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Abstract

This phase I trial sought to determine a biologically safe and effective dose of AR-42, a novel 

histone deacetylase inhibitor, which would lead to a doubling of miR-29b prior to decitabine 

administration. Thirteen patients with previously untreated or relapsed/refractory AML were 

treated at 3 dose levels (DL): AR-42 20 mg qd on d1,3,5 in DL1, 40 mg qd on d1,3,5 in DL2 and 

40 mg qd on d1,3,4,5 in DL3. Patients received decitabine 20 mg/m2 on d6–15 of each induction 

cycle and 20 mg/m2 on d6–10 of each maintenance cycle. One DLT of polymicrobial sepsis and 

multi-organ failure occurred at DL3. Two patients achieved a CRi and one patient achieved a CR 

for an ORR of 23.1%. The higher risk features of this patient population and the dosing schedule 

of AR-42 may have led to the observed clinical response and failure to meet the biologic endpoint.
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Introduction

Acute myeloid leukemia (AML) is a biologically heterogeneous hematologic malignancy 

characterized by aberrant blast proliferation, peripheral blood cytopenias, increased risk for 
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infection and bleeding complications. Despite an improved understanding of disease 

pathogenesis, patients continue to experience inferior disease free (DFS) and overall survival 

(OS) rates [1]. With the approval of agents that target recurrent molecular mutations, there 

are now alternatives to cytotoxic chemotherapy for both de novo and relapsed AML. 

Unfortunately, not all patients possess a targetable mutation and it is for this subset of 

patients that additional therapies are needed.

Pharmacologically reversible epigenetic alterations due to DNA methylation and/or histone 

acetylation are believed to play a role in leukemogenesis and have led to the use of both 

DNA methyltransferase (DNMT) inhibitors and histone deacetylase inhibitors (HDACis), 

alone or in combination [2]. The hypomethylating agents (HMAs), decitabine and 

azacitidine, are now considered standard lower intensity therapies for patients with newly 

diagnosed AML older than 60 years [3]. Given the modest activity of HDACis as single 

agents in AML, recent trials have combined these agents with cytotoxic chemotherapy or 

HMAs, concurrently or sequentially, with variable response [4,5].

HDACis currently available for clinical use or in development vary with regard to potency, 

isoenzyme specificity, and effects on acetylation of non-histone substrates [6-8]. One 

possible explanation for the lesser potency observed in some HDACis is the inability to 

access the active pocket and chelate the zinc cation. Based on this hypothesis, a new class of 

HDACis was designed and synthesized that links hydroxamate to short chain acids [7]. One 

of these new compounds, AR-42, exhibits high potency with an IC50 at the submicromolar 

level in cancer cells [7]. In addition to inducing cell cycle arrest at both S and G2/M phases 

and dose dependent apoptosis in AML cell lines, sequential administration of AR-42 

followed by decitabine resulted in stronger anti-leukemic activity compared to either drug 

alone [9]. Furthermore, AR-42 was found to increase miR-29b transcription in vitro, likely 

due to inhibition of the Sp1/NFkB transactivation complex that plays a role in DNMT and 

tyrosine kinase expression [10]. Indeed, the Sp1/NFkB transactivation complex physically 

interacts with HDAC1 and HDAC3 to repress miR-29b expression.

We hypothesized that HDAC inhibition with AR-42 would induce upregulation of 

expression of miR-29b and increase response to decitabine given the observation that 

pretreatment levels of miR-29b may be associated with clinical response [9,11]. Herein we 

tested the feasibility of increasing endogenous expression of miR-29b via treatment with 

AR-42 followed by decitabine. Specifically, we sought to determine a biologically effective 

and tolerable dose (BED) of AR-42 in combination with a 10-day schedule of decitabine in 

patients with newly diagnosed or relapsed/refractory AML that would lead to a doubling of 

miR-29b levels prior to the administration of decitabine.

Materials and methods

Study design and patient enrollment

Adult patients age ≥ 18 years with relapsed or refractory AML or age ≥ 60 years with 

previously untreated AML who were not candidates for or refused standard/conventional 

induction chemotherapy were eligible. Patients who received decitabine or 5-azacitidine as 

prior treatment for myelodysplastic syndrome (MDS) or AML were eligible unless treatment 
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occurred within 3 months of study entry. Patients with secondary or therapy related AML 

were also eligible. The studies described herein were performed in accordance with the 

World Medical Association Declaration of Helsinki. Informed written consent approved by 

The Ohio State University Human Studies Committee was obtained prior to study entry. 

