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LESSONS LEARNED

• Oral selective HDAC6 inhibitors could allow for decreased toxicity compared to pan-class inhibitors, and increased
ease of use.

• ACY-1215 is well tolerated and led to disease stabilization in 50% of patients treated on a twice-daily dosing
schedule.

• Rational drug combinations with ACY-1215 improve efficacy in patients with lymphoma.
• Biomarkers such as XBP-1 level or HDAC6-score may improve patient selection.

ABSTRACT

Background. ACY-1215, ricolinostat, is an oral, first-in-class
isoform-selective HDAC6 inhibitor. HDAC6 is a class IIb
deacetylase and plays a critical role in protein homeostasis
via the unfolded protein response (UPR). Lymphocytes gen-
erate a large repertoire of antibodies and depend on an
activated UPR to maintain proteostasis. Lymphomas utilize
this biology to evade programmed cell death. In preclinical
models of lymphoma, ACY-1215 disrupted proteostasis, trig-
gering apoptosis.
Methods. We translated these findings into a multi-institu-
tion, open-label, dose-escalation phase Ib/II study aimed to
determine the safety and efficacy in patients with relapsed
and refractory lymphoma.
Results. Twenty-one patients with heavily pretreated lym-
phoma were accrued. Patients in the phase Ib portion were
enrolled on one of two dose cohorts [Arm A: 160 mg daily
(n = 3) or Arm B: 160 mg twice daily (n = 10)]. ACY-1215

was well tolerated. There were no dose limiting toxicities.
Most adverse events were grade 1–2, including diarrhea
(57%), nausea (57%), and fatigue (43%). Grade 3–4 toxicities
were rare and included anemia (9.5%) and hypercalcemia
(9.5%). An additional 8 patients were enrolled on the phase
II portion, at 160 mg twice daily. Sixteen patients were eva-
luable for response. ACY-1215 did not result in any com-
plete or partial responses in patients treated. Eight patients
had stable disease (50%) lasting a median duration of 4.5
months, all of whom were treated twice daily. Disease prog-
ressed in eight patients (50%) at cycle 2. Five patients were
not evaluable due to disease progression prior to cycle 2.
The median PFS was 56 days.
Conclusion. ACY-1215 is an oral selective HDAC6 inhibitor
that was safe in patients with relapsed and refractory lym-
phoid malignancies and led to disease stabilization in half of
the evaluable patients. The Oncologist 2021;26:184–e366
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DISCUSSION

This is the first reported experience of an isoform-selective
HDAC6 inhibitor to be studied for the treatment of patients
with lymphoma. The rationale was based on the activity of
drugs that disrupt protein degradation pathways, such as the
proteasome inhibitor bortezomib. We have substantial pre-
clinical evidence to support the notion that ACY-1215 medi-
ates its effects through the UPR and synergizes with
complementary agents in the setting of lymphoma [1]. Rates
of response to ACY-1215, when used in combination in
patients with multiple myeloma refractory to multiple agents,
ranged from 29%–55% [2]. Several studies have evaluated

ACY-1215 in combination with paclitaxel based on the pre-
mise of dual targeting of microtubule dynamics [3, 4]. Given
the pleiotropic effects of pan-class HDAC inhibitors, efforts
have been under way to develop isoform-selective inhibitors.
Based on the safety and efficacy of ACY-1215 in other malig-
nancies and our preclinical data, we sought to determine the
effects of this first-in-class agent in the setting of lymphoma.

In this clinical study of ACY-1215, the drug was well toler-
ated with no observed dose-limiting toxicities. Toxicities con-
sisted mainly of gastrointestinal symptoms, which were mild
and easily controlled. Fifty percent of patients achieved pro-
longed stable disease, ranging from 2 to 14 months, on the
twice-daily dosing schedule. This is notable especially in the set-
ting of heavily pretreated indolent lymphomas, as the goal of
therapy for these patients is shifted from cure to maintaining
quality of life and keeping disease in check. ACY-1215 achieved
both of those goals in patients with indolent lymphomas.

Pan-class HDAC inhibitors are presently approved for use
for patients with relapsed T-cell lymphomas and in combina-
tion with bortezomib and dexamethasone for patients with
myeloma but have had limited effect in other lymphoma sub-
types as a single agent [5]. In this study, three patients with T-
cell lymphoma were enrolled. The first patient was treated on
the single daily dosing schedule and achieved a clinical
response, with resolution of B-symptoms, prior to experienc-
ing disease progression. The other two patients had cutaneous
T-cell lymphoma and were heavily pretreated with four and
ten prior therapies. Of these patients, the first had achieved
stable disease and the second had disease progression.

