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ABSTRACT

Introduction: Since 2011, encouraging clinical
trial results have led to approval of multiple
new therapies for advanced melanoma, but the
impact of these therapies outside of trial popu-
lations is largely unknown. This study examines
use of novel therapies and survival in contem-
porary patients with melanoma.
Methods: Stage I–IV melanoma patients were
identified in the 2004–2015 National Cancer
Database and grouped into historic (2004–2010)
and contemporary (2011–2015) cohorts. Overall
survival (OS) was compared using Kaplan-Meier
and Cox proportional hazard modeling adjust-
ing for patient, tumor, and facility
characteristics.

Results: Of 268,668 patients, 136,828 were
classified as historic and 131,840 as contempo-
rary. Among all stages, immunotherapy utiliza-
tion was significantly higher among
contemporary patients (5.3% vs. 5.1%,
p = 0.006). Adjusted OS was improved in the
contemporary cohort (hazard ratio [HR]: 0.90
p\0.001). There was no difference in OS
among stage I/II patients between groups (HR:
0.99, p = 0.63), while OS was significantly
improved for contemporary stage III/IV patients
(HR: 0.85, p\ 0.001). Among stage III/IV
patients who received immunotherapy, OS was
improved for the contemporary cohort (HR:
0.87, p = 0.014).
Conclusions: Adjusted overall survival for con-
temporary melanoma patients is improved. This
effect is driven by improvements for those with
advanced stage disease, particularly those that
received immunotherapy and BRAF/MEK tar-
geted therapies.
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Key Summary Points

The prognosis for patients with advanced
melanoma has historically been poor.
However, advancements in treatment for
melanoma have been rapid in the last
decade, with multiple new therapies being
approved since 2011 including immune
therapies and targeted therapies.

This study examines rates of novel therapy
usage for melanoma and assesses changes
in overall survival over time in patients
with melanoma using the National
Cancer Database.

Overall survival for patients with
melanoma has improved among patients
diagnosed after 2011, driven by
improvements in survival for patients
with stage III/IV disease.

Improvements in survival are likely due to
novel systemic therapies such as immune
therapies and targeted therapies, first
approved for use in advanced melanoma
in 2011.

INTRODUCTION

From 1991 to 2005, the incidence of melanoma
increased by 140% in the USA, faster than any
other cancer [1]. Estimates of new melanoma
cases approached 100,000 in 2018, with a life-
time risk of 2.6% (1 in 38) of being diagnosed
with melanoma for Caucasians [1]. While the
majority of people diagnosed with melanoma
are over age 55, the incidence of melanoma
among children, adolescents, and young adults
has more than doubled over the last 4 decades
with young females at highest risk for the
deadly cancer [2]. As the incidence of mela-
noma continues to increase, effective treatment
strategies for patients with every stage of disease
are needed.

Localized excision for thin melanoma can be
curative in up to 90% of cases [3]. However,
prior to 2011, the prognosis for patients with
locally advanced or metastatic melanoma was
dismal. Starting in 2011, a wave of new thera-
pies revolutionized the treatment of metastatic
melanoma [4–11]. Examples of novel approa-
ches approved in recent years include immune
checkpoint blockade (anti-CTLA-4, anti-PD-1),
targeted therapies (BRAF inhibition/MEK inhi-
bition, BRAFi/MEKi) and oncolytic viral therapy
with talimogene laherparepvec (TVEC)
[7, 8, 12]. In appropriately designed randomized
controlled trials, compared with historic thera-
pies, both immune checkpoint blockade and
targeted therapies have demonstrated improve-
ments for patients with advanced melanoma in
both disease-free and overall survival [7, 13].

Although there have been recent dramatic
changes in melanoma treatment strategies
based on favorable clinical trial results, clinical
trial populations are not always reflective of a
generalized population. Additionally, the pace
of integrating novel approved therapy into
generalized practice is rarely studied; limita-
tions of novel therapy may include cost, side
effects, or lack of treating institution resources.
Given recent FDA approval of multiple thera-
pies for melanoma, and promising recent
national statistics showing overall improve-
ments in mortality for melanoma, we hypoth-
esize that usage of immune therapy has
increased since 2011 and that contemporary
patients with advanced melanoma have
improved survival compared with patients prior
to 2011 [14]. Here, we aim to examine the rates
of novel therapy usage and whether improve-
ments in overall survival have been observed in
a sample of contemporary melanoma patients.

