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Summary

Purpose: A phase I study was performed to determine the maximum tolerated dose (MTD), safety profile and phar-
macology of aprinocarsen (ISIS 3521), an antisense oligonucleotide to protein kinase C-α, in patients with refractory
solid tumors. Experimental design: Fourteen patients were treated in sequential cohorts of aprinocarsen by 24-hour
continuous infusion (CIV), weekly, at doses of 6, 12, 18 and 24 mg/kg. Results: One grade 4 toxicity was observed,
transient grade 4 neutropenia at 18 mg/kg. Grade 3 toxicities included neutropenia at 12 mg/kg, fever and hemorrhage
at 18 mg/kg, and neutropenia, nausea, and chills at 24 mg/kg. Grade 2 toxicities included thrombocytopenia myalgias,
chills, headache, fatigue, fever and nausea/vomiting. Mean prothrombin times and activated partial thromboplastin times
(aPTT) increased by 10% and 29% from baseline (p = 0.006 and 0.005). Mean complement split products (Bb and C3a)
increased 1.6-fold and 3.6-fold (from p = 0.014 and 0.004, respectively). These changes correlated with dose and were
transient with recovery to baseline by day 7. Steady state plasma concentrations (Css) of aprinocarsen were achieved
within four hours. Css better described changes in aPTT than dose. Clinical evidence of complement activation was
not observed. Conclusions: In contrast to 21-day protracted infusion schedules, delivery of aprinocarsen over a 24-hour
infusion schedule showed concentration-dependent effects on coagulation and complement, which are consistent with
nonclinical toxicology studies performed in the phosphorothioate DNA antisense drug class. These coagulation and
complement changes resulted in a maximum tolerated dose 24 mg/kg.

Introduction

Antisense oligonucleotides are designed selectively to in-
hibit the expression of a protein by binding in a sequence-
specific manner to the corresponding mRNA, leading
to RNase-H-mediated degradation of the bound mRNA.
These agents represent a novel class of molecular targeted
anticancer drugs, with toxicities different from traditional
chemotherapeutic agents. The overexpression of protein
kinase C-α (PKC-α), a cytoplasmic serine/threonine ki-
nase involved in signal transduction may play a role in the
development of several tumor types [1, 2].

Aprinocarsen (ISIS 3521) is a 20-base phosphoroth-
ioate oligonucleotide complementary to the 3′ untrans-
lated region of mRNA for human PKC-α. The phos-
phorothioate backbone provides resistance to exonucle-

ases and increases the stability of the oligodeoxynu-
cleotide in serum and tissues compared with compounds
with unmodified phosphodiester linkages [3]. This com-
pound has demonstrated antitumor activity in human tu-
mor xenograft models [4, 5].

We previously have reported the safety of aprinocarsen
administered as a 21-day continuous intravenous infu-
sion (CIV) [6]. Pharmacokinetic studies in non-human
primates suggest that a 24-hour infusion of aprinocarsen at
24 mg/kg result in Cmax values of 18–26 mcg/ml (Geary
R, Isis Pharmaceuticals, Inc., personal communication).
These concentrations were well tolerated in primates, and
are approximately 50% lower than those shown to pro-
duce complement activation [7]. In animal models var-
ious phosphorothioate oligonucleotides have resulted in
concentration dependent effects on the coagulation and
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complement systems. Thus, these effects are considered
to be independent of the selected nucleotide sequence and
molecular target, and are attributed to the phosphoroth-
ioate backbone chemical structure of the compounds.

The present study explored the feasibility of a 24-hour
CIV of aprinocarsen administered on a weekly schedule.
The objectives of the study were: (1) to determine the
maximum tolerated dose (MTD) by this schedule, and (2)
to characterize the safety profile, pharmacokinetic, and
pharmacodynamic behavior of aprinocarsen.

