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Aim: To describe treatment patterns and outcomes of patients with unresectable stage Il and
metastatic/stage IV melanoma. Materials & methods: An observational retrospective chart review of pa-
tients diagnosed with advanced melanoma before 1 November 2015 who initiated a new line of ther-
apy (LOT) from 1 January 2015 to 31 May 2016. Results: Among 487 patients, ipilimumab monotherapy
(27.5%) was the most common first line of therapy (1LOT) in 2015, surpassed by nivolumab monother-
apy (21.5%) in 2016. 12-month survival was >80.1%; proportions were highest forpatients treated with
nivolumab + ipilimumab (86.6%). All treatments relatively well tolerated in real-world setting and adverse
events were consistent with the previously reported safety profiles. Conclusion: This study provides im-
portant insights into real-world advanced melanoma treatment patterns and demonstrates encouraging
treatment safety and patient survival data.
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Melanoma of the skin is the fifth leading cancer in the USA in terms of estimated new cases and deaths [1]. As of
June 2018, there were an estimated 91,270 new cases in the year 2018, accounting for 5.3% of all new cancer cases
in the US and an estimated 9320 deaths, accounting for 1.5% of all cancer deaths [1].
The treatment landscape for advanced melanoma has significantly changed with the US FDA approvals of
ipilimumab (Yerv0y®, Bristol-Myers Squibb, NY, USA; approved 25 March 2011) [2], vemurafenib (Zelboraf®,
Genentech, CA, USA; 17 August 2011) (3], dabrafenib (Tafinlar®, Novartis, Basal, Switzerland; 29 May 2013) (4],
trametinib (Mekinist®, Novartis, Basel, Switzerland; 29 May 2013) (5], pembrolizumab (Keytruda®, Merck, NJ,
USA; 4 September 2014) (6] and nivolumab (Opdivo®, Bristol-Myers Squibb, NY, USA; 22 December 2014) (71.
The FDA later approved ipilimumab in combination with nivolumab on 30 September 2015 (7] and cobimetinib
(Cotellic®, Genentech, CA, USA) in combination with vemurafenib on 10 November 2015 [s]. On 27 June 2018,
the FDA approved encorafenib and binimetinib (Braftovi® and Mektovi®, Array BioPharma, Inc., CO, USA).
In recent years, the use of combination regimens have become common, with data demonstrating even greater
increases in progression-free survival (PFS) and overall survival (OS) [9). Results of several randomized controlled
trials have shown that nivolumab in combination with ipilimumab resulted in significantly longer PFS and OS than
ipilimumab alone in both BRAF mutant and wild-type melanoma [10]. Dabrafenib in combination with trametinib
has also been shown to be superior to both dabrafenib alone and vemurafenib alone in improving OS in patients
with BRAF V60OE or V600K mutations [11-15].
With advancements in drug therapies, physicians now have access to multiple treatment options for advanced
melanoma. While there are some data that characterize the treatment patterns and survival of patients with advanced  Fytyre -,
melanoma in the pre-immuno-oncology era [16-18], these were focused on a single treatment or from a period prior  Med iciné
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to combination therapies. There is little real-world data that cover all currently approved therapies with more
clinical detail than is available in administrative database analyses.

In this study, our primary focus was to assess treatment patterns, including treatment regimen selection as well as
time to initiation of therapy and duration of therapy, in patients with advanced melanoma. Additionally, we describe
the use of biomarker testing, assess OS and PFS, and examine the time to grade and duration of treatment-related
adverse events (AEs).

Methods

Study design

This was an observational, retrospective, multisite and noninterventional study that collected real-world data from
medical records of patients diagnosed with advanced melanoma treated at community or academic cancer centers in
the USA. Patients were assigned treatment cohorts based on first-line biologic treatment: ipilimumab monotherapy,
nivolumab monotherapy, nivolumab + ipilimumab, pembrolizumab monotherapy, dabrafenib + trametinib or
other. The study was sponsor-blinded so that the physicians and patients remained anonymous to the source of study
funding and vice versa. A chart review design was necessary to gain a deeper understanding of patients’ underlying
clinical characteristics. Extracting data directly from the charts allowed for the collection of Eastern Cooperative
Oncology Group (ECOG) status, BMI, mutation status, disease staging, disease progression and rationale for
initiation and discontinuation of treatment. It also allowed for better identification of AEs that may not have
required treatment. The target population included a random sample of patients with advanced (unresectable stage
II or metastatic/stage IV) melanoma who were diagnosed prior to 1 November 2015 and received treatment for
advanced melanoma from 1 January 2015 to 31 May 2016, irrespective of date of diagnosis of unresectable stage III
or metastatic/stage IV melanoma. The index study period (1 January 2015 to 31 May 2016) was chosen to capture
treatment patterns with outcomes observed by line of therapy (LOT), which occurred after the FDA approval
of nivolumab for the treatment of advanced melanoma in 2015. This allowed for the collection of a minimum
6 months of patient follow-up data.

Clinical data were sourced from patient medical records and reflected the period from diagnosis of advanced
melanoma (irrespective of unresectable or metastatic diagnosis) to the most recent visit. Month and year of last
office or clinic visit were used to ensure that a representative sample of patients with advanced melanoma was
enrolled within the study period.

Physicians (medical oncologists and hematologists/oncologists) were responsible for identifying eligible patients
who met the inclusion criteria. From this pool of eligible patients, instructions were provided to randomly select
eligible patients based on the date of initiation of index treatment within the study inclusion period (1 January
2015-31 May 2016), using random month/year generator assigned each physician/site. The process was repeated
for each additional patient enrolled.

