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Background: Postoperative radiotherapy (PORT) is currently recommended for the treatment of Merkel
cell carcinoma. Nevertheless, deviations occur frequently due to the generally elderly and frail patient
population. We aimed to evaluate the influence of PORT on survival in stage I-III MCC patients treated
in the Netherlands.
Methods: Patients were included retrospectively between 2013 and 2018. Fine-Gray method was used for
cumulative incidence of recurrence and MCC-related death, cox regression was performed for overall
mortality. Analyses were performed in patients with clinical (sentinel node biopsy [SN] not performed)
stage I/II (c-I/II-MCC), pathologic (SN negative) stage I/II (p-I/II-MCC) and stage III MCC (III-MCC), sepa-
rately. Propensity score matching (PSM) was performed to assess confounding by indication.
Results: In total 182 patients were included, 35 had p-I/II-MCC, 69 had c-I/II-MCC and 78 had III-MCC.
Median follow up time was 53.5 (IQR 33.4–67.4), 30.5 (13.0–43.6) and 29.3 (19.3–51.0) months, respec-
tively. Multivariable analysis showed PORT to be associated with less recurrences and reduced overall
mortality, but not with MCC-related mortality. In stage III-MCC, extracapsular extension (sub-
distribution hazard [SDH] 4.09, p = 0.012) and PORT (SDH 0.45, p = 0.044) were associated with recur-
rence, and � 4 positive lymph nodes (SDH 3.24, p = 0.024) were associated with MCC-related mortality.
Conclusions: PORT was associated with less recurrences and reduced overall mortality in patients with
stage I-III MCC, but not with MCC-related mortality. Trends in overall survival benefit are likely to be
caused by selection bias suggesting further refinement of criteria for PORT is warranted, for instance
by taking life expectancy into account.
� 2021 The Author(s). Published by Elsevier B.V. Radiotherapy and Oncology 166 (2022) 203–211 This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Merkel cell carcinoma (MCC) is a rare and aggressive
neuroendocrine malignancy of the skin. The incidence of MCC is
0.5–0.8/100.000, but has been rising over the past decades [1,2].
With a median age of 75 years at diagnosis, it is predominantly a
disease of the elderly [3–5]. The prognosis of patients strongly
correlates with disease stage. Five-year overall survival (OS) for
localized disease (stage I and II) was reported to be between
35–63% [5–7]. Up to 37% of patients present with nodal disease,
which is associated with a five-year OS of 26.8–46.0% [5,6,8].

The mainstay of treatment for MCC consists of locoregional
surgery. A wide local excision (WLE) of the primary tumor,
accompanied by a sentinel lymph node biopsy (SN) in clinically
node-negative disease, is recommended [9]. The National
Comprehensive Cancer Network (NCCN) guidelines recommend –
if appropriate after consultation within a multidisciplinary tumor
board – a completion or therapeutic lymph node dissection
(LND) (neck-dissection in case of MCC arising from the head and
neck region), in case of microscopic or macroscopic nodal involve-
ment, respectively [9]. Despite surgical efforts, the risk of recur-
rence is high [10,11]. Since MCC is generally considered to be
very sensitive to radiotherapy, postoperative radiotherapy (PORT)
has been implemented in the standard of care [12]. The NCCN
guidelines recommend PORT in all primary MCC, although obser-
vation can be considered in widely excised, small primary tumors
(<1 cm), and in the absence of other risk factors. PORT is also rec-
ommended when macro- or microscopically nodal disease led to
LND, and more than 3 positive lymph nodes or extracapsular
extension are found on pathological examination [9]. These guide-
lines are based on a retrospective analysis of 6908 cases, which
showed an OS benefit in stage I and II treated with PORT, but not
stage III MCC patients [13]. In the Netherlands, most patients with
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MCC are treated in specialized referral centers. These centers work
in close collaboration and treatment decisions are based on estab-
lished evidence and guidelines.

Nonetheless, clinicians often deviate from the treatment proto-
cols. This occurs because of physicians’ or patients’ preference,
because patients are too frail to undergo treatment, or because
the patients prognosis is defined by other comorbidities [14,15].
SN procedure is often omitted for similar reasons, which may lead
to incomplete staging of disease and under-informed decision
making [16]. For PORT, this has been illustrated in a recent study
that investigated the concordance of PORT guidelines and treat-
ment in MCC patients. The authors found that 57% of patients with
a PORT indication were actually treated with radiotherapy. In these
patients, PORT was associated with improved OS [15].

