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1 | INTRODUCTION

| Akimichi Morita

Abstract

Merkel cell carcinoma (MCC) is widely known as a highly malignant skin cancer. The
pathogenesis of MCC, however, remains mysterious due to the extremely small number
of cases and its prevalence in the elderly. Despite its high-grade malignancy, spontane-
ous regression occurs with some frequency. The immune activity of the tumor underlies
this peculiar behavior. In recent years, immune checkpoint blockade therapies, including
the anti-programmed death ligand 1 antibody, have provided successful results. These
therapies, however, are ineffective in approximately half the patients with advanced
MCC and few treatments are available for those patients. In this review, we summarize
the increasing body of evidence relating to the immune activity of MCC and immunologi-
cal biomarkers. The interesting and sometimes peculiar behavior of MCC, such as their
spontaneous regression, is largely due to their high immunosensitivity. Understanding
the tumor immunokinetics of MCC should provide critical insight for understanding can-
cer immunotherapy. Here, we introduce a new classification for MCC according to its im-
mune activity. Combined application of programmed death ligand 1 (a prognostic factor
and predictor of the efficacy of immune checkpoint inhibitors in various cancers) with
glucose-6-phosphate dehydrogenase (a new promising biomarker for MCC) may enable
classification of MCC based on its immune status. Whether the new classification can be
used to predict the efficacy of immune checkpoint blockade therapies remains to be eval-

uated in future studies, but the classification may facilitate future treatment selection.
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Immune checkpoint inhibitors (ICl), including anti-programmed
death ligand 1 (PD-L1) antibody or anti-programmed death 1 (PD-

Merkel cell carcinoma (MCC) is a rare and highly malignant skin
cancer. In general, MCC has a local recurrence rate of 33-36%, re-
gional lymph node metastasis of 41-55%, and a distant metastasis
of 18-35%. It is considered to be highly malignant with high rates of
metastasis and recurrence, and the 5-year survival rate is 0-18% in
advanced stages.1 The frequency of MCC is currently approximately

3/1 000 000 persons, but the number of cases is increasing.

1) antibody are administrated systemically for advanced cases and
have provided successful results. Approximately half of patients with
advanced-stage MCC, however, are non-responders or have low
sensitivity to immunotherapy. The discovery of new biomarkers to
distinguish between responders and non-responders, and between
high-risk and low-risk groups, is therefore critical toward developing

new therapies and methods to increase the sensitivity to therapy.
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Here, we focus on the immune activity of MCC and describe the
peculiar behavior of MCC based on its immune response and immu-
nological biomarkers. We further introduce a new classification en-
abled by combined application of PD-L1 and glucose-6-phosphate
dehydrogenase (G6PD), a promising biomarker that we identified,?
and present new treatment strategies based on this classification.

2 | PECULIAR BEHAVIOR OF MCC BASED
ON ITS HIGH IMMUNOGENICITY

2.1 | Complete spontaneous regression of MCC
Many reports indicate that MCC is a highly immunogenic tumor,
which may be reflected in the high rate of complete spontaneous
regression (CSR) of MCC. Since the report by O’Rourke and Bell in
1986,% a number of cases of CSR have been reported, and it occurs
with some frequency in the clinic. The rate of CSR is reported to be
1.7-3.0%,* a much higher rate than that of other solid carcinomas.
CSR is observed even in some cases of metastatic MCC, and cases
with CSR have a better prognosis than those with spontaneous re-
gression of the primary tumor in malignant melanoma.>® Dense lym-
phocytic infiltration is observed in MCC that begin to shrink after
biopsy and appear to be in the process of spontaneous regression,
supporting the involvement of tumor immunity in regression. CSR
is also sometimes observed in people with weakened immune sys-
tems, such as the very old, who are ineligible for treatment, includ-
ing surgery, or patients with chronic lymphocytic leukemia.” These
cases suggest that CSR is not caused solely by the patient’s active
immunity, but rather that there are factors on the tumor side that
cause CSR. Inoue et al.® reported that the TUNEL index, indicating
apoptosis, and the number of tumor-infiltrating lymphocytes (TIL)
were increased in four cases with CSR compared to three cases of
non-regression. This finding suggests that apoptosis and local T-cell-
mediated immune response are involved in CSR of MCC. CSR can
occur at various times, such as following biopsy, secondary infec-
tion,” or abandoning treatment.’® The mechanism underlying the
peculiar behavior of these malignant tumors that are considered to

be aggressive has yet to be elucidated.

