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Abstract
The identification of the optimal administration schedule for an effective medical countermeasure
is critical for the effective treatment of individuals exposed to potentially lethal doses of radiation.
The efficacy of filgrastim (Neupogen®), a potential medical countermeasure, to improve survival
when initiated at 48 hours following total body irradiation in a nonhuman primate model of the
hematopoietic syndrome of the acute radiation syndrome was investigated. Animals were exposed
to total body irradiation, antero-posterior exposure, total midline tissue dose of 7.5 Gray, (target
lethal dose 50/60) delivered at 0.80 Gray minute-1, using linear accelerator-derived 6 Megavolt
photons. All animals were administered medical management. Following irradiation on day 0,
filgrastim (10 μg kg day-1) or the control (5% dextrose in water) was administered
subcutaneously, daily through effect (absolute neutrophil count ≥ 1,000 cells μL-1 for 3
consecutive days). The study (n = 80) was powered to demonstrate a 25% improvement in
survival following the administration of filgrastim or control beginning at 48 ± 4 hours post-
irradiation. Survival analysis was conducted on the intention-to-treat population using a two-tailed
null hypothesis at a 5% significance level. Filgrastim, initiated 48 hours after irradiation, did not
improve survival (2.5% increase, P = 0.8230). These data demonstrate that efficacy of a
countermeasure to mitigate lethality in the hematopoietic syndrome of the acute radiation
syndrome can be dependent on the interval between irradiation and administration of the medical
countermeasure.
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Introduction
The development of medical countermeasure (MCM) requires reliable and validated animal
models that allow translation of treatment to the human condition. In this case, the efficacy
of MCM must be determined within the context of use and in adherence to the criteria of the
FDA “animal rule” (AR) (Crawford 2002; Food and Drug Administration 2009). The
predictive validity of a model requires that the performance of the model in subsequent tests
is reliable and reproducible so that it can be used for meaningful and accurate measurement
of a desired bioeffect. The established dose response relationship (DRR) must permit the
reliable choice of a dose and effect for additional studies, e.g., the lethal dose (LD) 50/60.
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The reproducible bioeffect permits further analysis of MCM efficacy relative to a desired
lethal effect within the established DRR, in this case the LD50/60. Current models of the
hematopoietic syndrome of the acute radiation syndrome (H-ARS) in nonhuman primate
(NHP) employ total-body irradiation (TBI) or partial-body irradiation with 5% bone marrow
sparing (PBI/BM5) (Neelis et al. 1997; Bertho et al. 2005b; Bertho et al. 2005a; MacVittie
et al. 2012; Farese et al. 2012). Both models can be used to assess MCM efficacy with a
degree of predictive validity that is dependent on the context of use. Herein, we determined
the efficacy of filgrastim to mitigate mortality in a NHP model when administered 48 hours
(hr) post-TBI. We had previously developed a NHP model of the H-ARS induced by TBI
and subsequently demonstrated the significant efficacy of filgrastim when administered at
24 hr post-TBI (Farese et al. 2013; Farese et al. 2012). The requirement to assess the
efficacy of candidate MCM with increasing intervals between exposure and treatment
reflects the knowledge required for optimal clinical utility of MCM and supportive care in
the context of use in a nuclear terrorist scenario.

Methods
Test and Control Articles

The test article, Neupogen® (filgrastim) (Amgen Inc., Thousand Oaks, CA), and control
article, dextrose 5% in water (D5W) (Baxter Healthcare Corporation, 1 Baxter Pkwy,
Deerfield, IL 60015), was stored from 2° C to 8° C, and from 20° C to 30° C, upon receipt,
respectively.

Animals
A total of 80 male, rhesus macaques, Macaca mulatta, Chinese substrain, mean ± 2 standard
errors (SE) kilogram (kg) body weight was 5.8 kg ± 0.2 kg (range 5.0 kg-8.0 kg). Animals
were housed in individual stainless steel cages at the AAALAC accredited Testing Facility
(Farese et al. 2012). All animals were acclimated to a supine restraint device prior to
irradiation.