This trial was registered with the NCI clinical trials network (NCT01798901).

Patients were required to have a total bilirubin <2.0 mg/dL, creatinine <2.0 mg/dL, 

ALT/AST <2.5×upper limit of normal, NYHA CHF Class II or better, Eastern Cooperative 

Oncology Group performance status ≥2. Patients with a prior diagnosis of a prolonged QT 

syndrome or mean QTc > 450 msec in males and > 470 ms in females were excluded.

To determine an optimal biologic and tolerable dose, dose escalation was driven by the 

incidence of dose limiting toxicities (DLTs) and at least a 100% increase in mature miR-29b 
or pri-miR-29b expression in bone marrow or peripheral blood on day 5 of treatment during 

cycle 1 over baseline. We utilized a standard rule-based phase I trial design that 

simultaneously evaluates tolerability and evidence of biologic activity at each dose level. 

Specifically, this design combined the standard cohorts of 3 assessment of a maximum 

tolerated dose (MTD) based on DLT with the optimal biological dose-finding design 

proposed by Hunsberger [12] using a similar rule-based design with 3–6 patients per dose 

level. If <2 of 6 patients enrolled to a dose level have DLTs, and if 5 or more out of 6 

patients achieve biologic activity, that dose would be declared the recommended dose for the 

Phase II trial.

Patients enrolled to dose level 1 (DL1) received AR-42 20 mg daily on days 1, 3, 5, DL2 

received AR-42 40 mg daily on days 1,3,5, and DL3 received AR-42 40 mg daily on days 1, 

3, 4, 5. Decitabine was administered 20 mg/m2 IV daily on days 6–15 of each induction 

cycle (Table 1). Patients could receive up to 4 cycles of induction. Once there were < 5% 

blasts in the marrow by morphology only, AR-42 was administered at the same dose and 

schedule, followed by decitabine 20 mg/m2/d on days 6–10 only of each 28-day cycle. 

Patients could continue to receive treatment until the development of intolerable toxicity, 

relapse or death.

Disease response was determined using International Working Group criteria [13]. Patients 

at any dose level who achieved a complete remission (CR) or a CR with incomplete count 

recovery (CRi) could proceed to allogeneic stem cell transplantation (alloSCT). Patients who 

did not complete the first cycle of therapy for reasons other than unacceptable toxicity were 

replaced. Hydroxyurea was permitted during the first cycle to maintain a white blood cell 

(WBC) count less than 40,000/μL, but no other antileukemic therapies were permitted. 

Patients requiring treatment with hydroxyurea after completion of cycle 1 were considered 

to have refractory disease and removed from the trial.

Definition of dose limiting toxicity (DLT)

Adverse events were graded according to the National Cancer Institute Common 

Terminology Criteria for Adverse Events version 4.0. DLT was defined during cycle 1. Any 

non-hematologic toxicity ≥ CTCAE grade 3 at least possibly related to AR-42 during cycle 1 

with the exception of grade 3 alopecia, nausea and vomiting controllable with anti-emetic 
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therapy, infection (grade 3 or 4), and fatigue were considered DLT. An amendment to the 

protocol clarified that toxicities to be recorded but not considered DLTs included life-

threatening (even fatal) infections during neutropenia including pneumonia with respiratory 

failure and sepsis with hypotension and subsequent renal failure. Hematologic toxicity for 

induction was defined as: failure to recover neutrophil and/or platelet counts by day 42 in 

patients with < 5% blasts in the bone marrow, absence of myelodysplastic changes, and/or 

absence of evidence of disease by flow cytometry in the bone marrow.

Pharmacokinetic analysis

Plasma samples were collected from each patient in pre-chilled heparinized tubes and stored 

on ice prior to centrifugation. Plasma was removed and placed on dry ice prior to storage at 

−80 °C until analysis. The following time points were assayed using a previously validated 

liquid chromatography-mass spectrometry assay [14]: pre-dose, 30 min, 1 h, 1.5 h, 2 h, 4 h, 

8 h, 24 h on days 1 and 5 of cycle 1. Using the resulting concentration vs. time data, 

pharmacokinetic (PK) parameters were estimated by WinNonlin (V 6.0, Pharsight, 

Mountain View, CA) computer software, using noncompartmental analysis (NCA) and 

plasma concentration-time data as described previously [14]. Uniform weighting and the 

best fit method were used for terminal phase regression. For 5 patients on day 1 and 6 

patients on day 5, time range was selected for terminal phase regression with a start time of 

4 h and end time of 24 h.

