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Abstract

Purpose 3-AP is a ribonucleotide reductase inhibitor and
has been postulated to act synergistically with other chemo-
therapeutic agents. This study was conducted to determine
the toxicity and antitumor activity of 3-AP with irinotecan.
Correlative studies included pharmacokinetics and the
effects of ABCB1 and UGT1A1 polymorphisms.

Methods The treatment plan consisted of irinotecan on
day 1 with 3-AP on days 1-3 of a 21-day cycle. Starting
dose was irinotecan 150 mg/m? and 3-AP 85 mg/m? per
day. Polymorphisms of ABCB1 were evaluated by pyrose-
quencing. Drug concentrations were determined by HPLC.
Results Twenty-three patients were enrolled, 10 men and
13 women. Tumor types included seven patients with pan-
creatic cancer, four with lung cancer, two with cholangio-
carcinoma, two with mesothelioma, two with ovarian
cancer, and six with other malignancies. Two patients expe-
rienced dose-limiting toxicity (DLT) at dose level 1, requir-
ing amendment of the dose-escalation scheme. Maximal
tolerated dose (MTD) was determined to be 3-AP 60 mg/
m? per day and irinotecan 200 mg/m>. DLTs consisted of
hypoxia, leukopenia, fatigue, infection, thrombocytopenia,
dehydration, and ALT elevation. One partial response in a
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patient with refractory non-small cell lung cancer was seen.
Genotyping suggests that patients with wild-type ABCB1
have a higher rate of grade 3 or 4 toxicity than those with
ABCBI1 mutations.

Conclusions The MTD for this combination was 3-AP
60 mg/m?* per day on days 1-3 and irinotecan 200 mg/m>
on day 1 every 21 days. Antitumor activity in a patient with
refractory non-small cell lung cancer was noted at level 1.

Keywords Triapine® - 3-AP - Irinotecan - ABCB1 -
UGT1A1

Introduction

Ribonucleotide reductase (RR) is an enzyme that is respon-
sible for the reduction of ribonucleotides to deoxyribonu-
cleotides. This reaction is the rate-limiting step for DNA
synthesis, and hence RR plays a key role in the regulation
of cell growth and proliferation. Based on studies per-
formed on E. coli and mouse enzymes, RR is thought to be
a tetrameric holoenzyme composed of an o,-homodimer
called R1 and a §,-homodimer called R2. The subunit R1 is
the active site of the reductase component, while R2 con-
tains an iron center and a tyrosyl radical that are required
for enzymatic activity [1]. Inactivation of RR results in
depletion of deoxyribonucleotides, inhibition of DNA syn-
thesis, and subsequently blockage of cell division [2]. As
tumor cells are highly proliferative and require increased
quantity of dNTPs, inhibition of RR is an ideal target for
anticancer therapy. The clinical importance of RR is clearly
evident in non-small cell lung cancer, where increased
expression of RR mRNA led to poor response to gemcita-
bine and decreased survival [3]. Many of the existing
chemotherapeutic drugs are nucleoside analogs that inhibit
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RR by binding R1, either at the active site (gemcitabine and
cytarabine) or at the allosteric effector site (fludarabine and
cladrabine). Among the drugs that are currently in clinical
use, the only one that inhibits RR by inactivating R2 is
hydroxyurea (HU), which acts by destroying the tyrosyl
radical. Its clinical efficacy is limited by a relatively low
affinity for RR, short half-life, and development of rapid
resistance [4].

3-Aminopyridine-2-carboxaldehyde thiosemicarbazone
(3-AP) is a novel small-molecule inhibitor of ribonucleo-
tide reductase (RR). In addition to direct inhibition of
tumor growth, it is postulated that 3-AP enhances the cyto-
toxic effect of other chemotherapeutic drugs by disrupting
DNA repair. Preclinical studies demonstrated potentiation
of several agents including cisplatin, doxorubicin, and eto-
poside [5]. Irinotecan is a topoisomerase I modulator effec-
tive against a wide range of solid tumors, particularly
colorectal, esophageal, small cell lung cancer, and ovarian
cancer [6-9]. Topoisomerase inhibitors not only damage
the DNA but also inhibit DNA synthesis; therefore, the
combination of 3-AP and irinotecan has the potential of
inhibiting DNA repair by two different mechanisms. We
conducted this study to evaluate the safety, toxicity, maxi-
mal tolerated dose, pharmacokinetics, and possible antitu-
mor activity of 3-AP administered with irinotecan. In
addition, the effects of ABCB1 polymorphisms on pharma-
cokinetics (PK) and toxicity were explored.

