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Abstract

This phase I trial evaluated two schedules of escalating vorinostat in combination with decitabine 

every 28 days: (i) sequential or (ii) concurrent. There were three dose-limiting toxicities: grade 3 

fatigue and generalized muscle weakness on the sequential schedule (n = 1) and grade 3 fatigue on 

the concurrent schedule (n = 2). The maximum tolerated dose was not reached on both planned 

schedules. The overall response rate (ORR) was 23% (three complete response [CR], two CR with 

incomplete incomplete blood count recovery [CRi], one partial response [PR] and two 

morphological leukemic free state [MLFS]). The ORR for all and previously untreated patients in 

the sequential arm was 13% (one CRi; one MLFS) and 0% compared to 30% (three CR; one CRi; 

one PR; one MLFS) and 36% in the concurrent arm (p = 0.26 for both), respectively. Decitabine 

plus vorinostat was safe and has clinical activity in patients with previously untreated acute 

myeloid leukemia. Responses appear higher with the concurrent dose schedule. Cumulative 

toxicities may limit long-term usage on the current dose/schedules.
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Introduction

The development and progression of cancer is due to both genetic and epigenetic changes in 

the malignant cell. A large number of genes are silenced by aberrant DNA methylation 

and/or histone deacetylation in different types of cancers, many of which are involved in the 

control of cell cycle progression, apoptosis, tissue invasion and metastasis, and genomic 

stability [1–3]. Aberrant histone deacetylase (HDAC) activity has been implicated in a 

variety of cancers. However, HDACs not only deacetylate histones to regulate gene 

transcription, they also affect the acetylation status and, thus, the function of non-histone 

proteins, such as the tumor suppressor p53, heat-shock protein 90 (hsp90), signal transducer 

and activator of transcription (STAT3) and the DNA-damage associated protein Ku70 [4]. 

Similarly, aberrant DNA methylation may also lead to genomic instability. While the 

mechanism behind this is unknown, it may involve increased activity or abnormal regulation 

of the DNA methyltransferases (DNMTs), which are responsible for DNA methylation of 

cytosine residues in CpG islands [5–7], and/or impaired function of a repair enzyme, such as 

a DNA demethylase [8,9].

Decitabine (5-aza-2’-deoxycytidine, Dacogen®; Eisai Co., Ltd.), a DNMT inhibitor, is 

currently approved by the United States Food and Drug Administration for the treatment of 

patients with myelodysplastic syndromes (MDS) and acute myeloid leukemia (AML) with 

20–30% bone marrow blasts by World Health Organization (WHO) classification [10,11] 

and the European Medicines Agency (EMA) for untreated older patients with AML with ≥ 

20% marrow blasts [12]. Three multicenter trials (two phase II and one phase III) have 

reported overall response rates (ORRs) of 25–30% (complete response [CR] rate 13–25%) 

with single agent decitabine [12–14]. Similar to what has been observed in patients with 

MDS [15–18], higher CR rates appear to be achieved in patients with AML using a 5-day 

compared to a 3-day dosing regimen [13,14]. In a multicenter, randomized phase III trial 

comparing a 5-day dosing regimen of decitabine with best supportive and/or low dose 

cytarabine in older patients with intermediate- or poor-risk AML, higher response rates (CR 

plus CR with incomplete platelet recovery [CRp]) were obtained with decitabine (18% vs. 

8%; p = 0.001) [12].

Biomarker analyses evaluating drug effect and predictors of response have been performed, 

such as gene-specific (e.g. p15 and estrogen receptor promoters) and genome-wide (e.g. 

long interspersed nucleotide element [LINE]) methylation during decitabine therapy. 

Although there was dose-dependent hypomethylation after therapy with decitabine at low 

doses, the degree of methylation of Alu repetitive elements, LINE repetitive elements and/or 

total 5-methylcytosine content (as surrogate markers for global methylation) did not 

correlate with response [15,19]. Similarly, promoter methylation status of the p15 gene did 

not correlate with response [15,19,20]; however, p15 expression levels at days 12 and 28 

after therapy were significantly higher in responders than in non-responders [15]. More 

recently, the presence of DNMT3A mutations and higher pretreatment levels of miR-29b, a 

microRNA that down-regulates DNMT1, 3A and 3B expression [21,22], have been 

associated with clinical response to decitabine therapy [23,24].
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A number of HDAC inhibitors have been used in patients with relapsed and/or refractory 

AML with modest activity [25–30]. Vorinostat (suberoylanilide hydroxamic acid, Zolinza®; 

Merck & Co., Inc.), a HDAC inhibitor, is approved for the treatment of skin manifestations 

of cutaneous T-cell lymphoma (CTCL) [31,32]. Single agent vorinostat has yielded 

responses (CR and/or CR with incomplete blood count recovery [CRi]) of 4.5–10% in 

patients with AML and/or MDS [25,26]. Increased histone acetylation was observed at all 

dose levels (DLs) in the phase I study [25]. Gene expression analysis indicated that 

transcript levels of proliferation-associated genes were down-regulated after therapy in the 

peripheral blood samples of patients with AML who had a hematologic improvement or 

response [25]. Furthermore, increased expression of an antioxidant gene signature at 

baseline was associated with vorinostat resistance [25].

