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Abstract
This phase I study was conducted to determine the maximum tolerated dose (MTD) and dose
limiting toxicities (DLT) of the heat shock protein 90 (HSP90) inhibitor 17-allyamino-17-
demethoxygeldanamycin (17-AAG) in combination with bortezomib, and to provide
pharmacokinetic data in relapsed or refractory acute myeloid leukemia (AML). Eleven patients
were enrolled. The MTD was 17-AAG 150mg/m2 and bortezomib 0.7mg/m2. Hepatic toxicity and
cardiac toxicity were dose limiting. Co-administration on day 4 led to a decrease in clearance
(p=0.005) and increase in AUC (p=.032) of 17-amino-17-demethoxygeldanamycin (17-AG) not
observed when 17-AAG was administered alone. Pharmacokinetic parameters of patients who
developed toxicities and those who did not were not different. The combination of 17-AAG and
bortezomib led to toxicity without measurable response in patients with relapsed or refractory
AML. Pharmacokinetic data provide insight for studies of related agents in AML; next generation
HSP90 inhibitors are appealing for further development in this area.
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INTRODUCTION
The biologic heterogeneity of acute myeloid leukemia (AML), a disease characterized by
clonal accumulation and expansion of immature myeloid cells within the bone marrow,
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represents a major challenge in the advancement of treatment for patients with the disease.
[1] The development of agents that target aberrant signaling pathways believed to promote
leukemogenesis is an attempt to diverge from anthracycline and cytarabine based regimens
which result in a long term remission in only 40% of younger patients (age <60 years) and
<10% of older patients (age ≥ 60 years).[2]

Heat shock protein 90 (HSP90) is an abundant 90-kDa protein that functions as a molecular
chaperone to regulate the conformation, stability, and activation of “client” proteins, many
of which are important for intracellular signaling and the adaptive response to stress.[3]
Among the many proteins regulated by HSP90 are several oncoproteins with known
aberrant activity in AML including FLT3, c-KIT, AKT, and others.[4] In AML, mutations
and/or over-expression of genes encoding the tyrosine kinase receptors FLT3 and c-KIT are
relatively frequent and ultimately lead to activation of downstream signaling that promotes
proliferation and survival of myeloid blasts.[5,6] These and related pathways are excellent
targets for novel therapies in AML.

Inhibition of HSP90 function prevents activation and stabilization of client proteins.[7,8] As
a result, the inactive protein is ubiquitinated and targeted for proteasomal degradation,
preventing its involvement in intended signaling pathways within the cell. Interestingly,
mutated proteins may be more sensitive to a loss of chaperone function than their wild type
counterparts, rendering tumor cells more susceptible than normal cells to chaperone
inhibition.[7] 17-Allylamino-17-demethoxygeldanamycin (17-AAG), a member of the
benzoquinone ansamycin family, became the first HSP90 inhibitor to enter clinical trials and
has been studied in a number of advanced solid tumors and in multiple myeloma.[9-13] In
vitro, 17-AAG has demonstrated cytotoxic effects in AML cell lines harboring mutated
FLT3 or BCR-ABL and induced apoptosis in primary AML cells.[14-16]

There is an important relationship between the molecular chaperone function of HSP90 and
the ubiquitin-proteasome pathway. IkB kinase, a client protein of HSP90, phosphorylates a
key regulator of the transcription factor NF-κB, Iκβ.[17] Following phosphorylation, Iκβ is
ubiquitinated and targeted to the proteasome allowing NF-κB to translocate to the nucleus
and induce gene transcription. In AML, constitutive expression of NF-κB contributes to
growth and resistance to apoptosis.[18-20] Bortezomib, a dipeptidyl boronic acid
proteasome inhibitor, blocks proteasome mediated degradation of Iκβ and prevents
activation of NF-κB.[21] Although this agent has demonstrated activity in lymphoid
malignancies, it has shown only transient effects when used as a single agent in patients with
relapsed or refractory AML, though combination studies have suggested efficacy.[22-26]
When added to cytarabine and anthracycline based induction chemotherapy, bortezomib
administration has been tolerable, inducing clinical responses in patients with previously
untreated or relapsed AML.[24,25] In multiple myeloma (MM), proteasome inhibition is a
key therapeutic target and bortezomib based therapies are utilized during induction,
consolidation and maintenance.[27] In patients with relapsed or refractory MM, bortezomib
in combination with 17-AAG was found to be well tolerated with anti-tumor activity.
[12,28]

