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Abstract

Background: The optimal treatment sequence for patients with advanced BRAF
V600 mutant melanoma is unknown. BRAF/MEK inhibition (BRAF/MEKi), single
agent anti-PD-1 (aPD-1) antibodies and combination immune checkpoint inhibition
with nivolumab and ipilimumab (niv/ipi) are all approved; however, they have not
been prospectively compared. Therefore, we sought to compare overall survival of
patients with advanced BRAF mutant melanoma treated with either front-line BRAF/
MEKi, aPD-1, or niv/ipi.

Methods: Patients with advanced BRAF mutant melanoma who had received BRAF/
MEKi, niv/ipi, or aPD-1 in the front-line setting were identified from a nationwide da-
tabase comprising de-identified patient-level structured and unstructured data derived
from electronic health records. Survival was compared using Kaplan-Meier curves
and log-rank analysis. Univariate and multivariate Cox regression models were used
to measure the effect of front-line treatment, age (>64 or not), LDH (elevated or not),
and Eastern Cooperative Oncology Group (ECOG) performance status (>1 or not)
on survival.

Results: Five hundred and sixty seven patients with advanced disease and treated
with front-line aPD-1 (n = 162), BRAF/MEKIi (n = 297) or niv/ipi (n = 108) were
identified. With a median follow-up of 22.4 months, median overall survival (OS)
for patients treated with front-line niv/ipi was not reached (NR) while median OS
for patients treated with aPD-1 or BRAF/MEKIi was 39.5 months and 13.2 months,
respectively. Front-line treatment with PD-1 and niv/ipi were associated with statisti-
cally longer survival than BRAF/MEKi in multivariate analyses.

Conclusions: In our real-world retrospective analysis, patients with advanced BRAF
mutant melanoma treated with front-line niv/ipi or aPD-1 had longer survival com-
pared to those treated with front-line BRAF/MEK:i.
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1 | BACKGROUND
Roughly half of the cutaneous melanomas have been shown to
harbor a BRAF V600 mutation.' For patients with advanced
melanoma whose cancer harbors a BRAF V600E/K (BRAF
V600) mutation, the optimal front-line treatment is unknown.
Three different combinations of BRAF/MEK inhibitors
(BRAF/MEKIi) have been shown to be effective and are ap-
proved for use in patients with BRAF mutated melanoma.”*
On the other hand, immune checkpoint inhibitors (ICI) are
FDA-approved and effective for patients whose melanoma
harbors a BRAF mutation. Therefore, it is unclear whether
targeted therapy with BRAF/MEKIi or immunotherapy should
be given in the front-line setting and whether the sequence of
these treatments impacts patient long-term survival.

Cross trial comparisons suggest that initial response
rates are higher for BRAF/MEKi compared to single agent
anti-PD-1 antibodies (aPD-1) and are similar to those for
combined checkpoint inhibition with nivolumab and ipilim-
umab (niv/ipi). However, progression free survival (PFS) at
3 years appears to be lower for patients treated with BRAF/
MEKIi (roughly 20%) as compared to those treated with sin-
gle agent aPD-1 (roughly 30%) or niv/ipi (roughly 40%).>°
Additionally, retrospective studies have suggested cross re-
sistance to ICI after progression on BRAF/MEKi.” In this
multicenter retrospective review, the median PFS for pa-
tients treated with front-line aPD-1 therapy was 10.8 months.
However, for those who received aPD-1 antibody after pre-
viously progressing on BRAF/MEKi, median PFS was only
2.8 months. Given the unclear optimal front-line treatment
for patients with advanced BRAF V600 mutated melanoma,
we retrospectively compared the overall survival of these pa-
tients with front-line aPD-1, niv/ipi, or BRAF/MEKi.

2 | METHODS
The Flatiron Health database, a longitudinal, demographi-
cally and geographically diverse database derived from de-
identified electronic health record (EHR) data, was reviewed
for patients with advanced melanoma. The database includes
data from over 280 cancer clinics (~800 sites of care) repre-
senting more than 2.1 million US cancer patients available
for analysis. The patient-level data in the EHRs include struc-
tured and unstructured variables curated via technology-ena-
bled abstraction. Research with the database was approved
by the Copernicus Group Institutional Review Board (IRB)
and received exemption from the University of Utah IRB.
Patients with advanced, metastatic, or unresectable, BRAF
mutant melanoma who received treatment with front-line
aPD-1, BRAF/MEKI, or niv/ipi were identified. Patients with
incomplete clinical data or insufficient follow-up (less than
30 days) from initiation of front-line therapy were excluded.

