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ABSTRACT

Background. Immune checkpoint and BRAF-targeted

inhibitors have demonstrated significant survival benefits

for advanced melanoma patients within the context of

clinical trials. We sought to determine their impact on

overall survival (OS) at a population level in order to better

understand the current landscape for patients diagnosed

with clinical stage III melanoma.

Methods. A retrospective study was performed using the

National Cancer Database. Patients diagnosed with clinical

stage III melanoma were categorized by diagnosis year into

two cohorts preceding the advent of novel therapies (P1:

2004–2005, P2: 2008–2009) and a contemporary group

(P3: 2012–2013). OS was estimated using standard time-

to-event statistical methods.

Results. Of 3720 patients, 525 (14%) were diagnosed in

P1, 1375 (37%) in P2, and 1820 (49%) in P3. Median age

at diagnosis increased over time (58, 59, and 61 years in

P1, P2, and P3, respectively, P = 0.004). OS increased

between P2 (median 49.3 months) and P3 (median

58.2 months, Bonferroni-corrected log-rank P\ 0.001)

but did not differ between P1 (median 50.5 months) and P2

(Bonferroni-corrected log-rank P[ 0.99). These differ-

ences persisted on multivariable analysis. OS improved for

patients diagnosed in P3 compared with P1 [hazard ratio

(HR) 0.76, P\ 0.001] but not P2 compared with P1 (HR

0.96, P = 0.52).

Conclusions. OS has significantly improved nationally for

patients newly diagnosed with clinical stage III melanoma

in the era of novel melanoma therapies. OS outcomes will

likely continue to evolve as these agents are increasingly

utilized in the adjuvant setting. These data may help to

better inform affected patients with respect to prognosis.

Melanoma incidence has increased steadily over the past

few decades, and there were over 91,000 new diagnoses in

2018.1 Survival outcomes for melanoma are highly

dependent on American Joint Committee on Cancer

(AJCC) stage, as determined by Breslow thickness, ulcer-

ation, and presence of nodal and distant metastases.2–5

Stage III melanoma is defined by presence of lymph node

(LN) or in-transit/satellite metastases.2,3

Since 2011, the treatment options for advanced mela-

noma have rapidly evolved with the advent of immune

checkpoint and BRAF/MEK pathway inhibitors.6–11 More

recently, these novel therapies have been approved for the

adjuvant setting for resectable stage III melanoma.10,12–14

While these therapies have demonstrated significant sur-

vival benefits within the context of well-designed clinical

trials in selected patient populations, few studies have

evaluated their impact at a population level. In a recent

National Cancer Database (NCDB) study by Sinnamon

et al., diagnosis in the novel therapeutic era was associated

Meeting presentation: Oral presentation at the Society of Surgical

Oncology 2019 Annual Cancer Symposium, March 27–30, 2019, San

Diego, CA.

Electronic supplementary material The online version of this
article (https://doi.org/10.1245/s10434-019-07599-y) contains
supplementary material, which is available to authorized users.

� Society of Surgical Oncology 2019

First Received: 21 March 2019;

Published Online: 3 July 2019

Y. Song, MD

e-mail: yun.song@uphs.upenn.edu

Ann Surg Oncol (2019) 26:4621–4630

https://doi.org/10.1245/s10434-019-07599-y

https://doi.org/10.1245/s10434-019-07599-y
http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-019-07599-y&amp;domain=pdf
https://doi.org/10.1245/s10434-019-07599-y


with improved overall survival (OS) for patients with stage

IV melanoma.15 The purpose of the current study is to

estimate OS at a national population level in patients

diagnosed with clinical stage III melanoma in the current

landscape of melanoma therapies compared with historical

cohorts. We hypothesized that OS has significantly

improved, and historical survival data for clinical stage III

melanoma are outdated.

METHODS

Data Source

A retrospective study was performed using the mela-

noma participant use file of the NCDB. The NCDB is a

collaborative effort between the American College of

Surgeons’ Commission on Cancer and the American

Cancer Society.16 Reporting to the NCDB has increased

over time, and the database currently captures hospital

registry data from more than 1500 Commission on Cancer-

accredited facilities and represents more than 70% of

newly diagnosed cancer cases nationally.17 All data are

deidentified and compliant with the Health Insurance

Portability and Accountability Act. The Institutional

Review Board of the University of Pennsylvania deemed

this study exempt from review.

