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Background: Randomized comparisons have demonstrated survival benefit of adjuvant immunotherapy
in node-positive melanoma patients but have limited power to determine if this benefit persists across var-
ious demographic factors. Materials & methods: We assessed the impact of demographic factors on the
survival benefit of adjuvant immunotherapy in a database of 38,189 node-positive melanoma patients
using the Kaplan-Meier method and Cox proportional hazards models. Results: All assessed demographic
factors other than race significantly impacted survival of node-positive melanoma patients in univariate
analysis. In multivariable analysis, only the age group interacted with immunotherapy. Conclusion: Analy-
sis of this large database of unselected node-positive melanoma patients demonstrated a positive survival
benefit of immunotherapy across all demographic factors assessed and the impact was greater for patients
65 years of age and older.
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Stage lll melanoma patients who received immunotherapy were at a decreased hazard for death. The
protective effect from immunotherapy was greater for those >65 years of age compared to those <65
years of age.

tHazard ratio adjusted for sex, race, insurance status, number of nodes and Charlson-Deyo score.

HR: Hazard ratio.
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Malignant melanoma is a diagnosis that has dramatically increased in incidence over the past 40 years to become  Futu re"t'-_:-_...,
the fifth most common malignancy in the USA. In 2018, there were an estimated 91,270 new cases and 9320  Medicine ™~
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deaths [1,21. However, cutaneous melanoma remains a relatively rare diagnosis in darker-skinned individuals and
other demographic shifts in the profile of melanoma patients such as age at presentation have been noted as well.
Treatment options for patients with advanced cutaneous melanoma have included surgical excision, immunotherapy,
targeted therapy and radiation therapy to symptomatic sites of bulk disease, but prognosis for those with stage
HI-1V disease was uniformly poor until quite recently, with a 5-year survival rate of approximately 20% during the
time period 2007-2013 [1,3]. Immunotherapy and targeted therapy have been associated with highly significant
improvements in survival (4-7. However, individual trials have insufficient power to determine if these therapies are
beneficial to all demographic subsets of patients, especially those subsets which may be underrepresented in clinical
trials such as racial minorities and the elderly.

With respect to racial minorities, there are theoretical reasons to consider that the benefit of immunotherapy
would not be as significant. African—~Americans and Asians present most commonly with the acral lentiginous type
of melanoma [8,9] and this subtype has a lower overall mutational burden [10], which could decrease responsiveness
to immunotherapy. At the same time, Surveillance, Epidemiology and End Results Program (SEER) data indicate
that African—Americans are more likely to present with later stages of melanoma [8]. The SEER database, therefore,
has been insufficient to attribute the less favorable outcomes in racial minorities to either demographic factors
affecting access to care or underlying differences in biology. Likewise, the interaction of melanoma survival and age
appears to be complex [11], with favorable factors such as lower incidence of sentinel lymph node positivity offset
by higher negative survival impact when a positive sentinel node is detected.

We proposed to review the National Cancer Database (NCDB) melanoma cases from 2004 to 2015, the
most recent interval for which data had been entered at the time of our application, to evaluate the impact of
immunotherapy in a much larger and unselected group of patients; we thereby sought to include those patients whose
demographic profile is underrepresented in prior analyses. We sought to determine if the benefit of immunotherapy
is impacted by these more diverse factors. This large database provides more robust information than SEER on
each included individual such as payer status, distance to healthcare facility and comorbidity score along with basic
demographic factors such as age and sex, which are known to have significant effect on overall survival of melanoma
patients. Because many new therapies became widely available primarily for patients with unresectable stages 111
and IV cutaneous melanoma during this time period, we decided to narrow our focus to the results of adjuvant
therapy for stage III. A small number of such patients could have received treatment with an immune checkpoint
inhibitor (ICI) in the adjuvant setting on clinical trial, but IFN-o was the only approved regimen for virtually this
entire time period. Thus, we anticipated our focus to be on the relative effectiveness of an immunotherapy strategy
between different demographic groups rather than on the overall effectiveness of a specific regimen.

