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Background: Soft tissue sarcomas (STS) are rare tumours for which treatment options are limited in the advanced setting. Histone
deacetylase inhibitors have shown activity in preclinical models of STS.

Methods: We conducted a single-arm, open-label, multicentre phase II study to assess the efficacy and tolerability of
panobinostat given orally, 40mg thrice weekly in patients with advanced pretreated STS. The primary endpoint was the 3-month
progression-free rate.

Results: Forty-seven STS patients were enrolled between January 2010 and December 2010. Median age was 59 (range 21–79)
years, 22 (47%) patients were males. Panobinostat dose was lowered to 20mg thrice weekly after nine patients were enrolled,
based on the recommendation of an independent safety committee. The most common grade 3/4 adverse events were
thrombocytopenia, fatigue, lymphopenia and anaemia. Forty-five patients were evaluable for the primary endpoint. Among them,
nine patients (20%, 95% CI (10–35%)) were progression-free at 3 months. No partial response was seen, but 17 patients (36%) had
stable disease (SD) as their best response. Six patients were progression-free at 6 months.

Conclusion: Panobinostat was poorly tolerated at 40mg thrice a week. Efficacy in unselected advanced STS was limited, although
some patients had prolonged SD.

Soft tissue sarcomas (STS) are rare malignant tumours of
mesenchymal origin. Despite adequate local therapy, as many as
50% of patients will relapse, either locally or with metastasis.
Treatment of patients with advanced disease is challenging because
of the limited number of therapeutic options and their limited
efficacy. Although some patients may be salvaged with surgery,
chemotherapy using doxorubicin-based regimens is in most cases

indicated for patients with advanced or recurrent STS. Median
progression-free survival (PFS) with doxorubicin-based regimens is
in most cases less than or equal to 6 months (Le Cesne et al, 2000).
Most patient die of their disease within 12–15 months following
the diagnosis of advanced disease, and the overall survival rate is
close to 8% at 5 years (Blay et al, 2003). These figures have only
modestly improved over the years (Italiano et al, 2010). Therefore,
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novel agents with different mechanisms of action are needed and
may improve the outcome of patients with advanced STSs.

Inhibition of histone deacetylase (HDAC) provides a novel
approach for cancer treatment. HDACs were initially discovered
through their HDAC activity. Histones are part of the core proteins
of nucleosomes, and acetylation and deacetylation of these proteins
have a role in the regulation of gene expression. Several lines of
evidence suggest that aberrant recruitment of HDAC and the
resulting modification of chromatin structure may have a role in
changes in gene expression seen in transformed cells. However, it
soon became clear that histone only accounted for a limited
number of HDAC substrates (Bolden et al, 2006). Other substrates
of HDACs potentially relevant to cancer therapy include p53, the
chaperone protein HSP90 and tubulins. Several HDAC inhibitors
are currently in early clinical development and involve structurally
different classes of agents. Romidepsin (FK228/debsipeptide),
which is a cyclic tetrapeptide, was among the first agents to
demonstrate clinical activity, and was approved for the treatment
of cutaneous T-cell lymphoma (CTCL). Vorinstat, a hydroxamic
acid class HDAC, is also approved for the treatment of CTCL.
Other classes of HDAC inhibitors that have reached clinical
development include short-chain fatty acid structures, such as
butyrate and valproic acid, and benzamide-based drugs, such as
MS-275. These classes of compounds differ with regards to their
substrate selectivity and specificity, which in turn impacts their
anti-tumour activity and mechanism of action. Most hydroxamic
acid class compounds have activity on class I and II (and IV to a
lesser extent) HDACs, whereas romidepsin, for example, is more
selective of class I HDAC. Panobinostat is a pan-HDAC inhibitor
(class I and II), chemically related to vorinostat, with demonstrated
activity in Hodgkin’s lymphoma (Dickinson et al, 2009; Younes
et al, 2012) and T-cell lymphoma (Ellis et al, 2008). Panobinostat
was postulated to have activity in sarcomas by being able to arrest
gene transcription through the inhibition of HDAC, to cause the
misfolding of important proteins for sarcoma biology, such as
fusion proteins or proteins from overexpressed genes (HDM2,
cdk4, AKT etc.) via the disruption of HSP90 functioning (Bolden
et al, 2006). Mechanisms similar to leukaemia-associated fusion
proteins, which have been shown to recruit HDAC to repress
haematopoietic differentiation (Claus and Lubbert, 2003) might be
involved in translocation-associated sarcomas. HDAC inhibitors
were shown to have activity on several preclinical models of
translocation-related sarcomas, such as Ewing’s sarcomas
(Sakimura et al, 2005; Sonnemann et al, 2007; Owen et al, 2008),
clear cell sarcoma (Dickinson et al, 2009), endometrial stromal
sarcoma (ESS; Hrzenjak et al, 2006, 2008), rhabdomyosarcoma and
synovial sarcoma (Kutko et al, 2003; Ito et al, 2004).

