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Systemic Immune Suppression Predicts Diminished
Merkel Cell Carcinoma–Specific Survival
Independent of Stage
Kelly G. Paulson1,5, Jayasri G. Iyer1,5, Astrid Blom1, E. Margaret Warton2, Monica Sokil2, Lola Yelistratova1,
Louise Schuman3, Kotaro Nagase1,4, Shailender Bhatia1, Maryam M. Asgari2 and Paul Nghiem1
Merkel cell carcinoma (MCC) is an aggressive cutaneous malignancy linked to a contributory virus (Merkel cell
polyomavirus). Multiple epidemiologic studies have established an increased incidence of MCC among persons
with systemic immune suppression. Several forms of immune suppression are associated with increased MCC
incidence, including hematologic malignancies, HIV/AIDS, and immunosuppressive medications for autoimmune
disease or transplant. Indeed, immune-suppressed individuals represent B10% of MCC patients, a significant
overrepresentation relative to the general population. We hypothesized that immune-suppressed patients may
have a poorer MCC-specific prognosis and examined a cohort of 471 patients with a combined follow-up of 1,427
years (median 2.1 years). Immune-suppressed patients (n ¼ 41) demonstrated reduced MCC-specific survival (40%
at 3 years) compared with patients with no known systemic immune suppression (n ¼ 430; 74% MCC-specific
survival at 3 years). By competing risk regression analysis, immune suppression was a stage-independent
predictor of worsened MCC-specific survival (hazard ratio 3.8, Po0.01). Thus, immune-suppressed individuals
have both an increased chance of developing MCC and poorer MCC-specific survival. It may be appropriate to
follow these higher-risk individuals more closely, and, when clinically feasible, there may be a benefit of
diminishing iatrogenic systemic immune suppression.
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INTRODUCTION
Merkel cell carcinoma (MCC) is a neuroendocrine skin cancer
with a prognosis poorer than that of melanoma. In 2008, a
polyomavirus (Merkel cell polyomavirus) was reported to be a
likely causative agent for the majority of MCCs (Feng et al.,
2008); this has subsequently been well established by multiple
international groups (Foulongne et al., 2008; Becker et al.,
2009; Garneski et al., 2009). Most MCC tumors depend on
persistent expression of viral T-antigen oncoproteins, (Shuda
et al., 2009; Houben et al., 2010; Shuda et al., 2011) which
are targets for the cellular (Iyer et al., 2011) and humoral
immune system (Paulson et al., 2010).
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It has been well established that immune suppression is
associated with increased risk of developing MCC. Indeed,
immune-suppressed individuals make up B10% of the MCC
patient population (Heath et al., 2008), and it is this link that
led to the search for, and the eventual discovery of, Merkel
cell polyomavirus (Arora et al., 2012). Multiple forms of
systemic immune suppression have been linked with an
increased incidence of MCC, including chronic lymphocytic
leukemia and other hematologic malignancies (Heath et al.,
2008; Brewer et al., 2012), HIV/AIDS (particularly before the
widespread adoption of effective antiretrovirals) (Engels et al.,
2002), solid organ transplant (Penn and First, 1999), and
autoimmune disease (with associated treatment regimens)
(Hemminki et al., 2012).
Conversely, and consistent with a role for antiviral immune
responses in protecting against MCC progression, CD8 þ and
CD3 þ intratumoral lymphocyte responses have been found
to be associated with improved MCC outcomes (Paulson et al.,
2011; Sihto et al., 2012). In both of these studies, patients with
robust lymphocyte infiltration into the tumor make up a
minority of patients but exhibit outstanding MCC-specific
survival.
One form of systemic immune suppression, chronic lymphocytic leukemia, has recently been associated with reduced
MCC survival in a national cancer registry (Brewer et al.,
2012). However, to our knowledge, the effect of chronic
& 2013 The Society for Investigative Dermatology
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immune suppression more broadly on MCC outcomes has not
been examined. We hypothesized that systemic immune
suppression would be associated with worsened MCCspecific survival in a stage-independent manner.
RESULTS
Frequency and distribution of systemic immune suppression
among MCC patients

