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Summary points

Primary end points

e Among node-positive patients, adjuvant interferon was associated with 14% increase in relapse-free survival,
12% increase in distant metastasis-free survival and 16% increase in overall survival at 5 years.

Predictors of worse outcome

e Factors predicting for worse outcomes on multivariable analysis included male sex, T3/4 tumor status,
N1b/N2b/N3 nodal stage, extranodal extension, nodal metastasis size >2 cm and delivery of regional
radiotherapy.

Age-matched analysis

e Improvement in all primary end points remained apparent on an exploratory age-matched comparison of those
patients treated with (median age: 61 years) versus without (median age: 63 years) adjuvant interferon.

Conclusion

e Most randomized trials addressing the role of adjuvant interferon were performed before sentinel lymph node
biopsy, and had suboptimal regional control.

e The majority of patients in the current study had nodal disease detected by sentinel lymph node biopsy
compared with the predominant bulky nodal disease seen in these early trials.

e In this setting, our findings show a substantial and clinically relevant improvement in both distant metastasis-free
survival and overall survival.

e Significant advances in the adjuvant therapy landscape have been made with CTLA-4 blockade and anti-PD1
therapy; however, reports of severe toxicity warrant careful patient selection.

e Although adjuvant anti-PD1 therapy has emerged as the current standard in the USA, no prospective data are yet
available showing a survival benefit compared with interferon or ipilimumab. The current findings provide
context for comparison in areas where newer systemic therapies have not yet been widely adopted.

Aim: We assessed the role of adjuvant interferon on relapse-free survival (RFS), distant metastasis-free
survival (DMFS) and overall survival (OS) in node-positive melanoma patients. Methods: We retrospectively
reviewed 385 node-positive patients without distant metastatic disease treated from 1998 to 2015. The
surgery was therapeutic lymph node dissection (LND, n = 86) or sentinel lymph node biopsy + completion
LND (n = 270). 128 patients (33.2%) received adjuvant interferon. Results: After a median follow-up of
70 months, interferon was associated with improved RFS (hazard ratio [HR]: 0.55; p < 0.001), DMFS (HR:
0.59; p < 0.001) and OS (HR: 0.61; p = 0.003), controlling for tumor and nodal stage, node size, sex, primary
site, adjuvant therapy and extracapsular extension. In an exploratory age-matched comparison of patients
treated with (n = 67) and without (n = 233) adjuvant immunotherapy, interferon still showed improved RFS, Futu re"T'-,;'.'_-,..
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DMFS and OS. Conclusion: Adjuvant interferon appears to improve OS among node-positive melanoma
patients in a modern experience, providing context for comparison in the adjuvant therapy landscape.

First draft submitted: 6 October 2017; Accepted for publication: 22 February 2017; Published online:
09 April 2018
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Cutaneous melanoma rates are increasing worldwide and have doubled in the USA over the past 30 years [1]. Stage
I (node-positive) disease exhibits diverse outcomes, with sentinel node detected disease having a much better
prognosis than that which is clinically palpable [2,3]. For example, 5-year survival rates for stage III melanoma
range from 40 to 78%, depending on the extent of nodal involvement [2]. Since sentinel lymph node biopsy
(SLNB) has become standard practice, there has been a corresponding shift in the stage IIT patient population [4].
Micrometastatic disease is being detected more frequently, and thus, more stage III patients are presenting with
disease in a sentinel lymph node (LN) than with bulky lymphadenopathy.

The search for an optimal adjuvant therapy to prevent the development of systemic disease has been an area of
intense investigation. Multiple clinical trials show that adjuvant interferon improves relapse-free survival (RES) [5-81,
and other studies suggest a benefit for overall survival (OS) as well [9,10]. Most studies, however, were done before
SLNB and often had suboptimal regional control [6,7,11]. This may have impacted the ability to detect a sustained
OS benefit. The toxicity profile of interferon, in combination with its small OS benefit, has led to increasing
hesitancy among oncologists in recommending interferon as standard adjuvant treatment for stage III melanoma.
This is reflected in the current NCCN guidelines [12]. Recent landmark trials have shown promise in the adjuvant
use of CTLA4-blockade [13,14] and anti-PD therapy [15]; however, reports of severe toxicity warrant careful patient
selection and no prospective trial has yet shown a survival benefit compared with interferon. Some contemporary
clinical trials continue to use adjuvant interferon as the comparator arm, while others do not.

