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Abstract: Bone marrow preconditioning using cyclophosphamide (CP) is generally used for bone marrow transplan-
tation (BMT). However, because of CP’s hepatotoxicity and nephrotoxicity, additional fludarabine (FDR) administra-
tion and a reduced dose of CP are used for reduced-intensity preconditioning. Recently, preclinical studies using 
non-human primates (NHPs) were performed to induce immune tolerance after solid organ transplantation by con-
ducting BMT simultaneously. However, dose optimization of CP and FDR for BMT preconditioning in cynomolgus 
monkeys has not been conducted. Therefore, the objective of this study was to evaluate the efficacy and tolerability 
of induction protocols using different doses of CP and FDR. Our results showed that relatively low-dose CP (30 
mg/kg×2) combined with additional high-dose FDR (60 mg/m2×4) was associated with sufficient suppression in 
periphery as well as in bone marrow compared with high-dose CP (60 mg/kg×2) combined with low-dose FDR (30 
mg/m2×4) and did not show hepatic or renal toxicity. CD34+ stem cells were also well suppressed with both doses. 
Therefore, we concluded that the combination of 60 mg/kg of CP with 240 mg/m2 of FDR can be used effectively 
and safely for non-myeloablative preconditioning for BMT in cynomolgus monkeys.

Keywords: Cyclophosphamide, fludarabine monophosphate, induction therapy, bone marrow ablation, cynomol-
gus monkey

Introduction

Allogeneic hematopoietic stem cell transplan-
tation (HSCT) and bone marrow transplantation 
(BMT) are commonly performed in a variety of 
hematological malignancies [1, 2]. Recently, 
bone marrow transplantation combined with 
kidney transplantation has been attempted to 
induce of tolerance through mixed chimerism 
[3-5]. When performing bone marrow trans-
plantation, conditioning drugs have been used 
for creating a ‘space’ in the recipient bone mar-
row for the transplant achieve successful 
hematopoietic chimerism [6, 7].

Cyclophosphamide (CP), an alkylating agent, is 
classically used in a conditioning procedure 
before BMT as well as in many hematological 
disorders [8]. However, CP-based therapy is 
associated with liver toxicity because it is con-
verted to toxic metabolites in the liver [9-12]. To 
maintain suppressive efficacy and reduce these 
toxicities, conditioning regimens of fludarabine 
monophosphate (FDR) instead of a relatively 
high dose of CP alone are widely used [13]. 
Even though total body irradiation (TBI) also 
could be used for non-myeloablative precondi-
tioning in primates and has shown superior 
results to CP in terms of toxicity and efficacy as 
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a preconditioning modality [14], it is available in 
only a few laboratories. Therefore, we analyzed 
the addition of FDR and reduced dose of CP.

However, in preclinical transplantation in non-
human primates (NHPs), the optimal dosage of 
the combination of CP and FDR has not been 
determined for achieving a non-myeloablative 
condition without toxicity. Therefore, we per-
formed a dose-optimizing study for the combi-
nation of CP and FDR in NHPs for chimerism 
induction through bone marrow transplanta- 
tion. 

Materials and methods

Animals

Eight male cynomolgus monkeys (Macaca fas-
cicularis) were obtained from Orient Bio Co. Ltd. 
(Seongnam, Korea) and had a mean age of 57.6 
months (range, 33-71 months) and mean body 
weight of 3.84 kg (range, 2.3-4.9 kg). These 
eight monkeys were included in the study 
group. 25 male monkeys were also obtained; 
their ages ranged 46 to 81 months (mean: 62.4 
months), and their body weights ranged from 
3.37 to 6.84 kg (mean: 4.64 kg) for collecting 
normal bone marrow cell data. All NHPs were 
screened and found to be negative for tubercu-
losis, herpes B virus, simian T cell leukemia 
virus, simian retrovirus, simian immunodefi-

daily (Certified Primate Diet 5048*, LabDiet, St 
Louis, MO, USA) along with fresh fruits, vegeta-
bles, and nuts. Various toys, music, and visual 
entertainment (DVDs) were provided as part of 
an enrichment program. 

All NHPs procedures were approved by the 
Institutional Animal Care and Use Committee 
(IACUC) of Orient Bio Laboratories (Permit 
Number: ORIENT-IACUC-14194) for this study.

