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Introduction

Acute myeloid leukemia (AML) in older adults remains a
difficult-to-treat disease, with most patients either relapsing
after initial achievement of a complete remission (CR) or hav-
ing primary refractory disease, yielding a 5-year relative sur-
vival rate of 10% or less for those over 65 years of age.1 Thus,
novel strategies are needed for these patients, especially for
those with poor performance status (PS) who are at high risk
of life-threatening or fatal toxicities from intensive therapy,
and those who are at high risk of relapse based on cytogenetic
and molecular characteristics and presence of minimal resid-
ual disease (MRD) despite being in CR. Because of well-
defined cell surface antigens and easy tumor accessibility,
considerable effort has been directed at the therapeutic
exploitation of monoclonal antibodies, with a paradigm being
gemtuzumab ozogamicin (GO), an immunoconjugate
between an anti-CD33 antibody (hP67.6) and a toxic
calicheamicin-g1 derivative.2,3 However, when used alone in
patients with relapsed or refractory AML, remission rates
have typically not exceeded 25%.2,3 Research has, therefore,
focused on developing novel means to improve GO therapy.

Following CD33-mediated cellular uptake and subsequent

intracellular cleavage from hP67.6, the calicheamicin-g1 moi-
ety causes DNA damage, apoptosis, and cell death.2,3 This
mechanism suggests that drugs that augment the DNA dam-
age response and lower the apoptotic threshold could
improve GO efficacy. Histone deacetylase (HDAC) inhibitors
such as vorinostat are of interest in this regard as they func-
tion synergistically or additively with conventional anti-AML
chemotherapeutics, partly due to lowering of the apoptotic
threshold within tumor cells.4,5 Indeed, recent in vitro studies
indicate that HDAC inhibitors potently augment DNA inter-
calation of the calicheamicin-g1 derivative and enhance DNA
degradation and GO efficacy.6

Likewise, DNA methyltransferase I inhibitors such as azac-
itidine or decitabine have been demonstrated to enhance GO
efficacy in vitro,7,8 possibly through lowering of the apoptotic
threshold, and early clinical studies have indicated activity in
patients with AML.9-11 These studies, together with the
improved clinical activity reported when HDAC inhibitors
are used with DNA methyltransferase I inhibitors,12 prompt-
ed a phase I/II study with vorinostat and azacitidine as
chemosensitizers for GO in the treatment of primary refrac-
tory AML or AML in first relapse (remission duration ≤12
months) requiring first salvage therapy.
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Epigenetic therapeutics such as the histone deacetylase inhibitor, vorinostat, and the DNA methyltransferase I
inhibitor, azacitidine, enhance gemtuzumab ozogamicin efficacy in vitro. We therefore investigated vorinostat/azaci-
tidine/gemtuzumab ozogamicin in 52 adults aged 50 years or over with acute myeloid leukemia requiring therapy
for first relapse (remission duration ≤12 months) or primary refractory disease in a phase I/II trial. Vorinostat and gem-
tuzumab ozogamicin were escalated step-wise during the phase I portion of the trial. Vorinostat (400 mg/day orally
from Days 1-9), azacitidine (75 mg/m2/day intravenously or subcutaneously from Days 1-7), and gemtuzumab
ozogamicin (3 mg/m2/day intravenously on Days 4 and 8) were identified as the maximum tolerated dose. Among
the 43 patients treated at this dose, 10 achieved a complete remission and 8 achieved a complete remission with
incomplete blood count recovery, for an overall response rate of 41.9% (exact 95% confidence interval (CI): 27.0-
57.9%). Four of these 18 patients (2 with complete remission and 2 with complete remission with incomplete blood
count recovery) had persistence of minimal residual disease by flow cytometry at the time of best response. Four
patients died within 28 days of treatment initiation. Median overall survival for the 18 patients achieving complete
remission/complete remission with incomplete blood count recovery was significantly longer than for those 21
patients who failed therapy but lived at least 29 days after treatment initiation (224.5 days (range 70-798) vs. 95 days
(range 36-900); P=0.0023). These data indicate that vorinostat/azacitidine/gemtuzumab ozogamicin has activity in
this difficult-to-treat acute myeloid leukemia patient subset. (ClinicalTrials.gov: identifier 00895934).
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ABSTRACT



The primary objective of this study was to determine
the vorinostat dose with the most favorable efficacy and
toxicity when combined with azacitidine and GO.