Physicians used uniform case report forms (CRFs) to extract information including patient demographics, clinical
and disease characteristics, treatment patterns, treatment-related AEs and clinical outcomes.

Study population

Inclusion criteria were adults aged 18 years or older with a diagnosis of unresectable stage III or metastatic/stage
IV melanoma prior to 1 November 2015, and initiation of a new LOT for advanced melanoma during the index
period between 1 January 2015 and 31 May 2016, irrespective of diagnosis date. The lines of therapy were restricted
to immunotherapies or targeted therapies for the treatment of advanced melanoma. Start and stop dates for each
line of therapy were identified in the patient medical chart. The 1LOT was the first immunotherapy or targeted
therapy given; the 2LOT was the second immunotherapy or targeted therapy — among others. ‘Other’ therapies are
treatments outside of the five immunotherapies or targeted therapies of interest and are defined in results section.
Complete medical history from date of diagnosis through most recent or current therapy (defined as end of data
collection period) was required for medical chart extraction. Patients were excluded if they were previously enrolled
in a cancer treatment-related clinical trial.

Study outcomes

The primary outcomes included assessment of treatment patterns and clinical outcomes. Treatment patterns
encompassed the year of treatment initiation, number of LOTs received, agent prescribed and rationale for treatment
initiation and discontinuation. Additionally, time to initiation of each LOT (time from stage I1I/stage IV diagnosis
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to 1LOT, or time from last dose of 1LOT to first dose of 2LOT), duration of treatment (time from first dose to
last recorded dose) and treatment sequence were analyzed. OS and PFS were measured from date of first recorded
therapy dose during study period to date of melanoma-related death or progression, respectively. Additional
outcomes included occurrence of grade IIT or IV AEs related to first LOT (1LOT). The proportion of patients that
experienced an AE, mean number of AEs per patient and duration of AEs were assessed.

Statistical analysis

Patient demographics, clinical characteristics, treatment patterns and AE occurrence were reported using descriptive
statistics; categorical statistics were described as frequency and proportion of the patient cohort, while continuous
statistics were summarized as mean and standard deviation. OS and PFS were estimated descriptively using the
Kaplan—Meier product limit method. Patients were censored at death, confirmed lost to follow-up or end of study,
whichever occurred first. All analysis was conducted using SAS v9.4 (SAS Institute Inc., NC, USA).

Ethics

This study was conducted in accordance with International Society for Pharmacoepidemiology (ISPE) Guidelines
for Good Epidemiology Practices and Applicable Regulatory Requirements. The study received approval from New
England Institutional Review Board on 11 January 2017.

Results

Patient characteristics

A total of 166 physicians were screened for participation in the study, of which 45 physicians provided data. A total
of 487 patients were assigned to six treatment cohorts from 45 participating "across all treatment groups, median
follow-up time from start of 1ILOT was 14.1 months (IQR: 11.0-20.3 months). Median follow-up was shortest
in the nivolumab group (12.1 months [IQR: 10.6-14.5]) and longest in the dabrafenib + trametinib group (15.7
months [IQR: 11.8-19.7])." The average age varied by 11 years between cohorts (57.1 years in nivolumab +
ipilimumab vs 68.3 years in nivolumab) but the difference was not statistically significant (Table 1). A slight male
preponderance was noted across cohorts (range: 50.0-66.7%), with the highest percentage in the nivolumab +
ipilimumab cohort and the majority of patients were white (range: 91.6-97.1%).

Charlson Comorbidity Index scores were similar across cohorts (range: 0.4-0.9). An ECOG score of 0 was
common in patients treated with nivolumab (37.7%) and nivolumab + ipilimumab (36.7%); however, most
patients had an ECOG score of 1. The majority of patients in the ipilimumab, nivolumab, nivolumab + ipilimumab
and dabrafenib + trametinib cohorts reported having private health insurance; whereas, most patients in the
pembrolizumab cohort had government-sponsored health insurance.

The majority of patients were diagnosed at a late stage (range: 50.0~79.7%); most had stage IV at diagnosis. The
most common sites for metastases were lung, lymph nodes and liver. There was one patient with a prior history
of breast cancer, and one patient with prior history of prostate cancer. Less than half of patients were tested for
PD-L1 expression; a third of patients treated with nivolumab and 41.1% of those treated with pembrolizumab
tested positive for PD-L1 expression. The majority of patients were tested for BRAF mutations, but not all who
were tested positive received a BRAF inhibitor. Of those BRAF positive, 43.5% initiated 1LOT treatment with
dabrafenib + trametinib.

Treatment patterns

Of the 487 patients, 21.8% initiated 1LOT with ipilimumab, followed by 19.5% on pembrolizumab and 17.2%
on dabrafenib + trametinib (Figure 1). The most common 1LOT in 2016 was nivolumab monotherapy (21.5%;
Figure 1). Of the 111 patients with BRAF mutations who initiated 2LOT, 29.7% received pembrolizumab,
25.2% nivolumab and 15.3% an ‘other’ type of treatment. The most common 1LOT and 2LOT treatments in
the ‘other’ cohort were vemurafenib (n = 40), temozolomide (n = 15), dacarbazine (n = 7) and vemurafenib +
cobimetinib (n = 7). The most commonly used 2LOT in 2016 was pembrolizumab monotherapy (29.2%). Of those
who received 1LOT ipilimumab monotherapy, 28.3% received 2LOT, most commonly nivolumab monotherapy
and pembrolizumab monotherapy (both 40.0%; Figures 2 & 3). Of patients who received 1LOT nivolumab
monotherapy, 11.6% received 2LOT, most commonly an ‘other’ treatment (37.5%). Of patients receiving 1LOT
nivolumab + ipilimumab treatment, only 8.3% received 2LOT, most of whom received an ‘other’ treatment
(60.0%; Figures 2 & 3). A total of 13 patients continued to 3LOT treatment. Of the 193 patients that tested BRAF
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Table 1. Patient demographic and clinical ¢