On the basis of these data, we hypothesised that panobinostat
could have clinical activity in patients with advanced, pretreated
STS. In the absence preclinical data indicating a lack of activity in
non-translocation-related sarcomas at the time the protocol was
written, all histotypes were eligible, with the aim of generating data
for subsequent studies on selected subtypes.

PATIENTS AND METHODS

Patients. This study enrolled adult patients (aged 18 years and
older) who had a histological confirmation of advanced STS,
excluding gastrointestinal stromal tumours. Patients with bone
sarcomas, such as osteosarcomas and Ewing’s sarcomas (both bone
and extraskeletal), were excluded. Patients were required to be
pretreated with an anthracycline-containing regimen for STS, to
have received at least one line of therapy for advanced disease and
to have documented disease progression according to RECIST
within 6 months before study entry. Other inclusion criteria

included ECOG performance status 0, 1 or 2, adequate organ
function (bone marrow, liver and renal function), normal serum
levels of potassium, magnesium and calcium, and no significant
heart disease. Patients pretreated with an HDAC inhibitor, patients
receiving a non-substitutable treatment known to prolong the
QT interval, and pregnant or breast-feeding women were excluded.
Patients were to have stopped any previous systemic anticancer
treatment at least five half lives before study entry. After
amendment 4, the number of previous lines of therapy was limited
to 3 prior cytotoxic regimens.

Study treatment. Panobinostat was administered orally on a
thrice-a-week schedule (Monday, Wednesday and Friday (MWF)).
The initial dose was 40mg thrice a week. This dose was selected
based on emerging data from phase I studies of panobinostat in
patients with solid tumours or haematological malignancies that
were near completion at the time of protocol writing (Prince et al,
2007). Dose reductions to 30 and 20mg thrice a week were
allowed. However, because of excessive toxicity in the first nine
patients who received study treatment and based on the
recommendation from an independent safety review committee,
the study protocol was amended (amendment 4) to reduce the dose
to 20mg thrice a week. PK-PD data from phase I studies indicated
sustained histone acetylation at doses of 20mg MWF and higher
(Prince et al, 2007). Following amendment 4, dose reductions to
20mg twice a week and 20mg thrice a week every other week were
allowed. Treatment was continued until disease progression,
unacceptable toxicity despite dose adjustments, and decision of
the treating physician or patient withdrawal of consent.

Study procedures. The study was approved by the Lyon-Est
Ethics committee and the French regulatory authorities (Agence
Nationale de Sécurité du Médicament). The ESTIM LBH study was
registered at clinicaltrials.gov under trial number NCT01136499.
All patients provided written informed consent before any study-
related procedure. Patients had full history, physical examination,
12-lead ECG (triplicate), an assessment of cardiac function
(left ventricular ejection fraction either by echocardiogram of
MUGA-scan), haematology and serum biochemistry at baseline.
Physical examinations were repeated at day one of every treatment
cycle. Haematological analysis and 12-lead ECGs were repeated at
days 1, 5, 8, 15 and 22 of cycle 1 and at days 1 and 15 of cycle 2.
Haematological analysis was done at days 1 and 15 of each
subsequent treatment cycles, whereas ECGs were done at day 1 of
subsequent cycles. Serum biochemistry tests were repeated at days
1, 8, 15 and 22 of cycle 1 and at day 1 of subsequent cycles.
Tumour assessments (using preferably contrast computed tomo-
graphy (CT) of the thorax, abdomen and pelvis) were done at
baseline, cycle 2 day 15 (6 weeks of treatment start), cycle 4 day 1
(12 weeks of treatment start) and every 8 weeks thereafter.
All patients were required to have measurable disease per
RECIST 1.0. All imaging assessments were centrally reviewed
by two independent radiologists who were blinded to all
clinical data.

Study design and statistical methods. ESTIM-LBH was an open-
label, multicentre, single-arm phase II study. The primary endpoint
was the progression-free rate at 3 months based on the review by
the central review committee.

