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ABSTRACT
Background: Approximately 50% of melanomas harbor BRAF mutations. Treatment with BRAF C/¡ MEK
inhibition is associated with favorable changes in the tumor microenvironment thus providing the
rationale for combining targeted agents with immunotherapy.
Methods: Patients with unresectable Stage III or IV BRAFV600E mutant melanoma were enrolled in a single-
center prospective study (n D 6). Patients were eligible to receive two courses of HD-IL-2 and vemurafenib
twice daily. The primary endpoint was progression-free survival (PFS) with secondary objectives including
overall survival (OS), response rates (RR), and safety of combination therapy as compared to historical
controls. Immune profiling was performed in longitudinal tissue samples, when available.
Results: Overall RR was 83.3% (95% CI: 36%–99%) and 66.6% at 12 weeks. All patients eventually
progressed, with three progressing on treatment and three progressing after the vemurafenib
continuation phase ended. Median PFS was 35.8 weeks (95% CI: 16–57 weeks). Median OS was not
reached; however, the time at which 75% of patients were still alive was 104.4 weeks. Change in
circulating BRAFV600E levels correlated with response. Though combination therapy was associated with
enhanced CD8 T cell infiltrate, an increase in regulatory T cell frequency was seen with HD-IL-2
administration, suggesting a potential limitation in this strategy.
Conclusion: Combination vemurafenib and HD-IL-2 is well tolerated and associated with treatment
responses. However, the HD-IL-2 induced increase in Tregs may abrogate potential synergy. Given the
efficacy of regimens targeting the PD-1 pathway, strategies combining these regimens with BRAF-
targeted therapy are currently underway, and the role of combination vemurafenib and HD-IL-2 is
uncertain.
Trial Registration: Clinical trial information: NCT01754376; https://clinicaltrials.gov/show/NCT01754376
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Introduction

In 2018, in the United States, an estimated 91,270 new cases are
expected and approximately 10,000 people will die of cutaneous
melanoma. Fortunately, the treatment of melanoma has rapidly
evolved over recent years. One of the first breakthroughs was
the discovery that high-dose interleukin-2 (HD-IL-2; aldesleu-
kin; Proleukin�) therapy was associated with durable responses
in a subset of patients with metastatic disease. Specifically, an
analysis of 270 patients treated with HD-IL-2 at the National
Cancer Institute (NCI) and other institutions between 1985
and 1993 demonstrated that this approach led to long-term
durable response in a minority (6%) of patients and an overall
response rate (ORR) of 16%.1 More contemporary cohorts

corroborate an ORR in the 15–20% range and durable benefit
(e.g. no need for further systemic therapy) in up to 10% of
patients and the 5-year overall survival approaching 25%.2,3

Over the past 15 years, improved understanding of the role
of activation of the mitogen activated protein kinase (MAPK)
pathway in melanomagenesis has led to the development of a
number of small molecule inhibitors targeting this pathway.
Activating mutations in BRAF are present in approximately
50% of advanced melanomas, with the vast majority possessing
a point mutation at codon 600 (V600E being the most com-
mon), resulting in constitutive activation of the MAPK
pathway.4,5 The resultant unopposed, constitutive activation of

CONTACT Ryan J. Sullivan, MD rsullivan7@partners.org 32 Fruit Street, Yawkey 7B, Boston, MA 02114–2696.

Supplemental data for this article can be accessed on the publisher’s website.
yCurrently at the Department of Dermatology, Brigham and Women’s Hospital, Boston, MA.
zCurrently at MedImmune, Gaithersburg, MD.
© 2018 Taylor & Francis Group, LLC