It is possible that certain subtypes of lymphoma may be
more susceptible to HDAC6 inhibition. In our previous work,
we discovered that marginal zone lymphomas have rela-
tively lower expression of XBP-1 compared with aggressive
lymphomas when measured by immunohistochemistry [1].
Lower XBP-1 may predict for a shift toward apoptosis and
away from cellular homeostasis. Two patients with marginal
zone lymphoma treated with ACY-1215 achieved disease sta-
bilization for 5 and 8 months.

ACY-241, a second generation selective HDAC6 inhibitor,
can achieve higher serum concentrations than ACY-1215 and
is in tablet formulation. The ACY-1215 pharmacokinetic pro-
file is such that its serum concentration plateaus at higher
doses. ACY-241 overcomes this phenomenon, leading to a
greater degree of HDAC inhibition including HDAC1/2. ACY-
241 could be an alternative solution to providing a potent
and well-tolerated oral HDAC inhibitor to patient care.

TRIAL INFORMATION

Disease Lymphoma: Hodgkin and non-Hodgkin

Stage of Disease/Treatment Metastatic/advanced

Prior Therapy No designated number of regimens

Type of Study Phase I/II, 3 + 3

Primary Endpoints Toxicity, tolerability, safety

Secondary Endpoint Efficacy, pharmacokinetics

Additional Details of Endpoints or Study Design

Phase Ib: The primary endpoint of the study was to establish the safety and tolerability of ACY1215 in two dosing
schedules.

Figure 1. Patient response to therapy.
Abbreviations: BID, twice daily; CTCL, cutaneous T-cell lymphoma;
DLBCL, diffuse large B-cell lymphoma; FL, follicular lymphoma;
MZL, marginal zone B-cell lymphoma; POD, progression of disease;
PTLD, post-transplant lymphoproliferative disorder; QD, once daily.

© 2021 AlphaMed Presswww.TheOncologist.com

Amengual, Lue, Ma et al. 185



Phase II: The primary endpoint of the study was the antitumor activity of ACY-1215, as measured by objective response rate
(complete response [CR] + partial response [PR]) assessed according to International Harmonization Project Revised Criteria
(2007) [6].

Secondary endpoints of the study were as follows: (a) define the duration of response, (b) define the rate of progression-free
survival, (c) define safety and adverse events, and (d) describe the single-dose and multiple-dose ACY-1215 pharmacokinetic
profile.

For the phase Ib portion of the study, patients with refractory lymphoma were treated with one of two dose schedules of
ACY-1215 (Acetylon Pharmaceuticals). Patients were accrued sequentially to two dose cohorts (160 mg once daily in Arm A
and 160 mg twice daily in Arm B). After three patients enrolled in Arm A and ≤ 33% of patients (n ≤ 1) experienced a dose-
limiting toxicity, three additional patients were enrolled into Arm B for safety clearance, and then if ≤33% of patients (n ≤ 1)
experienced a dose-limiting toxicity, the cohort was to be further expanded to a total of 10 patients.

The phase II study employed a minimax Simon two-stage design. For stage 1, 2 of 22 patients must have achieved a response
to allow for accrual to stage 2. For stage 2, there was a plan to enroll 18 patients, of whom 8 responses were needed to
attain an efficacy of 25%. Accrual to the study was terminated early after the development of ACY-1215 in lymphoma was
halted following the acquisition of Acetylon by Celgene.

Investigator’s Analysis Drug tolerable, hints of efficacy

DRUG INFORMATION

Generic Name ACY-1215

Trade Name Ricolinistat

Company Name Acetylon Pharmaceuticals

Drug Type Small molecule

Drug Class HDAC

Dose 160 milligrams (mg) per flat dose

Route Oral (p.o.)

