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A B S T R A C T

Peripheral neuropathy is a common side effect of chemotherapeutic agents that frequently necessitates dose-
reduction, truncation of, or change in therapy. HDAC6 inhibition has demonstrated preclinical efficacy in pre-
venting and/or reversing chemotherapy-induced peripheral neuropathy and furthermore has demonstrated sy-
nergistic antitumor activity with various chemotherapies. Here, we report the abbreviated results of a Phase Ib
trial of ricolinostat, an HDAC6-specific inhibitor, in combination with paclitaxel, in the treatment of recurrent
ovarian, fallopian tube, or primary peritoneal cancer.

1. Introduction

Histone deacetylase-6 (HDAC6) is a class IIb histone deacetylase
with a broad range of transcriptional and non-transcriptional targets
and effects. HDAC6 facilitates the degradation of damaged or misfolded
proteins by trafficking them to aggresomes and promoting fusion of
autophagosomes and lysosomes. Therefore, HDAC6 inhibition in a
tumor cell already predisposed to producing large amounts of abnormal
proteins may amplify cellular stress and induce cell death (Boyault
et al., 2007). HDAC6 additionally impairs the chaperone activity of
HSP90 and alters the function of p53, further suggesting a role in on-
cogenesis and a therapeutic role for HDAC6 inhibition (Seidel et al.,
2016; Bali et al., 2005). HDAC6 also modulates microtubule dynamics
via deacetylation of α-tubulin (Hubbert et al., 2002).

HDAC inhibitors have potential as an oncologic therapy, with lar-
gest effect in synergistic combinations, such as with proteasome in-
hibitors in lymphoma (Amengual et al., 2015) and multiple myeloma
(Qi et al., 2017) and various chemotherapeutic agents in preclinical
evaluations of solid tumors, including ovarian and uterine cancer

(Singh et al., 2011; Chobanian et al., 2004; Budman et al., 2011). In
ovarian cancer cell lines, HDAC inhibition led to G1 or G2 cell cycle
arrest and apoptosis. In unreported internal data, ricolinostat
(ACY1215, ACY63, ACY161-63), an orally active, small molecule, se-
lective inhibitor of HDAC6 was tested in combination with paclitaxel in
preclinical ovarian cancer xenotransplant models and showed synergy
in tumor suppression compared to either agent alone.

The effect of HDAC6 on α-tubulin led to the hypothesis that HDAC6
inhibition may reverse axonal transport defects, such as those seen in
chemotherapy-induced peripheral neuropathy, and potentially amelio-
rate this dose-limiting aspect of treatment. HDAC6-specific inhibition
by ricolinostat and another experimental agent has prevented and re-
versed cisplatin-mediated allodynia, pain, and numbness in murine
models (Krukowski et al., 2017). HDAC6 inhibition in a vincristine-
based murine model both prevented peripheral neuropathy and re-
duced tumor progression (Van Helleputte et al., 2018). Therefore, the
rationale behind and potential benefit of a combination of ricolinostat
and paclitaxel in women with ovarian cancer was two-fold: first, to
capture synergistic anti-tumor effects, and second, to utilize

https://doi.org/10.1016/j.gore.2019.07.010
Received 12 June 2019; Received in revised form 17 July 2019; Accepted 21 July 2019

⁎ Corresponding author at: Medical Gynecologic Oncology Program, Dana-Farber Cancer Institute, 450 Brookline Avenue, Boston, MA 02215, United States of
America.

E-mail address: joyce_liu@dfci.harvard.edu (J.F. Liu).
1 Present address: O'Neal Comprehensive Cancer Center, Division of Hematology-Oncology, University of Alabama at Birmingham, Birmingham, Alabama.

Gynecologic Oncology Reports 29 (2019) 118–122

Available online 10 August 2019
2352-5789/ © 2019 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/23525789
https://www.elsevier.com/locate/gynor
https://doi.org/10.1016/j.gore.2019.07.010
https://doi.org/10.1016/j.gore.2019.07.010
mailto:joyce_liu@dfci.harvard.edu
https://doi.org/10.1016/j.gore.2019.07.010
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gore.2019.07.010&domain=pdf


ricolinostat's microtubule effects to attenuate taxane-induced neuro-
toxicity.