Methods

Study population
Patients aged 50 years or over with AML other than acute

promyelocytic leukemia13 with an ECOG PS of 0-3 and adequate
cardiac, liver, and kidney function were eligible if they required
either first salvage chemotherapy for primary refractory disease
(as defined as persistent disease after 1 or 2 courses of convention-
al curative-intent chemotherapy) or relapsing disease with a dura-
tion of first CR of less than 12 months after at least one course of
curative-intent chemotherapy. Patients with prior hematopoietic
cell transplantation (HCT) were eligible if relapse occurred 6-12
months post-transplant. Cytogenetic risk-group assignment was
made according to the modified United Kingdom Medical
Research Council/National Cancer Research Institute criteria.14

Treatment responses were defined according to standard crite-
ria.15,16 MRD was assessed by multiparametric flow cytometry
using the institution’s routine methodology; any level of MRD
was considered MRDpos. The protocol (ClinicalTrials.gov: identifier
00895934) was approved by the institutional review board of both
participating institutions, and patients gave written informed con-
sent in accordance with the Declaration of Helsinki.

Treatment plan
In phase I, the starting dose level (level 1) used azacitidine 75

mg/m2/day intravenous (i.v.) or subcutaneously (s.c.) on Days 1-7,
vorinostat 200 mg/day orally on Days 1-9, and GO 3 mg/m2 i.v. on
Day 8. At dose levels 2 and 3, the daily vorinostat dose was
increased to 300 mg and 400 mg, respectively, while keeping the
other drug doses unchanged. At dose level 4, GO 3 mg/m2 was
given on Days 4 and 8 while keeping the other drug doses
unchanged from level 3. If necessary, hydroxyurea was given to
reduce the leukocyte count to less than 25 x 109/L before beginning
study therapy, but was discontinued prior to initiation of treat-
ment with vorinostat and azacitidine. If there was clear evidence
of persistent leukemia (≥20% blasts, no hypocellularity) on Day
15, the first cycle was repeated. In all other patients, a second cycle
was begun if peripheral blood counts had recovered and/or all tox-
icities had resolved to grade 2 or under. Patients were removed
from study if there was disease progression. Otherwise, patients
came off study if a partial remission was not achieved after cycle
3, or if a CR or CR with incomplete peripheral blood count recov-
ery (CRi) was not achieved after cycle 6.

Statistical considerations
A “3+3” dose escalation design for phase I and a Simon minimax

two-stage design for phase II were used,17 with a response rate of
17% considered unacceptably low based on historical data of sim-
ilarly treated patients (EH Estey, unpublished observation, 2013) and a
response rate of 34% considered acceptably high. Dose-limiting
toxicities (DLTs) were defined as: 1) any grade 3 non-hematologic
toxicity lasting over 48 h that results in a delay of more than seven
days of the subsequent treatment cycle, with the exception of
febrile neutropenia or infection; 2) any grade 4 or over non-hema-
tologic toxicity, with the exception of febrile neutropenia/infec-
tion or constitutional symptoms if recovery to grade 2 or under
within 14 days; and 3) prolonged myelosuppression in the absence
of persistent disease. Cumulative toxicities were assessed after 2
treatment cycles. Efficacy was determined as the best response
achieved during study treatment.