Schedule of Administration Days 1–28

PATIENT CHARACTERISTICS

Number of Patients, Male 11

Number of Patients, Female 10

Age Median (range): 55 (24–86) years

Number of Prior Systemic Therapies Median (range): 9 (1–5); 8 (6–10); 4 (>10)

Other Race: White, 16 (76%); Black or African American, 4 (19%);
Asian 1 (4.8%)
Ethnicity: Hispanic, 4 (19%); non-Hispanic, 17 (81%)

Cancer Types or Histologic Subtypes Hodgkin lymphoma, 7
Diffuse large B-cell lymphoma, 5
T-cell lymphoma, 3
Follicular lymphoma, 2
Marginal zone B-cell lymphoma, 2
Mantle cell lymphoma, 1
Post-transplant lymphoproliferative disorder, 1

PRIMARY ASSESSMENT METHOD

Title Dose Escalation

Number of Patients Screened 23

Number of Patients Enrolled 21

Number of Patients Evaluable for Toxicity 21

Number of Patients Evaluated for Efficacy 16

Evaluation Method International Harmonization Project Revised Criteria (2007)

Response Assessment CR n = 0 (0%)
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Response Assessment PR n = 0 (0%)

Response Assessment SD n = 50 (8%)

Response Assessment PD n = 50 (8%)

(Median) Duration Assessments PFS 56 days

(Median) Duration Assessments Response Duration 4.5 months

(Median) Duration Assessments Duration of Treatment 2 months

Outcome Notes

From April 2014 to October 2016, 23 patients who met the inclusion criteria were enrolled in the phase Ib and phase II portions
of the study. Two patients were not accrued because of active infection and withdrawal of consent, respectively; therefore, of the
23 patients enrolled, 21 patients were accrued to the study. Fifteen patients were sequentially enrolled into cohorts of the phase
Ib to determine maximum tolerated dose prior to the phase II expansion. Eight patients were enrolled to the phase II expansion.
Most patients (57%) had received more than five prior lines of treatment. Sixteen patients were evaluable for response following
cycle 2. No patients attained a complete or partial response. Of the 16 evaluable patients, 8 patients had stable disease (50%), all
of whom were treated on twice-daily schedule. Of the 16 evaluable patients, 8 patients experienced progression of disease (50%).
There were five patients who were not evaluable for response at cycle 2. All five of these patients experienced progression of dis-
ease in cycle 1. Among patients with Hodgkin lymphoma treated on the twice-daily dosing, 50% (3/6) had stable disease. All
patients with marginal zone B-cell lymphoma (n = 2) or mantle cell lymphoma (n = 1) had stable disease (100%). One patient with
Hodgkin lymphoma who had 14 prior lines of therapy remained stable for 14 cycles and had symptomatic improvement
corresponding to an increase of hemoglobin from 11.3 g/dL to 12.6 g/dL after nine cycles and resolution of B symptoms. Another
patient with T-cell lymphoma had immediate resolution of B symptoms including fevers and pruritus after starting once daily dos-
ing of ACY-1215. The median duration of disease stabilization was 4.5 months (range 2–14 months). The median progression-free
survival was 56 days (range 18–394 days), and the median 1-year survival was not reached.

ADVERSE EVENTS

Name
NC/
NA, %

Grade
1, %

Grade
2, %

Grade
3, %

Grade
4, %

Grade
5, %

All
grades, %

Abdominal pain 86 10 5 0 0 0 14

Alanine aminotransferase increased 90 0 5 0 5 0 10

Anemia 90 0 0 10 0 0 10

Anorexia 86 14 0 0 0 0 14

Aspartate aminotransferase
increased

90 0 5 0 5 0 10

Cough 71 19 10 0 0 0 29

Confusion 86 10 5 0 0 0 14

Creatinine increased 86 0 14 0 0 0 14

Dehydration 90 0 10 0 0 0 10

Diarrhea 43 52 5 0 0 0 57

Dyspnea 81 10 5 5 0 0 19

Fatigue 57 33 10 0 0 0 43

Fever 86 10 5 0 0 0 14

Gastrointestinal disorders - Other,
specify

90 10 0 0 0 0 10

Headache 86 14 0 0 0 0 14

Hot flashes 90 0 10 0 0 0 10

Hypercalcemia 90 0 0 5 5 0 10

Hyperkalemia 90 10 0 0 0 0 10

Nausea 43 43 14 0 0 0 57

Pain 76 14 5 5 0 0 24

Platelet count decreased 90 5 0 0 5 0 10

Rash maculo-papular 86 5 5 5 0 0 14

Sinus tachycardia 90 10 0 0 0 0 10

Upper respiratory infection 90 0 10 0 0 0 10

Vomiting 76 14 10 0 0 0 24
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ACY-1215 was well tolerated. There were no dose-limiting toxicities. There were no dose reductions or delays. Most adverse events were grade
1 or 2. The table represents treatment-emergent adverse events occurring in more than one patient. The most common grade 1–2 toxicities
included diarrhea (57%), nausea (57%), fatigue (43%), cough (29%), vomiting (24%), and pain (19%). The most common grade 3–4 toxicities
included anemia (9.5%) and hypercalcemia (9.5%).
Abbreviation: NC/NA, no change from baseline/no adverse event.