The guideline discordance in regard to staging and treatment,
together with an often elder and frail population, makes it difficult
to assess whether patients would benefit from adjuvant therapies,
especially in retrospective analyses. In this study, we will evaluate
the influence of PORT in patients with both clinically and patholog-
ically defined stage I-III MCC, whilst controlling for confounding by
indication in our analysis. Further, we will investigate the effect of
PORT on different outcomes, namely recurrence, MCC-related
mortality and overall survival. By doing so, we will be able to
assess whether the frailty and non-MCC-related prognosis of
patients are likely influencing treatment decision and survival
outcomes.
Materials and Methods

Patient selection

Patients from three referral centers were included in this retro-
spective multicenter observational study, covering over three
quarters of the Dutch MCC population. All patients with histologi-
cally proven stage I-III MCC, diagnosed between 2013 and 2018,
and with an indication for PORT, were eligible for inclusion. This
study was conducted according to the principles of the Declaration
of Helsinki and approved by local Institutional Review Boards
(IRBs). All patients gave consent for the use of their pseudo-
anonymized medical data.
Objectives

The primary objective of this study was to investigate the influ-
ence of PORT on recurrence, MCC-related mortality and overall
mortality of patients with stage I-III MCC. Recurrence was defined
as time in months from initial histopathological diagnosis until
documented first recurrence or death fromMCC. MCC-related mor-
tality was defined as time in months from the same initial time
point until death from MCC. Patients that died from unknown
causes but had stage IV disease at last follow up were considered
to have died from MCC. Patients that died of comorbidities were
considered as competing risks for both RFS and MCC-related mor-
tality. Patients who were alive at the end of study were censored.

The secondary objective of this study was to identify predictors
for recurrence, MCC-related mortality and overall mortality in
stage I-III MCC patients.
Statistical analyses

Descriptive statistics were used to describe baseline character-
istics: frequencies and percentages for categorical variables, medi-
ans with interquartile ranges (IQR) for continuous variables.
Characteristics of patients who did and did not receive PORT were
compared using the Fisher’s exact test in categorical variables and
Wilcoxon rank sum test in continuous variables.
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Due to the observational nature of this study, the choice for
PORT could be subject to differences in patient characteristics.
Therefore, patients were matched using propensity score matching
(PSM) to ensure two groups with equal characteristics associated
with receiving PORT. One-to-n matching with replacement with
the nearest Mahalanobis metrics matching was performed. The
PORT group was used as reference group for matching. Propensity
score was estimated by a logistic regression and covariates
included in the propensity score were selected based on their con-
tribution to PORT treatment decision. Covariates were gender, age,
World Health Organization (WHO) performance score (PS), T stage,
N stage, head and neck tumors (as binary variable, yes/no), radical
excision (yes/no) and lymph-/angioinvasion (yes/no). The stan-
dardized mean difference was used to assess the balance of covari-
ates after matching, a value of > 0.1 was used as a cut-off for
imbalance of covariates.

For recurrence and MCC-related mortality competing risk anal-
yses using the Fine-Gray method were performed. Cumulative inci-
dence and Kaplan-Meier curves were plotted for visualization of
recurrence, MCC-related and overall mortality. A multivariable
Fine-Gray model was constructed for identification of independent
predictors of recurrence and MCC-related mortality. Multivariable
cox regression was performed for overall mortality. Predictors
were selected according to clinical knowledge regarding their
influence on survival, radiotherapy was included as predictor of
interest. The sub-distribution hazards (SDH) were shown and can
be interpreted in similar manner to hazard ratios (HR) in a cox pro-
portional hazards model. To preserve statistical power, we
included patients with missing values as ‘unknown’ categories in
our multivariable analysis. A statistical probability (p-value)
of < 0.05 was considered significant.

Analyses were performed using IBM SPSS, version 25 and R ver-
sion 3.6.2. R packages ‘survival’, ‘MatchIt’, ‘cmprsk’ were used.
Results

A total of 218 patients with stage I-III were referred to the three
expert centers in the study period. Of these, 182 had an indication
for PORT according to current guidelines. Of the patients without a
PORT indication, 2 (5.5%) received PORT. In contrast, 94 (51.6%)
patients with a PORT indication did not receive PORT.

