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Background: Rexinoids demonstrate anti-proliferative differentiation-inducing activity in multiple
cancer types, including NSCLC. Prior studies have shown promising results when combining rexinoids
with chemotherapy. This phase I/II study evaluates the tolerability and activity of a rexinoid, bexarotene,
combined with weekly paclitaxel and monthly carboplatin.

Methods: Patients with confirmed advanced stage IIIB or IV NSCLC and adequate organ function were
enrolled. They were scheduled to receive carboplatin (AUC =6) and 3 doses of weekly paclitaxel (100 mg/m”)
every 4 weeks. Oral bexarotene was administered daily at two doses: 300 and 400 mg/m’/day.

Results: Thirty-three patients were enrolled. Fourteen received 300 mg/m*/day and 19 received 400 mg/m*/day
of bexarotene. Hematologic toxicity included grade 3 neutropenia in 7 patients. Hyperlipidemia was a major
non-hematologic toxicity which was medically managed. The recommended phase II dose of bexarotene was
400 mg/m’/day. Response rate was 35%. Median overall survival (OS) for all patients was 8.3 months with
1-year survival of 43%. Median OS for the 300 mg/m’ dose of bexarotene was 6.6 versus 9.8 months for the
400 mg/m’ dose (HR, 0.73; Log rank P=0.37). Patients who experienced hypertriglyceridemia had a median
OS of 9.8 months compared to 4.9 months for those who did not (HR, 0.69; Log rank P=0.33).
Conclusions: The 43% 1-year survival for patients receiving bexarotene with weekly paclitaxel and
monthly carboplatin is encouraging. With the availability of new classes of agents for lung cancer, further
evaluation of this regimen in unselected patients is not warranted. Our study confirms prior subgroup
analyses showing a significant correlation between bexarotene-induced hypertriglyceridemia and survival.
Further research is needed to identify molecular biomarkers to identify this subset of patients and to explore

rexinoids in other combinations, especially with immunotherapy.
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Introduction

Lung cancer is the leading cause of cancer-related mortality
in the United States with an estimated 222,500 new cases
and 155,870 deaths in 2017 (1). Despite the progress in
development of targeted treatments and immunotherapy,
cytotoxic chemotherapy remains the backbone of many
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therapeutic regimens for advanced non-small cell lung
cancer. Its use is associated with improved survival and
symptom control (2). Yet many patients do not respond and
eventually all patient progress. Better understanding of the
molecular mechanisms of lung carcinogenesis is expected

to lead to improved treatment outcomes. Retinoids and
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rexinoids are vitamin A derivatives implicated in cell
reproduction, differentiation, growth and immune function
(3,4). They act by altering gene expression mediated
through two families of nuclear receptors: the retinoic acid
receptors (RARs) and the retinoid X receptors (RXRs).
Retinoids bind to RARs, and rexinoids bind to RXRs (5).
Retinoids and rexinoids induce degradation of cyclin D1 by
ubiquitination and proteolysis in the proteosome, resulting
in inhibition of cell growth (6). These in vitro observations
have been confirmed in tissue analysis of tumors of early
stage NSCLC patients treated with a rexinoid before
resection (7). Amplification or overexpression of cyclin D1
plays a pivotal role in the development of numerous human
cancers (8). In NSCLC, high cyclin D1 protein expression
has been linked to shorter overall cancer-free survival (9).
Bexarotene is an oral rexinoid that is approved for
the treatment of refractory early- and advanced-stage
cutaneous T-cell lymphomas (10). Single-agent phase I
studies demonstrated maximum tolerated doses ranging
from 300 to 500 mg/m®/day. It has manageable toxicities
including transiently elevated liver enzymes, leukopenia,
hypertriglyceridemia (rarely leading to pancreatitis), and
hypercalcemia. Investigations of bexarotene for treatment
of NSCLC were initiated based on results from early
bexarotene phase I trials showing disease stabilization in
NSCLC patients (11,12). Early studies were encouraging as
the addition of bexarotene enhanced the activity of several
chemotherapeutic agents used in NSCLC, and prevented or
overcame paclitaxel (13) and gemcitabine (14) resistance in
NSCLC cell lines. It also showed promise in phase 2 trials
when given with a platinum containing regimen as a first line
treatment (15,16). An initial phase I/II study utilized full-dose
cisplatin and vinorelbine with escalating doses of bexarotene
and found 400 mg/m” to be the optimal dose for phase II (15).
Based on the promising survival results from multiple
phase I/1I studies, we designed this trial to assess the safety and
efficacy of bexarotene in a novel combination with carboplatin
and a weekly paclitaxel schedule, chosen to provide better
pharmacokinetic (PK) interaction and safety profile with daily
bexarotene than could be accomplished with the typical once-
every-three-week chemotherapy dosing. The primary endpoint
of the study was to determine the safety of the combination,

and the secondary endpoints were response rates, progression-
free survival (PFS) and overall survival (OS).

