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ABSTRACT

Background. For sentinel lymph node (SLN) metastasis

from Merkel cell carcinoma (MCC), the benefit of com-

pletion lymph node dissection (CLND) versus radiation

therapy (RT) is unclear. This study compares outcomes for

patients with SLN metastasis undergoing CLND or RT. We

also evaluated positive non-SLNs as a prognostic factor.

Methods. Using a prospective database, we identified

MCC patients with SLN metastasis who underwent CLND

or RT. At our institution, CLND was recommended for

patients with acceptable perioperative risk, while thera-

peutic RT was offered to those with high perioperative risk.

Primary outcomes were MCC-specific survival (MCCSS),

disease-free survival (DFS), nodal recurrence-free survival

(NRFS), and distant recurrence-free survival (DRFS).

Results. From 2006 to 2017, 163 patients underwent

CLND (n = 137) or RT (n = 26). Median follow-up was

1.9 years. CLND had no significant differences for

MCCSS (5-year survival 71% vs. 64%, p = 1.0), DFS

(52% vs. 61%, p = 0.8), NRFS (76% vs. 91%, p = 0.3), or

DRFS (65% vs. 75%, p = 0.3) compared with RT. Patients

with positive non-SLNs (n = 44) had significantly worse

MCCSS (5-year survival 39% vs. 87%, p\ 0.001), DFS

(35% vs. 60%, p = 0.005), and DRFS (54% vs. 71%,

p = 0.03) compared with negative non-SLNs (n = 93).

Multivariate analysis showed positive non-SLNs were

independently associated with MCCSS, DFS, and DRFS.

Conclusions. CLND and RT may have similar outcomes

for MCC patients with SLN metastasis when treatment

aligns with our institutional practices. For patients under-

going CLND, positive non-SLNs is an important

prognostic factor associated with poor survival and distant

recurrence. This high-risk group should be considered for

adjuvant systemic therapy trials.

Merkel cell carcinoma (MCC) is an aggressive cuta-

neous malignancy, with 31–45% of patients presenting

with clinically occult metastases to regional lymph

nodes.1–4 Because of this, sentinel lymph node (SLN)

biopsy is recommended for all clinically node-negative

patients.5 Clinical practice guidelines recommend that

patients with SLN metastasis from MCC undergo com-

pletion lymph node dissection (CLND) or receive

therapeutic radiation therapy (RT).5 However, the use of

these treatment modalities varies widely across institutions,

with 47–79% of patients undergoing CLND instead of RT

or other treatments.3,6,7

Despite this variation, it is unclear how CLND compares

with RT for long-term survival and recurrence. One single-

institution study suggested CLND had similar rates of

nodal and distant recurrence compared with RT, but this

analysis was limited by a small sample size and many
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different treatment approaches.7 CLND and RT offer dis-

tinct advantages and disadvantages. Similar to melanoma,

it is possible that CLND may improve regional disease

control and provide prognostic information, but not

improve disease-specific survival.8 However, unlike mel-

anoma, patients with SLN-metastasis from MCC who do

not undergo CLND are recommended to receive thera-

peutic RT (and not active surveillance).5 Furthermore,

CLND is generally associated with increased morbidity

when compared with SLN biopsy alone,8–11 or to SLN

biopsy with nodal RT11,12 for patients with breast cancer

and melanoma. Although the morbidity of these treatments

for patients with MCC is unknown, it is likely similar to

that seen with breast cancer and melanoma. Unfortunately,

there are no randomized controlled trials comparing CLND

and RT for patients with MCC. In this context, further

study is needed to directly compare outcomes for CLND

and RT.

To better inform decision making, we used a prospective

institutional database to compare MCC-specific survival

(MCCSS) and recurrence for patients with SLN metastasis

who underwent CLND or therapeutic RT. At our institu-

tion, patients with SLN metastasis are generally

recommended to undergo CLND. Patients considered to be

at high perioperative risk or who decline CLND are offered

therapeutic RT to the nodal basin instead of additional

surgery. We hypothesized that CLND and RT would have

similar MCCSS and distant recurrence-free survival

(DRFS), while CLND would be associated with improved

nodal recurrence-free survival (NRFS). For patients

undergoing CLND, we also evaluated metastasis to non-

SLNs as a prognostic factor. Furthermore, we hypothesized

positive non-SLNs would be associated with worse

outcomes.

