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Abstract Purpose: Multilineage cytopenias occur fol-
lowing myelosuppressive chemotherapy. Most hemato-
poietic agents differentiate along a single lineage and fail
to prevent progressive cytopenias. Angiotensin 1-7 [A(1-
7)] is a hematopoietic agent that stimulates the prolif-
eration of multipotential and differentiated progenitor
cells in cultured bone marrow and human cord blood.
The purpose of this study was to determine the optimal
biologic dose and the maximum tolerated dose of A(1-
7). Experimental design: This study determined the safety
and activity of A(1-7) following chemotherapy in pa-
tients with breast cancer. Toxicity was assessed by
administering A(1-7) daily for 7 days followed by a 7-
day washout prior to the first cycle of chemotherapy.
Beginning 2 days after chemotherapy and continuing
daily for at least 10 days, fifteen patients received five
different A(1-7) doses and five patients received filgra-
stim as a comparator group over three cycles of che-
motherapy. Results: No dose-limiting toxicity was
observed following A(1-7). The frequency of adverse
events was slightly lower in A(1-7) than in filgrastim
patients. No patient required a chemotherapy modifi-
cation due to hematologic toxicity. There was an
apparent differential dose-response sensitivity of the
various lineages to A(1-7). At a dose of 100 lg/kg, A(1-
7) reduced the frequency of grade 2–4 thrombocytope-
nia, anemia, and grade 3–4 lymphopenia as compared to
filgrastim. Conclusion: These data suggest that A(1-7)
may be beneficial in attenuating multilineage cytopenias
following chemotherapy at a dose of 100 lg/kg per day.

Keywords Thrombocytopenia Æ Lymphopenia Æ
Myelosuppression Æ Stomatitis Æ Alopecia

Introduction

Delivery of optimal dosing of cytotoxic chemotherapy is
often limited by myelosuppression. Depending on the
chemotherapy regimen, multilineage cytopenias can be
severe, leading to treatment delays and the serious
comorbidity of infection [39], anemia [15, 37], and/or
bleeding [1]. Myelosuppression is associated with a
reduction in both undifferentiated and differentiated
hematopoietic progenitor cells in the bone marrow [13,
29, 40]. The aplastic phase of myelosuppression is
associated with normal or even elevated endogenous
growth factors rather than a deficiency [9, 16]. In some
cases, decreased responsiveness to these endogenous
growth factors has been reported [24]. Correction of
cytopenias will occur without exogenous growth factor
support once the bone marrow progenitor pool is
reconstituted. Unfortunately, this reconstitution may
take weeks and not occur prior to the next scheduled
chemotherapy cycle.

Erythropoietin, filgrastim, sargramostim, and
oprelvekin have been approved by FDA to support
oncology patients during specific types of cytopenias.
These agents are generally associated with reconstitution
of one specific lineage (e.g., myeloid, erythroid) and will
not correct multilineage cytopenias. In an effort to
facilitate a multilineage hematopoietic recovery, a
number of hematopoietic stem cell stimulants are being
investigated. These include stem cell factor, IL3-
GMCSF fusion protein, and Flt3 receptor ligand. In
many cases, the maximum tolerated dose of these agents
is below that needed for clinical effectiveness of the
compounds.

Angiotensin II (Ang-II) is traditionally recognized as
a regulator of blood pressure. Recent preclinical studies
show that Ang-II is also a potent regulator of tissue
regeneration and can act as a hematopoietic factor [18,
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26, 31, 32]. Ang-II and the A(1-7) analog have been
shown to regulate the sensitivity of cells to growth fac-
tors. Mitigation of pressor activity from the parent
compound, Ang-II, by deletion of the eighth amino acid
reduces the risk of any A(1-7) adverse hypertensive
properties. Ang-II and A(1-7) elevate the expression of
growth factor such as platelet-derived growth factor,
vascular endothelial cell growth factor, epidermal growth
factor, and interleukin-6 [3, 19, 21, 25]. Addition of Ang-
II to cell cultures with growth factors produces an
additive effect on cell function [2, 8, 38]. This may be due
to an increase in growth factor receptors, the expression
of additional growth factors in response to the angio-
tensin peptides, or an effect of the angiotensin peptides
independent of growth factor effects [17, 28, 36, 38].

Data derived from preclinical studies demonstrates
the effectiveness of A(1-7) in accelerating hematopoietic
recovery following both whole body radiation and
chemotherapy-induced myelosuppression. Additional
activity on bone marrow, including peripheral blood
progenitor mobilization and proliferation similar to
those effects seen with Ang-II [35], was demonstrated
with A(1-7). The pharmacologic effects appear to be
multilineage. Both before and after myelosuppression,
increases in the numbers of CFU-GEMM, CFU-GM,
BFU-E, and CFU-Meg have been demonstrated with
A(1-7) [7, 33, 34].

