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Summary Purpose 5-imino-13-deoxydoxorubicin (DIDOX;
GPX-150) is a doxorubicin analog modified in two locations
to prevent formation of cardiotoxic metabolites and reactive
oxygen species. Preclinical studies have demonstrated anti-
cancer activity without cardiotoxicity. A phase I study was
performed in order to determine the maximum-tolerated dose
(MTD) of GPX-150 in patients with metastatic solid tumors.
Methods GPX-150 was administered as an intravenous infu-
sion every 21 days for up to 8 cycles. An accelerated dose
escalation was used for the first three treatment groups. The
dosing groups were (A) 14 mg/m2, (B) 28 mg/m2, (C), 56 mg/
m2, (D) 84 mg/m2, (E) 112 mg/m2, (F) 150 mg/m2, (G)
200 mg/m2, and (H) 265 mg/m2. Pharmacokinetic samples
were drawn during the first 72 h of cycle 1. Results The
MTDwas considered to be reached at the highest dosing level
of 265 mg/m2 since dose reduction was required in 5 of 6
patients for neutropenia. The most frequent adverse events

were neutropenia, anemia, fatigue, and nausea. No patients
experienced cardiotoxicity while on the study. The best over-
all response was stable disease in four (20 %) patients. Phar-
macokinetic analysis revealed an AUC of 8.0 (±2.6) μg·h/
mL, a clearance of 607 (±210) mL/min/m2 and a t1/2β of
13.8 (±4.6) hours. Conclusions GPX-150 administered every
21 days has an acceptable side effect profile and no
cardiotoxicity was observed. Further investigation is needed
to determine the efficacy of GPX-150 in anthracycline-
sensitive malignancies.
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Introduction

Anthracyclines, including doxorubicin, daunorubicin,
epirubicin, and idarubicin, represent one of the most common-
ly used class of anti-neoplastic agents. First discovered in the
1950’s, these agents remain the backbone of therapy for a
number of solid tumor and hematological malignancies, in-
cluding, but not limited to, breast cancer, gastric cancer, ovar-
ian cancer, sarcoma, lymphoma, acute myeloid/lymphoblastic
leukemia and multiple myeloma. Cardiotoxicity is one of the
most significant toxicities of the anthracyclines and limits the
cumulative amount of drug able to be administered.
Anthracyclines can elicit an early (acute) and delayed
(chronic) cardiotoxicity [1, 2]. Acute cardiotoxicity can man-
ifest with ECG changes, dysrhythmias, pericarditis, myocar-
ditis, and decreases in cardiac contractility. Both early and late
chronic cardiotoxicity have been recognized. Early chronic
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toxicity can arise within weeks or months after completion of
anthracycline therapy (median 1 month) [1]. Steinherz et al.
described a protracted cardiotoxicity occurring 4 to 20 years
after completion of therapy (late chronic) [3]. Early studies
suggested that approximately 2 % of patients treated with
doxorubicin developed signs and symptoms of congestive
heart failure [4]. Later studies demonstrated that approximate-
ly 5 % of patients had a significant decrease in left ventricular
function or evidence of congestive heart failure [5]. Further-
more, the development of congestive heart failure was noted
to be associated with the total cumulative dose of doxorubicin
[4, 6, 5].

The cytotoxic effects of anthracyclines are related to their
ability to intercalate DNA and inhibit DNA replication via
topoisomerase II α [7]. In contrast, the cardiotoxic effects of
anthracyclines appear to be a consequence of free radical for-
mation that occurs during metabolism. Doxorubicin (Fig. 1)
consists of a naphthacenequinone nucleus linked through a
glycosidic bond at ring atom 7 to an amino sugar,
daunosamine. NADH dehydrogenase [8] and nitric oxide syn-
thase [9] reduce the quinine moiety of doxorubicin to form a
semiquinone radical than can redox cycle and reduce oxygen
to superoxide and form other reactive oxygen species (ROS).
In addition, doxorubicin and daunorubicin are metabolized via
the enzyme carbonyl reductase to form doxorubicinol (Fig. 1)
and daunorubicinol, respectively. These metabolites interfere
with cellular iron regulation yielding ROS and initiating car-
diac myocyte apoptosis [10]. Animal studies have demonstrat-
ed that the cardiac concentrations of daunorubicinol and
doxorubicinol, but not the parent drug concentrations,

correlate with cardiac dysfunction [11–13]. Other studies
demonstrate that anthracyclines inhibit cardiac function by
impairing cardiac calcium regulation through a mechanism
dependent upon sarcoplasmic reticulum function and the
anthracycline quinone moiety [14]. Anthracycline
cardiotoxicity has been linked to poisoning of cardiac topo-
isomerase IIβ with formation of ROS and activation of cardi-
ac apoptosis [14, 15].