2.2 | MCC with unknown primary origin

As many as 14% of MCC are discovered as lymph node lesions with
no obvious skin lesions.!! These types of MCC have a better prog-
nosis than MCC with a primary origin12 and are thought to be lymph
node metastases that remain after spontaneous regression of the
primary tumor. Is it really possible for the primary lesion to disappear
without being noticed and without leaving any scars or vestiges? Pan
et al.®® described a possible primary MCC arising from a lymph node.
According to their report, primary nodal MCC had a significantly
lower association with Merkel cell polyomavirus (MCPyV, 31% vs
76%). This debate was settled when a large number of ultraviolet
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(UV) signature mutations were identified in lymph node lesions of
MCC from an unknown primary tumor.** Similar to MCC, breast
cancer is a malignant tumor in which lymph node metastasis with
an unknown primary origin is reported with some frequency. These
cancers are called “occult breast cancers” and have a better progno-
sis than non-occult breast cancers.’> MCC and breast cancer have
a paradoxically better prognosis when the tumor PD-L1 expression
is high,'® suggesting a relationship between cancer of an unknown

primary tumor and tumor immunity.

2.3 | MCCin immunosuppressed patients

The high incidence of MCC in immunosuppressed patients with a sig-
nificantly worse prognosis17 is also evidence of its high immunogenic-
ity. Approximately 10% of MCC patients are immunosuppressed in
some way.*! Disease-specific survival in immunosuppressed patients
is approximately half that in non-immunosuppressed patients. Early-
onset MCC is reported in organ transplant recipients and HIV/AIDS
patients.’®? It is reported that MCC in immunosuppressed patients
are mostly MCPy\f.20 On the other hand, MCPyV is also detected
more frequently in immunosuppressed patients with non-melanoma
skin cancers, such as basal cell carcinoma and Bowen’s disease, than
in immunocompetent patients with non-melanoma skin cancers.?!
Although this may indicate that reactivation of MCPyV plays an im-
portant role in the development of MCC in immunosuppressed pa-
tients and combined MCC (MCC coexisting with other skin cancers
such as Bowen'’s disease or squamous cell carcinoma), combined MCC
are mostly MCPyV",%2 as are MCC in immunosuppressed patients.

3 | IMMUNOLOGICAL BIOMARKERS OF
MCC

3.1 | Tumor-infiltrating lymphocytes

Infiltrating lymphocytes and prognosis in MCC have been studied.?*?°

1.2° reported a relationship between CD8* lymphocytes

I.27

Paulson et a
in MCC and a better prognosis. Later, Sihto et al.“” analyzed a group
of 116 patients and showed a significant correlation between lower
numbers of CD8" lymphocytes and lower survival of MCPyV*" MCC.
They also found that cases with a higher than median number of CD3*
cells in the tumor had a better survival rate than those with a lower

than median number of CD3" cells. Feldmeyer et al.?®

reported that
the number of CD8* and CD3* lymphocytes in the tumor periphery
correlates with overall survival in a group of 62 primary MCC cases.
In high-density TIL, tertiary lymphoid structures (TLS), defined as
CD20" B-cell follicles juxtaposed with CD3* T cells, are occasion-
ally observed. TLS are reported in several cancers as prognostic and

immunotherapy efficacy markers,?%%°

and in MCC, a significant cor-
relation with recurrence-free survival was reported in 21 MCPyV*
primary MCC in 2014.%! The number of lymphocytes infiltrating the

tumor and tumor periphery reflects the immune activity at that time,
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situation. In fact, the number of TIL changes significantly before and
after medical procedures, including biopsies. The immunogenicity of
the tumor is thought to play a major role in lymphocyte infiltration
into the tumor. Walsh et al.>? analyzed 22 cases and reported that
high-density TIL are associated with MCPyV positivity.

3.2 | Merkel cell polyomavirus

Merkel cell polyomavirus was discovered in 2008, and is deeply in-
volved in the development of MCC.3? Infection with this virus itself
is not rare, occurring in approximately half of all healthy individuals.
In addition to infection, integration into MCC tumor genomes and a
truncating mutation that renders the MCPyV large T-antigen repli-
cation incompetent are required for MCC development.34 MCPyV-
derived oncoproteins are highly immunogenic and induce a variety
of immune responses. Many studies report a 70-80% positivity rate,
but these reports are mostly from North America or Europe. The
MCPyV positivity rate exhibits large geographical differences. In
Australia, the MCC incidence is approximately twice as high as that
in North America and Europe, but the MCPyV positivity rate is only
approximately 20%.%°%¢ The incidence of MCC is lower in Asia than
in the West, and the MCPyV positivity rate was 69% in our Japanese
cohort of 71 patients.®” This geographical difference is related not
only to the amount of sun exposure and skin color, but also to vari-
ations in the MCPyV genotype itself.% The presence or absence of
MCPyV infection is thought to be a biomarker for estimating a pa-
tient’s prognosis.39 The relationship between MCPyV and immunity
has been a focus of attention. The presence of MCPyV infection is
associated with high PD-L1 expression in tumor cells*® and large
amounts of TIL, including CD3%, CD8", CD16", FoxP3", and CD68"
cells.?’ A recent study reported that the MCPyV status can inform
estimation of the tumor mutation burden (TMB) of MCC.*!