METHODS

The Duke University Institutional Review Board
provided an exemption for this retrospective
review of patients diagnosed with melanoma in
the National Cancer Database (NCDB).
Patients C 18 years of age diagnosed with
pathologic American Joint Committee on Can-
cer (AJCC, Version 6 or 7 based on year of
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diagnosis) stage I–IV melanoma between 2004
and 2015 were identified in the NCDB. The
NCDB is a clinical oncology database that was
developed and is maintained by The American
Cancer Society in conjunction with The Com-
mission on Cancer (CoC) of the American Col-
lege of Surgeons. Standardized data on
treatment, outcomes, and demographics are
extracted by certified registrars in over 1500
CoC-accredited centers [15]. Taken together,
these data include over 70% of all newly diag-
nosed cancer cases in the US.

Year of diagnosis was used to create historic
(2004–2010) and contemporary (2011–2015)
cohorts. Demographic variables including
patient age, gender, race, annual income, edu-
cation, and insurance type and status were
extracted. Median education and income level
were identified by ZIP code of patient residence
and determined as above or below the median.
Facility type was categorized as community
(accession 100–500 new cancer cases/year),
comprehensive community (accession[500
new cancer cases per year), or academic centers
(accession[ 500 new cancer cases per year and
participating in postgraduate medical education
and research activities). Facility location is a
regional designation. Clinical and oncologic-
specific factors assessed included comorbidity
[categorized by Charlson-Deyo (CD) score],
pathologic stage of the tumor, location of the
tumor (extremities, head/neck, trunk), and
surgical margins [16]. While the NCDB does not
provide drug-specific data, immune therapy is
classified in the NCDB as ‘‘biological or chemi-
cal agents that alter the immune system or
change the host’s response to tumor cells,’’
including modern agents such as immune
checkpoint inhibitors and talimogene laher-
parepvec (TVEC), historic agents such as inter-
feron-alpha and interleukins, and
investigational agents such as vaccines, onco-
lytic viruses, and Toll-like receptor agonists,
among others. Targeted therapy (BRAFi/MEKi)
is classified as chemotherapy in the NCDB. In
addition to overall survival, postoperative out-
comes including length of stay, 30-day mortal-
ity, 90-day mortality, and readmission were
assessed. Disease-free survival is not a metric
captured in the NCDB.

To determine if contemporary melanoma
management strategies, approved in or after
2011, were associated with improved overall
survival, Kaplan-Meier unadjusted survival
curves were generated comparing cohorts of
patients diagnosed from 2004–2010 and
2011–2015. Comparisons were generated for
the entire stage I–IV cohort, early stage I/II, and
late stage III/IV.

Multivariable logistic regression models
adjusting for patient factors (age, gender, race,
insurance coverage, income, education, and CD
score), tumor characteristics (stage, location,
margin positivity), and facility characteristics
(academic vs. comprehensive community vs.
community hospital, facility location) were
constructed to compare overall survival
between the cohorts while controlling for
known confounders. Cox proportional hazard
models were then used to analyze the associa-
tion between cohorts (2004–2010 and
2011–2015) and overall survival. Comparisons
were generated for the cohort at large (stage
I–IV), early stage I/II, late stage III/IV, as well as
a subgroup analysis for patients with stage III/IV
disease who received immunotherapy.

All statistical tests were two-tailed and con-
sidered to be significant at p\ 0.05. Analyses
were performed using R Version 3.4.0 (Vienna,
Austria).