Anthropometric measures

Patients were weighed to the nearest kg and height was measured to the nearest 0.1 cm. Lean 

body mass (LBM) was estimated using: LBM (kg) = (9.27 × 103 × weight (kg))/(6.68 × 103 

+ 216 × BMI (kg/m2)) for males and LBM (kg) = (9.27 × 103 × weight (kg))/(8.78 × 103 + 

244 × BMI (kg/m2)) for females [15].

qRT-PCR of miR-29b

RNA extraction and real-time PCR were performed as we have previously described [9].

Statistical methods

Patient characteristics were summarized using medians and ranges or frequencies based on 

the type of data. Toxicities were summarized as the number of patients experiencing a 

certain toxicity at its maximum grade. The response rate with a 95% CI was calculated, 

assuming a binomial distribution. To assess dose proportionality, PK parameters, AUC0- and 

Cmax were log transformed and analyzed by the power model, ln(PK) = β0 + β1ln(dose) 

where β0 = the intercept and β1 = the slope. The power model assumes a linear relationship 

between natural log-transformed PK exposure parameters and natural log-transformed dose 

[16]. The proportionality constant, β1, and its 90% confidence interval were calculated 

across the 20–40mg dose range using nonlinear regression in GraphPad software (Prism 7, 

La Jolla, CA). The null hypothesis, β1=1, was tested and the PK parameter was determined 

as dose proportional if the null hypothesis was true (p > 0.05).
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Results

Patients

Patient characteristics are shown in Table 2. Four patients with previously untreated AML, 3 

patients with de novo and one patient with secondary AML after MDS, were enrolled. Of 

the remaining 9 patients, 6 had relapsed disease with 4 having a CR1 duration of less than 12 

months. Two patients had primary refractory AML and one patient had relapsed refractory 

disease. Prior therapies included anthracycline and cytarabine induction (‘7 + 3’), high dose 

cytarabine containing salvage regimens (mitoxantrone, etoposide, cytarabine (MEC) or 

fludarabine, cytarabine (FLAG)), hypomethylating agents, allogeneic stem cell 

transplantation and phase I clinical trials that included lenalidomide and bortezomib. The 

median number of treatments received prior to enrollment was 3 (range 1–4) and 60% of 

patients had relatively chemotherapy resistant (i.e. primary refractory or CR1 duration < 12 

months) disease.

Treatment and toxicity

Three patients enrolled to DL1. Of these, 2 patients completed 4 cycles of induction 

chemotherapy without response and one patient had less than 5% blasts following induction. 

There were no DLTs and an increase of at least 100% in miR-29b expression was not 

observed. Dose escalation to DL2 occurred and 3 patients enrolled. Two patients received 

only 2 cycles of induction chemotherapy, one withdrew to proceed with hospice and one 

developed sepsis and multi-organ failure and died. The final patient completed one cycle and 

withdrew. All 3 had persistent disease at the end of the treatment. There were no DLTs and 

an increase in miR-29b expression of at least 100% was not observed. Dose escalation to 

DL3 occurred and 3 patients enrolled. One patient, a 79 year old male with primary 

refractory complex karyotype AML with an inv(3)(q21q26.2) abnormality developed 

polymicrobial sepsis and multi-organ failure prior to the end of cycle 1. This was determined 

to be a DLT by the data safety monitoring committee and the dose level was expanded to 

treat an additional 3 patients. There were no additional DLTs and an increase in miR-29b 
expression was not observed.

As is expected in this patient population treated with HMAs, the most commonly reported 

adverse events of all grades were cytopenias including thrombocytopenia, neutropenia and 

leukopenia. The most common grade 3 or higher non-hematologic toxicities were febrile 

neutropenia, infection, electrolyte and LFT abnormalities. Although none of the patients 

developed QTc prolongation, 4 patients had worsening hypertension and 6 patients 

developed grade 3 or higher hypoxia in the setting of pulmonary infections. Cycle 1 and 2 

grade 3 or higher non hematologic toxicities are summarized in Table 3.