Approaches to the development of noncardiotoxic
anthracyclines have included aldoxorubicin and AD-198.
Aldoxorubicin, a 6-maleimidocaproyl hydrazone derivative
of doxorubicin, is a pro-drug which covalently binds to albu-
min once in the bloodstream, and is cleaved inside cells
[16–19]. This agent is thought to have less cardiotoxicity than
doxorubicin because of lower drug accumulation in organs
and lower plasma doxorubicinol concentrations [16–19].
Aldoxorubicin has been tested in phase I and II clinical trials
with no evidence of acute cardiotoxicity, although
myelosuppression and mucositis were noted [19–21]. AD
198 (N-benzyladriamycin-14-valerate) is a doxorubicin deriv-
ative which retains the semiquinone structure but has less
cardiotoxicity in the pre-clinical setting, possibly as a conse-
quence of increased protein kinase C epsilon activity [22].
This agent has not been tested in clinical trials. The risk of
cardiotoxicity decreases with a liposomal formulation of
doxorubicin (Doxil), but is still present [23].

As an alternative approach, two derivatives of doxorubicin,
GPX-100 and GPX-150 (Fig. 1), have been developed as
potentially non-cardiotoxic agents. GPX-100 (13-
deoxydoxorubicin) lacks the carbonyl group at the C-13

Fig. 1 Chemical structures of
doxorubicin, doxorubicinol,
GPX-100, and GPX-150
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carbon which in the parent compound is reduced to form
doxorubicinol. This compound has previously been shown
to be a very poor substrate for carbonyl reductase [24].
GPX-150 (13-deoxy-5-iminodoxorubicin) also lacks the C-
13 carbonyl group and the quinone moiety has been converted
to an iminoquinone. A Phase I study of GPX-100 in 16 pa-
tients with solid tumors determined theMTD to be 140 mg/m2

[25]. A subsequent small Phase 2 study involving seven pa-
tients with metastatic breast cancer was stopped early because
of evidence of cardiotoxicity (decreased left ventricular ejec-
tion fraction and electromechanical dissociation) implicating
the importance of the quinone moiety in anthracycline-
induced cardiotoxicity.

As GPX-150 lacks both the C13 carbonyl and the quinone
moieties, it was hypothesized that this agent would retain cy-
totoxic activity yet be noncardiotoxic. This phase I dose esca-
lation study of GPX-150 in patients with advanced malignan-
cy further supports this hypothesis, as at doses as high as
265 mg/m2, no acute cardiotoxicity was observed.

Materials and methods

The trial was conducted at the University of Iowa and Univer-
sity of Texas at San Antonio and was approved by the corre-
sponding Institutional Review Boards. Informed consent was
obtained from all individual participants included in the study.
The trial was registered with ClinicalTrials.gov (Identifier No.
NCT00710125).

Objectives The primary objectives were to determine the
maximum tolerated dose (MTD) and dose-limiting toxicity
(DLT) in patients with solid tumors. The secondary objectives
were to evaluate the pharmacokinetics and metabolism of
GPX-150 and to document any anti-tumor activity.

Eligibility Individuals (age≥18 years) with advancedmetasta-
tic cancer with progressive disease for whom no effective
standard therapy was available, and who gave informed writ-
ten consent according to Food and Drug Administration and
institutional guidelines, were eligible. Patients had to have a
performance status of at least 70 % on the Karnofsky scale.
Patients must not have received any cytotoxic chemotherapy,
hormonal therapy, other investigational agents, or palliative
radiation within 4 weeks of the first treatment on study. Pa-
tients were required to have adequate bone marrow function
(ANC count ≥1500/mm3, hemoglobin≥9.0 g/dL, and platelet
count ≥100,000/mm3), renal function (serum creatinine
≤2.0 mg/dl or estimated creatinine clearance≥50 ml/min),
and hepatic function (bilirubin ≤1.5×ULN, AST and ALT<
2.5×ULN (<5.0×ULN with liver involvement)). Patients
were required to have an ejection fraction of 110 % of the
lower limit of the institutional normal as determined by resting

