Cancer Treatment and Research Communications 21 (2019) 100158

journal homepage: www.elsevier.com/locate/ctarc

Contents lists available at ScienceDirect

Cancer Treatment and Research Communications

Phase Ib/II study of hydroxychloroquine in combination with chemotherapy
in patients with metastatic non-small cell lung cancer (NSCLC)

Check for
updates

=

Jyoti Malhotra®, Salma Jabbour, Michelle Orlick, Gregory Riedlinger, Yanxiang Guo,

Eileen White, Joseph Aisner

Medical Oncology, Rutgers Cancer Institute of New Jersey, Robert Wood Johnson Medical School, 195, Little Albany street, New Brunswick, NJ 08903, USA

ARTICLE INFO ABSTRACT

Objectives: Activation of cell survival pathways such as autophagy represents a potential resistance mechanism
to chemotherapy in NSCLC. Preclinical studies report that autophagy inhibition suppresses lung tumor devel-
opment and progression. We report the safety and efficacy for adding autophagy inhibitor, hydroxychloroquine,
to chemotherapy in a phase Ib/II single-arm study in patients with metastatic NSCLC.

Patients and methods: We treated patients with untreated metastatic NSCLC with carboplatin, paclitaxel (and
bevacizumab if criteria met) and hydroxychloroquine 200 mg BID. Patients continued on hydroxychloroquine
(+/— bevacizumab) maintenance after 4-6 cycles of therapy.

Results: We enrolled 40 patients, 8 on phase Ib and 32 on phase II. Forty-three percent were female; 50% with
squamous histology. Median age was 62 years (range, 43-73). Thirteen patients developed = grade 3 treatment-
related adverse event. Common adverse events (all grades) were neutropenia (35%), neuropathy (32.5%), and
anemia (32.5%). The objective response rate (ORR) was 33% in the 30 patients (phase II) evaluable for response.
Additionally, 20% of the patients demonstrated stable disease (clinical benefit rate of 53%). The median PFS was
3.3 months (95% CI 2.1-6.8 months). In 9 patients with KRAS positive tumors, ORR was 44% and median PFS
was higher than expected at 6.4 months (95% CI 1.8-15.6).

Conclusions: Addition of hydroxychloroquine is safe and tolerable with a modest improvement in clinical re-
sponses compared to prior studies. Autophagy inhibition may overcome chemotherapy resistance in advanced
NSCLC and further study in a more molecularly selected population such as KRAS-positive tumors is warranted.
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Introduction

Lung cancer is the leading cause of cancer-related mortality in the
United States, with an estimated 155,870 deaths in 2017 [1]. Over 85%
of these patients will have had non-small cell lung cancer (NSCLC), and
the majority of these patients presented with advanced disease at the
time of diagnosis. Those patients with advanced disease treated with
platinum-based doublet historically show a median survival of ap-
proximately 8 months and a 1-year survival rate of only 33-38% [2,3].
The lack of durable responses with platinum-based chemotherapy
points towards resistance mechanisms. Activation of cell survival
pathways such as autophagy represents one such possible resistance
mechanism. Autophagy is a normal, well-regulated cellular response
that activates during times of nutrient deprivation. Autophagy is a re-
cycling program, whereby autophagosomes containing sequestered
cytoplasmic material fuse with lysosomes, resulting in digestion and
reutilization of these cellular contents [4]. This process temporarily
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maintains cellular energy, limits the accumulation of damaged proteins
and organelles during cellular stress, and thereby promotes cellular
survival. Tumors and tumor cells, particularly those driven by oncon-
genic KRAS and BRAF, upregulate autophagy even in the fed state and
depend on if for survival and maligancy [5-8]. Thus, blocking autop-
hagy represents a potential means to increase tumor cell death in
cancers driven by different oncogenic events. Preclinical studies [9-12]
in engineered mouse lung cancer models also show that KRAS mutant
lung tumors depend on autophagy, and inhibition of autophagy inhibits
tumor development and progression.

Hydroxychloroquine is a 4-aminoquinoline in use for more than 30
years for the treatment of malaria, rheumatoid arthritis, and systemic
lupus erythematosus. This agent works through inhibition of lysosomal
acidification, which blocks their terminal step of autophagic substrate
degradation. The addition of chloroquine or hydroxychloroquine to
either antiangiogenic agents or cytotoxic agents may significantly in-
crease antitumor activity. Multiple trials combined anticancer therapies
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such as chemotherapy and radiation therapy with hydroxychloroquine,
and reported that autophagy inhibition appears achievable with hy-
droxychloroquine [13-16]. Therefore, we developed an open-label
Phase Ib/II study of paclitaxel, carboplatin, and bevacizumab (in Bev-
acizumab eligible patients) plus hydroxychloroquine for the treatment
of patients with advanced NSCLC to test our hypothesis that inhibition
of autophagy using hydroxychloroquine will improve the activity of
standard chemotherapy (with or without bevacizumab) in this patient
population. Our Phase I study (NCT00728845) already showed toler-
ability at standard doses of all agents.