Clinical responses

Of the 13 patients enrolled, 2 patients achieved a CRi and one patient achieved a CR for an 

overall response rate (ORR) of 23.1% (95% CI: 5.0–53.8%). Reponses occurred in 2 

patients with de novo AML and one patient with relapsed AML, all in DL3. Two patients 

had less than 5% blasts, 1 after 3 induction cycles (DL1) and one after 2 cycles (DL3). Both 

moved on to maintenance but did not meet criteria for CRi. In total, 5 patients received 
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maintenance chemotherapy for a median of one cycle (range: 1–11). One patient was able to 

proceed to allogeneic stem cell transplant (Table 4).

Correlative studies

Patient plasma pharmacokinetics were assessed from thirteen patients to determine time or 

dose-dependent effects on AR-42 disposition. Mean plasma concentration and time profiles 

of AR-42 in patients on days 1 and 5 are shown in Figure 1. The rate (tmax) and extent of 

AR-42 absoprtion (Cmax and AUC) were similar between days 1 and 5 (Table 5). We 

observed a significantly (approximately 10-fold) lower exposure in patient 1 compared to all 

other patients treated at the same dose level on cycle 1 day 1. Given that the PK data on day 

5 was similar to that of other patients, it is unlikely that this difference was due to abnormal 

clearance. Furthermore, dose records confirmed that this patient received the intended 20 mg 

dose on day 1, and therefore cause of the 10-fold lower exposure on day 1 could not be 

explained. This patient′s day 1 PK was excluded from analysis.

Similar to the first-in-human (FIH) trial, we observed a 2.4- and 1.7-fold increase in Cmax 

and AUC values, respectively, on day 5 between the 20 and 40 mg dose levels [14]. In 

addition, AUC and Cmax values increased with increasing dose of AR-42 (Table 5) and were 

proportional to dose. The estimate of the proportionality constant (90% CI) for AUCall and 

Cmax were 1.313 (0.669, 1.956) and 1.492 (1.032, 1.951), respectively, for day 1 and 1.369 

(0.658, 2.081) and 1.413 (0.917, 1.909), respectively, for day 5 (Figure 2). As each 90% CI 

contained one (except for Cmax on day 1), we conclude proportionality was maintained 

between dose levels. Similarly, the relevant 90% CIs for Cmax between day one and day 5 

were 0.0482 (−0.155, 0.251), 0.116 (−0.017, 0.249) and 0.097 (−0.202, 0.144) for dose 

levels 1, 2 and 3 respectively; AUCall between day 1 and day 5 were −8.73e-17 (−0.167, 

0.167), −0.015 (−0.163, 0.133) and 0.103 (−0.111, 0.317) for dose levels 1, 2 and 3 

respectively, suggesting AR-42′s pharmacokinetics are time independent over 5 days 

(Supplemental Figure 1).

MiR-29b expression in bone marrow was normalized to patient baseline samples and 

nanostring′s internal controls. Expression was evaluated against outcome measures 

(toxicities, total cycles, months survival and response) and PK parameters. Results showed a 

weak correlation between miR-29b ΔΔCT values versus Cmax values that was statistically 

significant (p < 0.05), suggesting that increased levels of AR-42 resulted in bone marrow 

miR-29b induction (Figure 3). However, neither Cmax nor miR-29b ΔΔCT values correlated 

with outcomes.

In an effort to better understand apparent interpatient differences in AR-42 

pharmacokinetics, relationships between pharmacokinetic parameters and other variables 

including patient demographics (age, sex, bodyweight, BMI) and clinical outcomes 

(toxicities, total cycles, months survival and response) were explored. No differences were 

observed in CL/F, Vz/F, t1/2, Cmax or AUC values when evaluated against outcome measures 

and the aforementioned demographic parameters.
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Discussion

In this phase I trial of patients with newly diagnosed and relapsed/refractory AML, we 

sought to determine the feasibility of dose escalation based on a real time assessment of a 

pharmacodynamic endpoint in addition to toxicity. The previously established MTD from 

the FIH study of AR-42 was 40 mg administered 3 times weekly (Monday, Wednesday, and 

Friday) for 3 weeks of a 28 day cycle [14]. In the current trial, AR-42 was given for either 3 

or 4 days and not continued during the decitabine chemotherapy or the remainder of the 

treatment cycle. Our pharmacodynamic assessment included both a measure of the mature 

miR-29b transcript as well as the primary transcript as this can be a more direct measure of 

transcription of the miR-29b gene. Specifically, the primary transcript may be more stable 

than the mature as the mature miR-29b may engage immediately with the target through the 