Patients and methods

Patient selection

The Panel on Medical Human Subjects of Stanford Uni-
versity approved the protocol. Informed consent accord-
ing to Stanford University and Federal Guidelines was ob-
tained from all patients. Patients ≥18 years with histolog-
ically confirmed diagnoses of incurable solid tumors were
eligible for this protocol. Female patients were required to
have a negative serum pregnancy prior to enrollment, and
patients of either gender were required to use an adequate
contraceptive method. Measurable disease or disease that
was assessable with tumor markers and an Eastern Coop-
erative Oncology Group (ECOG) performance status ≤2
was required. No chemotherapy, radiotherapy, biologic
therapy, hormonal therapy or investigational drugs were
permitted within 28 days prior to study entry (6 weeks for
nitrosoureas). Evidence of adequate hematological, renal,
and hepatic organ function was required and included the
following laboratory parameters: creatinine ≤1.5 mg/dL,
bilirubin ≤1.3 mg/dL, aspartate aminotransferase (AST)
or alanine aminotransferase (ALT) concentration ≤2.5
times the upper limit of normal, an absolute neutrophil
count (ANC) ≥1500 cells/mm3, platelet count ≤100,000
cells/mm3, hemoglobin >9 gm/dL, and prothrombin time
(PT) and activated partial thromboplastin time (aPTT)
within the normal range. Exclusion criteria included the
following: central nervous system (CNS) metastases or
a diagnosis of acute leukemia; underlying complement
abnormality or disease state associated with active bleed-
ing; patients receiving therapeutic doses of anticoagulants
such as heparin or warfarin; or life expectancy <12 weeks.

Drug administration

Aprinocarsen is a 20-nucleotide phosphorothioate de-
oxyribooligonucleotide with the following sequence: 5′-
GTTCTCGCTGGTGAGTTTCA-3′. Aprinocarsen was
supplied by Isis Pharmaceuticals, Inc. (Carlsbad, CA) as
a sterile solution of 10 mg/ml in phosphate buffered solu-
tion (pH 7.31–7.36). The trial drug was administered as

a 24 hour CIV given weekly. A cycle consisted of 3 con-
secutive weeks of treatment. A volume of 0.9% Sodium
Chloride (NaCl), USP, equivalent to the volume of the
24-hour dose of study drug was removed from 500 ml
of 0.9% NaCl and the study drug added to the remaining
NaCl using a sterile technique. The resulting solution was
infused with a portable volumetric infusion pump (Ver-
ifuse, I-FLOW Corporation), through a 0.22 µm in-line
filter at approximately 21 ml/h.

Dose-limiting toxicity

DLT was defined as any of the following: (1) NCI com-
mon toxicity criteria 2.0 (Common Toxicity Criteria, Ver-
sion 2.0, 1999, National Cancer Institute, Cancer Therapy
Evaluation Program, Bethesda, MD), grade 4 coagula-
tion abnormality and either a grade 2 thrombocytopenia
or grade 1 hemorrhage; (2) grade 4 neutropenia lasting 5
days or more or associated with fever; or a grade 4 throm-
bocytopenia or a grade ≥3 thrombocytopenia associated
with a ≥ grade 1 hemorrhage or grade ≥2 thrombocytope-
nia associated with a grade 4 coagulation abnormality;
(3) grade 4 anemia; (4) grade 4 nausea/vomiting while
on maximal antiemetic therapy; or (5) grade ≥3 for all
other abnormalities except lymphopenia, which was not
considered to be dose-limiting.

Dose escalation, cohort size, and maximum
tolerated dose

Ascending doses of oligonucleotide were given via CIV
over 24 hours administered once weekly.

Cohorts of three patients were evaluated at each dose
level. The starting dose level was 6 mg/kg with escalations
to 12,18 and 24 mg/kg as described below. One treatment
cycle was defined as three consecutive weeks of treatment.
If one of three patients treated at any dose level demon-
strated evidence of a DLT, three additional patients were
enrolled at that level before dose escalation in the subse-
quent cohort. Dose escalation was stopped if two or more
patients (i.e. two of three or two of six) at any dose level
experienced a treatment-related DLT.

In the event of a DLT, treatment with aprinocarsen was
held until the toxicity had resolved. Therapy was then re-
sumed at the next lower dose level. A total of six patients
were to receive aprinocarsen at a dose immediately be-
low the dose-level that resulted in unacceptable toxicity.
The maximum tolerated dose (MTD) was to be defined
as the highest dose level studied which results in DLT
in fewer than two patients. Individual patients continued
on treatment until there was evidence of either disease
progression or treatment-related dose-limiting toxicity.
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Response assessment

Tumor response was assessed per WHO criteria before the
institution of the third cycle of treatment and every other
cycle thereafter. Earlier assessment of tumor activity was
conducted if symptoms suggested tumor progression.