Results

Between September 2009 and November 2012, 52 eligi-
ble adults with a median age of 64.8 (range 50.2-78.9)
years were enrolled in this study (Table 1). Twenty-nine of
these patients had primary refractory disease at the time
of enrollment; these patients had received a variety of
treatments before they entered this study, including single
courses of cytarabine and an anthracycline (“7+3”; n=13),
repeat courses of 7+3 (n=4), 1 or 2 courses of high-dose
cytarabine-containing regimens (n=11), or
clofarabine/low-dose cytarabine (n=1). All patients
received study therapy and completed at least one course
of induction therapy. Nineteen patients only received one
course of therapy, 20 received 2 courses of therapy, 11
received 3 courses of therapy, and 2 received 4 courses of
therapy. In the vast majority of courses, study drugs were
administered in the outpatient facilities of the study insti-
tutions.

Phase I
The initial 15 patients (8 males, 7 females), median age

65.7 (range 50.2-69.8) years, with either primary refracto-
ry disease (n=6) or first relapse (n=9; median duration of
first CR: 6 months) were enrolled on the dose escalation
portion of this study and received a median of 2 (range 1-
3) cycles of therapy.

Toxicity
As summarized in Table 2, no DLTs occurred at dose

levels 1-3. In contrast, one DLT of death due to sepsis and
respiratory failure occurred at dose level 4 after cycle 1,
defining this level as maximum tolerated dose (MTD).
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Table 1. Characteristics of study cohort.
Parameter                                                                  n=52

Median age (range), years                                          64.8 (50.2-78.9)
Male gender, n. (%)                                                          29 (55.8%)
Disease status, n. (%)                                                                

Primary refractory                                                           29 (55.8%)
Relapse                                                                              23 (44.2%)

Median CR duration before relapse (range),          3 (1-72)
months* 

Performance status, n. (%)                                                       
0                                                                                              4 (7.7%)
1                                                                                           39 (75.0%)
2                                                                                            8 (15.4%)
3                                                                                             1 (1.9%)

Cytogenetic risk group, n. (%)                                                 
Favorable                                                                             2 (3.8%)
Intermediate                                                                     32 (61.5%)
Adverse                                                                              18 (34.6%)

Laboratory findings at baseline, median (range)                
WBC (x 109L)**                                                              2.8 (0.3-26.2)
Hemoglobin (g/dL)                                                       9.7 (2.9-13.0)
Platelets (x 109L)                                                              37 (8-486)
Creatinine (mg/dL)                                                        0.9 (0.5-1.8)
Total Bilirubin (mg/dL)                                                 0.5 (0.2-2.2)
SGOT (U/L)                                                                       22 (10-66)
SGPT (U/L)                                                                         27 (7-80)

*1 patient treated during phase 1 (dose level 2) was erroneously enrolled on this study
despite a prior CR duration >12 months; **5 patients received hydroxyurea prior to
study therapy initiation.



Efficacy
Among these 15 patients, 2 achieved a CR without flow

cytometric evidence of MRD (13.3%; exact 95%CI: 1.7-
40.5%); 4 additional patients (26.7%) met morphological
criteria for CRi, with 3 of them having either MRD by
flow cytometry (n=2) or persistently abnormal findings by
routine karyotyping (n=1), for a total response rate
(CR/CRi) of 6 of 15 (40.0%; exact 95%CI: 16.3-67.7%).
Nine patients (60.0%) either had resistant disease (RD)
(n=8, 53.3%) or experienced death in aplasia (DA) (n=1,
6.7%) on Day 28.

Phase II
Based on the parameters used in the Simon minimax

two-stage design (Online Supplementary Appendix), a total
of 43 patients were targeted to receive study therapy at
the recommended phase II dose level. Thus, following
establishment of a phase II dosing schedule for vorinostat,
azacitidine, and GO, an additional 37 patients were
enrolled and received treatment at dose level 4.