Patient Selection

Patients 18 years of age or older diagnosed with clinical

stage III melanoma, as defined by the AJCC 6th and 7th

editions, were identified (Supplementary Figure 1). Only

patients with clinically evident stage III disease were

included in the study; patients with microscopic melanoma

lymph node (LN) metastases identified by sentinel LN

biopsy were not included. We chose to evaluate patients

with clinical stage III melanoma as they may have higher

risk of recurrence and be more likely to benefit from sys-

temic therapy. Clinical stage III melanoma was defined as

clinical N staging of N1, N1b, N2, N2b, N2c, and N3 with

pathologic confirmation of nodal disease. Patients were

categorized by diagnosis year into two historical cohorts

preceding the advent of novel systemic therapies (P1:

2004–2005, P2: 2008–2009) and one contemporary group

(P3: 2012–2013). Those with discrepancies in coding (e.g.,

documented has having distant metastases) or having

unknown vital status or follow-up time were excluded.

Variables

The primary outcome variable was OS, defined as the

interval (in months) between diagnosis and death. Patients

who were alive were censored at time of last follow-up.

Diagnosis period, rather than receipt of adjuvant

immunotherapy, was used as the primary independent

variable in order to additionally capture the potential

effects of BRAF-targeted therapies and treatments for

recurrent and metastatic disease. Approval for adjuvant

indication was first obtained for ipilimumab in 2015.14

Therefore, patients diagnosed in 2012–2013 were unlikely

to have received these treatments in the adjuvant setting,

but would rather have benefited from treatment of recurrent

disease. Moreover, the NCDB does not differentiate

immune checkpoint inhibitors from interferon-a. There-

fore, diagnosis period was thought to better reflect the

current landscape of melanoma care.

Additional variables analyzed were patient demograph-

ics (age at diagnosis, sex, race, ethnicity, Charlson–Deyo

score, primary payer, and residence), hospital characteris-

tics (facility type and region), tumor characteristics

(primary site, T stage, and N stage), and first-course

treatments (primary-site surgery, regional lymphadenec-

tomy, and radiation therapy, immunotherapy, and

chemotherapy). Extent of regional lymphadenectomy was

stratified as\ 5 LNs, 5–9 LNs, and C 10 LNs resected.

Anatomic LN basin (e.g., axilla, cervical, superficial/deep

inguinal) involved was not provided in the NCDB. Missing

data for each variable were included as a separate category

for analyses.

Statistics

Statistical analyses were performed using R v3.5.1.18

All tests were two-sided. P values\ 0.05 were considered

statistically significant. Descriptive statistics are presented

as frequencies for categorical variables and medians with

interquartile ranges (IQRs) for continuous variables. Sta-

tistical analyses were performed using Pearson’s v2 test and

analysis of variance or Wilcoxon rank-sum test,

respectively.

OS was estimated using the Kaplan–Meier method and

compared using the log-rank test. The Bonferroni method

was used to adjust for multiple testing in stepdown pair-

wise analyses by diagnosis period. Factors associated with

OS were determined using the Cox proportional hazards

model. Multivariable analyses adjusted for demographic,

clinicopathologic, and treatment characteristics available in

the NCDB. Associations between OS and prognostic fac-

tors used in the Cox model are described using hazard

ratios (HRs) with 95% confidence intervals (CIs).
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TABLE 1 Demographic and clinicopathologic characteristics of 3720 patients newly diagnosed with clinical stage III melanoma, stratified by

diagnosis period

Characteristic P1 (2004–2005) N = 525

N (%)

P2 (2008–2009) N = 1375

N (%)

P3 (2012–2013) N = 1820

N (%)

P value

Demographics

Age in years, median (IQR) 58 (47–71) 59 (47–71) 61 (50–71) 0.004

\ 65 years 341 (65.0) 851 (61.9) 1071 (58.8) 0.025

C 65 years 184 (35.0) 524 (38.1) 749 (41.2)

Sex 0.85

Female 174 (33.1) 475 (34.5) 622 (34.2)