2. Patients & methods

We designed and conducted an open-label Phase Ib study of weekly
paclitaxel and daily oral ricolinostat for patients with recurrent ovarian,
peritoneal, or fallopian tube cancer at Dana-Farber Cancer Institute
from March 2016 to January 2017. The primary objective of this study
was to establish a maximally tolerated dose (MTD) of oral daily rico-
linostat in combination with paclitaxel. Secondary endpoints included
safety and tolerability, objective response rate (ORR), duration of re-
sponse (DOR), and progression free survival (PFS). Institutional review
board approval was obtained. Each patient provided signed informed
consent before study enrollment.

2.1. Patient population

Participants were required to have histologically confirmed re-
current or persistent epithelial ovarian, fallopian tube, or primary
peritoneal carcinoma, and had to have received at least one prior pla-
tinum-based chemotherapy regimen for management of primary dis-
ease. Additional eligibility included recurrence within 12 months of the
last platinum-containing regimen, ECOG performance status of 0 or 1,
and measurable disease by Response Evaluation Criteria in Solid
Tumors (RECIST) 1.1. There was no limitation on number of prior
therapies. Prior paclitaxel was allowed, unless recurrence or progres-
sion occurred on or within 8 weeks of the last dose of paclitaxel. Prior
use of an HDAC inhibitor was exclusionary.

Participants were required to recover from prior treatment-related
toxicities to grade 1 or better, and needed to demonstrate adequate
bone marrow and organ function, including leukocyte count ≥3000/
mcL, ANC ≥1500/mcL, and platelets ≥100,000/mcL. Exclusion cri-
teria included the use of chemotherapy, radiation, or small molecule
kinase inhibitors within four weeks of study entry, hormonal therapy
within one week of study treatment initiation, or radiation to > 25% of
the marrow. Additionally, patients were excluded if they had severe or
uncontrolled comorbidities or evidence of other malignancies within
the preceding three years, excepting non-melanoma skin cancers, car-
cinoma-in-situ of the breast or cervix, or primary endometrial cancer
with stage not greater than IA, grade 1 or 2, no lymphovascular inva-
sion, and no more than superficial myometrial invasion.

2.2. Treatment plan & safety assessment

At the starting dose (dose level 1), ricolinostat was given orally at
80 mg daily on days 1–21 of a 28 day cycle. Paclitaxel was given weekly
on days 1, 8, and 15 on a 28 day cycle, at a dose of 80 mg/m2.
Additional dose escalation levels included ricolinostat given orally at
120 mg daily, 180 mg daily, or 240 mg daily on days 1–21 of a 28-
day cycle, in combination with paclitaxel as above. Patients were
treated on an outpatient basis and remained on study until disease
progression, voluntary withdrawal, or drug-related toxicity. All patients
followed for up to 30 days after removal from protocol therapy or until
death. The primary endpoint was determination of the MTD. Tumor
assessment by CT or MRI was repeated every 2 cycles.

Toxicity was assessed using the National Cancer Institute Common
Terminal Criteria for Adverse Events version 4.0. Neuropathy was as-
sessed using the TNSn© (Total Neuropathy Score-nurse) in expansion
cohorts. Radiographic response was assessed using RECIST v1.1.

2.3. Statistical design

Dose escalation was designed with a standard 3 + 3 enrollment
scheme; at least 6 patients needed to be treated at MTD, with no > 1
patient experiencing a DLT at the MTD level of ricolinostat with

paclitaxel. Once the MTD/RP2D was established, three expansion co-
horts of 10 patients each were planned: (1) patients without significant
peripheral neuropathy (grade 1 or less) would receive ricolinostat/pa-
clitaxel at the established MTD; (2) patients with grade 2 peripheral
neuropathy would receive ricolinostat at the combination MTD to-
gether with weekly paclitaxel dosed at 70 mg/m2; and (3) a cohort of
patients would receive ricolinostat/paclitaxel at the established MTD
with the addition of bevacizumab. An anticipated 15–24 patients were
expected to enroll to the dose escalation portion of the study, with up to
30 patients enrolled in the expansion groups.

