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Abstract. A phase I trial consisting of panobinostat (a
HDAC inhibitor), carboplatin and etoposide was condacted in
patients with lung cancer. Patients and Methods: Patients
received carboplatin AUCS on day 1 and etoposide 100 mg/m2
on days 1, 2 and 3, every 21 days. Concurrent oral
panobinostat was given 3 times weekly on a 2-weeks-on and 1-
week-off schedule during the 4-6 cycles of chemotherapy and
then continued as maintenance therapy. Results: Six evaluable
patients were treated at the first dose level of panobinostat
(10 mg). Dose-limiting toxicity occurred in two patients (33%)
during the first cycle. One patient developed grade 4
thrombocytopenia and another grade 4 febrile neutropenia.
Therefore, the study was suspended based on the pre-specified
study design. No recommended phase Il starting dose was
established. Conclusion: The addition of panobinostat to
carboplatin and etoposide was not tolerable at the lowest dose
level tested in this trial. Further research and development
into this combination is not recommended.

The role of inappropriate gene expression in tumorigenesis
and progression of cancer is well-known (1). De-acetylation
of histones is associated with decreased expression of tumor
suppression genes (2). Histone deacetylases (HDACs) has
emerged as a promising therapeutic target. HDACs are
divided into four classes: Class I (HDACI, 2, 3 and 8), class
IIa (HDAC4, 5, 7 and 9), class IIb (HDACG6 and 10), class
III (SIRT1, 2, 3,4, 5, 6 and 7) and class IV (HDAC11) (3).
Inhibitors of HDACs can induce differentiation, cell-cycle
arrest, or apoptosis in tumor cells and may inhibit tumor
growth in animal models (4). Tumor growth inhibition and
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apoptosis in response to HDAC inhibitors may also be
mediated by acetylation of non-histone proteins (such as
HSP-90, p53, HIF1-a., a-tubulin) (5).

Panobinostat, a hydroxamic acid derivative, is an oral pan-
deacetylase inhibitor (6). It affects proteins involved in cell-cycle
regulation (p53, p21), angiogenesis (HIF-1a), gene transcription
(transcription factors), protein stabilization (Hsp90) and
cytoskeleton (c-tubulin), through inhibition of HDACs (7, 8).

Panobinostat exhibits increased histone acetylation and
has potent antiproliferative activity against a broad range of
tumor cell lines, including lung cancer cell lines (4). Oral
panobinostat has been previously studied on a three-times
weekly dosing schedule in a phase I, first-in-human study in
patients with advanced solid tumors or non-Hodgkin’s
lymphoma (7). The most common adverse events were
anorexia, nausea, fatigue, diarrhea and transient
thrombocytopenia when panobinostat was administered as a
single agent. The maximum tolerated dose (MTD),
administered, three times per week was found to be 20 mg.

Platinum and etoposide combination regimens are commonly
utilized in a variety of aggressive neuroendocrine tumors (small
cell lung carcinoma (SCLC), extra-pulmonary small cell
carcinoma, large cell neuroendocrine carcinoma, merkel cell
carcinoma). Response rates as high as 35-75% with
platinum/etoposide are reported for these tumors but with very
limited durability and there is a need for more effective
regimens that may improve durability (9-11). We have
conducted a phase I trial testing for combination of panobinostat
with carboplatin and etoposide in patients with lung cancer. Our
primary study objective was to determine the dose-limiting
toxicities (DLTs) and MTD of panobinostat given on a three
times per week schedule when combined with carboplatin and
etoposide for treatment of patients with advanced solid tumors.

Patients and Methods

Study design and treatment. Patients with progressive, advanced, or
metastatic lung cancer (any histology) were enrolled in an open-
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label phase I single-arm study of panobinostat in combination with
carboplatin and etoposide. The trial was designed as a phase I/I1
study. The phase I portion focused on estimating the MTD and
finding the recommended phase II dose. The phase II component
was intended to evaluate the recommended dose by studying the 6-
month rate of non-progression. Previously-treated patients were
permitted in the phase I portion, however the efficacy study was
intended for previously-untreated patients. Panobinostat was
administered orally three times per week for two out of three weeks.
Panobinostat was administered concurrently with carboplatin at an
AUC of 5 given on day 1 and etoposide at a dose of 100 mg/m? on
days 1, 2, and 3 of each cycle. However, for the pharmacokinetic
studies, panobinostat was started the week prior to the first
carboplatin/etoposide cycle. The majority of DLTs in this study
were expected to be hematological (primarily thrombocytopenia and
neutropenia) with an expected additive adverse myelosuppressive
effect of chemotherapy, and we planned to initiate panobinostat at a
dose of 10 mg.