The sample size was estimated using the following parameters,
where p is the true probability of success (3-month progression-
free rate):

� p0¼ 0.20 (the largest progression-free rate below which LBH589
would be considered as ineffective) and

� p1¼ 0.40 (the smallest progression-free rate above which the
PANOBINOSTAT would be considered as effective) based on
the analysis of second-line agents by Van Glabbeke et al (2002).
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On the basis of a Fleming-A’Hern single-stage design for phase
II trials, and assuming a type-I error a of 0.05 with 90% power,
47 patients were needed to reject the null hypothesis H0: ppp0 vs
the alternative hypothesis H1: pXp1 in a one-sided situation. After
adjusting the sample size by 5% to account for non-evaluable
patients (patients stopping the treatment early for toxicity),
enrolment of 50 patients was required.

On the basis of preclinical studies, the type of sarcoma
(translocation vs other) was recorded in order to conduct
hypothesis-generating subgroup analyses, but no statistical hypoth-
esis were made on potential differences between groups.

RESULTS

Patients. Forty-eight patients were enrolled between January and
December 2010 (12 months). One patient came off study
before starting treatment because of rapid disease progression
and clinical deterioration, and was excluded from further analysis.
The characteristics of the 47 remaining patients are summarised in
Table 1. Briefly, the median age was 59 (range 21–79) years, 25
patients (53%) were women and 43 patients (92%) had metastasis
at the time of enrolment. The most common histologies were

liposarcoma (LPS) (excluding myxoid LPS; n¼ 11, 23%), leiomyo-
sarcoma (LMS; n¼ 10, 21%), followed by synovial sarcoma (n¼ 6,
13%) and malignant peripheral nerve sheath tumour (n¼ 6, 13%).
All patients had measurable disease and confirmed RECIST-
defined disease progression within 6 months before study entry. All
patients were assessed with contrast-enhanced CT scan throughout
the study. The median number of previous line of systemic therapy
was 2 (range 1–7).

Efficacy. Median follow-up for surviving patients was 10 months
(95% CI (8.1–12.9)). Two of the 47 treated patients were not
assessable for the primary endpoint, because radiological assess-
ment at 3 months was not available for central radiology review,
leaving 45 patients included in the efficacy analysis set for the
primary endpoint. Of these 45 STS patients, 9 were progression-
free at 3 months (20%, 95% CI (9.6–34.6)), which corresponds to
the inefficacy boundary (p0). The median PFS for the whole cohort
was 1.7 months (95% CI (1.4–2.7)) (Figure 1). The 6 months PFS
rate was 13.2% (95% CI (5.3–24.5)). Three-month progression-free
rate among the different groups (SCT and translocation-related
sarcoma) is summarised in Table 2 and PFS curves are shown in
Figure 2. There was no complete or partial response. The best
response was stable disease (SD) in 17 patients (36.2%) and
progressive disease in 30 patients (63.8%). Changes in RECIST
target lesions size at 3 months are indicated in Figure 3. Six
patients were progression-free at 6 months: 1 of 11 patients with
LPS (this patient had well-differentiated LPS, PFS: 9.6 months),
2 of 10 patients with LMS (PFS: 6.2 and 18.5 months), 2 of
3 patients with ESS (PFS: 9.3 and 18.3 months) and the patient
with solitary fibrous tumour (SFT; PFS: 18.6 months).
Median overall survival for the whole STS cohort was 10.3 months
(95% CI (6.6–14.0); Supplementary Figure 1A) and was 9.5 months
(95% CI (4.9–14.0)) and 11 months (95% CI (1.2—not reached))
for patients with other sarcomas and TRS, respectively
(Supplementary Figure 1B).

Safety. Forty-seven STS patients, who received at least one dose of
study drug, were included in the safety analysis. Overall,
panobinostat was poorly tolerated at 40mg thrice a week: among
the first 9 patients who received study treatment, all but 1 required
a dose interruption and/or dose reduction. Six of these patients had
grade 3–4 thrombocytopenia. One patient came off study because
of unresolved toxicity (grade 3 QTc prolongation) after more than
7 days of treatment interruption. Study enrolment was interrupted
and the study was monitored by an independent safety monitoring
committee (ISMC). The recommendation from the ISMC was
to reduce the starting dose to 20mg thrice a week (MWF) and
limit the number of previous lines of therapy for advanced disease
(excluding hormonal agents) to 3.