Male 351 (66.9) 900 (65.5) 1198 (65.8)

Race 0.37

White 513 (97.7) 1327 (96.5) 1776 (97.6)

Black 6 (1.1) 23 (1.7) 16 (0.9)

Other 2 (0.4) 14 (1.0) 17 (0.9)

Not reported 4 (0.8) 11 (0.8) 11 (0.6)

Ethnicity 0.004

Hispanic 19 (3.6) 41 (3.0) 45 (2.5)

Non-hispanic 476 (90.7) 1258 (91.5) 1717 (94.3)

Not reported 30 (5.7) 76 (5.5) 58 (3.2)

Charlson–Deyo score 0.057

0 463 (88.2) 1166 (84.8) 1508 (82.9)

1 52 (9.9) 175 (12.7) 247 (13.6)

2 9 (1.7) 24 (1.7) 47 (2.6)

C 3 1 (0.2) 10 (0.7) 18 (1.0)

Primary payer 0.012

Private 272 (51.8) 720 (52.4) 879 (48.3)

Government 220 (41.9) 573 (41.7) 826 (45.4)

Self/uninsured 19 (3.6) 68 (4.9) 94 (5.2)

Not reported 14 (2.7) 14 (1.0) 21 (1.2)

Patient residence 0.006

Metropolitan county 405 (77.1) 1084 (78.8) 1427 (78.4)

Urban county 81 (15.4) 202 (14.7) 315 (17.3)

Rural county 11 (2.1) 30 (2.2) 35 (1.9)

Not reported 28 (5.3) 59 (4.3) 43 (2.4)

Region 0.005

Northeast 92 (17.5) 260 (18.9) 326 (17.9)

South 108 (20.6) 398 (28.9) 532 (29.2)

Midwest 165 (31.4) 341 (24.8) 491 (27.0)

West 89 (17.0) 207 (15.1) 266 (14.6)

Not reported 71 (13.5) 169 (12.3) 205 (11.3)

Facility type 0.008

Community 204 (38.9) 500 (36.4) 630 (34.6)

Integrated cancer network 23 (4.4) 126 (9.2) 159 (8.7)

Academic 227 (43.2) 580 (42.2) 826 (45.4)

Not reported 71 (13.5) 169 (12.3) 205 (11.3)

Tumor characteristics

Primary site \ 0.001

Head/neck 97 (18.5) 254 (18.5) 332 (18.2)

Trunk 154 (29.3) 412 (30.0) 506 (27.8)

Extremity 191 (36.4) 523 (38.0) 606 (33.3)
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RESULTS

Patient Characteristics

Of 3720 study patients, 525 (14%) were diagnosed in

P1, 1375 (37%) in P2, and 1820 (49%) in P3 (Table 1).

Median age at diagnosis increased from 58 (IQR 47–71)

years in P1 to 61 (IQR 50–71) years in P3 (P = 0.004).

Treatments largely did not differ except in the increased

utilization of radiation therapy (P1 15.0%; P2 17.9%; P3

21.0%, P\ 0.001). Administration of immunotherapy as

first-line treatment did not change (P1 26.5%; P2 27.6%;

P3 27.6%, P = 0.14). Notably, ipilimumab was not

approved in the adjuvant setting until 2015.14

Survival in the Novel Therapeutic Era

Median follow-up was 44.1 (IQR 17.6–110.2) months

for patients diagnosed in P1, 41.4 (IQR 17.2–80.9) months

for P2, and 33.4 (19.0–42.5) months for P3 (P\ 0.001).

OS differed significantly by diagnosis period, with median

OS of 50.5 (95% CI 43.8–62.1), 49.3 (95% CI 43.3–57.5),

and 58.2 (95% CI 51.7 to not reached) months, respectively

(log-rank P\ 0.001) (Fig. 1a). In stepdown analyses, OS

was longer for patients diagnosed in P3 than P2 (Bonfer-

roni-corrected log-rank P\ 0.001), but a difference in OS

did not reach significance compared with P1 (Bonferroni-

corrected log-rank P = 0.11). Comparing P1 and P2, OS

did not differ (Bonferroni-corrected log-rank P[ 0.99).