3.3 | Tumor mutation burden

Merkel cell carcinoma is one of the malignant tumors that exhibits a
high TMB.*? Knepper et al.** reported that MCC can be clearly divided
into high and low TMB groups. They examined 317 MCC samples and
reported that the low TMB group (55%) had a median TMB of 1.2 mu-
tations/MB, while the high TMB group (37%) had a median TMB of
53.8 mutations/MB, with a range of 20.4-217.5 mutations/MB. In the
high TMB group, MCC had an even higher TMB than malignant mela-
noma, which is considered to have a high TMB among various cancer
types. Interestingly, this TMB classification correlated perfectly with
the presence of MCPyV: none of the 117 samples in the high TMB
group were MCPyV*, and all MCPyV" cases had low TMB. On the
other hand, 94% (110 samples) of the high TMB group showed a UV
signature suggesting carcinogenesis due to accumulated UV damage.
The TMB is the amount of genetic mutations in the genome of cancer
cells. A high TMB indicates the production of more mutant proteins

(neoantigens), which are recognized as foreign by the immune system,
with a higher expected effect of immunotherapy. The response rate of
ICI for MCC does not correlate with the TMB, however, and high re-
sponse rates are observed even when the TMB is low (MCPyV*). 4344
These findings suggest that the MCPyV antigen compensates for the
antigenicity in the low TMB group. Therefore, in the presence or ab-
sence of MCPyV, TMB values should not be considered predictors
of ICI efficacy. MCPyV' MCC expresses polyomavirus antigens that
serve as epitopes for antigen recognition.“S’46 On the other hand,
MCPyV™ MCC have a high TMB, and many of them have UV-specific
mutation signatures.** The high antigenicity due to their induction by
viruses or UV supports the high efficacy of immunotherapy in MCC.

3.4 | Programmed death ligand 1

Whether PD-L1 correlates with the prognosis remains inconclusive.
While it has been reported that PD-L1 expression does not correlate
with prognosis,*’ others have reported that PD-L1 expression corre-
lates with better clinical outcomes in MCC, in contrast to other solid
carcinomas such as malignant melanoma.*® PD-L1 is an immunoinhib-
itory molecule that suppresses T-cell activation. Overexpression of
PD-L1 in cancers usually leads to tumor progression, but in MCC, high
expression of PD-L1 is a good sign. As mentioned above, this para-
doxical correlation between PD-L1 and prognosis is only observed for
MCC and breast cancer.*® Tumor PD-L1 expression is used to predict
the ICl response in other cancer types, but it is not used as a compan-
ion diagnostic in MCC. Although PD-L1 expression in MCC provides
clues as to whether the tumor is immunologically “hot” or “cold”, its
clinical use as a prognostic or efficacy marker is difficult due to its
high heterogeneity within individual patients.*® We reported that PD-
L1 levels are uniform if multiple primary lesions that appeared at the
same time are resected at the same time and immunostained under
the same conditions. In that case, surgical invasion results in increased
PD-L1 expression.*’ It is clearly established that PD-L1 reflects a pa-
tient’s immune status. In our other study of 71 patients and 90 sam-
ples, we found no correlation between tumor PD-L1 expression and
prognosis.®” On the other hand, in an analysis of metastatic lesions
only, there was a strong correlation between high PD-L1 expression
in metastases and a good prognosis, but a biomarker that can be used
only after the appearance of metastases may have limited usefulness
for clinical application. In other words, PD-L1 expression in MCC is a
consequence of the active anti-tumor immune response that is cur-
rently underway, and may not be predictive of what the immune sta-

tus will be in the future and after the use of ICI.

3.5 | Glucose-6-phosphate dehydrogenase

As discussed above, known immunological biomarkers for MCC are
difficult to use in clinical practice. We therefore propose a new prom-
ising biomarker for MCC based on the tumor immune activity. In our
study, G6PD is listed as one of the factors that inversely correlates
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with tumor immune activity on the basis of comprehensive RNA
sequencing using next-generation sequencing.2 G6PD expression
positively correlates with lymph node or distant metastasis during
follow-up and negatively correlates with PD-L1 expression, and had
the smallest p-value in both analyses.? G6PD expression measured by
immunostaining is less variable than that of PD-L1 within the same pa-
tient and correlates with patient outcome. On the other hand, serum
G6PD activity sensitively reflects the current therapeutic response
and tumor stage. These findings suggest that G6PD is a useful bio-
marker for predicting prognosis and determining treatment response.
G6PD is a key enzyme in the pentose phosphate pathway that pro-
vides nicotinamide adenine dinucleotide phosphate (NADPH) to cells,
protecting them from oxidative damage. G6PD is highly expressed in
various cancers, reflecting poor prognosis.so'51 G6PD is involved in
angiogenesis and apoptosis and considered to be a potential target
for cancer therapy.>?°3 In addition, the lack of G6PD will cause au-
tophagy, which will enhance the effect of chemotherapy.>* and may
activate anti-tumor immune response.>>>® Tumor suppressor p53
plays a role in regulating G6PD, and tumor-associated p53 mutants,
which are found in many cancers, are unable to suppress G6PD.%’
p53 is also the most common mutation in MCC, whether MCPyV"*
or MCPyV-*' In contrast to PD-L1, which reflects the strength of
the immune response on the patient side, G6PD may represent the
responsiveness of the tumor itself to immunity.

