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Abstract: (1) Background: Optimal radiotherapy doses for Merkel cell carcinoma are unknown. (2)
Methods: After a PubMed literature search, we analyzed data by Equivalent Dose in 2-Gy fractions
(EQD2). (3) Results: 939/949 data were evaluable: 728/939 (77.5%) presented with localized disease,
of which 171 were irradiated alone, with a median primary EQD2 of 50 (14.0-72.0) Gy2. Local
recurrence (LR) was 23.4% (40/171). The remaining patients were controlled with a median EQD2 of
50 (23.3-72.0) Gy2. Thirteen patients were given definitive radiotherapy EQD2<50 vs >50 Gy2 to gross
primaries: LR were 23.1% (3/13) vs 12.5% (1/8)(P=0.0004). Few patients received >60 Gy2. After
adjuvant radiotherapy <50 vs >50 Gy2 to 156 primaries, LR were 18.8% (6/32) vs 12.8% (12/124); for
<60 vs >60 Gy2, 15.5% (16/103) vs 8.7% (2/23)(P=0.52). LR after <50 Gy2 was 25% (3/12) for positive
margins versus 17.4% (4/23) for negative margins; for >50 Gy2: 15% (3/20) versus 4.8% (3/62),
respectively (P=0.36). (4) Conclusions: For definitive radiotherapy, EQD2<50 Gy2 demonstrates
significant higher LR than >50 Gy2 (P=0.0004). For adjuvant radiotherapy, a trend of higher LR with
<50 Gy2 was seen. Large prospective multicenter studies are required to define the optimal doses for
definitive and adjuvant MCC treatment.

Keywords: Merkel cell carcinoma; local recurrence; radiotherapy dose; pattern of spread; skin;
database

1. Introduction

Merkel cell carcinoma (MCC) is an aggressive radiosensitive cutaneous neuroendocrine
malignancy arising predominantly in older (70+ year olds) Caucasians. Many (30-40%) will die from
MCC despite treatment, usually from distant metastases. The incidence is increasing rapidly, and
lesions can arise anywhere on the body with the head and neck involved in 40-50% of cases [1]. The
etiology of MCC is associated with a highly prevalent virus, the Merkel cell polyomavirus, as well as
chronic ultraviolet radiation. MCC has a high propensity to spread to draining lymph nodes. It is
relevant to establish the extent of a patient's MCC at diagnosis as this will impact both on
management and prognosis. Most (50-60%) patients present with a primary lesion only but there is a
need to investigate draining lymph nodes (LN), so called sentinel lymph nodes (SLN)) as the
incidence of subclinical spread is high (30-50%). A further 20-30% will present with nodal metastases.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Traditionally, node-positive disease in MCC patients had been treated with lymph nodal dissection
(LND), but radiotherapy is a definite or adjuvant treatment option.

As to date, there is limited research on the optimal radiotherapy doses_for microscopic and
macroscopic diseases, and hence researchers have given different recommendations [NCCN ref].
Based on a 54-patient study from M. D. Anderson Cancer Center, authors recommended a dose of
56-60 Gy for gross disease and 46-50 Gy for adjuvant radiotherapy, both in 2 Gy fractions [2]. Two
analyses of the American National Cancer Database showed different results for adjuvant
radiotherapy dose. Doses from 40 to <50 Gy appears to be sufficient for extremities and/or trunk with
stage I to Il MCC, with overall survival (OS) equivalent to that of higher-dose regimens (>50-70 Gy)
[3]. However, another study published in 2020 supported doses of 50-57 Gy for most stage I/II Merkel
cell carcinoma receiving adjuvant radiotherapy if 2 Gy per fraction is used and strongly recommended
> 50 Gy for patients with nodal presentations irrespective of tumor site [4]. This corroborates with
adjuvant radiotherapy dose of 50-56Gy for local control of MCC, as demonstrated by meta-analysis
and a large epidemiological study [5]. The updated German S2k guideline in 2023 states that the
standard dose for adjuvant radiotherapy remains 50 Gy [6]. An adjuvant dose of 50 to 60 Gy was
recommended for the tumor bed in another review [7].