Conditioning regimen and management

To investigate the immunosuppressive effects 
of CP and FDR monophosphate on cynomolgus 
monkeys, the experimental regimes consisted 
of two dosage combinations of the two drugs 
(Table 1). Eight animals were treated with CP 
twice (on day 1 and 2) and FDR 4 times (on 
days 0, 1, 2, and 3). Each group contained four 
cynomolgus monkeys. These animals were cat-
egorized according to drug dosage and combi-
nation: 1) Group 1, cyclophosphamide 120 
mg/kg (60 mg/kg, two times) and FDR 120 
mg/m2 (30 mg/kg, four times), and 2) Group 2, 
CP 60 mg/kg (30 mg/kg, two times), FDR 240 
mg/m2 (60 mg/kg, four times). CP and FDR 
were injected as scheduled (Table 1). The pre-
treatment regimen for CP was dexamethasone 
2 mg IV and granisetron 1 mg mixed in 10 ml of 
normal saline and administered through intra-
venous (IV) injection over 10 minutes. On the 

Table 1. Conditioning regimen and management

Group Cyclophosphamide 
(mg/kg)

Fludarabine 
(mg/m2) Animals Age 

(months) Sex Weight 
(kg)

1 60 30 NHP 1 56 M 4.6
NHP 2 68 M 4.9
NHP 3 67 M 3.9
NHP 4 60 M 3.6

2 30 60 NHP 5 45 M 3.1
NHP 6 33 M 2.3
NHP 7 71 M 4.6
NHP 8 61 M 3.7

ciency virus, measles, cyno-
molgus cytomegalovirus, and 
simian varicella virus by 
Zoologix Inc. (Chatsworth, CA, 
USA). 

All monkeys were housed  
separately in squeeze back 
cages (700×800×800 mm2 
sized or 650×730×850 mm2 
sized) at Orient Bio Co. Ltd. 
(Seongnam, Korea). The envi-
ronment of the housing facility 
was controlled (temperature: 
25 ± 2°C, humidity: 50 ± 10%, 
pressure: -5-+5 mmAq, light: 
950 lux (12 hrs dark and 12 
hrs light), ventilation: 10-15 
times/hr, and sound: under 
60 decibels). Water was sup-
plied ad libitum. Biscuits were 
given to the monkeys twice 
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day of CP treatment, 10 mg/kg of mesna mixed 
in 10 ml of normal saline was administrated at 
three time points (immediately after CP injec-
tion, 4 hours later, and 8 hours later) to prevent 
hemorrhagic cystitis. FDR (30 mg/kg) mixed in 
20 ml of normal saline was given over 30 min-
utes [15]. A prophylactic antibiotic (cefazolin 20 
mg/kg) was given twice daily during the four 
days of conditioning. 

The animals were closely monitored with daily 
physical examinations and measurements of 
body weight, intake, urine output, stool output, 
and overall activity. The following blood hema-
tological parameters were assessed regularly: 
white blood cell count (WBC) with differential 
count, hemoglobin, hematocrit and platelet 
counts, aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), alkaline phospha-
tase (ALP), total bilirubin, blood urea nitrogen 
(BUN), creatinine, albumin, globulin, sodium, 
potassium, chloride, calcium, inorganic phos-
phorus, cholesterol, triglycerides, amylase, and 
C-reactive protein levels.

Sample collection and preparation

Peripheral blood samples were obtained peri-
odically from saphenous veins and collected in 
EDTA tubes. These samples were subjected to 
flow cytometry or stored in freezing media (90% 
fetal bovine serum and 10% dimethyl sulfoxide) 
after red blood cell lysis. Approximately 9 ml of 
bone marrow were collected from the humerus 
head into a syringe containing 1 ml of heparin. 
The bone marrow sample was layered over 
Ficoll-Paque PLUS (GE Healthcare, Sweden) by 
dilution in 10% PBS to avoid red blood cell con-
tamination. The layered samples were centri-
fuged at 2000 g for 30 minutes at 24°C, leav-
ing a mononuclear cell layer at the interface. 
After washing twice in PBS containing 2 mM 
EDTA, suspended cells were used for flow cyto-
metric analysis. 