Pharmacokinetic sampling

Samples for pharmacokinetic analysis were taken at the
following time intervals during week 1: before the start
of infusion on day 0, just prior to the end of infusion, and
at 0.25, 0.5, 2, 4, 8 and 24 hours after the end of infusion.
End of infusion plasma samples also were obtained on
days 8 and 15 of the cycle. Drug analysis was performed
on aliquots of plasma and urine samples by capillary gel
electrophoresis (Covance Laboratories, Madison, WI) us-
ing a previously described method [8].

Pharmacokinetic analysis

Descriptive statistics for plasma concentrations measured
during infusion were calculated. A noncompartmental
analysis was conducted using WinNonlin (Pharsight Cor-
poration, Mountain View, CA). The terminal plasma elim-
ination half-life was calculated as T1/2 = 0.693/K, where
K is the rate constant for the terminal decline in plasma
aprinocarsen concentration estimated by log-linear re-
gression. The terminal half-life was estimated using the
equation: T1/2 = 0.693/Kz. The concentration at steady
state (Css) was determined by averaging the concentra-
tions at 4, 8, and 24 hours. Apparent volume of distribution
(Vinfusion) and clearance (CL) were derived from tradi-
tional equations, where CL = ko / Css and Vinfusion =
(CL/K). Area under the curve at steady state (AUCss) was
calculated using the equation: AUCss = dose/CL.

Pharmacodynamic and statistical analysis

Baseline (days), end of infusion at 24◦ (day 1 and day 7)
samples were obtained to assess effects on complement
activation (C3a and Bb levels), PT, and aPTT. Blood for
immunoassays of plasma levels of interleukin-1 beta (IL-
1), interleukin-6 (IL-6), and tumor necrosis factor alpha
(TNF-alpha) were drawn at baseline and 3, 6, 24, and
168 hours after the start of infusion of the first dose of
aprinocarsen.

Linear regression was used to assess the relationship of
dose to pharmacokinetic parameters and response of the
pharmacodynamic parameters (i.e. complement and co-
agulation). A sigmoid maximum response model (Emax,
modified Hill equation), was used to describe the rela-
tionship between the change in aPTT (effect) and drug

concentration (C), where:

Effect = Emax × CH/EC50 + CH

Where Emax is the maximal effect, H is the Hill constant,
which describes the sigmoidicity (steepness and shape) of
the slope of the curve, EC50 is the concentration predicted
to result in 50% of the Emax [9]. Due to the limited num-
ber of observations, Emax was fixed at the maximum effect
observed in the study and the estimated parameters were
EC50 and H. Model fits were evaluated by R-squared val-
ues, sum of squared deviations, and model selection crite-
rion (a derivation of the Akaike information criterion) [9].
Pharmacodynamic modeling was performed using Scien-
tist for Windows (version 2.0, Micromath, Inc., Salt Lake
City, UT).

Differences between baseline and follow-up values in
the same individuals were compared using the Wilcoxon
sign rank test. Data were reported as means and standard
deviation (S.D.). Statistical analyses and linear regres-
sions were performed using Statistix for Windows (ver-
sion 2.0, Analytical Software, Tallahassee, FL).

Results

Patient characteristics

Between January 1998 and October 1999, 14 patients
were enrolled in the study. There were 7 females and
7 males with a median age of 49 years (range 31–71
years). Specific tumor types were: ovarian (n = 3), colon
(n = 2), GI stromal (n = 2), and one each for soft tissue
sarcoma, lung, parotid, schwannoma, thymoma, adreno-
cortical, and unknown primary site tumors. Twelve pa-
tients had received prior chemotherapy, ranging from to
1–4 regimens (median 2). The number of patients treated
at each dose level and the median and range of weekly
treatments delivered are summarized in Table 1. Two pa-
tients received a dose escalation to a higher dose level. The
median duration of treatment was 6 weeks (range 2–15).