In an attempt to improve response rates, quality of responses and duration of responses, and 

to minimize toxicities (by lowering doses) observed with single agent hypomethylating 

agents, DNMT inhibitors have been combined with a variety of agents. Hypomethylating 

agents have been shown to have additive or synergistic effects with HDAC inhibitors in 

reactivating epigenetically silenced genes and inducing apoptosis, differentiation and/or cell 

growth arrest in various cancer cell lines and primary samples [33–40]. Although 

transcriptional silencing is mediated by both methylation and histone deacetylase activity, it 

is currently not known which alteration is dominant [33,41–43]. Hence, it is unclear whether 

the sequence of administration of hypomethylating agents and HDAC inhibitors impacts on 

efficacy. Furthermore, the optimal dosing and scheduling of multiple dosage decitabine in 

combination with multiple doses of a HDAC inhibitor have not been established.

Therefore, a phase I study was conducted to determine the safety, tolerability and activity of 

vorinostat administered with decitabine in two different dose schedules: (i) sequential 

administration of decitabine followed by vorinostat, and (ii) concurrent administration of 

decitabine and vorinostat in patients with relapsed or refractory AML.

Patients and methods

Patients

Patients with histologically confirmed relapsed or refractory AML were eligible for 

enrollment. Patients with untreated AML were also considered eligible if they refused 

induction chemotherapy, had medical conditions that rendered them unfit to receive standard 

curative therapy as determined by their treating physician or required an allogeneic stem cell 

transplant (alloSCT) but lacked an appropriate donor. Other inclusion criteria were Eastern 

Cooperative Group (ECOG) performance status ≤ 2, adequate hepatorenal function (total 

bilirubin within normal limits, alanine transaminase [ALT] or aspartate transaminase [AST] 

≤ 2.5 times the upper limit of normal [ULN], creatinine ≤ 150 μmol/L). Patients with 

cerebrospinal fluid (CSF) involvement were allowed to participate and could receive 

concurrent intrathecal chemotherapy. Women of childbearing potential must have had a 

negative pregnancy test and must not have been breast-feeding.

Exclusion criteria included systemic chemotherapy or radiotherapy within 3 weeks prior to 

entering the study, valproic acid or other HDAC inhibitors within 2 weeks prior to study 
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enrollment, concurrent administration of cytotoxic and/or investigational agents (except 

hydroxyurea which was permitted up to 24 h prior to starting study medications), allergic 

reactions attributable to compounds of similar chemical or biologic composition to 

vorinostat, decitabine or any of their excipients, and serious medical or psychiatric 

conditions that could interfere with treatment. Prior use of decitabine was not permitted. All 

patients had to practice effective birth control and give written informed consent indicating 

that they were aware of the investigational nature of the study. All study procedures and 

informed consent forms were approved by the institutional review boards of the 

participating centers in accordance with federal and institutional guidelines.

Treatment protocol

This was an open-label, phase I study evaluating two different dose schedules of vorinostat 

administered with decitabine: (i) sequential administration of decitabine followed by 

vorinostat, and (ii) concurrent administration of decitabine and vorinostat in patients with 

relapsed or refractory AML. The study began with dose escalation on the sequential 

schedule, and once the maximum tolerated dose (MTD) was established, accrual began on 

the concurrent schedule. In both the sequential and concurrent schedules, a fixed low dose of 

decitabine, 20 mg/m2/day, was administered as a 1 h intravenous infusion on days 1–5 

(Figure 1). Patients received escalating doses of oral vorinostat administered either 

sequentially (100 mg twice a day [bid], 200 mg bid or 200 mg three times a day [tid] on 

days 6–21) or concurrently (100 mg or 200 mg bid on days 1–21 or 200 mg tid on days 1–

14) with decitabine every 28 days. The dose/schedule of decitabine was selected as optimal 

based on previous data demonstrating good tolerability and high response rates in patients 

with MDS [15]. The starting dose of vorinostat was chosen based on previous studies 

showing that the MTD was 200 mg bid or 250 mg tid for 14 consecutive days every 21 days 

in patients with AML and MDS [25]. Based on data suggesting that alterations in 

methylation are dominant over changes in histone deacetylation [33,41,43], vorinostat was 

administered after completion of the infusion of decitabine, on days when both study drugs 

were given. Patients could receive supportive care measures as clinically indicated. Other 

anticancer agents, including hydroxyurea, were prohibited while on study.

A minimum of four cycles of therapy were planned. Patients with persistent disease could 

receive their next cycle of treatment regardless of peripheral blood counts. For those with 

CR, an absolute neutrophil count ≥ 1.0 × 109/L and platelet count ≥ 50 × 109/L were 

required. Treatment was stopped if any of the following events occurred: disease 

progression requiring the administration of hydroxyurea or cytotoxic chemotherapy, 

unacceptable toxicity, intercurrent illness or change in the patient's condition that rendered 

the patient unsuitable for further therapy in the judgement of the investigator, or patient 

withdrawal from the study.