When A(1-7) was combined with concomitant Neup-
ogen therapy, both the concentrations of bone marrow
progenitors and peripheral WBC were increased [7]. The
purpose of this study was to determine the maximum
tolerated dose of A(1-7) given prior to chemotherapy as
well as examine the biologic activity following three cy-
cles of chemotherapy in breast cancer patients. A com-
parator group of patients treated with filgrastim were
studied for comparative safety and activity.

Materials and methods

This Phase I/II study was a prospective, multicenter,
open-label, dose-escalation study to determine the
maximum tolerated dose (MTD) as well as the optimal
biologic dose (OBD) of A(1-7) on recovery of various
hematopoietic lineages to chemotherapy. The effects of
A(1-7) were evaluated in patients with newly diagnosed
breast cancer receiving doxorubicin 60 mg/m2 and
cyclophosphamide 600 mg/m2 every 21 days for at least
three cycles of adjuvant chemotherapy following surgi-
cal tumor reduction. A(1-7) is identified by the formula:
H2N-Asp-Arg-Val-Tyr-Ile-His-Pro-OH. A(1-7) was
supplied to the clinical pharmacy as a sterile solution at
concentrations of 0.25, 1.0, 5.0, and 10.0 mg/ml pack-
aged in a 1-ml glass vial with a pH of 6.0 and osmolality
adjusted with mannitol. A(1-7) was stable for up to
2 weeks at room temperature and was stored at refrig-
erated temperatures (2–8�C, 36–46�F). The sterile stock
solution was maintained at 2–8�C. A filgrastim (Neup-

ogen, Amgen, Thousand Oaks, CA, USA) comparator
arm was used to compare safety and response variables
and to assess the safety of co-administered A(1-7) and
filgrastim.

Prechemotherapy studies

The protocol was approved by the IRB at each study
center. Each patient signed an informed consent. Pa-
tients who were otherwise in good health, had not re-
ceived prior chemotherapy, and demonstrated normal
hematology received a subcutaneous injection, once
daily, of A(1-7) for 7 days followed by a 1-week rest
period prior to any chemotherapy (cycle 0) in the
interval between tumor reduction and planned chemo-
therapy. Dose escalation within an individual patient
was not permitted. Dose escalation proceeded based on
the occurrence of dose-limiting toxicity (DLT). Five
ascending doses of 2.5, 10, 50, 75, and 100 mcg/kg/day
were evaluated in a dose group of three patients begin-
ning with the lowest dose and toxicity was assessed over
cycle 0. A dose-limiting toxicity was defined as the
occurrence of a NCI-CTC grade 3–4 toxicity considered
related to the study drug. If one episode of DLT was
observed among the first three patients at a particular
dose level, then three additional patients were treated at
that dose level. If less than two of six patients treated at
a dose level experience a similar DLT during cycle 0,
dose escalation continued. If two similar DLTs occurred
in two of six patients at a dose level during cycle 0, then
further entry into that dose level was terminated. The
MTD was the previous dose level. If the MTD was not
reached, the OBD was established at a dose level based
on a review of the response data for white cell popula-
tions as well as platelets and red blood cells.

Postchemotherapy studies

Following cycle 0, chemotherapy was administered on
Day 1. A(1-7) was administered for at least 10 days,
beginning 2 days after chemotherapy. Up to three che-
motherapy cycles followed by A(1-7) were repeated ev-
ery 21 days or as indicated by patient tolerance. Any
patient that failed to achieve an absolute neutrophil
count (ANC)>1,500/ll by day 15 [13 days of A(1-7)]
received a filgrastim rescue of 5.0 mcg/kg/day until the
ANC>1,500/ll. One patient was randomized to receive
filgrastim 5.0 mcg/kg/day, dosed identically to A(1-7),
for each dosing group that received A(1-7). These pa-
tients were used for comparison to A(1-7)-treated pa-
tients for safety and efficacy. Any patient in the A(1-7)
dosing arm that experienced an episode of febrile neu-
tropenia following chemotherapy received filgrastim of
5.0 mcg/kg/day in combination with A(1-7) for the
remaining chemotherapy cycles.
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The primary safety endpoints were the incidence and
grade of toxicity experienced by each dose group (DLT),
changes in biochemistry, hematology, urinalysis, physi-
cal findings, and adverse events. Efficacy endpoints were
time to nadir, nadir, and hematologic recovery as de-
fined by the frequency of gradable hematologic toxicity.