RNA induced silencing complex. With the current schedule we did not observe a doubling in 

either the mature or primary miR at day 5 prior to decitabine administration. However, Cmax 

values were significantly correlated with mature miR-29b ΔΔCT values at the higher dose 

levels, which suggests that a greater induction of miR-29b might occur with a higher dose of 

AR-42 and result in achievement of the biologic endpoint. From a clinical standpoint, of the 

13 patients treated, 2 achieved a CRi and one achieved a CR for an ORR of 23.41%. Two 

patients had <5% blasts but did not meet criteria for CRi. The observed ORR is lower than 

what has previously been reported in patients with newly diagnosed AML and likely reflects 

the high risk features of the heavily pretreated patients who were enrolled to the trial [10].

The most commonly reported adverse events of all grades were cytopenias including 

thrombocytopenia, neutropenia and leukopenia. Of the six patients who experienced 

neutropenia in cycle 1, 4 patients also experienced a grade 3 or 4 infection. Of 27 patients 

treated with single-agent AR-42 in the FIH trial, the only other clinical dataset published to 

date for this agent, only one neutropenic infection was observed [14]. Other toxicities that 

were observed included diarrhea, nausea and fatigue which is a known side effect of HDACi 

therapy. In this trial, one patient experienced grade 3 fatigue in cycle 4, and three patients 

(23%) experienced grade 1/2 fatigue in cycle 1. This is lower than what has been observed 

with other HDACi, as 47.4% of patients treated with single agent panobinostat and 52% 

treated with single agent vorinostat experienced fatigue [17,18]. Given that AR-42 was only 

administered for 3 or 4 days per cycle, AR-42 associated fatigue and its contribution to other 

toxicities are likely modest.

Based on early clinical research with the HDACi romidepsin, QTc prolongation and cardiac 

toxicity were considered to be a class side effect of HDACi therapy [19]. These toxicities 

have not been confirmed in other studies and currently, romidepsin, vorinostat and 

panobinostat are FDA approved with safe and minimal cardiac toxicity. Similar to other 

FDA approved HDACi′s, minimal cardiac toxicities were reported in patients treated with 

AR-42. Recently, an HDAC-6 specific inhibitor, quisinostat, was evaluated in patients with 

relapsed multiple myeloma in which grade 3 and 4 cardiac events were reported [20]. 

Whether cardiac toxicities are characteristic of HDAC specific and/or pan inhibitors requires 

further investigation.
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From in vitro evidence, AR-42 upregulated miR-29b expression in Kasumi-1 AML cells [9], 

and a weak correlation between ΔΔCT values and Cmax was observed in this study (Figure 3; 

p < 0.05). It is possible that adequate levels of unbound AR-42 that would elicit a clinically 

meaningful miR-29b induction at the doses administered were not achieved. Cmax values of 

AR-42 were 0.15–0.35 μM at DL1, 0.71–0.86 μM at DL2 and 0.96–1.01 μM at DL3, 

whereas 1 μM AR-42 was shown to result in miR-29b induction in AML cells after 24 h [9]. 

Given that DL3 was well tolerated with dosing on days 1, 3, 4 and 5, daily dosing of AR-42 

at 40 mg daily or higher may be an ideal dosing regimen for miR-29b induction and 

increased clinical response.

Body composition, specifically adipose and lean tissue has been shown to predict survival 

and risk of toxicity in cancer patients [21]. BMI was not related to cycle 1 toxicities in this 

study (Supplemental Figure 2), however, limited data exists surrounding AR-42 and the 

impact of body composition in AML patients. Alternate measures of body composition, 

other than BMI, may better predict treatment toxicity and overall outcome [22]. As patients 

experience weight loss with disease progression, future trials may include monitoring of 

body composition changes with toxicity and efficacy outcomes. Ideally, these would include 

pharmacokinetic measures of the chemotherapeutic agent to determine if lower doses would 

be necessary for patients who experience weight loss.