Table 1. Dose levels and number of weekly treatments of aprinocarsen
administered

Number of weekly
Dose level Number of treatments delivered
(mg/kg) patients Median (range)

6 3 6 (2–6)
12 3 6 (2–15)
18 6 8 (5–9)
24 4 7.5 (5–9)
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Table 2. Number of patients experiencing toxicity during cycle 1 or 2 according to dose level

Dose level 6mg/kg 12 mg/kg 18 mg/kg 24 mg/kg

Number of patients∗ 3 3 6 3

Grade 1 2 3 1 2 3 1 2 3 1 2 3

Fever 1 1 2 5 1 2
Chills 1 5 3
Myalgias 1 3 1 1
Headache 2 1
Fatigue 1 1 1 3 1 1
Nausea/Vomiting 2 1 2 2
Diarrhea 2
Arthralgia 1
Sweating 1 1
Hemoglobin 1 2 1 1 1 1 1
Platelets 1 1 2 1 1
Proteinurea 1
Hematurea 1
↑ Alkaline 1 1
Phosphatase
↑ Liver Enzymes 2 4 2

∗NCI Common toxicity criteria 2.0. no patients experienced grade 4 toxicity and no patient experienced cumulative toxicity.

Toxicity

Assessment during the first 2 cycles showed no grade 4
toxicities. Transient grade 4 neutropenia was observed in
one patient at 18 mg/kg during the third cycle. One patient
each in the 12 mg/kg and 24 mg/kg dose levels experi-
enced transient grade 3 neutropenia. Grade 2 toxicities
at the 24 mg/kg dose level consisted of anemia (n = 1),
nausea (n = 1) and chills (n = 1). At the 18 mg/kg
dose level, one patient experienced grade 3 fever, one
experienced grade 3 anemia secondary to menorhhagia.
Other transient grade 1 or 2 toxicities included: thrombo-
cytopenia (n = 8), anemia (n = 11) myalgias (n = 6),
elevated ALT (n = 7) or AST (n = 4), chills (n = 6),
headaches (n = 3), fatigue (n = 8), fever (n = 12) and
nausea/vomiting (n = 7).

The frequency of the toxicities encountered at each
dose level is shown in Table 2. Flu like symptoms were
transient and were ameliorated or prevented with premed-
ication consisting of antipyretics and antihistamines (ac-
etaminophen and diphenhydramine) on subsequent cy-
cles. No DLT was observed. Dose escalation beyond 24
mg/kg was not done because of the investigatorsí judg-
ment, due to constitutional symptoms experienced by the
patients, and the investigatorsí concerns for laboratory
abnormalities noted in complement split products (see
below).

Effect of aprinocarsen on coagulation

Linear regression analyses (Figure 1) indicated a correla-
tion between aprinocarsen dose and percent prolongation

of PT and aPTT (p-values of 0.005 and 0.008, respec-
tively). There was a 10% and a 29% increase in mean
PT and aPTT from baseline values at day 1 (p = 0.006
and 0.005, respectively, Table 3). These changes were
transient with no clinical significance and, with recov-
ery to baseline values by day 7 (Table 3). For PT, the
mean ± S.D. day 0 and day 7 values were 11.9 ± 0.6
and 13.1 ± 0.8 seconds, and for aPTT, the mean ± S.D.
day 0 and day 7 values were 27.8 ± 3.2 and 30.2 ± 10.9.
Comparisons of day 0 to day 7 values indicated no sta-
tistical significance (p-values for PT = 0.67 and aPTT
= 0.72). A sigmoidal Emax model was used to describe
the relationship of concentration to change in aPTT fol-
lowing aprinocarsen delivered as a 24-hour infusion, in-
dicated an EC50 of 8.13 µg/ml, with Emax occurring at
17 µg/ml.

During week 6 one patient developed hemorrhage
(grade 3) due to menorrhagia after receiving aprinocarsen
at the 18 mg/kg/day dose level. This was associated with
grade 1 thrombocytopenia and normal coagulation param-
eters (PT and aPTT). Her pelvic ultrasound was found to
be normal. She was transfused with packed red cells and
given hormonal therapy with estrogen with resolution of
symptoms.