Materials & methods

Data source

The NCDB is a joint sponsored project of the Commission on Cancer (CoC) of the American College of Surgeons
and the American Cancer Society. The NCDB sources data from over 1500 hospital registries from CoC-accredited
hospitals. The NCDB cites that more than 70% of all newly diagnosed malignancies in the USA are captured in
the database. In accordance with the Health Insurance Portability and Accountability Act (HIPAA), the data in the
NCDB is de-identified of specific patient and hospital information and can be used for public analysis [12].

Study design

Data was obtained from a melanoma participant user file from the NCDB to explore the outcome disparities of
melanoma patients by demographic, health and treatment profile. The data contained patients between 2004 and
2015 with a diagnosis of melanoma. The variables of interest were survival time in months (outcome) with covariates
of age, sex, race, insurance status, number of positive nodes, Charlson—Deyo score and adjuvant immunotherapy.
Opverall survival (OS) was defined as the number of months between date of diagnosis and dates of death (if known)
or last follow-up (last known alive date). The University of Oklahoma Health Sciences Center Institutional Review
Board determined this study was exempt since the data was de-identified. The Charlson—Deyo score is a weighted
score derived from the sum of the scores for each of the comorbid conditions listed in the Charlson Comorbidity
Score Mapping Table [13,14]. Some of the variables included are age, myocardial infarction, dementia, liver disease
and a host of other conditions that indicate a worsening health prognosis of the patient. By incorporating the
variable into the model, the analysis can be adjusted for competing conditions and allow for comparison of
patients with similar health backgrounds. A detailed flow diagram shows exclusion criteria with number excluded
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Figure 1. Flow diagram for inclusion of stage Il melanoma patients.
TPatients excluded in a hierarchical fashion.

(Figure 1). First, only stage I1I patients were included for analysis; therefore, patients who had negative nodes, nodes
that were not tested or had incomplete information about nodes were excluded. Our primary exposure of interest
was immunotherapy and our primary outcome of interest was time to death, therefore patients missing data on
immunotherapy treatment or on time to death (including patients with 0 days of follow-up) were excluded. We
also excluded patients with unknown insurance status. The total number of patients analyzed was 38,189 patients.

Statistical analysis

SAS 9.4 was used to perform all analysis. Patient’s demographic and clinicopathologic characteristics were reported
categorically using frequency statistics (n and %) and compared by chi-square test. For age, the median and range
were reported. Median OS with 95% Cls were calculated using the Kaplan—-Meier method and differences in
median OS were compared between covariates using the log-rank test. Cox proportional hazards models were
calculated to estimate the hazard ratio for immunotherapy while controlling for all other covariates regardless of
their p-value. Since immunotherapy was the exposure of interest, we evaluated all two-way interactions between
immunotherapy and all other covariates using an alpha of 0.001 to take into account multiple testing. All covariates
remained in the final model and if interactions were identified then the data was stratified by one of the covariates
involved in the interaction. Within strata, two-way interactions were assessed with an alpha of 0.001 also taking
into account clinical relevance (i.e., focusing on interactions that were different by a clinically significant amount
or were in opposite directions). Kaplan—Meier plots evaluating age group, immunotherapy and both age group and
immunotherapy were created. An alpha of 0.05 was used unless otherwise noted.

Results

Patient characteristics

The demographic and clinical characteristics of the 31,189 patients are presented in Table 1. The median age at
diagnosis was 59 years with a range of 18-90. Roughly 90% of patients were Caucasian with about 63% males.
The most common types of insurance were private (54.1%) and Medicare (34.9); only 4.6% of patients were
uninsured. Most patients (84.2%) had a Charlson—Deyo score of zero. About 26% (n = 9906) of patients received
immunotherapy. Characteristics were compared among patients who did and did not receive immunotherapy (Ta-
ble 1). Immunotherapy was received more often among patients who were <65 years of age, female, had private
insurance, had more nodal involvement or had a Charlson-Deyo score of 0.
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Table 1. Descriptive and inferential statistics of continuous and categorical covariates among 38,189 stage Ill melanoma

patients who were treated with (n = 9906) and without (n = 28,283) immunotherapy.