Patients and methods
Eligibility criteria

Subjects needed histologically or cytologically confirmed advanced
stage NSCLC (stage IV). Other key inclusion criteria included: age 18
years or older, measurable disease by Response Evaluation Criteria in
Solid Tumors (RECIST) 1.1 criteria, no prior therapy in advanced or
metastatic setting, and adequate hematologic, hepatic, and renal func-
tion. Patients with adequately treated and stable brain metastases were
eligible. Exclusion criteria included: known HIV infection; medical,
social, or psychological factors affecting safety or compliance; grade 2
or higher neuropathy; history of hypersensitivity to any of the study
drugs or 4-aminoquinoline compounds; pregnant/breastfeeding; active
infection and or known or suspected G-6P deficiency. Additionally,
eligibility for Cohort 1 (bevacizumab eligible) required non-squamous
histology, no history of hemoptysis within 3 months, no significant
cardiovascular event within 6 months, no history of abdominal fistula
or perforation within 6 months, and no history of uncontrolled hy-
pertension. We enrolled the patients at Rutgers Cancer Institute of New
Jersey, Robert Wood Johnson University Hospital at New Brunswick
and at Hamilton. We also required a signed written informed consent
form, approved by our Institutional Review Board. The trial was re-
gistered at clinicaltrials.gov: NCT00728845 and NCT01649947.

Treatment and efficacy assessments

This is an open-label Phase Ib/II study of the combination of pa-
clitaxel at 200 mg/m? intravenously over 3 h on Day 1; followed by
carboplatin AUC = 6 intravenously over 15-30 min on Day 1 followed
by Bevacizumab (for Cohort 1) at 15 mg/kg intravenously (initial in-
fusion over 90 min) on Day 1; and hydroxychloroquine orally (200 mg
BID) on Days 1-21. Chemotherapy cycles were planned every 21 days
for a total of 6 cycles if tolerated. Patients in Cohort 1 then continued to
receive bevacizumab every 21 days and hydroxychloroquine daily up to
1 year until we found evidence of disease progression or unacceptable
toxicity. Patients in Cohort 2 received hydroxychloroquine alone
(without bevacizumab) for up to 1 year. After baseline evaluation, we
evaluated tumor response after every 2 cycles (6 weeks) of therapy
using contrast enhanced CT scan. We assessed response using RECIST
1.1 criteria. We followed survival every 2-3 months after completion of
initial chemotherapy until progression of disease, and then followed for
overall survival. All patients who received one dose of protocol therapy
were evaluable for assessment of toxicity. All patients who received one
cycle of chemotherapy and at least 75% of the oral hydroxychloroquine
during cycle 1 were evaluable for efficacy. Safety assessments included
symptoms, vital signs, laboratory assessments, and physical examina-
tions. AEs were assessed using the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE v3.0). We allowed up
to two dose reductions for paclitaxel (175 and 150 mg/mz) and car-
boplatin (AUC = 5 and AUC = 4). Subjects requiring additional dose
reductions were removed from study.
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Biomarker measurements

We evaluated optional archival tumor specimens for molecular al-
terations including KRAS, EGFR, ALK and ROS-1.

Statistical analysis

The primary objective of this study was to assess the antitumor
activity, as measured by tumor response frequency, of paclitaxel, car-
boplatin, Bevacizumab (for eligible patients) and hydroxychloroquine
in patients with advanced or recurrent NSCLC. The secondary endpoints
of this study included progression-free survival (PFS), incidence and
severity of adverse events, and an exploratory end-point of KRAS
status) correlation with efficacy in patients receiving this regimen. We
tested the hypothesis that the addition of hydroxychloroquine to the
paclitaxel, carboplatin and bevacizumab combination could increase
the response rate from 30% to 60%. We used a Simon's two-stage
minimax design with a 5% significance level and 80% power. This re-
quired a minimum of 8 patients during the first stage and 12 patients in
the second; with a maximum sample size were 20. If we observed 2 or
fewer responses during phase 1b, then the trial was to be stopped early
for futility. If we found 3 or more responses, the trial was to continue to
phase II. Therefore, at least 20 patients evaluable for efficacy assess-
ment were targeted to enroll in at least one of the cohorts. For the
assessment of PFS, we used Kaplan—Meier estimates of survival function
and calculated the standard errors. The data cut-off for analysis was
December 31st 2016.