The dose escalation design planned for an initial dose of
panobinostat was of 10 mg three times per week, given for 2 weeks,
out of a 3-week cycle. If no dose-limiting toxicities were encountered
with the first cohort, the dose could be escalated to higher dose levels
(level 2: 15 mg; level 3: 20 mg; and level 4: 30 mg). After
establishing the MTD of panobinostat at a 2 out of 3 weeks dosing
schedule, a 3 out of 3 weeks dosing schedule was planned to be tested
at that dose and this schedule was to be adopted if no limiting
toxicities occurred. Patients continued on the study regimen until the
development of progressive disease or intolerable side effects.

Patient eligibility. Eligibility criteria included patients greater than 18
years of age or older with the ability to give informed consent and
Eastern Cooperative Oncology Group (ECOG) performance status of
2 or better. Patients with progressive advanced or metastatic lung
cancer (any histology) were allowed. Patients must have had
progressed on one or more standard therapies for the disease, or to
have had incurable and poorly-responsive disease. Priority was given
to patients with small cell lung cancer and neuroendocrine tumors
(carcinoid, extrapulmonary small cell carcinoma, peripheral
neuroepithelioma, merkel cell tumor, neuroblastoma, large cell
neuroendocrine  cancer, esthesioneuroblastoma and  other
neuroendocrine carcinomas of the head and neck) where the
combination of carboplatin and etoposide is standard first-line therapy
and therefore were allowed to be treated on this trial as first line.
Patients could not have previously received panobinostat, any other
HDAC inhibitors (including valproic acid), or etoposide.
Electrocardiograms were performed on all patients to screen for
prolonged QTc (a measure of the time between the start of the Q
wave and the end of the T wave in the heart’s electrical cycle) at
baseline as required by the study protocol based on prior studies (12).
Patients with severe cytopenias, electrolyte abnormalities, cardiac or
liver dysfunction, or a history of cardiac arrhythmia were excluded.

Statistical analysis. The primary objective of this phase I trial was
to establish a recommended dose for an efficacy (Phase II) trial. Four
dose tiers of panobinostat were planned to be investigated (10, 15,
20 and 30 mg); the dosage of carboplatin and etoposide were fixed.
A two out of three week dosing schedule was planned to be first-
tested. After establishing the MTD of panobinostat at a 2 out of 3
weeks dosing schedule, a 3 out of 3 weeks dosing schedule was
planned to be tested, and this schedule was to be adopted in the
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absence of limiting toxicities. The recommended phase II dose was
defined as the maximum dose of panobinostat that was associated
with a 25% rate of dose limiting toxicity (DLT) or less. Dose
escalation was planned to proceed according to a Narayana k-in-a-
row design and the selected dose was estimated by isotonic
regression (13). For this trial, k was set to 3, so that three patients
were treated without a DLT before the dose could be increased. If
no DLTs were observed at the highest dose tier, 3 additional patients
were planned to be added. If no DLTs were observed at any dose tier,
MTD would be the highest dose utilized. Dose escalation to the next
dose level did not occur until the cohort of subjects in the preceding
dose level had been observed for a complete cycle. A maximum of
24 patients were planned to be treated in the dose-finding phase.