MUGA and have a baseline oxygen saturation by pulse oxim-
etry of at least 90%. Exclusion criteria included: pregnancy or
breast feeding; history of hypersensitivity to anthracyclines;
having received a cumulative dose of doxorubicin exceeding
300 mg/m2 or a cumulative dose of epirubicin exceeding
450 mg/m2; having received an anthracycline within 6 months
prior to study entry; brainmetastases unless asymptomatic and
stable off glucocorticoids; prior history of congestive heart
failure (CHF); myocardial infarction within 6 months prior
to enrollment, active ischemic heart disease, or uncontrolled
hypertension; requiring active medical therapy for CHF or
arrhythmia; > grade 1 motor neuropathy or>grade 2 sensory
neuropathy; or lymphoma.

Drug Formulation and Administration GPX-150 was sup-
plied (by Gem Pharmaceuticals, LLC, Birmingham, AL) as
a lyophilized powder formulation in sterile 25 mL amber glass
vials containing 36 mg of drug and 250 mg of lactose
monohydrate, USP. Vials were protected from light and stored
at -20 °C. The lyophilized powder was reconstituted by the
addition of 25 mL of 0.9 % sodium chloride injection, USP, to
the vial. The drug was administered intravenously at a rate of
2 mL/min.

Dose Escalation The study was designed so that the first
three treatment groups had a minimum of one patient per
group and there was an increase in an accelerated fashion
of 100 % over the previous dose. If a grade 2 or higher
toxicity was observed during the accelerated dose titration,
then 2 additional patients would be added to that and sub-
sequent dose levels. The fourth dose group was a 50 %
increase over the previous group. Doses were escalated by
33 % after the fourth cohort. After the first three dose
groups, all subsequent groups were to have a minimum
of three patients per group until the last cohort which
would have six patients. If two of three patients in a group
experienced a dose limiting toxicity (DLT), then six pa-
tients total would be enrolled in that cohort. Dose reduc-
tions of 25 % were required for a≥grade 2 non-
hematological toxicity or a≥grade 3 hematological toxicity.
The dosing groups were as follows: (A) 14 mg/m2, (B)
28 mg/m2, (C) 56 mg/m2, (D) 84 mg/m2, (E) 112 mg/m2,
(F) 150 mg/m2, (G) 200 mg/m2 and (H) 265 mg/m2. Pa-
tients who required dose reduction could not have their
dose re-escalated.

Dosing schedule The dosing schedule for all groups was once
every 3weeks. Treatment could be continued for up to 8 cycles
in anthracycline-naïve patients and up to 4 cycles in patients
previously treated with anthracyclines. Prior to each sched-
uled dose, the ANC must have recovered to≥1500 cells/mL,
the platelet count to≥100,000/mL and all acute non-
hematologic toxicity to≤grade 1 or baseline. If the parameters
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were not met, patients were evaluated weekly and treated
when the parameters were met. However, if there were delays
greater than 2 weeks, patients would be removed from the
study.

Assessment of Safety The pretreatment evaluation included
physical examination, documentation of all sites of disease
with baseline radiologic evaluations, and assessment of per-
formance using the Karnofsky scale. Patients also had an
ECG, a MUGA scan, standard PFTs with oxygen saturation
by pulse oximetry, and laboratory studies. Study treatment
visits were at 3-week intervals at which time the patients
underwent physical exam. Laboratory studies consisting of a
complete blood count (CBC) with differential and chemistry
screen were obtained on days 8 and 15 of each cycle. In ad-
dition, a CBC with differential was obtained on day 11 or 12
of each cycle in order to determine the hematological nadir.
PFT and oxygen saturation were obtained prior to cycles 3, 5,
and 7 and at 4 weeks following completion of the last cycle.
Toxicities were graded according to the National Cancer In-
stitute Common Terminology Criteria for Adverse Events,
v3.0. A DLT was defined as fever with grade 4 neutropenia,
grade 4 neutropenia lasting≥5 days, grade 4 thrombocytope-
nia, inability to start the next cycle after a 2-week delay, grade
3 or 4 vomiting with maximum supportive care, ≥ grade 2
neurotoxicity, ≥ grade 2 decrease in cardiac ejection fraction,
≥ grade 3 cardiac rhythm or conduction abnormalities, or any
other toxicity≥grade 3 excluding nausea or alopecia. The
MTD was defined as the maximum tolerated dose level at
which no more than two instances of DLT were observed in
up to 6 patients.