RESULTS

Of the 268,668 patients identified with stage
I–IV melanoma in the NCDB 2004–2015,
136,828 were diagnosed between 2004–2010
(historic), and 131,840 were diagnosed between
2011–2015 (contemporary). The number of
patients diagnosed with melanoma increased
and nearly doubled from 2004 to 2015, with
16,520 diagnosed cases in 2004 and 29,047 in
2015. Age at diagnosis was older in the con-
temporary cohort (median 63 years, interquar-
tile range [IRQ]: 51–73) compared with the
historic cohort (median 59 years, IQR: 47–72,
p\0.001). Comorbidity scores were higher in
those diagnosed in 2011–2015 (CD score[ 0:
15% vs. 11.3%, p\ 0.001), and patients in the
contemporary group were diagnosed at higher
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Table 1 Baseline characteristics by historic (2004–2010) and contemporary (2011–2015) cohorts

2004–2010
(N = 136,828)

2011–2015
(N = 131,840)

Combined
(N = 268,668)

P value

Patient characteristics

Median age, years (IQR) 59 (47.72) 63 (51.73) 61 (49.72) \ 0.001

Gender \ 0.001

Male 77,819 (56.9%) 77,014 (58.4%) 154,833 (57.6%)

Female 59,009 (43.1%) 54,826 (41.6%) 113,835 (42.4%)

Race \ 0.001

White 133,175 (98.8%) 128,820 (98.6%) 261,995 (98.7%)

Black 784 (0.6%) 742 (0.6%) 1526 (0.6%)

Other 876 (0.6%) 1055 (0.8%) 1931 (0.7%)

Income level \ 0.001

Below median 30,651 (23.3%) 28,739 (22.6%) 59,390 (22.9%)

Above median 100,855 (76.7%) 98,698 (77.4%) 199,553 (77.1%)

Insurance status \ 0.001

None 3516 (2.6%) 3042 (2.3%) 6558 (2.5%)

Private 78,373 (58.7%) 68,271 (52.7%) 146,644 (55.7%)

Government 51,727 (38.7%) 58,135 (44.9%) 109,862 (41.8%)

Charlson-Deyo comorbidity

score

\ 0.001

0 121,327 (88.7%) 112,117 (85.0%) 233,444 (86.9%)

1 13,033 (9.5%) 15,936 (12.1%) 28,969 (10.8%)

2 1911 (1.4%) 2837 (2.2%) 4748 (1.8%)

3 557 (0.4%) 950 (0.7%) 1507 (0.6%)

Tumor characteristics

AJCC 7 pathologic stage \ 0.001

I 5482 (10.3%) 3245 (6.2%) 8727 (8.3%)

II 23,001 (43.2%) 22,790 (43.6%) 45,791 (43.4%)

III 18,686 (35.1%) 19,967 (38.2%) 38,653 (36.6%)

IV 6031 (11.3%) 6301 (12.0%) 12,332 (11.7%)

Tumor location \ 0.001

Extremities 60,662 (44.3%) 57,589 (43.7%) 118,251 (44.0%)

Head and neck 27,630 (20.2%) 27,819 (21.1%) 55,449 (20.6%)

Trunk 43,527 (31.8%) 40,859 (31.0%) 84,386 (31.4%)

264 Oncol Ther (2020) 8:261–275



pathologic stages (stage III/IV: 50.2% vs. 46.4%,
p\0.001). Patients were more frequently trea-
ted at academic institutions in the contempo-
rary cohort (56.5% vs. 50.9%, p\0.001), were
less likely to be covered by private insurance
(52.7% vs. 58.7%, p\ 0.001), and were more
likely to be covered by government insurance
(44.9% vs. 38.7%, p\ 0.001) compared with the
historic cohort (Table 1). While statistically
significant, differences between tumor location
and margin positivity were not clinically dif-
ferent between cohorts.

There were 12,051 patients included in a
subset analysis of stage III/IV melanoma
patients who received immune therapy, 5765 in
the 2004–2010 cohort, and 6286 in the
2011–2015 cohort (Table 2). Patients receiving
immune therapy in the contemporary cohort
were older (median 55 years, IQR: 45–65 vs.
51 years, IQR: 40–60, p\0.001), with higher
comorbidty scores (CD score[ 0: 15.5% vs.
9.9%, p\0.001), and diagnosed at more
advanced pathologic stage (stage IV: 26.6% vs.

11.8%, p\ 0.001). More patients in the con-
temporary cohort had government insurance,
and fewer had private insurance, compared
with the historic cohort (government: 34.2% vs.
21.1%; private: 61.5% vs. 73.7%, p\0.001).
The majority of patients in each cohort were
treated at academic institutions, though the
percentage of patients treated at academic
institutions increased in the contemporary
cohort (academic: 59.9% vs. 55.3%, p\0.001).
The groups were similar in terms of race and
income level, and, while statistically significant,
differences between gender were not clinically
significant.