Forty-four of the 47 patients evaluable for toxicity (94%)
reported at least one adverse event (AE), 29 (61.7%) reported at
least one grade 3–4 AE, while 19 (40%) reported at least one drug-
related grade 3–4 AE. The most common grade 3–4 AEs were
thrombocytopenia, fatigue and lymphocytopenia, which were
reported for 30, 17 and 15% of patients, respectively. The AEs
occurring in more than 5% of patients are detailed in Table 3.
There were three occurrences of grade-4 thrombocytopenia
requiring platelet transfusion in three patients; no bleeding event
was recorded. Most occurrences of grade-3 thrombocytopenia
resolved within a week. Four patients had grade-3 prolongation of
QTc, which lead to treatment discontinuations and dose reduc-
tions; in all but one patient, this event was less than 48 h in
duration. In one patient treated at 40mg thrice a week, the QTc
recovery to grade 1 took a week. Grade-3 QTc prolongation and
grade-4 thrombocytopenia were both seen within the first 2 weeks
of therapy (C1D8 or D15), and did not recur after dose
adjustments. Fifteen patients (32%) had at least one dose reduction:
7 of 9 patients (78%) treated at 40mg and 8 of 38 (21%) treated at

Table 1. Patients’ characteristics

Characteristics n¼47

Age (median (range)) 59 years (21–79)

Histology

Translocation-related sarcoma 14 30%

Myxoid liposarcoma 4 9%
Synovial sarcoma 6 13%
Endometrial stromal sarcoma 3 6%
Alveolar soft part sarcoma 1 2%

Non-translocation-related sarcoma 33 70%

Well-differentiated liposarcoma 4 9%
De-differentiated liposarcoma 5 11%
Pleomorphic liposarcoma 2 4%
Leiomyosarcoma 10 21%
MPNST 6 13%
Sarcoma NOS 3 6%
Othersa 3 6%

Metastatic disease 43 92%

Site of metastasis

Lung 24 51%
Liver 14 30%
Bone 7 15%
Number of previous lines of chemotherapy
(median (range))

2 (1–7)

Documented disease progression before study entry 46 98%

ECOG performance status

0 25 53%
1 12 26%
2 4 9%
Unknown 6 13%

Abbreviations: ECOG¼Eastern Cooperative Oncology Group; MPNST¼malignant
peripheral nerve sheath tumour; sarcoma NOS¼ sarcoma subtype not otherwise specified.
aOther histologies were angiosarcoma (n¼ 1), solitary fibrous tumour (n¼ 1) and
pleiomorphic rhabdomyosarcoma (n¼ 1).
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20mg thrice a week. Eleven of these patients (23%) did not require
further dose reduction during the study. There were no treatment-
related deaths. Overall, there was no correlation between the
occurrence of grade 3–4 toxicity and efficacy; in particular, the
median PFS of patients treated at 40mg thrice a week was 1.5
months (range 1.0–4.8 months).

DISCUSSION

This is, to the best of our knowledge, the first study investigating
the activity of an HDAC inhibitor as a single agent in patients with
advanced STS. Although preclinical studies indicated interesting
activity in several sarcoma models (Kutko et al, 2003; Ito et al,
2004; Sakimura et al, 2005; Hrzenjak et al, 2006; Sonnemann
et al, 2007; Hrzenjak et al, 2008; Lubieniecka et al, 2008; Owen
et al, 2008; Dickinson et al, 2009), our study failed to meet its
primary endpoint, suggesting that activity in unselected patients
with advanced STS may be limited. Whether the significant dose
reduction required for tolerability (from 40 to 20mg thrice a week)
had any impact on efficacy remains unclear. All patients treated at
40mg thrice a week (n¼ 9) progressed within 5 months of starting
therapy, and most of them (6 of 9) at or before the first assessment
(6 weeks). Six patients in the whole study population (13%) were
free of progression at 6 months, which, therefore, suggest potential
activity in subsets of patients. This is particularly relevant, as all
patients were required to have (and actually had) RECIST-defined
disease progression within 6 months before enrolment. Conse-
quently, the 6-month progression-free rate fell in the rates of active
agents according to the EORTC standards, whereas this was not

