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Abstract

Purpose: Patients with Merkel cell carcinoma (MCC) with chronic immunosuppression (IS)
have worse outcomes, but the mechanisms are not well understood. We hypothesized that these
differences may be mediated in part by differential response to treatment, and we evaluated
whether radiation therapy (RT) efficacy is altered among IS compared with immune-competent
(IC) patients with MCC.

Methods and Materials: Among 805 patients with MCC, recurrence-free survival (RFS) and
patterns of first recurrence were compared between 89 IS and 716 IC patients with stage | to

I11 MCC treated with curative intent. We used a Fine and Gray’s competing risk multivariable
analysis to estimate associations with RFS.

Results: IS and IC patients with MCC had similar demographic and disease characteristics. Most
(77% IC, 86% IS) were irradiated (median, 50.4 Gy IC, 50.3 Gy IS), although more IS patients
were irradiated to the primary site (97% vs 81%). With a median follow-up of 54.4 months, IS
patients had inferior RFS (2-year: 30% vs 57%; £ < .0001) and higher rates of local recurrence as
the first site of relapse (25% vs 12%; P=.0002). The association between RT and RFS differed by
immune status (interaction £=.01). Although RT was associated with significantly improved RFS
among IC patients (hazard ratio 0.56, 95% confidence interval 0.44-0.72), no difference in RFS
was observed with RT among IS patients (hazard ratio 1.49, 95% confidence interval 0.70-3.17).
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Conclusions: Radiation therapy efficacy at current standard RT doses for MCC is impaired
among immunosuppressed patients with MCC. Although a strong link between durability of RT
response and immune function does not appear to be evident in most cancers, our results may
reflect an especially dynamic interaction between immune status and RT efficacy in MCC.

Summary

The effect of chronic immunosuppression on radiation therapy (RT) efficacy was evaluated among
patients with nonmetastatic Merkel cell carcinoma (MCC) treated with curative intent. Despite
higher proportions of immunosuppressed patients with MCC receiving RT to the primary site
compared with immune-competent patients with MCC, immunosuppressed patients experienced
increased local failure as first relapse (25% vs 12%; P=.0002) and had lower recurrence-free
survival (2-year: 30% vs 57%; P < .0001). The efficacy of conventional RT for tumor control may
be impaired in an immunosuppressed patient.

Introduction

Merkel cell carcinoma (MCC) is a rare and aggressive neuroendocrine cancer of

the skin that predominantly afflicts Caucasians, the elderly, and patients with chronic
immunosuppression (1). Prolonged immunosuppression has been associated with increased
risk of nonmelanoma skin cancers (2, 3), which was described as early as 1971 among
kidney-allograft recipients (4). Increased risk of MCC has been observed after solid organ
transplantation (5-7), among patients with lymphoproliferative disorders including chronic
lymphocytic leukemia (CLL) and other non-Hodgkin lymphoma (8, 9), HIV/AIDS (6, 10),
and autoimmune disorders (11, 12).

The immune system likely plays an important role in MCC. In 60% to 80% of patients,

the Merkel cell polyomavirus (MCPyV) may have a causative association with MCC (13).
Although most of the population is exposed to MCPyV, as a result of immune surveillance
very few develop MCC (14). However, in immunosuppressed patients, a compromised
immune system may permit integration of MCPyV, which may lead to mutagenesis and
carcinogenesis. The interplay of MCC and immune system regulation has been highlighted
by recent reports of durable responses among patients with advanced MCC treated with
antibodies targeting the PD-L1/PD-1 pathway (15, 16). Although patients with MCC

with immunosuppression have worse survival outcomes compared with immune-competent
patients with MCC (17-20), the mechanisms mediating these differences in survival are not
fully understood.

Radiation therapy (RT) plays an important role in MCC management. However, because
RT tumor control may depend on immune function (21), we hypothesized that recurrence-
free survival (RFS) and local control may be worse among conventionally irradiated
immunosuppressed patients with MCC compared with immunocompetent patients with
MCC. Using a large MCC registry, we compared patterns of first recurrence and outcomes
among patients with MCC with and without chronic immunosuppression.
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Methods and Materials

Patient cohort and eligibility

The Seattle MCC registry, which was approved by the Fred Hutchinson Cancer institutional
review board, includes comprehensive clinical, histopathologic, treatment, and disease-status
information on patients with MCC who provided informed consent for release of medical
records and future contact and were enrolled between 2004 and 2016. Set protocols were
followed for data entry, maintenance, and patient updates. Patients were methodically
followed up at least annually by email and/or phone for any changes in disease status,
recurrence/progression, and treatments. Staging with positron emission tomography was not
uniformly performed for all patients and was based on clinical stage and results of sentinel
lymph node biopsy (if performed). Cancer treatment was delivered at our institution or
outside institutions based on patient preference or residence. Time from pathologic diagnosis
to registry enrollment (ie, lag time) was also captured and dichotomized as <6 months or =6
months.