Baseline characteristics Ipi Mono Nivo Mono Nivo + Ipi Pembro Mono Dab + Tram Other (n=73)
(n = 106) (n =69) (n =60) (n =95) (n=84)

Age (years), mean (SD) 60.9 (11.4) 68.3 (12.2) 57.1(11.3) 62.6 (13.5) 62.6 (12.6) 64.9 (14.0)

Vital status: alive, n (%) 78 (73.6) 55(79.7) 50 (83.3) 73 (76.8) 61(72.6) 48 (65.8)

Male, n (%) 59 (55.7) 37 (53.6) 40 (66.7) 51(53.7) 42 (50.0) 41 (56.2)

Race, n (%):

- White 100 (94.3) 67 (97.1) 58 (96.7) 87 (91.6) 77 (91.7) 69 (94.5)

— Black or African American 4(3.8) 1(1.4) 1(1.7) 5(5.3) 2(2.4) -

— Asian 2(1.9) - - 3(3.2) 5 (6.0) 2(2.7)

— American Indian/Alaska Native - - 1(1.7) - - 1(1.4)

— Native Hawaiian/Other Pacific Islander - 1(1.4) - - - 1(1.4)

BMI, mean (SD) 26.0 (3.9) 25.8 (3.4) 28.1(5.1) 26.0 (4.1) 27.4 (5.6) 26.7 (4.9)

Charlson Comorbidity Index, mean (SD) 0.4 (0.8) 0.5 (1.0) 0.5 (0.8) 0.8(1.2) 0.8 (1.1) 0.9 (1.4)

Current primary major medical insurance, n (%):

— Private insurance’ 64 (60.4) 43 (62.3) 51 (85.0) 40 (42.1) 42 (50.0) 36 (49.3)

— Government insurance¥ 41 (38.7) 26 (37.7) 9 (15.0) 51 (53.7) 39 (46.4) 36 (49.3)

- Uninsured/unknown$ 1(0.9) 0 (0.00) 0 (0.00) 4 (4.2) 3(3.6) 1(1.4)

Diagnosed at early stage, n (%) 24 (22.6) 14 (20.3) 30 (50.0) 20 (21.1) 32(38.1) 22 (30.1)

Advanced stage, n (%):

- 1B 2(1.9) 1(1.4) 1(1.7) - - -

—-1nc 8(7.5) 3(4.3) - 7(7.4) 1(1.2) 4 (5.5)

-V 96 (90.6) 65 (94.2) 59 (98.3) 88 (92.6) 83(98.8) 69 (94.5)

Presence of distant metastasis, n (%) 96 (90.6) 65 (94.2) 59 (98.3) 88 (92.6) 83(98.8) 69 (94.5)

Metastases at diagnosis, n (%):

—Bone 14 (13.2) 16 (23.2) 11(18.3) 14 (14.7) 24 (28.6) 17 (23.3)

—Brain 10 (9.4) 6(8.7) 3(5.0) 12 (12.6) 8(9.5) 10 (13.7)

— Distant skin 18 (17.0) 10 (14.5) 8(13.3) 13(13.7) 12 (14.3) 8(11.0)

— Liver 33(31.1) 19 (27.5) 21 (35.0) 33 (34.7) 37 (44.0) 18 (24.7)

— Lymph nodes 42 (39.6) 23 (33.3) 37 (61.7) 33 (34.7) 39 (46.4) 32 (43.8)

—-Lung 68 (64.2) 53 (76.8) 45 (75.0) 61 (64.2) 59 (70.2) 48 (65.8)

— Other 2(1.9) - 2(3.3) 5(5.3) 6(7.1) 3(4.1)

ECOG score at advanced diagnosis, n (%):

-0 27 (25.5) 26 (37.7) 22 (36.7) 18 (18.9) 16 (19.0) 22 (30.1)
-1 64 (60.4) 35 (50.7) 34 (56.7) 64 (67.4) 60 (71.4) 31 (42.5)
-2 14 (13.2) 8(11.6) 3 (5.0 10 (10.5) 8(9.5) 20 (27.4)
-3 1(0.9) - 1(1.7) 2(2.1) - -

— Not assessed/unknown - - - 1(1.1) - -

LDH result, n (%):

— Elevated 42 (39.6) 32 (46.4) 28 (46.7) 43 (45.3) 51 (60.7) 30 (41.1)
— Normal 55 (51.9) 33 (47.8) 27 (45.0) 42 (44.2) 30 (35.7) 28 (38.4)
— Not assessed/unknown 9 (8.5) 4(5.8) 5(8.3) 10 (10.5) 3(3.6) 15 (20.5)
PD-L1 result, n (%):

— Positive 21(19.8) 23 (33.3) 14 (23.3) 39 (41.1) 14 (16.7) 7 (9.6)

- Negative 30(28.3) 7 (10.1) 21 (35.0) 6 (6.3) 17 (20.2) 23 (31.5)
- Not tested 55(51.9) 39 (56.5) 25 (41.7) 50 (52.6) 53 (63.1) 43 (58.9)
Started 1LOT post PD-L1 test, n (%) 51 (48.1) 29 (42.0) 35 (58.3) 45 (47.4) 31(36.9) 30 (41.1)

The table shows baseline demographic and clinical characteristics by 1LOT. Patients were primarily white, with a slight majority male. Although most patients were diagnosed with
late stage disease, the ECOG scores were relatively low (0, 1). PD-L1 testing was not as common as BRAF testing.