Radiation Exposure
Restrained and sedated NHP were exposed antero-posteriorly to 6 Megavolt [MV] LINAC-
derived photons (approximately 2 MV average energy, Varian Model EX or Model HET SN
6) (Varian Medical Systems, Inc., 3100 Hansen Way, Palo Alto, CA 94304-1038) at a dose
rate of 0.80 Gy min-1 to a total midline tissue dose of 7.50 Gy as described previously
(Farese et al. 2012).

A cylindrical, saline-filled lucite phantom that approximated the mean diameter of the NHP
was used to calibrate the LINAC source for midline exposure doses. Depth dose
measurements were made at the center of the phantom with paired 0.5 cc ion chambers,
specifically an A-150 plastic tissue-equivalent chamber with methane-based, tissue-
equivalent gas in a magnesium chamber with argon gas. Real time exposure dose was
confirmed with dosimeters (Landauer® nanoDot™ system, 2 Science Rd, Glenwood, IL
60425). Two dosimeters were placed on each animal at and just above the xiphoid process at
the time of antero-irradiation, then removed and replaced with unexposed dosimeters in the
same locations on the animal prior to posterior-exposure.

TBI: Rationale for the dose
The midline tissue target dose for 6 MV photon irradiation of 7.50 Gy was the estimated
(LD)50/60 for rhesus macaques administered medical management (Farese et al. 2012).
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Animal cage-side observations
Cage-side observations of the animals were performed twice daily by individuals blinded to
the treatment assignment. Activity, posture, stool consistency, vomit, hemorrhage, alopecia,
respiratory and seizure activity were observed, scored and recorded.

Animal clinical observations
NHP were anesthetized and clinical parameters such as a complete blood count, body
weight, body temperature, dehydration status, presence of mouth ulcers, and observation of
blood in the stool were assessed as described previously (Farese et al. 2013).

Medical Management
Medical management was provided to all NHP as indicated by specified criteria. This
included hydration fluids, antibiotics, analgesics, anti-diarrheals, antipyretics, anti-emetics,
anti-ulceratives, nutritional support and blood transfusions. Specific details as to initiation,
dosages and duration of treatments was described previously (Farese et al. 2013). Note that
Invanz® (ertapenem sodium) (Merck & Co. Inc., One Merck Drive, Whitehouse Station, NJ
08889-0100) was administered at 15 ± 1 mg kg-1, intramuscularly (IM), twice daily, in place
of Primaxin® when microbial resistance was demonstrated to enrofloxacin, gentamicin and
ceftriaxone.

Euthanasia
The study director, who was blinded to the filgrastim or the control D5W randomization
assignments, adhered to a specific set of criteria as described previously when determining if
euthanasia was the appropriate action prior to the end of the study (d60) (Farese et al. 2013).
Expiration was confirmed by a minimum of 2 methods (e.g. lack of pulse and respiration).

Experimental Design
Randomization of Treatment Groups and Study Blinding—The plan for the full
study was set up with 14 blocks of 8 animals and 1 block of 6 animals to encompass the
maximum sample size of the study, 118 animals. For each block, animals were assigned to
treatment type [test article (filgrastim) or control (D5W)] using computer generated random
numbers and the next open slots in the next block of the design. Random numbers were
generated for each cohort independently. Animal randomizations were performed using
SAS® version 9.3.

All study personnel were blinded to the treatment assignments with the exception of a select
group of laboratory personnel who were responsible for preparing syringes for the injection
of either the control article or the filgrastim.

Dose and Route of Administration—Filgrastim (10 μg kg d-1) or D5W were
administered subcutaneously (SC), at 48 ± 4 hr following TBI and then daily until the ANC
≥ 1,000 cells μL-1 for three (3) consecutive days or if at any time the ANC was ≥ 10,000
cells μL-1. At any point following discontinuation of dosing, if the ANC was < 500 cells
μL-1, daily injections were re-initiated the same day and continued until the ANC was ≥
1,000 cells μL-1 for three (3) consecutive days.

