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ABSTRACT
Background In patients with stage III melanoma, 
despite surgical resection and adjuvant systemic therapy, 
locoregional recurrences still occur. The randomized, 
phase III Trans- Tasman Radiation Oncology Group (TROG) 
02.01 trial demonstrated that adjuvant radiotherapy (RT) 
after complete lymphadenectomy (CLND) halves the 
incidence of melanoma recurrence within local nodal 
basins without improving overall survival or quality of life. 
However, the study was conducted prior to the current era 
of adjuvant systemic therapies and when CLND was the 
standard approach for microscopic nodal disease. As such, 
there is currently no data on the role of adjuvant RT in 
patients with melanoma who recur during or after adjuvant 
immunotherapy, including those that may or may not have 
undergone prior CLND. In this study, we aimed to answer 
this question.
Methods Patients with resected stage III melanoma who 
received adjuvant anti- programmed cell death protein- 1 
(PD- 1) (±ipilimumab) immunotherapy with a subsequent 
locoregional (lymph node and/or in- transit metastases) 
recurrence were retrospectively identified. Multivariable 
logistic and Cox regression analyses were conducted. 
Primary outcome was rate of subsequent locoregional 
recurrence; secondary outcomes were locoregional 
recurrence- free survival (lr- RFS2) and overall RFS (RFS2) 
to second recurrence.
Results In total, 71 patients were identified: 42 (59%) 
men, 30 (42%) BRAF V600E mutant, 43 (61%) stage IIIC at 
diagnosis. Median time to first recurrence was 7 months 
(1–44), 24 (34%) received adjuvant RT and 47 (66%) 
did not. Thirty- three patients (46%) developed a second 
recurrence at a median of 5 months (1–22). The rate of 
locoregional relapse at second recurrence was lower in 
those who received adjuvant RT (8%, 2/24) compared with 
those who did not (36%, 17/47, p=0.01). Adjuvant RT at 
first recurrence was associated with an improved lr- RFS2 
(HR 0.16, p=0.015), with a trend towards an improved 
RFS2 (HR 0.54, p=0.072) and no effect on risk of distant 
recurrence or overall survival.
Conclusion This is the first study to investigate the role of 
adjuvant RT in patients with melanoma with locoregional 
disease recurrence during or after adjuvant anti- PD- 1- 
based immunotherapy. Adjuvant RT was associated with 

improved lr- RFS2, but not risk of distant recurrence, 
demonstrating a likely benefit in locoregional disease 
control in the modern era. Further prospective studies are 
required to validate these results.

BACKGROUND
In patients with stage III melanoma, despite 
surgical resection and adjuvant therapy, locore-
gional recurrences can still occur. Significant 
morbidity can result from such recurrences, 
including pain, ulceration, discharge, lymph-
edema and reduced limb function. These risks 
are increased in those with a high number of 
involved lymph nodes (LNs), large deposits of 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ There is an absence of prospective clinical trial data 
on the efficacy of adjuvant radiotherapy (RT) for pa-
tients with melanoma who relapse during or after 
adjuvant immunotherapy, as the landmark Trans- 
Tasman Radiation Oncology Group (TROG) 02.01 tri-
al was conducted prior to the current era of adjuvant 
systemic therapies.

WHAT THIS STUDY ADDS
 ⇒ This is the first study to investigate the role of ad-
juvant RT in patients with melanoma with locore-
gional disease recurrence during or after adjuvant 
anti- programmed cell death protein 1- based im-
munotherapy. Results demonstrate that adjuvant RT 
provides a benefit for locoregional disease control in 
the modern era of adjuvant systemic therapy.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This study provides important preliminary data to 
support the use of adjuvant RT for locoregional dis-
ease control in appropriately selected patients with 
disease recurrence during or after adjuvant immu-
notherapy, and highlights the need for further pro-
spective studies to validate these results.
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tumor within the LN and those with extranodal extension 
(ENE). While adjuvant systemic therapies have significantly 
improved patient outcomes in recent years, approximately 
50% of patients still develop disease recurrence despite 
this.1–3

The randomized, phase III Australia and New Zealand 
Melanoma Trials Group (ANZMTG) 01.02/ Trans- Tasman 
Radiation Oncology Group (TROG) 02.01 trial investigated 
whether adjuvant radiotherapy (RT) after complete cervical, 
inguinal or axillary lymphadenectomy reduced nodal field 
recurrence in patients with high- risk macroscopic stage III 
disease.4 After a median follow- up of 73 months, 21% of 
patients who received adjuvant RT developed nodal field 
recurrence, compared with 36% of patients who underwent 
observation only (HR 0.52, 95% CI 0.31 to 0.88, p=0.023). 
The trial therefore demonstrated that adjuvant RT essen-
tially halves local LN involvement at first recurrence.4 Of 
note, recurrence- free survival (RFS) and overall survival 
(OS) were not statistically different between the adjuvant 
RT and observation groups: HR 0.89 (95% CI 0.65 to 1.22, 
p=0.51) and HR 1.27 (95% CI 0.89 to 1.79, p=0.21), respec-
tively. Furthermore, there was no significant difference in 
quality- of- life measures between the two treatment groups.4 
Minor, long- term side effects such as pain and fibrosis 
following RT were common, while 22% developed grade 
3–4 toxicity, the majority involving the skin or subcutaneous 
tissues.4

While this trial confirmed the role of adjuvant RT 
in reducing the risk of LN field recurrence, the study 
was conducted prior to the current era where adjuvant 
immunotherapy and BRAF/MEK inhibiting targeted 
therapy are available. Unfortunately, the landmark clin-
ical trials of adjuvant systemic therapy do not report 
factors known to be associated with risk of locoregional 
recurrence in detail, particularly the presence of ENE, 
limiting the ability to directly compare the impact of 
adjuvant RT and systemic therapy on the risk of locore-
gional relapse.

Furthermore, historically, the standard approach to 
patients with melanoma with involvement of the sentinel 
LN (SLN) was to proceed to completion of LN dissection 
(CLND). However, two trials have since demonstrated no 
improvement in patient survival in those who proceed to 
CLND after a positive SLN, and this approach is therefore 
no longer routinely recommended.5–7

As such, there is currently no data on the role of adju-
vant RT in patients with melanoma who have resected 
locoregional recurrences during or after adjuvant immu-
notherapy, including those that may or may not have 
undergone prior CLND of the nodal basin.

Our study aims to answer this question, examining 
the role of adjuvant RT in patients with melanoma with 
resected locoregional recurrence during or after adjuvant 
immunotherapy. Specifically, we sought to determine the 
rate of locoregional disease control provided by adjuvant 
RT in this population.