4 | TREATMENT STRATEGY OF MCC
CONSIDERING THE TUMOR IMMUNITY
4.1 | Classification of MCC based on the immune
activity

By combining immunochemistry to evaluate G6PD expression and PD-
L1 expression as indicators of the current tumor and patient immune
status, we propose the following classification and treatment strategy
(Figure 1). In cases with G6PD:high/PD-L1:low (~40% of our cases),
the tumor grows aggressively and immune sensitivity is low (“immune
cold”). In cases with G6PD:high/PD-L1:high (10% of our cases), tumor
immunity is fighting against an aggressive tumor in close competition.
In cases with G6PD:low/PD-L1:low (20% of our cases), the tumor has
potentially high immune activity but the immune system is quiescent or
suppressed, and removal of immunosuppression and additional stimu-
lation is required. Lastly, in cases with G6PD:low/PD-L1:high (30% of
our cases), the tumor has high immune activity (“immune hot”) and a
better prognosis is expected. Further validation studies are required
before this classification can actually be applied in clinical practice, but
it may facilitate the selection of treatment for MCC.

4.2 | Is awide excision necessary?

those of the
or the European Association

including National
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] 71
@ THE JOURNAL OF

DERMATOLOGY
Expectation for immune reactive

///r’:r/’/

(ii) G6PD:high/PD-L1:high

(i) G6PD:high/PD-L1:low

Immune Cold Close Competition

(iiii) G6PD:low/PD-L1:low (iv) G6PD:low/PD-L1:high

G6PD expression

Potential Responder Immune Hot

PD-L1 expression

FIGURE 1 Merkel cell carcinoma (MCC) classification based

on immune activity. Glucose-6-phosphate dehydrogenase (G6PD)
expression reflects potential immune resistance, and programmed
death ligand 1 (PD-L1) expression indicates the strength of the
immune response at that time. Based on the immunostaining
results of these two biomarkers, MCC can be classified into four
statuses. The stronger the orange color, the higher the expectation
for immune response

of Dermato-Oncology/European Organization for Research and

? recommend resection of MCC with 1- to

Treatment of Cancer,”
2-cm margins. In a study of 45 stage-I MCC treated with Mohs mi-
crographic surgery, the mean margin required to obtain a negative
pathological margin was 16.7 mm, and positive margins at 2 cm and
3 cm were 25% and 12%, respectively.60 Even a 3-cm margin is not
sufficient for reliable resection. On the other hand, the condition
of the resection margin is not associated with local recurrence in
patients that undergo postoperative radiation therapy.®>%? In some
cases, it may be an option to limit the resection margin to simply
a suturable margin on the assumption that postoperative radiation
therapy will be performed. For tumors that are too large to be re-
moved or the location prohibits removal, subtotal resection and
radiation is an option. As mentioned above, although this may be
a very rare case, there is a report that surgical invasion activated

tumor immunity.*®

4.3 | Lymph node dissection and radiation therapy
to lymph nodes

Aggressive treatments to regional lymph nodes, including lymph
node dissection or radiation therapy to lymph nodes, should only be
selected for cases with obvious lymph node metastasis. Considering
the possibility of future immunotherapy, prophylactic dissection
and prophylactic irradiation are not wise choices because they in-

"63

hibit immune cell recruitment. Wright et al.”” analyzed 1473 stage-Il|
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better overall survival than radical radiation therapy, although it
should be noted that the dissection group included those who re-
ceived postoperative radiation. In contrast, Bhatia et al.** analyzed
2065 patients with stage-Ill MCC and reported no significant differ-
ence in overall survival between the lymph node dissection group
and the radiotherapy alone group or the combined surgery and ra-
diotherapy group. The order of priority between lymph node dissec-
tion and radiation therapy is still not clearly defined. Depending on
the immune activity of the tumor, ICl should also be considered prior
to invasive treatment of the regional lymph nodes.

4.4 | Immune checkpoint inhibitors

Malignant tumors, including MCC, express PD-L1 protein and pro-
tect themselves by binding to PD-1 protein expressed on cytotoxic
T cells, thus slowing the immune response. Avelumab, a PD-L1 in-
hibitor, and pembrolizumab, a PD-1 inhibitor, have been approved by
the US Food and Drug Administration for MCC. The overall response
rates for advanced MCC in patients receiving no previous systemic
therapy are 62% for avelumab®*®> and 56% for pembrolizumab.®®
While these results are groundbreaking, nearly half of patients still
do not benefit from these drugs. It is necessary to determine more
appropriate adaptation of ICl treatment.