3. Results

3.1. Patients

A total of six patients were enrolled between March 28, 2016 and
January 5, 2017, all of whom received treatment at dose level 1 with
ricolinostat 80 mg daily Days 1–21 and paclitaxel 80 mg/m2 Days
1,8,15. Patient baseline and disease characteristics are detailed in
Table 1. Median age was 60.5 years, patients were predominantly
Caucasian (83%), and histology was predominantly adenocarcinoma
(67%). All six patients were evaluated for toxicity and efficacy. The
study was terminated early after development of ricolinostat in ovarian
cancer was halted following the acquisition of Acetylon by Celgene.

3.2. Safety

Therapy was well tolerated, and most toxicities were grade 1–2 in
severity. There were no grade 4 toxicities. The most commonly ex-
perienced treatment related toxicity was grade 1 or 2 nausea, occurring
in 4 patients (67%). Two patients (33%) experienced grade 3 toxicities,
one of which was a grade 3 anemia and the other a grade 3 neutropenia.
One patient (17%) experienced peripheral sensory neuropathy, which
was grade 1 in severity. Treatment-related AEs are further detailed in
Table 2.

3.3. Clinical activity

Patients received a median of 2.5 cycles of treatment. One patient
voluntarily withdrew from the study after one cycle of treatment and
had radiographically stable disease at time of withdrawal. Two patients
experienced a confirmed PR, one of whom had a 65% decrease in target
lesions and a DOR of 37.3 weeks, and the second of whom had a 53%
decrease in target lesions and a DOR 23.4 weeks. Best responses in the
additional three patients included stable disease (1 patient) and pro-
gressive disease (2 patients). One patient whose best response was PD
was removed from study treatment and subsequently died during the

Table 1
Baseline characteristics.

Characteristic N (%)

Age (in years), Median (Range) 60.5 (42, 80)
Race

White 5 (83%)
Asian 1 (17%)

Ethnicity
Non-Hispanic 6 (100%)

Stage at diagnosis
III 4 (67%)
IV 2 (33%)

Histology
Adenocarcinoma 4 (67%)
Other - high grade serous carcinoma 1 (17%)
Other - Serous 1 (17%)

Differentiation grade
Poorly differentiated 6 (100%)
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follow up period. Clinical activity is detailed in Figs. 1-2 and supple-
mental Table S1 and Fig. S1.

4. Discussion

We report the results of six patients enrolled in a phase 1b trial of
combination paclitaxel and ricolinostat in women with recurrent epi-
thelial ovarian cancer. The primary objective, determination of the
MTD, was not met due to premature termination of the study.
Combination therapy at the dose level tested, dose level 1, was gen-
erally well tolerated, without any grade 4 AEs.

Due to the low accrual of the study, statistically significant con-
clusions cannot be drawn. We did observe evidence of activity, with

two responders with DORs of 23.4 and 37.3 weeks. In the context of this
study, it is not possible to determine whether this activity was driven by
the weekly paclitaxel alone, or whether the addition of ricolinostat to
weekly paclitaxel could have enhanced anti-tumor activity. Recent data
suggest there may be a molecular basis for certain tumors to be more
sensitive to HDAC6 inhibition. For example, tumors carrying ARID1A
mutations, such as in clear cell carcinomas of the ovary, are reliant on
HDAC6 for tumorigenesis and have enhanced susceptibility to HDAC6
inhibition (Bitler et al., 2017). In contrast, mutations in other compo-
nents of the SWI/SNF complex did not seem to impart this enhanced
susceptibility. Work done in esophageal squamous cell carcinoma sug-
gests ricolinostat downregulates the PI3K/AKT/mTOR pathway, and in
this setting, treatment of cancer cells with ricolinostat and a pan-AKT

Table 2
Treatment-related AEs.