A complete medical history, comprehensive physical
exam, tumor assessment, Karnofsky Performance Sta-
tus, chest X-ray, electrocardiogram (ECG), multiple
gated acquisition scan (MUGA), thyroid-stimulating
hormone (TSH), free thyroxine (T4), prothrombin time
(PT)/partial thromboplastin time (PTT), and urinalysis,
was conducted on all patients at screening and fol-
lowing the study. Vital signs, hematology, and serum
chemistry were obtained on days 1, 3, 5, 7, 9, 12, 15,
and 21 of each cycle throughout the study and ana-
lyzed by a central laboratory (Covance Central Labo-
ratory, Princeton, NJ, USA). Pharmacokinetic samples
were determined in plasma samples over the 6 h fol-
lowing the first injection of study drug. Additional
samples were obtained at days 1, 4, and 7 prior to
daily dosing. Plasma samples were analyzed using a
method previously described [20].

Statistical analysis

An intent to treat (ITT) analysis was performed on all
safety data. Differences between A(1-7) and filgrastim
arms in peak and nadirs during cycle 3 were analyzed
using a t test (nonpaired). Changes in prechemotherapy
hematology during cycle 0 were performed using a
paired t test. The lack of statistical power to predict
efficacy was acknowledged.

A minimum of 15 patients and as many as 30 patients
in the A(1-7) dosage group were to have been enrolled to
complete the dose escalation before restrictive toxicity
was observed. The sample size of the dose escalation was
consistent with sound clinical judgment, based on clini-
cal considerations, and was not intended to provide
predictive power for efficacy. Five patients [one per A(1-
7) group] were enrolled to receive filgrastim following
chemotherapy. The sample size was based on clinical
rather than statistical considerations.

Results

Twenty-one patients were randomized (ITT) into the
study between October 1999 and May 2000. Twenty
patients completed the study; one patient withdrew from
the study prior to completing dose escalation and was
replaced. The patient withdrew due to personal choice
and an inability to remain compliant with the treatment
schedule. Fifteen patients received A(1-7) as per the
protocol and five patients received filgrastim. Baseline
and oncologic history were similar between the two
treatment arms (Table 1).

Primary objective

The primary objective was to determine the MTD as
well as the OBD of A(1-7) administered in a range from
2.5 to 100 mcg/kg/day before chemotherapy. Prior to
chemotherapy, no dose-limiting toxicity was observed
following A(1-7). After chemotherapy, the occurrence of
adverse events was slightly lower in A(1-7) than filgra-
stim-treated patients.

Optimal biologic dose

The dose of A(1-7) necessary to minimize or mitigate
toxicity varied by hematologic cell lineage during this
study. Prevention of grade 2 or greater thrombocyto-
penia occurred at all doses of A(1-7). At A(1-7) doses
greater than 10 mcg/kg/day, anemia (Hgb<10 gm/dl)
did not occur in 11 of 12 patients. At A(1-7) doses of
>10 mcg/kg, lymphopenia (<500 cells/ll) did not occur
in 9 of 12 patients. At A(1-7) doses of 10–100 mcg/kg,
grade 4 toxicity of leukocytes was observed in only 1 of
12 patients. An evaluation of A(1-7)’s effects on the
observation of hematologic toxicity across all cell lines
showed the OBD to be 100 mcg/kg/day due to the lower
frequency of grade 4 neutropenia at this dose.

Frequency of toxicity for hematologic parameters

The occurrence of grade 2 (moderate), grade 3 (severe),
and grade 4 (life threatening) toxicity was evaluated over
the course of the study. The frequency of patients

Table 1 Baseline demographics and oncologic history of patients

Parameter A(1-7) (N=16) Filgrastim (N=5)

Age (years)
Mean 51.4 54
SD 10.1 5.2
Min 31 48
Median 51.5 53
Max 67 62
Size of tumor (cm)
Mean 2.4 2.4
SD 0.6 2.6
Min 1.5 0.8
Median 2.4 1.6
Max 3.5 7
Race
Caucasian 16 5
Menopausal status
Pre 8 1
Post 8 4
Stage of disease
Stage 1 4 0
Stage 2 11 4
Stage 3a 1 1

Continuous data are presented as mean ± standard deviation,
median, minimum, and maximum observation. N Total number of
patients in a group
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experiencing at least one episode of gradable toxicity
during any cycle was compared between the treatment
arms and dosage groups. Data for the frequency of
toxicity are provided in Table 2. No patients treated
with A(1-7) experienced any grade 2 or greater throm-
bocytopenia. There were no episodes of grade 3 or 4
anemia in any A(1-7)-treated patients. Grade 2 lymp-
hopenia occurred in all patients. The incidence of grade
3 leukopenia was similar between filgrastim and A(1-7)-
treated patients. By the third cycle, the incidence of
patients with grade 4 neutropenia was similar between
filgrastim 2/5 (40%) and A(1-7) 6/15 (40%) treated pa-
tients (data not shown). The absolute nadirs over the
three chemotherapy cycles are provided in Table 3. By
the third cycle, mean platelet nadirs were significantly
higher (P<0.012) with A(1-7) than filgrastim. The pre-
servation of platelet counts was not dose dependent in
A(1-7)-treated patients.