We queried this registry of 1272 patients for patients who fulfilled the following eligibility
criteria: age =18 years, nonmetastatic MCC (stage I-111), and initial treatment with curative
intent. Given the potential heterogeneity of treatment in the palliative-intent or metastatic
setting, 467 patients were excluded from our study, which left 805 eligible patients who
comprised our analyzed cohort.

Definition of immunosuppression

Patients with MCC were categorized as immunosuppressed if they had been diagnosed with
a form of chronic immunosuppression before or within 1 year after diagnosis of MCC.
Types of immunosuppression were categorized as autoimmune disease (eg, inflammatory
bowel disease, lupus, rheumatoid arthritis), HIVV/AIDS, solid organ transplant, CLL, and
other hematologic malignancy. Because risk of MCC and death is higher among patients
with CLL compared with other lymphoproliferative disorders (9, 22), patients with CLL
were considered to comprise an immunosuppression group distinct from those with other
hematologic malignancies. Duration of immunosuppression was defined as time between
diagnosis of chronic immunosuppression and date of last follow-up or death.

Radiation treatment

Details regarding radiation treatment, including treatment fields, total dose, and dates of
treatment, were collected from the RT electronic medical record or, for patients who
received RT outside our institution, from clinic notes. In instances when details from notes
were incomplete, treatment plans were requested for review when possible.

Assessment of response, disease recurrence/progression, and death

The primary endpoint was MCC-specific RFS, which was measured from date of diagnosis
to first MCC recurrence/progression or MCC-specific death. Time to first recurrence was
recorded and categorized as local (within 5 cm from primary site), in-transit, regional
(draining lymph node basin), or distant (beyond draining lymph node basin). Of note, a
local recurrence in an irradiated patient could potentially reflect an in-field, marginal miss
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or a complete miss because radiation-specific fields were not available for verification

for all patients. Secondary endpoints include cancer-specific survival (CSS) and overall
survival (OS). For patients who received RT to gross disease, the best response to

radiation was categorized as complete response (CR; disappearance of gross disease),
partial response (PR; =50% reduction), or no response. Response assessment was based

on imaging (if available) or clinical evaluation. Timing and cause of death was gathered
from aforementioned patient charts, public records, and, when necessary, collateral contacts
who were involved in the patient’s care. For 63 patients (n = 7 immunosuppressed, n = 56
immune competent) cause of death was unknown; 31 (n = 4 immunosuppressed, n = 27
immune competent) of these 63 patients had MCC recurrence. For RFS and CSS, all 63
patients were included as deaths from MCC given the higher likelihood of death from MCC
over non-MCC causes, especially in the setting of recurrent disease (23).

Statistical analysis

Outcomes (RFS, CSS, OS) were compared between immunosuppressed and
immunocompetent patients with MCC. OS of immunosuppressed and immunocompetent
patients were estimated by the Kaplan-Meier method and compared with a log-rank

test. Because most patients with MCC are elderly and may have competing medical
comorbidities, RFS and CSS were estimated using a cumulative incidence function in which
non-MCC death was a competing risk. Gray’s test for competing risks was used to assess for
significant differences. Rates of RFS, CSS, and OS were reported at 2 and 5 years based on
a median follow-up of 54.4 months among living patients.

In less than 5% of patients with MCC, RT status was unknown. Because inclusion of these
patients may bias results, we compared patients with known (n = 769) versus unknown

RT status (n = 36). We found no significant difference between these 2 groups in various
demographic, pathologic, and treatment characteristics (results not shown), suggesting that
inclusion of patients with unknown RT status would be unlikely to bias our results.