All further analysis were performed in the patients with a PORT
indication. Median age was 73.8 years (IQR 66.8–81.1) and 80
patients (44.0%) were female. Thirty-five patients (19.2%) had
pathological (SN negative) stage I/II MCC (p-I/II-MCC), 69 patients
(37.9%) had clinical (SN not performed) stage I/II MCC (c-I/II-MCC),
and 78 patients (42.9%) had stage III MCC (III-MCC). Baseline char-
acteristics for all patients, the distribution according to disease
stage and PORT are summarized in Table 1. Significant differences
were found in the following characteristics: p-I/II-MCC patients
treated with PORT more often had primary tumors of the head &
neck (45.5% vs. 8.3%), whereas patients with a MCC of the extrem-
ity were less frequently treated with PORT (27.3 vs. 66.3,
p = 0.023). In c-I/II-MCC, patients treated with PORT were older
(81.9 years vs 77.1 years, p = 0.029). In patients with III-MCC, sig-
nificant differences were mostly seen in pathological characteris-
tics: patients treated with PORT had more unknown primary
tumors (Tx) (24.4% vs. 12.1%) and larger tumors (T2 and T3)
(37.8% vs. 21.2% and 11.1% vs. 6.1%, p = 0.034, respectively). Free
excision margins had been achieved less frequently in the patients
receiving PORT (86.7% vs. 100%, p = 0.032), SN-procedure was per-
formed less often (26.7% vs. 54.5%, p = 0.018), but when additional
lymph node dissection was performed, positive lymph nodes were
found more frequently: 44.4% vs. 22.2% for 2–3 lymph nodes, and
29.9% vs. 9.1% for � 4 lymph nodes (p = 0.011). Compared to



Table 1
Baseline characteristics of all patients across all three subgroups and PORT. PORT: postoperative radiotherapy, CCS: Charlson comorbidity score, PS: World Health Organization performance score, T: tumor, SN: sentinel node, LND:
lymph node dissection.

Pathological Stage I/II Clinical Stage I/II Stage III

Characteristic All
N (%)

All No PORT PORT P-
value

All No PORT PORT P-
value

All No PORT PORT P-
value

Total 182 35 24 11 69 37 32 78 33 45
Gender 0.146 0.811 0.346

Female 80 (44.0) 17 (48.6) 14 (58.3) 3 (27.3) 34 (49.3) 19 (51.4) 15 (46.9) 29 (37.2) 10 (30.3) 19 (42.2)
Male 102 (56.0) 18 (51.4) 10 (41.7) 8 (72.7) 35 (50.7) 18 (48.6) 17 (53.1) 49 (62.8) 23 (69.7) 26 (57.8)

Age (median, range) 69.9 (17.3-
81.5)

70.7 (17.3-
81.5

66.8 (48.9-
81.2)

0.456 80.3 (54.3-
94.8)

81.9 (59.8-
84.7)

77.1 (54.3-
94.6)

0.029 71.0 (41.9-
89.6)

73.6 (41.9-
85.4)

70.5 (44.4-
89.6)

0.125

CCS 0.086 0.721 0.418
0 76 (41.8) 14 (40.0) 12 (50.0) 2 (18.2) 30 (43.5) 15 (40.5) 15 (46.9) 32 (41.0) 11 (33.3) 21 (46.7)
1 53 (29.1) 14 (40.0) 9 (37.5) 5 (45.5) 16 (23.2) 8 (21.6) 8 (25.0) 23 (29.5) 10 (30.3) 13 (28.9)
2 34 (18.7) 6 (17.1) 2 (8.3) 4 (36.4) 11 (15.9) 8 (21.6) 3 (9.4) 17 (21.8) 10 (30.3) 7 (15.6)
3 15 (8.2) 1 (2.9) 1 (4.2) 0 8 (11.6) 4 (10.8) 4 (12.5) 6 (7.7) 2 (6.1) 4 (8.9)
4 3 (1.6) 0 0 0 3 (4.3) 2 (5.4) 1 (3.1) 0 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 1 (0.5) 0 0 0 1 (1.4) 0 1 (3.1) 0 0 0