Dose escalation proceeded on a standard 3 + 3 dose escalation design. Briefly, three patients 

were enrolled at a given DL. If two or more experienced a dose-limiting toxicity (DLT), 

escalation was stopped and three additional patients were enrolled at the next lowest dose. If 

one of the initial three patients at a given DL experienced a DLT, an additional three patients 

were enrolled at the same DL. Escalation proceeded if none of the initial three patients or no 
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more than one of six patients at a given level experienced a DLT. The MTD was defined as 

the highest DL in which fewer than two of six patients developed first course DLT. This 

cohort could then be expanded by recruitment of up to four more (for a total of 10) patients 

to allow for further evaluation of toxicity at that level. Cumulative safety information will be 

considered for the final determination of the recommended phase II dose (RP2D), which 

may differ from the MTD.

Dose modification

Treatment was withheld in patients with National Cancer Institute Common Toxicity 

Criteria (NCI-CTC) grade 3 or more non-hematologic toxicity, except for alopecia or nausea 

and vomiting, diarrhea or biochemical abnormalities controlled by supportive care, until the 

side effects diminished to grade 1 or better or baseline. After resolution, treatment was 

resumed at the next lower DL. Dose interruption or reduction was permitted for patients 

with subjective, persistent, intolerable grade 2 toxicity not controlled by supportive therapy. 

Patients were removed from study if they developed treatment-related toxicities, leading to 

treatment interruption for greater than 3 weeks.

Assessment of toxicity and response

Baseline evaluation included medical history, vital signs, performance status of the patient, 

clinical examination, concurrent medications, bone marrow aspirate and/or biopsy, complete 

blood count (CBC) and differential, biochemistry, electrocardiogram, coagulation profile 

and serum pregnancy test if applicable. Patients were evaluated prior to the start of each 

cycle of therapy with repeat CBC and differential, and biochemistry. Bone marrow aspirate 

and/or biopsy were performed after each cycle of therapy, as clinically indicated, and at the 

time of coming off study. Patients completed a patient diary and returned the empty bottles 

and unused vorinostat at the end of each treatment cycle.

All patients were evaluable for toxicity if they received at least one dose of decitabine. 

Adverse events were assessed at each visit and graded according to the NCI-CTC Version 

3.0. DLTs were assessed during the first cycle of therapy. Hematologic DLT was defined as 

myelosuppression with bone marrow hypoplasia (cellularity ≤ 5%) without evidence of 

leukemia for ≥ 42 days. Non-hematologic DLT was defined as any grade 3 or 4 toxicity 

except for the following: alopecia, grade 3 or 4 nausea or vomiting responsive to 

antiemetics, diarrhea controlled with medications and electrolyte abnormalities correctable 

with supportive therapy. Also included were any clinically significant grade 2 toxicities 

requiring treatment delay for > 2 weeks.

Patients were assessable for response if they completed at least one cycle of therapy. 

Responses were evaluated according to the revised guidelines of the International Working 

Group (IWG) for patients with AML [44]. Remission duration was calculated from the date 

of first response until relapse.

Pharmacokinetics analysis

Blood samples for evaluation of decitabine were collected on days 1 and 5 of cycle 1, before 

dosing, 30 min after the infusion had started, at the end of infusion and at 5, 20, 35, 45 and 
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60 min from the end of infusion. Blood was collected into a sodium heparin Vacutainer tube 

and centrifuged at 1500 × g for 15 min. The resulting plasma was transferred into 

polypropylene tubes and stored at − 70°C until analyzed for decitabine concentration, using 

a validated high performance liquid chromatography with tandem mass spectrometry (LC-

MS/MS) [45]. On the sequential schedule, blood samples for vorinostat were collected on 

day 9 of cycle 1 before dosing and at 0.5, 1, 2, 2.5, 3, 4, 6 and 8 h after dosing. On the 

concurrent schedule, blood samples were collected on days 4 and 15 of cycle 1 at the same 

time points. Samples were allowed to clot at 4°C for 20–30 min, and then centrifuged at 

2000 × g for 15 min at 4°C. The resulting serum was transferred to polypropylene cryotubes 

and stored at − 70°C until analyzed for vorinostat concentrations with a validated LC-

MS/MS assay [46]. Pharmacokinetics (PK) parameters were calculated by non-

compartmental methods using Win-Nonlin (Version 5.2; Pharsight Corp.)

Exploratory analyses were performed for PK parameters and adjustments made for multiple 

comparisons. t-Tests were used for independent group comparisons and paired t-tests were 

used to compare PK parameters of decitabine on day 1 versus day 5 within a DL.

Results

Study group

A total of 36 patients with AML were entered onto the study between March 2006 and 

February 2008. Patient characteristics are listed in Table I. Of those patients, 16 were treated 

on the sequential schedule and 20 on the concurrent schedule. Eight patients had received 

three or more treatment regimens for their disease, including four patients who received an 

alloSCT. No patients had received prior therapy with a HDAC inhibitor. Eighteen patients 

had not received prior therapy for their disease, including four patients who received only 

hydroxyurea: five on the sequential arm and 13 on the concurrent arm. During the course of 

the study, emerging data indicated that higher response rates were obtained when decitabine 

was administered to previously untreated patients; hence, a concerted effort was made to 

enroll untreated patients with AML on the concurrent schedule. Of the 21 patients with 

cytogenetic analyses available, two had favorable core-binding factor mutations, nine 

intermediate-risk cytogenetics (including five with normal karyotype) and 10 poor-risk 

cytogenetics (including four monosomal karyotypes).