Effect of aprinocarsen on cytokine and TNF-α release

Cytokine (IL-6, IL-1RA, IL-1-α, and TNF-α) measure-
ments were performed on 4 of the 14 patients enrolled in
the study and are presented in Table 3. The time course of
these changes in one representative patient is depicted in
Figure 3. All values were maximally elevated at the end
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Figure 1. Linear regression plot of aprinocarsen dose to percent change in (A) prothrombin time and (B) activated partial thromboplastin time.

of the infusion and returned to day 0 pre-dose baseline
values by the next assessment time point (day 7 pre-dose).
At the end of infusion, IL-1-α and IL-1RA reached max-
imal values, and were found to be increased by approxi-
mately 2.0-fold and 17-fold. Maximal observed values for
IL-6, and TNF-α were reached earlier, increasing approx-
imately 5-fold, 8 hours following the start of infusion. At

the highest dose level studied, 24 mg/kg, grade 3 chills
were experienced by all 3 patients.

Effect of aprinocarsen on complement activation

Elevations of complement proteins C3a and Bb were tran-
sient and associated with dose level. A linear correlation
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Table 3. Summary of cytokine and TNF alpha values over time (data are presented as means ± S.E.)

IL-1 alpha IL-1RA IL-6 TNF-alpha

Concentration Concentration Concentration Concentration
n (pg/mL) n (pg/mL) n (pg/mL) n (pg/mL)

Cycle 1, Day 0
Pre-dose 2 0.7 ± 0.5 4 339.8 ± 21.3 2 12.9 ± 11.7 4 34.0 ± 29.1
1 Hour 1 0.1 ± N A 1 220.0 ± N A 1 27.7 ± N A 1 13.4 ± N A
post-start of infusion
4 hours 2 0.8 ± 0.6 4 298.3 ± 35.1 3 15.7 ± 15.1 4 42.0 ± 27.4
post-start of infusion
8 Hours 2 0.9 ± 0.6 4 3741.0 ± 920.9 4 67.5 ± 58.7 4 167.9 ± 45.0
post-start of infusion

Cycle 1, Day 1 2 1.5 � 1.1 3 5719.0 ± 172.0 3 4.3 ± 1.9 4 103.5 � 34.0
end of infusion

Cycle 1, Day 2 0.5 ± 0.3 4 287.5 +/− 33.8 3 11.0 +/− 10.2 4 54.9 +/− 39.1
7 Pre Dose

Definitions: NA = not applicable, insufficient N for calculation of value; EOI = end of infusion; SE = standard error.

between aprinocarsen dose and fold-increase of C3a
and Bb from baseline values were observed (Figure 2,
p = 0.007 and <0.001, respectively). Overall there
was an 1.6-fold and a 3.6-fold increase in Bb and C3a
complement proteins from baseline at day 1 (p =
0.014 and 0.004, respectively, Table 4). Despite these
changes no clinical evidence of complement activation
(periorbital edema, hypotension or renal failure) was
observed.

The changes observed in complement proteins C3a
and Bb were transient, with recovery occurring by day
7 (Table 4). The day 0 and day 7 values for C3a were
197 ± 85 and 258 ± 95 seconds, and for Bb, day 0
and day 7 values were 0.84 ± 0.21 and 0.96 ± 0.17
(means ± S.D.), with p-values of 0.09 and 0.097,
respectively.

Pharmacokinetics and pharmacodynamics

The full-length oligonucleotide was the predominant
species at all time points ranging from 43–57% of the to-
tal measurable oligonucleotide at the end of the 24-hour
infusion (Table 5). The primary metabolite in plasma was
aprinocarsen shortened from the 3’ end by one nucleotide.
Other shortened metabolites appeared in decreasing con-
centrations in order of the number of nucleotides deleted.

Aprinocarsen tended to reach maximal concentrations
at later times with increasing dose (Table 6). Plasma
steady-state concentrations increased proportionally over
the range of doses investigated (Table 6). Linear re-
gression analyses indicated dose and mean Css were
significantly correlated (R2 = 0.9967, p = 0.0016).
Aprinocarsen clearance appeared to be more rapid in the
lowest dose group, however small patient numbers and

variability in clearance precluded determination a nonlin-
ear dose-clearance relationship (Table 6).