In an institutional analysis of our node-positive melanoma patients, we previously reviewed the association of
postoperative therapy with regional control [16]. Our goal in the present series was to evaluate the association
of adjuvant interferon with RFS, distant metastasis-free survival (DMFS) and OS in a modern experience at a
comprehensive melanoma clinical program focusing on accurate staging and aggressive efforts to achieve regional
control in stage III melanoma.

Methods
Patient selection ¢ histopathologic analyses

After obtaining Institutional Review Board approval, we performed a retrospective review from 1998 to 2015
and identified 699 patients from an institutional database diagnosed with node-positive cutaneous melanoma
without distant metastatic disease (Figure 1). After excluding patients who had all of their initial management of
node-positive melanoma at outside institutions and those presenting with recurrent or metastatic disease (n = 143),
satellite or intransit metastasis only (American Joint Committee on Cancer [AJCC] 7th edition N2¢; n = 4),
unknown recurrence status (n = 99), unclear treatment records (n = 17), <12 months follow-up from the time of
node dissection (n = 27) or noninterferon-adjuvant systemic therapy (n = 25), 385 patients remained for analysis.
All patients had AJCC stage I1I melanoma (any T, N1-3, M0) (17] and no clinical, radiologic, or pathologic evidence
of metastasis beyond regional LNs. Only 7th edition AJCC staging was used. Patients without a known primary
(T0, N1b-3, M0) were included. Demographic, histopathologic, radiation and outcome data were reviewed.

The patients were treated with either SLNB alone (n = 47) or followed by completion lymph node dissection
(LND; n = 252) or therapeutic LND (n = 86). The LND were evaluated using hematoxylin and eosin-stained
sections. Serial sectioning and S100 and Melan A immunohistochemistry were used in the evaluation of all sentinel
nodes. The patients were selected for radiotherapy based on high risk features for regional recurrence, such as any
LN with extracapsular extension present, or >1 involved parotid LN, >2 involved axillary LNs, >3 involved groin
LN, or at least one neck LN >3 c¢m or axillary/groin LN >4 c¢m.

The patients who received regional radiation were treated with either electrons or photons to the postoper-
ative regional nodal basin, with or without including the primary tumor site as indicated. Additional technical
radiotherapy details were outlined in a previous manuscript [16].
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Total # of melanoma patients

n =699
Excluded patients
143 initial management at outside institution,
recurrent or metastatic disease
99 unknown recurrence status
27 less than 12 months of follow-up
25 non-interferon adjuvant systemic therapy
Included patients 17 unclear treatment records
n= 385 4 satellite or in-transit metastasis only
Interferon No interferon
n=128 = 254

Figure 1. The flow chart on retrospective review of node-positive melanoma patients.

Systemic therapy

Delivery of adjuvant therapy commenced within 6 months of surgery and prior to recurrence at any site. Some
form of adjuvant therapy was administered to 156 patients (38.0%); adjuvant high-dose or pegylated interferon was
given to 128 (82.1% of patients receiving any adjuvant therapy). Of the 25 patients who received noninterferon
adjuvant systemic therapy and were excluded from the analysis, their therapies included investigational vaccines
(n=9), ipilimumab (n = 7), BCG (n = 7), chemotherapy or biochemotherapy (n = 3) and an investigational CD40
agonist (CP-870, 893; n = 2). Adjuvant interferon was delivered to 31 out of 86 patients (36.0%) undergoing
therapeutic LND and to 97 out of 299 patients (32.4%) after SLNB =+ completion LND. Of the 128 patients
receiving interferon, 75.8% had SLNB-detected disease. This is comparable to the proportion of patients with
SLNB-detected disease within our study population as a whole (299 out of 385, 77.7%). Adjuvant interferon was
delivered to similar percentages of patients who did and did not receive radiation (22.7 vs 19.8%, respectively).

Statistical analysis

Statistical analysis was performed using SPSS® version 22.0 (IBM, IL, USA). The primary end points were RFS,
defined as freedom from disease recurrence at any site or death, DMFES, defined as freedom from tumor spread
beyond the regional LNs or death, and OS among all patients. Actuarial rates of RFS, DMFS and OS were
calculated using the Kaplan—Meier method, and differences in rates based on individual variables were assessed
with the log-rank test. All clinical, histopathologic and treatment variables were added to Cox multivariate analysis
regression models. Wilcoxon rank-sum test was used to compare continuous variables, which were split using
clinically meaningful cut-points, including a LN size of <2.0 vs >2.0 cm. All tests were two-sided and an a (type
I) error <0.05 was considered to be statistically significant.