Of the 471 patients with MCC from the United States, a total
of 41 (8.7%) had clinically recognized systemic immune
suppression. Immune-suppressed patients were similar to
those without immune suppression in terms of age at diagnosis
and stage of disease at presentation (Table 1), but differed in
terms of gender distribution with immune-suppressed individuals more likely to be male (80% vs. 59%; Po0.01). Multiple
forms of systemic immune suppression were represented
including chronic lymphocytic leukemia (n ¼ 16; 3% of
MCC patient cohort), other hematologic malignancies (n ¼ 5;
1%), HIV/AIDS (n ¼ 5; 1%), and long-term immunosuppressive medication regimens used for autoimmune disease (n ¼ 3;
1%) or solid organ transplant (n ¼ 12; 3%).
Persons with systemic immune suppression and MCC have
diminished overall survival

A combined 1,427 years of follow-up was available for the
471 patients with MCC (median 2.1 years). Patients with MCC
and systemic immune suppression had worsened overall
survival as compared with patients with MCC and no systemic
immune suppression (hazard ratio 2.1; Po0.01). Three-year
overall survival was 33% in the immune-suppressed group
and 59% in the comparison group.

Persons with systemic immune suppression have worsened
MCC-specific survival

We hypothesized that individuals with systemic immune
suppression would have worsened MCC-specific survival as
compared with individuals without systemic immune suppression because of failed immune surveillance of the cancer. We
also reasoned that the groups were likely to have different
rates of non-MCC death. Therefore, to account for possible
differences in the death rate from other causes between the
two groups, we performed competing risk regression analysis
where only deaths from MCC were considered to be events,
and deaths from other causes (including non-MCC deaths
related to the immune suppression process) were considered
to be competing events.
Immune-suppressed individuals (n ¼ 41) had statistically
significantly worsened MCC-specific survival as compared
with individuals without immune suppression (n ¼ 430)
(hazard ratio 3.0; 95% confidence interval 1.8–4.8; Po0.01;
Table 2). Furthermore, this difference was clinically appreciable, with immune-suppressed patients having a 3-year
survival proportion that was approximately half than that of
the nonimmune-suppressed patients (40% vs. 74%; Po0.05
for point comparison; Figure 1).
Our patient population represents a nonoverlapping mixture
of patients enrolled either as individuals (n ¼ 228) or as part of
records review in institutional sets (n ¼ 243). To ensure that
our results were similar between the two categories of
patients, we looked at each subgroup independently and
found that in each case immune suppression was a significant
predictor of worsened outcome (records based enrollment:
hazard ratio 2.5; P ¼ 0.01) (individual enrollment: hazard ratio
4.0; Po0.01).

Table 1. Demographics
Nonimmune
suppressed
(n ¼ 430)
Characteristic

Immune
suppressed
(n ¼ 41)

N

Percent (%)

N

Percent (%)

Local

242

56

23

56

Regional

147

34

15

37

41

10

3

7

Female

177

41

8

20

Male

253

59

33

80

o65 Years

127

30

17

41

X65 Years

303

70

24

59

P-value

Stage at diagnosis

Distant

Table 2. Multivariate competing risk regression
analyses demonstrate immune suppression is an
independent predictor of poor Merkel cell carcinoma–
specific survival
Univariate

0.94 (NS)

Characteristic

Multivariate

HR

95% CI

HR

95% CI

3.41

2.3–5.0

3.51

2.3–5.2

Extent of disease at presentation

Sex
o0.01

Regional (vs. local)
Distant (vs. local)

1

1

6.3

3.6–10.8

7.4

4.2–13.1

0.8

0.6–1.2

0.9

0.6–1.4

1.00

0.98–1.01

1.00

0.99–1.02

3.01

1.8–4.8

3.81

2.2–6.4

Sex

Age at diagnosis
0.16 (NS)

Abbreviation: NS, nonsignificant.
Immune-suppressed and nonimmune-suppressed patient groups were
similar in terms of stage at diagnosis and patient age but differed in their
gender distributions, with immune-suppressed patients being more likely to
be male.
Age quartiles for the 25th, 50th, and 75th percentile were 63, 72, and 79
years for the nonimmune-suppressed group and 58, 67, and 77 years for
the immune-suppressed group, respectively. Comparisons were made using
the Fisher’s exact test. N ¼ 471.