Assessment of cardiac function ECG and MUGA scans were
obtained prior to cycles 3, 5, and 7 as well as 4 weeks follow-
ing completion of the last cycle. For patients with prior treat-
ment with anthracyclines, assessment of cardiac function was
performed before every cycle. In the event of grade 2
cardiotoxicity, patients would be monitored with ECG and
MUGA scan every 6–8 weeks until cardiac function stabilized
or improved and further GPX-150 would not be administered.

Assessment of response Imaging studies were performed at
baseline and after every two subsequent cycles, or at discon-
tinuation from study. The RECIST criteria were used to deter-
mine response.

Pharmacokinetic studies Samples for pharmacokinetic stud-
ies collected during the first cycle. Blood samples were drawn
at baseline, 15, 30, and 45 min after beginning infusion and
then at 1, 1.5, 2, 4, 6, 8, 24, 48, and 72 h after the end of the
infusion period. In addition, timed urine collections were ob-
tained (0–12, 12–24, 24–48, 48–72 h). GPX-150 in human
plasma and urine was measured using a method developed by

Microconstants, San Diego, CA. Plasma and urine samples
containing GPX-150, an ethyl chloroformate derivatized form
of GPX-150 as the internal standard, and lithium heparin as
the anticoagulant, were processed by a method involving pro-
tein precipitation, derivatization, and liquid/liquid extraction.
During the extraction, the standards and samples were
derivatized with propyl chloroformate. An aliquot of the ex-
tract was analyzed by high-performance liquid chromatogra-
phy using a Develosil RPAqueous column. The mobile phase
was nebulized using heated nitrogen in a Z-spray source/
interface and the ionized compounds were detected using a
tandem quadrupole mass spectrometer. GPX-150 was
derivatized and separated from plasma and urine by HPLC
(ACQUITY, Waters) using a 150×2.0 mm, 5 μm Develosil
RP Aqueous column (Phenomenex) and MS/MS (Quattro
Premier, Micromass). HPLC mobile phase was composed of
two solutions (37%A and 63%B) of the following composi-
tion: Mobile Phase A: 10 % Ammonium Formate:1.25 %
Citric Acid in water:Formic Acid:Water (3.2:0.173:1.6:795,
v/v/v/v) and Mobile Phase B: 10 % Ammonium For-
m a t e : 1 . 2 5 % C i t r i c A c i d i n w a t e r : F o r m i c
Acid:Water:Acetonitrile (3.2:0.173:1.6:19.2:776, v/v/v/v/v).
Peak areas of GPX-150 and the internal standard were obtain-
ed using MassLynx v. 4.1 software (Waters, Milford, MA).
The calibration curves were obtained by fitting the peak area
ratios of GPX-150/internal standard and the standard concen-
trations to a ln-transformed linear equation using MassLynx.
The equations of the calibration curves were then used to
interpolate the concentrations of GPX-150 in the samples
using their peak area ratios.

The PK parameters were determined via non-
compartmental analysis by applying a non-linear curve fit
using the Levenberg-Marquardt fitting method and commer-
cial software (XLFit, IDBS London, UK) to the post-infusion
decay data. This PK analysis was performed on the data ob-
tained from the seven patients in dose level H. Summation of
the coefficients for each subject yielded a range of estimated
maximum plasma concentration (Cmax) at the time of discon-
tinuation of the infusions. The terminal half-life (t1/2β) was
obtained from the lowest exponents of the fit. A bi-
exponential model using theWagner correction was employed
to determine the systemic clearance (Cl), the area under the
plasma concentration-time curve from zero to infinity
(AUC0-∞), and the volume of distribution at steady-state
(Vdss) [26, 27].