Maximum grade Total

1 2 3

N % N % N % N %

Category of toxicity Toxicity – – 1 16.7 1 16.7 2 33.3
Blood and lymphatic system disorders Anemia
Cardiac disorders Chest pain - cardiac 1 16.7 – – – – 1 16.7
Gastrointestinal disorders Constipation 1 16.7 – – – – 1 16.7

Nausea 3 50.0 1 16.7 – – 4 66.7
Vomiting 2 33.3 – – – – 2 33.3

General disorders and admin site conditions Fatigue 2 33.3 – – – – 2 33.3
Localized edema 1 16.7 – – – – 1 16.7

Investigations Neutrophil count decreased – – 1 16.7 1 16.7 2 33.3
Metabolism and nutrition disorders Anorexia – – 1 16.7 – – 1 16.7

Dehydration – – 1 16.7 – – 1 16.7
Hypocalcemia 1 16.7 – – – – 1 16.7
Hypomagnesemia 2 33.3 – – – – 2 33.3

Musculoskeletal and connective tissue disorders Back pain – – 1 16.7 – – 1 16.7
Bone pain – – 1 16.7 – – 1 16.7
Generalized muscle weakness – – 1 16.7 – – 1 16.7

Nervous system disorders Dysgeusia 1 16.7 – – – – 1 16.7
Peripheral sensory neuropathy 1 16.7 – – – – 1 16.7

Psychiatric disorders Anxiety 1 16.7 – – – – 1 16.7
Skin and subcutaneous tissue disorders Alopecia – – 2 33.3 – – 2 33.3

Nail discoloration 1 16.7 – – – – 1 16.7
Rash maculo-papular 1 16.7 – – – – 1 16.7

Fig. 1. Swimmer's plot. Best overall responses (PD, SD, PR) are notated. ⁎One patient who withdrew from the study after receiving 1 cycle of treatment had stable
disease at time of their follow-up assessment.
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inhibitor led to greater cell death than ricolinostat alone. Theoretically,
this effect may be abrogated by activating mutations in the PI3K/AKT/
mTOR pathway (Cao et al., 2018). Thus, future trials evaluating HDAC6
inhibitors in solid tumors, with or without paclitaxel, remain of po-
tential therapeutic interest, but ideally should consider the tumor's
molecular characteristics to investigate whether specific molecular al-
terations predict for increased benefit.

The potential neuropathy-attenuating effect of ricolinostat could not
be fully assessed. Regardless, the potential benefit of an HDAC inhibitor
to mitigate peripheral neuropathy related to anti-microtubule agents is
tantalizing, given the wide use of these agents across solid malignancies
and the current inability to reliably predict who may be most suscep-
tible to developing neuropathy. The mechanism of taxane-induced
neurotoxicity is thought to be multifaceted, causing die-back of per-
ipheral neurons, impaired function of ganglions (including dorsal root
ganglia), microtubule accumulation in Schwann cells, development of a
segmental demyelination, and activation of macrophages and microglia
in the peripheral nervous system. Paclitaxel appears to impart the most
severe effect on nerve conduction (Wozniak et al., 2018). This is par-
ticularly noteworthy, given its common use across all stages of ovarian
cancer, as part of combination regimens and as monotherapy, and in
up-front, platinum sensitive, and platinum resistant settings. It is con-
sidered one of the most active chemotherapeutic agents in ovarian
cancer. Unfortunately, the high rates of paclitaxel-associated neuro-
pathy often necessitate dose reduction, treatment delays, truncation of
therapy, or transition to a different agent. Taxane-induced neuropathy
can be significant and long-lasting, negatively impacting patients'
quality of life and serving as a risk factor for falls and greater debility
(Kober et al., 2018). Neuropathy may consequently lead to avoidance of
later-line chemotherapies that may otherwise be effective. In this con-
text, preventing or attenuating taxane-induced peripheral neuropathy
with HDAC6 inhibition could have meaningful clinical impact.

Overall, this Phase1b study was prematurely terminated due to
external factors, but was able to demonstrate that the combination of
ricolinostat and weekly paclitaxel at the tested dose level was well-
tolerated and demonstrated activity in a cohort of 6 patients. The ob-
servations made in this cohort of patients support future investigation
of HDAC6 inhibitors in ovarian cancer.
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