METHODS
Patient and study design
The following inclusion criteria were used to retrospec-
tively identify patients for this study: those with resected 
stage III melanoma (per American Joint Committee on 
Cancer (AJCC) eighth edition) who received adjuvant 
anti- programmed cell death protein- 1 (PD- 1) (±ipilim-
umab) immunotherapy; locoregional disease recurrence 
(LN and/or in- transit metastases (ITM)) without distant 
metastases during or after this immunotherapy; resection 
of macroscopic disease with or without adjuvant RT at the 
discretion of the treating multidisciplinary team.

Data on patient, disease and treatment characteris-
tics were collected, including: patient demographics 
(age, sex, treating center); baseline melanoma features 
(primary site, thickness, ulceration, mitosis, mutation(s), 
stage III substage per AJCC eighth edition, performance 
of CLND, number, site and size of LN(s) involved); adju-
vant systemic therapy (drug, duration, reason for cessa-
tion) and adjuvant RT (site, dose, toxicity and grade 
(per National Cancer Institute Common Terminology 
Criteria for Adverse Events (CTCAE) V.5.0)); first recur-
rence details (Eastern Cooperative Oncology Group 
(ECOG) performance status, lactate dehydrogenase 
(LDH) concentration, site (LN and/or ITM) and stage 
of recurrence, method of recurrence detection) as well as 
treatment (surgery, systemic therapy and/or RT) at first 
recurrence and response. If adjuvant RT at first recur-
rence was administered, details on- site, dose, toxicity and 
grade were collected. Data was captured for up to three 
recurrences after adjuvant immunotherapy. Patients were 
followed until death or data censorship date, whichever 
occurred first. Institutional ethics board approval was 
obtained for the analysis.

Efficacy assessment
The primary outcome measured was rate of subsequent 
locoregional recurrence, with secondary outcome 
measures of locoregional recurrence- free survival (lr- 
RFS2) and overall RFS (RFS2) to second recurrence. Time 
to first recurrence was calculated from date of surgery for 
initial stage III disease to the date of radiological or clin-
ical first recurrence. Lr- RFS2 was calculated from date of 
resection of first recurrence to date of locoregional radio-
logical or clinical second recurrence. RFS2 was calculated 
from date of resection of first recurrence to date of any 
radiological or clinical second recurrence, death or last 
follow- up. Distant metastasis- free survival (DMFS) was 
calculated from date of resection of first recurrence to 
date of distant radiological or clinical second recurrence. 
OS was calculated from date of resection of first recur-
rence to date of death from any cause or last follow- up.

Statistical analysis
Categorical variables are summarized as frequencies and 
percentages, continuous variables are described using 
median and range. Pearson’s χ2 test and/or Fisher’s 
exact test was used for comparisons between categorical 
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variables as appropriate. For continuous variables, 
Wilcoxon rank test was used. Univariable and multivari-
able logistic regression analyses were conducted to inves-
tigate factors associated with rate of locoregional disease 
recurrence at second recurrence. RFS was analyzed 
using univariable and multivariable Cox proportional 
hazard regression. RFS was described using the Kaplan- 
Meier method and examined by receipt of adjuvant RT 
at first recurrence. Median survival time and its 95% CI 
were reported. Differences between survival curves were 
assessed using a log- rank test. A p value of <0.05 was 
considered statistically significant. All statistical analyses 
were conducted using SAS V.9.4 and R V.3.6.0.

RESULTS
Patient, disease and adjuvant treatment characteristics
A total of 71 patients from nine sites in Australia, Europe 
and the USA were included in the final analysis.

Median age at diagnosis of initial stage III melanoma 
was 60 years (range, 22–88), 42 (59%) were men, 61 
(86%) had cutaneous melanoma, 30 (42%) were BRAF 
V600E mutant, 34 (48%) were from Australia and 43 
(61%) had stage IIIC disease. At initial stage III diagnosis, 
47 (66%) had LN only disease and 12 (17%) had both 
LN and in- transit disease; 38 (74%) had microscopic LN 
disease identified via SLN biopsy. At resection, CLND was 
performed in 37 (52%) patients, of which 20 (54%) were 
for macroscopic disease and 16 (43%) were of the axilla; 
median number of involved LNs was 1 (0–38), 9 (24%) 
had ENE and median size of largest LN was 7.6 mm 
(0–70). Baseline patient and disease characteristics are 
summarized in table 1.

Of the total, 64 (90%) patients received anti- PD- 1 
monotherapy as adjuvant treatment after resection of 
initial stage III disease, while 6 (8%) received nivolumab 
in combination with ipilimumab given at 1 mg/kg every 
6 weeks (CheckMate- 915 trial8). Median duration of 
adjuvant therapy was 5 months (1–13). A total of 49 
(69%) patients developed recurrent melanoma while 
still receiving adjuvant immunotherapy. Three patients 
received adjuvant RT after resection of initial stage III 
disease, prior to first recurrence. Details of adjuvant 
therapy are summarized in online supplemental file 1. 
Median follow- up for all patients was 22 months.

First recurrence characteristics and adjuvant RT
A total of 49 (69%) patients developed locoregional 
recurrent melanoma (without distant metastases) while 
still receiving adjuvant immunotherapy, while 22 (31%) 
developed recurrence after ceasing adjuvant immuno-
therapy. For all patients, median time to first recurrence 
from date of surgery for initial stage III disease was 7 
months (1–44). At first recurrence, 58 patients (82%) 
had an ECOG of 0 and 40 (56%) had a normal LDH 
concentration. Melanoma stage at first recurrence was 
stage IIIC in 55 (77%) patients (based on pathological 
stage at time of recurrence), and recurrence was detected 

on clinical examination in 39 (55%) patients. Of the 
22 (31%) patients that recurred after ceasing adjuvant 
immunotherapy, 10 (46%) recurred within 3 months of 
cessation, 6 (27%) recurred within 3–6 months and 6 
(27%) recurred after 6 months of cessation.

Most surgical resections at first recurrence resulted in 
clear margins (n=63, 89%). The majority (n=38, 54%) of 
locoregional recurrences involved in- transit only disease. 
Of the 33 patients with locoregional LN involvement 
at first recurrence, 39% involved axillary LNs, median 
number of involved LNs was 1 (1–6), 48% had ENE, and 
median size of largest LN was 15 mm (4–60). Of the three 
patients that had received adjuvant RT at diagnosis, two 
patients developed recurrence within the previously irra-
diated field. Patient, disease and treatment characteristics 
at first recurrence are summarized in table 2.