Female (vs. male)
Age at diagnosis
Age (per year older)
Systemic immune suppression
Immunosuppressed (vs. non
immunosuppressed)

Abbreviations: CI, confidence interval; HR, hazard ratio.
Left column: univariate analyses considering each listed variable. Right
column: multivariate analysis including all listed variables.
1
Indicates Po0.05. N ¼ 471.
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N =471
MCC-specific survival (%)

P<0.01
75
Not immune suppressed (n =430)

50
Immune suppressed (n=41)
25

0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time from diagnosis (years)
1 year

3 years

5 years

7 years

Not immune
suppressed
(n =430)

# At risk

328

155

82

42

Survival

91%

74%

66%

62%

Immune
suppressed
(n =41)

# At risk

26

10

7

4

Survival

73%

40%

40%

32%

MCC-specific survival (%)

All cases

100

MCC-specific survival (%)

100

100

MCC-specific survival (%)

Immune Suppression and MCC Prognosis

100

75
50

Local
P <0.01
Not immune suppressed
(n =242)
Immune suppressed
(n =23)

25
0
Regional
P <0.01

75
50

Not immune suppressed
(n =147)

25
0

75

Immune suppressed
(n =15)
Distant
P <0.01

50
Not immune suppressed
25 Immune
(n =41)
suppressed (n=3)
0
15
5
10
20
0
Time from diagnosis (years)

Figure 1. Merkel cell carcinoma (MCC) survival and immune suppression. Large graph: individuals with immune suppression (n ¼ 41) had significantly worsened
MCC-specific survival as compared with those without systemic immune suppression (n ¼ 430) on univariate (hazard ratio 3.0; Po0.01) and multivariate (hazard
ratio 3.8; Po0.01) competing risk regression analyses (Table 2). Numbers at risk at 1, 3, 5, and 7 years indicated below. Small graphs: effects of immune
suppression persisted across stage at presentation.

Immune suppression is a stage-independent predictor of
diminished MCC-specific survival

We observed significantly reduced MCC-specific survival
among immune-suppressed patients at all stages of
presentation (Figure 1). To formally test whether immune
suppression represents an independent predictor of MCC
outcome, we performed multivariate competing risk regression analysis accounting for stage at presentation (local–
regional–distant stage), age at diagnosis, and gender in
addition to immune suppression (Table 2). Immune suppression represented a significant independent predictor of worsened MCC-specific survival (hazard ratio 3.8; 95% CI 2.2–
6.4; Po0.01).
We initially performed our analysis using local–regional–
distant stage to minimize the number of variables in the
model. However, we repeated this analysis using the current
American Joint Committee on Cancer 7th Edition staging
(Lemos et al., 2010) instead to determine whether immune
suppression adds information to current consensus staging. Of
the 471 patients, 395 patients had sufficient information to
determine American Joint Committee on Cancer substage at
presentation. Again, immune suppression was a significant
644
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stage-independent predictor of poorer MCC-specific outcome
(hazard ratio 4.2; 95% CI 2.4–7.4; Po0.01; Supplementary
Table S1 online). We performed a third analysis also including
lymphovascular invasion status in the model (data available
for 149 patients); results were similar and remained significant
(hazard ratio 8.9; 95% CI 3.8–21.2; Po0.01).
DISCUSSION
MCC is an aggressive skin cancer. At least 75% of MCC cases
have a viral etiology. It has been well established that multiple
forms of immune suppression (including HIV, hematologic
malignancies, and immunosuppressive medications) are
linked with an increased risk of developing MCC (Quaglino
et al., 1997; Penn and First, 1999; Engels et al., 2002; Heath
et al., 2008; Lanoy et al., 2009; Lanoy and Engels, 2010;
Hemminki et al., 2012; Sihto et al., 2012). However, the effect
of systemic immune suppression on MCC prognosis has not
been well studied.
We find that systemic immune suppression is a stageindependent predictor of worsened survival among patients
with MCC. To account for possible differences in overall health
between immune-suppressed and nonimmune-suppressed
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individuals, we performed the competing risk regression
analysis specifically considering the cause of death. Notably,
3-year MCC-specific survival was nearly twice as good in the
nonimmune-suppressed group, suggesting systemic immune
suppression is of significant clinical importance.
Individuals with systemic immune suppression have been
found to be at an increased risk of developing other skin
cancers, including squamous cell carcinoma (SCC), basal cell
carcinoma, and melanoma. SCC incidence is at least 50-fold
increased among solid organ transplant recipients (Moloney
et al., 2006) and transplant patients with metastatic disease
have a poorer SCC prognosis as compared with immunecompetent patients (Martinez et al., 2003). Furthermore,
melanoma has been associated with poorer outcomes
among immunocompromised populations as compared with
healthy populations (Matin et al., 2008), and this melanomaassociated mortality significantly increases the total mortality
of the immune-suppressed patients (Alam et al., 2011).
Combined with our findings regarding MCC, these data
highlight the importance of carefully following the skin of
immune-suppressed individuals and having a low threshold
for biopsy of suspicious lesions.
Limitations