ONCOIMMUNOLOGY
2018, VOL. 7, NO. 5, e1423172 (8 pages)
https://doi.org/10.1080/2162402X.2017.1423172

https://crossmark.crossref.org/dialog/?doi=10.1080/2162402X.2017.1423172&domain=pdf&date_stamp=2018-04-12
https://clinicaltrials.gov/show/NCT01754376
mailto:rsullivan7@partners.org
https://doi.org/10.1080/2162402X.2017.1423172
https://doi.org/10.1080/2162402X.2017.1423172


extracellular signal-regulated kinase (ERK) leads to the promo-
tion of cellular growth, opposition of apoptosis, and transforma-
tion into melanoma.6 The reliance on this pathway, however,
also renders mutated cells susceptible to inhibition.7,8 The potent
and selective BRAF inhibitors, vemurafenib and dabrafenib, have
proven effective in the treatment of BRAF mutant melanoma,
with improved progression-free (PFS) and overall survival (OS)
in patients with advanced (unresectable Stage III or IV) disease,
compared with chemotherapy. Both vemurafenib and dabrafenib
are associated with clinical responses in 50–60% of patients,
however most responses are partial and disease progression typi-
cally occurs at a median of 5–7 months.9,10 More recently, com-
bined inhibition of BRAF and MEK has been determined to be
superior to single-agent BRAF inhibitor therapy in advanced,
BRAF mutant melanoma.11,12

An alternative combination strategy is the use BRAF-tar-
geted therapy in concert with immunotherapy. The rationale
for combination targeted–immunotherapy is based on evidence
that oncogenic BRAF contributes to immune escape and that
BRAF inhibition leads to: 1) Increased expression of melano-
cyte differentiation antigens; 2) Decreased immunosuppressive
cytokines; 3) Increased CD8C T cell tumor infiltration and
effector activity.13,14 These findings suggest that BRAF-inhibi-
tor therapy may enhance the tumor immune microenviron-
ment and set up the immune system to better recognize tumor
antigens. Additionally, these results suggest that combining
BRAF inhibitors with T-cell activators, such as HD-IL-2, may
improve patient outcome.

Methods

We conducted a non-randomized, single-center, Phase II trial
to examine the efficacy and safety of combined vemurafenib
and HD-IL-2 in patients with histologically confirmed meta-
static melanoma (unresectable Stage IIIC or Stage IV) harbor-
ing the BRAFV600E mutation. At consideration of trial
enrollment, all patients met standard eligibility requirements
for HD-IL-2 treatment, including adequate cardiopulmonary
reserve and ability to receive pressors.1 The study was per-
formed at the Massachusetts General Hospital (Boston, MA).
The protocol was written by the investigators and funded
through the investigator-initiated trials program at Prometheus
Laboratories and Roche-Genentech. The protocol was reviewed
and approved by the institutional review board and written
informed consent was obtained from each participant.

The primary endpoint was to determine efficacy, as mea-
sured by PFS, of patients with BRAFV600E mutant metastatic
melanoma treated with the combination of vemurafenib and
HD-IL-2 in comparison to an historic control of vemurafenib
monotherapy. Secondary end points included determination of
complete response (CR), partial response (PR), durable
response (DR), and overall survival (OS) as well as the toxicity
and safety profile of concurrent administration of HD-IL-2 and
vemurafenib.

Patients and eligibility

Eligible patients had histologically confirmed, unresectable
stage IIIC, IV, or recurrent malignant melanoma with a somatic

mutation in BRAFV600E confirmed using a Roche Cobas� BRAF
mutation test. Patients were eligible if they had measurable dis-
ease by RECIST 1.1 criteria,15 an Eastern Cooperative Oncology
Group performance status score of 0 or 1 and adequate end-
organ function.16 Patients could have received prior adjuvant
therapy as well as prior immunotherapy (vaccine, anti-CTLA-
4, anti-PD-1) for their advanced disease though a washout
period of 8 weeks was required prior to enrollment. Prior IL-2
or BRAF targeted therapy was not permitted. Concomitant ste-
roid use was not allowed and an 8-week washout was required
prior to enrollment. Patients with known brain metastases were
excluded, unless they had undergone definitive therapy and
were neurologically stable.