Methods

We conducted a single-institution, open-label, single-
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arm dose-ranging trial of bexarotene with paclitaxel and
carboplatin. Patients were enrolled at Dartmouth-Hitchcock
Medical Center in Lebanon, NH, USA. Eligible patients
were adults (>18 years) with histologically confirmed non-
small cell lung cancer (clinical stage IIIB or IV, using
AJCC v.5) who had Karnofsky performance status of 60%
or greater, peripheral neuropathy < grade 2, adequate
bone marrow, hepatic, thyroid and renal function studies
documented within 14 days prior to study entry, fasting
cholesterol <300 mg/dL, fasting triglycerides <400 mg/dL.
Patients enrolled into the phase II component of this trial
could not have received prior chemotherapy for their
advanced NSCLC. Patients with severe gastrointestinal
abnormalities including acute pancreatitis or active peptic
ulcer disease and inability to tolerate oral medications
were excluded. Patients with significant cardiac disease,
myocardial infarction within the previous 3 months or
serious cardiac arrhythmias were excluded. Patients with
known hypersensitivity to Cremphor EL or retinoids were
excluded.

The study was reviewed and approved by the Clinical
Cancer Review Committee of the Norris Cotton Cancer
Center and the Committee for the Protection of Human
Subjects at Dartmouth College and conducted in
accordance with the Declaration of Helsinki. All subjects
were required to give informed consent for participation in
this investigational trial. Study participation was monitored
by the Norris Cotton Cancer Center Safety and Data
Monitoring Committee following Dartmouth standard
operating procedures.

Treatment plan

Paclitaxel at a dose of 100 mg/m’ was administered
intravenously over 1 hour on days 1, 8, and 15 every
4 weeks. Carboplatin was given intravenously over 0.5 hours
at a dose based upon the target area under the concentration
versus time curve of 6 mg-min/mL (AUC =6) on day 1 every
4 weeks. Standard premedication regimens included steroids
and anti-histamines. Bexarotene capsules were administered
orally and given continuously beginning on the initial day of
paclitaxel and carboplatin (day 1). In the phase I component
of the study, two dose levels of bexarotene were studied
(300 or 400 mg/m°/day). Anti-lipid therapy was started
once elevated triglycerides were detected. In the phase II
component of the study bexarotene was administered at the
dose recommended during the phase I component. Patients
were treated until disease progression, the occurrence of an
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Table 1 Demographic and clinical characteristics by dosage level of

bexarotene
Patient 300 mg/m® 400 mg/m?
characteristics bexarotene (N=14)  bexarotene (N=19)
Sex
Male 8 12
Female 6 7

Age at enrollment

Mean 60.7 57.7

Range 44-81 43-80
Stage

1B 21% 11%

[\ 79% 89%
Histology

Squamous 7% 8%

Adenocarcinoma 93% 92%

Smoking status at enrollment

Current 7% 25%
Former 71% 58%
Never 22% 17%

unacceptable adverse event, or withdrawal of consent.

Bexarotene dose determination

Two dose levels of bexarotene (300 or 400 mg/m’) were
studied in combination with carboplatin and weekly
paclitaxel. At least 6 patients were entered onto each dose
level. Intra-patient dose escalation was not allowed. An
initial-dose-limiting toxicity (IDLT) was defined as a clinical
observation that was attributable to the administration of
bexarotene and necessitated a reduction in dose, suspension,
or discontinuation of study drug because of grade 3 or
4 toxicity. The recommended phase II dose was defined
as the highest dose of bexarotene (300 or 400 mg/m®) in
combination with carboplatin and weekly paclitaxel that
induced IDLT in fewer than or equal to 33% of patients.

Statistical plan

The primary aim for this study was to evaluate the safety
of administering daily oral bexarotene at two dose levels
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(300 or 400 mg/m’) in combination with carboplatin and
weekly paclitaxel in patients with stage I1IB or IV NSCLC.
A secondary aim was to evaluate the efficacy, as measured by
response rates using RECIST 1.0, and to assess overall and
PFS. A true response rate of 20% or greater was considered
sufficient to warrant further investigation. A true response
rate of 10% or less indicated that the combination had
limited activity and did not warrant further study. A two-
stage sequential design was used to permit early termination
of the study. The design called for an initial enrollment
of 20 patients during the first stage of the study. If no
patients out of the initial 20 responded, the study would
be terminated because the true response rate would not
meet the above criteria. If more than 6 patients out of the
first 20 patients responded, the study would be terminated
and consideration would be given to proceeding with a
randomized phase III study. If observed responses were
between 1 and 6 patients, the study would continue to
the second stage. Upon completion of the study the true
response rate was estimated using the observed response
rate, and an exact confidence interval was constructed,
according to the method described by Jennison and
Turnbull (17).