When combined with chemotherapy, a clinical trial employed 50 Gy in 25 fractions over 5 weeks
for with disease localized to the gross primaries and nodes (involved in 14/18, i.e. 77% of patients),
and at least one of the following high-risk features: recurrence after initial therapy, involved nodes,
primary size greater than 1 cm, gross residual disease after surgery, or occult primary with nodes
[8,9]. But combination chemo-radiation has fallen out of favor due to toxicities and the theoretical
concern of immunosuppression induced by chemotherapy adversely impacting prognosis. Research
on immunotherapy in MCC is the trend nowadays.

Next issue is the effect of dose-fractionation. The group at Dana-Farber/Brigham & Women's

Cancer Center studied 241 patients with non-metastatic MCC, treated with conventional (conv-RT)
or hypo-fractionated radiotherapy (hypo-RT) [10]. The hypo-RT cohort was older (=73 years at
diagnosis: 78.0 % vs 41.5 %, p < 0.01), and received a lower equivalent total RT dose in 2 Gy per
fraction (<50 Gy: 58.0 % vs 5.2 %, p <0.01). Median follow-up was 65.1 (range: 1.2-194.5) months for
conv-RT and 25.0 (range: 1.6-131.3) months for hypo-RT cohorts. Two-year cumulative incidence of
in-field locoregional relapse was low in both groups (1.1 % conv-RT vs 4.1 % hypo-RT, P=0.114).
While two-year OS was lower for the hypo-RT group (62.6 % vs 84.4 %, P=0.0008), two-year MCC-
specific survival was similar (84.7 % vs 86.6 %, P=0.743).

With the above-mentioned radiation dose controversies, our research team decided to examine
the optimal dose-fractionation for MCC using the EQD2 concept, i.e. the equivalent dose if converted
to 2-Gy fractions based on the linear-quadratic formula [11].

2. Materials and Methods

We have built a 949-patient aggregated database from records of our institutions and individual
patient data from the literature for the period March 1982 to Feb 2015. This includes retrospective
chart review of data from the six jurisdictions ofFrance, Canada and Australia. A PubMed search was
also conducted to secure adequate database. A Microsoft excel datasheet was designed. There were
no exclusion criteria for patients. The following were compiled for patients after ethics approval:
baseline information of age, sex, initial clinical and pathological stages, site, time delay before seeing
doctors, other concurrent tumor(s), maximum dimension of the primary tumor, LNM and DM,
histological details, history of immunosuppression/co-morbidities/previous radiotherapy. We
recorded the treatment(s) received: surgery (e.g. Mohs microsurgery, nodal dissection or excision
alone, and resection margin), radiotherapy (doses, field coverage, response), chemotherapy (specific
chemotherapy drugs, number of cycles, response) and outcome such as recurrence (timing, site and
subsequent treatments), and final disease status. MCC polyomavirus status was not included due to
non-availability at the time of study.

The primary outcome was local recurrence (LR). Equivalent doses in 2-Gy fractions (EQD2) =
total dose x [(dose per fraction + a/PB)/(2 + «/P)] was calculated to compare different dose-
fractionations, assuming o/f3=10 [11].
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2.1. Statistical Analysis

Pattern of recurrence was analyzed as the primary outcome, with survival rate as a secondary
outcome. CSS was defined as the time interval from diagnosis to death from MCC, or censored at the
last follow-up date if the patient was still alive at the time of analysis. OS was defined as the time
interval from diagnosis to death regardless of the cause, or last follow-up date for censoring as
described above. Kaplan-Meier method was used to generate survival curves [12]. Cox-Proportional
Hazards model was used to identify risk factors for DM [13].

3. Results

Altogether 939/949 data were evaluable with sufficient radiotherapy information: 50.8% male,
median age 73 (range: 31-96) years and median follow-up 21 (0-272) months. 728/939 (77.5%)
presented with localized disease (stages I and II) and 176/939 (18.7%) with nodal disease (stage III).
A median dose of 50 (range: 14-70) Gy2 were used for both micro-/macroscopic tumors.

Among 171 stages I and II patients who were irradiated without chemotherapy, median primary
EQD2 was 50 (14.0-72.0) Gy2, and nodal EQD2 was 50 (15.9-71.9) Gy2. Five-year Kaplan-Meier cause-
specific survival was 56.5%; overall survival was 43.8%; and LR was 23.4% (40/171) after a median
EQD?2 of 50 (14.0-70.0) Gy2. The remaining 131 patients achieved local control with median EQD?2 of
50 (23.3-72.0) Gy2. Table 1 shows that 13 patients received definitive radiotherapy for gross primary
disease: LR for EQD2<50Gy2 vs >50Gy2 were 23.1% (3/13) vs 12.5% (1/8) (P=0.0004, unpaired t-test).
Comparison for <60 Gy2 vs >60 Gy2 was not performed due to few patients receiving >60 Gy2.