Variable

Age

Race

Sex

Insurance status

Positive nodes, n

Charlson-Deyo score

Vital status

Class All patients (n = 38,189)  Immunotherapy No immunotherapy p-value
(n = 9906) (n = 28,283)

<65 years 24,049 (63.0) 8277 (83.6) 15,772 (55.8) <0.0001

>65 years 14,140 (37.0) 1629 (16.4) 12,511 (44.2)

Other 3598 (9.4) 957 (9.7) 2641 (9.3) 0.3435

Caucasian 34,591 (90.6) 8949 (90.3) 25,642 (90.7)

Male 24,029 (62.9) 5952 (60.1) 18,077 (63.9) <0.0001

Female 14,160 (37.1) 3954 (39.9) 10,206 (36.1)

Not insured 1761 (4.6) 505 (5.1) 1256 (4.4) <0.0001

Private insurance 20,657 (54.1) 7033 (71.0) 13,624 (48.2)

Medicaid/other 2452 (6.4) 758 (7.7) 1694 (6.0)

government

Medicare 13,319 (34.9) 1610 (16.3) 11,709 (41.4)

One node 22,624 (59.2) 5452 (55.0) 17,172 (60.7) <0.0001

Two-three nodes or 10,203 (26.7) 2989 (29.3) 7214 (25.5)

positive aspiration

Four or more nodes or 5362 (14.0) 1465 (14.8) 3897 (13.8)
positive nodes
documented but number

unspecified

0 32,144 (84.2) 8754 (88.4) 23,390 (82.7) <0.0001
1 4947 (13.0) 1014 (10.2) 3933 (13.9)

2or3 1098 (2.9) 138 (1.4) 960 (3.4)

Dead 16,872 (44.2) 3578 (36.1) 13,294 (47.0) <0.0001
Alive 21,317 (55.8) 6328 (63.9) 14,989 (53.0)

Univariate analysis of overall survival

Of the 38,189 patients, at last follow-up 44.2% (n = 16, 872) had died. Using Kaplan—Meier survival analyses, un-
adjusted median OS stratified by various covariates were calculated (Table 2). Patients undergoing immunotherapy
had a significantly higher median OS compared with those who did not (140.4 vs 60.2 months; p < 0.0001; Fig-
ure 2). Patients who were under 65 years of age had a far higher median OS compared with older patients (136.3
vs 39.2 months; p < 0.0001; Figure 3). Also, patients who were female, Caucasian race, had a low Charlson-Deyo
score, had private insurance or had less cancerous nodes had higher median OS.

Multivariable analysis of overall survival

To determine the relationship between immunotherapy and survival analysis, we carried out a multivariable Cox
proportional hazards analysis to control for competing risk factors as well as comorbid conditions. Among all
patients, only the interaction between immunotherapy and age had p-value <0.001. We therefore stratified by
age creating two models presented in Table 3 and created a Kaplan—Meier plot to show the age group and
immunotherapy survival curves (Figure 4). Although immunotherapy significantly decreases risk of death for all
patients, the magnitude of the difference is greater in patients 65 years and older. For patients less than 65 years,
those who received immunotherapy had a higher median survival as compared with those who did not (median OS
was not achieved for those received immunotherapy (at 155 months 53% were still alive) vs median OS in months
of 114.6; 95% CI: 107.5-127.5). For patients who were 65 years or older, those who received immunotherapy had
a higher median survival compared with those who did not (median OS in months 58.8; 95% CI: 52.5-66.3 vs
37.5; 95% CI: 36.2-38.5). Within the age group strata, there were no further interactions that met our criteria.
Results from the multivariable Cox proportional hazards model show that for patients less than 65 years of age, after
controlling for sex, race, insurance status, number of positive nodes and Charlson—Deyo score, immunotherapy
decreased the risk of death by 24% (hazard ratio [HR]: 0.76; 95% CI: 0.72-0.79). After controlling for other
variables in the model, females had a decreased risk of death (HR: 0.68; 95% CI: 0.65-0.71) and race did not
significantly impact risk of death. Compared with private insurance, having other forms of insurance increased your
risk of death after controlling for other variables in the model (other insurance comparisons shown in Supplementary
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Table 2. Kaplan—-Meier median overall survival time estimates with 95% confidence intervals with log rank p-values.

