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ABSTRACT
◥

Purpose: Autophagy is a resistance mechanism to BRAF/MEK
inhibition in BRAFV600-mutant melanoma. Here we used
hydroxychloroquine (HCQ) to inhibit autophagy in combination
with dabrafenib 150 mg twice daily and trametinib 2 mg every
day (DþT).

Patients andMethods:We conducted a phase I/II clinical trial in
four centers of HCQþDþT in patients with advanced BRAFV600-
mutant melanoma. The primary objectives were the recommended
phase II dose (RP2D) and the one-year progression-free survival
(PFS) rate of >53%.

Results: Thirty-four patients were evaluable for one-year PFS
rate. Patient demographics were as follows: elevated lactate dehy-
drogenase: 47%; stage IV M1c/M1d: 52%; prior immunotherapy:
50%. In phase I, there was no dose-limiting toxicity. HCQ 600 mg
orally twice daily with DþT was the RP2D. The one-year PFS rate

was 48.2% [95% confidence interval (CI), 31.0%–65.5%], median
PFS was 11.2 months (95% CI, 5.4–16.9 months), and response rate
(RR) was 85% (95% CI, 64%–95%). The complete RR was 41% and
median overall survival (OS) was 26.5 months. In a patient with
elevated LDH (n ¼ 16), the RR was 88% and median PFS and OS
were 7.3 and 22 months, respectively.

Conclusions: HCQ þ DþT was well tolerated and produced
a high RR but did not meet criteria for success for the one-year
PFS rate. There was a high proportion of patients with pretreated
and elevated LDH, an increasingly common demographic in
patients receiving targeted therapy. In this difficult-to-treat
population, the RR and PFS were encouraging. A randomized
trial of DþT þ HCQ or placebo in patients with BRAFV600-
mutant melanoma with elevated LDH and previous immuno-
therapy is being conducted.

Introduction
BRAF andMEK inhibitors are the main targeted therapy option for

patients with BRAFV600-mutant melanoma and have improved sur-
vival when tested in the first-line setting (1). However, resistance to
BRAF and MEK inhibition remains a major problem, especially in
patients with elevated LDH.With the adoption of immune checkpoint
inhibitors as preferred adjuvant andfirst-line therapies for stage III and
stage IV melanoma, respectively (2), it is common for patients to be
treated with targeted therapies in the second- or third-line setting
where tumors are often larger andmore difficult to treat. Autophagy is
a cellular pathway where organelles and proteins are sequestered in
autophagic vesicles and degraded in the lysosome. Lysosomal degra-
dation of autophagic cargo allows for nutrient recycling, fueling
further growth of cancer cells (3). Autophagy is a major adaptive
resistance mechanism to BRAF and/or BRAF and MEK inhibition in
BRAFV600-mutant cancers (4–9). Chloroquine derivatives, such as
hydroxychloroquine (HCQ), are lysosomal inhibitors that effectively
block autophagic flux. Chloroquine derivatives are not simply weak
bases that deacidify the lysosome. In fact, they are targeted therapies
that bind and inhibit palmitoyl protein thioesterase 1 (PPT1) in the
lysosome, leading to autophagy inhibition (10, 11).We have previously
conducted clinical trials involving combinations of HCQ and cancer
drugs (12–16). These trials have demonstrated the safety of the approach
in patients with advanced solid tumor, and pharmacokinetic–
pharmacodynamic studies have demonstrated at doses of 400 mg
twice daily or above, HCQ effectively blocks autophagy in multiple
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combinations. Collectively, these preclinical and clinical findings
provided the rationale for conducting a multi-institution single-arm
phase I/II trial of dabrafenib plus trametinib and HCQ in BRAFV600-
mutant melanoma.