Overall survival (OS) from the initiation of front-line therapy
was compared among the three groups using Kaplan-Meier
curves and log-rank tests. Known prognostic markers for mel-
anoma including age >64 years, elevated (greater than upper
limit of normal for the individual assay performed) pretreat-
ment Lactate Dehydrogenase (LDH, obtained within 30 days
of starting treatment), and elevated pretreatment performance
status (PS) (Eastern Cooperative Oncology Group [ECOG]
2 or greater, obtained within 30 days of starting treatment)
were also analyzed for their association with OS using uni-
variate models. Multivariable Cox regression analysis was
performed to compare the effect of the three treatments on
survival from the initiation of front-line therapy adjusted by
age, ECOG, and LDH. Missing values of ECOG and LDH
were categorized as one category so that observations with
missing values could still be used in multivariable analysis.

Time to next-line therapy or death (TTNTD) was selected
as a surrogate for progression free survival to analyze treat-
ment effect. TTNTD was calculated in a hierarchical matter
where for patients who received second-line systemic ther-
apy, TTNTD was calculated from the initiation of front-line
therapy to the initiation date of second-line systemic therapy.
For patients who died without receiving second-line systemic
therapy, TTNTD was calculated from the initiation of front-
line therapy to the date of death. Patients who were alive
without receiving second-line systemic therapy at the time of
analysis were censored at last known follow-up. TTNTD was
compared among the different treatment groups and prog-
nostic markers in univariate and multivariate analyses, using
the same statistical techniques for OS. Overall survival was
based on EHR documentation plus linkage to external data
sources as previously described.®

In order to assess if the difference in OS and TTNTD
noted for patients treated with ICI as compared to BRAF/
MEK:i was due a potential bias of the broad inclusion criteria
for patients within the dataset, OS and TTNTD were com-
pared for a more restrictive set of patients. For this analysis,
only patients who received the opposite or no therapy in the
second-line setting were included. Patients who received no
second-line therapy were included in the analysis in order to
respect the proportion of long-term responders for each treat-
ment, and as to not introduce an immortal time bias into the
analysis. This analysis was performed for Niv/ipi compared
to BRAF/MEKIi, and aPD-1 and BRAF/MEKi separately.
Hazard ratios for OS and TTNTD were calculated in a simi-
lar fashion as above.

3 | RESULTS

Seven thousand six hundred and fifty patients with mela-
noma were identified from the Flatiron Health database. Of
these, 2283 patients’ melanomas harbored a documented
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Front-line therapy

BRAF/MEKi niv/ipi aPD-1 P-value
Age
N (Missing) 297 (0) 108 (0) 162 (0) <.001*
Median (IQR) 60 (51-69) 56 (49-65) 66 (53-77)
N (Missing) 162 (135) 74 (34) 91 (71)
LDH value
Mean(SD) 507.69 (884) 311.77 207)  293.01 (314) .002*
Median(IQR) 271 (184-492) 218 191
(172-397) (167-309)
N (Missing) 297 (0) 108 (0) 162 (0)
Total Number of therapies
received
Mean(SD) 1.5 (0.79) 1.4 (0.82) 1.5 (0.75) .180°
Median 1 1
Range 1-5 1-5 1-4
Patient alive as last follow-up
No 160 (53.9%) 25 (23.2%) 52 (32.1%)
Yes 137 (46.1%) 83 (76.9%) 110 (67.9%) <.001°
Second-line therapy received
No 190 (64.0%) 78 (72.2%) 96 (59.3%)
Yes 107 (36.0%) 30 (27.8%) 66 (40.7%) .093°
aPD-1
N 45 0 0
Niv/ipi
N 21 0 4
BRAF/MEKi
N 8 30 33
Other
N 33 0 29
Elevated ECOG
ECOG >1 32 (10.8%) 5 (4.63%) 13 (8.02%)
ECOG <1 137 (46.1%) 61 (56.5%) 99 (61.1%) 014°
Missing ECOG 128 (43.1%) 42 (38.9%) 50 (30.9%)

*Kruskal-Wallis test.
bChi—square.