Variable Class Median OS in months (95% Cl) p-value

Age <65 years 136.3 (129.2-144.0) <0.0001
>65 years 39.2 (38.0-40.6)

Race Other 66.7 (61.5-72.8) 0.0595
Caucasian 73.5(71.4-76.5)

Sex Female 116.9 (110.2-125.7) <0.0001
Male 58.6 (56.9-60.7)

Insurance status Medicaid/other government 49.3 (45.5-56.9) <0.0001
Medicare 39.2 (38.0-40.6)
Not insured 60.1 (52.2-67.9)
Private insurance 145.5 (139.1-NE)

Positive nodes, n One node 109.9 (103.5-116.7) <0.0001

Two-three nodes or positive aspiration  55.3 (52.1-58.2)

Four or more nodes or positive nodes 23.0 (22.3-24.1)
documented but number unspecified

Immunotherapy No 60.2 (58.4-62.2) <0.0001
Yes 140.4 (132.4-NE)

Charlson-Deyo score 0 85.0 (81.4-88.2) <0.0001
1 46.3 (44.1-49.5)
2o0r3 27.5(25.0-31.8)

NE: No estimate; NR: Not reached; OS: Overall survival.
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Figure 2. Kaplan-Meier overall survival plot with number at risk by age group (<65 vs >65 years).

Table 1). Increased risk of death in the model was shown for patients with more than one cancerous node and
patients with a Charlson—Deyo score greater than zero. For patients 65 years or older, immunotherapy decreased
the risk of death by 35% (HR: 0.65; 95% CI: 0.61-0.70) after controlling for sex, race, insurance status, number
of positive nodes and Charlson—Deyo score. Based on the multivariable analysis, females had a decreased risk of
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Figure 3. Kaplan-Meier overall survival plot with number at risk by immunotherapy status (yes vs no).

Table 3. Multivariable Cox proportional hazards model stratified by age group.

Variable

Sex

Race

Insurance Status

Positive nodes, n

Charlson-Deyo score

Immunotherapy

HR: Hazard ratio.

Class <65 years >65 years
HR (95% Cl) p-value HR (95% Cl) p-value
Male Reference - Reference -
Female 0.68 (0.65-0.71) <0.0001 0.86 (0.82-0.90) <0.0001
Caucasian Reference - Reference -
Other 1.02 (0.95-1.09) 0.6518 1.00 (0.93-1.08) 0.9990
Private Reference - Reference -
Medicaid/other 1.66 (1.56-1.78) <0.0001 1.33(1.11-1.58) 0.0016
government
Medicare 1.68 (1.55-1.81) <0.0001 1.17 (1.10-1.25) <0.0001
Not Insured 1.50 (1.39-1.62) <0.0001 1.26 (0.93-1.70) 0.1396
One node Reference - Reference -
Two-three nodes or 1.62 (1.55-1.71) <0.0001 1.39 (1.32-1.47) <0.0001

positive aspiration

Four or more nodes or 2.97 (2.81-3.14) <0.0001 2.32 (2.19-2.46) <0.0001
positive nodes
documented but number

unspecified

0 Reference - Reference -

1 1.27 (1.19-1.36) <0.0001 1.19 (1.13-1.26) <0.0001
2or3 1.81 (1.59-2.07) <0.0001 1.60 (1.46-1.76) <0.0001
No Reference - Reference -