Patients and methods
Patient selection

This Phase I clinical trial was approved by the Human Sub-
jects Committee at the University of Wisconsin and meets
the ethical standards of the 1964 Declaration of Helsinki.
All patients gave informed consent prior to being enrolled
in the study.

Patients were required to have a histologically con-
firmed, measurable or evaluable solid tumor malignancy
that was metastatic or unresectable and for which standard
chemotherapy measures do not exist or were no longer
effective. All patients were at least 18 years of age, had
Eastern Cooperative Oncology Group performance status 2
or less, and had life expectancy of greater than 12 weeks.
Prior irinotecan was not allowed. Patients were required to
have normal organ and bone marrow function defined as
follows: leukocytes >3,000/pul; absolute neutrophil count
>1,500/ul; platelets >100,000/ul; total bilirubin within
normal limits; AST/ALT <2.5x upper limit of normal; and
creatinine <1.5 mg/dl or creatinine clearance >50 ml/min
per 1.73 m?. Patients could not have had chemotherapy or
radiotherapy within 4 weeks (6 weeks for nitrosureas or
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mitomycin C) prior to entering the study. Toxicity from
prior agents had to be resolved to grade 1 or less. Women
of child-bearing potential and all men agreed to practice
adequate contraception, and pregnant or breast-feeding
women were excluded. All patients were screened for glu-
cose-6-phosphate dehydrogenase (G6PD) deficiency and
excluded if G6PD was below the lower limit of normal, as
3-AP can induce hemolysis and methemoglobinemia in
patients with G6PD deficiency [10]. The protocol was later
amended so that patients were also required to have a base-
line screening test for UGT1A1 and excluded if homozy-
gous for UGT1A1%28, which is known to increase
irinotecan toxicity [11]. Patients with HIV receiving combi-
nation antiretroviral therapy, prior myocardial infarction, or
severe pulmonary disease requiring oxygen were excluded.
Patients could not have uncontrolled intercurrent illness
including, but not limited to, active infection, congestive
heart failure, unstable angina, cardiac arrhythmia, or psy-
chiatric illness. Patients were not allowed to be on enzyme-
inducing anticonvulsant agents. Patients with central ner-
vous system metastasis were excluded unless the subject
was more than 6 months from definitive therapy, radio-
graphically and clinically stable, and not receiving acute
steroid therapy or taper.

Treatment plan

Each patient on this study was scheduled to receive therapy
on a 21-day cycle: irinotecan infused over 1 h on day 1 and
3-AP infused over 2 h on days 1, 2, and 3. The 3-AP infu-
sion was started immediately following irinotecan on day 1.
Treatment continued until disease progression; intercurrent
illness preventing further therapy; unacceptable toxicity;
treatment delay >2 weeks; patient decision to withdraw
from the study; or any general or specific change in the
patient’s condition that renders further treatment unaccept-
able in the judgment of the investigator. A patient was con-
sidered evaluable for the determination of the MTD if he or
she received one complete cycle of therapy. However, any
patient who could not complete a full course of therapy due
to toxicity was still considered evaluable for toxicity pur-
poses.

This clinical trial was a phase I dose-escalation study of
3-AP and irinotecan. Patients were enrolled in cohorts of
three, beginning at dose level 1 (3-AP 85 mg/m? and irino-
tecan 150 mg/m?) with continued escalations to occur
based on toxicities noted. Unexpectedly, two patients
developed dose-limiting toxicities (DLTs) at dose level 1
and therefore the dose-escalation schema was amended as
shown on Table 1. Accrual then resumed at dose level 1 (3-AP
60 mg/m?* and irinotecan 100 mg/m?) with a standard 3 + 3
design: if none of the three patients at a given dose level
develops a DLT, another cohort of three would be treated at