Treatment

Patients received oral vemurafenib (960 mg twice daily) for
2 weeks, and then received HD-IL-2 at 600,000 IU/kg/dose
intravenously every eight hours to tolerance (maximum
14 doses) over five days on days 15–19 of cycle 1 and again on
days 1–5 of cycle 2. A second course of HD-IL-2 could be given
at the discretion of the provider if imaging demonstrated evi-
dence of tumor stability or regression. Patients were hospital-
ized during HD-IL-2 treatment for monitoring and treatment
of adverse effects.1

Patients remained on daily vemurafenib throughout the
entirety of the HD-IL-2 course and remained on drug for the
scheduled 12-week treatment course. Patients were continued on
therapy until time of progression or in the setting of an excellent
response and mild toxicity patients were treated until 8 months of
therapy was completed. At that time a decision was made between
the patient and treating physician to stop therapy with vemurafe-
nib and follow expectantly. Treatment response was assessed
every 6 weeks for the first 6 months, then every 12 weeks.

Correlative studies

Longitudinal tumor biopsies from easily accessible lesions were
performed before treatment, 1–2 weeks into treatment with
vemurafenib, 1 week into treatment with HD-IL-2, and at time
of recurrence, when feasible (Supplementary Table 1). For
those in whom excess tissue was available, histologic and
molecular characterization of the tumor was performed to
assess immune response. Circulating blood BRAF levels were
followed in evaluable patients as described.17

Circulating BRAF levels

Exploratory biomarkers of response and resistance were also
studied including quantification of circulating BRAF pre-treat-
ment, on-treatment and at study conclusion. Evaluable patients
had a minimum of three plasma samples evaluated. The mutant
allele frequency of BRAF at the given time points were obtained
using droplet digital PCR. Cell free DNA (cfDNA) was
extracted from plasma using the QIAamp Circulating Nucleic
Acid Kit (QIAGEN). Isolated cfDNA was amplified using
ddPCR Supermix for Probes (Bio-Rad) and BRAF (PrimePCR
ddPCR Mutation Assay, Bio-Rad) ddPCR assay. 8 ml of DNA
template was added to 10 ml of ddPCRTM Supermix for Probes
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(Bio-Rad) and 2 ml of the primer/probe mixture. This reaction
mix was added to a DG8 cartridge together with 60 ml of Drop-
let Generation Oil for Probes (Bio-Rad) and used for droplet
generation. Droplets were then transferred to a 96 well plate
(Eppendorf) and then thermal cycled. Droplets were analyzed
with the QX200TM Droplet Reader (Bio-Rad) for fluorescent
measurement of FAM and HEX probes. Gating was performed
based on positive and negative controls, and mutant popula-
tions were identified. The ddPCR data were analyzed with
QuantaSoft analysis software (Bio-Rad) to obtain Fractional
Abundance of the mutant DNA alleles in the wild-type/normal
background.

Immunohistochemistry

Immunohistochemical (IHC) studies were performed on five-
micrometer-thick tissue sections. Slides were stained with a
CD8 pre-diluted primary antibody (BioCare Medical PM395)
followed by a pre-diluted secondary antibody containing alka-
line phosphatase conjugated goat anti-rabbit (BioCare
RALP525). CD8 slides were developed using Warp Red chro-
mogen kit (BioCare WR806). All slides were counterstained
with hematoxylin (Vector H-3401). Areas with the most abun-
dant inflammatory cells (within the lesion and surrounding the
lesion) were selected. Photomicrographs were taken of three
40X high power fields. The CD8 cells were scored by a dedi-
cated and blinded dermatopathologist and reported as counts
per high power field (HPF).

Flow cytometric analyses of TILs

A tumor infiltrating lymphocyte (TIL) enrichment protocol
was used. Tumors were cut, placed in Collagenase Type I
(400 U/ml, Worthington Biochemical) and incubated on a
shaker at 37�C for 30 minutes. The dissociated tumor was then
smashed through a 70 mm filter to obtain a single cell suspen-
sion. A sucrose gradient (40%/70% Percoll, GE Healthcare) was
used to enrich for TILs from the single cell suspension. Unsti-
mulated human TILs were stained with the following directly
labeled antibodies: anti-CD45 (HI30), anti-CD11b (ICRF44),
anti-CD3 (HIT3a), anti-CD4 (OKT4) and anti-CD8a (HIT8a;
all from Biolegend). Cells were fixed and permeabilized using
the FoxP3 buffer kit (eBioscience) and stained with anti-FoxP3
(PCH101, eBioscience). Flow cytometry data were acquired on
the BD LSRII flow cytometer and analyzed using FlowJo soft-
ware (Tree Star).