Yes 0.76 (0.72-0.79) <0.0001 0.65 (0.61-0.70) <0.0001

death (HR: 0.86; 95% CI: 0.82-0.90) and patients with either Medicare or Medicaid/other government insurance
had an increased risk of death compared with patients with private insurance (other insurance comparisons in
Appendix A). Patients with more than one cancerous node and with a Charlson—Deyo score greater than zero also
had a higher risk of death after taking into account the other variables in model including immunotherapy.
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status (yes vs no).
IT: Immunotherapy.

Discussion
Incidence of cutaneous melanoma has increased dramatically in the recent decades, but multimodality treatment
approaches for patients with advanced disease and either regional or distant metastases have also greatly expanded.
Several highly effective targeted and immune checkpoint inhibitor regimens have been introduced for unresectable
disease in the past 10 years and some of these therapies have now been moved into the adjuvant setting as well, based
on multiple Phase III clinical trials [7,15-19] demonstrating impressive recurrence free survival. However, mature
overall survival data are only reported for the earlier of these trials comparing ipilimumab to INF-a (ECOG
1609) or to placebo (EORTC). These two trials included just over 2600 patients cumulatively and certain subsets
of patients were underrepresented. In particular, the median age of patients in all melanoma trials is typically a
decade younger than the median age for melanoma diagnosis (Society for Melanoma Research Congress 2019
[UNPUBLISHED DATA]). Additionally, trials were largely conducted in Europe, North America and Australia, so
darker-skinned racial minorities were underrepresented [20]. Our study, analyzing data from a large and unselected
group of melanoma patients with node-positive disease, albeit during a time period when the most effective and
least toxic adjuvant therapies were not yet available as standard of care, was conducted to fill in some of these gaps.
We were particularly interested in the question of whether older patients and racial minorities, whose melanoma
and/or immune microenvironment exhibit biologic differences, would derive the same benefit as the larger pop-
ulation from immune-based therapies. Laboratory models and investigations have shown decreased lymphocyte
motility [21] and deficient immune cell function [22,23] in the elderly. Meanwhile, emerging data on the mutational
landscape of acral melanomas, which occur with relatively greater frequency in darker-skinned individuals, demon-
strate approximately tenfold lower mutational burden; mutations that do occur are more typically copy number
variants and fusions [10,24]. Since tumor mutational burden is highly correlated with response to immune-based
therapies [25] and copy number mutations are likely to be less immunogenic than point mutations, it is theoretically
possible that darker-skinned melanoma patients would have inferior outcomes when treated with this modality.
An earlier report based on SEER data did, in fact, show worse survival for African Americans in comparison to
Caucasians with melanoma diagnoses [8]. However, the SEER dataset was not sufficient to discern whether this
outcome was due to lower response rates to therapy or to delays in receiving an unexpected diagnosis and inability
to access appropriate care in a timely manner.

Research Article
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Our data from the NCDB suggest that lack of receiving immunotherapy rather than insufficient benefit from the
treatment itself explains survival differences in particular demographic subsets. Non-Caucasian stage I1I melanoma
patients had a small and not quite statistically significant decrease in survival when race was considered in univariate
analysis, but this difference dropped out in multivariable analysis considering factors such as payer type, which
can influence access to care; there was no difference in outcome between Caucasians and non-Caucasians who
received adjuvant immunotherapy. The comparison of patients <65 or >65 years of age who received adjuvant
immunotherapy actually showed a beneficial interaction with older age. While older patients had higher mortality
overall, they had a more significant improvement in survival (HR: 0.65 vs 0.76) than younger patients, when
treated with immunotherapy, after controlling for known risk factors including sex, race, number of positive nodes,
insurance status and Charlson—Deyo score. A review of the effect of age on melanoma risk, prognosis and treatment
response [11] also indicates a complex interaction between age and survival. Lower stage specific survival is reported
overall and the benefit of lower incidence of positive sentinel lymph node is offset by worse outcome when a
positive sentinel node is detected. However, intriguingly, data from several large single institutions [26-28] as well as
pooled data from high volume melanoma treatment centers [29] show superior survival advantage in older patients
treated with various ICI regimens for metastatic disease, results that comport with our findings from analysis of the
NCDB.