the case at 3 months. However, because of the small number of
patient, this percentage, although numerically close to the 14%
threshold described as compatible with an ‘active agent’ by Van
Glabbeke et al (2002), is not statistically different from the 8% rate
given for ‘inactive agents’. Of the 6 patients who had prolonged SD,
4 had non-translocation-related sarcomas (1 SFT, 1 of 11 LPS and
2 of 10 LMS) and only 2 had translocation-related sarcoma
(2 among 3 ESS). Preclinical studies have shown that ESS may be
sensitive to HDAC inhibition, and our data are therefore consistent
with these preclinical findings. The same is not true, however, for
all translocation-related sarcomas. In this study, the activity of
panobinostat was not significantly different between translocation-
related and non-translocation-related sarcomas, although this
study did not have the power to detect differences that could have
been clinically significant between these two groups (Table 2).
Furthermore, although several preclinical studies suggested activity
of HDAC inhibitors against synovial sarcoma (Ito et al, 2005;
Lubieniecka et al, 2008; Su et al, 2010), we saw no responses among
the six patients with synovial sarcoma, and four of these patients
had PFS less or equal to 2 months, whereas the two other patients
had PFS of 2.4 and 5.5 months, respectively. The reasons for the
discrepancy between preclinical data and our clinical results are
unclear. Su et al (2010, 2012) reported similarly high activity with
romidepsin (FK228/debsipeptide) and several hydroxamic-class
HDAC inhibitors (MS-275, PXD101, SAHA and SB939) in
synovial sarcoma models. On the otherhand, our patients who
were heavily pretreated may have acquired different genetic events,
rendering them less sensitive to HDAC inhibition. Other possible
explanation may lie in the difficulties seen in dose escalating
HDAC inhibitors due to significant side effects (QTc prolongation
and haematological toxicities), especially in pretreated patients.
Other histological subtypes where panobinostat showed some
activity include well-differenciated LPS, LMS, SFT and ESS. Well-
differenciated LPS can often behave indolently; therefore, the value
of prolonged SD in this disease can be questioned. The same could
be commented about SFTs (Levard et al, 2013), although this
patient had very prolonged disease stabilisation (more than 18
months). Leiomyosarcoma are often aggressive, and disease
stabilisation in this setting is clinically meaningful. Lee et al have
also reported activity of vorinostat as a single agent in a patient
with LMS, therefore, supporting further evaluation in a subtype-
specific study. Finally, prolonged SD in ESS is also of limited value,
as these tumours are considered low-grade, chemosensitive
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Figure 1. Progression-free survival for all patients. Median: 1.7 months (95% CI (1.4–2.7)).

Table 2. Three-month progression-free rate overall and according to
histological group

Population Success Failures Success % 95% CI

All 9 36 20.0 9.6–34.6

TRS 4 10 28.6 8.4–58.1

Non-TRS sarcomas 5 26 16.1 5.5–33.7

Abbreviations: CI¼ confidence interval; TRS¼Translocation-related sarcomas.
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tumours (Reichardt, 2012). On the basis of these observations,
further development of panobinostat in advanced STS does not
seem warranted in unselected population of patients but is worth
further exploring in LMS, ESS and SFT. In another phase II study,
the combination of vorinostat (another pan-HDAC inhibitor) and
bortezomib failed to demonstrate significant activity in a similar
setting for STS (Attia et al, 2011).

Another finding is that panobinostat was overall poorly
tolerated and was about one-third of patients who required at
least one dose reduction, even after the protocol was amended to
reduce the starting dose by half. Thrombocytopenia was the most
common drug-related grade 3–4 AE and has been linked to the
inhibition of pro-platelets from megakaryocytes by HDAC
inhibitors (Bishton et al, 2011). Grade 3–4 fatigue, lymphopenia
and anaemia were also noted in more than 10% of patients.
Grade-3 QTc interval prolongation, another common toxicity of
HDAC inhibitors, was noted in four patients. Most of these AEs
occurred early during treatment, typically within the first 2 weeks
of treatment, suggesting that more intensive monitoring
(clinical, laboratory and ECG) is necessary during the first cycle,
but may be lightened afterwards. The majority of patients
(88%) treated with the initial dose of 40mg thrice a week and
42% of patients treated at 20mg thrice a week required a dose
interruption or dose reduction. This is in fact in line with data
from the phase II study of panobinostat in patients with Hodgkin’s
lymphoma, where 67% of patients required a dose reduction
(Younes et al, 2012).

In conclusion, results from this single-arm phase II study
suggest that panobinostat has only limited activity in patients with
unselected STS. However, long-term (46 months) SD was noted
in 13% of patients, some of which had SD for longer than a year,
including some patients with rare histologies, such as ESS and
SFTs. Conducting specific trials in these rare histotypes may be
worthwhile but will likely require international collaboration.
Efforts to identify predictive biomarkers may allow patients’
selection for this type of therapy.
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Table 3. Drug related adverse events reported for more than 5% of
patients

AE All grades Grade 3–4

Asthenia (%) 24 (51) 8 (17)

Thrombocytopenia (%) 22 (47) 14 (30)

Lymphopenia (%) 20 (43) 7 (15)

Anaemia (%) 17 (36) 6 (13)

Diarrhoea (%) 13 (28) 4 (9)

QT prolongation (%) 11 (23) 4 (9)

Abbreviation: AE¼ adverse event.
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