Our first aim was to examine rates of
administration of novel therapies. The percent
of patients overall (stage I–IV) who received
immune therapy was statistically significantly
higher in the contemporary cohort for all
patients (stage I–IV, 5.3% vs. 5.1%, p\0.006).
The percentage of stage III/IV patients receiving
immune therapy in 2015 (27.8%) increased
compared with prior years, and the total

Table 1 continued

2004–2010
(N = 136,828)

2011–2015
(N = 131,840)

Combined
(N = 268,668)

P value

Unknown or overlapping

location

5009 (3.7%) 5573 (4.2%) 10,582 (3.9%)

Treatment characteristics

Facility type \ 0.001

Community 7815 (7.4%) 6806 (6.4%) 14,621 (6.9%)

Comprehensive 44,206 (41.7%) 39,787 (37.3%) 83,993 (39.5%)

Academic 53,944 (50.9%) 59,974 (56.3%) 113,918 (53.6%)

Postoperative chemotherapy \ 0.001

No 93,317 (93.1%) 122,975 (94.0%) 216,292 (93.6%)

Yes 6867 (6.9%) 7875 (6.0%) 14,742 (6.4%)

Immunotherapy (includes stage

I–IV)

0.006

No 129,861 (94.9%) 124,819 (94.7%) 254,680 (94.8%)

Yes 6967 (5.1%) 7021 (5.3%) 13,988 (5.2%)

AJCC American Joint Commission on Cancer, IQR interquartile range
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Table 2 Characteristics of subset of patients with stage III/IV melanoma receiving immune therapy by historic
(2004–2010) and contemporary (2011–2015) cohorts

2004–2010
(N = 5765)

2011–2015
(N = 6286)

Combined
(N = 12,051)

P value

Patient characteristics

Median age, years (IQR) 51 (40.60) 55 (45.65) 53 (42.63) \ 0.001

Gender 0.008

Male 3434 (59.6%) 3893 (61.9%) 7327 (60.8%)

Female 2331 (40.4%) 2393 (38.1%) 4724 (39.2%)

Race 0.106

White 5624 (98.3%) 6091 (97.7%) 11,715 (98.0%)

Black 45 (0.8%) 60 (1.0%) 105 (0.9%)

Other 54 (0.9%) 81 (1.3%) 135 (1.1%)

Income level 0.394

Below median 1345 (24.4%) 1525 (25.0%) 2870 (24.7%)

Above median 4175 (75.6%) 4563 (75.0%) 8738 (75.3%)

Insurance status \ 0.001

None 293 (5.2%) 265 (4.3%) 558 (4.7%)

Private 4184 (73.7%) 3808 (61.5%) 7992 (67.4%)

Government 1199 (21.1%) 2114 (34.2%) 3313 (27.9%)

Charlson-Deyo comorbidity

score

\ 0.001

0 5192 (90.1%) 5318 (84.6%) 10,510 (87.2%)

1 514 (8.9%) 790 (12.6%) 1304 (10.8%)

2 46 (0.8%) 143 (2.3%) 189 (1.6%)

3 13 (0.2%) 35 (0.6%) 48 (0.4%)

Tumor characteristics

AJCC pathologic stage \ 0.001

III 5086 (88.2%) 4616 (73.4%) 9702 (80.5%)

IV 679 (11.8%) 1670 (26.6%) 2349 (19.5%)

Tumor location \ 0.001

Extremities 2311 (40.1%) 2129 (33.9%) 4440 (36.8%)

Head and neck 774 (13.4%) 894 (14.2%) 1668 (13.8%)

Trunk 2087 (36.2%) 1951 (31.0%) 4038 (33.5%)

Unknown or overlapping

location

593 (10.3%) 1312 (20.9%) 1905 (15.8%)
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number of patients receiving immune therapy
is increasing each year (747 patients total in
2004, 1057 in 2011, 1634 in 2015) (Fig. 1).
Receipt of postoperative therapies showed a
decrease in postoperative chemotherapies
between the cohorts with 6.0% of stage I–IV
patients in the 2011–2015 cohort receiving
chemotherapy compared with 6.9% in the
2004–2010 cohort (p\0.001). Additionally, in
the subset of stage III/IV melanoma patients
receiving immunotherapy, fewer patients in the
contemporary cohort received postoperative
chemotherapy (85.7% vs. 93.8%, p\ 0.001)
(Table 2).