Patients and Methods
Patient Selection

Eligible patients were adults with stage IV or unresectable stage III
BRAF (V600E, V600K, V600R, or V600D)-mutant melanoma, mea-
surable disease by RECIST 1.1 (17), an Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1, adequate baseline organ
function [absolute neutrophil count ≥ 1.2 # 109/L, hemoglobin ≥
9 g/dL, platelet count ≥ 100#109/L, prothrombin time/international
normalized ratio and partial thromboplastin time ≤ 1.3# upper limit
of normal (ULN), total bilirubin ≤1.5# ULN, aspartate aminotrans-
ferase (AST), and alanine aminotransferase (ALT)≤ 2.5#ULN, serum
creatinine ≤ 1.5 mg/dL], and left ventricular ejection fraction (LVEF)≥
lower limit of normal by ECHO. Patients with treated brainmetastases
were allowed if they had evidence of radiographic stability (3 weeks
after gamma knife, and 2 months after whole-brain radiotherapy).
Subjects were excluded if they had leptomeningeal disease or spinal
cord compression. Any number and type of prior anticancer therapies
were allowed except BRAF or MEK inhibitors. Patients with history of
malignancy with a RAS mutation were ineligible. Patients receiving
cytochrome P450 enzyme–inducing anticonvulsant drugs were inel-
igible. For full eligibility criteria, see Supplementary Data. The study
was approved by the institutional review boards at the University of
Pennsylvania (Philadelphia, PA), Rutgers University (New Brunswick,
NJ), Washington University (St. Louis, MO), and Northwestern
University (Evanston, IL), and was conducted in accordance with
U.S. and international standards for Good Clinical Practice (FDA Title
21 part 312 and International Conference on Harmonization guide-
lines), the Declaration of Helsinki, and the Belmont Report. Written
informed consent was obtained from each patient prior to study entry.

Study endpoints
The primary objective of the phase I portion of the trial was the

recommended phase II dose (RP2D) HCQ when administered with

DþT in patients with advanced BRAFV600-mutant melanoma. The
primary objective of the phase II trial was to determine the proportion
of patients achieving one-year progression-free survival (PFS). Sec-
ondary objectives were to estimate the toxicity rates, response rate
(RR), and overall survival (OS).

Treatment plan and safety assessments
Patients were treatedwith a run-in of dabrafenib 150mgorally twice

daily and trametinib 2 mg orally daily (DþT) for one week. Patients
then started HCQ in combination with DþT in week 2. One cycle was
defined as 4 weeks of therapy to coincide with CT scanning performed
every 8 weeks (two cycles). The starting phase I dose for HCQ was
400 mg orally twice daily. Three patients were treated at the starting
dose and the dose was escalated by predetermined increments. Before
accrual to the next dose level began, all patients in each cohort
completed the first 4 weeks of combination treatment permitting
toxicities to be evaluated. The following events were considered a
DLT if they occurred in the first 4 weeks of combined DþT þ HCQ
therapy: grade 4 neutropenia with fever, grade 4 thrombocytopenia,
and any nonhematologic toxicity of grade 3 or higher that was at least
possibly treatment-related and that was refractory to supportive
measures. Treatment continued until disease progression, and con-
tinued treatment beyond progression was allowed when there was an
isolated progression that could be locally treated. For full treatment
protocol, see Supplementary Data. All subjects received echocardio-
grams at baseline and every 3 months, electrocardiograms (12-lead
ECGs) at every visit, and comprehensive ophthalmologic exams at
baseline and at the beginning of the following cycles (þ/$ one week):
cycle 2, cycle 7, and every 6 months. Ophthalmologic exams included
multimodal retinal imaging with spectral domain optical coherence
tomography (SD-OCT), fundus autofluorescence with short-
wavelength (SW), near-infrared (NIR) excitation lights, and visual
fields using Humphrey Field Analyzer and a 10–2 protocol (18). This
study utilized the Common Terminology Criteria for Adverse Events
version 4.03 for toxicity and adverse event reporting. Specific guide-
lines for dose modification for each of the three medications are
detailed in Supplementary Data.

Measurement of effect
Patients were evaluable for response if they received ≥ 4 weeks of

DþTþHCQ. Patients were reevaluated for response every two cycles.
Objective response and disease progression were evaluated by RECIST
1.1 (17) and responses were required to be confirmed by repeat scans
not less than 4 weeks following the initial response scan. Investigator
assessment of RECIST response was used to make treatment decisions
and to assess the primary endpoint. Central radiology review was also
performed by the Radiology RECIST core at the University of Penn-
sylvania with the goal of assessing the accuracy of the RR. Definitions
of clinical outcomes RR, PFS, and OS can be found in Supplementary
Data.