Time to nadir for hematologic parameters

The time to reach nadir was evaluated within each cycle
of chemotherapy. The median times to nadir for plate-
lets, hemoglobin, and lymphocytes were similar in all
cycles for filgrastim and A(1-7)-treated patients. The
median time to nadir for leukocytes was shorter for fil-
grastim patients than A(1-7) patients in cycle 1 (9 days
vs. 14 days), in cycle 2 (9 days vs. 12 days), and in cycle
3 (9 days vs. 12 days). The median time to nadir for

ANC was shorter in filgrastim patients than A(1-7) pa-
tients in cycle 1 (9 days vs. 15 days), in cycle 2 (9 days
vs. 13 days), and in cycle 3 (9 days vs. 15 days).

Cumulative duration of toxicity

The mean cumulative (over three cycles) duration of
platelets ‡ grade 2 was shorter following A(1-7) treat-
ment (0 day) compared to filgrastim treatment
(10.4±13.7 days). Similarly, the cumulative duration of
toxicity over the study interval for hemoglobin ‡ grade 2
was lower in A(1-7) patients than filgrastim patients
(4.0±7.9 days vs. 11.4±10.2 days, respectively). There
was a longer cumulative duration of lymphocytopenia ‡
grade 3 between A(1-7) (6.9±11.4 days) and filgrastim
(4.0±3.0 days).

Cycle delays

All filgrastim-treated patients received chemotherapy on
cycle throughout the study without dose reduction. All
A(1-7)-treated patients received chemotherapy without
dose reduction, although the use of a filgrastim rescue in
11 of the patients, given only due to protocol require-
ments, might have influenced this observation. One A(1-
7)-treated patient had cycle delays following the first and
second cycle related not to toxicity but for reasons re-
lated to patient preference.

Table 2 Frequency of the
toxicity graded by NCI
common toxicity criteria
observed during the study

Data are represented as the pe-
rcentage of patients that expe-
rience at least 1 day of toxicity
during any of the three cycles of
chemotherapy classified by NCI
Common Toxicity Criteria. N
Number of patients in a group.
Patients with grade 4 toxicity
are counted in the grouping of
grade 3–4 and in the grouping
of grade 2–4. Patients with gr-
ade 3 toxicity are counted in the
grouping of grade 3–4 and in
the grouping of grade 2–4

Parameter Treatment group N Grade 2–4 Grade 3–4 Grade 4

Platelets A(1-7) 2.5 lg/kg 3 0/3 (0%) 0/3 (0%) 0/3 (0%)
A(1-7) 10 lg/kg 3 0/3 (0%) 0/3 (0%) 0/3 (0%)
A(1-7) 50 lg/kg 3 0/3 (0%) 0/3 (0%) 0/3 (0%)
A(1-7) 75 lg/kg 3 0/3 (0%) 0/3 (0%) 0/3 (0%)
A(1-7) 100 lg/kg 3 0/3 (0%) 0/3 (0%) 0/3 (0%)
Filgrastim 5 3/5 (60%) 1/5 (20%) 1/5 (20%)

Hemoglobin A(1-7) 2.5 lg/kg 3 2/3 (66%) 0/3 (0%) 0/3 (0%)
A(1-7) 10 lg/kg 3 0/3 (0%) 0/3 (0%) 0/3 (0%)
A(1-7) 50 lg/kg 3 0/3 (0%) 0/3 (0%) 0/3 (0%)
A(1-7) 75 lg/kg 3 0/3 (0%) 0/3 (0%) 0/3 (0%)
A(1-7) 100 lg/kg 3 1/3 (33%) 0/3 (0%) 0/3 (0%)
Filgrastim 5 3/5 (60%) 1/5 (20%) 0/5 (0%)

Lymphocytes A(1-7) 2.5 lg/kg 3 3/3 (100%) 2/3 (66%) NA
A(1-7) 10 lg/kg 3 3/3 (100%) 1/3 (33%) NA
A(1-7) 50 lg/kg 3 3/3 (100%) 1/3 (33%) NA
A(1-7) 75 lg/kg 3 3/3 (100%) 0/3 (0%) NA
A(1-7) 100 lg/kg 3 3/3 (100%) 1/3 (33%) NA
Filgrastim 5 5/5 (100%) 4/5 (80%) NA