The 3-year OS rate was higher for patients diagnosed in P3

(64.9%, 95% CI 62.6–67.2%) than in P1 (58.1%, 95% CI

53.9–62.6%, Bonferroni-corrected log-rank P = 0.018) and

P2 (56.8%, 95% CI 54.2–59.5%, Bonferroni-corrected log-

rank P\ 0.001). In contrast, 3-year OS rates did not differ

between P1 and P2 (Bonferroni-corrected log-rank

P[ 0.99).

The survival benefit observed for P3 persisted after

adjusting for other prognostic factors (Fig. 1b, Table 2).

Specifically, diagnosis in P3 (HR 0.76, 95% CI 0.66–0.88,

P\ 0.001), but not P2 (HR 0.95, 95% CI 0.83–1.09,

P = 0.46), was associated with improved OS compared

with P1. Other factors associated with OS included age,

sex, Charlson–Deyo score, primary payer type, unknown

primary site, N stage, and treatments received (Table 2).

Trends in Survival by Clinical N Stage

When stratified by N stage, median OS was 79.9 (95%

CI 70.4–89.6) months for N1, 47.6 (95% CI 41.5–56.9)

months for N2, and 28.2 (95% CI 26.5–35.2) months for

N3 disease (log-rank P\ 0.001). The 3-year OS rates were

66.1% (95% CI 64.1–68.1%), 58.8% (95% CI

TABLE 1 continued

Characteristic P1 (2004–2005) N = 525

N (%)

P2 (2008–2009) N = 1375

N (%)

P3 (2012–2013) N = 1820

N (%)

P value

Unknown site 83 (15.8) 186 (13.5) 376 (20.7)

T stage

Tx 58 (11.0) 125 (9.1) 235 (12.9)

T1 88 (16.8) 224 (16.3) 226 (12.4)

T2 74 (14.1) 173 (12.6) 204 (11.2)

T3 90 (17.1) 278 (20.2) 325 (17.9)

T4 215 (41.0) 575 (41.8) 830 (45.6)

N stage \ 0.001

N1 305 (58.1) 774 (56.3) 1188 (65.3)

N2 126 (24.0) 348 (25.3) 304 (16.7)

N3 94 (17.9) 253 (18.4) 328 (18.0)

Treatment

Extent of regional lymphadenectomy 0.63

\ 5 lymph nodes 100 (19.0) 262 (19.1) 365 (20.1)

5–9 lymph nodes 70 (13.3) 172 (12.5) 204 (11.2)

C 10 lymph nodes 355 (67.6) 941 (68.4) 1251 (68.7)

Radiation therapy 79 (15.0) 246 (17.9) 382 (21.0) \ 0.001

Immunotherapy 139 (26.5) 379 (27.6) 502 (27.6) 0.14

Chemotherapy 56 (10.7) 154 (11.2) 183 (10.1) 0.23

IQR interquartile range

4624 Y. Song et al.



55.4–62.5%), and 45.5% (95% CI 41.9–49.6%), respec-

tively (log-rank P\ 0.001).

Within each N stage, OS improved in P3 for patients

with N2 (log-rank P = 0.023) and N3 (log-rank P = 0.036)

disease, but not N1 disease (log-rank P = 0.20) (Fig. 2a–c).

On multivariable analysis, improved OS for patients

diagnosed in P3 compared with P1 was observed for all N

stages, with an increasing hazard reduction from N1 (HR

0.81, 95% CI 0.67–0.99, P = 0.035) to N3 stage (HR 0.65,

95% CI 0.48–0.87, P = 0.004) (Fig. 2d).

