tended to be located in a limb, 
have less frequent nodal metastases at the time of the diagnosis, 
and were associated with better Merkel cell carcinoma – specific and 
overall survival compared with MCPyV DNA – negative cancers. 
Importantly, we observed differences in Merkel cell carcinoma –
 specific and overall survival between the MCPyV DNA – positive 
and MCPyV DNA – negative groups in a cohort that had a median 
age at diagnosis of 78 years, even though such differences can be 
challenging to detect in an elderly study population that is likely to 
have a large number of competing causes of death. 

 MCPyV is one of fi ve human polyomaviruses that have been 
identifi ed thus far (the others are BK virus, JC virus, WU virus, 
and KI virus) ( 13 ). Although viral genomes of JC virus and BK 
virus have been detected in many human cancers, neither virus has 
been shown to be causally associated with human malignant 

    Figure 2  .    Tumor sites and presence of Merkel cell 
polyomavirus DNA in tumor.  Filled circle  = viral DNA 
positive;  open circle  = viral DNA negative.     D
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tumors. However, several lines of evidence suggest that MCPyV 
infection is causally related to Merkel cell carcinogenesis. The 
MCPyV genome is frequently and clonally integrated in Merkel 
cell carcinoma, and there is evidence that MCPyV infection and 
integration may occur before clonal expansion of tumor cells ( 12 ). 
In addition, viral sequences derived from Merkel cell carcinoma 
tumor genomic DNA have been shown to harbor mutations that 
prematurely truncate the MCPyV large T antigen helicase, which 
eliminates viral DNA replication capacity and might enhance inte-
gration of the viral DNA into the host cell genome ( 23 ). In this 
study, we identifi ed clinical factors associated with the presence of 
MCPyV DNA, lending support to the hypothesis that MCPyV has 
a role in the pathogenesis of Merkel cell carcinoma. The molecular 
mechanisms for how MCPyV might contribute to pathogenesis of 
Merkel cell carcinoma remain speculative, and it is not known 
when or how MCPyV infection occurs. Of note, we found that 
Merkel cell carcinomas located on the limbs contained MCPyV 
DNA statistically signifi cantly more often than tumors located on 
the trunk. This fi nding suggests that MCPyV might be transmit-
ted by physical contact. 

 We detected MCPyV DNA in 79.8% of the tumors in this 
study, which is slightly higher than the proportion of MCPyV 
DNA – positive tumors in fi ve earlier studies combined, in which 
107 (72.3%) of 148 tumors were MCPyV DNA positive ( 12  –  16 ). 
We found that the LT3 primer set detected MCPyV more effi -
ciently than the LT1 or VP1 sets, as have other investigators 
( 13 , 14 ), possibly because the LT3 primer set generates a shorter 
DNA fragment than the other two primer sets ( Table 1 ). However, 
not all strains of MCPyV may be detectable with any one of these 

primer sets. We found that quantitative PCR, which included the 
use of fl uorescein-labeled probes and had a short amplicon length, 
was the most sensitive method for detecting MCPyV DNA in this 
study, in which we used archival paraffi n-embedded tissue, which 
likely contained substantially fragmented DNA, as the starting 
material. 

 Although we detected MCPyV DNA in a large proportion of 
Merkel cell carcinomas, the proportion of MCPyV DNA – positive 
tumors might vary among populations, and the demographic fea-
tures of individuals diagnosed with Merkel cell carcinoma may also 
differ by country. For example, one study ( 16 ) found that 11 (69%) 
of 16 Merkel cell carcinoma specimens from North American 
patients were positive for MCPyV DNA vs only fi ve (24%) of 21 
Merkel cell carcinoma specimens from Australian patients. In gen-
eral, Merkel cell carcinoma is more common in men than in 
women ( 1 , 3 ). However, the majority of the subjects in this series 
were female. The large proportion of female patients in this series 
may be due, in part, to the sharp increase in Merkel cell carcinoma 
incidence after age 70 years ( 2 ) and the fact that the life span of 
men in Finland is approximately 7 years shorter than that of 
women ( http://www.who.int/whosis/mort/profi les/mort_euro_fi n_ 
 fi nland.pdf ). 