Our second aim was to examine survival
outcomes between the two cohorts. Early mor-
tality was equivalent between the cohorts at
0.2% 30-day mortality and 0.7% 90-day mor-
tality for each. In aggregate, unadjusted survival
from melanoma (all stages) is slightly worse in
the cohort diagnosed between 2011–2015
compared with those diagnosed between
2004–2010 (Fig. 2a). For patients with early
stage disease (stage I/II), unadjusted survival
was slightly worse in the contemporary cohort
(Fig. 2b). However, improved unadjusted sur-
vival is seen in the contemporary cohort for late
stages, III/IV (Fig. 2c).

In a subsequent analysis of all stage mela-
noma patients in both cohorts adjusting for
patient demographic, tumor and facility char-
acteristics, we found that patients with higher
CD comorbidity scores have worse overall sur-
vival compared with those with CD scores of 0
(hazard ratio [HR]: 1.22 for CD of 1, 1.86 for CD
of 2, and 2.00 for CD of 3, p\0.001) (Table 3).
Interestingly, women with melanoma have
improved overall survival relative to men [HR:
0.81, 95% confidence interval (CI): 0.78–0.84].
Black patients have worse survival (HR: 1.26,
95% CI 1.10–1.45) relative to white patients.
Those who are insured with private (HR: 0.61,
95% CI 0.56–0.67) or government (HR: 0.72,
95% CI 0.66–0.79) insurance have improved
survival relative to the uninsured (p\0.001).
Patients with head and neck tumors (HR: 1.23,

Table 2 continued

2004–2010
(N = 5765)

2011–2015
(N = 6286)

Combined
(N = 12,051)

P value

Treatment characteristics

Facility type \ 0.001

Community 263 (6.7%) 278 (5.9%) 541 (6.3%)

Comprehensive 1486 (38.0%) 1602 (34.2%) 3088 (35.9%)

Academic 2161 (55.3%) 2811 (59.9%) 4972 (57.8%)

Postoperative chemotherapy \ 0.001

No 265 (6.2%) 896 (14.3%) 1161 (11.0%)

Yes 3997 (93.8%) 5383 (85.7%) 9380 (89.0%)

Fig. 1 Percentage of stage III/IV melanoma patients
receiving immune therapy by year
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95% CI 1.18–1.27) or trunk tumors (HR: 1.18,
95% CI: 1.14–1.23) have worse survival relative
to those with extremity tumors (all p\0.001).
Patients treated at academic institutions have
improved adjusted overall survival relative to
community programs (HR: 0.86, CI: 0.81–0.91,
p\0.001). Stage III patients have improved
adjusted survival compared with those with
stage IV disease (HR: 0.38, CI: 0.36–0.40,
p\0.001); a similar increased improvement in
survival was seen among stage III patients who
received immunotherapy compared with stage
IV patients who received immunotherapy (HR:
0.31, CI:0.26–0.36, p\0.001) (Table 4).

In the overall adjusted survival analyses,
patients diagnosed with stage I–IV melanoma
from 2011–2015 have a 10% reduced mortality
compared with those who were diagnosed
between 2004–2010 (HR: 0.90, 95% CI
0.88–0.95, p\ 0.001). Among early stage dis-
ease (stage I–II) patients, no difference is seen in
overall survival (HR: 0.99, CI 0.94–1.04,
p = 0.63). For late stage disease (stage III/IV), a
15% reduction in mortality is observed in the
2011–2015 cohort compared with the
2004–2010 cohort (HR: 0.85, CI 0.81–0.88,
p\0.001). For the subset of patients with stage
III/IV melanoma receiving immunotherapy, a
13% overall survival improvement is seen in
patients diagnosed between 2011–2015 com-
pared with those from 2004–2010 (HR: 0.87, CI
0.79–0.97, p = 0.014) (Table 4).