Leukocytes A(1-7) 2.5 lg/kg 3 3/3 (100%) 2/3 (66%) 2/3 (66%)
A(1-7) 10 lg/kg 3 3/3 (100%) 2/3 (66%) 0/3 (0%)
A(1-7) 50 lg/kg 3 3/3 (100%) 2/3 (66%) 1/3 (33%)
A(1-7) 75 lg/kg 3 3/3 (100%) 3/3 (100%) 0/3 (0%)
A(1-7) 100 lg/kg 3 3/3 (100%) 1/3 (33%) 0/3 (0%)
Filgrastim 5 3/5 (60%) 3/5 (60%) 2/5 (40%)

ANC A(1-7) 2.5 lg/kg 3 3/3 (100%) 3/3 (100%) 3/3 (100%)
A(1-7) 10 lg/kg 3 3/3 (100%) 3/3 (100%) 2/3 (66%)
A(1-7) 50 lg/kg 3 3/3 (100%) 3/3 (100%) 2/3 (66%)
A(1-7) 75 lg/kg 3 3/3 (100%) 3/3 (100%) 2/3 (66%)
A(1-7) 100 lg/kg 3 3/3 (100%) 3/3 (100%) 1/3 (33%)
Filgrastim 5 3/5(60%) 2/5 (40%) 2/5 (40%)
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Episodes of febrile neutropenia

There was a single event of febrile neutropenia during
the study, which occurred during A(1-7) treatment
(2.5 mcg/kg/day) in cycle 2 at day 15. The event lasted
for 3 days and there was no evidence of a bacterial
infection and blood cultures to be negative.

Pharmacokinetics

The concentration of A(1-7) was determined in plasma
samples over the 6 h following the first injection of study
drug. Additional samples were obtained at days 1, 4, and
7 prior to dosing. Data for patient 602 was excluded
because samples exceeded the range of the assay and
dilution failed to correct the error in measurement
(Table 4). Pharmacokinetic estimates at 2.5 mcg/kg ap-
pear to have poor reliability due to the small increase in
plasma A(1-7) over endogenous levels. Excluding data
from the 2.5 mcg/kg dose, the mean plasma half-life is
0.49 h (29 min) (range 0.32–0.86 h) and a volume of
distribution of 3.71 l/kg (range 0.43–12.7). The rela-
tionship between dose and Cmax was correlated and fit
the regression line of:

Cmax ¼ 29:73� ðdoseÞ � 17:24 ðr2 ¼ 0:96Þ

And for AUC with the equation:

AUC0�24 ¼ 32:89� ðdoseÞ þ 359:28 ðr2 ¼ 0:87Þ

The relationship of dose to AUC and Cmax indicates
first-order plasma elimination kinetics. The comparison
of pharmacokinetics to hematologic pharmacodynamics
indicates that doses of ‡50 mcg/kg/day appear to be
optimized for the majority of hematologic parameters.

Summary of safety

A filgrastim rescue starting on day 15 was required in 11/
15 of the A(1-7)-treated patients at least during one
cycle. In all but one case, the filgrastim rescue was a
protocol requirement (ANC<1,500 cells/ll) and was

Table 4 Derived pharmacokinetic estimates

Dose
mcg/
kg/day

AUC0–24

pg/ml/h
T1/2 h

�1 Cmax

pg/ml
Cmax range
pg/ml

Volume of
distribution
(l/kg)

2.5 610.88 2.36 49.43 35–66 1.22
10 945.69 0.69 505.4 290–795 3.23
50 2,422.67 0.44 1,161.93 516–1,994 3.47
75 3,701.91 0.45 2,052.03 902–3,885 8.29
100 2,570.70 0.39 3,209.50 1,319–5,100 1.40

Derived mean pharmacokinetic data for A(1-7) by dose. Serum
data were fitted using NONLIN modeling with a single compart-
ment. AUC Area under the time concentration cure from 0 to 24 h,
T1/2 Extrapolated from 1 to 24 h, Cmax The maximum concentra-
tion in pg/ml, and volume of distribution is estimated in l/kg

Table 3 Nadir of hematologic
measures during chemotherapy

Data are represented as mean
± SD for the lowest plasma
concentration of the specific
parameter observed during each
cycle of chemotherapy. Data
were compared during cycle 3
using a T test corrected for eq-
ual variances. Platelets are lis-
ted as 103 cells/ll, Hemoglobin
is listed as gm/dl, Lymphocytes
are listed as 103 cells/ll, Leu-
kocytes are listed as 103 cells/ll,
and Absolute neutrophils are
listed as 103 cells/ll