PS 0.460 0.598 0.634
0 85 (46.7) 16 (45.7) 10 (41.7) 6 (54.5) 24 (35.1) 13 (35.1) 11 (34.4) 45 (57.7) 18 (54.5) 27 (60.0)
1 60 (33.0) 15 (42.9) 12 (50.0) 3 (27.3) 27 (39.1) 14 (37.8) 13 (40.6) 18 (23.1) 9 (27.3) 9 (20.0)
2 27 (14.8) 4 (11.4) 2 (8.3) 2 (18.2) 9 (13.0) 4 (10.8) 5 (15.6) 14 (17.9) 5 (15.2) 9 (20.0)
3 7 (3.8) 0 0 0 6 (8.7) 5 (13.5) 1 (3.1) 1 (1.3) 1 (3.0) 0
Unknown 3 (1.6) 0 0 0 3 (4.3) 1 (2.7) 2 (6.3) 0 0 0

T-stage 0.550 0.116 0.034
T0 15 (8.2) n/a n/a n/a n/a n/a n/a 15 (19.2) 4 (12.1) 11 (24.4)
T1: �1 cm 27 (14.8) 8 (22.9) 6 (25.0) 2 (18.2) 14 (20.3) 7 (18.9) 7 (21.9) 5 (6.4) 2 (6.1) 3 (6.7)
T1: >1 cm & �2 cm 62 (34.1) 11 (31.4) 8 (33.3) 3 (27.3) 29 (42.0) 16 (43.2) 13 (40.6) 22 (28.2) 16 (48.5) 6 (13.3)
T2: >2 cm & �5 cm 52 (28.6) 10 (28.6) 7 (29.2) 3 (27.3) 18 (26.1) 13 (35.1) 6 (15.6) 24 (30.8) 7 (21.2) 17 (37.8)
T3: >5 cm 9 (4.9) 1 (2.9) 0 1 (9.1) 1 (1.4) 0 1 (3.1) 7 (9.0) 1 (6.1) 5 (11.1)
T4 6 (3.3) 1 (2.9) 0 1 (9.1) 3 (4.3) 0 3 (9.4) 2 (2.6) 1 (3.0) 1 (2.2)
Unknown 11 (6.0) 4 (11.4) 0 1 (9.1) 4 (5.8) 1 (2.7) 3 (9.4) 3 (3.8) 1 (3.0) 2 (4.4)

Location primary 0.023 0.241 0.469
Head & Neck 78 (42.9) 7 (20.0) 2 (8.3) 5 (45.5) 49 (71.0) 23 (62.2) 26 (81.3) 22 (28.2) 9 (27.3) 13 (28.9)
Trunk 30 (16.5) 9 (25.7) 6 (25.0) 3 (27.3) 9 (13.0) 6 (16.2) 3 (9.4) 12 (15.4) 5 (15.2) 7 (15.6)
Extremity 59 (32.4) 19 (54.3) 16 (66.7) 3 (27.3) 11 (15.9) 8 (21.6) 3 (9.4) 29 (37.2) 15 (45.5) 14 (31.1)
Unknown primary 15 (8.2) n/a n/a n/a n/a n/a n/a 15 (19.2) 4 (12.1) 11 (24.4)

Excision margins n/a 0.743 0.032
Margins free 165 (90.7) 35 24 (100) 11 (100) 58 (84.1) 32 (86.5) 26 (81.3) 72 (92.3) 33 (100) 39 (86.7)
Margins not free 17 (9.3) 0 0 0 11 (15.9) 5 (13.5) 6 (18.8) 6 (7.7) 0 6 (13.3)

SN-procedure 0.314 n/a 0.018
Negative 34 (18.6) 34 (97.1) 24 (100) 10 (90.1) 0 0 0
Positive 30 (16.5) 0 0 0 30 (38.5) 18 (54.5) 12 (26.7)
Not performed 118 (64.8) 1 (2.9) 0 1 (9.1)* 69 37 (100) 32 (100) 48 (61.5) 15 (45.5) 33 (73.3)

Nodal statusy 0.011
1 node positive n/a n/a n/a n/a n/a n/a n/a n/a n/a 7 (9.0) 6 (18.2) 1 (2.2)
2-3 nodes positive n/a n/a n/a n/a n/a n/a n/a 31 (39.7) 11 (33.3) 20 (44.4)
>3 nodes positive n/a n/a n/a n/a n/a n/a n/a 16 (20.5) 3 (9.1) 13 (29.9)
SN positive, LND not performed n/a n/a n/a n/a n/a n/a n/a 20 (25.6) 12 (36.4) 8 (17.8)
SN and LND not performed n/a n/a n/a n/a n/a n/a n/a 4 (5.1) 1 (3.0) 3 (6.7)
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patients who did not receive PORT, lymph-/angioinvasion was
found in less patients treated with PORT (15.6% vs. 42.2%), yet this
was unknown in a larger proportion of patients with PORT (57.8%
vs. 39.4%, p = 0.032). Patients without PORT more often had
unknown extracapsular invasion status (57.6% vs. 31.1%,
p = 0.063). Median follow up time for all patients was 34.6 months
(IQR 18.3–55.5). For patients with p-I/II-MCC median follow up
time was 53.5 months (IQR 33.4–67.4), for patients with c-I/II-
MCC this was 30.5 months (IQR 13.0–43.6) and for patients with
III-MCC this was 29.3 months (IQR 19.3–51.0).