Flow cytometric analysis

For flow cytometric analysis, the following 
monoclonal antibodies that had cross-reactivi-
ty with NHP species were used; FITC CD20 
(clone: 2H7), PE CD28 (clone: CD28.2), PE 
CD10 (clone: HI10a) PerCP-cy5.5 CD4 (clone: 
L200), PerCP-cy5.5 CD7 (clone: M-T701), PE- 
cy7 CD3 (clone: SP34-2), PE-cy7 CD20 (clone: 

2H7), PE-cy7 CD14 (clone: M5E2), APC CD95 
(clone: DX2), APC CD14 (clone: M5E2), APC 
CD34 (clone: 563), and APC-H7 CD8 (clone: 
SK1). They were all purchased from BD 
Pharmingen™ (San Diego, CA, USA). V450 CD16 
(clone: 3G8), and BV510 NHP-CD45 (clone: 
D058-1283) were obtained from BD Biosci- 
ences (San Jose, CA, USA). FITC CD38 (clone 
AT-1) was purchased from Stemcell Techno- 
logies (Vancouver, British Columbia, Canada). 

T-lymphocyte subsets in the macaque periph-
eral blood were analyzed based on the surface 
expression levels of NHP-CD45, CD3, CD4, and 
CD8. Both CD4+ helper T cells and CD8+ cyto-
toxic T cells can be divided into two major sub-
sets: naïve and memory cells. We have used 
cell surface expression levels of CD28 and 
CD95 to delineate naïve, central memory, and 
effector memory T cell subpopulations in cyno-
molgus monkeys [16, 17]. We analyzed the B 
cell subset in cynomolgus monkeys based on 
the expression level of CD20 as a definitive B 
cell marker. 

Peripheral whole blood cells were stained with 
relevant antibody mixtures at room tempera-
ture for 25 min. The blood samples were then 
treated with FACS Lysing Solution (BD Biosci- 
ences, San Jose, CA) to lyse the red blood cells 
for 15 minutes prior to flow cytometry.

We performed multicolor flow cytometric analy-
sis for hematopoietic stem cell populations in 
bone marrow after infusion of the drug combi-
nations. Hematopoietic stem cells that were 
negative for the lineage mixture (CD3, CD20, 
and CD14) were used to determine the expres-
sion of CD34 and CD38. Bone marrow mono-
nuclear cells were incubated with these anti-
bodies at 4°C for 20 min followed by washing 
and flow cytometric analysis. Percentages of 
cell subpopulations determined from the flow 
cytometric analysis were converted to absolute 
numbers using lymphocyte number per micro-
liter of whole blood based on complete blood 
analysis data. Stained cells were analyzed  
on an LSRFortessaTM cell analyzer (Becton 
Dickinson, USA) equipped with four lasers and 
FACSDiva software (BD Biosciences).

Histological analysis

After sacrificing the animals, histologic samples 
of the liver and kidney were obtained, fixed in 
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10% formalin, embedded in paraffin, sectioned 
to a thickness of 4 μm, and stained with hema-
toxylin and eosin. All histologic slides were 
examined by a pathologist.

Statistical analysis

Statistical analyses were performed using 
Prism software. We compared suppressed pat-
terns between the groups using the paired t 
test or the Mann-Whitney U-test for non-para-
metric comparisons. A P-value of <0.05 was 
considered statistically significant. 

Results

Immunosuppressive effect of CP combined 
with FDR on white blood cell, neutrophil, and 
lymphocyte number in whole blood compo-
nents

To evaluate the immunosuppressive effects of 
CP and FDR in various dosage combinations, 
WBC, neutrophil, lymphocyte, hemoglobin, and 
platelet levels were observed at the indicated 
time points. The absolute numbers of WBC, 
neutrophils, and lymphocytes initially decreas- 
ed and remained so for approximately 2 weeks 
after drug infusion in all groups (Figure 1). 
Despite the dosage variation of CP and FDR, 

the profiles of peripheral cell suppression were 
very similar between groups. After non-mye-
loablative conditioning, Group 2 (CP 60 mg/kg 
and FDR 240 mg/m2) showed no significant 
changes in hemoglobin or platelet level. 
However, in Group 1 (CP 120 mg/kg and FDR 
120 mg/m2), the platelet level significantly 
decreased compared to that of Group 2 approx-
imately 1 week after the drug infusion (Figure 
1E, P<0.05).