METHODS

Study Cohort and Data Source

This study was approved by the Institutional Review

Board at the University of Michigan. We used a prospec-

tive institutional database of MCC patients4,13 to identify

patients with histologically confirmed SLN metastasis who

were treated with CLND or therapeutic RT from 2006 to

2017. Study data were collected and managed using

REDCap electronic data capture tools.14 This database

includes all patients with MCC evaluated or treated at our

institution. Pathologic data for the primary tumor included

primary tumor size, tumor thickness, mitotic rate, angi-

olymphatic invasion, and ulceration. Pathologic data for

lymph nodes included number of lymph nodes, number of

nodes with metastases, tumor burden, and extracapsular/

extranodal extension. We also calculated the total number

of positive lymph nodes (total number of lymph nodes with

metastasis in the SLN biopsy and CLND specimens). For

patients undergoing CLND, we specifically identified those

with positive non-SLNs (metastasis identified in lymph

nodes from the CLND specimen). Follow-up data included

date of last follow-up, date of death, cause of death, date of

recurrence, and type of recurrence (local, nodal, or distant).

Mortality data were determined using the electronic med-

ical record, outside hospital records, and by phone contact

with patients if data were missing.

Sentinel Lymph Node (SLN) Biopsy and Management

of SLN Metastasis

Our technique for SLN biopsy has been previously

described.15 At our institution, patients with SLN metas-

tasis are recommended to undergo CLND. Patients

considered to be at high perioperative risk, and patients

who decline CLND, are offered therapeutic RT to the nodal

basin. For patients who undergo CLND, adjuvant RT to the

nodal basin is recommended for those with metastasis to

multiple lymph nodes or where extracapsular invasion is

identified.5

Study Outcomes

Primary outcomes for this study were MCCSS, disease-

free survival (DFS), NRFS, and DRFS. Time zero was the

date of the first biopsy or tissue sample positive for MCC.

MCCSS was determined at the date of MCC-related death;

DFS was determined at the date of the first recurrence;

NRFS was determined at the date of first recurrence in the

draining nodal basin; and DRFS was determined at the date

of distant recurrence. A secondary outcome was the use of

therapeutic RT to the nodal basin instead of CLND.

Statistical Analysis

Patients were divided into two groups—CLND and RT.

Patients undergoing CLND were further divided based on

the presence of positive non-SLNs. We then compared

outcomes among these groups. To better evaluate positive

non-SLNs as a prognostic factor, we also specifically

examined patients with two to four total positive lymph

nodes, and compared outcomes for patients with positive

and negative non-SLNs. This subset analysis focused on

patients with a similar total burden of nodal disease.

Survival curves were generated using the Kaplan–Meier

method, and survival between groups was compared using

the log-rank test. Multivariate Cox proportional hazard

regression models were used to evaluate the covariate-ad-

justed association between study variables and the primary
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outcomes. A multivariate logistic regression model was

used to identify factors independently associated with

receiving RT instead of CLND. Study variables with a

p value B 0.2 on univariate analysis were included in the

multivariate models. Data were analyzed using Stata ver-

sion 14.2 (StataCorp LLC, College Station, TX, USA).

Two-sided p-values \ 0.05 were considered statistically

significant.

RESULTS

Patients

From 2006 to 2017, 179 patients were evaluated or

treated for SLN metastasis, of whom 16 patients did not

receive CLND or RT and were therefore excluded from the

study. Of the remaining 163 patients, 137 (84%) underwent

CLND and 26 (16%) underwent therapeutic RT. Of those

who underwent CLND, 49 (36%) also received adjuvant

RT to the nodal basin after CLND. These patients were

included in the CLND group because one aim of this study

was to evaluate CLND in the treatment of MCC. Further-

more, preliminary analysis demonstrated no statistically

significant differences in survival or recurrence compared

with patients who underwent CLND but did not receive

adjuvant RT to the nodal basin. Table 1 compares the

characteristics of patients who underwent CLND versus

RT. Patients who underwent CLND were significantly

younger (70 ± 16 vs. 78 ± 11 years, p = 0.001), were

more likely to have two or more positive SLNs (39% vs.

12%, p = 0.007), and were more likely to have two or more

total positive lymph nodes (59% vs. 12%, p\ 0.001)

compared with those who underwent RT. Of the patients

who underwent CLND, 44 (32%) had positive non-SLNs.

The median number of positive non-sentinel nodes was two

(interquartile range: three). Median follow-up (time from

date of diagnosis to date of last follow-up or death) was

1.9 years.

Factors Independently Associated with Receiving

Therapeutic Radiation Therapy (RT)

Multivariate logistic regression modeling was per-

formed to evaluate factors independently associated with

receiving therapeutic RT instead of CLND (electronic

supplementary Table 1). For these models, we adjusted for

study variables with p B 0.2 on univariate analysis (age,

sex, immunosuppression, tumor thickness, and number of

positive SLNs). After adjusting for these covariates, older

age (OR 1.1, 95% CI 1.0–1.2, p = 0.002), female sex (OR

3.5, 95% CI 1.3–9.6, p = 0.02), and a lower number of

positive SLNs (OR 6.4, 95% CI 1.6–25.7, p = 0.009) were

independently associated with receiving RT instead of

CLND.