TPrivate insurance: Health maintenance organization, preferred provider organization and traditional fee for service.

fGovernment insurance: Medicare, Medigap, Medicaid, State Funded, Veterans Affairs.

$Uninsured: Indigent/No pay.

(-): 0; BMI: Body mass index; BRAF: B-Raf proto-oncogene; Dab + Tram: Dabrafenib + Trametinib; ECOG: Eastern Cooperative Oncology Group; Ipi: Ipilimumab; LDH: Lactic acid
dehydrogenase; Mono: Monotherapy; Nivo: Nivolumab; Nivo + Ipi: Nivolumab + Ipilimumab; PD-L1: Programmed death ligand 1; Pembro: Pembrolizumab; SD: Standard deviation.
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Table 1. Patient demographic and clinical characteristics (cont.).

Baseline characteristics Ipi Mono Nivo Mono Nivo + Ipi Pembro Mono Dab + Tram Other (n =73)
(n =106) (n=69) (n =60) (n=95) (n=284)

BRAF result, n (%):

— Positive 17 (16.0) 7 (10.1) 10 (16.9) 19 (20.0) 84 (100.0) 56 (76.7)

- Negative 80 (75.5) 53 (76.8) 49 (83.1) 68 (71.6) - 11 (15.1)

- Not tested 9 (8.5) 9 (13.0) 1(1.7) 8(8.4) - 6(8.2)

Follow-up from advanced diagnosis, mean (SD), 16.2 (7.6) 13 (6.4) 14.5 (5.2) 16.5 (7.5) 15.6 (5.7) 15.8 (7.0)

months

The table shows baseline demographic and clinical characteristics by 1LOT. Patients were primarily white, with a slight majority male. Although most patients were diagnosed with
late stage disease, the ECOG scores were relatively low (0, 1). PD-L1 testing was not as common as BRAF testing.

T Private insurance: Health maintenance organization, preferred provider organization and traditional fee for service.

fGovernment insurance: Medicare, Medigap, Medicaid, State Funded, Veterans Affairs.

SUninsured: Indigent/No pay.

(-): 0; BMI: Body mass index; BRAF: B-Raf proto-oncogene; Dab + Tram: Dabrafenib + Trametinib; ECOG: Eastern Cooperative Oncology Group; Ipi: Ipilimumab; LDH: Lactic acid
dehydrogenase; Mono: Monotherapy; Nivo: Nivolumab; Nivo + Ipi: Nivolumab + Ipilimumab; PD-L1: Programmed death ligand 1; Pembro: Pembrolizumab; SD: Standard deviation.

Table 2. Treatment time to initiation and duration by regimen and line of therapy.

Variable description Time (weeks), wean (SD)

Ipi Mono Nivo Mono Nivo + Ipi Pembro Mono Dab + Tram Other
Time to 1LOT inititation 5.4 (14.4) 6.6 (13.0) 5.1 (10.6) 8.9 (20.7) 3.3(5.0) 6.6 (13.1)
1LOT treatment duration 29.8 (32.2) 455 (22.2) 51.4 (25.5) 56.5 (27.8) 45.7 (18.5) 44.1 (26.2)
Time to 2LOT initiation from end of 1LOT 4.6 (4.4) 12.9 (16.3) 2.9(2.7) 14.0 (20.8) 12.6 (14.5) 14.7 (19.0)
2LOT treatment duration 8.5(3.3) 22.8 (16.6) 28.8 (20.2) 32.2(21.9) 35.1(20.8) 9.3(6.7)
Time to 3LOT initiation from end of 2LOT - 22.6 (10.5) - 2.4 (1.0) 2.1() 4.4(2.1)
3LOT treatment duration - 20.0 (6.3) - 11.8(12.1) 54.1(0.0) 11.9(7.9)

Patients initiated 1LOT in less than 9 weeks on average. The duration of treatment ranged from 29.8 to 56.5 weeks. For patients who initiated 2LOT, the time to initiation, from
last dose of 1LOT treatment ranged from 2.7 to 20.8 weeks and duration of treatment ranged 8.5 to 35.1 weeks.

(-): 0; 1LOT: First line of therapy; 2LOT: Second line of therapy; 3LOT: Third line of therapy; Dab + Tram: Dabrafenib + Trametinib; Ipi: Ipilimumab; Mono: Monotherapy; Nivo:
Nivolumab; Nivo + Ipi: Nivolumab + Ipilimumab; Pembro: Pembrolizumab; SD: Standard deviation.

positive, 68 (35.2%) moved to 2LOT, most commonly pembrolizumab (29.4%) and nivolumab (23.5%). There
were 91 patients who initiated BRAF + MEK combination treatment (dabrafenib + trametinib or vemurafenib
+ cobemetinib), of whom nine (9.9%) progressed to a 2LOT during the study period. Gaps between the lines of
therapy where noted but it is unclear if these gaps were intended as washout periods or due to other reasons.