Toxicity and response assessment. The descriptions and grading
scales found in the NCI Common Terminology Criteria for Adverse
Events (CTCAE) version 3.0, were utilized for adverse events (AE)
grading and reporting. Toxicity assessments were performed weekly
during the first cycle and then every 3 weeks with subsequent
cycles. ECGs were performed during week 2 of all treatment cycles
to monitor the QTc interval. Dose-limiting toxicity was defined as
toxicity attributable to the study drug, where during the first cycle of
the study regimen, occurrence of one or more of the following
constituted a DLT: Grade 3 or higher non-hematological toxicity
except nausea and vomiting and elevation of ALT/AST and alkaline
phosphatase; nausea or vomiting (=Grade 3) that lasted longer than
24 h despite maximal medical therapy; elevations of alkaline
phosphatase were not considered a DLT; Grade 3 AST/SGOT or
ALT/SGPT lasting for >7 days or Grade 4 AST/SGOT or
ALT/SGPT; absolute neutrophil count <500/pL lasting longer than
7 days; grade 4 thrombocytopenia (platelet <25,000/uL); grade 3 or
4 neutropenia associated with sepsis or fever =38.5°C; any other
adverse event unrelated to disease progression, intercurrent illness or
concomitant medication that did not allow for administration of oral
panobinostat for >7 days of the total 21-day cycle doses; delay in
starting cycle 2 by more than 2 weeks due to toxicity; abnormal
non-hematological laboratory criteria (Grade =3), were considered a
DLT, if clinically significant and drug-related.

For the purpose of tumor response assessment (RECIST criteria
v.l), imaging staging studies were carried out every 6 weeks (2
cycles). Patients were classified as complete response (CR), partial
response (PR), stable disease (SD) or disease progression (PD)
according to these criteria.

Biospecimen collection and biomarker analysis. Peripheral blood
samples were obtained in patients at three time points: (1) At
baseline; (2) after three doses of panobinostat alone; and (3)
following completion of one cycle of panobinostat/carboplatin/
etoposide. Samples promptly underwent ficoll hypaque gradient
separation and mononuclear cells were collected from the interface.
Mononuclear cells were washed, resuspended and maintained in
RPMI 1640 supplemented with 10% fetal bovine serum (FBS) at
0.5%106/ml. Cells were then washed with phosphate buffered-saline
(PBS), and re-suspended in Triton X lysis buffer. After brief
centrifugation, the insoluble component was removed, and lysates
quantified using the Bradford assay and read with a UV-
spectrophotometer at a wavelength of 595 nm. Equivalent amounts
(50-100 pg) of protein lysates were boiled in Laemmli buffer; size-
separated on 12% SDS-polyacrylamide gels, and transferred to
nitrocellulose membranes utilizing a submergible transfer cell. The
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Table 1. Patients’ characteristics.

Patient no Age Histology Stage Prior regimen

1 66 SCLC Extensive None

2 56 SCLC Extensive None

3 77 NSCLC (adenocarcinoma) AJCC IV Carboplatin/docetaxel, Carboplatin/pemetrexed/bevacizumab
4 45 NSCLC (adenocarcinoma) v Cisplatin/pemetrexed, docetaxel

5 56 NSCLC (squamous cell carcinoma) v Cisplatin/docetaxel, gemcitabine, paclitaxel

6 59 Large cell neuroendocrine carcinoma v None

7 60 NSCLC (adenocarcinoma) v Cisplatin/paclitaxel, cisplatin/pemextrexed, erlotinib, docetaxel

SCLC: Small cell lung cancer; NSCLC: non-small cell lung cancer.

membranes were blocked for 1 h at room temperature with TTBS
and NAP-Sure Blocker at a 3:1 ratio, respectively. The membranes
were then incubated with the corresponding antibody. Western
blotting was performed using high-quality commercially available
antibodies for p21, HDAC1, and HDAC6.

Results

Patients’ characteristics. Six evaluable subjects were
enrolled in a dose escalation study from October 2009 to
March 2011. One additional subject was removed from the
protocol prior to receiving any therapy due to development
of atrial fibrillation with rapid ventricular response. This
patient was not evaluable. Patients’ characteristics are
presented on Table I. All subjects enrolled in the study had
metastatic lung cancer — adenocarcinoma (3 patients),
extensive-stage SCLC (2 patients), large cell neuroendocrine
carcinoma (1 patient), squamous cell carcinoma (1 patient).
Three subjects enrolled received no prior therapy. Four
subjects had failed up to four prior chemotherapy regimens
prior to enrollment.