 A limitation of this study is possible selection bias. Although we 
based our analysis on a nationwide population-based series, we had 
to exclude approximately 45% of the subjects identifi ed for various 
reasons, including one erroneous diagnosis, which might have 
resulted in a bias. The most common reason for patient exclusion 
from the study was the unavailability of tumor tissue for testing. 
However, the median age at diagnosis, distribution of sex, and 

 Table 2  .    Subject and tumor characteristics according to tumor MCPyV DNA status *   

  Characteristic

Tumor MCPyV DNA status  

 P   Negative (n = 23) Positive (n = 91)  

  Sex, No. (%)   .109  †   
     Male 13 (56.5) 67 (73.6)  
     Female 10 (43.5) 24 (26.4)  
 Median age at diagnosis (range), y 79.0 (40 – 90) 78.0 (35 – 100) .878  ‡   
 Primary tumor site, No. (%)   .015  †   
     Head or neck 16 (69.6) 42 (46.2)  
     Trunk 5 (21.7) 12 (13.2)  
     Limb 2 (8.7) 37 (40.7)  
 Tumor morphology, No. (%)   .327  †   
     Intermediate 14 (60.9) 65 (71.4)  
     Trabecular or small cell 9 (39.1) 26 (28.6)  
 Median diameter of primary tumor (range), mm 18 (6 – 40) 16 (3 – 85) .438  ‡   
 Regional nodal metastases at diagnosis, No. (%)   .043 §  
     No 18 (78.3) 85 (93.4)  
     Yes 5 (21.7) 6 (6.6)  
 Distant metastases at diagnosis, No. (%)   >.999 §  
     No 22 (95.7) 88 (96.7)  
     Yes 1 (4.3) 3 (3.3)  
 Any metastases at diagnosis, No. (%)   .154 §  
     No 18 (78.3) 82 (90.1)  
     Yes 5 (21.7) 9 (9.9)   

  *   MCPyV = Merkel cell polyomavirus.  

   †    Two-sided  �  2  test.  

   ‡    Two-sided Mann – Whitney  U  test.  

  §   Two-sided Fisher exact test.   
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  Figure 3  .    Kaplan – Meier analysis of survival among patients whose 
tumors contained (+) or lacked ( � ) Merkel cell polyomavirus (MCPyV) 
DNA.  A ) Merkel cell carcinoma (MCC) – specifi c survival.  B ) Overall sur-
vival. Subjects whose tumor contained MCPyV DNA had better MCC-
specifi c survival (hazard ratio [HR] of death = 0.037, 95% confi dence 
interval [CI] = 0.15 to 0.89,  P  = .022) and overall survival (HR of death = 
0.39, 95% CI = 0.24 to 0.65,  P  < .001) than those whose tumor lacked 
MCPyV DNA. The  P  values are two-sided (log-rank test). Five- and 
10-year survival data are shown.  Error bars  correspond to 95% CIs.     

survival of the excluded patients did not differ statistically signifi -
cantly from those of the subjects included in the study, which sug-
gests that exclusion of these patients did not create a major bias. 

 We conclude that MCPyV DNA is frequently present at 
detectable levels in Merkel cell carcinomas and that MCPyV infec-
tion is associated with clinical factors. These fi ndings are compat-
ible with a potential role of MCPyV in the molecular pathogenesis 
of many Merkel cell carcinomas. Confi rmation of MCPyV as a 
contributing factor to the pathogenesis of Merkel cell carcinoma 
might provide novel options for future therapeutic strategies.  

 Table 3  .    Multivariable Cox proportional hazards analysis of overall 
survival *   

  Covariate  �  (SE) HR of death (95% CI)  P   

  Nodal metastases 
     Present vs absent 1.13 (0.358) 3.10 (1.54 to 6.24) .002 
 Sex 
     Male vs female 0.52 (0.241) 1.67 (1.04 to 2.68) .032 
 Tumor positive for 
MCPyV DNA 
     Yes vs no  � 0.87 (0.266) 0.42 (0.25 to 0.71) .001  

  *   Four patients with distant metastases at the time of the diagnosis were not 
included in the analysis.  �  = regression coefficient of hazard function; 
HR = hazard ratio; CI = confidence interval; MCPyV = Merkel cell polyomavirus.   