Parameter Treatment group N Cycle 1 Cycle 2 Cycle 3

Platelets A(1-7) 2.5 lg/kg 3 184.7±25.7 145.0±37.3 153.7±29.6
A(1-7) 10 lg/kg 3 194.3±22.7 198.0±9.5 224.3±37.1
A(1-7) 50 lg/kg 3 249.0±112.5 189.7±54.2 207.7±23.8
A(1-7) 75 lg/kg 3 188.0±23.6 181.3±61.6 153.3±36.4
A(1-7) 100 lg/kg 3 163.6±28.9 149.3±23.9 159.0±28.8
Filgrastim 5 116.8±47.5 111.4±56.6 92.6±49.6

Hemoglobin A(1-7) 2.5 lg/kg 3 11.2±1.44 9.7±1.45 10.2±1.23
A(1-7) 10 lg/kg 3 11.9±0.17 11.0±0.20 10.8±0.31
A(1-7) 50 lg/kg 3 11.3±0.76 10.7±0.53 10.5±0.15
A(1-7) 75 lg/kg 3 11.7±0.72 11.4±0.21 10.9±0.57
A(1-7) 100 lg/kg 3 12.5±1.36 11.7±1.80 10.8±1.93
Filgrastim 5 11.6±1.01 10.8±1.50 9.7±1.43

Lymphocytes A(1-7) 2.5 lg/kg 3 0.91±0.27 0.67±0.39 0.46±0.35
A(1-7) 10 lg/kg 3 0.81±0.06 0.72±0.18 0.66±0.21
A(1-7) 50 lg/kg 3 0.67±0.26 0.51±0.28 0.56±0.34
A(1-7) 75 lg/kg 3 1.03±0.10 0.88±0.25 0.63±0.11
Av 100 lg/kg 3 0.99±0.25 0.65±0.41 0.65±0.15
Filgrastim 5 1.03±0.42 0.84±0.25 0.51±0.21

Leukocytes A(1-7) 2.5 lg/kg 3 1.83±0.71 1.53±0.84 1.20±0.78
A(1-7) 10 lg/kg 3 2.11±0.71 2.32±0.62 2.26±0.78
A(1-7) 50 lg/kg 3 2.17±1.53 1.31±0.73 1.45±0.61
A(1-7) 75 lg/kg 3 2.27±0.86 2.30±0.98 1.59±0.29
A(1-7) 100 lg/kg 3 2.45±0.85 2.04±0.94 1.82±0.54
Filgrastim 5 3.52±2.13 3.09±2.07 2.57±2.22

ANC A(1-7) 2.5 lg/kg 3 0.36±0.06 0.41±0.23 0.40±0.14
A(1-7) 10 lg/kg 3 0.41±0.05 0.98±0.57 0.98±0.29
A(1-7) 50 lg/kg 3 1.08±1.05 0.55±0.50 0.52±0.19
A(1-7) 75 lg/kg 3 0.87±0.76 0.77±0.72 0.59±0.35
A(1-7) 100 lg/kg 3 0.55±0.19 0.71±0.47 0.58±0.19
Filgrastim 5 1.82±1.55 1.91±1.54 1.71±1.78
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not necessitated by an event of febrile neutropenia. Six
of fifteen (40%) patients treated with A(1-7) experienced
13 adverse events prior to chemotherapy (cycle 0). Over
the entire study, the average number of adverse events
per patient was 14.6 (233 events in 16 patients) following
A(1-7) of which 10 (4.3%) were drug-related (Table 5).
There were three serious adverse events during the study
[one A(1-7) patient experienced neutropenic fever, one
filgrastim patient developed leukopenia, and one devel-
oped a problem at the injection site]. The frequency of
stomatitis was lower in A(1-7) patients (40%) than in
filgrastim patients (60%). Evaluations for changes from
baseline to the lowest and highest-observed serum
chemistry value were reviewed and no clinically signifi-
cant changes were observed. No clinically meaningful
changes in systolic, diastolic, or mean arterial pressure
were observed in the 6 h following the first dose of A(1-
7). Shift analysis of pre- to post-ECG, chest X-rays, and
MUGA scans indicates there were no clinically mean-
ingful changes following either A(1-7) or filgrastim
administration. No change from baseline in serum-free
T4 levels or TSH levels were observed following filgra-
stim treatment. One A(1-7)-treated patient experienced a
shift from low to normal in serum-free T4 level and TSH.
There were no clinically meaningful changes in urine
casts, protein, cells, specific gravity, or pH over the study
interval in any patient.