Results
Baseline characteristics

We enrolled 8 patients on phase Ib followed by 32 patients on phase
II part between February 2009 and June 2015. Of these, we treated 20
patients as per the Cohort 1 treatment plan (received bevacizumab; 8
on phase Ib and 12 on phase II) as they had non-squamous histology, no
history of hemoptysis within 3 months, no significant cardiovascular
event within 6 months, no history of abdominal fistula or perforation
within 6 months, and no history of uncontrolled hypertension.
Additionally, 20 patients who did not meet these criteria for bev-
acizumab were treated as per the Cohort 2 treatment plan (did not
receive bevacizumab; all on phase II) (Table 1). The median age of the
patients was 62 years (range 43-73 years) and 43% were female. Fifty
percent of the patients had squamous cell carcinoma. All patients with

Table 1
Patient demographics.

All (n = 40) Study phase Treatment arm
Phase Ib  Phase II Cohort 1 Cohort 2
(n=28) (n=32) (n = 20) (n = 20)
Median age 62 (43-74) 65 62 62 62
(range) (48-74) (43-73) (43-74) (51-73)
Gender
Female 17 3 14 9
Male 23 5 18 11 12
Race/ethnicity
Caucasian 34 6 28 16 18
African 6 2 4 4
American
Histology
Non- 20 8 18 20 0
squamous
Squamous 20 0 14 0 20

Cohort 1: treatment with carboplatin, paclitaxel, hydroxychloroquine and
bevacizumab.
Cohort 2: treatment with carboplatin, paclitaxel, hydroxychloroquine only.
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Stage IIIB/IV or recurrent NSCLC
Cohort 1: Bevacizumab Eligible Patients

Cohort 2: Bevacizumab Ineligible Patients

!

Cohort 1: Bevacizumab Eligible Patients
Allon Day 1
Paclitaxel 200mg/m’ IV over 3 hours
Carboplatin AUC= 6 IV over 15-30 mun
Bevacizumab 15 mg/kg IV over 90 min for
PLUS
Hydroxychloroquine 200 mg PO BID

Cohort 2: Bevacizumab Ineligible Patients
Allon Day 1
Paclitaxel 200mg/m’ IV over 3 hours
Carboplatin AUC= 6 IV over 15-30 min
PLUS
Hydroxychloroquine 200 mg PO BID

Cvcles every 3 weeks for 4-6 Cvcles

|

If a patient enrolled in
Cohort 1 is determined to
have:

CR, PR or SD

A 4

Bevacizumab 15 mg/kg IV q 3 weeks until
relapse/progression
PLUS
Hydroxycholorquine 200 mg PO BID

Fig. 1. Study schema.

squamous cell type were on Cohort 2 treatment arm and did not receive
bevacizumab. The study schema is explained in Fig. 1.

Efficacy evaluation

Thirty of the 32 patients enrolled on the phase II were evaluable for
efficacy (12 in Cohort 1 and 18 in Cohort 2). No patient had complete
response with therapy. Two patients were not evaluable as they came
off trial therapy during cycle 1 for non-compliance and for non-treat-
ment related comorbidity. ORR (complete response plus partial re-
sponse) was 33% overall (Table 2). We found no difference in ORR by
histology (35% in non-squamous and 31% in squamous cell carcinoma).
However, patients treated with bevacizumab showed a higher ORR
compared to those who did not receive it (50% vs. 22%). The overall
disease control (ORR + SD) frequency was 53%. We saw no difference
in disease control rate by histology or the addition of bevacizumab.
Median PFS was 3.3 months (95% CI 2.1-6.8 months; Fig. 2). Patients
in Cohort 1 showed an apparent improved PFS compared to Cohort 2
(3.3 months vs. 2.9 months) but this was not statistically significant (p-
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value < 0.05).
Safety and tolerability

We considered all 40 patients (8 patients from phase Ib; 32 from
phase II) who received one or more cycles on protocol as evaluable for
toxicity. Most AE's were grade 2 or less and the most common included:
neutropenia (35%), peripheral sensory neuropathy (32.5%), anemia
(32.5%), fatigue (27.5%), weight loss (22.5%) and alopecia (17.5%)
(Table 3). Thirteen patients experienced grade 3 or higher AE (2 on
phase [; 11 on phase II) with the most common as anemia, neutropenia,
dyspnea, fatigue and dehydration. There was one treatment-related
death on phase II from pancytopenia and resulting sepsis.