Statistical considerations

We hypothesized that combination vemurafenib and HD-IL-2
would lead to improved PFS in comparison to the historical
control of vemurafenib alone. Initial power calculations called
for a cohort size of 49 patients (calculated to provide 90%
power to detect a 50% improvement in median PFS from
7 months to 10.5 months, hazard ratio D 0.67), assuming a
one-sided, type I error of 10%, and an exponential MLE test.
However, accrual to the trial was poor in light of major changes
to the standard-of-care therapy of advanced melanoma, includ-
ing the use of combination BRAF/MEK inhibitors and the

emergence of PD-1 checkpoint blockade, the trial was closed
prematurely due to poor accrual.

In this limited cohort, response rate was calculated as the
proportion of patients with RECIST partial (PR) or complete
response (CR) divided by the total number of patients treated.
PFS and OS were calculated using the Kaplan-Meier method.
Time-to-progression was defined as the interval from begin-
ning therapy to RECIST progression or death.

Results

Manageable grade 3 adverse events occurred in all
patients treated with vemurafenib/HD-IL-2

From February 2013 through November 2013, 6 patients pos-
sessing a BRAFV600E mutation were enrolled (Table 1). The
average age at enrollment was 42 (range: 23–58) with equal
numbers of men and women. All patients had undergone surgi-
cal resection of their primary lesion and the majority (83%) had
received prior adjuvant interferon therapy before developing
metastatic disease. No patient had received prior anti-PD-1/
PD-L1 therapy.

Treatment with combination therapy was generally well tol-
erated. All patients tolerated the two-week lead-in of vemurafe-
nib without problem. Patients were eligible to receive two
courses of HD-IL-2 (two weeks of therapy per course). Three
patients received 2 courses of HD-IL-2, two patients had ther-
apy discontinued after 1 course due to progression and one
patient had therapy discontinued during course 2 secondary to
intolerance to HD-IL-2, specifically neurotoxicity (Table 2).
Common toxicities observed included fatigue, arthralgia, rash,
nausea, diarrhea and capillary leak syndrome. A total of 45
adverse effects (AE) and 23 grade 3–4 AEs were detected
(Table 3). All patients experienced grade 3 toxicities` however
these were successfully managed with supportive care, dose
reductions and delays. There was one documented grade 4 AE
of delirium that resulted in discontinuation of HD-IL-2.

Patients received an average 20 out of 28 doses (70%) of
HD-IL-2 during course 1. Two patients progressed after course
1 and did not continue on trial. Of the 4 patients who com-
menced course 2, the average dose administration declined to

Table 1. Patient demographics.

Characteristic Patient number (%)

Sex
Male 3(50)
Female 3(50)

Average age in years 42 (range 23–58)
Brain metastasis present 1 (17)
ECOG Status
0 3 (50)
1 3 (50)

Stage
IVM1a 2 (33)
IVM1b 3 (50)
IVM1c 1 (17)

Previous Treatments
Surgery 6 (100)
Adjuvant interferon-alfa 5 (83)

�All patients with adequate organ function, adequate cardiopulmonary reserve.
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15/28 doses (54%). In total, patients received 33/56 (55%) pos-
sible doses of HD-IL-2.

High response rates are observed in patients treated
with vemurafenib/HD-IL-2

The confirmed systemic ORR was 83.3% (95% CI: 36% to 99%)
with a confirmed systemic ORR at 12 weeks of 66.6%. At
12 weeks, three patients had a PR, one had a CR and two
showed PD. A patient with subcutaneous disease, not evaluable
on scans, clinically responded with resolution of palpable nod-
ules. Two patients progressed while on the active HD-IL-2
phase of therapy, evident on scans obtained after the second
week of the first course of HD-IL-2. One patient developed
CNS progression alone whereas another patient progressed
both intra- and extra-cranially (Figure 1A).