The pharmacokinetic/pharmacodynamic relation-
ship between plasma steady-state concentrations of
aprinocarsen and change in aPTT is illustrated in Fig-
ure 4. Css described the relationship between changes in
aPTT better than the dose per se, when R-square values
(0.933 vs 0.869) and sum of squared deviations (86.2 vs
168.3) were compared.

Antitumor efficacy

No regressions of tumors were observed in this Phase I
study.

Discussion

In this trial with aprinocarsen administered as a once
weekly 24-hour continuous infusion a correlation be-
tween aprinocarsen dose and percent prolongation of
PT and aPTT was observed (Figure 1), which resulted
in a transient increases in mean PT and aPTT with
recovery by day 7 (Table 3). Elevation of aPTT was
also reported in Phase 1 clinical trials of ISIS 5132, a
phosphorothioate oligonucleotide that targets C-raf ki-
nase, delivered by a 2-hr infusion three times a week
[11, 12]. However, these effects were not observed in
a Phase I study of aprinocarsen administered as a 21
day CIV [6]. The mechanism of aPTT prolongation
has been reported to be due to the selective inhibition
of the intrinsic tenase activity [13, 14] and is a nu-
cleotide sequence independent effect. The aPTT eleva-
tions observed in this study and from primate studies,
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Figure 2. Linear regression plot of aprinocarsen dose to fold-increase in complement activation, (A) complement protein Bb and (B) complement
protein C3a.

and the absence of these effects with a continuous in-
fusion schedule, where lower plasma concentrations of
aprinocarsen are achieved, suggest a concentration de-
pendent effect.

Elevations of complement proteins C3a and Bb were
transient and a linear correlation between effect and dose
was observed (Figure 2A and B). These changes were
transient, with recovery occurring by day 7 (Table 4)
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Table 4. Time-related effect of aprinocarsen on coagulation and complement activation (data are presented as means ± S.D)

P-value P-value
Parameter Day 0∗ Day 1 Day 7 day 0 vs. 1 day 0 vs. 7

PT (sec) 11.9 ± 0.6 13.1 ± 0.8 11.9 ± 0.8 0.006 0.666
aPTT (sec) 27.9 ± 3.2 35.9 ± 5.0 30.1 ± 11.0 0.005 0.724
Bb (pg/ml) 0.84 ± 0.22 1.36 ± 0.64 0.96 ± 0.17 0.014 0.092
C3a (pg/ml) 197 ± 85 700 ± 507 258 ± 95 0.004 0.094

∗ P-values are Wilcoxon sign rank, two sided values.

Table 5. Comparison of mean observed plasma concentrations 24 hours after starting a new dose level (C24 h) and at steady-state (Css,24 h) for
aprinocarsen and total oligonucleotide

C24 h1 Css, 24 h2

Dose Total Oligo Total Oligo
(mg/kg/day) 3521 µg/mL (SD, N) µg/mL (SD, N) Intact 3521 µg/mL (SD, N) µg/mL (SD, N) Intact

6.0 1.5 3.4 44% 2.0 4.4 45%
(0.4, 3) (1.0, 3) (0.7, 12) (1.4, 12)

12.0 4.1 8.9 46% 5.2 11.1 47%
(0.8, 4) (2.2, 4) (1.5, 18) (2.9, 18)

18.0 7.6 17.8 43% 9.6 21.7 44%
(2.9, 6) (7.4, 6) (4.8, 41) (14.0, 41)

24.0 10.2 23.7 43% 13.2 32.8 40%
(2.5, 4) (6.4, 4) (5.1, 31) (14.0, 31)

Abbreviations: SD = standard deviation, N = number of samples.
1. Represent the average of 24-hour (nominal time) end of infusion samples measured from the first administration only of a new dose level.
2. Represent the average of 24-hour (nominal time) end of infusion samples measured after every administered dose (including first and subsequent
administrations) of a particular dose level.