PSM yielded 51:84 matched treated:control units. The PSM
cohort showed highly similar effects for PORT compared to the
unmatched cohort. Further analyses were therefore executed in
the unmatched cohort to maximize power. Results of PSM and sur-
vival curves for original and matched cohort can be found in the
supplementary material, Figure S1 and S2, respectively.

Considering all patients, 80 (44.0%) had recurrent disease. Of
the 44 patients that received PORT of only the primary tumor
(and not the nodal basin), recurrences were local in one (2.4%),
regional in 14 (31.8%) and distant in three (6.8%) patients. In
patients that received PORT of both the primary tumor and the
nodal basin, all recurrences were distant (n = 12, 38.7%). Thirteen
patients received PORT of nodal basin only, these were all patients
with unknown primary tumors. Of these, one patient (7.7%) had a
regional recurrence, and 5 (38.5%) had distant recurrences. Recur-
rences across local and/or regional PORT are summarized in Table 2.
For illustration of local, regional or distant recurrences, cumulative
incidence curves stratified by PORT are shown in Fig. 1.

Univariable competing risk analysis showed no difference in
disease recurrence for patients treated or not treated with PORT
in p-I/II-MCC (p = 0.590) and in c-I/II-MCC (p = 0.260). In patients
with III-MCC, PORT was associated with less recurrences
(p = 0.030). Cumulative incidence of recurrence curves are shown
in Fig. 2a. Multivariable analysis of recurrence identified a higher
disease stage: c-I/II-MCC had a SDH of 3.05 (p = 0.025), III-MCC
had a SDH of 6.24 (p < 0.001) and PORT (SDH 0.59, p = 0.039) as
independent predictors. Also, an unknown PS (SDH 5.33,
p < 0.001) was significantly associated with recurrence, but this
group only included 3 patients. To assess the influence of known
nodal pathological characteristics on recurrence, multivariable
analysis was repeated in III-MCC with inclusion of known risk fac-
tors for recurrence. Here, unknown lymph-/angioinvasion (SDH
0.29, p = 0.012), the presence of extracapsular extension (SDH
4.09, 0 = 0.012) and PORT (SDH 0.45, p = 0.044) were found to be
independent predictors for recurrence (Table 4).

Regarding MCC-related mortality, Fine-Gray analysis did not
show a significant difference for PORT in any of the three sub-
groups: p = 0.530, p = 0.430 and p = 0.980 for p-I/II-MCC, c-I/II-
MCC and III-MCC, respectively. In the complete cohort, 13 (7.1%)
patients died from other causes than MCC, two of whom died from
a malignancy other than MCC. Cumulative incidence curves are
found in Fig. 2b. Multivariable analysis identified male gender
(SDH 2.21, p = 0.033), and disease stages c-I/II-MCC (SDH 4.84,
p = 0.017) and III-MCC (SDH 7.12, p < 0.001) to be associated with
MCC-related mortality (Table 3). Similar to the analysis of recur-
rence, unknown PS (SDH 6.13, p = 0.033) showed significant
results. In multivariable analysis for III-MCC, only the presence
of � 4 lymph nodes was associated with MCC-related mortality
(Table 4).

Kaplan-Meier curves and cox regression were performed for
overall mortality. In patients treated with PORT a trend was seen
towards improved survival in c-I/II-MCC (p = 0.076), and no differ-
ence was seen in p-I/II-MCC (p = 0.990) and III-MCC (p = 0.200).
Kaplan-Meier curves for overall mortality are shown in Fig. 2c.
Multivariable cox regression identified a PS of 2 (HR 2.23,
p = 0.039), PS of 3 (HR 3.36, p = 0.044) and an unknown PS (HR



Table 2
Recurrences across local and/or regional postoperative radiotherapy (PORT).