30 patients who were initially diagnosed at an early operable stage before progressing had received systemic
adjuvant therapy, with the most common types being IFN-a (63.3%) followed by pegylated IFN-a (23.3%)
and ipilimumab monotherapy (6.7%). The mean time to initiation of therapy from diagnosis to first dose was
shortest for dabrafenib + trametinib (3.3 weeks) and longest for pembrolizumab monotherapy (8.9 weeks). The
mean duration of treatment for 1LOT therapy was shortest for patients treated with ipilimumab monotherapy
(29.8 weeks) and longest for patients treated with pembrolizumab monotherapy (56.5 weeks) and nivolumab +
ipilimumab (51.4 weeks) (Table 2). The duration of 2LOT therapy was shortest for ipilimumab monotherapy (8.5
weeks) and longest for dabrafenib + trametinib (35.1 weeks).

The primary reasons for 1LOT treatment choice across all therapies were improved efficacy (64.7%) and
demonstrated/documented survival benefit (46.2%). The primary reason for discontinuation across ILOT therapies
was disease progression (77.3%), which was also the most common reason for discontinuation of dabrafenib + tram-
etinib (85.7%). Drug toxicity was a commonly cited reason for discontinuation of ipilimumab monotherapy.
Reasons for 2LOT discontinuation were limited to disease progression, drug toxicity and administrative reasons.

PFS & OS

Progression-free survival

At 18 months after start of 1LOT, 72.2% of all patients had not progressed (Table 3). By the end of follow-up,
only 118, out of 487 (24.2%) of patients had progressed (Supplementary Figure 1). Median PFS was not estimable
because few patients had reached the event of interest. At 6 months post-1LOT therapy start, about 85% of
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Figure 1. Distribution of therapies used as first line of therapy (1LOT) by treatment year. The top graph shows what
percentage of patients in the cohort initiated the indicated treatment as 1LOT. Use of ipilimumab monotherapy as
1LOT became less common in 2016, while use of combination nivolumab + ipilimumab was more common in 2016
compared with previous year. The lower graph represents trends in use of treatments as 2LOT from 2015 to 2017.
Only the ‘other’ cohort showed an increase in percent of patients from 2015-2017.

Other = treatments outside of the five treatments of interest (primarily, vemurafenib, temozolomide, dacarbazine
and vemurafenib + cobimetinib).

1LOT: First line of therapy; 2LOT: Second line of therapy; Dab + Tram: Dabrafenib + Trametinib; Ipi: Ipilimumab;
Mono: Monotherapy; Nivo: Nivolumab; Nivo + Ipi: Nivolumab + Ipilimumab; Pembro: Pembrolizumab.

patients across treatment groups had not progressed. The nivolumab + ipilimumab cohort had the highest percent
of nonprogressed patients at 12 months (85.0%) and 18 months (82.7.0%) post-1LOT therapy start.

Overall survival

At 18 months after start of 1LOT, 72.6% of patients were still alive (Table 3). By the end of follow-up, 25.1%
of patients had died (Supplementary Figure 2). As a result, median OS was not estimable because few patients
had reached the event of interest. At 12 months post-1LOT therapy start, the percent of patients still alive was
highest in the nivolumab + ipilimumab group and lowest in patients treated with ipilimumab monotherapy. At 18
months, the percent of patients still alive was highest in the nivolumab + ipilimumab group and lowest in patients
treated with ‘other’ therapy.
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Figure 2. Treatment patterns of patients that initiated second line of therapy (BRAF mutation). The Sankey diagram
shows the flow of patients from 1LOT to 2LOT. The width of the lines is proportional to the number of patients. Of
patients with a BRAF mutation who progressed to 2LOT, 57% initiated dabrafenib + trametinib, before moving to
pembrolizumab, nivolumab + ipilimumab or nivolumab monotherapy, primarily.

1LOT: First line of therapy; 2LOT: Second line of therapy.

Table 3. Progression-free survival and overall survival from start of first line of therapy.

Survival time Ipi Mono Nivo Mono Nivo + Ipi Pembro Mono Dab + Tram Other

Progression-free survival, % (95% Cl)

6 months 85.8(79.3-92.7) 88.3 (81.0-96.3) 93.3 (87.2-99.9) 90.5 (84.8-96.6) 92.8 (87.4-98.5) 93.0 (87.3-99.1)
12 months 76.1 (68.3-84.7) 83.6 (75.1-93.0) 85.0 (76.4-94.5) 82.6 (75.2-90.8) 77.8 (69.3-87.4) 80.4 (71.3-90.7)
18 months 70.0 (61.1-80.2) 68.8 (50.6-93.5) 82.7 (73.4-93.2) 77.8 (69.3-87.4) 72.7 (62.4-84.6) 62.3 (49.5-78.3)
Overall survival, % (95% CI)

6 months 88.6 (82.7-94.9) 87.0 (79.4-95.3) 93.3 (87.2-99.9) 92.6 (87.5-98.0) 95.2 (90.8-99.9) 93.2 (87.5-99.1)
12 months 77.6 (69.9-86.1) 77.9 (68.2-89.1) 86.6 (78.3-95.7) 81.4 (73.8-89.8) 79.5 (71.3-88.7) 78.8 (69.7-89.0)
18 months 71.6 (62.8-81.7) 77.9 (68.2-89.1) 81.8 (70.4-95.0) 74.0 (64.5-84.8) 72.6 (63.0-83.7) 65.0 (53.3-79.3)

The progression free survival rate was highest at 6, 12 and 18 months for patients who initiated 1LOT with nivolumab + ipilimumab. The OS rate at 6 months was highest for
patients who initiated 1LOT with nivolumab + ipilimumab; although, it was very similar to pembrolizumab and dabrafenib + trametinib. At 12 and 18 months OS was clearly higher
for patients who initiated 1LOT with nivolumab + ipilimumab.