The suppressive effects of CP combined with 
FDR on T cell subset and B cell subset fre-
quencies

We investigated the effects of the immuno- 
suppressive drug combination of CP and FDR 
on all circulating lymphocyte subsets in periph-
eral blood and measured the frequencies of 
T-lymphocyte subpopulations; the naïve, cen-
tral memory, and effector memory cells within 
the CD4+ and CD8+ T cell populations. 

CP and FDR treatment resulted in broad sup-
pression of T and B cells at approximately 2 
weeks (Figure 2A and 2B). The combination of 
these drugs also resulted in reduction of CD4+ 
and CD8+ T cells, which consequently influ-
enced the ratio of CD4+/CD8+ (Figure 2C). The 
CD4+/CD8+ ratios demonstrated that CD8+ T 

Figure 1. Whole blood cell monitoring in the experimental groups after induction therapy with cyclophosphamide 
and fludarabine. The absolute numbers of white blood cells (A), neutrophils (B), and lymphocytes (C) were counted 
after induction in Groups 1 and 2. Hemoglobin (D) and platelet counts (E) are shown. Red squares represent the 
kinetics of Group 1 with 120 mg/kg CP and 120 mg/m2 FDR. Green circles represent the kinetics of Group 2 with 
60 mg/kg CP and 240 mg/m2 FDR. These results are expressed as average ± SEM. *P<0.05 versus the two groups 
at same time point.
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cells were more susceptible to CP and FDR 
than CD4+ T cells in the initial suppression at 1 
week (Figure 2C). The CD4+/CD8+ ratio gradu-
ally decreased due to an increase in CD8+ T 
cells following reconstitution of T cell subpopu-
lations. This kinetic pattern was similar between 
groups. 

The phenotype of the three functional T cell 
compartments in the peripheral blood was 
assessed by analyzing the patterns of CD95 

and/or CD28 expression within CD4+ and CD8+ 
T cells (Figure 3A). All subpopulations of T cells 
decreased after infusion of alkylating agents. 
In both groups, the majority of recovering T 
cells had the memory phenotype rather than 
the naïve phenotype (Figure 3B). The dominant 
recovered T cell subsets in the CD4+ T cell com-
partment were enriched in cells co-expressing 
CD28 and CD95 (central memory). However, 
these cell counts did not differ between the two 
groups. After lymphopenia due to infusion with 

Figure 2. The kinetics of T and B cell counts in the periphery after CP and FDR treatment. The counts of CD3+ Pan-
T cells (A), and CD20+ Pan-B cell (B) were measured by flow cytometry after CP and FDR treatment. The graph of 
the CD4+/CD8+ T cell ratio (C) was also calculated by flow cytometric results. Red squares represent the kinetics of 
Group 1, and green circles show the kinetics of Group 2. These results are shown average ± SEM.

Figure 3. The kinetics of T cell subpopulations after CP and FDR administration. A gating strategy of naïve and 
memory phenotype T-cells in periphery is presented (A). The kinetics of T cell subsets were chronologically mea-
sured by flow cytometric analysis (B). Blue circles represent naïve (CD28+CD95-) T cells. Black squares represent 
central memory (CD28+CD95+) cells, and red diamonds represent effector memory (CD28-CD95+) cells. Data are 
expressed as average ± SEM.
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CP and FDR, the CD28-CD95+ effector memory 
T cells largely consisted of CD8+ T cells. 
However, those patterns were not significantly 
different between the two groups. 

The suppressive effect on bone marrow after 
administration of the combination of CP and 
FDR

To investigate the effect of combined CP and 
FDR on bone marrow cells, we measured 