Cancer Chemother Pharmacol (2010) 66:973-980 975
Table 1 Dose escalation and Patient Dose  Irinotecan  3-AP Dose DLT Numberof  Best Reason for
treatment summary 2 2 . .
level mg/m mg/m~  reductions treatments response  study exit
1 —1 100 60 None 2 SD PD?*
2 None 4 SD Pt withdrew®
3 None 2 SD PD?
4 None 2 SD PD?*
5 Yes Yes 2 SD PD?
6 None 1 PD PD
7 1 150 85 Yes Yes 1 N/A¢ PD?
8 None 8 PR PD
9 Yes Yes 2 PD PD
# Progression based on clinical 10 None 2 SD PD*
judgment of treating physician 11 2 150 60 None 2 PD PD
but not as defined by RECIST 12 None 3 SD Other®
b Patients’ reason for withdraw- 13 None 5 SD PD
ing from study—rising tumor . b
marker [2], need for hernia sur- 14 3 200 60 None 3 SD Pt withdrew
gery [14], and side effects from 15 None 4 SD PD
therapy [21] 16 None Yes 1 N/AY Toxicity
¢ Initially designated as DLT, 17 None 2 SD PD
but lat ttributed to the di
b ut later attri u e (.) e disease 18 None ) D Other®
Treatment discontinued before 4 .
the first disease evaluation 19 None SD Toxicity
a
¢ Other—no further clinical 20 4 250 60 None 2 SD PD
benefit [11], need for radiother- 21 Yes Yes 2 PD PD
apy for pain control [17], and 22 None Yes® 1 N/A¢ Pt withdrew”
decision to treat primary tumor 23 Yes Yes 6 D Other®

with radiotherapy [22]

the next higher dose level. The escalation continues until a
DLT is noted, at which point the cohort is expanded to six,
and the MTD was defined as the highest dose level at which
0/6 or 1/6 patients experience a DLT.

The National Cancer Institute Common Toxicity Criteria,
version 2.0, were used for the grading of toxicities. Dose-
limiting toxicity was defined as grade 3 or 4 leukopenia last-
ing >7days; grade 3 or 4 thrombocytopenia lasting
>7 days; grade 3 or 4 diarrhea not responsive to maximal
antidiarrheal medications; febrile neutropenia (ANC <1,000
and temperature >38.5°C); and other grade 3 or 4 non-
hematologic toxicity thought to be related to the study drugs.

Study monitoring and measurement of effect

Prior to treatment, all patients had a complete history and
physical exam, complete blood count with differential,
basic chemistries including liver function tests, baseline
electrocardiogram, pulse oximetry, and tumor staging with
computed tomography (CT) or other appropriate imaging.
Patients were screened for GOPD deficiency. All patients
were tested for UGT1A1 genotype, but homozygosity for
UGTI1A1*28 was not added as an exclusion criterion until
16 patients were already enrolled.

3-AP is associated with an acute reaction (hypoxia and/
or hypotension) during or shortly following the infusion.
All patients were monitored clinically for 3—4 h after each
dose of 3-AP during the first cycle of therapy. 3-AP infu-
sion was stopped if systolic blood pressure was <85 mmHg
or the patient developed dyspnea. Asymptomatic hypoxia
was treated with supplemental oxygen, but if the oxygen
saturation did not return to >92%, the treatment was
stopped. A methemoglobin level was monitored in all
patients pre-treatment on day 1 of the first cycle, at the end
of 3-AP infusion, and at 2, 4.5, and 22 h after the infusion.
Patients with persistent methemoglobinemia >15% were
removed from study.

Patients underwent weekly complete blood count and
ANC. The dose was reduced by one level for the subse-
quent cycle for ANC <1,500 for >7 days, febrile neutrope-
nia, or platelet count <50,000 for >7 days. Recurrent
toxicity (as noted earlier) required an additional decrease of
one dose level. Patients developing recurrent toxicity after
two dose reductions were removed from study. Routine use
of colony-stimulating factor (G-CSF or GM-CSF) was not
allowed.

Non-hematologic grade 3 or 4 toxicity (except nausea
and vomiting controlled with antiemetics) required dose
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reduction by one level. A second occurrence required an
additional dose reduction. Patients who developed grade 3
or higher toxicity for the third time were removed from
study.