Prechemotherapy hematology

Baseline platelet, hemoglobin, lymphocytes, leukocytes,
and absolute neutrophils were not different between the
treatment arms. Pre- to postchanges in hematologic
parameters were analyzed after seven daily injections of
A(1-7) followed by a 7-day washout prior to chemo-
therapy (cycle 0). A(1-7) did not lead to any significant
pre- to postchange in platelet count (pre- to post-:
260±56.8 vs. 278±66.5·103 cells/ll), leukocytes (pre-
to post-: 6.9±1.4 vs. 7.3±2.0·103 cells/ll), or neu-
trophils (pre- to post-: 4.4±1.1 vs. 4.5±1.4·103 cells/
ll). A(1-7) led to a significant pre- to postincrease in
hemoglobin (pre- to post-: 12.75±1.15 vs.

13.23±1.19 gm/dl, P<0.037) and lymphocytes (pre to
post: 1.84±0.38 vs. 2.16±0.70·103 cells/ll, P<0.022).

Postchemotherapy hematology

Based on a review of dose toxicity, the frequency of
gradable toxicity was not different between dosages of
10 and 100 mcg/kg (with the exception for neutropenia
at 100 mcg/kg); therefore, data from patients receiving
A(1-7) doses between 10 and 100 mcg/kg were combined
into a group (N=12) to provide for a more robust
comparison to filgrastim-treated patients (N=5).

Over the course of the study, A(1-7)-treated patients
demonstrated less variability in platelet concentrations
over each cycle of chemotherapy compared to filgrastim-
treated patients (Fig. 1). The third cycle recovery of
platelets was not different between the treatment arms.
The third cycle hemoglobin recovery was significantly
different between A(1-7) (12.04±0.31 gm/dl) and fil-
grastim (11.2±0.87 gm/dl) (P<0.05) (Fig. 2). By the
third cycle, lymphocyte recovery was significantly dif-
ferent between A(1-7) (1.28±0.09·103 cells/ll) and fil-
grastim (0.78±0.05·103 cells/ll) (P<0.002) (Fig. 3). By
the third cycle, leukocyte recovery was significantly
different between A(1-7) patients (7.62±0.71·103 cells/
ll) and filgrastim patients (5.06±0.45·103 cells/ll)
(P<0.05) (Fig. 4). Following the third cycle, neutrophil
recovery was significantly greater in A(1-7) patients
(5.58±0.61·103 cells/ll) than filgrastim patients
(3.98±0.37·103 cells/ll) (P<0.05) (Fig. 5).

Discussion

This study assessed the safety and activity of A(1-7)
following chemotherapy in patients with breast cancer.
No dose-limiting toxicity was observed in the 14 days
prior to chemotherapy. Doxorubicin/cyclophosphamide
are well tolerated and commonly used first line regimens
of chemotherapy in this patient group. As a result, they
were chosen for this initial clinical trial with A(1-7).

Table 5 Adverse events
observed during the study

Provides a listing of adverse
events (number of events, per-
cent of patients experiencing an
event) categorized by body sys-
tem and relationship to study
drug for A(1-7) and filgrastim
treatment

Body system A(1-7) treatment Filgrastim treatment

Not related (%) Related (%) Not related (%) Related (%)

Body 54 (96.4) 2 (3.6) 14 (87.5) 2 (12.5)
Cardiovascular 2 (100) 0 1 (100) 0
Digestive 81 (100) 0 23 (92) 2 (8)
Hematologic 20 (100) 0 18 (100) 0
Metabolic 4 (100) 0 4 (100) 0
Musculoskeletal 8 (50) 8 (50) 3 (75) 1 (25)
Nervous 7 (100) 0 6 (100) 0
Respiratory 18 (100) 0 4 (100) 0
Skin 16 (100) 0 7 (100) 0
Special Senses 9 (100) 0 2 (100) 0
Urogenital 4 (100) 0 0 0
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Although apparent differences in lineage sensitivity to
A(1-7) were seen, all responded to 100 mcg/kg, the
OBD. At this dose, A(1-7) reduced the frequency and
severity of thrombocytopenia, anemia, and lymphopenia
compared to filgrastim. In the third cycle, absolute
platelet nadirs were superior following A(1-7). As this
study was not sufficiently powered to statistically assess
differences in treatment response, larger follow-up
studies are required.