Adjuvant radiotherapy was given to 156 patients to the primary site, LR for <50Gy2 vs >50Gy2
were 18.8% (6/32) vs 12.8% (12/124); for <60Gy2 vs >60Gy2, 15.5% (16/103) vs 8.7% (2/23) (P=0.52,
Fisher exact test). After treatment with <50Gy?2 to positive margin, LR was 25% (3/12) and to negative
margin, 17.4% (4/23) vs >50Gy2: 15% (3/20) and 4.8% (3/62), respectively (P=0.36, chi-square statistic
with Yates correction).

Table 1. Radiation doses for stage I/Il Merkel cell carcinoma for primary disease only without nodes at

presentation.

MCC ting with
presenting With - \jo. of patients, No. of patients,

Kin ori di
SKIN PHMaty ¢Isease  rotal definitive Total adjuvant

only dose (median) Gy dose (median) Gy
and Gy2 and Gy2
Margin +ve
N=23 Margin -ve N=23

N=81 16.0-60.0
25.0-66.0 (50.0) (42.5)
32.5-56.4 (55.6)  31.3-60.0

Primary tumor 16.0-60.0 (42.5)
31.3-60.0 (48.8)

(48.8)
Margin +ve
Not applicable Margin -ve N=54
Nodal region for node-negative N=54 16.2-70.0
& Casesg 16.2-70.0 (50.0) (50.0)

15.9-70.0 (50.0)  15.9-71.9
(50.0)

Abbreviation: -ve, negative; +ve, positive; Gy2, equivalent doses in 2-Gy fractions.

4. Discussion

To our knowledge, this MCC database is one of the most comprehensive in the literature with a
lot of treatment details. Although our data on adjuvant radiotherapy of LR for <50Gy2 vs >50Gy2

d0i:10.20944/preprints202502.0339.v1
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were 18.8% vs 12.8%; for <60Gy2 vs >60Gy2, 15.5% vs 8.7% turned out to have P=0.52, the results are
in the right direction demonstrating the benefit of adequate radiotherapy dose by 32% and 44%
reduction. In addition, LR after <50Gy2 to positive surgical margins was 25% vs 17.4%; after >50Gy2:
15% vs 4.8% (3/62) again point towards benefit of a higher dose despite P=0.36. Radiotherapy doses
should be individualized to achieve the best outcome taking into account the body sites, e.g. the shin
tolerates radiation poorly with the scanty subcutaneous tissue and its locationis exposed to trauma
with poor circulation. Cosmetic outcome is another important consideration for the face and hands.
Functional outcome is important for hands and feet. Relevant literature review for radiotherapy of
MCC is presented below.

4.1. Sentinel Lymph Node Biopsy (SLNB) and Adjuvant Radiotherapy

Conservative surgery can be performed for both primary and nodal MCC. SLNB can be seen as
a form of selective lymphadenectomy of involved nodes which is followed by radiation, being used
in most American centers, for example the University of Washington [14].

4.2. Effectiveness of Radiotherapy for Gross Disease

MCC has an excellent response to radiotherapy highlighting its unique radio-responsiveness
among skin cancers. In a series from the Peter MacCallum Cancer Institute, Australia, complete
responses of measurable tumors were observed in 22 out of 23 sites (96%) and 1 partial response (4%),
i.e., an overall response rate of 100%. There was only 1 recurrence in an irradiated site (after a low
radiation dose) [15]. More examples of success stories were found in the older literature [16],
including a 26 cm tumor with excellent response [17]. Other studies have shown similarly excellent
results on longer follow-up: 75% at 49 months [18] and 85% at 2 years [19]. Modern radiotherapy
technique with stereotactic radiosurgery allows a higher dose to be achieved for gross tumor while
sparing surrounding norma tissues. This can be performed for liver, bone and brain metastases < 3
cm in general [20].