DISCUSSION

Our study shows an overall improvement in
adjusted survival for patients with melanoma
diagnosed after 2011 compared with prior to

bFig. 2 a Unadjusted survival curves for patients with stage
I–IV melanoma by historical (2004–2010) and contem-
porary (2011–2015) cohorts. b Unadjusted survival curves
for patients with stage I–II melanoma by historical
(2004–2010) and contemporary (2011–2015) cohorts.
c Unadjusted survival curves for patients with stage III–IV
melanoma by historical (2004–2010) and contemporary
(2011–2015) cohorts
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2011 using a large, contemporary clinical data
set. This finding is particularly encouraging
given that patients in the 2011–2015 cohort
were older, had higher comorbidity scores, and
were diagnosed with melanoma at more
advanced stages. The improvements in adjusted
overall survival appear to be largely explained

by improvements in overall survival for patients
with AJCC stage III/IV disease while there was
no change in survival for patients with stage I/II
disease. Treatment for stage I/II disease has
remained relatively unchanged since 1991,
although more patients are now being diag-
nosed at earlier time points with stage III disease

Table 3 Predictors of survival for patients with stage I–IV melanoma

Hazard ratio 95% confidence interval (lower, upper) P value

2011–2015 cohort (ref = 2010–2014 cohort) 0.90 (0.88, 0.94) \ 0.001

Age (per decade) 1.04 (1.04, 1.04) \ 0.001

Female sex 0.81 (0.78, 0.84) \ 0.001

Race (ref = White)

Black 1.26 (1.10, 1.45) 0.001

Other 1.22 (1.04, 1.44) 0.016

Income above median 0.88 (0.86, 0.91) \ 0.001

Insurance status (ref = uninsured)

Private 0.61 (0.56, 0.67) \ 0.001

Government 0.72 (0.66, 0.79) \ 0.001

Facility type (ref = community)

Comprehensive community program 0.95 (0.90, 1.01) 0.075

Research/academic program 0.86 (0.81, 0.91) \ 0.001

Charlson-Deyo comorbidity score (ref = 0)

1 1.22 (1.17, 1.27) \ 0.001

2 1.86 (1.72, 2.00) \ 0.001

3 2.00 (1.75, 2.29) \ 0.001

AJCC stage (ref = stage IV)

I 0.09 (0.08, 0.10) \ 0.001

II 0.19 (0.18, 0.20) \ 0.001

III 0.38 (0.36, 0.40) \ 0.001

Tumor location (ref = extremities)

Head and neck 1.23 (1.18, 1.27) \ 0.001

Trunk 1.18 (1.14, 1.23) \ 0.001

Unknown or overlapping location 1.14 (1.00, 1.29) 0.045

Positive surgical margins 1.57 (1.48, 1.65) \ 0.001
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given the increased use of sentinel lymph node
biopsy [17]. Our study supports that the prog-
nosis for patients with stage III/IV melanoma
nationally has improved since 2011.

Given that the improvement in overall sur-
vival was seen for advanced stage melanoma
patients and not those with early stage disease,
the improvement is likely the result of novel
systemic therapies including immune check-
point blockade and targeted therapy (BRAFi/
MEKi). This finding is supported by the recent

analysis by Tella et al., which showed improved
survival among stage III and IV melanoma
patients treated at the highest volume national
centers in the same time frame as our study [18].
Their analysis, which also used the NCDB,
found that receipt of immunotherapy was
associated with improved survival in both stage
III and IV patients and found a significantly
improved median survival for those patients
with stage IV disease managed at the highest
tercile centers after 2011 (9.8 vs. 13 months,

Table 4 Predictors of survival for patients with stage III/IV melanoma who received immunotherapy

Hazard ratio 95% Confidence interval (lower, upper) P value

2011–2015 cohort (ref = 2010–2014 cohort) 0.87 (0.77, 0.97) 0.014

Age (per decade) 1.01 (1.01, 1.02) \ 0.001

Female sex 0.75 (0.68, 0.84) \ 0.001

Race (ref = white)

Black 1.44 (0.86, 2.42) 0.168

Other 1.50 (0.99, 2.28) 0.056

Income above median 0.87 (0.78, 0.97) 0.011

Insurance status (ref = uninsured)