In summary, AR-42 is a novel HDACi that has been shown to increase miR-29b expression 

in vitro, however in this study, the current schedule did not achieve the proposed biologic 

endpoint. Possible explanations for this, as well as the low response rate, include the small 

number of patients, high risk features of the patient population, as well as an inadequate 

dosing schedule. Given these limitations it is difficult to comment on the efficacy of the 

regimen, although an increase in the dose of AR-42 and continued administration during 

decitabine therapy may have resulted in an increase in miR-29b levels. While AR-42 will 

not be explored further in AML, investigation into combinations with other anti-cancer 

agents may provide support for use of HDACi therapy in this disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Individual patient plasma-time concentration profiles by dose level (DL1 – solid lines; DL2 

– dashed lines; DL3 – dotted lines) on day 1 (A) and day 5 (B).
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Figure 2. 
Relationship between extent of exposure and dose following AR-42 administration 20–40 

mg. Day 1 Cmax (A) and AUC0- (B) and Day 5 Cmax (C) and AUC0- (D). The circles 

represent observed values, solid lines are the fitted values based on the power model, and the 

dotted lines are the 90% CI. AUC0-: area under the plasma concentration-time curve from 

time 0 to infinity; Cmax: measured peak plasma concentration.
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Figure 3. 
Relationship between miR-29b expression in bone marrow and patient Cmax. Results showed 

a weak correlation between miR-29b ΔΔCT values and Cmax (p < 0.05; linear regression), 

suggesting that increased levels of circulating AR-42 resulted in bone marrow miR-29b 
induction. ΔΔCT: the comparative CT method; Cmax: measured peak plasma concentration.
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Table 1.

Adult cohort induction regimen.

Dose level
(DL) AR-42 Decitabine

1 20 mg po daily days 1,3,5

2 40 mg po daily days 1,3,5 20 mg/m2/d IV days 6–15

3 40 mg po daily days 1,3,4,5

Dosing regimens for AR-42 and decitabine by dose level. Three patients enrolled to DL1, 3 to DL2 and 6 to DL 3.
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Table 2.

Summary of patient characteristics.

Patient characteristics (N = 13 patients)

Age, years

  Median 71

  Range 42–83

Sex

  Male 5

  Female 8

Disease Type

  De Novo 3

  Secondary AML 1

  Relapsed 6

  Primary Refractory 2

  Relapsed Refractory 1

ELN category

  Favorable 1

  Intermediate-I 5

  Intermediate-II 1

  Adverse 6

Number of prior therapies

  < 2 4

  ≥ 2 6

Prior allogeneic SCT 4

13 patients were treated at 3 dose levels. ELN refers to European LeukemiaNet; AML refers to acute myeloid leukemia; SCT refers to stem cell 
transplant.
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Table 3.

Non-hematologic toxicities, greade ≥ 3 during the first 2 cycles of treatment.

Toxicity

Number of
Patients with
grade ≥ 3 in

cycles 1 and 2

Infection

 Catheter-related infection 2

 Lung infection 5

 Febrile neutropenia 9

 Sepsis 3

Cardiac

 Hypertension 4

 Hypotension 2

 Heart failure 1

 Cardiac troponin increased 1

 Sinus tachycardia 1

Liver

 Alanine aminotransferase increased 1

 Aspartate aminotransferase increased 2

 Blood bilirubin increased 1

Metabolism and nutrition disorders

 Alkalosis 1

 Hypokalemia 3

 Hyponatremia 5

 Hypophosphatemia 2

 Hyperglycemia 3

 Hyperuricemia 1

 Hypoalbuminemia 1

Others

 Syncope 1

 Hypoxia 6

 Respiratory failure 1

 Fall 1

 Rash maculo-papular 1

Leuk Lymphoma. Author manuscript; available in PMC 2021 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Liva et al. Page 17

Ta
b

le
 4

.

C
as

e 
se

ri
es

 o
f 

pa
tie

nt
 o

ut
co

m
es

.

C
as

e
A

ge
/S

ex
P

ri
or

M
D

S/
M

P
N

R
el

ap
se

d/
R

ef
ra

ct
or

y
C

R
1 

du
ra

ti
on

C
yt

og
en

et
ic

s
D

os
e

le
ve

l
R

es
po

ns
e

M
ai

nt
en

an
ce

cy
cl

es
To

ta
l

C
yc

le
s

1
72

/F
N

o
R

el
ap

se
d

20
 m

o
46

,X
X

1
SD

0
4

2
58

/F
N

o
R

el
ap

se
d

4 
m

o
45

,X
X

,a
dd

(2
)(

q3
1)

, −
3,

−
4,

−
5,

ad
d(

7)
(q

21
),

 d
er

(1
6)

de
l(

16
) 

(p
13

.1
)d

el
(1

6)
(q

21
),

−
1 

7,
de

l(
20

)(
q1

3.
1)