     References 
   1.      Hodgson     NC    .   Merkel cell carcinoma: changing incidence trends  .   J Surg 

Oncol .      2005  ;  89  (  1  ):  1   –   4    . 
   2.      Agelli     M   ,    Clegg     LX    .   Epidemiology of primary Merkel cell carcinoma in 

the United States  .   J Am Acad Dermatol .      2003  ;  49  (  5  ):  832   –   841    . 
   3.      Allen     PJ   ,    Bowne     WB   ,    Jaques     DP   ,    Brennan     MF   ,    Busam     K   ,    Coit     DG    . 

  Merkel cell carcinoma: prognosis and treatment of patients from a single 
institution  .   J Clin Oncol .      2005  ;  23  (  10  ):  2300   –   2309    . 

   4.      Andea     AA   ,    Coit     DG   ,    Amin     B   ,    Busam     KJ    .   Merkel cell carcinoma: histo-
logic features and prognosis  .   Cancer .      2008  ;  113  (  9  ):  2549   –   2558    . 

   5.      Miller     RW   ,    Rabkin     CS    .   Merkel cell carcinoma and melanoma: etiological 
similarities and differences  .   Cancer Epidemiol Biomarkers Prev .      1999  ;
  8  (  2  ):  153   –   158    . 

   6.      Lunder     EJ   ,    Stern     RS    .   Merkel-cell carcinomas in patients treated with 
methoxsalen and ultraviolet A radiation  .   N Engl J Med .      1998  ;  339  (  17  ):  
1247   –   1248    . 

   7.      Popp     S   ,    Waltering     S   ,    Herbst     C   ,    Moll     I   ,    Boukamp     P    .   UV-B-type muta-
tions and chromosomal imbalances indicate common pathways for the 
development of Merkel and skin squamous cell carcinomas  .   Int J Cancer .    
  2002  ;  99  (  3  ):  352   –   360    . 

   8.      Engels     EA   ,    Frisch     M   ,    Goedert     JJ   ,    Biggar     RJ   ,    Miller     RW    .   Merkel cell 
carcinoma and HIV infection  .   Lancet .      2002  ;  359  (  9305  ):  497   –   498    . 

   9.      Penn     I   ,    First     MR    .   Merkel’s cell carcinoma in organ recipients: report of 
41 cases  .   Transplantation .      1999  ;  68  (  11  ):  1717   –   1721    . 

   10.      Buell     JF   ,    Trofe     J   ,    Hanaway     MJ  , et al    .   Immunosuppression and Merkel cell 
cancer  .   Transplant Proc.   2002  ;  34  (  5  ):  1780   –   1781       . 

   11.      Bordea     C   ,    Wojnarowska     F   ,    Millard     PR   ,    Doll     H   ,    Welsh     K   ,    Morris     PJ    .   Skin 
cancers in renal-transplant recipients occur more frequently than previ-
ously recognized in a temperate climate  .   Transplantation .      2004  ;  77  (  4  ):
  574   –   579    . 

   12.      Feng     H   ,    Shuda     M   ,    Chang     Y   ,    Moore     PS    .   Clonal integration of a polyo mavirus 
in human Merkel cell carcinoma  .   Science .      2008  ;  319  (  5866  ):  1096   –   1100    . 

   13.      Kassem     A   ,    Schöpfl in     A   ,    Diaz     C  , et al    .   Frequent detection of Merkel 
cell polyomavirus in human Merkel cell carcinomas and identifi cation of 
a unique deletion in the VP1 gene  .   Cancer Res.   2008  ;  68  (  13  ):  5009   –   5013    . 