In this study, patients were evaluated every 6 weeks to
look for response to therapy or disease progression. Any
partial or complete response was confirmed 4 weeks later.

Tumor assessment was performed in strict adherence to
the Response Evaluation Criteria in Solid Tumors guide-
lines [12].

Pharmaceutical information

3-AP was supplied by Vion Pharmaceuticals, Inc. and dis-
tributed by the Cancer Therapy Evaluation Program of the
National Cancer Institute. 3-AP injection was supplied in
10-ml amber vials containing 50 mg of 3-AP. Prior to
administration, the drug was diluted in saline or 5% dex-
trose in water to a concentration of 0.01-2 mg/ml. Intact
vials or diluted solutions were stored in a refrigerator (2—
8°C).

Pharmacokinetics
Sample preparation

Blood samples for evaluation of 3-AP were collected pre-
infusion, 1 h into the infusion, 1-2 min just before the end
of the infusion, and at 10, 20, 30, 45 min, and 1, 2, 4.5, 6, §,
10, and 22 h after the end of the infusion. At each time
point specified, two 5-ml green top (heparinized) vacutain-
ers were drawn from the arm opposite from the infusion
arm for pharmacokinetic analysis of 3-AP. Plasma was sep-
arated by centrifugation at approximately 1200g for
15 min. Duplicate plasma aliquots of 2 ml each were frozen
in labeled polypropylene cryotubes at —70°C until assay.
The erythrocyte phase was aliquoted and stored at —70°C
until analysis.

3-AP

HPLC with UV detection was used to analyze the serum
and erythrocyte samples for 3-AP concentration by the
method of Murren [13]. A Spectra Physics P2000 HPLC
system was used. Chromatographic separation was
achieved using a Supelco Discovery C18 column (5 pM,
250 mm x 4.6 mm; Supelco, St. Louis, MO) with detection
at 400 nm. Plasma or erythrocyte samples (0.5 ml) were
extracted with 1.0 ml of methanol (containing 4 mM
EDTA). After centrifugation, the extract was concentrated
to dryness and was reconstituted with 0.25 ml of a solvent
consisting of 10% acetonitrile and 90% mobile phase A
[20 mM potassium phosphate buffer, 15 mM 1-heptanesulf-
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onic acid, and 1 mM EDTA (pH 3.0)]. The reconstituted
solution sample (30 pl) was then injected into the HPLC
system. External calibration standards were prepared in
pooled control human plasma and were processed identical
to test samples. The validated assay is linear over 0.02—
10 pg/ml for plasma (7> = 0.99), with an intraday variability
ranging from a coefficient of variation (CV) of 0.41-3.4%
and an interday variability ranging from a CV of 2.60-
5.5%. The lower limit of quantitation was 0.078 pg/ml and
an absolute recovery from plasma of 92%.

Data analysis

Pharmacokinetic modeling and parameter calculations were
conducted using WinNonlin software program (Pharsight
Corporation, Mountain View, CA) with non-compartmen-
tal methods. The following PK parameters were computed:
area under the serum concentration—time curve (AUC) from
time zero to the last data point with extrapolation to infin-
ity, peak serum concentration (C,,,,), elimination half-life
(T,),), volume of distribution at steady state (V,), and total
body clearance (Cl). Descriptive statistics (mean and SD)
were calculated and were used to characterize the pharma-
cokinetic parameters. The AUC and C,,, were dose
adjusted. Analysis of variance (ANOVA) was used to eval-
uate differences of PK parameters between genotypes. The
association between genotypes and toxicities (DLT vs. no
DLT) was assessed using Fisher’s exact test. All statistical
tests were two-sided, and P < 0.05 was used to indicate sta-
tistical significance.

Genotyping

Pyrosequencing assays for the common ABCB1 polymor-
phisms C1236T, G2677T/A, and C3435T [15]. Samples
were collected at baseline in DNA PAXgene tubes (Qiagen,
Valencia, CA), and DNA was extracted as recommended
by the manufacturer.