,+
21

,+
m

ar
1,

 
+

m
ar

2[
14

]/
no

nc
lo

na
l w

/c
lo

na
l a

bn
or

m
al

iti
es

[1
]/

/4
6,

X
Y

[5
]

1
<

5%
 b

la
st

s
1

3

3
74

/F
M

D
S

Se
co

nd
ar

y
N

A
47

,X
X

,+
11

[8
]/

48
, s

l,+
8[

5]
/4

6,
X

X
[7

]
1

PD
0

4

4
57

/F
N

o
R

el
ap

se
d/

R
ef

ra
ct

or
y

3 
m

o
46

,X
X

2
PD

0
2

5
66

/M
N

o
D

e 
N

ov
o

N
A

44
,X

Y
,d

el
(5

)(
q1

3)
, −

10
,id

ic
(1

1)
(p

11
.2

),
−

17
,−

18
,d

er
(1

8)
 

t(
10

;1
8)

(q
21

;q
12

)[
6]

/4
 4

,s
l,d

el
(2

)(
q3

1)
[3

]/
44

, s
l,a

dd
(1

8)
(p

11
.2

) 
[3

]/
44

-4
5,

sl
,-

id
ic

(1
1)

,+
tr

ic
(?

;1
1;

11
) 

(?
::1

1q
23

.1
 >

 
11

p1
1.

 2
::1

1p
11

.2
 >

 1
1q

te
r[

cp
2]

/n
on

cl
on

al
 w

/c
lo

na
l 

ab
no

rm
al

iti
es

[1
]/

46
, X

Y
[5

].
is

hi
di

c(
11

)(
M

L
L

+
+

),
 tr

ic
(?

;1
1;

11
)

(M
L

L
+

)

2
PD

0
2

6
18

/M
D

e 
N

ov
o

R
el

ap
se

d
8m

o
C

om
pl

ex
2

SD
, 5

0%
 b

la
st

s 
po

st
 c

yc
le

 1
0

1

7
79

/M
N

o
R

ef
ra

ct
or

y
N

A
46

,X
Y

,in
v(

3)
(q

21
q2

6.
2)

, d
er

(7
)d

el
(7

)(
p1

1)
de

l(
7)

 (
q1

1.
1)

[2
0]

.n
uc

is
h(

D
7Z

1x
2,

 D
7S

48
6x

1)
[1

31
/2

09
]

3
U

nk
no

w
n

0
1

8
73

/F
N

o
R

ef
ra

ct
or

y
N

A
46

, X
X

3
<

5%
 b

la
st

s
1

4

9
73

/M
N

o
D

e 
N

ov
o

N
A

46
,X

Y
,a

dd
(2

) 
(p

24
),

t(
5;

8)
(q

33
;q

13
),

 d
el

(1
2)

(q
22

q2
4.

1)
 

[2
5]

.is
ha

dd
(2

)(
A

L
K

+
),

 t(
5;

8)
(C

M
Y

C
+

;C
M

Y
C

−
)

3
C

R
6+

8+

10
70

/F
N

o
D

e 
N

ov
o

N
A

46
,X

X
,t(

1;
15

) 
(p

36
.3

;q
15

),
de

l(
5)

(q
22

q3
1)

, +
8,

ps
ud

ic
(1

7;
3)

(p
13

;p
12

) 
[1

6]
/n

on
cl

on
al

 w
/c

lo
na

l a
bn

or
m

al
iti

es
[2

]/
46

,X
X

[2
]

3
C

R
i

2
4

11
71

/F
N

o
R

el
ap

se
d

10
 m

o
46

, X
X

3
SD

0
1

12
58

/F
N

o
R

el
ap

se
d 

fr
om

 C
R

2
C

R
1 

=
 3

1m
o 

C
R

2 
=

 1
3m

o
46

,X
X

3
SD

0
2

13
70

/M
N

o
R

el
ap

se
d

C
R

1 
=

 1
9m

o
46

,X
Y

3
C

R
i

1
5+

C
as

e 
se

ri
es

 ta
bl

e 
de

sc
ri

bi
ng

 c
yt

og
en

et
ic

s 
an

d 
ou

tc
om

es
 o

f 
ea

ch
 p

at
ie

nt
 e

nr
ol

le
d.

 S
D

, s
ta

bl
e 

di
se

as
e;

 P
D

, p
ro

gr
es

si
ve

 d
is

ea
se

, C
R

, c
om

pl
et

e 
re

m
is

si
on

.