RNA sequencing and bioinformatics
RNA sequencing (RNA-seq) data was aligned using bowtie2 (19)

algorithm against hg38 human genome version and RSEM v1.2.12
software (20) was used to estimate read counts and RPKMvalues using
gene information from Ensemble transcriptome version GRCh38.p12.
Raw counts were used to estimate significance of differential expres-
sion difference between any two groups using DESeq2 (21). Overall
gene expression changes were considered significant if passed a FDR
<5% threshold. Genes that passed nominal significance threshold of
P < 0.05 were used for enrichment analysis using QIAGEN’s Ingenuity

Translational Relevance
Autophagy is a resistance mechanism to MAPK-targeted ther-

apy in MAPK-mutant cancers. Hydroxychloroquine (HCQ) is
FDA approved for rheumatoid arthritis and lupus, and has dem-
onstrated the ability to block autophagy in previous cancer clinical
trials. This multi-institutional trial of dabrafenib and trametinib
and the autophagy inhibitor HCQ established the safety and
activity of combining HCQ with MAPK-targeted therapy in
patients with BRAFV600-mutant melanoma. This trial had a high
proportion of patients with elevated lactate dehydrogenase (LDH)
and prior immunotherapy, reflecting the most common patient
population that gets treated with targeted therapy in the modern
era. The three-drug regimen was safe and produced high response
rates. Progression-free survival did not meet the prespecified
threshold for the entire cohort, but looked especially promising
in patients with elevated LDH and prior treatment. A national
randomized study has been launched to study this regimen further
in patients with poor prognosis BRAFV600-mutant melanoma.

The BAMM Trial in BRAF-mutant Melanoma
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Pathway Analysis software (IPA, QIAGEN Redwood City, www.
qiagen.com/ingenuity) using “Upstream Regulators” option. Regula-
tors of interest were those that passed a P < 0.05 threshold and had a
significantly predicted activation state (absolute Z-score calculated by
IPA of at least 2) with at least 15 target genes.

Statistical analysis
For the phase I study, a traditional 3þ3 escalation design was used.

The first dose cohort was HCQ 400 mg orally twice daily, and the
second dose cohort was HCQ 600mg orally twice daily. For full details
of dose escalation, see protocol. If the MTD was undefined due to lack
of DLTs, then HCQ 600 mg orally twice a day would be declared the
recommended phase II dose (RP2D). Patients were evaluable for DLT
if they completed 1 week of combined HCQ and DþT, but patients
treated with any amount of HCQwere evaluable for toxicity reporting.
Once the MTD or RP2D for HCQ combined with DþT was deter-
mined, a single-arm open-label Simon 2 stage (22) phase II trial was
conducted. The null hypothesis that 40% of patients achieve one-year
PFS (23) was tested against a one-sided alternative that 60% of patients
would achieve one-year PFS with the three-drug combination. In the
first stage, if ≤7 of 17 patients reached a one-year PFS, then the study
would be stopped. Enrollment continued while the first-stage data
matured. If >7 of the first 17 evaluable patients achieved one-year PFS,
then 24 additional evaluable patients would be accrued for a total of 41.
The null hypothesis would be rejected if >22/41 (>53%) patients were
alive and progression-free at one year. This design had a type I error
rate of 5% and power of 80% when the true proportion of patients
achieving one-year PFS was 60%. For data analyses, any variables
requiring transformation because of skewing or other violations of
distributional assumptions were appropriately transformed prior to
analysis. Overall and complete RRs and 95% exact CIs were computed.
Median and one-year PFS andOS rates were estimated by the Kaplan–
Meier method. Comparisons between subgroup survival curves were
performed by log-rank test. Analyses were performed using either
GraphPad Prism or SPSS. All P values were two-sided and P values <
0.05 were considered statistically significant.

Data sharing
Data collected for the study, including individual participant data

and a data dictionary defining each field in the set, will be made
available to others. This includes deidentified participant clinical data
andRNA-seq data. The study protocol and informed consent formwill
be made available. All of these materials will be available with publi-
cation for use by scientific colleagues that contact ravi.amaravadi
@pennmedicine.upenn.edu. RNA-seq data has been deposited in the
NCBI GEO database with accession number GSE193157. Inquiries
will be considered on the basis of their scientific merit of the request
and a signed data access agreement.