Given the importance of HSP90 and its client proteins in key oncogenic processes in AML,
sequential administration of the HSP90 inhibitor 17-AAG followed by the proteasome
inhibitor bortezomib may result in a pronounced accumulation of ubiquitinated proteins
within the cell, thus triggering apoptosis. We report a phase I dose escalation study to
determine the maximum tolerated dose (MTD) of 17-AAG and bortezomib in patients with
relapsed or refractory AML.
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PATIENTS AND METHODS
Eligibility criteria and study design

Patients (age ≥ 18 years) with relapsed or refractory non-M3 AML, not candidates for
curative therapy with stem cell transplantation, were eligible. Patients were required to have
a stable white blood cell (WBC) count ≤ 40 x 109/L for five days prior to initiation of
therapy, total bilirubin ≤ 1.5 mg/dL, AST/ALT ≤ 2.5 X upper limit of normal (ULN),
creatinine ≤ 2.0 mg/dL, Eastern Cooperative Oncology Group performance status of ≤ 2,
and life expectancy of at least 12 weeks. Initially, a resting ejection fraction (EF) ≥ 50% on a
pre-treatment echocardiogram (ECHO) or multigated acquisition (MUGA) and a QTc of ≤
500 msec on an electrocardiogram (EKG) were the only eligibility criteria used to define
adequate cardiac function. Three months after the trial opened these criteria were modified
because of observed cardiac toxicities that were possibly associated with 17-AAG
administration in this and other trials sponsored by the National Cancer Institute's (NCI)
Cancer Therapy Evaluation Program (CTEP). As a result, patients with significant heart
disease, including heart failure that met New York Heart Association (NYHA) class III and
IV definitions, myocardial infarction within one year of entry, uncontrolled dysrhythmias, a
history of serious ventricular arrhythmias, or poorly controlled angina, were now excluded.
The QTc requirement was also changed. Men were required to have a baseline QTc ≤ 450
msec and women ≤ 470 msec. At trial opening, the use of concomitant medications that
could prolong the QTc was not prohibited, however with the change in eligibility
requirements, all ancillary medications known to prolong the QTc were excluded.

Adequate pulmonary function with a pre-treatment diffusion lung carbon monoxide (DLCO)
≥ 60% and an exercise oxygen saturation by pulse oximetry of ≥ 90% were required.
Patients with symptomatic pulmonary disease were not eligible.

Patients with a pre-existing ≥ grade 2 sensory or motor peripheral neuropathy, history of
allergic reaction to eggs (17-AAG is formulated using egg phospholipids), or active or
untreated CNS leukemia were not eligible. Concurrent treatment with hydroxyurea
(maximum dose 1gm TID) was allowed during cycle 1 only. No other chemotherapy,
radiation therapy, or other investigational agents were allowed within 14 days of initiation of
therapy.

17-AAG was administered intravenously (IV) over 60 minutes on days 1, 4, 8 and 11 of
each 21 day cycle and bortezomib was administered IV push over 3 to 5 minutes
immediately following 17-AAG on days 1, 4, 8 and 11. 17-AAG only was administered on
day 1 of cycle 1 to permit pharmacokinetic (PK) evaluations of single agent 17-AAG and to
test for potential PK interactions between the two agents (via comparison of PK parameters
on day 1 and day 4). Dose escalation was as follows: dose level 1, 17-AAG 150 mg/m2 and
bortezomib 0.7 mg/m2; dose level 2, 17-AAG 200mg/m2 and bortezomib 0.7 mg/m2. EKGs
were checked pre-treatment and following completion of the 17-AAG infusion on day 1 of
cycle 1 in triplicate, and therapy was held if the QTc was ≥ 500 msec.

Dose limiting toxicities (DLT) were evaluated and defined for dose escalation decisions
during cycle 1 of treatment. The National Cancer Institute Common Terminology Criteria of
Adverse Events (CTCAE) version 3.0 was used to characterize toxicity. Nonhematologic
toxicity of grade 3 or 4, with the exception of alopecia, nausea and vomiting controllable
with anti-emetic therapy, felt to be drug-related, was considered a DLT. Hematologic
toxicity was defined as a 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. Febrile neutropenia
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and infection were not necessarily assessed as DLT given the frequency of these events in
this population irrespective of therapy administered.

The planned determination of the MTD was to utilize a standard cohorts-of-three phase I
design of dose escalation using 3 patients per cohort with 3 to 6 patients at each dose level.
Patients received full supportive care including blood and platelet transfusions, antibiotics,
hydration, etc. when appropriate.