Private 0.71 (0.57, 0.88) 0.002

Government 0.93 (0.73, 1.17) 0.518

Facility type (ref = community)

Comprehensive community program 1.00 (0.82, 1.21) 0.99

Research/academic program 0.95 (0.78, 1.14) 0.558

Charlson-Deyo comorbidity score (ref = 0)

1 1.18 (1.03, 1.36) 0.019

2 2.38 (1.75, 3.26) \ 0.001

3 2.02 (1.04, 3.91) 0.037

AJCC stage (ref = stage IV)

III 0.31 (0.27, 0.36) \ 0.001

Tumor location (ref = extremities)

Head and neck 1.09 (0.94, 1.26) 0.253

Trunk 1.15 (1.03, 1.27) 0.012

Unknown or overlapping location 1.14 (0.77, 1.69) 0.517

Positive surgical margins 1.58 (1.30, 1.90) \ 0.001
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p\0.001) [18]. While they found no difference
in receipt of chemotherapy or immunotherapy
for stage III patients between low- and high-
volume centers, likely as a result of modern
adjuvant therapies not being approved until the
end of the study period, they did find that stage
IV patients treated at high-volume centers were
more likely to receive systemic treatment with
chemotherapy or immunotherapy. Our study
shows that that a higher proportion of con-
temporary patients are now receiving care at
academic institutions and that treatment at
academic institutions is associated with
improved survival among overall melanoma
patients. Our findings complement those of
Tella et al. and may reflect more patients being
treated at multi-disciplinary, high-volume aca-
demic institutions where modern immune and
targeted therapies may be more readily avail-
able, including on clinical trials. However, our
data suggest that this improvement in survival
is not limited to high-performing, multi-disci-
plinary centers given the improvements in the
contemporary cohorts after adjustment for
facility type. Given this, both studies support
that the use of systemic novel therapies
accounted for much of the improvements in
overall survival.

In our study, we found an adjusted 15%
reduction in mortality observed in stage III/IV
melanoma patients in the contemporary cohort
compared with the historic cohort (HR: 0.85, CI
0.81–0.88, p\0.001), while the subset of
patients with stage III/IV disease receiving
immunotherapy had a 13% improvement in
overall survival in patients diagnosed between
2011–2015 compared with those from
2004–2010 (HR: 0.87, CI 0.79–0.97, p = 0.014).
This suggests that contemporary immune ther-
apy is more effective than that used historically.
Furthermore, the proportion of patients receiv-
ing immune therapy with stage IV disease
increased significantly between the two cohorts
(11.8% to 26.6%, p\0.001), suggesting that
more patients with stage IV disease are benefit-
ing from these therapies being approved for use
in metastatic disease and not just in the setting
of unresectable stage III disease or in the adju-
vant setting. Notably, two recent NCDB studies
evaluating patients with stage III and IV

melanoma separately found improvements in
overall survival in more contemporary cohorts
(through 2013 for stage III and through 2011 for
stage IV) [19, 20]. Both studies, like ours, had
limited follow-up time after approval of novel
therapies but similarly found improvements in
survival for both stage III and IV disease.
Importantly, the first modern immune therapy
was not approved for use in the adjuvant setting
until the end of our study period (anti-CTLA4 in
2015, anti-PD1 in 2017 and BRAFi/MEKi in
2018), which suggests that patients with stage
III disease received benefit in these studies from
systemic therapies used in clinical trials or as
treatment for metastatic disease in the setting of
recurrence [19]. Given promising clinical trial
results for both immune checkpoint inhibitors
and targeted therapies, as well as additional
approvals for these therapies in both the meta-
static and adjuvant settings since the end of our
study period, we expect that benefits of sys-
temic novel therapies will continue to improve
in future studies.