Results
Patients

Between December 5, 2014 and January 2, 2020, 50 patients were
consented. Twelve patients were excluded during eligibility screening,
mainly for occult brain metastases that required treatment. The
remaining 38 were treated and evaluable for toxicity. Four patients
did not complete 4 weeks of DþTþHCQdue to intolerable fevers and
rash typical ofDþTandwere unevaluable for response. The remaining
34 participants were evaluable for one-year PFS and response (Fig. 1).
Patients had more highly advanced stage IV melanoma than most
published pivotal studies with BRAF and MEK inhibitors alone

(Table 1). M1c or M1d disease was present in 52%, elevated serum
LDH in 47%, 50% were previously treated (all with immune check-
point inhibitors; Supplementary Table S1), and 52% had a baseline
tumor size (BTS; sum of target lesions using RECIST criteria) ≥ 5 cm.
Of note in patients with elevated serum LDH, 81% also had
BTS ≥ 5 cm. BRAFV600 mutations were characterized by next-
generation sequencing (NGS) in 50% of patients and single-gene
assay in 50%. In tumors that underwent NGS testing, 59% had
BRAFV600E as the only pathogenic mutation. BRAFV600K was
detected in tumors of 21% of patients (Supplementary Table S2).

Figure 1.
CONSORT diagram for the BAMM trial.

Table 1. Demographics.

Age, median (range) 58 (30–83)
Sex

Female 11/38 (29%)
Male 27/38 (71%)

ECOG performance status
ECOG PS 0 27/38 (71%)
ECOG PS 1 11/38 (29%)

LDH at study entry
LDH ≤ ULN 20/38 (53%)
LDH > ULN 18/38 (47%)

LDH 1–2X ULN 15/38 (39%)
LDH ≥ 2X ULN 3/38 (8%)

Stage at study entry
Unresectable stage IIIC 0/38 (0%)
Stage IV M1a 9/38 (24%)
Stage IV M1b 9/38 (24%)
Stage IV M1c 15/38 (39%)
Stage IV M1d 5/38 (13%)

No. of prior systemic therapies
0 19/38 (50%)
1 8/38 (21%)
2 9/38 (24%)
3 2/38 (5%)

Prior immune checkpoint inhibition
in patients with prior Rx 19/19 (100%)

Baseline tumor size
< 5 cm 16 (42%)
≥ 5 cm 20 (52%)
N/A 2 (6%)

Brain metastases 5/38 (13%)

Abbreviation: Rx, treatment.

Mehnert et al.
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Phase I dose escalation and phase II enrollment
Seven patients were enrolled on the phase I dose escalation portion of

this study. Three patients were treated at 400 mg orally twice daily with
no DLTs. Three patients were then treated at HCQ 600 mg orally twice
daily, the highest dose allowed by the FDA without an investigational
new drug (IND).One of the patients was noncompliant during theDLT
evaluation period but continued on study and became compliant in the
second month and was therefore evaluable for response and toxicity.
For DLT evaluation at HCQ 600 mg orally twice daily, a fourth patient
was added with no DLTs observed. Our previous pharmacokinetic–
pharmacodynamic studies of HCQ in patients with cancer have
demonstrated that across combinations, HCQ produces a remarkably
consistent pharmacokinetic–pharmacodynamic correlation (10, 11).
Doses of 400–600 mg twice daily consistently blocked autophagy in
peripheral bloodmononuclear cells. Therefore, the RP2D of HCQwas
600mg twice daily combinedwith dabrafenib 150mg orally twice daily
and trametinib 2mg orally dailywas used for the phase II portion of the
study. By August 2018, 20 patients were enrolled and 15 patients were
treated withHCQ 600 twice daily andDþT and evaluable for one-year
PFS, of which 9 had achieved one-year PFS, so enrollment onto stage II
of the phase II study was continued. In March 2020, the study was
closed due to slow accrual and the COVID-19 pandemic after accruing
a total of 34 response-evaluable patients. Combining patients from
both phases of the study, the proportion of patients achieving one-year
PFS was 44% (15/34).