Study treatment. Six subjects received the study drug regimen
at a first dose level of 10 mg of panobinostat. Three subjects
completed 1 cycle of the study regimen, two subjects
completed 2 cycles, and one subject completed 4 cycles.

Safety. In the first cohort of three subjects, one DLT occurred
at the initial dose level. The first subject developed grade 4
thrombocytopenia after 1 cycle of therapy. The second and
third subjects received 2 cycles of therapy without DLT.
Subject three required a one-week delay of the second cycle
of therapy due to persistent grade 2 neutropenia.

Three additional subjects were enrolled at the same dose
level; one DLT occurred during the first cycle of therapy. The
fifth subject developed grade 4 febrile neutropenia during the
first cycle of therapy and panobinostat was permanently
discontinued. In addition, in the absence of limiting toxicities
during the first cycle, the fourth subject received four cycles,
but subsequently developed grade 3 QTc prolongation, which

is a known class effect of HDAC inhibitors, and panobinostat
was permanently discontinued. The QTc prolongation
resolved after discontinuation of panobinostat. The sixth
subject developed grade 4 thrombocytopenia and grade 3
neutropenic fever after 2 cycles of therapy and panobinostat
was permanently discontinued.

Dose-limiting toxicity during the first cycle of therapy
occurred in 2 out of 6 patients (33%) treated at the initial
dose level of panobinostat (10 mg). The observed DLT rate
was greater than the target rate of 25% and no provision for
de-escalation below 10 mg of panobinostat was permitted as
this was not felt to be clinically meaningful. Therefore, the
study was suspended for additional enrollment based on the
pre-specified dose escalation scheme and study suspension
criteria. Study regimen-related adverse events (all cycles) and
dose-limiting toxicities (first cycle) are presented in Table II.

Response. There were no complete or partial responses.
Among the second cohort of three subjects, the fourth subject
maintained stable disease for 4 cycles when therapy was
discontinued for QTc prolongation. For all other evaluable
patients progression was the best response. As of June 2013,
5 out of 6 patients treated on the study had died from cancer
progression. Response data are summarized in Table III.

Biomarket analysis. Peripheral blood samples were collected
from all patients treated with panobinostat. Four subjects had
3 samples drawn at (1) baseline, (2) at one week after 3
doses of LBH589 alone (72 h after last dose of LBH589) and
(3) after 1 cycle of LBH589 plus chemotherapy (21 days
after chemotherapy). One subject had 2 samples drawn
(baseline and one week), and one subject had 1 sample
drawn (baseline). For the five subjects with at least 2
available samples, mononuclear cells isolated in each
peripheral blood sample underwent cell lysis and protein
extraction at the 3 time points. Based on prior pre-clinical
data, we hypothesized that there will be increased p2l
expression with panobinostat therapy (4). Western blot
analysis showed a relative increase in p21 expression after
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Table II. The number of patients with dose-limiting toxicities (DLT) during the first cycle (N=2 patients with DLT)* and study regimen-related

adverse events during any cycle (N=6 patients).

Adverse Event Grade 1

Anemia
Neutropenia
Febrile neutropenia
Thrombocytopenia
Nausea

Vomiting

Diarrhea
Constipation
Anorexia

Cough

Dyspnea

Fatigue
Hyperglycemia
Hypoalbuminemia
Hypomagnesaemia
Hypocalcemia
Hyponatremia
Insomnia

Limb pain

QTec prolongation
Abnormal liver test
Weight loss

Hematological

Gastrointestinal

Other

=N O O === RN RN RN W R == WO =N

Grade 2 Grade 3 Grade 4 DLT Y/N (#, grade)
1 1 0 N
1 1 3 N
0 1 1 Y (1, Grade 4)
0 1 2 Y (1, Grade 4)
0 0 0 N
0 0 0 N
1 0 0 N
0 0 0 N
0 0 0 N
0 0 0 N
0 0 0 N
2 0 0 N
0 0 0 N
1 0 0 N
0 0 0 N
0 0 0 N
0 0 0 N
0 0 0 N
2 0 0 N
0 1 0 N
0 0 0 N
0 0 0 N

*DLT: One patient with grade 4 thrombocytopenia and one with grade 4 febrile neutropenia.