BRAF V600 mutation, and 1356 of these patients had doc-
umentation of systemic therapy for advanced disease at the
clinical sites. Seven hundred and seven patients received
front-line treatment with a regimen other than BRAF/
MEKIi, aPD-1, or niv/ipi, and 81 patients were excluded
due to insufficient data or follow-up. Two hundred and
ninety seven were found to have received treatment with
front-line BRAF/MEKIi (n = 35 vemurafenib/cobimetinib,
n = 262 dabrafenib/trametinib), while 162 patients received
treatment with front-line aPD-1 (n = 69 nivolumab, n = 93

pembrolizumab), and 108 patients received treatment with
front-line niv/ipi.

For the patients included in our analysis, the median patient
was 62 years of age with an ECOG performance status of 1 and
an LDH of 279 units/liter. Patients treated with front-line aPD-1
had a higher median age (66 vs 60 and 56 for BRAF/MEKi
and niv/ipi, respectively), while patients treated with front-line
BRAF/MEK:i had a higher median pretreatment LDH (271 vs
218 and 191 for niv/ipi and aPD-1, respectively) and were more
likely to have an elevated PS (32% vs 5% and 13% for niv/ipi
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FIGURE 1 Overall survival of patients with advanced BRAF

V600 Mutated Melanoma according to front-line treatment

and aPD-1, respectively) (Table 1). There was no significant
difference in the total number of systemic therapies that those in
each treatment group received. At the time of analysis, patients
treated with front-line BRAF/MEKIi were less likely to be alive
at the time of analysis.

With a median follow up of 22.4 (interquartile range
[IQR] 10.3-32.7) months (m), the median OS for all
treated patients was 19.3 m (IQR 6.2-51.1 m). Median
OS for patients treated with front-line niv/ipi was not
reached (NR) (IQR 8.7 — NR), while median OS for pa-
tients treated with front-line aPD-1 and BRAF/MEKi was
39.5 months (IQR 8.7-NR) and 13.2 months (IQR 5.2-41.4)
(Figure 1). In univariate models of OS, front-line treat-
ment with niv/ipi (P < .001), age < 65 years (P = .007),
ECOG 0-1 (P < .0001), and non-elevated pretreatment
LDH (P < .0001) were all associated with increased OS.
Multivariate Cox regression analysis confirmed that these
variables were associated with OS (Table 2). After adjust-
ment for LDH, PS, and age, front-line treatment with both
aPD-1 and niv/ipi were associated with prolonged OS com-
pared to front-line treatment with BRAF/MEKi. Although

there was a trend towards prolonged OS for those treated
with front-line niv/ipi compared to aPD-1 after adjusting
for prognostic variables, the difference was not statistically
significant (HR 0.77, 95%CI 0.47-1.26).

Median TTNTD for all treated patients was 8.6 months
(IQR 3.6-24.8). Median TTNTD of patients treated with
front-line niv/ipi was 14 months (IQR 3.6-NR) while me-
dian TTNTD for patients treated with front-line aPD-1 and
BRAF/MEKi was 8.6 months (IQR 2.8-NR) and 8 months
(IQR 3.9-16.1), respectively (Figure 2. In univariate mod-
els of TTNTD, front-line treatment with niv/ipi (P = .009),
ECOG 0-1 (P = .02), and normal pretreatment LDH
(P = .0001) were associated with increased TTNTD. No
difference in TTNTD was noted for patients according to
age < 65 (P = .6). Multivariate Cox regression analyses
confirmed front-line treatment with niv/ipi and normal
pretreatment LDH as statistically significant markers of
TTNTD (Table 3). After adjusting for other prognostic fac-
tors, only elevated pretreatment LDH was associated with
differences in TTNTD. However, there was a trend toward
improved front-line treatment with niv/ipi as compared to
front-line BRAF/MEKi, HR 1.48 95%CI 1.06-2.07. No dif-
ference was noted in the TTNTD for patients treated with
front-line aPD-1 as compared to BRAF/MEKi, HR 1.08
95%C1 0.83-1.41.