Toxicities

All 36 patients were evaluable for toxicity. The frequency and grading of treatment-related 

adverse effects observed during cycle 1 and for cycles 2 and beyond (reported as 

percentages of patients) are summarized in Tables II–V, respectively. All patients 

experienced adverse events. The most common toxicities observed during the first cycle of 

therapy and at any time during the study were fatigue, nausea, diarrhea, anorexia and 

vomiting. Toxicities were similar in patients receiving treatment on the sequential or 

concurrent arm. Two patients died while on study due to sepsis and/or pneumonia.

To be evaluable for DLT, patients must have completed at least one cycle of therapy and 

been observed for at least 28 days or have experienced a DLT before day 28. Four patients 
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did not complete one cycle of therapy on the sequential schedule and were replaced: one 

patient each on DL1 and DL2 (due to progressive disease requiring cytotoxic therapy) and 

two patients on DL3 (one due to non-compliance and one due to sepsis). As depicted in 

Figure 1, one DLT of grade 3 fatigue and generalized muscle weakness was observed on 

DL3. This patient died while on the first cycle of therapy due to pneumonia and sepsis. One 

patient on DL3 of the concurrent schedule did not complete one cycle of therapy (due to 

progressive disease) and was replaced. Two patients developed DLTs of grade 3 fatigue on 

DL2 and DL3 of the concurrent schedule (Figure 1).

The MTD was not reached on both the planned sequential and concurrent schedules. Dose 

delays and dose reductions of vorinostat due to toxicities occurred in seven patients: two in 

the sequential arm (one DL1 and one DL3) and five in the concurrent arm (three DL2 and 

two DL3). No dose reductions occurred with decitabine. Two additional patients on DL3 of 

the concurrent schedule developed grade 3 fatigue on cycle 2, while a third patient 

developed grade 3 anorexia and dehydration on cycle 3. Another two patients on DL3 of the 

concurrent schedule described grade 2 fatigue that necessitated short delays in treatment. As 

a result, the decision was made to halt further study at DL3 and expand enrollment to four 

more patients on DL2 of the concurrent schedule in order to obtain more safety and 

pharmacodynamics data. A total of three of 10 patients (30%) treated at DL2 of the 

concurrent schedule developed a DLT (grade 3 fatigue). Prior studies have demonstrated 

that continuous therapy with hypomethylating agents is required to achieve and maintain 

any response. However, given the concern of chronic toxicities (i.e. ongoing nausea, 

vomiting and fatigue) and tolerability with repetitive cycles of decitabine and vorinostat 

with the current dose/schedules, the RP2D is not well-defined in this study population; only 

10 patients were treated on DL2 of the concurrent arm, with just four patients having 

received > 4 cycles of therapy (range, 1–11).

Response to treatment

Patients completed a total of 159 cycles of therapy, with a median of 2 cycles (range, 0–23). 

Seventeen patients (47%) received three or more cycles of therapy (13 of whom received 

four or more cycles of therapy). Patients in the sequential group completed a median of 2 

cycles (range, 0–13) and those in the concurrent group 4 (range, 0–23) (p = 0.44). A higher 

proportion of patients in the concurrent group received four or more cycles of therapy 

compared with the sequential group (50% vs. 20%, p = 0.09). One patient was taken off 

study before completing one cycle of therapy due to non-compliance. Therefore, 35 patients 

were evaluable for response.

The ORR was 23% (eight of 35), with three CRs, two CRis, one partial response (PR) and 

two morphological leukemic free states (MLFS) (Tables VI and VII). This included five 

(29%) of the 17 previously untreated evaluable patients enrolled on the study, four of whom 

had received prior hydroxyurea for count control. The ORR for all and previously untreated 

patients in the sequential arm was 13% (one CRi and one MLFS) and 0% compared to 30% 

(three CR, one CRi, one PR and one MLFS) and 36% in the concurrent arm, respectively (p 

= 0.26 for both). Responses were observed on all DLs except for DL3 on the sequential arm. 

Median number of cycles to best response was 4.5 (range, 2–12). Median duration of 
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response for patients achieving a CR and CRi was 6 months (range, 3.9–23.3 + months). Of 

the 27 remaining patients, there were three patients who had a reduction in blast counts by 

25–51%. All patients eventually relapsed or had disease progression, with the exception of 

one, who demonstrated a poor recovery of counts after the 23rd cycle of treatment 

necessitating a treatment delay of more than 3 weeks; therefore, he was taken off study.

To determine whether differences in patient characteristics could account for the differences 

in response rates between the previously untreated patients with AML in the sequential 

schedule and the concurrent schedule, the t-test and Fisher's exact test were used to assess 

continuous and categorical patient variables, respectively. The only significant difference 

was ECOG status. There was no difference in the proportion of patients with de novo versus 

secondary or therapy-related AML, age, cytogenetic risk group, disease duration or 

percentage of bone marrow blasts between the two groups. Meaningful multivariate analyses 

could not be performed due to the small sample size.