Efficacy
As summarized in Table 3, 10 of these 43 patients

(23.3%, exact 95%CI: 11.8-38.6%) achieved CR, and 8
patients (18.6%; exact 95%CI: 8.4-33.4%) achieved CRi,
for a CR/CRi rate of 18 of 43 (41.9%; exact 95%CI: 27.0-
57.9%). Of note, 4 of these 18 patients (2 each with CR
and CRi, respectively) had persistence of MRD at the time
of best response. Eleven of these 18 patients achieved their
best response after one cycle of therapy, whereas 6
required 2 cycles, and one patient required 3 cycles of
study therapy; thus, the vast majority of patients achiev-
ing a positive response did so within the first 2 cycles of
therapy. Among the 6 patients requiring 2 treatment
courses to achieve CR/CRi, 3 received course 2 early (i.e.
after disease assessment on Day 15) because of clear evi-
dence of persistent leukemia after the initial treatment
cycle. Of the 24 patients who had response assessment
data available and were categorized as resistant, 14 were
removed from study therapy after one course of therapy
because of early death (n=2), clear evidence of early dis-
ease progression (n=4), patient decision (n=1), or physi-
cian decision (n=7); 7 patients were removed after 2 cours-
es (including 4 patients who died from persistent disease
and one patient who discontinued therapy because of tox-
icity), 2 after 3 courses (including one patient who died
from persistent disease), and one patient after 4 treatment
courses (because of patient decision), respectively.

Toxicity assessment
As anticipated, besides grade 3-4 cytopenias, infectious

complications were the most common grade 3 or more

adverse events (Table 4). A total of 4 patients, all treated at
dose level 4, died within 28 days of treatment initiation. In
all 4 patients, deaths were related to infectious complica-
tions in the setting of persistent AML. One patient treated
at dose level 4 died from infectious complications on Day
39 after start of study therapy with persistent pancytope-
nia; at autopsy, the bone marrow was found to be
hypocellular without evidence of residual AML. 

Post-study therapy of responders 
Among the 18 patients who achieved a CR or CRi after

treatment at the phase II dose level, 13 were taken off pro-
tocol to receive additional, more intensive consolidative
chemotherapy, including 12 who were programmed to
undergo allogeneic HCT. The remaining 5 patients discon-
tinued study therapy because of patient preference (n=2),
unacceptable toxicity (n=1), disease recurrrence (n=1), and
death while in remission (n=1).

Disease relapse and overall survival of responders
Of the 18 patients achieving a CR/CRi at the phase II

dose level, 5 experienced disease relapse after a CR dura-
tion of 1.2, 2.6, 4.0, 4.0, and 4.8 months, respectively; 3
died while in remission after a CR duration of 1.5, 3.2, and
4.3 months (2 of which after allogeneic HCT); and 10 are
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Table 2. Dose escalation scheme, best responses, and dose-limiting toxicities during phase I.
Dose Azacitidine Vorinostat GO Patients Best responses* Dose-limiting toxicities
level (i.v./SC, D1-7) (PO, D1-9) (3 mg/m2, i.v.) (n)

1 75 mg/m2 200 mg D8 3 RD, CRi/MRD, RD None
2 75 mg/m2 300 mg D8 3 RD**, RD, CRi/MRD None
3 75 mg/m2 400 mg D8 3 MLFS, CR, CRi/MRD None
4 75 mg/m2 400 mg D4 and D8 6 DA, RD, RD, CRi, CR, RD n=1 (sepsis/respiratory failure)

CR: complete remission; CRi: CR with incomplete peripheral blood count recovery; CYTO: persistent cytogenetic abnormalities in routine karyotyping; DA: death in aplasia; MLFS:
morphological leukemia-free state; MRD: minimal residual disease by flow cytometry or cytogenetics; RD: resistant disease. **This patient achieved a CRi in peripheral blood and
bone marrow but had persistent leukemia cutis.