A Fine and Gray’s competing risk multivariable analysis was used to estimate associations
with RFS. A logistic regression model was created to identify those covariates associated
with RT use. We evaluated the following covariates: age at diagnosis (continuous), immune
status (immune suppressed versus competent), sex, and time from pathologic diagnosis to
registry enrollment (lag time; <6 versus =6 months). Age and lag time were significantly
associated (P < .05) with RT use and were included in the multivariate model for RFS, in
addition to immune status, radiation (yes versus no), and pathologic stage (stage IA/I1A vs
IB/IIB/IIC vs I11A vs I1IB). We also constructed a propensity score analysis evaluating the
effect of RT on RFS by presence or absence of immunosuppression. The same covariates
used in the multivariable analysis were incorporated into the propensity score analysis.
Because the results were very similar, only the results of the Fine and Gray model are
presented here. Analyses were performed with SAS (version 9.4). Pvalues < .05 were
considered statistically significant, and all tests were 2-sided.
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Patient cohort

Among 805 patients with nonmetastatic MCC, 89 (11%) were immunosuppressed.
Immunosuppressed patients with MCC included those with HIV/AIDS (8%), CLL (31%),
other hematologic malignancies (18%), solid organ transplant (21%), and autoimmune
disease (21%). Median duration of immunosuppression was 97.7 months (range, 3.5-536.6).
Details regarding these patients have been reported separately (24).

The distribution of demographic and disease characteristics including stage were similar
among MCC patients with and without immunosuppression (Table 1). Treatment received
was also similar, with 77% and 86% of immune-competent and immunosuppressed patients
receiving RT, respectively. Among those irradiated, more immunosuppressed patients
received treatment to the primary site compared with immune-competent patients: 97%
versus 81%.

RFS and patterns of first recurrence

With a median follow-up of 48.1 and 54.6 months among living MCC patients with

and without immunosuppression, respectively, RFS was significantly worse among
immunosuppressed versus immune-competent patients (2-year RFS: 30% vs 57%, P<
.0001; Fig. 1, Table 2). Differences in RFS were primarily driven by increased rates of
local recurrence among immunosuppressed patients with MCC compared with immune-
competent patients (2-year: 25% vs 12%, P=.0002; Fig. 2, Table 2). There was no
significant difference in rates of in-transit (P=.70), regional (P = .40), or distant first
recurrence (P =.43). Among a subset of 54 immune-competent and 27 immunosuppressed
patients with MCC who developed a local and/or regional recurrence and had RT records
for review, a higher proportion of immunosuppressed patients had recurrences within the
radiation treatment field compared with immune-competent patients: 50% versus 25% (P =
.03). Median radiation dose among this subset of patients was 55.6 Gy (range, 42—70) for
immune-competent patients with MCC and 50.4 Gy (range, 37.5-70) for immunosuppressed
patients.

We evaluated whether increased local first recurrence among immunosuppressed patients
with MCC was secondary to differences in RT dose or presence of gross disease before RT.
Only 11% of irradiated patients with MCC had gross disease, a rate that was similar among
immune-competent and immunosuppressed patients: 11% versus 12% (Table 1). Median

RT dose was similar among immune-competent and immunosuppressed patients with MCC
treated for microscopic disease: 50.4 Gy versus 50 Gy. In contrast, median RT dose was
higher among immunosuppressed patients with MCC treated to gross disease compared with
immune-competent patients with MCC at 63 Gy versus 58 Gy (Table 1), suggesting that
increased rates of local first recurrence were unlikely to be secondary to inadequate dosing
of microscopic or gross disease.

We also performed a subset analysis of those patients with MCC who were irradiated to
=50 Gy. Of note, only 26 irradiated patients with MCC received a dose <50 Gy. Similar
to our findings for the entire cohort, among those patients with MCC treated to =50 Gy,
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immunosuppressed patients had significantly worse RFS compared with immune-competent
patients (2-year RFS: 29% vs 62%; P < .0001), primarily driven by increased rates of local
first recurrence (2-year: 29% vs 7%; £<.0001).

To address the possibility that patients may have received inadequate RT that could not be
assessed because details were missing, we performed a subgroup analysis of patients who
received definitive RT at our institution. Similar to our larger cohort, we found significantly
worse RFS among immunosuppressed patients with MCC (£ =.03) that was driven by
increased rates of local first recurrence (£ =.0496) but not regional (P =.28) or distant first
recurrences (P=.84).