PORT

No PORT, n (%) Primary tumor only, n (%) Lymph nodes only, n (%) Primary and lymph nodes,n (%)

No recurrence 50 (53.2) 26 (59.1) 7 (53.8) 19 (61.3)
Local 5 (5.3) 1 (2.3) 0 0
Regional 27 (28.7) 14 (31.8) 1 (7.7) 0
Distant 12 (12.7) 3 (6.8) 5 (38.5) 12 (38.7)
Total 94 (100) 44 (100) 13 (100) 31 (100)

Fig. 1. Cumulative incidence curves for local, regional and distant recurrence. PORT: postoperative radiotherapy.
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8.84, p = 0.002), primary tumor location on the trunk (HR 2.21,
p = 0.039), more advanced disease stage: c-I/II-MCC (HR 4.92,
p = 0.008) and III-MCC (HR 7.81, p < 0.001) and treatment with
PORT (HR 0.52, p = 0.035) as significant predictors for overall mor-
tality (Table 3). In III-MCC, a PS of 2 (HR 5.64, p = 0.003) and PORT
(HR 0.37, p = 0.031) were associated with overall mortality
(Table 4).

Discussion

In this large multicenter cohort of patients with stage I-III Mer-
kel cell carcinoma we found that PORT was associated with less
recurrences and reduced overall mortality across all stages, yet
we found no difference for PORT in MCC-related mortality. Further,
in stage III-MCC, we found that known prognostic factors such as
extracapsular extension were associated with recurrence,
and � 4 positive lymph nodes with MCC-related death,
respectively.

The benefit of PORT in the treatment of MCC has long been the
subject of debate. In 2019, a meta-analysis summed available evi-
dence of 29 studies that included PORT in MCC patients. Similar to
our study, this study indicated that PORT seemed to be associated
with improved disease-free and overall survival (OS) [17]. We
found that PORT was associated with reduced overall mortality,
but not with MCC-related mortality. This can be explained by the
guideline-discordance that has been mentioned previously. In our
cohort, 51.6% of patients did not receive PORT when this was indi-
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cated. Although the reasons for this are unknown, the reluctance to
treat patients with PORT could be based on a pre-existent shorter
life expectancy. This would explain the difference in overall and
MCC-related mortality, indicating that patients who did not
receive PORT were deemed more likely to die of other causes. If
so, PORT was correctly withheld from these patients. A similar bias
could have been present in the large study on which the current
guidelines are based, and in other studies reported in aforemen-
tioned review [13,17]. Interestingly, we did not find an overall
mortality benefit for PORT in patients with p-I/II-MCC, whereas
Bhatia, et al. did [13]. Since this benefit potentially rises from an
association with causes of death unrelated to MCC, it is possible
that in their cohort more patients with stage I/II MCC died from
other causes than MCC, compared the cohort in the current study.

Our results are similar to a number of studies that have inves-
tigated both MCC-specific survival and OS. For instance, after ana-
lyzing 269 propensity score matched pairs of patients with MCC,
Kim, et al. concluded that the survival benefit of PORT may be
due to selection bias or unmeasured confounders, and not PORT
[18]. Similarly, this phenomenon was demonstrated in a recent
analysis, where PORT was identified as a significant contributor
to a nomogram for OS, but not to a nomogram for MCC-related sur-
vival, again suggesting possible selection bias [19]. Finally, in an
analysis of patients with MCC > 65 years old, treatment with PORT
was found to be associated with improved OS, but not MCC-
specific survival [20]. The discrepancy between MCC-related sur-
vival and OS in these studies indicate that selection criteria for



Fig. 2. A: Cumulative incidence of recurrence curves. B: Cumulative incidence curves for MCC-related death. C: Kaplan-Meier curves for overall survival. PORT: postoperative
radiotherapy, MCC: Merkel cell carcinoma, p-I/II: pathological stage I/II, c-I/II: clinical stage, III: stage III.

Postoperative radiotherapy in stage I–III Merkel cell carcinoma
PORT could be refined, for instance by taking life expectancy into
account. The use of composite endpoints (combinations of multiple
endpoints into one primary endpoint) is common in medical
research, especially in clinical trials [21–23]. Yet the use of such
endpoints should be judged critically, and when an outcome is
208
(partly) associated with the exposure – as is the case with PORT
and OS in patients with MCC – serious selection bias may occur
[24]. Therefore studies investigating survival in patients with
MCC, should include MCC-related survival, with or without OS
outcomes.