The use of targeted therapy with BRAFi/MEKi
is captured in the NCDB as chemotherapy,
which makes it difficult to discern trends in its
use over the study duration and to differentiate
it from more historic forms of chemotherapy
such as darcarbazine. Given the limitations of
our data set, we are unable to make any direct
attribution of the improvement in overall sur-
vival seen in our study to BRAFi/MEKi. How-
ever, given promising clinical trial results for
targeted therapy, and the relatively high rates of
‘‘chemotherapy’’ use in the subset of patients in
our trial who received immune therapies, we
expect that BRAFi/MEKi also contributed to the
improvements in survival we saw in our trial.
Supporting this, a smaller retrospective study
with drug-specific data available recently eval-
uated patients with metastatic melanoma in
Denmark and found that patients diagnosed in
2016 had improved outcomes compared with
those diagnosed in 2014 or 2012 as well as
increasing use of both anti-PD-1 and BRAF/
MEKi therapy [21]. Their results support our
findings that the use of immune therapy and
targeted therapies has led to improved overall
survival.
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Our findings that receipt of immunotherapy
was nearly equivalent, though statistically dif-
ferent, at 5.3% for the contemporary stage I–IV
cohort compared with 5.1% for the historical
cohort (p = 0.006) were somewhat surprising.
However, multiple immune therapies have been
used historically in melanoma including inter-
feron-alpha and interleukin-2, with limited
effectiveness. It is important to note that
though the overall use of immune therapy was
low, about half of each cohort was patients with
stage I and II disease, and therefore
immunotherapy would not have been indicated
for this population. Of the remaining patients,
the majority were stage III; given the first
approval of modern immune therapy in the
adjuvant setting was not granted until 2015,
these patients also would not have been
expected to receive immune therapy other than
in the setting of clinical trials or recurrence. In
the 2015 cohort, 27.8% of patients with stage
III/IV melanoma received immune therapy, and
we would expect this rate to continue to
increase as therapies are approved and adopted
into practice. Ipilimumab was the first therapy
for advanced melanoma to demonstrate an
improvement in overall survival in a random-
ized phase III trial and received FDA approval in
2011. While response rates were modest, clear
long-term survivors exist [22–25]. More effective
therapies targeting the PD-1 pathway were
approved as second-line therapy in 2014
[26, 27]. However, nivolumab and pem-
brolizumab, as well as the combination of ipil-
imumab and nivolumab, did not receive
designations as first-line therapy for metastatic
melanoma until late 2015, likely limiting their
use even in our contemporary cohort [28, 29].
However, patients receiving immune therapies
on clinical trials are included in the NCDB and
would therefore be included in our analysis.
Given the approval of these therapies for
advanced and metastatic melanoma, as well as
the more recent approvals for use in the adju-
vant setting, and the now widespread use of
immune checkpoint inhibitors in a number of
other malignancies leading to increasing provi-
der comfort with these drugs, we would expect
the rate of immunotherapy use to continue to
increase beyond our study period. As these

therapies enter wider use and are used for
broader indications, we hope this will lead to
continued improvements in survival in con-
temporary patients.

Our findings are subject to several limita-
tions. The NCDB is a validated data set, but is
limited in the granularity of clinical variables, is
subject to selection bias, and therefore is subject
to unmeasured confounding. The large number
of patients captured in this data set helps miti-
gate the effects of the bias in the analysis
adjusting for patient, tumor, and facility char-
acteristics. However, missing data, which were
excluded from the analysis, and lack of granu-
larity regarding the specific type, sequence, and
duration of therapies as well as lack of infor-
mation on tumor markers within the data sets
limit our ability to determine if the survival
effect is in fact due to these advancements in
clinical care of melanoma. However, these lim-
itations are equally distributed between the two
cohorts so the comparison of survival between
the two allows for confident determination of
effect size. The large cohort of melanoma
patients captured in the NCDB is reflective of
contemporary oncology practices in the US
population, permits adequate adjustment for
known covariates, and lends our results con-
siderable external validity.

CONCLUSION

Using a NCDB data set of 268,668 melanoma
patients, we demonstrated that overall survival
for patients with stage III/IV melanoma from
2011–2015 is improved compared with patients
from 2004–2010. This improvement appears to
be largely related to novel immune therapies,
the first of which received FDA approval in
2011. Our study suggests that immune therapy
use is increasing but may be underutilized in
patients with advanced melanoma. As these
novel therapies enter wider use, ongoing efforts
to optimize patient selection and efforts to dis-
cover biologic strategies to overcome resistance
to these therapies can further improve progno-
sis for patients with advanced melanoma.
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