Response
The investigator-assessed overall RR for the combined phase I/II

study population was 29/34 [85%; 95% exact confidence interval
(CI), 69%–95%; Table 2]. The investigator-assessed complete RR
was 14 of 34 (41%; 95% exact CI, 25%–59%). Central review of scans
was performed by the University of Pennsylvania Radiology RECIST
Core for 31 of 34 evaluable patients, and confirmed the overall RR
(Supplementary Fig. S1). For the remaining 3 patients, scans were
not retrievable for central review. The objective RR and complete RR
for response-evaluable patient subgroups were: 16 patients with
elevated serum LDH (88%, 25%), 17 with prior therapy (82%,
35%), and 18 with baseline tumor size ≥ 5 cm (89%, 33%), suggesting
that this regimen is effective at eliciting response in the most
aggressive stage IV BRAFV600-mutant melanoma cases. Waterfall
plots for the entire cohort and these subgroups further demonstrate
this finding (Fig. 2A–D). A Swimmer’s plot shows that there was a
wide variability in durability of response in patients, but patients
who were pretreated and had elevated serum LDH were among the
patients with the longest PFS (Fig. 2E).

PFS
On the basis of 34 response-evaluable patients, the one-year PFS rate

from Kaplan–Meier analysis was 48.2% (95% CI, 31%–65.5%) and

median was 11.2 months (95% CI, 5.4–16.9 months; Fig. 3A). The
median PFS for 16 patients with elevated serum LDH (7.3 months;
Fig. 3B), 17 with prior therapy (13.6 months; Fig. 3C), and 18 with
baseline tumor size ≥ 5 cm (7.8months; Fig. 3D) suggests this regimen
demonstrates efficacy in previously treated patients and patients with
elevated serum LDH. Patients who responded had a median PFS of
14.1 months and there was a nonsignificant trend toward prolonged
PFS in patients with BRAFV600E/D compared with BRAFV600K
mutation (Supplementary Fig. S2).

Overall survival
With a median follow-up of 43.6 months, the median OS was

26.5 months (95% CI, 9.3–43.7 months; Supplementary Fig. S3). The
median OS for patients with elevated serum LDH was 22.2 months;
prior therapy was 23 months; and BTS ≥ 5 cm was 22.2 months. The
3-year (47.8%), 4-year (43.3%), and 5-year (37.2%) OS rates for the
BAMM trial compare favorably to previously reported OS rates for
dabrafenib and trametinib (Supplementary Table S3; ref. 24). In
patients with elevated serum LDH in the BAMM trial 2-year (41%),
3-year (32%), 4-year (32%), and 5-year (32%) survival rates were more
favorable than previously reported (25).

Adverse events
All adverse events that were possibly, probably, or definitely

related to study medication and occurred between December 5,
2014 and December 5, 2020 are reported in Table 3. The addition of
HCQ to DþT seems to be very well tolerated, with low rates of grade
3 toxicities. Less than 10% of patients had grade 3 anorexia,
diarrhea, nausea, and constipation, symptoms associated with HCQ
but also overlapping with DþT. The most common grade 3 adverse
event attributed to DþT was fever/pyrexia (5%) and rash (13%). No
grade 3 QTc prolongation was observed in this study despite some
patients being treated with HCQ 400–600 mg twice daily for years.
There were 3 patients with lowered ejection fraction, but all were
asymptomatic. One patient discontinued MEK inhibitor and con-
tinued on dabrafenib and HCQ after lowered ejection fraction and
continued to benefit from therapy. Dose reductions were used in
65% of patients to effectively manage toxicity (Supplementary
Table S4). Mild MEK inhibitor–associated retinopathy (MEKAR)
was observed in both eyes of one visually asymptomatic patient
(01–06), although subclinical distancing of the neurosensory retina
from the retinal pigment epithelium was identified in most (17/22)
patients soon after treatment initiation, which subsided in most
(15/17) despite continued treatment, confirming earlier observa-
tions (Supplementary Table S5; Supplementary Fig. S4; ref. 18). One
patient (01–10) showed the earliest signs of HCQ toxicity after
34 months of continuous treatment with irreversible loss of the
photoreceptor outer segment on SD-OCT imaging in the parafoveal
retina bilaterally (Supplementary Fig. S5). This patient was visually

Table 2. Investigator-assessed RRs.