1LOT: First line of therapy; Dab + Tram: Dabrafenib + Trametinib; Ipi: Ipilimumab; Mono: Monotherapy; Nivo: Nivolumab; Nivo + Ipi: Nivolumab + Ipilimumab; OS: Overall survival;
Pembro: Pembrolizumab.

Adverse events

Of patients treated with 1LOT, 25.1% had a documented AE recorded in their chart. Patients treated with
nivolumab monotherapy had the fewest documented AEs (11.6%), while patients on combination therapies had
the highest number of documented AEs (Table 4). Across treatment cohorts, there was little variance in the average
number of reported AEs per patient (range: 0.1-0.8 AEs). Rash, fatigue and diarrhea were the most commonly
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1LOT 2LOT
100+
5 (12%) Nivo + ipi 4 (10%) Nivo + ipi
2 (5%) Other
80 10 (24%) Other
60—
9
40—+
24 (59%) Ipi mono
20 11 (27%) Nivo mono
|
0 3 (7%) Ipi mono

I Ipi mono M Nivo mono [ Pembro mono [l Other [l Nivo + Ipi|

Figure 3. Treatment patterns of patients that initiated second line of therapy (wild-type BRAF). The Sankey diagram
shows the flow of patients from 1LOT to 2LOT. The width of the lines is proportional to the number of patients. Of
patients with a BRAF mutation who progressed to 2LOT, 59% initiated ipilimumab monotherapy before moving on to
pembrolizumab or nivolumab monotherapy, primarily.

1LOT: First line of therapy; 2LOT: Second line of therapy; Dab + Tram: Dabrafenib + Trametinib; Ipi: Ipilimumab;
Mono: Monotherapy; Nivo: Nivolumab; Nivo + Ipi: Nivolumab + Ipilimumab; Pembro: Pembrolizumab.

Representative
cohort (n = 487
patients)

Ipilimumab Nivolumab Nivolumab + Pembrolizumab Dabrafenib +
monotherapy monotherapy Ipilimumab monotherapy trametinib
(n = 106) (n = 69) (n = 60) (n=95) (n=84)

Figure 4. Distribution of patients in study by first line of therapy. The top box represents the total number of patients in the
representative cohort of patients (N = 487). Lower boxes represent the number of patients who initiated the indicated treatment as first
LOT.

documented AEs for patients overall, but this varied by therapy. In general, few patients discontinued 1LOT due
to AEs (9.0%).
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Table 4. Common adverse events.

Dab + Tram (n = 84) Other (n =73)

Variable description

AEs related to 1L, n (%)
AEs per patient, mean (SD)
Rash:

-n (%)

— Duration, median (days)
Fatigue:

-n (%)

— Duration, median (days)
Diarrhea, n (%):

— Duration, median (days)
Arthritis, n (%):

— Duration, median (days)
Colitis, n (%):

— Duration, median (days)

Autoimmune thyroiditis, n
(%):

— Duration, median (days)
Vomiting, n (%):

— Duration, median (days)
Pruritus, n (%):

— Duration, median (days)
Elevated LFTs, n (%):

— Duration, median (days)
Endocrinopathy, n (%):

— Duration, median (days)
Pneumonitis, n (%):

— Duration, median (days)
Dermatitis, n (%):

— Duration, median (days)
Hepatitis, n (%):

— Duration, median (days)

Ipi Mono (n = 106)

22 (20.8)
0.4 (0.7)

0(0.00)
0.00 (0.00-0.00)

5(22.7)

77.0 (44.0-96.0)
3(13.6)

42.0 (21.0- 79.0)
4(18.2)

260.5 (176.0-277.5)
5(22.7)

18.0 (14.0-19.0)
3(13.6)

97.0 (20.0-255.0)
0 (0.00)

0.00 (0.00-0.00)
1(4.5)

14.0 (14.0-14.0)
0 (0.00)

0.00 (0.00-0.00)
1(4.5)

21.0 (21.0-21.0)
2(9.1)

22.0 (12.0-32.0)
0(0.00)

0.00 (0.00-0.00)
1(4.5)

28.0 (28.0-28.0)

Nivo Mono (n = 69)

8(11.6)
0.3(0.6)

1(12.5)
44.0 (44.0-44.0)

3(37.5)

98.0 (21.0-116.0)
1(12.5)

37.0 (37.0-37.0)
1(12.5)

273.0 (273.0-273.0)
0 (0.00)

0.00 (0.00-0.00)
1(12.5)

43.0 (43.0-43.0)
0 (0.00)
0.00 (0.00-0.00)
0 (0.00)
0.00 (0.00-0.00)
0 (0.00)
0.00 (0.00-0.00)
0(0.00)
0.00 (0.00-0.00)
1(12.5)
51.0 (51.0-51.0)
0(0.00)
0.00 (0.00-0.00)
0 (0.00)
0.00 (0.00-0.00)

Nivo + Ipi (n = 60)

25 (41.7)
0.1(0.3)

7 (28.0)
21.0 (14.0- 55.0)

8(32.0)

198.0 (104.5-345.0)
4(16.0)

18.0 (11.0-40.0)
3(12.0)

385.0 (217.0-595.0)
4(16.0)