Results
Patient, clinicopathologic & treatment characteristics

Of 385 patients included in this analysis, the median age was 59 years (range 14-91 years). The patients were more
likely to be male (66.8%), and have T3 or T4 primary tumors (38.2 and 33.8%, respectively), involved axillary
LNs (57.4%) and micrometastatic nodal disease (AJCC N1a/N2a, 56.4%). Extranodal extension was present in
34.0% of patients. The postoperative regional radiation therapy was delivered to the involved nodal basin prior
to recurrence in 80 cases (20.8%) to a median dose of 54 Gy (range 30-60 Gy) in 27 fractions (range 5-30).
Clinicopathologic and treatment characteristics among patients treated with and without adjuvant interferon are
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Table 1. Presenting patient and clinicopathologic tumor characteristics among 385 node-positive cutaneous

melanoma patients treated with (nn = 128) and without (nn = 257) adjuvant interferon.

Characteristics Classification All patients (n = 385), n Interferon (n = 128), n  No adjuvant therapy (n p-value
(%) (%) =257), n (%)
Median age (years, range) 59 (14-91) 50 (14-80) 65 (14-91) <0.001
Sex Female 128 (33.2) 44 (34.4) 84 (32.7) 0.74
Male 257 (66.8) 84 (65.6) 173 (67.3) -
Tumor T stage T 11(2.9) 4(3.1) 7(2.7) 0.58
T2 62 (16.1) 24 (18.8) 38(14.8) -
T3 147 (38.2) 42 (32.8) 105 (40.9) -
T4 130 (33.8) 47 (36.7) 83 (32.3) -
T0 35(9.1) 11(8.6) 24 (9.3) -
LND site Groin 87 (22.6) 30(23.4) 57 (22.2) 0.86
Head and neck 77 (20) 27 (21.1) 50 (19.5) -
Axilla 221 (57.4) 71 (55.5) 150 (58.4) -
Median LNs positive, n (range) 2 (1-34) 2 (1-34) 2 (1-22) 0.53
Tumor N stage N1a/N2a 217 (56.4) 76 (59.4) 141 (54.9) 0.4
N1b/N2b/N3 168 (43.6) 52 (40.6) 116 (45.1) -
N1 170 (44.2) 60 (46.9) 110 (42.8) 0.68
N2 87 (22.6) 29 (22.7) 58 (22.6) -
N3 128 (33.2) 39 (30.5) 89 (34.6) -
Extranodal extension Absent 254 (66.0) 84 (65.6) 170 (66.1) 0.92
Present 131 (34.0) 44 (34.4) 87 (33.9) -
Median LN size, cm (range) 2.0 (0.3-15) 2.0 (0.5-8.0) 2.2 (0.3-15.0) 0.11
Regional radiation therapy? No 305 (79.2) 99 (77.3) 206 (80.2) 0.52
Yes 80 (20.8) 29 (22.7) 51(19.8) -

LN: Lymph node; LND: Lymph node dissection.

shown in Table 1. Interferon was more frequently delivered to the patients who were younger (median 50 vs
65 years; p < 0.001), while no other clinicopathologic characteristics were different between treatment groups.

Relapse-free survival

Surviving patients had a minimum follow-up of 12 months, with a median follow-up of 70 months (range
13-180 months). There were 247 (64.2%) relapses among the 385 patients, with a median time to relapse of
15 months. RFS, DMEFS and OS outcomes, along with associated variables, are shown in Table 2. Multivariable
analysis revealed male sex (hazard ratio [HR]: 1.62; 95% CI: 1.22-2.15; p < 0.001), AJCC T3/4 tumor status
(HR: 1.89; 95% CI: 1.30-2.75; p = 0.001), AJCC N1b/N2b/N3 nodal stage (HR: 1.88; 95% CI: 1.39-2.55;
p < 0.001), extranodal extension (HR: 2.25; 95% CI: 1.62-3.13; p < 0.001) and delivery of regional radiotherapy
(HR: 2.05; 95% CI: 1.37-3.08; p = 0.001) as predictors of worse RFS.