In the future, ICl treatment is expected to be expanded to post-
operative adjuvant therapy and preoperative neoadjuvant therapy.
Adjuvant therapy is already being used in malignant melanoma and
other malignant tumors, where ICl is administrated for a defined pe-
riod of time after radical resection to reduce the possibility of re-
currence and metastasis. For MCC, the ADAM (Adjuvant Avelumab
in Merkel) trial (NCT 03271372), a phase Il trial of adjuvant ther-
apy using avelumab, is ongoing in the USA. In the aforementioned
CheckMate 358 study, nivolumab was administrated to 39 patients
with resectable MCC, and except for three patients who could
not be operated on due to disease progression (n = 1) and adverse
events (n = 2), 36 patients underwent surgery, and 17 patients
(47.2%) achieved complete pathological remission.®” Classification
based on immune activity by G6PD and PD-L1 may help determine
the indications for adjuvant or neoadjuvant therapy.

5 | CONCLUSIONS AND PERSPECTIVES

In this review, we summarize some phenomena based on the high
immunogenicity of MCC and previously reported immunological bi-
omarkers, and propose a classification and treatment strategy based
on the immune activity of MCC. The immunokinetics of MCC are not
entirely clear, and no definitive immunological biomarkers have been
identified. G6PD, which may be useful for the classification of MCC
on the basis of its immune activity, has not yet been confirmed to be
useful for predicting the effect of ICI. Further cohort studies in MCC
patients who have been treated with ICl are required. Understanding

the tumor immunity dynamics of MCC will facilitate the develop-
ment of immunotherapies for other carcinomas as well. MCC with its
various characteristics derived from immune responses is a valuable

representative model for tumor immunology research.

ACKNOWLEDGMENTS

None.

CONFLICT OF INTEREST
None declared.

ORCID
Motoki Nakamura
Akimichi Morita

https://orcid.org/0000-0003-4431-7782
https://orcid.org/0000-0001-8372-3754

REFERENCES

1. Schadendorf D, Lebbé C, Zur Hausen A, Avril MF, Hariharan S,
Bharmal M, et al. Merkel cell carcinoma: epidemiology, prognosis,
therapy and unmet medical needs. Eur J Cancer. 2017;71:53-69.

2. Nakamura M, Nagase K, Yoshimitsu M, Magara T, Nojiri Y, Kato H,
et al. Glucose-6-phosphate dehydrogenase correlates with tumor
immune activity and programmed death ligand-1 expression in
Merkel cell carcinoma. J Immunother Cancer. 2020;8:e001679.

3. O'Rourke MG, Bell JR. Merkel cell tumor with spontaneous regres-
sion. J Dermatol Surg Oncol. 1986;12:994-6, 1000.

4. Sais G, Admella C, Soler T. Spontaneous regression in primary cu-
taneous neuroendocrine (Merkel cell) carcinoma: a rare immune
phenomenon? J Eur Acad Dermatol Venereol. 2002;16:82-3.

5. Asgari MM, Sokil MM, Warton EM, lyer J, Paulson KG, Nghiem P.
Effect of host, tumor, diagnostic, and treatment variables on out-
comes in a large cohort with Merkel cell carcinoma. JAMA Dermatol.
2014;150:716-23.

6. Walsh NM. Complete spontaneous regression of Merkel cell
carcinoma (1986-2016): a 30 year perspective. J Cutan Pathol.
2016;43:1150-4.

7. Turk T, Orlic ZC, Smoljan |, Nacinovic A, Bekafigo IS, Radic J, et al.
Spontaneous regression of Merkel cell carcinoma in a patient with
chronic lymphocytic leukemia: a case report. J Med Case Rep.
2009;3:7270.

8. Inoue T, Yoneda K, Manabe M, Demitsu T. Spontaneous regression
of Merkel cell carcinoma: a comparative study of TUNEL index and
tumor-infiltrating lymphocytes between spontaneous regression
and non-regression group. J Dermatol Sci. 2000;24:203-11.

9. Nagatani T. Merkel cell carcinoma. J Tokyo Med Univ. 2015;73:331-7.
2015.

10. Sugamata A, Goya K, Yoshizawa N. A case of complete sponta-
neous regression of extremely advanced Merkel cell carcinoma. J
Surg Case Rep. 2011;2011:7.

11. Heath M, Jaimes N, Lemos B, Mostaghimi A, Wang LC, Pefas
PF, et al. Clinical characteristics of Merkel cell carcinoma at diag-
nosis in 195 patients: the AEIOU features. J Am Acad Dermatol.
2008;58:375-81.

12. Deneve JL, Messina JL, Marzban SS, Gonzalez RJ, Walls BM, Fisher
KJ, et al. Merkel cell carcinoma of unknown primary origin. Ann Surg
Oncol. 2012;19:2360-6.