Clinical response was defined according to International Working Group Criteria.[29]
Patients with progressive disease discontinued treatment.

Pharmacokinetic and pharmacodynamic analysis
Plasma concentrations of 17-AAG and its active metabolite, 17-amino-17-
demethoxygeldanamycin (17-AG), were determined by a validated liquid chromatography-
tandem mass spectrometry method described previously.[30] Plasma samples were obtained
on days 1 and 4 of cycle 1 at the following time points: pre-infusion, immediately prior to
the end of 17-AAG infusion, and 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 24 and 48 hours after the end of
the 17-AAG infusion. Pharmacokinetic parameter estimates for 17-AAG and 17-AG were
generated using non-compartmental analysis in WinNonlin Professional version 5.2
(Pharsight Corporation, Mountain View, CA, USA). The area under the concentration vs.
time curve (AUC) was determined with the linear up/log down method.

Given that bortezomib rapidly exits the intravascular compartment and is widely distributed,
conventional pharmacokinetic parameters are difficult to follow; we used pharmacodynamic
evaluation of 20S proteasome inhibition to characterize the activity of bortezomib at its
target site as a PK surrogate. To assess the effect of bortezomib on proteasome activity and
to confirm a lack of effect of 17-AAG on proteasome activity, 10 mL whole blood were
collected pre-treatment, 1, 4, 8, 24, and 48 hours after the end of 17-AAG administration on
days 1 and 4 of cycle 1 (bortezomib was administered immediately following 17-AAG end-
of-infusion on Day 4 only). 20S proteasome activities were measured using an assay similar
to that which has been previously described. [31]

Statistical analysis
A standard cohorts-of-three phase I study design was used to direct dose escalation
decisions. The number of DLTs and the frequency of adverse events and toxicities were
summarized across and within dose levels. Secondary endpoints of patient characteristic
factors and clinical outcomes were also summarized to characterize the cohorts and obtain
preliminary data on efficacy of this regimen in this patient population; however, formal
evaluation and hypothesis testing were largely avoided given the inherent limitations of
phase I studies and the limited number of patients in this trial. Pharmacokinetic endpoints
were explored in relation to dose level, weight, and other PK parameters of interest in order
to identify potential relationships and differences. Nonparametric Wilcoxon signed rank
(paired sample) tests were used to evaluate in an exploratory manner any differences in PK
parameters from day 1 to day 4 as well as between 17-AAG vs. 17-AG based PK markers.

RESULTS
Patient characteristics and treatment groups

Eleven patients with relapsed or refractory AML were enrolled in this single-center phase I
study over 34 months (Table I). The median age was 63 years (range 42-77 years). Four
patients had AML arising from an antecedent hematologic disorder (AHD), either
myelodysplastic syndrome (MDS) or chronic myelomonocytic leukemia (CMML). One had
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relapsed after prior allogeneic transplantation. According to the European LeukemiaNet
(ELN) genetic groups [32], seven patients were classified as ELN intermediate-II risk, and
four had adverse genetic risk. Four patients enrolled with primary refractory disease; of the
seven patients with relapsed AML, six had a CR duration of less than one year following
initial induction chemotherapy.

Dose escalation, toxicities, and clinical outcomes
At dose level 1, eight patients were treated. Two patients were replaced due to disease-
related complications: the first, who required hydroxyurea treatment prior to starting
therapy, was removed from study due to early disease progression, the second had a
hemorrhagic stroke in the setting of disease-related thrombocytopenia. Though this was not
felt to be drug related, the patient was not evaluable for assessment of drug-related
toxicities. In order to provide a better safety signal, dose level 1 was expanded to include a
total of six evaluable patients. One patient developed grade 3 QTc prolongation on day 3 of
cycle 1 that was felt to possibly be related to the investigational agents and met criteria for
DLT. The patient had also been receiving other medications with the potential to prolong the
QTc interval. Central review of the ECGs for this patient, performed by three cardiologists
outside of our institution, provided expert opinion that there was no prolongation of the QTc
interval and that the tracing findings were artifactual. All medications with the potential to
prolong the QTc interval were discontinued, the QTc normalized, and the patient was able to
complete the therapy without further complications. As no other patient experienced DLT at
this dose level, and given the discordant opinions regarding whether QTc prolongation was
actual or artifactual, dose escalation proceeded to dose level 2.