Trends in Survival by Extent of Lymphadenectomy

The regional LN basin involved was not available in the

NCDB. When stratified by primary site, the median (IQR)

number of LNs resected was 24 (8–41) for head/neck pri-

maries, 16 (5–24) for upper extremity primaries, 10 (5–16)

for lower extremity primaries, and 17 (9–26) for truncal or

unknown/unspecified primary sites. The adjuvant trials of

immune checkpoint inhibitors in patients with stage III

melanoma typically included only those who underwent

complete LN dissection prior to therapy. OS was therefore

further evaluated in subgroups of patients who underwent

resection of\ 5 (N = 727) and C 10 LNs (N = 2547). The

proportion of patients by extent of lymphadenectomy did

not change over time (C 10 LNs: P1 67.6%, P2 68.4%, P3

68.7%, P = 0.63). Compared with those who had\ 5 LNs

resected, patients who had C 10 LNs resected were

younger (median [IQR] 58 [47–69] versus 65 [53–76]

years, P\ 0.001), more likely treated at an academic

center (47.1% versus 35.5%, P\ 0.001), and more likely

classified as having N3 disease (21.2% vs. 9.2%,

P\ 0.001) (Supplementary Table 1). Patients who under-

went resection of C 10 LNs were also more likely to

receive radiation therapy (21.2% vs. 12.2%, P\ 0.001)

and immunotherapy (31.1% vs. 16.9%, P\ 0.001).

The OS trend for patients who underwent resection of

C 10 LNs was similar to that for the entire study popula-

tion. Median OS increased from 50.5 (95% CI 43.0–65.9)

months in P1 and 46.2 (95% CI 39.9–57.2) months in P2 to
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FIG. 1 Overall survival (OS) and adjusted hazard ratios (HRs) in

patients newly diagnosed with clinical stage III melanoma, stratified

by diagnosis period: a Kaplan–Meier estimates of OS curves,

b multivariable Cox proportional hazards analyses of OS, adjusted

for demographic and clinicopathologic factors. HR\ 1.0 is favorable

and[ 1.0 is unfavorable compared with P1 (2004–2005). Error bars

indicate 95% confidence intervals (CIs)
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TABLE 2 Univariable and multivariable Cox regression models of overall survival in 3720 patients newly diagnosed with clinical stage III

melanoma

Variable Univariable

HR (95% CI)

P value Multivariable

HR (95% CI)

P value

Diagnosis period

P1 (2004–2005) Reference Reference

P2 (2008–2009) 1.01 (0.88–1.15) 0.90 0.95 (0.83–1.09) 0.46

P3 (2012–2013) 0.82 (0.72–0.94) 0.005 0.76 (0.66–0.88) \ 0.001

Age

\ 65 years Reference Reference

C 65 years 1.73 (1.58–1.90) \ 0.001 1.23 (1.08–1.39) 0.001

Sex

Male Reference Reference

Female 0.80 (0.72–0.88) \ 0.001 0.85 (0.76–0.94) 0.002

Race

White Reference Reference

Non-white 1.38 (1.06–1.80) 0.016 1.19 (0.91–1.56) 0.21

Ethnicity

Non-hispanic Reference Reference

Hispanic 1.11 (0.84–1.46) 0.47 1.03 (0.78–1.37) 0.83

Charlson–Deyo score

0 Reference Reference

1 1.36 (1.19–1.55) \ 0.001 1.14 (1.00–1.31) 0.050

2 1.90 (1.44–2.51) \ 0.001 1.52 (1.14–2.01) 0.004

3 2.43 (1.56–3.78) \ 0.001 1.67 (1.06–2.61) 0.025

Primary payer

Private Reference Reference

Government or self-pay 1.70 (1.54–1.87) \ 0.001 1.29 (1.15–1.46) \ 0.001

Patient residence

Metropolitan or urban county Reference Reference

Rural county 1.20 (0.99–1.45) 0.066 1.14 (0.93–1.38) 0.20

Region

Northeast Reference Reference

South 1.00 (0.87–1.15) 0.99 0.94 (0.82–1.09) 0.41

Midwest 1.05 (0.91–1.20) 0.50 1.05 (0.91–1.21) 0.49

West 0.96 (0.82–1.13) 0.62 0.92 (0.78–1.08) 0.32

Facility type

Academic Reference Reference

Nonacademic 0.96 (0.88–1.06) 0.41 1.10 (1.00–1.22) 0.063

Primary site

Head/neck Reference Reference

Trunk 0.81 (0.71–0.93) 0.002 0.96 (0.83–1.10) 0.53

Extremity 0.83 (0.73–0.95) 0.005 0.95 (0.83–1.09) 0.49

Unknown 0.55 (0.47–0.65) \ 0.001 0.61 (0.50–0.74) \ 0.001

T stage

Tx Reference Reference

T1–T2 1.25 (1.03–1.52) 0.026 0.94 (0.73–1.20) 0.60

T3–T4 1.89 (1.58–2.26) \ 0.001 1.35 (1.08–1.69) 0.008

N stage

N1 Reference Reference

N2 1.28 (1.14–1.44) \ 0.001 1.21 (1.07–1.36) 0.002
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58.2 (95% CI 51.7 to not reached) months in P3 (log-rank