Specimen Collection—Blood was collected for complete blood counts (CBC) and
aseptically for microbial analysis as described previously (Farese et al. 2013; Farese et al.
2012).
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CBC Analysis—The CBC was analyzed using an automated cell counter Beckman
Coulter Ac·T diff™ or Ac·T diff™ 2 (Beckman Coulter, Inc., 11800 SW 147th Avenue,
Miami, FL). The manufacturer’s published white blood cell (WBC) linearity range of the
parameter for the instrument was 0 to 99,900 cells μL-1 ± the greater of 300 cells μL-1 or
5.0%. Additionally, A WBC differential, which included verification of all electronically
generated WBC < 1,000 cells μL-1 was performed by trained personnel using light
microscopy and a blood-film stained (Hema- Tek II™, Bayer Corp., Diagnostic Division,
511 Benedict Ave., Tarrytown, NY 10591-5097) with Wright-Giemsa Stain Pack (Fisher
Scientific, 2000 Park Lane Dr., Pittsburgh, PA, 15275) on all CBC samples.

Determination of Endogenous Platelet Recovery—Only animals who demonstrate a
platelet count ≥ 20,000 platelets μL-1 prior to death or end of the study, according to the
criteria previously described are included when determining the mean ± SE duration of
thrombocytopenia and time to recovery to a platelet count ≥ 20,000 platelets μL-1 (Farese et
al. 2013).

Necropsy, Microbiology and Histopathology—A necropsy was performed on all
animals as previously described (Farese et al. 2013).

Statistical Design
The primary endpoint of the statistical analysis was to determine and analyze all-cause
survival measured at 60 days post-TBI. An interim analyses for efficacy or futility to
determine if the study may be terminated prior to completion was included in the protocol
design and would be conducted after the cohort associated with at least 68% of the monkeys
were 60 days past irradiation according to the following statistical analyses. The primary
analysis was conducted on the intention to treat population using a chi square test of a two-
tailed null hypothesis using a 5% significance level.

All animal randomizations and statistical analyses were performed using Statistical Analysis
Software SAS® version 9.3. An interim analysis for efficacy and futility was conducted
based on the Lan-DeMets version of the O’Brien-Fleming boundary to provide an overall
two-sided P = 0.05 test (Lan and DeMets 1983; O’Brien and Fleming 1979). Futility was
assessed informally based on conditional power using stochastic curtailment (Davis and
Hardy 1994). Secondary endpoints (e.g. first day, duration and recovery from neutropenia,
and thrombocytopenia, ANC and platelet nadir) were analyzed as follows: Continuous data
were summarized descriptively by mean, median, standard deviation, standard error and
range. Two-sample t-tests or Mann-Whitney-U tests were done to compare continuous
variables between treatment treatments; Categorical data was presented as enumerations and
percentages. Chi-squared or Fisher’s Exact tests were done to compare categorical data
between treatment.

Results
Survival, the primary endpoint

Administration of neupogen (filgrastim) at 48 hr post-TBI of animals exposed to an
estimated LD50/60 of 7.50 Gy resulted in mortality of 47.5% (19/40 survivors/total) relative
to the control cohort of 50.0% (20/40, survivors/total). The 2.5% difference in survival was
not significant (P = 0.82) (Figure 1); therefore, the study was halted for futility following the
interim analysis.
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Survival time of decedents
Administration of filgrastim increased the mean survival time of the decedents from 19.2 for
the control cohort to 23.4 days. The median ST of decedents was 17.5 and 16.0 days for
control and filgrastim-treated animals, respectively.