Biomarker analysis

As prior preclinical data showed strong association between au-
tophagy inhibition and arrest of tumor growth in KRAS-mutated tu-
mors, we tested for KRAS status in the tumors of patients enrolled on
this trial. Adequate archival tissue allowed us to check KRAS status in
16 patients, 9 of which tested positive for a KRAS mutation. In these 9
patients, ORR was 44% and disease control rate was 56%. The median
PFS was higher than expected at 6.4 months (95% CI 1.8-15.6).

Discussion

The treatment of metastatic NSCLC continues to evolve rapidly.
Antibodies directed against immune checkpoints such as PD-1 and PD-
L1 are incorporated into part of the standard of care in first-line as well
as second-line settings for treatment as monotherapy as well as in
combination with chemotherapy. However, only a subset of patients
respond to immunotherapy, and few experience complete responses.
Therefore, novel combinations remain urgently needed to treat the
majority of patients including those whose disease either fails to re-
spond to immunotherapy combinations, those whose disease eventually
progresses on these treatments. In this small phase Ib/II trial, we de-
monstrated that while the addition of the autophagy inhibitor, hydro-
xychloroquine to chemotherapy showed no improvement in progres-
sion-free survival, we, nevertheless, observed an small improvement in
response rates compared to chemotherapy alone. Compared to prior
studies of first-line chemotherapy in metastatic NSCLC [17,18] which
reported ORR of 15-20% (and up to 35% if bevacizumab were added to
regimen), we observed an ORR of 33% overall and 55% in patients who
also received bevacizumab. We also established that 200 mg BID of
hydroxychloroquine in combination with chemotherapy is safe and
tolerable.

Unlike normal cells, tumor cells can have higher levels of basal
autophagy, thereby making them constitutively dependent on autop-
hagy for survival [9,19]. Up-regulation of autophagy in cancer cells is
caused by direct activation of the transcription factors of the micro-
phthalmia-associated transcription factor (MiTF)/TFE family that con-
trol autophagy and lysosomal biogenesis or by removal of a repressive
phosphorylation on the autophagy initiation machinery [20,21]. Au-
tophagy is also induced in hypoxic tumor regions and confers a survival
advantage [19]. Experiments in genetically engineered mouse models
(GEMMs) for cancer, where essential autophagy genes are ablated,
show the functional importance of autophagy for various aspects of
tumorigenesis [22]. Autophagy in these GEMMs for cancer promotes
the growth, survival, and malignancy of a broad spectrum of cancers
[23]. Moreover, deletion of an essential autophagy gene compromises
the survival of those tumor cells in vitro and in tumors in vivo [9,24]. In
lung cancer GEMMs, deletion of an essential autophagy gene Atg7
dramatically alters tumor pathology from carcinomas to that of benign
oncocytomas, which are human tumors that massively accumulate de-
fective mitochondria [25,26]. These findings suggest that autophagy
inhibition may compromise tumor survival and may be an effective
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Table 2
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Response rate in patients enrolled to phase II and evaluable for response (n = 30).

All (n = 30) By histology

By treatment arm In KRAS + tumors (n = 9)

Non-squamous (n = 17) Squamous (n = 13) Cohort 1 (n =12) Cohort 2 (n = 18)

CR 0 0

PR 10 (33%) 6 (35%)
SD 6 (20%) 3 (18%)
Progressive disease 14 (47%) 8 (47%)
Disease control (CR/PR/SD) 16 (53%) 9 (53%)

0 0 0 0
4 (31%) 6 (50%) 4 (22%) 4 (44%)
3 (23%) 1(8%) 5 (28%) 1(11%)
6 (44%) 5 (42%) 9 (50%) 4 (44%)
7 (56%) 7 (58%) 9 (50%) 5 (56%)

Response rate represents best overall response rate (investigator).
CR, complete response; PR, partial response; SD, stable disease.
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Probability of Progression-free Survival
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Median PFS: 3.3 months (95% Cl 2.1 to 6.8)
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Number at risk
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Fig. 2. Kaplan-Meier curves for progression-free survival (months).
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Table 3
Selected treatment-related adverse events in all patients (n = 40; phase Ib and
.