P\ 0.001) (Fig. 3a). The 3-year OS rates by diagnosis

period were 58.6% (95% CI 53.6–64.0%), 55.6% (95% CI

52.4–58.9%), and 65.9% (95% CI 63.2–68.7%), respec-

tively (log-rank P\ 0.001). On multivariable analysis, P3

(HR 0.73, 95% CI 0.62–0.87, P\ 0.001), but not P2 (HR

0.95, 95% CI 0.81–1.12, P = 0.56), was associated with

improved OS compared with P1 (Fig. 3c).

A survival benefit in P3 was not observed for the sub-

group of patients who had\ 5 LNs resected (log-rank

P = 0.40) (Fig. 3b). While the 3-year OS rate was higher

for patients diagnosed in P3 (62.6%, 95% CI 57.6–68.1%)

than P1 (58.1%, 95% CI 49.0–68.9%) and P2 (55.5%, 95%

CI 49.7–62.0%), this was not statistically significant (log-

rank P = 0.22). Adjusting for other prognostic factors,

diagnosis period was not associated with OS in this sub-

group (P3 vs. P1, HR 0.81, 95% CI 0.58–1.13, P = 0.21).

DISCUSSION

Immune checkpoint and BRAF/MEK pathway inhibitors

have transformed the treatment options for advanced mel-

anoma. These therapies have demonstrated significant

survival benefits within the context of well-designed clin-

ical trials, but their impact on outcomes and melanoma care

at a national population level is not fully understood. This

study demonstrated a significant improvement in OS at a

population level in patients diagnosed with clinical stage

III melanoma in the novel therapeutic era. Historical sur-

vival data for this patient population are outdated.

Patients with stage III melanoma represent a heteroge-

neous group with respect to survival outcomes. Patients

presenting with clinically apparent macroscopic LN

metastases experience significantly worse survival than

those with microscopic nodal disease.19,20 Furthermore,

survival decreases with increasing number of involved

LNs.2,3,19,20 Historically, patients with clinical N1 disease

had median melanoma-specific survival time of about

60 months, while those with four or more metastatic LNs

(clinical N3) had median survival time of only

24 months.20

The survival benefit of immune checkpoint inhibitors

and BRAF/MEK pathway-targeted therapies in the treat-

ment of advanced melanoma has been well reported in

randomized trials. The phase 3 trial of adjuvant ipilimumab

in patients with resected stage III melanoma reported a

hazard reduction of 28% for all-cause death (HR 0.72, 95%

CI 0.58–0.88) after median follow-up time of 5.3 years.14

For patients with unresectable melanoma, clinical trials

have reported an even greater survival benefit with HRs

ranging from 0.37 to 0.69, although the majority of patients

in these studies had distant metastases.6–9,21

The findings in the current study comparing diagnosis in

P3 versus P1 (HR 0.76, 95% CI 0.66–0.88) mirror the

results from the ipilimumab trial for resected stage III

melanoma. Patients diagnosed in P3 experienced a median

survival time that was about 8 months longer than those

diagnosed in P1 or P2. Specifically, in the subgroup of

patients who underwent regional LN dissection (defined as

resection of C 10 LNs), diagnosis in P3 compared with P1

was associated with a hazard reduction of 0.73 (95% CI

TABLE 2 continued

Variable Univariable

HR (95% CI)

P value Multivariable

HR (95% CI)