In 2015, the Peter MacCallum Cancer Centre, Melbourne, Australia published its 15-years of
experience of positron emission tomography (PET) scans [21] and reported post-treatment metabolic
response in 1-6 months to be significantly associated with improved overall survival. The 24/37)
patients achieving a complete metabolic response had an 88% 2-year overall survival (95% CI, 0.75-
1.00) and a 68% 5-y overall survival (95% CI, 0.49-0.95). Patients without a complete metabolic
response had a 15% 1-year overall survival (95% CI, 0.04-0.55). PET scans are also useful to identify
locoregional recurrence which can be salvaged by multi-modality treatment [22,23]. In this study, 4
of the 9 patients with locoregional recurrence were successfully salvaged by further treatment with
long-term follow-up, median 6.5 years.

4.3. Dose-Response to Radiotherapy

As to date, the optimum radiation doses for MCC are only estimated in the adjuvant,
microscopic and macroscopic settings. There is limited radiotherapy dose response data but an
Australian study documented a dose response for patients with macroscopic disease and
recommending 55 Gy as a minimum dose [23]. In that study no patient with macroscopic MCC
disease developed in-field relapse at doses >56 Gy [24]. The majority of patients treated with
definitive RT had out-of-field relapse with in-field control.

A systematic review of the literature reported an almost 90% in-field control rate following
definitive radiotherapy with a mean dose delivered of just under 50 Gy, with no apparent association
between RT dose and incidence of recurrence [25], likely due to radiosensitivity of MCC. In an
analysis of 2093 patients from the NCDB with MCC located on the trunk or extremities, all patients
underwent surgery (88% achieved negative margins and 12% had microscopic or gross residual
MCC) followed by adjuvant RT. Using overall survival as the outcome, patients receiving between
40-50 Gy had an equivalent survival to those receiving >50-70 Gy. Patients receiving <40 Gy had a
worse survival [26].

Patients of poor performance status should be considered for shorter hypo-fractionated regimes
such as 20-30Gy in 5-10 fractions. At least one study has documented 45% complete response using
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an 8 Gy singe fraction (including large tumors up to 16 cm) and almost 80% in-field lesion control
[27]. Whether the larger doses per fraction compensate for a lower total dose is unclear but is an
alternative approach in selected patients of poor performance status.

With combination treatment, chemotherapy appears to be effective with 50 Gy [8,9]. A phase II
trial randomized 50 patients to nivolumab 240 mg intravenously every 2 weeks plus ipilimumab 1
mg/kg intravenously every 6 weeks (group A) or the same drug schedule with the addition of
stereotactic radiotherapy to at least one tumour site (24 Gy in three fractions at week 2; group B) to
gross tumor [28]. 22 patients naive to immune checkpoint inhibitors all showed response to combined
nivolumab and ipilimumab, of which 9 (41%) were complete responses. The authors concluded that
addition of stereotactic radiotherapy did not improve efficacy of combined nivolumab and
ipilimumab. We felt that the radiation dose was only 36 Gy2, a higher dose may have a different
conclusion. More research with combination immunotherapy and radiotherapy is needed to clarify
the optimal dose.

Deducing from the literature, clinicians may consider a higher dose for lesions with a greater
concern for recurrence, e.g. multiple positive resection margins, recurrent lesions, multiple recurrent
episodes and patients who may not attend future follow-up, etc. All treatment decisions should be
individualized to achieve the best outcome. This study is meant to help clinicians who have few
experiences on this rare tumor.

5. Conclusions

In summary, our work shows that standard fractionated radiotherapy doses >50 Gy2 and
perhaps >60 Gy2 resulted in improved locoregional control, although statistically insignificant due to
small patient numbers. Deducing from the literature, clinicians may consider a higher dose for lesions
with a greater concern for recurrence, e.g. multiple positive resection margins, recurrent lesions,
multiple recurrent episodes and patients who may not attend future follow-up, etc. All treatment
decisions should be individualized to achieve the best outcome. This study is meant to help clinicians
who have few experiences on this rare tumor.
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The following abbreviations are used in this manuscript:

ADMEC-O Adjuvant immunotherapy with nivolumab versus observation

ADT Androgen deprivation therapy

CSS

cT Cause-specific survival
DFS Computerized tomography

Disease-free survival

DM .

Gv2 Distant metastases
Ll\}IIM Equivalent doses in 2-Gy fractions

LR Lymph node metastases

Local recurrence

MCC .

os Merkel cell carcinoma
PET Overall survival

PFS Positron emission tomography

Progression-free survival
SLNB . .
ve Sentinel lymph node biopsy
Negative
+ve ..
Positive
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