17.5 (9.0-24.5)
3(12.0)

28.0 (28.0-31.0)
1(4.0)

3.0 (3.0-3.0)
1(4.0)

30.0 (30.0-30.0)
4(16.0)

52.0 (21.5-228.0)
5 (20.0)

94.0 (42.0-217.0)
1(4.0)

42.0 (42.0-42.0)
1(4.0)

21.0 (21.0-21.0)
1(4.0)

154.0 (154.0-154.0)

Pembro Mono
(n =95)

21(22.1)
0.8 (1.1)

1(4.8)
38.0 (38.0-38.0)

6 (28.6)

288.0 (140.0-477.0)
5(23.8)

21.0 (7.0-27.0)
4(19.0)

178.5 (47.0-315.0)
1(4.8)

29.0 (29.0-29.0)
3(14.3)

43.0 (25.0-44.0)
0(0.00)
0.00 (0.00-0.00)

3(14.3)

91.0 (8.0-105.0)
0(0.00)

0.00 (0.00-0.00)
0 (0.00)

0.00 (0.00-0.00)
1(4.8)

62.0 (62.0-62.0)
1(4.8)

804.0 (804.0-804.0)
2(9.5)

29.0 (25.0-33.0)

25(29.8)
0.3 (0.6)

13 (52.0)
31.0 (20.0-281.0)

4(16.0)

280.5 (113.5-407.5)
5(20.0)

24.0 (17.0-28.0)
1(4.0)

278.0 (278.0-278.0)
1(4.0)

278.0 (278.0- 278.0)
0 (0.00)

0.00 (0.00-0.00)
2(8.0)

33.0 (20.0-46.0)
1(4.0)

31.0 (31.0-31.0)
1(4.0)

23.0 (23.0-23.0)
0 (0.00)

0.00 (0.00-0.00)
0 (0.00)

0.00 (0.00-0.00)
1(4.0)

211.0 (211.0-211.0)
0(0.00)

0.00 (0.00-0.00)

21(28.8)
0.4 (0.7)

7(33.3)
45.0 (14.0-254.0)

1(4.8)

42.0 (42.0-42.0)
6 (28.6)

18.5 (5.0- 54.0)
0(0.00)

0.00 (0.00-0.00)
1(4.8)

88.0 (88.0-88.0)
0 (0.00)

0.00 (0.00-0.00)

6 (28.6)

56.5 (2.0-72.0)
2(9.5)

24.5 (21.0-28.0)
2(9.5)

17.5 (4.0-31.0)
0 (0.00)

0.00 (0.00-0.00)
0 (0.00)

0.00 (0.00-0.00)
1(4.8)

180.0 (180.0-180.0)
0(0.00)

0.00 (0.00-0.00)

Those AEs were more frequently documented which initiated treatment with nivolumab + ipilimumab as 1LOT; although, the average number of AEs was lowest for this cohort
indicating a high number of AEs in small number of patients. The most common adverse events were rash, fatigue and diarrhea.
AE: Adverse event; Dab + Tram: Dabrafenib + Trametinib; Ipi: Ipilimumab; Mono: Monotherapy; Nivo: Nivolumab; Nivo + Ipi: Nivolumab + Ipilimumab; Pembro: Pembrolizumab;
SD: Standard deviation; LFT: Liver function tests.

Discussion

Our findings showed that a wide range of therapies were used in the treatment of advanced melanoma from 2015
through 2016/2017 and were in line with treatment guidelines at the time [19]. The most common index treatment
was ipilimumab monotherapy (21.8%), which is expected given that it was the first approved immunotherapy
in this indication. The current treatment guidelines; however, recommend use of nivolumab + ipilimumab
over ipilimumab monotherapy as 1LOT therapy (20, which was observed in the data. The use of ipilimumab
monotherapy as 1LOT decreased significantly during the observation period; beginning in late 2015, the incidence
of nivolumab monotherapy and nivolumab + ipilimumab as 1ILOT increased. Interestingly, the use of dabrafenib
+ trametinib as ILOT decreased around the same time. Very few patients (<3% for any therapy) had a change in
dosing (i.e., delayed treatments, increase or decrease in dose amount), but the duration of therapy was longer than
what has been reported in other studies [21,221. Comparison is difficult; however, since these studies used claims
data through 2012 and 2013, respectively, and only had data for ipilimumab and vemurafenib.

Patients included in the analysis were, on average, older than 60 years, which is consistent with disease epidemi-
ology. The population was fairly evenly split between males and females, although a lower proportion of females
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received nivolumab + ipilimumab as 1LOT. Patients had few comorbid conditions. Most patients had private
health insurance or government insurance, so access to medications was not a concern. There were few differences
between the cohorts overall.

Efficacy was slightly higher than what has been observed in clinical trials [10,12,14,17,23-26]. Larkin ez al. [10]
showed median PES of 6.9 months for nivolumab monotherapy, 11.5 months for nivolumab + ipilimumab and
2.9 months for ipilimumab monotherapy. Similarly, Flaherty ez al. (1] showed median PFS of 9.8 months for
dabrafenib + trametinib. Long ez al. [12] showed median PFES of 9.3 months for dabrafenib + trametinib and 8.8
months for dabrafenib alone. In the two Phase III clinical trials of pembrolizumab, median PES ranged from 2.7 to
5.5 months [27]. The differences in observed PFS and OS are likely due to the fact this patient population tended
to be younger (62.7 years) and with good performance status (ECOG 0 or 1). Multiple treatment options with
varied targets as effective and viable 2LOT options may have also contributed to longer survival times than in older
clinical studies. It should also be noted that due to the relatively short observation window, there was a significant
amount of right censoring in the survival analysis.