Comparison of Completion Lymph Node Dissection

(CLND) and RT

Figure 1 compares outcomes for patients who under-

went CLND or RT. Patients who underwent CLND did not

have significantly different MCCSS (5-year survival 71%

vs. 64%, p = 1.0) (Fig. 1a), DFS (5-year survival 52% vs.

61%, p = 0.8) (Fig. 1b), NRFS (5-year survival 76% vs.

91%, p = 0.3) (Fig. 1c), or DRFS (5-year survival 65% vs.

75%, p = 0.3) (Fig. 1d) compared with those who under-

went RT. Table 2 shows results from multivariate Cox

proportional hazard regression models comparing CLND

and RT. For these models, we adjusted for study variables

with p B 0.2 on univariate analysis for at least two study

outcomes (sex, immunosuppression, T stage, ulceration,

SLN tumor burden, and total number of positive lymph

nodes). After adjusting for these covariates, patients who

underwent CLND did not have significantly different

MCCSS (HR 0.4, 95% CI 0.1–1.3, p = 0.1), DFS (HR 0.7,

95% CI 0.3–1.6, p = 0.4), NRFS (HR 1.6, 95% CI 0.3–7.5,

p = 0.6), or DRFS (HR 0.9, 95% CI 0.2–3.5, p = 0.9)

compared with those who underwent RT. In addition,

patients with immunosuppression had significantly reduced

MCCSS (HR 3.3, 95% CI 1.3–8.7, p = 0.01), DFS (HR 2.2,

95% CI 1.1–4.4, p = 0.02), and DRFS (HR 3.1, 95% CI

1.3–7.2, p = 0.01). Finally, patients with two or more total

positive lymph nodes had significantly reduced MCCSS

(HR 3.6, 95% CI 1.4–9.3, p = 0.007) compared with those

with only one positive lymph node, but no significant dif-

ferences for DFS, NRFS, or DRFS.

Positive Non-SLNs and Prognosis After CLND

Figure 2 compares outcomes for patients who under-

went CLND and had positive or negative non-SLNs.

Patients with positive non-SLNs had significantly reduced

MCCSS (5-year survival 39% vs. 87%, p\ 0.001)

(Fig. 2a) and DFS (5-year survival 35% vs. 60%,

p = 0.005) (Fig. 2b) compared with those with negative

non-SLNs. Patients with positive non-SLNs did not have

significantly different NRFS compared with those with

negative non-SLNs (5-year survival 74% vs. 77%, p = 0.9)

(Fig. 2c), but did have significantly reduced DRFS (5-year

survival 54% vs. 71%, p = 0.03) (Fig. 2d).

To better evaluate positive non-SLNs as a prognostic

factor, we also specifically examined patients with two to

four total positive lymph nodes and compared outcomes for

patients with positive and negative non-SLNs (electronic

supplementary Fig. 1). This subset analysis focused on

patients with a similar total burden of nodal disease. In this
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TABLE 1 Comparison of patient demographics and clinical characteristics (n = 163)

Variable Completion lymph node dissection (n = 137) Radiation therapy (n = 26) p Value

Age at diagnosis, years [median (IQR)] 70 (16) 78 (11) 0.001

Sex 0.07

Female 46 (34) 14 (54)

Male 91 (66) 12 (46)

Immunosuppressiona 16 (12) 1 (4) 0.3

Body site 0.5

Head and neck 47 (34) 11 (42)

Extremities and trunk 90 (66) 15 (58)

T stage 0.7

T1 or T2 128 (93) 24 (92)

T3 or T4 9 (7) 2 (8)

Tumor thickness 0.2

Smallest tertile: B 5.1 mm 42 (31) 9 (35)

Middle tertile:[ 5.1 mm or B 10.0 mm 43 (31) 12 (46)

Largest tertile: C 10.0 mm 43 (31) 3 (12)

Not reported 9 (7) 2 (8)

Mitotic rateb, mitoses/mm2 [median (IQR)] 36 (35) 37 (36) 0.9

Angiolymphatic invasionc 0.8

Yes 61 (45) 11 (42)

No 70 (51) 13 (50)

Not reported 6 (4) 2 (8)

Ulcerationc 0.5

Yes 21 (15) 6 (23)

No 99 (72) 18 (69)

Not reported 17 (12) 2 (8)

Number of positive sentinel lymph nodes 0.007

One positive sentinel lymph node 84 (61) 23 (88)

Two or more positive sentinel lymph nodes 53 (39) 3 (12)

Sentinel node tumor burden 0.6

\ 5% 65 (47) 15 (58)