Table 3. Overall treatment response.
Parameter All patients Patients treated at MTD

(n=52) (n=43)

Best response after induction
therapy, n. (%)

CR 11 (21.2%) 10 (23.3%)
Without MRD 9 (17.3%) 8 (18.6%)
With MRD 2 (3.8%) 2 (4.7%)

CRi 11 (21.2%) 8 (18.6%)
Without MRD 6 (11.5%) 6 (14.0%)
With MRD 5 (9.6%) 2 (4.7%)

Total response rate (CR+CRi) 22 (42.3%) 18 (41.9%)
Morphological leukemia-free state 1 (1.9%) 0 (0%)
Resistant disease 28 (53.8%) 24 (55.8%)
Death in aplasia 1 (1.9%) 1 (2.4%)
Early death* 4 (7.7%) 4 (9.3%)

N. of induction cycles to 
CR/CRi, n. (%)

1 15 (68.2%) 11 (61.1%)
2 6 (27.3%) 6 (33.3%)
3 1 (4.5%) 1 (5.6%)

*Death within 28 days of initiation of study therapy.



in ongoing remission after 2.2, 4.6, 5.1, 9.8, 10.3, 11.1,
12.0, 16.1, 19.6, and 23.3 months, respectively. Among the
patients treated at the phase II dose level, median overall
survival for the 18 patients achieving CR/CRi was signifi-
cantly longer than for those 21 patients who failed therapy
but lived at least 29 days after treatment initiation (7.4
(range 2.3-26.2) vs. 3.1 (1.2-29.6) months; log rank
P=0.0023).

Relationship between response and disease status/risk
Interestingly, our data indicate that the likelihood of

achieving CR/CRi did not strongly depend on the disease
status of the patients, i.e. whether a patient presented
with relapsed or primary refractory disease. In fact, among
the patients who were treated at dose level 4 and lived for
at least 29 days after treatment (i.e. did not experience
early death), 12 out of 18 (66.7%) patients achieving
CR/CRi had primary refractory disease whereas the
remaining patients had relapsed disease; this proportion
appears relatively similar to that seen in patients who
failed study treatment, where 13 of 21 (61.9%) had pri-
mary refractory disease. However, this analysis has to be
interpreted with caution, as many patients with primary
refractory disease entered this trial after having received
only one course of the prior treatment regimen. On the
other hand, among the 42 patients treated at the phase II
dose level who could be assessed for response (i.e. exclud-
ing the patient who died in aplasia), those who achieved
CR/CRi appeared to have a more favorable cytogenetic
risk profile (favorable risk: n=1; intermediate risk: n=13;
adverse risk: n=4) than those who were resistant (interme-
diate risk: n=12; adverse risk: n=12). Unfortunately, muta-
tion testing of the leukemias was not done in many
patients at the time of initial diagnosis or at relapse, thus
preventing any meaningful correlative analyses between
response and molecular risk profile.

Discussion

During the initial clinical testing of GO as monotherapy,
patients have typically received 2 doses of 9 mg/m2 14
days apart.2,3 However, recent studies have demonstrated
that lower doses of GO (3-6 mg/m2), at least when com-
bined with conventional chemotherapeutics, have clinical
efficacy in some patients with AML.2,3 Interestingly, stud-
ies with radiolabeled anti-CD33 antibodies indicated that
saturation of CD33 binding sites is generally achieved
with doses around 5 mg/m2.18,19 Furthermore, early studies
indicated that surface CD33 levels return to pre-treatment
levels within 72 h after anti-CD33 antibody administra-
tion despite internalization and modulation.20,21 These two
observations suggested the possibility that repeated
administrations of lower doses of GO every three days
may enhance intracellular delivery of the toxic calicheam-
icin-g1 derivative relative to the biweekly administration
schedule. Indeed, the use of fractionated doses of GO (i.e.
GO at 3 mg/m2 given on Days 1, 4 and 7) has been pio-
neered by the French ALFA group and revealed a favorable
efficacy/toxicity profile.22-24 For example, among 57
patients with AML in first relapse, GO monotherapy
given in fractionated doses resulted in 15 (26%) CRs and 4
(7%) CRs with incomplete platelet recovery (CRps).
Interestingly, relative to our study, the study by Taksin et
al. included adults of all ages requiring therapy for AML in
first relapse with a CR duration of at least three and up to

18 months,22 i.e. included patients with a slightly higher
expected response rate with conventional salvage
chemotherapeutics than our cohort.