Reasons for discontinuation from the study included: disease progression (n = 21), toxicity 

(n = 5), patient request (n = 3), physician discretion (n = 2), death due to sepsis while on 

study (n = 2), non-compliance (n = 1), treatment delay for more than 3 weeks due to 

prolonged myelosuppression (n = 1) and complicating medical condition (n = 1). At the time 

of data cut-off on 7 November 2011, with a median follow-up of 5.2 months (range, 1.1–

37.5 + months) from the time of study entry, 21 patients had died. The median overall 

survival (OS) for all patients was 7.5 months (95% confidence interval [CI]: 4.1 months–not 

reached).

Pharmacokinetics analyses

PK results (Table VIII) of decitabine were similar to those reported in previous studies [47]. 

Decitabine is rapidly eliminated with a half-life of approximately 20 min. No significant 

differences were found when comparing PK parameters on day 1 and day 5 within the same 

DL in either schedule.

The PK parameters of vorinostat (Table IX) were similar to those reported previously 

[48,49]. There was no difference among different levels in volume of distribution and 

clearance among DLs. Furthermore, no significant differences were found when comparing 

PK parameters on day 4 and day 9 of the concurrent schedule. As only a small number of 

patients had PK of either decitabine and/or vorinostat determined, no meaningful correlation 

of PK with adverse events or responses could be obtained.

Discussion

Both decitabine and azacitidine are approved for the treatment of WHO-defined AML with 

up to 30% blasts [10,50]. In Europe, decitabine is also approved for older untreated patients 

with AML with > 20% blasts [12]. However, response rates are low, with CR rates of 9–

18% in randomized phase III clinical trials [12,15,50].

Although the addition of vorinostat to decitabine did not increase the ORR for all patients 

treated on the study, it did yield a higher response rate in patients with previously untreated 
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AML compared to historical responses observed with single agent decitabine (29% vs. 18%, 

respectively) [12]. Furthermore, subgroup analysis demonstrated a higher response rate for 

patients with previously untreated AML who received decitabine concurrently with 

vorinostat. This is consistent with observations from a phase I study of sequential decitabine 

and vorinostat in patients with relapsed and/or refractory acute leukemia and MDS [51]. 

Increased dose intensity has been associated with improved and prolonged responses in 

patients receiving hypomethylating agents; however, the median number of courses 

administered in this study was only 2.

Although transcriptional silencing is mediated by both methylation and histone deacetylase 

activity, methylation is dominant; therefore, transcription cannot occur without first 

inhibiting DNA methylation [33,41]. Hence, in preclinical studies, initial treatment has been 

with a hypomethylating agent followed by a HDAC inhibitor. Preclinical data suggest that 

the sequence of administration of hypomethylating agents and HDAC inhibitors does not 

impact efficacy [42]. Clinical studies with hypomethylating agents and HDAC inhibitors 

have administered the drugs concurrently or sequentially (with administration of the HDAC 

inhibitor after the hypomethylating agent) [52–54]. However, minimal responses (CR 4%) 

were observed in a phase I study of sequential decitabine and vorinostat in patients with 

relapsed and/or refractory acute leukemia and MDS [51]. Similarly, in the present study, 

despite a higher proportion of patients with untreated AML (including those who received 

hydroxyurea) receiving treatment on the concurrent schedule compared to the sequential 

schedule (60% vs. 32%, respectively), concurrent administration of decitabine and 

vorinostat appears more efficacious than sequential administration.

Confirmatory evidence for the role of vorinostat in combination with decitabine was 

subsequently evaluated in a separate phase I study evaluating a concurrent and sequential 

schedule in previously treated and untreated patients with AML and MDS [55]. In this 

study, once-a-day dosing and shorter durations of vorinostat are being used in an attempt to 

decrease the risk of cumulative toxicities (predominantly, fatigue and gastrointestinal) 

associated with this drug combination and, hence, permit prolonged drug administration. 

Responses were observed more frequently on the concurrent schedule compared with the 

sequential schedule in all patient groups. However, data on efficacy and optimal dose 

schedule are limited by the proportion of previously treated and untreated patients enrolled 

onto the study.

Studies have failed to conclusively demonstrate that the degree of global and/or gene 

specific DNA hypomethylation and histone deacetylation are markers for clinical response 

[15,47,52]. Some studies have suggested that earlier expression of certain genes (e.g. 

estrogen receptor [ER]) or higher levels of gene expression (e.g. p15) are associated with 

achievement of a CR and can serve as a biomarker of response [15,47]. It will be important 

to determine whether the addition of a deacetylase inhibitor to decitabine increases not only 

the degree of DNA hypomethylation but also gene re-expression and whether this correlates 

with response.

In summary, the combination of decitabine and vorinostat has activity in patients with 

previously untreated AML. Responses appear higher with the concurrent schedule. 
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However, given the concern of chronic toxicities and tolerability with repetitive cycles of 

decitabine 20 mg/m2/day on days 1–5 and vorinostat 200 mg bid on days 1–21 every 28 

days, the RP2D is not well defined in this study population. Hence, exploration of the agents 

administered at different doses and schedules is warranted.
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Figure 1. 
Dose escalation scheme for sequential and concurrent schedules and specification of dose-

limiting toxicities (DLTs) at each dose level. DAC, decitabine.
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Table I

Patient characteristics.