13. Pan Z, Chen YY, Wu X, Trisal V, Wilczynski SP, Weiss LM, et al.
Merkel cell carcinoma of lymph node with unknown primary has a
significantly lower association with Merkel cell polyomavirus than
its cutaneous counterpart. Mod Pathol. 2014;27:1182-92.

14. Vandeven N, Lewis CW, Makarov V, Riaz N, Paulson KG, Hippe D,
et al. Merkel cell carcinoma patients presenting without a primary


https://orcid.org/0000-0003-4431-7782
https://orcid.org/0000-0003-4431-7782
https://orcid.org/0000-0001-8372-3754
https://orcid.org/0000-0001-8372-3754

NAKAMURA anp MORITA

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

lesion have elevated markers of immunity, higher tumor mutation
burden, and improved survival. Clin Cancer Res. 2018;24:963-71.
Ge LP, Liu XY, Xiao Y, Gou ZC, Zhao S, Jiang YZ, et al.
Clinicopathological characteristics and treatment outcomes of oc-
cult breast cancer: a SEER population-based study. Cancer Manag
Res. 2018;10:4381-91.

Wang X, Teng F, Kong L, Yu J. PD-L1 expression in human can-
cers and its association with clinical outcomes. Onco Targets Ther.
2016;9:5023-39.

Paulson KG, lyer JG, Blom A, Warton EM, Sokil M, Yelistratova L,
et al. Systemic immune suppression predicts diminished Merkel cell
carcinoma-specific survival independent of stage. J Invest Dermatol.
2013;133:642-6.

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

Koljonen V, Kukko H, Tukiainen E, Béhling T, Sankila R, Pukkala E,
et al. Incidence of Merkel cell carcinoma in renal transplant recipi-
ents. Nephrol Dial Transplant. 2009;24:3231-5.

Starrett GJ, Thakuria M, Chen T, Marcelus C, Cheng J, Nomburg J,
et al. Clinical and molecular characterization of virus-positive and
virus-negative Merkel cell carcinoma. Genome Med. 2020;12:30.
Kassem A, Technau K, Kurz AK, Pantulu D, Loning M, Kayser G,
et al. Merkel cell polyomavirus sequences are frequently detected
in nonmelanoma skin cancer of immunosuppressed patients. Int J
Cancer. 2009;125:356-61.

Busam KJ, Jungbluth AA, Rekthman N, Coit D, Pulitzer M, Bini J,
et al. Merkel cell polyomavirus expression in Merkel cell carcinomas
and its absence in combined tumors and pulmonary neuroendo-
crine carcinomas. Am J Surg Pathol. 2009;33:1378-85.

Mott RT, Smoller BR, Morgan MB. Merkel cell carcinoma: a clin-
icopathologic study with prognostic implications. J Cutan Pathol.
2004;31:217-23.

Llombart B, Monteagudo C, Lépez-Guerrero JA, Carda C, Jorda E,
Sanmartin O, et al. Clinicopathological and immunohistochemical
analysis of 20 cases of Merkel cell carcinoma in search of prognos-
tic markers. Histopathology. 2005;46:622-34.

Andea AA, Coit DG, Amin B, Busam KJ. Merkel cell carcinoma: his-
tologic features and prognosis. Cancer. 2008;113:2549-58.
Paulson KG, lyer JG, Tegeder AR, Thibodeau R, Schelter J, Koba
S, et al. Transcriptome-wide studies of merkel cell carcinoma and
validation of intratumoral CD8+ lymphocyte invasion as an inde-
pendent predictor of survival. J Clin Oncol. 2011;29:1539-46.
Sihto H, Bohling T, Kavola H, Koljonen V, Salmi M, Jalkanen S, et al.
Tumor infiltrating immune cells and outcome of Merkel cell carci-
noma: a population-based study. Clin Cancer Res. 2012;18:2872-81.
Feldmeyer L, Hudgens CW, Ray-Lyons G, Nagarajan P, Aung PP,
Curry JL, et al. Density, distribution, and composition of immune in-
filtrates correlate with survival in Merkel cell carcinoma. Clin Cancer
Res. 2016;22:5553-63.

Cabrita R, Lauss M, Sanna A, Donia M, Skaarup Larsen M, Mitra
S, et al. Tertiary lymphoid structures improve immunotherapy and
survival in melanoma. Nature. 2020;577:561-5.

Petitprez F, de Reynies A, Keung EZ, Chen TWW, Sun CM,
Calderaro J, et al. B cells are associated with survival and immuno-
therapy response in sarcoma. Nature. 2020;577:556-60.

Behr DS, Peitsch WK, Hametner C, Lasitschka F, Houben R,
Schoénhaar K, et al. Prognostic value of immune cell infiltration,
tertiary lymphoid structures and PD-L1 expression in Merkel cell
carcinomas. Int J Clin Exp Pathol. 2014;7:7610-21.