Leuk Lymphoma. Author manuscript; available in PMC 2021 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Liva et al. Page 18

Ta
b

le
 5

.

Su
m

m
ar

y 
of

 p
ha

rm
ac

ok
in

et
ic

 p
ar

am
et

er
s 

on
 d

ay
 1

 a
nd

 d
ay

 5
.

D
os

e 
(m

g)
20

 (
da

y 
1,

 3
, 5

)
40

 (
da

y 
1,

 3
, 5

)
40

 (
da

y 
1,

 3
, 4

, 5
)

Pa
ra

m
et

er
 b

y 
da

y
D

ay
 1

D
ay

 5
D

ay
 1

D
ay

 5
D

ay
 1

D
ay

 5

T
m

ax
 (

h)
2.

00
 (

1.
32

)
2.

00
 (

1.
32

)
2.

00
 (

1.
15

)
1.

50
 (

0.
29

)
2.

00
 (

2.
36

)
4.

00
 (

2.
60

)

C
m

ax
 (

μM
)

0.
15

 (
0.

17
)

0.
35

 (
0.

05
)

0.
71

 (
0.

08
)

0.
86

 (
0.

12
)

1.
01

 (
0.

18
)

0.
96

 (
0.

32
)

A
U

C
0–
∞

 (
μM

 h
)

1.
77

 (
2.

34
)

4.
63

 (
0.

71
)

7.
90

 (
1.

10
)

7.
71

 (
1.

10
)

12
.2

2 
(4

.2
4)

14
.4

2 
(7

.9
1)

T
1/

2 
(h

)
7.

36
 (

0.
42

)
6.

91
 (

1.
11

)
6.

63
 (

0.
29

)
6.

93
 (

1.
26

)
7.

63
 (

1.
14

)
9.

98
 (

6.
79

)

A
U

C
0–

4 
(μ

M
 h

)
1.

59
 (

2.
13

)
4.

19
 (

0.
54

)
7.

20
 (

1.
06

)
6.

94
 (

0.
64

)
11

.3
3 

(3
.5

4)
11

.1
3 

(3
.3

6)

C
l/F

 (
L

/h
)

36
.1

1 
(1

14
.8

8)
13

.8
4 

(2
.1

8)
16

.2
2 

(2
.1

5)
16

.6
1 

(2
.2

2)
10

.4
8 

(2
.9

8)
8.

88
 (

3.
23

)

V
z/

F 
(L

)
38

1.
33

 (
12

38
.5

7)
13

7.
94

 (
14

.3
9)

15
5.

67
 (

27
.0

3)
16

6.
11

 (
9.

73
)

12
0.

53
 (

35
.8

7)
12

7.
81

 (
54

.3
6)

T
m

ax
: t

im
e 

to
 r

ea
ch

 m
ax

im
um

 c
on

ce
nt

ra
tio

n;
 C

m
ax

: m
ax

im
um

 c
on

ce
nt

ra
tio

n;
 A

U
C

0–
∞

: a
re

a 
un

de
r 

th
e 

cu
rv

e 
fr

om
 ti

m
e 

0 
to

 e
xt

ra
po

la
te

d 
to

 in
fi

ni
te

 ti
m

e;
 T

1/
2:

 h
al

f-
lif

e;
 A

U
C

0–
24

: a
re

a 
un

de
r 

th
e 

cu
rv

e 

du
ri

ng
 2

4 
h;

 C
l/F

: a
pp

ar
en

t o
ra

l c
le

ar
an

ce
; V

z/
F:

 a
pp

ar
en

t v
ol

um
e 

of
 d

is
tr

ib
ut

io
n.

 A
ll 

va
lu

es
 a

re
 r

ep
re

se
nt

ed
 a

s 
ge

om
et

ri
c 

m
ea

ns
 (

SD
) 

ex
ce

pt
 f

or
 T

m
ax

 w
hi

ch
 a

re
 r

ep
re

se
nt

ed
 a

s 
m

ed
ia

.

Leuk Lymphoma. Author manuscript; available in PMC 2021 June 01.


	Abstract
	Introduction
	Materials and methods
	Study design and patient enrollment
	Definition of dose limiting toxicity (DLT)
	Pharmacokinetic analysis
	Anthropometric measures
	qRT-PCR of miR-29b
	Statistical methods

	Results
	Patients
	Treatment and toxicity
	Clinical responses
	Correlative studies

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.
	Table 4.
	Table 5.