Our study had several limitations. Many of the patients were
enrolled through referral to tertiary centers, thus suggesting a
source of ascertainment bias. To mitigate this as much as
possible, we limited the inclusion of patients who presented
within 180 days of diagnosis. Given the variable nature of
human disease, we were unable to control for the relative
degree of immune suppression between various immunesuppressed patients. Finally, although MCC is increasing in
incidence it remains an uncommon disease. Although our
study size of 471 is large for MCC, we still did not have a
sufficient number of immune-suppressed patients to determine
the relative impact of each of the various forms of immune
suppression on survival.
Immune suppression is associated with both increased MCC
incidence and worsened MCC outcome. Conversely, strong
intratumoral immune responses are associated with improved
MCC survival (Paulson et al., 2011; Sihto et al., 2012). Given
these associations and the known viral immune targets in
MCC, immune therapy holds significant promise for the future
treatment of MCC. At this time, in the treatment of patients
with immune suppression and MCC, it would appear prudent
to follow these higher-risk patients very closely and also
consider reducing or modifying iatrogenic immune suppression whenever feasible, given the clinical context.
MATERIALS AND METHODS
Patient enrollment
All studies were approved by the institutional review board (FHCRC
IRB# 6585), conducted in accordance with the Declaration of
Helsinki Principles, and written informed patient consent was
obtained. All MCC patients in the FHCRC repository of data and
specimens were considered for inclusion and all were enrolled in
the United States. Enrollment criteria included (all must be present): a
diagnosis of MCC confirmed by two pathologists, the presence of

follow-up information, known stage at diagnosis (local–regional–
distant), known age at diagnosis, known gender, and known
immune suppression status. Patients in the repository enroll in one
of the two approaches: either as individuals (through our tertiary
referral clinic and the internet) or through records review as part of a
patient set from one of the several institutions (including a 186 patient
cohort from Kaiser Permanente, a large integrated health care delivery
system in Northern California). Patients were represented only
once. Patients enrolling as individuals after 180 days of diagnosis
were eliminated to reduce ascertainment bias. A total of 471
unique patients with MCC met all criteria (243 from institution
cohorts and 228 as individuals); demographics are described in
Table 1.

Statistical analyses
Demographic and stage information were compared between
immune-suppressed and nonimmune-suppressed persons using the
Fisher’s exact test. Overall survival analyses (considering deaths from
any cause to be events) were performed using the Cox regression.
Disease-specific survival analyses were performed with competing
risk regression. For competing risk regression, deaths from MCC were
considered to be events (n ¼ 126), deaths from other causes were
considered to be competing events (n ¼ 75), deaths from unknown
causes were censored on the day of death (n ¼ 31), and living patients
were censored on the date of last follow-up (n ¼ 239). Kaplan–Meier
curves were generated to visually compare survival between groups.
Statistical analyses were performed using the Stata version 11.0
software (College Station, TX) for Macintosh. A P-value of 0.05 was
considered to be the cutpoint for statistical significance.

CONFLICT OF INTEREST
The authors state no conflict of interest.

ACKNOWLEDGMENTS
This work was funded by NIH-RC2CA147820 (to PN), American Cancer
Society RSG-08-115-01-CCE (to PN), NIH-K24-CA139052 (to PN), Michael
Piepkorn Endowment, Cora May Poncin Foundation (to KGP), MCC Patient
Gift Fund, and David & Rosalind Bloom Fund for MCC.
SUPPLEMENTARY MATERIAL
Supplementary material is linked to the online version of the paper at http://
www.nature.com/jid

REFERENCES
Alam M, Brown RN, Silber DH et al. (2011) Increased incidence and mortality
associated with skin cancers after cardiac transplant. Am J Transplant
11:1488–97
Arora R, Chang Y, Moore PS (2012) MCV and Merkel cell carcinoma: a
molecular success story. Curr Opin Virol 2:489–98
Becker JC, Houben R, Ugurel S et al. (2009) MC polyomavirus is frequently
present in Merkel cell carcinoma of European patients. J Invest Dermatol
129:248–50
Brewer JD, Shanafelt TD, Otley CC et al. (2012) Chronic lymphocytic leukemia
is associated with decreased survival of patients with malignant melanoma and Merkel cell carcinoma in a SEER population-based study. J Clin
Oncol 30:843–9
Engels EA, Frisch M, Goedert JJ et al. (2002) Merkel cell carcinoma and HIV
infection. Lancet 359:497–8
Feng H, Shuda M, Chang Y et al. (2008) Clonal integration of a polyomavirus
in human Merkel cell carcinoma. Science 319:1096–100