After resection of the first recurrence, 24 (34%) patients 
received adjuvant RT and 47 (66%) did not receive 
adjuvant RT. Patients who received adjuvant RT had a 
higher frequency of poor prognostic markers including 
involved surgical margins (25% vs 4%, p=0.01), ENE 
(61% vs 33%, p=0.28) and stage IIID disease (17% vs 6%, 
p=0.38). Furthermore, those who recurred during adju-
vant immunotherapy were more likely to receive adjuvant 
RT (75% vs 66%, p=0.61). Importantly, 75% of patients 
who received adjuvant RT at first recurrence had nodal 
(±in- transit) disease, compared with only 32% in the 
group that did not receive adjuvant RT (p=0.0016). No 
patient with acral melanoma received adjuvant RT. The 
majority (54%) of patients who received adjuvant RT at 
first recurrence did not commence or continue systemic 
therapy at recurrence, whereas the majority (44%) of 
patients that did not receive adjuvant RT commenced 
new systemic therapy or restarted anti- PD- 1 therapy. The 
most common new systemic therapy was adjuvant BRAF/
MEK inhibition in both patient groups (table 2). Of the 
23 patients who commenced adjuvant BRAF/MEK inhi-
bition 4 (17%) ceased for toxicity (1 of 7 (14%) of those 
who were also treated with adjuvant RT and 3 of 16 (19%) 
of those who were not).

Of the 33 patients with locoregional LN involvement 
at first recurrence, 23 (70%) patients were considered 
high risk for subsequent locoregional recurrence, as per 
previously established ANZMTG/TROG criteria where 
high- risk patients are those with: at least one parotid, 
two cervical or axillary or three inguinal LNs; maximum 
size of involved LNs (≥3 cm cervical or ≥4 cm axillary or 
inguinal LN); or the presence of ENE (table 2).4 Of these 
23 patients, 14 received adjuvant RT at first recurrence 
(p=0.0021).

Of the 24 patients who received adjuvant RT at 
first recurrence, site of administration of adjuvant RT 
included: local LN in 18 (75%) patients, primary site in 4 
(17%), in- transit disease in 1 (4%) and both primary site 
and local LN in 1 (4%) patient. Median dose was 48 Gy 
(range, 36–60) in 20 fractions (range, 6–30). All but 
one patient was treated with standard RT, with a single 
patient treated with a hypofractionated schedule (36 Gy 
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Table 1 Patient and disease characteristics at initial diagnosis of resected stage III melanoma

Baseline patient and disease characteristic All N=71 (%)

No adjuvant RT at first 
recurrence
N=47 (%)

Adjuvant RT at first 
recurrence
N=24 (%) P value*

Median age, years (range) 60 (22–88) 62 (22–88) 52.5 (25–76) 0.16

Sex—no. (%) 0.68

  Male 42 (59) 27 (57) 15 (63)

  Female 29 (41) 20 (43) 9 (38)

Primary site—no. (%) 0.25

  Cutaneous 61 (86) 39 (83) 22 (92)

  Acral 5 (7) 5 (11) 0

  Occult 5 (7) 3 (6) 2 (8)

Mutation—no. (%) 0.99

  V600E 30 (42) 21 (45) 9 (38)

  V600K 3 (4) 2 (4) 1 (4)

  NRAS 9 (13) 6 (13) 3 (13)

  BRAF V600/NRAS wild type 21 (30) 13 (28) 8 (33)

  KIT 3 (4) 3 (6) 0

  Other 3 (4) 1 (2) 2 (8)

  N/A 2 (3) 1 (2) 1 (4)

Patient origin—no. (%) 0.24

  Australia 34 (48) 23 (49) 11 (46)

  Europe 21 (30) 16 (34) 5 (21)

  USA 16 (22) 8 (17) 8 (33)

Stage (AJCC eighth edition)—no. (%) 0.42

  IIIA 5 (7) 3 (6) 2 (8)

  IIIB 23 (32) 13 (28) 10 (42)

  IIIC 43 (61) 31 (66) 12 (50)

  IIID 0 0 0

Locoregional disease 0.023

  LN only 47 (66) 26 (55) 21 (88)

  In- transit only 12 (17) 10 (21) 2 (8)

  Both LN and in- transit 12 (17) 11 (23) 1 (4)

Nodal disease (n=59) 0.22

  Microscopic (occult) 38 (74) 26 (70) 12 (55)

  Macroscopic (clinically evident) 21 (36) 11 (30) 10 (46)

CLND performed 0.44

  Yes 37 (52) 23 (49) 14 (58)

  No 31 (44) 22 (47) 9 (38)

  N/A 3† (4) 2 (4) 1 (4)

CLND Location 0.061

  Cervical 12 (32) 4 (17) 8 (57)

  Axillary 16 (43) 13 (56) 3 (21)

  Inguinal 8 (22) 5 (22) 3 (21)

  Cervical and axillary 1 (3) 1 (4) 0

If CLND performed (n=37)

  Median number of LN involved, (range) 1 (0–38) 1 (0–38) 1 (1–3) 0.333

Continued
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in six fractions), no patients were treated with stereotactic 
dosing. Of the 24 patients who received adjuvant RT, 16 
(67%) developed toxicity to RT, of which 15 had derma-
titis (±other symptoms) and 1 developed esophagitis. Of 
the 16 with dermatitis, 10 patients had CTCAE grade 1 
and 6 patients had CTCAE grade 2 dermatitis only. The 
median amount of time required for toxicity to resolve 
was 34 days (15–288) (online supplemental file 2).

Second recurrence
At a median follow- up from first recurrence of 15 months 
(95% CI 11 to 20), 33 (46%) developed a second recur-
rence. Median time from first recurrence to second 
recurrence was 5 months (1–22). At second recurrence, 
23 patients (70%) had an ECOG of 0 and 12 (36%) had 
a normal LDH concentration. Melanoma stage at second 
recurrence was IIIC in 18 (55%) patients, and recurrence 
was detected on imaging in 15 (46%), clinical examina-
tion in 13 (39%) and symptoms in 5 (15%) patients. 
Patient, disease and treatment characteristics at second 
recurrence are summarized in table 3.