PCR amplification

Specific oligonucleotide primers for amplification by PCR
of ABCBI1 gene fragments from genomic DNA were
derived from known sequences (GenBank accession no:
AC005068) using Primer3 (http://frodo.wi.mit.edu/cgi-bin/
primer3/primer3_www.cgi). PCR for pyrosequencing was
performed in 40-pl reactions containing 20 pl of PCR Mas-
ter Mix (Promega, Madison, WI), 10 pmol forward and
reverse primer (IDT Technology, Coraville, IA), 14 pl of
nuclease-free water, and 10-100 ng of genomic DNA. PCR
amplification was performed under the following condi-
tions: initial denaturation at 95°C for 5 min, 50 cycles of
denaturation at 95°C for 30 s, annealing at 52°C for 30 s,
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and extension at 72°C for 30 s, followed by a final exten-
sion step at 72°C for 5 min.

Pyrosequencing

The pyrosequencing primers were designed using SNP
Primer Design Software Version 1.01 (http://www.pyrose-
quencing.com). Briefly, 35 pl of biotinylated PCR product
was immobilized on streptavidin-coated Sepharose beads
(Amersham Biosciences, Piscataway, NJ) with binding
buffer (10 mM Tris—HCI, 2M NaCl, 1 mM EDTA, and
0.1% Tween 20, pH 7.6). After room temperature incuba-
tion with constant agitation for 10 min, the strands were
separated and treated with 70% ethanol, denaturation solu-
tion (0.2 M NaOH), and washing buffer (10 mM Tris ace-
tate, pH 7.6). The beads, containing the biotinylated
template, were released into wells with a 40-pl mixture of
annealing buffer (20 mM Tris acetate, 2 mM magnesium
acetate tetrahydrate, pH 7.6) and 21 pmol of sequencing
primer (IDT Technology, Coraville, IA). Incubation was
carried out at 80°C for 2 min. Genotyping was subse-
quently performed using a PSQ 96 SNP Reagent Kit and
PSQ 96MA system (Biotage AB, Uppsala, Sweden). Geno-
types were resolved on the basis of peak height measure-
ments using PSQ96 SNP Software, version 1.2 AQ.
Subjects were categorized as wild type, heterozygote, or
variant.

Results
Patient characteristics

Twenty-three patients were enrolled in the study between
October 2004 and July 2007 (Table 2). The majority of
patients had gastrointestinal (particularly pancreatic) or
lung primary tumors. All patients had prior chemotherapy,
and 17 (74%) had received two or more chemotherapy reg-
imens. The median age was 59 (range 29-72), and 10
(43%) were men. Although the study allowed patients with
ECOG performance status of 2, all of the patients who
entered the study had performance status of 0 (17%) or 1
(83%).

Treatment summary

All 23 patients were evaluable to determine the MTD of 3-
AP plus irinotecan. Table 1 summarizes the number of
treatment courses that each patient received, any dose mod-
ifications, and reason for discontinuing therapy. The study
initially accrued at dose level 1 (3-AP 85 mg/m? and irino-
tecan 150 mg/m?), but the first patient developed a DLT
(grade 3 hypoxia). The protocol was then amended to

Table 2 Patient characteristics

Characteristics No. of %
patients
(n=23)
Sex
Male 10 43
Female 13 57
ECOG performance status
0 4 17
1 19 83
Age, years
Median 59
Range 29-72
Prior therapy
Chemotherapy 23 100
Radiotherapy 9 39
Tumor type
Pancreatic 7 30
Cholangiocarcinoma 2
Ovarian 2
Esophageal 1
Lung 4 17
Sarcoma 1 4
Unknown primary 1 4
Lymphoma 1 4
Gastric 1 4
Mesothelioma 2 9
Cervical 1 4

evaluate dose level 1, with 3-AP reduced to 60 mg/m2 and
irinotecan to 100 mg/m>. The first three patients on dose
level 1 tolerated the treatment well without a DLT. There-
fore, three additional patients were evaluated at the original
dose level 1, but another DLT occurred (grade 4 leukopenia
lasting 7 days). Three more patients were then evaluated at
dose level 1 (total of 6 at this dose) to ensure safety, with
subsequent dose escalations modified as shown on Table 1.
Additional DLTs occurred in one patient each at dose level
1 and 3 (grade 4 fatigue and both grade 4 infection and
grade 3 fatigue, respectively). Two of the initial cohort of
three at dose level 4 developed DLT, one patient with grade
3 platelets >7 days and the other patient with grade 3 dehy-
dration. At this point, the study was amended to expand the
cohort despite a possible second DLT, because the investi-
gators felt that the grade 3 dehydration was more likely to
be from the underlying disease than the treatment. The next
patient enrolled after the amendment also had DLT (grade 3
ALT), and the study was terminated. Therefore, the MTD
was determined to be 3-AP 60 mg/m’ and irinotecan
200 mg/m>.
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Table 3 Incidence toxicity by dose level