At the time of analysis, the median duration of follow-up
was 146.4 weeks (95% CI: 143.1 to 158.7 weeks, Figure 1B) with
a median PFS of 35.8 weeks (95% CI: 16–57 weeks, Figure 1C)
with the death rate in these data being 50% (95% CI: 12% to
88%, Figure 1D). Median OS was not reached; however, the

time at which 75% of patients were still alive was 104.4 weeks
(Figure 1D).

Change in BRAFV600E levels in cfDNA correlates
with response in patients treated with vemurafenib/HD-IL-2

Four patients were evaluable for serial BRAFV600E cfDNA analy-
sis (Figure 2). Notably, change in BRAFV600Elevels in cfDNA cor-
related with treatment response. The allelic frequency of the
BRAFV600E mutation decreased in two patients (4, 5) who
responded to therapy. The most dramatic reduction was seen in
patient 5 who at treatment initiation had a mutant allelic fre-
quency of 40% which decreased to 8% after week one of the
vemurafenib lead-in with undetectable levels after completion of
HD-IL-2 therapy. These values correlated with radiographic
response with scans demonstrating a 73% reduction in disease
from baseline. Levels of the mutant allele rose in patient 6 shortly
after study initiation. Though first follow-up scans demonstrated
a PR, subsequent imaging one month later demonstrated interval
worsening of thoracic tumor burden. Interestingly, pt 2 had
undetectable levels of BRAFV600E at treatment initiation, which
was attributed to the low volume of burden of disease. Despite
an early response, this patient ultimately progressed with scans
demonstrating progressive lymphadenopathy with a concomitant
rise in circulating BRAFV600E levels.

Concurrent increase of CD8 T cells, regulatory T cells
and myeloid cells is observed in patients treated with
vemurafenib and HD-IL-2

We performed immune profiling in longitudinal tissue samples
from a subset of patients on trial with accessible tumor at pre-
treatment, early following vemurafenib initiation, as well as
early following combination therapy (n D 6 biopsies in 2
patients). We first performed IHC to study the CD8 T cell infil-
trate, and observed that CD8 numbers increased slightly when
patients were treated with vemurafenib, but significantly when
vemurafenib was combined with HD-IL-2 (Figure 3A-D). In
order to better characterize the immune infiltrates in these
tumors and considering the effect of IL-2 in inducing regula-
tory T cells (Treg) in prior works,18,19 we performed flow
cytometry to assess the presence of Tregs over the course of
therapy. We observed that, although frequency of Tregs was
low at baseline and vemurafenib had no effect on these cells,
the combination of vemurafenib with HD-IL-2 led to a 2-fold

Table 2. HD-IL-2 administration.

C1 C2

Patient C1W1 C1W2 C1 total doses (%) C2W1 C2W2 C2 total doses (%) Total doses (C1CC2)

1 13 5 18 (64) 0 0 0(0) 18 (32)
2 14 10 24 (86) 7 8 15(54) 39 (70)
3 10 7 17 (61) 9 9 18(64) 35 (63)
4 10 9 19 (68) 10 7 17(61) 36 (64)
5 12 9 21(75) 11 0 11(39) 32(57)
6 13 10 23(82) 0 0 0(0) 23(41)
Average 20 (73) 15 (54)* 31(55)

10 (36)

�Calculation based on the patients who were eligible to receive treatment (i.e. those that did not progress after course 1).

Table 3. Adverse effects.