Hematologic parameters, secondary endpoints
Neutrophil-related parameters—TBI at 7.50 Gy reduced the ANC in control and
filgrastim-treated cohorts to < 500 cells μL-1 within 5 days (P > 0.05) and to values < 100
cells μL-1 within 7.8 (±0.3) and 6.5 (±0.1) (P = 0.0002) days respectively (Figure 2). The
mean duration of neutropenia (ANC < 500 cells μL-1) was 16.4 (± 0.5) and 13.1 (± 0.4) days
for control and filgrastim-treated cohorts, respectively) (P < 0.0001). The mean time to
recovery to an ANC ≥ 1,000 cells μL-1 was 23.5 and 18.9 days, respectively (P < 0.0001)
(Table 2). The first day of febrile neutropenia (FN) (ANC < 500 cells μL-1 and body
temperature ≥ 103.0° F) occurred on day 11.8 (± 0.5) and day 9.8 (± 0.5) for control and G-
CSF-treated cohorts, respectively. FN occurred in 85% of the filgrastim-treated animals and
95% of the controls (P = 0.2633). Positive blood cultures were noted in 67.5% of the
animals. Although the administration of filgrastim diminished the duration of neutropenia
and time to recovery of neutrophils by several days it did not mitigate the mortality
associated with the 7.50 Gy (LD50/60) dose of TBI.

Platelet-related parameters—Platelet-related parameters were also severely diminished
following exposure to 7.50 Gy of TBI. The mean duration of thrombocytopenia (platelet
count < 20,000 platelets μL-1) was 13.6 day (d) (± 0.9) and 11.4 d (± 0.6) (P = 0.0437)
(Table 3). The platelet nadir was essentially the same in both treatment groups (1,700
platelets μL-1 controls, 1,775 platelets μL-1 figrastim). The average number of transfusions
per animals was 2.5 and 1.9 for control and filgrastim-treated cohorts, respectively (P =
0.0010).

Red Blood Cell-related Parameters—The pre-irradiation hemoglobin (Hgb) values
were similar [12.0 grams (g) deciliter (dL)-1 (± 0.3 g dL-1) and 12.5 g dL-1 (± 0.1 g dL-1) in
the control and filgrastim cohorts respectively. The maximum decrease in Hgb ranged
between 26% [8.9 g dL-1 (± 0.9 g dL-1)] in the controls to 28% [9.0 g dL-1 (± 0.3 g dL-1)] in
the filgrastim-treated cohort which occurred within 3 weeks post-TBI. Similarly, both
groups demonstrated a gradual recovery of Hgb following their nadirs to near baseline levels
reached by d60 [86% [10.4 g dL-1 (± 0.7 g dL-1)] in the controls to 85% [10.7 g dL-1 (± 0.2
g dL-1) in the filgrastim-treated cohort].

Predictive validity of the H-ARS model for an LD50/60 dose of TBI—The initial
study to determine the dose response relationship (DRR) for the H-ARS in the rhesus
macaque exposed to 6 MV LINAC-derived photons estimated that the LD50/60 was 7.53
Gy [6.50, 7.88] (Farese et al. 2012). Herein, animals (n=40) of similar age and body weight
were exposed to the same radiation dose of 7.50 Gy and dose rate, 0.80 Gy min-1 as
previously reported and only received medical management following TBI. The resulting
mortality in this study was 50% (20 deaths/40 total) over the 60 d in-life phase of the study
and in this case confirmed the predictive ability of the DRR for this model as performed
herein (Farese et al. 2012).

Discussion
The efficacy of filgrastim to enhance survival in NHP when administered within 24 hr post-
TBI has been established. Filgrastim, when administration was initiated within 24 hr post-
TBI, significantly increased survival to 78.3% relative to 40% for the control-treated cohort
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in a standard NHP model of the H-ARS (Farese et al. 2013; Farese et al. 2012). The efficacy
of filgrastim when administered within 24 hr post-TBI is consistent and substantial when
assessed across three species, e.g., mouse, canine and NHP, different radiation sources and
varied doses of high sub-lethal and lethal radiation (Patchen et al. 1990; Patchen et al. 1993;
Tanikawa et al. 1990; MacVittie et al. 2005; Schuening et al. 1989; Schuening et al. 1993;
MacVittie et al. 1996; Neelis et al. 1996; Storb et al. 1993).