Table III. Treatment response.

Patient no. Duration of response (days) Best response (RECIST) Off-study reason

1 85 PD Grade 4 thrombocytopenia

2 45 PD Progressive disease

3 53 PD Progressive disease

4 119 SD Grade 3 QTc prolongation

5 25 PD Grade 4 neutropenia

6 53 PD Grade 4 neutropenia and thrombocytopenia

one week of exposure to panobinostat alone in 3/5 of the
subjects and after completion of one cycle of panobinostat
and carboplatin/etoposide in 3/4 of the subjects tested
compared to baseline, as shown in Figure 1. HDACI and
HDAC6 showed increases in expression after exposure to
one cycle of panobinostat and carboplatin/etoposide (3/4 of
subjects) compared to baseline as shown in Figure 2.

Discussion
Panobinostat is a pan-inhibitor of Class I, IT and IV histone
deacetylases that has been shown to inhibit the de-acetylation

of histone and non-histone cellular proteins, targeting lysine
groups on chromatin and transcription factors and various non-
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histone proteins such as p53, tubulin, heat shock protein-90,
and retinoblastoma protein (14). Pre-clinical studies have
demonstrated antitumor activity for panobinostat, leading to
phase I/II studies in advanced solid tumors and hematological
malignancies. These studies have tested panobinostat in 2
formulations, as an oral capsule and as a solution for
intravenous injection. The clinical development was later
focused on the oral formulation in hematological malignancies
(7, 14, 15). A phase III study in relapsed multiple myeloma is
testing the combination of oral panobinostat with intravenous
bortezomib and oral dexamethasone.

The results of our study showed that toxicity limited the use
of oral panobinostat in combination with etoposide and
carboplatin at the initial dose level. In patients who received
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Pt #

p21
(21 kDa)

GAPDH

(control)

Figure 1. Effects of panobinostat in combination with carboplatin and etoposide on p21 expression. The expression of p21 increased with LBH589

in combination with carboplatin and etoposide in 3 out of 4 subjects.

Pt #

HDAC1
(60kDa)

HDACG6
(134kDa)

GAPDH

Figure 2. Effects of panobinostat in combination with carboplatin and etoposide on HDAC1 and HDAC6 expression. An increase in the expression

of HDAC1 and HDACG6 was seen in 3 out of 4 patients.

panobinostat and carboplatin/etoposide, 33% developed DLTs
at the initial dose level of 10 mg administered three times
weekly. The majority of toxicities were hematological in
nature. As expected, thrombocytopenia was the most common
AE on this study. In fact, the panobinostat oral formulation, a
review of data from phase I/II panobinostat monotherapy
studies showed that thrombocytopenia was the most common
laboratory abnormality of any grade. Grade 3-4
thrombocytopenia was also seen in patients treated with the
three-times-a-week, every week and every-other-week
schedules. The magnitude of platelet count decrease was dose-
dependent and was also related to the baseline platelet count
(16). Grade 3 QT prolongation was seen in one patient on this
study and this appears to be a class effect of HDAC inhibitors.
The safety and activity of panobinostat in combination with
standard chemotherapy regimens was tested in various solid

tumors, including paclitaxel, docetaxel, gemcitabine and
capecitabine (7, 17, 18). Myelosuppression (primarily
neutropenia, febrile neutropenia, thrombocytopenia) and
infections have been reported in panobinostat combination
studies with chemotherapy and appear to be dose limiting.
Oral panobinostat used as a single agent has been tolerated
at a dose of 20-40 mg given three times-a-week in patients
with advanced solid tumors or non-Hodgkins lymphoma
(19). Panobinostat in combination with bortezomib for the
treatment of relapsed multiple myeloma (20) and in
combination with erolotinib for the treatment of non-small
cell lung cancer (8) have been relatively well-tolerated.
Western blot analysis in peripheral blood mononuclear
cells showed an increase in p21 expression with exposure to
panobinostat-alone and panobinostat and carboplatin/
etoposide compared to baseline levels. This finding, although

4479



ANTICANCER RESEARCH 33: 4475-4482 (2013)

in a small number of patients, is consistent with prior data
on the effect of panobinostat on deacetylated tumor
suppressor genes (4). HDAC1 and HDAC6 expression was
also increased after exposure to panobinostat and
carboplatin/etoposide. It is unclear how this finding is related
to HDAC inhibition. These findings are limited to the small
number of samples tested. Also, it cannot be assumed that
findings in peripheral blood mononuclear cells will be
similar to findings in tumor cells.