Grade 3–4 (%) All grade
AE Category N D 6 N D 6

Constitutional
�Fatigue 5 (83) 6 (100)
�Arthralgia/Myalgias 3 (50) 5(83)

Dermatologic
�Rash/Erythroderma 2 (33) 5 (83)

Cardiac
�Sinus tachycardia 0 (0) 1(17)

Hepatic
�Transaminitis 1 (17) 2 (33)
�Hyperbilirubinemia 0 (0) 2 (33)

Renal
�Acidosis 1 (17) 1(17)
�Acute kidney injury 1 (17) 2(33)

Neurologic
�Headache 0 (0) 1 (17)
�Cognitive disturbance/delirium 2 (33) 3(67)

Hemodynamic
�Capillary leak syndrome/hypotension 4 (67) 5(83)

Gastrointestinal
�Mucositis 0 (0) 2 (33)
�Nausea/Vomiting 1 (17) 5 (83)
�Diarrhea 1 (17) 2 (33)

Hematologic 1 (17) 1 (17)
Infectious 1 (17) 1 (17)
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increase in the frequency of these cells (Figure 3E-H).18 Finally,
we investigated the effect of combination therapy on myeloid
cells by performing flow cytometry for CD11b. These studies
revealed that, although limited in pre-treatment samples, mye-
loid cells increased 5-fold in presence of vemurafenib, and lev-
els remained high when vemurafenib was combined with HD-

IL-2 (Figure 3I-L).20 In summation, these results suggest that
although combination therapy may have beneficial effects on
the infiltration of CD8 T cells, these effects may be dampened
by concomitant expansion of immunosuppressive cell types
such as Tregs and myeloid cells, partially due to HD-IL-2
administration.

Figure 2. BRAFV600E mutant allele frequency in cfDNA following combination vemurafenib and HD-IL-2. Double Y scatter plot comparing the percentage BRAF mutant
allele frequency (blue) with % change in scans (per RECIST, red) over time. At day 0 all patient started the 2week lead-in of vemurafenib. Dotted line along X axis indicates
the duration of therapy.

Figure 1. Clinical Data and Response. A) Waterfall plot showing the % change in tumor size based on CT imaging assessment by RECIST1.1. B) Swimmers plot demonstrat-
ing progression-free (PFS, blue) and overall survival (OS, red) in weeks. Kaplan Meier curve showing C) the PFS and D) OS in our patient cohort.
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Discussion

We treated BRAFV600E mutation-positive patients with combi-
nation vemurafenib and HD-IL-2. This combination regimen
yielded an ORR of of 83.3% at 6 weeks and 66.6% at 12 weeks
and a median PFS of 35.8 weeks. Though initial response rates
were robust, responses were not durable as all patients eventu-
ally experienced disease progression, with three progressing
while on treatment (two during HD-IL-2 phase, one during the
vemurafenib continuation phase) and the remaining patients
progressing following the end of the vemurafenib continuation
phase. Median OS was not reached; however, the time at which
75% of patients were still alive was 104.4 weeks. Although tox-
icity was prevalent with all patients experiencing grade 3 toxic-
ity, it was manageable with most AEs treated successfully with

supportive medications and the majority of patients (67%) eli-
gible for the second cycle of HD-IL-2.

A novel aim of this study sought to examine the utility of
serial BRAFV600E cfDNA monitoring in patients receiving ther-
apy with vemurafenib and HD-IL-2. In our evaluable patients,
a higher burden of disease correlated with increased levels of
circulating BRAFV600E cfDNA and changes in BRAFV600E allelic
frequency was associated with both treatment response and dis-
ease progression. This phenomenon of rapid decrease in the
concentration of BRAFV600E cfDNA has since been reported in
patients receiving BRAF inhibitor monotherapy as well as com-
bination BRAF/MEK inhibition and has been attributed to
rapid tumor cell death and subsequent clearance of cfDNA.21-23

Based on this collective work serial monitoring of
BRAFV600E cfDNA holds promise as a monitoring tool for

Figure 3. Increased CD8 T cells, Regulatory T cells, and Myeloid cells following combination vemurafenib and HD-IL-2. A-D) Immunohistochemical staining for CD8 T cells
(red) at 20X and 40X magnification prior to therapy (A), on BRAF inhibitor prior to HD-IL-2 (B) and on combination BRAF inhibitor and HD-IL-2 (C) in two patients with
quantification of CD8 per HPF (D). E-H) Flow cytometry showing percentage of Tregs at pre-treatment (E), on vemurafenib prior to HD-IL-2 administration (F), and on com-
bination vemurafenib C HD-IL-2 (G) as well as quantification of Tregs (H). I-L) Flow cytometry showing percentage of CD11b myeloid cells at pre-treatment (I), on vemur-
afenib prior to HD-IL-2 administration (J), and on combination vemurafenibC HD-IL-2 (K) as well as quantification of CD11b myeloid cells (L).
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patients with advanced BRAF-mutant melanoma, however
further prospective studies are needed to solidify its role in
clinical practice.