Of the 24 patients that received RT at first recurrence, 7 
(29%) developed a second recurrence. Of these 7 patients, 
2 (8%) developed locoregional disease while 5 (20%) 
developed distant disease (table 3). Both patients with 
locoregional disease had ITM only. Of the 47 patients that 
did not receive RT at first recurrence, 26 (55%) patients 
developed a second recurrence, of which 17 (36%) were 
locoregional and 9 (19%) were distant disease. Of the 17 
with locoregional disease, 6 had LN (±in- transit) disease 
while 11 patients had ITM. Thus, rate of locoregional 
relapse at second recurrence was 8% (2/24) in those who 
received adjuvant RT at first recurrence, compared with 
36% (17/47) for those who did not receive adjuvant RT 
at first recurrence, (p=0.01), and there was no difference 
in rate of distant recurrence (20% vs 19%). Of the 26 
patients that did not receive adjuvant RT at first recur-
rence and developed a second recurrence, 11 (42%) 
started a new systemic therapy agent. Of the 7 patients 
that received adjuvant RT at first recurrence and devel-
oped a second recurrence, 5 (71%) started a new systemic 
therapy agent (table 3).

lr-RFS2
Of the 33 patients that developed a second recurrence, 
19 patients had locoregional disease. Of these 19 patients, 
4 (21%) developed recurrence in the field of prior adju-
vant RT (administered either at initial stage III resection 
or at first recurrence). Median lr- RFS to second recur-
rence (lr- RFS2) for the total population was not reached 
(figure 1A). Landmark lr- RFS2 was 85% (95% CI 77% to 
93%) at 6 months and 76% (95% CI 67% to 87%) at 12 
months. Lr- RFS2 was significantly associated with receipt 
of adjuvant RT at first recurrence (p=0.014, figure 1B). 
Landmark lr- RFS at 6, 12 and 18 months was higher for 
those who received adjuvant RT at first recurrence at 96% 
(95% CI 88% to 100%), 92% (95% CI 81% to 100%), and 
92% (95% CI 81% to 100%), respectively, compared with 
79% (95% CI 68% to 91%), 68% (95% CI 56% to 83%), 
and 63% (95% CI 51% to 79%) for those who did not 
receive adjuvant RT at first recurrence. On both univari-
able and multivariable Cox regression analysis, adjuvant 
RT at first recurrence was associated with longer lr- RFS2 
(HR 0.20, p=0.031 and HR 0.16, p=0.015, respectively) 
(table 4). Commencement of new systemic therapy at first 
recurrence was also associated with lower likelihood of a 
locoregional second recurrence on both univariable (HR 
0.27, p=0.029) and multivariable (HR 0.21, p=0.012) anal-
ysis. Lr- RFS2 was not significantly associated with other 
factors such as sex, ECOG, LDH and stage at first recur-
rence (table 4).

RFS2
For the total population, median RFS after first recurrence 
(RFS2) was 67 months (95% CI 10 to NR) (figure 2A). 
Landmark RFS2 was 69% (95% CI 59% to 81%) at 6 
months and 57% (95% CI 47% to 70%) at 12 months. 
While there was a trend towards longer RFS2 for patients 
who received adjuvant RT at first recurrence, this was 
not statistically significant (HR 0.54, p=0.072, figure 2B). 
On both univariable and multivariable Cox regression 
analysis, commencement of new systemic therapy at first 
recurrence was associated with a significantly longer 
RFS2 (HR 0.35, p=0.008, and HR 0.36, p=0.010, respec-
tively). A primary melanoma of non- cutaneous origin was 

Baseline patient and disease characteristic All N=71 (%)

No adjuvant RT at first 
recurrence
N=47 (%)

Adjuvant RT at first 
recurrence
N=24 (%) P value*

  ENE: yes 9 (24) 5 (22) 4 (29) 0.53

  ENE: no 28 (76) 18 (78) 10 (71)

  Median size of largest LN, mm (range) 7.6 (0–70) 13 (4–60) 19 (4–54) 0.057

Bold text signifies p<0.05
*Pearson’s χ2; Fisher’s exact test.
†All three patients had in- transit or satellite deposits only.
AJCC, American Joint Committee on Cancer ; CLND, completion lymph node dissection; ENE, extranodal extension; LN, lymph node; RT, 
radiotherapy.

Table 1 Continued
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Table 2 Patient, disease and treatment characteristics at first recurrence

First recurrence characteristics All N=71 (%)
No adjuvant RT at first 
recurrence N=47 (%)

Adjuvant RT at first 
recurrence N=24 (%) P value*

Median time to first recurrence—months (range) 7 (1–44) 7 (1–44) 7 (4–19) 0.63

ECOG—no. (%) 0.77

  0 58 (82) 38 (81) 20 (83)

  1 12 (17) 8 (17) 4 (17)

  2 1 (1) 1 (2) 0

Stage (AJCC eighth edition)—no. (%) 0.38

  IIIB 9 (13) 6 (13) 3 (13)

  IIIC 55 (77) 38 (81) 17 (71)

  IIID 7 (10) 3 (6) 4 (17)

Recurrence detected by—no. (%) 0.41

  Symptoms 7 (10) 5 (11) 2 (8)

  Clinical examination 39 (55) 28 (60) 11 (46)

  Imaging 25 (35) 14 (30) 11 (46)

Recurrence and adjuvant IO—no. (%) 0.61

  During 49 (69) 31 (66) 18 (75)

  After 22 (31) 16 (34) 6 (25)

  0–3 months 10 (46) 8 (50) 2 (33)

  3–6 months 6 (27) 3 (19) 3 (50)

  >6 months 6 (27) 5 (31) 1 (17)

Surgical resection margins—no. (%) 0.01

  Clear 63 (89) 45 (96) 18 (75)

  Involved 8 (11) 2 (4) 6 (25)

Locoregional recurrence site—no. (%) 0.0016

  LN only 27 (38) 13 (28) 14 (58)

  In- transit only 38 (54) 32 (68) 6 (25)

  LN and in- transit 6 (8) 2 (4) 4 (17)

Site of LN involvement (n=33)—no. (%) 0.04

  Neck 6 (18) 0 (0) 6 (33)

  Axillary 13 (39) 8 (53) 5 (28)

  Inguinal 14 (42) 7 (47) 7 (39)

If LN is involved (n=33)—no. (%) 0.28

  Median number LN involved, (range) 1 (1–6) 1 (1–3) 1 (1–6)

  ENE: yes 16 (48) 5 (33) 11 (61)

  ENE: no 17 (52) 10 (66) 7 (39)

  Median size largest LN, mm (range) 15 (4–60) 13 (4–60) 19 (4–54)

Recurrence within RT field—no. (%) 0.99

  Yes 2 (67) 2 (67) 0

  No 1 (33) 1 (33) 0

Adjuvant systemic therapy—no. (%) 0.25

  Prior adjuvant IO continued 8 (11) 7 (15) 1 (4)

  Anti- PD- 1 restarted 5 (7) 2 (4) 3 (13)

  New therapy commenced 26 (37) 19 (40) 7 (29)

  BRAF/MEK inhibition 23 16 7

  Ipilimumab- nivolumab 1 1 0

Continued
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associated with significantly worse RFS2 on both univari-
able (HR 3.99, p=0.0009) and multivariable (HR 4.64, 
p=0.004) analysis, though this was likely influenced by 
small patient numbers (online supplemental file 3).

Of the total cohort, six patients died, four due to mela-
noma progression. Of the remaining two, one patient 
died from a spinal cord infarction causing diaphragmatic 
weakness and one patient died from a second primary 
melanoma that led to malignant ascites; both deaths 
occurred before index melanoma recurrence.