5–10% 13 (9) 1 (4)

[ 10% 34 (25) 4 (15)

Not reported 25 (18) 6 (23)

Extracapsular/extranodal extensiond 0.3

Yes 11 (8) 3 (12)

No 115 (84) 19 (73)

Not reported 11 (8) 4 (15)

Total number of positive lymph nodese \ 0.001

One positive lymph node 56 (41) 23 (88)

Two or more positive lymph nodes 81 (59) 3 (12)

Positive non-sentinel lymph nodes 44 (32) – –

Number of positive non-sentinel lymph nodes [median (IQR)] 2 (3) – –

Data are expressed as n (%) unless otherwise specified

IQR Interquartile range
aImmunosuppression was defined as iatrogenic non-transplant, transplant, lymphoma/leukemia, or other
bReported as the median mitotic rate (measured in mitoses per mm2) and interquartile range for each group
cConsidered present if the pathologist reported positive, focal, or suspicious; considered absent if the pathologist reported none or equivocal
dExtracapsular/extranodal extension in lymph nodes from the sentinel lymph node biopsy specimen
eTotal number of lymph nodes with metastasis in the sentinel lymph node biopsy and completion lymph node dissection specimens
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subset analysis, patients with positive non-SLNs still had

significantly worse MCCSS (5-year survival 51% vs. 90%,

p = 0.04) (electronic supplementary Fig. 1a) and DFS

(5-year survival 33% vs. 64%, p = 0.04) (electronic sup-

plementary Fig. 1b) compared with those with negative

non-SLNs. Patients with positive non-SLNs did not have

significantly different NRFS (electronic supplementary

Fig. 1c) or DRFS (electronic supplementary Fig. 1d)

compared with those with negative non-SLNs.

Table 3 shows results from multivariate Cox propor-

tional hazard regression models for patients who underwent

CLND. For these models, we adjusted for study variables

with p B 0.2 on univariate analysis for at least two study

outcomes (positive non-SLNs, sex, immunosuppression,

ulceration, SLN tumor burden, total number of positive

lymph nodes, and adjuvant radiation to the nodal basin

after CLND). After adjusting for these covariates, patients

with positive non-SLNs had significantly worse MCCSS

(HR 5.9, 95% CI 2.2–16.3, p = 0.001), DFS (HR 3.1, 95%

CI 1.5–6.5, p = 0.003), and DRFS (HR 4.2, 95% CI

1.4–12.1, p = 0.008) compared with those with negative

non-SLNs, even after adjusting for total number of positive

lymph nodes. Patients with positive non-SLNs had no

significant differences for NRFS (HR 1.5, 95% CI 0.4–5.1,

p = 0.5) compared with those with negative non-SLNs.

Similarly, patients who received adjuvant radiation to the

nodal basin after CLND did not have significantly different

outcomes compared with CLND alone. On the other hand,

patients with immunosuppression had significantly reduced

MCCSS (HR 4.0, 95% CI 1.4–11.4, p = 0.01), DFS (HR

2.9, 95% CI 1.4–6.2, p = 0.005), and DRFS (HR 5.4, 95%

CI 2.0–14.0, p = 0.001).

DISCUSSION

In this study, we retrospectively compared outcomes for

patients with SLN metastasis from MCC undergoing

CLND or therapeutic RT at our institution. This study has

two key findings. First, although our study was limited by

the small number of patients who underwent therapeutic

RT instead of CLND, CLND and RT may have similar

cancer-specific outcomes, especially when treatment deci-

sions are based on our institutional preferences. Although a

substantial proportion of patients who underwent CLND in

this study also received adjuvant RT to the nodal basin,

these patients did not have statistically significant differ-

ences in survival or recurrence compared with those who

underwent CLND without adjuvant RT to the nodal basin.

Second, metastasis to non-SLNs is an important prognostic

factor for patients undergoing CLND. We demonstrated
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FIG. 1 Comparison of outcomes for completion lymph node

dissection and radiation therapy. Patients who underwent

completion lymph node dissection did not have significantly

different (a) Merkel cell carcinoma-specific survival (5-year

survival 71% vs. 64%, p = 1.0), (b) disease-free survival (5-year

survival 52% vs. 61%, p = 0.8), (c) nodal recurrence-free survival

(5-year survival 76% vs. 91%, p = 0.3), or (d) distant recurrence-free

survival (5-year survival 65% vs. 75%, p = 0.3) compared with those

who underwent radiation therapy
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that non-SLN metastasis is independently associated with

worse MCCSS, DFS, and distant recurrence. In contrast,

other variables, including primary tumor characteristics,

SLN features, and total number of positive lymph nodes,

were not significantly associated with survival or

recurrence.