At dose level 2, the dose of 17-AAG was increased to 200mg/m2 while the dose of
bortezomib remained the same; three patients were enrolled. All three experienced DLTs.
The first patient in the cohort developed grade 4 transaminitis on day 7 of cycle 1 that
resolved following cessation of study drug administration. The second patient, who did not
have a history of glucose intolerance, developed grade 3 hyperglycemia that was
asymptomatic and resolved without sequelae on day 5 of cycle 1. The third patient (who
began therapy 4 days after the second patient) developed QTc prolongation and torsades de
pointes on day 9 of cycle 1. This patient did have a remote history of paroxysmal
supraventricular tachycardia (SVT), but was not considered to be at an increased risk for the
development of additional arrhythmias with chemotherapy, and indeed had received an
allogeneic transplant with reduced intensity conditioning without any serious cardiac
toxicity. Pretreatment QTc was 453. At the time of the study-related adverse event, the
telemetry reading was consistent with torsades de pointes and subsequent 12 lead ECGs
showed a prolonged QTc of 635 msec (Figures 1 and 2). She was asymptomatic and
responded to treatment with electrolyte supplementation. The QTc ultimately returned to
normal several days later, and echocardiographic evaluation was unchanged from screening.
Her course was further complicated by the development of methicillin-resistant
Staphylococcus epidermidis (MRSE) bacteremia and hypoxic respiratory failure in the
setting of rapidly progressive AML and the patient expired on day 21 of the cycle. A review
of all available electrocardiographic data for this patient including ECGs performed 1 year
prior to the event confirmed that she did not have an underlying long QT syndrome that
placed her at risk for QTc prolongation, and it is likely that this was related to the
investigational agents. This patient was the only participant who had a brief decrease in
peripheral blood blast percentage from 79.7% on day 1 to 9.2% on day 9. All other patients
had either stable disease or disease progression. Other grade 3 or higher nonhematologic
toxicities are summarized in Table II.
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Given that three patients at dose level 2 had DLTs, dose escalation was stopped and dose
level 1 was declared the MTD.

Pharmacokinetic and pharmacodynamic analysis
Pharmacokinetic results from days 1 and 4 for 17-AAG and 17-AG are shown in tables III
and IV, respectively. When comparing 17-AAG pharmacokinetics between dose levels we
observed a significantly higher Cmax for the 200 mg/m2 dose on day 1 only (p=0.03, 2-tailed
t-test, Table III). No other parameters were found to be significantly different for 17-AAG.
When comparing 17-AG PK between the two dose levels, significant differences were
observed in the mean T1/2 (terminal half-life), Cmax (the maximum concentration), Tmax
(time to reach Cmax), AUC and AUCcombined (combined AUC of 17-AAG and 17-AG) on
day 4 only (Table IV). No differences in 17-AG PK were observed between dose levels on
day 1. However, these findings are limited by the small number of patients who were treated
at the higher dose level (n=3).

In order to compare PK parameters for 17-AAG and 17-AG on day 1 (17-AAG alone) vs
day 4 (17-AAG+bortezomib), we combined the PK parameters of all 11 patients. For 17-
AAG, only T1/2 was found to be different between the two days (p=0.033, Wilcoxon signed
rank test, last column in Table III). For the metabolite 17-AG, both AUC and apparent
clearance (CL) were different between days (p=0.032 and 0.005, respectively, last column in
Table IV). Given that bortezomib was administered on day 4 and not on day 1, it is possible
that the observed differences in 17-AAG and 17-AG PK for days 1 and 4 are related to
bortezomib co-administration.

The pharmacodynamic evaluation of the 20S proteasome activity is shown graphically in
figure 3. A notable decrease in proteasome activity is observed within the first hour
following bortezomib administration, and activity appears to recover to pre-treatment levels
within 24 to 48 hours. Proteasome activity on day 4 at 1 hour after bortezomib
administration ranged from 51% to 90% (n=11). No apparent relationships were observed
between proteasome inhibition and 17-AAG pharmacokinetics or clinical outcome. In those
patients who experienced grade 3 or higher toxicities, no significant differences in the
measured PK parameters were observed.

DISCUSSION
In this phase I dose escalation of 17-AAG and bortezomib in patients with relapsed or
refractory AML, the MTD of combination therapy was 17-AAG 150mg/m2 and bortezomib
0.7mg/m2, dose limited by the development of serious cardiac and hepatic adverse events.

In previous studies of patients receiving single agent 17-AAG, diarrhea, nausea and
vomiting, and reversible hepatotoxicity were the most frequent non-hematologic toxicities
reported.[9-13,33] We observed similar toxicities in our study participants. The most
frequent grade 3 or higher nonhematologic toxicity was febrile neutropenia occurring in four
of the 11 patients, though the combination of 17-AAG and bortezomib did not appear to
increase the expected frequency or severity of this adverse event.