Response Entire study cohort LDH ≤ ULN LDH > ULN No prior therapy Prior therapy BTS < 5 cm BTS ≥ 5 cm

CR 14/34 (41%) 10/18 (56%) 4/16 (25%) 8/17 (47%) 6/17 (35%) 8/16 (50%) 6/18 (33%)
PR 15/34 (46%) 5/18 (27%) 10/16 (63%) 7/17 (41%) 8/17 (47%) 5/16 (31%) 10/18 (56%)
SD 3 (8%) 2/18 (11%) 1/16 (6%) 2/17 (12%) 1/17 (6%) 2/16 (13%) 1/18 (6%)
PD 2 (5%) 1/18 (6%) 1/16 (6%) 0 2/17 (11%) 1/16 (6%) 1/18 (5%)
N 34 18 16 17 17 16 18
ORR 29/34 (85%) 15/18 (83%) 14/16 (88%) 15/17 (88%) 14/17 (82%) 14/16 (81%) 16/18 (89%)

Abbreviations: CR, complete response; ORR, overall response rate; PD, progressive disease; PR, partial response; SD, stable disease.

The BAMM Trial in BRAF-mutant Melanoma
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asymptomatic and had no change in visual acuity, but showed
approximately 10 dB of mean sensitivity loss on perimetry (Sup-
plementary Table S5). There were no changes on follow-up
3 months after discontinuation of HCQ. The rest of the patients
did not show signs of retinal toxicity on multimodal imaging or

psychophysics, supporting the overall ocular safety of the treatment
combination for the duration of the study (Supplementary
Table S5). Multimodal imaging of the central retina, particularly
SD-OCT, proved a sensitive and practical way of monitoring for
subclinical signs of retinal toxicity.

Figure 2.
Waterfall and Swimmer’s plots for dabrafenib (D), trametinib (T), and hydroxychloroquine (HCQ).A–D,Waterfall showingmaximum change inRECIST target lesions.
Dashed green line indicates threshold for partial response. A, Entire study population. B, According to LDH status. C, According to prior therapy. D, According to
baseline tumor size (BTS) as determined by the sum of the RECIST target lesions on baseline scans. E, Swimmer’s plot showing prior therapy, BRAFV600mutation,
LDH status, response, and PFS in each patient. Rx, treatment.

Mehnert et al.
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RNA-seq identifies signaling regulators associated with short
PFS

Seventeen patients had pretreatment tumor tissue suitable for
RNA-seq. Ten patients had long PFS (PFS ≥ 1 year) and 7 patients
had short PFS (PFS < 1 year). Heat maps of differentially expressed
genes based on short versus long PFS identified very few genes that
were significantly elevated in patients with PFS < 1 year (Supple-
mentary Fig. S6). A previous study indicated that elevated aldehyde
dehydrogenase A1 (ALDH1A1) predicts sensitivity to HCQ (26).
ALDH1A1 was significantly decreased in all patients with short PFS
(nominal P value 0.04) and in patients with elevated serum LDH
and short PFS (P ¼ 0.004; DESe2 method). The single most
upregulated gene in patients with short PFS was SLC16A6, the key
monocarboxylate transporter for lactate. Looking specifically for
autophagy and lysosomal genes, ATG12, BNIP3, and several com-
ponents of the lysosomal vacuolar ATPase were significantly upre-
gulated in the pretreatment tumors of patients with short PFS
(Supplementary Table S6). We next analyzed significantly differ-
entially expressed genes (P < 0.05) for enrichment of upstream
regulators known to regulate a significant number of those targets
(Supplementary Fig. S7). On the basis of the known regulator effect
on the target and the target mRNA change direction, a Z-score was
used to classify the regulator as activated or inhibited in patients
with short versus long PFS. TGFB1 was the regulator with highest
number of genes significantly increased in the tumors of patients
with short PFS and in patients with elevated serum LDH and short

PFS (Supplementary Fig. S7). TGFB1 has not previously been linked
to BRAF inhibitor resistance, but increased TGFB1 signaling has
been shown to deplete lysosomes, raising the possibility that tumors
with elevated TGFB1would be resistant to lysosomal inhibition (27).
In patients with elevated serum LDH, there was increased expres-
sion of many regulators previously linked to BRAF inhibitor
resistance including VEGF (28), EGF (29), ERBB2 (30), HGF (31),
FOS (32), and ERK (9).