Table 3
Multivariable analysis for all patients. PORT: postoperative radiotherapy. SDH: sub-distribution hazard, HR: hazard ratio, CI: 95% confidence interval.

Recurrence-free survival MCC-related survival Overall survival

Characteristic SDH CI P-value SDH CI P-value HR CI P-value

Sex Female 1 1 1
Male 1.40 0.86-2.27 0.180 2.21 1.07-4.56 0.033 1.79 0.99-3.26 0.056

Age 1.00 0.98–1.03 0.970 1.00 0.96–1.04 0.980 1.01 0.99–1.05 0.252
Performance status

0 1 1 1
1 1.18 0.68–2.04 0.550 0.71 0.30–1.67 0.430 1.28 0.66–2.49 0.470
2 0.74 0.32-1.70 0.480 0.75 0.27–2.09 0.580 2.23 1.04–4.77 0.039
3 1.90 0.40-8.99 0.420 1.13 0.21–6.25 0.893 3.36 1.03–10.94 0.044
Unknown 5.33 2.02-14.09 <0.001 6.13 1.16–32.40 0.033 8.84 2.21–35.43 0.002

Primary location
H&N 1 1 1
Trunk 1.18 0.59–2.33 0.650 2.19 0.92–5.20 0.075 2.21 1.04–4.70 0.039
Extremity 0.69 0.38–1.26 0.230 1.03 0.45–2.38 0.930 0.78 0.39–1.58 0.496
Unknown 0.44 0.18–1.08 0.074 0.33 0.06–1.69 0.180 0.42 0.13–1.38 0.153

Radical exision
No 1 1 1
Yes 0.68 0.28–1.63 0.390 0.53 0.11–2.50 0.420 0.83 0.29–2.43 0.741

Lymph-/angioinvasion No 1 1 1
Yes 1.61 0.81–3.19 0.180 0.67 0.26–1.72 0.400 0.96 0.44–2.13 0.950
Unknown 1.33 0.71–2.48 0.370 0.82 0.40–1.74 0.610 1.04 0.53–2.04 0.899

Stage
Path I/II 1 1 1
Clin I/II 3.05 1.15–8.10 0.025 4.84 1.31–17.82 0.017 4.92 1.51–16.07 0.008
III 6.24 2.68–14.54 <0.001 7.12 2.31–21.97 <0.001 7.81 2.60–23.50 <0.001

PORT No 1 1 1
Yes 0.59 0.37–0.95 0.039 0.83 0.43–1.62 0.580 0.52 1.28–0.95 0.035

Table 4
Multivariable analysis for stage III MCC patients. MCC: Merkel cell carcinoma, PORT: postoperative radiotherapy. SDH: sub-distribution hazard, HR: hazard ratio, CI: 95%
confidence interval, H&N: head and neck.

Recurrences MCC-related mortality Overall mortality

Characteristic SDH CI P-value SDH CI P-value HR CI P-value

Sex
Female 1 1 1
Male 1.48 0.62–3.56 0.380 1.60 0.30–2.21 0.490 1.19 0.46–3.09 0.718

Age 0.96 0.91–1.00 0.070 0.98 0.93–1.04 0.500 0.99 0.94–1.03 0.592
Performance status

0 1 1 1
1 1.30 0.54–3.12 0.560 1.10 0.28–4.03 0.890 1.25 0.46–3.42 0.663
2 1.17 0.30–4.52 0.820 1.23 0.25–6.33 0.780 5.64 1.80–17.64 0.003
3* n/a n/a n/a n/a n/a n/a n/a n/a

Primary location
H&N 1 1 1
Trunk 1.18 0.37–3.78 0.780 1.72 0.39–7.52 0.471 1.72 0.55–5.32 0.349
Extremity 1.10 0.42–2.90 0.840 0.86 0.22–3.34 0.820 0.42 0.15–1.14 0.090
Unknown 0.74 0.23–2.34 0.600 0.36 0.05–2.53 0.300 0.44 0.11–1.72 0.239

Radical excision
No 1 1 1
Yes 0.57 0.16–1.96 0.370 0.84 0.22–3.34 0.890 0.61 0.07–5.12 0.649

Lymph-/angioinvasion
No 1 1 1
Yes 0.78 0.31–1.95 0.600 0.36 0.07–1.88 0.220 0.66 0.18–2.48 0.543
Unknown 0.29 0.11–0.76 0.012 0.35 0.07–1.61 0.180 0.45 0.13–1.56 0.207