Reports of possible QTc prolongation in studies of 17-AAG by NCI CTEP led to the
extensive ECG monitoring and requirements for adequate cardiac function that became part
of the eligibility requirements for this trial. Cardiac toxicity has been reported with another
HSP90 inhibitor, alvespimycin, where myocardial infarction and an elevation in troponin
were seen in two AML patients treated with that agent, although both had an extensive
history of cardiac disease which made attribution to alvespimycin difficult.[35] Nonetheless,
the dose at which these events occurred was determined to be the primary DLT of that study.
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In our study, two patients developed QTc prolongation. In the first patient it was not clear
whether the ECG findings were actual or artifact, and it is possible that concurrent
medications also contributed to this variance. Clearly, the second patient described
developed QTc prolongation and torsades de pointes on day 9 of therapy that was likely
related to the study medications. Notably, ten of the eleven patients had received prior
anthracycline therapy. Though cardiac function based on pre-treatment ejection fraction and
ECG evaluation was normal, prior exposure to cardiotoxic therapy may have placed patients
at an increased risk for toxicity. Interestingly, the patient who developed torsades de pointes
had not had prior anthracycline exposure.

Richardson and colleagues reported a phase II trial of bortezomib (1.3mg/m2 on days
1,4,8,11) and three different doses of 17-AAG (50, 175, 340 mg/m2 on days 1,4,8,11) in
patients with relapsed/refractory MM that was well tolerated, even at the 340mg/m2 dose of
17-AAG.[12] Cardiac arrhythmias or QTc prolongation were not reported despite the higher
doses of both agents utilized as compared to our study.[12] In a separate phase 1/2 dose
escalation study of 17-AAG (100-340 mg/m2 on days 1, 4, 8, 11) and bortezomib (0.7-1.3
mg/m2 on days 1, 4, 8, 11) in patients with relapsed/refractory MM, Richardson et al again
found the combination to be well tolerated and cardiac toxicities were not observed.[28] It
may be important to note, however, that the formulation of 17-AAG was quite different
between these trials and the current trial we report on here. The 17-AAG used in the
Richardson trials was provided by Bristol Myers Squibb; the excipients used in the
formulation of 17-AAG were Cremophor, propylene glycol, and ethanol. In our CTEP-
sponsored trial, the excipients were egg phospholipids and DMSO. It is unknown whether
the formulation type might impact the development of specific toxicities of 17-AAG.

An important observation from our study was the significant increase in 17-AG AUC
following combined administration of 17-AAG and bortezomib (p=.032), as compared to
when 17-AAG was administered alone. This is in contrast to PK results reported by
Richardson et al where a decrease in AUC of both 17-AAG and 17-AG following co-
administration was observed, though the interpretation of these findings are limited by
sample size.[28] While we did not observe differences in 17-AG PK on day 1 between the
17-AAG 150 mg/m2 and 200 mg/m2 dose levels, we did observe significant increases in 17-
AG Cmax, AUC, and Tmax, and a decrease in 17-AG T½ between the two dose levels on
day 4. Our data may suggest that bortezomib affects the pharmacokinetics of 17-AAG and/
or 17-AG. Both bortezomib and 17-AAG are metabolized by cytochrome P450 3A4, which
provides one mechanism for a potential drug-drug interaction.[36-38] However, given the
limited number of patients in this study, further evaluation in larger cohorts would be needed
to explore this possible interaction further. No other notable pharmacokinetic interactions or
associations with outcomes were observed, including a lack of difference in 17-AAG or 17-
AG pharmacokinetics between patients with low vs. high (grade 3 or higher) levels of
toxicity.