The delayed administration of filgrastim has been assessed in a number of preclinical
studies; however, the limited results do not provide a consensus on efficacy when the
interval between TBI and initiation of filgrastim administration is increased. However,
studies in the mouse do provide a more consistent assessment. Tanikawa et al., and Patchen
et al., suggested that the earlier and more frequently filgrastim was administered, the earlier
the hematopoietic recovery was observed to occur (Patchen et al. 1990; Tanikawa et al.
1990). The survival of mice was diminished but not completely lost when administration of
G-CSF was delayed. In contrast, a canine study used to evaluate the delayed administration
of G-CSF did not show efficacy (Schuening et al. 1989). The high, lethal dose of radiation
as well as the length of the interval, 7 days, between exposure and treatment used in the
canine study may have been critical factors in the lack of efficacy. Schuening et al., exposed
canines to an LD99/30 and could not demonstrate efficacy when G-CSF was initiated at 7
days post-TBI and continued with daily administration, relative to that observed when G-
CSF administration was initiated within 2 hr post exposure. In contrast with results from the
radiation studies, Meisenberg et al., showed efficacy of G-CSF when administered in a
delayed schedule in a NHP model of chemotherapy-induced myelosuppression (Meisenberg
et al. 1992). It is likely that the differential radiation dose-effect on the hematopoietic system
between chemotherapy-induced, sublethal myelosuppression, and high-dose, lethal
irradiation contributed to the variable response in the large animal models. The marginal
data base suggested that the more severe the insult the more critical was the early
administration of G-CSF and that G-CSF efficacy was diminished with longer delay in
administration.

The questions remains: What cellular parameters and associated mechanisms of action noted
for lethal doses of TBI and G-CSF can account for the observed lack of treatment efficacy
on survival, the primary clinically relevant endpoint for this study? All animals received an
equivalent dose of lethal TBI. The LD50/60 of 7.5 Gy reduced the number of hematopoietic
progenitor cells (HPC) in a dose-dependent manner for all animals. The dose-dependent
reduction of HPC is a defining consequence for the H-ARS. A recent article, focused on
modeling treatment strategies for G-CSF, identified the influence of intensive cytotoxic
chemotherapy on marrow-derived hematopoietic progenitor cells and emphasized a key
variable noted as the “acute marrow capacity” (AMC) (Shochat and Rom-Kedar 2008). It
was suggested that the AMC dominates neutrophil kinetics and determines the grade of
neutropenia (nadir) and the maximal neutrophil flux that can be induced by administration of
G-CSF and supportive care after intensive chemotherapy. There is no doubt that the AMC is
a critical parameter consequent to dose-dependent, high-dose lethal radiation. The early
administration of G-CSF in the lethal TBI models is necessary for optimal survival. The
efficacy of early administration of G-CSF is linked to enhanced viability of responsive HPC,
stimulation of HPC proliferation and differentiation, enhanced mitotic activity within the
immature neutrophil lineage, a reduced transit time through the marrow to the peripheral
pool, enhanced viability and amplification of the post-mitotic pool entering the peripheral
blood. These events culminate in marked amplification of the marrow-derived neutrophil
compartment (Hess et al. 2002; Lord et al. 1989; Lord et al. 2001; Engel et al. 2004: Mackey
et al. 2003; Chatta et al. 1994; Zhuge et al. 2012). The consensus from modeling efforts
using clinical and preclinical data from chemotherapy-induced myelosuppression suggests
that the timing of G-CSF administration after intensive chemotherapy is crucial for a
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positive outcome. In effect, the earlier the administration of G-CSF post cytotoxic insult, the
better result in enhancing neutrophil dynamics. The delayed administration of G-CSF should
only exacerbate the recovery time of the marrow-derived HPC. Farese et al and others have
demonstrated the efficacy of early administration of G-CSF in enhancing survival of lethally
irradiated large animals based on the aforementioned mechanism (Schuening et al. 1989;
MacVittie et al. 2005: Farese et al. 2013).