AEs were not frequently documented in the medical chart, indicating that a low number of patients experienced
a reportable AE during treatment, particularly grade IIT or IV events. The most common AFEs (rash, diarrhea,
colitis and arthralgia) were consistent with the clinical trial data [10-14,23-26,28-30]; however, the proportion with a
documented AE or serious AE (SAE) was lower. It is possible that common or expected AEs were not documented in
the medical chart as part of routine practice and were therefore unreported in this chart review study. Nonetheless,
it is reassuring that the rate of clinically significant toxicities in the real world, particularly with nivolumab +
ipilimumab, is not greater than what has been reported in clinical trials.

Study strengths and limitations

The strengths of the study included the fact that retrospective chart reviews are an efficient, reliable and verifiable
method of data collection. Medical charts are often the best sources of information for documentation of cancer
treatments and clinical outcomes. This study filled a gap in existing knowledge of current treatment patterns and
clinical outcomes among patients diagnosed with unresectable (stage III) and/or metastatic (stage IV) melanoma
who have received 1LOT immunotherapy. The stratified random selection by invitation of study physicians,
planned number and geographic distribution of physicians, and robust samples of patient chart data that were
collected in this study provided a rich, detailed dataset for analyses and hypothesis generation.

It should be noted that the study results are projectable within the 95% confidence level to the population of
melanoma-treating oncologists and the treatment of unresectable (stage III) and metastatic (stage IV) melanoma.
Another limitation is that treatment patterns represent only the practices of physicians who agreed to participate
in the study and may vary from nonresponding physicians (i.e., those who refused to participate in the study
and/or those who failed to complete the patient case report forms on time). An exploratory analysis was conducted,
stratifying patients by the physicians practice setting. Physicians were asked to self-report their clinic setting as
Academic (12), Community (11) or Academic and Community (3); 19 sites did not self report. At least 66.7%of
centers reported following treatment guidelines or protocols, regardless of setting. Use of immunotherapies was
similar across all practice settings. It was noted that dabrafenib + trametinib was less common in academic only
settings (66.7), and ipilimumab and nivolumab monotherapies were less common in academic and community-
based settings. Academic and community-based settings were also more likely to interrupt drug dosing in response
to AEs.

Patient characteristics not included in the data set such as income or other family-related variables may influence
the prescribing behavior but cannot be accounted for. While the potential for missing data was considered during
study design and steps were taken to address these issues before study implementation, introducing multidomain
preventive strategies during the pilot testing and implementation phases of this study means that missing data may
still occur. For example, the death of a patient might not always be included in the patient chart.

Because of the nature of this chart review study, all clinical outcomes could be influenced by measurement error.

It was not feasible to measure the overall response rate or duration of response due to the short observation
window. Future research should allow for a longer follow-up to adequately observe the duration of response.

Conclusion
The results from this retrospective chart review provide insights into the care of patients with unresectable (stage
III) and metastatic (stage IV) melanoma in the era of immunotherapy and targeted therapies. These results differ in
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some areas from clinical trial results, as our data represents actual clinical practice with broad selection criteria and
no mandated study procedures or monitoring. Treatment selection evolved over the study period as new treatment
options became available. Patient outcomes are much improved compared with historical data in this population,
with the highest numerical PES and OS being seen in patients who received nivolumab + ipilimumab combination.
The rate of clinically significant (i.e., grade III to V) AEs reported in patient charts is in line with expectations.
Future research should assess patient outcomes over a longer follow-up period.

Future perspective

Targeted therapies and immunotherapies are changing treatment patterns and improving outcomes for patients
with unresectable stage III and stage IV melanoma. These treatments are still relatively new to the market and long
term PFS and OS data is not yet available in a real-world setting. Additional follow-up assessing survival would be
a benefit to patients and clinicians.

Summary points

e This study fills a gap in existing knowledge of current treatment patterns and clinical outcomes among patients
diagnosed with unresectable (stage Ill) and/or metastatic (stage IV) melanoma who have received first line of
therapy (1LOT) immunotherapy.

e The most common 1LOT treatment in 2015 was ipilimumab (27.5%), which was surpassed by nivolumab (21.5%)
in 2016.

e A quarter of patients received 2LOT treatment; the most common were pembrolizumab monotherapy,
nivolumab monotherapy, and ‘other’ therapy (e.g., vemurafenib monotherapy or combination therapy,
temozolomide and dacarbazine).

e Among BRAF-positive patients, more than a third received 2LOT, commonly pembrolizumab or nivolumab.

e Across LOTs, improved efficacy and demonstrated/documented survival benefit were the primary reasons for
treatment choice, while disease progression and drug toxicity were common reasons for treatment
discontinuation.

e By the end of follow-up, 27.8% of patients had progressed, with the nivolumab + ipilimumab cohort having the
highest number of patients who had not progressed.

e Over a quarter of patients had died by the end of study follow-up. Nivolumab + ipilimumab had the highest
percent of survivors.

e A quarter of patients treated with 1LOT had an adverse event (AE) documented in their chart and patients on
combination therapy had the highest number of documented adverse events.

e Although treatment selections evolved over the study period, treatment outcomes were much better than
historical data and reflect real-world outcomes as opposed to more restricted clinical trials.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at:
https://www.futuremedicine.com/doi/suppl/10.2217/cer-2019-0003
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