DMFS
For the total population, the DMFS rate was 83% (95% 
CI 75% to 92%) at 6 months and 76% (95% CI 68% to 
88%) at 12 months. No significant differences were noted 
in risk of distant relapse between patients who did or 
did not receive adjuvant RT at first recurrence (online 
supplemental file 4).

Median OS for all patients was not reached and no 
significant differences in OS were noted between patients 
who did or did not receive adjuvant RT at first recurrence.

Propensity score matching
To further explore differences in outcomes between 
patients who did and did not receive adjuvant RT at first 
recurrence, we performed a propensity score analysis to 
mitigate the effect of variables that may have differed 
between these two groups. A population of 42 patients 
was identified after matching for site of locoregional 
disease and disease burden at first recurrence. After 
matching, the HR for lr- RFS2 for receipt of adjuvant RT at 
first recurrence compared with no adjuvant RT was 0.18 
(p=0.015) (online supplemental files 5 and 6) while the 
HR for RFS2 was 0.53 (p=0.17) (online supplemental files 
5B and 7).

Subgroup analysis
To further determine the efficacy of adjuvant RT at first 
recurrence, we performed a subgroup analysis where 
patients who received adjuvant BRAF/MEK inhibitors, 
ipilimumab monotherapy or anti- PD- 1/ipilimumab 
combination therapy at first recurrence were excluded, as 

these therapies have a proven RFS benefit. This resulted 
in a subgroup of 46 patients remaining. Median lr- RFS2 
for the subgroup was not reached. The HR for lr- RFS2 
for receipt of adjuvant RT at first recurrence compared 
with no adjuvant RT was 0.17 (p=0.0089) (online supple-
mental files 8 and 9). Median RFS2 for the subgroup was 
12 months (95% CI 6 to NR). The HR for RFS2 for receipt 
of adjuvant RT at first recurrence compared with no adju-
vant RT was 0.32 (p=0.0061) (online supplemental files 
10 and 11).

DISCUSSION
To our knowledge, this multicenter, international cohort 
study is the first study to investigate the role of adjuvant 
RT in patients with melanoma with locoregional disease 
recurrence during or after adjuvant anti- PD- 1- based 
immunotherapy. While most multidisciplinary teams 
would not recommend adjuvant RT in the setting of 
adjuvant systemic therapy, this is not based on high level 
evidence, and the role of adjuvant RT when adjuvant 
systemic therapy fails to control disease is unknown.

We found that adjuvant RT administered after resec-
tion of a recurrence that occurred during or after adju-
vant immunotherapy significantly reduced the rate of 
locoregional disease at second recurrence. This was asso-
ciated with a significant improvement in lr- RFS2 on both 
univariable (HR 0.20, p=0.031) and multivariable analysis 
(HR 0.16, p=0.015). This improvement remained signif-
icant with propensity score analysis (HR 0.18, p=0.015), 
conducted to adjust for potential selection bias.

While there was a trend towards improved overall RFS 
with receipt of adjuvant RT at first recurrence, this was 
not statistically significant (HR 0.54, p=0.072), though 
this was likely influenced by small patient numbers. 
Recognizing the limitations of a retrospective analysis and 
indirect comparison between retrospective data sets and 
prospective clinical trials, this result is similar to findings 
from the seminal randomized ANZMTG/TROG trial, 
where no significant difference in RFS was noted between 
those who received adjuvant RT versus observation (HR 

First recurrence characteristics All N=71 (%)
No adjuvant RT at first 
recurrence N=47 (%)

Adjuvant RT at first 
recurrence N=24 (%) P value*

  Other† 2 2 0

  No therapy 32 (45) 19 (40) 13 (54)

  High risk‡—no. (%) (n=33): 23 (70) 9 (60) 14 (78) 0.0021

Bold text signifies p<0.05
*Pearson’s χ2 test; Fisher’s exact test.
†One patient received imatinib, one patient received ipilimumab. Both patients did not receive adjuvant RT at first recurrence.
‡Refers to TROG criteria where high- risk patients are those with: at least one parotid, two cervical or axillary or three inguinal 
LNs; maximum size of involved LNs (≥3 cm cervical or ≥4 cm axillary or inguinal LN); or the presence of ENE.
AJCC, American Joint Committee on Cancer; ECOG, Eastern Cooperative Oncology Group; ENE, extranodal extension; IO, 
immunotherapy; LN, lymph node; PD- 1, programmed cell death protein- 1 ; RT, radiotherapy.

Table 2 Continued
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0.89, p=0.51).4 As expected, adjuvant RT did not signifi-
cantly impact the risk of distant relapse. This is similar to 
the findings from the ANZMTG/TROG trial, where no 
significant difference was noted in risk of distant relapse 
between those who received adjuvant RT versus observa-
tion (HR 1.07, p=0.73).4

Receipt of a new drug as adjuvant systemic therapy at 
first recurrence also significantly improved lr- RFS2 on 
both univariable (HR 0.27, p=0.029) and multivariable 

analysis (HR 0.21, p=0.012), demonstrating that in some 
patients, commencing adjuvant BRAF/MEK inhibitors or 
anti- PD- 1/ipilimumab combination therapy represents a 
suitable option for locoregional disease control. Indeed, 
other studies have demonstrated the efficacy of these 
agents as ‘second adjuvant’ therapy, regardless of the 
receipt of RT.9 Importantly, we undertook a subgroup 
analysis excluding those patients who received an adju-
vant systemic therapy at first recurrence that is known 

Table 3 Patient, disease and treatment characteristics at second recurrence

Characteristics at second recurrence Patient N=33 (%)

No adjuvant RT at 
first recurrence
N=26 (%)

Adjuvant RT at 
first recurrence
N=7 (%) P value

Median time to second recurrence- months, (range) 5 (1–22) 5 (1–17) 6 (4–22) <0.001

ECOG at recurrence—no. (%) 0.46

  0 23 (70) 19 (73) 4 (57)

  1 8 (24) 5 (19) 3 (43)

  2 2 (6) 2 (8) 0 (0)

LDH—no. (%) 0.35

  Above ULN 6 (18) 6 (23) 0 (0)

  Below ULN 12 (36) 8 (31) 4 (57)

  Unknown 15 (46) 12 (46) 3 (43)

Stage (AJCC eighth edition)—no. (%) 0.37

  IIIB 1 (3) 1 (4) 0 (0)

  IIIC 18 (55) 16 (62) 2 (39)

  IV 14 (42) 9 (35) 5 (71)

Recurrence detected by—no. (%) 0.26

  Symptoms 5 (15) 4 (15) 1 (14)

  Clinical examination 13 (39) 12 (46) 1 (14)

  Imaging 15 (46) 10 (39) 5 (72)