The lack of efficacy characterized by equivalent survival between control and G-CSF-
treated cohorts following an additional 24 hr delay in administration of G-CSF convolutes
the proposed mechanism and suggests a diminished effect at all mechanistic levels including
apoptotic effects of TBI, normal programmed apoptosis during neutrophil maturation and
transit through the marrow, diminished stimulation of marrow–derived progenitor cells and
less amplification of functional neutrophils. Another possibility is that the pool of G-CSF-
target cells has been depleted by 48 hr post TBI and therefore the ability to regenerate
neutrophils is significantly diminished.

We did not measure circulating or tissue neutrophil half-life or neutrophil function as
assessed by microbicidal activity or chemotaxis into relevant tissues. We note that there was
no difference in positive blood cultures between the control and the 48 hr G-CSF-treated
cohorts, both had 67.5% positive blood cultures. The comparative parameter for the recent
study using G-CSF at 24 hr post-TBI was 86% and 58% positive blood cultures for the
control and 24 hr G-CSF-treated cohorts, respectively (Farese et al. 2013). Delayed
administration of G-CSF to 48 hr post-TBI did not reduce the percentage of positive blood
cultures and thus more animals are at risk for sepsis-induced morbidity and mortality.

The administration of MCM in the context of the aftermath of a nuclear terrorist event
requires knowledge of their efficacy when utilized in a less than optimal treatment protocol,
e.g., with increasing interval between the irradiation and initial administration. Furthermore,
the exposure doses will range across the dose-dependent, lethal H-ARS. As noted above the
data base in this regard is minimal relative to assessing efficacy in large animal models of
lethal exposure. The data presented herein suggested that G-CSF administration delayed
until 48 hr could not mitigate the 50% lethality induced by the 7.50 Gy of TBI in the
presence of medical management. The lack of efficacy occurred despite the comparable
recovery of neutrophils relative to the control cohort. We hypothesized that a 24 hr further
delay in administration of G-CSF to 48 hr post-TBI would result is a less efficacy than noted
previously with the 24 hr administration of G-CSF but would certainly mitigate lethality and
increase survival to a lesser degree. The authors understand that a model of TBI may not be
the appropriate model to assess efficacy of a MCM within the context of the post-nuclear
radiation exposure environment. TBI to an expected uniform, midline tissue delivery of dose
is a laboratory model that may be used to estimate early efficacy of selected MCM but
caution must be exercised when extending use of a TBI model to assess efficacy relevant to
“context of use” in a reality environment post a nuclear event where dose inhomogeneity
and non-uniformity may prevail.

The human anecdotal experience with accidental irradiation and use of growth factors (GF)
such as G-CSF, GM-CSF and/or IL-3 is noteworthy since the majority of exposed personnel
were administered cytokines in a delayed, less than optimal schedule (Butturini et al. 1988;
Rafael-Hurtado et al.; Baranov et al. 1994; Liu et al. 2008; Gourmelon et al. 2010; Hirama et
al. 2003; IAEA 2000; IAEA 2002). All the accidental radiation exposures are anecdotal with
regard to radiation dose, treatment and biological response. The majority of cases noted a
definitive leucocyte response to the GF administration but efficacy of the treatment was
difficult to ascertain due to the delayed administration and likely spontaneous recovery of
hematopoiesis as a consequence of the non-uniform nature of the radiation exposure. With
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heterogeneous and non-uniform exposure, bone marrow was spared and responsive
hematopoietic progenitor cells were likely in a spontaneous recovery phase when GFs were
administered.