[3H]-Thymidine incorporation assay HL-60 cells were ob-
tained from the American Type Culture Collection (ATCC)
(Manassas, VA) and cultured in RPMI-1640 media supple-
mented with 10 % fetal bovine serum and penicillin/
streptomycin at 37 °C and 5 % CO2. Cells (15,000 cells/
100 μL/well) were incubated in 96-well plates in the presence
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or absence of varying concentrations of doxorubicin (25 nM-
2 μM) or GPX-150 (75 nM-6 μM) for 24 h. Tritiated thymi-
dine (ICN) (1 μCi/50 μL) was then added to each well. Fol-
lowing a 4-h incubation, cells were lysed with deionized water
and cellular contents collected onto Whatman GF-C filters
using a Brandel cell harvester. Filters were dried and counted
using liquid scintillation counting. The results were analyzed
by curve fitting analysis using nonlinear regression (PRISM,
GraphPad software, San Diego, CA).

Results

Anti-proliferative activity of GPX-150 [3H]-thymidine incor-
poration assays performed in HL60 cells demonstrated that
both GPX-150 and doxorubicin produce concentration-
dependent decreases in proliferation (Fig. 2). Doxorubicin
was noted to be four-fold as potent as GPX-150 in inhibiting
thymidine incorporation (IC50 148 nM for doxorubicin vs 593
nM for GPX-150).

Patient Demographics A total of 24 patients were enrolled in
this study from December 2007 to April 2013. The trial was
closed for accrual for a period between 2009 and 2011 be-
cause of changes in sponsor. All patients received at least
one dose of study drug and were included in the safety anal-
ysis. The characteristics of the subjects are shown in Table 1.
Sarcomas were the most common malignancy. The majority
of the subjects had received multiple lines of prior therapy.
Nearly half of the subjects had previously received radiation
therapy. A total of 4 patients had received prior anthracycline
therapy.

Dose Escalation and Toxicity As shown in Table 2, dose es-
calation proceeded as planned with the exception that one
additional patient each was enrolled in dose levels D, G, and

Fig. 2 Anti-proliferative effects of GPX-150 and doxorubicin. [3H]-
thymidine incorporation assays were performed using HL-60 cells
incubated in the presence or absence of GPX-150 or doxorubicin for
24 h. Values are expressed as percentage of untreated control (mean ±
SEM) of three separate experiments replicated six times per experiment

Table 1 Subject characteristics

Characteristic n %

Total subjects treated 24

Sex

Male 10 42

Female 14 58

Age

Median 58

Range 38–74

Race

White, non-Hispanic 20 83

White, Hispanic 4 17

Karnofsky performance score

100 7 29

90 5 21

80 8 33

70 4 17

Primary disease site

Sarcomaa 8 33

Urothelial carcinoma 4 17

Unknown primary 2 8

Melanoma 2 8

Adenoid cystic carcinoma 1 4

Mesothelioma 1 4

Renal cell carcinoma 1 4

Colon 1 4

Esophageal 1 4

Adnexal carcinoma 1 4

Neuroendrocine tumor 1 4

Non-small cell lung 1 4

Prior radiation therapy 11 46

No. of lines of prior chemotherapies, biological therapies,
or hormonal therapies

0 2 8

1 5 21

2 4 17

3 6 25

4 3 12

5 4 17

Prior anthracycline therapyb 4 17

a Included in this group were: 3 uterine leiomyosarcomas, 1 non-uterine
leiomyosarcoma, 1 high grade malignant mesenchymal neoplasm, 1 ma-
lignant high grade sarcomatous neoplasm of the ovary, 1 desmoid, and 1
high grade sarcoma
b Included in this group were 2 patients who had received a total of
300 mg/m2 doxorubicin, 1 patient who had received a total of 100 mg/
m2 doxorubicin, and 1 patient who had received a total of 222 mg/m2

epirubicin

598 Invest New Drugs (2015) 33:594–602



H to make up for the early termination of three patients (one
per dose level). The most frequent AE’s were hematologic
(anemia and neutropenia), fatigue, and nausea (Table 3). Of
note, there were no episodes of febrile neutropenia. There
were no clinically significant changes in cardiac function in
any patients, including in patients with prior anthracycline
exposure, and no left ventricular ejection fractions dropped
below 50 % (Table 4). A DLT was not observed and the
MTD was not formally reached at the highest dose level. Of
the six patients at the highest dose level who received more
than one cycle, all but one required dose reduction because of
neutropenia and/or anemia and in total, 60 % of the cycles
were dose-reduced. Thus the 265 mg/m2 dose level was the
highest dose tolerated in the study. The one patient who com-
pleted 4 cycles at 265 mg/m2 before progressing had metasta-
tic renal cell cancer previously treated with non-cytotoxic
agents (sunitinib, everolimus, and IL-2).