Association of radiation and other covariates on RFS

Given higher rates of local first recurrence among immunosuppressed patients with MCC,
most of whom had received local irradiation, we tested the hypothesis of whether the effect
of radiation on RFS differed by patient immune status. A significant interaction was noted
between immune status and RT (£ =.01). Although RT was associated with a statistically
significant improvement in RFS among immune-competent patients with MCC (adjusted
hazard ratio [HR] 0.56; 95% confidence interval [CI] 0.44-0.72), no significant association
was seen between RT and RFS among immunosuppressed patients with MCC (adjusted HR
1.49; 95% CI 0.70-3.17). Similar results were noted with a propensity score analysis (results
not shown).

We separately evaluated whether rates of response differed among immunosuppressed and
immune-competent patients with MCC in whom radiation was used to treat gross disease.
In 37 immune-competent and 9 immunosuppressed patients with MCC, gross disease was
present before RT and data on response were available. Nearly all immune-competent (73%
CR, 22% PR) and immunosuppressed patients with MCC (CR 78%, PR 22%) achieved a
response to RT.

Other significant and independent prognostic factors for RFS included age at diagnosis (HR
1.01; 95% CI 1.00-1.02; £=.01), pathologic stage (reference IA/I1A: IB/IIB/IIC HR 1.58,
95% CI 1.19-2.10; 1A HR 1.93, 95% CI 1.43-2.60; 111B HR 2.26, 95% CI 1.73-2.95; P<
.0001) and time between MCC diagnosis and registry enrollment (=6 versus <6 months; HR
2.11; 95% CI 1.72-2.58; P<.0001). The latter is consistent with clinical observations that
many patients presenting to our institution seek a second opinion and treatment options in
the setting of recurrent or refractory disease (ie, after initial diagnosis).

CSS and OS outcomes

CSS and OS were significantly lower among immunosuppressed patients with MCC (Figs.

3 and 4; P<.0001 for both), primarily driven by MCC-related death. More than half (59%)
of immune-competent and 79% of immunosuppressed patient deaths were from MCC (Table
2).
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Discussion

Within this retrospective registry study, patients with MCC with chronic immunosuppression
had significantly lower RFS, CSS, and OS despite similar demographic, pathologic, and
treatment factors, which is consistent with prior retrospective single-institution (17-20, 25)
and population-based registry studies (22). Indeed, as implied in the curves for OS and
cancer-specific mortality, nearly all deaths among immunosuppressed patients with MCC
was from MCC. This is consistent with prior findings from University of California, San
Francisco, in which CSS and OS were very similar among transplant recipients with MCC
(25). Although a higher proportion of immunosuppressed patients with MCC were irradiated
to the primary site, the predominant pattern of first recurrence among these patients was
local.

Our series highlights a novel finding—differences in patterns of failure among
immunosuppressed patients with MCC—and strongly suggests an association between
immune status and efficacy of RT-mediated local control. Similar findings have been
observed after palliative, single-fraction RT (8 Gy) for metastatic MCC tumors. Local
control was worse among irradiated MCC tumors in patients with a history of
immunosuppression or chemotherapy (70%) compared with MCC tumors in patients
without these risk factors (91%) (26), suggesting that with current standard RT doses, RT
may be less effective in an immunosuppressed patient.

The mechanism(s) of apparent MCC radioresistance in an immunosuppressed patient is

not known. Gross MCC disease is eradicated by standard RT doses, as evidenced by
similar response rates between immune-competent and immunosuppressed patients with
MCC. However, immunosuppressed patients with MCC have notably faster kinetics of local
and distant recurrences compared with immune-competent patients with MCC, suggesting
that tumor repopulation may be a component. One hypothesis is that the patient immune
system and, by extension, the tumor microenvironment may play a role in controlling

the residual microscopic tumor cells after RT. In an intact immune system, microscopic
tumor cell growth is checked or slowed, but immune surveillance is suboptimal in an
immune-suppressed individual, permitting unchecked growth of microscopic tumor cells.