Recurrence site—no. (%) 0.11

  Locoregional 19 (58) 17 (65) 2 (29)

  Distant 14 (42) 9 (35) 5 (71)

Locoregional recurrence site (n=19)—no. (%) 0.10

  Nodal only 5 5 0

  In- transit only 13 11 2

  Nodal and in- transit 1 1 0

Systemic therapy—no. (%) 0.22

  New agent started 16 (48) 11 (42) 5 (71)

  BRAF/MEK inhibition 5 3 2

  Ipilimumab- nivolumab combination 8 5 3

  Other 3 3 0

  Pembrolizumab+TVEC 1 1 0

  TVEC 1 1 0

  Clinical trial (anti- PD- 1+trial agent) 1 1 0

  Nil 17 (52) 15 (58) 2 (29)

Bold text signifies p<0.05
AJCC, American Joint Committee on Cancer; ECOG, Eastern Cooperative Oncology Group ; LDH, lactate dehydrogenase ; PD- 1, 
programmed cell death protein- 1 ; RT, radiotherapy; TVEC, talimogene laherparepvec; ULN, upper limit of normal.
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to have an RFS benefit, to account for any confounding 
effects these active treatments may have on outcomes. 
This subgroup analysis revealed that receipt of adjuvant 
RT at first recurrence not only continued to result in a 

significant improvement in lr- RFS (HR=0.17, p=0.0089), 
but also led to a significant improvement in RFS (HR=0.32, 
p=0.0061).

Figure 1 Locoregional recurrence- free survival to second recurrence for (A) all patients and (B) by receipt of adjuvant RT at 
first recurrence (p=0.014). RT, radiotherapy.
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Toxicity from RT was relatively common, with 67% 
of patients developing some form of reaction to RT. 
However, the majority (63%) of toxicity was CTCAE 
grade 1 dermatitis, with only 6 (37%) patients developing 

grade 2 toxicity and no patients developing grade 3 or 
higher toxicity. These results compare favorably to the 
toxicity data from the landmark ANZMTG/TROG trial, 
where 74% of patients developed grade 2–4 toxicities.4 

Table 4 Univariable and multivariable Cox regression analysis for locoregional recurrence- free survival at second recurrence

Variable

Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Sex

  Female 1 0.45

  Male 1.46 (0.55 to 3.84)

Primary site

  Cutaneous 1 0.082

  Other 2.67 (0.88 to 8.09)

ECOG at first recurrence

  0 1 0.84

  ≥1 1.12 (0.37 to 3.38)

LDH at first recurrence

  Normal (≤ULN) 1 0.55

  Elevated (>ULN) 1.82 (0.57 to 5.80)

  Unknown 0.95 (0.32 to 2.77)

Surgical margins first recurrence resection

  Involved 1 0.38

  Clear 2.48 (0.33 to 18.54)

Locoregional recurrence site

  LN only 1 0.58

  ITM/satellites only 1.67 (0.64 to 4.40)

  Both LN+ITM NA

ENE if LN involved:

  No 1 0.39

  Yes 0.48 (0.09 to 2.60)

Stage at first recurrence

  IIIB 1 0.48

  IIIC 3.50 (0.47 to 26.25)

  IIID NA

Recurrence detected by

  Symptoms 1 0.76

  Clinical examination 0.63 (0.17 to 2.30)

  Imaging 0.61 (0.15 to 2.45)

Adjuvant RT at first recurrence

  No 1 0.031 1 0.015

  Yes 0.20 (0.05 to 0.87) 0.16 (0.04 to 0.70)

Adjuvant systemic therapy at first recurrence

  No drug 1 1

  Same drug continued 0.98 (0.28 to 3.48) 0.84 0.56 (0.15 to 2.02) 0.41

  New drug 0.27 (0.09 to 0.85) 0.029 0.21 (0.07 to 0.67) 0.012

ECOG, Eastern Cooperative Oncology Group; ENE, extranodal extension ; ITM, in- transit metastases ; LDH, lactate dehydrogenase ; LN, 
lymph node; RT, radiotherapy; ULN, upper limit of normal.
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The reduced rate of toxicity in our study may reflect less 
accurate recording of toxicity information in a retrospec-
tive study and/or an improvement in RT delivery since 
the randomized trial. Longitudinal data on quality of life 

and limb volume from the time of first recurrence were 
not available in this analysis.

Limitations of this study include the retrospective nature 
of data collection and associated biases. The sample size 

Figure 2 Recurrence free- survival to second recurrence for (A) all patients and (B) by receipt of adjuvant RT at first recurrence 
(p=0.083). RT, radiotherapy.
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was relatively small, which may have influenced some 
results, especially subgroups with small patient numbers 
(eg, cutaneous vs non- cutaneous primary site). A high rate 
of CLNDs (52%) was performed at initial diagnosis, and 
median duration of adjuvant therapy was relatively short 
(5 months), reflecting a selection bias for patients with 
high- risk disease in this study. Also, the inclusion criteria 
for this study required patients to undergo resection of 
disease at first recurrence, and thus excluded those that 
received upfront systemic and/or RT at first recurrence. 
Furthermore, a selection bias for administration of adju-
vant RT at first recurrence is evident, favoring those 
with LN recurrence over those with ITM. A number of 
patients had data missing on LDH, as can occur in retro-
spective analyses. Heterogeneity of the study population 
including differences in characteristics between the two 
groups (adjuvant RT at first recurrence vs no adjuvant RT 
at first recurrence) and variations in local practice may 
have impacted results. Strengths of this study include the 
inclusion of patients from a variety of countries and each 
participating site providing data on both patients who did 
and did not receive adjuvant RT at first recurrence.

Conclusions
This study suggests that adjuvant RT continues to provide 
control of locoregional disease in today’s modern era, 
where patients may develop resectable locoregionally 
recurrent disease during or after adjuvant immuno-
therapy. Use of adjuvant RT was associated with a lower 
rate of further locoregional relapse and improved lr- RFS 
and potentially RFS when accounting for confounding 
factors such as change of systemic therapy. As seen in 
previous studies, adjuvant RT does not seem to impact 
DMFS nor OS. Larger, prospective studies are required to 
validate these results.
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 1 

Supplement 1: Characteristics of adjuvant therapy received after resection of initial stage III disease. 