Number of patients experiencing toxicity (all grades/grade 3 or 4)

Dose level 1
(n=4)

Dose level —1
(n=6)

Dose level 2
(n=3)

Dose level 4 Total

(n=4)

Dose level 3
(n=6)
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Events that are unlikely to be related to treatment were excluded
 DLT

Adverse events

Adverse events that were definitely, probably, or possibly
related to the study treatment and affecting three or more
patients are listed in Table 3. The most common non-hema-
tologic toxicities irrespective of severity were nausea
(70%), diarrhea (61%), vomiting (57%), abdominal pain or
cramping (57%), fatigue (57%), and dizziness or lighthead-
edness (30%). Grade 3 or 4 non-hematologic events
included nausea, vomiting, diarrhea, fatigue, hypoxia,
abdominal pain/cramp, thrombosis, infection, hyperbiliru-
binemia, and elevated ALT. Grade 3 or 4 hematologic
toxicities included neutropenia in eight patients, thrombo-
cytopenia in two patients, and anemia in one patient. Only
one patient experienced methemoglobinemia exceeding
15%; that patient was treated at dose level 1, the only level
at which the dose of 3-AP was 85 mg/m per day.

Antitumor activity

Of the 23 patients enrolled in the study, 20 patients were
evaluable for measurement of treatment effect. The best
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response for each patient is shown in Table 1. One patient
with non-small cell lung cancer had a confirmed PR, which
was maintained until he developed disease progression at
approximately 6 months from study entry. Fifteen patients
had SD but only one, with pancreatic cancer, received more
than four cycles of therapy.

Pharmacokinetics of 3-AP and ABCB1 genotype

The 3-AP PK data were performed in 20 patients, 16 of
them receiving the dose of 60 mg/m* and four receiving
85 mg/m>. The mean PK parameters representing all dose
levels are shown in Table 4. There was no statistically sig-
nificant difference between plasma and RBC after adjusting
for dose.

Three common polymorphisms of the ABCB1 gene
were studied: C1236T, G2677T, and C3435T. Data were
available for 19 patients (four patients had DNA that did
not amplify). The distribution of patients among the seven
possible haplotypes is shown in Table 5. For the analysis of
PK and toxicity, all wild-type haplotype (CC GG CC) was
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Table 4 PK parameters for all dose levels of 3-AP (60 mg/m?, n = 16,
and 85 mg/m?, n = 4)

Plasma Erythrocyte

Mean SD Mean SD
T,,, (h) 6.16 236 6.90 3.15
Tpax () 0.05 0.11 0.06 0.11
Cpax (mg/ml per mg per m?) 1.67 0.63 1.84 0.69
AUC,_,, (mg h/ml per mg per m?)  4.42 3.15 453 39
Cl1 (ml/min per m?) 0.20 0.11 0.15 0.10
Vg, (Um?) 103 47 962 50

There is no significant difference between plasma and erythrocyte
concentrations

compared to the all variant haplotype (TT TT TT). As
shown in Table 5, ABCB1 haplotype had a significant
effect on both PK and the occurrence of DLT. Patients with
the wild-type haplotype had higher dose-adjusted C,,,, and
AUC of 3-AP, and 3 of 4 of the DLTs in the 19 patients
analyzed occurred in the wild-type group.