In the present study, our intent was to combine vorino-
stat and azacitidine with GO and utilize this targeted
agent in a fractionated administration schedule if tolerat-
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Table 4. Tolerability and safety of study therapy.
Parameter Grade 3-4 Grade 5

Fever, infection
Device-related infection 1 -
Febrile neutropenia 39 -
Hepatitis, viral 1 -
Infections, other 8 -
Lung infection 2 -
Proctitis 1 -
Sepsis 7 2
Sinusitis 2 -
Upper respiratory tract infection 1 -

Cardiac
Heart failure 1 -
Left ventricular systolic dysfunction 2 -
Myocardial infarction 1 -
Sinus tachycardia 1 -
Supraventricular tachycardia 2 -

Gastrointestinal
Abdominal pain 1 -
Diarrhea 3 -
Gastric hemorrhage 1 -
Nausea 3 -
Vomiting 2 -

General
Death, not otherwise specified - 1
Fatigue 1 -
Fever 3 -
Infusion-related reactions 1 -
Injection site reaction 2 -

Investigations
Alanine aminotransferase increase 1 -
Alkaline phosphatase increase 1 -
Aspartate aminotransferase increase 1 -
Weight loss 1 -

Metabolism and nutritional
Acidosis 1 -
Anorexia 2 -
Dehydration 1 -
Hypokalemia 3 -
Hyponatremia 1 -
Hypophosphatemia 1 -

Respiratory
Aspiration 3 -
Cough 1 -
Hypoxia 3 -
Pneumonitis 1 -
Pulmonary hypertension 2 -
Respiratory failure 3 -

Vascular
Hypertension 3 -
Hypotension 7 -
Thromboembolic event 1 -

Other
Allergic reaction 2 -
Confusion 1 -

Table summarizing grade 3-5 non-hematologic effects considered as definitively, proba-
bly, or possibly related to study treatment by the investigator that were experienced by
the 43 patients treated at the MTD over a total of 84 treatment cycles.



ed. Our findings indicate that such a combination is
indeed clinically feasible, even in older adults with previ-
ously treated AML. With a combined CR/CRi rate of
approximately 42% among the individuals treated at the
MTD, this combination results in an encouraging response
rate in a group of patients with an expected CR rate of 15-
20% with intensive salvage regimens based on historical
data. Importantly, our data indicate that, in a significant
subset of patients, more than one cycle of therapy is
required to reach the best response and achieve CR or
CRi. In our study, only approximately 60% of the respon-
ders achieved a CR/CRi after the initial treatment cycle.
As several of the study patients categorized as resistant
were removed from the study after one or 2 treatment
courses based on physician or patient preference but in the
absence of overt disease progression, rather than only
after 3 courses that the protocol would have allowed, our
estimate of the overall response rate may be an underesti-
mation. The results of our triplet combination trial also
appear favorable relative to recently reported, preliminary
results for the doublet decitabine/non-fractionated GO (5
CR/CRi among 28 treated patients [18%]) in
relapsed/refractory AML with a CR duration of less than
one year,25 or the doublet azacitidine/non-fractionated GO
(6 CR/CRp among 24 treated patients [25%]) in relapsed
AML.26 Of course, as this was a single-arm clinical study,
the relative contribution(s) of individual drugs to the clini-
cal efficacy of vorinostat/azacitidine/GO is unknown, and
only a better-controlled trial would ultimately be able to
determine whether vorinostat/azacitidine indeed augment

GO efficacy, as hypothesized from available in vitro data.
It is worthy of note that, among the patients who

achieved either a CR or CRi in this trial, a large proportion
(12 of the 18 patients [67%] treated at the MTD) were able
to undergo allogeneic HCT. Since allografting is often the
only curative treatment strategy in relapsed/refractory
AML, combined therapy with vorinostat, azacitidine, and
GO may thus provide an important bridge-to-transplant
option for these patients.

Taken together, our study indicates that GO in combi-
nation with vorinostat and azacitidine has encouraging
anti-AML activity in older adults with relapsed/refracto-
ry AML. These data would support further clinical test-
ing of this combination in patients with newly diagnosed
AML.
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