These findings have several potentially practice-chang-

ing implications. First, because CLND and RT may have

similar rates of MCCSS and recurrence in our institutional

experience, we hypothesize these two approaches could be

associated with similar outcomes for all patients with SLN

metastasis from MCC. It would be ideal to test this

hypothesis in a multicenter, randomized controlled trial,

although this would be challenging because of the low

incidence of MCC. Alternatively, outcomes for CLND

versus RT could be compared using a cohort study with a

larger number of patients from multiple institutions. If

CLND and RT truly lead to equivalent outcomes, this

would guide treatment decisions for SLN metastasis from

MCC, similar to the AMAROS trial demonstrating equiv-

alent outcomes for CLND versus RT for SLN metastasis

from breast cancer.12 Patients would need to be counseled

carefully on the risks, benefits, and expected outcomes of

CLND versus RT. CLND is generally associated with

increased morbidity compared with SLN biopsy alone8–11

or SLN biopsy with nodal RT,11,12,16 but CLND may

provide important prognostic information as positive non-

SLNs are independently associated with MCCSS and

recurrence.

We also found that patients who underwent CLND

trended towards higher rates of nodal recurrence, but this

difference was not statistically significant. This could be

due to the higher burden of nodal disease in patients

undergoing CLND. Patients undergoing CLND also had

TABLE 2 Multivariate models for completion lymph node dissection versus radiation therapy (n = 163)

Model variable HR (95% CI)

Merkel cell carcinoma-specific

survival

Disease-free

survival

Nodal recurrence-free

survival

Distant recurrence-free

survival

Treatment for sentinel node metastases

Radiation therapy Reference Reference Reference Reference

Completion lymph node

dissection

0.4 (0.1–1.3) 0.7 (0.3–1.6) 1.6 (0.3–7.5) 0.9 (0.2–3.5)

Male sex 1.4 (0.6–3.1) 1.2 (0.7–2.1) 2.4 (0.9–6.4) 2.2 (0.9–5.0)

Immunosuppressiona 3.3 (1.3–8.7)* 2.2 (1.1–4.4)* 2.4 (0.8–7.6) 3.1 (1.3–7.2)*

T stage

T1 or T2 Reference Reference Reference Reference

T3 or T4 1.7 (0.4–7.8) 2.2 (0.9–5.3) 2.8 (0.9–9.2) 1.8 (0.5–6.5)

Ulcerationb

No Reference Reference Reference Reference

Yes 1.7 (0.7–4.5) 1.6 (0.8–3.0) 0.5 (0.1–2.0) 2.1 (0.9–5.0)

Not reported 0.8 (0.2–2.9) 0.8 (0.4–2.0) 1.3 (0.4–4.0) 0.9 (0.3–2.9)

Sentinel lymph node tumor

burden

\ 5% Reference Reference Reference Reference

5–10% 2.4 (0.7–7.9) 1.9 (0.8–4.6) 4.1 (1.2–13.5)* 2.4 (0.8–7.2)

[ 10% 1.8 (0.7–4.7) 1.9 (0.9–3.7) 1.8 (0.5–6.4) 1.9 (0.8–4.9)

Not reported 1.6 (0.5–4.7) 1.5 (0.7–3.1) 5.4 (1.9–15.3)** 1.6 (0.6–4.5)

Total number of positive lymph

nodesc

One positive lymph node Reference Reference Reference Reference

Two or more positive lymph

nodes

3.6 (1.4–9.3)** 1.5 (0.8–2.5) 1.0 (0.4–2.2) 1.9 (0.9–4.2)

HR Hazard ratio, CI confidence interval, * p\ 0.05, ** p\ 0.01
aImmunosuppression was defined as iatrogenic non-transplant, transplant, lymphoma/leukemia, or other
bConsidered present if the pathologist reported positive, focal, or suspicious; considered absent if the pathologist reported none or equivocal
cTotal number of lymph nodes with metastasis in the sentinel lymph node biopsy and completion lymph node dissection specimens
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lower, but not significantly different, MCC-specific mor-