Discussion
There is limited data for the efficacy of BRAF andMEK inhibition in

patients treated in the second-line or third-line setting. Patients with
advanced melanoma treated in the second- or third-line often have
elevated serum LDH, larger tumors at baseline, and therefore a poorer
prognosis. Due to early closure, the BAMM trial could not determine
whether the proportion of patients achieving one-year PFS was > 53%
in 41 evaluable patients which was the prespecified criteria of the
Simon two-stage design needed to reject the null hypothesis. The short
PFS observed in some patients with complete response in this study
suggests there could be resistance mechanisms that could be activated
by chronic autophagy inhibition. RNA-seq data in this study found
that upregulation of genes in the TGFb pathway in pretreatment
biopsies was associated with short PFS. These findings need to be
further validated at the protein and mechanistic level, but could have
significant impact on the development of other more potent and

Figure 3.
PFS. A, Entire study population. B, According to LDH status. C, According to prior therapy. D, According to baseline tumor size as determined by the sum of the
RECIST target lesions on baseline scans. Tick marks indicate censored patients who never progressed by RECIST criteria at the time of last follow-up. Rx, treatment.
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specific autophagy inhibitors. Compared with the pivotal study that
established DþT as effective therapy for BRAFV600-mutant melano-
ma (24), the BAMM trial had a higher percentage of patients with
elevated serum LDH, large tumor size at baseline, and importantly
previous treatment. Given the difference in demographics in this
study, the 48.2% one-year PFS rate could be viewed as signal of durable
activity in the poorer prognosis patients who are currently being
treated with targeted therapy, but this activity needs to be confirmed
in a randomized study.While DþTþHCQproduced a strikingly high
response rate, in many cases, responses were transient. However, in
patients with elevated serum LDH, a population of patients that
historically has poor outcomes with targeted therapy, this regimen
appears to be safe and active, producing an 88% response rate and
median PFS of 7.3 months. A previous pooled analysis of the
COMBI-D and COMBI-V studies demonstrated a median PFS of
<6 months BRAFV600 patients with elevated serum LDH (25). In this
pooled analysis, only 10% of patients had adjuvant non-ipilimumab–
based immunotherapy, and none of the patients were previously

treated with programmed cell death protein 1 antibody. The difference
in median PFS for elevated LDH patients between BAMM and
COMBI-D/V studies may not be striking, but more recent data from
EA6134 DREAMseq study shows the outcomes found in BAMM
deserve attention. The DREAMseq study (NCT02224781), a study
conducted through the National Clinical Trials Network in hundreds
of community and academic centers in the United States, randomized
treatment-na€"ve stage IV patients with BRAFV600-mutant melanoma
to either immunotherapy or targeted therapy with DþT (2). At the
time of progression, patients could then crossover the other treatment.
The study found that sequencing immunotherapy before targeted
therapy produced a significantly higher rate of 2-year survival than
sequencing targeted therapy before immunotherapy. In patients ran-
domized to start with DþT, 40% of patients had elevated serum LDH,
which is more similar to BAMM than pivotal studies that led to
approval of DþT. In the total population who started with DþT
(regardless of LDH), the 43% response rate and median PFS of
8.8 months were both surprisingly low and suggest the BAMM

Table 3. Treatment-related adverse events in 38 patients.

Grade 1 Grade 2 Grade 3 Grade 4 Total
Adverse events n (%) n (%) n (%) n n (%)