In our sensitivity analysis, using a selected patient pop-
ulation with restriction of second-line therapy, multivariate
Cox regression confirmed the decreased likelihood of OS for
patients treated with front-line BRAF/MEKi as compared
to those treated with front-line niv/ipi (HR 2.11, 95%CI
1.34-3.3) or aPD-1 (HR 1.71, 95%CI 1.15-2.55).

4 | DISCUSSION

In our real-world retrospective analysis, patients with ad-
vanced BRAF V600 mutated melanoma treated with front-
line niv/ipi or aPD-1 had an increased likelihood of survival
compared to those treated with front-line BRAF/MEKi. This

TABLE 2 Multivariate cox regression

P-value  Description Hazard ratio 5% C1 of treatment and prognostic variables and
Therapy .0016 BRAF/MEK:i vs niv/ipi 1.96 1.28-3.01 effect on overall survival
BRAF/MEK:i vs aPD-1 1.51 1.08-2.1
niv/ipi vs aPD-1 0.77 0.47-1.26
LDH .0009 Elevated LDH vs Missing LDH 1.36 1.01-1.84
Elevated LDH vs Normal LDH 1.99 1.39-2.85
Missing LDH vs Normal LDH 1.46 1.05-2.03
ECOG .0021 ECOG >1 vs ECOG <1 2.08 1.38-3.14
ECOG >1 vs Missing ECOG 1.84 1.22-2.78
ECOG <1 vs Missing ECOG 0.88 0.67-1.16
Age .040 Age >64 vs Age <64 1.32 1.01-1.71
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FIGURE 2 Time to next-line therapy or death of patients for
advanced BRAF V600 mutated melanomas by front-line treatment

trend persisted after adjusting for known prognostic variables
and was confirmed in both a cohort of patients who received
any second-line therapy and a cohort in which the second-line
therapy was restricted to the opposite or no therapy. Notably,
these findings are in keeping with a recently reported retro-
spective review of 301 patients treated with either front-line
aPD-1 or BRAF/MEKi.’

In this cohort of patients with metastatic BRAF V600 mu-
tated melanoma, median OS for patients treated with front-
line niv/ipi or aPD-1 was NR and 39.5 months. This is similar
to the survival reported for patients with BRAF mutated mel-
anoma treated with Checkmate 067.'° However, the median
OS noted for patients in this study treated with front-line
BRAF/MEKIi was significantly less, 13.2 months, than those
treated on COMBI-d, roughly 24 months.'" Our reported
median OS for patients treated with front-line BRAF/MEKi
is similar to previously reported institutional experiences
with front-line dabrafenib and trametinib, 15.4 months.'?
Additionally, the TTNTD for patients treated with front-line
BRAF/MEK:i in our study, was similar to the PFS reported in
another retrospective review of patients treated with BRAF/

TABLE 3 Multivariate cox regression

. . P-value
of treatment and prognostic variables and

effect on time to next therapy or death Therapy 071

LDH .0041
ECOG .093
Age .99
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MEK:i in the front-line setting, 5.8 months."? Of note, in this
review, the authors note that 30.3% of patients treated with
front-line BRAF/MEKi had known brain metastasis and
48.5% of patients had an elevated LDH, which could suggest
a selection bias of BRAK/MEK:i for higher risk patients.