tality, which could be due to these patients being

significantly younger. This is in contrast to melanoma

patients with SLN metastasis, for whom CLND is associ-

ated with improved DFS and reduced nodal recurrence

when compared with active surveillance (without thera-

peutic RT).8 Finally, patients with positive non-SLNs

should be considered a high-risk group because positive

non-SLNs are independently associated with MCCSS,

DFS, and distant recurrence, even after adjusting for total

number of positive lymph nodes. This high-risk group

should be considered for adjuvant systemic therapy trials,

particularly as the role for manipulation of the programmed

cell death-1 (PD-1/PD-L1) pathway and other immuno-

logic checkpoints becomes more prominent in the

treatment of MCC.17,18

This study adds to previous work describing the man-

agement and outcomes for patients with SLN metastasis

from MCC.3,6,7 Similar to these studies, we describe rates of

using CLND versus RT for SLN metastasis. CLND was used

more frequently at our institution (84%) compared with

other studies (55–79%).3,6,7 However, unlike previous

studies, we directly compared outcomes for patients who

underwent CLND versus RT, which was not possible in

previous studies due to the relatively small number of

patients with SLN metastasis (fewer than 50 patients in each

study). This study also identifies positive non-SLNs as a poor

prognostic factor for survival and recurrence, which has not

been reported in previous studies.3,6,7 This finding is similar

to the prognostic value of positive non-SLNs for melanoma

patients,8,19–21 and may help inform treatment decisions for

patients. Similar to melanoma, SLNs may also act as a bar-

rier against further metastasis for MCC.20,22,23

This study has several limitations. First, it is a single-

institution, retrospective study, which limits the general-

izability of our findings. Nonetheless, because MCC is a

rare disease, current treatment guidelines5 rely heavily on

single-institution studies with higher treatment vol-

umes.1–4,7,24 Although large multi-institutional databases

such as the National Cancer Database have been used to

study MCC in previous work,25 this database has several

limitations for MCC patients: it does not explicitly capture

whether SLN biopsy was performed; does not identify the

site of RT (primary site vs. nodal basin); and provides no

information on MCCSS. Another limitation was selection

bias because our institutional practice is to recommend

CLND as first-line treatment for patients with SLN

metastasis, while therapeutic RT is recommended for

patients who are considered high surgical risk or who

decline surgery. Patients who underwent CLND also had

higher disease burden in their SLNs. To mitigate this, we

used multivariate Cox regression models to adjust for
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FIG. 2 Positive non-sentinel lymph nodes and prognosis after

completion lymph node dissection. Patients with positive non-

sentinel node lymph nodes had significantly reduced (a) Merkel cell

carcinoma-specific survival (5-year survival 39% vs. 87%, p\ 0.001)

and (b) disease-free survival (5-year survival 35% vs. 60%,

p = 0.005) compared with those with negative non-sentinel lymph

nodes. Patients with positive non-sentinel lymph nodes did not have

(c) significantly different nodal recurrence-free survival compared

with those with negative non-sentinel lymph nodes (5-year survival

74% vs. 77%, p = 0.9), but did have (d) significantly reduced distant

recurrence-free survival (5-year survival 54% vs. 71%, p = 0.03)
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differences in patient and pathologic risk factors, including

the total number of positive lymph nodes. In addition, we

would expect this selection bias to be associated with

worse outcomes for the RT group as that group was

comprised of patients who were older and perceived to be

high-risk surgical candidates. In fact, patients in this study

who underwent RT had similar outcomes compared with

those who underwent CLND, and even trended towards

having improved outcomes for recurrence, although these

differences were not statistically significant.

Our study is also limited by a short median follow-up

time (1.9 years) and a small sample size of patients who

underwent therapeutic RT (n = 26). This reduced the

power of our analysis to 67% to detect a 20% difference in

survival. Nevertheless, previous studies of patients with

SLN metastasis who underwent RT have been limited to 17

patients or fewer.3,7 Despite this limitation, our findings

suggest a trend toward reduction in recurrence with ther-

apeutic RT compared with CLND, but these differences

were not statistically significant. Our findings may have

also been impacted by patients in the CLND group having

a greater number of SLN metastasis and more extensive

SLN tumor burden, although we adjusted for this in our

multivariate analysis. To accurately define best practice, a

multicenter, randomized controlled trial is needed to

compare CLND and RT for MCC patients with SLN

metastasis.

CONCLUSION

We found that CLND and RT may have similar out-

comes for patients with SLN metastasis from MCC at our

institution, and that positive non-SLNs is an important

prognostic factor for patients who undergo CLND. These

findings should be considered when deciding between

CLND or RT for patients with SLN metastasis. Further-

more, patients who undergo CLND and have positive non-

SLNs are at high risk of distant recurrence and mortality

due to MCC, and should be considered for adjuvant sys-

temic therapy trials.
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TABLE 3 Multivariate models for patients undergoing completion lymph node dissection (n = 137)

Model variable HR (95% CI)

Merkel cell carcinoma-specific

survival

Disease-free

survival

Nodal recurrence-free

survival

Distant recurrence-free

survival

Positive non-sentinel lymph

nodes

5.9 (2.2–16.3)** 3.1 (1.5–6.5)** 1.5 (0.4–5.1) 4.2 (1.4–12.1)**

Male sex 2.3 (0.8–6.2) 1.7 (0.9–3.3) 3.2 (1.1–9.7)* 3.2 (1.2–8.5)*

Immunosuppressiona 4.0 (1.4–11.4)* 2.9 (1.4–6.2)** 2.8 (0.9–9.2) 5.4 (2.0–14.0)**