Nodal status
1–3 nodes positive 1 1 1
�4 nodes positive 1.56 0.61–4.02 0.350 3.24 1.16–8.97 0.024 2.77 0.93–8.27 0.067
Unknown 0.49 0.15–1.57 0.230 0.57 0.09–3.66 0.550 1.96 0.49–7.87 0.343

Extracapsular extension No 1 1 1
Yes 4.09 1.43–11.65 0.012 1.61 0.38–6.9 0.520 1.44 0.51–4.05 0.487
Unknown 2.60 0.80–8.44 0.370 2.79 0.44–16.84 0.280 0.84 0.51–3.43 0.806

PORT No 1 1 1
Yes 0.45 0.20–0.98 0.044 0.81 0.30–2.21 0.680 0.37 0.15–0.91 0.031

*Since this group only included one patient, results were left out of the analysis.
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An important finding of our study is that c-I/II-MCC stage was
associated with worse outcomes for all endpoints. This suggests
that an important proportion of these, clinically node-negative
patients, most likely had unidentified nodal disease. Analogous to
the guideline discordance regarding PORT, deviations from proto-
col for SN biopsy or imaging were mostly due to patients’ and clin-
icians’ preference, comorbidities or patients’ frailty. Similarly, in a
study of patients with MCC of the head and neck, over half of the
patients (52.2%) did not receive guideline-compliant regional
lymph node evaluation. There, lymph-node evaluation was associ-
ated with improved OS in an inverse probability weighted multi-
variable regression [25]. These results underscore the need for SN
biopsy in patients with c-I/II-MCC, since adequate staging leads
to more appropriate treatment decision.

There are a number of limitations to the present study. First,
although a fairly large group of patients for this rare disease were
included, the cohort size was still relatively small. This might have
led to our cohort being underpowered for assessment of treatment
outcome associated with PORT. Nevertheless, we found distinctive
differences between overall and MCC-specific mortality, which are
unlikely to change with an increased sample size. Second, for some
characteristics we encountered large proportions of missing values,
such as lymph-/angioinvasion. For these, we were unable to draw
conclusions regarding their association with prognosis, but by
including missing values as ‘unknown’ categories in multivariable
analysis, we were able to preserve statistical power and assess the
value of other knownprognostic characteristics such as nodal status
ordisease stage. Third, similar tonearly all studies involvingpatients
withMCC, the retrospective observational nature is prone to bias. By
performing PSM, we were able to create a cohort of treated and
untreatedpatients thatwas balancedaccording to knowncharacter-
istics associated with treatment decision. Of course, some relevant
parameters, such as margin width, were missing in the majority of
patients, and couldnotbe included in the PSManalysis. Nonetheless,
this inherentlymeans that PSManalysiswas conductedwith knowl-
edgehighly similar to real clinical decisions, thereforewebelieve the
analysis performed was an adequate representation of real-world
practice. Interestingly, ourmatched cohort showed the same results
as our unmatched cohort, suggesting that confounding by indication
did not play a significant role in our cohort and our data for analysis
of treatment outcome is robust.

The management of MCC has changed substantially over the
past years: immune-checkpoint-inhibitors (ICI) have been intro-
duced in the treatment of MCC and have changed the prognosis
of patients tremendously [26–30]. ICI have been incorporated in
the standard of care in the Netherlands since 2017, which means
that a proportion of the patients included in this study did not
yet have the opportunity to be treated with ICI [31]. Although this
implies that the median survival for all patients nowadays might
be longer than in this cohort, we do not expect any differences in
the effect of PORT. Moreover, we have recently shown that there
are no differences in response to ICI in patients with advanced
MCC, with or without prior PORT [32]. The role of ICI in the adju-
vant treatment of MCC is currently being explored prospectively
in the ADMEC-O (NCT02196961), I-MAT (NCT04291885) and
ADAM (NCT03271372) trials, including patients with or without
prior PORT. The results from these studies will help further tailor
the role for PORT in MCC.

In conclusion, this study is the first to directly address the prob-
able influence of selection bias in the management and research of
Merkel cell carcinoma. We have shown that PORT was associated
with less recurrences in patients with stage III MCC, but not with
improved MCC-specific mortality in patients with stage I-III MCC.
Trends in overall survival benefit are likely to be caused by selec-
tion bias suggesting further refinement of criteria for PORT are
warranted, for instance by taking life expectancy into account.
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