Walsh NM, Fleming KE, Hanly JG, Dakin Hache K, Doucette S,
Ferrara G, et al. A morphological and immunophenotypic map
of the immune response in Merkel cell carcinoma. Hum Pathol.
2016;52:190-6.

Feng H, Shuda M, Chang Y, Moore PS. Clonal integration
of a polyomavirus in human Merkel cell carcinoma. Science.
2008;319:1096-100.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

] 73
@ THE JOURNAL OF

DERMATOLOGY

Chang Y, Moore PS. Merkel cell carcinoma: a virus-induced human
cancer. Annu Rev Pathol. 2012;7:123-44.

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;129:246-8.

Paik JY, Hall G, Clarkson A, Lee L, Toon C, Colebatch A, et al.
Immunohistochemistry for Merkel cell polyomavirus is highly spe-
cific but not sensitive for the diagnosis of Merkel cell carcinoma in
the Australian population. Hum Pathol. 2011;42:1385-90.
Nakamura M, Magara T, Nojiri Y, Nishihara H, Kato H, Teramoto
Y, et al. Increased programmed death ligand-1 expression in met-
astatic Merkel cell carcinoma associates with better prognosis. J
Dermatol Sci. 2020;97:165-7.

Martel-Jantin C, Filippone C, Tortevoye P, Afonso PV, Betsem E,
Descorps-Declere S, et al. Molecular epidemiology of merkel cell
polyomavirus: evidence for geographically related variant geno-
types. J Clin Microbiol. 2014;52:1687-90.

Moshiri AS, Doumani R, Yelistratova L, Blom A, Lachance K,
Shinohara MM, et al. Polyomavirus-negative Merkel cell carcinoma:
amore aggressive subtype based on analysis of 282 cases using mul-
timodal tumor virus detection. J Invest Dermatol. 2017;137:819-27.
Lipson EJ, Vincent JG, Loyo M, Kagohara LT, Luber BS, Wang H,
et al. PD-L1 expression in the Merkel cell carcinoma microenviron-
ment: association with inflammation, Merkel cell polyomavirus and
overall survival. Cancer Immunol Res. 2013;1:54-63.

Knepper TC, Montesion M, Russell JS, Sokol ES, Frampton GM,
Miller VA, et al. The genomic landscape of Merkel cell carcinoma
and clinicogenomic biomarkers of response to immune checkpoint
inhibitor therapy. Clin Cancer Res. 2019;25:5961-71.

Chalmers ZR, Connelly CF, Fabrizio D, Gay L, Ali SM, Ennis R, et al.
Analysis of 100,000 human cancer genomes reveals the landscape
of tumor mutational burden. Genome Med. 2017;9:34.

Yarchoan M, Hopkins A, Jaffee EM. Tumor mutational burden and
response rate to PD-1 inhibition. N Engl J Med. 2017;377:2500-1.
Kaufman HL, Russell JS, Hamid O, Bhatia S, Terheyden P, D’Angelo
SP, et al. Updated efficacy of avelumab in patients with previously
treated metastatic Merkel cell carcinoma after 21 year of follow-up:
JAVELIN Merkel 200, a phase 2 clinical trial. J Immunother Cancer.
2018;6:7.

Paulson KG, Carter JJ, Johnson LG, Cahill KW, lyer JG, Schrama
D, et al. Antibodies to Merkel cell polyomavirus T antigen oncop-
roteins reflect tumor burden in Merkel cell carcinoma patients.
Cancer Res. 2010;70:8388-97.

Goh G, Walradt T, Markarov V, Blom A, Riaz N, Doumani R, et al.
Mutational landscape of MCPyV-positive and MCPyV-negative
Merkel cell carcinomas with implications for immunotherapy.
Oncotarget. 2016;7:3403-15.

Hanna GJ, Kacew AJ, Tanguturi AR, Grote HJ, Vergara V, Brunkhorst
B, et al. Association of Programmed Death 1 Protein Ligand (PD-
L1) expression with prognosis in Merkel cell carcinoma. Front Med.
2020;5:198.

Nakamura M, Magara T, Kobayashi Y, Kato H, Watanabe S, Morita
A. Heterogeneity of programmed death-ligand expression in a case
of Merkel cell carcinoma exhibiting complete regression after mul-
tiple metastases. Br J Dermatol. 2019;180:1228-9.

Yoshimitsu M, Nakamura M, Oda T, Kato H, Morita A. Surgical in-
vasion resulted in increased programmed death ligand 1 expression
in a case of multicentric Merkel cell carcinoma with six primary le-
sions. J Dermatol. 2020;47:e305-7.

Li R, Wang W, Yang Y, Gu C. Exploring the role of glucose-
6-phosphate dehydrogenase in cancer (Review). Oncol Rep.
2020;44:2325-36.

Kowalik MA, Columbano A, Perra A. Emerging role of the pen-
tose phosphate pathway in hepatocellular carcinoma. Front Oncol.
2017;11:87.



74 I
@ THE JOURNAL OF

52.
583.

54.