Adjuvant Therapy Characteristics All N= 

71 (%) 

No adjuvant 

RT at 1
st
 

recurrence  

N= 47 (%) 

Adjuvant RT 

at 1
st
 

recurrence 

N= 24 (%) 

P-

value
a
 

Adjuvant therapy- no. (%) 

Nivolumab 

Pembrolizumab   

Ipilimumab/Nivolumab  

Nivolumab or 

Ipilimumab/Nivolumab* 

 

55 (78) 

9 (13)  

6 (8) 

1 (1) 

 

36 (77) 

7 (15) 

4 (9) 

0 

 

19 (79) 

2 (8) 

2 (8) 

1 (4) 

0.47 

Median duration of adjuvant therapy- 

months [range] 

5 [1-13] 5 [1-13] 5 [1-12] 0.76 

Reason for adjuvant therapy 

cessation- no. (%) 

 Completed therapy 

 Recurrence  

 Toxicity  

 Patient choice  

 Other** 

 

 

9 (13) 

49 (69) 

11 (16) 

1 (1) 

1 (1) 

 

 

6 (13) 

31 (66) 

9 (19) 

0 

1 (2) 

 

 

3 (13) 

18 (75) 

2 (8) 

1 (4) 

0 

0.43 

Adjuvant RT at diagnosis- no. (%) 

 Yes 

 No 

 

3 (4) 

68 (96) 

 

3 (6) 

44 (94) 

 

0 

24 (100) 

0.21 

*Patient remains blinded on Checkmate-915 trial. **Acute Tubular Necrosis, not treatment related. 

aPearson’s Chi-squared test; Fisher’s exact test. 
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 2 

Supplement 2: Characteristics of RT administered at 1
st
 recurrence.  

Characteristics of adjuvant RT at 1
st
 recurrence   Adjuvant RT at 1

st
 recurrence 

N= 24 (%) 

Median dose 

  Median greys, [range] 

  Median fractions, [range] 

 

48 [36-60] 

20 [6-30] 

Radiotherapy Schedule [Gy in number of fractions] 

   36 in 6 

   48 in 20 

   50.4 in 21 

   50 in 25 

   60 in 30 

   Unknown in 20 

 

1 (4%) 

12 (50%) 

1 (4%) 

6 (25%) 

3 (13%) 

1 (4%) 

Location 

  Local LN basin 

  Primary site  

  In-transit disease  

  Primary site and local LN 

 

18 (75) 

4 (17) 

1 (4) 

1 (4)  

Toxicity 

  Dermatitis 

  Dermatitis & alopecia 

  Dermatitis & mucositis  

  Dermatitis & fatigue 

  Dermatitis, fatigue, enteritis 

  Oesophagitis  

16 (67%) 

10 

1 

1 

2 

1 

1 
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 3 

Toxicity Grade (CTCAE) 

  1 

  2 

 >=3 

 

10 

6 

0 

Resolution of toxicity, median days [range] 34 [15-288] 
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 4 

Supplement 3: Univariable and multivariable Cox regression analysis for recurrence free survival at 

2
nd

 recurrence (RFS2).  

 Univariate Multivariate 

Variable HR (95% CI) P-

value 

HR (95% CI) P-value 

Sex     

    Female 1 0.7036   

    Male 1.14 (0.57, 2.27)    

Primary Site     

    Cutaneous 1 0.0009 1 0.0004 

    Other 3.99 (1.76, 9.02)  4.64 (1.98, 10.85)  

ECOG at 1
st
 recurrence     

    0 1 0.8775   

    >=1 1.07 (0.47, 2.45)    

LDH at 1
st
 recurrence     

    Normal (≤ULN) 1 0.4752   

    Elevated (>ULN) 1.59 (0.63, 4.04)    

    Unknown 1.46 (0.69, 3.11)    

Surgical margins 1
st
 

recurrence resection 

    

    Involved 1 0.7930   

    Clear 0.87 (0.31, 2.47)    

Locoregional recurrence site     

    LN only 1 0.3374   

    ITM/satellites only 1.76 (0.83, 3.71)    

    Both LN + ITM 1.49 (0.41, 5.44)    
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ENE if LN involved:     

    No 1 0.1035   

    Yes 2.66 (0.82, 8.66)    

Stage at 1st recurrence     

    IIIB 1 0.1387   

    IIIC 7.37 (1.00, 54.20)    

    IIID 5.74 (0.59, 55.64)    

Recurrence detected by     

    Symptoms 1 0.5063   

    Clinical examination 0.78 (0.29, 2.10)    

    Imaging 0.55 (0.19, 1.62)    

Adjuvant RT at 1st 

recurrence 

    

    No 1 0.1121   

    Yes 0.54 (0.25, 1.15)    

Adjuvant systemic therapy at 

1
st
 recurrence 

    

    No drug 1  1  

    Same drug continued 1.71 (0.68, 4.31) 0.504 2.27 (0.87, 5.91) 0.734 

    New drug 0.35 (0.16, 0.76) 0.008 0.36 (0.16, 0.79) 0.010 
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 6 

Supplement 4: Distant metastasis free survival (DMFS) at landmark timepoints, by receipt of 

adjuvant RT at 1
st
 recurrence.  

 

Landmark timepoint  No adjuvant RT at 1
st
 recurrence, 

% (95% CI) 

Adjuvant RT at 1
st
 recurrence, 

% (95% CI) 

6-month 

12-month 

18-month 

83% (73-94%) 

77% (65-90%) 

74% (63-88%) 

83% (70-100%) 

79% (65-97%) 

79% (65-97%) 
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 7 

Supplement 5: A) Locoregional recurrence free survival to 2
nd

 recurrence (lr-RFS2) by receipt of 

adjuvant RT at 1
st
 recurrence (p=0.015), after propensity score matching (N=42); B) Recurrence free 

survival to 2
nd

 recurrence (RFS2) by receipt of adjuvant RT at 1
st
 recurrence (p=0.17), after propensity 

score matching (N=42).
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 8 

Supplement 6: Univariable Cox regression analysis for locoregional recurrence free survival at 2
nd

 

recurrence (lr-RFS2) after propensity score matching. LN lymph node.  

 Univariate 

Variable HR (95% CI) P-value 

Sex   

    Female 1 0.87 

    Male 0.90 (0.28, 2.97)  

Primary Site   

    Cutaneous 1 0.11 

    Other 3.01 (0.79, 11.44)  

ECOG at 1
st
 recurrence   

    0 1 0.93 

    >=1 1.07 (0.23, 4.95)  

LDH at 1
st
 recurrence   

    Normal (≤ULN) 1 0.34 

    Elevated (>ULN) 2.74 (0.65, 11.52)  

    Unknown 1.01 (0.24, 4.21)  

Surgical margins 1
st
 

recurrence resection 

  

    Involved 1 0.5685 

    Clear 1.82 (0.23, 14.21)  

Locoregional recurrence 

site 

  

    LN only 1  

    ITM/satellites only 1.46 (0.41, 5.18) 0.84 

    Both LN + ITM 1.25 (0.15, 10.35)  
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ENE if LN involved:   

    No 1 0.34 

    Yes 0.45 (0.09, 2.32)  

Stage at 1
st
 recurrence   

    IIIB 1 0.24 

    IIIC 3.35 (0.45, 25.09)  

    IIID NA*  

Recurrence detected by   

    Symptoms 1 0.77 

    Clinical examination 0.54 (0.10, 2.93)  

    Imaging 0.67 (0.13, 3.46)  

Adjuvant systemic therapy 

at 1
st
 recurrence 

  

    No drug 1 0.155 

    Same drug continued 2.70 (0.64, 11.39)  

    New drug 0.57 (0.14, 2.39)  

Adjuvant RT at 1
st
 

recurrence 

  

    No 1 0.030 

    Yes 0.18 (0.04, 0.85)  

*No locoregional recurrence observed in this stage. 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2022-006629:e006629. 11 2023;J Immunother Cancer, et al. Bhave P



 10 

Supplement 7: Univariable and multivariable Cox regression analysis for recurrence free survival at 

2
nd

 recurrence (RFS2) after propensity score matching. 