P value

N3 1.87 (1.66–2.10) \ 0.001 1.72 (1.53–1.94) \ 0.001

Extent of regional lymphadenectomy

\ 5 lymph nodes Reference Reference

5–9 lymph nodes 0.99 (0.83–1.17) 0.89 0.96 (0.81–1.14) 0.66

C 10 lymph nodes 1.00 (0.88–1.12) 0.95 0.99 (0.87–1.12) 0.88

Radiation therapy

No Reference Reference

Yes 1.37 (1.23–1.54) \ 0.001 1.33 (1.18–1.49) \ 0.001

Immunotherapy

No Reference Reference

Yes 0.61 (0.55–0.68) \ 0.001 0.71 (0.63–0.80) \ 0.001

Chemotherapy

No Reference Reference

Yes 1.13 (0.98–1.31) 0.10 1.17 (1.01–1.35) 0.043

HR hazard ratio, CI confidence interval
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0.62–0.87). The fact that P3, and not P2, was associated

with improved survival suggests that the advent of novel

therapies in 2011 likely played a role. Although immune

checkpoint and BRAF/MEK pathway inhibitors were not

approved for adjuvant therapy during the timeframe of the

study, patients may nevertheless have benefited from par-

ticipation in clinical trials or in the setting of recurrent

disease.

An association between OS and diagnosis period was

not observed for the subgroup of patients with\ 5 LNs

resected. This patient population was much less likely than

those who underwent resection of C 10 LNs to receive

adjuvant treatments, including immunotherapy. Therefore,

they may not have received treatment with the novel sys-

temic therapies. Additionally, the reason these patients

received nonstandard care is unknown. Since the outcome

available and evaluated through the NCDB was OS, not

melanoma-specific survival, patients may have experienced

non-melanoma-related deaths.

Consistent with literature, the current study identified

younger age19,20,22–24 female sex,22,24 thinner melano-

mas,22 fewer nodal metastases,19,20,22 and unknown

primary site,25–27 to be independently associated with

improved survival. The increased utilization of radiation
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FIG. 2 Overall survival (OS) and adjusted hazard ratios (HRs) in

patients newly diagnosed with clinical stage III melanoma by N stage:

Kaplan–Meier estimates of OS curves, stratified by diagnosis period,

for patients with a N1, b N2, and c N3 disease; d multivariable Cox

proportional hazards analyses of OS, adjusted for demographic and

clinicopathologic factors. HR\ 1.0 is favorable and[ 1.0 is

unfavorable compared with P1 (2004–2005). Error bars indicate

95% confidence intervals (CIs)
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therapy over time observed in the current study may be

related to the 2012 publication of results from the ran-

domized trial in clinical stage III melanoma demonstrating

improved locoregional disease control with adjuvant radi-

ation therapy.28 In contrast to the trial results, an

association between radiation therapy and decreased OS

was observed in our retrospective study, which may be due

to the inability to account for important indications for

radiation that also carry prognostic significance, such as

larger LN size, matted LNs, and extracapsular extension.28

There are several study limitations that should be noted,

including potential biases inherent to a retrospective study

design. While the multivariable analyses took into con-

sideration many patient and clinical factors, residual

confounders are likely present. Because the NCDB iden-

tifies treatment categories and not specific agents, analyses

for specific treatments could not be performed. Addition-

ally, it should be emphasized that the first adjuvant

indication for immune checkpoint inhibitors (ipilimumab)

was not obtained until 2015.14 Therefore, the observed

results are unlikely to reflect the effect of adjuvant treat-

ment for study patients diagnosed in 2012–2013. Rather,

these patients likely benefited from treatment of recurrent

disease. The effect of adjuvant utilization of these treat-

ments at a population level will require evaluation in future

studies. Furthermore, patient cohorts differed in size and

also in follow-up times. Statistical analyses took cohort

size into consideration, and time-to-event statistical meth-

ods (Kaplan–Meier and Cox proportional hazards)

mitigated potential biases inherent to differing follow-up

times. Finally, recurrence data and melanoma-specific

survival were not available in the NCDB and could not be

evaluated.

Patients newly diagnosed with clinical stage III mela-

noma in the early years following the advent of novel

immune checkpoint and BRAF/MEK pathway inhibitors
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have experienced significant improvements in OS com-

pared with historical cohorts. Population-level survival

outcomes will likely continue to evolve as the uptake of

these agents in the adjuvant setting increases. The discus-

sion of prognosis with patients newly diagnosed with

clinical stage III melanoma should take into consideration

the survival benefits of novel therapies.
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