changes in the absolute number of collected 
bone marrow cells in response to drug infusion 
(Figure 4A). The normal control means number 
of bone marrow cells estimated from the 25 
healthy cynomolgus monkeys was 4652.86 
cells/µl (SEM=691.7 cells/µl). This mean was 
chronologically compared to the absolute num-
ber of bone marrow cells in each group. At 1 
week after administration, the bone marrow 
cell count in Group 1 was significantly sup-
pressed by 13.10% (mean: 609.80 cells/µl) 
compared to the normal range (Figure 4A, 
P-value <0.005). The counts in this group were 
less than 200 cells/µl at 1-week post-drug 
administration, except in one of the monkeys 
(NHP 4: 1800 cells/µl). Even though Group 2 at 
the same time point showed less depletion in 
bone marrow cell count (mean: 1704.135 cells/
µl) compared to Group 1, there was no signifi-
cant difference. The bone marrow cell count of 
Group 2 was also significantly suppressed, by 
36.6%, in comparison with normal BM-MNCs 
(P<0.05). In one of the monkeys, this drug com-
bination was insufficient to suppress bone mar-
row cells (NHP 8: 4473 cells/µl), although the 
peripheral blood cells were affected. At the 
subsequent time points, the reconstituted 
counts of bone marrow mononuclear cells 
increased above normal basal counts. The sup-
pressive effect of the combined dose treat-
ment on bone marrow was highest by 7-days 
after drug infusion and gradually recovered 
thereafter (Figure 4A). Also, administration of 
CP and FDR affected the types of hematopoi-
etic stem cells (Figure 4B). In both groups, after 
drug infusion, lineage-negative populations of 
total BM MNCs decreased, as did CD34+ hema-
topoietic stem cells. The counts of the most 
primitive type, Lineage-CD34+CD38- cells, were 
also suppressed post-drug infusion.

Hepatotoxicity and nephrotoxicity of experi-
mental regimens of CP and FDR

The liver enzymes AST and ALT and albumin 
level were not affected by the conditioning regi-
men used in Group 2 (Figure 5A-C). However,  
in Group 1, AST and ALT levels were elevated 
immediately following administration of the 
conditioning regimens, especially in NHP 1 and 
NHP 2. These levels normalized within 1 week 
except in NHP 2 (Figure 5A and 5B), which 
showed severe elevation of liver enzymes 
(above 800 U/L) on day 13 and had to be  
sacrificed. In histology of this animal, hepato-

Figure 4. The suppressive effect on bone marrow 
cells in the experimental regimens. To evaluate the 
suppressive effects of a combination drug of CP and 
FDR in bone marrow, bone marrow mononuclear cell 
(BM-MNC) count (A) was measured at the indicated 
time points. Red squares represent the BM-MNC 
of Group 1, green circles represent the BM-MNC of 
Group 2, and white circles represent the BM-MNC of 
healthy normal cynomolgus monkeys (n=25, mean: 
4652.86 cells/µl, SEM: 691.786 cells/µl). Represen-
tative FACS dot plots of hematopoietic stem cells of 
expression of lineage (CD3, CD14, and CD20), CD34, 
and CD38 pre- and post-infusion (B). *P<0.05, and 
**P<0.005 versus the group compared as healthy 
normal monkeys. 
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Preclinical studies on allogeneic HSCT in NHPs 
have been conducted for immune tolerance 
induction. Hiroshi et al have reported that CP 
induction is less effective but more toxic than 
TBI as non-myeloablative conditioning for com-
bined kidney and bone marrow transplantation 
in cynomolgus monkeys [14]. However, the opti-
mal dose for conditioning with the regimen 
used in clinical setting has not been reported in 
NHPs.

Total body irradiation (TBI) has been used as  
a conditioning regimen in allogeneic HSCT. 
However, toxicities related to TBI such as pul-
monary edema, secondary malignancy, growth 
retardation, and hypothyroidism have been 
reported [20-22]. More recently, CP with or 
without anti-thymocyte globulin (ATG) has been 
used and showed acceptable engraftment 
rates. However, several cases of hepatic sinu-
soidal endothelial cell toxicity due to CP have 
been reported [23, 24]. High levels of CP 
metabolites can lead to liver toxicity [11], car-
diac toxicity [25, 26], and renal toxicity [27]. 
Thus, FDR, a critical component of reduced 

Figure 5. Hepatotoxicity and nephrotoxicity after a combination drug treat-
ment in each group. The levels of liver enzymes AST (A) and ALT (B) and of 
albumin (C) were monitored in all experimental regimens. As indicators of 
nephrotoxicity, creatinine (D) and BUN (E) were also monitored individually.

Figure 6. Histologic changes of liver and kidney in 
Group 1 with CP 120 mg/kg and FDR 120 mg/m2. 
(A) Representative image of hematoxylin-and-eosin 
staining of hepatocytes of NHP2 (A, magnification 
×400). An image of damaged glomeruli of NHP 2 (B, 
magnification ×400).

cytes showed vacuolar degen-
eration and necrosis around 
central veins (Figure 6A). 