Discussion

3-AP is a novel small-molecule inhibitor of RR that acts by
destroying the tyrosyl radical of the R2 subunit. It belongs
to a class of iron chelators known as heterocyclic carboxal-
dehyde thiosemicarbazones, and its activity depends on the
formation of a ferrous—3-AP complex [16]. In preclinical
studies, 3-AP was shown to have an increased affinity for
RR, up to 1,000-fold potent than HU, with a broad spec-
trum of antitumor activity in leukemia and solid tumors [5].
In addition to direct inhibition of tumor growth, it is postu-
lated that 3-AP enhances the cytotoxic effect of other che-
motherapeutic drugs by disrupting DNA repair. Indeed, in
preclinical experiments, 3-AP potentiated several agents,
including cisplatin, etoposide, and doxorubicin [5]. Here,

Table S 3-AP PK and DLT according to ABCB1 genotype

we report a phase I trial of combining 3-AP with irinotecan,
including pharmacokinetic and pharmacogenomic data
with regard to ABCB1 and UGT1A1.

In our study, the MTD of 3-AP was significantly lower
than previously reported. Other phase I studies with single-
agent 3-AP demonstrated safety with single 2-h IV infu-
sions of up to 105 mg/m?* every 4 weeks [17]; daily 2-h
infusions up to 96 mg/m? for 5 days every 2 weeks [13];
and continuous 96-h infusions up to 120 mg/m? per day
every 2 weeks [18]. Similarly, the MTD of irinotecan was
lower than the standard dose, which in most studies is
between 300 and 350 mg/m* every 3 weeks. The lower
MTDs suggest that 3-AP and irinotecan are at least additive
in terms of toxicity, if not synergistic. The most frequent
grade 3 or 4 side effects of this regimen were nausea, vom-
iting, diarrhea, and myelosuppression, all of which are typi-
cal of irinotecan. 3-AP infusions were generally well
tolerated, with only 2 patients developing grade 3 hypoxia.

Partial response to treatment was seen in only one
patient with non-small cell lung cancer, who remained on
therapy for about 6 months. The duration of stable disease
was generally short, with only one patient receiving more
than four cycles of therapy. The paucity of response is not
surprising, given this group was heavily pre-treated, and
most of whom had tumor types that are not known to be
sensitive to irinotecan. Considering the modest antitumor
activity and substantial dose reduction of irinotecan, further
study of this particular regimen is not being pursued.

The gene ABCBI, also known as MDRI1, encodes for
the ubiquitous efflux pump P-glycoprotein (P-gp). Single-
nucleotide polymorphisms of this gene can affect not only
drug resistance but also drug exposure and disease suscepti-
bility, although the precise role of ABCB1 remains contro-
versial [19]. Analysis of the ABCB1 haplotype in our study
indicates that polymorphisms of this gene do in fact influ-
ence drug exposure and toxicity from 3-AP, with wild-type
patients experiencing higher plasma concentrations and
being more likely to experience a DLT when compared to

ABCBI1 genotype n DLT Plasma PK parameters

C1236T G2677T C3435T Cax (g/ml per mg per m?) AUC (ug h/ml per mg per m?)
CcC GG CcC 3 3 1.90 + 0.37 7.81 £1.53

CcC GG CT 2 1 2.19 +0.06 6.46 +2.77

CT GT CcC 1 0 1.88 1.62

CT GT CT 3 0 1.33 £ 0.33 3.10 & 1.00

CT GT TT 1 0 1.76 1.51

TT TT CT 1 0 1.00 1.55

TT TT TT 8 0 1.22+0.44 2.65+1.53

The dose-adjusted C

max

and AUC are significantly higher in the CC GG CC haplotype compared to the TT TT TT haplotype, P = 0.04 and 0.009,

respectively. The association between genotype and DLT is statistically significant when analyzed individually (P = 0.029) or as a group

(P <0.0001)

@ Springer



980

Cancer Chemother Pharmacol (2010) 66:973-980

the variants. Emerging evidence suggests that the ABCB1
haplotype (C1236T, G2677T, C3435T) may contribute to
subtle changes in protein folding and function that lead to
altered substrate binding, specificity, and drug effect [20].
In general, wild-type individuals have more P-gp and may
be able to pump more drug out of the cell, resulting in
higher plasma concentrations, increased toxicity, and less
activity. This is consistent with our previous work, where
variants had a longer progression-free survival compared to
wild-type individuals [21]. In addition to substrate specific-
ity, dose may contribute to pharmacokinetic variability with
variant genotypes, as our previous work using a lower dose
of 3-AP did not show a correlation between genotype and
plasma concentrations [22].
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