Pharmacokinetics Table 5 presents the pharmacokinetic data
for GPX-150 following the first dose on study at the 265mg/m2

dosing level. Although the study protocol dictated that blood

samples be drawn at various time points following the comple-
tion of study drug infusion, in actuality, the 15min, 30 min, and
45 min samples were collected after the beginning of the infu-
sion. The one hour and subsequent time points were collected
following the completion of the infusion. A bi-exponential
model with the Wagner correction method was used to deter-
mine the PK parameters based on the post-infusion data [26,
27]. Excellent bi-exponential fits were obtained for all data sets
with no R2 value being less than 0.995 (0.997±0.002). As
shown in Fig. 3, GPX-150 in plasma was eliminated quickly.
Measurement of GPX-150 in the urine of patients following
their first dose revealed that approximately 5–10 % of the total
administered dose was excreted in the urine, primarily within

Table 2 Dose escalation and
toxicity Dose

level
Dose
(mg/m2)

No. of
patients

No. of cycles No. of cycles
at intended
dose

No. of cycles with
dose-reduction

No. of patients
with ≥ grade 2
toxicityTotal Median

A 14 1 2 2 2 0 1

B 28 1 4 4 2 2 1

C 56 1 2 2 2 0 0

D 84 4 8 1 7 1 2

E 112 3 16 4 16 0 0

F 150 3 18 8 18 0 3

G 200 4 7 2 7 0 2

H 265 7 28 3 10 18 5

Table 3 Drug-related toxicities

Grade 2 (n) Grade 3 (n) Grade 4 (n)

Hematological

Anemia 1 4

Neutropenia 3 2

Fatigue 4

Increased liver function tests 1 2

Nausea 3

Alopecia 3

Cough 1

Infusion reaction 2

Decreased DLCO 1

Anorexia 1

Constipation 1

Dehydration 1

Table 4 Left ventricular ejection fractions during treatment with
GPX-150

Left ventricular ejection fraction (%)

Dose level Pre-cycle
1

Post-cycle
2

Post-cycle
4

Post-cycle
6

Post-cycle
8

A 69 59

B 68 59 62

C 66 67

D 61 61

D 67 74

E 69 62 61

E 54 70

E 59 56 57 56

F 61 61 56 60

F 75 67 63 65

G 52 53

G 57 62

H 66 66

H 60 57

H 61 58 55 55 55

H 57 55 52

H 56 58 56 61 55

H 61 66
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the first 24 h (Fig. 4). These measurements are consistent with
the patients’ observations that their urine had a purple color
during the first day following treatment.

Response to Therapy Of the 20 patients who were evaluable
for response by virtue of receiving at least two cycles of
therapy, four had stable disease at the conclusion of the
study and the remainder progressed while on study (Sup-
plementary Table 1). Two additional patients, one in dose
level E and one in dose level H, completed 8 cycles but
had evidence of disease progression at the conclusion of
the study. The four patients who achieved stable disease
included a desmoid (dose level E, three prior lines of
therapy), an adenoid cystic carcinoma (dose level F, two
prior lines of therapy), a uterine leiomyosarcoma (dose
level F, one prior line of therapy), and a urethral carcino-
ma (dose level H, no prior lines of therapy).

Discussion

This first-in-human study of the novel doxorubicin analogue
GPX-150 in patients with advanced solid tumors reveals that
this agent may be safely administered at doses as high as

265 mg/m2. Although a formal MTD was not reached, 5 of 6
patients at the highest dose level required a dose-reduction be-
cause of neutropenia. Thus we considered 265 mg/m2 the
highest dose achievable without the use of granulocyte colony
stimulating factor (G-CSF) drugs. Importantly, no cardiotoxicity
was observed during this study, even in patients with prior
anthracycline exposure. The design of this phase I study did
not afford opportunity to assess for long term changes in cardiac
function. While larger studies are needed to confirm the lack of
cardiotoxicity, these phase I results are highly encouraging.