Adjuvant interferon was associated with improved RES on univariate (5-year estimate 40.2 vs 25.8%; p < 0.001)
and multivariate analysis (HR: 0.55; 95% CI: 0.42-0.74; p < 0.001) (Figure 2A).

Distant metastasis-free survival

In total, 129 patients (33.5%) developed distant metastases. Median time to distant metastasis after surgery was
14 months. Multivariable analysis revealed male sex (HR: 1.54; 95% CI: 1.16-2.05; p = 0.003), AJCC T3/4
tumor status (HR: 2.09; 95% CI: 1.42-3.07; p < 0.001), AJCC N1b/N2b/N3 nodal stage (HR: 1.61; 95% CI:
1.18-2.19; p = 0.002), extranodal extension (HR: 1.87; 95% CI: 1.34-2.61; p < 0.001), nodal metastasis >2 cm
(HR: 1.39; 95% CI: 1.04-1.86; p = 0.027) and delivery of regional radiotherapy (HR: 1.61; 95% CI: 1.07-2.44;
p = 0.044) as predictors of worse DMFS.

Adjuvant interferon was associated with improved DMES on univariate (5-year estimate 47.9 vs 36%; p = 0.003)
and multivariate analysis (HR: 0.59; 95% CI: 0.44-0.79; p < 0.001) (Figure 2B). Of the 129 patients with distant
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Figure 2. Graphs of survival versus time.

failures, 114 (88.4%) had died by last follow-up. In these cases, the median time from distant failure to death was
8 months (range, 15 days—97 months).

Overall survival

Of the 385 total patients in our study, 225 (58.4%) had died by last follow-up. Median survival after surgery
was 47 months. Multivariable analysis revealed male sex (HR: 1.51; 95% CI: 1.13-2.04; p = 0.006), AJCC T3/4
tumor status (HR: 2.36; 95% CI: 1.55-3.60; p < 0.001), AJCC N1b/N2b/N3 nodal stage (HR: 1.48; 95% CI:
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1.08-2.03; p = 0.014), extranodal extension (HR: 1.81; 95% CI: 1.30-2.52; p < 0.001) and nodal metastasis size
>2 cm (HR: 1.43; 95% CI: 1.06-1.93; p = 0.021) as predictors of worse OS.
Adjuvant interferon was associated with improved OS on univariate (5-year estimate 56.9 vs 40.6%; p < 0.001)

and multivariate analysis (HR: 0.61; 95% CI: 0.44-0.84; p = 0.003) (Figure 2C).

Age-matched analysis

To determine if our results might be explained by selection of younger patients, an exploratory age-matched
comparison of patients treated with (n = 67, median 61 years) and without (n = 233, median 63 years) adjuvant
interferon was conducted. For age-matched patients, treatment with interferon continued to show improved RFS
(5-year estimate 43.8 vs 33.7%; HR: 0.53; 95% CI: 0.37-0.77; p = 0.001), DMFS (5-year estimate: 43.9 vs 37.5%;
HR: 0.57; 95% CI: 0.39-0.83; p = 0.004) and OS (5-year estimate: 57.3 vs 42.5%; HR: 0.53; 95% CI: 0.35-0.78;

p = 0.001) on multivariate analysis. Figure 3 shows Kaplan—Meier plots for these respective end points.

Discussion

Many years of research have been devoted toward the discovery of systemic agents that could improve survival
while minimizing toxicity in the adjuvant treatment of stage III cutaneous melanoma. Prior to the introduction
of CTLA-4 blockade as adjuvant therapy, interferon was the best-studied and main choice in systemic therapy for
the patients with stage III melanoma. Currently, the NCCN guidelines for stage III melanoma state that adjuvant
interferon can be given to delay recurrence, but that ‘there is no impact on overall survival’ (12]. Various forms,
duration and doses of interferon have been employed in studies, either alone or in combination with other systemic
agents, with no regimen or formulation proven superior [6-8,18-22]. RES has been the primary end point in most
of these trials. Although the benefit in RES, confirmed in this series, has remained consistent, any OS advantage
with interferon is controversial [9,23,24]. Due to the combination of its cost, toxicity profile and presumed marginal
OS benefit, interferon has fallen out of favor among oncologists in recent years. Our findings, however, show a
substantial and clinically relevant improvement in both DMES and OS with delivery of adjuvant interferon in
stage III melanoma patients treated at a single center with an aggressive approach to staging and regional disease
control.