SERIOUS ADVERSE EVENTS

Name Grade Attribution

Appendicitis 3 Unrelated

Hypercalcemia 4 Unrelated

Hypotension 4 Unrelated

There were three serious adverse events occurring in two patients, including one patient with appendicitis. Another patient with diffuse large
B-cell lymphoma who experienced both hypercalcemia and hypotension, which occurred during progression of disease, died on study because
of progression of disease.

PHARMACOKINETICS/PHARMACODYNAMICS

Noncompartmental pharmacokinetic (PK) analysis was performed using Phoenix WinNonlin PK software. The observed maxi-
mum concentration (Cmax) of ACY-1215 was 568 � 232 at the time of 0.8 � 0.3 hours (Fig. 2). The terminal half-life was
1.17 � 0.23 hours. The area under the curve (AUC) 0 to infinity was 1,281.4 � 469.9 hours*ng/mL with a volume of distribu-
tion measured as 253.2 � 220.5 L. The Cmax, time to reach Cmax, volume of distribution, and AUC 0 to infinity are similar
to that reported by Yee and colleagues, as well as that demonstrated by the phase Ia ACY100 trial for once daily dosing of
ACY-1215 at 160 mg [15, 16]. However, the terminal half-life was slightly lower in our study compared with that measured in
the aforementioned trials (1.17 hours �0.23 hours vs. 2.88 � 0.33 hours vs. 2.78 � 0.17 hours). Despite this slight variation,
PK data in this study suggest little accumulation during repetitive dosing and no substantial differences in PK between daily
and twice-daily oral dosing of 160 mg ACY-1215.

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study terminated before completion

Investigator’s Assessment Drug tolerable, hints of efficacy

This study led to modest results. Prolonged durations
of disease stabilization were achieved for many with indo-
lent lymphomas. In these patients, symptoms and clinical
parameters improved. In addition, disease shrank but
remained greater than 50% its original size. Using bio-
markers for response may lead to enriched responses in
certain subtypes of lymphoma.

Recently, it was reported that calculating an HDAC6 score
in breast cancer may predict for sensitivity to ACY-1215 [2];
the HDAC6 score was based on mRNA expression in individ-
uals’ tumors. In this study conducted by Kalinsky et al.,
patients with breast cancer were treated with ACY-1215 in
doses ranging from 120 mg to 240 mg daily for 21 days in
combination with nab-paclitaxel 100 mg/m2 given on days
1, 8, and 15 of a 28-day cycle. The combination was well tol-
erated. Most patients achieved stable disease, and prelimi-
nary data suggest that the HDAC6 score may predict for
activity. We look forward to updated data regarding the
HDAC6 score. Perhaps as a means to enhance for biomarkers
that predict for response, the HDAC6 score could be com-
bined with immunohistochemistry staining of XBP-1 to allow
for even better selection of patients who may respond to
HDAC6 inhibition. XBP-1 is a component of the unfolded pro-
tein response and maintains homeostasis during endoplasmic
reticular stress. Previously, we discovered that marginal zone
lymphomas have relatively lower expression of XBP-1 when

measured by immunohistochemistry [6]. Lower XBP-1 may
predict for a shift toward apoptosis and away from cellular
homeostasis and result in increased sensitivity to HDAC6
inhibition.

Given the pleotropic effects of pan-class HDAC inhibi-
tors [7–12], isoform-selective HDAC inhibitors have been of
great interest; however, they have yet to gain clinical
approval. Recently there has been piqued interest in selec-
tively targeting HDAC3, as it cooperates with the master
regulator of the germinal center, BCL6 [13, 14]. Taking les-
sons from ACY-1215 and ACY-241 [15–18], perhaps isoform-
selective HDAC3 inhibitors may be developed [19]. This
strategy may then allow a more precise epigenetic targeting
with selective HDAC inhibition, rather than the broad stroke
cytotoxic effects of pan-class inhibitors.

ACY-1215 demonstrated excellent tolerability. In general,
HDAC inhibitors have had limited utility as single agents in
most lymphoma subtypes; therefore, ACY-1215 may be more
effective when combined rationally with other targeted agents
or immunotherapies [20–24].
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Click here to access other published clinical trials.

Figure 2. ACY-1215 concentration over time (left) and progression-free survival (right).
Abbreviations: PFS, progression-free survival; q12h, every 12 hours; q24h, every 24 hours.
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