Creatinine and BUN levels 
were stable after administra-
tion of the conditioning regi-
mens in Group 2 (Figure 5D 
and 5E). One monkey in Group 
1 (NHP 2) had acute elevation 
of creatinine level on the 
fourth day after conditioning 
(Figure 5D). In histology on 
day 13, glomeruli showed 
severe congestion of capillar-
ies and tubules showed acute 
damage with intraluminal hya-
line casts (Figure 6B). 

Discussion

A preconditioning regimen 
with a combination of CP and 
FDR is commonly used for 
clinical HSCT [18, 19] and the 
immunosuppressive mecha-
nism of these drugs is also 
well known. However, in NHP, 
the efficacy of this combina-
tion has not been sufficiently 
studied.
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intensity conditioning regimens, has been 
added to decrease the dose of CP. For condi-
tioning regimens containing low doses of CP, 
FDR with or without ATG has yielded good 
engraftment results [28, 29]. 

This study, for the first time, reported the opti-
mal dose of the CP and FDR combination for 
effective bone marrow suppression with mini-
mal toxicity in cynomolgus monkeys. Our condi-
tioning protocol in cynomolgus monkeys initially 
used 60×2 mg/kg of CP based upon previous 
studies in humans [30], and primates [14]. In 
this study, although TBI and other chemothera-
pies were used, a total dose of 120 mg/kg of 
CP permitted mixed chimerism with donor-
derived cells in recipients. Also, we investigated 
the optimal combined dose of CP by adding 
FDR to the preconditioning protocol, except for 
case of TBI. We used combinations of CP at 30, 
or 60 mg/kg two times and FDR at 30, or 60 
mg/m2 four times. The dose of FDR was based 
on several publications on use of this drug in 
the transplantation field [31-34].

In this study, transient hepatotoxicity related to 
CP was observed in two cases in Group 1 (CP, 
120 mg/kg; FDR, 120 mg/m2). The hepatotox-
icity was too severe to continue the experiment 
in one case, and that monkey also showed  
elevated serum creatinine and azotemia. 
Hepatotoxicity seemed to be correlated with  
CP dose but was unrelated to dose of FDR. In 
rhesus monkeys, pharmacokinetic and clinical 
effective dosage studies of FDR showed no 
clinical, or hematological toxicity beyond a 300 
mg/m2 total dose, despite additional adminis-
tration of busulfan [35]. The range of dosages 
of FDR used in this study was clinically tolerat-
ed, while that of CP was not. 

Our results revealed that a total dose of 120 
mg/kg of CP increased the toxicity parameters 
and produced tissue toxicities, although the 
combinations of CP and FDR in Group 1 
appeared efficacious for periphery and bone 
marrow. The results of Group 2, using FDR at a 
higher dose and CP at a lower dose, were not 
significantly different from those of Group 1 
and showed no toxic signs and symptoms. 
Therefore, we concluded that the combination 
used in Group 2 (60 mg/kg of CP and 240 mg/
m2 of FDR) is appropriate for bone marrow abla-
tion and depletion of whole blood cells in the 

periphery without toxicity in cynomolgus 
monkeys. 

In reconstitution of T cells after induction with 
FDR, it has been reported that CD4+ T cells are 
less susceptible to FDR than are CD8+ T cells in 
vitro [36] and in vivo [37]. Consequently, the 
ratio of CD4+/CD8+ T cells increased in circulat-
ing peripheral cells after FDR treatment. In our 
results, the CD4+/CD8+ T cells ratio gradually 
increased within one month after administra-
tion of CP and FDR. However, the ratio of CD4+/
CD8+ T cells decreased after a second month. It 
has been reported that CD8+ T cells tend to be 
represent a major proportion of reconstituted T 
cells as a result of homeostatic proliferation fol-
lowing lymphopenia-induced treatment with 
immunosuppressive drugs [38].

In summary, we evaluated the optimal dose 
combination for the conditioning regimen in 
allogeneic HSCT for induction of immune toler-
ance in NHPs. Future studies should focus  
on the outcomes of allogeneic HCT in NHPs 
including rate of engraftment, mixed chimerism 
induction, and long-term data on infection and 
GVHD. We conclude that the combination of 60 
mg/kg of CP and 240 mg/m2 of FDR is optimal 
for bone marrow ablation and depletion of 
whole blood cells in the periphery without 
inducing toxicity in cynomolgus monkeys.
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