Fig. 1 Concentration of platelets observed over the study. Data are
displayed as mean ± SEM for patients receiving doses from 10 to
100 mcg/kg. Cycle 0 is the treatment 14 days prior to the first
chemotherapy administration. Cycles are 21 days in length. Visit 6,
12, and 18 represent prechemotherapy concentrations at the start of
cycle 1, 2 and 3, respectively. Visit 7, 13, and 19 occurred 3 days
after chemotherapy administration. Visit 8, 14, and 20 occurred
7 days after chemotherapy administration. Visit 9, 15, and 21
occurred 10 days after chemotherapy administration. Visit 10, 16,
and 22 occurred 12 days after chemotherapy administration. Visit
11, 17, and 23 occurred 15 days after chemotherapy administration

Fig. 3 Concentration of
lymphocytes observed over the
study. Data are displayed as
mean ± SEM for patients
receiving doses from 10 to
100 mcg/kg

Fig. 2 Concentration of
hemoglobin observed over the
study. Data are displayed as
mean ± SEM for patients
receiving doses from 10 to
100 mcg/kg
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The effect of angiotensin on erythropoiesis has been
well characterized. A number of studies, dating back to
the 1960’s, demonstrate the effect of Ang-II in erythro-
poiesis [12, 23, 27]. Ang-II was shown to increase pro-
liferation of BFU-E from CD34+ cells in culture [26,
35]. Mrug et al. [26] reported that Ang-II increased the
colony formation of erythroid progenitors. This increase
could be mitigated by blocking the angiotensin type 1
receptor with losartan. In a study by Rodgers et al. [35],
the ability of Ang-II to increase proliferation of BFU-E
and other hematopoietic progenitor cells from both
human cord blood isolated CD34+ cells and murine
bone marrow were evaluated. In a human study, healthy
volunteers were given an artificial hemorrhage of
750 ml, followed by an infusion of Ang-II, with and
without losartan and captopril [11]. Angiotensin in-
creased the Cmax and AUC for endogenous erythropoi-
etin by 67 and 40%, respectively, compared to a saline
control. The effect of Ang-II on erythropoietin release
was blocked by losartan, but not affected by captopril.
The in vivo effects of angiotensin on erythropoiesis were
further elucidated in a recent publication in ACE defi-
cient mice [4]. Two strains of ACE knockout mice were
shown to have a normocytic anemia associated with
elevated plasma erythropoietin levels. Cr51 labeling of
red cells showed that the knockout mice had a normal

total blood volume but a reduced red cell mass. ACE
knockout mice, which lack tissue ACE, were anemic
despite having normal renal function and low plasma
levels of Ang-II. Infusion of Ang-II for 2 weeks in-
creased hematocrit to near normal levels. The authors
concluded the anemia was present in spite of elevated
erythropoietin levels and required Ang-II to facilitate
normalization of hemoglobin concentrations.

Some of the effects of Ang-II on cell function may be
mediated through alterations in growth factor produc-
tion [14, 22, 30]. Ang-II has also been shown to regulate
the sensitivity of cells to growth factors. Ang-II was
shown to elevate the expression of receptors for growth
factor such as vascular endothelial cell growth factor
and EGF [3, 6]. This may be due to an increase in
number of growth factor receptors, through expression
of additional growth factors, in response to A-II or an
effect of A-II independent of growth factor effects [17,
38]. In direct support of the effect of Ang II on bone
marrow, an increase in the proliferation of colonies of
GEMM, GM, MEG, and BFU-E were observed from
both human CD34+ cord blood cells as well as murine
bone marrow [7, 33, 34, 35].

A number of studies demonstrated a receptor-medi-
ated effect of angiotensin in hematopoiesis. Direct
measures of mRNA for angiotensin type 1 receptor were

Fig. 4 Concentration of
leukocytes observed over the
study. Data are displayed as
mean ± SEM for patients
receiving doses from 10 to
100 mcg/kg

Fig. 5 Concentration of
neutrophils observed over the
study. Data are displayed as
mean ± SEM for patients
receiving doses from 10 to
100 mcg/kg
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reported in culture of marrow progenitors from animals
and humans [26, 35]. The receptors were observed on
stromal cells as well. In several reports, the angiotensin
type 1 receptor blocker losartan blocked the prolifera-
tive or erythropoietic effects of angiotensin [10, 11, 26].
In addition, there are numerous reports of the effect of
angiotensin receptor antagonist in the treatment of
posttransplantation erythrocytosis [5].

The use of A(1-7) in this study demonstrated that
daily doses of 2.5–100 mcg/kg were safe and well toler-
ated. No dose-limiting toxicity was observed, while an
optimal biological dose was demonstrated. These studies
warrant larger clinical trials in patients undergoing a
greater number of treatment cycles at an A(1-7) dose of
100 mcg/kg/day with antineoplastic drugs of increased
myelosuppressive toxicity.
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