Ulcerationb

No Reference Reference Reference Reference

Yes 3.3 (1.1–9.9)* 2.0 (0.9–4.1) 0.8 (0.2–3.0) 3.3 (1.3–8.5)*

Not reported 0.8 (0.2–3.1) 0.9 (0.4–2.3) 1.5 (0.4–5.2) 0.9 (0.3–2.9)

Sentinel lymph node tumor

burden

\ 5% Reference Reference Reference Reference

5–10% 2.8 (0.8–10.2) 2.0 (0.8–4.9) 4.0 (1.2–13.5)* 2.5 (0.8–7.7)

[ 10% 1.3 (0.4–4.6) 1.7 (0.8–3.8) 1.6 (0.4–6.2) 1.5 (0.5–4.7)

Not reported 1.6 (0.4–6.9) 1.8 (0.8–4.2) 5.4 (1.7–17.2)** 1.9 (0.5–6.3)

Total number of positive lymph

nodesc

One positive lymph node Reference Reference Reference Reference

Two or more positive lymph

nodes

2.1 (0.6–7.6) 1.1 (0.5–2.3) 0.8 (0.3–2.6) 1.2 (0.4–3.4)

Adjuvant radiation to nodal

basin

0.8 (0.3–2.5) 0.6 (0.3–1.3) 0.9 (0.2–2.9) 0.6 (0.2–1.8)

HR Hazard ratio, CI confidence interval, * p\ 0.05, ** p\ 0.01
aImmunosuppression was defined as iatrogenic non-transplant, transplant, lymphoma/leukemia, or other
bConsidered present if the pathologist reported positive, focal, or suspicious; considered absent if the pathologist reported none or equivocal
cTotal number of lymph nodes with metastasis in the sentinel lymph node biopsy and completion lymph node dissection specimens

Stage IIIA Merkel Cell Carcinoma 393



FUNDING Dr. Lee is a National Research Service Award post-

doctoral fellow supported by the National Cancer Institute (5T32

CA009672-23). This project was supported by a Clinical and Trans-

lational Science Award provided to the Michigan Institute for Clinical

& Health Research grant support (CTSA: UL1TR002240).

REFERENCES

1. Smith FO, Yue B, Marzban SS, et al. Both tumor depth and

diameter are predictive of sentinel lymph node status and survival

in Merkel cell carcinoma. Cancer. 2015;121(18):3252–3260.

2. Iyer JG, Storer BE, Paulson KG, et al. Relationships among

primary tumor size, number of involved nodes, and survival for

8044 cases of Merkel cell carcinoma. J Am Acad Dermatol.

2014;70(4):637–643.

3. Santamaria-Barria JA, Boland GM, Yeap BY, Nardi V, Dias-

Santagata D, Cusack JC Jr. Merkel cell carcinoma: 30-year

experience from a single institution. Ann Surg Oncol.

2013;20(4):1365–1373.

4. Schwartz JL, Griffith KA, Lowe L, et al. Features predicting

sentinel lymph node positivity in Merkel cell carcinoma. J Clin

Oncol. 2011;29(8):1036–1041.

5. Merkel Cell Carcinoma. Version 1.2018. Clinical Practice

Guidelines in Oncology. National Comprehensive Cancer Net-

work. Last updated 18 Sep 2017. Available at: https://www.nccn.

org/professionals/physician_gls/default.aspx#site. Accessed 27

Apr 2018.

6. Sims JR, Grotz TE, Pockaj BA, et al. Sentinel lymph node biopsy

in Merkel cell carcinoma: The Mayo Clinic experience of 150

patients. Surg Oncol. 2018;27(1):11–17.

7. Fields RC, Busam KJ, Chou JF, et al. Recurrence and survival in

patients undergoing sentinel lymph node biopsy for merkel cell

carcinoma: analysis of 153 patients from a single institution. Ann

Surg Oncol. 2011;18(9):2529–2537.

8. Faries MB, Thompson JF, Cochran AJ, et al. Completion Dis-

section or Observation for Sentinel-Node Metastasis in

Melanoma. N Engl J Med. 2017;376(23):2211–2222.

9. Hayes SC, Janda M, Cornish B, Battistutta D, Newman B.

Lymphedema after breast cancer: incidence, risk factors, and

effect on upper body function. J Clin Oncol.

2008;26(21):3536–3542.

10. Guggenheim MM, Hug U, Jung FJ, et al. Morbidity and recur-

rence after completion lymph node dissection following sentinel

lymph node biopsy in cutaneous malignant melanoma. Ann Surg.

2008;247(4):687–693.