Table 6. Noncompartmental analysis of aprinocarsen administered by IV infusion to advanced cancer patients (data are presented as means ± SD,
N)

Nominal Dose

6.0 mg/kg/day 12.0 mg/kg/day 18.0 mg/kg/day 24.0 mg/kg/day
Parameter (SD, N∗) (SD, N∗) (SD, N∗) (SD, N∗)

tmax (h) 4.0 8.0 12.6 12.1
(0, 3) (0, 3) (8.8, 6) (8.0, 4)

Cmax (µg/mL) 2.8 6.9 11.1 11.4
(1.1, 3) (1.5, 3) (1.8, 6) (3.1, 4)

Css, 24 h (µg/mL)2 1.9 5.1 9.6 12.9
(0.6, 3) (0.5, 3) (0.6, 6) (4.5, 4)

AUC0−inf(µgh/mL) 51 138 215 272
(15, 3) (16, 3) (39, 6) (77, 4)

CL (mL/h/kg) 116 81 78 92
(30, 3) (9, 3) (14, 6) (34, 4)

t1/2z (h) 0.94 0.89 1.71 2.41
(0.10, 3) (0.16, 3) (0.40, 6) (0.47, 4)

Abbreviations: Std = standard deviation; N = number of patients. ∗The N for these analyses take into account dose adjustments. Overall, 4 patients
received 12.0 mg/kg/day; however, only 3 patients were receiving 12.0 mg/kg/day at the time of analysis. Six patients received 18.0 mg/kg/day.
Mean Css,24 h values reflect the overall mean (per dose level) of the individual mean Css, 24 h values observed in each patient at a particular dose
level.

without any clinical sequela. Activation of the alter-
native pathway of complement has been observed in
primates after administration of a number of phospho-
rothioate oligonucleotides [7]. This phenomenon is at-

tributable to nonspecific binding and inactivation of in-
hibitory factors, such as complement factor H, by the
oligonucleotide, due to the phosphorothioate backbone,
and is not sequence-specific [3]. Interactions with factor
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H leading to activation of the alternate complement path-
way have also been reported at concentrations of >50
pg/ml in mice [15]. In animals these effects correlated
with plasma concentrations of intact oligonucleotide in
excess of 40 µg/ml after a 2-hour intravenous infusion
of oligonucleotide [3]. It is noteworthy that, in this study,

Figure 3. Time course of cytokine level elevation following aprinocarsen administration at a dose of 24 mg/kg administered as a 24-hour infusion.
Data are presented as means ± standard error.

Figure 4. Pharmacokinetic/pharmacodynamic relationship between plasma steady-state concentrations of aprinocarsen and change in aPTT.

elevation of complement split products was observed at
steady-state concentrations of aprinocarsen significantly
less than 40 µg/ml.

The pharmacokinetics of aprinocarsen in this study was
predictable and similar to those expected from preclinical
studies. Plasma levels showed a dose-dependent rise in
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Css in the dose range studied with clearance in a linear
range at doses around 18 mg/kg/day. This is in contrast
to the previous observations of a nonlinear (saturable)
clearance with increasing doses with the 21-day infusion
schedule [16]. The consistent metabolite pattern over the
dosing period, with intact oligonucleotide accounting for
40–47% of the total oligonucleotide concentration at the
end of infusion, suggested that there was no inhibition or
induction of metabolism of aprinocarsen with escalating
doses.

With this schedule, no grade 4 toxicity was observed in
the first two cycles. The main side effects, although not
dose limiting, were fever and chills and caused sufficient
morbidity in patients to require treatment with antihis-
tamines and antipyretics. These effects are thought to be
due to cytokine release as illustrated in Figure 3. At the
highest dose level studied, 24 mg/kg, grade 3 chills were
experienced in all 3 patients.

Despite no grade 4 toxicities in the first two cycles,
due to the significant laboratory abnormalities and poor
tolerance of the drug we elected not to pursue dose es-
calation beyond 24 mg/kg, even though an MTD had not
been reached by traditional phase I criteria.

In summary, a 24-hour infusion schedule of
aprinocarsen, a phosphorothioate antisense oligonu-
cleotide to protein kinase C-α, produced dose and
concentration-dependent laboratory abnormalities in co-
agulation and complement pathways. These observations
are important for the design and testing of future genera-
tions of phosphorothioate antisense oligonucleotides.
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