55.
56.
57.
58.

59.

60.

61.

NAKAMURA ano MORITA

DERMATOLOGY

Zhang C, Zhang Z, Zhu Y, Qin S. Glucose-6-phosphate dehydro-
genase: a biomarker and potential therapeutic target for cancer.
Anticancer Agents Med Chem. 2014;14:280-9.

Yang HC, Wu YH, Yen WC, Liu HY, Hwang TL, Stern A, et al. The
redox role of G6PD in cell growth, cell death, and cancer. Cells.
2019;8:1055.

Mele L, la Noce M, Paino F, Regad T, Wagner S, Liccardo D, et al.
Glucose-6-phosphate dehydrogenase blockade potentiates tyro-
sine kinase inhibitor effect on breast cancer cells through autoph-
agy perturbation. J Exp Clin Cancer Res. 2019;38:160.

Xu X, Araki K, Li S, Han JH, Ye L, Tan WG, et al. Autophagy is essen-
tial for effector CD8(+) T cell survival and memory formation. Nat
Immunol. 2014;15:1152-61.

Michaud M, Martins|, Sukkurwala AQ, Adjemian S,Ma, PellegattiP,
et al. Autophagy-dependent anticancer immune responses induced
by chemotherapeutic agents in mice. Science. 2011;334:1573-7.
Jiang P, Du W, Wang X, Mancuso A, Gao X, Wu M, et al. p53
regulates biosynthesis through direct inactivation of glucose-6-
phosphate dehydrogenase. Nat Cell Biol. 2011;13:310-6.

National Comprehensive Cancer Network. Merkel cell carci-
noma (Version 1.2021). https://merkelcell.org/wp-content/uploa
ds/2021/02/NCCN-2021.pdf Accessed February 18, 2021.

Lebbe C,BeckerJC,GrobJJ,Malvehy J,delMarmolV,PehambergerH,
etal. European Dermatology Forum (EDF), the European Association
of Dermato-Oncology (EADO) and the European Organization for
Research and Treatment of Cancer (EORTC). Diagnosis and treat-
ment of Merkel Cell Carcinoma. European consensus-based inter-
disciplinary guideline. Eur J Cancer. 2015;51:2396-403.

Boyer JD, Zitelli JA, Brodland DG, D’Angelo G. Local control of pri-
mary Merkel cell carcinoma: review of 45 cases treated with Mohs
micrographic surgery with and without adjuvant radiation. J Am
Acad Dermatol. 2002;47:885-92.

Finnigan R, Hruby G, Wratten C, Keller J, Tripcony L, Dickie G,
et al. The impact of preradiation residual disease volume on time

62.

63.

64.

65.

66.

67.

to locoregional failure in cutaneous Merkel cell carcinoma-a TROG
substudy. Int J Radiat Oncol Biol Phys. 2013;86:91-5.

Harrington C, Kwan W. Radiotherapy and conservative surgery
in the locoregional management of Merkel cell carcinoma: the
British Columbia Cancer Agency Experience. Ann Surg Oncol.
2016;23:573-8.

Wright GP, Holtzman MP. Surgical resection improves median
overall survival with marginal improvement in long-term survival
when compared with definitive radiotherapy in Merkel cell carci-
noma: a propensity score matched analysis of the National Cancer
Database. Am J Surg. 2018;215:384-7.

Bhatia S, Storer BE, lyer JG, Moshiri A, Parvathaneni U, Byrd D,
et al. Adjuvant radiation therapy and chemotherapy in Merkel
cell carcinoma: survival analyses of 6908 cases from the National
Cancer Data Base. J Natl Cancer Inst. 2016;108:djw042.

Kaufman HL, Russell J, Hamid O, Bhatia S, Terheyden P, D’Angelo
SP, et al. Avelumab in patients with chemotherapy-refractory met-
astatic Merkel cell carcinoma: a multicentre, single-group, open-
label, phase 2 trial. Lancet Oncol. 2016;17:1374-85.

Nghiem PT, Bhatia S, Lipson EJ, Kudchadkar RR, Miller NJ,
Annamalai L, et al. PD-1 blockade with pembrolizumab in advanced
Merkel-cell carcinoma. N Engl J Med. 2016;374:2542-52.

Topalian SL, Bhatia S, Amin A, Kudchadkar RR, Sharfman WH,
Lebbé C, et al. Neoadjuvant nivolumab for patients with resectable
Merkel cell carcinoma in the CheckMate 358 Trial. J Clin Oncol.
2020;38:2476-87.

How to cite this article: Nakamura M, Morita A. Immune
activity in Merkel cell carcinoma. J Dermatol. 2022;49:68-74.
https://doi.org/10.1111/1346-8138.16232



https://merkelcell.org/wp-content/uploads/2021/02/NCCN-2021.pdf
https://merkelcell.org/wp-content/uploads/2021/02/NCCN-2021.pdf
https://doi.org/10.1111/1346-8138.16232