Characteristic All (n = 36) Sequential (n = 16) Concurrent (n = 20)

Age, years, median (range) 69 (32–82) 67 (41–82) 71.5 (32–82)

    > 60 years 26 (72) 10 (62) 16 (80)

Gender (%)

    Female 22 (61) 7 (44) 7 (35)

    Male 14 (39) 9 (56) 13 (65)

Diagnosis (%)

    AML 36 (100) 16 (100) 20 (100)

        Prior MDS or MPD 14 (39) 8 (50) 6 (30)

        Treatment-related 3 (8) 1 (6) 2 (10)

Duration of disease, months, median (range) 2.8 (0.4–49.7) 4.4 (0.6–15.3) 1.4 (0.4–49.7)

ECOG performance status, median (range) 1 (0–2) 1 (1–2) 1 (0–1)

    0–1 (%) 33 (92) 13 (81) 20 (100)

    2 (%) 3 (8) 3 (19) 0

Median prior treatment regimens (range) 1 (0–4) 1 (0–4) 0 (0–4)

Prior therapy (%)

    Untreated 14 (39) 4 (25) 10 (50)

    Hydroxyurea 4 (11) 1 (6) 3 (15)

    Chemotherapy 13 (36) 11 (69) 2 (10)

    Targeted therapy 2 (6) 0 2 (10)

    Allogeneic stem cell transplant 3 (8) 0 3 (15)

Primary refractory AML (%) 6 (17) 6 (38) 0

Relapsed AML (%) 11 (31) 5 (31) 6 (30)

Cytogenetic risk (%)

    Favorable 2 (6) 1 (6) 1 (5)

    Intermediate 9 (25) 3 (19) 5 (25)

    Poor 10 (28) 4 (25) 7 (35)

    Inconclusive/not available 15 (42) 8 (50) 7 (35)

Baseline white blood cell count (× 109/L), median (range) 3.4 (0.6–76.6) 3.5 (0.7–74.6) 3.2 (0.6–76.6)

Baseline platelet count (× 109/L), median (range) 41 (3–391) 25 (3–374) 58 (9–391)

Baseline peripheral blast count (× 109/L L), median (range) 0.26 (0–75.1) 0.52 (0–66.4) 0.26 (0–75.1)

AML, acute myeloid leukemia; MDS, myelodysplastic syndromes; MPD, myeloproliferative disorder; ECOG, Eastern Cooperative Group.
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Table II

Non-hematologic toxicities possibly attributable to decitabine and/or vorinostat during cycle 1: sequential 

schedule (n = 16).

Dose level 1 (n = 4) Dose level 2 (n = 4) Dose level 3 (n = 8) All (n = 16)

Adverse effect All grades, 
no. (%)

Grade 
3/4, no. 

(%)

All grades, 
no. (%)

Grade 
3/4, no. 

(%)

All grades, 
no. (%)

Grade 
3.4, no. 
(%)

All 
grades, 
no. (%)

Grade 
3/4, no. 
(%)

Fatigue 3 (75) 0 2 (50) 0 5 (62) 1 (12) 10 (62) 1 (6)

Nausea 2 (50) 0 3 (75) 0 7 (88) 0 12 (75) 0

Diarrhea 1 (25) 0 3 (75) 0 5 (62) 0 9 (56) 0

Vomiting 0 0 1 (25) 0 5 (62) 0 6 (38) 0

Anorexia 1 (25) 0 1 (25) 0 1 (12) 0 3 (18) 0

Abdominal pain 0 0 0 0 1 (12) 0 1 (6) 0

Constipation 1 (25) 0 1 (25) 0 0 0 2 (12) 0

Dehydration 0 0 0 0 1 (12) 0 1 (6) 0

Dizziness 1 (25) 0 0 0 1 (12) 0 2 (12) 0

Dyspepsia 2 (50) 0 1 (25) 0 1 (12) 0 4 (25) 0

Hyperglycemia 1 (25) 0 1 (25) 0 0 0 2 (12) 0

Hyponatremia 2 (50) 0 0 0 0 0 2 (12) 0

Generalized muscle weakness 1 (25) 0 0 0 1 (12) 1 (12) 2 (12) 1 (6)
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Table III

Non-hematologic toxicities possibly attributable to decitabine and/or vorinostat during cycle 1: concurrent 

schedule (n = 20).

Dose level 1 (n = 3) Dose level 2 (n = 10) Dose level 3 (n = 7) All (n = 20)

Adverse effect All grades, 
no. (%)

Grade 
3/4, no. 

(%)

All grades, 
no. (%)

Grade 
3/4, no. 
(%)

All grades, 
no. (%)

Grade 
3/4, no. 
(%)

All 
grades, 
no. (%)

Grade 
3/4, no. 
(%)

Fatigue 1 (33) 0 7 (70) 3 (30) 5 (71) 1 (14) 13 (65) 4 (20)

Nausea 1 (33) 0 7 (70) 0 5 (71) 0 13 (65) 0

Diarrhea 1 (33) 0 6 (60) 0 4 (57) 1 (14) 11 (55) 1 (5)

Vomiting 0 0 7 (70) 0 2 (28) 0 9 (45) 0

Anorexia 0 0 6 (60) 0 2 (28) 0 8 (40) 0

Abdominal pain 0 0 2 (20) 0 1 (14) 0 3 (15) 0

Constipation 0 0 0 0 0 0 0 0

Dehydration 0 0 2 (20) 0 0 0 2 (10) 0

Dizziness 0 0 0 0 0 0 0 0

Dyspepsia 0 0 0 0 0 0 0 0

Hyperglycemia 0 0 0 0 0 0 0 0

Hyponatremia 0 0 0 0 0 0 0 0

Generalized muscle weakness 0 0 0 0 0 0 0 0

Leuk Lymphoma. Author manuscript; available in PMC 2016 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

How et al. Page 18

Table IV

Non-hematologic toxicities possibly attributable to decitabine and/or vorinostat during cycles 2 and higher: 

sequential schedule (n = 16).