Results

Thirty-three patients were enrolled in this study between
January 1, 2002 and December 2, 2004 (Zable 1). Thirteen
patients (39%) were female. The majority of patients in
both dosage groups of bexarotene had stage IV NSCLC
(11/14 in 300 mg/m’ group, 17/19 in 400 mg/m’ group).
The average age of patients was 61 (range, 44-81) years in
300 mg/m” group, and 58 (range, 43-80) years in 400 mg/m’
group. The majority of patients in both groups were either
former or current smokers (78% and 83% in the 300 and
400 mg/m’ groups, respectively).

Safety

All patients were evaluated for toxicity. Bexarotene was well
tolerated at either dose (300 or 400 mg/m’) when added
to chemotherapy with carboplatin and weekly paclitaxel.
The frequency and distribution of grade 1 and 2 toxicities
regardless of relatedness to treatment are presented in Tuble 2.
One DLT developed at each dose level. Myelosuppression
was more common in the 400 mg/m’ dosage group. The
frequency of distribution of grade 3 and 4 toxicities is
shown in Table 3. Hypertriglyceridemia was commonly
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Table 2 NCI CTCAE grade 1 and grade 2 toxicities by dose level

Toxicity 300 mg/m? 400 mg/m®
bexarotene (N=14) bexarotene (N=19)

Hematologic
Neutropenia 3 (21%) 6 (32%)
Anemia 10 (71%) 10 (53%)
Thrombocytopenia 1(7%) 3 (16%)

Non-hematologic
Hypertriglyceridemia 6 (43%) 8 (42%)
Fatigue 3(21%) 3(16%)
Nausea 5 (36%) 4 (21%)
Diarrhea 1(7%) 2 (11%)
Neuropathy 3(21%) 4 (21%)
Rash 2 (14%) 4 (21%)
Hypercholesterolemia 2 (14%) 2 (11%)
Hypoalbuminemia 2 (14%) 3 (16%)
Hyponatremia 1(7%) 3 (16%)
Pneumonia 1(7%) 1 (5%)
Alopecia 5 (36%) 6 (32%)
Hypothyroidism 0 (0%) 1 (5%)

Table 3 NCI CTCAE grade 3 and grade 4 toxicities by dose level

Toxicity 300 mg/m? 400 mg/m?®
bexarotene (N=14) bexarotene (N=19)
Hematologic
Neutropenia 3 (21%) 6 (32%)
Anemia 1(7%) 6 (32%)
Thrombocytopenia 0 (0%) 1(5%)
Non-hematologic
Hypertriglyceridemia 2 (14%) 8 (42%)
PE/DVT 1(7%) 1(5%)
Pleural effusion 3 (21%) 1 (5%)
Pericardial effusion 2 (14%) 1 (5%)

seen (8/14, 57% in 300 mg/m’ group), and (16/19, 84% in
400 mg/m’ group) . There was no evidence of enhancement
in toxicity with this combination regimen, and toxicities
were as would be expected from the chemotherapeutic
agents or bexarotene alone. Based on the generally
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low frequency of DLTs, bexarotene at 400 mg/m’ was
recommended for further study in phase IL.

Efficacy

There were 6 partial responders among the first 20 patients
and the study proceeded to full enrollment of 33 patients.
Of these 33 patients, 31 were evaluable for response and 11
had a partial response to therapy, for a 35% response rate,
95% CI (19-55%). Median progression free survival was
4.8 months (1-63 months). OS was 8.3 months (1-167+
months). There was no significant difference in PFS or OS
between patients treated at the different bexarotene dosages
(PFS HR, 0.84, Log rank P=0.61; OS HR, 0.73, Log rank
P=0.37).

Effect of bypertriglyceridemia on efficacy

Since the start of the trial, evidence emerged for
hypertriglyceridemia as a marker for bexarotene clinical
activity. There was one responder among the patients
with triglycerides <200 mg/mL and 10 responses among
the patients with triglycerides >200 mg/mL. Among the
subset of patients who experienced hypertriglyceridemia at
the 6-week follow-up visit, OS was 9.8 months, compared
to the patients who did not develop hypertriglyceridemia
(4.9 months) as shown in Figure 1 (HR, 0.69; Log rank
P=0.33). Median PFS was 5.3 months for the patients
who had hypertriglyceridemia and 2.3 months for the
patients without elevated triglycerides as shown in Figure 2
(HR, 0.64; Log rank P=0.24). There was no significant
difference in PFS between those with dose held or lowered
for side effects and those without.