Abdominal pain 6 (16%) 1 (3%) 0 (0%) 0 7 (18%)
ALT increased 4 (11%) 1 (3%) 2 (5%) 0 7 (18%)
Alopecia 3 (8%) 0 (0%) 0 (0%) 0 3 (8%)
Anemia 2 (5%) 2 (5%) 0 (0%) 0 4 (10%)
Anorexia 11 (29%) 4 (11%) 1 (3%) 0 16 (47%)
Arthralgia 3 (8%) 4 (11%) 0 (0%) 0 7 (18%)
AST increased 5 (13%) 1 (3%) 1 (3%) 0 7 (18%)
Blurred vision 4 (11%) 0 (0%) 0 (0%) 0 4 (12%)
Chills 13 (34%) 7 (18%) 1 (3%) 0 21 (55%)
Constipation 4 (11%) 3 (8%) 0 (0%) 0 7 (18%)
Creatinine increased 0 (0%) 4 (11%) 0 (0%) 0 4 (10%)
Dehydration 1 (3%) 4 (11%) 3 (8%) 0 8 (21%)
Diarrhea 14 (37%) 5 (13%) 2 (5%) 0 21 (55%)
Dizziness 5 (13%) 0 (0%) 0 (0%) 0 5 (13%)
Dry mouth 7 (18%) 1 (3%) 0 (0%) 0 8 (21%)
Dysgeusia 6 (16%) 0 (0%) 0 (0%) 0 6 (16%)
Dyspepsia 2 (5%) 2 (5%) 0 (0%) 0 4 (10%)
Edema limbs 4 (11%) 2 (5%) 0 (0%) 0 6 (16%)
Ejection fraction decreased 0 (0%) 2 (5%) 1 (3%) 0 3 (8%)
Prolonged QTc 6 (16%) 2 (5%) 0 (0%) 0 8 (21%)
Encephalopathy 0 (0%) 0 (0%) 1 (3%) 0 1 (3%)
Fatigue 8 (21%) 12 (32%) 2 (5%) 0 22 (57%)
Fever 12 (32%) 12 (32%) 1 (3%) 0 25 (66%)
Headache 6 (16%) 4 (11%) 2 (5%) 0 12 (32%)
Lymphocyte count decreased 0 (0%) 1 (3%) 1 (3%) 0 2 (5%)
Malaise 4 (11%) 2 (5%) 0 (0%) 0 6 (16%)
Mucositis oral 0 (0%) 0 (0%) 1 (3%) 0 1 (3%)
Myalgia 13 (34%) 1 (3%) 0 (0%) 0 14 (37%)
Nausea 16 (42%) 6 (16%) 2 (5%) 0 24 (63%)
Neutrophil count decreased 0 (0%) 1 (3%) 1 (3%) 0 2 (5%)
Sigmoid polyp 0 (0%) 1 (3%) 0 (0%) 0 1 (3%)
Squamous cell carcinoma 0 (0%) 3 (8%) 0 (0%) 0 3 (8%)
Palmar–plantar erythrodysesthesia 2 (5%) 2 (5%) 0 (0%) 0 4 (10%)
Pruritus 7 (18%) 1 (3%) 0 (0%) 0 8 (21%)
Rash 9 (24%) 8 (21%) 5 (13%) 0 22 (58%)
Retinopathy 2 (5%) 0 (0%) 0 (0%) 0 2 (5%)
Seizure 0 (0%) 0 (0%) 1 (3%) 0 1 (3%)
Sepsis 0 (0%) 0 (0%) 1 (3%) 0 1 (3%)
Vomiting 7 (18%) 1 (3%) 0 (0%) 0 8 (21%)
Weight loss 3 (8%) 3 (8%) 0 (0%) 0 6 (16%)
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regimen which produced an 85% response rate and 11.2-month
median PFS is active in BRAFV600-mutant patients most likely to be
seen in practice. No information about the outcomes in patients with
elevated LDH are available, but regardless, in this more modern
context, DþT produced a lower RR and median PFS than previous
pivotal studies that were used as a historical reference to design the
BAMM trial.

One of the most surprising findings of the BAMM trial is that the
median overall survival for DþT þ HCQ was 22.2 months. This is
notable as previous reports of median PFS of 13 months in immune
checkpoint inhibitor–na€"ve patients with elevated serum LDH
patients treated with DþT (24, 25). The COLUMBUS trial of
encorafenib þ binimetinib compared with encorafenib or vemur-
afenib (33) enrolled patients of whom 29% had elevated serum LDH
and 33% pretreated with immunotherapy. There was no significant
benefit in PFS for this combination compared with single-agent
vemurafenib in BRAFV600 patients with elevated serum LDH. The
median overall survival for high-dose encorafenib and binimetinib
was 11.4 months (34).

The limitations of this study are that it is nonrandomized, and
terminated early in part due to poor accrual. However, given the
response rate, median PFS, and especially median OS in the elevated
LDH population looked promising compared with pivotal BRAF and
MEK inhibitor trials, there remains enthusiasm to conduct a random-
ized study to definitively test the efficacy of adding HCQ to BRAF and
MEK inhibition in patients with elevated serum LDH. On the basis of
these findings, we have launched a double-blind placebo-controlled
randomized phase II study of dabrafenib, trametinib with either HCQ,
or placebo in patients with elevated serum LDH (EA6191/BAMM2;
NCT04527549).
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