Dose level 1 (n = 4) Dose level 2 (n = 4) Dose level 3 (n = 8) All (n = 16)

Adverse effect All grades, 
no. (%)

Grade 3/4, 
no. (%)

All grades, 
no. (%)

Grade 3/4, 
no. (%)

All grades, 
no. (%)

Grade 3/4, 
no. (%)

All grades, 
no. (%)

Grade 3/4, 
no. (%)

Nausea 2 (50) 0 3 (75) 1 (25) 5 (62) 0 10 (62) 1 (6)

Fatigue 3 (75) 1 (25) 2 (50) 0 2 (25) 1 (12) 7 (44) 2 (12)

Diarrhea 0 0 3 (75) 1 (25) 3 (38) 0 6 (38) 1 (6)

Vomiting 1 (25) 0 2 (50) 1 (25) 2 (25) 1 (12) 5 (31) 2 (12)

Anorexia 1 (25) 0 2 (50) 0 3 (38) 1 (12) 6 (38) 1 (6)

Mucositis 1 (25) 0 1 (25) 0 2 (25) 0 4 (25) 0

Dyspepsia 1 (25) 0 0 0 1 (12) 0 2 (12) 0

Headache 2 (50) 0 1 (25) 1 (25) 1 (12) 0 4 (25) 1 (6)

Abdominal pain 0 0 1 (25) 0 1 (12) 0 2 (12) 0

Infections 0 0 1 (25) 1 (25) 1 (12) 0 2 (12) 1 (6)

Dehydration 0 0 0 0 1 (12) 0 1 (6) 0

Hyperglycemia 0 0 1 (25) 0 0 0 1 (6) 0

Weight loss 0 0 0 0 2 (25) 0 2 (12) 0
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Table V

Non-hematologic toxicities possibly attributable to decitabine and/or vorinostat during cycles 2 and higher: 

concurrent schedule (n = 20).

Dose level 1 (n = 3) Dose level 2 (n = 10) Dose level 3 (n = 7) All (n = 20)

Adverse effect All grades, 
no. (%)

Grade 3/4, 
no. (%)

All grades, 
no. (%)

Grade 3/4, 
no. (%)

All grades, 
no. (%)

Grade 3/4, 
no. (%)

All grades, 
no. (%)

Grade 3/4, 
no. (%)

Nausea 1 (33) 0 4 (40) 0 4 (57) 1 (14) 9 (45) 1 (5)

Fatigue 0 0 4 (40) 1 (10) 5 (71) 2 (28) 9 (45) 3 (15)

Diarrhea 1 (33) 0 4 (40) 0 3 (43) 0 8 (40) 0

Vomiting 0 0 2 (20) 0 4 (57) 0 6 (30) 0

Anorexia 0 0 3 (30) 0 5 (71) 1 (14) 8 (40) 1 (5)

Mucositis 1 (33) 0 1 (10) 0 1 (14) 0 3 (15) 0

Dyspepsia 1 (33) 0 0 0 1 (14) 0 2 (10) 0

Headache 0 0 1 (10) 0 1 (14) 0 2 (10) 0

Abdominal pain 0 0 1 (10) 0 2 (28) 0 3 (15) 0

Infections 0 0 2 (20) 1 (10) 3 (43) 1 (14) 5 (25) 2 (10)

Dehydration 0 0 1 (10) 0 1 (14) 1 (14) 2 (10) 1 (5)

Hyperglycemia 0 0 2 (20) 2 (20) 0 0 2 (10) 2 (10)

Weight loss 0 0 1 (10) 0 1 (14) 0 2 (10) 0
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Table VI

Clinical response: sequential schedule (n = 16).

Dose level Dose of vorinostat Patient No. of prior 
therapies

Best response Duration of 
response 
(weeks)

No. of cycles to 
best response

Total no. of 
cycles 

completed

1 100 mg bid days 6–21 901 0 NR NA NA 0

902 1 NR NA NA 2

903 2 CRi 26.7 6 12

904 1 NR NA NA 3

2 200 mg bid days 6–21 905 3 NR NA NA 0

906 0 NR NA NA 2

907 1 MLFS 16.3 12 13

908 3 NR NA NA 2

3 200 mg tid days 6–21 909 0 NR NA NA 0

910 1 NR NA NA 3

911 1 NR NA NA 2

912 3 NR NA NA 3

913 0 NR NA NA 10

914 0 NR NA NA 1

915 4 NR NA NA 0

918 1 NR NA NA 2

bid, twice a day; tid, three times a day; NR, no response; CRi, complete response with incomplete blood count recovery; MLFS, morphologic 
leukemic free state; NA, not applicable.
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Table VII

Clinical response: concurrent schedule (n = 20).