Discussion

This study expands the current experience with bexarotene
in combination with chemotherapy. A weekly paclitaxel
schedule that has not been evaluated previously in
combination with bexarotene, was utilized in order to
enhance PK interactions. In contrast to other bexarotene
studies where antilipid therapy was initiated from day 1,
we did not start atorvastatin unless hypertriglyceridemia
developed. Such design allowed for clearer assessment of
the activity and toxicity of the combination, without the
confounding effect of atorvastatin. We found response rates
(35%) and survival (8.3 months) that were numerically
higher but generally within the range expected for
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Overall survival by triglyceride level
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Figure 1 Kaplan-Meier plot showing the proportion of
patients surviving over time for those with and without

hypertriglyceridemia.

Progression-free survival by triglyceride level
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Figure 2 Kaplan-Meier plot showing the proportion of patients
without progression over time for those with and without

hypertriglyceridemia.

chemotherapy alone. Bexarotene addition to already studied
dosages of carboplatin and paclitaxel appeared to be well
tolerated in our study. Except for hypertriglyceridemia
that was easy to manage, the incidence of toxicities was no
greater than that previously shown in patients receiving
combination chemotherapy with carboplatin and paclitaxel
alone. There were no new or unexpected toxicities
identified in this study. Known toxicities of carboplatin
and paclitaxel including alopecia, neuropathy, anemia, and
neutropenia were observed, but the incidence of these
toxicities did not appear to be greater than that expected in
patients who receive the same combination chemotherapy
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without bexarotene (18). As expected, hypertriglyceridemia
was frequent and of the same magnitude as expected when
bexarotene is used as a single agent.

There did appear to be a survival benefit in a subset
of patients in our population—those who experienced
bexarotene-induced hypertriglyceridemia. There was a
clinically meaningful increase in OS (an increase in median
survival from 4.9 to 9.8 months) and in PFS (an increase
from 2.3 to 5.3 months) for the patients with any degree of
hypertriglyceridemia, compared to those who had normal
triglyceride levels. However, survival was not statistically
different between the patients who suffered from
hypertriglyceridemia to the point that doses of bexarotene
were held or reduced. This PFS of 4.8 months and OS of
8.3 months was similar to the survival of those patients
treated with the same regimen of carboplatin and paclitaxel
alone [4.6 and 9.6 months for PFS and OS, respectively (18)].
We have previously reported such association between
survival and hypertriglyceridemia in a study of bexarotene
and erlotinib (19).

Two large randomized trials of bexarotene with cisplatin/
vinorelbine (SPIRIT I) and with a different schedule of
carboplatin/paclitaxel (SPIRIT II) were published since
the start of our study (20,21). Our results are consistent
with their findings of no survival benefit from adding
bexarotene to chemotherapy. PK evaluation of drug-drug
interactions between bexarotene and the chemotherapy
agents determined that paclitaxel, free carboplatin, and total
carboplatin concentrations were similar with or without
bexarotene (22). Co-administration of chemotherapy did,
however, alter bexarotene PK as both the Cmax and AUC
of bexarotene were significantly increased with concomitant
treatment with paclitaxel and carboplatin (22). Based on
the results of this PK study, it is unlikely that a PK drug
interaction between bexarotene and carboplatin or paclitaxel
would explain the lack of significantly improved efficacy of
this combination.

In both SPIRIT trials and in a bexarotene monotherapy
trial in NSCLC patients (23), survival improved in patients
who experienced triglyceride elevations. Notably, OS rates
of greater than 12 months in patients with bexarotene-
induced hypertriglyceridemia are among the highest
reported for unselected patients with stage IV NSCLC.
In contrast to these trials where atorvastatin was started
with cycle one, in our study anti-lipid therapy was initiated
only after hypertriglyceridemia was detected, yet a similar
association with improved survival was noted, indicating
that elevated triglycerides may be an important predictive
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factor. The mechanism by which bexarotene induces
hypertriglyceridemia is known. The survival benefit in the
patients with bexarotene induced hypertriglyceridemia
raises the question of how this might help more aggressively
target such tumor sensitivity. Our trial was designed before
molecular testing of tumors became available. Several
studies evaluated the activity of bexarotene in combination
with targeted drugs such as erlotinib (19,24), gefitinib (25),
and rosiglitazone (26). We showed that the bexarotene/
erlotinib regimen was active in NSCLC patients with
K-ras mutations and without activating EGFR mutations.
Cyclin D1 emerged as a biomarker of response to the
combination. Our results with this regimen were confirmed
by the BATTLE trial (27). Since the completion of our
trial, immunotherapy has shown impressive activity
in various cancers, including NSCLC, either in first-
line or in subsequent lines of treatment (28,29). There
is emerging evidence for immunomodulating effects of
retinoids and rexinoids (30,31). While bexarotene should
not be further studied in combination with chemotherapy
in unselected patients with NSCLC, further explorations
of the mechanisms underlying the observed benefit in
defined subsets, such as patients with hypertriglyceridemia
or molecularly selected patients, and in combination with
immunotherapy, are warranted.
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