11. Nguyen TT, Hoskin TL, Habermann EB, Cheville AL, Boughey

JC. Breast Cancer-Related Lymphedema Risk is Related to

Multidisciplinary Treatment and Not Surgery Alone: Results

from a Large Cohort Study. Ann Surg Oncol.

2017;24(10):2972–2980.

12. Donker M, van Tienhoven G, Straver ME, et al. Radiotherapy or

surgery of the axilla after a positive sentinel node in breast cancer

(EORTC 10981-22023 AMAROS): a randomised, multicentre,

open-label, phase 3 non-inferiority trial. Lancet Oncol.

2014;15(12):1303–1310.

13. Frohm ML, Griffith KA, Harms KL, et al. Recurrence and Sur-

vival in Patients With Merkel Cell Carcinoma Undergoing

Surgery Without Adjuvant Radiation Therapy to the Primary Site.

JAMA Dermatol. 2016;152(9):1001–1007.

14. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG.

Research electronic data capture (REDCap): a metadata-driven

methodology and workflow process for providing translational

research informatics support. J Biomed Inform.

2009;42(2):377–381.

15. Sondak VK, Taylor JMG, Sabel MS, et al. Mitotic Rate and

Younger Age Are Predictors of Sentinel Lymph Node Positivity:

Lessons Learned From the Generation of a Probabilistic Model.

Annals of Surgical Oncology. 2004;11(3):247–258.

16. Gartner R, Jensen MB, Kronborg L, Ewertz M, Kehlet H, Kro-

man N. Self-reported arm-lymphedema and functional

impairment after breast cancer treatment: a nationwide study of

prevalence and associated factors. Breast. 2010;19(6):506–515.

17. Nghiem PT, Bhatia S, Lipson EJ, et al. PD-1 Blockade with

Pembrolizumab in Advanced Merkel-Cell Carcinoma. N Engl J

Med. 2016;374(26):2542–2552.

18. Adjuvant Avelumab in Merkel Cell Cancer (ADAM).

NCT03271372. Available at: https://clinicaltrials.gov/ct2/show/

NCT03271372. Accessed 23 Apr 2018.

19. Reintgen M, Murray L, Akman K, et al. Evidence for a better

nodal staging system for melanoma: the clinical relevance of

metastatic disease confined to the sentinel lymph nodes. Ann Surg

Oncol. 2013;20(2):668–674.

20. Leung AM, Morton DL, Ozao-Choy J, et al. Staging of regional

lymph nodes in melanoma: a case for including nonsentinel

lymph node positivity in the American Joint Committee on

Cancer staging system. JAMA Surg. 2013;148(9):879–884.

21. Ghaferi AA, Wong SL, Johnson TM, et al. Prognostic signifi-

cance of a positive nonsentinel lymph node in cutaneous

melanoma. Ann Surg Oncol. 2009;16(11):2978–2984.

22. Pasquali S, Mocellin S, Mozzillo N, et al. Nonsentinel lymph

node status in patients with cutaneous melanoma: results from a

multi-institution prognostic study. J Clin Oncol.

2014;32(9):935–941.

23. Cochran AJ, Ohsie SJ, Binder SW. Pathobiology of the sentinel

node. Curr Opin Oncol. 2008;20(2):190–195.

24. Fields RC, Busam KJ, Chou JF, et al. Five hundred patients with

Merkel cell carcinoma evaluated at a single institution. Ann Surg.

2011;254(3):465–473; discussion 473–465.

25. Harms KL, Healy MA, Nghiem P, et al. Analysis of Prognostic

Factors from 9387 Merkel Cell Carcinoma Cases Forms the Basis

for the New 8th Edition AJCC Staging System. Ann Surg Oncol.

2016;23(11):3564–3571.

394 J. S. Lee et al.

https://www.nccn.org/professionals/physician_gls/default.aspx#site
https://www.nccn.org/professionals/physician_gls/default.aspx#site
https://clinicaltrials.gov/ct2/show/NCT03271372
https://clinicaltrials.gov/ct2/show/NCT03271372

	Completion Lymph Node Dissection or Radiation Therapy for Sentinel Node Metastasis in Merkel Cell Carcinoma
	Abstract
	Background
	Methods
	Results
	Conclusions

	Methods
	Study Cohort and Data Source
	Sentinel Lymph Node (SLN) Biopsy and Management of SLN Metastasis
	Study Outcomes
	Statistical Analysis

	Results
	Patients
	Factors Independently Associated with Receiving Therapeutic Radiation Therapy (RT)
	Comparison of Completion Lymph Node Dissection (CLND) and RT
	Positive Non-SLNs and Prognosis After CLND

	Discussion
	Conclusion
	Acknowledgment
	Funding
	References