The immune system is thought to play an important role in the control and eradication

of MCC. Patients with MCC who present with regional disease of unknown primary

(stage 111B) have improved outcomes compared with other stage I11B patients with known
primary site (18, 27), presumably reflecting an effective immune system that has already
eradicated the primary. RT plays an important role in MCC treatment and has been
associated with improved outcomes (28-31). Preclinical and clinical observations suggest
that the effects of RT may be mediated through the immune system. In mouse models,
higher radiation dose is required to control 50% of transplanted immunogenic fibrosarcoma
tumors in immunosuppressed mice (21). In addition, in patients with indolent non-Hodgkin
lymphoma treated with palliative, low-dose RT (4 Gy in 2 fractions), patients with CLL/
small lymphocytic lymphoma had lower response rates to radiation (odds ratio 0.2; P=

.2) and shorter time to additional treatment for local recurrence (HR 3.63; £=.01) (32)
compared with patients with other indolent non-Hodgkin lymphoma.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2022 October 25.
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Although the association between immunosuppression and worse oncologic outcomes is
established for other tumor types, including nonmelanoma skin cancers (2, 3), this is

not uniformly seen for other cancers associated with immunosuppression, including anal
squamous cell carcinoma (33). Even fewer data, if any, are available on the interaction
between immunosuppression and RT efficacy in other cancers, likely in part because of
the small proportion of patients with cancer with chronic immunosuppression and the
differential effect of immune suppression on outcomes across cancer types. Despite the
paucity of data on RT efficacy and immunosuppression in other cancers, our findings are
not wholly unexpected given that the importance of the immune system in the pathogenesis
and control of MCC is well established. However, these results may not be generalizable to
other cancer types given the differential effect of immune suppression on outcomes. MCC
therefore represents a unique cancer in which to study the interplay between the immune
system and RT.

Despite long follow-up and large patient numbers, several limitations should be noted in
this retrospective study, including selection bias for treatment. However, the treatments
received among patients with MCC with and without immunosuppression were similar, if
not slightly skewed toward greater utilization of radiation and more comprehensive radiation
fields (ie, primary and regional) among immunosuppressed patients with MCC. A small
minority of patients had missing data, including relapse date and/or causes of death. Death
from unknown causes was combined with death from MCC. Although this may bias results,
nearly half of patients with MCC with unknown cause of death experienced relapse before
death. In these patients, there is a higher likelihood of death from MCC over non-MCC
causes, especially in the setting of recurrent disease (23). Categorizing these unknown
deaths as non-MCC deaths would likely increase the observed significant difference in CSS
between patients with MCC with and without immunosuppression.

RT status and RT details were missing for 4.5% and 7.3% of patients, respectively, and
potentially could bias our results given missing data. We found that there were no significant
differences in demographic, pathologic, and other treatment characteristics in patients with
MCC with known versus unknown RT status. Last, given that many patients with MCC
travel to our center for a second opinion and/or additional care, our cohort may be enriched
for patients with relapsed/refractory (R/R) MCC disease. This may in part explain why the
local recurrence rates observed among immune-competent patients with MCC are similar

to or slightly higher than rates in other series (31). However, we do not anticipate that our
findings are altered by a higher proportion of R/R patients because both immune-competent
and immune-suppressed groups had a similar proportion of R/R patients, using lag time as a
surrogate for R/R disease: 44% versus 39%, respectively.

Although our results are hypothesis generating and require validation in other MCC cohorts,
they suggest a potential role of intensifying treatment for immunosuppressed patients with
MCC, who have worse local control with current standard RT doses. Strategies may

include radiation dose escalation through a variety of treatment modalities (eg, electrons,
high-dose-rate brachytherapy, orthovoltage photons, MV photons), altered fractionation (eg,
accelerated hyperfractionation), and/or concurrent systemic therapies, although effectiveness
of dose escalation was not evaluated in our analysis and remains to be confirmed in other

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2022 October 25.
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cohorts. Alternatively, other local therapies (ie, surgery) may be considered, although nearly
all (94%) immunosuppressed patients in our cohort had additional surgical resection beyond
their initial biopsy.

Conclusion

Presence of chronic immunosuppression is associated with decreased RFS, CSS, and

OS among curatively treated patients with MCC. Although the mechanisms for these
observations are not wholly understood, our data suggest that RT-mediated local control

is impaired among immunosuppressed patients with MCC. These findings, which remain to
be confirmed in other MCC cohorts, highlight the consideration of RT intensification and/or
the unmet need for novel therapies for immunosuppressed patients with MCC.
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Fig. 1.
Cumulative incidence function of Merkel cell carcinoma (MCC) recurrence, progression, or

death from MCC (ie, recurrence-free survival) among patients with MCC by presence or
absence of immunosuppression.
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Kaplan-Meier plot of overall survival among patients with Merkel cell carcinoma by
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