There have been multiple studies which have evaluated the
pharmacokinetics of doxorubicin [28–33]. These studies have
demonstrated the t1/2 of doxorubicin to be in the 16–40 h range
and clearance to be in the 412–677 mL/min/m2 range, similar
to GPX-150 (Table 5). As with doxorubicin, the GPX-150
pharmacokinetic data are consistent with bi-exponential kinet-
ics. The amount of unchanged drug excreted in the urine
(Fig. 4) is similar to that observed for doxorubicin [32], con-
sistent with primarily fecal excretion and a large VD. Thus it
does not appear that the chemical modifications to doxorubi-
cin which yielded GPX-150 result in significant alterations in
the half-life or clearance.

Although grades 3–4 neutropenia were observed at the
highest dose level, there were neither episodes of febrile neu-
tropenia nor delays in initiating subsequent cycles. Neverthe-
less, for safety, dose reduction was required per protocol in 5 of
the 6 patients at the 265 mg/m2 dose level. Thus it is reasonable
to predict that even higher doses of GPX-150 could be safely
administered if used in combination with G-CSF support such
as is commonly done with anthracycline-containing regimens
[34, 35]. As pre-clinical studies have demonstrated that doxo-
rubicin is approximately four times more potent than GPX-150
(Fig. 2), it can be estimated that the 265 mg/m2 dose of GPX-
150 is equivalent to approximately 65 mg/m2 of doxorubicin,
within the dosing range most commonly used for doxorubicin.

Table 5 Pharmacokinet-
ic data for GPX-150
based on the 265 mg/m2

dose level (H)

Parameter Value (mean ± standard
deviation)

Cmax 1.7±0.4 μg/mL

C0 0.7±0.2 μg/mL

AUC0-∞ 8.0±2.6 μg·h/mL

t1/2β 13.8±4.6 h

Cl 607±210 (mL/min/m2)

Vdss 625±127 L/m2

Fig. 3 Semi-log plot of plasma GPX-150 concentration versus time in
three representative patients in dose level H (265 mg/m2) following first
dose administration

Fig. 4 Urinary excretion of GPX-150 following first dose administration
in three representative patients in dose level H (265 mg/m2)
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Unlike other anthracyclines, including doxorubicin, liposo-
mal doxorubicin (Doxil), and aldoxorubicin [21, 20], mucositis,
stomatitis, or hand-foot syndrome did not occur in any patient
treated with GPX-150.With such a favorable side effect profile,
and in the absence of detectable cardiotoxicity, GPX-150 may
be able to be administered for more than 8 cycles without lim-
itation to the total cumulative dose. Additional studies with
longer term follow-up are required to demonstrate the lack of
late chronic cardiotoxicity. However, if these studies were to
demonstrate the absence of late chronic cardiotoxicity, then
GPX-150 would be the only anthracycline without cumulative
dose limitations and thus would allow for the generation of
treatment regimens that increase the duration of disease control
in patients who respond to GPX-150. This would be particular-
ly significant in the setting of metastatic sarcoma, for example,
where there are limited treatment options and for which doxo-
rubicin remains one of the most active agents.

The favorable side effect profile observed with GPX-150
also supports the hypothesis that it could be used in combina-
tion with other chemotherapy agents without significantly in-
creasing the toxicity profile. Anthracyclines remain an impor-
tant class of drug in both the adjuvant and metastatic breast
cancer setting, but because of trastuzumab’s cardiotoxic ef-
fects, combinations with anthracyclines and trastuzumab are
generally avoided in HER2- positive patients. Whether GPX-
150 could be used in place of traditional anthracyclines in
regimens such as CHOP for aggressive lymphomas, ABVD
for Hodgkin lymphoma, Hyper-CVAD for acute lymphoblas-
tic leukemia, or ECF for esophageal/gastric carcinoma re-
mains to be determined, but if this agent has activity in these
malignancies, its incorporation into these regimens could re-
sult in an improvement in their toxicity profile.

In conclusion, the novel anthracycline derivative GPX-150
was well-tolerated at doses as high as 265 mg/m2 and no
changes in cardiac function were observed during treatment.
Based on the present study, a phase II study of 265 mg/m2 of
GPX-150 in patients with advanced and/or metastatic malig-
nant soft tissue sarcoma is underway (NCT02267083).
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