No patient received treatment beyond cycle 1 because of disease progression (or toxicity).
Though the serious nature of the DLTs that occurred and the uniform disease progression at
the MTD prevented further development of this regimen, heat shock protein inhibition as a
way to target multiple oncogenic signaling pathways has been pursued in AML with
promising results. Indeed, in the previously mentioned phase I trial of the more potent
HSP90 inhibitor alvespimycin, a water-soluble analog of 17-AAG, three patients achieved a
complete remission with incomplete count recovery after one cycle of therapy.[35]
Furthermore, an additional patient was able to proceed to allogeneic transplantation
following a greater than 50% reduction in bone marrow blasts. Next-generations agents such
as alvespimycin, with improved tolerability and clinical activity, support continued
evaluation of HSP90 inhibitors in this disease.
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Figure 1.
Torsades de pointes in third patient on dose level 2 on day 9 of cycle 1.
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Figure 2.
Prolonged QTc interval of 635 msec in third patient on dose level 2 on day 9 of cycle 1.
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Figure 3.
Proteasome activity as compared to pre-treatment control
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Table I

Patient characteristics

Patient characteristic Result

Median Age (years) 63 years (range, 43-77)

Male/Female (n) 6/5

AML rising from AHD (n) 4

t-AML (n) 1

Refractory AML (n) 4

Relapsed AML (n) 7

ELN
*
 genetic group

    Intermediate II 7

    Adverse 4

Prior anthracycline exposure (n) 10

Median number prior regimens (n) 2 (range, 1-4)

AHD, antecedent hematologic disorder, t-AML, therapy-related AML,

*
See ref.32
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Table II

Grade 3 or Higher Non Hematologic Toxicities
*

No. of Patients

Febrile Neutropenia 4

Hyperglycemia 2

AST 2

ALT 2

Lung infection 2

Prolonged QTc 2

Hypertension 1

Cardiac Troponin 1

Hypoglycemia 1

Hyponatremia 1

Intracranial Hemorrhage (Grade 5) 1

Hypoxia 1

Dyspnea 1

Maculopapular rash 1

Vomiting 1

Fatigue 1

Confusion 1

Skin Infection 1

Infections and Infestations-Urine 1

Infections and Infestations-Blood 1

*
Regardless of attribution
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Table III

Pharmacokinetics of 17AAG

Day 1 (17-AAG alone) Day 4 (17-AAG+PS-341)

Dose Level (mg/m2) No. of patients 150 n=8 200 n=3 P1 150 n=8 200 n=3 P4 P

Cmax (ng/mL) 2480 ± 836 3814 ± 578 0.030 2588 ± 562 2785 ± 656 0.677 0.700

AUCtot (ng/mL*h) 5871± 2508 9002 ± 1970 0.096 6717 ± 2631 9142 ± 1358 0.086 0.170

Terminal T1/2 (h) 4.77 ± 1.15 4.59 ± 0.21 0.684 4.04 ± 0.86 3.78 ± 1.29 0.773 0.033

Clearance (L/h) 29.36 ± 11.11 22.92 ± 4.89 0.220 24.94 ± 8.10 21.92 ± 3.91 0.435 0.068

Vss (L) 98.10 ± 37.46 73.30 ± 16.81 0.169 82.36 ± 19.91 86.83 ± 24.37 0.795 0.460

P1 : p-value of parameters between dose levels (150 vs 200 mg/m2) on cycle 1, day 1.

P4 : p-value of parameters between dose levels (150 vs 200 mg/m2) on cycle 1, day 4.

P : p-value of parameters between day 1 and day 4.

Leuk Lymphoma. Author manuscript; available in PMC 2013 December 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Walker et al. Page 17

Table IV

Pharmacokinetics of 17-AG

Day 1 (17-AAG alone) Day 4 (17-AAG+PS-341

Dose Level (mg/m2) No. of patients 150 n=8 200 n=3 P1 150 n=8 200 n=3 P4 P

Cmax (ng/mL) 821 ± 450 1300 ± 421 0.198 1025 ± 445 1412 ± 26 0.044 0.054

AUCtot (ng/mL*h) 6334 ± 6244 9957 ± 4258 0.323 7751 ± 5028 13261 ± 1216 0.02 0.032

Terminal T1/2 (h) 11.16 ± 1.40 7.92 ± 1.76 0.064 10.53 ± 2.20 7.47 ± 0.73 0.009 0.41

Clearance (L/h) 41.35 ± 26.48 23.07 ± 12.01 0.155 29.87 ± 23.29 14.86 ± 1.55 0.113 0.005

Tmax (h) 1.53 ± 0.42 1.53 ± 0.46 0.992 1.85 ± 1.10 3.72 ± 0.64 0.013 0.068

AUC exposed (ng/mL*h) 12205 ± 8530 18959 ± 3169 0.092 14468 ± 7179 22403 ± 1036 0.019 0.083

P1 : p-value of parameters between dose levels (150 vs 200 mg/m2) on cycle 1, day 1.

P4 : p-value of parameters between dose levels (150 vs 200 mg/m2) on cycle 1, day 4.

P : p-value of parameters between day 1 and day 4.
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