Nodal tumor burden significantly affects prognosis (31, and the typical node-positive patient seen today will likely
have a metastatic tumor burden of 1 mm or less within a single LN, compared with the predominant bulky disease
seen in the adjuvant trials that resulted in the approval of high-dose or pegylated interferon [6,19). In concordance
with this trend, the majority of patients (77.7%) in our study had nodal disease detected by SLNB. Of note, the
number needed to treat is approximately six patients (95% CI: 3-31 patients); compared with a number needed
to treat of 29 patients in the meta-analysis of Mocellin ez a/. [9].

There is much excitement surrounding the advances made with CTLA-4 blockade and its increasingly prominent
role in the treatment of melanoma. Improvements in survival were seen with the checkpoint inhibitor ipilimumab
in Phase IIT trials [13,14]. A sustained OS benefit in metastatic melanoma and later in the adjuvant setting led
to US FDA approval of ipilimumab for these roles in 2011 [13] and 2015, respectively [14]. The EORTC 18071
trial compared ipilimumab at 10 mg/kg with placebo in high-risk stage III patients who had previous complete
LND [14]. The patients with greatest tumor burden experienced the most benefit, while stage ITIIA patients did
not show significant improvement with therapy. Comparing the HR for ipilimumab versus placebo to interferon
versus no adjuvant therapy in our study, interferon compares favorably in RES (0.76 vs 0.55, respectively), DMFS
(0.76 vs 0.59) and OS (0.72 vs 0.61) [14]. Furthermore, the rates of grade 3, 4 and even grade 5 toxicity with
ipilimumab in the EORTC trial were concerning, with approximately 40% of patients discontinuing treatment by
the end of the first four doses. Although treatment with interferon can have significant side effects, not all patients
experience these, and most patients can complete a year of therapy. Additionally, while the patients undergoing
adjuvant interferon usually return fairly quickly to their baseline function, there appears to be less/slower resolution
in toxicity following treatment with ipilimumab [25]. As ipilimumab was compared with placebo in EORTC 18071,
the results of a US Intergroup Phase III trial, ECOG 1609, comparing ipilimumab with high-dose interferon, will
be of key importance in future decision-making regarding adjuvant therapy. More recently, results of CheckMate
238 showed improved RES at 18 months with 1 year of anti-PD1 therapy when compared with ipilimumab (66.4
vs 52.7%, respectively) in patients with resected Stage I1IB, IIIC or IV melanoma [15]. Anti-PD1 therapy appears to
have an improved therapeutic index over any previous adjuvant systemic therapy; while longer follow-up is required
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Figure 3. Graphs of age-matched survival versus time.

to demonstrate survival impact and results of trials comparing checkpoint blockade to interferon are awaited, the
CheckMate 238 trial is widely considered to have established a new standard of care for these patients [26].
Limitations of this study include its retrospective, nonrandomized nature and the long timeframe over which it
took place. Data for calculating melanoma-specific survival were not available to allow us to analyze death from
competing causes. Although LN size of 2 cm was used in our primary analysis, other cut points could be used for
stratification in future studies. Another limitation was the inclusion of standard high-dose and pegylated versions
of interferon together within the adjuvant interferon group. Despite these limitations, the eligibility criteria for this
series ensured that each patient had consistent management and reasonable follow-up. The finding of improved
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survival outcomes with adjuvant interferon within the setting of a modern, aggressive approach to staging and
treatment is noteworthy even with the advances that have occurred in the management of metastatic melanoma.
The adjuvant therapy landscape in melanoma is rapidly changing, and in the USA, adjuvant anti-PD1 therapy has
emerged as the current standard despite no prospective clinical trial data yet available to show it conveys a survival
benefit to patients compared with interferon or ipilimumab. Clinical trials comparing interferon to ipilimumab
and anti-PD1 in the adjuvant setting (E1609 and S1404, respectively) have been conducted, and we await mature
results.

Conclusion

Adjuvant interferon was associated with improved RES, DMEFS and OS at our center, when used as part of an
aggressive approach to staging and treatment of stage IIT melanoma. This benefit remained apparent on age-matched
analysis. This single-institution experience with adjuvant interferon provides additional context for comparisons
with anti-PD1, and may be of particular relevance in the international arena, where adjuvant anti-PD1 or anti-
CTLA4 therapy has not yet achieved widespread adoption.
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