To more realistically model a likely human exposure scenario, an animal model, with some
degree of bone marrow sparing is required to assess the efficacy of delayed administration
of MCM (MacVittie et al. 2012). A small fraction of active BM spared from lethal doses of
radiation can prevent lethality from the acute H-ARS (Bertho et al. 2005a; Bertho et al.
2005b; Drouet et al. 2004; Monroy et al. 1988; Baltschukat and Nothdurft 1990; Nothdurft
et al. 1997) and has been shown to shift the dose response relationship and LD50/60 in NHP
from 7.50 Gy after TBI to 11.0 Gy with 5% BM sparing (MacVittie et al. 2012). An animal
model that incorporates a minimal percentage of marrow sparing may be more relevant to
what has been observed in human accidental radiation exposures. This type of model may be
better suited to assess MCM efficacy when the MCM is administered with increasing time
interval between exposure and initiation of treatment. The data presented herein are
significant in demonstrating the lack of efficacy when filgrastim is administered with an
increased interval (48 hr) between TBI and treatment. These results underscore the
importance of radiation dose and exposure geometry, as well as the timing of MCM
intervention during a radiological nuclear event on survival. Current studies are underway to
assess the efficacy of delayed administration of G-CSF in a model of partial-body irradiation
with 5% marrow sparing (MacVittie et al. 2012). We hypothesize that in this model of
heterogeneous exposure, G-CSF will mitigate lethality and/or severe myelosuppression
when administered with an interval of several days between exposure and treatment.
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Figure 1.
Kaplan Meier survival curve in rhesus macaques following total-body irradiation. Rhesus
macaques were exposed to 7.50Gy TBI with 6MV LINAC photons (2MV average energy)
at a dose rate of 0.80Gy/minute. The TBI was delivered as 50% in the anterior (AP), then
50% in the posterior (PA) directions. NHP (n=80) were observed for 60d post-TBI for cage
side and clinical observations and protocol euthanasia criteria for all-cause mortality. All
animals were administered medical management and either filgrastim at 10μg/kg/d or
control article at 164μL/kg/d, by subcutaneous injection, starting day 2 post-TBI and
continued daily until the ANC > 1,000 cells/μL for three (3) consecutive days. Lethality in
the filgrastim treated-cohort was 47.5% (19/40) and occurred on d12 (n=1), d13 (n=1), d14
(n=4), d15 (n=1), d16 (n=3), d17 (n=2), d18 (n=1), d19 (n=1), d21 (n=1), d45 (n=1), d51
(n=1), d56 (n=1), d60 (n=1). Lethality in the control cohort was 50.0% (20/40) and occurred
on d13 (n=1), d14 (n=2), d15 (n=2), d16 (n=3), d17 (n=2), d18 (n=2), d19 (n=4), d21 (n=1),
d22 (n=1), d28 (n=1), d47 (n=1).
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Figure 2.
Mean absolute neutrophil counts in rhesus macaques following total-body irradiation and
administration of filgrastim or control. Animals (n=80) were exposed to 7.50 Gy total body
irradiation (TBI) with 6MV LINAC-derived photons at a dose rate of 0.80 Gy/min and
administered medical management and either filgrastim (n=40) or control (5% dextrose in
water) (n=40) by subcutaneous injection beginning on d2 post-TBI. Shown is the decrease in
the absolute neutrophil count (ANC) in the peripheral blood of rhesus macaques as a
function of time post-TBI. Mean values (± standard error) are displayed for all animals that
survived at each data point.
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Table 1

Percent lethality and mean survival time of decedents following total-body irradiation in rhesus macaques.
Rhesus macaques (n=80) were exposed to target radiation dose of 7.5 Gy, total-body irradiation (TBI) using 6
MV LINAC-derived photons at a dose rate of 0.80Gy min-1 in a blinded and randomized study. The TBI was
delivered as 50% in the anterior (AP), then 50% in the posterior (PA) directions. Following TBI, animals
received medical management and either filgrastim (n=40) or control (n=40) beginning on study day 2 by
subcutaneous injection. Animals were observed for 60d post TBI for cage side observations by study
personnel and euthanasia under protocol criteria for all-cause mortality by the study director who were
“blinded” to the treatment assignments for each animal. The percent lethality, number of decedents versus the
total number, mean survival time (days) of decedents ± standard error (SE), median survival time (days) of
decedents are reported for each radiation cohort. All animals received IACUC-approved supportive care as per
defined signs of morbidity.

Treatment Control Filgrastim

% Lethality 50.0% 47.5%

Decedents/total 20/40 19/40

Mean survival time of decedents (days) 19.2±1.6 23.4±3.6

Median survival time of decedents (days) 17.5 16.0
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;

d n=
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