 Univariate Multivariate 

Variable HR (95% CI) P-

value 

HR (95% CI) P-value 

Sex     

    Female 1 0.47   

    Male 1.42 (0.56, 3.61)    

Primary Site     

    Cutaneous 1  1 0.12 

    Other 2.86 (0.92, 8.89) 0.069 2.45 (0.79, 7.58)  

ECOG at 1
st
 recurrence     

    0 1 0.70   

    >=1 0.78 (0.23, 2.69)    

LDH at 1
st
 recurrence     

    Normal (≤ULN) 1 0.48   

    Elevated (>ULN) 2.08 (0.63, 6.87)    

    Unknown 1.28 (0.45, 3.61)    

Surgical margins 1
st
 

recurrence resection 

    

    Involved 1 0.45   

    Clear 0.61 (0.18, 2.15)    

Locoregional recurrence site     

    LN only 1 0.46   

    ITM/satellites only 1.22 (0.44, 3.37)    

    Both LN + ITM 2.28 (0.62, 8.34)    
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ENE if LN involved:     

    No 1 0.14   

    Yes 2.33 (0.76, 7.13)    

Stage at 1st recurrence     

    IIIB 2.17 (0.65, 7.21)    

    IIIC 0.92 (0.33, 2.58)    

    IIID 1 0.35   

Recurrence detected by     

    Symptoms 1 0.35   

    Clinical examination 0.43 (0.12, 1.47)    

    Imaging 0.46 (0.14, 1.53)    

Adjuvant systemic therapy at 

1
st
 recurrence 

    

    No drug 1 0.2311   

    Same drug continued 1.37 (0.37, 5.11)    

    New drug 0.45 (0.15, 1.33)    

Adjuvant RT at 1st 

recurrence 

    

    No 1 0.18   

    Yes 0.53 (0.21, 1.33)    
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Supplement 8: A) Locoregional recurrence free survival to 2
nd

 recurrence (lr-RFS2) for the subgroup 

of patients who did not receive adjuvant BRAF/MEK inhibitors, ipilimumab monotherapy or anti-

PD1/ipilimumab combination therapy at 1
st
 recurrence (N=46); B) by receipt of adjuvant RT at 1

st
 

recurrence (p=0.0089). 
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Supplement 9: Univariable Cox regression analysis for locoregional recurrence free survival at 2
nd

 

recurrence (lr-RFS2) for the subgroup of patients who did not receive adjuvant BRAF/MEK 

inhibitors, ipilimumab monotherapy or anti-PD1/ipilimumab combination therapy at 1
st
 recurrence 

(N=46). LN lymph node.  

 Univariate 

Variable HR (95% CI) P-value 

Sex   

    Female 1 0.56 

    Male 1.36 (0.48, 3.87)  

Primary Site   

    Cutaneous 1 0.55 

    Other 1.46 (0.42, 5.10)  

ECOG at 1
st
 recurrence   

    0 1 0.67 

    >=1 1.27 (0.41, 3.91)  

Locoregional recurrence site   

    LN only 1 0.79 

    ITM/satellites only 1.38 (0.48, 3.96)  

    Both LN + ITM 0.89 (0.10, 7.61)  

ENE if LN involved:   

    No 1 0.50 

    Yes 0.56 (0.10, 3.06)  

Recurrence detected by   

    Symptoms 1 0.97 

    Clinical examination 0.87 (0.19, 3.97)  

    Imaging 0.80 (0.16, 4.15)  
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Adjuvant systemic therapy at 1
st
 

recurrence 

  

    No drug 1 0.92 

    Same drug continued 0.87 (0.25, 3.09)  

    New drug 0.74 (0.17, 3.33)  

Adjuvant RT at 1st recurrence   

    No 1 0.021 

    Yes 0.17 (0.04, 0.77)  
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Supplement 10: A) Recurrence free survival to 2
nd

 recurrence (RFS2) for the subgroup of patients 

who did not receive adjuvant BRAF/MEK inhibitors, ipilimumab monotherapy or anti-

PD1/ipilimumab combination therapy at 1
st
 recurrence (N=46); B) by receipt of adjuvant RT at 1

st
 

recurrence (p=0.0061). 
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Supplement 11: Univariable & multivariable Cox regression analysis for recurrence free survival at 

2
nd

 recurrence (RFS2) for the subgroup of patients who did not receive adjuvant BRAF/MEK 

inhibitors, ipilimumab monotherapy or anti-PD1/ipilimumab combination therapy at 1
st
 recurrence 

(N=46). LN lymph node.  

 Univariate Multivariate 

Variable HR (95% CI) P-value HR (95% CI) P-value 

Sex     

    Female 1 0.47   

    Male 0.76 (0.36, 1.60)    

Primary Site     

    Cutaneous 1 0.069 1 0.083 

    Other 2.32 (0.94, 5.75)  2.28 (0.90, 5.80)  

ECOG at 1
st
 recurrence     

    0 1 0.82   

    >=1 0.90 (0.37, 2.21)    

Locoregional recurrence site     

    LN only 1 0.50   

    ITM/satellites only 1.62 (0.71, 3.72)    

    Both LN + ITM 1.63 (0.43, 6.14)    

ENE if LN involved:     

    No 1 0.091   

    Yes 2.91 (0.84, 10.07)    

Recurrence detected by     

    Symptoms 1 0.63   

    Clinical examination 0.72 (0.24, 2.14)    

    Imaging 0.56 (0.17, 1.86)    
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Adjuvant systemic therapy at 

1
st
 recurrence 

    

    No drug 1 0.87 1 0.97 

    Same drug continued 1.27 (0.51, 3.17)  1.11 (0.44, 2.83)  

    New drug 0.99 (0.34, 2.92)  1.05 (0.36, 3.11)  

Adjuvant RT at 1st 

recurrence 

    

    No 1 0.0091   

    Yes 0.32 (0.14, 0.75)    
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