Our study also has limitations, in that we do not have specific information regarding each individual’s therapy in
this large database. A similarly powered comparison comes from a meta-analysis of 17 randomized controlled trials
of adjuvant INF-o with about 10,000 evaluated patients (30]. This analysis demonstrated a statistically significant
but smaller absolute overall survival advantage than we observed but included results of lower-dose INF—a regimens.
We presume that off protocol immunotherapy for stage III melanoma during the 20042015 timeframe would
have been accomplished with high-dose IFN-a, but the available information does not conclusively establish that
this is the case. Furthermore, in the few years since the cut-off for this data set, adjuvant immunotherapy has evolved
rapidly. High-dose INF-a was associated with frequent and significant adverse events including pyrexia, cytopenias,
hepatotoxicity and neuropsychiatric effects that prevented its widespread acceptance as a standard of care, despite
moderate efficacy. Adjuvant ICls, primarily those directed at PD1, cause far fewer dose limiting toxicities and
are more efficacious, resulting in their routine use since late 2017. It is not possible at this time to determine
if the uniform benefit to underrepresented demographic groups reported here persists in this altered therapeutic
landscape; that analysis will require several years of additional accrual to the NCDB. Until an updated review can be
accomplished, however, the data reported here could provide a reasonable basis to offer adjuvant immunotherapy
to all node-positive melanoma patients with no presumption of decreased benefit based on demographic factors.

Future perspective

Adjuvant immunotherapy for lymph node-positive melanoma has already advanced rapidly in the recent past, but
further evolution in the next 5-10 years is still likely. A clinical trial of combination ICls in comparison to single
agent nivolumab (CheckMate 915, NCT03068455) has completed accrual and preliminary survival data for the
entire intent to treat population can be expected in the next 1-2 years. A proposed Southwest Oncology Group
protocol (§1935 per Fall 2019 Agenda Book) anticipates evaluating a targeted therapy plus ICI combination in the
adjuvant setting for patients with activating BRAF mutations. Analyzing the impact of novel melanoma therapies
on demographic subsets as we have reported will thus always be a moving target. However, we would project that
a similar review of NCDB outcomes in 20242025 would reflect results of current standard of care regimens.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/sup
pl/10.2217/mmt-2020-0002
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Disparity in outcomes of melanoma adjuvant immunotherapy by demographic profile

Summary points

Background

e Melanoma has increased in incidence.

e Adjuvant immunotherapy has been shown to confer survival benefit for patients with lymph node positive
disease.

e Demographic groups such as racial minorities and the elderly are underrepresented in clinical trials of adjuvant
treatment.

Materials and methods

o We evaluated a large database of melanoma patients treated according to existing standard of care.

e Statistical analyses were performed to compare treatment outcome of patients from underrepresented
demographic groups.

Results

e Factors predicting for worse outcome in univariate analysis were male sex, age >65 years, higher nodal
involvement, increased comorbidity score, no immunotherapy, and no insurance.

e In multivariable analysis, none of the factors interacted to diminish benefit of immunotherapy.

e Increasing age showed positive interaction with benefit of immunotherapy.

Discussion

e This analysis demonstrated that demographic groups underrepresented in clinical trials of adjuvant
immunotherapy for lymph node positive melanoma derive survival benefit from treatment.

Future perspective

e A similar analysis performed in the future would clarify whether newer and less toxic adjuvant immunotherapies
also confer benefit across all demographic subgroups.
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