Panobinostat has been studied in several hematological
malignancies with promising results. A phase IA/II study
investigating the escalating doses of oral panobinostat in
advanced hematological malignancies showed initial
evidence of clinical efficacy in acute myeloid leukemia
(AML) and myelodysplastic syndrome (MDS) patients. Out
of 27 evaluable Hodgkin lymphoma (HL) patients, 9 were
considered responders (either complete (CR) or partial (PR)
with an overall response rate of 28.2%. Seven patients with
myelofibrosis (53.8%) showed stable disease. Patients with
multiple myeloma (MM), chronic lymphocytic leukemia
(CLL) and non-Hodgkin’s lymphoma (NHL) also showed
various degrees of responses (21). In the phase I portion of
the trial, investigating the combination of oral panobinostat
with 5-Azacitidine in high-risk/intermediate-2 MDS and
AML, 45% patients with AML showed complete
response/complete response with incomplete peripheral
blood count recovery (CR/Cri) and 20% patients with
MDS/chronic myelomoncytic leukemia showed bone marrow
(BM) CR or PR (22). PANORAMA 2 is a phase II study of
oral panobinostat plus bortezomib and dexamethasone in
patients with bortezomib-refractory MM and preliminary
results confirm the efficacy of this combination with an
overall response rate (ORR) 35%, a clinical benefit rate of
53% and a median PFS of 5.4 months (23).

Experience of panobinostat in solid tumors has not been
encouraging. To improve clinical efficacy, it was tested with
explored in combination with various standard treatment
regimens (24, 25). Rathkopf et al. studied intravenous (i.v.)
panobinostat in castration-resistant prostate cancer (CRPC)
who had previously received chemotherapy and were unable
to show enough clinical efficacy to further pursue its role in
CRPC as a single agent (25). It is unclear whether dose or
schedule were suboptimal or the drug itself was inactive
against CRPC (25). Also, the clinical activity of panobinostat
is monitored through PSA levels and histone acetylation in
mononuclear cells which may not be the best surrogates of
clinical activity (25). Two trials investigated the role of i.v.
and oral panobinostat in combination with trastuzumab or
trastuzumab and paclitaxel in patients with HER2-positive
metastatic breast cancer and were prematurely terminated due
to insufficient level of clinical activity (CLBH589C2204,
CLBH589C2114). Three phase I/II studies investigated oral
panobinostat as a single agent or in combination with
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docetaxel and prednisone ([CLBH589B2105]), and as i.v.
single-agent or in combination with docetaxel and prednisone
(CLBHS589C2208 and CLBH589C2205 respectively) and did
not show enough clinical efficacy to warrant further
investigation.

Given the encouraging results of panobinostat in
hematological malignancies, two phase II trials are
underway. The study investigating the role of oral
panobinostat in refractory cutaneous T-Cell lymphoma is
currently ongoing and will assess the response rates in
patients with progressive disease (CLBH589B2201).
PANORAMA 1 is a multicenter, randomized phase III
clinical trial which is investigating two combination
therapies, panobinostat with bortezomib and dexamethasone
or placebo with bortezomib and dexamethasone, in multiple
myeloma patients with recurrent or progressive disease
(CLBH589D2308). The study will compare the progression-
free survival of the two combination therapies.

In conclusion, this phase I study demonstrated that
addition of panobinostat to carboplatin and etoposide, was
not tolerable at the lowest dose level of panobinostat tested
in this trial. HDAC inhibitors, such as panobinostat, remain
a promising class of anti-neoplastic agents. It is worthwhile
to pursue rational strategies to study these agents in cancers
in which standard treatments need to be improved.
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