Dose level Dose of vorinostat Patient No. of prior 
therapies

Best response Duration of response No. of cycles 
to best 

response

Total no. of 
cycles 

received

1 100 mg bid days 1–21 916 2 NR NA NA 1

917 0 CR 114.6 8 23

919 0 PR 25.6 4 9

2 200 mg bid days 1–21 920 0 NR NA NA 0

921 2 NR NA NA 1

922 3 NR NA NA 8

923 0 CR 60.3 4 11

924 4 MLFS 15.7 2 5

925 3 NR NA NA 1

933 0 CRi 22.7 5 6

934 0 NR NA NA 1

935 0 NR NA NA 2

936 0 NR NA NA 2

3 200 mg tid days 1–14 926 3 NR NA NA 3

927 0 CR 16.8 2 6

928 0 NR NA NA 0

929 0 NR NA NA 2

930 0 NR NA NA 5

931 1 NR NA NA 13

932 0 NR NA NA 5

bid, twice a day; tid, three times a day; NR, no response; CR, complete response; PR, partial remission; MLFS, morphologic leukemic free state; 
CRi, complete response with incomplete blood count recovery; NA, not applicable.
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Table VIII

Decitabine pharmacokinetics parameters.

PK parameter Day 1 Day 5

Sequential schedule: decitabine 20 mg/m2/day (n = 3)

    Mean Cmax (ng/mL) (SD) 137.1 (126.4) 129.9 (87.1)

    Mean AUCt (ng·h/mL) (SD) 102 (76.1) 107.1 (67.3)

    Mean AUCinf (ng·h/mL) (SD) 105.4 (77.3) 111 (66.2)

    Mean t1/2 (h) (SD) 0.36 (0.05) 0.42 (0.18)

    Mean CL (L/h/m2) (SD) 254.8 (134.3) 226.2 (121.6)

Concurrent schedule: decitabine 20 mg/m2/day (n = 6)

    Mean Cmax (ng/mL) (SD) 192.6 (164.1) 235.9 (187.5)

    Mean AUCt (ng·h/mL) (SD) 149.1 (95.8) 165.7 (85.8)

    Mean AUCinf (ng·h/mL) (SD) 152 (96.6) 169.5 (85.2)

    Mean t1/2 (h) (SD) 0.36 (0.12) 0.40 (0.17)

    Mean CL (L/h/m2) (SD) 202.8 (153.7) 139.6 (55.1)

PK, pharmacokinetics; Cmax, maximum plasma concentration; SD, standard deviation; AUCt, area under the plasma decitabine concentration 

versus time curve to the last sampling time; AUCinf, area under the plasma decitabine concentration versus time curve from zero to infinity; t½, 

terminal half-life; CL, clearance.

Leuk Lymphoma. Author manuscript; available in PMC 2016 October 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

How et al. Page 23

Table IX

Vorinostat pharmacokinetics parameters.

PK parameter 100 mg bid days 6–21 (n = 4) 200 mg bid days 6–21 (n = 4) 200 mg tid days 6–21 (n = 8)

Sequential schedule

    Mean Cmax (ng/mL) (SD) 116.8 (82.5) 125.5 (56.1) 263.4 (170.8)

    Mean AUCt (ng·h/mL) (SD) 276.3 (87.9) 555.9 (354.7) 743.2 (421.4)

    Mean AUCinf (ng·h/mL) (SD) 352.1 (57.9) 974.1 (599.2) 910.4 (633.9)

    Mean t½ (h) (SD) 1.23 (0.02) 3.34 (0.66) 1.65 (1.02)

    Mean CL/F (L/min) (SD) 4.80 (0.79) 5.57 (5.26) 5.89 (4.48)

100 mg bid days 1–21 200 mg bid days 1–21 200 mg tid days 1–14

Day 4 (n = 3) Day 15 (n = 1) Day 4 (n = 10) Day 15 (n = 7) Day 4 (n = 7) Day 15 (n = 0)

Concurrent schedule

    Mean Cmax (ng/mL) (SD) 150.8 (40.5) 226.3 251.5 (96.0) 245.6 (115.3) 352.9 (110.9) NA

    Mean AUCt (ng·h/mL) (SD) 399.9 (127.1) 607.5 733.8 (362.9) 778.5 (401.7) 1062.9 (262.7) NA

    Mean AUCinf (ng·h/mL) (SD) 406.7 (121.4) 608.6 930.0 (357.8) 1007.2 (649.1) 1239.4 (403.5) NA

    Mean t½ (h) (SD) 1.04 (0.52) 0.62 1.94 (0.64) 2.34 (1.05) 2.68 (1.93) NA

    Mean CL/F (L/min) (SD) 4.35 (1.26) 2.74 4.02 (1.30) 4.70 (2.45) 2.86 (0.81) NA

PK, pharmacokinetics; Cmax, maximum plasma concentration; SD, standard deviation; AUCt, area under the plasma decitabine concentration 

versus time curve to the last sampling time; AUCinf, area under the plasma decitabine concentration versus time curve from zero to infinity; t½, 

terminal half-life; CL/F, oral clearance.
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