Adverse Event All grades Grade = 3
n % n %
Hematological Anemia 13 32.5 4 10
Neutropenia 14 35 12 30
Thrombocytopenia 5 12.5 2 5
Gastrointestinal ~ Abdominal pain 3 7.5 1 2.5
Nausea 5 12.5 1 2.5
Vomiting 4 10 0 0
Diarrhea 5 12.5 0 0
General Fatigue 11 27.5 4 10
Anorexia 6 15 3 7.5
Weight loss 9 22.5 0 0
Dehydration 5 12.5 4 10
Alopecia 7 17.5 0 0
Rash 4 10 0 0
Respiratory Bronchial infection 3 7.5 1 2.5
Cough 4 10 1 2.5
Dyspnea 6 15 3 7.5
Metabolism Hyponatremia 3 7.5 2 5
Musculoskeletal — Generalized weakness 4 10 2 5
Nervous system  Peripheral sensory neuropathy 13 325 0 0

approach to target for cancer therapy [23].

Accumulating clinical evidence from other studies also suggests that
inhibiting autophagy may constitute an efficient means to improve the
therapeutic profile of chemo-, radio- and immunotherapeutic antic-
ancer regimens [27]. A recent study shows that the combination of MEK
inhibitor trametinib and hydroxychloroquine led to a striking disease
response in a patient with pancreatic cancer [28]. O'Hara et al. reported
the results from a phase II, single arm study in patients with metastatic
colon cancer treated with hydroxychloroquine in combination with
standard first-line chemotherapy (mFOLFOX6) [29]. In the 28 evalu-
able patients, the ORR was 68% with an 11% CR rate. The majority of
patients showed an increase in both LC3 and p62 in peripheral blood
mononuclear cells, and exhibited an increase in autophagosomes within
the cytosol by electron microscopy. Another study treated patients with
refractory metastatic colorectal cancer with a combination of hydro-
xychloroquine and vorinostat every three weeks [30]. In the 19 patients
evaluable for survival, median PFS was 2.8 months and median overall
survival was 6.7 months. Treatment-related grade 3 or higher AEs oc-
curred in 8 patients (40%), with fatigue, nausea/vomiting, and anemia
seen as the most common. On-study tumor biopsies showed increases in
lysosomal protease cathepsin D and p62 accumulation, consistent with
autophagy inhibition. Of note, there are few studies with reported
safety outcomes evaluating hydroxychloroquine in combination with
chemotherapy, and our study adds substantial experience with this
combination. The vast majority of toxicity was attributable to hema-
tological toxicities and neuropathy.

KRAS is the most common mutation found in NSCLC and un-
fortunately, no treatment exists that targets this mutation. Patients with
KRAS-mutated lung cancer have worse prognosis and worse response
rates to standard cancer treatments [31,32]. Autophagy, a catabolic
pathway that involves the engulfment of macromolecules and certain
cellular organelles, has been described as an adaptive response to
KRAS-induced stress. Over the past several years, it has been shown that
oncogenic RAS signaling triggers autophagic vacuole formation and
that inhibition of autophagy by genetic or pharmacologic means can
impair RAS-mediated transformation [9]. More recent studies in on-
cogenic KRAS-induced lung GEMMs with or without p53 have revealed
that autophagy is required for mitochondrial function, lipid metabo-
lism, growth, and fate of KRAS-driven lung tumors [25]. Moreover,
acute, systemic genetic ablation of autophagy essential gene Atg7 in
mice with established K-ras'S--6120/+ 553/ (Kp) NSCLC promotes
tumor regression prior to damage to most normal tissues [12],
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suggesting that targeting autophagy or its downstream metabolic
pathways is a potential therapy for the treatment of Kras-mutated lung
cancer. In our study, we observed a higher ORR and PFS in this mole-
cular subgroup compared to the overall ORR and PFS in the study.
However, the number of patients with known KRAS mutated status in
our study was small (n = 9).

Limitations of our study include small size and that it was not
powered to detect a difference in PFS or overall survival. Our study was
designed to treat patients with newly diagnosed stage IV NSCLC.
However, the standard of care for first-line setting now includes che-
motherapy in combination with PD-1/PD-L1 targeting immunotherapy
such as pembrolizumab and our study was in immunotherapy-naive
patients. With the shift of immunotherapy from second-line to first -line
setting, an unmet need arose for additional treatment options in pa-
tients who progress on initial combination therapy with chemotherapy
and immunotherapy. While our trial was not performed in im-
munotherapy-resistant patients, our results do support further in-
vestigation of the combination of hydroxychloroquine with che-
motherapy in immunotherapy-resistant patients.

Conclusion

The addition of hydroxychloroquine to chemotherapy was safe and
resulted in modest improvement in response rate for select subgroup of
patients with newly diagnosed metastatic NSCLC. Further studies in-
vestigating inhibition of this pathway in combination with che-
motherapy and/or immunotherapy in NSCLC including specific
genomic subgroup such as KRAS-mutated tumors appear warranted.
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