   14.      Foulongne     V   ,    Kluger     N   ,    Dereure     O   ,    Brieu     N   ,    Guillot     B   ,    Segondy     M    . 
  Merkel cell polyomavirus and Merkel cell carcinoma, France  .   Emerg Infect 
Dis .      2008  ;  14  (  9  ):  1491   –   1493    . 

   15.      Becker     JC   ,    Houben     R   ,    Ugurel     S   ,    Trefzer     U   ,    Pföhler     C   ,    Schrama     D    .   MC 
polyomavirus is frequently present in Merkel cell carcinoma of European 
patients  .   J Invest Dermatol .      2009  ;  129  (  1  ):  248   –   250    . 

   16.      Garneski     KM   ,    Warcola     AH   ,    Feng     Q   ,    Kiviat     NB   ,    Leonard     JH   ,    Nghiem     P    . 
  Merkel cell polyomavirus is more frequently present in North American 
than Australian Merkel cell carcinoma tumors  .   J Invest Dermatol .    
  2009  ;  129  (  1  ):  246   –   248    . 

   17.      Teppo     L   ,    Pukkala     E   ,    Saxén     E    .   Multiple cancer — an epidemiologic exercise 
in Finland  .   J Natl Cancer Inst .      1985  ;  75  (  2  ):  207   –   217    . 

   18.      Kohler     S   ,    Kerl     H    .    Merkel cell carcinoma  . In:     LeBoit     PE   ,    Burg     G   ,    Weedon   
  D   ,    Sarasin     A    , eds.   Pathology and Genetics of Skin Tumours. World Health 
Organization Classifi cation of Tumours .     Lyon, France  :   IARC Press  ; 
  2006  :  272   –   273    . 

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/101/13/938/2581328 by guest on 21 August 2022



jnci.oxfordjournals.org   JNCI | Articles 945

   19.      Gould     VW   ,    Moll     R   ,    Moll     I   ,    Lee     I   ,    Franke     WW    .   Neuroendocrine 
(Merkel) cells of the skin: hyperplasias, dysplasias, and neoplasms  .   Lab 
Invest .      1985  ;  52  (  4  ):  334   –   353    . 

   20.      Haag     ML   ,    Glass     LF   ,    Fenske     NA    .   Merkel cell carcinoma. Diagnosis and 
treatment  .   Dermatol Surg .      1995  ;  21  (  8  ):  669   –   683    . 

   21.      Ratner     D   ,    Nelson     BR   ,    Brown     MD   ,    Johnson     TM    .   Merkel cell carcinoma  . 
  J Am Acad Dermatol .      1993  ;  29  (  2 pt 1  ):  143   –   156    . 

   22.      Sarson     AJ   ,    Parvizi     P   ,    Lepp     D   ,    Quinton     M   ,    Sharif     S    .   Transcriptional analy-
sis of host responses to Marek’s disease virus infection in genetically 
resistant and susceptible chickens  .   Anim Genet.   2008  ;  39  (  3  ):  232   –   240    . 

   23.      Shuda     M   ,    Feng     H   ,    Kwun     HJ  , et al    .   T antigen mutations are a human 
tumor-specifi c signature for Merkel cell polyomavirus  .   Proc Natl Acad Sci 
U S A .      2008  ;  105  (  42  ):  16272   –   16277    .  

  Funding 
  Ida Montin Foundation  (H.S.),  Academy of Finland  (H.J.),  Cancer Society 
of Finland  (H.J.),  Sigrid Juselius Foundation  (H.J.), and  Research Funds of 
Helsinki University Central Hospita l ( TYH-2008221  to H.J.).   

  Notes  
   H. Sihto and H. Kukko contributed equally to this work.  

  The study sponsors had no role in the design of the study; the collection, 
analysis, or interpretation of the data; the decision to submit the article for pub-
lication; or the writing of the article.  

  We thank Mrs Onerva Levälampi for skillful technical help.   
   Manuscript received   November     5  ,   2008    ; revised   April     14  ,   2009    ; accepted 

  April     21  ,   2009  .    

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/101/13/938/2581328 by guest on 21 August 2022