To our knowledge, this is one of the first clinical trials in
unresectable or metastatic melanoma to demonstrate the
immunomodulatory effect of the concomitant BRAF inhibitor
and cytokine therapy on the tumor microenvironment using
longitudinal serial tissue biopsies. Although BRAF inhibitors
are not designed to directly activate immune anti-tumor
responses, there is evidence to indicate that therapy can
enhance anti-tumor immunity by promoting tumor antigen
expression, antigen recognition and CD8C T cell infiltration in
tumors.13,14 Our study recapitulates the hypothesis that onco-
genic BRAF contributes to immune escape and selective BRAF
inhibition can prime an immune-mediated anti-tumor
response. Additional translational efforts by our group have
confirmed that BRAF inhibition stimulates an immune
response via increasing expression of melanocyte differentia-
tion antigens, increased clonality of TILs and expansion of
CD8C T cells as well as increases in T cell cytotoxicity.14,24,25

When analyzing the longitudinal samples from our patients
with accessible tumor there was a clear increase in the CD8C T
cell infiltrate via IHC analysis after induction with vemurafenib
which recapitulates the immunogenic potential of BRAF inhibi-
tion. However, flow cytometry studies demonstrated a signifi-
cant increase in the frequency of CD11b myeloid cells
following BRAF inhibitor treatment suggesting that this treat-
ment may also lead to immune suppressive effects. Further-
more, despite the promising increase in the CD8 infiltrate, flow
cytometry results also showed a 2-fold increase in Treg fre-
quency induced by combination with HD-IL-2, suggesting the
emergence of a potential resistance mechanism as a result of
this treatment strategy. This highlights a key limitation of this
specific combination; yet also corroborates prior work and
demonstrates positive immunomodulatory effects of BRAF
inhibitor monotherapy. These data support the concept of
BRAF-targeted therapy in concert with alternative immuno-
therapies, such as checkpoint inhibitors, and a number of clini-
cal trials evaluating the combination of targeted therapy
and checkpoint inhibition are currently underway. Special
attention will be focused on the sequencing and timing of these
agents as this and other data suggest that BRAF-targeted ther-
apy should be administered first to enhance antigen expression
and allow for CD8C T cell infiltration prior to checkpoint
inhibition.13,14,26

The primary limitation of our study was its small sample
size. Key reasons for limited accrual were the availability of
anti-CTLA-4, anti-PD-1 and anti-PD-L1 antibodies, as part of
clinical trials, shortly following the initiation of this trial, and
the emerging data demonstrating the superiority of combined
BRAF/MEK inhibitor therapy as the optimal BRAF-targeted
therapy. Prior to 2011, when this trial was conceived and writ-
ten, HD-IL-2 was the treatment of choice in appropriately
selected patients with metastatic melanoma because of the
potential to produce long-term treatment-free survival,17,27–29

and the ultimate goal of combined vemurafenib plus HD IL-2
was to improve the number of complete and durable respond-
ers. However, in this limited sample set, we did not identify any
such patients.

In summary, the combination vemurafenib and HD-IL-2 is
a reasonably well-tolerated regimen and associated with high
response rates. However, with the emergence of effective and
more tolerable treatment regimens it is unclear where this
combination fits into current standard treatment paradigms.

Two sentence summary

Combination vemurafenib and HD-IL-2 is well tolerated and associated
with treatment response in patients with unresectable melanoma however
our correlative data demonstrates that HD-IL-2 induced increase in Tregs
may abrogate potential synergy. Given the efficacy of regimens targeting
the PD-1 pathway, strategies combining these regimens with BRAF-tar-
geted therapy are currently underway, and the role of combination vemur-
afenib and HD-IL-2 is uncertain.
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