One possible explanation for the difference in our re-
ported OS and that of COMBI-D could be due to the pres-
ence of brain metastasis. Patients with active brain disease
were excluded from both COMBI-d and Checkmate 067. The
presence of brain metastasis at the time of index treatment
for patients included in this study using real-world data is
unknown. Therefore, the difference in OS for patients treated
with the different front-line therapies (aPD-1, BRAF/MEKi,
and niv/ipi) in this study could be due to an imbalance of pa-
tients with brain metastasis, or other unmeasured confound-
ers, among the groups. However, the larger than expected
difference in OS between patients treated with front-line ICI
and BRAF/MEKi could also be due to the differences in each
of these treatment's effectiveness in real-world patients who
would not have met inclusion criteria the reported prospec-
tive trials. However, a recent trial suggests similar intracra-
nial and extracranial efficacy of niv/ipi in patients with brain
metastasis.'* Although intracranial response rates appear to
be slightly less with aPD-1 alone, as compared to extracranial
response rates, responses have been shown to be long-last-
ing."” In contrast, a small phase 2 trial of dabrafenib and tra-
metinib in patients with melanoma brain metastasis showed
an initial high intracranial response rate (58%), however the
median duration of response was 6.5 months, with few long-
term responses.lf’ Therefore, we postulate that a potential rea-
son for the difference in OS between those treated with ICI
and BRAF/MEKIi in our study may be the inferior control of
Central Nervous System disease of BRAF/MEKi compared
to ICIs.

Interestingly, this study showed prolonged OS for pa-
tients treated with aPD-1 compared to BRAF/MEKIi, how-
ever, this difference was not due to a difference in TTNTD
with each of these therapies. As TTNTD for the 75th per-
centile of patients treated with anti-PD1 was not reached, it

Description Hazard ratio  95% CI

BRAF/MEKIi vs niv/ipi 1.48 1.06-2.07
BRAF/MEKi vs aPD-1 1.08 0.83-1.41
niv/ipi vs aPD-1 0.731 0.5-1.06
Elevated LDH vs Missing LDH 1.31 1.01-1.72
Elevated LDH vs Normal LDH 1.65 1.23-2.23
Missing LDH vs Normal LDH 1.26 0.97-1.63
ECOG >1 vs ECOG <1 1.42 0.98-2.06
ECOG >1 vs Missing ECOG 1.52 1.04-2.22
ECOG <1 vs Missing ECOG 1.07 0.85-1.35
Age >64 vs Age <64 0.999 0.8-1.25
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is possible that with longer follow-up, a significant differ-
ence may be observed. However, it is also possible that the
difference in OS seen between these two treated groups is
not due to the treatments themselves, but rather the tumors’
resistance mechanisms to each treatment. It was previously
shown that aPD-1 therapy is markedly less effective for
patients who had previously progressed on BRAF/MEKi.’
This has also been observed for BRAF/MEKi in patients
who had previously progressed on aPD-1 therapy, albeit
to a lesser degree. Preclinical studies have shown cross re-
sistance of BRAF/MEK:i resistance mechanisms to immu-
notherapy, one of which is upregulation of AXL."” In vivo
models have shown that the expression of AXL reduces the
effectiveness of aPD-1 therapy. Inhibition of AXL has also
been shown to sensitize tumors to aPD-1 therapy.18

There are several potential limitations of this study. As
described previously, data elements such as brain metastasis,
symptomatic disease, overall disease burden, metastasectomy,
radiation treatments, and disease burden are not readily avail-
able within the data. Therefore, we are unable to account for
certain differences among patients which could have driven
the selection of front-line therapy. Although we attempted to
control for a potential selection bias by using multivariate Cox
regression with ECOG PS, age, and elevated baseline LDH,
there was a significant proportion of patients for whom ECOG
and LDH information was lacking. Given the prognostic im-
portance of elevated ECOG and LDH, the latter of which has
recently been correlated to roughly one half to two thirds the
rate of OS at 5 years for patients treated with ICIs," it is likely
that our attempt to correct for these differences may have been
imperfect. However, we do note that the median OS for pa-
tients treated with front-line BRAF/MEKI in our study is sim-
ilar to reports of other institutional experiences,12 suggesting
against a meaningful impact proportion of patients with poor
prognosis.

S | CONCLUSIONS

In this real-world, retrospective analysis, patients with ad-
vanced BRAF V600 mutant melanoma treated with front-line
immunotherapy had longer overall survival as compared to
those treated with front-line BRAF/MEKI. Validation of these
findings is needed prior to being applied to clinical practice.
These real-world results may be validated upon completion and
reporting of an ongoing randomized phase III trial, EA6134
which assesses the efficacy of front-line niv/ipi followed by
planned second-line therapy of dabrafenib and trametinib as
compared to the opposite treatment sequence.
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