www.jidonline.org

645

KG Paulson et al.
Immune Suppression and MCC Prognosis

Foulongne V, Kluger N, Dereure O et al. (2008) Merkel cell polyomavirus and
Merkel cell carcinoma, France. Emerg Infect Dis 14:1491–3
Garneski KM, Warcola AH, Feng Q et al. (2009) Merkel cell polyomavirus is
more frequently present in North American than Australian Merkel cell
carcinoma tumors. J Invest Dermatol 129:246–8
Heath M, Jaimes N, Lemos B et al. (2008) Clinical characteristics of Merkel cell
carcinoma at diagnosis in 195 patients: the AEIOU features. J Am Acad
Dermatol 58:375–81
Hemminki K, Liu X, Ji J et al. (2012) Kaposi sarcoma and Merkel cell
carcinoma after autoimmune disease. Int J Cancer 131:E326–8
Houben R, Shuda M, Weinkam R et al. (2010) Merkel cell polyomavirusinfected Merkel cell carcinoma cells require expression of viral T
antigens. J Virol 84:7064–72
Iyer JG, Afanasiev OK, McClurkan C et al. (2011) Merkel cell polyomavirusspecific CD8 and CD4 T-cell responses identified in Merkel cell
carcinomas and blood. Clin Cancer Res 17:6671–80
Lanoy E, Dores GM, Madeleine MM et al. (2009) Epidemiology of nonkeratinocytic skin cancers among persons with AIDS in the United States.
AIDS 23:385–93
Lanoy E, Engels EA (2010) Skin cancers associated with autoimmune conditions among elderly adults. Br J Cancer 103:112–4
Lemos BD, Storer BE, Iyer JG et al. (2010) Pathologic nodal evaluation
improves prognostic accuracy in Merkel cell carcinoma: analysis of
5823 cases as the basis of the first consensus staging system. J Am Acad
Dermatol 63:751–61
Martinez JC, Otley CC, Stasko T et al. (2003) Defining the clinical course of
metastatic skin cancer in organ transplant recipients: a multicenter
collaborative study. Arch Dermatol 139:301–6

646

Journal of Investigative Dermatology (2013), Volume 133

Matin RN, Mesher D, Proby CM et al. (2008) Melanoma in organ transplant
recipients: clinicopathological features and outcome in 100 cases. Am J
Transplant 8:1891–900
Moloney FJ, Comber H, O’Lorcain P et al. (2006) A population-based study of
skin cancer incidence and prevalence in renal transplant recipients. Br J
Dermatol 154:498–504
Paulson KG, Carter JJ, Johnson LG et al. (2010) Antibodies to Merkel cell
polyomavirus T antigen oncoproteins reflect tumor burden in Merkel cell
carcinoma patients. Cancer Res 70:8388–97
Paulson KG, Iyer JG, Tegeder AR et al. (2011) Transcriptome-wide studies of
Merkel cell carcinoma and validation of intratumoral CD8 þ lymphocyte invasion as an independent predictor of survival. J Clin Oncol
29:1539–46
Penn I, First MR (1999) Merkel’s cell carcinoma in organ recipients: report of
41 cases. Transplantation 68:1717–21
Quaglino D, Di Leonardo G, Lalli G et al. (1997) Association between chronic
lymphocytic leukaemia and secondary tumours: unusual occurrence of a
neuroendocrine (Merkel cell) carcinoma. Eur Rev Med Pharmacol Sci
1:11–6
Shuda M, Arora R, Kwun HJ et al. (2009) Human Merkel cell polyomavirus
infection I. MCV T antigen expression in Merkel cell carcinoma, lymphoid
tissues and lymphoid tumors. Int J Cancer 125:1243–9
Shuda M, Kwun HJ, Feng H et al. (2011) Human Merkel cell polyomavirus
small T antigen is an oncoprotein targeting the 4E-BP1 translation
regulator. J Clin Invest 121:3623–34
Sihto H, Bohling T, Kavola H et al. (2012) Tumor infiltrating immune cells and
outcome of Merkel cell carcinoma: a population-based Study. Clin
Cancer Res 18:2872–81

